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ABSTRACT

The age at which blood pressure (BP) variations between different communities
emerge has important implications for aetiological research and for the
primary prevention of hypertension.

An opportunity to investigate this

question in Britain arose with the finding of marked differences in mean BP of
men aged 40-59 living in the 24 towns included in the British Regional Heart
Study (ERHS). The Nine Tcwns Study (NTS) was set up to investigate whether
these geographic variations in BP also existed for ranen, whether they were
already present in young adults, and to begin exploring the reasons for the
differences.

A totcil of 2610 men and wanen aged 25-29, 40-44, and 55-59 from

nine of the ERHS tcwns were examined, the towns having been chosen to cover
the full range of mean BPs identified in the ERHS.

A Dinamap 1846 automated

recorder was used to minimise observer variation in BP measurement.

Differences in age-adjusted mean town BPs at 40-59 years were 9.0 mmHg
systolic in men (ANOVA; p=0.05) and 8.6 irmHg systolic in wemen (NS), and 5.0
mmHg diastolic (p<0.001) in men and 4.5 irmHg diastolic in women (p<0.01).

The

magnitude of the differences at 25-29 years were similar, and furthermore it
was found that towns with higher mean BP in middle age tended to have higher
mean BP in the young adults (correlations between town mean BPs at 25-29 and
at 40-59 were, for systolic: r=0.74 for men and 0.65 for women; diastolic:
r=0.76 for men and 0.78 for women).

Associations between mean town BP in the

NTS and in the BRHS at ages 40-59 were apparent for systolic (men r=0.66
p<0.05, women r=0.55), but not for diastolic.

The associations between town

BPs and the town mortality rates for cardiovascular disease were much
stronger, with correlations of 0.81 (p<0.01) for systolic in men, and r=0.74
(p<0.05) for systolic in women.

There was no evidence that the slopes of BP

rise with age differed between the tcwns, either when the BP values for each
subject were regressed linearly on age, or when differences in rates of
hypotensive medication with age were taken into account.

It is concluded that

the geographic BP differences seen in late middle-age are already established
by age 25-29.

The Dinamap was compared with a Hawksley Random Zero sphygmomanometer in three
separate validation studies covering the period of the main survey, and showed
acceptable repeatability.

Medication effects were allowed for by adjusting
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the tcwn medians assuming that treated subjects had pre-treatment BP levels
that were higher than the median for their age/sex group.

A study of general

practice BP readings for responders and non-responders suggested that the
response rate, which varied between towns and age/sex groups, would not have
introduced important bias.

Overall observer effects were small, but there was

evidence that the difference between observers varied between towns.

Room and

outdoor temperature and outdoor humidity were not important factors in
explaining the pattern of tcwn BP results.

The most important validation of

the findings came from the associations between mean town BPs and
cardiovascular mortality.

This study has shewn that geographic blood pressure variations in Britain are
already established in men and wemen aged 25-29 years.

These results are

consistent with the findings of studies which compare populations in different
countries, urban/rural comparisons, and studies of different racial groups.
Preliminary work on the causes of the geographic blood pressure differences is
presented, and this suggests that BMI, the Na/K ratio and alcohol consumption
are the most important factors for systolic differences in men, and BMI and
Na/K for systolic differences in wanen.

Hcwsver, these factors explained very

little of the geographic differences in diastolic blood pressure.

The results of this study indicate the potential value of research into the
determinants of differing population blood pressure levels in children and
adolescents, and suggest that action on obesity, the Na/K ratio and alcohol
consumption would be a valuable part of a public health strategy aimed at the
primary prevention of raised blood pressure.
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GUILDFORD
Guildford High Street in the mid 18th century. This very old town, which
derived its wealth initially frcxn the wool trade, and latterly fran coaching,
light industry and canmerce, was described by William Cobbett as "one of the
most agreeable and most happy looking [towns] that I ever saw in my life".

MERTHYR TYDFIL
The Cyfartha Iron Works, Merthyr Tydfil. In 'A Merthyr Historian - Vol 1',
F Vaughan states how "A visitor to Merthyr Tydfil in the middle of the 19th
century might think it a prosperous town.... But behind the facade of
prosperity was the reality of poverty.... There was appalling infant
mortality among the working class. Three quarters of those who died were
under the age of five, and life expectancy among the working class was about
22 years".

1

CHAPTER 1 ~ INTRODUCTION

Contents__________________________________

1. The problem of cardiovascular disease in Britain.

Paoe

2

2. The risk of cardiovascular disease associated with
raised population levels of blood pressure
- Goals of public health action

4

- Elevated population levels of blood
pressure and risk

5

- The potential for population prevention
of raised blood pressure

10

3. Opportunities for identifying determinants of population
blood pressure differences - international studies.

12

4. An opportunity for conducting a ccmparative study of
geographic blood pressure variations within one country;
seme results of the British Regional Heart Study.

13

5. The importance of establishing the age at which population
differences in blood pressure emerge.

16

6. The objectives of the new study (The Nine Towns Study).

17

2

1.1

The problem of cardiovascular disease in Britain. The mortality rates

for cardiovascular disease in Britain are new among the highest in the world
(Figure 1.1).

Not only is the current position serious by international

standards - trends over the last 20 years shew that Britain has not
experienced the marked declines in cardiovascular mortality that have occurred
in Finland and the USA (Figure 1.2), and also in Australia [Health Education
Authority 1987].
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Figure 1.1 Coronary heart disease mortality rates for men and wcxnen age 4069. Rates are age-standardised for 1985 unless otherwise stated [HEA 1987].
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Figure 1.2(al. Trends in coronary heart disease mortality rates for men aged
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countries.

4

The burden of disease associated with these high mortality rates is very
considerable.

Table 1.1 shews the actual numbers of deaths for Ischaemic

Heart Disease (ICD-9? 410-414) and for Stroke (ICD-9; 430-438) for men and
wcmen age 35-74 in England and Wales in 1986.

Since the average life

expectancy at birth in England and Wales for the years 1985-87 was 77.8 years
for vraren and 72.1 years for men [HMSO 1989 ], these deaths may reasonably be
regarded as premature and their prevention a valid goal of public health
action.

Table 1.1.
Numbers of deaths from Ischaemic Heart Disease and Stroke among
men and wsmen aged 35-74; England and Wales 1986.

Aoe arouD
35
40
45
50
55
60
65
70

-

Ischaemic heart disease
ICD-9: 410-414
Males
Females

39
44
49
54
59
64
69
74

TOTAL
Percent of all deaths
due to cause

Stroke
ICD-9: 430-438
Males
Females

451
946
1974
3737
6425
10387
12919
16401

84
136
306
709
1723
3701
6034
10361

111
141
276
435
899
1719
2667
4715

89
149
224
313
647
1298
2375
4789

53240

23054

10963

9884

(59.8)

(33.1)

(40.3)

(22.3)

Source [OPCS]

1.2

The risk of cardiovascular disease associated with raised copulation

levels of blood pressure.

1.2.1

Goals of public health action. One of the most important goals of

public health action in Britain is to reduce the very large burden of
premature death and morbidity that is associated with cardiovascular disease.
Primary prevention, defined as measures taken to avoid initiation of the
disease process, forms a very important part of that public health action.
The three major risk factors for cardiovascular disease in Britain are the
same as found in other countries, namely smoking, elevated serum cholesterol

and high blood pressure [Shaper 1985].

Difficulty in achieving successful

primary prevention may arise for a number of reasons, but of the three major
cardiovascular risk factors it is now high blood pressure that poses the
greatest problem due to the uncertainty surrounding its causes at the
population level.

The importance of primary prevention of elevated population

levels of blood pressure in the control of cardiovascular disease in Britain,
and the need for the present study, will now be discussed.

Elevated population levels of blood pressure and risk. The role of raised
blood pressure in the aetiology of cardiovascular disease has been
investigated in a number of prospective studies, including the British
Regional Heart Study (BRHS) [Shaper 1985], and there is now little doubt about
the contribution that it mates to morbidity and mortality from ischaemic heart
disease (IHD) and stroke.

Figures 1.3 (a) and (b) illustrate the distributions of systolic and diastolic
blood pressure respectively in the BRHS sample of men aged 40-59.

Tables 1.2

(a) and (b) give the actual number of IHD and Stroke events (fatal and nonfatal) which occurred over 5 years of follow-up at each level of blood
pressure in the distributions.
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Figure 1.3 fa). Distribution of systolic blood pressure, BRHS.
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Figure 1.3 (bl. Distribution of diastolic blood pressure, BRHS.

Table 1.2
SYSTOLIC
(mmHa^

Number
of men

<120
120 - 129
130 - 139
140 - 149
150 - 159
160 - 169
170+

724
1152
1512
1528
1127
782
900

30
37
65
83
93
68
112

3
12
9
9
11
21
45

TOTAL

7725

488

110

DIASTOLIC
(niriHcn

Number
of men

<60
60 - 69
70 - 79
80 - 89
90 - 99
100 - 109
110+

228
1057
2285
2181
1268
489
217

11
41
128
130
93
48
37

3
12
18
23
25
20
9

TOTAL

7725

488

110

Number of events over 8 vears
IHD
Stroke

Number of events over 8 vears
Stroke
IHD
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In Table 1.3, the event rates (per 1000 per 8 years) have been adjusted for
age, years of cigarette smoking, and total serum cholesterol, in order to
examine the risk of IHD and stroke associated with different levels of blood
pressure independent of major confounding factors.

The number of cases that

would be expected over the 8 years at each level of blood pressure after
taking account of age, smoking and cholesterol is then shown.

The effect of

adjustment is not great, and this can be seen by comparing the number of
events after adjustment with the crude figures in Table 1.2.

Figure 1.4 shows

the cumulative percentage of these expected cases of IHD, and Figure 1.5 of
stroke, across the distributions of systolic and diastolic blood pressure.

Table 1.3
Event rate per 1000 per 8 vears. adjusted for aae. smoking and
serum cholesterol, and the expected number of cases at each level of blood
pressure based on the adjusted rate.

SYSTOLIC
(mmHa^

Number
of men

Rate

<120
120 - 129
130 - 139
140 - 149
150 - 159
160 - 169
170+

724
1152
1512
1528
1127
782
900

0.050
0.037
0.047
0.056
0.080
0.080
0.112

TOTAL

7725

DIASTOLIC
fitiriHcrt

Number
of men

<60
60 - 69
70 - 79
80 - 89
90 - 99
100 - 109
110+

228
1057
2285
2181
1268
489
217

TOTAL

7725

IHD
Ex d cases
36.0
42.2
71.1
85.0
90.7
64.5
100.6

Rate

0.005
0.014
0.006
0.006
0.011
0.024
0.046

Stroke
Ex d cases
3.9
15.7
8.8
9.3
12.3
18.4
41.8

490.0

110.2

Rate

IHD
Ex d cases

Rate

Stroke
Ex d cases

0.054
0.042
0.056
0.058
0.072
0.101
0.157

12.2
44.0
129.1
127.4
91.5
49.6
34.1

0.013
0.012
0.008
0.009
0.021
0.041
0.040

2.9
13.0
18.0
20.7
26.5
20.1
8.6

487.9

109.9
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Figure 1.4 (a) Cumulative percentage of cases of IHD occurring across the
distributions of systolic blood pressure after adjustment for age, smoking and
cholesterol.
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Figure 1.4 (b) Cumulative percentage of cases of IHD occurring across the
distributions of diastolic blood pressure after adjustment for age, srroking
and cholesterol.
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IHD.

Over 60% of IHD cases occurred in men with systolic blood pressure up to

159 mmHg, and over 60% in men with diastolic up to 89 mmHg (Figure 1.4).
Reference to Figures 1.3 (a) and (b) indicate that these are very ccmnonly
occurring levels of blood pressure in the community, including 78.2% of the
men for systolic and 74.4% for diastolic.

These men are not likely to be

considered for anti-hypertensive medication.
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Figure 1.5 Cumulative percentage of cases of Stroke occurring across the
distributions of (a) systolic and (b) diastolic blood pressure after
adjustment for age, smoking and cholesterol.
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Stroke. Nearly 50% of the cases of stroke occurred in men with systolic blood
pressure up to 159 mmHg, and almost 50% in men with diastolic up to 89 mmHg
(Figure 1.5).

The implication of these observations for IHD and Stroke is that a large
proportion, that is at least half, of all cases of IHD and stroke are
occurring at levels of blood pressure which are very cannon among middle-aged
British men.

A pre-requisite for effective primary prevention of blood

pressure-related morbidity and mortality must therefore be an examination of
the determinants of commonly occurring levels of blood pressure in the
population.

This finding is similar to that previously illustrated for serum

cholesterol [Rose 1985], and has important implications for public health
action.

Thus, if the average blood pressure of the population could be

reduced, even by a few mmHg, this would have the effect of bringing the main
part of the distribution down to a lower level of relative risk.

The

potential benefits in terms of attributable risk are argued to be considerable
[Rose 1985].

The potential for population prevention of raised blood pressure. The
theoretical gains of a population approach to the prevention of raised blood
pressure levels in the connunity can only be realised if aetiological factors
can be identified which are modifiable in realistic, socially acceptable and
safe ways.

Until a few years ago little thought was being given to policies

for the primary prevention of raised blood pressure due to general uncertainty
about its causes, and much effort has been put into secondary prevention
programmes involving screening and treatment.

This view has changed; there is

now recognition by the World Health Organisation of the vital importance of
primary prevention [WED 1983], and although much fundamental research is still
required sane important and reliable knowledge about causation does already
exist.

There have been a large number of cross-sectional studies which have

examined associations between blood pressure and possible aetiological
factors, and also intervention studies which have gone on to test the effect
of changing these factors.

The results of these studies will not be reviewed

in detail here, but a brief account of the most important putative
aetiological agents is given since this provides a background to the
objectives (1.6) and the overall content of the study (3.6).

(a) Overweight. Usually measured as the Body Mass Index (BMI:
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weight/height^), overweight has consistently been found to be one of the most
important determinants of raised blood pressure, for instance in the BRHS
[Shaper 1988] and in many other studies including the present one (data
unpublished). The importance of other measures of obesity such as skinfold
thickness [Donahue 1987] and the waist/hip ratio [Tarsson 1984] has also been
suggested.

(b)

Alcohol. Consumption of alcohol has also been shown to be associated

with raised blood pressure in many studies [Shaper 1988, Friedman 1982,
Saunders 1987 ].

It has also been shown that blood pressure falls when alcohol

consumption is reduced [Potter 1984, Saunders 1981].

(c)

Exercise. Regular exercise is associated with lower levels of blood

pressure [Paffenbarger 1983], and training has been shewn to reduce blood
pressure in intervention trials [Nelson 1986, Findlay 1987, Meredith 1990].
One important aspect is that exercise needs to be maintained, and its
beneficial effect on blood pressure diminishes over a comparatively short
time.

(d)

Diet. A number of aspects of diet have been investigated, and the most

important of these seem to be the presence of a vegetarian diet, and the
intake of sodium (Na) and potassium (K).

Vegetarian diet. Several studies have suggested that blood pressure is
lowered by a lacto-ovo-vegetarian diet (that is, including milk products
and eggs), or by other similar changes [Rouse 1986].

Although there is

seme uncertainty about which components of the diet are most important
[Anon 1984], it appears that the effect is not due to changes in Na intake.

Sodium and potassium. There is still alot of controversy surrounding the
role of Na and K in the aetiology of raised blood pressure.

This stems

from the difficulties experienced in demonstrating strong associations
between these electrolytes and blood pressure in many intra-population
studies.

Nevertheless, there is seme evidence of a positive association

between Na and blood pressure [Intersalt 1988], and of a negative
association for K [Intersalt 1988, Smith 1988, Bruce 1990a].

The effect of

sodium restriction in trials [Grobbee 1986] and in a carmunity trial [Forte
1989] have generally been modest but positive in terms of reducing blood
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pressure. The Na/K ratio may well be the most important aspect of dietary
intake of these two electrolytes, as this has shewn the most consistent and
strongest effect [Bruce 1990a].

Other dietary factors. There is seme evidence that calcium and magnesium
[Anon 1984, McCarron 1982], and the ratio of polyunsaturated to saturated
fats [Strazzullo 1986], have an effect on blood pressure.

However, these

factors appear to be less important.

(e)

Psychological stress. Our knowledge of the role of stress in the

aetiology of raised blood pressure is complicated by problems of definition
and measurement of stress.

While marry community studies have found little

adverse effect of psychological illness on health outcomes [Roberts 1990],
other more specific studies have identified an increased risk of raised blood
pressure with certain personality traits, and the possible neuroendocrine
mechanisms have been examined [Henry 1990].

One problem in this field of

research has been the failure to take adequate account of confounding by other
somatic and socioeconomic factors [Roberts 1990].

In summary, the overall

importance of stress in tie aetiology of raised blood pressure in the
population remains uncertain, although it is likely to play seme part.

The project described here is concerned with expanding the knowledge that
should lead on to successful primary prevention of elevated blood pressure in
the population.

The focus is on identifying opportunities for conducting

fundamental research, and in particular to determine the age group in which
such research might be most productive.

1.3

Opportunities for identifying determinants of population blood pressure

differences - international studies.

International variations in the rates

of rise of blood pressure with age have been recognised for many years
[Epstein 1967].

The large differences in adult levels of blood pressure that

arise from this phenomenon have made international comparisons a theoretically
attractive basis for fundamental studies of aetiology [Marmot 1984, Intersalt
1988].

Comparative population studies, wherever they are carried out, are

faced with marry methodological problems, for instance with standardisation of
sampling, instruments, observers, ambient temperature, and season, and all of
these issues will be examined in sane detail in subsequent chapters.

However,

for international studies these problems are made particularly difficult by

language and cultural differences, and the increased possibility of
confounding by unrecognised factors [Marmot 1984].

A comparative study within

one country, while unlikely to deal with such large geographical blood
pressure variations as one which investigates the extremes of known
international differences [Intersalt 1988], would nevertheless be expected to
have major advantages in terms of organisational complexity, cost,
standardisation of measurement, and comparability in the way in which the
participating communities are described.

1.4

An opportunity for comparative study of geographic blood pressure

variations within one country: the British Regional Heart Study (ERHS1
One of the main objectives of the BRHS was to investigate the marked
geographic variation in cardiovascular disease mortality in Britain.

The

methodology of this study has been descibed in detail [Shaper 1981], and only
a brief account of relevant features will be given here.

Between 1978 and

1980, a total of 7735 men aged 40-59 vrere examined in 24 British towns (Figure
1 .6 ).
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The survey included the measurement of blood pressure and an extensive medical
history and lifestyle questionnaire [Shaper 1981].

The men were sampled

randomly through the age-sex register of one general practice per town, each
practice having been selected to approximately represent the social class
structure of that town.

Blood pressure measurements were made with a London

School of Hygiene sphygmcmancmter by nurses who had been trained with taped
Kbrotkcw sounds [Bruce 1988].

In order to minimise systematic observer

effects during the 2 weeks of survey work in any given tcwn, each nurse worked
a half day session at the survey station which included blood pressure
measurement, and then rotated on to another station.

The mean blood pressures for the men in each tcwn showed striking geographic
variations.

Figure 1.7 illustrates the mean tcwn blood pressures plotted

against the Standardised Mortality Ratios for Cardiovascular disease (ages 3564, 1979-83) for the local areas defined by the Office of Population Censuses
and Surveys that most closely correspond to the urban boundaries.

The range

of differences between tcwns was quite large; 16.6 mmHg systolic, and 12.5
irmHg diastolic, and the pattern of tcwn means shewed a positive association
with CVD mortality.
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BRHS tcwns.
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The associations between mean tcwn blood pressures and CVD mortality,
summarised in Table 1.4, suggested that the finding in the BRHS of geographic
blood pressure variations was genuine, and not simply the result of sampling
error or bias in measurement.

Table 1.4 Correlations between mean blood pressures in the BRHS, and SMRs for
Cardiovascular disease (ages 35-64, 1979-83)

_________________________ r______________ p-value
Systolic
Diastolic

0.58
0.55

0.003
0.005

The BRHS therefore provided an opportunity for a comparative population study
of blood pressure within one country, with a relatively homogeneous culture
and broadly speaking the same language throughout.
questions new needed to be considered.
confirmed.

Several important

First, could the findings be

Second, if the results were indeed genuine, would similar

geographic differences be found for women living in the same cannunities.
Third, and of fundamental importance, was the question of the age at which the

differences emerged, because that would have very important implications for
future research and ultimately for preventive action.

Finally, the reasons

for the geographic differences in BP needed to be examined, as this could
provide valuable information for preventive action.

1.5

The importance of establishing the aoe at which population differences in

blood pressure emerge.

Figure 1.8 illustrates two hypothetical situations

describing the rise of blood pressure with age in 3 communities which are
known to differ in mean population blood pressure at age 60 years.

In 1.8(a)

the differences emerge in early to middle age, implying that (if the latent
period between exposure and effect is relatively short) the causes are
operating at least up to middle-age, and probably also into later middle-age.
A quite different situation is seen in 1.8(b).

There are differences between

the communities in the blood pressures of the young adults which are of a
similar magnitude to those observed throughout middle age, and must therefore
have arisen during childhood and/or adolescence.

Although causative factors

(not necessarily the same ones) may continue to operate during adult life, the
fundamental causes of the differences between communities must have been
active at a much earlier age.
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Figure 1.8(a) Hypothetical age-pattem of mean population levels of blood
pressure in 3 communities known to differ at age 60 yr; divergence during
middle age.

Systolic (mmHg)
160

160
High
Medium

140

Low

130

120

110

0

10

20

30

40

50

60

70

Age (years)
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pressure in 3 ccmmunities kncwn to differ at age 60 yr; divergence well
established by age 20 years.

1.6

The objectives of the new study (The Nine Towns Study).

The findings of the BRHS described in section 1.4 provided an opportunity to
examine whether geographic blood pressure differences in Britain are already
established in young people (as in Figure 1.8b) or whether they emerge later
(Figure 1.8a).

A new field study was therefore set with the following four

main objectives.

(i). To determine whether the finding in the British Regional Heart Study
of marked geographical differences in mean town blood pressures was
reproducible in middle-aged men.
(ii). To determine whether similar differences exist among middle-aged
wanen living in the same tcwns.
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(iii). To determine whether differences were already present in young
adults.
(iv). To begin exploring the reasons for any such differences as are
established.

In the next chapter (2), a review is made of population blood pressure studies
which catpare two or more contrasting communities, in order to ascertain
whether it is likely that geographic blood pressure differences are
established in young adults.

A second objective of the review is to examine

what factors have been found to be associated with population blood pressure
differences.

The next four chapters (3 to 7) are concerned with the methodological issues
that may influence the validity and interpretation of a comparative population
study.

The main results of the study on blood pressure differences and the

age at which these emerge are described in detail in Chapter 8.

The reasons for the geographic blood pressure variations are considered as
follows.

The evidence from other comparative population studies is discussed

in Chapter 2, the literature review.

An analysis of the contribution of

factors measured in the NTS towards the geographic blood pressure differences
is reported in the papers presented in Appendix 3, and the findings discussed
in the light of other studies in Chapter 9 (Conclusions).

Appendix 3

therefore contains results and analysis that is not presented elsewhere in the
body of the thesis.
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2.1

INTRODUCTION.

The main purpose of this literature review is to identify the age at which
blood pressure differences between caiminities or cultural groups appear, and
in particular whether these differences might be expected in young adults.

A

second objective is to examine the factors that contribute to between-group
differences in blood pressure, and hence to the geographic pattern of blood
pressure in Britain.

The group comparisons considered are (a) cannunities in

different countries, (b) canmunities within Britain, (c) cannunities in single
countries other than Britain, (d) urban and rural cannunities, and (e) groups
that differ by race.

The age range for this review is from birth to late middle-age, that is about
60 years.

Since the purpose of the NTS is to establish whether geographic

blood pressure differences are already established in young adults, greater
attention is paid to the studies of adults than to those of children.
However, there are a number of very important studies of children which do
shed sane light on the age of emergence of between group differences in blood
pressure, and on the possible importance of environmental factors, and these
have been included.

In making comparisons between studies it is important to consider how to deal
with the many differences in methodology and circumstances that are
encountered.

As is discussed in the following chapters, it can be difficult

to predict the effect of sane of these factors even when thought about in
advance and measured during the course of the study (see Chapter 9, in
particular section 9.7.1).

Comparisons between one or more populations within

any given study are probably less open to bias than populations from different
studies, and the review of race, urban/rural and other within-country
comparisons is mainly restricted to data from single studies. Nevertheless,
even within single studies there are opportunities for bias (in particular due
to sampling, and the method of blood pressure measurement and observer
training), and throughout these reviews an assessment has been made where
possible of the likely validity of the comparisons.

A somewhat different approach has been adopted with respect to the comparison
of studies from different countries in section 2.2.

It is inevitable that

there will be many differences in sampling, technique of blood pressure

measurement, observer performance, ambient temperature and so on, and there is
no reliable way of 'adjusting' for these factors.

On the other hand, if a

large number of studies are included to describe a 'group' of populations (eg,
unacculturated populations where blood pressure does not rise with age), then
bias which is systematic in a single study will tend to beccme more like
randan error for the group of studies.

The age-specific blood pressure data

for these studies, when plotted on a single graph, allows a visual assessment
of hew blood pressure changes with age in different groups.

An exception to this approach arises from the difference between phase IV and
V diastolic, since phase IV will be systematically higher than phase V in all
studies.

This is quite unlike observer variation which can theoretically go

in either direction and will therefore tend to be randan when a large number
of observers are involved.

Because of the certainty of systematic bias

arising from diastolic phase differences, all studies using phase IV, or where
the phase is unstated, have been excluded fron the graphical presentation of
diastolic blood pressures (Figures 2.1c and 2.Id).

Unfortunately, this

exclusion removes quite a few of the studies of undeveloped countries which
would have been useful for this review, but it was felt to be a necessary
step.

It does however mean that greater reliance has to be placed on the

systolic data.

The visual assessment of differing patterns of blood pressure rise with age in
different populations provided by Figure 2.1 is supplemented at the end of
section 2.2.2 by a more quantitative analysis based on data fron the Intersalt
study.

Drawing on standardised data for ages 20-59 fron 52 samples in 32

countries, this study can in seme ways serve the purposes of an international
review.

However, it would be unwise to rely on the results fron a single

study, even if it does appear to be very comprehensive, and it is for this
reason that the review of other studies in Figure 2.1 is retained.

2.2

Comparisons of cannunities in different countries.

2.2.1

Introduction and methods. International comparisons of blood pressure

levels in populations provide powerful evidence that differences between
communities do exist [Epstein 1967, Marmot 1984], and represent an important
opportunity for examining the age at which these population differences
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emerge.

One of the earliest reviews of this subject noted the very

inconsistent pattern of rise in blood pressure with age (slopes), and
attempted to fit the slopes into five different categories, each with the same
three levels of blood pressure at age 10 years [Epstein 1967].

It was noted

that a plot of age-specific blood pressure data fran a wide range of studies
resulted in "a nightmare of wildly intersecting lines, devoid of any
discemable pattern".

The authors go on to explain their structured analysis

of the 34 studies that they review, but do not suggest what might lie behind
the patterns they describe.

In particular, the authors do not indicate at

what age they believe that the international differences in blood pressure
emerge.

The review of literature prepared for the NTS suggests that this chaotic view
of the rise of blood pressure with age may not be entirely justified.

The

approach taken here is to ask the following question:-

If we consider populations which are known to have markedly different
levels of blood pressure in middle age (eg 40-60 years), what differences
do we see in young adults (eg, 20-30)?

For each study reviewed, details of sample size, sampling frame, response rate
and the methodology of blood pressure measurement are given (if available).
Unless there is major cause for concern in seme aspect of methodology, the
main results for age-specific systolic and diastolic blood pressure are
plotted in Figures 2.1 (a) and (b) respectively for male and female systolic,
and Figures 2.1 (c) and (d) respectively for male and female diastolic.
However, since there is known to be a systematic difference of up to 10 irmHg
between diastolic phases IV and V [Prineas 1980 (4)], only those studies where
diastolic is specified as phase V have been plotted [Figures 2 (c) and (d)].

Where one of the studies used in this international review also provides
valuable information about urban/rural or racial differences in blood
pressure, the study has been briefly noted in this section (2.2.2), and is
described and discussed fully in section 2.5.2 or 2.6.2 respectively.
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2.2.2

Review of studies. The figure in brackets which precedes each review,

eg (1), is the reference for the study wherever it appears in this chapter
(but not in other chapters), including the key for Figures 2.1 (a-d). In
order to facilitate reference to the studies reviewed in 2.3-2.6, a list is
provided in the order of review at the beginning of each of these four
sections.

A full list of the studies reviewed here is presented at the end of

this Chapter.

(1)

Brcmpton study rde Swiet 19841. A total of 2000 neonates were recruited

into this study between 1975 and 1977, all of whom were b o m at one hospital
in Kent, England.

A total of 1307 (65%) were followed up to 4 or 5 years.

Blood pressure was measured at 4 days, 6 weeks, six months, and at 1,2,3,4 and
5 years - although not all children were re-examined on each occasion.

At 4

and 5 years, systolic blood pressure was measured with a doppler device and a
Hawksley Random Zero sphygmomanometer, three times (mean used in analysis),
with the child sitting after 5 minutes rest.

Diastolic was not recorded.

At

4 years, all measurements were made at home, at 5 years, 82% were at school
and the rest at heme.
temperature.

Measurements were also made of height, weight and rocm

It was noted that blood pressure rose in the first year of life,

and was then stable between one and five years (Figure 2.1), this latter
observation agreeing with the US Task Force results [Task Force (2), below].
Adiposity (expressed as weight/height* •^®) was an important correlate of
systolic blood pressure, independent of age.

(2)

Task Force TTask Force 1977. Task Force 19871. This report is a

compilation of data frcm studies of children carried out in a number of
centres in the United States and the UK.

The systolic blood pressure data

presented in Figure 2.1 are the pooled results for Icwa and Mayo as published
in the 1977 report.

In the Icwa study, all children enrolled in the public

and private school system of Muscatine were included, and over 70% were
examined [Lauer 1984].

Blood pressure was measured by trained observers using

a mercury sphygmcmancmter, and diastolic was taken at phase IV.

(3)

Yancmamo Indians rOliver 19751. The Yananamo Indians live in Northern

Brazil/Southern Venezuela, and up to about 20 years ago had remained almost
isolated frcm contact with the outside world.

This report briefly describes

their diet and culture, and goes on to examine blood pressure, urinary
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electrolytes and aldosterone, and plasma renin.

Most of the population of 16

villages widely distributed in Yanatamo territory vrere examined, a total of
244 males and 262 females. Blood pressure was measured with subjects supine,
using either an anaeroid or a mercury sphygmcmancmter (no difference between
instruments reported). The diastolic phase is not reported, and there is no
information on observers.

Diet was known to consist mainly of cooking

bananas, supplemented with game, fish, insects and wild vegetables.
no access to salt, and it was not a trade item.

There was

24 hour urines were collected

(with difficulty) on a sub-group of 44 men, and tested for sodium, potassium,
creatinine and aldosterone.
renin.

Blood was collected on the same group for plasma

The results shewed that blood pressure rose in the first decade, but

not thereafter (Figure 2.1).

Urine collections were judged complete in only

26 of the 44 samples, but Na excretion was remarkably lew at about 1 mEq/24
hrs, while K was high at about 150 mEq/24 hrs, giving a Na/K ratio of 0.0067.
Aldosterone and renin were also markedly elevated.

This study provides very

important data for the international comparison because a wide age range is
covered, and it is clear that once adulthood is reached blood pressure remains
stable.

The authors raise the strong possibility of the Na/K ratio being

important in the age patterns of blood pressure, but due to the many other
differences between Yancmamo culture and that of populations where blood
pressure does rise with age, they are unable to take this further.

(4) Minneapolis TPrineas 19801. In this large study of 6-9 year olds, all
children in the 52 elementary schools in the Public School system in
Minneapolis were sampled.

This report concerns 8112 white and 1865 black

children, a response of 99%.
minutes rest.

Blood pressure was measured supine, after 5

A Hawksley Randan Zero was used, with the zero reduced to a

range of 30 mmHg.

Diastolic was measured at phases IV and V.

observers took part, all of whom were trained and monitored.

Twenty-seven
Measurements

were also made of height, freight and triceps skinfold.

This study provides and important set of data frcm a population sample of
children, and the blood pressure values are included in Figure 2.1.

The study

also emphasises that there may be a considerable difference between phases IV
and V (about 10 mmHg), even among children.

Although the study was carefully

conducted and had an exceptionally high response, there is no discussion of
hew well the Public School (state system) only sample represents the whole
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population in the city.

(5)

Cuna Indians TKean 19441. The Cuna Indians are a relatively isolated (as

of 1944) group of island dwellers living in the San Bias Archipelago of
Colanbia. They engage in fishing and minor agriculture, and eat mainly
coconuts, bananas and fish.
and over.

This study involved 263 men and 144 wcmen aged 16

However, since the sampling method is not described, it is not

possible to assess how representative the findings are for each age group.

Blood pressure was measured after rest with the subject seated, using a
standard sphygmcmancmter and cuff.

Two or more measurements were taken, until

two subsequent readings were within 6 mmHg, and diastolic was recorded at
phase IV.

Observers are not described.

The results for systolic are shown in Figure 2.1.

Blood pressure levels are

very similar for men and women, are lew and do not rise at all with age.

No

other quantitative informtion is given about the lifestyle of the Cuna.

In

summary, although it is not clear fron the sampling whether this study is
representative of the Cuna population, the findings are consistent with those
of other "no rise" populations such as the Yancmamo [Oliver 1975 (3)] and
Asaro Valley [King 1985 (16)].

No definite conlusions can be drawn as to why

the blood pressures of the Cuna should be so lew.

(6)

Delhi TPadmavati 19591. This study involved a number of urban and rural

groups living in or near New Delhi, India.

The rural group included 267 men

and 381 wcmen, and this is the focus of the present review since the other
three groups were drawn frcm sampling frames that were less representative of
the population; these were (a) mill workers, (b) males fron various
professional groups, and (c) a small number of female medical students.

Even

so, the sampling method and response in the rural group is not described.

Blood pressure was measured seated using the methodology recommended by the
American Heart Association in 1958 [AHA 1958], and no additional details are
given either in the main paper [Padmavati 1959 (6)] or in a further
methodological reference.

The AHA paper suggests that diastolic should be

taken at phase V, but the diastolic levels in the rural Delhi sample are very
similar to those of studies with comparable systolic levels but where phase IV
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is known to have been used.

Since the use of phase IV was common at the time

of this study, it is quite probable that this was the criterion used by
Padmavati and colleagues.

The results for systolic in the rural area are shown in Figure 2.1.

Blood

pressure levels are moderately lew, and rise little with age except in the
older wcmen.

However, the number of older women is very small (n=20 for age

about 50 and above), and may not be representative given the unknown sampling
method and response rate.

Nevertheless, the results are intriguing in that

there are very few other reports of populations so close to urban centres in
which blood pressure does not rise with age, indeed most are frcm isolated
cannunities.

Body weight is relatively lew in the rural group (compared to

the Delhi mill workers and professionals), but no other data is given which
might shed seme light on the reasons for these findings.

(7)

Ponape. Caroline Islands [Mnrrill 19491. This report is of a ccmmunity

living an almost exclusively rural existence on a tropical island (Ponape),
and is confined to that section of the population that has avoided
intermarriage with either westerners or inhabitants frcm other islands.

A

sampling method was used which selected men and women frcm "about every third
or fourth home", and is probably fairly representative.

127 males (20-55

years) and 124 females (18-59 years) vrere examined.

Blood pressure was measured by a single observer after rest with the subject
seated, using an anaeroid sphygmomanometer.

Diastolic was taken at phase IV.

The results for systolic are shown in Figure 2.1.
does not rise with age.

Blood pressure is low and

Unfortunately, there is no other data with which to

assess the possible reasons for these findings.

(8)

Kenva. Samburu rShaper 1969a 1. This study of nomadic pastoralists in

northern Kenya examined men frcm three groups; the Samburu (n=197), Rendille
(n=107) and Turkana (n=60).

The Samburu sample formed the largest group, and

this will be the focus of the present review.

The sampling method is not

described in detail, but sick individuals have been excluded frcm the report.

Blood pressure was measured by one observer with subjects seated, using a
standard mercury sphygmcrrancmeter.

Three readings were taken, and the lowest

used in the analysis.

Diastolic was measured at phase IV.

Measurement was

also made of height, weight and skinfold in 5 sites.

The blood pressure values (males, systolic only) are shown in Figure 2.1, and
are lew with no rise with age.

Weight was constant from 20-29 years onwards,

and the mean EMI for 20-59 year olds (calculated from published data as
weight/height^) is only 17.5.

The mean skinfold thickness for age 20-59 (sum

of all 5 sites) of 25 mm is very lew, and increased negligibly from age 20-29
onwards.

The changes in body build and blood pressure that occurred among a

group of Samburu who entered the army [Shaper 1969b] is discussed in section
on urban/rural comparisons (2.5.3).

(9)

IKuna bushmen. Botswana TTruswell 19721. This rather small study

examined a group of 79 male and 73 female IKung bushmen, a semi-nomadic people
who live in camps of about 20 individuals making up an extended family.
diet is about 70% vegetable, supplemented with seme meat.
alcohol, use very little salt, but do smoke tobacco.

Their

They drink no

The sampling in the

study is poorly described, but no subject was excluded on the grounds of
sickness.

The examinations were carried out either in the camps or at a centre to which
the subjects were driven.

Blood pressure was taken lying dewn, mostly by one

observer using a mercury sphygmomanometer.

Two or three readings wore taken

(mean used), but the diastolic phase is unspecified.

Height, weight and

triceps skinfold wore measured, and 24 hour urine samples collected on 10
subjects and 2 controls (research team) for sodium and potassium.

The systolic blood pressure results are shown in Figure 2.1.

There is a fall

with age among men, and a slight rise among older women (numbers very small).
It is of interest that, although blood pressure falls with age in men, the
actual level in young adults is moderately high (over 120 mmHg). There are a
few other studies in Figure 2.1 which shew little or no rise with age, but
relatively high levels in young people that are similar to Western studies
[Rural Kenya, Poulter 1984 (13); Hanuabada, PNG, Maddocks 1967 (15)].

It is

difficult to assess whether these findings are genuine or due to differences
in methodolgy and circumstances between populations and studies.

This issue

is considered further in the discussion (2.2.3 below), but it should be noted
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that this study of IKung is very small and it is not clear whether the
sampling was equally representative of the population at all ages.

This sample of IKung shows little sign of obesity. The mean BMI (calculated as
weight/height^ frcm published data) is very lew at 18.5 for men and 17.8 for
women, and triceps skinfold thicknesses of 5.0 mm for men and 9.4 mm for wcmen
are also lew.

The urine results are based on extremely small numbers with no

means of assessing representativeness.

However, the weighted mean Na/K ratio

for the 10 subjects was 0.38, very lew by international standards [Intersalt
1988 (23)], which at least bears out the observations made by the authors on
the diet.

(10)

Szechwan. Western China [Morse 1937]. This study carried out in the

1930, examined people frcm three aboriginal groups in western China.

The

sampling method is not described, and the results are presented for men and
wcmen combined.

Diastolic was recorded at phase IV.

The blood pressure

results have therefore not been included in Figure 2.1, but will be considered
briefly.

Systolic blood pressure was very lew, about 105-108 mmHg, and

diastolic is about 70-73 mmHg, and did not rise with age except among one
group where there was a slight rise.
about these people is presented.

Unfortunately, little other information

They are relatively isolated frcm the

Chinese, living at 3,000-10,000 feet of altitude, and are described as
pastoralists, and have a diet mainly of c o m with a little meat.

Ccmment is

not made on obesity, salt consumption or use of alcohol.

(11)

Tokelau Island Study - baseline rPrior 19741. This report concerns the

blood pressures of men and wcmen resident on three coral atolls in Polynesia
(the Tokelau islands).

Due to pressure of population and the threat frcm

hurricanes, there was flew of migrants to New Zealand.

This formed the basis

of a migrant study set up to examine the changes that occurred when people
moved frcm a subsistence lifestyle to the more westernised circumstances of
New Zealand.

This 1974 paper gives data on residents of the island, seme of

whom subsequently migrated.

The entire population of the three islands were

included in the study, and 96.4% were examined; a total of 814 adults (aged
15+).

Blood pressure was measured with subjects seated, using a standard

sphygmcmancmeter.

Data frcm one observer was used for the analysis of

subjects in all three islands.

Two 24 hour urine samples were taken on most
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subjects in one island, and a few in the other two.

For the current purposes,

data is presented in Figure 2.1 for non-migrant and pre-migrant subjects
canbined, and pregnant wcmen are excluded.

It was noted that blood pressures

ware higher than those in Pukapuka [Prior 1968 (14)], but lower than among New
Zealand Maoris.

The sodium intake on Tokelau was relatively lew, being about

40-50 MEq per day.

(12)

Tokelau children! non-migrant and migrants rBeaalehole 19781. This

report compares the blood pressures of Tokelauan children aged 2-14 who
remained on the island with a group which had migrated to New Zealand.
study is described and discussed in section 2.5.

The

The main findings for

systolic blood pressure for the two groups are presented (separately) in
Figure 2.1; diastolic was not reported in this paper.

The blood pressure

levels are relatively lew, and the authors suggest that this may be the result
of using the mean of two readings, and of adjusting for cuff size.

(Note; the

age-specific blood pressures are presented only in graphical form in this
paper, and the data for Figure 2.1 was obtained fron the graph).

(13)

Kenva Migrant Study TPoulter 19841. The flew of rural Luo tribespeople

fron western Kenya to the capital city of Nairobi provided the background to
this study of the determinants of blood pressure.
detail in section 2.5.

The study is described in

The blood pressure results for the rural sample are

shewn in Figure 2.1.

(14)

Rarotonga and Pukapuka TPrior 19681. This study provides data on blood

pressure among adults living in contrasting circumstances in two communities
in the Cook Islands, Polynesia.
2.5.

The systolic blood pressure results for the two cannunities are shown in

Figure 2.1.

(15)

The study is described in detail in section

Since diastolic was measured at phase IV it is not shown.

New Guinea fMaddocks 19671. Papua New Guinea is an area of great

genetic and cultural diversity, and this provided the background to this
comparative study of five ccmmunities. The study is described in detail in
section 2.5.

The systolic blood pressure findings for three of the

cannunities studied (Chimbu, Kapuria and Hanuabada) are shewn in Figure 2.1.
Diastolic was measured at phase IV and is therefore not included.
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(16)

Asaro vallev. Papua New Guinea fPNG^ TKina 19851. This is one of a

number a reports that have shown lew levels of blood pressure with little rise
with age among highland people in PNG.
section 2.5.

(17)

This study is described in detail in

The blood pressure results are presented in Figure 2.1.

Urban and rural Jamaica TMiall 19611. This study of one urban and one

rural community fron Jamaica, showed higher levels of blood pressure among the
rural vonen.

The study is discussed in detail in section 2.5.

The systolic

blood pressure results for the urban group are shown in Figure 2.1.

Diastolic

blood pressure was measured at phase IV, and is not included.

(18)

Chicago schoolchildren rLevinson 19851. This report describes a study

of 1998 boys and 2088 girls aged 5-10 sampled frcm 27 of Chicago's non-public
schools.

The study is discussed in detail in section 2.6.

The blood pressure

results for the whole sample are shown in Figure 2.1.

(19) Muscogee Countv rComstock 19571

This study of a biracial community in

the southern USA presents data on black and white people aged eight and above.
The study is described in detail in section 2.6.

The blood pressure results

for the white population are shown in Figure 2.1.

(20)

British Regional Heart Study rShaper 19811. This study is described in

greater detail in section 2.3, but the age-specific blood pressure data for
men in three of the towns are included in Figure 2.1.

(21)

Japan THatano 19751. A review of studies frcm Japan is discussed in

section 2.4.

Age-specific blood pressure data for men and women representing

the whole country obtained fron the National Nutrition Survey (1956-71) is
included in Figure 2.1.

(22)

Rhondda Valiev and Vale of Glamorgan TMiall 19581. Two contrasting

populations from South Wales were compared in this study, and the data for the
Vale of Glamorgan sample in presented in Figure 2.1.

The study is reviewed in

detail in section 2.3.

(23)

Tecumseh

rJohnson

19651. The total population of one town in Michigan,

USA (Tecumseh) was included in this study, and 8380 males and females of all

31
ages were examined (88% response). Blood pressure was measured with the
subjects seated, using a standard sphygmomanometer, and the first reading used
for analysis.

Diastolic was taken at phases IV and V.

The measurements were

taken by a total of 49 observers, all of whom were "carefully instructed"
physicians.

Although observer errors were identified, the lack of similar

data fron other studies prevented an assessment of how serious this bias was.
However, unless the unreliable observers examined the majority of people in
any given age/sex group, it is unlikely that with so many observers there
would be any major problem.

The age-specific blood pressure data frcm this study are important for the
present purposes due to this being a large population sample, with a high
response rate, and covering the full age range.
Figure 2.1, with phase V diastolic readings.

The results are presented in

It is notable that the values in

young people (up to 20 years) are relatively high, for both males and females.
The authors do not comment on this finding, but it may be the result of using
a single blood pressure reading, or of some other aspect of technique which is
not described (eg cuff size).

Kev to studies in Figures 2.1 (a-d\

Number_______ Notation (Fig 1\

Description

Reference

(1)

Br

Branpton Study

[de Swiet 1984]

(2)

TF

Task Force

[Task Force 1987]

(3)

Yan

Yananamo

[Oliver 1975]

(4)

Min

Minneapolis

[Prineas 1980]

(5)

Cun

Cuna Indians

[Kean 1944]

(6)

Del

New Delhi, India

[Padmavati 1959]

(7)

Pon

Ponape, Caroline Is

[Murrill 1949]

(8)

Sam

Samburu, Kenya

[Shaper 1969a]

(9)

Kng

IKung, Botswana

[Truswell 1972]

(11)

TkA

Tokelau - adults

[Prior 1974]

(12)

TkN/TkC

Tokelau - children

[Beaglehole 1978]

(13)

Ken

Kenya migrants

[Poulter 1984]

(14)

Rt/Pk

Rarotonga, Pukapuka

[Prior 1968]

(15)

Dt/Chm/Hb

New Guinea

[Maddocks 1967]

(16)

Gim/Gam

Asaro valley

[King 1985]

(17)

Jam

Jamaica

[Miall 1961]

(18)

Ch

Chicago children

[Levinson 1985]

(19)

M lis

Muscogee county

[Constock 1957]

(20)

Ayr/EXin/Gld

BRHS

[Shaper 1981]

(21)

Jp

Japan

[Hatano 1975]

(22)

VG

Vale of Glamorgan

[Miall 1958]

(23)

Tec

Tecumseh, Michigan

[Johnson 1965]
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(24) Intersalt rIntersalt 1988, Intersalt 19891

The purpose of the Intersalt

study was to investigate in a systematic and standardised way the
relationships between electrolyte excretion and blood pressure based on
samples fron many countries, and with assessment of relevant confounding
variables.

Samples of 100 men and 100 wcmen (25 in each of four 10-year age

groups over the range 20-59) were drawn randomly frcm population registers or
frcm industrial workforces at a total of 52 sites in 32 countries.
available on a total of 10079 subjects.

Data is

Blood pressure was measured twice

(mean used) using a Hawksley Random Zero sphygmomanometer (zero; 0-20 mmHg),
with the subject seated after 5 minutes rest.

Observers vrere trained using

standard tapes, and diastolic was recorded at phase V.

Height, weight, and

casual and 24 hour urine collections were made on each subject.

Alcohol

consumption over the previous week and medication were assessed, and room and
external temperature measured.

Both the level of blood pressure and slope of rise with age varied markedly
between centres.

Sodium excretion showed a within population association with

blood pressure, and was also associated across the 52 centres with blood
pressure level and the slope of rise with age.

However, when the four centres

with lowest sodium excretion were excluded (all of which had lew blood
pressures and little or no rise with age; Xingu, Yancmamo, Kenya, PNG), sodium
excretion was only associated with the slope of rise with age.

The Na/K ratio

showed similar results, although stronger and more consistent.

K was

negatively associated with blood pressure within population, but there was no
consistent association across the centres.

This study also provides an opportunity to examine whether communities which
demonstrate differences in blood pressure at age 50-59 also show differences
at age 20-29.

This is essentially the same question as is being examined with

the current review of studies frcm around the world, and the compilation of
results in Figure 2.1.

Table 2.1 shews the mean values of systolic and

diastolic blood pressure at 20-29 for the 10 centres with the highest, and the
10 with the lowest blood pressures at age 50-59.

The median values have been

used in this calculation to overcome the effects of medication [Intersalt 1988
(24)].
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Table 2.1 Intersalt, study; mean blood pressure in youngest ages groups, for
the 10 centres with the highest and the 10 with the lowest BP at age 50-59.

Level of BP
at acre 50-59

___________________MEN___________________
Systolic
Diastolic
50-59
20-29
20-29
50-59

Highest 10
Lowest 10

121.5
113.0

135.9
112.5

72.9
64.3

85.0
70.8

8.5

23.4

8.6

14.2

Difference (H-L)

VJCMEN
Diastolic
20-29
50-59

Level of BP
at aae 50-59

Svstolic
50-59
20-29

Highest 10
Lowest 10

109.4
102.9

137.1
106.9

72.9
60.8

85.0
66.0

6.5

30.2

8.1

16.2

Difference (H-L)

These results do suggest that cauminities differing in median blood pressure
at age 50-59 have clearly established differences at age 20-29.

It is

possible however, that these findings are the result of between-centre bias in
blood pressure results; if for sane reason values at 50-59 in a given centre
are high due to over-reading or other circumstances of measurement, then the
same bias would be expected at age 20-29.

There are several reasons why this

is unlikely to be the main explanation. First, it would be surprising to have
a bias of as much as 8 mmHg when as many as 10 centres in each group are being
considered.

Second, the results in Table 2.1 are consistent with the findings

of the many studies compiled in Figure 2.1; differences between countries are
clearly present at age 20-29, although smaller than at age 50-59.

Third, it

is found that the four Intersalt communities which have been shown in other
independent studies to have lew blood pressure and little rise with age
[Oliver 1975 (3); Poulter 1884 (13); King 1985 (16); Prior 1968 (14)] do
appear as expected in the lowest 10 grouping.
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One other way to examine this issue in the Intersalt data is to group centres
by the slope of blood pressure rise with age, and this has been done in Table
2.2 for the 10 centres with the highest slopes and the 10 with the lowest
slopes.

The slopes have not been published separately for men and wcmen

(Intersalt, 1988), and the caribined values have therefore been used.

The use

of slopes to group the centres should help to avoid the problem arising frcm
betvreen-centre bias in blood pressure measurement.

Table 2.2 Intersalt study; Mean blood pressure in oldest and youngest age
groups for the 10 centres with highest and 10 with la^st slopes of BP rise.

Level of slope
(M & F combined^
Highest 10
Lowest 10
Difference

(H-L)

___________________MEN___________________
Systolic
Diastolic
20-29
50-59____________ 20-29______ 50-59
114.7
113.8

132.8
115.6

63.4
68.5

79.6
73.5

0.9

17.2

-5.1

6.1

__________________WCMEN___________________
Level of slope
Systolic
Diastolic
(M & F combined^_____ 20-29____ 50-59____________ 20-29______50-59
Highest 10
lowest 10
Difference (H-L)

107.9
103.6

133.3
111.0

62.7
63.1

74.6
67.7

4.3

23.3

-0.4

6.9

This method of analysis shows blood pressure differences that are about 7-9
ircriHg smaller at age 50-59 than those seen in Table 2.1, while at 20-29 the
differences are close to zero or negative.

This has occurred because a number

of centres with relatively high blood pressure levels do not have very steep
slopes of rise with age after 20-29 years.

This second method is therefore

less useful for examining what is happening at age 20-29 among communities in
which blood pressure differs markedly in middle age.
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In sunmary, data fron the Intersalt study adds to the evidence revievred in
this section for international blood pressure differences being established byage 20-29.

Sodium excretion, and the Na/K ratio, are associated both with

individual blood pressure levels and also with the differences in blood
pressure and slopes of rise with age that are seen across centres.

However,

the latter finding is relatively weak across the 48 centres which remain after
the four unusual lew-salt communities are excluded.

These results show that

at the excretion levels observed in most of the ccmmunities studied (excluding
those with very lew levels), Na is not of major importance in explaining the
blood pressure differences between centres.

2.2.3

Conclusions from international ccmparison.

2.2.3.1

The aae at which international blood pressure differences emerge. At

first sight, it may seem that figure 2.1 reproduces the nightmare of
intersecting lines spoken of by Epstein and Eckoff in their review (Epstein,
1967).

Hcwever, closer inspection does reveal seme important observations.

Since it is more complete, the material for systolic blood pressure will be
considered first.

(a)

Systolic blood pressure.

Males (Figure 2.la^

It is notable few of the studies reviewed cover the

whole age range frcm childhood to late middle age, and the 'gap' between
studies of children and those of adults can be clearly seen between ages 15
and 20.

This presents a problem in looking at the overall age patterns of

blood pressure rise with age, since crossing the gap involves trying to
ccxnbine studies with differing methodologies.

Hcwever, the main purpose of

this review has been to concentrate on the findings for young adults, and
for this the material is more satisfactory.

