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ABSTRACT

Background: The ‘fetal origins’ hypothesis suggests raised blood pressure 

may arise from adverse events associated with impaired growth when the 

individual was in utero. Understanding the determinants of childhood blood 

pressure may have implications for the primary prevention of adult 

cardiovascular disease.

Aims: To examine the influence of both current and early life factors 

(including size at birth, maternal antenatal blood pressure and maternal 

smoking during pregnancy) on the level of childhood blood pressure and on 

blood pressure change during childhood.

Methods: A mixed longitudinal, school based survey of children from ten 

towns in England and Wales. The thesis uses cross-sectional data collected 

from the 1994 survey on 3,724 children aged 8-11 years, and longitudinal data 

from the 1990 and 1994 surveys on 2,322 children between the ages of 5-7 

years and 9-11 years.

Results: Current body size was the most important determinant of blood 

pressure at age 8-11 and change in pondéral index was the most important 

determinant of blood pressure change between 5-7 and 9-11 years. Birth 

weight was inversely associated with systolic blood pressure at 8-11 after 

adjustment for current body size. An unexplained sex difference was seen in 

this association -  the inverse association was concentrated in the girls and 

attenuated or absent in the boys. Placental weight and other measures of size at 

birth, apart from head circumference, were not consistently associated with 

blood pressure in either sex. The association between birth weight and blood 

pressure was not explained by maternal antenatal hypertension. Maternal 

smoking during pregnancy did not influence childhood blood pressure at 8-11 

years.

Conclusions: Childhood adiposity has the strongest influence on childhood 

blood pressure. Although small size at birth is inversely related to childhood 

blood pressure, the magnitude of this effect is small.
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CHAPTER 1: INTRODUCTION 

1.0 SUMMARY

Worldwide cardiovascular disease (CVD) is the most common cause of death. 

Hypertension is a major risk factor for CVD and small shifts in the distribution 

of adult blood pressure may have a large impact on the health of the 

population. There is evidence that hypertension is under-recognised and under

treated in England. Childhood blood pressure levels are associated with adult 

levels and, to some extent, adult blood pressure (BP) levels are the result of a 

process that begins in early life. The ‘fetal origins’ hypothesis suggests that 

increased adult CVD risk and raised BP may arise from adverse events 

associated with impaired growth when the individual was in utero. 

Understanding the determinants of childhood BP may have important 

implications for the primary prevention of adult CVD. This thesis has three 

overall aims: to explore the determinants of BP in children aged 8-11 years; to 

compare the influence of current childhood circumstances with influences 

proposed by the fetal origins hypothesis; and to examine the effect of some 

adverse events in utero on childhood BP.

1.1 INTRODUCTION

In this chapter the importance of CVD as a major cause of mortality and 

morbidity is briefly outlined in Section 1.2. The significance of BP, a risk 

factor for coronary heart disease (CHD) and stroke, is described in section 1.3; 

this section also discusses the association between childhood BP and adult BP. 

Section 1.4 introduces the ‘fetal origins’ hypothesis and Section 1.5 outlines 

the overall aims of this thesis.

1.2 THE SIGNIFICANCE OF CARDIOVASCULAR DISEASE

Worldwide CVD, which includes hypertension, CHD, cerebrovascular disease, 

peripheral vascular disease, heart failure, rheumatic heart disease, congenital 

heart disease and cardiomyopathy, is the most common cause of death. The 

problem is not confined to affluent countries, in 1999 low and middle income 

countries contributed 78% of CVD deaths (WHO website). It is estimated that
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by 2010 CVD will be the leading cause of death in developing countries and 

remain a leading cause of death in most developed countries.

1.2.1 CORONARY HEART DISEASE IN ENGLAND

Despite the fact that death rates from CHD, one of the major components of 

CVD, fell in England between 1970 and 1990 (Department of Health 1999), 

England has the highest CHD death rate in Europe after Finland and Ireland 

(WHO website). In 2000, deaths from circulatory diseases were by far the 

most common cause of death in both sexes in England and Wales, and CHD 

deaths alone were exceeded only by deaths from all malignant neoplasms 

(ONS 2001). CHD is the most important cause of premature death in England 

and Wales, leading to 14,570 deaths in people aged under 65 in 2000 and 

44,875 deaths in those aged 65-79 years (ONS 2001). Of the 1,065,000 years 

of life lost by men dying before the age of 65 in 1989, almost half (532,000) 

were attributed to CHD (Working party on preventive medicine 1991).

In addition to its impact on mortality, CHD causes significant morbidity. In 

1984, Shaper estimated that 25% of middle aged British men under 60 years of 

age showed some evidence of CHD (Shaper, Cook, et al. 1984); and in the 

1998 Health Survey for England, 7% of men and 5% of women reported that 

they had experienced angina and/or a heart attack in the last 12 months, with 

over a quarter of men and women reporting that they suffered from some form 

of CVD, including hypertension (Erens & Primatesta 1999).

Stroke causes fewer deaths than CHD but cerebrovascular disease was still 

responsible for nearly 10% of deaths in England and Wales in 2000 (52,516 

deaths) (ONS 2001). Stroke is also a significant cause of morbidity, reflected 

in the enormous expense to the NHS of caring for stroke patients. Stroke 

accounts for 4.4% and CHD for 2.5% of total NHS expenditure (Department of 

Health 1993).

The impact of CHD and stroke on the public health in England is reflected in 

the government’s National Service Framework target: to reduce “coronary
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heart disease and stroke and related conditions (including all circulatory 

diseases -  International Classification of Diseases ICD-9 codes 390-459 

inclusive)” by at least 40% in those aged under 75 years old by the year 2010 

(Department of Health 2000).

In Britain and elsewhere the burden of CHD is not distributed equally within 

society. The death rate among men from manual classes is 40% higher than for 

non-manual workers and amongst the wives of manual workers the risk of 

CHD death is increased by nearly 100% (Department of Health 2000). There 

is also a social class gradient in morbidity rates. These inequalities have 

increased over the last 20 years; CHD death rates have declined faster among 

the more affluent in society than among the less affluent. There are also 

marked ethnic and geographical variations in the risk of CHD, with people 

bom in the Indian sub-continent (Balarajan 1995) and those living in the north 

of the country (Elford, Phillips, et al 1990) at greatly increased risk.

The key lifestyle risk factors for CHD and stroke are smoking, poor diet -  

including consequential raised semm cholesterol levels, obesity, physical 

inactivity and raised blood pressure (Department of Health 1999). Recent 

work has suggested that these key factors explain much of the ‘north-south 

gradient’ in CHD incidence in British towns (Morris, Whincup, et al. 2001).

1.3 BLOOD PRESSURE AND CARDIOVASCULAR DISEASE

Arterial hypertension is a major risk factor for CHD and stroke (Kannel 1976). 

There appears to be no threshold for this effect, adult BP is continuously 

related to the risk of CHD and stroke throughout the usual range of blood 

pressures and including those conventionally believed to be ‘normotensive’ 

(MacMahon, Peto, et al. 1990). Small shifts in average BP lead to an 

appreciable fall in risk; a 5mm Hg lower diastolic blood pressure (DBP) 

accompanied by a 9 mmHg lower systolic blood pressure (SBP) reduces 

primary stroke risk by about one third and reduces primary CHD risk by one 

fifth (MacMahon 1994). Thus a small shift in the mean BP of the population 

would lead to a marked reduction in the population risk for CHD and stroke 

(Rose 1985).
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Raised BP is very common in England and many people with hypertension do 

not receive adequate treatment. The 1998 Health Survey for England -  a 

representative survey of the adult population -  found that 41% of men and 33% 

of women surveyed had an SBP over 140 mmHg and/or a DBP over 90 mmHg 

(Erens & Primatesta 1999). The same survey showed that around half the men 

with high BP (defined here as either being on antihypertensive medication or 

having a BP greater than 160/95 mmHg) were not receiving treatment, and of 

those on antihypertensive medication around one third had a BP measurement 

greater than 160/95 mmHg. Furthermore even if these treatment thresholds 

were fully adhered to they would still, inevitably, exclude a substantial 

proportion of the population at risk (Rose 1992).

1.3.1 BLOOD PRESSURE IN YOUNG ADULTS AND 

CARDIOVASCULAR DISEASE

Following Enos’ landmark 1953 paper reporting coronary artery disease in 

over three-quarters of the young soldiers killed in the Korean War (Enos, 

Holmes, et al. 1986), it was recognised that the major risk factors for adult 

CVD may have their origins in early life. In 1969, Paffenbarger and Wing 

demonstrated that moderately raised SBP (over 130 mmHg) around the age of 

19 years amongst male students at Harvard and Pennsylvania Universities was 

associated with a greatly increased risk of fatal CHD in middle age or later 

years (Paffenbarger & Wing 1969). More recently a follow-up study of 

students attending Glasgow University between 1948 and 1968 showed that in 

this population, where most individuals were normotensive or had only mildly 

elevated blood pressure, an increase in SBP or DBP at age 20 was associated 

with an increased risk of fatal CVD around 41 years later, but was not 

associated with an increase risk of non-CVD death (McCarron, Smith, et al. 

2000). In other words, BP measurement on a single occasion in young 

adulthood is associated with risk of CVD much later on in adult life.
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1.3.2 BLOOD PRESSURE IN CHILDHOOD AND ADULT BLOOD 

PRESSURE

Individuals tend to stay in the same rank for BP distribution as they grow older. 

This phenomenon, called BP ‘tracking’ (Lauer, Clarke, et al. 1984), is seen 

both in adults and in children from the age of one or younger (Prineas 2000); 

(de Swiet, Payers, et al. 1992). Longitudinal studies have shown moderate 

levels of BP tracking between childhood and adulthood (Rosner, Hennekens, et 

al. 1977); (Beckett, Rosner, et al. 1992). Thus, essential hypertension in adults 

may be associated with relatively higher BP levels in childhood, although adult 

onset factors may also be important in determining BP in later life (Nelson, 

Ragland, et al. 1992). Understanding the determinants of childhood BP may 

have important implications for the primary prevention of adult CVD.

1.4 EARLY LIFE FACTORS AND CARDIOVASCULAR DISEASE

Over the last fifteen years work originating from the Medical Research Council 

Environmental Epidemiology Unit in Southampton has focused attention on 

the importance of early life factors, particularly those acting in utero, and adult 

CVD (Robinson 1992; Robinson 2001). The suggestion that early life factors 

might be related to adult cardiovascular risk arose from ecological studies 

(Barker 1993), such as those showing a strong correlation between infant 

mortality rates around 50 to 60 years earlier and recent mortality from CHD 

(Barker & Osmond 1986), or stroke (Barker, Osmond, et al. 1989a), in the 

United Kingdom. The researchers suggested that infant death rates reflected 

adverse early life experiences which were associated with increased 

cardiovascular risk in adulthood.

This work led to studies which linked low birthweight to increased rates of 

CHD, stroke, adult hypertension and non-insulin-dependent diabetes mellitus 

and led to the development of the ‘fetal origins’ hypothesis (Barker 1999). The 

hypothesis proposes that CHD and these related disorders originate because of 

adaptations the fetus makes in response to under-nutrition during pregnancy 

(Barker 1993; Barker 1998a). It is suggested that these adaptations may lead to 

permanent changes in the structure or function of the body in ways that 

predispose the individual to later disease. The phenomenon whereby events
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acting at critical periods in early life influence long-term outcome is known as 

‘programming’ (Lucas 1994).

The ‘programming’ of raised BP could be one way in which the intrauterine 

environment might influence cardiovascular risk; an inverse relationship 

between birthweight and subsequent BP has been consistently demonstrated in 

studies of both adults and children (Huxley, Shiell, et al. 2000). However, 

many of the studies which led to the evolution of the ‘fetal origins’ hypothesis 

were conducted in subjects bom in the early part of this century when perinatal 

and infant mortality rates were considerably higher than they are today. A 

detailed description of the ‘fetal origins’ hypothesis with regard to BP is given 

in Chapter 2.

1.5 THE OVERALL AIMS OF THIS THESIS

This thesis explores the determinants of BP in contemporary British children 

by studying those involved in the Ten Towns Study, a large longitudinal survey 

of school children in England and Wales. The overall aims of this thesis are:

• To examine the current determinants of BP in contemporary 

children aged 8-11 years (Chapter 4).

• To explore the ‘fetal origins’ hypothesis with respect to BP in these 

children (Chapter 5).

• To explore the effects of some known adverse events in utero on BP 

in these children (Chapter 6).

• To compare the relative importance of fetal and childhood factors 

on BP in these children (Chapters 4 and 5).

• To explore the determinants of change in BP in the second half of 

the first decade of life in these children (Chapter 7).

Detailed descriptions of the individual aims of each part of the study and the 

rationale for these aims are given in Chapters 2, 4, 5, 6 and 7.
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CHAPTER 2: BACKGROUND

2.0 SUMMARY

Many factors influence the measurement of childhood blood pressure (BP), so 

standardisation of measurements is necessary. The dominant influence on 

childhood BP is current body size. However this explains much less than half 

the variability in childhood BP. Skeletal maturation appears to be positively 

related to BP, but it is less clear whether sexual maturation is independently 

related to blood pressure. BP levels are associated within families because of 

shared genes and a shared environment. Ethnicity and the family’s socio- 

economie status do not appear to influenee BP before adolescence. In 

normotensive children exercise probably does not have an independent 

influence on BP. Childhood BP exhibits tracking, but tracking coefficients are 

relatively weak. There is only limited evidence available on what influences 

BP change in childhood.

The ‘fetal origins’ hypothesis suggests that increased adult eardiovascular 

(CVD) risk and raised BP may arise from ‘programming’ by adverse events 

associated with impaired growth when the individual was in utero. Studies 

have consistently demonstrated an inverse assoeiation between birthweight and 

systolic blood pressure (SBP) of the order of 2 mmHg kg"\ a smaller inverse 

association between birthweight and diastolic blood pressure (DBP) has been 

reported in some studies. In childhood the association is usually only seen after 

adjustment for current body size. After this adjustment, an inverse 

birthweight-BP association is seen in ehildhood from the age of 1 year old or 

younger, but is not present at birth and appears to be attenuated or absent 

during puberty.

It appears unlikely that the birthweight-BP association is explained by 

confounding by socio-economic circumstances. Spécifié patterns of size at 

birth have been related to an increased risk of hypertension in later life in the 

‘fetal origins’ hypothesis’ ‘framework of ideas’. Placental size has also been 

linked to inereased risk of raised BP in later life. Overall there appears to be 

little evidence to support a consistent association between measures of size at
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birth other than birthweight or head circumference and blood pressure.

Several issues are raised by this review which will be explored in this thesis.

2.1 INTRODUCTION

This background chapter falls into two main sections. In the first section the 

influences on both the level of childhood BP, and on change in childhood BP, 

are briefly summarised. Section 2.2 looks at the influence of the circumstances 

of measurement on childhood BP, and Section 2.3 discusses BP patterns in 

childhood with regard to age, sex, current size and other variables. The second 

part of this chapter is concerned with the ‘fetal origins’ hypothesis. The 

hypothesis and evidence linking birthweight to CVD risk and BP is discussed 

in section 2.4. ‘Programming’ and amplification are discussed in Section 2.5, 

and other measures of size at birth and the ‘fetal origins’ hypothesis are 

discussed in Section 2.6. The final section, 2.7, describes the issues raised by 

this chapter that will be explored in this thesis. Because this chapter is lengthy 

and falls into these two sections, conclusions are inserted at the end of each 

main section.

2.2 INFLUENCE OF THE CIRCUMSTANCES OF MEASUREMENT 

ON CHILDHOOD BLOOD PRESSURE

The circumstances of BP measurement in children and young people may exert 

a profound influence on the results obtained. BP is usually measured in the 

right arm for consistency and for comparison with tables of standards.

2.2.1. CUFF SIZE AND CHILDHOOD BLOOD PRESSURE 

MEASUREMENT

It is well recognised that the size of the BP cuff employed for measurements in 

children is important (WHO 1985; Whincup, Cook et al. 1989). BP cuffs 

which are too small systematically overestimate BP readings (Voors 1975), 

whilst cuffs which are too large underestimate BP readings. BP measurement 

in children must be standardised and the National High BP Education Program 

in the United States recommends the use of a cuff with an inflatable bladder 

width which is approximately 40% of the arm circumference midway between 

the olecranon and the acromion. This will usually be a cuff bladder that covers
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and the acromion. This will usually be a cuff bladder that covers 80-100% of 

the circumference of the arm (National High Blood Pressure Education 

Program 1996). The British Hypertension Society recommends using the 

widest cuff [of a minimum of three bladder sizes (4x13 cm, 8 x 18 cm and 

adult, 12x35 cm)] that can be applied to the arm with an inflation bladder that 

is at least two thirds of the circumference of the arm (de Swiet, Dillon, et al. 

1989).

2.2.2 ROOM TEMPERATURE, OUTDOOR TEMPERATURE, SEASON 

AND CHILDHOOD BLOOD PRESSURE MEASUREMENT

Indoor and outdoor temperature and season may also exert an influence on 

childhood BP measurements. The Minneapolis children’s study, conducted in 

the late seventies, reported on the methodological determinants of BP measured 

in nearly 10,000 school children aged 6-9 years (Prineas, Gillum, et al. 1980). 

As ambient temperature rose SBP fell and DBP rose. In the Brompton study, a 

longitudinal study of 2,000 babies bom in Kent in 1975-1977, the influence of 

room temperature was not found to be important across the usual range of 

room temperatures (de Swiet, Payers, et al. 1984).

Adult BP has also been shown to vary inversely with outdoor temperature 

(Bmce, Elford, et al. 1991) and to vary with the season of the year, BPs being 

lower in the summer than in the winter (Brennan, Greenberg, et al. 1982). The 

Brompton Study found that SBP varied with the seasons in children aged 4-5 

years, and was 1.6 mmHg higher in winter (December to February) than in the 

autumn (September to November) (de Swiet, Payers, et al. 1984). A study of 

school children from Perth, Western Australia also reported higher systolic and 

diastolic pressures in the colder months (Jenner, English, et al. 1987).

However, amongst the children in the Minneapolis study SBP was significantly 

higher, and DBP was lower, in spring compared to winter (Prineas, Gillum, et 

al. 1980).
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2.2.3 OTHER FACTORS AFFECTING CHILDHOOD BLOOD 

PRESSURE MEASUREMENT

In the Minneapolis study SBP measured in the mornings was approximately 

2 mmHg lower than SBP measured in the afternoons (Prineas, Gillum, et al. 

1980). Other studies carried out during the day time have shown no significant 

relationship between BP and the time of day (Orchard, Hedley, et al. 1982; 

Pollock & Wines 1981; de Swiet, Payers, et al. 1984). The Brompton study 

also found no association between meals or snacks and blood pressure, 

although Orchard found that a 12 hour fast was associated with a fall in SBP of 

4 mmHg (P<0.001) and a rise in DBP of 2.5 mmHg (P not given) in 13-18 

year-olds (Orchard, Hedley, et al. 1982). The National Health Examination 

Survey in the United States found that in boys aged 12-17 years old systolic 

pressures within 20 minutes of exercise were a mean of 7 mmHg higher than 

before exercise, (Roberts & Maurer 1977).

2.3 BLOOD PRESSURE PATTERNS IN CHILDHOOD

Two aspects of childhood BP are explored in this thesis:

• BP level

• BP change.

Both of these aspects of childhood BP are discussed in the following section.

2.3.1 AGE, SEX AND PATTERNS OF BLOOD PRESSURE IN 

CHILDHOOD

BP in childhood rises with age, although the rate of rise varies at different ages. 

Longitudinal data sets are the ideal way of examining BP rise in childhood.

The Brompton study was the first large longitudinal study to follow childhood 

BP from birth (de Swiet, Payers, et al. 1992). It revealed that SBP (measured 

non-invasively using Doppler ultrasound) rises steeply in the first six months 

of life. The largest source of data on childhood BP is The Second Task Porce 

on BP control in Children of 1987. This presents pooled, cross-sectional data 

on over 70,000 young people from nine studies, eight of which were based in 

the United States; where longitudinal studies were included in the pool only the 

first survey was used (Task Porce on Blood Pressure Control in Children 

1987). These data suggest that BP levels off or rises only very slowly between
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six months and five years old and then rises steadily throughout the remainder 

of childhood and adolescence. (Fixler has noted that the relative stability of BP 

between 2 and 5 years of age is remarkable considering that a child increases 

its body size two to threefold during this period (Fixler 1985).

There is little difference in SBP between the sexes early on, but between 6 and 

11 years girls may have slightly higher SBPs (mean differences around 0.5 

mmHg), and around the age of 13 boys’ SBP begins to consistently exceed that 

of girls (mean differences around 5 mmHg at 15 years). The rise in SBP 

appears to plateau earlier in girls (mid teens) than in boys (late teens). DBP 

follows a similar pattern, but throughout the first decade DBP may be slightly 

higher in girls. In the early teenage years DBP may be around 3 mmHg higher 

in girls than in boys but later on it is higher in boys.

Tables 2.1 and 2.2 show mean blood pressures by sex for 56,108 children and 

adolescents aged 1 to 17 years from the eight United States studies used in the 

Report of the Second Task Force on BP Control in Children and from one 

additional study also conducted in the United States (Rosner, Prineas, et al.

1993). Pooled cross-sectional data from six Northwest European studies of 

over 28,000 children shows similar patterns, although the centile and mean 

values of SBP are on average 6 mmHg higher in the European data, whilst in 

the older children DBP centiles are on average 3 mmHg lower and means are 

similar (de Man, Andre, et al. 1991).

The age at which the systolic pressures of boys exceeds those of girls appears 

to differ in some countries or cultures, being slightly later in studies from 

Ireland, New Zealand and Nigeria (Fixler 1985) and younger in studies of 

Polynesian children (Beaglehole, Salmond, et al. 1977).

The increase in BP with age is not limited to Northern European and North 

American populations: it has been noted in surveys from counties such as 

Nigeria (Akinkugbe, Akinkugbe, et al. 1977) and Israel (Zadik, Sthoeger, et al. 

1987), and has also been observed in cultures where adult blood pressures do 

not increase with age (Oliver, Cohen, et al. 1975). At least part of the rise in

28



BP during childhood and adolescence is believed to be physiological (Harlan, 

Comoni-Huntley, et al. 1979; Comoni-Huntley, Harlan, et al. 1979).

2.3.2 PATTERNS OF CHANGE IN CHILDHOOD BP

Longitudinal studies of BP in children and adolescents reveal that the best 

predictor of follow-up BP is the BP level at baseline (Rosner, Cook, et al. 1987 

366), (Voors, Webber, et al. 1980; Prineas, Gomez-Marin, et al. 1985; 

Berenson, Karsha, et al. 1992).

The tendency for an individual’s cardiovascular risk factors, such as blood 

pressure, adiposity and blood lipid levels, to persist in the same percentile rank 

with respect to their peers is known as ‘tracking’ (Webber, Srinivasan, et al. 

1980). BP tracking appears to start after 6 months of age (de Swiet, Payers, et 

al. 1992) and tracking coefficients for SBP are weaker in children than in 

adults, increasing in strength up to the age of about 20 years (Rosner, 

Hennekens, et al. 1977). Below 13 years of age tracking coefficients for DBP 

are much lower than those for SBP because of greater intra-person variability 

in DBP in young children compared to older children or adults (Rosner, Cook, 

et al. 1987). This has led to the suggestion that SBP (either alone or in 

combination with DBP) may be more useful than DBP in identifying children 

with raised blood pressure.

Because of the considerable intra-person variability in BP, which has generally 

not been accounted for in tracking studies, the true level of tracking has 

probably been underestimated (Gillman, Cook, et al. 1993). Averaging BP 

measurements obtained during several weakly visits and on several occasions 

at each visit results in higher tracking coefficients. Tracking coefficients from 

Pearson correlation coefficients from some of the longitudinal studies of 

childhood BP described in this chapter are presented in Table 2.3. It is likely 

that some of the differences arose from differences in the methods used to 

measure BP.

Few studies of BP tracking extend from childhood to adulthood. A study from 

Pels, Ohio, USA has examined tracking with repeated measures on 501 whites
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measured at four year intervals between the ages of 13 and 40 (Beckett,

Rosner, et al. 1992). The study found evidence of BP tracking from 13 to 40 

years of age with estimates for correlation coefficients varying from 0.36 to 

0.21 for SBP and 0.06 to 0.18 for DBP across 24 years. The researchers 

estimated that 15 year old boys with a DBP of 80 mmHg would have 1.7 times 

the risk of having a DBP greater than 90 mmHg at age 35 years compared to 

those whose DBP was 60 mmHg at age 15. The risk ratio for females was 2.0. 

(No confidence intervals were supplied.) This calculation is based on the 

average of two readings at single visits at 15 and 35 years, but if the measures 

of DBP were the means of several visits at both ages the risk ratios were 1.9 

and 2.6 for males and females respectively. Gillman and colleagues compared 

four BP measurements at weekly intervals in 317 children aged 8-15 from a 

Boston school with measurements taken on three occasions at weekly intervals 

ten years later (Gillman, Cook, et al. 1993). After adjustment for intra-person 

variability, tracking coefficients across the decade were 0.55 for SBP and 0.44 

for DBP, but the sensitivity and positive predictive value of childhood BP as a 

screening test for adult BP were low. Nelson found weak positive associations 

between BP at age 3-18 and adult blood pressures at 30-50 years old; although 

this study had a large loss to follow up and initial BP measurement may not 

have been standardised (Nelson, Ragland, et al. 1992). The evidence available 

to date suggests that, because of intra-person variability in BP and the 

relatively low tracking coefficients for BP in childhood, mass BP screening in 

childhood is not indicated.

In adults there is evidence that the rate of BP change is related to the initial 

level of BP after adjustment for regression to the mean (Wu, Ware, et al. 1980; 

Svardsudd & Tibblin 1980). This has been dubbed the ‘horse-racing effect’ 

(Peto 1981). Two studies have failed to demonstrate ‘horse racing’ in 

childhood blood pressure (Hofinan & Valkenburg 1983; Shea, Basch, et al.