The most important ccmparison to be made in Figure 2.1 is between studies
where systolic blood pressure fails to rise with age in adulthood and lies
at about 100-120 mmHg at age 50-59, and those where there is a rise to
levels of 130-160 mmHg at age 50-59.

Despite the scatter of lines on the

graph, these twe groups can be quite clearly discerned.

There is in fact a

range of slopes fron a slight fall with age through to a steep rise above
about 40 years.

On average, the populations where blood pressure does not

rise with age have a level of systolic blood pressure about 10-15 mmHg
lower at age 20-29 than populations where blood pressure subsequently rises
in later middle age.

The situation at younger ages is complicated by the lack of studies
extending down from adulthood, particularly frcm unacculturated
communities. There appear to be large differences between seme communities
down to a very young age, for instance Tecumseh [Johnson 1963 (23)] and
Tokelau (Beaglehole 1978 (12)].

However, this type of ccmparison is less

sound than that for adults where it is clear that the slopes of rise with
age are so different; in children, the slopes are more parallel.

The large

and well-conducted group of Task Force [Task Force 1987 (2)], Chicago
[Levinson 1985 (18)], Minneapolis [Prineas 1980 (4)] and Brcmpton [de Swiet
1984 (1)] lie close together, and probably represent a reliable estimate
for mean levels in western populations.

Vale of Glamorgan [Miall 1958

(22)] is lower, but this is a very small study.

Among the unacculturated

groups, the Yancmamo [Oliver 1975 (3)] are clearly lower down to 10-19
years, but in younger children blood pressure is closer to that of the
western group of studies.

The Tokelau samples, particularly that of non

migrant children, show even lower blood pressures, although there may be
methodological reasons for this (Beaglehole 1978 (12)].

A more useful

approach to establishing whether international blood pressure differences
are already present in children is through ccmparsions within one wellstandardised study.

The Tokelau study (Beaglehole 1978 (12)] is the best

example of this approach, and provides compelling evidence that differences
can appear in very young children. This issue will be taken up again in
section 2.3, particularly in relation to the Nine Tcwns Study of children
[Whincup 1988 (25)].

In suirmary, Figure 2.1 shows that international systolic blood pressure
differences in men are apparent at age 20-29, and probably exist at least
in older children.

This observation is in agreement with the analysis

presented in this review of data from the Intersalt study (Table 2.1).
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Females (Figure 2. lb^

The situation for systolic blood pressure among

vfcxnen is essentially similar to that for men, and the same conclusions
apply.

One interesting difference that can be seen is that blood pressure

has more of a tendency to rise with age, frcm lower levels than men in the
younger women, but reaching similar or higher levels than men in later
middle age.

This greater tendency for systolic blood pressure to rise in

women can also be seen in the unacculaturated groups where up to about 40
years blood pressure is lew and does not rise, but thereafter there is a
rise whereas in men there was none or even a fall.

The conclusions for girls are comparable to those for boys, indeed the
findings are rararkably similar.

In summary, Figure 2.1b shews that

international differences in systolic blood pressure are established in
young women, as in the men, and similarly in agreement with the female
Intersalt data presented in Table 2.1.

(b)

Diastolic blood pressure.

Men (Figure 2.1c). The findings for diastolic blood pressure are
unfortunately rather sparse due to the decision to exclude studies using
phase IV, or where the phase was not specified.

Since phase V was used by

the majority of western studies, and the more modem ones of unacculturated
groups (which generally report better sampling and measurement techniques
than older studies), a comparison just of phase IV studies did not seem
justified.

In view of the small number of studies, limited carment can be

made about the situation for diastolic.

However, from what is available,

it appears that the findings are consistent with those for systolic, with
differences between the 'rise' and 'no rise' populations being evident at
age 20-29.

This is also in agreement with the Intersalt data in Table 2.1.

No useful carment can be made on the findings for children.

Women (Figure 2.1dl. The limited number of studies available are again
consistent with the findings for systolic and for men, and with Table 2.1.

2.2.3.2

Reasons for international differences in blood pressure and rate of

rise with aae. This review of studies which have been carried out over many
years and in many countries indicates the problems of trying to ascertain the
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reasons for the marked international differences in blood pressure.

The

fundamental questions of whether environmental or genetic factors are the most
important are probably best answered by migrant studies and racial comparisons
respectively, and these are examined further in sections 2.5 and 2.6.

This

review also highlights the great variety between studies in whether reasons
were examined at all and if so hew adequately.

These problems have been

pointed out in other reviews of the topic [Shaper 1974, Marmot, 1984].
The main environmental factors considered as possible explanations fall into
several groups; anthropometric (that is obesity measured by weight, usually
adjusted in some way for height, and skinfold thickness), diet (in particular
salt intake and the ratio of sodium to potassium, and alcohol consumption),
and the psycho-social stresses of 'westernised' life or the adaption to it.
In order to examine the role of any one of these factors it is necessary not
only to measure that factor accurately, but also to take account of
confounding variables.

This review shews that this has rarely been done; many

studies mention the possibility of acculturation stress, but few made adequate
attempts to measure it.

Sodium and potassium intake has not been measured

adequately in many studies, and within-population associations have often not
been found.

Alcohol consumption has been reported in few of the studies

reviewed here.

It may therefore appear that there is little that can be

usefully concluded frcm the majority of these studies.

Indeed, it was this

lack of standardised blood pressure data with adequate account taken of
confounding that provided the main justification for the Intersalt study
[Intersalt 1988 (24)].

Despite the many methodological problems of establishing causation, there are
seme important clues to be obtained frcm this review.

The main findings are

as follows;

Obesity. One of the most consistent observations is that populations with low
blood pressure and little rise with age demonstrate very little obesity.
Furthermore, increase in obesity with age and middle-age spread is uniformly
absent.

There is little question that overweight is associated with blood

pressure, almost certainly causally, so obesity must be a very strong
candidate for explaining at least seme of the blood pressure differences.

Sodium and potassium. The work of Law in compiling data between populations
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[Lav/ 1991a], within-pqpulation studies [Frost 1991] and trials [Law 1991b]
confirms the very strong impression gained from the present review that large
differences in Na intake are associated with the largest differences in the
level of blood pressure and slope of rise with age.

Causation has been very

difficult to demonstrate, although trials are now providing much stronger
evidence [Law, 1991b]. These conclusions may appear to conflict with the
findings of the Intersalt study, in which there was no association between
sodium intake and blood pressure across centres when the four 'lew salt'
samples were excluded.

A positive association was found with the slope of

blood pressure rise with age in the 48 centres, and this is at least
consistent with the hypothesis that sodium intake is important in determining
population blood pressure levels later in life.

The review of Law and

colleagues [Law 1991a] included more undeveloped lew salt ccmmunities than did
Intersalt, and this may have contributed to the different findings.

Law et al

also explain that they did not carbine the Intersalt data in their calculation
of regression slopes (based on between-population differences) because (a) the
mean blood pressures in Intersalt were much lewer than other studies of
comparable populations, and (b) regression calculations carried out separately
on the Intersalt data and when combined with the other studies reviewed
produced very different results.

They do not discuss why this should have

occurred, but conclude that it would have been invalid to carbine Intersalt
data with the other published studies.

The papers by Law et al do not examine the role of the Na/K ratio.

However,

it might be expected frcm the present review, and the results of withinpopulation studies [Bruce 1990a, Appendix 3], that the Na/K ratio would be of
equal or greater importance than Na intake alone.

Alcohol intake. Although it is new recognised that heavy alcohol consumption
leads to a rise in blood pressure [Shaper 1988, Friedman 1982, Potter 1984],
few of the studies reviewed here reported alcohol intake.

The role of alcohol

in international blood pressure differences therefore remains uncertain.

Psvcho-social stress. This factor remains the hardest to define, measure and
analyse, and as a consequence there is a dearth of comparable information on
which to judge the possible importance of stress.

However, this topic is

considered further in relation to the migrant studies in section 2.5.
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2.3

Comparisons of cannunities in Britain

2.3.1

Review of studies.

In this section studies which have data on

different communities within Britain are considered:-

Reference number

Study population

Author/vear

(25)
(20)
(26)
(27)
(22)

Nine Towns (Children)
ERHS
Tiree and mainland
Health and Lifestyle
Rhonnda, Vale of Glamorgan

Whincup 1988
Shaper 1981, 1988
Hawthorne 1969
Cox 1987
Miall 1958

(25)

Nine Towns Study of children fWhincup 19881. This study of 5-7 year

olds was set up to examine whether the geographic blood pressure differences
found in the BRHS [Shaper 1988 (20)] were already present in young children.
Nine towns were chosen for re-investigation using the criteria described for
the adult study (see section 3.).

All state schools with children aged 5 -

7.5 years in each town were stratified by size, location and religious
denanination, and 10 (per town) selected at random.

Two classes frcm each

school were then randomly selected, making a total of 50-60 children per
school.

4186 children (2101 boys and 2085 girls) were examined, a response

rate of 85% (range between towns 79-88).

Blood pressure was measured after about 5 minutes rest using a Dinamap 1846 SX
oscillcmetric recorder (the same type of instrument as was used in the NTS
Adult study). Three measurements were taken, and the mean was used for
analysis.

Two observers carried out the examinations, seeing approximately

equal numbers of children in each town (with the exception of Scunthorpe,
where illness resulted in one observer carrying out all measurements).

The

calibration of the Dinamap, and its accuracy in comparison with the Hawksley
Random Zero device, were assessed in a similar fashion to that described for
the adults study in Chapter 4.

The results of the validation studies showed

that there had been no important drift in the accuracy of the instrument over
the period of the main survey.

Other measurements included height, weight,

arm circumference and room temperature.
the Meteorological Office.

Outdoor temperature was obtained from
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The results are presented for males and females caribined as there was no
significant difference between the sexes.

Table 2.3 shews the age-

standardised mean systolic and diastolic blood pressures for the nine towns.

Table 2.3 Age-standardised systolic and diastolic blood pressures among
children living in nine British towns (Whincup, 1988).

Town___________________ number_________ Systolic_______ Diastolic
Carlisle
Merthyr Tydfil
Southport
Scunthorpe
Ayr
Maidstone
Dunfermline
Exeter
Guildford

473
493
487
416
442
441
452
461
451

Range (mmHg)
p-value (ANOVA)

102.4
102.3
102.1
101.4
101.1
100.6
100.2
99.9
96.7

60.1
59.4
60.3
59.6
57.8
59.5
58.9
58.5
55.9

5.7
<0.0001

4.4
<0.0001

The differences between towns were highly significant, and remained
significant if the lowest town (Guildford) was removed.

The differences were

not explained by height, weight or pulse rate, nor by room or outdoor
temperature.

There was an association between the childrens' blood pressure

values and those for men aged 40-59 in the ERHS [Shaper 1988 (20)], with
correlations of 0.65 for systolic (p=0.058) and 0.49 (NS) for diastolic.
There was also an association between systolic blood pressure in children and
the SMR for cardiovascular disease (men aged 35-64, 1979-83), with a
correlation of 0.66.

These results are subject to similar problems of bias in the between-town
comparisons as are those of the adult study, and this issue will be considered
further in Chapter 9.

Whincup et al discuss seme of the problems in their

1988 paper, including variations between towns in temperature and the
proportion of children in private schools.

The authors conclude that the town

estimates are unlikely to be seriously biased, in particular the 'outlying'

47
values for Guildford are believed to be valid.

This study therefore provides

sane evidence that geographic blood pressure differences observed in adult
British men are already becoming established in children age 5-7 years,
although this conclusion is very dependent on the findings for one town
(Guildford).

(20)

British Regional Heart Study rShaper 1981. Shaper 19881

Since the BRHS sample is restricted to men aged 40-59, this study does not
contribute further to our knowledge of the age at which geographic blood
pressure differences in Britain emerge.

However, the reasons for the narked

differences in mean town blood pressures in the BRHS have been considered
[Shaper 1981], and this is of relevance to the current enquiry.

The methodology of sampling and blood pressure measurement in the BRHS has
been described in section 1.4.

In addition to blood pressure measurement,

each man was interviewed, and given an extensive physical examination which
included height, weight, EGG, lung function and a blood sample.

The methods

have been described elsewhere [Shaper 1981], and considerable attention was
paid to equipment standardisation and staff training.

The age-standardised mean systolic and diastolic blood pressures for the 24
towns are plotted in Figures 1.7(a) and (b) - see Chapter 1 [Shaper 1988].
Age-specific blood pressure data for three of the most disparate towns
(Dunfermline, Ayr and Guildford) have been included in Figure 2.1.

This shows

that the magnitude of the differences between towns seen at age 55-59 is
similar to that at 40-44, in other words the slopes of blood pressure rise
with age appear to be parallel.

This impression frcm the three towns in

Figure 2.1 is confirmed by an analysis of regression slopes of blood pressure
on age for all 24 towns.

This shewed that there was no significant

differences between towns in the slopes of blood pressure rise with age
(unpublished).

In multivariate analysis, individual blood pressure (systolic and diastolic)
values were independently associated with age, EMI, observer, alcohol intake,
marital state and town [Shaper 1981].

The persistence of town as an

independent factor indicated that the other variables did not explain away the
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between-town differences, although regression dilution arising frcm withinperson variability in a number of factors will under-estimate the amount of
variance explained.

This problem is considered further in Chapter 9, and in

the papers in Appendix 3.

On a tcwn basis, mean BMI was not associated with mean blood pressure, but
heavy drinking was associated (systolic, r=0.53, p<0.01; diastolic, r=0.46,
p<0.05). Water hardness was not associated with systolic or diastolic blood
pressure.

These findings indicate that alcohol consumption was the most

important factor associated with the between-town differences in blood
pressure.

(26)

Tiree. Clackmannon and Glasgow rHawthorne 19691. This study compared

samples frcm the Hebridean island of Tiree with two mainland samples, one frcm
the rural area of Clackmannon and the other frcm urban Glasgow.

The Tiree

sample was representative of the population, but both of the mainland samples
were drawn frcm industrial workforces. The age range was 15 and over, and the
numbers of subjects seen (and response rates) were as follows; Tiree 525
(80%), Clackmannon 618 (62%), and Glasgow 596 (80%).

Blood pressure was

measured with an ordinary sphygmomanometer with the subject seated, by one of
three similarly trained observers.

It was reported frcm a separate study that

no difference was demonstrated between the observers.
at phase V.

Diastolic was measured

Height, weight, triceps skinfold, ECG and chest X-ray were also

obtained for each subject.

The results showed that blood pressure was higher in Tiree than in either of
the mainland samples, with the exception of diastolic in women aged 15-19.
The differences were statistically significant at ages 30 and over for
systolic and diastolic. Cardiac width (frcm chest X-ray) was greater in Tiree
at all ages than in the mainland samples. Height among Tiree subjects was
similar to Clackmannon, but greater than Glasgow.

A similar situation was

found for weight. In contrast, symptoms of cardiovascular disease (eg angina,
prolonged chest pain, intermittent claudication) did not vary between the
samples.

The findings of this study suggest that geographic blood pressure differences
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within Scotland are becoming apparent by age 15 and established by age 30.
Although there are problems comparing a population sample with two industrial
samples in which the workforce may be more healthy (and this is recognised by
the authors), the difference in cardiac width appears to provide same
objective validation of the findings.

However, the authors do not discuss

other possible causes of increased cardiac width, such as greater physical
activity [McArdle 1986].

Furthermore, there is an inconsistency in finding

higher blood pressure and greater cardiac width on the one hand, but no
difference in any of the cardiovascular symptoms.
discussed.

This inconsistency is not

Although observer variation was reported as unimportant, that was

in 'laboratory' conditions, and evidence frcm the BRHS [Bruce 1988] suggests
that what goes on in training back at base may differ from performance in the
field.

The use of an ordinary sphygmcmancmter, rather than a bias reducing

device, may compound this problem.

Finally, temperature (outdoor or indoor)

was not recorded, and this could have made seme difference.

In summary, this study suggests that geographic blood pressure differences may
well be established by age 20-30 years, but the evidence is open to question.
Since the study also represents an urban/rural comparison, the findings are
also considered briefly in section 2.5.

(27)

Health and T.ifestvle Survey TCox 19871

This study was set up to examine the health and lifestyles of people
throughout Great Britain, and samples were drawn from all regions.

A three

stage sampling procedure was used; (i) 198 consituencies were selected with a
probability proportional to the size of the electorate, (ii) two wards were
then selected frcm each constituency with probability proportional to the size
of the electorate, and (iii) finally one individual aged 18+ was selected frcm
each household in the wards.

Contact with the subjects was made in two

stages, so that 9003 interviews were carried out (73.5% response), and
subsequently 7414 examinations (60.6% response).

The sanple was compared to

the the 1981 census, and although there was seme under-representation of the
young, old and socially less advantaged, this bias was not serious.

Blood pressure was measured at heme, with subjects seated, four times in
succession with an Accutor oscillatetrie device.

This machine was calibrated

against a mercury manometer. Age-specific blood pressure values are not
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available by region, but the percentage hypertensives (>160/95 untreated, or
drug treated) have been published (Table 2.4).

Table 2.4

_______ Percentage hypertensive________
Region________________ Men____ (n)____________ Women____ (n),
Scotland
Wales
North
North West
Yorks/Humber
West Midlands
East Midlands
East Anglia
South West
South East
Greater London

13.7
16.0
13.7
17.3
21.1
14.6
11.4
8.5
14.6
12.3
13.2

(343)
(174)
(180)
(368)
(297)
(293)
(256)
(125)
(278)
(631)
(356)

11.7
9.3
14.1
13.4
13.7
15.5
9.5
12.6
9.2
13.9
11.1

(396)
(218)
(270)
(528)
(373)
(363)
(318)
(164)
(308)
(754)
(390)

These results indicate variations in the prevalence of hypertension within
Great Britain, although the male and female patterns are not at all consistent
(r=0.161, p=0.64).

For the men, there is seme evidence that hypertension is

less prevalent in the south and east of England, but the findings for women
are not so clear with the South East having a higher prevalence than Scotland,
Wciles and the North West.

The regional findings for obesity and alcohol consumption are difficult to
interpret.

The correlations between the percentage hypertensive in each

region and the percentage overweight or obese (defined as a BMI of 25.1+ for
men, and 23.9+ for women) are 0.08 (males) and -0.20 (females), indicating no
overall ecological association across the country.

The equivalent

correlations for moderate or greater alcohol consumption (11 or more units per
week in men, 6 or more in women) are 0.43 (males) and 0.19 (females).

These

findings suggest that, with the possible exception of alcohol in men, obesity
and alcohol consumption are not important in explaining regional blood
pressure variations in this sample.
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(22)

Rhondda Fach and Vale of Glamorgan TMiall 19581

In this investigation of environmental and genetic influences on blood
pressure, two contrasting samples frcm South Wales were examined.

One

caimunity, the Rhondda Fach is a mining ccmmunity set among the mountains
south of Merthyr lydfil.

The second ccmmunity is the rural Vale of Glamorgan,

lying to the west of Cardiff.

Sampling was carried out using lists of

residents; and 259 subjects aged 5 and over from the Rhondda Fach, and 365
frcm the Vale of Glamorgan were examined, responses of over 95% in both cases.

Blood pressure was measured at hone, with the subject seated after 5 minutes
rest using an ordinary sphygmcmanomter (type not specified, but HRZ not
available at that time). Diastolic was taken at phase IV, and recorded to the
nearest 5 or 10 mmHg below the actual level; 2.5 mmHg was subsequently added
in calculating mean pressures.

Measurements were also made of height, weight

and aim girth.

The results for the two carmunities are shown in Figure 2.2

There was no

evidence of any difference between the Rhondda Fach and the Vale of Glamorgan
at any age, in either men or women.
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2.3.2

Summary of studies within Britain

2.3.2.1

Evidence for regional blood pressure differences. The strongest

evidence for the existence of regional blood pressure differences canes from
the BRHS [Shaper 1988 (20)], in particular because of the association with
SMRs

for cardiovascular disease (see Chapter 1).

The only other national

study of adults [Cox 1987 (27)] did identify regional variations in
hypertension prevalence which are to sane extent consistent with the BRHS
(latter, males only), although comparison should be made with caution due to
the very different sampling frames.

The evidence frcm Tiree in comparison to

the mainland [Hawthorne 1969 (26)] is difficult to interpret due to
methodological problems, but is suggestive of higher levels on the island.

On

the other hand, no difference was found between twe contrasting ccmmunities in
south Wales [Miall 1958 (22)].

The one regional study of children, based on

nine of the BRHS towns [Whincup 1988 (25)], found variations that reflected
both the adult (male) blood pressures as well as cardiovascular mortality.
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2.3.2.2

Acre of emergence of blood pressure differences. There are no British

studies which compare different communities and extend frcm childhood through
to late middle age, so the evidence has to be pieced together as with the
international comparisons (see section 2.2.3.1).

The NTS children's study

[Whincup 1988 (25)] demonstrated that differences were evident at age 5-7, at
least for one of the nine towns.

The Tiree study suggests that blood pressure

differences have appeared by 20-30 [Hawthorne 1969 (26)].

Apart from the

children's study, there was little other evidence on the age of emergence of
geographic blood pressure differences within Britain.

2.3.2.3

Reasons for regional blood pressure variations in Britain. The most

systematic analysis of this issue to date is frcm the BRHS [Shaper 1981 (20)].
Of the factors known to be associated with blood pressure within the
population, only heavy drinking was associated with blood pressure between
towns.

BMI, while strongly associated with individual blood pressure was not

significantly correlated with town mean blood pressure, although the lowest
town mean BMI was for Guildford.

This lack of an overall relationship between

town mean BMI and blood pressure might be considered a surprising result given
the importance that is suggested for obesity in the international blood
pressure differences (see 2.2.3.2).

However, in the Scottish study [Hawthorne

1969 (26)], although height and weight were higher in Tiree than the Glasgow
sample, they were similar to the values for the Clackmannon subjects in whom
blood pressure was lower than in Tiree.

There was also no consistent

association between the percentage overweight in each region and the
prevalence of hypertension in the Health and Lifestyle survey [Cox 1987 (27) ].
In the children's study, body build (as weight or BMI) explained seme of the
between-tewn differences, but this is only a small part (P Whincup, personal
communication). None of these studies has made a systematic study of sodium
and potassium excretion in relation to geographic blood pressure variations.
The BRHS has however demonstrated within population associations between blood
pressure and casual urine values of the Na/K ratio, the Na/Cr ratio, and with
the concentration of K [Bruce 1990a]. Since the urine specimens were only
collected in the last five towns to be surveyed, and four had almost identical
mean blood pressures, it was not possible to examine the contribution of these
urine electrolytes to geographic blood pressure variations.

The role of Na

and K in the NTS (adults) is examined in the papers in Appendix 3, and in
Chapter 9.
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In summary, the available evidence indicates that variations in alcohol
consumption m y be contributing to geographic blood pressure variations among
British men, but BMI appears to be unimportant.

There is no published data

with which to assess the possible importance of sodium and potassium intake.

2.4

Canparisons of cannunities in single countries other than Britain. The

purpose of this brief section is to review studies frcm countries other than
Britain where regional blood pressure variations have been found.

There is

sane overlap with the material reviewed under urban/rural comparisons (section
2.5).

The studies reviewed are as follcws:-

Reference number______ Population__________ Author/vear______________
(21)
(28)

2.4.1

(21)

Japan
Yugoslavia

Hatano 1975
Kdrazevic 1980

Review of studies.

Japan rHatano 19751. There have been a number of studies which provide

information about geographical blood pressure variations in Japan, and a
useful review is provided by Hatano (1975).

This paper is of particular value

as many of the studies are published in Japanese, and in sources that would be
difficult to obtain.

The studies fall into three groups;

(a) A series of national studies carried out by the government.
Probability sampling methods were used to represent the whole country.
(b) Studies which covered the whole country, but used specific groups of
employees such as life insurance companies or the national railways.
(c) More detailed studies of smaller areas of the country, often carried
out by university departments, etc.
Hatano comments that most studies have used methods broadly in line with those
recommended by the WHO, but that ccmparability should not be assumed.

Little

information has been provided on observer bias in blood pressure measurement.
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What many of the studies agree on is that there are regional variations in
blood pressure within Japan (including the National Nutrition Survey 1956-71,
the Adult Disease Surveys of 1961-62 & 1971-72, the Life Insurance Study 1956,
and the Japan National Railways Study 1970).

It has been found that blood

pressure levels are higher in the northeast (Tohoku), and around the northern
sea border.

Blood pressure is lower in the the southern Pacific border around

Kyoto, Osaka and Shikoku Island (See map, Figure 2.3).

Figure 2.3
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The railway study found that employees in Osaka had lower blood pressure at
all ages (presume late teens and above), Akita employees had the highest,
while those in Tokyo were midway between the other two sites.

Figure 2.4

shews blood pressure values for Akita compared with Hiroshima and Nagasaki.
Although these shew clear evidence of systolic and diastolic differences down
to age 30-40, the data are derived from two different studies and may not be
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strictly comparable. Nevertheless, the levels are consistent with other
studies covering these two areas of the country, and indeed Akita has the
highest death rate from stroke in the whole country.

Hatano reports that

regional differences in blood pressure correspond to sane extent to death
rates for stroke, but there are inconsistencies.
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Given that there appears to be relatively good evidence of geographic blood
pressure variations within Japan, what is known of the reasons for these
differences?.

Overall, the findings are of higher blood pressure levels in

the agricultural, forestry and fishing areas as compared to the urban areas of
the south.

Salt consumption has been considered, and it is noted that

consumption is generally high in Japan.

A significant correlation has been

reported between stroke SMR by prefecture and salt consumption.

However, it

is noted that although salt consumption is high relative to other countries
(eg USA), blood pressure is not particularly high [Hatano 1975].

This

observation can be examined in the Intersalt data; systolic blood pressure,
sodium and sodium/potassium ratio for Japan, USA and the two unacculturated
'lew-salt' Brazilian centres are shewn in Table 2.5

Table 2.5;

Intersalt study rIntersalt 1988 (24^1

Median
Median Na
Median
Countrv/centre_____________ systolic (itmHa^______ (mmol/24hr^______ Na/K
Japan
- Osaka
- Tochigi
- Toyama

113.7
116.2
116.4

167.1
171.2
201.2

4.01
4.12
4.49

USA
- Chicago
- Goodman
- Jackson

115.1
115.6
120.7

133.8
125.9
134.4

2.60
3.16
2.56

98.9
95.4

5.8
0.2

0.08
<0.01

(white)
(white)

Brazil
- Xingu
- Yancmamo

The comparison with the USA centres does bear out Hatano's assertion that
Japan has relatively high salt intake for the level of blood pressure observed
when compared with whites in the USA.

Within Japan, Toyama (see map, Figure

2.3) has higher blood pressure and higher salt intake than Osaka, with Tochigi
between the two.
bit further north.

Tochigi and Toyama are more rural than Osaka, and situated a
The Intersalt study found that body mass index was also

higher in Tochigi (22.5) and Toyama (23.1) than in Osaka (21.6), and alcohol
consumption in the week prior to examination was also lewest in Osaka
[Intersalt 1988 (24)].
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Hatano makes brief mention of environmental temperature, water hardness,
potassium and cadmium.

However, there appears to be little good evidence with

which to judge the importance of these various factors.

In summary, it seems certain that there are marked geographic blood pressure
differences within Japan.

Sodium intake m y be important, and the Intersalt

data also suggests that obesity and alcohol consumption could play a part.

(28)

Yugoslavia rRozarovic 19801. This report describes studies of two

communities in differing parts of Yugoslavia, and is restricted to males only.
Within each ccmmunity, samples were drawn from urban, rural and mixed areas.
One of the communities, Tuzla, lies in a mountainous area of Bosnia, and has a
mainly Moslem population.

The other community, Remetinec, is a suburb of

Zagreb (the capital of Croatia), and is is much more like Western Europe.
Both communities are heavily industrialised in parts.

Sampling in Remetinec was carried out using the health department register
which covered 95% of the population.
response rate of 91.8%.

4661 men aged 35-62 were examined, a

In Tuzla there was no such register, and a house to

house survey was conducted to make a list.

6460 men aged 35-62 were examined,

a response rate of 94.2%.

The circumstances of the survey were slightly different in the two
communities, although the actual measurement protocols were the same.

In

Remetinec, examinations were carried out by local primary care physicians in
the health centre, while in Tuzla these were done by physicians and nurses in
the research team.

Blood pressure was measured with the subject seated, three

times (last reading only used) with an ordinary sphygmcmancmter.
large cuff was used, and diastolic taken at phase V.

A single

Measurements were also

made of height and weight.

The results are shown in Figure 2.5

Overall, blood pressure levels were lower

in Tuzla than in Remetinec; this is the case for urban and rural communities,
and the differences clearly extend down to the 35-40 age group.

59

Yugoslavia - urban areas
Blood pressure (mmHg)

160
150

Systolic

140
130
120

100
90

Diastolic

80
70

0

10

30

20

40

50

60

Age (years)
Tuzla

Remetinec

Yugoslavia - rural areas
Blood pressure (mmHg)

160
150

Systolic

140
130

120
10
100
90

Diastolic

80
70

0

10

20

30

40

50

60

Age (years)
—

Tuzla

Remetinec

Fioure 2.5

There is seme discussion in the report concerning the reasons for these blood
pressure differences.

Obesity (as BMI) was highest in the Remetinec urban
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population, second highest in the Tuzla urban population, and lowest in the
rural Tuzla group.

In contrast, the Remetinec rural population had the

highest blood pressure, so it was concluded that BMI could not be an adequate
explanation for the blood pressure differences.
little difference to the findings.

Adjustment for BMI made

It was also reported that alcohol

consumption in Ranetinec is about twice that of Tuzla, and this may be
important.

The role of salt intake is considered, but data were not collected

in the study.

In conclusion, this study provides evidence of regional variations of blood
pressure within Yugoslavia, and also of uiban rural differences (see also
section 2.5, below). The authors acknowledge that there are potential
problems of standardisation in blood pressure measurement, although it should
be noted that in Remetinec blood pressure was taken by the local (and probably
more familiar) physicians, and yet the levels were still higher than in Tuzla.
The findings are probably of reasonable validity (although other factors such
as temperature are not available for carment), but there is little firm data
on the possible explanations for the blood pressure differences.

Although

this study does not provide information on younger subjects, it does at least
indicate that geographic blood pressure variations are to be found in another
country.

2.4.2

Sunmarv of studies within single countries other than Britain.

2.4.2.1 Aoe at which blood pressure differences emerge.
Unfortunately, the data frcm Yugoslavia does not extend down below age 35-39,
although the regional blood pressure differences appear to be well established
by that age.

The Japanese data presented in Figure 2.4 indicate that regional

blood pressure differences are present by age 30-39, and it is reported that
the blood pressures of railway employees of all ages (which must include young
men and wcmen in their twenties) were lower in the south of the country
[Hatano 1975].

Perhaps the most useful finding frcm these studies is that

geographic blood pressure variations are to be found in economically developed
countries other than Britain.
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2.4.2.2

Reasons for regional blood pressure differences.

Systematic reviews of factors associated with geographic blood pressure
variations in Japan or Yugoslavia which allow for confounding variables are
not available.

The piecemeal evidence reviewed above does suggest that salt

intake and obesity, and possibly alcohol intake, are important.

2.5

UTban-rural comparisons.

2.5.1

Review of studies. Most comparisons between urban and rural

communities have been reported from developing countries, as this is where the
greatest contrasts between urban and rural environments are to be found.

The

studies are valuable since, although there are usually marked differences in
environmental factors within single countries, the populations are genetically
fairly homogeneous.

Internal migrant studies (rural to urban environment) are

particularly useful in this respect, since major genetic differences between
the two populations are avoided, and there is the potential for carrying out
pre-migration assessments of both groups.

The following studies are

reviewed:-

Reference number

Pouulation

Author/vear

(13)
(29)
(30)
(14)
(16)
(12)

Kenya, migrants
Kenya, longitudinal
Western Nigeria
Rarotonga/Pukapuka
Asaro Valley
Tokelau, children
Tokelau, adults
Papua New Guinea
Zulu
Senegal
Jamaica
Japan
Yugoslavia

Poulter 1984
Poulter 1985
Akinkugbe 1969
Prior 1968
King 1985
Beaglehole 1978
Salmond 1985
Maddocks 1967
Scotch 1963
Beiser 1976
Miall 1961
Hatano 1975
Kdrazevic 1980

(31)
(15)
(32)
(33)
(17)
(21)
(28)
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(13)

Kenva Migrant Study TPoulter 19841. The flew of rural Luo tribespeople

frcm western Kenya to the capital city of Nairobi provided the background to
this study of the determinants of blood pressure rise.

Sampling was carried

out in the rural Siaya district of Nyanza, using a census of 22 villages in
the area.

A total of 861 men and women aged 20 and over were examined, a

response of 98%.

In Nairobi, Luo people who had originated from the same

rural area were traced using contacts, and 310 vrere examined (100% of those
traced).

Blood pressure was measured after 5 minutes lying down, twice in succession
(mean used) using a Hawksley Random Zero sphygmomanomter.

Observers were

trained in blood pressure measurement, and took diastolic at phase V.

Other

measurements included weight, height, triceps skinfold, ambient tanperature
and casual urine for Na, K and Creatinine.

The results for the rural cohort showed little rise with age among men except
in the oldest age group (65+), but in women blood pressure did rise after 4554.

The findings for the rural group are included in Figure 2.1, and the

results for both rural and migrant subjects are presented in Figure 2.6,
below.
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The Nairobi (migrant) cohort can be seen to have higher levels of blood
pressure and a more marked rise with age.

Due to small numbers of female

migrants aged 45 and over (n=7), this group has been combined and a weighted
mean systolic and diastolic blood pressure calculated.

For men, the

differences between the migrant and non-migrant groups are only apparent after
age 25-34.

For wcmen, a similar pattern is seen, although the data on

migrants above 35 is limited.

The duration of stay in Nairobi was associated

with blood pressure independent of age, and this may explain why differences
were not seen in the younger people (many had only been there for a few
months).

The reasons for these differences are then considered.

Although the migrant

group was not sampled through a population register (none exists which could
identify Luo people in Nairobi), it is argued that any selection bias would
not be expected to produce a different slope of blood pressure rise with age.
In other respects, blood pressure measurement was carefully standardised.
Body weight increased with age in the town, and decreased with age in the
rural area, but this factor did not account for all of the differences in
blood pressure.

Urban skinfold values were greater, but associations with

blood pressure were no stronger than with weight. Similarly, BMI was not
associated more strongly than weight.

Of the urine electrolytes, Na

concentration was correlated significantly with systolic pressure in the
migrant group (r=0.18, p<0.05).

The Na/K ratio was very significantly

(p<0.001) higher in the migrant group (4.2) than in the rural area (1.7).
Alcohol consumption, the assessment of which was not described in any detail,
was greater among urban Luo but was not associated with blood pressure.

In conclusion, this study shews that people who have migrated to the urban
environment frcm rural Kenya have higher blood pressure.

Although selection

effects cannot be excluded, there is evidence that weight and the Na/K ratio
in the diet are important.

Both of these factors are more likely to be

influenced by the environment in which these Luo people have gone to live,
rather than habits that they would have brought with them.

(29)

Kenva migrants - prospective phase rPoulter 1985. 19901. This study was

set up in order to document the changes in lifestyle and blood pressure that
actually occurred among Luo people who migrated to Nairobi, and should
overcome the theoretical problem of selective migration.

All Luo who arrived

in Nairobi were to be studied, as soon as possible after arrival (within one
month), and after 3 months, 6 months, one year, 18 months and at two years.
Each migrant was compared with an age, sex and area matched Luo control who
remained in the rural area.

The method of blood pressure measurement was the

same as was used in the previous study [Poulter 1984 (13)].

The assessment

also included three 24 hour diet histories, and one casual and three 12 or 24
hour urine collections.

These reports deal with the changes that occurred

over 2 years among (initially) 139 migrants and 204 controls.

The blood pressure, pulse, and Na/K ratio of migrants was significantly higher
than controls, as was weight among male migrants.

Pre-migration blood

pressures were available on a proportion of migrant men (31 of 78), and these
were lower than their post-migration blood pressures. At an individual level,
the Na/K ratio was associated with systolic and diastolic blood pressure
(migrant and control data combined, at 6 months) in men, and with systolic in
women, after adjustment for age and weight. Smoking and alcohol consumption
were not associated with blood pressure.

At a group level, weight and Na/K ratio were significantly associated with the
systolic blood pressure differences at 6 months.

The Na/K ratio was also
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significantly associated with the male diastolic difference at 6 months.
The pulse rate was reported as accounting for sane of the systolic (not
diastolic) difference between the groups up to 6 months in men, and up to 3
months in wcmen.

It is suggested that this represents an autonanic response

to the stress of migration, affects systolic only, and decreases over time.
The magnitude of these associations with group differences, or the problems of
quantification, are not discussed.

It is concluded that there are probably a

number of environmental factors involved in the blood pressure rise on
migration, but the Na/K ratio is identified as the most important in this
study.

(30)

Western Nigeria TAkinkuabe 19691. In this study, samples frcm one rural

site (Eruwa) and one city (Ibadan) were compared.

In the rural setting, 3602

men and women aged 15 and over were sampled frcm 20 randomly selected
enumeration areas, a response of 90%.

In Ibadan, all workers (ages

unspecified) in a tobacco factory and a main shopping centre were examined
(presume 100% response), and are described as representing a lew income
working population.

Blood pressure was measured with a standard

sphygmomanometer, with subjects seated after 'sane minutes' rest.
was measured at the nearest 5 or 10 mmHg mark below phase IV.
measurement was of urine protein and glucose.

Diastolic

The only other

The results showed that SBP and

DBP ware higher among urban men and wanen at all ages down to 20 (men) and 15
(wonen), although overall the differences were very inconsistent for the women
(Figure 2.7).

Although it was stated that diet, socio-economic status, habitus and degree of
activity did not differ between the urban and rural samples in any striking
way, these factors were not measured and this statement cannot be
substantiated.

Western Nigeria; males
Urban/rural differences
Blood pressure (mmHg)
170
160
150
140

Systolic

130
120

100
90
80
70
60

Diastolic

0

10

20

30

40

50

60

Age (years)
Urban

Rural

Western Nigeria; females
Urban/rural differences
Blood pressure (mmHg)

170 160 -

150 -

Systolic

140 130 -

120 110

-

100

-

90 -

Diastolic

80 70 60 -

0

10

20

30

40

50

60

Age (years)
Urban

Rural

Figure 2.7

Comparisons are made to the US [Comstock 1957 (19)] and to the West Indies
[Miall 1962 (17)].

In the latter it was noted that urban blood pressures were
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lcwer than rural, but that vreight, migration, reaction to examination and
genetic factors did not explain the differences (this study is reviewed fully
belcw, and in fact the urban/rural differences are only found in younger
wanen). In conclusion, no definite factor is suggested to account for the
Nigerian findings.

The different sampling frames (randan population cluster

sample versus wcrkplace) and the possible bias that this might introduce, are
not discussed.

(14)

Rarotonga and Pukaouka rPrior 19681. This study provides data on blood

pressure among adults living in contrasting circumstances in two communities
in the Cook Islands, Polynesia.

The people of Pukapuka lived in a subsistence

economy, depending on local foods such as fish and coconut; the whole
population of 367 adults (20+) were examined.

The other community lived in

the town of Avarua on Rarotonga, where there was a cash economy and the diet
was more mixed and included canned meat and other products; 98% of the adult
population (20+) who had lived in Avarua for 10 or more years were examined.
Blood pressure was measured with a standard sphygmomanometer with the subject
seated, diastolic at phase IV.

Although one observer took blood pressures in

Rarotonga, and two in Pukapuka, the authors reported no observer bias.

Diet

was recorded by 24 hour recall and household surveys, and urinary sodium and
potassium measured in casual urines (most subjects) and 48 hour collections (a
few subjects).
recorded.

Weight, height, and ambient temperature and humidity were also

There were marked differences between the island samples; blood

pressure was lewer and rose less with age in Pukapuka, and sodium intake and
urinary excretion were also lcwer in Pukapuka.

The systolic blood pressure

data has been presented in Figure 2.1, but not diastolic as this was taken at
phase IV.

Figure 2.8 shews a comparison of systolic and diastolic for the two

communities.

The subjects in Rarotonga were taller and heavier, but adjustment for weight
had very little effect on the blood pressure differences.

There were non

significant positive correlations found between individual casual urine sodium
and blood pressure, but the authors did not feel that this constituted
adequate evidence of a definite within-population association.

While the

study findings were consistent with Dahl's hypothesis of salt being important
in the pathogenesis of hypertension, the authors could not conclude that
sodium intake was the main reason for the striking blood pressure differences.
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(16)

Asaro valley, Papua New Guinea (PNG) TRing 19851. A number a reports

have shown low levels of blood pressure with little rise with age among
highland people in PNG.

This study sought to examine the effects of
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modernisation within the highland area (Asaro valley) by comparing two
villages, one of which was accessible only by a difficult road and was more
traditional although with sane cash economy (Gamusi, alt 2000m), the other
being on the main highway and more commercially developed (Gimisave, alt
1700m).

Sampling was of all adults (20+) resident in the villages, and 95%

were examined; seme of the young men were away coffee picking.

Blood pressure

was measured twice (mean used in analysis) with subjects seated for at least
10 minutes, using a Hawksley Random Zero device.
V.

Diastolic was taken at phase

Observers are not described, neither is ambient temperature.

be estimated indirectly, and was thought to be crude.
triceps and subscapular skinfolds were measured.

Age had to

Height, weight, and

Diet had been recorded in a

previous survey.

The results showed no evidence of a rise of blood pressure with age, and
absolute levels were lew (Figure 2.1).

Despite these findings, the authors

were surprised to find that blood pressures at all ages were higher in Gamusi,
the more traditional village.

This could not be explained by a difference in

adiposity (EMI) or skinfold thickness.

Another suggestion included the lower

salt content of white rice being eaten in Gimisave, as compared to the more
traditional sweet potato (no data available). The possibility of genetic
differences was also considered.

The was no discussion however, of possible

bias due to temperature or observers.

The altitude difference of 300 metres

is unlikely to be of any importance.

(12)

Tokelau children; migrant and non-migrant rBeaalehole 19781. This

report compares children who remained on Tokelau with those who had migrated
to New Zealand.
examined.

On Tokelau, all children aged 2-14 were sampled, and 95% were

The New Zealand sample consisted of all Tokelauan children in the

country, 64% of whom had been b o m there (NZ), and the response was 96%.
median length of stay in New Zealand was 5 years.

The

Not all of their parents

were from Tokelau.

Blood pressure was measured twice (mean used) with a Hawks ley Random Zero with
the children sitting in a "quiet environment" by one observer who had been
trained with tapes.

Blood pressure values were adjusted for cuff size.

Diastolic was measured, but values are not reported in the results.
Measurements were also made of height and weight. A casual urine was collected
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for sodium estimation, but the methodology is not described.

Ambient

temperature in the two cannunities is not reported.

The results for the two groups of children are shewn in Figure 2.1 (indicated
by TkC for non-migrants, and TkN for New Zealand migrants), and there are two
important observations to be made.

First, there is clear evidence of a

systematic difference between the migrants and non-migrants for systolic,
although it was reported that diastolic showed no differences.

For boys, the

age-adjusted difference in systolic between migrants and non-migrants was 6.0
mmHg.

For girls the difference decreased after age 8 years;

the age-adjusted

difference for 2-7 year old girls was 6.3 mmHg, therefter it decreased frcm
13.6 mmHg at 8 years down to 3.7 nmHg at 13 years.

The second point is that

the levels of systolic blood pressure for both groups appear to be relatively
lew; this was noted in the paper in comparison to an earlier study of
Tokelauan children.

It is suggested that using the mean of two readings and

adjusting for cuff size could account for the relatively lower readings.
However, this should not bias the comparison between the migrant and non
migrant groups within the 1978 study.

Other possible explanations for the systematic difference between migrant and
non-migrant children are discussed.

The NZ children were taller and heavier,

and after adjustment for height and weight the systolic differences between
the two groups were reduced to 2.8 mmHg in boys (age 2-14) and to 4.9 mmHg in
girls (age 2-7) - both remaining statistically significant.

Weight was the

most important factor, and appeared to explain about 50% of the blood pressure
differences.

Casual urine sodium concentrations were higher in the NZ groups.

However, since no within-population association between Na and blood pressure
could be found, the authors conclude that Na was not important.

The

possibility of observer bias is considered, but discounted on account of the
use of the Hawksley instrument and frequent tape training of the one observer.
Selective migration was also discounted, since an earlier (1971) study showed
that the blood pressures of pre-migrant children did not differ frcm those who
were to stay.

There was no relationship between the blood pressure level and

the length of stay in NZ, indicating that whatever was responsible for the
differences appeared to be acting quickly.

On arrival in NZ, there are

important changes in diet, with an increase in total energy intake and rapid
weight gain.

This rapid increase in blood pressure was also found for the
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Kenya migrants [Poulter 1985, 1990 (29)], but is in contrast to the findings
for Samburu warriors [Shaper 1969b] among whan a delay (up to 2 years) was
observed.

One possible explanation for the Tokelau vs Samburu difference is

that children may respond more rapidly to a changed environment.

In conclusion, this study indicates that blood pressure differences arise in
children down to 2 years of age, and that weight is strongly associated with
this finding.

The role of Na may wall have been underplayed in this paper,

given the mounting evidence for an association between Na (and certainly the
Na/K ratio) and blood pressure.

Finally, it should be recalled that the

Tokelauan children in New Zealand were of mixed genetic stock due to
intermarrying on the mainland (authors report at least 50% Tokelauan
ancestry), so this migrant study cannot claim to deal only with environmental
influences on blood pressure.

(31)

Tokelau migrant studv:

lo n g it u d in a l

study of adults rSalmond 19851.

This report examines the changes in blood pressure that occurred among 812
subjects, being 80% of a cohort of 1018 adult Tokelau residents originally
examined on the islands between 1968-71.

Of the 812 subjects, 532 had

remained on the island, and 280 had migrated.

The 206 not seen had either

died (38), gone elsewhere (83), were pregnant (70) or had no systolic baseline
reading (15).

Re-examinations took place after a mean of 5.3 years for male

non-migrants, 5.2 years for female non-migrants, and 6.2 years for migrants of
both sexes.

Tokelauans in NZ had lived there for an average of 4.2 years

(males) and 4.1 years (females).

Blood pressure was measured twice (mean used, except 1968 where only one
reading) with subjects seated, using a Hawks ley Random Zero instrument.

The

arrangement and training of observers in the follow-up is not described.
Measurements were also made of height, weight, and of triceps and subscapular
skinfold thickness. Although early morning sodium and potassium
concentrations are reported (frcm other Tokelau studies) in the discussion
section of the paper, it is not explained hew these urine data relate to the
present samples.

The results showed that there were differences in the rate of change of blood
pressure with age between the non-migrants and migrants.

Among men the age-
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adjusted differences in rise with age were 1.43 itirHg/year systolic and 1.15
irmHg/year diastolic.

For women, the differences were smaller; 0.66 mmHg/year

systolic and 0.46 itmHg/year diastolic.
differences.

EMI was an important factor in these

Marked differences between migrants and non-migrants in the Na/K

ratio have been reported; for men, an Na/K ratio of 0.77 in non-migrants and
2.13 in migrants, and similar values for wcmen.

The more recent surveys have

identified significant associations between Na/K and blood pressure in New
Zealand but not in Tokelau.

The possibility of observer bias is considered,

and although there is no formal assessment of observer bias, speculation about
a figure of 2 mmHg or less is made.

The role of cultural stress is raised,

but data was not available to investigate this issue.

In conclusion, this study provides sane important information about the
possible reasons for the effect of migration on blood pressure, but not about
the age at which differences first appear.

The design overcomes problems of

selective migration, and there is no genetic mixing to consider (see Tokelau
childrens study [12], above).

Observer bias could still be playing seme part,

but the differences in the rate of rise with aae would argue against this
being the major explanation of the findings since the bias would have to
increase with the age of the subject.

The authors conclude that EMI is an

important explanatory factor, and also feel that cultural stress has a role.
The Na/K ratio receives little further emphasis, which (as with the children)
may be underplaying the evidence given that within-population associations
with blood pressure have new been reported in NZ.

Alcohol consumption is not

reported in the study, and the possible role of this factor is not discussed.

(15)

New Guinea TMaddocks 19671. This report is a compilation of two

studies; one was carried out by the author in three villages (Chimbu in the
Eastern Highlands, Kapuria in the Purari Delta, and Hanuabada close to the
town of Port Moresby.

The other study is of widely scattered communities in

the Highland and Mainland regions of New Guinea by Vines in 1965.

Hanuabada

was the most developed of these canmunities, being close to Port Moresby with
a long history of contact with Europeans and having a cash economy.

Most

inhabitants were in paid employment, the diet is different from that in the
other villages, and more alcohol is consumed.

Blood pressure was measured with the subject seated after 10 minutes rest,
using an ordinary mercury sphygmcmancmeter, and a single standard sized cuff
[Lovell I960].
phase V.

Diastolic was measured at phase IV by Maddocks, but Vines used

In this review, attention is given to the results for the three

villages examined by Maddocks.
difficult.

The assessment of age was described as being

Measurements were also made of height, weight, subscapular

skinfold thickness and arm circumference.

The systolic blood pressure results

for the three villages are shewn in Figure 2.1, but diastolic is not included
as it was recorded at phase IV.

The results for systolic and diastolic are

presented in Figure 2.9, belcw.

Systolic blood pressure was lowest in Kapuria (referred to as "Delta"),
slightly higher in Chimbu, and highest in Hanuabada.

The differences are

apparent down to age 25, and while blood pressure declines with age in Delta
and Chimbu, it is highest among the 50-59 year group in Hanuabada.

New Guinea; males
140

Blood pressure (mmHg)

130

120

Systolic

100
90
80

Diastolic

70
60

0

10

20

30

40

50

60

Age (years)
Hanuabada

Figure 2.9 (al Males

Chimbu

•

Purari Delta

70

74

New Guinea; females
140

Blood pressure (mmHg)

130
120

Systolic

110
100
90
80

Diastolic

70
60

0

30

20

10

40

50

60

70

Age (years)
Hanuabada

' * ■ Chimbu

*

Purari Delta

Ficrure 2.9 (b) Females

Height, weight, skinfold and aim circumference were all greater in Hanuabada,
among both men and vonen.
Chimbu and Hanuabada.

BMI is not reported, but can be calculated for

With the exception of men aged 20-29 and women aged

60+, BMI is considerably greater in Hanuabada - and this is consistent with
the skinfold data.

In Hanuabada the people are reported as less active,

buying rather than catching their food.

Weight and activity (latter not

measured) were thought to be important in explaining the blood pressure
differences.

A small study of urinary Na/K ratios is reported, although

without details of subjects or methods.

The ratio in Hanuabada was 0.53

(n=10), and in Chimbu 0.04 (n=24), thus raising the possibility that the Na/K
ratio was important.

The role of chronic infection in lowering blood pressure

is also discussed, but data for the three villages is not given.

Factors

associated with westernisation are also rasied, but again there is no
quantitative examination of this issue.

Overall, the author is unable to conclude whether the observed differences in
blood pressure result from environmental or genetic factors.

It is very

difficult to judge whether observer or measurement bias was important in this
study.

However, if the differences are genuine then it appears that these are

established by age 20-29 years, and that obesity (BMI, skinfold thickness) is
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making a contribution.

The Na/K ratio data is very limited, but suggests very

lew Na consumption in Chimbu similar to that seen among the Yanomamo [Oliver
1975 (3)], and this could be Important.

No further information is available

on alcohol consumption.

(32)

Zulu: socio-cultural factors rScotch 19631. A number of the studies

reviewed here have made mention of the possible stresses of migration frcm
undeveloped canmunities to urban or westernised society, but none have
attempted to examine this issue in any detail.

This study of blood pressure

among rural and urban Zulu does examine the social and cultural factors
associated with life in these two settings.

The rural sample was drawn frcm a native reserve which is visited by few white
people, and 548 adults were examined.

The urban sample was taken frcm Durban,

in which apartheid was very evident, and 505 adults were examined.

The

sampling is described as "systematic, random", but there are no other details.
The description of the methodology is also sparse, and is not referenced to in
any previous report.

Blood pressure was measured "several times", almost

certainly with a standard sphygmonajrorater considering when the study was done.
Measurements were also made of height and weight, and assessment made by
interview of a range of social and cultural factors.

There was no measurement

of stress, but instead situations which were presumed to be stressful were
identified.

The results shewed that systolic and diastolic blood pressures of both men and
wemen were higher in the urban sample, but only above about 35 in men and
above about 25 in wemen.

As expected, obesity (defined as a relative weight

compared to US standards for a given age, sex and height) was associated with
blood pressure, but the mean level of obesity in the rural and urban samples
is not given.

The analysis of factors associated with raised blood pressure

in the twe ccmmunities is unfortunately difficult to interpret because for
each factor, age has been the only counfounding variable considered.

Despite

this fundamental problem, the author concludes that in the urban environment
people who maintained traditional practices were more likely to have raised
blood pressure, an indication that they were unable to adapt to urban living.

The methodology of this study makes interpretation difficult.

There is plenty
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of roan for bias in the methodology of blood pressure measurement, although as
with a number of other studies reviewed here the tendency for the urban/rural
difference to increase with age means that bias is unlikely to be the sole
explanation. If genuine, the results show blood pressure differences down to
35 in men and 25 in women, but it is not possible to draw firm conclusions
about the reasons for these findings.

Whether or not the adaptive responses

identified by Scotch are important in their own right is unclear.
Nevertheless, even if it could be shown that BMI, alcohol and dietary factors
were confounding these associations, cultural stresses may remain the
underlying reasons for changes in these aspects of lifestyle.

(33)

Senegal TBeiser 19761

A comparative study of people belonging to the

Serer tribe, living in a very traditional rural environment (Niakhar
arrondisement) and in the city of Dakar.

The rural sample was drawn using a

cluster method with randan sampling within clusters, and the urban sample by
carrying out a census of four areas of the city where Serer lived and then
sampling randomly.

It was a relatively small study, with 214 urban and 234

rural subjects, but with good response rates of 80% and 78% respectively.

The

method of blood pressure measurement is not described in the paper, but
reference is made to a report held by the 'Office de la Recherche Scientifique
& Technique Outre-Mer' (ORSTQM) in Dakar.

An attempt to obtain this document

from ORSTQM has been unsuccesful, so the methodology remains unknown.
subjects' ages were assessed with sane difficulty.
X-ray were also obtained.

The

Height, weight, and chest

The results shewed that there was no statistically

significant rise of blood pressure with age in either the urban or rural
groups, although there is some evidence of a rise in the former.

There was no

significant difference in level of blood pressure between urban and rural
subjects, and certainly no evidence that the rural values were any lewer.

The

urban subjects were reported as being heavier, although no data for height or
BMI are given.

It is also stated that the urban people exercise less, and

probably consume more salt, but again there is no data to support these
statements.

This study carried out careful sampling of genetically similar people living
in very different environments.

No difference in blood pressure was found

between the urban and rural people, although there is no information available
with which to judge the adequacy of blood pressure measurement.

If the blood
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pressure results are reliable, and the purported differences in body weight,
exercise and sodium intake are also correct, then this study presents sane
inconsistent and surprising findings.

(17)

Jamaica TMiall 19621. In this study, a comparison was made of men and

wanen aged 15 and above living in a rural ccnrnunity 20 miles north of
Kingston, and in Greenwich Town which is a part of Kingston.

An attempt was

made to examine all subjects living in the defined areas, and more than 95%
were seen with the exception of urban males (87%).

A problem arose in the

assessment of age, and the analysis was restricted to those for whan age could
be checked.

This reduced the numbers available very considerably, to 61% of

the urban respondents (n=1030), and to 75% of the rural respondents (n=1670).
The authors believed that greater bias would be introduced by erroneous ages
than by excluding those for whan ages were uncertain, but this can only be
supposition.

Blood pressure was measured at heme, after 10 minutes seated, by one of two
observers using a standard sphygmonancmter.

Diastolic was taken at phase IV,

but read down to the nearest 5 or 10 irniHg. Observer differences were
examined, but vrere reported as not being large.

Measurements were also made

of pulse, height, weight and a m circumference.

A urine sample was taken for

protein, sugar and bacteriology.
shown in Figure 2.10.

The age-specific blood pressure values are

Among women, the rural pressures are higher than the

urban at younger ages, but appear to converge in middle age.

For the men,

there is no consistent evidence of an urban/rural difference.

The reasons for the observed female differences are discussed, but none of the
factors considered appears to be making an important contribution.

The mean

weight for women was higher in Kingston, and consistently so frcm age 35
upwards.

Bactiuria was more prevalent in the rural population and was related

to higher blood pressure, but was not sufficiently common to account for the
differences.

It was noted that there were more migrants (in and out) in

Kingston and the possibility of healthy selection is considered, but this
would not be expected to play a part in blood pressure differences among young
wemen.
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Figure 2.10

These female urban/rural differences are in an opposite direction to many
other studies, although there are examples of higher rural pressures such
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in Japan [Hatano 1975 (21)] and for men in Remetinec in Yugoslavia [Kozarevic
1980 (28)] - see below.

It is possible that bias due to exclusion of wemen

with uncertain age has played a part, and the inconsistency with the findings
for males does raise seme questions about the validity of the findings.

On

the other hand, information on potentially iirportant explanatory factors such
as the dietary Na/K ratio and alcohol consumption are not available in the
Jamaican study, although it might be surprising to find these variables at
higher levels among young wemen in the rural area.

Hcwever, if the blood

pressure findings are valid, this study does suggest that urban/rural
differences can already be established in young people.

(21)

Japan rHatano 19751. The studies frcm Japan have been discussed fully

in section 2.4 above.

However, it is of interest that the rural (forestry,

fishing and agricultural) areas mainly in the north of Japan have higher blood
pressure than the urban areas in the south such as Osaka.

(27)

Yugoslavia rKozarevic 19801. The stucty of urban and rural areas of

Tuzla and Remetinec has been discussed fully in section 2.4.

The results show

prominent urban/rural differences, but these are not consistent in direction.
In the more European area of Remetinec in Croatia, the rural population has
higher blood pressure than the urban group.

In the mountainous, mainly Moslem

areas of Tuzla in Bosnia, it is the rural population that has the lower blood
pressure (see Figure 2.5).

Obesity (as BMI) does not appear to be an

important explanation of these differences.

Although alcohol consumption was

lower overall in Tuzla, the author does not report on urban/rural differences
in alcohol.

In conclusion, although there are some concerns about

standardisation of blood pressure measurement in this study, there do appear
to be urban/rural differences that are well established by age 35-40 years.

2.6.2

Conclusions frcm urban/rural comparisons.

2.6.2.1 Aoe at which blood pressure differences emerge.
At first sight it may seem that the various studies reviewed vary too much for
any consistent conclusion to be drawn about the age at which urban/rural
differences emerge.

In fact, most of the studies demonstrate differences down

to their youngest age group of 20-24 or 20-29, including West Nigeria
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[Akinkugbe 1969 (30)], Rarotonga/Pukapuka [Prior 1968 (14)], Asaro Valley
[King 1985 (16)], New Guinea [Maddocks 1967 (15)] and probably also Japan
[Hatano 1975 (21)].

The Tokelau childrens' migration study suggests that

differences can arise as lew as 2 years of age [Beaglehole 1978 (12)].

Of the

studies that do not shew differences in the young adults, the Kenya migrant
study [Poulter 1984 (13)] reported that the young subjects had only been in
Nairobi for a few months.

The Zulu study [Scotch 1963 (32)] reported male

differences only after age 35, but the length of time that the young men had
spent in IXirban is not stated.

The studies of the Serer in Senegal [Beiser

1976 (33)] and Jamaicans [Miall 1962 (17)] either shew no urban/rural
differences, or the differences reduce with increasing age, and are therefore
difficult to interpret.

Overall, therefore, it appears that urban/rural

differences usually are established by age 20-29, and possibly well before.

2.6.2.1

Reasons of urban/rural differences.

Most urban/rural comparisons have reported higher blood pressures in the
urbanised populations, and authors have looked to the characteristics of
economically developed lifestyles for possible reasons.

There are exceptions

in which the rural blood pressures are higher, in particular Japan [Hatano
1975 (21)] and possibly in Yugoslavia [Kdzarevic 1980 (28)] and among Jamaican
females [Miall 1962 (17)].

What is therefore required is consistency in the

distribution of possible causative factors, whichever way round the
urban/rural differences lie.

Sodium and potassium. Consistent differences in sodium, or the Na/K ratio,
have been reported frcm Kenya [Poulter 1984 (13), Poulter 1985 (29)],
Rarotonga/ Pukapuka [Prior 1968 (14)], Tokelau [Salmond 1985 (31)], New
Guinea - although this is a very small data set - [Maddocks 1967 (15)], and
Japan [Hatano 1975 (21), Intersalt 1988 (24)].
have no data.

Most of the other studies

None of the studies reviewed has shown the sodium intake to

be higher in the lewer blood pressure population.

Body weight and obesity. The migrant studies in Kenya [Poulter 1984 (13),
Poulter 1985 (29), Shaper 1969b] and Tokelau (Beaglehole 1978 (12), Salmond
1985 (31)], and the comparative study of three villages in New Guinea
[Maddocks 1967 (15)] found higher weight or BMI in the groups with higher
blood pressure.

On the other hand, seme studies did not find differences
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in weight or BMI, such as West Nigeria [Akinkugbe 1969 (30)],
Rarotonga/Pukapuka [Prior 1968 (14)], and the Asaro Valley [King 1985
(16)].

In Jamaica [Miall 1962 (17)] and Yugoslavia [Korazevic 1980 (28)],

the differences in weight and BMI respectively were not consistent with the
blood pressure findings.

In summary, although there seems to be good

evidence in same studies that weight or obesity are important, this is by
no means consistent.

Alcohol intake. Most of the studies reviewed did not measure alcohol
consumption.

Alcohol was recorded in the Kenyan migrant studies, but was

not associated with blood pressure [Poulter 1984 (13), Poulter 1985 (29)].
Alcohol would not be relevant to the blood pressure differences seen in the
Tokelau children's study [Beaglehole 1978 (12)].

In the Intersalt study,

alcohol consumption was lcwer in Osaka than in two other Japanese centres
which had higher blood pressures [Intersalt 1988 (24)].

In summary,

alcohol consumption may contribute to urban/rural differences in seme
cases, but does not appear to be a consistent or fundamental reason.

Stress. The stresses of life in economically developed communities is
frequently mentioned as a possible cause, but there is too little
quantified data to draw firm conclusions.

In the longitudinal Kenyan

migration study [Poulter 1985, 1990 (29)], pulse rate (a measure of
autoncmic activity, and possibly a measure of stress experienced on
migration) was associated with the rise in systolic (only) blood pressure
among migrants, but this effect did decrease somewhat over time.

The often

quoted study of Zulus [Scotch 1963 (32)] suggests that poor adaption to
urban life is important, but this work is difficult to interpret due to
inadequate control of confounding variables.

Physical exercise. A number of authors included in this review have
observed that 'urban' groups are less physically active than their rural
counterparts, although there may be exceptions [Shaper 1969b].

However,

since none of the studies have attempted to quantify physical exercise, it
is not possible to arrive at any firm conclusions regarding the role of
exercise in urban/rural blood pressure differences.
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2.6

Canparisons of different racial groups.

2.6.1 Review of studies. Racial comparisons provide an opportunity to
examine whether major genetic factors are important in determining the level
of blood pressure in a population.

Hcwever, in order to conclude with any

certainty that it is genetic rather than environmental factors that are
important, it is necessary to measure and adjust for major confounding factors
(eg BMI, alcohol, etc), and to make canparisons among different racial groups
living in similar circumstances.

These conditions can be very difficult to

meet, and the extent to which this is accomplished in relation to the
conclusions drawn in each of the studies reviewed is noted.

In this review,

the major emphasis is placed on comparisons between blacks and whites. The
following studies are reviewed:-

Reference number_______ Population_______________ Author/year
(18)
(33)
(19)
(34)
(35)

(18)

Chicago children
Evans County
Muscogee
Bogalusa
Boston/Nigeria

Levinson 1985
Grim 1980
Ccmstock 1957
Voors 1976
Akinkugbe 1977

Chicago schoolchildren rLevinson 19851. A sample of 1998 boys and 2088

girls aged 5-10 were sampled frcm 27 of Chicago's non-public schools, an
overall response rate of 66.1%.

It was noted that most of the schools were

Catholic, but the representativeness of the sampling is not discussed.
sample included white, black, hispanic and oriental groups.

The

Blood pressure

was measured 4 times (mean used in analysis) with a standard mercury
sphygmcmancmeter, observers having been trained using tape recordings.
Children were supine, having rested for about four minutes.
was taken in measurement technique.

Considerable care

Measurements were also taken of height,

weight, triceps skinfold, but not of ambient temperature.
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The results showed that blacks and orientals had higher mean blood pressures,
and that this was independent of age, height, veight and skinfold.

However,

there was a seasonal bias in the time of measurement of children in different
racial groups.

When this was taken into account, the systolic race

differences were no longer significant, while the diastolic differences
remained so.

In discussion the authors quote four other studies (including

the larger and more representative NHANES) which did not find differences
between black and white children.

On the other hand, data from the Bogalusa

study, see below [Voors 1976 (34)], and the National Health Examination Survey
did support the results, particularly for oriental children.

The possibility

that dietary sodium might be a factor in explaining the racial differences was
raised.

The evidence for a strong genetic factor in racial blood pressure

differences was not established in this study.

(33)

Evans County rGrim 19801. This report deals with data frcm two studies

of blacks and whites in Evans County, Georgia, carried out in 1961 and 1968.
The 1961 data concerns a random sample of 89 blacks and 226 whites drawn
randomly frcm a 25% survey of the county.

Blood pressure was measured with an

ordinary sphygmomanometer with subjects sitting, and diastolic at phase V.

24

hour urine collections and 24 hour duplicate diet collections were also made.

The sampling of the 1968 study is not described, although it is stated that
those on medication which might affect blood pressure and electrolytes were
excluded.

A total of 267 blacks and 444 whites were examined, but the

response is not reported.

Blood pressure was measured in the sitting

position, after 15 minutes rest, and diastolic taken at phase V.

A casual

urine specimen was collected, and blood taken for plasma renin activity (PRA).
Age-specific blood pressure data is not provided, but the overall results for
blood pressure and electrolytes are of interest and are reproduced in Table
2.6(a) for the 1961 study, and in Table 2.6(b) for 1968.
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Table 2.6fal

Evans Countv, 1961

Men

Wemen

White

Black

White

Black

Number
Mean age

105
41

36
41

121
41

53
42

SEP (mmHg)
DBP (mmHg)

127
77

130
82

124
73

136
81

Urinary Na (24 hr)
Urinary K (24 hr)
Urinary Na/K

162
40
4.05

130
24
5.42

135
36
3.75

131
27
4.85

Dietary Na/K

3.44

5.91

3.44

4.88

Table 2.6(b)

Evans Countv, 1968
Men

Wemen

White

Black

White

Black

Number
Mean age

237
53

112
57

207
53

155
54

SEP (mmHg)
DBP (mmHg)

135
81

146
87

141
80

150
83

Casual Na/gm Creat
Casual K/gm Creat
Casual Na/K

117
40
2.92

102
26
3.92

137
51
2.69

137
30
3.80

It is not clear frcxn the paper whether the mean values have been age-adjusted,
but it is assumed here that they are not.

In 1961, the mean ages are very

similar, but in 1968, the black males are on average 4 years older.
Nevertheless, the overall finding appears to be that black men and wemen have
higher blood pressures, similar or lower Na intakes, lower K intakes, and
higher Na/K ratios. The PRA was also generally found to be lower in blacks.
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There was no association between blood pressure and either Na or K after
weight and height had been adjusted for, and no association at all with Na/K,
but the numbers in the study are not large.

The sparsely described methodology, particularly that concerning the 1968
sampling and the apparent lack of age-adjustment, are a cause for concern in
the interpretation of this study.

However, it is probably reasonable to give

cautious weight to the authors' main conclusions.

The higher blood pressures

of blacks could not be explained by differences in Na, but the Na/K ratio
could be more important.

They suggest that blacks m y have a greater salt

sensitivity, citing physiological evidence (frcm other studies) for this view.
PRA activity was also lower among blacks for a similar salt load, which is
also thought to be consistent with a greater sensitivity to salt.

(19)

Muscogee Countv rComstock 19571

This study of a biracial ccnmunity in

the southern USA presents data on black and white people aged eight and above.
It is a remarkably detailed report, although the subject is not dealt with in
much depth - indeed, no attempt is made to explain the differences between the
blacks and whites.

For the present purposes however, the study does provide

useful age-specific data for the two races.

A 2% sample was taken frcm a census carried out previously for a TB study, and
a total of 394 blacks and 768 whites (of all ages) were examined.
response was 61%, lower in the whites, especially among men.
not examined were found to have left the county.

The overall

Most of those

Blood pressure was measured

at home for most (91%) of subjects, using an ordinary sphygmomanometer. Nine
observers were involved, although three examined 76% of the subjects and
observer differences were checked and found to be satisfactory (no data given,
and potentially difficult to demonstrate with these relatively small numbers).
Subjects were seated, and blood pressure measured three times - only the last
measurement was used.

Diastolic was taken at phase V.

variables were measured.

No other important

Considerable effort was made to check the

representativeness of the sampling, and this appeared to be satisfactory.

The data from the whites have been presented in Figure 2.1, and the blood
pressures for whites and blacks are illustrated together in Figure 2.11,
below.

86
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Figure 2.11 (bl Females

The study shewed that blacks had higher blood pressures at all ages, with the
exception of male systolic below 15 years.

This is important evidence, and

the study is widely quoted as demonstrating racial differences; and these are
clearly established by age 15-24.

The study appears to have been carefully

conducted, but it is very difficult to judge whether observers, the
sphygmomanometer, ambient temperature, or other factors could have produced
bias, and if so hew much.

However, the racial differences are large (10-20

mmHg systolic), and for systolic increase with age, so it is unlikely that
this finding is simply the result of bias.

With the exception of tests for Syphilis, no other important variables were
measured in the study, so no attempt is made at identifying the reasons for
the racial differences in these data.

Comparison is made with blood pressure

levels in other studies, but since these were not population samples there is
not much to be gained from further consideration of these.

(35)

Boaalusa TVoors 19761. This study of children aged 5-14 sampled

all

children from a ward in one parish in Louisiana, and which included the town
of Bogalusa.

A total of 3524 children were examined; the response rate among

whites was 91%, and among blacks 97%.

Blood pressure was measured with two

instruments; a standard mercury sphygmomanometer and a Physicmetrics automated
device.

Three observers took the measurements on each child, with the

instruments used in random order.

The observers were extensively trained, and

diastolic (mercury sphygmcmancmter only) was taken at phase IV.

Measurements

were also made of height, weight, triceps skinfold, and maturation.

The racial comparison showed that black children had significantly higher
blood pressures (by about 2 mmHg) than white children at ages 5-9 and 10-14
when measured with the Physicmetrics instrument, and the differences were most
prominent in the upper percentiles of the blood pressure distributions.

Apart

from issues to do with methodology of measurement, the authors do not discuss
what the reasons for the racial difference in blood pressure might be.

(36)

Boston and Nigeria rAkinkugbe 19771. This report deals with one sample

frcm Ibadan, Nigeria (n=2485, age 6-14), and two frcm Boston in the USA
(n=1011, age 5-12).

The Boston sample was drawn from 6 state schools, three

of which were mainly white (n=440) and three mainly black (n=571). Blood
pressure was measured standing with a standard sphygmcmancmter, diastolic at
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phase IV.

It is reported that most of the observers, cuffs, sphygnonancmeters

and circumstances of measurement were the same at all sites.

However, since

there are few details on hew comparable these samples are, nor hew
representative they are of the populations, it is difficult to interpret the
results of the international comparison.

USA white children had markedly lower blood pressures at all ages When
compared to Nigerian children, and slightly lower (by about 1-3 mmHg) than
Boston black children at most ages.

Mean height and weight did not differ

between the three groups, although Boston black children did have larger arm
circumferences than Boston white children.

The findings in children appear to

be inconsistent with other studies which suggest that among adults, Nigerians
do not have higher blood pressures.

It is argued that this is evidence that

the childhood differences are environmental rather than genetic, although the
possibilities of a cohort effect or other methodological problems in the
comparisons are not discussed.

2.6.2

Conclusions frcm racial comparisons.

2.6.2.1 Aoe at which racial differences in blood pressure emerge.
Among the studies reviewed, most have identified racial (black/white) blood
pressure differences in adolescents [Comstock 1957 (19)] or children of
between 5 and 10 years of age [Voors 1976 (34), Levinson 1985 (18)] diastolic only, and [Akinkugbe 1977 (35)].

Thus, although racial differences

have not always been found, where identified these appear to be established
before adulthood is reached.

2.6.2.2

Reasons for racial differences in blood pressure.

In the Chicago study [Levinson 1985 (18)], the authors conclude that, in the
absence of any significant systolic racial differences, the evidence for a
strong genetic factor was not established.

Indeed, the variable evidence for

the existence of racial blood pressure differences argues against there being
a major genetic determinant of population levels of blood pressure in blacks
and whites.

If there was such a factor, it wDuld be expected to be manifested

in all black/white ccmparisons. In the Evans County study [Grim 1980 (33)]
however, it is reported that salt sensitivity was higher in blacks, a
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characteristic which is likely to be genetically determined [Law 1991a].

The evidence on possible environmental factors is not very complete.

In Evans

County [Grim 1980 (33)], the Na/K ratio was greater in blacks than whites, but
no significant within-group associations between blood pressure and Na or Na/K
were found.

However, this was a small study, and the negative within-

pqpulation result is not surprising [Frost 1991].
report quantified data on Na or K excretion.

None of the other studies

Similarly, there is little

information on obesity, with the exception of the Boston/Nigeria comparison
[Akinkugbe 1977 (35)].

Height and weight were the same in all three samples

despite seme differences in blood pressures.

The finding of larger arm

circumferences among Boston black children raises the possibility of bias
arising frcm the size of the cuff relative to arm girth.

In suirmary, little definite information is available on the reasons for racial
blood pressure differences.

The recent review of sodium and blood pressure by

Law et al [Law 1991a] excluded black populations (because of the possibility
of a genetically determined increased sensitivity to salt), and therefore does
not add specifically to our knowledge about why black papulations often have
higher blood pressure levels.

The hypothesis of greater salt sensitivity

among blacks assumes an underlying acceptance of a role for Na in determining
population blood pressure levels, but the evidence for this is now becoming
very strong.

The roles of obesity, alcohol consumption, stress and exercise

are unclear.

2.7

Summary of main find inns of literature review:

2.7.1 Aoe of emergence of between-aroup blood pressure differences.
This review of international, urban/rural, migrant and racial differences in
blood pressure has shewn that, where present, differences between populations
are usually established by age 20-29.

The evidence among children is less

certain, but the findings of a few studies [Whincup 1988 (25), Beaglehole 1978
(12), Comstock 1957 (19), Voors 1976 (34)] strongly suggest that there are
circumstances in which population differences appear in quite young children.
It is therefore reasonable to conclude that differences are beginning to
emerge between about 5 and 15 years of age, but in seme circumstances it may

be occurring among even younger children.

2.7.2

Possible reasons for between-aroup differences in blood pressure.

The factor which stands out in this review as being most consistently
associated with between group differences in blood pressure is the sodium
intake, or that of the Na/K ratio.

Mich of the evidence frcm earlier studies

was poorly documented, but over the years and in particular with the reviews
of Law and colleagues [Law 1991a, Frost 1991, Law 1991b], this evidence has
become a great deal stronger.

Among blacks the role of salt may be modified

by a greater sensitivity to sodium.

Weight, BMI or other measures of obesity

have been shewn to be important in many studies, but this is not an absolutely
consistent finding.

Alcohol, stress (of acculturation, etc) and exercise have

been inadequately studied to draw any firm conclusions.

The possible explanations for between-population differences in blood pressure
will be considered further in relation to the results of the Nine Towns Study
of Adults, see Chapter 9 and Appendix 3.

T.ist of studies reviewed in Chapter 2 . A full list of the studies reviewed in
Chapter 2 is given below, together with the reference number used for this
Chapter, and (where relevant) the notation for the study data in Figure 2.1.
The full reference for each study is given in the Chapter "References'.

Number

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)

Notation fFicr 1^
Br
TF
Yan
Min
Cun
Del
Pon
Sam
Kng
TkA
TkN/TkC
Ken
Rt/Pk
Dt/Chm/Hb
Gim/Gam
Jam
Ch
Mas
Ayr/Dun/Gd
Jp
VG
Tec
-

-

-

-

-

-

-

-

Description
Branpton Study
Task Force
Yancxnamo
Minneapolis
Cuna Indians
New Delhi, India
Ponape, Caroline Is
Samburu, Kenya
IKung, Botswana
Szechwan, China
Tokelau - adults
Tokelau - children
Kenya migrants
Rarotonga, Pukapuka
New Guinea
Asaro valley
Jamaica
Chicago children
Muscogee county
BRHS
Japan
Vale of Glamorgan
Tecumseh, Michigan
Intersalt
Nine Towns (child)
Tiree & mainland
Health & Lifestyle
Yugoslavia
Kenya, prospective
West Nigeria
Tokelau, prospective
Zulu
Senegal
Evans County
Bogalusa
Boston & Nigeria

Reference
[de Swiet 1984]
[Task Force 1987]
[Oliver 1975]
[Prineas 1980]
[Kean 1944]
[Padmavati 1959]
[Murrill 1949]
[Shaper 1969a]
[Truswell 1972]
[Morse 1937]
[Prior 1974]
[Beaglehole 1978]
[Poulter 1984]
[Prior 1968]
[Maddocks 1967]
[King 1985]
[Miall 1961]
[Levinson 1985]
[Canstock 1957]
[Shaper 1981]
[Hatano 1975]
[Miall 1958]
[Johnson 1965]
[Intersalt 1988]
[Whincup 1988]
[Hawthorne 1969]
[Cox 1987]
[Korazevic 1980]
[Poulter 1985, 1990]
[Akinkugbe 1969]
[Salmond 1985]
[Scotch 1963]
[Beiser 1976]
[Grim 1980]
[Voors 1976]
[Akinkugbe 1977]
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3.1

Selection of towns.

3.1.1

British Regional Heart Study fBRHSl

The 24 BRHS towns surveyed in 1978-80 were each situated away fran large
conurbations, mostly having low proportions of immigrants and with resident
populations of between 50-120,000 people at the time of the 1971 Census.

They

were chosen to cover the full range of Standardised Mortality Ratios for
cardiovascular disease in Britain, and to provide sane representation of each
of the 14 regions.
1.6.

The 24 towns selected are indicated on the map in Figure

One general practice was selected fran each town to take part in the

survey, with the exception of Shrewsbury where two practices were involved
[Shaper 1981].

3.1.2

Nine Tcwns Study (NTS^. The selection of towns for the new study was

based on two main criteria;

(a)

Measures of blood pressure in the BRHS.

The towns were ranked into

the highest, lowest, and middle 6 according to 4 criteria; mean systolic
blood pressure, mean diastolic blood pressure, arithmetically derived mean
blood pressure {[SBP + (2 * DBP)]/3>, and % subjects in each town with
systolic blood pressure greater than 160 mtriHg (Tables 3.1 - 3.4).

(b)

Geographic spread of towns.

So far as possible it was intended to

avoid having all the lew tcwns in the south, and all the high towns in the
north of the country.

Initially only 7 tcwns were selected, but to improve

statistical power and to achieve a better geographic spread of towns, two
more were added.

These were Merthyr

Tydfil

(a "high" town relatively far

south), and Scunthorpe (a "lew" town relatively far north).
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Table 3.1 The highest, middle and lowest 6 BRHS tcwns bv mean town systolic
blood Dressure
Hiahest 6

(mmHcrt

Middle 6

(inriHcn

Lowest 6

fmmHcn

Dunfermline
Dewsbury
Carlisle
Newcastle
Merthyr
Grimsby

(152.4)
(150.8)
(149.9)
(149.0)
(148.8)
(148.4)

Hartlepool
Southport
Darlington
Ifeidstone
Burnley
Gloucester

(147.7)
(147.2)
(146.6)
(146.3)
(146.0)
(144.8)

Lowestoft
Scunthorpe
Exeter
Harrogate
Guildford
Shrewsbury

(142.2)
(140.4)
(138.9)
(138.6)
(135.9)
(135.8)

Table 3.2 The highest, middle and lowest 6 BRHS tcwns bv mean town arithmetic
mean blood pressure.

Hiahest 6

fmmHa)

Middle 6

(mmHa)

Lowest 6

(mmHa^

Dunfermline
Carlisle
Grimsby
Hartlepool
Falkirk
Bedford

(109.8)
(108.8)
(106.7)
(106.4)
(106.3)
(106.0)

Maidstone
Newcastle
Merthyr
Wigan
Southport
Gloucester

(104.4)
(104.4)
(104.3)
(104.2)
(103.7)
(102.4)

Ipswich
Scunthorpe
Exeter
Lowestoft
Guildford
Shrewsbury

(100.4)
(98.9)
(98.6)
(98.1)
(97.0)
(96.9)

Table 3.3 The highest, middle and lowest 6 BRHS towns bv mean town diastolic
blood pressure.

Hiahest 6

fmnriHa)

Middle 6

(mmHa)

Lowest 6

frnmHa}

Dunfermline
Carlisle
Grimsby
Hartlepool
Falkirk
Bedford

(88.5)
(88.2)
(85.9)
(85.8)
(85.5)
(85.0)

Dewsbury
Harrogate
Wigan
Merthyr
Newcastle
Southport

(82.7)
(82.6)
(82.4)
(82.1)
(82.1)
(82.0)

Mansfield
Exeter
Scunthorpe
Guildford
Shrewsbury
Lowestoft

(79.0)
(78.5)
(78.2)
(77.6)
(77.4)
(76.0)
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Table 3.4 The hiahest. middle and lowest 6 BRHS towns bv percentage of
subjects with systolic blood pressure greater than 160 mrriHa.

Hiahest 6
Dunfermline
Dewsbury
Merthyr
Carlisle
Newcastle
Wigan

(%)
(34.0)
(30.8)
(29.4)
(28.8)
(27.0)
(26.1)

Middle 6
Burnley
Darlington
Southport
Bedford
Mansfield
Maidstone

(%)
(24.5)
(24.3)
(23.9)
(23.2)
(21.8)
(21.1)

Lowest 6
Ipswich
Scunthorpe
Harrogate
Exeter
Guildford
Shrewsbury

m
(15.5)
(14.8)
(13.2)
(13.0)
(11.3)
(10.3)

One town in which the original BRHS practice was already carrying out a
systematic blood pressure screening programme (Shrewsbury) had to be excluded.
Fran the remainder, the following 7 towns were selected (Table 3.5).

Ayr,

which does not appear in the middle 6 in any of the Tables 3.1 to 3.4 was
selected in order that a "middle" town be as far north as possible.

The blood

pressure values for Ayr were 143.4 irrriHg systolic, 101.9 for the arithmetically
calculated mean, 81.2 diastolic, and with 17.6% of subjects above 160 mmHg
systolic.

These results place Ayr very consistently between the middle and

lew groups for all criteria in Table 3.1 to 3.4, and a little closer to the
middle group.

The remaining two tcwns (Merthyr and Scunthorpe) were added for

the reason explained in 3.1.2 (b).

Table 3.5 Two high, two low, and three medium BRHS towns chosen in the
initial sample.

High_________________Medium__________________ Lew_____
Dunfermline
Carlisle

Maidstone
Southport
Ayr

Exeter
Guildford
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Number of towns selected. The number of tcwns selected was partly determined
by the statistical pc^er required for correlations between the blood pressure
results of the new study and those of the BRHS, and between the new study
blood pressures and SMRs for CVD, but also by the available number of tcwns
sufficiently widely separated on the distribution of mean town blood
pressures.

The correlation coefficient that would be found significant at the

0.05 level (tvro-sided) with a pcwer of 80% for 7 tcwns is 0.90, and that for 9
tcwns would be 0.80, so there would be a useful gain.

While it would have

been theoretically desirable to have studied more tcwns, it was important to
maintain a sample in which the mean blood pressures of the "high" and "lew"
tcwns ware well separated.

Cardiovascular disease mortality in the BRHS tcwns selected for the new study.
It was evident at the time of tewn selection that particularly for the medium
and lew tcwns there was a wide spread of SMRs for cardiovascular disease
(Figure 1.7).

This did not influence the selection of tcwns as it was not

assumed at that time that mean blood pressure level would necessarily be
closely related to the SMR for cardiovascular disease.

Minimising the effects of seasonal variations. In order to minimise the
possible effects of season on measured blood pressure [Brennan 1982] and other
factors, the tcwns were surveyed in three sets, each containing one low, one
medium, and one high town.

The fieldwork for each set was completed within

ten weeks (Table 3.6).

Table 3.6

Organisation of fieldwork into three sets of tcwns.

Survev order
Maidstone
Exeter
Carlisle
Southport
Guildford
Dunfermline
Ayr
Scunthorpe
Merthvr Tvdfil

BRHS status
Medium
}
Low
}
High
\
Medium
}
Low
>
High
>
Medium
>
Lew
}
Hiqh
.>

Time for fieldwork
10 weeks

10 weeks

10 weeks
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3.2

Sampling

3.2.1

Sampling frame. It was decided to sample through the same general

practices as were used in the BRHS.

This sampling frame served the objectives

of the study, and since a constructive working relationship still existed with
all of the practices through the system used for following up the men who took
part in the BRHS [Walker 1984], the use of this existing structure was likely
to result in considerable savings of time and expense.

The practices in the

nine study tcwns (and one pilot town) selected for the study all claimed to be
maintaining their age/sex registers up to date.

3.2.2 Age and sex of sample. An age- and sex-stratified random sample of men
and women in three 5-year age bands (25-29, 40-44, 55-59) was selected.

This

age structure was adopted to maximise the precision of the mean blood pressure
estimates at the ends of the wide age range required for the present study.
Two of these bands (40-44 and 55-59) could be compared with the same age
groups in the BRHS.

In the BRHS (ages 40-59), systolic blood pressures rose

linearly from 40 to 59 years of age, although diastolic was a little lower at
55-59 than at 50-54 [Shaper 1981].

The youngest age group of 25-29 was chosen

since, although younger adults (eg 20-24) might have served the theoretical
objectives of the study better, in practice concern was felt about the
liklehood of a very poor response at 20-24 years of age.

3.2.3.

Sample size. The requisite sample size was determined by setting the

objective of detecting a difference between the mean blood pressures of any
two tcwns of 10 mmHg systolic at the 0.01 level with a poorer of 90%, and that
this should apply for the men and women separately.

This is considerably less

than the 16.6 mmHg systolic between-tcwn difference found in the BRHS [Shaper
1988], but in addition to sampling error seme regression to the mean of
outlying towns was expected.

The overall standard deviation of 22 mmHg

systolic in the BRHS [Shaper 1988] was used for the sample size calculation in
the following formulas
Number of men or women in each town = (2.58 + 1.28^2 x 222 x 2
102

144

98
The appropriate statistical test for examining the difference between mean
blood pressures of all 9 tcwns would be one-way analysis of variance (ANOVA).
This sample size calculation is based on the standard error of the difference
between any two tcwns rather than the pooled estimate of variance used in
ANOVA for comparing all nine, and is therefore likely to be more conservative

than strictly required.

In addition, one further option for the analysis was

to pool tcwns, for instance into groups of high or lew, and this would have
provided considerably greater numbers.

If 3 tcwns were pooled, the 450

subjects (of either sex) would permit detection of a difference of 5.7 mmHg at
the 0.01 level and with a power of 90% using the same standard deviation.

The

projected number of respondents was set at 50 for each age sex cell as
illustrated in Table 3.7, making up a total of 150 men and 150 wemen per town.

Table 3.7 Projected number of respondents in each aae-sex cell required to
meet the sample size needs of the study.

Target
__________ Aoe (years ^_________
numbers_______ 25-29________ 40-44________ 55-59
Males

50

50

50

Females

50

50

50

A 75% response rate was anticipated, so that approximately 70 subjects were to
be invited in each age-sex cell.

Hcwever, following analysis of the response

among 25-29 year olds in the pilot tewn and in the first study tewn
(Maidstone), which was found to be poor and yielding inadequate numbers of
subjects, the number of invitations in this age group was increased to 100.
The response rate and associated problems are discussed in greater detail in
Chapter 5.

3.3

Exclusion criteria for subjects. All men who had taken part in the BRHS

and who were still registered with the practices chosen for the new study were
excluded.

Subjects were also excluded if pregnant, and if the general

practitioner knew that someone was physically or mentally unable to
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participate.
town.

The latter criteria excluded no more than 2 or 3 subjects per

The exclusion of pregnant wanen is only important for the youngest age

group, and was considered necessary to avoid a systematic bias in absolute
levels of mean blood pressure at 25-29 years.

Since being pregnant at the

time of the study was unlikely to be associated with a wanen's usual non
pregnant blood pressure level, the exclusion of pregnant women should not bias
between-tcwn comparisons within the youngest age group.

3.4

Invitations, appointments and reminders.

Subjects were initially contacted with a letter signed by their general
practitioner which included an appointment for the survey.

The appointments

were set at 10-minute intervals with one in six left blank for re-arrangements
and to allow for the 12 minutes per subject required for each fieldwork
station (see section 3.6).

Appointments were then ascribed randomly to the

list of subjects drawn fran the age-sex register.

Non-responders to the

initial letter were sent a written reminder, and if there was still no reply
an attempt was made to telephone the subject.

3.5

Field study personnel.

3.5.1

Practice co-ordinator, in each practice a study co-ordinator was

appointed.

Each was already familiar with the organisation of the practice

with which she worked, and had the following duties;

(a)

To co-ordinate the confirmation and re-arrangement of appointments.

(b)

To try to trace non-respondents through local knowledge of changes of

addresses etc, and to telephone where possible.

(c)

To administer the day-to-day running of the field work, to welcome

subjects and explain the procedures, and to ensure that all forms and
specimens had been completed.

3.5.2

Field survey data collection staff.

All data collection was carried out by two Registered General Nurses who were
trained in all procedures required for the study.

The training procedures for

data analysed in this report are described in the relevant chapters.

In each
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tewn, the tvo observers alternated rooming and afternoon sessions of
interviewing and examination as set out in Table 3.8.

This arrangement,

combined with the randan allocation of appointments described in section 3.4,
was designed to minimise systematic observer effects.

The issue of observer

bias in blood pressure measurement is discussed fully in Chapter 4.

Table 3.8 Allocation of observers A and B to sessions of interviewing and
examination during each week of survey work in a town.

Day of
Morning session
Afternoon session
Examination______ Interview_____ Examination
survey______ Interview
1
2
3
4
5

3.6

A
B
A
B
A

B
A
B
A
B

B
A
B
A
B

A
B
A
B
A

Content and order of survey work.

The scheme set out in Figure 3.1 outlines the content of the field survey, and
the order in which it was carried out.

The interview schedule, interview

protocol, examination protocols, and examination data sheet are included for
reference in Appendix 1.

Subject arrives at survey centre and is
welcomed by study co-ordinator. The
register is checked and forms labelled
with date, time, and serial number.

1
A urine sample is requested. Specimen
tubes and forms labelled by co-ordinator.

i
A self-administered questionnaire is
filled in; food frequency instrument,
20-item General Health Questionnaire
[Goldberg 1972], and (last 6 tcwns only)
the Karasek Job Content Instrument
[Karasek 1981].

I
Interview lasting about 12 minutes.
Included; date of birth, medication,
medical history, pregnancies and oral
contraceptive use, alcohol, tobacco,
employment, travel to vrork, physical
exercise, marital status, family medical
history, education, house tenure, density
of living accanmodation, car ownership,
net family income.

I
Examination lasting about 12 minutes.
Check bladder emptied. Full explanation.
Room temperature, skin temperature, pulse
rate, left upper a m circumference, blood
pressure, weight, height, left triceps
skinfold thickness, waist and hip circum
ferences .

I
Return to practice co-ordinator to check
all procedures and forms complete. Thanks.
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4.1

The problem of observer variation with auscultatory devices, and the

recommended methods of overcanina it.

4.1.1

Introduction. Observer variation is an important source of bias in

blood pressure measurement.

The standardized procedures and tape-training,

developed to overcome this problem [Rose 1982], are generally accepted as a
pre-requisite for surveys involving the indirect measurement of blood
pressure.

However, at the time that the Nine Towns Study was being planned,

there was little information available on hew long the benefits of training
persist, nor on the pattern of observer performance in the weeks and months
following training sessions [Rose 1982, Kirkendall 1980, Petrie 1986].

In a

large study of blood pressure in children, it was found that despite careful
training, observer variation remained an important source of error [Prineas
1980].

If marked observer bias could still occur where study design had

followed accepted methods of standardisation, this could have serious
implications for the new study which depended on comparisons between towns
with minimal measurement bias.

The BRHS provided an opportunity to make a preliminary investigation of
observer bias in circumstances which were similar to those planned for the new
study.

Blood pressure measurements were made on 7735 men aged 40-59 by four

observers trained with accepted procedures [Bruce 1988], and the design of the
study has allowed examination of observer performance following repeated
training sessions.

This study of observer variation has been published [Bruce

1988], but since the results were of such importance in the planning of the
NTS and the subsequent choice of an automated blood pressure recorder, the
methodology and findings are presented in detail here.

4.1.2

Methods of studying observer variation the the BRHS. The methodology

of the BRHS has already been outlined in Chapter 1.
consisted of three stages;

The screening examination
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(a)

A questionnaire administered by interview.

(b)

Measurement of blood pressure, height, weight and lung function.

(c)

Recording of electrocardiogram and blood sampling.

Three nurses carried out the survey, each spending a whole session (either
morning or afternoon) at one stage of the examination, and then rotating in
strict sequence.

Since appointments were allocated randomly, the observers

were effectively seeing approximately equal numbers of subjects in each town
in a non-systematic way.

A code recorded at each measurement allowed

identification of the observer in the subsequent analysis.

Two of the nurses

remained throughout the study, the third nurse left after 21 months and was
replaced by a fourth.

The replacement nurse was trained in the same way, and

the survey procedure remained unchanged.

The allocation of subjects to

observers is summarised in Table 4.1.

Table 4.1

Subjects examined bv each observer in the BRHS.

___________ Tewn number____________
Observer______ 1-16_______ 17_________ 1§______ 19-24
1
2
3
4

1442
1747
1852
—

<—

121
135
120
5

PERIOD A — ►

105
106
46
128

615
619
-

685

<— PERIOD B — ►

A London School of Hygiene sphygmomanometer was used to measure blood pressure
twice in succession, and within each town all three observers used the same
machine.

Zero adjustment was checked twice daily, and the instrument was

serviced by the manufacturer every 6 months.

The nurses were trained prior to

the survey using the tape technique [Rose 1969], and subsequently re-trained
at 8, 21 and 28 months into the study, which lasted a total of 30 months.

The
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tape procedure complements training on human subjects, and is designed to
raise awareness of the difficulties in Kdrotkow sound interpretation and to
bring about agreement on the definition of systolic and diastolic points [Rose

1965]

The blood pressure measurements of eight of the subjects in the study were
taken by staff other than the research nurses, leaving 7727 available for
analysis among the 4 main observers.

The analysis of observer variation

described here was not carried out until the study had finished, and therefore
cannot have influenced the nurses' performance during the survey.

4.1.3

Results.

For the purposes of analysing overall observer performance,

the study has been divided into two periods - the first 17 tcwns visited prior
to the staff change (Period A), and the last 7 tcwns (Period B) - see Table
4.1.

Tables 4.2 and 4.3 show the extent to which overall performance for each

observer deviates fran the mean of the whole sample in the two study periods.

Table 4.2 Mean of the systolic blood pressures measured bv each observer. 95%
confidence intervals, and overall observer deviations for Periods A and B in
the BRHS.

Period
A

(1-17)

Observer

1
3
Total

138.6
151.2
142.8
144.5

1
2
4
Total

147.1
145.0
148.5
146.9

2

B (18-24)

mean

itmHq Systolic
95% Cl______ deviation

1.0
1.1
0.9

-5.9
+6.7
-1.7

1.5
1.5
1.4

+0 . 2
-1.9
+1.6

106
Table 4.3 Mean of the diastolic blood pressures measured bv each observer,
95% confidence intervals, and overall observer deviations for Periods A and B
in the BRHS.

Period

mmHa Diastolic
95% Cl

deviation

Observer

mean

(1-17)

1
2
3
Total

79.1
84.4
80.5
81.4

0.6
0.7
0.6

-2.3
+3.0
-0.9

B (18-24)

1
2
4
Total

85.0
83.3
84.0
84.1

0.9
0.9
0.9

+0.9
-0.8
-0.1

A

In period A, observers 1 and 3 appear to have under-recorded compared to
observer 2, but period B shews a quite different pattern, where the extent of
observer variation was much smaller, and observer 2 became an under-recorder
in comparison with observer 1.

It is theoretically possible that the observers could have seen subjects which
differed by various factors associated with blood pressure, and if so, this
confounding would lead to spurious observer effects.

In the BRHS, age and EMI

were found to be the two most important independent determinants of blood
pressure [Shaper 1988].

Table 4.4 shews the overall mean age and EMI for the

subjects examined by each of the four observers.

Mean values within each of

the two periods shew no evidence of a sytematic inbalance between observers in
age or EMI. Confounding by these two factors cannot therefore explain the
pattern of variation.
Table 4.4
Body mass index ( k a / r o
Aae fvearsl____
Observer___________ Period A____ Period B_______ Period A ____ Period B
1
25.48
25.42
50.18
50.58
2
25.50
25.70
50.09
50.58
3
25.42
49.91
___________________
4
-_________25.50____________-_________ 50.88
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In order to investigate the patterns of variation within and between observers
over time, the mean for each individual observer within a tewn was compared
with the overall mean for each town sample, and these differences have been
plotted for the whole period of the study in Figures 4.1 and 4.2.

This shows

the time trends of observer variation for systolic and diastolic blood
pressure, and the relationship of this variation to the four training
sessions.

(a)

Figures 4.1 and 4.2 illustrate three important findings;

Systematic differences. Although there are fluctuations in individual

observer deviations frcm tewn to town, it is clear that whatever the role of
randan error or possibly confounding factors, there are undoubtedly systematic
differences between the observers.

Thus, in Period A, observer 2 shows a very

consistent tendency to over-record in comparison with the other two observers.

(b)

The change of staff. The change of staff between Period A and Period B

is associated with a marked alteration in observer performance.

For the first

time in almost two years, observer 2 becomes a relative under-recorder with
respect to observer 1, and remains so for the rest of the study.

In addition,

the variation between observers is much reduced.

(c)

The effect of training. Each occasion of training is associated with at

least sane reduction of between-observer variation in the subsequent town,
although this is rather more marked for systolic pressure.

However, within a

few months, observers appeared to drift back to what might be an individual
level of variation.

It seems unlikely that the dramatic change in performance

in Period B is due to the training prior to Town 18, since the procedure was
identical to previous sessions.

It is more likely to be a result of the

change of staff, and possibly seme product of changed interpersonal
relationships affecting the working conditions.
for this observation remain open to speculation.

Inevitably, the true reasons

108

Training

Training

Training

Training

9 /9 /7 8

2 9 /1 0 /7 9

2 /9 /8 0

•J2 i Jan

1 2
F

3

9

A

M

-»
M

5

7

■L -

8 9

10 11 12

I

-------- 1

J J A S O N D
1978

Mo nt h
(
i
|

6

« » »

1

13 1915

J_____ 1.

I

16 17 18

» »

I

J F M A M J J
1979

A

19

»

S O N D

20 21

2223 29

■ »

...

J F M A M J
1980

Figure 4.1 Systolic observer effects (in mriHg) in each of the 24 BRHS towns
The four observers are indicated by the numbers 1-4 [Bruce 1988].
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Figure 4.2 Diastolic observer effects (in inriHg) in each of the 24 BRHS towns.
The four observers are indicated by the numbers 1-4 [Bruce 1988].
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4.1.4

Discussion of observer effects in the BRHS. It was clear fran the

results of this analysis that tape-training at infrequent intervals did not
prevent important deviations in observer performance, and these variations
were not explained by randan error or counfounding by age or body mass index.
Data on observer variation in blood pressure measurement have not usually been
published, but that which is available fran the United Kingdan Heart Disease
Prevention Project [Heller 1978] and the Minneapolis Childrens' Study [Prineas
1980] suggest that the magnitude of the overall variations in the BRHS (Tables
4.2 and 4.3) are not unusual and are likely to be cannon to all blood pressure
surveys with multiple observers.

Methods of reducing observer bias. An analysis of observer variation in
multiple survey centres is of particular relevance to the plans for the Nine
Tcwns Study.

In order to avoid potentially serious bias in the between-tcwn

comparisons in the new study, there were a number of options and techniques
that needed to be considered.

(a)

Observers. If more than one observer was to be employed, it would be

vital to ensure that each observer saw an approximately equal number of
subjects in each tewn, and that these subjects should be balanced by important
confounding factors such as age and sex.

Nevertheless, the BRHS observer

variation study also shewed that marked within-observer variation could occur
over time, and that in the circumstances of staff changes this could be
dramatic and unpredictable. Although it was hoped that with only 9 towns to
survey there would be no change of staff, this could not be guaranteed, and in
any case there may be other changes in the working conditions that might cause
unexpected alterations in observer performance.

These observations pointed

strongly towards removing as much as possible of the "human" factor fran blood
pressure measurement.

(b)

Automatic blood pressure measurement. Many automatic blood pressure

recorders are now available, although these have rarely been used in
epidemiological studies and it is recommended that they should be selected
with caution [O'Brien 1985].

There are, however, examples of machines which

have been found to be reliable and valid enough for survey work [Ellison
1984].

The use of an automatic device should prevent variation arising from a
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number of sources, in particular due to interpretation of Korotkow sounds
[Rose 1982, O'Brien 1985].

If a digital display or printer is available,

digit preference and bias for or against certain levels of blood pressure in a
given subject should be eliminated.

The technique and rate of inflation and

deflation can also be standardised, but the observer retains control over the
choice of cuff size, the placement of the cuff, and other aspects of the human
and physical environment.

There is little quantified information available on

observer variation using automatic devices.

In the Bogalusa study, it was

found that a Physicmetrics Infrasonic machine did not eliminate observer error
[Voors 1976].

This residual variation was thought likely to have arisen fran

an effect of the observer on the subject's blood pressure at the time of
measurement, and this will remain a problem so long as human operators are
present.

A computer-controlled blood pressure measurement sequence has been

used in a large epidemiological study of students [Ellison 1984].

An operator

was not present during the measurements, but this type of procedure would not
have been practical for the general population sample envisaged for the Nine
Tcwns Study.

(c)

Repeated training. The BRHS analysis has shewn that tape-training is

effective in reducing observer variation, and re-training at frequent
intervals offers another option.

Repeated training has been used [Prineas

1980] and is recommended [Rose 1982], and on the basis of the BRHS experience
this would have to be done before each tewn was visited as a absolute minimum.
The BRHS observers performed very wall on the three tape-training sessions
carried out during the survey, and not surprisingly found the sessions
unnecessary, repetitive and dull.

The results described here were not

available, but feedback of individual performance in the field would probably
have increased motivation for the training.

4.1.5

Conclusion. The analysis of observer variation in the BRHS highlighted

a methodological problem of considerable importance for the new study.

It was

decided that if an automatic blood pressure recorder with a published record
of acceptable reliability and validity could be identified, then this would be
used.

Ill

4.2

Selection of the Dinamap 1846 SX. function of the machine, and principles

of oscillcmetry.

4.2.1

Selection of Dinamap. A review of a number of studies which considered

automatic recorders for population studies, suggested two instruments which
might be able to fulfil the criteria required for the Nine Tcwns Study.

These

were the Copal UA-231 [Gallacher 1985] which uses a microphone to pick up
Kbrotkcw sounds, and the Dinamap 845 [Ellison 1984] which operates on the
oscillcmetric principle.

Few other machines had been subjected to adequate

validation, but one other, the Hitachi HME-20 [Northcote 1985] which operates
on the microphone/Korotkow system, did not perform as well as the Copal UA231.

Unfortunately the Copal UA-231, which was reported to be accurate, reliable
and cheap (costing about £100 in 1986) was not available with a large adult
cuff.

The standard cuff had an internal bladder size of 120 x 220 mm, which

is not recommended in the American Heart Association report for use with arm
circumferences greater than about 32 cm [Kirkendall 1980].

This placed an

important restriction on the use of the machine, and it was therefore rejected
for use in the NTS.

A review was made of a number of studies which had examined the validity of
the Dinamap model 845 in comparison with indirect (auscultatory) and direct
(intra-arterial) measurements of blood pressure, and the findings are
summarised in Table 4.5.

The conclusions of this review, and of other

enquiries made about the instrument were as follows;

(a)

Validity. The studies summarised in Table 4.5 cover a wide age range of

subjects, and include direct and indirect comparisons. The agreement between
the Dinamap and the comparison instrument is close for all three measures of
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blood pressure.

Fran the one study presenting results for both phase IV and

phase V diastolic [Silas 1980], the Dinamap reads closer to phase V.

This is

consistent with the other indirect diastolic comparison [Ellison 1984]; this
study used phase IV and found the Dinamap to under-read by a similar amount.

Table 4.5

Summary nf studies assessing the validity of the Dinamap

Study
reference

Study Mean error Correlation
size_____ (rtmHal____ coefficient

Adult
Child

Type of carparison
(Diastolic phased

SYSTOLIC:
[Ellison 1984]
[Silas 1980]
[Borow 1982]
[Kwong 1980]

35
32
30
31

0.90
0.98
0.98
0.91

Adult
Adult
Adult
Neonate

-2.5
-3.4
+ 0.1
+1.7
+3.1

0.88
0.96
0.96
0.97

Adult
Adult

-0.23
+1.40
+0.59
+0.20
-3.50

-

+ 0.8

+0.1
+ 0.8
+1.4

Auscultation
Hawksley RZ
Intra-arterial
Intra-arterial

DIASTOLIC:
[Ellison 1984]
[Silas 1980]

35
32

[Borow 1982]
[Kwong 1980]

30
31

Adult
Neonate

Auscultation (IV)
Hawksley RZ (IV)
(V)
Intra-arterial
Intra-arterial

MEAN ARTERIAL PRESSURE;
[Ramsey 1979]
[Yelderman 1979]
[Kweng 1980]
[Kimble 1981]
[Borow 1982]

(b)

17
19
31
13
30

-

0.85
0.89

Adult
Adult
Neonate
Infant
Adult

Intra-arterial
Intra-arterial
Intra-arterial
Intra-arterial
Intra-arterial

Reliability. In one study, over 6000 blood pressure measurements were

made with twe Dinamap instruments over 6 months, and there were no recognised
breakdowns [Ellison 1984].