1994). Hofinan has suggested that the apparent absence of the ‘horse-racing 

effect’ in childhood may indicate the existence of a homeostatic mechanism 

which takes children with higher blood pressures back to the mainstream of 

blood pressure. With increasing age this mechanism may start to fail in some
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individuals and thus the underlying cause of hypertension might be failure of 

this homeostatic response (Hofinan 1984).

2.3.3 HEIGHT AND CHILDHOOD BLOOD PRESSURE

Studies of childhood BP usually reveal strong, positive correlations with 

height. Height is a more important influence on childhood BP than age; 

indeed in the Bogalusa study of 3524 Louisiana children aged between 5 and 

14 years, Voors and colleagues found that the relationship between age and 

‘basal’ BP virtually disappeared after controlling for height (Voors, Webber, et 

al. 1977).

An update of the 1987 Task Force study described above provided new BP 

tables adjusted, not only for age and sex, but also for height percentiles for 

children aged 1-17 years (National High Blood Pressure Education Program

1996). The aim of these revised tables was to prevent unusually tall children 

being misclassified as hypertensive or unusually short children with genuine 

hypertension being missed.

2.3.4 WEIGHT, MEASURES OF WEIGHT FOR HEIGHT, OBESITY 

AND CHILDHOOD BLOOD PRESSURE

Like height, weight is also strongly positively correlated with BP in children 

and adolescents. Weight was the strongest predictor of BP in both childhood 

and adolescence in the National Health Examination Surveys (Harlan, Comoni- 

Huntley, et al. 1979; Comoni-Huntley, Harlan, et al. 1979), in the Minneapolis 

study (Prineas, Gillum, et al. 1980), and in a survey of 10 year olds in Enfield, 

UK (Pollock & Wines 1981). In the latter study, weight alone explained 23% 

of the variance in SBP.

Weight reflects both lean mass and adiposity, and the association between 

adiposity and BP is believed to be a causal one (National High Blood Pressure 

Education Program 1996). Measures of weight for height, such as body mass 

index (BMI, weight(kg)/ height^ (m)) and pondéral index (PI, weight(kg)/ 

height^ (m)), are commonly used in epidemiological studies as estimates of 

adiposity or obesity despite the recognised limitations of such indices as
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indicators of obesity in children when compared to formal indirect or direct 

estimates of fat mass, (Garrow 1999). In the Bogalusa study of children aged

5-14 years the log of PI was a better predictor of BP than age (Voors, Webber, 

et al. 1977), and in the Minneapolis study of children aged 6-9 years BP was 

unrelated to age after adjustment for height and weight or BMI (Prineas, 

Gillum, et al. 1980). In the Brompton study of children aged age 4-5 years 

weight over height was the body size measure most strongly predictive of DBP 

(de Swiet, Payers, et al. 1984). The association between BMI and BP appears 

to be stronger in children and young adults than in older adults (Chen, Rennie, 

et al. 1995).

Skinfold thickness provides an alternative method of assessing obesity in 

children (Garrow 1999), and in the National Health Examination Survey 

skinfold thickness was positively related to BP in children and adolescents 

(Comoni-Huntley, Harlan, et al. 1979; Harlan, Comoni-Huntley, et al. 1979).

In the Bogalusa study, both subscapular skinfold thickness (a measure of 

central body fat) and triceps skinfold thickness (a measure of peripheral body 

fat) were correlated with BP when examined separately. When their 

relationships with BP were examined simultaneously only the central body fat 

measure was independently correlated with blood pressure -  suggesting that 

the adult hypertension-central body fat association may also exist in children 

(Shear, Freedman, et al. 1987).

Body size may also influence change in blood pressure: one seven year study 

found a weak positive association between initial body weight and the rate of 

change of SBP and DBP; a difference of 10 kg in initial body weight, adjusted 

for differences in initial blood pressure, height and age, was associated with a 

mean difference in rate of change of SBP and DBP of about 0.5-0.7 mmHg per 

year (Holman & Valkenburg 1983). Change in body weight may also 

influence change in blood pressure. In two observational studies, Minneapolis 

and Muscatine, a reduction in weight-for-height quintile ranking over time was 

associated with a significant fall in SBP (Prineas, Gomez-Marin, et al. 1985; 

Clarke, Woolson, et al. 1986), and several studies of obese children have 

shown weight loss was accompanied by lower blood pressure
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Although measures of body size appear to be the main determinants of BP in 

studies of children, body size does not explain all the variability in blood 

pressure. In the Bogalusa study height, PI and triceps skinfold thickness 

combined explained only 39% of the variability in SBP and 31% of the 

variability in DBP in 3,524 children aged 5-14 years (Voors, Webber, et al. 

1977).

2.3.5 ‘PHYSIOLOGICAL’ OR SEXUAL MATURITY AND 

CHILDHOOD BLOOD PRESSURE

The National Health Examination Surveys involved a representative sample of 

US children aged 6-17 years. In Cycle II (1963 -1965), 7,119 children aged

6-11 were examined, in Cycle III (1966 -1970), 6,768 young people aged 12- 

17 (including 2,200 seen in cycle II) were examined (Harlan, Comoni-Huntley, 

et al. 1979; Comoni-Huntley, Harlan, et al. 1979). These two surveys 

considered both ‘physiological age’ by measuring skeletal age using wrist 

radiographs of the wrist, and sexual maturity, using Tanner staging to assess 

pubertal status. The researchers found that in early adolescence BP was more 

closely related to physiological maturity than to chronological age.

In children of a similar age, those with more advanced levels of sexual 

maturation tend to have higher levels of blood pressure (Kozinetz 1991),

Sexual maturity might influence BP because at the same age the sexually 

mature tend to be “taller, heavier and more obese than their immature peers” 

(Higgins, Keller, et al. 1980), but it is not known whether sexual maturation 

contributes to BP during childhood and adolescence independently of body size 

(Hofinan 1984). In the National Health Examination Surveys sexual 

maturation was a significant predictor of BP only if weight and skeletal age 

were omitted from the explanatory model (Comoni-Huntley, Harlan, et al. 

1979). In the Tecumseh study, a community survey of 4,500 young people 

under 20 years conducted in Michigan, USA between 1959 and 1965, there 

was no significant difference in BP between girls who were pre- or post- 

menache after adjustment for differences in height, skinfold thicknesses and PI 

(Higgins, Keller, et al. 1980).
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2.3.6 HEART RATE AND CHILDHOOD BLOOD PRESSURE

In studies of children heart rate has often been positively correlated with BP.

In the National Health Examination Surveys heart rate was positively 

associated with both SBP and DBP in 6-11 year old children, and this 

association was independent of body size (Harlan, Comoni-Huntley, et al. 

1979). Heart rate was also independently, positively related to SBP in the 

Minneapolis study (Munger, Prineas, et al. 1988), and in girls aged 12-17 (but 

not boys) in a study of black American adolescents from Philadelphia 

(Hediger, Schall, et al. 1984). In the Tecumseh study heart rate (determined by 

resting BCG) was positively correlated with age and sex adjusted SBP in 

children over 4 years but not in younger children, and was correlated with DBP 

in girls aged 4-19 and in 10-14 year old boys (Higgins, Keller, et al. 1980).

2.3.7 ‘RACE’ AND ETHNICITY AND CHILDHOOD BLOOD 

PRESSURE

Most of the studies of ethnicity and childhood BP have been conducted in the 

United States, where reported differences in BP between black and white 

children have been inconsistent (Prineas, Gillum, et al. 1980; Webber,

Cresanta, et al. 1986; Harlan, Comoni-Huntley, et al. 1979; Comoni-Huntley, 

Harlan, et al. 1979; Baron, Freyer, et al. 1986). Relatively little has been 

published on ethnicity and BP in British children. A survey of 357 students 

aged 15-16 years in two London schools found white males had significantly 

higher mean systolic pressures than black males, but diastolic pressures were 

similar (Khaw & Marmot 1983),whilst a Birmingham study of 128 school 

leavers failed to find significant differences in BP between Asians, blacks and 

whites (De Giovanni, Pentecost, et al. 1983).

2.3.8 FAMILY HISTORY AND CHILDHOOD BLOOD PRESSURE

Family members tend to have similar BP levels (Higgins, Keller, et al. 1980), 

and this familial aggregation of BP is evident from very early on in life 

(Zinner, Rosner, et al. 1985; Holman, Hazebroek, et al. 1983). In the 

Minneapolis study children from hypertensive families had relatively elevated 

BPs well before puberty, and this elevation was maintained throughout the
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adolescent growth spurt (Munger, Prineas, et al. 1988). In the Bogalusa study 

family history was an independent predictor of systolic and diastolic BP with a 

31% increased risk of having a SBP or DBP measurement in the upper quartile 

after the first year of follow-up; however this increased risk decreased over 

time (Shear, Burke, et al. 1986). In the very much smaller Dutch Hypertersion 

and Offspring Study at eight years old no differences were noted between 

children with two hypertensive parents and those with two parents with 

relatively low BP, but at 20 years old there was a difference of 7 mmHg (Cl not 

given) for both SBP and DBP, suggesting that the strength of the familial 

aggregation of BP might increase across childhood (van Hooft, Hofman, et al. 

1988). One study has suggested that parental BP might also be positively 

related to change in BP -  an increase of 10 mmHg in parental BP was 

associated with a mean difference in rate of change of SBP or DBP of about 

0.3-0.4 mmHg per year across seven years in 426 Dutch children studied from 

the age of 5-19 years (Hofman & Valkenburg 1983).

The influence of parental BP could arise from shared genetics and/or a shared 

environment. There is strong evidence for genetic determinants of BP from 

twin studies (Biron & Mongeau 1978; Annest, Sing, et al. 1979; Mongeau, 

Biron, et al. 1986). The researchers from the Montreal Adoption Survey 

estimated that for SBP 61% of the correlation between parents and children 

was due to shared genes and 39% was due to a shared environment; for DBP 

the proportions were 58% and 42% respectively (Mongeau, Biron, et al.

1986). It is not known whether childhood BP is under the control of a single 

gene or polygenic influences possibly associated with abnormalities in ion 

transport and a prehypertensive state (Schieken 1993). Genetic pathways 

shared with BMI appear to influence SBP but not DBP and there is evidence 

that during adolescence boys differ from girls in the genetic control of their 

resting blood pressure (Schieken 1993).
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2.3.9 SOCIO-ECONOMIC STATUS AND CHILDHOOD BLOOD 

PRESSURE

A recent review of socio-economic status and BP found that, although almost 

all studies in developed countries have found higher adult SBP levels in the 

lowest socio-economic groups compared to the highest, most studies of BP in 

childhood have failed to find a socio-economic gradient, (Colhoun, 

Hemingway, et al. 1998). In adults a substantial part of this socio-economic 

gradient is accounted for by socio-economic differences in BMI. The authors 

speculated that the absence of an association between socio-economic status 

and BP in childhood might be because height, which is inversely related to 

socio-economic status, has an overwhelming influence on childhood blood 

pressure.

2.3.10 DIET AND CHILDHOOD BLOOD PRESSURE

In general, nutrient intakes appear to be poor predictors of BP in childhood 

(Vandongen, Jenner, et al. 1989). Sodium intake as salt is the most important 

recognised dietary effector of BP in childhood (Prineas 2000), but the role of 

dietary salt restriction in older children is unclear and studies have proven 

difficult to conduct or have had conflicting results (Geleijnse, Grobbee, et al. 

1990; Howe, Cobiac, et al. 1991; Cooper, Van Horn, et al. 1984; Miller & 

Weinberger 1986; Ellison, Capper, et al. 1989; Sinaiko, Gomez-Marin, et al. 

1993; Gillum, Elmer, et al. 1981). One study has suggested that early sodium 

intake may ‘program’ raised BP later in childhood (Geleijnse, Hofman, et al.

1997), but this has not yet been confirmed.

In adults increased potassium intake is associated with significant decreases in 

SBP and DBP in both hypertensive and normotensive subjects (Cappuccio & 

MacGregor 1991). Few studies of potassium supplementation have been 

carried out in children and the relationship with BP is not clear (Prineas 2000; 

Gillum, Elmer, et al. 1981).
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2.3.11 PHYSICAL ACTIVITY AND CHILDHOOD BLOOD PRESSURE

The literature on physical activity and BP in adolescents has been 

comprehensively reviewed (Alpert & Wilmore 1994). The review considered 

the strength of the evidence for both cross-sectional and longitudinal studies in 

normotensive adolescents and for longitudinal studies in hypertensive 

adolescents, and included both controlled and uncontrolled trials. The 

researchers noted that few studies had been conducted where BP changes had 

been monitored over long periods of time i.e., years. They concluded that in 

normotensive subjects there is a very weak relationship between BP and level 

of activity or fitness and in many studies some of this association could be 

attributed to the association between fatness and adiposity. The review found 

no evidence to support exercise programmes to reduce BP in normotensive 

individuals. Very few longitudinal studies in hypertensive adolescents were 

identified but the authors found that there was consistent evidence that exercise 

programmes led to reductions in both SDB and DBP in obese adolescents, but 

seldom to normotensive levels.

2.3.12 INFLUENCES ON BLOOD PRESSURE LEVEL AND CHANGE 

IN CHILDHOOD -  CONCLUSIONS

Many factors influence the measurement of childhood BP so standardisation of 

measurements is crucial in order to make meaningful comparisons between 

individuals within a study, or between study populations. BP increases with 

age but rises at different rates at different ages, and at least some of this age 

related increase is physiological. The dominant influence on childhood BP is 

current body size -  height and body mass index or other measures of adiposity. 

However, even these factors explain much less that half the variability in 

childhood BP. Skeletal maturation appears to be positively related to BP, but it 

is less clear whether sexual maturation is also related to BP if height and body 

build are taken into account.

BP levels are associated within families because of genes and a shared 

environment. Ethnicity and the family’s socio-economic status do not appear 

to influence BP before adolescence. In normotensive children physical activity 

appears to have only a weak influence on BP.
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BP in childhood tends to track, but this tracking is relatively weak. The limited 

evidence available suggests that change in childhood BP may be related to 

initial body weight and change in body weight, family history and aerobic 

exercise but there is no evidence that the initial level of BP influences BP 

change.

2.4 THE ‘FETAL ORIGINS’ HYPOTHESIS

The ‘fetal origins’ hypothesis proposes that adverse intrauterine events, in 

particular fetal undemutrition resulting in disrupted fetal growth, result in the 

fetus having an increased risk of CVD in later life, (Barker 1993; Barker 

1998a). It is proposed that several risk factors for cardiovascular disease, 

including hypertension, may be ‘programmed’ in utero by the fetal 

environment. ‘Programming’ means that a factor acting at a certain critical or 

sensitive time leads to a permanent structural and/or functional change in the 

tissues with long term effects (Lucas 1994). Whilst programming results in 

relatively small differences in BP in early life, it is suggested that these 

changes are magnified, or ‘amplified’, throughout life, so that small differences 

in risk factors at birth may become clinically significant in later adult life (Law, 

de Swiet, et al. 1993).

In a refinement to the ‘fetal origins’ hypothesis, Leon and Koupilova have 

suggested that the important risk factor for future hypertension might be a 

failure to reach growth potential in utero rather than reduced size at birth 

(Leon, Koupilova, et al. 1996). Gestational age is an important determinant of 

birthweight. Where it has been examined, the birthweight-BP relationship 

appears to be independent of gestational age (Barker, Bull, et al. 1990), 

(Godfrey, Redman, et al. 1991), and in a recent review article Leon called the 

identification of populations in which there are data on gestational age a 

“priority for epidemiological research” (Leon 1999a).

The studies which contributed to the development of the hypothesis and the 

evidence that birthweight is associated with CVD risk and raised BP in adults 

and children are discussed in Section 2.4.1 and 2.4.2. In order for events in
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utero to significantly influence risk of CVD and hypertension in adult life the 

‘fetal origins’ hypothesis draws on two key ideas: ‘programming’and 

‘amplification’. These are discussed in more detail in Section 2.5.

2.4.1 EARLY LIFE FACTORS AND CARDIOVASCULAR RISK: 

ECOLOGICAL STUDIES

Studies proposing a link between early life and adult chronic disease first 

appeared more than 50 years ago (Joseph & Kramer 1996). In 1977, Forsdahl 

demonstrated a strong correlation between infant mortality at the turn of the 

20̂  ̂century and all cause, atherosclerotic and cancer mortality in the 1960s in 

Norway (Forsdahl 1977). He postulated that poverty in childhood followed by 

prosperity was a risk factor for atherosclerosis in adults. Other ecological 

studies have shown a strong correlation between coronary heart disease (CHD) 

death rates, or stroke mortality, in the UK and infant mortality rates 50 to 60 

years earlier (Barker & Osmond 1986; Barker & Osmond 1989a), and between 

infant mortality and deaths from atherosclerosis in the United States (Buck & 

Simpson 1982). In all these studies infant death rates were seen as a marker for 

adverse early life experiences, the hypothesis being that adverse early life 

experience is linked to increased cardiovascular risk in adulthood. However, 

socio-economic differentials at all stages of life exert a profound influence on 

mortality risk (Smith, Hart, et al. 1997), and many ecological studies did not 

take into account the fact that areas which were severely deprived at the turn of 

the century were likely to remain deprived across the years. A review of the 

ecological studies looking at early life experiences and adult cardiovascular 

risk concluded that ecological studies had been invaluable in generating 

hypotheses, but that epidemiological studies based on individuals were 

necessary to test these hypotheses (Elford, Shaper, et al. 1992).

2.4.2 STUDIES ON INDIVIDUALS

Since the ‘fetal origins’ hypothesis is only around 15 years old there are no 

prospective studies which were specifically designed to test the hypothesis in 

adults and very few prospective studies originally designed to test this 

hypothesis in children. For this reason many of the studies linking early 

experiences and adult CVD in the UK have been historical cohort studies that
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involved finding detailed antenatal records from the early part of the last 

century and following-up these individuals through the NHS Central Register 

(Barker 1998b). In these studies lower birthweights or lower weights in 

infancy were used as markers of adverse in utero and early life events. Cohort 

studies carried out on the ‘fetal origins’ hypothesis in childhood have usually 

involved existing data sets, collected either routinely or as part of a different 

study, and supplementing them with BP data or birth record data as required. 

There are some problems inherent in this approach:

• Incomplete follow up of the original cohort could lead to selection 

bias.

• Because they were collected as part of routine practice, or for another 

study, measurements may not have been obtained in a standardised 

way.

2.4.2.1 Birthweight and cardiovascular death

The first of the historical cohort studies revealed significant inverse trends 

between and weight at one year and death rates from coronary heart disease 

(CHD), but not between birthweight and CHD amongst 5,654 men bom in 

Hertfordshire from 1911-1930, (Barker, Winter, et al. 1989). This study was 

extended to include 10,141 men and 5,585 women bom in Hertfordshire 

between 1911 and 1930 (Osmond, Barker, et al. 1993). In both sexes there 

were significant inverse associations between CVD deaths and birthweight and 

a significant inverse relationship with weight at one year was present in the 

men but not in the women. The association between death rates from CVD and 

birthweight in both sexes was graded across all birthweights except for a small 

increase in mortality at birth weights above 9.4 lbs (4.3 kg). No such trends 

were seen in deaths from lung cancer, but these were much rarer than the 

cardiovascular deaths (1355 v. 327). Contrary to expectations, no associations 

were seen between current social class or social class at birth and birthweight 

in the Hertfordshire survivors (Osmond, Barker, et al. 1993).
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2.4.2.2 Birthweight and adult blood pressure

Links between size at birth and several cardiovascular risk factors, including 

glucose intolerance, fibrinogen levels and serum cholesterol levels have been 

described, (Barker 1993; Barker 1998a. However, the relationship between 

birthweight and BP has been described with particular consistency.

A link between the intrauterine environment and hypertension had been 

suggested by the inverse relationship between birthweight and BP in 36 year 

old adults reported in the Medical Research Council’s National Survey of 

Health and Development (Wadsworth, Cripps, et al. 1985). A statistically 

significant fall in SBP of approximately one mmHg for every pound increase 

birth was seen, although the strongest association was between BP and current 

body mass. Low social class of the family of origin was also associated with 

high blood pressure. A study re-examining this data set found that the 

relationship between birthweight and SBP was independent of current body 

weight in men, but the data presented suggest that in women the relationship 

between birthweight and BP was weak or non-existent (Barker, Osmond, et al. 

1989b).

Two studies from one group in the United States stand out because of their 

great size -  together they account for 186,886 subjects (Curhan, Willett, et al. 

1996; Curhan, Chertow, et al. 1996). In the United States, Curhan examined 

the association between self reported birthweight and self reported adult BP in 

71,100 registered female nurses bom in 1921-1946 from the Nurses Health 

Study (NHS I), and in 92,940 registered female nurses bom in 1947-1964 from 

the NHS II (Curhan, Chertow, et al. 1996). In 1992 (age 46-71 years), 33.6% 

of NHS I nurses had had a diagnosis of hypertension, whilst in 1991 (age 38 -  

27 years) just 6.6% of the NHS I nurses had had a diagnosis of hypertension.

In the NHS I group the odds ratio for hypertension was 1.42 (95% Cl 1.31, 

1.54) in the lowest birthweight category (<5.0 lb) compared to the reference 

group (7.1-8.5 lb), after adjustment for parental history of hypertension and 

BMI. Similar results were found in the NHS II group. The age-adjusted odds 

ratio for hypertension was also elevated in the highest birthweight but this 

difference disappeared after adjustment for current birth weight. After
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adjustment for age, parental history and current BMI, a one kilogram increase 

in birthweight was associated with a 1.39 mmHg fall in SBP (95% Cl -1.49, - 

1.26) in the NHS 1 nurses and a 0.35 mmHg fall (95% Cl -0.41, -0.29) in the 

NHS 11 nurses. A similar study was conducted in 22,846 male health workers 

and veterinarians (excluding doctors) aged 40-75 years (Curhan, Willett, et al. 

1996). In this study the relation between birthweight and age adjusted BP was 

not linear, but the results were similar to those found for the NHS 1. Similar 

but smaller trends were seen for DBP in both studies.

Leon studied 1,333 Swedish men aged 50 and found a modest association 

between birthweight and BP in the whole group; however, the association was 

much stronger in those who were small at birth and were tall or had high BMls 

at 50, whilst the association was almost absent in thin subjects (Leon, 

Koupilova, et al. 1996). This study was not able to examine DBP because 

these measures had been subjected to substantial rounding (to the nearest 10 

mmHg).

An inverse relationship between birthweight and SBP in adults has 

subsequently been reported in over 40 studies from different populations and 

has been the subject of a recent systematic review (Huxley, Shiell, et al. 2000). 

The majority of the studies in Huxley’s review suggest that there is an inverse 

association between birthweight and BP such that, after adjusting for current 

size, SBP falls by around 2 mmHg with every one kg increase in birthweight 

(range of regression coefficients reported (95% Cl) -0.35 mmHg kg’’ (-0.41, 

-0.29) to -5.5 mmHg kg’’ (-12.2, +1.2g)). Relatively few of these studies 

concern the birth weight-adult BP association in less affluent populations 

outside Europe, North America or Australia, where low birthweight is more 

prevalent.

2.4.2.3 Birthweight and blood pressure in childhood and adolescence

2.4.2.3.1 The first decade of life

The earliest indication of an inverse relationship between birthweight and BP 

in children came from the provisional report of a study in Dunedin, New 

Zealand, when a significant negative correlation between SBP at 7 years and
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birthweight was reported (Simpson, Mortimer, et al. 1981), Since then at least 

24 studies have examined the birthweight-BP relationship in children under the 

age of 11 (Huxley, Shiell, et al. 2000). The association between birthweight 

and BP is positive at birth (Alves, Vilarim, et al. 1999; O'Sullivan, Kearney, et 

al. 1996), and BP measurements in very young children are difficult to 

perform. However, from the age of three onwards most studies reveal an 

inverse relationship between birthweight and SBP in the first decade of life 

(Huxley, Shiell, et al. 2000). In most of these studies the inverse birthweight- 

BP relationship was only demonstrated when the data were adjusted for the 

children’s current weight or body size. One study has described a U-shaped 

relationship between birthweight and BP at the age of four; children with the 

heaviest and the lightest birthweights had the highest BPs (Launer, Hofrnan, et 

al. 1993). One study failed to find an inverse relationship between birthweight 

and BP, but this was a study of a pathological group of children all bom before 

34 weeks gestation and weighing under 1850g (Morley, Lister, et al. 1994).

2.4.2.3.2 The second decade of life

Several studies have examined birthweight and BP in the second decade of life 

-  the results have been conflicting. Studies in the early and middle teenage 

years have frequently failed to demonstrate an inverse relationship: Macintyre 

found only a non significant inverse birthweight-BP association in males in her 

study of 959 fifteen year-olds from Central Clydeside (Macintyre, Watt, et al. 

1991). Rabbia found only a small negative non-significant association between 

birthweight and BP in 1,310 Turin school children aged 12-14 years (Rabbia, 

Veglio, et al. 1999). Two retrospective comparative cohort studies of low 

birthweight 15 year-olds bom in Wales (Matthes, Lewis, et al. 1994), and 

Merseyside (Pharoah, Stevenson, et al. 1998) have had opposing results. 

Matthes found no difference BP between 177 adolescents bom at term 

weighing less than 2500g and 133 matched controls of normal birthweight, 

whilst Pharoah found that SBP tended to be significantly higher (mean 

difference 3.2 mmHg, 95% Cl 0.4, 6.0, P = 0.05) in 128 children bom 

weighing under l,500g and 128 matched controls. A study of Jamaican school 

children aged 6-16 years demonstrated an inverse birthweight-BP association.
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but the exact age distribution was not described and there was no separate 

analysis in the adolescents (Forrester, Wilks, et al. 1996).