Furthermore, in the same study, repeated

calibration against a mercury column at 50, 100, 150 and 200 mmHg showed a
drift of no more than 2 mmHg throughout the six months.

Discussion with staff

113
in the Coronary Care Unit at the Royal Free Hospital where the more modem
Dinamap 1846 SX model had been in constant use with frequent moves between
patients confirmed that there had been no breakdowns in 12 months of service.

(c)

Arrhvmias. The functioning of the Dinamap, which is described in greater

detail in section 4.3, requires that there be two pulses of equal amplitude
detected by the pressure transducer before the cuff deflation and measurement
procedure continues.

Arrhythmias such as atrial fibrillation which are

continually irregular may therefore cause the Dinamap to fail to make a
measurement, and this has been reported as an occasional problem [Maxwell
1982].

The other common arrhythmia, ventricular extrasystole, would not cause

a failure.

There were a total of 56 cases of atrial fibrillation out of 7735

men aged 40-59 in the BRHS, a prevalence of 7.24 per 1000.

The smaller,

younger, and mixed-sex sample of the Nine Towns Study would therefore not be
expected to yield more than about 10 cases, and in most of these the Dinamap
would probably produce a reading.

(d)

Other facilities. A full range of cuffs are available for use with the

Dinamap, including a small adult cuff, a standard adult cuff, and a large
adult cuff.

Cuff positioning is not as critical as with machines (such as the

Copal UA-231) which require the microphone to be positioned over the brachial
artery [Jfaxwell 1982, Geddes 1972, Ramsey 1979].

The Dinamap has software

which is designed to reject artefacts caused by subject movement, and there is
evidence that this works in practice [Yelderman 1979].

The instrument finally selected was the Dinamap 1846 SX, being the most up-todate model, and the most highly automated.

The technical operation of the

instrument was essentially similar to earlier models, and there was no good
reason to believe that its validity or reliability would differ.

The rapid

automatic operation was felt to be an important advantage for the present
study.

A printer was available for recording the time of examination,

systolic pressure, mean arterial pressure, diastolic pressure and pulse rate.
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4.2.2

Function of the Dinamap and principles of oscillanetrv.

Although oscillanetric blood pressure recorders have been available for a
number of years, the majority of epidemiological studies have avoided the use
of automatic devices, and almost all of our knowledge of blood pressure is
based on systolic and diastolic pressure measured by human observers detecting
Korotkcw sounds.

The Dinamap departs from this tradition in two ways; first,

the whole measurement process is automatic, and second, the method of
determining blood pressure levels is by oscillcmetry rather than by Korotkow
sounds.

For these two reasons it is important to describe in greater detail

the machine used for this study.

(a)

Oscillanetric blood pressure determination. This technique relies on the

observation that as the pressure of an inflated cuff is decreased, so the
amplitude of pressure oscillations (corresponding to the pulse) increases to
reach a maximum as the cuff pressure passes through a pressure equal to the
mean arterial blood pressure (MAP) [Looney 1978].

In the Dinamap 1846 SX, the

cuff is automatically inflated in the first instance to 178 mmHg, and then
deflated by steps of 8 mmHg.

At each step, a pause is made until 2

oscillations of equal amplitude are detected and measured by the pressure
transducer located in the body of the machine (not in the cuff). The cuff
pressure is then reduced by a further 8 mmHg, and this process continues until
the amplitude of oscillations has passed the maximum (MAP) and subsequently
reduced to zero as diastolic pressure is passed.

This process is illustrated

schematically in Figure 4.3.

The instrument determines the blood pressure readings by fitting an envelope
over the amplitude values, as shewn by the dotted curve in Figure 4.3.

The

maximum value gives MAP, and it can be seen that this is the most clearly
defined point, and the one where the signals (pulsation amplitude) are the
strongest [Looney 1978].

Systolic and diastolic pressures are calculated

using the attenuation rate of the signal on both sides of the maximum [Looney
1978], and are effectively the points where the envelope becomes horizontal.

Principle of oscillometry
Dinamap 1846 SX
Pulse amplitude (to transducer)
MAP

DBP
50

58

SBP
66

74

82 90

98 106 114 122 130 138 146 154 162 170 178
Pressure in cuff (mmHg)

Figure 4.3 Schematic representation of the principle of oscillanetric blood
pressure determination in the Dinamap recorder. For full explanation, see
text.

(b)

Automatic facilities. Although primarily designed as a vital signs

monitor for intensive care and anaesthetics, the Dinamap 1846 SX possessed
automatic facilities ideally suited to the measurement needs of the NTS.
measurement cycle is rapid, normally completed in 30-45 seconds.

The

This allowed

repeated measurements to be made at one minute intervals using the automatic
setting in the instrument.

A clock is fitted which allows the time of the

reading to be recorded on a printer.
controlled at a constant rate.

All cuff inflation and deflation is

If systolic blood pressure is above the

initial inflation pressure of 178 mmHg, the instrument does not deflate
completely, but rapidly increases the pressure to 178 + 30 mmHg, and restarts
the deflation steps.

This facility saves time, and permits the completion of

blood pressure measurement within the 1 minute interval whatever the level of
blood pressure.

These facilities should all contribute to obtaining better

standardisation in blood pressure measurement, while also reducing the
involvement of the human operators to a minimum.
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4.3

Quality control in blood pressure measurement

4.3.1

Static calibration. The calibration of the pressure transducer in the

Dinamap can be checked by connecting the cuff tubing via a T-piece to a
mercury column, and in this study a standard Accoson sphygmcmancmeter was
used.

One Dinamap instrument was used for all measurements in the study, and

the calibration was checked on delivery of the machine, and at the beginning
of every day of survey wark.

This was done at pressures of 0, 50, 100, 150,

and 200 mmHg, and at no time did the calibration deviate by more than 2.0
mmHg.

The majority of occasions shewed considerably less deviation, and this

inconsistency in recorded calibration is likely to have occurred in part due
to small variations over time in calibration technique of the two nurses.
results for the first and last two tcwns are shewn in Table 4.6.

The

There is

seme evidence of a slight drift upwards in the calibration of the Dinamap, but
this amounts to a maximum of about 1 mmHg between the first and last tcwns.
No adjustments were made to the calibration of the Dinamap during the study.

Table 4.6 Mean of recorded calibration checks made on each of the 10 davs in
Tcwns 1 fpilots. 2, 9 and 10.

Level of cuff inflation (mrriHcr)
50
100
150

Tewn

0

1.

Gloucester

0.0

50.1

100.7

150.9

200.9

2.

Maidstone

0.1

50.3

100.9

150.7

200.7

9.

Scunthorpe

0.0

50.7

101.3

151.6

201.6

0.0

51.2

101.6

152.0

201.3

10. Merthyr

4.3.2

200

Comparison of Dinamap and Hawksley Random Zero sphygmomanometer. The

static calibration described above in 4.3.1 indicates whether the pressure
transducer is recording correctly, but does not demonstrate whether the
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overall function of the instrument in recording blood pressures is consistent
over time.

Accordingly, an attempt was made to validate the Dinamap against

the standard research instrument, the Hawksley Randan Zero (HRZ), at several
stages during the study.

A full report of this comparison, which includes a

similar study with another Dinamap 1846 in children aged 5-7 years (In press ;
J Ep Canm Health).

Methods. Subjects between 20 and 85 years attending a medical outpatient
clinic were invited to participate, and a total of 167 took part.

The study

was organised in three stages over a period of 7 months covering the major
part of fieldwork for the main study.

The interval between the first and

second stages was 4 months, and between the second and third stages was 2
months.

All measurements were made by the two research nurses who worked on

the main study, and each examined approximately half of the subjects on each
occasion.

Both observers received training in auscultatory blood pressure

measurement [Rose 1969] less than a week before beginning each stage of the
study, and close agreement between observers was obtained using the taped
Korotkcw sounds.

All measurements were made on the right a m with the subject

seated after several minutes rest and explanation.

Four consecutive blood

pressure measurements were taken on each participant, two with the Dinamap
(automatically and one minute apart), and two with the HRZ (in immediate
succesion - usually slightly more than one minute apart). The order in which
the instruments were used was alternated for each subject, ensuring that
numbers were balanced for each session.

Diastolic was recorded at

disappearance of sounds (phase V). The cuff sizes used were those recommended
by the manufacturers of each instrument.

Results. The results presented are for 141 (84%) of the subjects with
complete data, and for whom the same sized cuff was used.

Table 4.7

summarises the systolic and diastolic differences between the Dinamap and HRZ
at the three stages of the study, and the overall differences.
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Table 4.7 Mean differences (Dinamap - HRZ^ and standard prmrs for the 3
stages of the study, and the overall differences.

Staae of studv

Systolic
mean fmmHa^
sem

Diastolic
mean (mmHcn
sem

1.
2.
3.

6.71
8.15
9.48

1.54
1.33
1.52

-1.29
1.99
-0.55

1.24
1.08
1.23

Total

8.13

0.84

0.24

0.68

There is an overall systematic difference of 8.13 mnrtHg systolic between the
Dinamap and HRZ (p<0.001), but the difference between instruments for
diastolic is very small and non-significant.

The difference between

instruments over the three stages of the study is also illustrated in Figure
4.4 with the 95% confidence intervals.

For systolic there is an increase across the three stages of 2.8 itiriHg, but
this could have occurred by chance (one-way ANOVA, p=0.42). For diastolic,
there is no evidence of systematic drift in measurement values over the
duration of the study.

Discussion. This validation study depends upon the assumption that the HRZ
operated by trained observers can be taken as a gold standard, and moreover
one which will not vary over time.

The evidence of observer variation over

time in the BRHS presented in section 4.1 suggests that this assumption may
not be very sound, but nevertheless this design seemed to be the best option
available.

There is clear evidence that for systolic blood pressure, the Dinamap reads
approximately 8 itiriHg higher than the HRZ.

An almost identical result was

found for the validation study in children, where a mean difference of 8.3
mmHg was found (n=152, sem=0.7, p<0.001).

In contrast, the diastolic

difference was very small, again in agreement with the children's study with a
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Figure 4.4 Dinamap - HRZ systolic and diastolic differences, and 95%
confidence intervals, at three stages of the study and overall.
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mean difference of -0.2 mmHg (n=152, sem=0.8, NS). The possible reasons for
this large systematic difference between Dinamap and HRZ instruments in
systolic blood pressure measurement will not be considered here, since the
finding does not influence the interpretation of the main study.

What is

important is the canoarabi1itv over time, for this has the potential to
introduce bias into the between-tcwn canparisons. For systolic there is seme
drift which may be consistent with the snail changes seen in static
calibration, but this is in any case non-significant.

For diastolic, there is

no evidence at all of drift, and it is therefore likely that the overall
functioning of the Dinamap did remain consistent for the duration of the main
study.

4.4

Blood pressure measurement protocol: use of five readings. failed

measurements and other problems.

4.4.1

Protocol for the measurement of blood pressure. Prior to examination,

subjects were asked to empty their bladders. Subjects were seated comfortably
with the right a m supported on a foam cushion with the antecubital fossa at
the level of the heart.

The right upper a m circumference was measured and a

cuff selected according to the manufacturer's specifications [Critikon Ltd]
which are similar to those of the American Heart Association [Kirkendall
1980].

Room temperature and right mid-forearm skin temperatures were then

recorded using type-K thermocouple air and surface probes respectively (RS
Components).

The pulse rate was then measured manually for 30 seconds in

order to identify arrhythmias that might interfere with the function of the
Dinamap.

These procedures and accompanying explanation took approximately 5

minutes, during which time the subject had been resting in the examination
chair.

Blood pressure was then measured 5 times in succession at one minute
intervals, taking advantage of the automated facilities of the Dinamap to
reduce the within-person component of variance in the blood pressure data.
Once set, the Dinamap makes these repeated measurements with no further action
on the part of the operator.

The subject was asked to sit still during the

measurement procedure, and to refrain from conversation with the nurse.
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4.4.2

Failed measurements and other problems. The Dinamap failed to obtain a

complete set of readings in a total of 9 subjects out of a total of 2605
(0.34%).

The reasons for these failures, and the respective age, sex, and

town of residence of the subjects is summarised in Table 4.8, and explained in
greater detail below.

Fever cut. This occurred once in Maidstone.

The Dinamap is mains operated,

and no alternative power supply was available.

Faint. A total of five subjects fainted during the measurement cycle.

This

was associated with classical signs of syncope including a rapidly falling
blood pressure.

The reason for these faints is unclear; the Dinamap is not

uncomfortable or painful in operation.

Bradycardia. A pair of twins in Guildford had congenital bradycardias which
caused the Dinamap to fail with each subject.

No problems were encountered

with atrial fibrillation.

Four readings only ("4 only"). On one occasion, in Scunthorpe, the Dinamap
was switched off in error after only 4 readings had been made.
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Table 4.8 Occurrence of failures of the Dinamao to obtain 5 seauential
readincrs at 1 minute intervals, bv aae. sex and town of residence.

Town

25-29

Men
40-44

55-59

25-29

Maidstone

Women
40-44

55-59
Power
cut

Exeter

Faint

Carlisle

Faint

Faint

Southport

Guildford

Bradycardia

Brady
cardia

Dunfemaline

Ayr

Scunthorpe

Merthyr

Faint

Faint.
4 only
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4.5

Observer variation when using the Dinamap in the Nine Towns Study

4.5.1

Introduction. The study of observer variation in the ERHS identified

the persistence of this source of bias despite training (section 3.1), and it
was noted that little published information existed on observer variation when
an automated blood pressure recorder was used.

The new study (NTS) was

designed to allow estimation of the contibution of any observer effects to the
between-tcwn differences, and therefore provided a good opportunity to study
this problem under field conditions.

The results of this investigation have

been published recently [Bruce 1990b], and the main findings are reported
here.

4.5.2

Methods. In the Nine Towns study, subjects were offered appointments

at randomly generated times, and the examinations were carried out by two
trained observers who alternated half-day sessions of interviews and of
examinations.

This procedure was designed to produce a non-systematic

allocation of subjects to observers, thus minimising the effects of any
uncontrolled observer bias.

It also facilitated the subsequent analysis of

observer effects, since it resulted in an approximate balance of subjects by
observer over the whole study and within each town.

This arrangement proved

effective in practice as each observer examined approximately 50% of the men
and 50% of the women overall, and the proportions did not deviate more than
60%/40% in any town (Figures 4.5 and 4.6).

An observer code recorded at the

time of examination allowed identification of the observers in the subsequent
analysis.

4.5.3

Results. The overall observer differences, expressed as the difference

between mean blood pressures for subjects examined by the two observers, was
1.5 irmHg or less with the exception of systolic blood pressure among male
subjects where the difference was 3.5 mmHg (p<0.01; Table 4.9).

Percent subjects by observer
100
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40
30
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Ayr
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Figure 4.5 Proportion of male subjects seen by each of the two observers
overall, and in each of the nine towns.
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Figure 4.6 Proportion of female subjects seen by each of the two observers
overall, and in each of the nine towns.
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Table 4.9 Observer differences (and p-values) expressed as the mean
difference in measured blood pressures for examinations carried out by
observer A and observer B.

_______ Males_______________

Females_

Parameter_____________ SBP_____ MAP_____ DBP________SBP_____ MAP_____ DBP
Observer differences
(A-B)
itiriHg
p-value

-3.50

-1.03

+0.08

-1.54

+0.45

+1.12

0.005

0.190

0.897

0.187

0.579

0.047

These crude mean differences do not take account of the possibility that
despite the attempt in the design of the study to balance the allocation of
subjects to observers, one observer may have examined subjects who were older
or more obese, and thus would be expected to have higher blood pressures.
These observer effects have therefore been adjusted for age, Body Mass Index
(EMI), and town (Table 4.10).

Table 4.10

Mean difference between observers adjusted for age, EMI and town.

_______ Males_______________
Females_
Parameter______________ SBP_____ MAP_____ DBP________ SBP_____ MAP_____ DBP
Adjusted difference:
(A-B)
itiriHg
p-value

-3.07

-0.75

+0.20

-2.08

-0.11

+0.94

0.001

0.282

0.709

0.036

0.873

0.064

The male systolic difference has been reduced by adjustment to 3.07 itiriHg, but
is still greater than the adjusted systolic difference of 2.08 itiriHg in female
subjects.

Observer differences for MAP and diastolic pressure are very small,

and only the female diastolic difference of 0.94 mmHg approaches marginal
significance, although it is in the opposite direction frcm that for female
systolic.
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Systolic and diastolic observer differences in each of the nine study towns
are shewn in Figure 4.7, after adjustment for age and EMI. The data has been
pooled for men and wemen in order to increase the precison of the individual
town differences, and because there was no strong evidence that the results
differed between the sexes (see below). The variation in observer differences
between towns is seen for systolic, diastolic and also MAP; MAP has not been
illustrated in Figure 4.7 since the pattern is very similar to that for
diastolic.

The apparent variation in the magnitude of observer differences

between towns has been subjected to a statistical test for interaction
including adjustment for age, EMI, town and observer, and the result is shown
in Table 4.11.

Table 3.11 P-values for the interactions between observer and town, and
between observer and age of the subject; adjusted for age, EMI, town and
observer.

SBP

Males
MAP

DBP

SBP

Females
MAP

DBP

Qbserver*Town
(p-value)

0.011

0.009

0.002

0.748

0.337

0.023

Observer*Age
(p-value)

0.327

0.802

0.768

0.847

0.544

0.248

Parameter
Interactions;

The male subjects show significant interactions between observer and town for
systolic, MAP and diastolic, but in the females it is significant only for
diastolic pressure.

A test for an interaction between the observer effect and

the sex of the subject was however non-significant (p-values; systolic 0.38,
MAP 0.31, and diastolic 0.29), indicating that there was no statistical
evidence of a difference between observers in measurement bias for male
subjects.

There was also no evidence that the size of the observer effect

varied with the age of the subject (Table 4.11).
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Figure 4.7 Systolic and diastolic observer differences (A-B) in the nine
towns after adjustment for age and EMI.

4.5.4

Discussion of observer differences in the NTS. This study has shown

that observer bias has not been eliminated by the use of an automatic blood
pressure recorder.

Overall systematic differences were not large, of the

order of 2 - 3 mmHg systolic, but highly significant for the male subjects.
Given the extent of variation in the percentage of subjects seen by the two
observers in each of the 9 tcwns (Figures 4.5 and 4.6), the maximum effect of
adjusting for observer was to increase the mean systolic value for men in
Dunfermline by 0.4 mmHg systolic.

Hcwever, in addition to these overall results, there appear to be variations
in the magnitude of the observer differences between tcwns.

Although the size

of the observer differences appear to be rather smaller than in the ERHS
described in 4.1 [Bruce 1988], it is not possible to make a valid assessment
of the extent to which the automated machine has reduced observer bias
compared to the ERHS, since the circumstances and observers have changed.

It would be expected that an automatic recorder would reduce observer
differences since there is no requirement for human interpretation of KOrotkow
sounds, the rate of cuff inflation and deflation is carefully standardised,
and a digital printout is available.

Furthermore, in the present study, five

readings were taken automatically by the Dinamap at fixed intervals with no
further contact between the subject and observer once the cycle had been
initiated.

One previous study has reported observer variation which persisted

with use of an automated recorder [Voors 1976], and the authors suggested that
the likely explanation was an effect by the observer on the subject's actual
blood pressure at the time of measurement.

The reason for the variation

between towns in the magnitude of observer differences seen in the present
study can only be speculated upon at this stage, but it is not unreasonable to
suppose that during the course of the survey work there might be changes in
the effect that an observer might have on the blood pressure of the subjects
she examines.

It is difficult to see hew changes simply in the technique of

operating the machine could account for these findings, particularly since the
protocol for cuff selection and other aspects of blood pressure measurement
was carefully adhered to.
The use of the Dinamap in this study was associated with reasonably well
controlled observer differences in blood pressure measurement; significant but
not large for systolic, and less than 1 mmHg and non-significant for MAP and
diastolic.

Hcwever, it should not be assumed that automatic blood pressure
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recorders will solve the problem of observer bias completely and further
studies of the magnitude and importance of residual observer bias with
automatic blood pressure recorders in epidemiological studies voild be
worthwhile.

CHAPTER 5 ~ RESPONSE RATE
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5.1

Response rate in the Nine Towns Study. Figure 4.1 shews the overall

response rate for men and women in the three age groups.

Subjects who had

moved away (letters returned by the Post Office as "not knewn at this
address") or who were pregnant have been taken out of the denominator in these
and all subsequent response rate figures.

% response
100
90
80
70
60
50
40
30

20
10

0

25-29

4 0-44
Age group
H

Figure 5.1

Males

55-59

Females

Nine Towns Study response rate by age and sex.

Table 5.1 gives the numbers of subjects attending by age and sex in each of
the nine towns, and the corresponding percentage response rates.

There is

wide variation in the response both between age groups, and between towns, and
the reasons for this are complex.
towns would be

more likely to

important reason in variation

Although it is probable that people in seme
attend a study of thissort than others, another
is the accuracy of theage-sex registers.

If it

had been possible to exclude all subjects from the response rates where the
invitation letters did not reach the correct individual due to wrong
addresses, the response rates for the towns in Table 5.1 would have differed
less.

As it was, many letters wrongly addressed are not returned by the post

office, and in

seme towns the

better able to

find out through other means whether or not an individual

subject was still in the area.

study co-ordinator andother practice staff were

Due to a shortage of time and personnel, it
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was not possible to make home visits to ascertain whether subjects had moved.
Nevertheless, in towns such as Guildford where a lot of feedback on non
responders was obtained, approximately 25% of all addresses on the age-sex
register were found to be incorrect.

towns.

Town

All

25-29

Men
40-44 55-59

All

25-29

Wcmen
40-44 55-59

All

Maidstone

n
%

248
70.0

35
59.3

50
78.1

42
72.4

127
70.2

22
45.6

51
81.0

48
76.2

121
68.0

Exeter

n
%

300
72.0

42
55.3

58
86.6

48
80.0

148
72.9

45
58.4

52
74.3

55
82.1

152
71.0

Carlisle

n
%

323
79.6

57
73.1

52
88.1

47
77.0

156
78.8

59
74.7

50
79.4

58
87.9

167
80.3

Southport

n
%

329
73.0

54
58.1

52
77.6

58
84.0

164
71.6

54
60.7

59
86.8

52
80.0

165
74.3

Guildford

n
%

290
71.4

43
54.4

50
83.3

51
78.5

144
70.6

33
45.8

56
90.3

57
83.8

146
72.3

Dunfermline n
%

287
63.4

51
54.8

42
66.7

46
65.7

139
61.5

52
60.5

47
67.1

49
69.0

148
65.2

Ayr

n
%

236
56.0

30
38.0

33
57.9

48
70.6

111
54.4

30
36.6

50
70.4

45
69.2

125
57.3

Scunthorpe

n
%

274
58.8

51
52.6

36
55.3

48
72.7

135
59.2

42
41.6

51
73.9

46
64.8

139
57.7

M. lydfil

n
%

309
67.8

51
56.7

53
75.7

53
77.9

157
68.8

53
57.6

48
68.6

51
77.3

152
66.7
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In summary, although it was not possible to be certain about the true extent
of variation in the response rates, a lower response in the young adults is
not unexpected and sane variation between towns is also likely to have
occurred.

If there is a systematic difference in blood pressure levels

between responders and non-responders, it is possible that the variations in
response rates could introduce bias in the between-town comparisons, and also
in comparing the results for the older and younger subjects.

Although one

previous study had suggested that there were not large systematic differences
in blood pressure between early and late responders, and those non-responders
eventually visited at home [Silman 1982], it was decided to attempt to
ascertain whether serious bias was likely to have occurred in the NTS.

5.2

Investigation of blood pressure of responders and non-responders from

general practice records. The problem of this investigation was to obtain
comparable blood pressure measurements for the responders and non-responders.
Since it was not possible to contact the non-responders, the only potentially
useful source of data was general practice records.

Blood pressure

measurements made by the GPs prior to the NTS survey wculd not be biased with
respect to the subsequent response or non-response to the study, but were
unlikely to be available for a high proportion of subjects.

General practice records in all 9 study towns were examined, and the first
blood pressure recording in each of the five years 1982-86 was extracted where
available for each non-responding subject, and for a responding control
matched for sex, and for age within 5 years.

Entries were found for a total

of 137 male and 269 female responder/non-responder pairs, being 22% and 43%
respectively of the total number of non-responders.

Table 5.2 shows the mean

systolic and diastolic values (and standard errors) for male and female
responders and non-responders.
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Table 5.2

Responders
fsenrt
mean

n

Non-responders
n
mean
fsenrt

Males

Systolic
Diastolic

137
137

134.8
82.1

(1.8)
(0.9)

137
137

134.4
82.6

(1.5)
(1.1)

Females

Systolic
Diastolic

269
269

124.5
76.2

(1.0)
(0.6)

269
269

127.3
77.4

(1.1)
(0.7)

All

Systolic
Diastolic

406
406

128.0
78.2

(0.9)
(0.5)

406
406

129.7
79.1

(0.9)
(0.6)

The largest difference was that female non-responders had a mean systolic
level 2.8 mmHg higher than responders, and all other differences were
considerably smaller.

In view of these generally small differences, and the

fact that each non-responder had an age and sex matched responding control,
the data for man and women has been pooled in Table 5.3 where the age specific
means, standard errors, non-responder minus responder differences and t-values
are also shewn.

Table 5.3

(a) Systolic

Aoe crrouD Pairs

Responders
fsenrt
mean

Non-responders
mean
fsenO

Difference

t-value

25-29
40-44
55-59

209
91
106

120.1
130.0
141.8

(0.8)
(1.8)
(2.3)

120.9
135.7
142.0

(0.9)
(2.0)
(1.8)

0.8
5.7
0.2

0.66
2.12*
0.07

Total

406

128.0

(0.9)

129.7

(0.9)

1.7

1.34

* p<0.05

(b) Diastolic
Responders
Non-responders
mean
(sem)_____ mean
(sem)

Aoe group

Pairs

25-29
40-44
55-59

209
91
106

73.9
80.1
85.1

(0.6)
(0.9)
(1.1)

74.4
81.4
86.5

Total

406

78.2

(0.5)

79.1

Difference

t-value

(0.6)
(1.6)
(1.0)

0.5
1.3
1.4

0.59
0.76
1.15

(0.6)

0.9

1.15

The data in Table 5.3 is presented in Figure 5.2 with the 95% confidence
intervals around the age-specific means.

This demonstrates quite clearly

that, despite the limited data available in the general practice records, non
responders shew a consistent although small tendency towards higher systolic
and diastolic blood pressure at all ages.

Although the consistency of the

results suggests that a higher level among non-responders is probably a
genuine finding, the confidence intervals generally cross the zero line,
indicating that there is no good evidence of any difference.

There is

certainly no suggestion of a large difference in blood pressure between the
two groups.

p<0.05
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Figure 5.2 (b)

Diastolic non-responder minus responder difference

In order to examine the extent of potential bias from variation in response
rate, the upper limit of the 95% confidence interval for the systolic non
responder minus responder difference (4.19 mmHg) has been taken as the most
pessimistic estimate of the true difference.

The widest range in response

rates was found between the 25-29 year olds in Ayr (38%) and Carlisle (73.1%).
The possibility that the true difference in response rate is not as great as
this has already been discussed, but these figures will be used as a worst
case.

The overall mean systolic blood pressure for males in the NTS age 25-29

(all of whcm are responders) was 135.8 mmHg.

Assuming for this example that

the blood pressure of responders is the same in each town (135.8 mmHg SBP),
then the "true" blood pressure allowing for non-response bias can be
calculated as follows, where the blood pressure for non-responders is (135.8 +
4.19) = 139.99 itiriHg;

AYR?

SBP (True) = (38.0 x 135.8) + (62.0 x 139.99) / 100 = 138.40

CARLISLE;

SBP (True) = (73.1 x 135.8) + (26.9 x 139.99) / 100 = 136.93

difference of 1.47 mmHg systolic vrould account for only a small part of
observed difference between the 9 towns in this age group (see Chapter 8).
potential importance of reponse bias is considered further in the
conclusions, section 9.2.3.

CHAPTER 6 - THE INFLUENCE OF CLIMATIC FACTORS ON BLOOD PRESSURE
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6.1

Evidence of the effects of climate on blood pressure. Associations

betvreen blood pressure and roan temperature [Heller 1978, Prineas 1980, De
Swiet 1984] and outdoor temperature [Brennan 1982, Jenner 1987] have been
demonstrated in a number of studies.

Although the findings are by no means

consistent [Prineas 1980], these studies have either found no relationship [De
Swiet 1984], or generally that lower temperatures were associated with higher
levels of blood pressure.

It is therefore theoretically possible that

temperature, and possibly other climatic factors, could introduce bias into
the between-tcwn comparisons. This had important implications for the design
of the NTS, and the evidence concerning these factors is discussed below.

6.1.1

Rocm temperature. Few population studies of blood pressure have

examined the associations between rocm temperature and blood pressure, and the
results that are available are not consistent.

In the U K Heart Disease

Prevention Project (UKHDPP) [Heller 1978], diastolic blood pressure was
strongly and negatively associated with blood pressure, with most of the
temperature distribution lying between 20 and 28 deg C.

Hcwever, no mention

is made of whether there were between-centre differences in mean blood
pressure, nor whether adjustment for survey centre had been carried out.

In

the Minneapolis Children's Study which was carried out in 52 elementary
schools [Prineas 1980], rocm temperature (most of the distribution 16 - 28 deg
C) was significantly and negatively associated with systolic blood pressure,
but positively and significantly associated with diastolic blood pressure.
These findings persisted after adjustment for (unspecified) confounding
variables, and the inconsistency with the UKHDPP was noted.

Another study of

children aged 4 - 5 years, the Brcmpton Study [De Swiet 1984], in which
children were examined at heme and at school, found no evidence of a
relationship between ambient temperature (methodology of measurement not
described) and systolic blood pressure over the range 15 - 25 deg C.

In view

of these inconsistent results, there does not appear to be any reliable
estimate of the association between indoor temperature and blood pressure, but
the possibility had been raised of its importance.

6.1.2

Outdoor temperature. In an analysis of data from the MRC Mild

Hypertension Trial [Brennan 1982], it was found that external temperature was
significantly associated with systolic and diastolic blood pressure in both
men and wemen, although the effect was found to be greater in older subjects.

The regression coefficients for maximum daily temperature in the 45-54 year
age group were -0.23 mmHg per deg C for systolic, and -0.14 mmHg per deg C for
diastolic.

There were no significant associations between blood pressure and

daily minimum temperature when this was entered into a multiple regression
after daily maximum temperature.

In a study of 9 year old children [Jenner

1987], daily maximum outdoor temperature was significantly associated with
blood pressure, with estimates of between -0.5 to -0.7 mmHg per deg C for
systolic and diastolic in girls and boys.

Similar associations were found for

daily minimum temperature.

6.1.3

Skin temperature. In a study of the effects of surface cooling (in

volunteers) [Keatinge 1984], it was found that the resulting drop of about 7
deg C in skin temperature on the hand was associated with a rise of 12 mmHg
systolic and 18 mmHg diastolic over the following 6 hours, with about one
third and one half respectively of these rises occurring in the first 20
minutes.

The overall 6-hour changes in blood pressure are equivalent to -1.7

(systolic) and -2.6 (diastolic) mmHg per deg C increase in skin temperature,
or approximately -0.6 and -1.3 respectively for the first 20 minutes.

Skin

temperature may therefore provide a useful indicator of recent exposure to
ambient temperature, and its association with blood pressure.

6.1.4

Rainfall. The MRC trial analysis [Brennan 1982] found a weak positive

association with rainfall, but this was not significant when entered with
external maximum and minimum daily temperature in a multiple regression model.
This result is based on an analysis of repeated blood pressure measurements on
over 17000 subjects, and would therefore suggest that the effect of rainfall
is unlikely to be of much importance.

6.1.5

Summary. Although somewhat limited in scope and consistency, the

evidence discussed here does raise the possibility that either rocm or outdoor
temperature could introduce bias into a study comparing blood pressure
measured in different circumstances.

There have also been suggestions that

blood pressure varies with season, but in the MRC analysis [Brennan 1982] it
was found that any seasonal variation was largely accounted for by changes in
outdoor temperature. A similar conclusion was arrived at in the study of 9year old children [Jenner 1987].

In order to deal with the potential problems raised by climatic factors in the
NTS, a number of actions were taken;

(a)

An analysis of data on rocm and outdoor temperature in the ERHS was

carried out.

The sample of 7735 respondents in the BRHS would provide more

precise estimates of effects than would be available from the 2596 subjects
in the NTS, although the ERHS sample is restricted to men.

(b)

Great care would be taken in the measurement of rocm temperature in

the NTS, and skin temperature would also be recorded.

Outdoor temperature

and humidity could be obtained frcm the Meteorological Office.

(c)

Attempts would be made in the NTS to ensure that heating was available

at all survey centres, and that rocm temperature was maintained at a
reasonably constant level within and between survey centres.

It was

realised that the more successful this was, the harder it would be to
estimate any association between rocm temperature and blood pressure due to
the narrow range of temperature values.

Clearly, the priority in the NTS

was to avoid temperature differences, even if this was at the expense of
the ability to measure their effects.

6.2

Evidence from the BRHS.

6.2.1

Methodology of temperature measurement. Rocm temperature was recorded

in tcwns 3 to 24 inclusive with a thermometer at the beginning of the morning
and afternoon examination sessions.

Recordings were not complete, however,

and data is available for 332 (75.4%) of the half-day sessions.

The

measurement made for a given session has been assumed to apply to all men
attending during that session, and readings are thus available for 6210
(80.3%) of the men who attended.

Outdoor maximum, mean and minimum daily temperature measurements were obtained
for all but 5 of the 240 survey days frcm the Meteorological Office for the
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weather stations that were situated closest to the relevant towns.

These

measurements have been ascribed to each subject byday of examination, and are
available for 7584 (98%) of the men.

The mean values of room and outdoor temperature (andstandard deviations) for
the ERHS are shewn in Table 6.1

Table 6.1
_____________________________________________ Mean__________ SD
Room temperature (deg C)
(332 half-day sessions)

21.1

1.89

12.3

4.86

Mean daily

8.7

4.30

Minimum daily

5.2

3.93

Outdoor temperature (deg C)
(235 days)
Itoximum daily

6.2.2

The association between rocm temperature and blood pressure. The

average rocm temperature for the towns in the ERHS varied from 17.1 deg C to
24.2 deg C.

Figure 6.1 illustrates the relationship between the mean (a)

systolic and (b) diastolic blood pressure in each of the 22 tewns (for which
rocm temperature data are available), and the mean rocm temperature as
measured in those towns.

There is clear evidence of a negative association

for both systolic and diastolic; the correlation coefficients are -0.41
(p=0.054) for systolic, and -0.48 (p=0.024) for diastolic.

Systolic (mmHg)
156

r ■ -0.41 (pa0.05)

152
148
144
140
136

132
15

16

17

18

19
20
21
22
23
Room temperature (deg C)

24
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26

Figure 6.1(a) The associations between mean rocm temperature for each town
and the mean systolic blood pressure for that town.

Diastolic (mmHg)
r ■ -0.48 (p-0.02)
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Figure 6.1(b) The associations between mean rocm temperature for each town
and the mean diastolic blood pressure for that town.
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Multiple regression analysis was used to test whether there was any evidence
of this ecological association (Figure 6.1) at an individual level in the BRHS
sample, and the results are shown in Table 6.2.

After adjustment of the

linear regression model for age, an association equivalent to approximately a
0.5 mmHg decrease in blood pressure for each 1 deg C rise in rocm temperature
is seen for both systolic and diastolic, and these effects are highly
significant (p<0.001).

However, when adjustment for town is also made to take

account of between-tcwn blood pressure differences, the association between
blood pressure and rocm temperature becomes extremely weak and non
significant.

The effect of adjusting for tcwn in the model is considered

further in section 6.3.3.2 below.

Table 6.2 Partial regression coefficients (and standard errors) for blood
pressure on rocm temperature in the BRHS after adjusting for age alone, and
for age and tcwn (n=6210).
Systolic
Diastolic
_________________________ age____ age & tcwn________age____ age & town
irmHg/deg C
(standard error)

-0.49*
(0.10)

-0.01
(0*14)

-0.51*
(0.06)

-0.06
(0.09)

* p<0.001

6.2.3

The association between outdoor temperature and blood pressure.

In the BRHS, maximum outdoor temperature for each tcwn varied between 3.0 deg
C and 19.3 deg C.

The ecological relationship between the tcwn maximum

external temperature and the tcwn mean blood pressure was weakly negative for
systolic (r = -0.08), and slightly stronger for diastolic (r = -0.23), but in
neither case does the significance approach the 0.05 level.

Similar weak and

non-significant associations were found for systolic and diastolic with tcwn
mean temperature, and with diastolic for tcwn minimum temperature, but the
systolic association with tcwn minimum temperature was weakly positive (r =
0.08, p>0.05).

The results of multiple regression analysis of blood pressure on the three
measures of external temperature in the BRHS is shown in Table 6.3.

After

adjustment for age alone, daily maximum temperature is significantly and
negatively associated with systolic and diastolic, and this findings is
apparently strengthened (particularly for systolic) after including adjustment
for tcwn.

A similar pattern of results is seen for daily mean temperature,

but there is no evidence of an association between daily minimum temperature
and either systolic or diastolic whether or not adjustment for tcwn is
included.

Table 6.3 BRHS regression coefficients (in mmHg per one degree C increase)
and standard errors for blood pressure on maximum, mean, and minimum daily
temperature after adjusting for age alone, and for age and tcwn (n=7584).

Systolic
aae & tcwn

aae

aae

Diastolic
aae & tcwn

Daily max temperature
irmHg/deg C

-0.18**
(0.04)

-0.38***
(0.09)

-0.17***
(0.03)

-0.18**
(0.06)

Daily mean temperature
mmHg/deg C

-0.10
(0.05)

-0.32**
(0.11)

-0.13***
(0.03)

-0.16*
(0.07)

Daily min temperature
irmHg/deg C

0.04
(0.05)

-0.02
(0.09)

-0.03
(0.03)

-0.03
(0.06)

* p<0.05

6.3

** p<0.01

★★★ p<0.001

Nine Tcwns Study

6.3.1

Methods. Since the BRHS baseline survey was carried out (1978-80), a

number of reports had raised the possibility that both rocm and outdoor
temperature might influence levels of blood pressure.

The design of the NTS

therefore paid particular attention both to the limitation (where possible) of
temperature variations within and between the survey sites, as well as to the
careful measurement of temperature so that standardisation could subsequently
be carried out if necessary in the analysis.
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The survey work for the NTS was carried out either in the practice premises (7
towns) or in educational (1 tcwn) or hospital premises (1 tcwn).

Arrangements

were made to ensure that reasonable heating facilities were available in the
areas used for the surveys.

Poem and skin temperature. Rocm temperature was measured to the nearest 0.1
deg C iranediately prior to the blood pressure measurement of each subject,
using a type-K thermocouple air probe placed close to the subject, but away
from heaters, the electronic machinery and direct sunlight.

Mid-forearm skin

temperature was measured to the nearest 0.1 deg C for each subject using a
type-K thermocouple surface probe.

During development of the study, it was

found that the surface probe would provide stable and repeatable measurements
if held with light pressure against the skin for at least 45 seconds.

The

position on the arm was also found to be important, and for each subject the
forearm was measured and the probe placed half way between the elbow and the
wrist in the midline of the ventral surface for 1 minute.

The calibration of

the thermocouples was checked at the beginning of each day of survey work
against an identical duplicate set of instruments, and also against a pair of
accurate thermometers.

No evidence of change in the study instruments was

detected over the duration of the study.

Outdoor temperature and humidity. Data on external temperature and percentage
humidity for each hour during the survey days was obtained from the
Meteorological Office for each town with the exception of Merthyr Tydfil where
only 4 hourly data was available.

The meteorological data was recorded at

weather stations within about 20 miles of each tcwn, sane being within 5 miles
at the local airport.

The values of external temperature and humidity for

each subject used in the analysis were those closest to one hour prior to the
time of blood pressure measurement, which corresponds roughly to the time of
travel to the survey centre.

For Merthyr Tydfil, hourly values were obtained

by extrapolation frcm the 4 hourly data.

In addition, daily values of mean,

maximum and minimum outdoor temperature have been analysed for comparison with
the BRHS and other studies.

Blood pressure, temperature (rocm, skin and outdoor) and humidity data are
available on 2596 (99.5%) of the respondents.

6.3.2

Mean values for temperature and humidity data in the NTS. Table 6.4

shews the mean values and standard deviations for rocm, skin and outdoor
temperature, and for humidity.

The values for men and women in the NTS are

similar, and also comparable to the BRHS.

Roam temperature in the BRHS was

about 1 degree C higher and there was more variability.

The daily outdoor

temperature values in the BRHS were less than 1 degree C higher, but also
showed more variability.

Table 6.4
Mean values (and standard deviations) of rocm, skin and outdoor
temperature, and outdoor humidity in the NTS. Temperatures are in degrees C,
and humidity in percent.

Subiects

Men_________
Mean
SD

Women
Subiects
Mean

SD

Rocm temperature

1281

19.8

1.58

1315

19.9

1.76

Skin temperature

1281

30.9

0.98

1315

30.5

1.11

Outdoor humidity

1281

78.6

12.68

1315

78.3

12.55

1281

9.7

3.99

1315

10.0

4.05

Outdoor temoerature:
(a) Individual
(b) Daily values;
(89 days, all subiects)
Daily maximum
Daily mean
Daily minimum

6.3.3

Mean
11.5
8.8
5.8

SD
3.98
3.60
3.63

Rocm temperature.

6.3.3.1

Results

The variation between towns in roam temperature was small,

amounting to a maximum of 2.8 deg C for men and women (Table 6.5).

Regression

analysis for blood pressure on rocm temperature is shown in Table 6.6.

There

is no evidence of the negative association seen in the BRHS when adjustment is
made for age only, indeed all the coefficients are positive for both men and
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Table 6.5
Mean values of roam, skin and individual outdoor temperature
(degrees C), and humidity (percent) for all male and female subjects in the
NTS by tcwn and age-group.

Town______________
MAIDSTONE
Rocm(r
SkinT
ExtT
ExtH
RoartT
EXETER
SkinT
ExtT
ExtH
CARLISLE
RoartT
SkinT
ExtT
ExtH
RoartT
SCXJIHPORT
SkinT
ExtT
ExtH
RoartT
GCJUDFORD
SkinT
ExtT
ExtH
DUNFERMLINE RoartT
SkinT
ExtT
ExtH
AYR
RoartT
SkinT
ExtT
ExtH
SCUNTHORPE RoartT
SkinT
ExtT
ExtH
M TYDFIL
RoartT
SkinT
ExtT
ExtH

__________ Men_________
25-29
40-44
55-59
20.6
20.3
20.2
30.8
30.9
30.6
6.7
6.9
6.8
84.3
86.3
85.5
21.0
21.1
21.5
31.0
30.9
30.9
5.4
5.4
4.6
67.6
68.0
69.3
18.7
19.0
18.9
30.7
30.7
30.4
6.8
6.1
6.9
83.1
82.7
82.2
19.4
19.1
19.5
30.7
30.6
31.0
10.3
10.6
10.9
75.4
75.2
73.7
18.8
18.8
18.9
30.3
30.5
30.5
12.7
12.8
12.6
83.2
81.7
82.6
19.7
20.8
20.8
31.2
31.2
30.8
15.3
16.0
15.8
71.5
73.5
68.0
20.7
21.1
21.0
31.2
31.1
31.1
13.7
13.2
13.3
80.4
77.4
76.8
19.4
19.5
19.1
31.3
31.3
31.3
9.9
10.2
10.1
81.4
79.3
82.0
19.8
19.8
19.9
31.4
30.9
31.1
7.7
7.4
7.8
83.8
84.6
82.8

25-29
20.2
30.4
6.6
87.6
21.5
30.5
4.8
69.5
18.9
30.1
6.8
81.7
19.3
30.6
10.7
75.1
18.8
30.0
13.1
83.4
21.0
31.0
16.1
69.8
21.2
31.0
13.2
79.5
19.3
31.0
10.5
82.0
20.1
31.1
7.6
83.9

Wcmen________
40-44
55-59
20.4
20.2
30.4
30.7
6.7
6.5
85.3
85.0
21.4
21.3
30.6
30.8
5.8
5.8
68.1
69.2
18.7
19.1
30.2
30.0
6.7
6.7
80.7
82.0
19.2
19.0
30.2
30.1
10.7
10.5
73.3
74.4
18.8
18.9
29.9
29.9
13.2
13.5
79.7
82.1
20.7
21.2
30.7
31.1
15.8
15.8
72.4
69.0
20.8
21.0
30.8
30.6
13.0
13.5
81.0
79.5
19.2
19.6
30.8
30.5
10.5
11.1
79.9
81.5
19.9
20.0
30.8
30.6
7.9
7.9
82.2
84.1

wonen although none is statistically significant.

After adjustment for town

most of the associations became negative (with the exception of female
diastolic), but none reaches significance at the 0.05 level.

Table 6.6 Regression coefficients (and standard errors) in mmHg per degree C
increase for blood pressure on roan temperature in the NTS after adjustment
for age alone, and for age and tcwn.

aae

Systolic
aae & tcwn

aae

MAP______
aae & town

aae

Diastolic
aae & tcwn

Men (n=1281)

0.47
(0.31)

-0.05
(0.36)

0.25
(0.23)

-0.20
(0.26)

0.18
(0.18)

-0.20
(0.20)

Wcmen (n=1315)

0.07
(0.29)

-0.05
(0.34)

0.10
(0.20)

-0.01
(0.23)

0.16
(0.15)

0.13
(0.17)

6.3.3.2

Effect of rocm temperature. The BRHS demonstrated a strong negative

ecological association between measurements of blood pressure and rocm
temperature.

However, this relationship is not seen at an individual level

among the 6210 men when examined independently of mean blood pressure
differences between towns.

A similar analysis of the NTS data did not find

evidence of a consistent or significant association between room temperature
and blood pressure.

The effect of adjusting for town is clearly crucial to

the interpretation of the BRHS results in particular.

This procedure

effectively examines the association between rocm temperature and blood
pressure in each of the towns, and averages all these estimates.

The virtual

absence of any within-tcwn association strongly suggests that the between town
relationship - although clearly evident and significant (for diastolic) - has
probably arisen from an ecological fallacy due to confounding by factors
associated with both rocm temperature and blood pressure on a town basis (see
also a similar conclusion for outdoor humidity in the NTS; section 6.3.6).

As discussed in section 6.1.1, the evidence from other studies is negative [de
Swiet 1984], or conflicting [Prineas 1980, Heller 1978], so it is not at all
clear whether there is any genuine association between blood pressure and rocm
temperature over the range found in these studies.

It must however be recognised that neither the BRHS nor the NTS have rocm
temperature data which cover a wide range.

The standard deviations are less

than 2 deg C, indicating that about 95% of the BRHS distribution lies within a
range of 8 degrees, and a little less for the NTS.

These figures are similar

to, or a little smaller than, the ranges of indoor temperature described in
other reports (see Section 6.1.1).

This is a rather narrow range over which

to examine the relationship with blood pressure, and indeed efforts were made
in both studies to prevent wide variations in rocm temperature.

One further point which may be relevant to the negative and inconsistent
findings of these studies, is the time spent in the examination rocm prior to
blood pressure measurement.

In both the BRHS and the NTS, this interval would

not usually have been more than 5 minutes, and it cannot be assumed that the
other rocms where subjects were waiting or being interviewed would have been
at the same temperature.

In the other studies described, the interval prior

to blood pressure measurement may have varied, but this information is not
available in the published reports.

6.3.4

Outdoor temperature.

6.3.4.1

Results. Mean tcwn outdoor temperature (NTS) for 1 hour prior to the

arrival of subjects at the survey centre varied frcm about 5 deg C to nearly
16 deg C (Table 6.5).

There was no evidence of any significant association

between the means of these individual outdoor temperatures for the nine towns
and the mean town blood pressure at age 25-29 or 40-59 (Figure 6.2).

The

results of the multiple regressions of blood pressure on individual outdoor
temperature values 1 hour prior to examination, and on mean, maximum and
minimum daily temperatures, are shewn in Table 6.7.

None of these

associations reach statistical significance, but the daily maximum does show a
consistent negative association with blood pressure for both sexes after
adjustment for age and tcwn.

The magnitude of the associations with daily

maximum temperature for females are of a similar order to those (for men) in
the BRHS, but those for the men in the NTS are sanewhat smaller.

Table 6.7 Regression coefficients (and standard errors) in mmHg per 1 degree
C increase in various measures of outdoor temperature, adjusted for age alone,
and for age and tcwn.

_________________ aae

Systolic
aae & tcwn_____ aae

MAP_______
aae & tcwn____ aae

Diastolic
aae & tcwn

MEN (n=1281)
Daily mean

-0.10
(0.14)

0.06
(0.32)

0.08
(0.10)

0.02
(0.23)

0.09
(0.08)

-0.02
(0.18)

Daily maximum

-0.16
(0.12)

-0.03
(0.28)

0.03
(0.09)

-0.07
(0.20)

0.07
(0.07)

-0.11
(0.16)

Daily minimum

0.03
(0.14)

0.08
(0.23)

0.14
(0.10)

0.09
(0.17)

0.10
(0.08)

-0.08
(0.13)

Individual
temperature

-0.10
(0.12)

0.04
(0.22)

0.06
(0.09)

0.02
(0.16)

0.06
(0.07)

-0.08
(0.12)

Daily mean

-0.03
(0.14)

0.20
(0.34)

0.04
(0.10)

-0.05
(0.24)

0.04
(0.07)

-0.08
(0.17)

Daily maximum

-0.17
(0.13)

-0.30
(0.30)

-0.01
(0.09)

-0.24
(0.20)

0.02
(0.06)

-0.19
(0.15)

Daily minimum

0.16
(0.14)

0.39
(0.24)

0.09
(0.10)

0.12
(0.17)

0.03
(0.07)

0.02
(0.12)

Individual
temperature

-0.02
(0.13)

0.22
(0.23)

0.04
(0.09)

0.02
(0.16)

0.04
(0.06)

-0.02
(0.11)

WOMEN (n=1315)
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Figure 6.2 Associations between mean tcwn outdoor temperature (individual
values 1 hour prior to examination) and mean town MAP, showing correlation
coefficients and regression equations for the nine points at ages 25-29 and
40-59.
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6.3.4.2

Effects of outdoor temperature. Since the regression coefficients

(Table 6.7) are all non-significant, it is not possible to estimate with any
precision the relationship between outdoor temperature and blood pressure in
the NTS.

The highly significant coefficients frcm the ERHS analysis (Table

6.3) of -0.38 systolic and -0.18 diastolic for daily maximum temperature after
adjustment for tcwn are much more precise, and are at least consistent with
those for men and wemen in the NTS, and the other studies described [Brennan
1982, Jenner 1987].

If these ERHS coefficients are reliable estimates of the true relationship
between blood pressure and daily maximum outdoor temperature, it might be
expected that there would seme effect of outdoor temperature on the mean blood
pressures in the nine towns.

Given the range of about 10 degrees Centigrade

between mean external temperature for the towns, an effect of approximately
3.8 mmHg systolic (95% confidence interval; 2.0 to 5.6) and 1.8 mmHg diastolic
(0.6 to 3.0) would be expected.

However, the relationship between mean town

daily maximum temperature and mean tcwn blood pressure is weakly positive with
correlation coefficients of between +0.05 and +0.18, and none is statistically
significant at the 0.05 level (Figure 6.3).

It seems therefore that despite the evidence frcm several studies of a
negative association with blood pressure and the marked variation in outdoor
temperature between tewns in the NTS, this factor does not appear to have made
any important contribution to the pattern of geographic blood pressure
differences seen in this study.

This conclusion m y appear somewhat

contradictory - but there seems to be little justification for adjusting the
NTS blood pressure values for the effects of outdoor temperature. The general
issue of hew results derived frcm comparative studies of this nature can be
validated in the face of potential sources of bias estimated with questionable
precision is considered further in Chapter 9 (Section 9.7.1)
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Figure 6.3 The association between mean town daily maximum outdoor
temperature and mean tcwn MAP at ages 25-29 and 40-59.

6.3.5

Skin temperature

6.3.5.1

Results. There was very little variation in average skin temperature

between the nine towns (Table 6.5).

The regression coefficients for blood

pressure on skin temperature are shewn in Table 6.8.

Table 6.8 Regression coefficients (and standard errors) in mmHg per 1 degree
C increase in skin temperature, after adjusting for age alone, and for age and
tcwn.

Systolic
aae
aae & tcwn

aae

MAP______
aae & tcwn

Diastolic
aae & tcwn
aae

Men (n=1281)

0.13
(0.50)

-0.65
(0.52)

-0.49
(0.37)

-0.98**
(0.38)

-0.46
(0.28)

-0.84**
(0.29)

Women (n=1315)

-0.13
(0.46)

-0.46
(0.48)

-0.33
(0.31)

-0.58
(0.33)

-0.13
(0.23)

-0.26
(0.24)

** p<0.01

After adjustment for age, negative but non-significant associations are seen
for all measures of blood pressure with the exception of male systolic.

After

adjustment for tcwn, all of the associations are negative and of greater
magnitude, and those for MAP and diastolic in men are significant at the 0.01
level.

6.3.5.2

Skin temperature as a marker of recent ambient temperature. The

effect of surface cooling on and blood pressure described in 6.1.3 [Keatinge
1984] was equivalent to about -0.6 nmHg systolic and -1.3 mmHg diastolic per 1
degree C increase in skin temperature (over a 20 minute period]. These
findings are consistent with the age and tewn-adjusted associations seen in
the NTS data set (Table 6.8).

If this association does reflect a true short-term response of blood pressure
to ambient temperature changes, this might appear to conflict with the finding
of no short-term relationship between blood pressure and (a) rocm temperature,
and (b) outdoor temperature at about the time of travel to the survey centre.
Hoover, it has already been noted that in both the BRHS and NTS, subjects
would only have been in the examination rocm for about 5 minutes prior to
blood pressure measurement, and it cannot be assumed that the waiting and
interview rocms were at the same temperature.

Furthermore, it was often the

case that the subject left home or work and then drove or took public
transport to the survey site, so it is perhaps unlikely that outdoor
temperature during the travelling period would reflect the actual temperature
that the subject was exposed to during this time.

It may well be that skin

temperature is a good indicator of the actual temperatures, whether indoors,
in a vehicle or outdoors, that each person was exposed to in the period
leading up to the time of blood pressure measurement.

Skin temperature would almost certainly be affected by other factors such as
clothing and recent physical exercise, but information on these factors is not
available in the NTS and no attempt has been made to examine such effects.

6.3.6

Outdoor humidity.

6.3.6.1

Results. There were quite marked variations between average

percentage humidity for the 9 towns (Table 6.5).

Regression analysis shows

weak but almost uniformly negative associations with blood pressure after
adjustment for age alone (Table 6.9), and these were significant at the 0.05
level for MAP and diastolic blood pressure in men.

Adjustment for tcwn

reduced the magnitude of the associations, and none remained significant.
This is likely to represent another ecological fallacy similar to that seen
for rocm temperature and blood pressure in the BRHS (Section 6.2.2).

Towns

that experienced more humid conditions at the time of the surveys had higher
mean blood pressures, and the explanation for this must lie in other
confounding factors.

Table 6.9. Regression coefficients (and standard errors) in irmHg per 1
percent increase in outdoor humidity, after adjustment for age alone, and for
age and tcwn.

Systolic
aae
aae & tcwn

aae

MAP__________
aae & tcwn
aae

Diastolic
aae & town

Men
(n=1281)

-0.02
(0.04)

-0.01
(0.04)

-0.06*
(0.03)

-0.03
(0.03)

-0.06*
(0.02)

-0.03
(0.02)

Women
(n=1315)

-0.02
(0.04)

-0.02
(0.04)

-0.04
(0.03)

-0.00
(0.03)

-0.03
(0.02)

0.01
(0.02)

* p<0.05

6.3.6.2

Effects of humidity or rainfall. The findings of the rainfall

analysis in the MRC Hypertension trial [Brennan 1982]) were of a weak positive
association with blood pressure, which was non-significant after adjustment
for outdoor tenperature.

The NTS data suggest that there is no association

between percentage outdoor humidity and blood pressure, and overall the two
studies indicate that whether measured as rainfall or percentage humidity,
this climatic factor is not likely to be of any great importance as a
determinant of blood pressure.
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7.1

The recording nf medication and validation of data collection.

7.1.1

Background. A number of canmonly used drugs, including those used for

hypertension, angina and cardiac failure, reduce levels of blood pressure.

If

the proportion of people of a given age who are treated with such drugs
differs between towns, then differences in mean blood pressure between towns
will arise.

Furthermore, these differences may have more to do with service

factors such as the screening activity and treatment preferences of the
general practitioners than with any true differences in population blood
pressure levels.

This chapter is concerned with (a) assessing the extent of

variation between towns in the proportion of subjects treated with blood
pressure lowering drugs, and (b) developing a method for presenting an
estimate of tcwn blood pressure which is independent of the effects of
medication.

7.1.2

Recording of medication. In the interview, subjects were asked a

number of questions relating to a diagnosis of high blood pressure, treatment
specifically for high blood pressure (name of drug, and when last taken), and
any other medication (name of drug, and when last taken) - see questionnaire
Questions M2 to M5 ; Appendix 1.

The drugs were coded according to the

protocol in Table 7.1, which is based on the categories used in the British
National Formulary.

This procedure allowed a precise coding of all medication according to its
function, and made possible the identification of drugs according to the
effect that they have on blood pressure, and of drugs which are recognised as
specific anti-hypertensives.

However, the accuracy of this information

depends entirely on hew well subjects recall their medication.

A validation

study was therefore carried out to assess the accuracy of recall.
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Table 7.1

Drug coding protocol

Identify the drag name in the index of the BNF (No 11, 1986)
Either the generic or proprietary name can be used. Sane proprietary drugs
are not in the BNF; in these cases use MIMS or the British Pharmacopaea to
identify the generic names of the component drugs. For combination drugs,
identify the components and code each one, eg;

Nadolol
Corgaretic
Bendrofluazide

Refer to the section or subsection of the BNF. These form the basis of
coding using the following schedule; for example:

-

► beta-blocker
Nadolol
Bendrofluazide -- ► diuretic

►
►

BNF section 2.4
BNF section 2.2

—►
►

Code=02
Code=01

The full coding list used in the NTS is given in Appendix 2

7.1.3

Pilot validation study: Gloucester. Gloucester served as a pilot town

for all of the study procedures.

It became clear during the interviews that a

majority of people on medication had an apparently clear recall, and seme even
brought lists of drugs or repeat prescription cards with them.

A minority,

however, were much less certain, and could at sometimes do no more than
describe the number of different drugs, their colour and shape, and what they
thought each was for.

Following the two week pilot survey, 96 subjects were

selected as follows, including all those on medication and age-matched
controls;

38 who had a clear recall of their medication
18 who were not sure of their medication
40 (controls) who did not report any medication
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A search for medication was made in the repeat prescription records because it
was assumed (wrongly) that most regularly prescribed medication ought to
appear there.

Subsequently, a search was made in the main patient records,

but only for those subjects reporting sane medication and where none at all
was found in the repeat prescription record.

A summary of the findings is

presented in Table 7.2

Table 7.2
Outcane of a search of repeat prescription records, and main
records (not all subjects - see text), of subjects recalling treatment and
controls, Gloucester pilot tcwn. The accuracy of recall is broken dcwn
according to the number of drugs each person was taking (according to the
subject).
________ RECALL BY SUBJECT AT INTERVIEW_______
PRACTICE
No recall of
Regular treatment reported
RECORD___________________treatment__________ Uncertain_________ Certain

Number of subjects with
no record of regular
treatment found

36

Subjects where a record of drugs
was found and the record ....

... did not agree with
the subject's recall

Total

Number of:
druos DeoDle
1
2
3
4

... agreed with the
subject's recall

4*

40

0

3

2
0
1
0

Number of:
drugs Deoole
1
2
3
4

26
4
1
1

12

6

18

38

* These drugs were; Naprosyn, Navidrex K (subject said only taking
occasionally), Valium, and Mixt Mag Trisilicate.

Fran the point of view of the study, the quality of recalled data was fairly
satisfactory.

For most (90%) of the people recalling no treatment, this was

confirmed, and in any case the appearance of the drug in the records does not
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necessarily mean it is still being taken.

Subjects not recalling clearly were

generally easily recognised, and a search of repeat prescription and main
records yielded drug names which tallied very well with the colour/size/use
descriptions given during the interviews.
clearly appeared to be quite reliable.

Finally, people who recalled

In a few cases there were differences,

but for at least half of these the patient was likely to be corect (eg with
Gold; which will have been prescribed from a hospital clinic).

Following this study, the procedure adopted for the main survey was to accept
as accurate the reports of those who stated clearly whether or not they were
taking regular medication, and to search the repeat prescription and main
records of those whose recall was not certain.

This search was done during

the survey, and the drug names entered onto the interview form.

7.1.4

The second validation study: Southport. On account of the

methodological shortcomings in the Gloucester validation study, and the
possibility that one practice might not be representative, a more detailed
validation exercise was carried out in the fourth town of the main study.
54 subjects reporting medication were investigated.

All

Two age (within 5 years)

and sex matched subjects reporting no medication were selected for every 3 on
treatment, making a total of 35 controls.

A list of all 89 people was sent to

the practice study co-ordinator with no indication of the medication reported
during the survey interview.

The notes and repeat prescription records were

then examined, and all known medication entered onto the list which was then
returned.

All medication reported thus from the practice was checked against

the study records, and discrepancies were found for 27 (30%) of the subjects.
These were indicated on the list and returned to the practice where each
doctor was asked to comment on the reason for the discrepancy for all patients
with whom he/she was familiar.

The results of this investigation are shown in Table 7.3, and are presented
slightly differently frcm the Gloucester findings (Table 7.2).

The results

are given according to the number of drugs which each subject was believed to
have been taking after allowing for the GP's assessment.

The number of drugs

incorrectly recalled have been analysed in this study for all drugs (as in
Table 7.3), and also for those which can reduce blood pressure.

This latter

group includes the diuretics, beta-blockers, and other antihypertensives.
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Controls. For those who reported no treatment in the survey (controls), it
was found that 3 (9%) were thought by the practice to be on sane medication,
although for one this was an intermittent prescription.

None of the drugs

concerned would have had any direct effect on blood pressure.

Subiects reporting medication. Of the 44 subjects who reported medication
with certainty in the survey interview, only 2 (4%) were found to have one
drug incorrectly recalled, and in neither case was this a hypotensive.

For 5

other subjects who reported more drugs than the GP could account for, the
doctor was sure frcm the nature of the drug and the circumstances that it was
being bought directly frcm the chemist.

The 10 subjects who were uncertain

about their medication mostly gave vague names or simply descriptions of the
size and/or colour.

There was only one obvious discrepancy, and this was not

for a hypotensive.

Table 7.3
The number of subjects recalling their medication incorrectly, by
the number of drugs recalled incorrectly, and the number of drugs being taken.

Number of
drugs being
taken (best
estimated
0
1
2
3
4
5

Total

___________________RFflAT.TFD TREATMENT________
NONE
UNCERTAIN
CERTAIN
Number of drugs
Number of drugs
Number of drugs
incorrect
incorrect
incorrect
0
0
1
2+
0
1 2 +
1
2+

32
-

3a

-

-

-

-

-

-

-

3
2
3
1

1

-

25b
llc
4
2

1
-

1
-

35

10

44

a

Includes 1 prescribed intermittently which may not have been taken during
the survey.

b

Includes 4 subjects who were thought to have been buying one item of
medication directly frcm the chemist.

c

Includes 1 subject who was thought to be buying one item of medication
directly frcm the chemist.
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Conclusion. For the controls and subjects who were certain of their
medication, the accuracy of information provided appears to be extremely high,
and supports the conclusions of the earlier pilot study.

For the purposes of

the main NTS survey, it was reassuring that none of the 89 subjects gave
erroneous information about drugs which would affect blood pressure.

The

results of these two validation studies suggest that the protocol adopted for
the MTS would lead to very few errors, particularly for the all-important
hypotensive medication.

7.2 Medication in the Nine Towns Study

7.2.1

The prevalence of hypotensive medication. Table 7.4 (page 165) shows

the number of subjects in each age group who reported having taken medication
in the previous 48 hours that might lc*er blood pressure.

The drugs have been

classified in two ways, as follows;

(a) "HYP"; This specific group includes only those subjects reporting
that they ware being prescribed regular treatment for high blood pressure,
and that they took one or more drugs in the previous 48 hours that are
recognised for the treatment of raised blood pressure. The groups of drugs
are; diuretics, beta-blockers and antihypertensives (the latter group in
section 2.5 of the BNF).
(b) "ALL"; This more general group includes all subjects reporting
regularly prescribed medication, taken for any reason in the last 48 hours,
and which can reduce blood pressure. The groups of drugs are; diuretics,
beta-blockers, antihypertensives (BNF 2.5) and vasodilators.

7.2.2 Variation in the prevalence of medication between towns. The
proportion of people who reported taking either specific antihypertensive
(HYP) therapy or any drug which can lower blood pressure (ALL) varied
considerably between towns (Table 7.4).
7.5 (page 166).

This variation is summarised in Table
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Table 7.4
Number (%) of male and female subjects in each tcwn, by age group,
who reported taking specific antihypertensive ("HYP"), and any drug capable of
reducing blood pressure ("ALL") in the previous 48 hours. For full
definitions see text.

Tcwn

Gtoud

25--2?

MEN_________
40--44
$5-59

25--29

WOMEN
44--44

55-59

MAIDSTONE

HYP
ALL

0
0

0)
0)

2
3

4)
6)

6 (14)
6 (14)

0
0

0)
0)

3
4

6)
8)

7 (15)
11 (23)

EXETER

HYP
ALL

0
0

0)
0)

1
1

2)
2)

4 (8)
5 (10)

0
0

0)
0)

0
2

0)
4)

3 (5)
8 (15)

CARLISLE

HYP
ALL

0
0

0)
0)

3
4

6)
8)

5 (11)
9 (19)

0
0

0)
0)

1
3

2)
6)

4
5

SOUTHPORT

HYP
ALL

1
2

2)
4)

0
1

0)
2)

3
5

(5)
(9)

0
0

0)
0)

1
2

2)
3)

2 (4)
5 (10)

GUILDFORD

HYP
ALL

0
0

0)
0)

2
3

4)
6)

2 (4)
6 (12)

1
1

3)
3)

1
2

2)
4)

5 (9)
7 (12)

DUNFERMHINE

HYP
ALL

1
1

2)
2)

1
1

2)
2)

6 (13)
11 (24)

1
1

2)
2)

0
1

0)
2)

6 (12)
12 (24)

AYR

HYP
ALL

0
0

0)
0)

3
3

9)
9)

6 (12)
11 (23)

0
0

0)
0)

1
2

2)
4)

8 (18)
10 (22)

SCUNIHORPE

HYP
ALL

0
0

0)
0)

0
0

0)
6)

5 (10)
11 (23)

0
1

0)
2)

1
3

2)
6)

10 (22)
12 (26)

M TYDFIL

HYP
ALL

0
0

0)
0)

2
3

4)
6)

10 (19)
16 (30)

0
0

0)
0)

1
4

2)
8)

9 (18)
12 (24)

(7)
(9)
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Table 7.5 Variation between tcwns in the percentage of subjects of all ages
on treatment which lowers blood pressure.
________ MEN________
mean %_______ (Range)

Group

WOMEN_______
mean %_______ (Range)

Specific (HYP)

4.9

(2.4- 8.1)

4.9

(1.8 - 8.3)

General (ALL)

8.0

(4.1- 12.6)

8.1

(4.2 - 12.4)

The variation between towns may be related to need (number of people with high
blood pressure in given town), or to service factors (such as the screening
and treatment activity of the doctors in that town). These issues have not
been examined here, since the purpose is to find a way of expressing an
average population blood pressure level independent of treatment effects,
whatever might be the factors that influence the decision to treat an
individual.

Both the mean percentages on treatment in the study, and the

range between towns, are very similar for men and wcmen.

7.3

Taking account of the effects of medication.

7.3.1

The potential usefulness of the median. It is a characteristic of the

mean that it is more markedly influenced by values inthe tails of a
distribution than is the median.

The distribution of blood pressure

in most

populations is positively skewed, with the relatively small number of people
with high and very high blood pressure having a disproportionate effect on the
mean.

The influence of medication is likely to be seen mostly among people

with high blood pressure, that is in the upper tail of the distribution.

It might be expected that the median would be influenced much less by the
effects of medication on those people who had high blood pressure prior to
treatment.

This would be true if all subjects on treatment for hypertension

had blood pressure values above the median for their age group.

In the NTS,

this was not the case; in the age group 55-59, 15 of the 48 men (31%) and 20
of the 54 wcmen (37%) on specific antihypertensive treatment (the "HYP"
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definition in section 7.2.1) had systolic values below the median for their
group.

7.3.2 Adjustment of the median. In order to overcane the problem of treated
hypertensives having blood pressures belcw their age-specific median, the
medians have been adjusted to remove the effect of medication.

It has been

assumed that no subject vrould have been started on regular antihypertensive
medication if his or her blood pressure had been at or below the median for
that age group.

Each person on regular ("HYP") treatment has therefore been

assigned values of systolic, MAP and diastolic well above the median for their
own aae-sex group, and the median for that group recalculated.

The definition of specific antihypertensive medication used for this purpose
("HYP") is felt to be very strict, and almost certainly excludes subjects who
reported taking diuretics and/or beta-blockers for heart failure or angina,
but who may also have had high blood pressure and did not state this as one
reason for their treatment.

However, it is not possible to assume that these

subjects did have high pre-treatment blood pressure levels, and it would
therefore have been incorrect to assign them values above the median.

In

conclusion, the adjustment procedure is likely to have underestimated the
effect of treatment on the population level of blood pressure.

7.3.3 Adjusted median blood pressure values. One disadvantage of using the
median is the lack of a (precise) standard error; the use and interpretation
of "treatment-adjusted medians" in this study is considered further in Chapter
8.

For purposes of comparison, the adjusted median blood pressure values for

the 9 tcwns are given in Tables 7.6 (a) and (b), according to the age
groupings used in the presentation of the main (age-adjusted mean) results in
Chapter 8.

The older two age groups have been canbined by taking the

unweighted mean of the adjusted medians at ages 40-44 and 55-59 (Table 7.6

(a )).
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Table 7.6 Treatment-adjusted median blood pressure values for men and vonen
in the nine towns aged (a) 40-44 and 55-59 canbined, and (b) 25-29.

(a) Ages 40-44 and 55-59 combined:

Tcwn
Maidstone
Exeter
Carlisle
Southport
Guildford
Dunfermline
Ayr
Scunthorpe
Merthyr Tydfil

SEP

MEN________
MAP
DBP

SEP

140.5
140.6
141.5
139.2
133.1
140.6
144.4
140.3
144.6

98.3
103.6
103.1
103.5
97.7
103.1
105.9
104.0
107.4

SEP

MEN
MAP

DBP

SEP

135.8
132.8
135.4
139.3
129.0
137.0
142.9
135.8
136.6

93.0
93.5
93.0
95.6
88.4
94.0
98.2
92.4
93.4

70.4
73.3
70.8
77.2
69.4
74.4
76.8
70.4
73.2

119.0
119.2
121.2
119.7
113.0
120.2
121.4
119.9
122.2

77.9
83.8
82.0
82.9
79.0
82.9
86.0
84.1
84.5

134.6
132.9
132.0
133.8
128.2
133.3
132.2
135.2
135.8

WOMEN
MAP

DBP

93.8
98.3
98.1
98.5
93.7
99.1
98.1
98.8
99.5

73.9
78.2
77.4
78.3
74.9
79.7
77.4
79.1
76.3

(b^ Acre 25-29:
Town
Maidstone
Exeter
Carlisle
Southport
Guildford
Dunfermline
Ayr
Scunthorpe
Merthyr Tydfil

WOMEN
MAP

DBP

82.5
88.0
87.0
88.7
82.4
87.0
87.2
86.5
87.0

63.2
69.2
70.2
71.5
68.2
70.4
69.7
67.0
70.6
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8.1

Presentation of results. Blood pressure levels for men and women in each

town are presented separately for the oldest two age groups combined (40-44
and 55-59, expressed as 40-59) and for the youngest age group (25-29), and the
means for both groups have been age-adjusted by linear regression.
grouping has been done for three reasons.

This

First, comparison with the BRHS

required separate consideration over the age range 40-59 years.

Second, while

the rise of blood pressure with age can (on the basis of BRHS data) be assumed
to be linear for systolic (although to a lesser extent for diastolic) between
40 and 59 years [Shaper 1981], it is markedly non-linear (especially for
systolic) over the whole age range of the Nine Towns Study.

Third, the lower

response rate in the 25-29 year olds necessitates separate examination of this
group before an overall view of the data can be taken.

Data are also presented as treatment-adjusted medians calculated as described
in Chapter 7.

Although the method used should theoretically make a valid

adjustment for treatment effects, it is dependent on the completeness and
accuracy of information about treatment, and on certain assumptions about pretreatment blood pressure values.

For this reason, results for means are

reported alongside those for treatment-adjusted medians, so that comparison
can be made.

8.2

Differences between towns in age-adjusted blood pressure

8.2.1

Age 40-59; Table 8.1 shews the age-adjusted mean systolic, mean

arterial (MAP), and diastolic values for men and wemen aged 40-59 in the nine
towns.

The ranges of mean tewn blood pressures for men are 9.0 irmHg systolic,

6.9 mmHg MAP, and 5.0 mmHg diastolic.

Those for women are slightly smaller;

8.6 mmHg systolic, 5.2 mmHg MAP, and 4.5 mmHg diastolic.

These between-town

differences have been tested by one-way analysis of variance, and all reach
significance with the exception of female systolic (Table 8.1).

This latter

finding is, in part, due to the greater variability among the oldest women,
the systolic standard deviations for the 55-59 year age group being 20.62 mmHg
(males) and 23.71 mmHg (females).

Age 25-29: Table 8.2 shews the mean systolic, MAP, and diastolic results for
the young men and women in the nine towns.

The range of differences between
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Table 8.1 Age-adjusted mean blood pressures (and standard errors) for men and
wsmen aged 40-59 in the Nine Towns Study. These are presented in three sets,
each of which contains a lew, a medium, and a high town, classified according
to the blood pressure levels in the BRHS. The ranges of the tewn means and
the p-values for one-way analysis of variance are also shewn.

(a)

Men

Town sets

BRHS
Status

Number
of
subjects

Exeter
Maidstone
Carlisle

Lew
Medium
High

106
92
99

142.7 (1.83)
140.0 (1.97)
139.2 (1.90)

105.1 (1.37)
100.1 (1.47)
101.3 (1.42)

84 .5 (1.00)
79 .5 (1.07)
80 .4 (1.03)

Lew
Guildford
Medium
Southport
Dunfermline High

101
110
88

135.6 (1.88)
140.5 (1.80)
140.5 (2.01)

99.7 (1.40)
104.7 (1.35)
103.7 (1.51)

79 .7 (1.02)
83 .5 (0.98)
83 .5 (1.10)

Lew
Medium
High

84
81
106

140.1 (2.06)
143.4 (2.10)
144.6 (1.83)

103.5 (1.54)
106.6 (1.57)
106.5 (1.37)

83 .7 (1.12)
84 .5 (1.14)
84 .3 (1.00)

867

140.7
9.0
0.05

103.5
6.9
0.001

Low
Medium
High

107
99
108

133.1 (1.95)
134.0 (2.03)
132.3 (1.95)

99.0 (1.36)
95.3 (1.41)
97.4 (1.35)

78.1 (0.95)
74.1 (0.99)
76.9 (0.95)

Lew
Guildford
Medium
Southport
Dunfermline High

113
111
96

129.5 (1.90)
136.6 (1.92)
134.3 (2.06)

95.4 (1.32)
100.1 (1.33)
100.2 (1.43)

74.6 (0.93)
78.4 (0.93)
78.6 (1.00)

97
95
99

134.2 (2.05)
134.1 (2.08)
138.1 (2.03)

98.3 (1.43)
98.1 (1.44)
100.5 (1.41)

77.1 (1.00)
76.3 (1.01)
77.3 (0.99)

Scunthorpe
Ayr
Merthyr

Total
Range (mmHg)
p-value (ANOVA)

Aoe adjusted mean for 40-59 years
Systolic
MAP
Diastolic
mean (sem)
mean (sen)
mean (sem)

82 .6
5 .0
0.0001

fb^ Women
Exeter
Maidstone
Carlisle

Scunthorpe
Ayr
Merthyr

Lew
Medium
High

Total
Range (inriHg)
p-value (ANOVA)

925

134.0
8.6
0.135

98.2
5.2
0.04

76.8
4.5
0.006
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Table 8.2
Age-adjusted mean blood pressures (and standard errors) for men
and women aged 25-29 in the Nine Towns Study. These are presented in three
sets, each of which contains a low, a medium, and a high town, classified
according to the blood pressure levels in the BRHS. The ranges of the town
means and the p-values for one-way analysis of variance are also shown.

(a) Men
Number
of
subiects

Aae-adiusted mean for 25-29 vears
Systolic
MAP
Diastolic
mean (sem)
mean (sem)
mean (sem)

Town sets

BRHS
status

Exeter
Maidstone
Carlisle

Low
Medium
Hiah

42
35
57

134.5 (2.16)
137.7 (2.36)
135.3 (1.89)

93.8 (1.45)
92.8 (1.59)
91.5 (1.27)

73.4 (1.30)
70.0 (1.42)
69.5 (1.14)

Low
Guildford
Medium
Southport
IXmfermline Hiah

43
54
51

128.3 (2.14)
138.1 (1.92)
135.1 (1.99)

89.9 (1.44)
96.7 (1.29)
94.2 (1.34)

70.5 (1.29)
76.0 (1.16)
72.5 (1.20)

Low
Medium
Hiah

51
30
51

134.9 (1.97)
142.8 (2.56)
137.6 (1.96)

93.1 (1.33)
71.5 (1.19)
77.4 (1.54)
100.1 (1.72)
95- 5. 1.1,32),. 73.2 (1.18)

135.8
14.5
0.004

94.0
10.2
0.0002

Scunthorpe
Ayr
Merthvr

Total
Range (mmHg)
p-value (ANOVA)

414

,

72.5
7.9
0.0001

(b ) Women

Low
Medium
Hiah

45
22
59

121.4 (1.98)
121.1 (2.83)
121.9 (1.76)

87.4 (1.35)
83.1 (1.94)
87.7 (1.21)

69.3
64.6
70.0

1.13)
1.62)
1.01)

Low
Guildford
Southport
Medium
Dunfermline Hiah

33
54
52

115.9 (2.32)
121.7 (1.82)
121.1 (1.84)

84.2 (1.58)
89.1 (1.24)
87.9 (1.26)

68.0
72.0
70.6

1.32)
1.04)
1.05)

Lew
Medium
Hiah

42
30
53

120.2 (2.06)
124.1 (2.41)
122.2 (1.81)

85.9 (1.41)
89.1 (1.65)
87.6 (1.24)

68.5
70.9
69.4

1.18)
1.38)
1.04)

121.2
8.2
0.52

87.2
6.0
0.14

69.6
7.4
0.022

Exeter
Maidstone
Carlisle

Scunthorpe
Ayr
Merthvr

Total
Range (mmHg)
p-value (ANOVA)

390
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towns is greater for the men than the wanen, and when tested by one-way
analysis of variance the spread of towns means is highly significant for all
three measures of blood pressure in the men, but only significant (p = 0.02)
for diastolic in the wanen.

8.3

Similarity of male and female results

The pattern of town means is

similar for the two sexes, and correlation coefficients for the associations
between male and female age-adjusted means at 40-59 are; r = 0.76 (p<0.05)
systolic,

r = 0.81 (p<0.01) MAP, and r = 0.76 (p<0.05) diastolic.

The

correlation coefficients for treatment-adjusted medians at age 40-59 (which
take account of any differences between the sexes in levels of medication see Chapter 7) are very similar; 0.70 (p<0.05) for systolic, 0.91 (p<0.001)
for MAP, and 0.70 (p<0.05) for diastolic.

The association between male and

female systolic medians, hcwever, is dependent on the Guildford co-ordinate,
that for diastolic somewhat less so, while Figure 8.1 demonstrates that the
stronger association for MAP is not dependent on any single town.

For age

25-29 the correlation coefficients between male and female age-adjusted means
(treatment-adjusted medians not being required at this age) are 0.92 (p<0.001)
for systolic, 0.70 (p<0.05) for MAP, and 0.66 for diastolic.
Female treatment-adj median (mmHg)
102

r-0.9 (p<0.001)

100

98

96

94

92
95

97

99
101
105
103
107
Male treatment-adj median (mmHg)

109

Figure 8.1 Association between male and female treatment-adjusted median MAP
at age 40-59 in the NTS. (A= Guildford)
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8.4

Relationship to previous BRHS findings

The results of the Nine Towns Study and the BRHS have been compared by
correlation and scatter plots, and although there are no data for females in
the BRHS, this method of ccnparison does allow examination of whether the
original pattern of between-tcwn differences in men is similar to that for
ranen in the new study.

There are likely to have been changes in the

detection and management of high blood pressure in the community over the last
8-10 years, and treatment-adjusted medians are probably the more valid measure
for comparing the findings of the new study and the BRHS.
other analyses, the results for means are also given.

However, as with

MAP is not included

since direct measurement of this is not available from the BRHS.

The

correlation coefficients (Table 8.3) shew that there are positive associations
between the median town values in the two studies for systolic in older and
younger men and women, but that the diastolic associations are very weak.

The

male 40-59 age group associations are representative of the data for systolic
medians in all subjects (Figure 8.2), and illustrate the dependence of the
correlations on one town, Guildford.

Table 8.3
Correlation coefficients between treatment-adjusted median blood pressures in
the BRHS (males aged 40-59) and the Nine Towns Study (males and females aged
25-29 and 40-59). The same correlations using age-adjusted mean blood
pressures for both studies are also shown.

Nine Towns Study

BRHS (males 40-59^
Diastolic
Systolic
median
mean
median
mean

40-59

Male
Female

0.66*
0.55

0.33
0.57

0.01
0.21

-0.17
0.25

25-29

Male
Female

0.52
0.75*

0.45
0.55

0.22
0.30

-0.19
0.20

*

p<0.05

175
BRHS treatment-adj median (mmHg)
154 -

r-0.66 (p<0.05)
A

A

150
A
146 “
A
A

A

142
aA

138 -

134

A

OA

131

A
i

133

i

i

i

i

135
137
139
141
143
9 Towns treatment-adj median (mmHg)

145

147

Figure 8.2 Associations between male treatment-adjusted median systolic blood
pressures at age 40-59 in the NTS and the BRHS. (▲ = Guildford)

8.5

Relationships to cardiovascular and stroke mortality

There are three important reasons for studying the relationships between the
findings of the new study and the mortality experience fran cardiovascular
disease in the survey towns.

First, the BRHS was originally established to

investigate regional variations in cardiovascular mortality in Britain, and
SMRs were critical in the selection of the 24 study towns.

Second, SMRs

provide an important source of external validation for the findings of the
present study, particularly for wanen since the selection of high, medium, and
lew towns was based solely on the mean blood pressure values in an exclusively
male sample.

Third, SMRs for a given town are likely to be estimated with

more precision than are the mean tewn blood pressure levels in the BRHS which
are open to measurement bias as well as sampling error.

Each tewn SMR for

cardiovascular disease has 95% confidence intervals of approximately + 5 with
a range of 62 for males and 115 for females, while the BRHS town means have
95% confidence intervals of + 2.4 mmHg systolic with a range of 16.6 mmHg.

Table 8.4 shows that for the men aged 40-59 there are consistent and strong
relationships between the treatment-adjusted medians for all three measures of
blood pressure and the cardiovascular SMRs.

The relationships for wemen aged

40-59 are also consistent across the same three measures of blood pressure,
though weaker than for the men.
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Table 8.4 Correlation coefficients for relationships between the SMRs for
cardiovascular disease (ages 35-64, 1979-83) and treatment-adjusted median
blood pressures. Correlations using age-adjusted mean blood pressures for the
Nine Tcwns Study at ages 40-59 and 25-29 are also shewn.
Nine Tcwns Study
blood pressure
bv age aroup
Age 40-59
Systolic
MAP
Diastolic

Correlation with CVD SMR
males
females
median
median
mean
mean

Age 25-29
Systolic
MAP
Diastolic
* p<0.05

** p<0.01

0.81**
0.91***
0.87**

0.69*
0.77*
0.72*

0.41
0.74*
0.55

0.61
0.72*
0.58

0.74*
0.70*
0.56

0.64
0.67*
0.52

0.78*
0.63
0.54

0.75*
0.75*
0.61

*** pO.OOl

With the exception of female systolic, these associations are not dependent on
one town, and this is illustrated for MAP in Figure 8.3.

The results for the

young age group are very similar, again with female systolic being the only
association dependent on the Guildford co-ordinate.

SMR CVD (35-64) 1979 - 83
145

r-0.91 (p<0.001)

125

105

85

65
95

97

101
105
107
99
103
Treatment-adj median MAP (mmHg)

109

Figure 8.3 Median MAP (40-59) and CVD mortality for men (▲ = Guildford)
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Stroke mortality

The associations between tewn blood pressures and stroke mortality are also
important since there is probably a more direct causal association between
stroke and raised blood pressure.

Table 8.5 shews the Pearson correlation

coefficients for the associations between stroke SMRs and treatment adjusted
medians.

Table 8.5 Pearson correlation coefficients for the associations between town
treatment adjusted medians and SMRs for stroke, age 35-64 (1979-83), for men
and vranen in the age groups 40-59 and 25-29 years.

Systolic__________ MAP__________ Diastolic

Males

40-59
25-29

0.56
0.72*

0.60
0.69*

0.65
0.58

Females

40-49
25-29

0.13
0.52

0.56
0.50

0.53
0.52

* p<0.05

With the exception of female systolic (r=0.13), all of the associations have
correlation coefficients of +0.50 or greater, and those for systolic and MAP
in males aged 25-29 are significant at the 0.05 level.

However, in general,

the associations are weaker than those with the SMRs for cardiovascular
disease.

One possible reason for this is that the stroke SMRs are based on

many fewer deaths, and are thus less precise.

For instance the female

Scunthorpe SMR of 87 is based on only 65 deaths, and therefore has a wide
confidence interval (66-108).

8.6

Reasons for the difference between the results of the BRHS and the NTS

A number of factors will have influenced the levels of blood pressure found in
the nine towns on the two separate occasions (BRHS and NTS), including
regression to the mean of towns chosen for their extreme positions, and random
error and bias inevitably associated with the sampling and methodology.

The
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strong association with SMRs described above also suggests that the blood
pressure level of a particular town may have adopted a position in the NTS
closer to what might be expected given the cardiovascular mortality
experience.

Figure 8.4(a) and (b) illustrate the movement of the treatment-adjusted town
systolic and diastolic medians respectively, between the two studies.

This

analysis is restricted to males aged 40-59, as no data on females or younger
people is available fron the BRHS.

The vertical dotted line at 0 mmHg

represents the mean for both studies.

Methodology differed in the two

studies, so a comparison of actual blood pressure values would not be helpful;
instead it has been assumed that the true mean blood pressure over all nine
tcwns in both studies has remained constant, and for each tewn the difference
between the tewn value and the average for all towns in that study has been
plotted. Thus movement (between studies) towards the vertical line represents
regression to the mean. The dashed (oblique) line has been calculated by
regressing the treatment-adjusted median blood pressure values in the BRHS on
the SMRs for all 24 towns.

Movement (between studies^ towards this line

represents adoption of a value closer to that expected on the basis of
cardiovascular mortality. The regression equations are as follows;

(a) Systolic BP = 128.67 + 0.142 (CVD SMR)
(b) Diastolic BP = 70.81 + 0.10 (CVD SMR)

Figure 8.4 shows that in many cases movements could be either regression to
the mean, or movement towards the SMR predicted value, or indeed both.

But

for both systolic and diastolic the scatter around the regression line is
reduced in the NTS, and there are seme tcwns which have clearly moved away
from the mean to take up a position closer to the regression line.

This has

occurred for Ayr (systolic), and for Ayr, Merthyr Tydfil and Maidstone
(diastolic), and it can be seen that these tcwns lie where the regression line
and mean are becoming divergent.

It therefore seems reasonable to conclude

that regression to the mean is not the only explanation for the change between
the two studies, and that the scatter has been reduced consistent with towns
adopting positions closer to those predicted from local cardiovascular
mortality.
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Figure 8.4 (a^ Difference in treatment-adjusted town median systolic BP
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Difference in treatment-adjusted town median diastolic BP
between the BRHS (▲) and the NTS (•). Key to tcwns; A=Ayr, MT=Merthyr Tydfil,
D=Dunfermline, Sc=Scunthorpe, C=<^arlisle, Sp=Southport, E=Exeter, M=Maidstone,
G=Guildford.

181
Apart from chance, the most likely explanation for the tighter relationships
between the mean town blood pressures and SMRs in the NTS is a reduction of
error in the measurement of blood pressure as a result of using an automated
recorder.

It was shewn in Chapter4 that observer bias was considerably

smaller in the NTS than the BRHS. Although there was evidence of an
(unquantified) variation in observer effects between tcwns in the NTS, this is
almost certain to be smaller than the equivalent variation in the BRHS.

The

very consistent performance of the single Dinamap machine is also likely to
have contributed to the validity of the blood pressure readings in the NTS.

8.7

Geographical differences bv aae group

8.7.1

Correlations between results for 25-29 and 40-59 age groups. Evidence

from the Nine Towns Study has been presented which suggests that there are
geographical variations in blood pressure in both young adults and middle-aged
people in Britain.

One of the key questions to be addressed by this

whether tcwns with high mean blood pressures in middle-age ware also
25-29 years, and if so by hew much.

studyis
highat

Table 8.6 shews the correlation

coefficients between age-adjusted mean blood pressures at age 25-29 and at 4059.

The associations between mean blood pressures in young adulthood and

middle-age are consistent and quite strong for both men and wanen.
Table 8.6 Correlation coefficients for relationships between age-adjusted
mean blood pressures at 25-29 and at 40-59 in the Nine Tcwns Study.
Correlations using treatment-adjusted median blood pressures are also shown.

Systolic
mean
median

Age 25-29
Systolic

Male
Female

MAP

Male
Female

Diastolic

Ifale
Female

* p<0.05

** p<0.01

0.74*
0.65

Age 40-59
MAP
mean
median

Diastolic
mean
median

0.52
0.75*
0.83**
0.79*

0.65
0.92
0.76*
0.78*

*** jxO.001

0.63
0.59
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Figure 8.5 illustrates the associations between young and middle-aged subjects
for age-adjusted tewn mean MAP, and demonstrates that this finding is
consistent across the nine tcwns, and is not confined to one or two outliers.

Men
NTS 4 0 -5 9 mean MAP (mmHg)

108

104

100

96
86

90

94
98
NTS 25-29 mean MAP (mmHg)

102

Women

NTS 40-59 Mean MAP (mmHg)
104

100

96

92
80

82

84
86
88
NTS 25-29 Mean MAP (mmHg)

90

92

Figure 8.5 Associations between age-adjusted tewn mean MAP at ages 25-29 and
at 40-59.
A = Guildford
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8.7.2

Differences in the rate of rise of blood pressure with aae. Regression

slopes of blood pressure on age have been calculated for all nine tcwns using
mean MAP (Figure 8.6).

MAP was chosen since it has the most consistently

linear rise with age, and was thus more suitable for the regression model.

No

statistically significant differences between the rates of rise of MAP with

(a) MEN
MAP (mmHg)

105

100
95
90
85
80

20

25

30

35

30

35

40
45
Age (years)

50

55

60

65

40

50

55

60

65

(b) WOMEN
MAP (mmHg)

105
100

95
90
85
80
75

20

25

45

Age (years)

Figure 8.6 Regression slopes of mean arterial blood pressure (MAP) on age for
(a) men, and (b) wanen living in the nine study tcwns.
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age in individual tcwns were found for either sex, although it is recognised
that the power to detect such differences in this study is limited.

Although

there are sore inconsistent slopes, overall the differences in blood pressure
between high and lew town groups are of similar magnitude across the whole age
range of the study.

8.7.3

Aoe patterns after taking account of treatment effects. There are no

important differences seen when the age trends in treatment-adjusted medians
are examined instead to take account of the increasing proportion of subjects
on antihypertensive treatment at older ages.

Since the technique used for

adjusting for the effects of treatment does not yield true adjusted values for
individual subjects, this question was investigated by plotting the agespecific adjusted town medians.

In order to provide a more stable picture than was obtained when all nine sets
of age-specific medians were plotted, tcwns were pooled into a high, a medium
and a lew group according to the rank of the town CVD SMR.

These rankings

yielded the same groupings for men and women, as shewn in Table 8.7.

The

pooled age-specific treatment-adjusted town medians are illustrated for
systolic, MAP and diastolic in Figures 8.7 to 8.9.

This adjustment for the

higher prevalence of treatment with increasing age does not alter the
conclusion drawn from the regression lines in Figure 8.6.
Table 8.7
SMR for CVD: 35-64; 1979-83
Fema
Male

Town

Gt o u d

Ayr
Merthyr Tydfil
Dunfermline

High
High
High

136
129
124

165
146
169

Scunthorpe
Carlisle
Southport

Medium
Medium
Medium

118
117
107

102
114
117

Exeter
Maidstone
Guildford

Low
Low
Lew

99
82
74

91
81
50
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Males; Systolic
150

Treatment-adjusted median SBP (mmHg)

145
140

•A'

135
130
125

120
15
25-29
Low

4 0 -4 4
x

Medium

55-59

Age

-A ' High

Females; Systolic
150

Treatment-adjusted median SBP (mmHg)

145
140
135
130
125

120

A-'

115
25-29
Low

Figure 8.7

4 0-44
x

Medium

55-59

Age

-A" High

Systolic treatment-adjusted medians in the three groups of towns

Males; MAP
Treatment-adjusted median MAP (mmHg)
12
107
102

97

A'

92
87
82
25-29

4 0-44

Low

x

Medium

55-59

Age

" A‘ - High

Females; MAP
Treatment-adjusted median MAP (mmHg)

107
102

97
92
87
82

40-44

25-29
Low

x

Medium

55-59

Age

"A • High

Figure 8.8 MAP treatment adjusted medians in the three groups of towns
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Males; Diastolic
Treatment-adjusted median DBP (mmHg)
90

85

80

75

70

65
2 5-29

4 0 -4 4
Low

x

Medium

55-59

Age

-A” High

Females; Diastolic
Treatment-adjusted median DBP (mmHg)
90

85

80

75
.A'

70

65
4 0 -4 4

25-29
Low

Figure 8.9

x

Medium

55-59

Age

" A-- High

Diastolic treatment adjsuted medians in the three groups of towns
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9.1

Summary of study findings on presence of geographic blood pressure

differences. The NTS has shown that there are geographical variations in
blood pressure in British men aged 40-59 years which are established by age
25-29 years, and that similar though less marked variations are to be found
among women of the same age.

These tewn blood pressures shew consistent

associations with SMRs for cardiovascular disease at ages 35-64 for the period
1979-83.

The associations with the earlier findings for middle-aged men in

the British Regional Heart Study are much weaker (and are not apparent for
diastolic blood pressure), and this may be due to the compounding of bias and
error in sampling and measurement when the two surveys are compared.

An analysis of the factors that may be contributing to these geographic blood
pressure differences in the NTS is reported in Appendices 3(b) and (c), and
discussed further in section 9.6.

9.2

Bias in the between-town comparisons. Subjects in all three age-groups

ware examined within any given town during the same two week period.

It is

thus theoretically possible that a similar pattern of findings for men and
wemen, and for subjects in all three age-groups, could arise at least in part
spuriously if seme measurement or sampling bias were to have operated
differentially between the nine towns.

Any such systematic error between

tcwns would be added to the blood pressure values for subjects of all ages and
both sexes in a given town, and thereby create spurious geographic variations
which would be consistent in all groups - just as has been found in this
study.

A number of important sources of bias ware examined in Chapters 4 to 7, and
the potential contributions of these to spurious between-tcwn blood pressure
differences is reviewed below.

9.2.1

Blood pressure measurement. The static calibration of the Dinamap

indicated no important drift over time.

The comparison with the Hawksley

Random Zero (HRZ) was complicated by reliance on human observers operating the
"reference" instrument - a somewhat contradictory situation in the light of
the findings in Chapter 4.

Nevertheless, the values for diastolic blood

pressure measured by the Dinamap were very close to those of the HRZ, and
there was no change over the three phases of this comparison. If the
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diastolic readings can at least be relied upon, then the consistency of
associations between SMRs and the three measures of blood pressure (SBP, MAP
and DBP; Table 8.4) would suggest that systolic and MAP were also recorded
with comparable accuracy.

9.2.2

Observer error. This problem appears to have been quite wall

controlled, but was by no means eliminated.

MAP and diastolic showed

considerably less systematic observer difference than did systolic, although
the fairly consistent balance of observers in each town meant that the maximum
systolic bias due to the overall observer effect would have been to
underestimate the mean blood pressure in one tewn by only 0.4 mmHg.

However,

there was also evidence that the observer difference varied between towns for
all three measures of blood pressure, so the overall observer effect may not
be the most important.

Since these observer analyses are based on relative

differences between observers, it is not possible to quantify the effect that
this problem could have had on the actual blood pressure levels in each town.

9.2.3

Response rate. In the Nine Tcwns Study, the response rate varied by

age group and between tcwns, although greater difficulty was experienced in
sane tcwns in ascertaining who had moved or left the practice, so the true
extent of variation in response rate is uncertain.

The estimate of non

response bias derived frcm the practice records of blood pressure suggests
that this bias would not seriously influence the conclusions, although a poor
response can never be considered a satisfactory situation.

One other study,

which compared early responders with those who were examined only after one or
more reminders, and with others eventually examined at heme, also concluded
that non-response did not introduce a serious bias [Silman 1982].

No other

studies of non-response bias in blood pressure were found, which is perhaps
not surprising since it is inherently extremely difficult to obtain readings
frcm non-responders that are strictly comparable with those of the responders.
The data frcm the investigation of non-responders in the NTS are theoretically
sound frcm this point of view, but suffer frcm being very incomplete. The re
assuring results are therefore open to question, but represent the best
information available in the circumstances.

One other observation which supports the validity of the data for the 25-29
year age group (which had the poorest response rate) is that, despite the
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higher response in the older two age groups, the pattern of between town
differences, and associations with cardiovascular disease SMRs and with the
BRHS results are very similar in the young adults and in middle-age.

This

result would not be expected if the poorer response in the young adults had
introduced a serious bias.

9.2.4

Temperature, humidity and season.

Room temperature. The evidence on the effects of roam tenperature remains
open to question, although it looks as though it was not very important in
the NTS.

Given this uncertainty, it is fortunate that there was very

little variation in rocm temperature between towns, between age groups, or
between men and wcmen either within or between towns.

Outdoor temperature. Evidence on the effect of outdoor tenperature seems
to be more consistent between studies, possibly accounting for between-town
differences of up to 4 irmHg systolic and 2 mmHg diastolic given the range
of average maximum outdoor temperatures between the nine tcwns in this
study.

However, the regression coefficients for blood pressure on external

tenperature in the NTS are not significant and are therefore insufficiently
precise to allow adjustment of blood pressure for outdoor tenperature.

Skin temperature. There appears to be a negative association between skin
temperature and blood pressure in the NTS which is supported by evidence
frcm a physiological study [Keatinge 1984].

There were only small

differences in skin tenperature between towns and age/sex groups, so there
would be little point adjusting for it given regression estimates of less
than 1 mmHg per degree Centigrade (Table 6.8).

If, as seems likely, skin

tenperature provides a useful marker of recent ambient temperature exposure
(be it outdoors, in a vehicle, or in the survey centre), then it is
reassuring that there were such small differences between the Important
groups in this study sample.

Humidity. There were wide variations in humidity between tcwns in this
study, but there is no evidence of any important association with blood
pressure.
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Season. The nine study towns were visited during one year from February to
November, thus covering all seasons.

The evidence available frcm other

studies suggests that the small seasonal effects that have been observed in
blood pressure can be accounted for by changes in outdoor temperature.
There does not seem to be any justification for considering seasonal
effects in this study separately frcm outdoor temperature.

9.2.5

Medication. The method of adjusting medians for the effect of

treatment that was used in this study has produced tcwn blood pressure values,
and associations with the ERHS and the SMRs for CVD, that are similar to those
of the age-adjusted means.

It is not realistic to quantify the effects of

adjusting for medication with any precision, particularly as the adjustment
may have underestimated the true effects.

However, overall it appears that

variations in medication are not a cause of large between-tcwn differences in
average blood pressure levels.

Summary. There is no very compelling evidence to believe that these
methodological factors have biased the results to any significant degree, but
it has proved very difficult to quantify the effects with sufficient precision
to allow standardisation of blood pressure values.

It is possible that

outdoor temperature and variations in observer effect between town could have
had same influence, but the magnitude of these effects remain unknown.

It is

probably appropriate to draw a more qualitative conclusion, namely that there
is no serious problem deriving frcm these factors, and to go on to look for
other criteria with which to assess the validity of the main results,
preferably criteria that are external to the NTS.

Three sources of external

validation are new considered; (a) the association with SMRs for
cardiovascular disease, (b) evidence for the position of the most extreme tcwn
(Guildford), and (c) other evidence of similar within-country geographic blood
pressure differences in Britain and elsewhere.

9.3 Associations with cardiovascular mortality.

9.3.1

Nine Tcwns Study. The strong associations with cardiovascular disease

SMRs add the most important evidence in support of the NTS results being
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genuine, and not mainly the result of bias.

The direction and extent of

measurement bias in specific tcwns would not be expected to have reproduced in
an ecological relationship the well-established association between individual
risk (blood pressure mean) and death frcm cardiovascular disease (measured by
the SMR). This observation is emphasised here for the support it lends to the
validity of the Nine Towns Study findings, and is not meant to imply that
blood pressure differences necessarily explain the geographical patterns of
cardiovascular disease in Britain.

Nevertheless, evidence frcm the ERHS

suggests that of the three major risk factors, it is smoking and blood
pressure, and not blood cholesterol, that contribute to geographical
variations in cardiovascular disease in Britain [Shaper 1984].

9.3.2

The Scottish Heart Health Study rTunstall-Pedoe 1989. Crcmbie 19901.

There are known to be wide variations in mortality frcm cardiovascular disease
within Scotland, and one purpose of the Scottish Heart Health Study was to
investigate the reasons for this.

The study was of men and wcmen aged 40-59

drawn frcm general practices in 22 districts using a two stage cluster sample.
The districts were chosen to provide a wide geographical coverage of the
country, to include urban/rural contrasts, and to cover the range of
cardiovascular mortality.

A total of 10,359 men and women were included in

the study - an average of about 470 men and wcmen in each district.

The study, which was carried out between 1984 and 1986, included a
questionnaire sent to all subjects, and a subsequent examination performed by
a team of three trained nurses.

Blood pressure was measured twice (mean used

for analysis) using a Hawksley Randcm Zero sphygmcmancmeter. Height and
weight were measured, and a 24 hour urine specimen obtained.

The range of Coronary Heart Disease SMRs (ICD 410-414, ages 35-64, 1979-83)
among the 22 districts was 61-136 for men, and 50-147 for women.

Table 9.1

shows the range of systolic and diastolic blood pressures among the 22
districts:-
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Table 9.1 Scottish Heart Health Survey. Lowest and highest mean blood
pressures for the 22 districts, together with the range between the 6th and
17th in rank, and the overall range.

______ Systolic fmmHcn_____
_____________Lowest Highest 6-17 Range
Men
Wcmen

129
126

138
137

5
4

Lowest

9
11

81
77

Diastolic (mmHch
Highest 6-17 Range
88
84

3
3

7
7

Table 9.2 shews the associations between the SMR for heart disease for each
district and mean blood pressure, cholesterol and smoking.

Table 9.2 Scottish Heart Health Study: correlations between SMRs for CHD and
various risk factors.
Men

Women

0.219
0.402
0.223

0.011
0.234
0.299

Total cholesterol:
Mean
% over 6.5 mmol/1

-0.129
-0.254

-0.207
-0.116

Mean HDL cholesterol

-0.172

-0.609 **

Blood pressure:
Mean Systolic
Mean Diastolic
% Hypertension3

Cigarette smoking:
% current smoking
% heavy (20+ per day)

0.655 **
0.574 **

0.834 **
0.758 **

a Defined as diastolic > 100 mmHg
** p<0.01
The overall range of blood pressure differences between districts is quite
similar to that reported for the NTS towns (age 40-59; Table 8.1), although in
the NTS the female differences were smaller than those for the men.

In the

Scottish study, the range between the 6th and 17th (in rank of mean blood
pressure) districts is no more than half of the overall range (especially for
wcmen), and it is not clear how much the distribution of district blood
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pressure means differs fron what would be expected on the basis of sampling
error alone.

In contrast to both the NTS and the ERHS, the ecological associations between
mortality and blood pressure in the Scottish study are weak, especially for
systolic.

Cigarette smoking is associated much more strongly with heart

disease mortality, and it may be that within Scotland smoking has a relatively
greater contribution to geographic variations in heart disease than does blood
pressure.

There are also a sane issues of methodology that need to be

considered in reconciling the results of the NTS with the Scottish Heart
Health Study.

(a)

Blood pressure was measured by three observers over a period of two years

using an HRZ.

In Chapter 4 it was shewn hew unpredictable observer bias can

be over time, even with training.

It is possible that observer effects have

added to the error of district mean blood pressures, but this has not been
examined.

The calibration of the HRZ over the two years of field work is also

not reported.

(b)

The effect of medication on mean blood pressure values for the 22

districts has not been taken into account.