Two very large studies from Israel looking at 32,000 and 10,883 seventeen 

year-old Israeli army recruits, respectively, found a positive correlation 

between birthweight and SBP in both sexes (Seidman, Laor, et al. 1991; Laor, 

Stevenson, et al. 1997). In the latter study there appeared to be evidence of a 

significant inverse relationship between birthweight and SBP in the boys alone 

(regression coefficient -0.94 mmHg kg'% 95% Cl -1.54, -0.33, P value not 

given), although the authors state that even after adjustment for BMI they 

failed to find any evidence to support an inverse relationship (Laor, Stevenson, 

et al. 1997). A very small longitudinal study (134 subjects) of young people 

from Boston failed to demonstrate an inverse birthweight-BP relationship at 17 

years and at 30 years, but the study appears not to have standardised BP 

measurement (Berkey, Gardner, et al. 1998).

In contrast, a longitudinal follow up study of 327 Dutch children revealed a 

consistent inverse association between birthweight and BP from age 10-37 

years after adjustment for current body size. Regression coefficients for the 

birthweight-BP relationship in 10-14 year-olds and 15-19 year-olds were 

-2.53 mmHg (95% Cl -4.6, -0.38) and -3.05 mmHg (95% Cl -4.88, -1.23), 

respectively (Uiterwaal, Anthony, et al. 1997).

Leon’s study of 156,136 eighteen year-old Swedish army conscripts found a 

significant inverse birth weight-SBP relationship (unadjusted for current for 

current body size), but this effect was small (regression coefficient = -0.60 

mmHg kg 95% Cl -0.70, -0.50); with adjustment for current height and 

weight the regression coefficients was -1.47 mmHg kg’’ (95% Cl -1.57,

-1.37) for SBP (Leon, Johansson, et al. 2000). In the Dunedin study, Williams 

found similar inverse birthweight-BP relationships (after adjustment for 

current body size) at 9 years and 18 years (Williams, St George, et al. 1992).

One explanation for these conflicting results is that the inverse birthweight-BP 

association may be weakened during puberty, with the strength of the
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association then increasing as the young people emerge from late adolescence 

into young adulthood. This explanation is supported by the only study to 

assess pubertal status in relation to the association -  the Cardiovascular Risk in 

Young Finns Study. This study failed to find significant inverse correlations, 

adjusted for current weight, for birthweight and SBP during puberty, although 

these correlations were present in the post-pubertal group (Taittonen, Nuutinen, 

et al. 1996).

It has been suggested that the reason the association is abolished or attenuated 

during puberty is due to disturbed BP tracking during this period of rapid 

growth (Law 1995). Some of the smaller studies may have failed to detect an 

attenuated association between birthweight and BP because they lacked 

sufficient statistical power (e.g., Berkey, Gardner, et al. 1998). Similarly, 

probably Leon’s study alone had sufficient power to detect the small, 

unadjusted birth-weight BP association described above (Leon, Johansson, et 

al. 2000).

2.4.2.4 Adjustment for current body size and the birthweight-blood 

pressure association in children and adults

In most adult studies, where reported, there is a significant association between 

birthweight and BP before adjusting for current body size, but this adjustment 

usually strengthens the association; for example, in Leon’s study of 1,333 

Swedish men aged 50 years the regression coefficient for the unadjusted 

association between birthweight and SBP was -2.2 mmHg kg'’ (95% Cl -4.2, 

-0.30) and after adjustment the association was -3.1 mmHg kg'’ (95% Cl -5.0, 

-1.2) (Leon, Koupilova, et al. 1996). However in children the birthweight-BP 

association is usually not seen without adjustment for current body size; for 

example, in 772 children aged 6 years from Zimbabwe the regression 

coefficient for the association between birthweight and SBP adjusted for 

current weight was -1.73 mmHg kg ’ (95% Cl -3.28, -0.18), but the association 

was not apparent without the adjustment (Woelk, Emanuel, et al. 1998).

What is the justification for examining the birthweight-BP association after 

adjustment for current body size in children and in adults? In children
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birthweight is strongly correlated to current height and current weight (e.g., 

Whincup, Bredow, et al. 1999; Woelk, Emanuel, et al. 1998). In Sections 2.3.3 

and 2.3.4, the dominant positive association between current body size and 

childhood BP was described. Because of this confounding by current body size 

in childhood, the birth-weight BP association can only be examined after 

adjustment for current size. Current body size does not confound the 

association to the same extent in adulthood because the associations between 

size at birth and current weight-fbr-height are less consistent in adulthood. In 

some studies no consistent relationship has been found (Clausen, Borch- 

Johnsen, et al. 1997; Berkey, Gardner, et al. 1998; Curhan, Chertow, et al.

1996), whilst in others a positive association has been reported (Curhan, 

Willett, et al. 1996; Fall, Osmond, et al. 1995; Hales, Barker, et al. 1991). 

Furthermore, height is, if anything, inversely associated with blood pressure, 

(Colhoun, Hemingway, et al. 1998) and although BMI remains a determinant 

of adult blood pressure, the association is not as strong as it is in childhood 

(Chen, Rennie, et al. 1995). However, residual confounding by adult weight- 

for-height probably explains why, even in adulthood, the birthweight-BP 

association is strengthened by adjustment for current body size. Since the 

ultimate objective of examining the birthweight-BP association is probably to 

understand the evolution of the CVD risk manifest in adulthood, it is 

reasonable to examine the adjusted association in childhood. Amongst adults 

the unadjusted association is more informative.

Lucas and colleagues have challenged the practice of adjusting the 

birthweight-BP relationship for current weight and interpreting this as 

providing information on the relationship between birthweight and BP (Lucas, 

Fewtrell, et al. 1999). They suggest that by having measures of size at two 

different points in time in the regression model the researchers are actually 

looking at the relationship between a measure of change in size and the 

dependent variable. They recommend looking for interaction between the two 

measures of size when attempting to examine and interpret the relationship 

between early size and a later outcome.
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2.4.3 IS THE BIRTHWEIGHT-BP ASSOCIATION EXPLAINED BY 

CONFOUNDING?

An alternative explanation to the ‘fetal origins’ hypothesis for the association 

between birthweight and adult CVD risk is that of confounding. In particular, 

it has been suggested that the association might be confounded by socio

economic circumstances (Paneth & Susser 1995; Joseph & Kramer 1996), by 

maternal factors during pregnancy such as raised blood pressure (Churchill, 

Perry, et al. 1997; Walker, McConnachie, et al. 1998), or cigarette smoking 

(Paneth & Susser 1995).

2.4.3.1 Socio-economic confounding

Parental socio-economic circumstances influence both offspring birth weight 

(Kogan 1995), and the offspring’s own socio-economic circumstances 

throughout his or her life course (Power, Bartley, et al. 1996). Power has 

demonstrated that low birthweight was associated with social class at age 33 

years in the 1958 British Birth Cohort (Power, Bartley, et al. 1996). Much of 

this association was accounted for by the association between social class and 

parity, but when parity was taken into account there were still some residual 

association between lower birthweight and lower adult social class. Therefore 

socio-economic confounding could perhaps explain the association between 

birthweight and BP. Koupilova re-examined the birthweight-BP association in 

the 1,333 Swedish men described previously whilst adjusting for social 

circumstances at birth and at age 50 (Koupilova, Leon, et al. 1997).

Controlling for socio-economic characteristics, or for behavioural 

characteristics (such as smoking or recent alcohol intake) at age 50, did not 

influence the association between birthweight and BP. In a small number of 

men (615) it was possible to examine the effect of controlling for socio

economic circumstances at birth and this had a very minimal effect on the 

birthweight-BP association (which was not significant in this subset). Joseph 

and Kramer have reviewed the evidence on confounding by socio-economic 

circumstances (Joseph & Kramer 1996). Most other ‘fetal origins’ studies 

which have considered confounding by socio-economic status have failed to 

find evidence that it explains the associations seen, but Joseph and Kramer
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point out that to test this hypothesis fully it may be necessary to use a very 

good measure of socio-economic status.

2.4.3.2 Maternal blood pressure in pregnancy

Maternal BP may influence BP in the offspring due to hereditary factors 

(Schieken 1993), and maternal hypertension during pregnancy may influence 

birthweight (Kramer 1987). It has been suggested that the inverse association 

between birthweight and BP may in part be explained by confounding by 

maternal blood pressure, (Walker, McConnachie, et al. 1998; Churchill, Perry, 

et al. 1997). Both Walker and colleagues and Churchill and colleagues have 

hypothesised that low birthweight could be a feature of an inherited 

predisposition to hypertension, perhaps because it is associated with higher 

maternal BP during pregnancy. This suggestion is explored in Chapter 6.

2.5 PROGRAMMING, AMPLIFICATION AND THE ‘FETAL 

ORIGINS’ HYPOTHESIS

2.5.1 PROGRAMMING

‘Programming’ arises if a stimulus or insult exerts long term effects only when 

it arises during certain critical or sensitive periods (Lucas 1994). Programming 

is common during fetal development and may occur in early life or even, in 

some instances, throughout life (Lucas 1994). Possible mechanisms for 

programming include induction, deletion or impaired development of a somatic 

structure, or physiological ‘setting’ by an early stimulus or insult.

The ‘fetal origins’ hypothesis proposes that adverse in utero events which 

result in impaired fetal growth also programme the individual for an increased 

risk of CVD in later life. These long term adverse consequences could be 

brought about directly though cellular mechanisms -  for example, by reduced 

cell numbers, altered gene expression or the selection of clones of cells, or 

indirectly -  for example, through hormonal changes (Barker 1998c). Essential 

hypertension might be programmed in utero via a reduction in renal mass 

caused by a reduction in the number of nephrons (Brenner & Chertow 1994; 

Lopes & Port 1995; Yiu, Buka, et al. 1999). Alternative mechanisms proposed
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suggest that growth retardation is associated with changes in the hypothalamo- 

pituitary-adrenal axis (Clark, Hindmarsh, et al. 1996), and/or the sympathetic 

nervous system (Phillips & Barker 1997), so that affected individuals might be 

more prone to develop a hyperkinetic circulation and hypertension (Nilsson, 

Ostergren, et al. 1997).

2.5.1.1 What insult might trigger the ‘programming’ of CVD risk?

It has been proposed that fetal undemutrition during pregnancy is the adverse 

event which ‘programs’ CVD in the later life of the offspring (Barker 1998e). 

This undemutrition may arise from an interplay of the mother’s own innate 

ability to nourish a fetus (which could relate to her own experiences in utero) 

and from her diet during pregnancy. Whilst there is some experimental 

evidence (summarised in this chapter) to support aspects of the fetal origins 

hypothesis and the existence of programming, there is very little evidence from 

human studies to confirm or refute the suggestion that this sort of fetal 

undemutrition is responsible (Lucas 1994).

An altemative suggestion is that matemal smoking during pregnancy might be 

the insult ‘programming’ raised BP in later life (Paneth & Susser 1995). 

Smoking is a well recognised intrauterine growth retardant (Godfrey, Redman, 

et al. 1991). Smoking is also associated with raised BP in neonates (Beratis, 

Panagoulias, et al. 1996), but these is little evidence that it is associated with 

raised BP later on in childhood (Beratis, Panagoulias, et al. 1996; Blake, 

Gurrin, et al. 2000a). However one study has suggested that there is a 

“watershed” at 33 weeks of gestation after which matemal smoking in utero is 

associated with raised BP in childhood (Morley, Leeson Payne, et al. 1995).

The role of fetal undemutrition as a potential ‘programming’ stimulus is not 

within the scope of this thesis. The role of smoking as a potential 

‘programming’ agent, or as a confounder of the birthweight-BP association, is 

examined in Chapter 6.
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2.5.1.2 An alternative explanation: the ‘fetal insulin’ hypothesis

‘Programming’ is one possible explanation for the link between early life 

factors and adult CVD risk, but there are other possible explanations. 

Confounding by socio-economic status or maternal antenatal hypertension has 

already been discussed in Section 2.4.3, but a genetic link is also a potential 

explanation. Hattersley and Tooke have developed a competing hypothesis to 

explain the association between size at birth and the components of the insulin 

resistance syndrome -  adult hypertension, CAD and non-insulin dependent 

diabetes (NIDDM) -  called the ‘fetal insulin’ hypothesis, (Hattersley & Tooke 

1999). They propose that the association between birth size and adult insulin 

resistance is principally medicated by polygenic factors that increase insulin 

resistance both in utero and in adult life. Insulin is a key determinant of fetal 

growth acting mainly in the third trimester. Thus the genes responsible for 

small thin babies would also be responsible for adults with an increased risk of 

hypertension, atherosclerosis and NIDDM, particularly in the presence of adult 

obesity.

2.5.2 ‘AMPLIFICATION’

Folkow was the first to propose the existence of ‘amplification’, suggesting 

that essential hypertension might have two components: an initiating 

abnormality which caused the BP to rise and an amplification process which 

progressively magnifies the difference throughout life (Folkow 1978). The 

effects of programming on BP appear to be modest early in life and it has been 

proposed that they increase or are ‘amplified’ throughout life (Law, de Swiet, 

et al. 1993). Thus small differences in risk factors at birth might become 

clinically significant in later adult life. Huxley’s systematic review does not 

support significant ‘amplification’ -  the birth weight-SBP association 

appearing to be consistent across the age groups with the exception of 

adolescence and newborns (Huxley, Shiell, et al. 2000). Evidence of 

amplification from longitudinal studies in children and adults is sparse and 

inconclusive: Uiterwaal found little evidence o f ‘amplification’ between the 

first and fourth decades of life, although the study was relatively small (330 

subjects) and may have lacked sufficient power (Uiterwaal, Anthony, et al.

1997). Moore found the inverse birthweight-BP relationship was stronger at
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age 20 compared to age eight in a study of 585 Australians (Moore, 

Coekington, et al. 1999). One study has reported evidence for ‘amplification’ 

of the birthweight-BP relationship during the first decade of life, (Whineup, 

Cook, et al. 1995).

2.6 A ‘FRAMEWORK OF IDEAS’ FOR THE ORIGINS OF 

HYPERTENSION IN ADULT LIFE

If birthweight is related to BP because it reflects fetal growth then other, 

possibly more specific, measures of fetal growth may also be related to 

cardiovascular risk. Studies of other measures of size at birth have contributed 

to development of the ‘fetal origins’ hypothesis. A ‘framework of ideas’ for 

the fetal origins hypothesis has been developed. This links babies who show 

the ‘phenotypic’ patterns of in utero growth disruption (caused by 

‘programming’ at critical periods) to abnormalities later in life, including 

hypertension. The framework is summarised in Figure 2.1. It has been 

proposed that CHD is associated with specific patterns of disproportionate fetal 

growth resulting from ‘programming’ by fetal undemutrition in middle or late 

gestation (Barker 1995). (These patterns are thin babies with lower 

birthweights, and short or stunted babies with normal birthweights and 

increased head circumference:length ratios, for middle and late gestation 

programming respectively.) It has also been proposed that persistent raised BP 

is associated with interference with growth at any stage of gestation (Barker

1995), and that both large or small placentae may be associated with raised BP 

in later life (Barker 1998b). A key point of this development of the ‘fetal 

origins’ hypothesis is that it proposes that intrauterine ‘programming’ may lead 

to a normal birthweight but altered neonatal body proportions.

More recently, the patterns of size at birth associated with adverse events in 

adult life have been summarized slightly differently: “The pattern of body 

proportions at birth which predicts death from CHD may therefore be 

summarised as small [my emphasis] head circumference, stunting or thinness, 

which reflect retarded fetal growth, and either low placental weight or an 

altered ratio of placental weight to birthweight.... The pattern of body
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proportions at birth which predicts death from stroke is low birthweight and 

low placental weight in relation to normal head size at birth” (Barker 1998b),

The evidence around measures of size at birth other than birthweight and CVD 

risk, or raised blood pressure, is summarised below in Section 2.6.1.

2.6.1 OTHER BIRTH MEASURES AND CARDIOVASCULAR RISK

The first study to examine neonatal anthropometry and adult cardiovascular 

death. (Barker, Osmond, et al. 1993), was a follow-up study of 1,586 men bom 

in Sheffield between 1907 and 1924. Birthweight, head circumference and PI 

were all significantly inversely related to death rates for cardiovascular disease, 

but no trends were seen for placental weight. The highest death rates from 

CVD were seen in men with a low PI at birth and a low head circumference. 

Forsen and colleagues looked at size at birth and CHD in a cohort of Finish 

men (Forsen, Eriksson, et al. 1997), and women (Forsen, Eriksson, et al.

1999). They found that men who were thin at birth with a low placental weight 

and women who were light or short at birth had higher death rates from CHD. 

Amongst the women, the highest death rates were in those who were bom short 

and light but became tall as girls.

2.6.1.1 Other birth measures and blood pressure

Other measures of size at birth have been linked to both adult and childhood 

blood pressure. (Studies of neonates, in whom the inverse birthweight-BP 

association is not present, are not included in the summaries below, and a study 

by Berkey is excluded because all the analyses are presented by sex but the 

numbers in each group are extremely small (67) (Berkey, Gardner, et al. 1998).

2.6.1.1.1 Placental weight and placental ratio

In an historical cohort study of 449 men and women bom in Preston between 

1935-1943, Barker and colleagues found that birthweight was inversely related 

to BP at 46-54 years and that placental weight was strongly and positively 

related to blood pressure (Barker, Bull, et al. 1990). These effects were found 

to be independent so that light babies with the heaviest placentae had the 

highest adult blood pressures. This finding led the researchers to hypothesise
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that the ‘placental ratio’ (placental weight: birth weight) might be a key marker 

of intrauterine growth failure due to maternal undemutrition (Barker 1994). A 

study of 584 singleton bom nineteen year old Australians also found that 

placental ratio was positively associated with SEP, although in this study there 

was no detectable association between placental weight alone and blood 

pressure (Moore, Miller, et al. 1996).

No other studies in adults have replicated these findings; a study of 337 men 

and women bom in Sheffield failed to find a relationship between placental 

weight and blood pressure (Martyn, Barker, et al. 1995), and there was no 

association in a study of 253 men and women bom in Aberdeen Matemity 

Hospital (Campbell, Hall, et al. 1996). A study of 1,333 Swedish men failed to 

find any association between placental weight or placental ratio and BP at age 

50 (Leon, Koupilova, et al. 1996). Thame found ultrasonically assessed 

placental volume at 17 and 20 weeks gestation was inversely linked to BP at 1- 

3 years old, but placental weight at birth and placental ratio were not associated 

with blood pressure (Thame, Osmond, et al. 2000). Three studies in children 

have failed to demonstrate a statistically significant relationship between 

placental weight and blood pressure (Law, Barker, et al. 1991; Forrester,

Wilks, et al. 1996; Forsen, Nissinen, et al. 1998), whilst two studies in children 

found that placental weight and BP tended to be inversely related (Whineup, 

Cook, et al. 1989a; Whineup, Bredow, et al. 1999).

2.6.1.1.2 Length at birth

Five studies have found an inverse relationship between length at birth and 

blood pressure: two in adults (Martyn, Barker, et al. 1995; Roseboom, van der 

Meulen, et al. 1999), one in nineteen year-olds (Moore, Coekington, et al.

1999), and two in children (Simpson, Mortimer, et al. 1981; Whineup, Bredow, 

et al. 1999). A study of 165,136 Swedish men found a very small but 

significant inverse association for SBP (regression coefficients -0.07 mmHg 

cm'% 95% Cl -0.10, -0.05) (Leon, Johansson, et al. 2000). Two studies which 

have examined birth length and BP have found a positive relationship, one in 

adults (Kumaran, Fall, et al. 2000) and one in children (Law, Barker, et al. 

1991). Several studies have found no relationship (Morley, Lister, et al. 1994;
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Hashimoto, Kawasaki, et al. 1996; Leon, Koupilova, et al. 1996; Clausen, 

Borch-Johnsen, et al. 1997; Woelk, Emanuel, et al. 1998; Forsen, Nissinen, et 

al. 1998; Thame, Osmond, et al. 2000), or have failed to comment on the 

relationship (Williams, St George, et al. 1992; Forrester, Wilks, et al. 1996; 

Siewert-Delle & Ljungman 1998).

An explanation for these findings could be that birth length tends to be 

measured less accurately than birthweight, together with the fact that the 

studies themselves vary in size. Although birthweight and birth length are 

correlated, the degree of correlation varies between studies. For example, in a 

study of 1,552 children from the Avon Longitudinal study of Pregnancy and 

Childhood (ALSPAC), the correlation coefficient was 0.82 (Whineup, Bredow, 

et al. 1999), and there was an inverse association between birth length and BP 

at three years old which disappeared after simultaneous adjustment for birth 

weight. Similarly, a study of 165,136 Swedish 18 year-olds found a correlation 

coefficient of 0.79 and a very modest inverse relationship (Leon, Johansson, et 

al. 2000). In contrast, a study of 430 forty nine year-olds the correlation 

coefficient was 0.53 and there was no association seen between birthweight or 

birth length and BP (Siewert-Delle & Ljungman 1998).

2.6,1.1.3 Head circumference

Several studies have revealed and inverse association between head 

circumference at birth and BP in several studies (Law, Barker, et al. 1991; 

Martyn, Barker, et al. 1995; Moore, Miller, et al. 1996; Woelk, Emanuel, et al. 

1998; Whineup, Bredow, et al. 1999; Roseboom, van der Meulen, et al. 1999). 

Kumaran's study of 435 South Indian adults age 59 years (Kumaran, Fall, et al.

2000), Thame’s longitudinal study of 428 Jamaican children aged 1-3 (Thame, 

Osmond, et al. 2000), and Bergel’s study of 518 Argentinian children (Bergel, 

Haelterman, et al. 2000), each found no association, whilst Morley found a 

positive relationship between head circumference in a group of babies bom 

before 34 weeks gestation (Morley, Lister, et al. 1994).
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2.6.1.1.4 Head circumference to length ratio

It has been proposed that the body proportions of babies who are 

disproportionately short in relation to their head size are indicative of 

interruption of truncal growth in late gestation with relative ‘sparing’ of brain 

growth due to poor maternal nutrition, (Barker 1998b). Babies who were 

exposed in utero to the Dutch famine of 1945 during late or mid-gestation 

showed this pattern of size at birth (Bergel, Haelterman, et al. 2000).

Barker and colleagues describe a subset of their Preston data divided into two 

placental weight groups, above and below 1.25 lb (591 g). In the higher 

placental weight group the ratio of head circumference to length was positively 

related to blood pressure (Barker, Godfrey, et al. 1992). However, head 

circumference: length ratio was not related to BP in Bergel’s study, (Bergel, 

Haelterman, et al. 2000), in Thame’s study (Thame, Osmond, et al. 2000), in 

the ALSPAC study (Whineup, Bredow, et al. 1999), nor in Morley’s study of 

children bom prematurely (Morley, Lister, et al. 1994). In Kumaran’s study, 

head circumference to length at birth was inversely associated with raised BP 

in middle age (Kumaran, Fall, et al. 2000).

2.6.1.1.5 Fonderai index at birth

In the Preston study PI was inversely related to SBP in the lower placental 

weight group (i.e., at placental weights below 1.25 lb (59Ig)) after the data 

were divided into two by placental weight (Barker, Godfrey, et al. 1992). Of 

the other studies that have looked at neonatal PI; three found an inverse 

relationship with childhood blood pressure (Law, Barker, et al. 1991; Bergel, 

Haelterman, et al. 2000; Whineup, Bredow, et al. 1999). Moore’s study of 19 

year-olds found a weak negative correlation between PI at birth and BP which 

disappeared after simultaneous adjustment for gestational age (Moore, 

Coekington, et al. 1999). Kumaran also found an inverse relationship, but in 

his study there was no association between birthweight and BP at 28 years old 

(Kumaran, Fall, et al. 2000). Several studies (Morley, Lister, et al. 1994; 

Martyn, Barker, et al. 1995; Leon, Koupilova, et al. 1996; Forsen, Nissinen, et 

al. 1998; Bergel, Haelterman, et al. 2000; Thame, Osmond, et al. 2000), 

including a study of babies exposed in utero to the Dutch famine (Roseboom,
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van der Meulen, et al. 1999), have not found a relationship. Falkner’s study of 

137 Black Americans bom in the 1960s also failed to find any association but 

this very small study also failed to find any association between birthweight 

and blood pressure

(Falkner, Hulman, et al. 1998). One study reported that children with intra 

uterine growth retardation and low Pis had low mean SBPs compared to 

normal children of the same age (Williams, St George, et al. 1992).

2.6.2 THE ‘FETAL ORIGINS’ HYPOTHESIS -  CONCLUSIONS

Studies have consistently demonstrated an inverse association between 

birthweight and SBP of the order of 2 mmHg kg'  ̂; a smaller inverse 

association between birthweight and DBP has been reported in some studies. In 

adults, the birth weight-SBP association may be present without adjustment for 

current body size but it is often strengthened by this adjustment. In terms of 

overall cardiovascular risk it is probably more useful to examine the unadjusted 

association in adults. In childhood the association is confounded by current 

body size and the inverse birthweight-BP association is usually only seen after 

adjustment for current body size. After this adjustment, an inverse 

birthweight-BP association is seen in childhood from the age of 1 year old or 

younger but is not present at birth and appears to be attenuated or absent during 

puberty. It appears unlikely that the birthweight-BP association is explained 

by confounding by socio-economic circumstances. It has also been suggested 

that the association may arise because of confounding by maternal 

hypertension during pregnancy.

The ‘fetal origins’ hypothesis proposes that inverse events arising in utero at 

critical periods cause permanent changes in the individual which ‘programme’ 

him/her to be at increased risk of disease in adult life. These adverse events are 

associated with intra uterine growth retardation or disruption. It has been 

proposed that maternal undemutrition during pregnancy is the fetal insult 

which leads to programming of increased CVD risk and hypertension but, to 

date, there is insufficient evidence to confirm this in humans. The exact nature 

of the permanent changes ‘programmed’ in the individual is not known.
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although there is some evidence for a variety of changes which may be 

associated with increased risk of hypertension in later life.