Although this did not make a great

difference in the NIS, the correlations between tcwn blood pressures and CVD
SMRs in men were generally strengthened a little when the treatment adjusted
median blood pressures were used instead of the means.

(c)

The possible effects of temperature and season are not reported.

Again,

it is not thought that this was very important in the NTS, but the temperature
variations within Scotland might be expected to be fairly extrsne over the
course of two years.

While these methodological issues may have influenced the findings, it is
nevertheless surprising that the systolic associations between blood pressure
and mortality should be weaker than the diastolic associations.

Thus,

although there are seme reservations about measurement errors and other
sources of bias in this study, it does cast seme doubt on the generality of
finding a strong association between the population level of blood pressure
and the rate of heart disease, at least within one part of Britain.
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9.3.3

Seven Countries Study. Same further evidence in support of the finding

(in the NTS) of an association between population blood pressure levels and
cardiovascular mortality can be found in the Seven Countries Study [Keys
1980].

This international investigation of risk factors for cardiovascular

disease involved 16 samples of men aged 40-59 in seven countries including
Europe, Japan and the USA.
rural populations.

Eleven of the samples were drawn randomly frcm

Two other samples were of railway employees (one each in

Italy and the USA), while the remaining three were frcm one urban, one
industrial and one university setting.

A high response rate was achieved,

particularly frcm the rural samples.

Blood pressure was measured twice, with subjects seated after 5 minutes rest.
The two observers examined alternate subjects, and it was noted that there
were marked observer differences in seme areas.

Because of this, and

variations in temperature and noise, the authors caution against making too
much of the comparisons between samples.

This was also a prospective study,

with folla^-up over 10 years of incident cardiovascular disease and deaths.

Figure 9.1 shows the association between the mean systolic blood pressure for
each sample and the death rate (over 10 years per 1000 men). The different
types of sample have been identified in the Figure.

Death rate/1000/10 yr

50

30

124

128

132

136

140

144
SBP

Figure 9.1

Key to samples;

•= rural

A = railway

A=

other
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The correlation between systolic blood pressure and mortality was 0.64, and
this association was not dependent on any of the non-rural samples.

Keys et

al report that there was a similar association for diastolic pressure.

This study established associations between blood pressure and cardiovascular
mortality both within and between populations.

Although the association in

Figure 9.1 is based on comparisons between countries rather than between
ccmmunities within one country (as in the NTS), the principle is the same.
The authors conclude that blood pressure is one of a number of factors
contributing to the international differences in cardiovascular mortality.

9.4

The position of Guildford. One town, Guildford, plays an important

though not exclusive role in the positive findings presented.

No

methodological problems have been identified that could explain its tendency
towards an outlying position.

Powerful independent corroborative evidence of

the validity of the position of Guildford ccmes frcm a parallel study of blood
pressure in 5-7 year old children examined in the same nine towns [Whincup
1988].

This study, which utilised a completely different sampling frame

(schools) and was carried out on a separate occasion, also found a markedly
lower blood pressure level in the Guildford sample (see Chapter 2, section
2.3.1).

Three independent studies, the ERHS, NTS (adults) and the childrens'

study have found evidence of relatively lower mean blood pressure in
Guildford.

This agreement between studies, together with the lew SMRs for CVD

in Guildford (men 74, women 50; ages 35-64, 1979-83) is compelling evidence
for the validity of the findings for this tcwn in the NTS.

9.5

Comparative population studies of blood pressure within single countries

9.5.1

Britain. It is important to consider whether there are other studies

which indicate whether there are geographic blood pressure variations within
Britain, and if so, whether the pattern of differences is similar to that
found in the NTS.

A number of studies which reported geographic blood pressure variations within
Britain were reviewed in Chapter 2 (section 2.3).

These included the NTS of
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children [Whincup 1988], the BRHS [Shaper 1981, Shaper 1990], Tiree and the
Scottish mainland [Hawthorne 1969], the Health and Lifestyle Survey [Cox
1987], and a study of the Rhondda Fach and Vale of Glamorgan [Miall 1958].
The relationships between the findings of the NTS (adults) and those of the
MTS (children) and the BRHS have been considered above.

The Tiree study [Hawthorne 1969] shewed evidence of statistically
significantly higher blood pressure levels on the island in men and wcmen aged
30 and above, compared to two mainland samples.

The data suggest that the

geographical differences probably do extend down (though non-significant) to
the youngest age group (15-19) for systolic in both sexes and for diastolic in
males.

However, differing sampling frames were used, blood pressure was

measured with an ordinary sphygmomanometer rather than a Hawksley Random Zero
or other bias reducing device, and ambient temperature was not recorded.
Although cardiac width was greater on Tiree, explanations of this finding
other than raised blood pressure were not discussed.

Furthermore, the greater

cardiac width was not associated with a higher prevalence of symptoms of
cardiovascular disease.

The results of this study, although suggestive of

Important geographic blood pressure differences, are open to question.

Since

this study was confined to quite small populations within Scotland, it
provides no opportunity for direct comparison with the findings of the NTS.

The Health and Lifestyle Survey, a national study of adults age 18 and over
which utilised an automated oscillcmetric blood pressure recorder (not the
Dinamap), has shown regional variations in the prevalence of hypertension [Cox
1985].

The general pattern of results for males is consistent with the

findings of the Nine Towns Study (see section 2.3, Table 2.4), the lowest
prevalence of hypertension being in the South and East, the highest in the
North, North West and Wales.

For wcmen the results are not consistent, with

Wales being among the lowest, and the South East among the highest. Direct
comparison of this study with the Nine Towns Study should be made with
caution, since the former represented whole regions, the latter single towns,
and there may be wide geographic variations within any one region.

One other British study carried out in the Rhondda Fach and Vale of Glamorgan
in South Wales [Miall 1958] showed no evidence of differences between the two
neighbouring populations (see section 2.3, Figure 2.2).
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9.5.2

Within-countrv studies outside Britain. Another important question is

whether geographic blood pressure variations such as those found in the NTS
(and BRHS) exist within other developed countries which posess a similar
degree of cultural homogeneity as Britain.

A search was carried out for

studies involving more than two or three communities, and where blood pressure
measurement had been carefully standardised.

Few suitable studies were found.

The most important evidence ccxnes frcm Japan, and this material is reviewed
fully in Chapter 2 (see section 2.4).

In a review of evidence frcm Japan, Hatano reports that a range of studies
have established that there are important regional differences in blood
pressure (see section 2.4, Figure 2.4) [Hatano 1975].

These differences

correspond to seme extent with the death rates from cerebrovascular disease.
One national study of Japanese railway employees has shewn blood pressures in
Osaka to be lower at all ages (presumably including young employees in their
tventies), while separate local studies tend to support the findings of
regional variations with data extending down to 35 years.

Seme evidence of geographic blood pressure variations has been found in
Yugoslavia [Korazevic 1980], but data does not extend below 35-39 years (see
section 2.4, Figure 2.5)

9.6

Reasons for geographic blood pressure differences. The analyis of

factors associated with the geographic blood pressure differences in the NTS
is described in Appendices 3(b) and 3(c). A background paper based on BRHS
urine samples is presented in Appendix 3(a). In this section, seme of the
methodological issues involved in the analysis of explanatory factors are
discussed.

This is followed by a summary of the contribution of various

factors to the systolic and diastolic blood pressure differences.

9.6.1

Methodological issues in the identification of possible causes. There

are a number of important methodological issues that arise in the process of
attempting to identify factors which are causing the geographic blood pressure
variations found in the NTS.
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9.6.1.1

Ecological fallacy. This problem arises if it assumed that a factor

might be causal simply because it is associated with blood pressure across
populations, and without taking account of confounding variables.

The most

satisfactory way to overcome this situation in an observational study is to
examine whether there are consistent associations with blood pressure both
within and between populations.

This approach was used in examining the role

in the NTS of the Na/K ratio (Appendix 3b) and other factors (Appendix 3c).

9.6.1.2

Regression dilution bias. If for seme reason the association between

an explanatory variable and blood pressure is under-estimated, then its
contribution to differences in blood pressure between two or more populations
will also be under-estimated.

The result of this will be the misleading

impression that more of the difference between populations 'remains
unexplained' than is in fact the case.

This may lead to a fruitless search

for what are believed to be missing factors.

For many variables, one

measurement on a single occasion will differ frcm the usual or average value
for each subject by an amount that depends on the extent of variability of
that factor within individuals.

Seme factors vary a great deal within

individuals, for instance Na excretion, alcohol consumption and physical
exercise, while others such as EMI are relatively constant.

The effect of

this inadequacy in measurement is to dilute any true association with blood
pressure, and furthermore this will occur to a far greater extent for seme
factors than for others.

If repeated measurements are taken on individual subjects it is possible to
estimate the within-person variability, and derive a correction factor for the
regression estimate [Snedecor 1976].

This has been done for the urine

electrolytes in the NTS (Appendix 3b), and in the Intersalt study [Intersalt
1988], but has not been a feature of most observational studies.

Furthermore,

although a correction for reliability of urine measurements was made in the
NIS and Intersalt, it was not done for other factors such as alcohol
consumption where within-person variability might also be important.
Correction could not be made in either study for these other factors because
repeat measurements had not been made.

Thus, although this problem has begun

to be addressed, it does still place limitations on the interpretation of
analyses seeking to explain differences between groups.
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9.6.1.3

The measurement of habitual and lifetime exposure. It is clearly

very difficult to measure the effect of exposure to a given factor acting over
several years, or over a lifetime.

This is particularly so if the level of

the factor in question varies over time, or at a given level has a greater
effect at sane periods in development than at others.

No attempt will be made

here to quantify this problem, but it is important to be aware of it when
interpreting multivariate regressions of blood pressure on putative causal
factors.

The effect will almost certainly be to compound the underestimation

of true associations with blood pressure which is already arising frcm
regression dilution bias.

9.6.1.4

Acre at which aetioloaical factors might be acting. In respect of the

problem of measuring habitual or lifetime exposure, it is worth considering
the age at which aetiological factors might be acting.

The age patterns of

blood pressure rise with age seen for unacculturated "no rise” communities and
the more developed populations is shewn in Chapter 2 (Figure 2.1).

It is

interesting that between ages 20 and 40 years, the slope of blood pressure
change with age is very similar in unacculturated and developed communities,
although the level in the latter is higher.

This is most clearly seen for the

men, since in wsmen there is a more continuous rise of blood pressure with age
which appears to be a little steeper in the developed communities.

However,

the important point is that the communities where blood pressure rises steeply
between 40 and 60 years have already reached higher levels than the "no rise"
communities by age 20-29.

This raises the possibility that factors acting in

childhood and/or adolescence lead to higher levels in young adulthood, and
that partly or wholly independent of continuing exposure the same or other
hypertensogenic factors, this of itself predicts that a further steep rise
will occur in later middle age.

This situation is presented in Figure 9.2,

which is in fact a schematic summary of Figure 2.1a shewing systolic blood
pressure among men frcm contrasting ccmmunties.
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Hypothetical pattern of rise of blood
pressure with age in different groups
SBP (mmHg)
150
140

"Developed’
(rise in later
middle age)

130

-A'
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110

100
’ Unacculturated’
(no rise with
age)

90
80

0
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20
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40

50

60

70

AGE (Years)

Figure 9.2

This Figure indicates the pattern of divergence that is relatively clearly
seen above age 20, while below that age there is considerable uncertainty
about what happens.

The main points of uncertainty are indicated by the

alternative lines between 0 and 19 years, and seme of the evidence on this
issue has been considered in Chapter 2.

Whether or not blood pressure in

these contrasting types of ccmnunity diverges at birth or at seme time in
childhood or early adolescence, it does seem plausable that the level reached
by age 20 is predictive of the rate of rise manisfested seme 20 years later.

If factors acting during childhood and adolescence do have such an important
effect on later adult patterns, then there are bound to be difficulties in
measuring these factors in an observational study which includes only adults.
This situation applies to the Nine Towns Study.
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9.6.2

Summary of findings frcm NTS on factors associated with geographic

blood pressure variations in Britain.

9.6.2.1

T.imi tat ions on interpreting causation. The methodological problems

discussed in 9.6.1 apply to the NTS, and place seme limitations on the
determination of factors responsible for the between-tcwn blood pressure
differences.

All of the data on possible causative factors were measured at

an age which is later than that at which the geographic blood pressure
variations are believed to have emerged.

The problem therefore remains as to

whether factors shown to be associated with the between-tcwn blood pressure
differences in adults, are the same factors that actually produced the
observed differences in the first place.

In summary, while putative causal factors must avoid the ecological fallacy by
demonstrating consistent within and between population associations with blood
pressure, it is likely that the observed strength of associations between seme
factors and blood pressure will be underestimated.

Finally, the role of each

factor must be considered in relation to the age at which it was measured, and
whether it is likely to have been important in children and/or adolescents, as
well as being an influence during adult life.

9.6.2.2

Summary of findings on possible explanatory factors. In Chapter 2,

the factors associated with international, within-country, urban/rural and
racial differences in blood pressure were reviewed and summarised (section
2.7.2).

The factors which contribute to the between-tcwn blood pressure

differences in the MTS have been analysed and reported in the two papers in
Appendix 3, the first (3b) concerning urine electrolytes, the second (3c)
dealing additionally with the other variables measured in the study.

A

summary will be presented here.

Table 9.3 summarises in schematic form the estimated contribution of the three
most important factors to between-tcwn blood pressure differences in the NTS.
The association of the Na/K ratio and EMI with systolic blood pressure
differences is consistent with the review of other studies (Chapter 2),
although the absence of a similar contribution to diastolic is puzzling.

The

role of alcohol has not been studied systematically enough in other population
comparisons to draw any firm conclusions, but it is apparent from the NTS that
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geographic variations in alcohol consumption vrere important only for men.

Table 9.3.
Males

Females

Factor__________________ SBP______ DBP__________ £BP______ DBP
Na/K ratio
EMI
Alcohol

The extent to which the apparent contribution of these three factors might be
modified by the methodological issues discussed in section 9.6.1 is now
considered.

(a)

Ecological fallacy. For each factor, within population associations with

blood pressure were established before examining the associations across
towns.

Only those factors which demonstrated statistically significant within

and between population associations with blood pressure have been identified
as contributing to the between-town differences.

These conditions should

avoid the ecological fallacy.

(b)

Rearession-dilution bias and the measurement of habitual/lifetime

exposure. Within-person variability has only been assessed for the the Na/K
ratio.

However, the estimated correction factor was not thought to be

sufficiently precise to adjust the regression model used to determine the
effect of Na/K (and other factors) on the between tcwn differences in blood
pressure (Appendix 3c).

BMI is relatively constant within individuals over

the medium term, and correction for reliability is almost certainly
unnecessary.

Alcohol consumption probably does vary quite considerably over

short periods of time within individuals, but repeat measurements are not
available in the NTS.

It is therefore certain that within-person variability

of Na/K and alcohol and the problems of assessing exposure to these two
factors over many years and at different periods of life, will have led to an
underestimation of the proportion of the between-tcwn blood pressure
differences explained (see Table 5, Appendix 3c).
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(c)

Aoe at which factors act. The concern here is whether factors identified

as important in adults could be among those acting in childhood to produce the
between-tcwn blood pressure differences seen at 25-29 years.

The Na/K ratio

is a characteristic feature of the diet, and children/adolescents in
communities where adult levels of Na/K are relatively lew are also likely to
be exposed to lower levels.

The NTS data suggests that the association

between Na/K and blood pressure is stronger at older ages (Appendix 3b, Table
3), which does raise a question about how important it might be in children.
On the other hand, the work of Hofman and colleagues has shown the potential
importance of Na levels even in very young children [Hofman 1983], so it is
quite possible that sodium, or the Na/K ratio, are contributing at an earlier
age than that studied in the NTS.

So far as EMI is concerned, it is difficult to be certain whether adult
patterns of obesity - so clearly associated with blood pressure within
populations - are relevant to overweight and its association with blood
pressure in younger people.

In support of the hypothesis that overweight

could be relevant at the critical age for blood pressure divergence, is the
fact that in the NTS (children), the tcwn mean EMI was lowest in Guildford
(P VJhincup, personal communication), a result which is consistent with the
adult study.

The situation for alcohol consumption is rather different, since children and
most young adolescents do not consume alcohol in the way that adults do.
Furthermore, alcohol did not appear to contribute at all to the adult female
between-tcwn blood pressure differences, so it is even less likely to be
relevant among younger wcmen and girls.

9.7

Seme practical implications of the study findings. Although the

explanation for the between-tcwn differences in blood pressure is a key issue
arising frcm this work, the methodological problems and findings presented and
discussed in this report have very important implications in their own right.
These concern the conduct of comparative studies of blood pressure,
aetiological research in blood pressure, and the primary prevention of blood
pressure related disease.

Appropriate public health action in the light of

what has been discovered about the possible causes of geographic blood
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pressure variations in Britain is also discussed.

9.7.1

The conduct of comparative population blood pressure studies. If it

was not for the SMR associations providing such strong external validation of
the NTS study results, there would still be considerable grounds for
uncertainty about the extent to which the between-tcwn differences ware due to
bias.

Even the other geographic studies of blood pressure in this country

provide limited support, particularly for wcmen (eg, the Health and Lifestyle
Survey [Cox 1985]).

One of the striking conclusions of this work is how difficult it has proved to
make measurements of bias arising frcm a range of sources which are accurate
enough to allcw standardisation of blood pressure values.

This is

particularly true since strenuous efforts were made in the study design to
minimise variability of potential sources of bias (eg, rocm temperature), and
this inevitably limits the opportunity to quantify any true effects.

In other

instances, as with observer bias, it appears that variation between towns has
occurred which cannot be quantified.

One must also be aware of the

possibility of bias that was not known about.

The measurement of blood pressure is open to many sources of bias.

The

experience of the NTS would suggest that the design and conduct of comparative
studies of blood pressure should consider the follcwing issues.

These points

will also apply to the measurement of other variables which are relatively
easily influenced by factors associated with the measurement instrument (be it
a machine, a biological assay or a questionnaire), the environment, or the
observer.

(a)

It would be valuable to seek a reliable external source of validation

against which to compare the geographic (or temporal) pattern of results.
If a source of validation is not available, it may prove very difficult to
interpret the findings with any certainty.

(b)

The search for external validation does not replace the necessity for

careful study design and quality control, so as to limit variation in
sources of bias (instrument, environment and observer) that are known about
or suspected.

Adjusting for bias in the analysis is unlikely to be an
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adequate substitute for avoiding it in the first place.

However, it must

be recognised that attempts to limit variability in a source of bias are in
conflict with the circumstances required to estimate with precision the
effects of that bias.

(c)

Large differences in a source of bias may be unavoidable, for instance

as would be the case for outdoor temperature in a comparative study of
blood pressure in equatorial and sub-arctic populations.

In these

circumstances, temperature variation within the disparate populations may
actually be a lot less than between the populations, and it may well be
necessary to set up special studies to assess the effect of outdoor
temperature on blood pressure across an adequate range of temperature
independent of other major characteristics of the different ccmmunities.

9.7.2

Research into the aetiology of raised blood pressure.

In section 1.5

(Introduction), two hypothetical models of age-trends in geographic blood
pressure variations were discussed.

The NTS has provided strong evidence that

in Britain the second model pertains (Figure 1.8b); that differences in blood
pressure between ccmmunities are already established in young adulthood.
Whilst average blood pressure levels continued to rise with age thereafter,
the absolute magnitude of the geographic differences remained remarkably
constant.

The review of studies comparing different countries and groups was

entirely consistent with that conclusion (Chapter 2, section 2.7.1).

It therefore follows that the cause of these population blood pressure
differences must be acting in children and/or adolescents, although this does
not exclude the continuing effect of the same or other causes during
adulthood.

Indeed, evidence frcm migration within the BRHS sample of men

suggests that factors acting between childhood and middle-age (40-59) can
modify patterns of blood pressure that are associated with place of residence
[Elford 1990].

Nevertheless, the observations of the Nine Tcwns Study do

clearly emphasise the need for more fundamental research among young people
into the origins of variations in mean population blood pressure between
different ccmmunities.

The similarity of the findings for men and wcmen is also important.

If the

principal causes of the geographic blood pressure differences are lifestyle or
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environment related, then it would be expected that men and wanen living in
the same town would demonstrate a similar ranking for mean blood pressure
relative to other towns.

This does not imply that the causes of these

geographic blood pressure variations are necessarily lifestyle or environment
related as opposed to being due to shared genetic factors, but it is at least
consistent with the former explanation being important.

Evidence from

migration within the BRHS sample strongly suggests that the geographic blood
pressure differences in Britain are at least partly the result of differences
in lifestyle and/or environment (Elford 1990).

If the patterns of mean tcwn

blood pressures for the men and women had been very different it would have
cast doubt on the reliability of the findings, or perhaps indicated that
causative factors were specific to the lifestyles of each sex.

9.7.3

Public health action to reduce the attributable risk associated with

raised blood pressure. The importance of the average population level in
assessing the attributable risk of raised blood pressure was considered in
section 1.2 (Introduction), and hence the need to identify the determinants of
population levels of blood pressure - and not just those of hypertension in
individuals.

The existence of narked geographic blood pressure variations by

age 25-29 years means that preventive action is required before people reach
adulthood, possibly including children of 5 or younger [Whincup 1988].

A

preventive strategy that involved screening of blood pressure levels and
individual health education and medication would be wholly inappropriate for
children and young people.

Indeed, the young age of the target population

that is suggested by the results of this and other studies further emphasises
the need for effective primary prevention at the population level, although,
as with aetiological research (9.7.2), this does by no means imply that action
among adults is not also required.

The question then arises whether there is sufficient certainty about the
causes of elevated population levels of blood pressure to reccnmend public
health action that is likely to be safe and of benefit.

The NTS has shown

that EMI, the Na/K ratio and moderate to heavy alcohol consumption are
associated with population systolic blood pressure differences in men, while
the Na/K ratio and EMI are probably associated in wcmen.

None of these

factors were associated with diastolic blood pressure differences.

That these

factors may play a part is consistent with the findings of a wide range of
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other studies, and there is no evidence that the reduction of any would be
hamful.

However, if a reduction in these factors were to bring about lower

population levels of systolic but not diastolic blood pressure, would there be
any benefit in the outcome for cardiovascular disease?

The evidence frcm

prospective studies has demonstrated clearly that systolic predicts risk of
cardiovascular disease independently of diastolic [Shaper 1985, Kannel 1971],
so action which was directed at systolic alone would almost certainly be
worthwhile.
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APPENDIX 1 ~ NINE TOWNS STUDY

Questionnaire and protocol for administration.

Examination data recording form and protocol for the measurement of blood
pressure (including calibration of the Dinamap), temperature and
anthropometry.

o
REGIONAL
HE4RT
STUDY

Blood Pressure Study

CONFIDENTIALITY

All information recorded in this study will be treated as
strictly confidential, and will be available only to the
research team and your own GP. The results of the research
involving all the men and women in the study will appear only
in the form of general statistics, and it will be impossible
to identify you as an individual.

If you have any questions of problems about any of the
procedures included in your examination, do not hesitate to
ask the members of the study team.

Thank you for your cooperation in this study.

The findings

will help to improve the health of men and women throughout
the country.

CARD NUMBER

6

DATE

8

TIME

14

1. DEMOGRAPHIC
D1 (a)

What is your date of birth?
Year of birth
1962 - 1957
1947 - 1942
1932 - 1927

(b)
D2

Current age
25 - 29
40 - 44
55 - 59

DAY
MONTH
YEAR 19

Where were you born?
How long have you lived within about
5 miles of ......... (this town)?

YEARS

2. PERSONAL MEDICAL HISTORY
Ml

Have you ever had your blood pressure measured by a
doctor or nurse?
No
1
Yes
2
[IF YES] When was this last done?

M2

YEARS AGO

(Can I check) Has a doctor or nurse ever told you
that you had high blood pressure ........
[WOMEN ONLY]
that is,
apart from in pregnancy?

N o ---- >Go to M4
Yes

1
2

M3 (a) Are you taking any tablets/medicines from a doctor
for high blood pressure at present?
N o ---->Go to M4
Yes

1
2

□

(b) Can you tell me what these tablets/medicines are?

s

..

c) When did you la st take this tre‘atment ?
*

Today

1

8

2
3

Days ago (1-6)

^>1 week

am

pm

7

1

2

8

7

1

2

8

7

1

2

DAY

TIME

M4

OTHER MEDICATION

(a) Are you taking any (other) tablets from a doctor
at present? [WOMEN] apart from the contraceptive pill?
N o ---- »Go to MS

1

Yes

2

□

45

(b) [IF YES] Is this regularly or occasionally?
Occasionally

*Go

to M5

1
46

Regularly ( ^ 1/week)

2

(c) What are these tablets/medicines?
1 ...................................................

47

2 ..........................................

49

3 ...................................................

51

4 ..............................................

53

(d) And when did you last take these?

M5

am

pm

7

1

2

55

8

7

1

2

57

3

8

7

1

2

59

4

8

7

1

2

61

4

Today

l

8

2

Days ago (1-6)

^ 1 week

DAY

TIME

Has the respondent provided adequate information
about his/her treatment?
No
63

Yes
I
RECORD ON ACTION SHEET

M6 (a) CHEST PAIN. Do you ever have any pain or
discomfort in your chest?
N o ---- »Go to M 7
Yes

1
2

□

(b) Where do you get this pain or discomfort?

IF 1
B =8

64

65

SHOW CHART
66
67

(c) When you walk uphill, does this produce pain?
No
Yes
(d) When you walk at an ordinary pace on thelevel,
does this produce pain?
No
Yes
IF NO PAIN ON WALKING GO TO (g)

1
2

1
2

□
□

68

69

(e) When you get this pain or discomfort in your
chest on walking, what do you do?
P

Stop
Slow down
Continue atsame pace

(f) Does the pain or discomfort inyourchest go away
if you stand still?
No
Yes

1
2
3

1
2

□
□

7C

7:

(g) How long does it take to go away?
10 minutes or less
More than 10 minutes

M7 (a) Have you ever had a severe pain in your chest
lasting half an hour or more?
N o
Yes

>Go to M8

(b) Where did you get this severe pain?
SHOW CHART

(c) Did you see a doctor because of this pain?
No
Yes

7:

SERIAL NUMBER
CARD NUMBER

M8

Have you ever been told by a doctor that you have,
or have had, any of the following conditions
N

—

Angi na

8

Heart attack

9

Other heart trouble
....

REASON 11

Stroke

12

Diabetes

13

(specify)

DIABETES:

10

In women check if in pregnancy only;

| --

14

Peptic ulcer

15

Gout

16

Gall bladder disease

17

Thyroid disease/goitre

18

Arthriti s

19

Bronchi ti s

20

Asthma

21

Appendicectomy

22

Other conditions/surgery

23

REASON 24

(speci fy)

3. SEX OF SUBJECT

Male

□

>Go to SMOKING

Female

25

WALE (1) B= 13

PI PREGNANCY

Have you ever been pregnant?
N o
Yes

P2

*Go to P4

How many babies have you had
(including any who may have died)?

26

TOTAL BIRTHS

27

P3 (a) During any of your pregnancies, did a doctor or
midwife tell you that your blood pressure was raised
and/or that you had toxaemia?
N o
Yes

□

»Go to P4

29

(b) [IF YES] Did this affect your pregnancy in any
way, eg rest, hospital, or taking tablets?

P

Did not affect pregnancy

1

Rest advised at home

2

Tablets/hospital for rest

3

30'

P4 (a) Have you ever taken the contraceptive pill?
Never

»Go

Yes in past

not now

Yes now

to SMOKING

□

»Go to (b)
»Go

to (c)

(b) How long ago did you come off the pill? MONTHS AGO
(If more than one year)

3:

YEARS AGO

3<

(c) How many years in total have you taken the pill?
TOTAL YEARS

3(

□

(d) Name of current pill
4. SMOKING
SI

The next few questions are on smoking

Have you ever smoked tobacco - that is cigarettes,
cigars, or a .pipe- apart from occasional smoking
when you were a teenager?
P

Never
*Go to ALCOHOL
Yes in past, not now
Yes now

1
2
3

□

IF 1 B=37

S2

31

(a) [CIGARETTES]
Have you ever smoked cigarettes
that is including manufactured or hand-rolled?
P

N e v e r --------- *Go to S4
Yes in past
»Go to S3
Yes now

1
2
3

□

(b) About how many cigarettes do you smoke a day?
Less than one/day

1

□

One or more/day;
- Manufactured NUMBER PER DAY
- Rolled

OZ PER WEEK

(c) At what age did you start smoking cigarettes
as opposed to just having the occasional one to
see what they were like?
AGE
(d) Have there been any periods of one year or more
when you gave up altogether or just had the
occasional cigarette?
No
>Go to S4
1
Yes
2

□

(e) (If yes) How many years did you give up for?
YEARS
NOW GO TO S4
B=14

3f

S3 (a) PAST SMOKERS About how many cigarettes did you
usually smoke a day?
Less than one/day
1

□

51

One or more/day
- Manufactured NUMBER/DAY

52

- Rolled

OZ/WEEK

55

(b) At what age did you start smoking cigarettes as
opposed to having the occasional one to see what
they were like?
AGE

56

(c) And, how long ago did you finally stop smoking
cigarettes?
YEARS AGO

58

(If less than one year)

60

MONTHS AGO

(d) Before you stopped this last time, were there any
periods of one year or more when you gave up
altogether or just had the occasional cigarette?
No
Yes

»Go to S4

□

(e) Approximately how many years, in total, did you
give up for before stopping this last time?
YEARS
S4 PIPE

(a)

Never
»Go to S5
Yes now
Yes in past not now

When did you give up?

65

YEARS AGO

66

How often did/do you usually smoke a pipe?
1

68

0Z PER WEEK

69

Occasionally (<l/day)
Regularly
S5 Cl GARS

(a)

Have you ever smoked cigars?
P

Never
»Go to ALCOHOL
Yes now
Yes in past not now

When did you give up?
(b)

63

Have you ever smoked a pipe?
P

(b)

62

1
2
3

70

YEARS AGO

71

How many cigars did/do you usually smoke?
Occasional
Regular

1

73

NUMBER PER DAY

74

(<l/day)

SERIAL NUMBER
CARD NUMBER

5. ALCOHOL
A1 (a) How would you describe your present alcohol intake
including drinks that you brew or have at home?
None

--------------- »Go to (c)

Special occasions only
1 - 3

days per month

Weekends
During the week
daily, most days
(b)

Weekend/Week drinkers
do you drink?

»Go to (b)

How many days per week
DAYS/WEEK

NOW GO TO A 2
(c)

Have you ever drunk alcohol, even occasionally?
No
Yes

»Go to EMPLOYMENT
»Go to A9

1
2

10

IF 1 ENDCARD

A2 (a)Thinking back
drunkany beer,

over thelast 12
months, have you
cider, or
lager, even occasionally?
N o
Yes

»Go to A3

1
2

□

11

(b) What do you usually drink?

P

Ordinary beer or lager

1

Strong beer or lager

2

Cider

3

No usual type

4

(c) On average, how often have you drunk beer, cider,
or lager?
DAYS PER WEEK
DAYS PER MONTH
Less than once/month

1

(d) On each of these days how many pints do you
usually have?
TOTAL HALF PINTS

12

13

14
15

o

A3 (a) Over the last 12 months, have you drunk any wine,
sherry,martini, 5c,even occasionally?
N o
Yes

>Go to A4

1
2

18

(b) On average, how often have you drunk wine,
sherry, etc?
DAYS PER WEEK

19

DAYS PER MONTH

20

Less than once/month

1

(c) On each of these days how many glasses do you
usually drink?
TOTAL GLASSES

21

22

A4 (a) Over the last 12 months, have you drunk any
spirits, eg gin, whisky, 5c even occasionally?
N o
Yes

»Go to A5
24

(b) On average, how often have you drunk spirits?
DAYS PER WEEK

25

DAYS PER MONTH

26

Less than once/month

1

27

(c) How much do you usually have on each day that you
drink spirits?
SINGLES

26

A5 What is the most that you would usually drink - beer,
wine, and spirits?
Beer
HALF PINTS

3C

A6

Wi ne/sherry

GLASSES

3:

Spi ri t s

SINGLES

V

When did you last have an alcoholic drink,
of whatever type?
Today

1

3(

DAYS AGO

3

WEEKS AGO

3

(Yesterday * 1 5c)

More than 1 month ago
A7

How old were you when you started having any
alcoholic drinks as opposed to just tasting
them to see what they were like?

1

AGE

3

A8 (a) On the whole, do you drink more, less, or about
the same as you drank 5 years ago?
Alot more now
A bit more now
The same amount

Go to
---♦EMPLOYMENT

□

A bit less now
Alot less now

IF 1-4
ENDCARD

♦Go to (b)

(b) How often on the whole did you drink alcohol?
DAYS PER WEEK
DAYS PER MONTH
Less than once/month

1

(c) How much did you have on each day that you drank?
Beers

HALF PINTS

Wines

GLASSES

Spirits

SINGLES

NOW GO TO EMPLOYMENT7!

A9 (a) PAST DRINKERS

ENDCARD

How often did you drink alcohol?
DAYS PER WEEK
DAYS PER MONTH
Less than once/m onth

1

(b) What type of drink did you usually have ?
Beer, cider, lager

N
1

Y
2

Wi n e , sherry, martini

1

2

Spi ri ts, liquers

1

2

(c) How much did you have on each day that you dra nk?
Beers

HALF PI NTS

Wi nes

GLASSES

Spi ri ts

SINGLES

(d) How old were you when you started having any
alcoholic drinks, as opposed to just tasting
them to see what they were like?

AGE

(e)

How long ago did you stop drinking?

(f)

What was the reason for your stopping drinking?

>

YEARS AGO

Health reasons .................................

1

Other ...........................................

2

REASON

SERIAL NUMBER
CARD NUMBER

6. EMPLOYMENT

WI (a)

Are you working at the moment?
CODE

P

(b)

In a job (Full-time)

*Go

to W4

1

In a job (Part-time)

»Go

to W4

2

HOURS PART-TIME
--- *Go to W2
3

Out of work

Student--------------- --- *Go

to Wl(b)

4

Housework------------- --- *Go

to Wl(c)

5

Wholly retired

to W3

6

--- *Go

HOURS

[STUDENT] Have you ever been in paid employment,
as an employee, or self-employed?
N o ---- *Go to W8
Yes

(c)

*Go to W4

[HOUSEWORK 3 Have you ever been in paid
employment, as an employee or self-employed?
N o ---- *Go to W6
Yes

W2

(a)

*Go to W4

[CURRENTLY OUT OF WORK] How long have you been
out of work on this occasion?
MONTHS
(If one or more years)

(b)

YEARS

Why are you out of work at present?
(i) Redundant or cannot find work
(ii) Prevented from seeking or obtaining
work by sickness by .......

CODE

- Temporary sickness
- Permanent disability
(iii) Other
(specify)

.........................
REASON

NOW GO TO W 4

W3

[CURRENTLY RETIRED]
being retired?

What is the reason for your
19

Retiring age in your job
Ill-health .............

REASON 20

W4 (a) What kind of work have you done for the longest
time?
(Job description) ..................................
(Business/industry)

.................................

(b) How long have you done this kind of work?
(c) Are/were you

YEARS

21

Self employed
Employee;
Manager
Foreman/supervi sor
Ar tided/apprentice
Employee n.e.c.

□

23

Armed forces
SOCIAL CLASS CODE BY LONGEST HELD OCCUPATION

□

24

□

25

W5 (a) ASK THOSE CURRENTLY IN A PAID JOB, NOT THOSE DOING
HOUSEWORK OR WHO ARE UNEMPLOYED
Is this the same as your present job?
No
Yes
(b) [IF N O ]

>Go to W6

What kind of work are you doing now?

(Job description) ............................
(Business/industry)

....................

(c) How long have you done this kind of work?
If less than one year:
If one or more years:
(d) Are you

MONTHS

26

YEARS

28

Self employed
Employee
Manager
Foreman/supervi sor
Arti cled/apprenti ce
Employee n.e.c.

□

30

Armed forces
SOCIAL CLASS CODE BY PRESENT OCCUPATION'

□

31

12
W6 (a) ASK ALL RESPONDENTS Thinking about your main daily
occupation - be it your job or housework, etc,
and the amount of physical effort you make, would
you describe it as...........
[HAND CARD]
ACTIVITY LEVEL
HOUSEWORK/UNEMPLOYED ---- >G0 TO FAMILY HISTORY
W7

SHIFT WORK

□

32

Does your job involve shift work?
Never or occasionally
Yes

(a) Permanent nights
(b) Weekly rotating
(c) 2 - 3

day rotating

(d) Irregular rotating

W8 (a) How do you usua1 ly travel to work?
Motori sed

Works at home
Bus/mi ni bus
Trai n

Go to
34

>FAMILY

Car

HISTORY

Moped/motorcycle

LeS s

Pedal cycle

>Go to (b)

Walk

*Go to (c)

Run

*Go to (d)

(b) If Bi eyele: How much time doyou spend cycling to
and
from work, on average, each day?
MINUTES
DAYS/WEEK
(c) If Wal k : How much time do you spend walking to
and
from work, on average, each day?
MINUTES
DAYS/WEEK
(d) If R u n : How much time do you spend running to
and
from work, on average, each day?
MINUTES
DAYS/WEEK
7_.

FI

FAMILY HISTORY
Are you married?

A few questions about your family
Married
Single
Widowed
Separated/divorced

1
2
3
A

45

13

F2

[ASK ALL MARRIED WOMEN] I would like to ask a
question about your husband’s work.....
(a)

What kind of work has he done for the longest
time?
(Job description) ...............................
(Business/industry)

(b)

.............................

Is/Was he

Self employed
Manager
P

□

Foreman/supervisor
Articled/apprentice
Employee n.e.c.

46

Armed forces
47

SOCIAL CLASS CODE BY OCCUPATION OF HUSBAND'

F3 (a)
Including yourself, how many adults and children
are usually living in your household at the present
ti me?
ADULTS

48

CHILDREN (< 16)

50

(b) [IF NOT MARRIED BUT >1 ADULT] Are you living
with a friend/relative or with a partner?

□

Fri end/relati ve
Partner
F4

(a) FATHER

Is your father still alive?
No
Y e s ....
*JGo toF4(d)
Dont know

(b) How old was he when he died?

2

52

53

3
AGE

54

(c) What were you told was the cause of his death?
Heart

attack

1

Otherheart trouble

2

Stroke

3

High blood pressure

4

Respiratory disease

5

Cancer of the lung

6

57

Accident or injury
Diabetes
Other
59

(speci f y )
D o n ’t know

10

(d) Does/Did your father have high blood pressure?
No
1
Yes
2
Dont know
3
(e) What is/was your father's longest held occupation
..................................

(Job description)

(business/industry)
(f)

Is/was he ....
P

................................
Self employed

1

Manager

2

Foreman/supervisor

3

Employee n.e.c.

4

Armed forces

5

Dont know

6

FATHER'S SOCIAL CLASS CODE(a) MOTHER

Is your mother still alive?
No
Yes -.....
Dont know--*JGo to F5(d)

(b) How old was she when she died?
(c)

AGE

What were you told was the cause of her death?
Heart attack

1

Other heart trouble

2

Stroke

3

High blood pressure

4

Respiratory disease

5

Cancer of the lung

6

Accident or injury
Di abetes
Other
(speci f y )
Don't know
(d)

Does/Did she have high blood pressure?
No
Yes
D o n 't know

8. EXERCISE
The next few questions are about sports
and lei sure activities. GIVE BOOKLET. Please look
through this booklet and tell me whether you have done
any of the activities listed there in the last 12
months_. Most are quite strenuous, so don't worry if
you find you are doing very few.
Only tell me about regular activities ( ^ 1/month).

SERIAL NUMBER
CARD NUMBER

Activity

(Ring)

2-3/
month
2

1-2/
week
3

3-5/
week
4

6-7/
week
5

1

1

Soccer

1

1/month
1

Rugby

2

1

2

3

4

5

2

(

Hockey

3

1

2

3

4

5

3

11

Basketball

4

1

2

3

5

4

1

Volleyball

5

1

2

3

4

5

5

l;

Badminton

6

1

2

3

4

5

6

Tenni s

7

1

2

3

4

5

7

Squash

8

1

2

3

4

5

8

Gymnast ics

9

1

2

3

4

5

9

Weight training

10

1

2

3

4

5

10

Keep fit

11

1

2

3

4

5

11

Aerobi cs

12

1

2

3

4

5

12

Athleti cs

13

1

2

3

4

5

13

2'

Running/jogging

14

1

2

3

4

5

14

2

Fenci ng

15

1

2

3

4

5

15

2

Trampoli ni ng

16

1

2

3

4

5

16

2

Judo/wrest 1ing

17

1

2

3

4

5

17

2-

Swimmi ng

18

1

2

3

4

5

18

2

Canoei ng

19

1

2

3

4

5

19

2<

Rowi ng

20

1

2

3

4

5

20

2

Water skiing

21

1

2

3

4

5

21

2

Di vi ng(Scuba)

22

1

2

3

4

5

22

2

Cycle touring

23

1

2

3

4

5

23

3

Cycle racing

24

1

2

3

4

5

24

3

Ori enteering

25

1

2

3

4

5

25

3

Hillwalking

26

1

2

3

4

5

26

3

Rockclimbi ng

27

1

2

3

4

5

27

3

Cavi ng

28

1

2

3

4

5

28

3

Walking > 4 mis

29

1

2

3

4

5

29

3

Dancing

30

1

2

3

4

5

30

3

Ice skating

31

1

2

3

4

5

31

3

Roller skating

32

1

2

3

4

5

32

3

Fishing

33

1

2

3

4

5

33

Horse riding

34

1

2

3

4

5

34

4
4

Hunti ng

35

1

2

3

4

5

35

4

Golf

36

1

2

3

4

5

36

4

F

4

L

4

Other .........

....

1

2

3

4

5

i(

Apart from to and from work, how do you usually make
your local journeys, eg to the shops and visiting?
N Y
1

2

46

*Go to (b)

1

2

47

to (c)

1

2

48

(b) [IF WALK] About how much time do you spend
waIking on local journeys?
HOURS/WEEK

49

(c) [IF CYCLE] About how much time do you spend
cycling on local journeys?
HOURS/WEEK

51

£. EDUCATION
El (a)
(b)

-- *Go

Walk

—

Bi cycle

to EDUCATION

a
o

Motori sed

i
i
i

X2

The next few questions are about education

At what age did you leave school?

AGE

53

What exams did you get by the time you left
school?
None
55

CSE/O/Ord Gde
A/Higher Gde

E2

(a) After leaving school, did you at any time go on
to any further education?
No
Yes

»Go to SOCIAL

56

(b) What educational, vocational, or professional
qualifications did you obtain?

57

10. SOCIAL
B1 (a)

The next questions are about your household.

Do you rent or own your home?

P

Rented from council

1

Privately rented (Furnished)

2

Privately rented (Unfurnished)

3

Owned (mortgage or outright)

4

Housing association

5

Tied housing

6

Live with parents/relatives

7

5£

(b) RO OMS

IN HOU SE HO LD

In your household how many of the following types
of room are there, that is excluding any rooms used
solely for business, professional or trade purposes

B2 (a)

Bedrooms/study

NUMBER

59

Lounge/sitting room

NUMBER

61

Dining room/breakfast room

NUMBER

62

Ki tchen

NUMBER

63

CARS Is there a car or van normally available
for use by you or any member of your household?
N o ----VGo to B3
Yes

(b)

B3

1
2

Is that one car/van, or more than one

NUMBER

□
□

64

65

INCOME
I would like to ask you a simple question
about the income
of your household
By income I mean
to include interest
and
investments, state benefits, pensions, etc, but
after deductions.
Please look at this card and tell me which group
the total income
of your household wouldfall into
GROUP
Unable to answer
Unwilling to answer

ANXIETY

1

2

□
□

66

67

How anxious did you find the respondent by the
end of the interview?

INTERVIEWER

Not at all anxious

1

A bit anxious

2

Fairly anxious

3

Very anxious

4

ADMINISTERED BY

SK = 7
SB=3

□

□

6E

6S

V A V41U

W V ««

Aw

U L iM A b

| - I

CARD NUMBER
1

2

CUFF SIZE

0

17.0 - 23.0

Small adult

1

23.0 - 31.0

Adult

2

31.0 - 40.0

Large adult______3

TEMPERATURE

□

Room (°C)
Skin (oc)

3

PULSE/RHYTHM

RATE PER 30 SECS
Arrhythmi as

4

None/ectopics
1
Atrial fibrillation 2
Other
3
1

BLOOD PRESSURE (DINAMAP)

□

MAP
PULSE
SBP
DBP
MAP
PULSE

STAPLE

SBP
DBP

PRINTOUT

MAP
PULSE
SBP

HERE

DBP
MAP
PULSE
SBP
DBP
MAP
PULSE
SBP
DBP
MACHINE NUMBER

C0MMINTS

. Subject in pain ?
P18

No

1

Yes

2

□
□

REASON

6

OEK in L

IN U M D tK

1

CARD NUMBER
6

5

6

0

7

TIME(l)

AUTOMATIC MEASUREMENT
Satisfactory

1

Machine fault

2

Subject movement

3

Arhythmi a

4

SBP too high ( > 245mm)

5

MANUAL BLOOD PRESSURE

□

12

SBP

13

DBP5

16

SBP

19

DBP5

22

ANXIETY. Anxiety at time blood pressure measured?
Not all all anxious

1

Just a little anxious

2

Quite anxious

3

Very anxious

4

□

25

7

WEIGHT

( k g )

26

8

HEIGHT

(cm)

30

9

ARM (LEFT) CIRCUMFERENCE

(cm)

34

(mm)

37

WAIST CIRCUMFERENCE

(cm)

40

HIP CIRCUMFERENCE

(cm)

44

(mm)

46

10 SKINFOLD THICKNESS

(1)

11 SKINFOLD THICKNESS

(2)

12 EXAMINED BY

SK-7

SB*3

13 URINE

(i)

Protein Negative

(ii)

OBSERVER

Trace

2

Positive

3

Glucose Negative

1

Trace

2

Positive

3

NO SPECIMEN GIVEN
n

nr ;.s*

2/ 9*

1

P19

4

□
□ □
□ □

51

52

54

gufcanuimAiKfc
1

DEMOGRAPHIC

Disc 2 Doc NBCODING

Dl(a) (b)

D2

- Place of birth. Record the city, town/county, or
village/county. If overseas, record country only.
- For respondents who do not spend the whole time living in
the town, record number of years for which at least 50% of
time spent in town.
- Other people (eg armed services) may be posted elsewhere or
overseas for part of the year. Record as living in the town
if based here.

2 Medical history
Ml
- If blood pressure measured within 1 year record as 1, other
wise round to nearest number of years
-

M2

-

If report blood pressure done by blood transfusion service,
check procedure was with sphygmomanometer and stethoscope,
and not just use^to compress vein for venupuncture.
Those who respond No to Ml should be asked M2, prefaced
necessary by 'Can I just check ....'

if

- Respondents who are "not sure", or borderline should be
coded as follows.

M3

(i)

If one or occasional readings were reported as high by
doctor or nurse, but subsequently blood pressure has been
normal, record as Yes (2)

(ii)

If one or occasional readings were borderline but the
doctor/nurse described them as norma1, or probably normal
(this is a vague area!), then record as No (1).

(a) - Note that this question refers to treatment that the
respondent knows to be for high blood pressure. Other
treatments mentioned (ie diuretics for heart failure)
which you recognise also affect blood pressure, but which
the respondent does not describe as being for
hypertension, should be recorded in M4.
(b) - If respondent cannot recall name or is unsure, write
whatever description you have and record No (1) in M5.
The information will be checked later in the GPs records.
(c) - If last taken before today, record nunbers of days ago,
eg yesterday=l etc.
Record the time (am/pm) only if taken in the last 48 hrs.

M4

(a) - This question refers to treatment other than that known
to be for hypertension.

(b)

- Some respondents
recalling names.
failure, angina,
- Record No (1) in
(c) - As M3(c). Record

(on treatment) will have difficulty
Concentrate on anything for heart
etc.
M5 if names not adequately recalled.
time only if taken in last 48 hours.

M5
M6

(a) - Many peoDle will report pains, which they and you
(especially if respondent is young) will instantly regard
as non-cardiac..
Clearly everybody experiences occasional pain or
discomfort in the chest. It is likely that people who
say no to this question realise that you are after
serious pains.
However in principal it is for this set of questions, not
you or the respondent to decide what is serious.
(b)-(g)

M7

(a) - Some people reporting severe pains lasting half an hour
or more will put it down to indigestion, etc, and may
recognise that you are looking for heart pain.
Do not indulge in any interpretation of severe chest pain
with this question.
(b)-(c).

M8

3
PI

Arthritis - include any type.
Bronchitis - do not include one or two acute episodes,
only recurrent or chronic bronchitis.
Asthma - Asthma of childhood which has now resolved
should be recorded.
Other conditions - do not record common minor surgery
such as tonsils/adenoids, bunyons, toenails, etc.
J \A\dSD oIt&r
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SEX OF SUBJECT
- If pregnancy is recognised as definite by respondent,
whether or not it ended in early miscarriage/abortion,
record as Yes(2).
- If respondent is "not sure" record as No(l).

P2

- M ultiple births. Most people who had multiple births
will probably tell you. Since we are interested in the
number of pregnancies leading to the birth of a child (or
children), record multiple births as one birth.

P3

(a) - If respondent reports one or two raised recordings record
as Yes(2).
- If report "not sure, think it was normal", record as
No(l).

(b)

P4

- Category 3: Tablets/hospital for rest includes women in
hospital for rest whether or not on medication, and any
at home with medication.

(a)-(b)
(c) - If less than one year record as 1.
(d)

4

- The purpose of this question is only to differentiate
between tUe progesterone only mini-pill, and the combined
pill.
- If respondent cannot recall name properly, try to record
something, but refer to list of pills.
- A few women may have changed pill very recently. In this
case record the current pill unless changed within last 2
days.
Enter the code number of the pill in column 38.

Smoking

SI
52

(a) - Information may have already been volunteered in SI. If
so, you need not re-ask except to clarify current
cigarette smoking status. A useful phrase is "can I just
check...."
- If you do not diTectly ask this question, do not forget
to record appropriate code number.

(b) - If answer given in packs, check whether 20 pack, or 10
pack.
(c)-(e)
53

(a) - If answer in packs check whether 20 or 10 pack.
(b)

- (e)

S4/5 (a),(b)

5 ALCOHOL
A1

(a) - This question represents respondent’s own description of
their drinking. The options should be read out, with the
following emphasis. Note that in contrast to cigarettes,
we want to differentiate between people who never drank,
and those who had/have a bit.

Options for self description of current alcohol intake

None, meaning none at all now.
Special occasions only , meaning Xmas, weddings, etc, but
anyone drinking less than once per month.
1-3 days/month, which is self-explanatory.
Weekends, meaning that the respondent drinks only or
mostly at weekends, eg "mainly at weekends". If a
respondent falls into this category, then go on to (b)
and ask how many days per week he/she drinks anything;
the answer could be between 1 and 7 days/week.
During the week: daily/most days, meaning that the
respondent drinks for any number of days, but without a
predominantly weekend pattern, eg "during the week, most
days, or daily".
If a respondent falls into this category, then go on to
(b) and ask how many days per week he/she drinks.
(b)
(c)

A2-A4

Occasional past drinkers should be recorded as (2) to
differentiate them from life-long non-drinkers(l).

These questions should not provide too many problems except
for the type who for instance drinks alot more beer at
weekends than on other days.
Without going into alot more detailed questionning, this is
unavoidable. You and the respondent must arrive at an
average - so that the amount per week is correctly
represented. If you cannot do this during the interview then
write down the weekday and weekend day amounts and mark this
clearly for later attention.

A2 (a)
(b)

Record specific type only if this is a clearly regular habit.
If not record as no usual type (4).

(c)
(d)

Note that the amount must be entered in half pints.

A3 (a)
(b)
(c)

Note that the amount must be entered in glasses one bottle
of wine = 6 glasses
One bottle of sherry or other fortified wine = 12 glasses

A4 (a),(b)
(c)

A5

Note that amount must be entered in singles
one bottle of spirits = 30 singles
This question refers not to occasional benders, but to the
usual maximum.

A6.
A7.
A8 (a)-(c) For coding rules see A2-A4.
A9 (a)-(c) For coding rules see A2-A4.
(d)
(e)

-

If stopped within the last year enter as 1, then round
to nearest year.

(f)
6
W1

Bnployment
(a) If off sick
- with job to return to code as in a job (1) or (2)
- with no job to return to code as out of work (3),
and details of temporary/long-term disabled will b
entered under W2.
If looking for work, but prevented from seeking work by
temporary sickness code as out of work (3), and enter
under W2.
If waiting to take up job already accepted, code as a job
(1) or (2).
Housework, means wholly in unpaid domestic duties. If
respondent is doing a part-time job, and part-time
housework, code as : In a job, part-time (2), and enter
hours (however few).
Student, meaning whole-time student. If respondent is in a
job and studying on a course part-time, record as a job.
Also if on sandwich - studying full-time for a period
within a job - record as in a job.
Voluntary work. Do not record as a job, eg a housewife
doing 10 hours voluntary work a week should be coded as (5).
Temporary work.

Record (1) or (2) as appropriate.

Casual work. If ’officially' unemployed record as (3), even
if doing occasional odd jobs for payment. If respondent is in
fairly regular casual work of a consistent type then this
can be classified as temporary work.