It has also been proposed that small changes in blood pressure in early life, that 

are programmed by in utero events, are ‘amplified’ throughout life so that they 

become clinically significant in later life. However, so far there is little 

evidence to support ‘amplification’.

Specific patterns of size at birth have been related to an increased risk of 

hypertension in later life in the ‘fetal origins’ hypothesis ‘framework of ideas’. 

It is proposed that programming in different stages of pregnancy results in 

discernable patterns in neonatal body proportions. Low placental size and 

placental ratio (placental weight to birth weight) have also been linked to 

increased risk of raised BP in later life. Several studies have examined the 

association between these different measures of size at birth and blood 

pressure. Few studies have examined these measures of size at birth and CVD 

mortality. Overall, there appears to be little evidence to support a consistent 

association between placental weight or placental ratio and blood pressure. 

There is fairly consistent evidence of an inverse association between head 

circumference and blood pressure, but studies examining the association 

between length at birth or head circumference to length ratio and BP are not 

consistent, possibly because of inaccuracies in the measurement of fetal length. 

The evidence associating PI at birth and subsequent childhood BP is also 

conflicting.

2.7 ASPECTS OF THE ‘FETAL ORIGINS’ HYPOTHESIS TO BE 

EXPLORED IN THIS THESIS

This brief review of the of the ‘fetal origins’ hypothesis concerning raised BP 

in later life raises a number of questions about the hypothesis. An important 

advantage of exploring the ‘fetal origins’ hypothesis in children is that BP can 

be studied before the onset of adult lifestyle risk factors, such as cigarette 

smoking and drinking alcohol. Several issues around the fetal origins 

hypothesis will be explored in subsequent chapters:
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Birthweight is clearly inversely associated with later blood pressure, 

head circumference at birth also appears to be associated with later BP 

but the evidence around the other measures of size at birth proposed in 

the ‘framework of ideas’ is inconsistent. Which measures of size at 

birth are associated with childhood blood pressure? (Addressed in 

Chapter 5)

What, if any, is the association between placental weight and placental 

ratio and childhood blood pressure? (Addressed in Chapter 5)

What is the association between gestational age and blood pressure, 

and birthweight for gestational age and blood pressure? (Addressed in 

Chapter 5)

Is there evidence that failure to reach growth potential rather than 

birthweight per se is important with regard to childhood blood 

pressure? (Addressed in Chapter 5)

Is there any evidence for amplification of the birthweight-BP 

association in childhood and does birthweight influence the rate of 

change of BP in childhood? (Addressed in Chapters 5 and 7)

It may also be easier to examine the effects of socio-economic status 

since children are presumably less likely than adults to have 

experienced significant shifts in socio-economic status. Is the 

association between birthweight and childhood BP confounded by 

social class? (Addressed in Chapter 5)

Does confounding by maternal antenatal BP explain the birthweight- 

BP association? (Addressed in Chapter 6)

Does maternal smoking in pregnancy influence the birthweight-BP 

association? (Addressed in Chapter 6)
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How important is the influence of ‘fetal origins’ on BP compared to 

current influences on BP in contemporary children? (Addressed in 

Chapters 4 and 5)
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Table 2.1: Pooled mean SBP values for girls and boys ivith mean differences

Girls SBP, mmHg Boys SBP, mmHg Mean

Age, difference.

yrs N Mean (SD) N Mean (SD) mmHg 

(boy -  girl)

1 360 91.3 (9.7) 371 90.8 (9.0) -0.5

2 405 94.3 (lfr2) 396 94.3 (10.0) 0

3 557 90.3 (13.1) 568 90L8 (13.2) 0.5

4 456 90.7 (13.C0 466 91.1 (119 ) 0.4

5 1193 94.2 (10.6) 1134 94.4 (10.9) 0.2

6 1269 95.4 (10.5) 1354 96.2 (10.1) 0.8

7 1304 9fr5 (10.3) 1306 97\8 (10.4) 1.3

8 1286 9 8 J (10.3) 1360 98.7 (10.0) 0.5

9 1287 100.2 (10.8) 1307 100.8 (10.1) 0.6

10 2454 102.2 (10.20 2468 102.6 (10.1) 0.4

11 3358 104.4 (10.2) 3389 104.0 (9.9) -0.4

12 3614 107.0 (lfr2) 3788 106.4 (10.1) -0.4

13 6543 107.4 (11.20 6583 108.4 (11.6) 1.0

14 4204 108.0 (11.1) 4894 110.7 (12.2) 2.7

15 3917 107.6 (11.3) 3829 112.9 (12.4) 5.3

16 2276 109.1 (11.1) 2546 114.7 (12.3) 5.6

17 2962 110.2 (11.1) 2845 117.7 (12.2) 7.5

Adapted from Rosner, Prineas, et al. 1993.
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Table2.2: Pooled mean DBF values for girls and boys age 1 to 17 years with
mean differences for children in the United States.

Age,

yrs

Girls DBP, mmHg 

N Mean SD

Boys DBP, mmHg 

N Mean SD

Mean 

difference, 

mmHg 
(boy -  girl)

1 107 46.0 (93) 92 46.5 C9 0) 0.5

2 102 4&8 (9.0) 99 49.1 (10.0) -0.7

3 76 53.7 (7.6) 72 52.9 (9.0) -0.8

4 17 59:2 (73) 20 55.6 (7.2) -4.6

5 276 553 (10.2) 221 54.4 (1034 5.0

6 355 58X5 (11.4) 365 583 (11.6) -0.3

7 394 603 (11.1) 389 61.3 (10.6) 0.7

8 409 61.6 (9.8) 454 61.1 (1134 -0.5

9 430 633 (12.0) 418 62.9 (10.6) -0.4

10 1557 633 (12.0) 1470 63.4 (12.3) -0.3

11 2514 643 (12.1) 2486 64.1 (12.3) 0.7

12 2671 653 (12.4) 2824 623 (14.1) -3.0

13 5719 62.4 (12.5) 5669 59.1 (13.74 -3.3

14 3433 62.9 (12.5) 4055 59.2 (14.1) -3.7

15 3287 61.2 (10.6) 3213 61.0 (1234 -0.2

16 1756 623 (10.9) 2007 62^ (12.1) 0.6

17 2477 61.6 (10.7) 2383 63.7 (11.4) 2.1

Adapted from Rosner, Prineas, et al. 1993.
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Table 2.3: Pearson correlation coefficients reported as tracking coefficients 
for SBP and DBP from some longitudinal studies of childhood blood 
pressure described in Chapter 2.

Study No. of 

children

Initial ages 

of children

Length of 

follow up

Tracking coefficients 

SBP DBP

Bogalusa 2,236 2-14 lyr 0.57 0.40

Bogalusa 7-19 yrs
1,501 3 yr 0.49 0.46

(Shear, Burke, et al. (approx)

1986) 2-14 yrs 8 yrs 0.41 0.35

Muscatine 820 5-18yrs 2yrs 0.41 0.27

(Clarke, Schrott, et al. 4yrs 0.35 0.21

1978) 6yrs 0.30 0.18

Vale of Glamorgan 84 5-9 yrs 4 yrs 0.57 0.48

(Rosner, Hennekens, 8yrs 0.59 0.53

etal. 1977) 75 10-14 yrs 4 yrs 0.52 0.57

8yrs 0.44 0.46

56 15-19 yrs 4 yrs 0.51 0.45

8yrs 0.52 0.49

Tokelauan migrants 200

(Beaglehole, boys. 5-14 yrs 1.5-3.7 yrs 0.31 (boys) 0.12 (boys)

Salmond, et al. 1977) 158 girls

0.24 (girls) 0.07 (girls)

Rhode Island 400 6 months 6 months 0.15 0.12

(Zinner, Rosner, et al. 321 6 months 12 months 0.22 0.15

1985) 283 6 months 18 months 0.21 0.11
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Figure 2.1: ‘Fetal origins hypothesis’: framework of ideas for relationship 
between fetal growth, neonatal body proportions and hypertension.
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CHAPTER 3: DESIGN AND METHODOLOGY OF 

THE TEN TOWNS STUDY 

3.0 SUMMARY

The studies in this thesis are based on data from the Ten Towns Study, a mixed 

longitudinal, school based study of cardiovascular and lung health risk factors 

in children from ten towns in England and Wales. Cross-sectional surveys 

were conducted in 1990 on 4,278 children aged 5-7 years and in 1994 on 3,728 

children aged 8-11 years. Longitudinal data were available on 2,345 children 

measured on both occasions. Height, weight and blood pressure (BP) were 

collected in a highly standardised manner and detailed questionnaires were sent 

to the parents of each participant. Permission to retrieve data from antenatal 

and birth records was also requested and birth records were obtained for 1,642 

children bom in their study towns. The thesis uses cross-sectional data 

collected from the 1994 survey and longitudinal analyses based on the 1990 

and 1994 survey.

3.1 INTRODUCTION

The Ten Towns Study is a longitudinal study of cardiovascular and lung health 

risk factors in children from ten towns in England and Wales. The aims and 

objectives of the studies described in this thesis are outlined in Chapter 1 and in 

detail in the individual chapters describing the studies. Chapters 4 to 7. In this 

chapter: Section 3.2 describes the main features of the design and methodology 

of the Ten Towns Study; Section 3.3 describes the survey procedures; Section

3.4 describes the parental questionnaire; Section 3.5 describes the retrieval of 

birth records; Section 3.6 outlines the statistical methods used and Section 3.7 

explains which data sets were used in the studies in the thesis.

3.2 THE TEN TOWNS STUDY

The principal investigators in the Ten Towns Study are Professor Peter 

Whineup and Professor Derek Cook, both now based in the Department of 

Public Health Sciences, St George’s Hospital Medical School. To date, three 

school based surveys have been conducted in the Ten Towns Study -  only the
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first two surveys are considered in this thesis. The first survey ran from 

January 1990 to July 1990 (Whineup, Cook, et al. 1992a), and the second from 

April 1994 -  November 1994 (Whineup, Cook, et al. 1996). A third survey, 

from August 1998 -  June 1999, is not discussed further here.

3.2.1 SELECTION OF THE TOWNS

One of the principal aims of the Ten Towns Study was to examine whether the 

geographical variations in adult cardiovascular disease (CVD) in Britain are 

matched by differences in cardiovascular risk factors, such as BP and body 

build, in childhood (Whineup, Cook, et al. 1996). All 406 local authority 

districts in England and Wales were ranked on the basis of their standardised 

mortality ratios for all CVD for men and women aged 35-64 years during the 

period 1979 -1983. The five highest and the five lowest CVD districts 

containing a population centre of 40,000 to 100,000 people were chosen. 

Centres that had already been involved in a similar previous study (Whineup, 

Cook, et al. 1988a), or that had current extensive school research commitments, 

were excluded. The high CVD mortality conurbations included in the Ten 

Towns Study were Burnley, Rochdale, Wigan , Rhondda and Port Talbot. The 

low mortality towns were Chelmsford, Esher, Bath, Leatherhead and Tunbridge 

Wells. By including ten towns the study had an 80% power to detect a 

difference of 3mmHg in systolic blood pressure (SBP) between the high and 

low adult CVD risk towns at a two sided P value of 0.05. (Details of post hoc 

sample size calculations for the statistical power of the other studies described 

in this thesis are given in Chapter 5.)

3.2.2 SELECTION OF THE SCHOOLS

Ethical approval was obtained from the British Paediatric Association Ethics 

Advisory Committee and the local research ethics committee covering each 

town; approval was also sought from all relevant local education authorities.

For the 1990 survey a list of all the state primary schools in each town was 

obtained and a random sample of ten schools, stratified by size and location 

(county primary schools only) and religious denomination (all schools), was 

chosen. All of the 100 schools originally invited were able to participate in the

65



study. In the 1994 survey the ten junior schools corresponding to the primary 

schools selected in the first survey were visited.

3.2.3 SELECTION OF THE PARTICIPANTS

In the first survey two classes of children aged between five and 7.5 years from 

each school were randomly chosen. In each school this provided between 50 

and 60 children, all of whom were invited to participate. In the second survey 

50 children from each school, including, on average, 30 children who had 

participated in the first study and 20 others randomly selected from the same 

classes, were invited to participate. Information about the study was posted to 

parents several days before the study took place. Informed written consent for 

study participation was sought from all the parents prior to the study and 

informed assent was obtained from the children on the day of the study.

3.3 SURVEY PROCEDURES

The ten towns were visited in five pairs, each consisting of a high CVD 

mortality area and a low CVD mortality area to limit the effect of measurement 

drift and seasonal affects on comparisons between high and low towns. Pairs 

were surveyed within a three week span. Each individual town was surveyed in 

a single week with two field teams visiting one school each per day. In the 

1990 survey each field team consisted of two specially trained research nurses 

who carried out the physical measurements; no blood sampling was done in 

this survey. In the 1994 survey the field teams consisted of two nurses and a 

doctor, who was responsible for blood sampling. In 1994 the older children 

were surveyed in the morning (see Section 3.2.2) and the younger children were 

surveyed in the morning or in the early afternoon. In both surveys each nurse 

carried out about one quarter of the physical measurements in each town. 

Working procedures were standardised for each school during extensive 

piloting.
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3.3.1 PHYSICAL MEASUREMENTS

The children were examined in light, ‘indoor’ clothing without shoes.

3.3.1.1 Height weight and ethnic group

Height was measured to the last complete millimetre using a Leicester portable 

stadiometer (CMS Camden). (In the first survey some heights were measured 

using a Holtain electronic stadiometer). Weight was measured to the last 

complete 0.1kg with a Soehnle digital weighing scale. Ethnicity was assessed 

by a research nurse on the basis of the child’s appearance and the children were 

categorised into the five groups: Afro-Caribbean, Asian, Oriental, white and 

other.

3.3.1.2 Arm circumference

Right arm circumference was measured to the last complete millimetre at the 

mid point between the acromial process and the lower tip of the olecranon with 

the arm held pendant.

3.3.1.3 Blood pressure

BP measurements were made with the child sitting quietly after five minutes 

rest. Two readings were taken one minute apart using a Dinamap 1846SX 

oscillometric blood pressure recorder (Critikon, United States) on the right arm, 

which was supported at chest level. In the first survey all measurements were 

made with a child cuff size (bladder 15.5 x 8 cm) which ensured that the cuff 

width to arm circumference ratio of 40-50% recommended by the American 

Heart Association (AHA 1988) was met by 79% of the study population. In the 

second survey all measurements were made with a small adult cuff size 

(bladder 22 x 10 cm), thus ensuring that a minimum cuff width to arm 

circumference ratio of 40% was met for 89% of the study population. Room 

temperature was measured at the time of blood pressure measurement with an 

RS electronic thermometer.
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The Dinamap systematically records SBP about 8 mmHg higher than a mercury 

sphygmomanometer, but diastolic readings are virtually identical, (Whineup, 

Bruce, et al. 1992).

3.3.1.4 Calibration of equipment

Both the electronic weigh scales and the Dinamap were regularly calibrated 

throughout the duration of the two surveys and there was no evidence of any 

measurement drift.

i) Stadiometer.

The stadiometer was set up and calibrated daily using a standard 1 m rule. In 

the first survey there was a systematic difference of 1mm between the two 

stadiometers used and measurements were standardised to the Holtain 

stadiometer.

ii) Weight scales.

The weight scales were checked daily and regularly calibrated throughout the 

duration of the two surveys and there was no evidence of any measurement 

drift.

iii) Dinamap

The performance of the Dinamaps was checked daily and the machines were 

fully calibrated every week throughout both surveys. There was no evidence of 

any measurement drift.

3.3.2 TIMING OF BLOOD SAMPLING

In the 1994 survey the oldest 20 children in each school were asked to provide 

a blood sample after an overnight fast. Local anaesthetic cream was used. 

Physical measurement of these children commenced as soon as they arrived at 

school. All blood sampling was performed after the children had had their BP 

measured.

3.3.3 HANDLING OF ABNORMAL BLOOD PRESSURE RESULTS

A protocol was developed for the handling of abnormally high BP readings.

For the purposes of this study abnormally high readings were defined as an 

average SBP equal to or greater than 125 mmHg and/or an average DBP equal
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to or greater than 85 mmHg. The presence or absence of proteinuria was 

documented and the height and weight of the child were recorded and the 

project leader was informed of the names and details of these children at the 

end of each week He then passed details on to the appropriate school health 

service. If the average SBP was equal to or greater than 158 mmHg and/or the 

average DBP equal to or greater than 100 mmHg, the project leader was 

informed immediately.

3.4 THE PARENTAL QUESTIONNAIRE

At each survey a reply-paid, self administered questionnaire was sent to the 

parents of the participants on the day of the physical measurements. If parents 

failed to return this questionnaire up to two reminder letters, which included a 

shortened version of the questionnaire, were sent.

The studies in this thesis only use data from the parental questionnaire 

administered with the 1994 survey. This questionnaire covered details of the 

child’s date of birth, birthweight, gestation, whether or not the child was a 

singleton birth, the child’s health, the health of family members, parental 

education and employment and some details about their accommodation. On 

the final page of the questionnaire the mother was asked for the child’s place of 

birth and for her consent to allow us to examine the child’s birth records. A 

copy of the parental questionnaire is included as Appendix A. Details of the 

source of the questions used for this thesis and their validation are given in 

Table 3.1.

The questionnaire used in the 1995 study was extensively piloted in North 

London schools with children of a similar age to those in the main study. 

Parents were asked to complete the questionnaire and their responses were 

reviewed and entered. Parents were also invited to comment on the 

questionnaire and to identify difficulties with completion. Minor amendments 

to the questionnaire were made at this stage.
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Social class was coded from parental occupation using the Office of Population 

Censuses and Surveys elassification of oeeupations (1980).

3.5 RETRIEVAL OF DATA FROM BIRTH RECORDS

Consent to examine the hospital matemity reeords for each child was sought 

on the last page of the parental questionnaire described above. Matemity 

records were sought at every hospital in whieh 20 or more study children had 

been bom. In effeet this meant that records were sought for all the ehildren 

bom in the study towns and in nearby hospitals, and many of those bom in 

major eonurbations. The matemity reeords were retrieved by the medical 

records staff in each hospital and relevant data was abstraeted from the reeords 

by trained research nurses using a detailed pro forma (Appendix B).

3.6 STATISTICAL METHODS

All data were analysed using the SAS system statistieal software package (SAS 

Institute, North Carolina, USA). Multiple linear regression (proe GLM 

procedure) was used to adjust relationships between blood pressure and 

birthweight (as well as other indices) for stmetural (e.g., town, room 

temperature and observer) and eonfounding (e.g., eurrent body size and age) 

variables. Mean values for eovariates of interest (eg BP) were simultaneously 

adjusted for potential eonfounding variables (eg age, sex) using the SAS least 

squares means funetion (proe LS means). Using the LS means function the 

potential confounding variables were treated as categorieal variables (eg sex) or 

as continuous variables (eg age) as in the other analyses using multiple linear 

regression. Eaeh individual’s potential eonfounding variables are adjusted to 

the mean within eaeh eategory or distribution.

Age was treated as a continuous variable (age in days) in all the analyses 

presented here. For eaeh subjeet the date of birth and the date of examination 

was entered as day, month and year using the SAS date function. These two 

dates were used to generate each subject's age at examination in days. 

Birthweight and other indices, such as pondéral index and height, were 

ineluded both as a eontinuous variable and, for deseriptive purposes, by
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dividing subjects into fifths of the distribution. All models included adjustment 

for sex, town, observer for blood pressure and the state of anticipating 

venepuncture as categorical variables, and age as a continuous variable, except 

in Chapter 4 and where stated otherwise. Further adjustment for current body 

size included height and pondéral index (weight in kg/[height in m]^) as linear 

terms in the regressions.

3.7 THE DATASETS USED IN THIS THESIS

This thesis reports on data sets drawn from the first and second Ten Towns 

field studies. The relationship between these data sets is presented 

schematically in Figure 3.1. Four data sets are explored in this thesis:

1. A cross-sectional data set based on the 3,728 children examined in 1994 at 

age 8-11 years. (Represented in Figure 3.1 by the circle with the bold 

outline). A total of 3,719 of these children had a complete set of study 

measurements.

2. A cross-sectional data set based on the 4,278 children examined in 1990 at 

age 5 - 7  years. (Represented in Figure 3.1 by the cross hatched circle with 

the dashed outline).

3. A cross-sectional data set based on the 1,642 children measured in 1994 

whose birth records were recovered. (Represented in Figure 3.1 by the 

circle with the dotted outline).

4. A longitudinal data set consisting of 2,345 children with physical measures 

performed both in 1990, when they were aged between 5 and 7 years, and in 

1994, when they were aged between 9 and 11 years. (Represented in Figure

3.1 by the area of overlap between the dashed circle and the circle with the 

bold outline.) Of these children, 1,144 also had birth record data recovered.
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Table 3.1:Origins and validation of questions in parental questionnaire

Question
number/s

Area covered by of 
question

Source of question Comment on 
validation

3 Birth weight Question created for 1990 
Ten Towns study. Similar 
wording in other papers 
testing maternal recall 
(e.g. Eaton-Evans 1996).

Good face validity. 
Externally validated 
against birth record 
data. Expected 
differences by sex, 
social class and 
maternal smoking 
found in data.

4 Gestational age Question created for 1990 
Ten Towns study.

Good face validity. 
Externally validated 
against birth record 
data.

21 Exercise and physical 
activity

Strazzullo P, Cappuccio FP, Trevisan M, De Leo 
A, Krogh V, Giorgione N, Mancini M. Leisure 
time physical activity and blood pressure in 
schoolchildren. American Journal of 
Epidemiology. 1988; 127: 726-33.

28 &39 Parental morbidity Developed for 1994 
study. Members of the 
team had used similar 
questions previously.

When similar 
questions were used 
in an earlier study 
parental BP was 
associated with 
offspring BP 
(Whineup, 1988b)

33 &45 Parental occupation/ 
Social class

Based on 1991 census.

3 4&46 Parental education Standard question, based 
on an earlier census 
question.

Strong correlation 
with occupation and 
with census-based 
estimates of 
percentage in the 
population educated 
beyond the age of 16 
years.

48 & 49 Household crowding Census 1991 question on 
number of rooms in 
household.
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Figure 3.1: The relationship between the different Ten Towns data sets used 
in this thesis

Children 
measured 
in 1994

Children 
measured in 
1990

Longitudinal data set 
measured in 1990 
and 1994

Children 
with birth 
record data 
recovered
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CHAPTER 4: CURRENT INFLUENCES ON CHILDHOOD BLOOD 

PRESSURE AT 8-11 YEARS IN THE TEN TOWNS STUDY

4.0 SUMMARY POINTS

• Data are presented on current influences on blood pressure (BP) from a 

school based, cross-sectional survey of 3,724 children (48% female) aged 

between 7.8 and 11.8 years.

• Mean systolic blood pressure (SBP) was 1.6 mmHg (95% Cl 0.9, 2.3) 

higher in the girls compared to the boys, but there was no difference in 

diastolic blood pressure (DBP) between the sexes.

• Both SBP and DBP increased significantly with increasing age across the 

study cohort: SBP rose by a mean of 3.1 mmHg yr (95% Cl 2.6, 3.7) and 

DBP by 1.0 mmHg yr (95% Cl 0.7, 1.4). This relationship between age 

and BP was explained by the relationship between height and BP.

• Pulse rate was positively associated with blood pressure, a rise in pulse rate 

of 5 beats minute ’ being associated with an increase in SBP of 1.3 mmHg 

and in DBP of 0.9 mmHg; this association was largely independent of age 

and measures of current body size.

• Both height and weight-for-height (pondéral index, PI, kg m~ )̂ were 

positively and independently associated with SBP and DBP and, after pulse 

rate, were the strongest predictors of blood pressure. However, together 

they explained only one fifth of the variation in SBP and just 5% of the 

variation in DBP.

• BP at 8-11 years was not related to social class of the family, having an 

unemployed father, parental education, or crowded living conditions even 

after adjustment for differences in height and adiposity between social class 

groups.

• Children from the high adult cardiovascular mortality towns were shorter, 

had higher adiposity and had higher blood pressures, even after adjustment 

for current body size, than those from low risk towns (mean differences 

SBP 1.3 mmHg, 95% Cl 0.7, 2.1, DBP 0.9 mmHg, 95% Cl 0.5, 1.4).

• Children whose mothers had a history of cardiovascular disease (CVD) had 

significantly higher blood pressures than those without such a family
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history, even with adjustment for current body size (mean differences SBP

2.5 mmHg, 95% Cl 0.7, 1.9, DBF 1.2 mmHg, 95% Cl 0.5, 1.3, P for 

difference = 0.0001 and 0.001, respectively).

• After adjustment for current body size, a paternal history of CVD was only 

associated with higher DBF in the boys (mean difference DBF 1.9 mmHg, 

95% Cl 0.7, 3.1, F for difference = 0.002).

• Increased exercise levels were related to lower blood pressures only 

amongst the boys and this association appeared to be confounded by 

adiposity.

• Simultaneous adjustment for BF observer, the state of anticipating 

venepuncture, room temperature and town did not influence any of these 

associations substantially.

• Multiple regression models containing all the significant explanatory 

variables explored in this chapter explained only 30% of the total variation 

in SBF and 20 % of the variation in DBF.

4.1 INTRODUCTION

This chapter discusses the current influences on childhood BF at 8-11 years in 

the children in the Ten Towns Study. Chapter 2 briefly reviewed the evidence 

on the determinants of childhood blood pressure. This chapter examines 

whether measurement factors affected BF readings in the Ten Towns Study, 

which measure of weight-fbr-height was most suitable in this population and 

whether age had an independent relationship with blood pressure. The 

association between childhood BF and several socio-economic variables, and 

the influence of town of residence, family history of CVD and exercise on 

childhood BF, are also examined.
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4.2 AIMS AND OBJECTIVES

The aim of this study is to compare the differing contributions of personal 

factors, family factors and environmental factors on BP at the age of 8-11 

years. The study had several objectives:

• To examine the association between structural factors related to 

measurement, such as the observer, whether or not the child was 

anticipating venepuncture and room temperature, and BP (Section 4.4.1).

• To examine the association between personal factors, including age, sex, 

body size and pulse rate, and childhood BP (Section 4.4.2).

• To examine the association between socio-economic factors (including 

social class of the household, parental education, parental unemployment, 

household overcrowding and number of siblings) (Section 4.4.3), and town 

of residence (Section 4.4 4), and childhood BP.

• To examine the association between paternal and maternal history of CVD 

and offspring BP (Section 4.4.5).

• To examine the association between level of physical activity outside 

school hours and childhood BP (Section 4.4.6).

4.3 SUBJECTS AND METHODS

The study is based on the findings from a school-based survey carried out in 

ten towns in England and Wales in 1994. Detailed information on subjects and 

methods and all measuring techniques are included in Chapter 3.

4.3.1 MEASURES OF WEIGHT-FOR-HEIGHT

Measures of weight-for-height examined included:

• Body mass index (BMI) weight (kg)Zheight (m)^

• Pondéral index (PI) weight (kg)Zheight (m)^

• The Chinn Index (weight(kg) -  9)Zheight (m)^^ (Chinn, Rona, et 

al. 1992)
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4.3.2 DATA FROM THE PARENTAL QUESTIONNAIRE

Histories of maternal and paternal ill health (with particular emphasis on CVD) 

were sought. Parents with a positive history of angina, myocardial infarction, 

raised BP or stroke were considered to have a history of CVD. Parents who had 

not supplied these data, or who were not the child’s biological parents, were 

excluded from all analyses involving family history.

The questionnaire also asked parents to describe their child’s level of physical 

activity outside school. The four possible responses can be summarised as 

sedentary, occasional light physical activity (e.g., walking, cycling), regular 

sport (e.g., soccer, skating) for up to three hours per week and regular sport for 

more than three hours per week; these responses were coded as one to four, 

respectively.

Parents of girls were asked whether or not their daughter has reached 

menarche, but there was no question on sexual maturity amongst the boys.

4.3.2.1 Social class of the head of household

The longest-held occupation of both parents was classified into the Registrar 

General’s six social classes using the 1980 Office of Population Censuses and 

Surveys (OPCS) manual. The head of the household was determined by the 

standard method used for the Childhood Decennial Supplement (OPCS, 1988); 

in 334 (11.6 %) cases in this study the head of the household was female.

4.3.2.2 Measure of crowded living conditions and number of siblings

Crowding at home was measured by the ‘Crowding Index’ this is created by 

dividing the number of residents in the household by the number of rooms 

(excluding kitchens and bathrooms). The cut off for crowded living conditions 

was defined as 1.6 or more persons per room (Evans, Palsane, et al. 1989 375 

/id). Only biological siblings were included in the analyses on the number of 

siblings.
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4.3.3 STATISTICAL METHODS

All data were analysed using the S AS system statistical software package (S AS 

Institute, North Carolina, USA). Multiple linear regression (proc GLM 

procedure) was used to adjust relationships between potential explanatory 

variables and BP (as well as other indices) for structural (e.g., town, room 

temperature and observer) and confounding (e.g., current body size and age) 

variables. The SAS least squares means procedure (proc LS means) was used 

to derive BP means adjusted for potential confounders (e.g., age and sex). 

Further details of the statistical analysis are provided in Chapter 3. The study 

had 80% power to detect a difference of 3 mmHg in SBP between the high and 

low adult CVD risk towns at a two sided P value of 0.05.

4.4 RESULTS

Following invitation, 3,728 children aged between 7.8 and 11.8 years 

participated in the study (response rate 75%); two complete sets of BP 

recordings and a pulse rate recording were available in 3,711 subjects. A 

significant fall in both SBP and DBP was noted between the first and second 

readings (Table 4.1) and in these subjects all subsequent results are based on 

the means of the two readings. A second BP recording was missing for 13 

children; a single reading was used for these subjects. The distribution of mean 

blood pressures was normal, see Figure 4.1.

4.4.1 FACTORS RELATED TO THE STUDY DESIGN OR THE 

CIRCUMSTANCES OF MEASUREMENT

4.4.1.1 Differences Between Observers

Each set of pulse and BP measurements was recorded by one of four study 

nurses. Although these physiological variables were measured electronically. 

Table 4.2 reveals that there were systematic differences in the DBP recordings 

made by the different observers, resulting in significant differences in the mean 

DBP recordings of the individual observers. No systematic difference in SBP 

recording was detected and there was only weak evidence of a systematic 

difference in pulse rate recordings between observers (P for test for 

heterogeneity = 0.05). Simultaneous adjustment for age and sex did not alter
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these findings (data not shown). Despite the signifieant relationships between 

observer and DBP or pulse rate, these two explanatory variables appeared to 

explain very little of the overall variance in DBP or pulse rate (R  ̂values =1%  

and 0.2%, respectively).

4.4.1.2 Room temperature and blood pressure

A one degree centigrade rise in room temperature resulted in a mean fall in 

SBP of 0.58 mmHg (95% Cl -0.74, -0.42 ) and a mean fall in DBP of 0.48 

mmHg (95% Cl -0.58, -0.38); both of these associations were highly 

signifieant (both P values = 0.0001), and were not altered by simultaneous 

adjustment for town. Again, room temperature, although significantly 

associated with blood pressure, explained only a very small part of the overall 

variation in blood SBP or DBP (R  ̂values = 1.5% and 2.8%, respectively). 

Pulse rate rose with increasing room temperature (b = 0.5 beats per minute per 

r  C rise, 95% Cl 0.3, 0.7, P = 0.0001, 0.9%).

4.4.1.3 The influence of anticipating venepuncture

Of the children in this study, 1,524 (40.9%) underwent physical examination 

whilst anticipating venepuncture. Because of the study design these children 

were older on average than the study group as a whole, so any examination of 

the potential pressor effect of anticipating venepuncture must be conducted 

whilst simultaneously adjusting for age. Even after adjustment for age and sex 

it was noted that those who were anticipating venepunture had significantly 

higher SBP and DBP (mean differences = 1.82 mmHg, 95% Cl 1.72, 1.92, P = 

0.0003, 2.7% and 2.03 mmHg, 95% 01 1.42, 2.64, P = 0.0001, R  ̂2.0%, for

SBP and DBP, respectively).
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4.4.2 INDIVIDUAL FACTORS AND BLOOD PRESSURE

4.4.2.1 Sex and age

Mean SBP and DBF levels in the study are presented in Table 4.3. On average 

SBP was 1.60 mmHg (95% Cl 0.87, 2.33) higher in the girls compared to the 

boys and this difference is highly significant (P= 0.0001); there was no 

difference in DBP between the sexes. Figures 4.2 and 4.3 show the relationship 

between SBP and DBP at different ages in this cross-sectional cohort. Both 

SBP and DBP rose fairly linearly with age across the study population. 

Regression coefficients showing the slopes for the BP rise with age, estimated 

from this cross-sectional data, are shown in Table 4.7. For the children all 

together SBP rose by a mean of 3.10 mmHg per year increase in age (95% Cl 

2.55, 3.65, P value for slope 0.003) and DBP rose by 1.00 mmHg (95% Cl 

0.65, 1.35, P value 0.04). Rates of BP rise with age appeared to be 

significantly higher for both SBP and DBP in girls compared to boys; and 

formal tests of sex interaction tended to significance (Table 4.7).

4.4.2.2 Body size

The relationships between height and weight and BP are shown in Figures 4.4 

to 4.7. These graphs show linear, positive relationships between the two 

measures of body size and SBP or DBP. Linear regression coefficients for the 

relationship between height and weight and blood pressure, both unadjusted 

and adjusted for age, are shown in Table 4.4. Unadjusted, both variables 

showed strong positive associations with both SBP and DBP, and this 

association was barely altered by the addition of age into the model. However, 

the association between height and SBP or DBP disappeared once weight was 

included in the model, whilst the relationship between weight and BP appeared 

to be independent of height.

In addition to univariate measures of size, such as height and weight, which 

were strongly intercorrelated, three measures of weight-for-height (BMI, PI 

and Chinn Index, see methods) were explored. Benn has advocated using a 

weight-for-height measure that is independent of height and exhibits the 

maximum correlation with weight (Benn 1971). A correlation matrix for the

80



various measures of body size and age is shown in Table 4.5. Weight and the 

three composite measures of weight-for-height were very strongly correlated. 

BMI was also relatively strongly correlated with age, while PI was much less 

strongly correlated with age; the Chinn index was not correlated with age.

BMI and the Chinn Index were strongly correlated with height, while PI was 

very weakly correlated with height. As a result of these findings, PI was 

adopted as the preferred measure of weight-for-height in all the subsequent 

analyses on this cohort. Multiple regression models of BP on height or PI, with 

and without simultaneous adjustment for the other measure of body size, 

demonstrate that both measures are independently positively associated with 

BP (Table 4.6). A linear regression model including both height and PI 

predicted 19% of the variation in SBP and 5% of the variation in DBP.

4.4.2.3 The relationships between age, body size and blood pressure

The correlation matrix. Table 4.5, demonstrates that age, height and weight 

were strongly correlated at 8-11 years old, although it has already been shown 

that the relationships between height or weight and BP were virtually 

independent of age (Table 4.4). The addition of age to regression models of 

BP on height and PI had no effect on the relationship between these measures 

of body size and SBP or DBP (Table 4.6). This table shows that the 

association between age and BP, whilst virtually independent of PI, 

disappeared once height was added into the model. These results suggest that, 

at this age, the relationship between age and BP could be attributed to the 

association between height and BP. When both height and PI were included in 

the regression model, there was only a weak positive association between age 

and SBP and no apparent association between age and DBP (Table 4.6). This 

probably arises because of the negative correlation between age and PI (Table 

4.5). When adjusted for PI alone, the slope for SBP or DBP on age is slightly 

steeper than the unadjusted slope.

When these data were examined separately by sex, the relationships between 

height and BP appeared to be very similar in girls and boys (data not shown). 

The relationship between PI and SBP was also very similar in boys and girls, 

however the slope for DBP on PI adjusted for height and age was significantly
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greater in the boys {b = 0.47 mmHg/kg m'^, 95% Cl 0.33, 0.61, P for slope = 

0.0001, and b = 0.77 mmHg/kg m'^, 95% Cl 0.63, 0.91, P for slope = 0.0001 in 

the girls and boys respectively, P value for sex interaction test = 0.007).

The relationships between age and BP in boys and girls separately are shown in 

Table 4.7. There is a positive association between age and SBP or DBP in both 

sexes. These associations are unaltered or slightly strengthened by 

simultaneous adjustment for PI and the association between age and DBP 

disappears with simultaneous adjustment for height. There is some suggestion 

that the effect of age on SBP may be greater in the girls in this study (test for 

sex interaction P = 0.04 after adjustment for height and PI). Although the slope 

for the association between age and DBP is also greater in the girls, there is no 

convincing evidence of any sex interaction in these data (P for sex interaction 

test after adjustment for body size = 0.08).

4.4.2.4 Sexual maturation amongst the girls

Information on whether or not menarche had been reached was available for 

1447 (81%) of the girls with a full set of study data. Only 29 (2%) were 

reported as having reached menarche. Mean SBP simultaneously adjusted for 

age was significantly higher in those who had reached menarche than in those 

who had not (data not shown). However additional adjustment for current PI 

and height abolished this difference and there were no differences in DBP with 

or without additional adjustment for current body size (data not shown).
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4.4.2.5 Pulse rate

Pulse rate rose linearly with increase in SBP or DBP (see Figures 4.8 and 4.9). 

The linear regression coefficients (Table 4.8) suggests that a rise in pulse rate 

of 5 beats per min would be associated with in an increase in SBP of 1.25 

mmHg (95% Cl 1.15, 1.35, after adjustment for age, height and PI) and in 

DBP of 0.85 mmHg (95% Cl 0.75, 0.95). Table 4.8 demonstrates that the 

association between pulse rate and BP was largely independent of age and 

current body size.

4.4.3 SOCIO-ECONOMIC FACTORS AND BLOOD PRESSURE

4.4.3.1 Social class, parental education and housing

Four measures of socio-economic status were examined: the social class of the 

head of the household, the employment status of the head of the household, 

parental education (based on the age at which the each parent left full-time 

education) and the Crowding Index. (The number of siblings may also reflect 

socio-ecomonic status (large family size in childhood being associated with 

socio-economic disadvantage in early life (Wamala, Lynch et al. 2001); this is 

discussed in Section 4.4.3.4).

Data on the social class of the head of the household were available for 2,869 

children (77%). In the questionnaire, only 36 mothers (1% of respondents to 

this question) were described as unemployed, while 244 fathers or male 

guardians (9% of respondents to the question) were described as unemployed. 

Data on maternal education were provided for 2,739 children (74%) and data 

on paternal education were provided for 2,490 children (67%). Information on 

the level of crowding at home was available for 3,062 children (82%). 

Overcrowding at home was defined by a ‘Crowding Index’ greater than 1.6 

(Evans, Palsane, et al. 1989). Using this definition only 104 (3%) children in 

the study were living in overcrowded homes.
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4.4.3.1 Blood pressure, pulse rate and socio-economic measures

Mean systolic and diastolic pressures (adjusted for age and sex) by social class 

are presented in Table 4.9. There appear to be no trends in BP moving along 

the social class gradient. This remained the case when these data were 

examined separately by sex (data not shown). There was also no significant 

difference in the mean blood pressures of those whose fathers/male guardians 

were described as unemployed and those whose fathers/male guardians were 

described as employed (mean differences, mmHg: SBP = 0.34 95% Cl -1.13, 

+1.81, P for difference = 0.65, DBP -  0.38, 95% Cl -0.56, +1.32, P = 0.42).

Mean BP measurements of the children grouped according to the age their 

mother or their father left full-time education are presented in Table 4.10. No 

association was apparent between the age either mothers or fathers left full

time education and SBP or DBP. Again, when these data were analysed 

separately by sex, there remained no evidence of any association between 

parental education and BP (data not shown).

Mean SBP tended to be lower amongst those living in overcrowded homes 

using this definition and there was no difference between DBP in the two 

groups (mean differences after adjustment for age and sex, mmHg: SBP = 2.28, 

95% Cl 0.10, 4.46, P for difference = 0.04, DBP = 0.70, -0.67, +2.07 P -  

0.32). When the level of crowding at home was examined as a continuous 

variable (as persons per room), there was some evidence to suggest that there 

might be a negative association between crowding at home and SBP but not 

DBP (regression slopes, 6, for crowding regressed on BP with simultaneous 

adjustment for age and sex: b = -1.67, 95% Cl -2.85, -0.49, P 0.007, b = -0.03, 

95% Cl -0.17, +0.77, P = 0.93, for SBP and DBP respectively, units o îb  = 

mmHg/ persons room '\ see methods for details).

Pulse rate was much less strongly related to any of the four social measures 

described, the only positive findings in this study being a weak tendency for 

pulse rate to be positively related to the length of maternal and paternal 

education (Table 4.11).
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4.4.3.2 Body Build and socio-economic measures

When considering the relationship between socio-economic measures and 

blood pressure, body build may also need to be taken into account. The 

relationship between height or PI and BP has already been demonstrated 

(Figures 4.4 and 4.5 (height and BP), Table 4.6). Height is also related to head 

of household social class; Table 4.11 demonstrates a strong positive association 

between height and higher social class, with children from families of social 

class I on average 2.2 cm taller than those from social class V. The children’s 

height was also positively associated with the age at which their mother or 

father left full-time education. Children whose fathers or male guardians were 

unemployed tended to be shorter than those with employed fathers (mean 

difference after adjustment for age and sex = 1.1 cm, 95% Cl 0.3, 1.9, test for 

difference P = 0.01) and children from crowded households were significantly 

shorter compared to those from uncrowded households (mean difference after 

adjustment for age and sex = 2.0 cm, 95% Cl 1.0, 3.0, test for difference P = 

0 .002).

PI was also significantly related to social class, with those children higher up 

the social gradient tending to have a lower PI (Table 4.11). Those children 

whose father or male guardian was unemployed had a significantly higher PI 

than those children whose parent was employed. Having a mother who had 

been in full-time education longer was weakly associated with a lower PI, 

whilst having a father who had been in full-time education longer appeared to 

be more strongly associated with a lower PL Living in crowded 

accommodation was not associated with PL

4.4.3.3 The influence of socio-economic factors with simultaneous 

adjustment for body size

Because of the associations between body build and the socio-economic 

measures described, the relationships between BP and these measures were re

examined whilst simultaneously adjusting for height and PL The results of 

tests for trend in BP by social class or years of parental education with further 

adjustment for height and PI are shown in Tables 4.9 and 4.10; none of these
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trends approaches statistical significance. There was no evidence of significant 

differences in BP associated with an unemployed father or male guardian with 

adjustment for height, PI age and sex (P values for tests for difference in SBP 

and DBP = 0.99 and 0.62, respectively).

The negative relationship between crowded living conditions and SBP 

described above disappeared after simultaneous adjustment for height and PI 

(regression coefficent, b, for crowding regressed on SBP with simultaneous 

adjustment for age, sex and height: b = -0.84, 95% Cl -2.84, +1.16, P 0.41, 

units of  b -  mmHg/ persons room"^).

4.4.3.4 Number of siblings

The data provided did not allow us to easily establish birth order for all the 

individual study subjects, but we did ask parents how many siblings the 

children in the study had. This information was available for 3,020 subjects 

(81%). When these data were examined, just 5% of the children had four or 

more siblings, so the children were divided into four groups (those with no 

siblings, with one sibling, with two siblings and with three or more siblings). 

There appeared to be a weak, graded relationship between SBP and number of 

siblings (Table 4.12), with the children with more siblings having a lower SBP. 

No association between number of siblings and DBP was found. When these 

data were analysed by sex, there was a weak association between number of 

siblings and both SBP and DBP in the boys, but no association was seen in the 

girls (P values for trend for SBP and DBP: 0.11, 0.76, and 0.01, 0. 05, for girls 

and boys, respectively, adjusted for age). Even amongst the boys this 

relationship diminished and became non-significant with simultaneous 

adjustment for current height (P values for trend, SBP = 0.08, DBP = 0.30, for 

boys, adjusted for age and height).
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4.4.4 TOWN OF RESIDENCE

Town of residence had a marked association with the mean BP of the children 

in the study (Table 4.13). When the children were divided into those from 

towns of high adult cardiovascular mortality and those from towns of low 

cardiovascular mortality, both SBP and DBP in the children from the high adult 

mortality towns were significantly higher, even after adjustment for age and 

sex (Table 4.13). (Mean differences SBP mmHg = 1.38, 95% Cl 0.65, 2.11, 

DBP = 0.96, 95% Cl 0.51, 1.41, P values for differences = 0.0002 and 0.0001, 

respectively).

Town of residence was strongly associated with the children’s height (see 

Table 4.14), with children from the high adult cardiovascular mortality rate 

towns being significantly shorter than those from the low risk towns (mean 

difference = 1 . 2  cm, 95% Cl 0.8, 1.6, P value for difference = 0.0001). PI also 

varied significantly between the towns and children from the high risk towns 

had significantly higher pondéral indices (mean difference = 0.32, 95% Cl 

0.28, 0.36, P value for difference = 0.0001) (Table 4.14).

The differences in mean BPs between the individual towns persisted even after 

simultaneous adjustment for height and PI (data not shown), and the 

differences in mean BPs between those living in high and low adult 

cardiovascular mortality towns were virtually unchanged by the addition of 

simultaneous adjustment for height and PI (mean difference in mmHg after 

adjustment for height and PI, SBP = 1.28, 95% Cl 0.61, 1.95, 0.20, DBP =

0.93, SB 95% Cl 0.48, 1.38, 0.05, P values for differences both = 0.0001).

A linear regression model including age, sex, height, PI and town of residence 

appeared to explain around 20% of the variation in SBP, but only around five 

percent of the variation in DBP.
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4.4.5 FAMILY HISTORY OF CARDIOVASCULAR DISEASE

4.4.5.1 Maternal history of cardiovascular disease

In 63 cases (2.0% of respondents to this question) the child’s mother was not 

the natural mother, these children have been excluded from all subsequent 

analyses on maternal medical history. Questionnaire information on the natural 

mother’s medical history was available for 2,995 (80.4%) subjects. Mothers of 

447 (14.9%) subjects had a positive history of CVD, and 429 (14.3%) of these 

had a history of hypertension. Table 4.15 shows the associations between a 

positive or negative maternal history of CVD and blood pressure, height and 

PI. A positive maternal history of CVD was associated with a significantly 

higher SBP and DBP, a greater height and a greater PI. However, even after 

simultaneous adjustment for height and PI (Table 4.15), those whose mothers 

had a positive history of CVD had higher blood pressures and the differences 

remained highly significant (mean difference = 2.45 mmHg, 95% Cl 1.43,

3.47, P=0.0001, and 1.16 mmHg, 95% Cl 0.47, 1.85, P = 0.001 for SBP and 

DBP respectively).

Mothers who reported a positive history of CVD were significantly older than 

those who did not (38.96 years, SD 5.55, v. 37.69 years, SD 5.10, P for 

difference < 0.0001). There was a very weak, small, positive association 

between maternal age and both SBP and DBP ( 6 = 0.07 mmHg SBP per year 

increase in maternal age, 95% Cl 0.00, 0.15 P = 0.04, and b = 0.05 mmHg DBP 

per year increase in maternal age, 95% Cl 0.01, 0.09 P = 0.04). However, this 

association did not explain the increased level of BP seen in those whose 

mothers had a positive history of CVD (mean difference in SBP 2.51 mmHg,

95 % Cl 1.49, 3.53, P for difference = 0.0001; mean difference in DBP 1.22 

mmHg, 95% Cl 0.55, 1.89, P for difference = 0.0004, both after adjustment for 

age, sex, body size and maternal age).

When these data were examined separately by sex, the association between 

maternal history of CVD and higher SBP and DBP remained similar in both 

sexes even after adjustment for body size (Table 4.16).



4.4.S.2 Paternal history of cardiovascular disease

Information on the natural father’s medical history was available for 2,321 

(62.3%) of children in the study. A total of 286 (12.3%) fathers had a positive 

history of CVD and 254 (11.0%) of these had a positive history of 

hypertension. The associations between a paternal history of CVD and BP, 

height and PI are shown in Table 4.15. A positive paternal history of CVD was 

associated with a significantly higher SBP, DBP and PI, but was not associated 

with height. The association between a positive paternal history and SBP was 

abolished after adjustment for PI, whilst the association with DBP remained 

highly significant (mean differences 1.19 mmHg, 95% Cl -0.12, +2.5, P= 0.24, 

and 2.71 mmHg, 95% Cl 1.85, 3.57, P=0.007 for SBP and DBP respectively). 

Although fathers with a positive history of CVD were significantly older than 

those without such a history there was no detectable association between 

paternal age and offspring BP and simultaneous adjustment for paternal age did 

not influence the association between paternal history and offspring BP (data 

not shown).

These associations were also explored by sex (Table 4.17). In both boys and 

girls mean SBP was higher in those with a positive paternal history of CVD, 

and this difference reached statistical significance in the boys (although there 

was no evidence of sex interaction, P value for sex interaction test = 0.36).

After adjustment for PI, paternal CVD history was not associated with raised 

SBP in either sex. Amongst the boys a positive paternal history of CVD was 

associated with a higher DBP, and this difference was highly statistically 

significant; this association was not seen in the girls (P value for sex interaction 

test = 0.07). After simultaneous adjustment for PI, the association between a 

positive paternal history of CVD and a higher DBP remained highly significant 

in the boys, but was not apparent in the girls (mean differences in DBP mmHg 

= 0.19, 95% Cl -1.06, +1.44, P for difference = 0.76 and 1.92, 95% Cl 0.72, 

3.12, P = 0.002, in girls and boys respectively). There was weak evidence of 

sex interaction in the association between paternal CVD history and DBP (P 

for sex interaction test = 0.04).
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4.4.6 EXERCISE OUTSIDE SCHOOL HOURS

Information on the amount of exercise undertaken outside school hours was 

available for 3,079 children (83%). Only 95 (6.5%) of the girls and 81 (5% ) of 

the boys were considered to be in the most sedentary division, so the two most 

sedentary groups were combined for these analyses. The distribution of the 

responses to the exercise question was very different for the girls and the boys; 

for this reason these data have only been analysed separately by sex (Table 

4.18).

Girls and boys who were reported as doing more exercise outside school had 

significantly lower pulse rates and Pis. However, amongst the girls there was 

no apparent relationship between the amount of exercise undertaken outside 

school hours and BP. A significant inverse association between exercise levels 

and both SBP and DBP was seen amongst the boys, although there was no 

formal evidence of sex interaction. The association between exercise and BP 

in the boys was abolished after simultaneous adjustment for PI (Table 4.18), 

suggesting that the relationship between exercise and BP may have arisen from 

confounding by adiposity.