W1

(b),(c)

W2

(a),(b)

W3

-

W4

Respondents entered as retired due to ill-health have
chosen to cease work as opposed to being prevented from
seeking employment by permanent disability.
- Refer to OPCS notes on social class coding, but briefly:-

(a)

- The kind of work describes the occupation, particular
skills, and the position in terms of responsibility.

(b)

- The business or industry describes the setting, and the
company, type of material or commodity can be useful.

(c)

- Self employed, Most self employed people know this
Manager. This implies managing skills rather than just
supervising other people.
Foreman/supervisor. Applies to someone who is in a
manual trade, and not involving business management
skills.
Articled, apprentice or trainee. This includes
respondents who are in training for a skilled job, eg an
apprentice machine tool operator. These people will be
coded under the occupation that they are being trained to
take up.
Employee n.e.c. Anyone not included under (ii)-(iv) but
who is employed.
Armed forces.

W5

(a) - By now you will have an idea of the kind of work the
respondent has done for the longest time. Only ask
(b)-(e) if the kind of work is now different.
(b)-(e)

W6

All ranks.

See W4

This question is seeking physical exertion of main daily
occupation.
If '’main” requires defining, take the occupation involving the
most time.
If the respondent has recently lost a long standing job (ie
within 1 month), then record the physical activity of that
job. Otherwise record the physical exertion of the current
occupation, whatever it is.

W7 - Shift work means changing times of work. However, we also
include permanent nights. Do not include people (eg postmen)
who always start early, eg 5am.

W8

(a) - If the respondent does not have a "usual” method of
travelling to work, record the most recent, or most
frequently used method. If seasonal variations, try to
record what is usual. If sharp seasonal difference, eg
cycles only in summer, record current method(s). For
combinations, record as follows;
For a combination of motorised, record only that method
by which the greatest distance is covered.
For a combination of motorised and foot or cycle record
the motorised code in column 34, and the legs method in
column 35.
(b)-(d)

Record the duration in minutes of the return journey.

7 Family history
FI

- If respondent volunteers that he/she is cohabiting, record
as single(2) - unless previously married - and enter details
under F3(b). There is no need to specifically ask at this
stage about cohabitation.

F2

- Married women.
separated.
(a),(b)

F3

This includes women who are widowed and also

See W4

(a) - Note definition of household:
”One person living alone, or a group of persons (who may
or may not be related) living at the same address with
common housekeeping.
Students/school children who are away in term time should
be included in the household if this remains their home
address.
eople living away for part of week should be
included if this is their home address.
(b)

F4

(a),(b)
(c) - In cases where a major cause (eg stroke) occurred but
death is recorded as chest infection, record the 1° cause
(eg stroke) only if it immediately preceded the fatal
complication. Thus, if the respondent's father had an
MI, and 3 years later died of lung cancer, record as lung
cancer (6).
- "Other heart problem" is any heart disease which is not
reported as a heart attack.

(d)

No
Yes

means definitely not or fairly sure he did not have
raised blood pressure.
means definitely yes or fairly sure he did have raised
blood pressure.

Pont know means subject has no idea whether he did or did not
have high blood pressure.

F5

8
XI

(e),(f)

see W4

(a)-(d)

As F4

Exercise
- Seasonal variations in sportsAc. Fortunately most are/can
be done throughout the year, and a "usual” frequency can be
arrived at. If a game such as tennis is played 3 days a
week, only during summer, and it is currently winter time,
record the current activity.
- Do not record trivial activities, like keep fit exercises
for 1 minute, or roller skating for 2 minutes to shops.
Most of these activities are usually done for at least 10 or
20 minutes.

Example of recording. Mr S Coe runs every day.
Activity
Running/jogging

(Ring)

©

1/month
1

2-3/
month
2

1-2/
week
3

3-5/
week
4

6-7/
week

©

14

At the base of the activities (pi5) is a space for other
strenuous activities. If the respondent describes another
activity which you think is at least fairly strenuous (eg
digging), enter this with the frequency in column 44 (F).
The level of activity will be entered later in column 45 (L).

X2

(a) Record the most frequently used methods. Only record walk
or cycle if done at least once per week.
(b),(c) Add up hours per week.

5

9

Education

El (a)

Legal age of school leaving has changed in recent years.
For our 3 cohorts, legal age was as follows:
Cohort

Legal age of school leaving

25-29yr
40-44yr
55-59yr
(b)

16 yr
15 yr
14 yr

Record only the highest level of exams achieved by time of
leaving school.
Refer to education coding list to identify and categorise
any unfamiliar certificates.

E2 (a)

Any further education includes Polytechnic, Nursing, Teacher
training, University and Open University.

(b)

If more than one qualification, ensure highest level is
recorded. Only record more than one qualification if you are
not sure which is the highest, or if you think one of the
other qualifications might help with social class coding eg with engineers.

10 Social
B1 (a)

Some people have more than one home.
is used as the home address.

Record for that which

If renting (eg local authority) and applied to buy, record
the current tenure.
(b)

Note again definition of household - see F3(a).
Rooms let or sublet are not included in the household unless
the occupants are part of the common housekeeping.
Record a bedsit as 1 bedroom.
Kitchens less than 2 metres (ie 6-7ft) wide are notincluded.
If respondent not sure of dimensions, then a kitchen
described as very small should not be included.
Rooms divided

by a portable

screen or curtains count as one

Rooms divided

by a fixed or

sliding partition countas two.

Do not include; halls, bathrooms, store reooms,
cellars.

B2 (a)

Include car/van that comes from company if also for own use.
3 wheelers and motor caravans are included.
Exclude motor cycles.
Exclude any car/van used solely for the carriage of goods.

(b)

B3

Try to obtain estimate of household1s

"take home" income.

If respondent can only give gross income, make a note of
this in the space under the question - writing GROSS and the
amount or group. Do not enter the group in column 66 as this
be done later after adjustment.
Enter unable (1) or unwilling (2) as appropriate if the
respondent cannot give an answer.

ANXIETY

Make an assessment of anxiety at the end of the interview

ADMINISTERED BY

Please dont forget

1.0

Entry and welcome
1.1 Subject called into examination room
1.2 Subject brings with him/her
- Completed self-administered questionnaire
- Completed interview
1.3 Explanation of measurement procedures

2.0

Preparation
2.1 Clothes are adjusted/removed if necessary to enable blood
pressure measurement
2.2 Right arm arranged comfortably
2.3 Right arm measured and correct cuff chosen and fitted to
Dinamap hose
2.4 Explanation about Dinamap function

3.0

Temperature
3.1 Room temperature recorded
3.2 Mid point of R forearm identified and skin temperature
recorded

4.0

Pulse
4.1 Identify right radial pulse
4.2 Measure rate over 30 seconds
4.3 Identify and record any arrhythmias

5.0

Blood pressure
5.1 Explanation about noise, pressure, 5 serial readings, printer,
and safety of machine function
5.2 Instructions to sit quietly
5.3 Start auto cycle and record MAP,PULSE,SBP,and DBP at one minute
intervals
5.4 Cancel cycle and remove cuff
5.5 Record success or reason for failure of Dinamap cycle
5.6 Attach printout to data sheet

6.1 Explain reason to subject
6.2 Make two successive measurements with Accoson sphygmomanometer
7.0

Explanation to subjects about blood pressure levels

8.0

Anxiety
8.1 Simple question on anxiety at time of measurement
8.2 Record of response and observer's assessment

9.0

Anthropometry
9.1 Remove shoes
9.2 Switch on scales and record weight
9.3 Record height
9.4 Prepare clothing of left arm and mark mid-point
9.5 Measure triceps skinfold thickness
9.6 Measure waist and hip circumference
9.7 Repeat measurement of triceps skinfold thickness

10.0

Checking of self-admimistered questionnaire

10.1 Check through self-admimistered questionnaire
10.2 Discuss with subject any problems and clarify responses
11.0

Thank subject and instruct to return to receptionist

1.0

BLOOD PRESSURE AND PULSE.

This section of the protocol covers:-

1.1

Explanation of procedures to the subject.

1.2

Arrangement of position and clothing.

1.3

Cuff size selection and placement.

1.4

Manual pulse estimation and recognition of arrhythmias.

1.5

Automated measurement of MAP, Pulse, SBP and DBP.

1.6

Back-up manual blood pressure measurement (SBP and DBPs).

1.7

Anxiety at time of measurement.

2.0
EXPLANATION OF PROCEDURES TO THE SUBJECT. It is important to
provide clear explanation to the subject for two reasons.

2.1

2.2

The Dinamap equipment will be unfamiliar to almost all - if
not all subjects. Prior to applying cuff and switching on
power the relevant functions should be explained:(a)

Noise when power on.

(b

Machine will not start inflation until you have told subject
that ready to start.

(c)

Inflation is automatic, and the control is very safe so it
will not cause excess discomfort. You can stop it at any time
should that be necessary.

(d)

Blood pressure will be measured 5 times at one minute
intervals.

(e)

The first inflation may feel a bit tight, but thereafter it
will be less tight or the same.

(f)

Printer recording measurements.

(g)

Nurse will be writing down measurements.

Unecessary movement and conversation may interfere with
measurement, and in any case can influence blood pressure.
(a) Subject should be asked to sit still, and relax. He/she may
close eyes if wishes.
(b) The two of you should refrain from conversation during the
measurements.

3.0

ARRANGEMENT OF POSITION AND CLOTHING
3.1

Each subject has been asked to wear loose upper garments - but
may have fo’gotten!

3.2

Remove sweaters, coats, jackets.

3.3

Ensure (R) sleeve can be lifted to shoulder without any
constriction of the arm.
If this is not possible remove shirts/blouses

3.4

Subject should be seated comfortably. The (R)arm rests palm
upwards on the table, elevated as necessary by foam cushions
so tbat the elbow (antecubital fossa) lies at the level of the
heart. Try to arrange somefoam under every subjects arm for
comfort.

3.5

The legs should not be crossed.

4.0

CUFF SIZE SELECTION. The importance of selecting the right cuff
lies in the potential for bias when a cuff that is too small is
used, and in the problems of fitting an undersize cuff on an obese
arm.

4.1

Find the mid-point of the (R) arm, and measure the
circumference.

4.2

Refer to the table below (also printed on data sheet) to
select the correct cuff.

Arm circumference (cm)

Cuff size

17.0 - 23.0

Small Adult

23.0 - 31.0

Adult

31.0 - 40.0

Large Adult

If arm circumference is approximately 23 cm or 31 cm choose the
larger option.
4.3

Place the cuff with "This side facing arm" approximately over
brachial artery, in the middle of the upper arm. The lower
border of the cuff should be 2-3 cm above the antecubital fossa

4.4

The tightness of the cuff is more critical and should be
checked carefully. Fix velcro so that cuff fits well but is
not tight. It should just be possible to slip the tips of two
fingers underneath the lower end of the cuff.

4.5

Connect cuff to Dinamap hoses.

0

MANUAL PULSE ESTIMATION AND RECOGNITION OF ARRHYTHMIAS
Although the Dinamap provides a pulse display, manual checking of
pulse will be done for two reasons
(a)

To recognise in advance arrhythmias likely to lead to failure
of Dinamap function. In practice, in this population sample
atrial fibrillation is the only arrhythmia likely to be
encountered that is capable of leading to failure.
Ventricular ectopics will not.

(b)

This is a useful opportunity to compare human and automatic
observers.

Procedure is as follows:5.1

Identify (R) radial pulse with fingers of your left hand.

5.2

Zero stopwatch, and start watch on a beat.

5.3

Count the next beat as 1.

5.4

Continue counting to the last full
second mark.

5.5

Record the number of beats during the 30 seconds. Do not
multiply by two, as this wil be done by computer.

5.6

Note the rhythm. Fot the purpose of this survey you need only
take note of rhythms where adjacent beats are continually
irregular, ie there are never two the same.

beat before oron the 30

(a) Problem arrhythmias
Atrial fibrillation. Every beat different in timing and
intensity. A few subjects will have this. Record (code = 2).
Alternating. One strong beat followed by a weaker one, then a
strong one. Unlikely to encounter this, but if you do record
as other on data sheet (code =3).

(b) Other rhythms which are not a problem
Normal sinus rhythm, though note rate may change with
breathing cycle. Record (code * 1).
Ectopics. This is common, but the "dropped” beats occur
occasionally or at most a few per 30 seconds.
Record (code = 1).
Pacemakers. The output of a pacemaker provides a regular beat,
and therefore this will not cause problems.

6.0

AUTOMATED MEASUREMENT OF MAP, PULSE, SBPt DBP
Having compeleted explanation of equipment and procedure to the
subject :6.1

Switch on power (note, machine will be left switched on
between subjects), and ensure displays do not show any
malfunctions.

6.2

Switch on the printer

6.3

Press auto to start measurement.

6.4

Set cycle (SET) to 01.

6.5

Record the MAP, PULSE, SBP, DBP for each measurement.

6.6

Record success/reason for failureof measurements.
Success means 5 measurements taken without problem at one
minute intervals.
Problems may occur due to
(a)

Arrhythmia.

Go on to manual measurement.

(b) Excessive subject movement. Ask patient to sit quietly
and continue with cycle of 5 measurements.
(c)

Systolic pressure greater than 245 mmHg.

(d) Mechanical failure. If simple (ie hose loose), correct
and complete cycle. If more serious use back-up Dinamap and
complete 5 measurements.
6.7

Press cancel. Do not switch off power to

6.8

Remove cuff from subject.

6.9

Advance printer and tear off printout and staple to data sheet.

7.0

Dinamap

BACK-UP MANUAL BLOOD PRESSURE MEASUREMENT

7.1

Explain to subject what is happening.

7.2

Position of subject should be correct.

7.3

Clothing should be correct.

7.4

Identify brachial pulse. Place (correct) cuff with mark
[ 0 ] over artery, with lower border 2-3 cm above antecubital
fossa.

7.5

Identify radial pulse, and inflate cuff until pulse
disappers. Note pressure at disappearance.

7.6

Inflate cuff to disappearance pressure +

lOmmHg.

7.7

Place the stethoscope (bell side) over the brachial artery at
the point of maximal pulsation below the cuff. If the pulse is
not felt, place the stethoscope over the area immediately
inside the biceps tendon.

7.8

Commence deflation at 2mmHg per second.

7.9

Record the level of systolic at appearance of sounds and the
diastolic at one beat below disappearance of sounds (phase
V). If sounds go down to zero, record diastolic as phase IV
(complete muffling).

7.10

Read level of mercury at top of meniscus to nearest 2mmHg.

Example

=136 mmHg
130

7.11

Deflate cuff completely, and repeat measurement procedure 7.5
to 7.10 once more.

7.12

Remember that you are only doing these measurements manually
because the Dinamap can't cope. If the Dinamap finds it
difficult, then you may as well - so do your best.

8.0

ASSESSMENT OF ANXIETY AT TIME OF MEASUREMENT.
Record subjective experience of anxiety. Ask the subject about
anxiety experienced at the time of blood pressure measurement,
and record your impression based upon the response to the
question and your own assessment.

L A L I d KAI 1UN U f
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1.0 Sequence During the pilot sudy the following procedure should be
carried out each day. In subsequent towns it may not be necessary to make
calibration tests so frequently.
OBSERVER 1
(a) Arrange temperature equipment
and switch on

OBSERVER 2
(a) Perform static calibration
of the Dinamap that is in
current use

(b) Check stadiometer
(c) Check skinfold calipers
(d) Check thermocouples

(e) Check scales. This will require both observers.
2.0 Dinamap
2.1 Routine checks need only be made of the return port pressure
level (1.5) in Mode 1. Other checks (1.2 to 1.4) need only be made
prior to each town survey.
2.2 Mode 1. Tests pressure at return port
(a) Switch on and hold SET button for more than 20 seconds.
(b) Should read - Cycle flashing 88
- MAP 0
- All other displays blank
(c) See 2.5
2.3 Mode 2. Tests dc offset voltage, transducer amplifier output(adult)
voltage, and revision of numeric firmware code.
(a) Press SET
(b) Should read - Cycle 88
- MAP 0
- Pulse 0-225
- Systolic 9-11 (steady)
- Diastolic (code)
2.4 Mode 3. Tests logic supply voltage, Analog supply voltage (+ve)
Analog supply voltage (-ve), Battery voltage for clock.
(a) Press SET
(b) Should read - Cycle 88
- MAP 470-530
- Systolic 113-127
- Diastolic 113-127 alternating 812-815
- Pulse 288-380
1.5 Pressure check. Procedure for testing return port pressure
transducer.
(a) Connect calibration equipment as per manual
(b) Switch on and enter Mode 1 via Modes 2 and 3. Press SET one
more time to open dunp valve. MAP should now read 0.
(c) Record MAP display for manometer pressures of 200, 150, 100,
50, and 0 mmHg.
(d) Check against table of acceptable errors (below), and against
previous results in case there has been a sudden change.
(e) Inflate to approx 300 mmHg to check overpressure release.

Table of acceptable errors
Manometer

MAP (mmHg)

200 + 1

200+5

150 + 1

150+4

100 + 1

100+4

50+1

50+4

0

0 +4, -0

Overpressure release should be approx 300 mmHg
1.6 What to do in case of problems
(a) If calibration errors in 1.5 exceed those specified repeat the
procedure.
(b) If still exceed specified limits, use back-up machine. Please
remember to record the new machine code number on the physiological
measurements data sheet.
(c) Phone NB or MW as soon as possible (01-794-0500 Xt 4290/3048)
to arrange immediate repair of faulty Dinamap. If there has been a
gradual drift in calibration, this can be corrected by adjustment
of R106 (see section 5.3.2 on page 5-11 of manufacturers
calibration manual).

0

Thermocouples and digital thermometer
3.1 Arrange in a draught free area the following components
- Air probes
- Surface probes
- Standard thermometer (Mercury and Alcohol)

3.2 Switch on to surface probes (Channel 1) and allowto equilibriate
for *bout=fc5- minutes. Record to nearest 0.1°C
(k f\A

1«V OtV\ ^

3.3 Switch to air probes (Channel 2) and record to nearest 0.1°C.
3.4 Record thermometers to nearest 0.2°C.
3.5 If either thermocouple differs from thermometerand the back-up
thermocouples by more than 0.5°C, use the spares. Record any
changes in the log book. (Note; it appears that the thermometers
read 0.5 to 0.6°C higher than both thermocouples, and this should
be taken as a standard difference).
3.6 Ensure the terminals on the back of the multiway switch and in the
small plug on the back of the digital thermometer are not loose.
0

Scales

4.1 Switch on and allow self-calibration to zero.
4.2 Get onto scales centrally, and read when stabilised. Take lower
digit if alternating.
4.3 Step onto beam balance. Read to nearest 0.1 kg.
4.4 If difference exceeds 0.2 kg repeat procedure.

4.5 If still exceeds 0.2 kg, use mechanical scales for rest of the
survey session
4.6 Electronic scales will be checked on return to London.
5.0

Stadiometer
5.1 Use the metre rule as a standard. Ensure that it isstraight
vertical, and apply weight to the headboard.

and

5.2 Record to lower digit if half-way.
5.3 Check against previous standard (99.9 cm).
5.4 If error exceeds 0.1 cm. repeat the procedure.Ensure
vertical and not damaged.

rule is

5.5 If still exceeds 0.1 cm. inspect rack and counter. Replace the
counter if necessary. Record in log book.
6.0

Skinfold calipers

6.1 Gieck zero adjustment.
6.2 Test against the standards
- thin (rule) 6.1mm
- thick (metal bar) 22.4mm
6.3 If errors exceed 0.2mm repeat procedure.
6.4 If still exceed 0.2mm, use the other calipers for the rest of the
survey. Record in log book.

MEASUREMENT PROTOCOL - TEMPERATURE
Air temperature
1.1

Fix air probe in draught free area away from
machinery, radiators, windows, direct sunlight,
etc.

1.2

Switch on (channel 2) and read after 10 seconds or
when reading stabilised, whichever is the longer.

1.3

Record to nearest 0.1°C, and to lowest digit if
alternating.

Skin temperature

.0

2. 1

Switch on (channel 1).
skin temperature.

Explain going to measure

2.2

Identify mid-point of ventral aspect of (R) arm.

2.3

Explain that probe is merely a thermometer and in
no way causes discomfort. Apply briefly to own
arm as demonstration.

2.4

Apply probe to subject’s arm with ’’moderate"
pressure. Moderate pressure being defined as that
which in training protocol gives stable reading at
60 to 70 seconds after application.

2.5

Maintain contact for 60 seconds.

2.6

Record final reading to nearest 0.1°C, and to
lowest digit if alternating.

Technical notes

3.1

Battery life of PP3 is approximately 200 hours.
The LCD display will shew lew battery. Recording
is reliable up until lew battery is indicated.

3.2

The thermocouples require 10-12 minutes to
stabilise after being initially switched on.

MEASUREMENT PROTOCOL - ANTHROPOMETRY
Weight
1.1
1.2
1.3
1.4

Ask subject to remove shoes.
Switch on scales and allow to zero.
Ask subject to step on centrally.
Read weight to nearest 0.1 kg, and to lowest digit if alternating.

Height
2.1
2.2
2.3
2.4

Ask subject to stand on stadiometer with back to stand. Heels
should be together against the base, and the head horizontal.
Ask subject to stand up straight, and breathe in.
Ask to breathe out and relax shoulders, while head is supported.
Read height to nearest 0.1 cm, and to lower digit if half-way.

Triceps skinfold thickness and arm circumference
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Check clothing free enough to expose lower two thirds of the (L)
upper arm.
Ask subject to let arm hang loosely by his/her side.
Identify mid point between olecranon and acromion, and mark.
Measure arm circumference at level of mark, ensuring tape is
perpendicular to arm, and not compressing tissues. Record to
nearest 0.1 cm.
Take calipers and check zero adjustment.
Pull up skin 2 cm above the mark, but on theposterior part of the
arm.
Place and release calipers below fingers, at level of mark.
Record to nearest 0.2 ran at point where the needle slows down.

Waist circumference
4.1

MALES
Ask subject to identify umbilicus. Place steel tape measure
horizontally around this point, and record to nearest 0.5 cm.

4.2

FEMALES
Ask the subject to identify the umbilicus and lower end of the
breast bone. Place steel tape measure horizontally around the
body at a point one third up between the umbilicus and Xyphisternum (see diagram), and record to the nearest 0.5 cm.

lower end of breast bone
measurement point
umbilicus

4.3

The subject-'should be asked to breathe normally and not hold
in the waist.

Hip circumference

5.1

MALES
Establish the position of the iliac crests. Place tape
measure horizontally around body 4cm below the iliac crests,
and record to nearest 0.5 cm.

5.2

FEMALES
Establish the widest point between the iliac crests and the
buttocks - usually 4-6 cm below the anterior superior iliac
spine. Place tape measure horizontally around this point, and
record to the nearest 0.5 cm.

Repeat measurements
Triceps skinfold thickness should then be repeated as in 3.0
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Protocol for the coding of reported medication, using the sections of the
British National Formulary.

Information
1.1

Drug names are obtained from questions M3(b) and M4(c)
together with the treatment list obtained from the GP records.

1.2

The drugs coded are only the ones that the respondent says
he/she is taking. Drugs recorded in the repeat prescriptions
but not apparently being taken should not be included.
In
some cases, such as where the respondent could not remember
names at all, this may be difficult and the GPs recorded list
of drugs should then be used.

Procedure for coding
2.1

Identify the drug name in the index of the BNF No. 11 (1986).

2.2

Either the proprietary or generic name can be used.

2.3

Some proprietary drugs are not in the BNF.
Use MIMS or the
British Pharmacopaea to identify generic name of component
drugs

2.4

For combination drugs identify the components and code each,
e.g.

Nadolol
Corgaret ic
Bendrofluazide

2.5

Refer to the section or subsection of each drug in the BNF.
These form the basis of coding using the following schedule.
Example:

Nadolol— —*- 5-blocker ■ .■ » BNF section 2.4 ■ ■- » STS code 02

BRITISH NATIONAL FORMULARY (No. 11 - 1986)
Description

(a)

BNF section

CARDIOVASCULAR

- Diuretics

2.2

01

- B-blockers

2.4

02

2.5

03

- Other vasodilators

2.6

04

- Other cardiovascular:
(Anticoagulants, antiplatelet,
drugs used in hyperlipidaemia,
anti-arrhythmics, cardiac
glycosides)

2.1,2.3
2.8,2.9
2.12

05

- Antihypertensive drugs:
(Vasodilators, centrally acting
hypotensives, adrenergic neurone
blockers, Of-blockers,
ACE inhibitors, ganglion
blockers, other

(b)

GASTROINTESTINAL

(c)

RESPIRATORY
- Other
- Systemic nasal decongestants

(d)

STS CODE

1.1 - 1.9

06

3.1 - 3.9

07

3.10

08

CENTRAL NERVOUS SYSTEM
- Anxiolytics

4.1

09

- Antidepressants

4.3

10

- Other

4.2,4.4 - 4.9

11

(e)

INFECTIONS

(f)

ENDOCRINE

5.1 - 5.5

12

- Insulin

6.1.1

13

- Oral hypoglycaemic drugs

6.1.2

14

- Thyroid drugs

6.2

15

- Corticosteroids

6.3

16

- Other

6.4 - 6.7

17

BRITISH NATIONAL FORMULARY (No 11 - 1986)
Description

(g)

BNF section

OBSTETRICS# GYNAECOLOGY AND URINARY
DISORDERS
(Contraceptives coded separately)

(h)

STS CODE

7.1, 7.2, 7.4

18

MALIGNANT DISEASE AND
IMMUNOSUPPRESSION

8.1 - 8.3

19

(i)

NUTRITION AND BLOOD

9.1 - 9.7

20

(j)

MUSCULOSKELETAL AND JOINT

10.1 - 10.3

21

(k)

EYE

11.1 - 11.9

22

(1)

EAR, NOSE, AND OROPHARYNX

12.1 - 12.3

23

(m)

SKIN

13.1 - 13.14

24

(n)

OTHER

14, 15

25

Not applicable

Blank

Missing

99
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Casual urine concentrations of sodium, potassium, and
creatinine in population studies o f blood pressure
N . G . Bruce,1 D . G . C o o k,1 A . G. Shaper1 and J. G . Ratcliffe2
‘D epartm ent o f Public H ealth and Prim ary Care, R oyal Free H ospital School o f M edicine, London
and -Director, W olfson Research Laboratories, D epartm ent o f Clinical C hem istry, Queen Elizabeth
M edical Centre, Birm ingham , UK
Summary:
The relationships between blood pressure and the concentrations o f urinary
sodium, potassium and creatinine have been examined using casual urine specimens collected from
a random sample o f 1,556 men aged 40-59. Partial correlations with systolic blood pressure after
adjustment for age, body mass index (BM I), alcohol consumption, and town showed that sodium
was not significantly associated with BP, but potassium |r = - 0 . 0 9 (P < 0.001)] and creatinine
|r = - 0 .0 7 (/*< 0.01)1 were negatively associated. The sodium/creatinine ratio |r = 0.10
(P <0.001)1 and sodium/potassium ratio [r = 0.11 (P < 0.001)] were positively correlated with
SB P. Comparable results were found throughout for diastolic pressure. Multiple regression
analysis suggested that it was creatinine rather than sodium that was the important component o f
the sodium/creatinine ratio, and raised the possibility that potassium may play a part in this
association because o f the strong correlation between potassium and creatinine. Similarly,
potassium appeared to be the more important component o f the sodium/potassium ratio.
The regression coefficients for sodium, potassium, and the sodium/potassium ratio in this study
o f casual urine samples were found to be similar in direction and magnitude to two large studies
using 24 hour urine collections. We suggest that casual specimens may be useful for estimating
sodium and potassium intake in population studies.

Introduction
C asual urine specim ens have been used to investi
gate the relationship betw een BP and dietary
sodium and potassium in a n u m b er o f p o p u latio n
studies,1' 1 and also as a m eans o f validating intake
of these tw o electrolytes in a recent com m unity
intervention trial.4 A lthough it is usually recom 
m ended th a t urinary electrolyte studies use at least
single, and preferably m ultiple, 24 h o u r collections
in order to overcom e m ark ed in tra-individual v ar
ia tio n ,5 som e population studies using casual urine
specim ens have d em onstrated significant associa
tions betw een BP and the sodiu m /p o tassiu m
ra tio 1' 1 and also with potassium c o n c e n tra tio n .1
These associations are generally o f a sim ilar direc
tion and m agnitude to those reported from studies
using 24 h o u r6-8 and overnight9'" urine collections.
It has been suggested th a t the positive findings
o f casual urine studies are a reflection o f m ore

Correspondence: Dr N. Bruce, MFPHM, Department of
Public Health and Primary Care, Royal Free Hospital
School of Medicine, Rowland Hill St, London NW3
2PF, UK
Accepted: 20 June 1990

stable dietary intakes in the developing countries
in which these investigations have been carried
o u t,11 o r th at there m ay be a sh o rt-term relatio n 
ship betw een BP an d urinary sodium an d p o ta s
sium w hen a casual urine is collected close to the
tim e o f BP m easu rem en t.1 C asual urine specim ens
were collected in five tow ns in th e B ritish Regional
H eart Study (B R H S ), and provide an o p p o rtu n ity
to exam ine the associations betw een BP and
sodium , potassium an d creatinine m easured in
casual urine specim ens from a sam ple o f m iddleaged m ales living in a developed country. T he
ratio s o f sodium to creatinine an d sodium to
potassium are often rep o rted in urine studies, an d
their in terp re tatio n will also be considered.

Methods
The m ethodology o f the R egional H eart Study has
been described in detail elsew here.12 Briefly, 7,735
men aged 40-59 were sam pled random ly th ro u g h
the age-sex register o f one general practice in each
o f 24 British tow ns, with an overall response rate
o f 78% . A total o f 1,691 men atten d ed in the last

t Macmillan Press Limited, 1990
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five tow ns to be surveyed (71% response), an d all
w ere asked to provide a urine specim en. D a ta on
urine, BP and relevant co n fo u n d in g variables is
available for a total o f 97% (1,556) o f the m en who
atten d ed in these five tow ns.
Urine
E ach m an w ho atten d ed the survey centre was
asked to provide a specim en o f urine. T his was
collected in a plastic ju g previously w ashed in
distilled w ater and then air dried. A 9.5 ml aliquot
w as transferred to a tu b e co n tain in g 0.5 ml o f IN
hydrochloric acid. T he tu b e w as stored at room
tem p eratu re for the rem ain d er o f the day, an d then
despatched overnight to the W olfson Research
L ab o rato ries in B irm ingham for analysis. C oncen
tratio n s o f sodium an d p otassium were determ ined
by em ission flame p h o to m etry , and creatinine by
the Jaffe re a ctio n 11 in an au to an aly ser, a fter c o r
rection for dilution by the hydrochloric acid.
B lo o d p re ss u r e

W ith the subject seated, BP was m easured twice in
succession on the right arm using a L ondon
School o f H ygiene sphygm om anom eter and a
sta n d a rd adult cuff, and the m ean o f both
m easurem ents has been used in the analysis. The
three observers who carried out the exam inations
were trained using tape-recorded K o ro tk o ff
sounds, and the m easurem ents have been adjusted
for observer v a ria tio n .14
B o d y m a s s in d ex , a lc o h o l c o n su m p tio n a n d
m e d ic a tio n

The m ost im p o rtan t con fo u nd in g factors in the
association between electrolytes and BP are age,
body weight and alcohol consum ption. A lcohol
raises BP, and m ay decrease sodium intake by

reducing overall food c o n su m p tio n .15 Body weight
is represented by body m ass index (B M I; w eight/
height2), an d the m easurem ent o f height, weight
an d alcohol co n su m p tio n in the B R H S has been
described p reviously.1216 M en were also asked
w hether they w ere tak in g m edication for high
blood pressure. T h e exclusion o f subjects on tre a t
m ent fo r high BP did n o t m aterially affect the
results, an d the analyses presented include all
1,556 m en.
S ta ti s t ic a l m e th o d s

T he associations betw een urine co m p o n en ts an d
BP has been exam ined using co rrelatio n an d
regression. T he co rrelatio n procedure o f the S ta t
istical Package fo r Social Sciences (SSPS-X) was
used, perm itting adju stm en t for age, body m ass
index, alcohol con su m p tio n an d tow n. A d ju st
m ent for tow n was m ade because there were
differences betw een tow ns in m ean levels o f BP o f
8 m m H g systolic an d 7.7 m m H g diastolic. R egres
sion analyses were carried o u t using the G L M
procedure o f SAS (Statistical A nalysis System).
Results
C o r r e la tio n s w ith b lo o d p r e ss u r e

M any previous studies have presented the results
o f urine electrolyte and BP analyses as co rrelation
coefficients, and fo r the purposes o f co m paring the
q u alitative findings this has been d o n e in the
present report. T able I show s the correlations
between BP and the urine sodium , potassium and
creatinine co n cen tratio n s, an d the sod iu m /creati
nine, potassium /creatinine an d sodium /potassium
ratios. T he correlatio n s are presented first as u n a d 
ju sted coefficients, an d then as partial coefficients
adjusted for age, BM I, alcohol and tow n. T he
adju stm en t for tow n does n o t greatly affect the

Table I Correlationcoefficientsfortheassociationsbetween urineelectrolytesand BP, unadjusted,and adjusted for
age, body mass index, alcohol intake,and town. The means and standard deviations (mmol/1 forsodium, potassium
and creatinine) are also shown
Mean

Standard
deviation

Sodium
Potassium
Creatinine
Sodium/creatinine
Potassium/creatinine
Sodium'potassium

118.39
55.07
10.84
13.67
5.75
2.65

55.83
31.95
6.56
7.95
3.29
1.53

*/><0.05

***/><0.001.

Urine component

**P<0.0I

Systolic
Unadjusted
Adjusted

0.01
-0.07**
-0.06*
0.10***
0.01
0.10***

-0.01
-0.09***
-0.07**
0.10***
0.001
0 .11***

D iastolic
Unadjusted
A djusted

0.02
-0.03
-0.01
0.06**
0.02
0.06**

-

0.001

-0.08**
-0.04
0.08**
0.02
0.09***
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results, b u t w ith the exception o f the sodium /
potassium correlation w ith D B P w hich increases
from r = 0.08 ( />< 0 .0 0 I) to r = 0.09 (P < 0.001),
the additional adjustm en t for tow n slightly dim i
nishes all the correlations.
Sodium co n centration show s no evidence o f an
association with BP, w hereas p otassium has a
negative relationship which is strengthened by
adjustm ent. T he sodium /creatinine ratio d em o n 
strates a positive association w hich is increased a
little for D B P by adjustm en t, b u t the p otassium /
creatinine ratio has a very w eak an d non-signific
ant positive relationship. C reatin in e itself has a
w eak negative univariate association which is
increased slightly after ad justm ent. T he sodium /
potassium ratio has a significant positive associa
tion with BP which is also strengthened by a d ju st
m ent.
Regression analysis
A lthough the sodium /creatinine ratio show s a
highly significant positive association w ith BP
(T able I), o f the tw o com p o n en ts o f this ratio it is
creatinine, and not sodium , th at show ed a signific
ant correlation with BP. T his suggests th a t the
finding for the sodium /creatinine ratio m ay be a
consequence o f the creatinine co n cen tratio n rath er

than the sodium . T able 11(a) show s the p artial
regression coefficients for sodium an d creatinine
w hen entered sim ultaneously in a m odel w ith age,
B M I, alcohol in tak e an d tow n, an d it is clear th a t
the creatinine co n cen tratio n is the m ore im p o rtan t
co m p o n en t o f the ratio . T ab le 11(b) show s a sim i
lar m odel fo r p otassium an d creatinine w hich
indicates th a t alth o u g h b o th variables w ere negati
vely co rrelated w ith BP (T able I), it is p otassium
th a t is the m ore strongly associated w ith BP.
T ab le 11(c) show s th a t w hen sodium , potassium
and creatinine are entered together, it is only
potassium th a t rem ains significantly associated
w ith BP. T his suggests th a t the negative associa
tion betw een creatinine a n d BP seen in th e m odel
with sodium only (T able 11(a)) m ay in p a rt result
from the high correlatio n betw een creatinine and
potassium in this d a ta set (r = 0.63, P < 0.0001).
H ow ever, '• len the so dium /creatinine ratio is
entered w ith potassium (T able 11(d)), b o th co m p o 
nents rem ain significantly associated w ith BP. This
indicates th a t w hatever role potassium has in the
association betw een creatinine an d BP, potassium
does n o t entirely explain the association seen for
the so d ium /creatinine ratio.
T he sodium /potassium ratio was the variable
m ost strongly associated w ith BP, and the regres
sion coefficients are show n in T able 11(e).

TableII Regressioncoefficientsand standard errors(SE)fortheassociationsbetween urine
components and BP in five models (a-e). each of which has been adjusted for age, BMI,
alcoholintake,and town. The unitsfortheregressioncoefficientsareexpressed asthechange
of BP in mmHg foran increase in the urine factor of 1mmol 1forsodium, potassium and
creatinine, and of one unit of the ratios forsodium potassium and sodium/creatinine.
Com ponents o f m odels

Systolic

Regression coefficient
SE
Diastolic

SE

(a)
Sodium
Creatinine

0.004
— 0.214**

0.01
0.08

0.003
-0.069

0.01
0.05

Potassium
Creatinine

-0.046*
- 0.062

0.02

-0.031**
0.033

0.01
0.06

Sodium
Potassium
Creatinine

0.009
-0.050*
-0.076

0.02
0.10

0.006
-0.034**
0.023

0.01
0.01
0.06

Sodium/creatinine
Potassium

0.198**
-0.037*

0.07
0.02

0.084*
-0.020*

0.04
0.01

(b)

(c)

(d)

(e)

1.469***

Sodium/potassium
*P<

0.05

**/><0.0l

***/><0.00l.
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0.10
0.01

0.32

0.673***

0.19
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Discussion
T his study has found a negative association
between BP a n d u rinary potassium , a positive
association w ith the u rinary sodium /creatinine
and sodium /potassiu m ratios, an d no evidence o f
an association w ith u rinary sodium .
A study using casual urine specim ens can only
provide co n cen tratio n s o f the urine com ponents,
while overnight an d 24 h o u r urine studies rep o rt
am ounts o f electrolyte excreted d u rin g a stated
period o f time. T his im plies th a t the n atu re o f any
com parison betw een studies using different collec
tion m ethods should be m ainly qualitative,
although som e attem p t will be m ade to assess the
com parability o f the strength o f the association
w ith BP as indicated by regression coefficients
after tak in g acco u n t o f differences in the stan d ard
deviations o f the variables concerned.
A fu rth er problem o f casual urines is the p o te n 
tial for urine specim ens to be very d ilute o r very
concentrated w hich will lead to spuriously high
correlations betw een the urine com ponents. In this
d a ta set the correlatio n betw een sodium and crea
tinine was 0.38 (P < 0.0001), a n d betw een sodium
and potassium 0.38 (P < 0.0001), while th at for
potassium and creatinine was som ew hat higher at
0.63 (P < 0.0001). A simple co n cen tratio n effect
p robably can n o t explain why potassium w as so
m uch m ore highly co rrelated to creatinine than
sodium , but these associations will influence the
ability o f the analysis to identify the im p o rtan ce o f
each com ponent.
Comparison w ith the results o f other studies
T he Scottish H eart and H ealth Study is the most
com parable to the B R H S in term s o f general
design, involving 7.354 men and w om en age 40-59
sam pled through general practice, but urine elec
trolyte m easurem ents were m ade from a single
24 h o u r urine collection.6 A q u alitative co m p ari
son w ith the present study can be m ade with the
first ord er correlatio n coefficients for the associa
tions between SBP and electrolyte excretion in 24
hours, which are: 0.02 (sodium ), —0.05 (p o tas
sium ), 0.05 (sodium /creatinine), 0.04 (potassium /
creatinine), and 0.08 (sodium /potassium ). These
results are in the sam e direction as, and o f co m p a r
able m agnitude to, the unadjusted correlation
coefficients in the present study (Table I).
In the Scottish study, a standardised regression
coefficient adjusted for age, BM I, pulse rate and
alcohol consum ption is given only for potassium ,
and has a value for men o f —0.04 systolic and
- 0 .0 3 diastolic. The calculation o f this stan 
dardised coefficient was done using SPSS (D r C.

Sm ith, personal com m unication), an d the p ro ced 
ure involves m ultiplying the estim ated regression
slope (beta) by the stan d ard d eviation o f the x
variable (potassium , males; 25.1 m m ol/24hr),6 and
dividing by the sta n d a rd deviation o f the y v ari
able (B P, m ales; systolic 18.7 m m H g, diastolic
11.6 m m H g).6 T he u n standardised regression coef
ficients are therefore —0.03 systolic a n d —0.014
diastolic. T he stan d a rd deviations for BP in the
five B R H S tow ns were 19.1 m m H g systolic and
11.2 m m H g diastolic, so th a t the B R H S regression
coefficients for potassium (adjusted fo r age, BM I,
alcohol, tow n a n d creatinine in T able 11(b), and
adjusted for age, BM I, alcohol, tow n, creatinine
and sodium in T able 11(c)) can be com pared w ith
those o f th e Scottish study. T he regression coeffi
cients for the tw o studies are in fact very sim ilar,
alth o u g h a little larger in the B RH S.
T he largest sam ple available is from the In te r
salt stu d y ,7 an d analysis o f 24 h o u r specim ens on
all 10,079 subjects provides regression coefficients
for SBP on sodium , potassium , an d the sodium /
potassium ratio . The Intersalt coefficients, which
for purposes o f com parison are those which have
no t been corrected fo r reliability, are as follows:
0.01 m m H g per m m ol for sodium (stan d ard erro r
0.003, P < 0.001: adjusting for age, B M I, sex,
alcohol an d potassium ), —0.025 m m H g per m m ol
for potassium (stan d ard erro r 0.007, P < 0.001:
adjusting for age, sex, alcohol an d sodium ), an d
0.62 m m H g p er unit for the sodium /potassium
ratio (stan d ard e rro r 0.104, P < 0.001: adjusting
for age, sex. BM I an d alcohol). A sum m ary o f the
stan d ard deviations for the urine electrolytes
excreted per 24 hours in the 52 Intersalt centres are
not given,7 b u t the individual centre sta n d a rd
deviations ap p e a r on average to be sim ilar for
sodium to the stan d ard deviation for sodium co n 
cen tratio n in the present study (55.83 m m ol/litre),
those for the sodium /potassium ratio are also
sim ilar to the present study (1.53), while those for
potassium in Intersalt are a little sm aller th an the
31.95 m m ol/litre in the present study. The In tersalt
regression coefficients can therefore be considered
as being co m p arab le to those in the present study
for sodium an d potassium in T able 11(c), an d for
the sodium /potassium ratio in T able 11(e).
A num ber o f o th e r studies give results which are
generally consistent with these findings,1' 38-11 with
very little evidence o f an association betw een
sodium and BP, while potassium is generally
found to have a stronger an d negative association.
T he sodium /potassium ratio also has a stronger
positive association, w ith a few exceptions.8 The
sodium /creatinine ratio show s m ore variable re
sults. T here are o f course studies which have

URINARY Na ', K , CREATININE AND BP

reported generally negative results for associations
betw een BP and urine electrolytes.171,1 A lthough
studies w ith positive results are m ore likely to be
published th an those which found no significant
associations w ith BP, this review does indicate th at
am o n g the published repo rts o f casual urine stu d 
ies w ith positive results, the findings are generally
consistent w ith those using o v ernight o r 24 h o u r
specim ens. T he present study ad d s to this evidence
w ith sim ilar results from a developed country.
The sodium/creatinine ratio
T his ratio is frequently used in presenting d a ta on
urine electrolytes and BP, alth o u g h m ost a u th o rs
do n o t refer to its justification. T he present study
suggests th a t the association betw een the sodium /
creatinine ratio and BP m ay have m ore to d o w ith
the creatinine concen tratio n th an the sodium , but
th a t potassium m ay also play som e p art. Published
findings on the association betw een 24 h o u r urine
creatinine an d BP are conflicting. In N o rth C hina,
significant negative associations were found
betw een 24 h o u r creatinine excretion an d B P ,1’
and the suggestion raised th a t creatinine m ay be
an in d icato r o f anim al p ro tein intake. O th er
24 h o u r urine studies in B elgium 8-2021 an d in
K o rea21 have found either no association o r signi
ficant positive associations betw een to tal c reati
nine an d BP, although the possible reasons for the
inconsistency with the C hinese resu lts19 are no t
discussed. A large study in C h in a using overnight
specim ens reported no significant association w ith
B P.10
The sodium /potassium ratio
This is considered to describe an im p o rta n t aspect
o f the d iet,22 and one which can vary m arkedly
between different p o p u latio n s.7 T he association
between the ratio and BP ap p ears to be im p o rtan t,
and has found with som e consistency in o th er
rep o rts.1' 3679~" The present study indicates th a t
the association is largely dependent on the potas
sium component. T his is in agreem ent w ith o th er
w ork which has suggested th at potassium is m ore
im p o rtan t in lowering BP th an sodium is in raising
it, alth o u g h this is n ot a consistent finding.15 It may
be th a t in developed natio n s such as B ritain w here
sodium intake is generally high,7 v ariation in the
potassium com ponent o f the ratio is relatively
m ore im p o rtan t in relation to BP than it is in
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com m unities w here a low er intake o f sodium is
usual.

Conclusions
The consistency o f th e findings for sodium an d
p otassium betw een th e present study, o th e r casual
urine studies, an d th o se using 24 h o u r an d over
night specim ens suggests th a t casual urine speci
m ens are useful, p articu larly fo r estim ating the
m ean excretion p a tte rn o f groups. It is possible
th at the co n cen tratio n s o f sodium a n d potassium
in casual specim ens p rovide reasonably unbiased
estim ates o f th e 24 h o u r co n cen tratio n s, albeit
with m uch ran d o m e rro r, an d th a t these m ean
values reflect h ab itu al in tak e with sufficient relia
bility to identify biological associations w ith BP.
T he in terp re ta tio n o f the sodium /creatinine
ratio is called into q u estio n in the present study
d ata, and a possible role for potassium in this
association is suggested. H ow ever, in view o f the
limited and conflicting evidence on the associa
tions betw een u rin ary creatinine an d BP an d the
high co rrelatio n betw een creatinine an d potassium
in th e present study, there rem ains som e uncer
tainty over the in terp retatio n o f this finding based
on casual urine specim ens.
T he positive association between the sodium /
potassium ratio and BP is the m ost pow erful and
consistent finding, and in this study potassium
ap p ears to be th e m ore im p o rtan t com ponent. It is
recom m ended th at in fu tu re studies o f urine elec
trolytes and BP w hich exam ine ratios, greater
atten tio n be given to the u n d erstanding o f w hether
b oth co m p o n en ts are c o n trib u tin g to any observed
association w ith BP.
C asual urine specim ens are easier an d cheaper
to collect th an 24 h o u r sam ples, and m ay well be
useful in p o p u latio n studies o f aetiology, in in ter
vention trials,4 and in m o n ito rin g the com m unity
intake o f these electrolytes if and when changes in
sodium an d potassium in tak e becom e accepted as
recom m ended public health advice for the prim ary
prevention o f high blood pressure.
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ABSTRACT
Objective - To examine the contribution of sodium and
potassium to geographic blood pressure variations among men
and women in Great Britain.
Design - Cross sectional study with analysis of associations
between blood pressure and urine electrolytes within and
between populations.
Setting - Nine British towns; six in England, one in Wales
and two in Scotland.
Subjects - 1240 men and 1119 women in three age groups

(25-

29, 40-44 and 55-59), sampled from one general practice in
each town.
Main outcome measure - Systolic and diastolic blood pressure
measured with an automatic oscillometric recorder (Dinamap
1846) .
Results - Significant positive associations were found
between systolic blood pressure and the urine
sodium/potassium ratio for men (p<0.05) and for women
(p<0.001), and for the sodium/creatinine ratio in men
(p<0.01), after adjustment for age and body mass index.

The

findings for diastolic blood pressure were similar, but non
significant for men.

Associations between blood pressure

and sodium concentration were inconsistent and non
significant.

The associations between blood pressure and

potassium concentration were consistently negative, and
significant for diastolic in women (p<0.01).

The

correlations between the mean town systolic blood pressures
and the sodium/potassium ratio were 0.65 (p=0.058) for men,
and 0.60 (p=0.086) for women.

Correlations for diastolic

blood pressure were much smaller.

3
Conclusion - The association between blood pressure and the
sodium/potassium ratio in this study is consistent both
within and between populations, for men and women, and is
also consistent with the results of other population studies
using casual and 24 urine specimens.

Although unable to

quantify the effects of sodium and potassium with precision,
this study suggests that the sodium/potassium ratio may be
of importance in geographic blood pressure variations in
Great Britain, at least for systolic blood pressure.
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INTRODUCTION
In a previous report we described geographic blood pressure
variations among 2596 men and women living in nine British
towns,

(The Nine Towns Study).*

A further objective of this

study was to explore the reasons for these population
differences, including the possible role of sodium and
potassium intake.

An analysis of casual urine collected

from 1500 men aged 40-59 in the British Regional Heart Study
(BRHS) showed associations between blood pressure and the
concentrations of sodium, potassium, the sodium/potassium
ratio and the sodium/creatinine ratio, which were comparable
in sign and magnitude to other population studies which had
2
used 24-hour urine collections.
It was therefore decided
co include the measurement of sodium, potassium and
creatinine from casual urine specimens in the new study.
This report examines the relationships between blood
pressure and urinary excretion of sodium and potassium among
men and women in The Nine Towns Study, and the contribution
made to the observed geographic blood pressure variations.
METHODS
The background to The Nine Towns Study, sampling and
methodology of blood pressure measurement have been
described in detail elsewhere.*

Briefly, a total of 2615

male and female respondents in three age groups (25-29, 4044, and 55-59) were recruited through one general practice
in each of nine British towns, with an overall response rate
of 68%.

Blood pressure was measured on the right arm five

times in succession using a Dinamap 1846 SX automatic
recorder.

Subjects were seated, and the cuff size was

chosen according to the manufacturer's recommendations which
3
are in line with the AHA guidelines.
An automatic recorder
was chosen to minimise observer and other sources of
4 5
variation. '
Satisfactory sets of readings were available
on 1281 (98.9%) of the men and 1315 (99.6%) of the women.
A casual urine sample was requested from every subject, with

the exception of menstruating women.

The urine was

collected in a plastic jug which had previously been washed
in distilled water and air dried.

A 20 ml aliquot was then

transferred to a sterile container to which had been added
0.5 ml of 1% Thiomersalate preservative.
stored at about 4 degrees Centigrade for
days, and then despatched to

The specimens were
a maximum of 10

the Wolfson Research Laboratory

in Birmingham, England for analysis.

Sodium (Na) and

potassium (K) concentrations were measured using emission
flame photometry, and creatinine (Cr) concentration by the
Jaffe reaction in a Hitachi 737 analyser.

Within and

between batch reproducibility was similar for each analyte.
Representative between batch coefficients of variation (%)
are: Na 1.23 (at mean level 104.9 mmol/1), K 2.28 (at mean
level 57.8 mmol/1), and Cr 3.34 (at mean level 7.8 mmol/1).
Satisfactory urine samples and blood pressure readings were
available on 1240

(95.7%) of

women.

percentage of women is accounted for by

The lower

the men and 1119 (84.8%) of the

the exclusion of those who were menstruating.
Subjects were asked during interview about any medication
that they were taking.

The name of each drug was recorded,

and if the subject was at all uncertain, the information was
checked in the general practice r e c o r d s .

Drugs were

subsequently coded using the main sub-categories for each
chapter in the British National Formulary,^ allowing

identification of the therapeutic function in subsequent
analysis.

Weight was measured without shoes and in light

indoor clothing to the nearest 0.1 kg using a Soehnle
digital scale.

Height was measured without shoes to the

nearest 0.1 cm with a Harpenden stadiometer.

The

calibration of both instruments was checked at the start of
each day of fieldwork.

Body mass index (BMI) has been
2
calculated as weight/height . The interview also contained

questions about alcohol consumption.
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Statistical methods
The distributions of K, Cr, and the Na/K, Na/Cr and K/Cr
ratios were markedly skewed, and in all cases this was
improved by logarithmic transformation.

The distribution of

Na was much less skewed, and has not been transformed.

The

association between urine components and blood pressure has
been examined using linear regression.

In order to

facilitate comparison between the regression coefficients
for the various urine components, blood pressure has been
regressed on the standard deviate urine value for each
subject calculated as shown in the example below for Na.
Standard deviate (Na) = (Individual Na) - (Mean Na for aae/sex group)
(Standard deviation of Na for age/sex group)

The use of standard deviates ranks subjects within their age
group and effectively standardises the urine components for
the marked age and sex differences which exist for both the
mean levels and the standard deviations of the urine
components.

Thus, a standard deviate for K of +1 indicates

that a subject has a K value one standard deviation above
the mean for his or her age and sex group, with the
calculations being carried out on the appropriate log scale.
One useful result of analysing the urine components in this
way is that the regression coefficients for the different
variables are comparable without further standardisation.
While the use of standard deviates facilitates the analysis
and presentation, it did not result in any important change
in the significance level of the regression coefficients
when compared to those based on actual concentrations or
their log transforms.
Medication.