4.4.7 THE INFLUENCE OF FACTORS RELATED TO THE STUDY 

DESIGN OR TOWN OF RESIDENCE ON THE OTHER 

ASSOCIATIONS DESCRIBED IN THIS CHAPTER

All the analyses presented in Sections 4.4.2 (individual factors and blood 

pressure), 4.4.3 (socio-economic factors and blood pressure), 4.45 (family 

history of CVD) and 4.4.6 (exercise outside school hours) of this chapter 

were repeated whilst simultaneously adjusting for BP observer, the state of 

anticipating venepuncture, room temperature and town of residence. This was 

done for the associations described in the children altogether and separately by 

sex. In most cases the associations already described in this chapter were 

entirely unaltered by these simultaneous adjustments and none of the findings 

presented in this chapter were substantially altered by these additional 

adjustments.
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4.4.8 CONTRIBUTION OF DIFFERENT EXPLANATORY VARIABLES 

TO BLOOD PRESSURE VARIABILITY

Multiple regression models combining all the explanatory variables, which 

were found to be significantly associated with SBP or DBP at 8-11 years, were 

examined. Models simultaneously regressing room temperature, observer, 

anticipating venepuncture, age, sex, height, PI, pulse rate, town and maternal 

history of CVD on BP explained only 30 % of the total variation in SBP and 

just 20 % of the variation in DBP, and there was virtually no difference when 

the children were examined separately by sex (data not shown). Table 4.19 

compares the values for the different explanatory variables. In this table 

values can be compared directly because the same number of variables are 

present in each model (Altman 1991). This table shows that, when considered 

independently, height, PI or pulse rate (in regression models adjusted for age 

and sex) explain more of the variability in SBP than the other variables; though 

the proportion of variation explained by models using these variables 

individually is relatively small (only between 10-15%). Pulse rate appears to 

explain the greatest variation in DBP, but a model adjusted for pulse rate age 

and sex still only explains 10% of the variation in DBP at 8-11 years.

4.5 DISCUSSION

4.5.1 PRINCIPAL FINDINGS

Room temperature was inversely associated with SBP and DBP, and the state 

of anticipating venepuncture was associated with a significantly higher SBP 

and DBP. There were systematic differences in DBP measurements by 

observer. Although these factors were significantly associated with BP they 

explained very little of the variation in BP between the children. SBP was 

higher in the girls than in the boys, but there was no difference in DBP. Both 

height and PI were independently, positively associated with BP. Amongst the 

children as a whole the association between age and BP was entirely explained 

by the association between age and height. Pulse rate was also strongly, 

positively associated with both SBP and DBP and inversely related to age and 

height. There was weak evidence that SBP was increasing more rapidly with 

age amongst the girls than the boys (with no difference in DBP). Apart from
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this finding and a significantly stronger association between PI and DBP 

amongst the boys, these factors had similar associations with BP at 8-11 years 

in both sexes.

BP at 8-11 years was not related to any of the socio-economic factors 

examined. Children from towns with a high adult CVD mortality had 

significantly higher systolic and diastolic pressures, even after adjustment for 

the differences in body size that were present between the children from high 

and low mortality towns. A maternal history of CVD was associated with 

higher systolic and diastolic pressures in both girls and boys. Parental history 

of CVD was not independently associated with BP except for a positive 

association with DBP amongst the boys. Parentally reported physical activity 

level was not associated with BP in the girls. Physical activity was inversely 

related to BP amongst the boys but this association arose from confounding by 

PI.

Multiple regression models containing all the significant explanatory variables 

explored in this chapter explained only 30% of the variance in SBP and 20 % 

of the variance in DBP.

4.5.2 STRENGTHS AND WEAKNESSES OF THE STUDY

This population based study included children with a wide range of 

birthweights and social circumstances. Although because only state schools 

were sampled, children from affluent families may have been under 

represented. Similarly, the study did not include schools exclusively for 

children with special needs or pupil referral units so children with special needs 

or severe adverse social circumstances are also likely to have been under 

represented. Many of the analyses relied on parental report which is likely to 

be subject to error; this is probably most likely to be random error arising from 

mistakes in reading or completing the questionnaire. The effect of such 

random error would be to reduce the likelihood of finding significant 

associations and to reduce the apparent strength of associations.
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The question concerning the parental history of CVD had some limitations. In 

particular it would have been useful to verify the information on parental 

history of CVD against the parents’ medical records, and ideally we would 

have measured parental BP for the study. It is possible that information 

supplied on the mothers’ health is more accurate than that supplied on the 

fathers’ health because 95% of the questionnaires were completed by the 

mother. Because most of the parents were relatively young (70% of the 

mothers and 52% of the fathers were under 40 years old) presumably many of 

those at risk of CVD would not have manifested their disease before the 

questionnaire was administered. Again, the likely effects of these limitations 

might be to reduce the chance of finding significant associations and to reduce 

the apparent strength of associations. Despite this significant associations 

involving maternal or paternal CVD histories were found.

The question about exercise outside school was relatively crude but the data on 

exercise correlated with PI, pulse rate and peak flow measurements (data not 

shown). Extensive exploration of exercise data provided by the children 

themselves (not discussed further in this thesis) suggested that the parental 

questionnaire information on exercise was more robust than self-reported data 

for children of this age.

There were two potentially important omissions in this study. Firstly, the study 

did not include measures of pubertal status although sexual maturation may 

influence BP, and heavier children are known to enter puberty at an earlier age 

(Baker, 1985). However, the limited amount of data available on sexual 

maturation and BP amongst the girls suggest that puberty is unlikely to be 

obscuring the other associations seen in this Chapter. The second potentially 

important omission is that the study did not include consideration of diet 

although potassium and sodium are known to influence childhood BP (Chapter 

2).

93



4.5.3 RELATION OF FINDINGS TO OTHER STUDIES

Mean BP readings in this study were higher than those observed in 10 year- 

olds in Kent in the Brompton study (de Swiet, Payers, et al. 1992), even 

allowing for the systematic elevation of SBP seen with the Dinamap 1846. 

However, mean SBP readings in the low mortality towns are similar to those 

found in the Brompton study.

The normal BP distribution in this study is in agreement with data from 

National Health Examination Surveys which have shown that SBP and DBP 

are normally distributed in pre-adolescent children, the distribution becoming 

more skewed to the right after the age of 12. It has been suggested that the 

skewed to the right distribution familiar in adults may reflect the emergence of 

hypertension (Fixler 1985).

4.5.3.1 Age, sex, current body size and pulse rate

Sex differences in BP, with higher SBPs in girls compared to boys between the 

ages of 6 and 11 years, were also seen in the National Health Examination 

Survey in the United States (Harlan, Comoni-Huntley, et al. 1979). All the 

other studies that have examined BP in childhood have found BP increases 

with age (e.g., Harlan, Comoni-Huntley, et al. 1979; Comoni-Huntley, Harlan, 

et al. 1979; Lauer, Bums, et al. 1985; de Swiet, Payers, et al. 1992; Task Porce 

on BP Control in Children 1987; de Man, Andre, et al. 1991). The rises of BP 

with age described in this study are similar to those noted in the National 

Health Examination Survey in the United States (Harlan, Comoni-Huntley, et 

al. 1979). As in the current study, other studies have also found that the 

relationship between age and BP is confounded by height (Prineas, Gillum, et 

al. 1980). The weak suggestion that SBP was increasing more rapidly with age 

amongst the girls than the boys in these cross sectional data could possibly be 

related to sexual maturity. Girls are known to enter puberty at an earlier age 

than boys.

Other studies have also found current body size to be the major determinant of 

childhood BP (Prineas 2000). In the Muscatine study, height and weight were 

both positively related to blood pressure, but weight was more important
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(Lauer, Clarke, et al. 1984), and in the Dunedin study, as in the current study, 

height was not independently related to BP after simultaneous adjustment for 

weight (St George, Williams, et al. 1990).

In comparison to age and current body size, relatively little has been published 

concerning pulse rate in childhood. Other studies, however have also noted a 

positive association between pulse rate and BP (Harlan, Comoni-Huntley, et al. 

1979; Barker, Osmond, et al. 1989b). Pulse rate was positively correlated with 

SBP in 12-17 year-old Black American girls, but not in boys, in the 

Philadelphia Blood Pressure Project (Hediger, Schall, et al. 1984). As in the 

present study, others have also found that weight is not correlated with pulse 

rate (Hediger, Schall, et al. 1984), and that the association between pulse rate 

and BP in children is independent of body size (Harlan, Comoni-Huntley, et al. 

1979). The magnitude of the regression coefficient for the relationship between 

pulse rate and SBP seen in the current study was larger than that noted in the 

1970 British Birth Cohort, where a 10 mmHg rise in SBP was associated with 

an increase in pulse rate of 0.7 bpm in boys (95% Cl 0.4, 0.9) and an increase 

of 0.9 bpm in girls (95% Cl 0.6, 1.1). The reasons for this difference are 

unclear, but BP and pulse rate were determined manually in the British Birth 

Cohort study (Barker, Osmond, et al. 1989b).

4.S.3.2 Socio-economic factors and household factors

A recent systematic review of socio-economic status (SES) and BP concluded 

that lower SES was associated with higher mean adult pressures in almost all 

studies in developed countries (Colhoun, Hemingway, et al. 1998). However, 

this review found little evidence to support an association between low SES 

and BP in childhood. Colhoun and colleagues suggest that SES differences in 

obesity may explain much of the SES gradient in adult BP. For each measure 

of SES examined in the current study, low SES was significantly associated 

with lower stature and higher adiposity, despite the absence of an association 

between SES and BP. Since stature and adiposity were the strongest 

determinants of current BP in this study, and since these two measures are 

associated with SES in opposite directions, this may explain why there is no 

apparent association between SES and BP in childhood.

95



4.S.3.3 Family history

Other studies have also found that a family history of hypertension or CVD is 

associated with higher childhood blood pressures (Munger, Prineas, et al. 1988; 

Shear, Burke, et al. 1986; St George, Williams, et al. 1990). Unfortunately, the 

reports of these studies do not distinguish between maternal and paternal 

histories, although the Minneapolis study did report that offspring BP 

correlated more strongly with maternal than with paternal blood pressure 

(Munger, Prineas, et al. 1988). The Health of Young People ’95-98 (HYPE) 

report found height, age and sex adjusted mean SBP was higher amongst 

children whose mothers were hypertensive, although this difference was only 

significant in 5-9 year old boys (Prescott-Clarke & Primatesta 1999). In 

HYPE, height, age and sex adjusted mean SBPs were also higher (but not 

statistically so) amongst children whose fathers were hypertensive. However, 

none of these relationships persisted after simultaneous adjustment for height 

and BMI. This differs from the current study which found that a positive 

history of CVD in either parent tended to be associated with higher SBP and 

DBP in boys even after adjustment for current size. Amongst the girls, only 

maternal history was associated with elevated BP after adjustment for current 

height and weight. Some of the differences between the Ten Towns Study and 

HYPE may have arisen because we used a self-reported history of CVD in Ten 

Towns whereas in HYPE a history of hypertension was ascertained by study 

BP measurement or history of antihypertensive treatment. Fewer mothers had 

a history of hypertension in HYPE compared to those in Ten Towns, although 

the proportions of fathers with a history of hypertension were very similar in 

both studies.
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4.5.3.4 Exercise level

In the current study, adiposity, as measured by PI, was associated with lower 

parentally-reported physical activity. This finding contrasts with a case control 

study of obese and non-obese children of a very similar age which found no 

differences in self-reported physical activity between the two groups 

(McMurray, Harrel, et al. 1995). Parentally-reported exercise was not 

independently associated with BP in our study, similar results have been found 

in other cross-sectional studies using a variety of ways of measuring physical 

activity (Klesges, Haddock, et al. 1990; McMurray, Harrel, et al. 1995), 

including a review of longitudinal studies (Alpert & Wilmore 1994). The latter 

review concluded that in normotensive children there is little evidence to 

support an independent association between increased physical activity and 

lowered BP.

4.5.3.5 Town of residence

In the first Ten Towns survey children aged 5-7 years old from areas with high 

adult CVD mortality were also noted to be shorter than those from low 

mortality areas (Whincup, Cook, et al. 1992b), and there were similar findings 

amongst 10 year-olds in the 1970 British Birth Survey (Barker, Osmond, et al. 

1989b). Studies in adults have also found higher blood pressures in men from 

high adult CVD mortality areas (Shaper, Pocock, et al. 1981; Bruce, Cook, et 

al. 1990). Some earlier geographical studies, including the first Ten Towns 

survey, have shown inconsistent associations between childhood BP and adult 

cardiovascular mortality (Whincup, Cook, et al. 1988; Barker, Osmond, et al. 

1989b; Whincup, Cook, et al. 1992b). However, the recent HYPE study found 

geographical differences in BP between the ages of 5 and 24 years, with higher 

blood pressures noted in the north of England (Prescott-Clarke & Primatesta 

1999).
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4.5.3.6 Measurement factors

Other studies have found associations between room temperature and 

childhood blood pressure: in the Minneapolis study an increase in room 

temperature led to a fall in SBP but a rise in DBP (Prineas, Gillum, et al. 1980). 

In the Brompton study the influence of room temperature was not found to be 

important across the usual range of room temperatures (de Swiet, Payers, et al. 

1984). As in the current study, the anticipation of venepuncture raised BP in 

The National Health Examination Survey in the United States, where the 

researchers found that mean SBP was 5mmHg higher before venepuncture 

compared to after (Comoni-Huntley, Harlan, et al. 1979).

4.5.3.7 Contribution of different variables to blood pressure variability

The contribution of explanatory variables towards explaining the variance in 

SBP has been found to be limited in other studies. In the Tecumseh study of 

children and young people aged 0-19 years, BMI, heart rate, maternal and 

paternal SBPs, toxaemia in the mother whilst the offspring was in utero and 

skinfold thickness explained only 13% of the variance in SBP amongst the 

boys; whilst amongst the girls body mass index, heart rate, maternal and 

paternal SBPs and height explained just 15% of variance in SBP (Higgins, 

Keller, et al. 1980). However, in the Tecumseh study BP appears to have been 

measured in a much less standardised way than in the current study. Much 

more recently, in the HYPE study between the ages of 5 and 24 years, height, 

BMI and exposure to passive smoking explained 52% of the variance in mean 

SBP in males and 29% of the variance in females (Prescott-Clarke &

Primatesta 1999).

4.6 CONCLUSIONS AND IMPLICATIONS

The most striking finding of the current study is the variability of childhood 

blood pressure -  even when measures are taken in a highly standardised way 

the explanatory variables studied in this chapter predict only a third of the 

variance in SBP and a fifth of the variance in DBP. Although much of the 

variability remains unexplained, biological variability between subjects and 

measurement errors must account for some of the variance. Despite this, the 

degree of unexplained variability means it is highly plausible that factors not
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explored in this chapter, such as early life factors, could be important 

determinants of childhood BP.

Although most of the BP variance remains unexplained in this cohort of 8-11 

year-olds, the study demonstrates the pre-eminence of current height and 

weight-for-height, or adiposity, in the determination of BP in this age group. 

Since there is strong evidence that British children are increasing in obesity 

(Bundred, Kitchiner, et al. 2001), the association between childhood adiposity 

and BP is likely to have important public health consequences as both obesity 

(Rolland-Cachera, Deheeger, et al. 1987) and BP (Beckett, Rosner, et al. 1992) 

track from childhood to adulthood.

Pulse rate was the other relatively major determinant of BP in this cohort and 

the association was independent of height and adiposity. Relatively little has 

been written about the role of pulse rate in the determination of childhood BP, 

and whether this association has any potential public health or individual 

clinical significance is unclear.

The finding that amongst the variety of socio-economic measures examined in 

this study lower SES was invariably associated with shorter stature and greater 

adiposity but not with elevated BP is important. Other studies in the developed 

world have shown that low SES is almost invariably associated with higher 

SBP in adults, and the lack of an association in childhood may help elucidate 

the origins of this important adult association. The present study supports 

Colhoun and colleagues’ suggestion that socio-economic differences in BP 

may be largely underpinned by socio-economic differences in obesity 

(Colhoun, Hemingway, et al. 1998). In the current study the obesity gradient is 

already present and the lack of a BP gradient may be explained by the 

association between stature and SES. In children height is a much more 

important determinant of BP than it is in adulthood (Walker, Shaper, et al. 

1989).

The higher blood pressures seen in children from towns of high adult 

cardiovascular risk compared to those in low risk towns strongly suggests that
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some of the factors influencing the variations in adult mortality may already be 

well established by the age of 8-11 years. These factors could arise in utero, 

after birth during early childhood, or during both periods of life. Evidence of 

the importance of in utero events on childhood BP will be explored in Chapters 

5 and 6.

The public health implications of these findings are discussed in Chapter 8.
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Table 4.1: First and second blood pressure recordings.
First or second
blood pressure N
reading

Mean
P value for 

(SD) difference between 
the two readings

SBPl 3724 113.97 (12.7)
SBP2 3711 110.69 (11.9) P = 0.0001
DBPl 3724 66.69 (8.2)
DBP2 3711 64.48 (7.8) P = 0.0001

Table 4.2: Mean blood pressures by observer.
N = 3724 Blood Pressure, mmHg

SB? DBP
Observer N (%) Mean (SE) Mean (SE)

1 853 (22.9) 111.90 (0.39) 64.95 (0.24)
2 996 (26.7) 112.49 (0.36) 64.79 (0.22)
3 883 (23.7) 112.58 0138) 66.36 (0.24)
4 993 (26/^ 112.36 (0.36) 66.27 (0.22)

Test for heterogeneity P == 0.61 P = 0.0001

able 4.3: Age, sex and blood pressure.

(N = 

Mean

All
= 3724) 

(SD)

Female 
(N = 1790)

Mean (SD)

Male 
(N = 1934)

Mean (SD)

Pfor 
no sex 
diff.

AGE
(yrs)

10.44 (0.66) 10.44 0165) 10.43 (0.67) 0.99

SBP
(mmHg) 112.34 (11.39) 113.17 (11.62) 111.57 (11.12) 0.0001

DBP
(mmHg) 65.59 (7.06) 65.59 (6.80) 65.59 (7.29) 0.99
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Table 4.4: Heig lit, weight and blood pressure.

Slope, b
SBP

(SE)

Blood Pi 

P value

essure 

Slope, b
DBP
(SE) P value

HEIGHT 
(N = 3721) 
mmHg cm^ 
Adjustment 
• None 0.48 (0.02) 0.0001 0.17 (0.02) 0.0001
• + Age 0.46 (0.03) 0.0001 0.14 (0.02) 0.0001
• + Weight -0.01 (0.03) 0.70 -0.01 (0.02) 0.56

WEIGHT 
(N = 3722) 
mmHg kg * 
Adjustment 
• None 0.62 (0.02) 0.0001 0.20 (0.01) 0.0001
• + Age 0.61 (0.02) 0.0001 0.19 (0.01) 0.0001
• + Height 0.63 (0.03) 0.0001 0.21 (0.02) 0.0001

Table 4.5: Pearson correlation coefficients for age and different

N=3719 Age Weight Height BMI PI
Weight 0.34 ***
Height 0.53 *** 0.71 ***
BMI 0.13 *** 0.90 *** 0.33 ***
PI -0.05 ** 0.70 *** 0.01 * 0.95 ***
Chinn 0.002 * 0.76 *** 0.10 *** 0.97 *** 0.99 ***
Index
* P = >0.5, ** P = 0.005, *** P = 0.0001
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able 4.6: Height, pondéral index, age and blood pressure, all children.
N=3719 Blood Pressure (mmHg)

SBP DBP
Slope, b (SE) P value Slope, b (SE) P value

HEIGHT
(mmHg/cm)
Adjustment
• None 0.48 (0.02) 0.0001 0.17 (0.02) 0.0001
• +PI 0.47 (0.02) 0.0001 0.14 (0.02) 0.0001
• + P I&  

Age
0.43 0103) 0.0001 0.13 (0.02) 0.0001

PONDERAL
INDEX
Adjustment
• None 1.89 (0.09) 0.0001 0.60 (0.06) 0.0001
• + Height 1.87 (0.09) 0.0001 0.60 (0.06) 0.0001
• + Height & 

Age 1.87 (0.09) 0.0001 0.60 (0.06) 0.0001

AGE
Adjustment
• None 3.10 0128) 0.0001 1.00 (0.18) 0.0001
• +PI L35 (0.26) 0.0001 1.08 (0.17) 0.0001
• + Height 0.39 0131) &22 0.18 (0 21) &38
• + P I &  

Height
&78 (0.30) 0.01 0.31 (0.20) 0.13
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able 4.7: Age and blood pressure in girls and boys.

AGE
GIRLS BOYS Sex

inter
a-
ction

SBP SBP test
Adjustment Slope, b SE P Slope, b SE P P

• None 3.78 (0.42) 0.0001 2.50 (0.37) 0.0001 0.02
• + PI 4.09 (0.39) 0.0001 2.69 (0J5) 0.0001 0.008
• + Ht 0.73 (0.48) 0.13 0.05 (0.43) 0.0001 0.08
• + Ht 1.27 (0.45) 0.005 0.32 (0.40) 0.43 0.04

&PI

DBP DBP
Slope, b SE P Slope, b SE P

• None 1.35 (0.25) 0.0001 0.70 (0.25) 0.005 0.06
• + PI 1.44 (0.24) 0.0001 0.77 (0.24) 0.002 0.04
• + Ht 0.44 (0.29) 0.12 -0.04 (0.29) 0.90 0.11
• + Ht 0.59 (0.29) 0.04 0.08 03.28) 0.79 0.08

&PI

able 4.8: Pulse, body build and blood pressure.

(N = 3711)

Blood I
SBP

Slope, b* (SE) P value

Pressure
DBP

Slope* b (SE) P value

PULSE
RATE

Adjustment
• None
• + Age
• + Height
• +PI
• + Height 

& PI

0.25 (0.02) 0.0001 
0.30 (0.02) 0.0001 
0.28 (0.01) 0.0001 
0.21 (0.01) 0.0001

0.25 (0.01) 0.0001

0.17 (0.01) 0.0001 
0.19 (0.01) 0.0001 
0.18 (0.01) 0.0001 
0.16 (0.01) 0.0001

0.17 (0.01) 0.0001
*Units of Zj = mmHg/ beat.
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Table 4.9: Mean blood pressures by social class, adjusted for age and sex.
N = 2869 Blood Pressure

SBP DBP
Social N (%) Mean (SE) Mean (SE)
Class

I 194 (6.8) 113.24 (0.80) 65.44 (0.50)
II 842 (29.3) 112.25 (038) 65.53 (0.24)
IIIN 357(12.4) 112.65 (0.59) 65.45 (0.37)
HIM 974 (33.9) 112.46 (0.36) 65.57 (0.22)
IV 397 (13.8) 112.09 (0.56) 65.62 (0.35)
V 105 (3.7) 112.87 (1.09) 65.94 0168)

Test for trend P = 0.73 P = 0.59

Test for trend adjusted P= 0.84 P = 0.48
for height and PI

Table 4.10: Mean blood pressures by parental education, adjusted for age 
and sex.

Age parent 
left full time 
education

N (%)

Blood Prt
SBP

Mean (SE)

assure
DBP

Mean (SE)

MOTHER 
< 16 yrs 
17-19 yrs 
> 20 yrs

1554 (56.7) 
743 (27.1) 
442 (16.1)

112.23 (0.28) 
112.74 (0.40) 
112.84 (0.52)

65.49 (0.18) 
65.45 (0.25) 
65.94 (0.33)

Test for trend P= 0.22 P= 0.33

Test for trend adjusted for 
height and PI

P = 0.73 P = 0.68

FATHER 
< 16 yrs 
17-19 yrs 
> 20 yrs

1556 (62.5) 
438 (17.6) 
496 (19.9)

112.81 (0.28) 
111.76 (0.52) 
112.33 (0.49)

65.53 (0.18) 
6533 (033) 
65.41 (0.31)

Test for trend P = 0.23 P = 0.66

Test for trend adjusted for 
height and PI

P = 0.37 P = 0.75
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Table 4.11: Social measures, body build and pulse rate, adjusted for age and 
sex.

N (%)

Height, cm 

Mean (SE)

Pondéral 
Index, kg/m  ̂

Mean (SE)

Pulse Rate, 
min^ 

Mean (SE)
N = 2869
SOCIAL
CLASS
I 194 (6.8) 142.1 (0.4) 12.41 (0.14) 83.2 (0.8)
II 842 (29.3) 141.6 (0.2) 12.58 (0.07) 81.3 (0.4)
IIIN 357(12.4) 141.7 (03) 12.55 (0.10) 82.0 (0.6)
HIM 974 (33.9) 141.0 (0.2) 12.77 (0.06) 81.1 (&4)
IV 397(13.8) 140.5 (&3) 12.73 (0.10) 82.0 (0.6)
V 105 (3.7) 139.9 (0.6) 12.82 (0.19) 81.1 (1.1)

Test for trend P= 0.0001 P= 0.004 P = 0.4
N = 2359
*FATHER
UNEMPLOYED?
Yes 244 (10.3) 140.3 (0/0 12.96 (0.12) 80.1 (0.7)
No 2115(89.7) 141.4 (0.1) 12.57 (0.04) 81.5 (0.2)

Test for difference P -(3.01 P= 0.002 P==0.07

'’PARENTAL EDUCATION
N=2739
MOTHER
< 16 yrs 1554(56.7) 140.7 (0.2) 12.71 (0.05) 80.9 (0.3)
17-19 yrs 743 (27.1) 141.7 (0.2) 12.71 (0.07) 81.8 (0.4)
> 20 yrs 442(16.1) 142.7 (0 3) 12.47 (0.09) 82.1 (0.5)

Test for trend P= 0.0001 P == 0.04 P- 0.02
N=2490
FATHER
< 16 yrs 1556 141.1 (0.2) 12.75 0105) 81.1 (0.3)

(62.5)
17-19 yrs 438 (17.6) 141.6 (0 3) 12.43 (0.09) 81.3 (OJ)
> 20 yrs 496(19.S0 141.9 (0.3) 12.47 (0.09) 8Z5 015)

Test for trend P=0.008 P= 0.0006 P==0.03
N = 3062
CROWDING
INDEX
> 1.6 104 (3.4) 139.2 (0.6) 12.38 (0.19) 82L2 (1.1)
<1.6 2922 (98.6) 141.2 (0.1) 12.68 (0.40) 81.5 (0.2)

Test for difference P = 0.002 P = 0.11 P = 0.56
* Father or male guardian unemployed 
 ̂ Age parent left full time education
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Table 4.12: Number of siblings and blood pressure, adjusted for age and sex.

NO. OF SIBLINGS 
N (%)

Blood Pressure, mmHg 
SBP DBP 

Mean (SE) Mean (SE)
None
1
2
3 or more

320 (1&6) 
1361 (45.2) 
848(28J^ 
481 (16.0)

113.22 (0.62) 
112.89 (0.30)
112.28 (0.38)
111.28 (0.51)

66.27 (0.39) 
65.68 (0.19) 
65.55 (0.24) 
65.35 (0.32)

Test for Heterogeneity P= 0.03 P = 0.31

Test for Trend P = 0.003 P= 0.09

able 4.13: Town of residence and blood pressure, adjusted for age and sex
Blood Pressure, mmHg

SBP DBP
TOWN N (%) Mean (SE) Mean (SE)

1 Esher 314 109.38 (0.62) 63.50 0139)
2 Wigan 385 112.38 (0.56) 65.20 (0 35)
3 Chelmsford 373 111.03 (0.57) 65.49 (0.36)
4 P Talbot 348 113.57 (0.59) 66.13 (0.37)
5 Leatherhead 302 108.18 (0.64) 62.42 (0.40)
6 Burnley 364 110.74 (&58) 65.19 (036)
7 Bath 348 112.97 (0.59) 66.08 (0.37)
8 Rhondda 423 115.00 (0.54) 66.36 (0.34)
9 T Wells 459 114.81 (0.52) 6&82 (033)
10 Rochdale 408 113.18 (0 55) 6T33 (035)

Test for heterogeneity P = 0.0001 P = 0.0001
High CVD
Risk Towns 1928 113.01 (0.25) 66.06 (0.16)

(51.8)
Low CVD
Risk Towns 1796 111.63 (0.17) 65.10 (0.17)

(48.2)

Test for difference P = 0.0002 P = 0.0001
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Table 4.14 Town of residence height and pondéral index, adjusted for age
and sex.

TOWN N (%)
Height, cm 

Mean (SE) Mean
PI

(SE)

1 Esher 314 141.3 (0.44 12.57 (0.11)
2 Wigan 385 140.2 (0.3) 12.74 (0.10)
3 Chelmsford 373 141.0 (0.3) 12.39 (0. 10)
4 P Talbot 348 141.1 (0.3) 12.98 (0. 10)
5 Leatherhead 302 141.5 (0.4) 12.24 (0.11)
6 Burnley 364 140.0 (0.3) 12.63 (0. 10)
7 Bath 348 141.7 (0 3) 12.41 (0. 10)
8 Rhondda 423 140.2 (0 3) 13.26 (0.09)
9 T Wells 459 141.6 (0.3) 12.81 (0.09)
10 Rochdale 408 140.1 (0.3) 12.55 (0. 10)

Test for heterogeneity P = 0.0001 P = 0.0001
High CVD 
Risk Towns 1928 (51.8) 140.3 (0.1) 12.83 (0.04)
Low CVD 
Risk Towns 1796 (48.2) 141.4 (0.1) 12.51 (0.04)

Test for difference P = 0.0002 P = 0.0001
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Table 4.15: Parental history of cardiovascular disease and childhood blood

Yes, N 
Mean

= 447 
(SE)

No, N 
Mean

= 2548 
(SE)

P (no 
diff.)

MATERNAL 
HISTORY 
Adjustment 
• age and sex only

SBP, mmHg 115.34 (0.53) 112.04 (0.22) 0.0001
DBP, mmHg 66.85 (0 33) 65.42 (0.14) 0.0001
Height, cm 141.9 (03) 141.0 (0.1) 0.005
PI, kg/m^ 12.89 (0.09) 12.65 (0.04) 0.01

Adjustment
• age, sex, height and PI 

SBP, mmHg 114.58 (0.48) 112.13 (0.20) 0.0001
DBP, mmHg 66.61 (033) 65.45 (0.14) 0.001

Yes, N = 286 No,N = 2035 P (no
Mean (SE) Mean (SE) diff.)

PATERNAL 
HISTORY 
Adjustment 
• age and sex only

SBP, mmHg 114.02 (0.66) 112.38 0)25) 0.02
DBP, mmHg 66.91 (0.42) 65.42 (0.16) 0.0009
Height, cm 141.6 (0.4) 141.3 (0.1) 0.37
PI, kg/m^ 13.03 (0.11) 12.62 (0.04) 0.0007

Adjustment
• age, sex, and PI

SBP, mmHg 113.23 0163) 112.43 (0.24) 0.24
DBP, mmHg 66.64 (0.41) 65.44 (035) 0.007
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able 4.16: Maternal history of cardiovascular disease and childhood blood pressure by sex.

MATERNAL
HISTORY

YES 
N = 222 

Mean (SE)

GIRLS 
NO 

N = 1239 
Mean (SE)

P (no 
diff.)

YES 
N = 232 

Mean (SE)

BOYS 
NO 

N =1365 
Mean (SE)

P (no 
diff.)

Adjustment:
• age only

SBP, mmHg
115.96 (0.76) 112.66 (0.32) 0.0001 114.65 (0.71) 111.41 (0.29) 0.0001

DBF, mmHg
66.54 (0.44) 6532 (0.19) 0.01 67.11 (0.48) 65.54 (0.20) 0.003

Height, cm
141.39 (0.43) 140.78 (0.18) 0.19 142.29 (0.40) 141.14 (0.17) 0.009

PI, kg/m^
13.04 (0.14) 12.83 (0.06) 0.15 12.74 (0.12) 12.47 (0.05) 0.03

Adjustment :
• age,ht & PI

SBP, mmHg
115.41 (0.69) 112.74 (0.29) 0.0004 113.72 (0.66) 111.52 (0.27) 0.002

DBP, mmHg
6639 (0.44) 65.34 (038) 0.03 66.79 (0.47) 65.59 (0.20) 0.02



Table 4.17: Paternal listory of cardiovascular disease and childhood blood pressure by sex.

PATERNAL
HISTORY

YES 
N = 119

Mean (SE)

GIRLS 
NO 

N = 991 
Mean (SE)

P (no
dik)

YES 
N = 167 

Mean (SE)

BOYS 
NO

N =1044 P(no 
Mean (SE) diff.)

Adjustment:

• age only 

SBP, mmHg 

DBP, mmHg 

Height, cm 

PI, kg/m^

113.8

65.84

141.05

13.34

(1.03)

(0.60)

(0.60)

(0.19)

112.86 (0.36) 

65.31 (0.21)

140.93 (0.21)

12.80 (0.06)

0.42

0.40

0.84

0.006

114.07 (0.87) 

67.71 (0.58)

142.09 (0.48) 

12.76 (0.14)

111.89 (0.35) 0.02

65.57 (0.23) 0.0005

141.57 (0.19) 0.32

12.44 (0.06) 0.04

Adjustment :
• age & PI

SBP, mmHg

DBP, mmHg

112.77

65.53

(0.94)

(0.60)

112.98 (0.32) 

65.34 (0.21)

0.84

0.76

113.46 (0.83) 

67.48 (0.57)

111.93 (0.34) 0.09

65.56 (0.27) 0.002



Table 4.18: Exercise levels, pulse rate, pondéral index and blood pressure in girls and boys.
Pulse Rate, Fonderai Index, Blood pressure, mmHg Blood pressure, mmHg
beat min’̂ kg m ^

(adjusted for (adjusted for age) (adjusted for age only) (adjusted for age and PI)
age)

EXERCISE GROUP* SBP DBP SBP DBP
N (%) Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

GIRLS
1 734 (50.4) 84.0 (0.4) 13.03 (0.07) 113.41 (0.41) 65.61 (0.24) 113.05 (0.39) 65.51 (0.24)
2 471 (32.3) 83.4 (0.5) 12.70 (0.09) 113.24 (0.52) 65.36 (0.30) 113.53 (0.49) 65.44 (0.30)
3 252 (17.3) 81.5 (0.7) 12.60 (0.13) 112.39 (0.71) 65.31 (0.42) 112.87 (0.67) 65.43 (0.41)
Test for heterogeneity

P = 0.01 P = 0.002 P = 0.46 P = 0.74 P = 0.67 P = 0.98

Test for trend P = 0.005 P = 0.0008 P = 0.26 P = 0.46 P = 0.97 P = 0.84
BOYS
1 476 (29.3) 81^  (&5) 12.70 (0.08) 112.84 (0.51) 66.37 (0.34) 112.40 (0.48) 66.20 (0.34)
2 535 (33.0) 80^  (&5) 12.62 (0.08) 111.91 (0.48) 65.64 (0.32) 111.64 (0.45) 65.54 (0.31)
3 611 (37.7) 78.1 (0.5) 12.21 (0.07) 110.94 (0.45) 65.36 (0.30) 111.42 (0.43) 65.55 (0.30)
Test for heterogeniety

P = 0.0001 P = 0.0001 P = 0.02 P = 0.08 P = 0.29 P = 0.26

Test for trend P = 0.0001 P = 0.0001 P = 0.005 P = 0.03 P = 0.14 P = 0.17
Test for sex interaction

P = 0.12 P = 0.90 P = 0.30 P -  0.27 P = 0.49 P = 0.32
* Exercise levels refer to amount of exercise taken outside school hours: 1 = sedentary or occasional light physical activity, 2 = regular 
sport for up to 3 hrs/week, 3 = regular sport > 3 hrs/ week.



Table 4.19: Proportion of variance in blood pressure explained by different

Explanatory variable* N
Values 

SBP DBP
Observer 3724 4% 2%
Anticipating venepuncture 3724 4% 2%
Room Temp. 3724 5% 3%
Height 3721 10% 2%
PI 3719 14% 4%
Pulse rate 3711 13% 10%
Town of residence 3724 7% 4%
Maternal history of CVD 3058 1% 0.5%
All explanatory variables are simultaneously adjusted for age and sex.

113



Figure 4.1: Distribution of mean systolic and diastolic blood pressures.
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Fig 4.2: Age and Systolic Blood Pressure.
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Fig 4.3: Age and Diastolic Blood
pressure.
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Fig 4.4: Height and systolic blood pressure
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Fig 4.5; Height and Diastolic Blood
Pressure
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Fig 4.6: Weight and Systolic Blood Pressure
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Fig 4.7: Weight and diastolic
blood pressure.
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Fig 4.8: Pulse Rate and Systolic Blood Pressure.
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Fig 4.9: Pulse Rate and Mean Diastolic
Blood Pressure
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CHAPTER 5: FETAL ORIGINS OF CARDIOVASCULAR DISEASE -  

BIRTHWEIGHT, SIZE AT BIRTH AND BLOOD PRESSURE:

A CROSS-SECTIONAL STUDY IN 8-11 YEAR OLD CHILDREN

5.0 SUMMARY POINTS

• Findings from a school based survey of children aged 8-11 years are 

described.

• An inverse relationship between systolic blood pressure (SBP) and 

birthweight was apparent after adjustment for current body size. This 

association was concentrated in the girls and weak or absent in the boys.

• There was no evidence that the birthweight-blood pressure (BP) 

association was stronger in children with lower birthweights who were 

tall at 8-11 years or had tall mothers.

• The association between birthweight and BP at 8-11 years old was 

independent of gestational age.

• The birthweight-BP association appeared to be much stronger in the 

multiplets than in the singletons although no significant difference in 

mean BPs at 8-11 years was detected.

• There was no evidence of amplification of the birthweight-BP 

association across the four years of childhood from 5-7 years to 9-11 

years.

• Only highly eorrelated, simple measures of size at birth appeared to be 

related to BP in girls. More complex measures of size at birth, 

including PI and shortness in relation to head circumference, were not 

related to childhood BP in either sex at 8-11 years.

• The relationship between placental weight and placental ratio and BP in 

children of 8-11 years was inconsistent.

• Current body size was a much more important determinant of BP in 

childhood than birthweight.
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5.1 INTRODUCTION

Events occurring before birth may influence the risk of cardiovascular disease 

(CVD) in later life (Barker 1998a) (Chapter 2). Associations between small 

size at birth and increased risk of adult cardiovascular mortality have been 

described (Osmond, Barker, et al. 1993; Barker, Osmond, et al. 1993) and there 

is strong evidence of an inverse relationship between birthweight and later BP 

in both adults and children (Huxley, Shiell, et al. 2000). Previous work 

suggests that the birthweight-BP association is probably not explained by 

socio-economic confounding (Koupilova, Leon, et al. 1997). Amongst adults 

the association is present without adjustment for current body size (Law & 

Shiell 1996), although even in adults the association is often strengthened by 

concurrent adjustment for body size (Leon 1999a). In studies during childhood 

the relationship is only apparent after adjustment for current body size (Law & 

Shiell 1996). In addition to being relatively independent of adult body size, the 

size of the association also appears to be greater in adulthood than in 

childhood (Barker 1998d) and it has been proposed that the differences in BP 

are progressively ‘amplified’ throughout life.

Leon has suggested that the risk factor for future hypertension is failure to 

reach growth potential in utero rather than small size at birth. He found that at 

50 years old the association between birthweight and BP in Swedish men was 

strongest in the tallest (Leon, Koupilova, et al. 1996). Two studies have 

suggested that adult obesity may interact with the birthweight-BP association 

(Leon 1999a; Frankel, Elwood, et al. 1996).

The mechanism underlying the association between birthweight and BP is 

unknown, but it has been suggested that fetal undemutrition at critical periods 

of intrauterine development may produce permanent elevation of BP though a 

process known as ‘programming’ (Barker 1998c; Barker, Gluckman, et al.

1993). It has been proposed that undemutrition in the first, second or third 

trimester may programme, respectively, a symmetrically small baby, a thin, 

light baby, or a baby with a normal birthweight which is short in relation to its 

head circumference. These particular patterns of size at birth may be associated
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with raised BP later in life (Barker 1998e). It has also been suggested that 

babies with large placentae, especially when associated with low birthweight, 

are at increased risk of hypertension in later life (Barker, Bull, et al. 1990).

One study has reported that in babies with smaller placentae (under 1.25 lb), 

those who are thin at birth are at particular risk of hypertension in later life. 

Whilst, amongst those with larger placentae, those who are short at birth in 

relation to their head circumference are also at increased risk (Barker, Godfrey, 

et al. 1992). However, few studies have actually examined the relations 

between different measures of size at birth, or placental size, and BP in 

contemporary children.

Achieved birthweight is a measure of both intrauterine growth and gestational 

age, but relatively few studies have adjusted birthweight for gestational age 

when examining the birthweight-BP association, and the implications of this 

adjustment have rarely been discussed.

Twins have greatly restricted fetal growth in the third trimester (Paneth & 

Susser 1995) and the study of twins could help to inform us about the origins of 

the birthweight-BP association. (The study of differences in the birthweight- 

BP association between monozygotic and dizygotic twin pairs also provides 

information on genetic influences on the association but lies outside the scope 

of this thesis).

This chapter examines the association between birthweight, other measures of 

size at birth and placental weight, and BP in the children in the Ten Towns 

Study at age 8-11 years.

5.2 AIMS AND OBJECTIVES

This study aimed to test aspects of the ‘fetal origins’ hypothesis outlined above 

in the Introduction (Section 5.1) and in Chapter 2, Section 2.7: “Aspects of the 

‘fetal origins’ hypothesis to be addresssed in this thesis”. The study had several 

objectives:
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• To explore the association between birthweight and childhood BP in the 

children as a whole and in girls and boys separately (Sections 5.4.1.1, 

5.4.1.2and5.4.2.1).

• To explore how achieved birthweight is associated with childhood BP 

in relation to children’s body build at 8-11 years or to maternal height 

(Sections 5.4.1.3 and 5.4.1.4).

• To ascertain whether several different measures of socio-economic 

status confound the association (Section 5.4.1.5).

• To determine how adjustment for gestational age influences the 

association (Section 5.4.1.6).

• To compare the birthweight-BP association in multiplets and 

singletons (Section 5.4.1.7).

• To look for evidence of amplification of the association in childhood 

(Section 5.4.1.8).

• To determine whether placental weight or other measures of size at 

birth possibly associated with impaired intrauterine growth during 

specific trimesters including are associated with childhood BP 

(Sections 5.4.2.2 to 5.4.2.4).

• To compare current influences on childhood BP with size at birth 

(Section 5.4.3).

Data not presented in an earlier, published version of this study (Taylor, 

Whincup, et al. 1997) are included here for the first time.

5.3 SUBJECTS AND METHODS

Full details of the study design and methods are described in Chapter 3. The 

study is based on the findings from two school based surveys carried out in ten 

towns in England and Wales in 1990 and in 1994. Most of the data presented 

relate to the later survey. In the 1994 survey parents were sent a detailed 

questionnaire which included questions on the child’s birthweight, place of 

birth, and gestation, and the parents’ height. Consent to examine maternity 

records was also requested, and these records were sought at every hospital 

where 20 or more study children (5% of the study children in each town) were
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bom. Details extracted from maternity records included: date of mother’s last 

menstrual period (LMP), the mother’s antenatal BPs, details of ultrasound 

scans of the fetus, birthweight, head circumference and length at birth and 

placental weight. Only 39 of all the children in the study were bom at home; 

this represented 1.2% of the participants retuming a parental questionnaire. 

Where possible these children were included in the analyses using parentally 

recalled birthweight and gestational age, but birth record data on these children 

were not sought.

Gestational age from the matemity records was based on the date of the LMP 

and the date of birth. If the LMP was missing gestational age was calculated 

from a dating ultrasound scan performed before 18 weeks gestation, if present. 

If gestational age arising from the LMP resulted in an apparent gestational age 

of 44 weeks or more and a dating ultrasound scan had been performed, 

ultrasound gestational age was used in preference to the LMP.

5.3.1 STATISTICAL METHODS

Details of statistical methods are outlined in Chapter 3. Data were analysed 

using SAS software (SAS Institute, North Carolina, USA). Placental ratio 

(placental weight/ birthweight) and shortness for head size (birth length/ head 

circumference) were used where appropriate. Multiple linear regression using 

the proc GLM procedure in SAS was used to adjust relationships between BP 

and birthweight (as well as other indices) for stmctural (town, age, room 

temperature, observer, the state of anticipating venepuncture) and confounding 

(sex, current body size) variables. The SAS least squares means procedure 

(proc LS means) was used to derive BP means adjusted for potential 

confounders (e.g., age and sex). Body measures at birth and in childhood were 

included as continuous variables or fitted in fifths or thirds, where appropriate, 

using linear regression techniques. All models included adjustment for sex, 

town, and BP observer as categorical variables, and age as a continuous 

variable. An adjustment for the higher mean BP levels seen in children 

anticipating blood tests was fitted as a categorical variable.
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5.3.2 SAMPLE SIZE CONSIDERATIONS

Post hoc sample size calculations revealed that, in this population of children, 

in order to have 90% power to detect a regression coefficient of 2 mmHg kg"’ 

(the effect size reported in a recent systematic review (Huxley, Shiell, et al. 

2000)) at the one per cent significance level, a sample size of 1,600 was 

needed.

5.4 RESULTS

Following invitation, 3,728 children participated in the study (response rate 

75%) and 3,719 had a complete set of physical measurements. Questionnaires 

including birthweight data were returned for 3,181 children (85% of 

participants) and 3,066 children had a complete set of baseline study data 

required for the analyses described in this chapter. A total of 2,891 of these 

children were singleton births and only 39 (1.2%) were home births.

Permission to examine birth records was granted for 3,107 children (98% of 

those retuming questionnaires), and of these, 2,350 children (76%) were bom 

in local hospitals. Birth records for 1,642 (70%) of the 2,350 children 

described above were located. Subjects were excluded from analyses of 

placental weight and placental ratio if birth records stated that the placenta was 

incomplete (64 children).

The characteristics of the 3,066 study children and of the subset with birth 

records retrieved are presented in Table 5.1. There were no significant 

differences between the mean ages, birthweights, anthropometric 

measurements and BPs in these two groups. There were significant differences 

between the sexes (Table 5.2) -  the boys were thinner and lighter at 8-11 years, 

and were heavier, longer and had greater head circumferences at birth.

In 1,508 (97%) of the 1,550 children with both questionnaire and birth record 

birthweights the difference between these two weights was less than 200g and 

overall the mean difference was 1.7g, s.d. 117.9 (correlation coefficent, for the 

two measures, r = 0.98).
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Unless specified, all the analyses presented in this chapter refer to data on 

children bom from singleton pregnancies only.

5.4.1 DATA FROM PARENTAL RECALL

5.4.1.1 Birthweight and blood pressure

The relationship between birthweight and BP is summarised in Figure 5.1 with 

the corresponding multiple linear regression coefficients in Table 5.3. When 

adjusted for age and sex alone there was no apparent relationship between 

birthweight and SEP. However, current body size was a potential confounder 

of the birthweight-BP relationship; the correlation matrix (Table 5.4) shows 

that both height and childhood pondéral index (PI) were related to BP and 

birthweight. When adjustments to the birthweight-BP relationship were made 

for height there was a suggestion of a weak inverse relationship between 

birthweight and SBP; adjustment for childhood PI alone did not reveal any 

associations (Table 5.3). However, when the model was adjusted for both 

height and PI an inverse relationship between birthweight and SBP became 

apparent; there was a fall in SBP at 8 -11 years of approximately 1.5 mmHg for 

every kilogram increase in birthweight (Figure 5.1, Table 5.3). Even after 

adjustment for height and PI simultaneously, there was only a weak inverse 

relationship between birthweight and diastolic blood pressure (DBP) and this 

was not statistically significant. These multiple regression models including 

birthweight and current size explained approximately 22% of the variation in 

SBP at 8-11 years and 10% of the variation in DBP. (These findings were not 

substantially altered if the analyses were repeated on all 3,066 children with a 

full set of study measures: regression coefficients, SBP b = -1.5 mmHg kg'% 

95% Cl -2.17, -0.83, P = 0.0001, and DBP b = - 0.33 mmHg kg'', 95% Cl 

-0.78,+0.12, P = 0.15).

Because the inverse relationship between birthweight and SBP was only 

apparent after adjustment for height and PI, all further analyses were adjusted 

for these two variables.
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5.4.1.2 Birthweight and blood pressure by sex

Analysis by sex revealed that the birthweight-BP relationship was concentrated 

in the girls and very weak or absent in the boys (Table 5.3). Tests for a sex 

difference in the birthweight-BP relationship were significant for both systolic 

and diastolic pressure (Table 5.3). Indeed, amongst the girls alone the 

association between birthweight and DBP tended towards statistical 

significance with an increase in birthweight of 1kg being associated with a fall 

in DBP of approximately 1 mmHg (6 = - 0.81 mmHg kg 95% Cl-1.50, -0.12, 

P = 0.02). Further adjustments for room temperature, number of siblings, and 

social class did not alter these relationships substantially, see Table 5.5.

5.4.1.3 Current body size and the birthweight-blood pressure association

There was no suggestion that the relationship between birthweight and SBP 

varied with different levels of height, either in the group as a whole, or in the 

boys and girls separately. Table 5.6 shows the regression coefficients for SBP 

on birthweight with the children divided into fifths for height at 8-11 years. 

Formal tests for interaction between height and the birthweight-BP relationship 

were all non-significant (Table 5.6). Nor was there any evidence for any 

interaction between height and birthweight for DBP (data not shown).

Table 5.6 also shows the strength of the birthweight SBP relationship in the 

children divided into fifths for childhood PI. Again, there was no evidence of 

interaction between childhood PI and the birthweight-SBP association in the 

children all together or amongst the boys. In the girls the birthweight-BP 

association appeared to be concentrated in those girls with the lowest Pis, with 

a suggestion of a trend across the fifths of childhood PI. There was very weak 

evidence of significant interaction between current PI and the birthweight-BP 

association in the girls (P = 0.05).

5.4.1.4 Maternal height and the birthweight-blood pressure relationship

Maternal height was positively correlated with both birthweight (parental 

recall) and height at age 8-11 years (correlation coefficients, r = 0.16 and 0.36, 

respectively, both P values = 0.0001). Maternal height was also positively
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correlated with birthweight and birth length in the children with birth record 

data (r = 0.18 and 0.14, respectively, both P values = 0.0001).

Mean SBPs at age 8-11 years in the children divided into fifths for birthweight 

and for maternal height, adjusted for age, sex, current height and PI, are shown 

in Table 5.7. The numbers in some cells are relatively small. In these data 

there is no evidence that, within birthweight fifths, mean SBPs were higher in 

those children bom to taller mothers. However, mean SBPs do appear to be 

higher in cells containing the children with the lightest birthweights bom to the 

tallest mothers (bottom left hand comer of Table 5.7). When DBP at age 8-11 

years was examined this way there was no evidence that mean DBPs were 

higher in lower birthweight children bom to tall mothers (data not shown).

Because the birthweight-BP relationship appeared to be stronger in girls than 

in boys, the influence of matemal height was examined separately by sex 

(Tables 5.8 and 5.9 show the results for girls only). The numbers in the 

individual cells are now very small and there is no evidence that mean SBP is 

higher in lower birthweight girls bom to taller mothers. There is a weakly 

significant decrease in DBP with increase in matemal height in the heaviest 

babies (P = 0.05), but this may be a chance finding in view of the large number 

of statistical tests conducted. Nor was any association seen amongst the boys 

(data not shown). Formal tests of interaction between matemal height and 

birthweight on the birthweight-BP association, both in the children as a whole 

and by sex, were all non-significant (data not shown).

5.4.1.5 Social class of the family and town of residence and the 

birthweight-blood pressure relationship

Information on the social class of the family was available for 2,622 singleton 

bom children. There was a significant association between the family’s social 

class and birthweight, with newboms from higher social class families having 

heavier birthweights (P for trend = 0.008 for parental questionnaire 

birthweights and P for trend = 0.01 for birth record data). Despite this, the 

association between birthweight and BP was completely unaltered by
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adjustment for the social class of the family (data not shown). Town of 

residence did not influence the birthweight-BP association (data not shown).