Diuretics are commonly used for treating raised

blood pressure and cardiac failure and also affect urinary
electrolyte excretion.

In comparison to subjects not taking

any medication, it was found that those on diuretics had
relatively higher levels of blood pressure but lower

concentrations of urine Na.

This was also the case for

subjects taking other hypotensive drugs.

However,

regression analysis with and without the exclusion of
subjects taking any hypotensive medication yielded very
similar results, and therefore the findings for the whole
sample are presented.
Repeatability s t u d y .

Variability in the concentration of

urine components over time will tend to result in an
underestimation of the magnitude of any association with
7
blood pressure based on a single specimen.
A study was
therefore set up to examine the extent of within-subject
variation, and to estimate the correction factor required.
Subjects attending in the first week of the survey in
Merthyr Tydfil were asked to return the following week to
provide another casual urine specimen.

Appointments were

made in an attempt to spread the return visits across the
whole day.

Repeat specimens were obtained from 79 (65%) of

the 121 subjects who were asked to return.

The method of

collection, storage and analysis was the same as that used
in the main study.

The method of calculating the correction

factor is that described by Snedecor and Cochran.

p

RESULTS

Aae-patterns of blood pressure and urine parameters.

Table

1 shows the age pattern of systolic and diastolic blood
pressure, and of urine Na, K and Cr.

The mean blood

pressures increase with age, although for systolic the
majority of the rise occurred after 40-44, particularly
among women.

Thus, although systolic blood pressure is

about 13 mmHg higher among men than women in the 25-29 and
40-44 age groups, it is similar at age 55-59.

The standard

deviations for systolic and diastolic increase with age.
The means of the urine components are presented as
arithmetic values for Na, and as geometric means for K, Cr

and the ratios.

The standard deviations given for the

geometric means are multiplicative, thus for K (men, 25-29)
the geometric mean plus one standard deviation is 58.6 x
1.88 = 110.2 mmol/1, and the mean minus one standard
deviation is 58.6 / 1.88 = 31.2 mmol/1.
The concentrations of Na, K and creatinine are higher among
men than women in each age group, but fall with increasing
age among both men and women, as do the standard deviations.
The ratios however, show much less variation with age,
especially among men.

For women the Na/Cr ratio increases

with age to become greater than that for men in the older
two age groups.

The K/Cr ratio is higher at all ages for

women.
Individual associations with blood pressure.

The

associations between the urine variables and blood pressure
are shown in Table 2.

The regression coefficients indicate

the change in blood pressure (mmHg) that is associated with
a one standard deviation increase in each parameter.

The

regression models used to investigate these associations
include adjustment for age alone, for age and BMI, and for
age, BMI and town.

The inclusion of town in the regression

model made very little difference, and the results are not
shown here.

There were no other variables, including

alcohol consumption, which were found to be associated with
both the urine parameters and blood pressure.

As a measure

of obesity, BMI may be a marker for some aspects of diet,
and its inclusion in the regression model could
theoretically remove some of the effect associated with Na
or K.

For this reason, the coefficients derived with and

without adjustment for BMI are given in Table 2.
The overall pattern of results for the men and women is
similar, except that the associations are generally stronger
among the women.

For Na there were consistent and positive

associations with systolic and diastolic blood pressure
after adjustment for age alone, significant for systolic in

women (p<0.05).

After inclusion of the adjustment for BMI,

the associations became inconsistent and non-significant.
Potassium was negatively associated for men and women,
significantly for diastolic in women (p<0.01).

Creatinine

was negatively associated, but this was weak and non
significant .
The strongest associations with blood pressure are found for
the ratios.

Na/K is positively and significantly

associated, especially among women (p< 0.001).

There was

also a consistent positive association with systolic for
Na/Cr, of similar strength in men and women.
was less consistent between the sexes.

The K/Cr ratio

After including

adjustment for BMI, K/Cr was negatively and significantly
associated in the women, but weakly and positively
associated in the men.
Variation in associations with blood pressure bv acre.

There

was some evidence that the strength of the associations with
blood pressure varied by age for the Na/K and Na/Cr ratios
in men and women (Table 3).

However, an interaction test

which examined whether the slopes differed by age group was
significant only for systolic and the Na/Cr ratio in men
(p=0.011).

The overall positive association between Na/K

and blood pressure was stronger in the older men and women,
and there was a similar finding for Na/Cr.

For K in women,

the negative association with blood pressure was stronger in
the older subjects, although the difference in slopes were
not statistically significant. The age patterns for K in
men, for Na and the K/Cr ratio were inconsistent and the
differences in slopes were not statistically significant.
Sodium/potassium ratio and between-town differences in blood
pressure.

The strongest association with blood pressure was

found for the Na/K ratio (Table 2).

It has therefore been

selected to explore the contribution of Na and K to the
blood pressure differences between towns.

Figure 1 shows

the relationships between the mean town urine Na/K ratio
(expressed as the standard deviate) and the age-adjusted
mean town systolic and diastolic blood pressures (as mmHg).
For systolic, the correlation coefficients are 0.65 for men
(p=0.058) and 0.60 (p=0.086) for women.

The associations

for diastolic are much weaker, especially for the women (r =
-0.07).

The town standard deviate values for Na/K in men

and women were very similar (Figure 2), with a correlation
of 0.95 (p<0.001).
Table 4 illustrates in a regression model the effect of the
Na/K ratio on the between-town differences in blood pressure
after adjustment for age and BMI.
BMI)

The first column (Age &

shows the differences between towns (relative to

Southport, set arbitrarily to zero) after adjustment for age
and BMI only, and these are significant with the exception
of female systolic.

The second column (+Na/K) shows the

differences between towns after Na/K is included in the
regression model.

The effect of Na/K is small, with little

change in the p-value for the between-town differences, and
little reduction in the ranges.

The greatest reduction in

the range is 0.61 mmHg, seen for female systolic.
Underestimation of the true association with blood p r e s s u r e .
The estimation of an individual's Na/K excretion based on

one casual urine specimen is clearly subject to considerable
error.

The consequence of this imprecision is that any true

relationship between blood pressure and Na/K will have been
underestimated.

Based on the repeat urine specimens for 79

subjects in Merthyr Tydfil, the ratio of within-subject to

between-subject variances for Na/K was 2.25.

This implies

that the estimated regression coefficients for Na/K in
Tables 2 and 3 should be multiplied by 3.25 in order to

0

provide unbiased estimates of the true slopes.

For male

systolic the estimate of the true slope (after adjustment
for age and BMI) is 3.25 x 1.00 = 3.25 mmHg per standard
deviation, and for women it is 3.25 x 2.10 = 6.83 mmHg per
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standard deviation.
How important are the observed differences in Na/K observed
between towns?

Because of underestimation of the true

regression coefficients, the contribution of the Na/K ratio
to the between-town blood pressure differences in Table 4
will also have been underestimated.

An alternative approach

to assessing what implications the observed differences in
Na/K between towns have for blood pressure is as follows:For men, the lowest town mean Na/K was -0.23 standard
deviates (Guildford) and the highest +0.28 standard deviates
(Merthyr Tydfil), a range of approximately 0.5.
for women was similar.

The range

Using the corrected estimates of the

true regression slopes, this implies a difference in
systolic blood pressure between the extreme towns of 3.25 x
0.5 = 1.6
women.

mmHg for men, and 6.83 x 0.5 = 3.4 mmHg for

We emphasise that these are only point estimates,

and the confidence limits for them would be wide.

Similar

estimates for diastolic are 0.1 mmHg in men and 1.8 mmHg in
women.
The actual difference between towns in the Na/K ratio that
is indicated by the standard deviates in Figure 2 is quite
considerable.

For men aged 40-44, the geometric mean Na/K

ratio for all towns is 1.9 (Table 1), while the lowest town
(Guildford) has a value of 1.27 and the highest (Merthyr
Tydfil) a value of 3.13.

This range of differences is

similar for other age groups, and for women.

DISCUSSION

This analysis set out to examine the potential importance of
sodium and potassium intakes in the aetiology of geographic
blood pressure differences in Britain.

In order to do so,

it was necessary to demonstrate associations with blood
pressure both within the population, as well as between the
towns.

The pattern of associations with blood pressure was

12

found to be very similar to that recently reported for
casual urines collected from men aged 40-59 in the British
2
Regional Heart Study.
This latter report also showed that
the findings with casual urine specimens were similar to
those from studies such as Intersalt^ where 24 hour urine
collections were made.
The present study suggests that not only are the
associations similar for men and women, but that with the
exception of Na/Cr and systolic, those for women may be
stronger.

There was also some evidence that the

associations were stronger in older subjects.

Both of these

findings are consistent with the Intersalt study.

9

The

reasons for this might be related to the ability to handle a
9
sodium load, which is lower in women and older people.
This would also be consistent with the higher mean
concentration of sodium in the men and the younger subjects
(Table 1).
The question of sodium handling does not deal with the role
of potassium.

We have previously shown the potassium

concentration to be the more important component of the Na/K
2
ratio in the association with blood pressure.
The
concentrations of potassium were also higher in men and in
younger subjects, and it is not clear whether this is due to
variations in potassium intake or renal function.
The role of medication also needs to be considered.
Although there were somewhat different patterns of
medication between the sexes, with proportionately more
women receiving diuretics than men, the overall effect of
medication on the associations between urine parameters and
blood pressure was too small for this to be an important
explanation.

Furthermore, the stronger associations with

blood pressure that were seen for women occurred at all
ages, particularly for Na/K (Table 3), and very few subjects
in the younger two age groups were taking medication.

u
Discrepancy between slopes of individual and ecological
associations.

Overall, the strongest association with blood

pressure was found for the sodium/potassium ratio, in
particular for women and older subjects.

Although there was

a positive ecological association between mean town systolic
blood pressure and town standard deviate value for the Na/K
ratio (Figure 1),

the magnitude of the regression slopes of

town mean SBP on town mean Na/K are markedly greater than
those based on the individual data (11.3 mmHg/SD vs 1.0
mmHg/SD for men, and 7.4 mmHg/SD vs 2.1 mmHg/SD for women).
The borderline statistical significance for the town
analysis is due to there being only nine points.

There are

a number of possible explanations for the differences
between the individual and ecological slopes:

(a) chance;

the town (ecological) regression slopes are imprecisely
estimated since they are based on only nine points, so the
true regression effect may be much smaller than our estimate
(the 95% confidence limits just include zero).

(b)

The

regression slopes based on individual subjects are
underestimates due to error in the measurement of Na/K in
each subject.

Town mean Na/K will be largely unaffected by

this problem, and a fairer comparison is between the
ecological estimates and the corrected individual regression
slopes (systolic; 3.25 mmHg/SD for men and 6.83 mmHg/SD for
w o m en).

When this comparison is made, the discrepancy is

less marked particularly for the women.

(c) There may exist

ecological confounders of which we are unaware, although
adjustment of town mean blood pressures and town standard
deviate Na/K values for BMI (probably the most important
counfounder) made very little difference to the ecological
associations seen in Figure 1.

(d)

One other possibility

is that for reasons of general health awareness people in
towns with lower mean blood pressure may also have lower
salt and higher potassium intakes, without there being any
direct relationship between blood pressure and dietary
sodium or potassium.

It will be noted from Figure 1 that

Guildford plays an important part in the strength of the
correlations seen, so dietary habits in this one town could
influence the results quite considerably.
Importance of Na/K in geographic blood pressure differences.
After correction for reliability, the Na/K ratio could
account for a potentially important part of the between-town
systolic blood pressure differences, particularly in women.
These systolic effects may be larger in the oldest age group
where the association between Na/K and blood pressure
appears to be strongest (Table 3), but the study does not
have enough power to explore this issue adequately.

In

contrast there is evidence of very little effect on the
between-town diastolic differences, and this is consistent
with the pattern of ecological associations (Figure 1).

The

correction factor of 3.2 for Na/K based on concentrations in
casual urines from this study is about 25% higher than the
value of 2.6 for Na/K derived from the total amounts
excreted in 24 hour urine specimens from the Intersalt
9
study.
It is to be expected that casual urines would
provide less reliable estimates of the urine variables than
24 hour specimens (and thus require a larger correction
factor), but we are not aware of any other published data
which would assist in judging the validity of our estimate.
In the Intersalt study, the Na/K ratio was positively
related to the slope of blood pressure rise with age and
with the prevalence of hypertension, but only when the 4
isolated populations with very low sodium excretions (out of
7
a total of 52) were included.
Since these four populations
are so very different from any in Britain, it does not
appear reasonable to compare the positive Intersalt findings
on all 52 centres with the present study.

However, evidence

of the importance of sodium (and possibly potassium) can be
drawn from the results of a controlled trial of matched
rural communities in Portugal with high intakes of sodium.
It was found that for all subjects in the intervention

villages, with values of the Na/K ratio lower than the
control villages by 1.76 at 1 year and by 0.43 at 2 years,
the mean blood pressures were also lower than the control
villages: by 10.2 mmHg systolic and 7.2 mmHg diastolic at
one year, and by 13.3 mmHg systolic and 6.1 mmHg diastolic
at 2 y e a r s . T h e

reductions in blood pressure were

generally greater among men than women, but any differences
between age groups were inconsistent.

The conclusion that

reduced salt intake caused the fall in blood pressure was
strengthened by the fact that those with the greatest fall
in the Na/Cr ratio also showed the largest fall in blood
pressure.
CONCLUSION.

The consistency of the within-population and

the ecological between-population (town) associations
indicate that the Na/K ratio may make a contribution to
geographic variations in systolic blood pressure in Great
Britain, although not to variations in diastolic blood
pressure.

Although the results of this study suggest that

the contribution of the Na/K ratio may potentially be of
public health importance, this is hard to quantify on the
basis of these data.

The role of the Na/K ratio appears to

be more important for women, although it may be that this
finding is peculiar to the circumstances of this study and
not generally true.
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Table 1 Mean values (and standard deviations) of systolic and
diastolic blood pressure, and urine components, by age and sex. The
values for K, Cr, Na/K, Na/Cr and K/Cr are geometric means, and the
standard deviations are multiplicative (see results).
Men:
____________ Age-croup______________
25-29
40-44
55-59
mean
(SD^_____ mean
(SD)_____ mean
(SD)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Na (mmol/1)
K (mmol/1)
Creat (mmol/1)
Na/K
Na/Creat
K/Creat
Number of men

135.6 (14.04)
72.7
(8.88)
138.4 (61.57)
58.6
(1.88)
9.7
(1.91)
(1.77)
2.0
12.4
(1.66)
6.1
(1.65)
399

136.6 (16.94)
80.3 (10.15)
120.3 (56.19)
54.6
(1.84)
9.2
(1.90)
(1.77)
1.9
11.4
(1.73)
5.9
(1.55)
413

144.8 (20.30)
84.9 (10.42)
114.8 (52.15)
48.4
(1.90)
8.2
(1.95)
2.1
(1.68)
12.2
(1.68)
5.8
(1.49)
429

Women:
____________ Aae-aroup
40 -44
25 -29
mean
(SD)
mean
(SD)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Na (mmol/1)
K (mmol/1)
Creat (mmol/1)
Na/K
Na/Creat
K/Creat
Number of women

121.7 (13.38)
(7.82)
69.8
114.0 (57.79)
57.4
(1.95)
(2.07)
8.1
1.7
(1.84)
(1.84)
11.8
7.1
(1.65)
296

123.5 (16.06)
73.4
(9.09)
95.5 (53.54)
45.1
(2.02)
6.3
(2.06)
1.7
(1.86)
12.5
(1.79)
7.2
(1.60)
370

55 -59
mean
(SD)
144.7 (23.81)
80.3 (10.63)
86.7 (49.57)
(1.84)
40.8
5.5
(2.03)
(1.84)
1.8
13.2
(1.82)
7.5
(1.55)
454
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Table 2 Regression coefficients (and standard errors) for systolic
and diastolic blood pressure on individual normal deviate values of
urine Na, K, Cr, and the ratios. Adjustment is made for age alone,
and for age and BMI.
Urine
component

MEN
Adjustment_______ Systolic__________ Diastolic

Sodium

Age
Age, BMI

0.85
0.19

(0.49)
(0.48)

0.11
-0.21

(0.28)
(0.28)

Potassium

Age
A g e ,BMI

-0.24
-0.59

(0.49)
(0.48)

-0.07
-0.23

(0.28)
(0.27)

Creatinine

Age
A g e ,BMI

-0.06
-0.75

(0.49)
(0.48)

-0.05
-0.38

(0.28)
(0.28)

Sodium/
potassium

Age
Age, BMI

1.21
1.00

(0.49)*
(0.48)*

0.19
0.09

(0.28)
(0.27)

Sodium/
creatinine

Age
Age, BMI

1.05
1.25

(0.49)*
(0.48)**

0.17
0.26

(0.28)
(0.27)

Potassium/
Creatinine

Age
Age, BMI

-0.15
0.34

-0.01
0.22

(0.28)
(0.28)

* p<0.05

Urine
component

(0.49)
(0.48)

** p<0.01

Adiustment

WOMEN
Svstolic

Sodium

Age
Ag e ,BMI

1.39
0.71

Potassium

Age
Age,BMI

-0.99
-1.20

(0.57)
(0.55)

-0.83
-0.88

(0.28)**
(0.28)**

Creatinine

Age
A g e ,BMI

0.29
-0.15

(0.57)
(0.55)

-0.34
-0.45

(0.28)
(0.28)

Sodium/
potassium

Age
Ag e ,BMI

2.61
2.10

(0.56)***
(0.55)***

1.21
1.10

(0.28)**
(0.28)**

Sodium/
creatinine

Age
Ag e ,BMI

1.25
1.00

(0.57)*
(0.55)

0.74
0.69

(0.28)**
(0.28)*

Potassium/
creatinine

Age
Ag e ,BMI

-1.83
-1.45

* p<0.Q5

** p<0.01

(0.57)*
(0.56)

Diastolic

(0.57)**
(0.55)**

*** p<0.001

0.32
0.16

-0.62
-0.53

(0.28)
(0.28)

(0.28)*
(0.28)

Table 3 . Regression coefficients for systolic and diastolic blood
pressure on standard deviate values of the Na/K and Na/Cr ratios, ]
age.

Men

Women

Na/K

SBP

25-29
40-44
55-59

0.70
0.23
2.02

-0.33
-0.18
0.75

0.28

0.22

0.26

DBP

SBP

DBP

0.02
0.49
2.05

0.28
0.25
1.32

Interaction
(p-value)

DBP

SBP

DBP

1.06
1.63
3.14

0.88
0.69
1.56

Men
(b\

Women

Na/Cr

SBP

25-29
40-44
55-59

0.16
0.27
3.21

-0.17
-0.04
0.96

0.01

0.18

Interaction
(p-value)

0.37

0.27

0.18
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Table 4 . The effect of Na/K on the between town differences in blood
pressure, after adjustment for age and BMI.
Men
Svstolic
Acre & BMI +Na/K
Ayr
Carlisle
Dunfermline
Exeter
Guildford
Maidstone
Merthyr Tydfil
Scunthorpe
Southport
Range (mmHg)
Reduction (mmHg)
p-value

1.94
-1.21
-1.66
0.94
-5.56
-1.70
1.09
-1.00
0.00

Diastolic
Aae & BMI
+Na/K

1.84
-1.11
-1.59
1.07
-5.39
-1.83
0.86
-1.10
0.00

0.05
-3.74
-1.40
-0.04
-3.77
-5.21
-0.95
-1.44
0.00

7.23

5.26

0.04
-3.73
-1.39
-0.03
-3.77
-5.22
-1.16
-1.45
0.00

0.028

5.26
0. 00
0.0001
0.0001

Svstolic
+Na/K
Aae & BMI

Diastolic
Aae St BMI
+Na/K

7.50
0 .27
0.019

Women

Ayr
Carlisle
Dunfermline
Exeter
Guildford
Maidstone
Merthyr Tydfil
Scunthorpe
Southport
Range (mmHg)
Reduction (mmHg)
p-value

-3.22
-3.39
-1.93
-3.21
-5.50
-2.54
-0.95
-3.86
0.00

-3.50
-2.90
-1709
-2.56
-4.89
-2.70
-1.16
-3.83
0.00

-2.60
-2.20
-0.33
-0.88
-3.94
-5.22
-2.60
-2.27
0.00

4.89

5.22

5.50
0 .61
0.44

0.58

-2.76
-1.91
-0.19
-0.50
-3.59
-5.31
-2.72
-2.25
0.00

5.31
-0 .09
0.0001
0.0001

Figure 1
Associations between the mean blood pressure and the
standard deviate value of the Na/K for each of the nine towns. The
regression lines for the nine towns and Pearson correlation
coefficients (with p-values) are shown.
A = Guildford.

Figure 2
Association between the male and female standard deviate
values of the Na/K ratio in the nine towns.
The Pearson correlation
coefficient is shown (with p-value).
A = Guildford
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ABSTRACT
The

importance

of

lifestyle,

anthropometric

and

psycho-social

factors in explaining geographic blood pressure variations in Great
Britain has been examined among 2596 men and women living in nine
British towns.

Age,

Body mass

index,

alcohol

consumption,

and

anxiety at the time of examination were the most important factors
independently

associated with

pressure of men and women.

the

systolic

and

diastolic

blood

The urine sodium/potassium ratio and

the degree of overcrowding were also independently associated with
blood

pressure,

but

were

more

important

among

women.

After

adjustment for these factors, the male blood pressure differences
between the nine towns were reduced from 10.1 mmHg systolic in men
(ANOVA, p=0.001) to 6.6 mmHg (p=0.5), and from 5.9 mmHg diastolic
(p=<0.0001)
increased

to
the

5.2

mmHg

between-town

(p<0.0001).

For

differences

from

women,
5.6

adjustment

mmHg

(p=0.05) to 5.8 mmHg (p=0.3) and from 3.7 mmHg diastolic

systolic
(p=0.03)

to 5.0 mmHg (p<0.0001).
It is concluded that BMI, alcohol consumption and the Na/K ratio
play

an

important

part

in

the

pattern

pressure variations in Great Britain.

of

male

systolic

blood

The factors associated with

female geographic differences in blood pressure are less clearly
defined,
This

but BMI and the Na/K ratio appear to be of importance.

study has been unable

to

identify

factors

either male or female geographic differences
pressure.

associated with

in diastolic blood

However, since systolic pressure has been found in most

prospective

studies

to

be

as

strongly

associated

with

cardiovascular outcome as diastolic pressure, it can be recommended
that primary prevention strategies for raised blood pressure should
focus on reducing obesity, alcohol consumption and the Na/K ratio.

INTRODUCTION
In

a

previous

report,

we

described

variations

in

mean

blood

pressure among men and women living in nine British towns [1], the
Nine Towns Study.

A detailed examination of potential sources of

bias

including

measurement,

machine

response

and

observer

rate,

room

and

error

in

external

blood

pressure

temperature,

and

medication showed that these could not explain the geographic blood
pressure

variations

[2].

A

subsequent

report

examined

the

contribution of sodium and potassium, and this suggested that the
sodium/potassium ratio was associated with the systolic geographic
blood pressure patterns
not

possible

to

(but not diastolic)

quantify

the

systolic

[3], although it was

effect

with

certainty.

Nevertheless, the associations between the sodium/potassium ratio
and

blood

pressure

were

consistent

within

and

between

the

populations, and are also in agreement with other studies [4], and
it

was

concluded

that

this

aspect

of

diet

probably

was

of

importance in the geographic blood pressure variations.
This paper examines the role of a wide range of other factors in
the geographic blood pressure patterns
include

measures

of

body

build,

observed.
lifestyle,

These

factors

socio-economic

circumstances and education, and psychological distress.

METHODS
The design and sampling in the Nine Towns

Study

(NTS),

and the

measurement of blood pressure, medication and temperature have been
described in detail elsewhere [1,2].
and women aged 25-29,
general

practice

response rate was

in

Briefly, a total of 2610 men

40-44 and 55-59 were recruited through one
each

68%,

of

nine

British

towns.

The

but this varied by age group;

overall

about

76%

among men and women aged 40-44 and 55-59, but only 55% in the young
adults.

The extent of bias arising from the lower response at age

25-29 has been examined [1], and does not appears to be of major
importance.
The

nine towns

were

selected

to cover

the

range

of mean

blood

pressures previously identified for men aged 40-59 in the British
Regional Heart Study (BRHS)

[5].

The survey consisted of a self

administered questionnaire covering diet and the 20-item General

Health

Questionnaire

[6],

an

interview

dealing

with

sociodemographic, medical and lifestyle factors, and an examination
which included blood pressure and anthropometry.

Blood pressure

was measured five times at one minute intervals with a Dinamap 1846
SX automatic recorder in order to keep observer errors to a minimum
[7], and the mean of all five readings used in the analysis.

A

total of 2596 respondents had complete blood pressure data.
Anthropometry.
without

Weight

was

measured

in

shoes using a Soehnle digital

light

scale,

indoor

clothing

and height with a

Harpenden

stadiometer.
Body mass index has been calculated as
2
weight/height . Triceps skinfold thickness was measured twice on
the left arm [8] using a Harpenden caliper,
readings

used

in

instruments was
work.

the

analysis.

The

and the mean of both

calibration

of

all

checked at the beginning of each day of

three
survey

Waist and hip circumferences were measured with a steel tape

in light indoor clothing.

It was found that definitions of these

measurements have varied between studies

[9-11],

and that in the

development of this study different definitions were required for
men and women.

For men the waist was measured at the level of the

umbilicus

for women

[9],

at

a point

one

third

umbilicus and the lower end of the sternum [10].

up

between

the

In men, the hip

circumference was measured at a point 4 cm below the iliac crests
[10], in women at the widest point between the iliac crests and the
buttocks

(usually 4-6 cm below the anterior superior iliac spine)

[ 11 ].
Lifestyle.

Tobacco consumption was assessed for manufactured and

rolled cigarettes,

and the

total

equivalent

cigarettes

per

day

calculated (number per day = 5.3 x total ounces consumed per w e e k ) .
Pipe

and

cigar

smokers

were

included

in

cigarette

smoker,

ex

cigarette smoker or never cigarette smoker groups as appropriate.
Usual

alcohol

wine/sherry,
calculated.
analysis.

cumsumption

was

assessed

separately

for

beer,

and spirits, and a combined total in units per week
Non-drinkers were kept

as

a separate

group in the

Leisure exercise was assessed by recording the frequency

of activities set out in a checklist shown to the interviewee.

The

5
activities were subsequently coded according to energy expenditure
data

figures with

a cut off

kcals/min [12-14].

for vigorous

exercise

(VE)

of

7.5

Four categories of activity were used for the

analysis; none, activities less than VE (any frequency) or VE less
than once per week, VE 1-2 times per week, and VE 3 or more times
per week.

Physical

exertion at work

(including housework)

was

recorded in four categories on a card shown to the interviewee,
ranging from "mostly sitting or driving with some walking around"
through to "very hard physical work throughout the day and moving
very heavy loads".
Urine sodium/potassium ratio.
and

analysis

of

urine

The methodology for the collection

concentrations

of

sodium,

potassium

and

creatinine have been described in detail in a separate report [3].
A casual urine sample was requested from every subject, with the
exception of menstruating women.
about

4 degrees

despatched

to

Centigrade

the

Wolfson

England for analysis.

The

specimens were

for a maximum of
Research

stored

10 days,

Laboratory

in

and

at

then

Birmingham,

Sodium (Na) and potassium (K) concentrations

were measured using emission flame photometry, and creatinine (Cr)
concentration by the
Satisfactory

urine

Jaffe
samples

reaction
and

in a Hitachi

blood

pressure

737

analyser.

readings

were

available on 1240 (95.7%) of the men and 1119 (84.8%) of the women;
the lower percentage of women is accounted for by the exclusion of
those who were menstruating.
The distributions of K, Cr,

and the Na/K,

Na/Cr and K/Cr ratios

were skewed, and were improved by logarithmic transformation.
distribution
transformed.
comparison

of

Na

In

was

much

order

between

the

to

less

skewed,

facilitate

regression

and

has

not

age-standardisation

coefficients

for

the

The
been
and

various

urine components, blood pressure has been regressed on the standard
deviate urine value

for each subject

[3].

The use of

standard

deviates did not result in any important change in the significance
level of the regression coefficients when compared to those based
on actual concentrations.

6

Socioeconomic.
General's

Social

1980

occupation,

class

classification

the

Census.

[15]

based on the

using

the

Registrar

longest

held

and for women who had had no occupation that of the

husband or partner was used.
in

coding was

house

were

Car ownership and the number of rooms

assessed

using

the

questions

from

the

1981

Density of living occupation (a measure of overcrowding)

was calculated as the number of occupants (all ages) divided by the
number of
reached

rooms.

either

university,
vocational
request.

Education was
through

qualifications

or vocationally;
and

GCE-type

Employment

recorded

the

details

qualifications

status, marital

as

the

highest

level

gained

at

on

equivalence

of

available

on

the

used

are

school

status and gross

or

household

income were assessed using questions developed for the NTS.

The

question on income used categories of actual income on a card.
Psychological.

The 20-item General Health Questionnaire (GHQ) was

used as a measure of psychological distress [6], and complete sets
of questions are available for 2585
blood pressure readings.

(99.6%) of the subjects with

The scoring system used is the GHQ-score

[13], that is allocating scores of 0,0,1,1 to the four options for
each of the 20 questions.

This scoring method avoids the problem

that arises from some respondents being less willing than others to
use the extreme options in the questionnaire.

Anxiety at the time

of measurement of blood pressure was assessed using a card shown to
the interviewee with four options from "not at all anxious" through
to "very anxious".

Statistical methods.

The following approach has been adopted for

examining the contribution of these factors to the geographic blood
pressure variations.
all

of

the

Associations (adjusted only for age) between

potential

explanatory

variables

and

diastolic blood pressure have been examined first.
with

significant

regression coefficients

systolic

and

Those factors

were then entered

into

multivariate models to determine which had independent associations
with

blood

pressure.

Finally,

the

factors

associations with blood pressure were entered

with

independent

into multivariate

models with each town as an independent variable,

and town mean

blood pressures adjusted for the associations with the potential
explanatory factors were derived.

These adjusted town estimates

give some indication as to the the contribution of relevant factors
to the between-town blood pressure differences.

However,

it is

recognised that measurement inadequacies deriving both from withinperson varibility and the limitations of cross-sectional measures
in

characterising

exposure

"explaining”

of

many

between

years
town

will

restrict

differences

in

the

potential

for

blood

pressure.

This problem is considered further in the discussion.

Data for the men and women in the NTS have been analysed separately
throughout.

Age-adjustment is included for all of the analyses

presented, and has been carried out using linear regression.
regression analyses

have been done

All

in the GLM procedure of the

Statistical Analysis System.

RESULTS
Aae-adiusted associations with blood pressure.
The most important and consistent associations with blood pressure
among men and women are seen for the measures of overweight (BMI,
triceps skinfold, and the waist/hip ratio), and anxiety at the time
of examination (Table 1).

The GHQ-Score, which is another measure

of psychological distress, was only significantly associated with
systolic blood pressure in men.

Alcohol consumption was strongly

associated with both systolic and diastolic blood pressure in men.
In women, alcohol was significantly associated with diastolic blood
pressure

(though

less

strongly

than

in

the

men),

and

only

marginally significantly associated with systolic blood pressure
(p=0.08).
activity

Neither cigarette smoking nor leisure or work physical
were

associated

with

blood

pressure.

Of

the

urine

variables examined, the Na/K ratio was the most strongly associated
with systolic and diastolic blood pressure in women.

In men the

association was only significant for systolic blood pressure.

The

social

variables

showed

an

inconsistent

pattern

of

associations.

Social class was important only for systolic in men

(p=0.01),

a range

income,

but

marital

of

status

other

and

factors

car

ownership)

associated with systolic in women.
was

(accommodation density,
were

all

strongly

Only density of accommodation

significantly associated with diastolic blood pressure,

and

this was found for men and women.
TABLE 1

Multivariate associations with blood pressure.
When entered into multivariate models, these variables demonstrated
a more consistent pattern of associations with blood pressure in
the

men

and women

(Table

2).

Age,

BMI,

alcohol

consumption,

density of accommodation, the Na/K ratio, and anxiety at the time
of

examination

pressure,
measures

remained

with
of

little

obesity,

independently

change
BMI,

in

the

waist/hip

associated

p-values.
ratio

and

with

blood

the

three

Of

triceps

skinfold

thickness, only BMI retained an independent association with blood
pressure

in

men

and

women.

The

correlation

between

BMI

and

waist/hip ratio was 0.58 in men and 0.27 in women, and between BMI
and triceps skinfold was 0.59 in men and 0.74 in women.
Among women, the social factors of income, marital status and car
ownership which showed highly significant univariate associations
with

systolic

blood

pressure

(Table

1),

were

not

independently

associated in multivariate analysis.
TABLE 2
Multiple regression coefficients have been used to illustrate the
magnitude

and

sign

(positive

vs

negative)

of

between blood pressure and continuous variables

the

associations

(Table 3a), with

the exception of the GHQ score which was non-linearly related in
males.

Categorical variables

(including the GHQ score) have been

presented diagrammatically (Figures l(a)-(d)), with the exception

1

of marital status which is shown separately in Table 3(b).

For

simplification, these associations have been presented for systolic
blood pressure only.
factors

Each has been adjusted for all of the other

identified as being independently associated with blood

pressure.
Associations with continuous variables (Table 3 f a n .

Age and BMI

retained the strongest associations with blood pressure.

The Na/K

ratio still remained strongly associated with blood pressure
women.

in

In men the association seen with systolic blood pressure

was weaker after adjustment and was only marginally significant.
Accommodation density still remained strongly associated with blood
pressure in women but not in men.
TABLE 3(a) and (b)
Associations with categorical variables and the GHQ (Figure 1 and
Table 3b\.

Alcohol was strongly associated with both systolic and

diastolic blood pressure in men and women after adjustment (Figure
1(a)).

The

GHQ-score

was

important

in

men,

particularly

systolic but the association was inverse, Figure 1(b).

for

Anxiety at

the time of the examination remained strongly positively associated
with

blood

1(c)).

pressure

Of

the

among

social

both men

factors,

and women,

social

class

p<0.001
did

(Figure

not

remain

significant after adjustment (Figure 1(d)), although manual workers
tended

to

have

higher

blood

pressure

than

non-manual

workers.

Marital status was important for systolic and diastolic in women
only (Table 3(b)).
FIGURES 1(a)-(d)
Ecological

associations

between

town

values

of

explanatory

variables and blood pressure.
In

order

to

contribute

to

the

geographical

blood

pressure

differences observed in the Nine Towns Study, a factor should be
associated both with individual blood pressure values
and 2),

and with the differences

(Tables

1

in blood pressure between the

towns.

Table 4 shows the Pearson correlation coefficients for the

associations between mean town blood pressures, and the mean town
values

of

the

variables

that

have

been

identified

as

having

independent associations with blood pressure in this study.
TABLE 4
In men,

BMI

has

the

strongest ecological

systolic and diastolic blood pressure.

association with town

Figure 2 shows that the

systolic association is not dependent on any one outlying town.
For women, the association between mean BMI and mean systolic blood
pressure is weaker, while there is no evidence of any association
with diastolic (Figure 2).
FIGURE 2
A number of the other variables identified as having independent
individual associations

with blood pressure (Table

2)

ecological

with blood pressure across

towns

4).
at

associations

also have
(Table

The town values for the percentage of manual workers, anxiety
the

time

associations
women.

of

examination,

with

mean

and

the

Na/K

town systolic

Alcohol consumption

ratio

pressure

show

positive

in both men

and

(expressed as the percentage of men

drinking > 21 units/week), was positively correlated across towns
for

systolic

and

diastolic

among

men,

but

for

women

(percent

drinking > 14 units/week) was negatively correlated with systolic
and diastolic.

The GHQ score also showed inconsistent systolic

associations for men and women, but was quite strongly negatively
associated with diastolic, especially for women (p=0.02).

Density

of living accommodation showed consistent negative associations for
men and women, significant for male systolic.
Contribution

of

explanatory

variables

to

the

between-town

differences in blood pressure.
In order to examine the contribution of the various factors being
studied

to

the

between-town

blood

pressure

differences,

a

comparison has been made between the age-adjusted mean town blood

11

pressures,
independent

and the town means adjusted for all variables
individual

associations

with

blood

having

pressure.

The

results of this adjustment procedure are given in Table 5.
TABLE 5
For men, the adjustment reduces the between-town differences from
10.1 mmHg to 6.6 systolic, and the p-value for analysis of variance
from 0.001 to 0.05.
only slightly

The diastolic difference among men is reduced

from 5.9 mmHg

(p<0.0001)

to 5.2 mmHg,

remaining highly significant (p<0.0001).

the

latter

The effect of adjustment

on the mean blood pressure of each town is illustrated in Figure
3(a).

The

nine

towns

have

been

ranked

according

to

the

mean

systolic or diastolic blood pressure adjusted for age only, and the
values

before

adjustment

of

and

after

full

systolic,

adjustment

the

are

differences

shown.
between

Following
towns

are

considerably reduced, with the exception of Guildford which remains
about 3 mmHg lower than the other towns.

The diastolic differences

are changed relatively little by adjustment.
FIGURE 3
For women, the difference in age-adjusted systolic means increased
slightly after adjustment from 5.6 mmHg to 5.8 mmHg, but in neither
case were these differences significant.

The diastolic difference

increases after full adjustment from 3.7 mmHg (p=0.03) to 5.0 mmHg
(p<0.0001).

The

effect

of

illustrated in Figure 3(b).

adjustment

on

the

town

means

is

For systolic, there is a pronounced

change in the ranking of towns, but with a similar overall range.
For

diastolic,

the

ranking

is

somewhat

better

preserved

after

adjustment, but the differences between towns are increased.

DISCUSSION
This

study set out to examine which of a wide range of

factors

might be contributing to geographic blood pressure variations among
men and women in Great Britain.

For systolic blood pressure in

men, adjustment for variables which were independently associated
with blood pressure in individual subjects resulted in a marked
reduction in the range and significance of the between-town blood
pressure

differences

(Table

5/

Figure

3(a)).

The

results

for

systolic in women were less conclusive due to a lack of statistical
significance
However,

of

the

between-town

blood

for diastolic in both sexes,

pressure

there was

differences.

little evidence

that any of the variables studied were important in explaining the
geographic blood pressure variations.
One of the most important issues in this analysis is the extent to
which the measurements of explanatory variables made in the study
adequately describe the true

levels

in the individual

subjects.

Factors such as body mass index (derived from height and weight) do
not vary greatly over time, and measurements should be subject to
little

within-individual

error.

On

the

other

hand,

lifestyle

factors including alcohol consumption, the dietary Na/K ratio and
the frequency of exercise may vary quite considerably over short
periods

of

introduced

time.
error

This
into

within-subject

the

analysis

variation

in

such

a

will
way

have
as

to

underestimate the amount of between-town blood pressure variation
explained.
The extent of this problem was examined for the Na/K ratio, using
a repeatability study carried out in one of the nine towns

[3].

Repeat

this

urine

provided

an

specimens
estimate

were

of

obtained

on

within-person

method of Snedecor and Cochran

[16],

79

subjects,

variability.

and
Using

the

a correction factor of 3.2

was obtained; this implies that the regression slopes (Table 2 and
3(a)) are underestimated by a factor of about three.

When applied

to the regression coefficients in Table 3(a), the coefficient for
men becomes 2.9 mmHg systolic per standard deviation, and for women
6.0 mmHg systolic per standard deviation.

Given the strength of

these associations with systolic blood pressure, the magnitude of
the

difference

in

Na/K

between

towns

(about

0.5

standard

deviations), and the consistency with the ecological correlations
between town values of Na/K and systolic blood pressure (r=0.65 for

men, and 0.60 for women), it seems very likely that Na/K is playing
a part in the observed geographic blood pressure differences.
Although it would have been desirable to make this adjustment for
reliability to the regression coefficients used to derive Table 5,
it was felt that the correction factor was not sufficiently precise
to do so.

Furthermore,

repeatability data is not available for

other lifestyle factors including alcohol consumption and frequency
of

vigorous

exercise,

nor

for

the

complex

patterns

of

within-

individual variation that are likely to lie behind the GHQ score
and the measures
study.

of social position and wealth

included in the

This issue of measurement error arising from within-person

variability over relatively short periods of time is compounded by
the

additional

problem

of

attempting

to

characterise

exposure

patterns over many years in a cross-sectional study.
While it is certain that the reduction in male systolic geographic
blood pressure differences seen in Table 5 is underestimated, the
evidence presented here and in our previous report
that BMI,

alcohol

consumption

important factors.

and the

Na/K

ratio

[3 ] suggests
are

the most

The situation for systolic in women is more

difficult to judge because of greater variability (Figure 3b) and
non-significance of the ANOVA results, but the Na/K ratio and BMI
appear to be of some importance.

Alcohol consumption among women

was not associated with systolic blood pressure across towns, and
therefore cannot have contributed to the geographic differences.
Density of accommodation, which was positively and independently
associated

with

systolic

blood

pressure

in

women,

was

negatively correlated with blood pressure on a town basis
4).

however
(Table

The score for anxiety at the time of the survey was positively

associated with blood pressure in individual men and women,

and

there was also a modest positive correlation with systolic pressure
on a town basis.
anxiety

at

the

This suggests that variation between towns in
time

of

measurement

could

also

have

made

some

contribution to the pattern of geographic systolic blood pressure
variations in men and women observed in this study.

For diastolic in men and women, the ANOVA results are significant
before and after adjustment (Table 5), and we can be more confident
of the conclusions.
between-town

differences,

highly significant.
after adjustment,
significant.

For men there is a minimal reduction in the
but

the

geographic

variations

remain

For women, there is an increase in the range
the geographic variation then becoming highly

These results are also a reflection of the weaker

town-based correlations

(Table 4) that are seen for diastolic as

compared to systolic blood pressure, particularly for BMI (women)
and for the Na/K ratio (men and women) .

For alcohol consumption,

there was a moderate negative correlation with diastolic in women.
It

therefore

seems

underestimating
pressure,

even

the

true

is

little

there

contribution

that

from

the

if

within-person

strength

of

possibility

factors

variability

associations
of

studied

there
to

the

with

being

is

blood

a

major

between-town

differences in diastolic blood pressure.
Do

these

results

imply

that

there

must

be

other

factors,

not

measured in this study, which are important in geographic blood
pressure variations in Great Britain?

The answer to this question

would appear to be that there are for diastolic blood pressure.
For systolic blood pressure in men,

it may well be that

if the

effects of within-person variation and the consequences of life
time patterns of exposure could be adequately described, then there
would be no need to look for other explanatory variables.
The factors which contribute to systolic blood pressure variations
in women might be expected to be similar to those for men.

The

importance of the Na/K ratio in women has already been discussed,
and there was a very high correlation between the town values of
the Na/K ratio for men and women (r=0.95, p<0.001).

Thus, although

the results for women are less precise, it is likely that the same
factors are important for geographic blood pressure variation as in
the men, with the important exception of alcohol consumption.
This study yields few clues as to why the factors studied do not
explain the diastolic blood pressure variations, nor to alternative

possibilities.

Age, BMI, alcohol, anxiety and the Na/K ratio were

all independently associated with diastolic blood pressure in a way
that would be expected, and yet the between-town differences remain
essentially unexplained.

Further investigation would be required

to establish whether or not there are other factors of importance
that are associated with the communities concerned.

However, since

systolic blood pressure has been found to be as strongly associated
with risk of cardiovascular disease as diastolic [17,18], it can be
recommended that strategies aimed at reducing population levels of
blood

pressure

should

focus

at

least

consumption, obesity and the Na/K ratio.

on

reducing

alcohol

16

ACKNOWLEDGEMENTS.
The Nine Towns Study was funded by grants from the British Heart
Foundation and the Scottish Hospitals
NGB was

Endowment Research Trust.

supported by a grant from the Medical Research Council.

We thank Sarah Burke RGN and Stephanie Kershaw RGN for their hard
work in the data collection,
the study.

and for their commitment throughout

We are grateful to all the general practitioners and

their staff for their generous support.

17

REFERENCES
1.

Bruce N G, Cook D G, Shaper A G, Thomson A G.

Geographic

blood pressure variations in British men and women.

J Clin

Epidemiol 1990; 43: 385-398.
2.

Bruce

N

G,

Elford

J,

Wannamethee

G,

Shaper

A

G.

The

contribution of environmental temperature and humidity to
geographic variations in blood pressure.

J Hypertension

1991, in press.
3.

Bruce N G, Cook D G, Shaper A G, Ratcliffe J G.

Casual

urine concentrations of sodium, potassium and creatinine in
population studies of blood pressure.

J Human Hypertens

1990? 4: 597-602.
4.

Bruce N G, Cook D G, Shaper A G, Ratcliffe J G, Thomson A
G.

Casual urine concentrations of sodium and potassium and

geographic

blood

pressure

variations

in

Great

Britain.

(Submitted to J Ep Comm H l th).
5.

Shaper

A

G,

Ashby

D,

Pocock

S

J.

Blood

hypertension in middle-aged British men.

pressure

and

J Hypertension

1988; 6: 367-374.
6.

Goldberg

D

P.

The

questionniare.
7.

Bruce

N

G,

detection of psychiatric

illness

by

OUP, London 1972.

Cook

D G,

Shaper A

G.

Differences

between

observers in blood pressure measurement with an automatic
oscillometric recorder.
8.

Seltzer

C

C,

Mayer

J.

J Hypertension? 8(Supp4): S11-S13.
A

simple

criterion

Postgraduate Medicine 1965; 38: A101-A107.

of

obesity.

18
Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjorntorp P,
Tibblin G.
and

risk

Abdominal adipose tissue distribution, obesity,
of

cardiovascular

disease

follow-up of men born in 1913.

and

death:

13

Br Med J 1984; 288:

year
1401-

1404.

10 .

Krotkiewski M, Bjorntorp P, Sjostrom L, Smith U.
of obesity on metabolism of men and women.
regional

adipose

tissue

Impact

Importance of

distribution.

J

Clinical

Investigation 1983; 72: 1150-1162.

11 .

Lapidus

L,

Sjostrom L.

Bengtsson

C,

Larsson

B,

Pennert

K,

Distribution of adipose tissue and

cardiovascular disease and death;

a 12

Rybo

E,

risk of

year follow up

of

participants in a population study of women in Gothenberg,
Sweden.

12

.

Br Med J 1984; 289: 1257-1261.

Durnin J V G A,

Passmore R.

Energy,

work

and leisure.

Heinnemann, London 1967.
13.

Taylor H L, Jacobs D R, Schucker B, Knudsen J, Leon A S,
Debacker G.

A questionnaire for the assessment of leisure

time physical activities.
14.

J Chron Dis 1978; 31: 741-755.

McArdle W D, Katch F I, Katch V L.

Exercise physiology.

Energy, nutrition and human performance.

Second Edition.

Lea and Febiger, Philadelphia 1986: 642-649.
15.

OPCS.

Classification of Occupations

1980.

HMSO London

1980.
16.

Snedecor G W and Cochran W G.

Statistical methods.

6th

Edition, Iowa State University Press, Iowa, 1976; 164-166.

Shaper A G, Pocock S J, Walker M, Phillips A N, Whitehead
T P,

MacFarlane

P W.

Risk

factors

for

ischaemic

heart

disease: the prospective phase of the British Regional Heart
Study.
Kannel

J Ep Comm Hlth 1985; 39: 197-209.
W

B,

Gordon

T,

Schwartz

M

J.

Systolic

versus

diastolic blood pressure and risk of coronary heart disease:
The Framingham Study.

Am J Cardiol 1971; 21: 335-346.

20
Table 1 . P-values for age-adjusted regression associations between
blood pressure and expalanatory variables in the Nine Towns Study.
SYSTOLIC
DIASTOLIC
Variable________________ Men_______ Women________ Men_______ Women
Body mass index
Triceps skinfold
Waist/hip ratio
Alcohol
Cigarette smoking
Leisure exercise
Work activity
Social class
House tenure
Accomm. density
Education
Income
Marital status
Employment status
Car ownership
GHQ-Score
Anxiety at survey
Na/K ratio

<0.001
<0.001
<0.001
<0.001
NS
NS
NS
0.01
NS
NS
NS
NS
NS
NS
NS
<0.001
<0.001
0.01

<0.001
<0.001
<0.001
NS
NS
NS
NS
NS
NS
<0.001
NS
<0.001
0.009
NS
0.006
NS
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
NS
NS
NS
NS
NS
0.04
NS
NS
NS
NS
NS
NS
<0.001
NS

<0.001
0.02
NS
0.02
NS
NS
NS
NS
NS
0.01
NS
NS
NS
NS
NS
NS
<0.001
<0.001

Table 2.
P-values for rearession of blood pressure on variables
in multivariate analysis.
Variable
Age
Body mass index
Alcohol
Accomm. density
Social class
Marital status
GHQ-score
Anxiety at survey
Na/K ratio

Men

SYSTOLIC
Women

<0.001
<0.001
<0.001
NS
NS
NS
0.004
<0.001
0.06

<0.001
<0.001
0.02
<0.001
NS
NS
NS
<0.001
<0.001

Men

DIASTOLIC
Women

<0.001
<0.001
<0.001
0.06
NS
0.05
NS
0.002
NS

<0 .001
<0 .001
0 .02
0 .006
NS
0.05
NS
<0 .001
<0 .001

Table 3
Regression coefficients (and standard errors) for
continuous variables which are independently associated with blood
pressure.
For each variable, adjustment has been made for all
other factors independently associated with blood pressure that are
listed in Table 2.
SYSTOLIC
Men
(se}
Age
BMI
Accomm. density
Na/K ratio

0.28
0.11
-0.15
0.90

BLOOD PRESSURE
Women (se)
0.62
0.11
2.81
1.87

(0.04)
(0.01)
(0.54)
(0.48)

(0.05)
(0.01)
(0.60)
(0.54)

Table 3(b^
Mean systolic blood pressure (and standard errors)
for categories of marital status, adjusted for all other factors
independently associated with blood pressure which are listed in
Table 2.

Cateaorv
Married
Single
Widowed
Separated

n
986
206
11
74
1277

Systolic blood pressure
Women
Men
(sem)
n
mean
mean
(semi
138.9
138.8
149.3
141.1

(2.3)
(2.5)
(5.5)
(3.0)

1005
141
61
107
1314

131.7
134.2
132.0
127.0

(2.4)
(2.9)
(3.2)
(3.1)
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Table 4 . Pearson correlation coefficients (and p-values) for the
associations between town values of blood pressure and the
explanatory variables.
Age is not included as all analyses are
age-adjusted.

Variable
Body Mass Index
% moderate drinkers
( > 2 1 for males
> 14 for females)
Accommodation
density
(L o g )GHQ-score
Mean anxiety score
at survey

Men

SYSTOLIC
Women

Men

DIASTOLIC
Women

0.47
(NS)

0.58
(NS)

-0.01
(NS)

0.38
(NS)

-0.02
(NS)

0.17
(NS)

-0.42
(NS)

-0.77
(p=0.01)

-0.41
(NS)

-0.41
(NS)

-0.10
(NS)

-0.04
(NS)

0.24
(NS)

-0.38
(NS)

-0.74
(p=0.02)

0.44
(NS)

0.35
(NS)

0.19
(NS)

0.01
(NS)

0.85
(p=0.003)

% manual workers

0.58
(p=0.1)

0.45
(p=0.2)

0.13
(NS)

-0.04
(NS)

Na/K ratio

0.65
(p=0.06)

0.60
(p=0.09)

0.28
(NS)

-0.07
(NS)

NS p > 0 .2
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Table 5 .
Mean blood pressures for the 9 towns adjusted first for
age only, and secondly for age, BM I , alcohol, social class, marital
status, GHQ-score, anxiety at the survey, accommodation density and
the Na/K ratio. The range and p-value for analysis of variance in
each case is also given.
(a) Men
Town

______ Systolic______
Age
Fully
adiusted adiusted

Maidstone
Exeter
Carlisle
Southport
Guildford
Dunfermline
Ayr
Scunthorpe
Merthyr

139.1
140.1
138.0
140.0
133.6
138.9
143.7
138.4
141.9

Range
10.1
ANOVA (p-value) 0.001

138.4
141.6
138.3
140.8
135.0
138.5
141.4
139.1
139.7
6.6
0.05

Diastolic
Age
Fully
adiusted adiusted
76.8
81.2
76.8
81.3
77.2
80.0
82.7
79.1
80.4
5.9
<0.0001

76.6
81.8
77.2
81.5
77.6
79.7
81.1
80.3
79.8
5.2
<0.0001

(b ) Women
Town

Svstolic
Fully
Age
adiusted adiusted

Maidstone
Exeter
Carlisle
Southport
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75.7
74.9
76.3
73.2
76.1
74.7
74.3
74.5

5.6
0.5

5.8
0.3

3.7
0.03

Range
ANOVA (p-value)

Diastolic
Age
Fully
adiusted adiusted
71.7
76.7
74.8
76.7
73.4
76.6
74.2
74.4
73.8
5.0
<0.0001

Figure 1 . The relationships between systolic blood pressure and
(a) alcohol consumption, (b) GHQ score, (c) the level of anxiety
at the time of blood pressure measurement, and (d) social class.

Figure 2 .
Correlations between
pressure and B M I . A = Guildford

age-adjusted

town

mean

blood

Figure 3 . Towns ranked by age-adjusted mean blood pressure levels
(solid lines). The dashed lines show the effect of adjustment for
all variables independently associated with blood pressure.
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