5.4.1.6 The influence of gestational age on the birthweight-blood pressure 

relationship

Gestational age from the parental questionnaire was available for 2,884 (94%) 

of the 3,066 study children, only a minority of the singleton bom children, 132 

(5%), were bom before 37 weeks gestation. A gestational age from the 

matemity records (see methods above) was available for 1,156 (73%) of the 

1,573 children whose birth records were retrieved; 66 (6%) of these children 

were bom before 37 weeks gestation. Data on gestational age from both 

parental questionnaires and hospital records were available for 1,091 study 

children. In this group, estimates of gestational age from both sources were in 

complete agreement in 582 (53%) of cases and differed by one week or less in 

952 (87%) of cases. Only in 65 (6%) cases did the two estimates differ by 

more than two weeks.

Gestational age itself showed a strong, significant inverse relationship with BP, 

but this was abolished by simultaneous adjustment for birthweight (data not 

shown) and the two measures were highly correlated (r == 0.49, P = 0.001 in the 

singletons using parental recall).

The birthweight-SBP pressure relationship was not evident in the singleton 

children bom before term, using the parental questionnaire estimate of 

gestation (Table 5.10). However, if all children bom pre-term were included in 

this analysis, a non-significant inverse relationship with birthweight was seen 

for both SBP and DBP (data not shown).

The effect of adjusting the birthweight-BP relationship for gestational age 

(from the parental questionnaire) is shown in Table 5.11. Simultaneous 

adjustment for gestational age appeared to weaken the relationship between 

birthweight and both SBP and DBP and the same effect was found when the
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boys and girls were examined separately (Table 5.11). The same analyses 

conducted on the birth record data produced similar findings (data not shown).

5.4.1.7 Children from multiple pregnancies

Most of the data presented so far have been on singleton pregnancies, but the 

parental questionnaire also identified a number of children bom as a result of 

multiple births and 80 of these children had a full set of study observations: 29 

(36%) identical twins, 40 (54%) non-identical twins, 4 triplets (5%) and 7 

(9%)‘others’.

Mean SBP at 8-11 years was over 1 mmHg higher in the 80 multiplets 

compared with the 2,891 singletons, but this difference was not significant 

(mean SBP = 113.51mmHg, 95% Cl 111.31, 115.71, and 112.39 mmHg, 95% 

Cl 110.62, 114.15, P for difference = 0.32, mean DBP = 65.73 mmHg, 95% Cl 

64.26, 67.20, and 65.55 mmHg, 95% Cl 65.31, 65.79, P for difference = 0.81 in 

multiplets and singletons, respectively). After simultaneous adjustment for 

current weight these non-significant differences disappeared almost entirely 

(data not shown). The regression coefficients for the birthweight-BP 

association in this small subset suggested that in these data the association 

might be much stronger in multiplets (SBP b = -7.06 mmHg kg’’, 95% Cl 

-12.49,-1.63, P = 0,01 and DBP 6 = -3.41 mmHg kg ', 95% C l-7.13,+0.31, P 

= 0.08, adjusted for age, sex, current body build, town, observer and 

venepuncture.) These results were essentially unaltered when repeated on all 

the multiple births excluding the 7 described in the questionnaires as ‘others’ 

(data not shown). Simultaneous adjustment for singleton/multiplet status did 

not alter the regression coefficient for the birthweight-BP relationship in the 

children as a whole (data not shown).

5.4.1.8 Comparison with findings at 5-7 years

A total of 1,878 singleton children -  919 girls and 959 boys -  were measured 

both at 5-7 years of age and four years later at 9-11 years. In Table 5.12 

regression coefficients for the birthweight-BP relationships in this subset are 

shown at both ages. In the children as a whole the association between
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birthweight and SBP is virtually identical at both ages. The association 

appeared to be larger and stronger in the girls at 9-11 years old than at to 5-7 

years old. Amongst the boys the birthweight-SBP association became smaller 

and weaker across the four years. Amongst all the children there was a small 

inverse association between birthweight and DBP noted at 5-7 years which was 

weakly significant; on examination by sex this association appeared to be 

concentrated in the boys and weak or absent in the girls. No other birthweight- 

DBP associations were significant. Despite these findings tests for sex 

interaction at both ages were non-significant.

All the analyses described so far in this chapter were repeated on all the 

children in the study together (including those from singleton and multiple 

births and those without this information) and on a subset which excluded just 

those known to be multiplets. None of the findings described for singleton 

bom children were substantially altered when the analyses were repeated in 

these different subsets.

5.4.2 DATA FROM BIRTH RECORDS

5.4.2.1 Birthweight

Of the 1642 children whose birth records were recovered 1,638 (99.8%) had a 

full set of study measures for the birthweight-BP analyses. In this subgroup 

the association between birthweight and BP in all the children together was 

weaker and did not achieve statistical significance for either SBP or DBP (6 = - 

0.80 mmHg kg' ,  95% Cl -1.80, +0.20, P = 0.12, and -0.03 mmHg kg' ,  95% Cl 

-0.70, +0.64, P = 0.94, for SBP and DBP respectively in the 1,602 known 

singleton bom children). This appears to be a selection effect because when 

these relationships were re-examined in these children using parentally 

recalled birthweights the regression coefficients were very similar (SBP b =

- 0.60 mmHg kg' ,  95% Cl -1.58, +0.38, P = 0.22, and DBP * = + 0.04 mmHg 

kg ', 95% Cl -0.61, +0.69, P = 0.90 in the 1,541 singletons with both parental 

recall and birth record birthweights). Moreover, if these analyses were 

confined to the 1,117 children with birth record data whose BP was measured
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at both 5-7 and 9-11 years the birthweight-SBP association tended towards 

significance (9-11 years SBP 6 = -1.21 mmHg kg '\ 95% Cl -2.37, -0.05, P = 

0.04, respectively).

Because of the marked sex difference in the birthweight-BP relationship found 

in the whole data set, data on the subset of children whose birth records were 

retrieved were analysed separately by sex. The relationships between the 

different birth measurements and BP at 8-11, adjusted for height and PI, are 

presented in Table 5.13 along with the results of formal tests for differences in 

the regression coefficients between the sexes. As in the previous analyses 

using parentally recalled data, birthweight is inversely related to BP in the girls 

rather than the boys, although in this subset a formal test for sex interaction on 

the birthweight-BP association was non-significant (P = 0.12). No association 

between birthweight and DBP was found in either sex.

S.4.2.2 Head circumference and length at birth

Amongst the girls, head circumference at birth showed a significant inverse 

relationship with SBP at 8-11 years (Table 5.13). There was no association 

between head circumference and SBP in the boys and here the test for sex 

interaction was weakly significant (P = 0.03). There was no association 

between head circumference and DBP in either sex (Table 5.13). Head 

circumference and birthweight were closely correlated (r = 0.67, P = < 0.0001, 

Table 5.15), but it was not possible to differentiate their relative importance in 

relation to subsequent BP in the girls. A one standard deviation size increase in 

either of these two measures (the standardised regression effect) resulted in a 

fall in SBP of approximately one mmHg (Table 5.14).

Although length at birth was also strongly correlated with birthweight (r = 0.60, 

P = < 0.000, Table 5.14), it was not significantly associated with SBP or DBP 

in either sex and there was no formal evidence of sex interaction (Table 5.13).
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5.4.2.3 Pondéral index at birth and birth length to head circumference 

ratio

The units of the regression coefficients for ratio measures are mmHg per one 

unit increase in ratio measure. Neither of the two ratio birth measures 

examined (PI, length: head circumference ratio) showed any consistent 

significant relationship with BP in either sex (Table 5.13). Standardised 

regression effects for all the birth measures in each sex are shown in Table 

5.14.

The relationships between three different measures of size at birth and BP for 

the children divided into two placental weights groups (above and below 1.25 

lb (569g )) are shown in Table 5.16. The three birth measures examined were 

PI, length and length: head circumference ratio. No association was detected 

between any of these birth measures and SBP or DBP in either of the placental 

weight groups. Nor was there any evidence of a difference between the two 

groups with regard to these birth size-BP associations. Because the association 

between birth size and BP was concentrated in girls in this study, these analyses 

were repeated by sex. Results for SBP in the girls are shown in Table 5.17. 

Even after analysis by sex there was no consistent evidence of any association 

between these birth measures and BP in either placental weight group in either 

sex (data on boys and for DBP not shown).

5.4.2.4 Placental weight and placental ratio

The regression coefficients for BP on placental weight and placental ratio are 

shown in Table 5.18. (The regression coefficients for placental ratio are larger 

than for the other birth measures, but it should be recalled that the mean 

placental ratio was 0.19, SD 0.04.) Amongst the girls, placental weight showed 

a significant inverse relationship with SBP; however placental weight was also 

closely correlated with birthweight (girls r = 0.58, boys r = 0.60, both P =

< 0.0001, Table 5.14) and the placental weight-BP relationship became non

significant when birthweight was included in the model (see Table 5.18). 

Placental ratio (placental weight : birthweight) did not appear to be related to 

BP in the girls. In the boys, placental weight and placental ratio tended to be
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positively related to BP; associations between placental weight and DBF and 

placental ratio and SBP were significant, despite the absence of a birthweight- 

BP relationship in the boys (Table 5.17). The relationship between placental 

weight and BP was unchanged by the addition of birthweight into the model 

(Table 5.17). Tests for interaction suggested that the placental weight-BP 

relationships were significantly different in the two sexes (Table 5.17).

5.4.3 THE RELATIVE IMPORTANCE OF CURRENT BODY SIZE 

AND BIRTHWEIGHT ON CHILDHOOD BLOOD PRESSURE

The relative strengths of the relationships between SBP and current size or 

birthweight were compared by examining their standardised regression effects. 

At 8-11 years a one standard deviation increase in birthweight, childhood 

height or childhood PI was associated with a change in SBP of 

-0.8 mmHg (95% Cl -1.2, -0.4), 3.4 mmHg (95% Cl 2.9, 3.8) and 3.4 mmHg 

(95% Cl 3.1, 3.8), respectively. Very similar results were found when this 

analysis was confined to the girls.

5.5 DISCUSSION

5.5.1 PRINCIPAL FINDINGS

In this study there was an inverse relationship between birthweight and SBP at 

8-11 years after adjustment for current PI and height, but this relationship was 

concentrated in the girls and hardly apparent in the boys. The association was 

not confounded by the socio-economic factors examined. No evidence of 

amplification of the birthweight-BP association across the four years of 

childhood from 5-7 years to 9-11 years was detected. There was no evidence 

to support interaction between height at 8-11 years and birthweight on the 

birthweight-BP association, but there was some weak evidence of interaction 

between birthweight and current PI amongst the girls (with the association 

concentrated in the girls with the lowest Pis). Matemal height was correlated 

with both birthweight and offspring height at 8-11 years but there was no 

evidence that the birthweight-BP association was influenced by matemal 

height. The association between birthweight and BP at 8-11 years old was
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independent of gestational age and appeared to be stronger in the children bom 

from multiple births than in the singleton bom children, although the number of 

multiple births examined was very small.

The studies of birth record data suggested that, among the girls only, three 

highly correlated measures -  birthweight, head circumference and placental 

weight, were inversely related to BP. Neither PI at birth nor length to head 

circumference ratio showed any relation to BP in either sex. Placental weight, 

which was strongly correlated with birthweight in both sexes, was inversely 

related to BP in girls, but tended to be positively related in the boys; placental 

ratio was also positively related to BP in boys.

5.5.2 STRENGTHS AND WEAKNESSES OF THE STUDY

The overall response rate of 75% in this survey compares well to that found in 

other studies of childhood BP, both intemationally and in the UK: a response 

rate of 70% was seen in the Muscatine studies (1970 -  1976) (Clarke, Schrott, 

et al. 1978) and in a 1992 school based study in Luxembourg (Guillaume, 

Lapidus, et al. 1996). Although response rates in the 1978 Minneapolis 

Children’s BP Study (99%) (Prineas, Gillum, et al. 1980) and the 1976/1977 

Bogalusa Heart Study (88%) (Webber, Cresanta, et al. 1983), were higher. In 

the United Kingdom in 1978, Orchard found a 64% response rate amongst 13- 

18 year-olds attending a GP surgery based BP survey which also involved 

venepuncture (Orchard, Hedley, et al. 1982), whilst a 1978 school based survey 

of 10 year-olds in Enfield, North London which did not involve venepuncture 

had a response rate of 96% (Pollock & Wines 1981). Although birth records 

were retrieved for only 44% of participants, this was not due to refusal to allow 

us access to the birth records (98% of those who completed a parental 

questionnaire gave us permission despite the fact that the request form was on 

the last page of the questionnaire). There were no significant differences 

between the mean ages, birthweights, anthropometric measurements and BPs in 

those with birth records retrieved compared to those without records retrieved.
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This population-based study included children with a wide range of 

birthweights and social circumstances. Many of the analyses rely on parental 

recall of birthweight. In agreement with previous research (Tilley, Barnes, et 

al. 1985; Eaton-Evans & Dugdale 1986; Casey, Rieckhoff, et al. 1992; Pless & 

Pless 1995), the validity of parental recall in this study was good. Previous 

studies suggest that as an outcome variable recalled birthweights are unbiased 

and not influenced by parental education and occupation (Pless & Pless 1995; 

Lumey, Stein, et al. 1994). Mothers have also been found to recall gestational 

age well (Hakim, Tielsch, et al. 1992). Although the birthweight-BP 

relationship appeared slightly weaker in the birth record subgroup when 

compared to the full group of study children, mean birthweights and physical 

measurements between the two groups were very similar, suggesting that the 

selection of children with birth record data was not biased with respect to these 

variables. Those analyses that do not rely on parental recall rely on data 

abstracted from birth records. Errors in abstracting perinatal data from medical 

records have been reported to be very low when trained personnel are used 

(Hewson & Bennett 1987). Since we relied on birth measures taken in a 

variety of hospitals, differences in measuring techniques will inevitably have 

introduced some error (Chang, Robson, et al. 1993), which should be 

predominantly random error.

In this study it was not possible to ascertain matemal weight before conception, 

although this is known to be associated with birthweight (Thompson 1983). 

Also, the study did not take birth order into account although this is known to 

influence birthweight (Thompson 1983). However, a recent study by Taittonen 

found that birth order only influenced birthweight when the birth rank was four 

or more (Taittonen, Nuutinen, et al. 1996). Although the birth rank of the 

subjects in this study was not known, only 15% of the singleton bom children 

had three or more siblings so the number whose birth rank was four or greater 

is likely to have been relatively small.

The correlation coefficients observed between the different measures of size at 

birth in this study were weaker than those observed in a detailed study of body
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proportions at birth carried out in a single specialist unit in Denmark; in 

particular the correlation between birthweight and PI was much smaller in the 

current study (Ten Towns Study v. Danish study, r = 0.67 v 0.78, 0.60 v 0.88 

and 0.28 v 0.64 for birthweight with head circumference, length at birth or PI at 

birth, respectively)(Petersen, Larsen, et al. 1992). The consistent 

overestimation of SBP by the Dinamap (Whincup, Bruce, et al. 1992), although 

influencing comparisons with other studies, should not have affected estimates 

of differences within the study population.

Several previous studies of children in this area have been too small to provide 

adequate statistical power (e.g.. Ley, Stale, et al. 1997; Berkey, Gardner, et al. 

1998; Forsen, Nissinen, et al. 1998; Bergel, Haelterman, et al. 2000). This 

study had sufficient power to detect a birthweight-BP association of 2mmHg 

kg'* at the one per cent significance level in each sex using parentally recalled 

birthweights, and in the whole subgroup with matemity record data, so lack of 

statistical power is unlikely to account for these findings. Although the 

subgroups with other birth measures by sex were small, post hoc sample size 

calculations show that for most of the other birth measures by sex the study had 

75% power to detect an equivalent difference (i.e., 2mmHg per 2 SD change in 

birth measure) at the five per cent significance level.

5.5.3 RELATION OF FINDINGS TO OTHER STUDIES

5.5.3.1 Birthweight and blood pressure

As in almost all previous studies of the birthweight-BP association in children 

(Huxley & Shiell 2000), adjustment for the effect of current size was necessary 

before the relationship between birthweight and BP became apparent. Nine 

other studies have examined the birthweight-BP relationship in children of a 

very similar age range to this study. Four of these studies involved very small 

numbers of children and failed to detect any significant birthweight-BP 

association (Godfrey, Forrester, et al. 1994; Zureik, Bonithon-Kopp, et al.

1996; Clark, Atton, et al. 1998 9 /id; Bergel, Haelterman, et al. 2000). A study 

of 616 children aged 7-8 years all bom with very low birthweight (below
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1850g) failed to show any association with birthweight after adjustment for 

current weight (adjustment for height or PI not reported) (Morley, Lister, et al.

1994). In a study of 1,446 7-11 year-olds from Washington, USA birthweight 

showed a negative, non-significant linear relation with both SBP and DBP after 

adjustment for race, sex, age and BMI (regression coefficients for SBP and 

DBP respectively = -0.04, 95% Cl -0.03, +0.03, and -0.4, 95% Cl -1.1, + 0.3). 

Simultaneous adjustment for height and ponderosity was not reported (Donker, 

Labarthe, et al. 1997). In the current study adjustment for PI alone also led to a 

small negative, but non-significant, linear regression coefficient for the 

birthweight-SBP association.

Three studies have found a significant inverse association between birthweight 

and SBP in children of a similar age. The strength of the birthweight-SBP 

association seen here was weaker than that found in a study of 1,511 English 9 - 

11 year olds, but lies well within the reported 95% confidence interval for the 

mean (Whincup, Cook, et al. 1995). The regression coefficient found in the 

present study is very similar to that found in a study of 2,958 North American 

children aged 6-9 years {b = -1.36 mmHg g '\  presume misprint and units = 

mmHg kg SE not reported, P = 0.005, b for DBP = NS) (Yiu, Buka, et al. 

1999). A study of 1,987 British 8-9 year olds also found a significant negative 

association between birthweight and SBP after adjustment for weight, height 

and sum of skinfold thicknesses (regression coefficient = -0.0041 log mm kg’’, 

SE not reported, P = 0.03; Rona, Qureshi, et al. 1996).

Williams has suggested that multiple regression may overestimate the 

association between birthweight and BP since adjustment for confounding 

assumes that none of the variables included in the model are at an intermediate 

step in the causal pathway (Williams & Poulton 1999). She used path analysis 

to demonstate that the associations between, for example, birthweight, current 

height and SBP may be more complicated than multiple linear regression 

models allow.
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The greater strength of the birthweight-BP relationship in girls at 8-11 has also 

been suggested by three previous studies of children of a very similar age 

(Barker, Osmond, et al. 1989b; Mutch & McLeod 1995; Rabbia, Veglio, et al. 

1999) and was confirmed on further study of 10 year-olds from the 1970 British 

Birth Survey (Golding, J., personal communication), nevertheless it remains 

unexplained.

5.5.3.2 Amplification of the birthweight-blood pressure association

No evidence of amplification was found across the four years reported in this 

study. One previous study has reported evidence for amplification of the 

birthweight-BP relationship during the first decade (Whincup, Cook, et al.

1995). (Of particular note, in view of the sex difference in the birthweight-BP 

association found in the current study, the amplification found in Whincup’s 

study was principally found amongst the girls.) The systematic review by 

Huxley and colleagues provides little evidence to support amplification of the 

birthweight-BP association, at least before the age of 40 years (Huxley, Shiell, 

et al. 2000).

5.5.3.3 Growth in childhood and adolescence and the birthweight-blood 

pressure relationship

In adults, two studies have found that the birthweight-BP association is 

strongest in the tallest (Leon, Koupilova, et al. 1996; Law, Martyn, et al. 1996) 

this was not seen in the present study of 8-11 year olds. Nor did the present 

study find that the association was strongest in those with the highest 

ponderosity, unlike three studies in adults (Moore, Cockington, et al. 1999; 

Uiterwaal, Anthony, et al. 1997; Frankel, Elwood, et al. 1996).

5.5.3.4 Maternal height

Only one other study has examined the influence of matemal height on the 

birthweight-BP association in childhood -  and this study of three year-olds 

also failed to detect any influence (Whincup, Bredow, et al. 1999).
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5.5.3.5 Gestational age

Birthweight reflects both fetal growth and the duration of gestation, but few 

studies that have examined the birthweight and BP have commented on the 

influence of gestational age. As in this study, others have found that 

adjustment for gestational age appears to weaken the birthweight-BP 

association (Simpson, Mortimer, et al. 1981; Whincup, Cook, et al. 1992a; 

Whincup, Cook, et al. 1994; Whincup, Cook, et al. 1995; Leon, Koupilova, et 

al. 1996; Uiterwaal, Anthony, et al. 1997) including a study of 165,136 

Swedish conscripts aged 18 years (Leon, Johansson, et al. 2000). However, in 

one study of 337 adults from Jessop, Sheffield the association was stronger in 

the term group than in the pre-term group (Martyn, Barker, et al. 1995).

5.5.3.6 Multiple births

A recent study by Dwyer of 888 children, including 104 multiplets, found that 

SBP was around 2mmHg higher at age 8 in the multiplets than in the singletons 

(P<0.01; Dwyer, Blizzard, et al. 1999). SBP was also higher in the multiplets 

in our study, but the difference was not significant and was associated with 

differences in body size at 8-11 years. Williams also found no significant 

difference in BP at age 9 between twins and singletons, but this was a very 

small study involving only 22 twins (Williams & Poulton 1999). It is possible 

that both the Williams study and the study reported in this chapter lacked 

sufficient statistical power to reveal a difference.

In the Tasmanian study mentioned above, as in the Ten Towns Study, the 

birthweight-SBP association was stronger in multiplets than in the singletons; 

the regression coefficients for the association were almost identical in the two 

studies (Dwyer, Blizzard, et al. 1999).

(Two studies have examined within pair differences in twins for adult BP 

(Poulter, Chang, et al. 1999) and for acute myocardial infarction (Hubinette, 

Cnattingius, et al. 2001), but this is very different from examining differences 

between multiplets and singletons (Leon 1999b)).
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5.5.3.7 Other unidimensional measurements of size at birth and blood 

pressure

Several previous studies have looked at measures of neonatal size other than 

birthweight and BP in adults or children (see Chapter 2). As in this study, most 

have found head circumference to be inversely related to BP (Law, Barker, et 

al. 1991; Martyn, Barker, et al. 1995; Moore, Miller, et al. 1996; Woelk, 

Emanuel, et al. 1998; Whincup, Bredow, et al. 1999; Roseboom, van der 

Meulen, et al. 1999). However, three studies have failed to detect an 

association , (Kumaran, Fall, et al. 2000; Thame, Osmond, et al. 2000; Bergel, 

Haelterman, et al. 2000), and one study in a pathological group found a positive 

association (Morley, Lister, et al. 1994).

A study of 165,136 Swedish men found a very small but significant inverse 

association between birth length and SBP (Leon, Johansson, et al. 2000), as 

have a small number of other studies (Martyn, Barker, et al. 1995; Roseboom, 

van der Meulen, et al. 1999; Moore, Cockington, et al. 1999; Simpson, 

Mortimer, et al. 1981; Whincup, Bredow, et al. 1999). Most other studies have 

either not found an association between birth length and BP (Morley, Lister, et 

al. 1994; Hashimoto, Kawasaki, et al. 1996; Leon, Koupilova, et al. 1996; 

Clausen, Borch-Johnsen, et al. 1997; Woelk, Emanuel, et al. 1998; Forsen, 

Nissinen, et al. 1998; Thame, Osmond, et al. 2000), or have found a positive 

association (Kumaran, Fall, et al. 2000; Law, Barker, et al. 1991). As in this 

study, two other studies have noted that these three unidimensional birth 

measures are highly intercorrelated and that simultaneous adjustment for 

birthweight abolishes the relationship between head circumference and BP 

(Whincup, Bredow, et al. 1999) or between length at birth and BP (Leon 

1999a).

5.5.3.8 Ratio measures of size at birth and blood pressure

Most studies have failed to find any association between PI and BP (Morley, 

Lister, et al. 1994; Martyn, Barker, et al. 1995; Leon, Koupilova, et al. 1996; 

Forsen, Nissinen, et al. 1998; Bergel, Haelterman, et al. 2000; Thame, Osmond,
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et al. 2000; Roseboom, van der Meulen, et al. 1999) but some studies have 

reported an inverse association (Law, Barker, et al. 1991; Bergel, Haelterman, 

et al. 2000; Whincup, Bredow, et al. 1999). Leon has reported a weak inverse 

association between ponederal index and SBP in Swedish adults which was 

abolished by simultaneous adjustment for birthweight (Leon 1999a).

There is no consistent association between head circumference to length ratio 

and BP in the few other studies that have examined this measure (Bergel, 

Haelterman, et al. 2000; Thame, Osmond, et al. 2000; Whincup, Bredow, et al. 

1999; Morley, Lister, et al. 1994; Kumaran, Fall, et al. 2000). No other studies 

have reported on the association between later BP and head circumference to 

length ratio or PI in placental weight groups above and below 59Ig, which was 

originally described in adults from Preston, Lancashire (Barker, Godfrey, et al.

1992).

5.S.3.9 Placental size and blood pressure

Only one (Moore, Miller, et al. 1996) of ten subsequent studies (Law, Barker, 

et al. 1991; Whincup, Cook, et al. 1995; Martyn, Barker, et al. 1995; Forrester, 

Wilks, et al. 1996; Campbell, Hall, et al. 1996; Leon, Koupilova, et al. 1996; 

Forsen, Nissinen, et al. 1998; Whincup, Bredow, et al. 1999; Thame, Osmond, 

et al. 2000) has confirmed the original finding of the highest subsequent BPs 

arising in light babies with big placentae (Barker, Bull, et al. 1990). The 

findings on placental weight and placental ratio in the study described here are 

in agreement with Barker’s study on placental weight (Barker, Bull, et al.

1990), but only amongst the boys in whom no birthweight-BP effect was 

observed.

5.6 CONCLUSIONS AND IMPLICATIONS

The data presented here confirm the now well established existence of an 

inverse relationship between birthweight and BP in the first decade of life in 

contemporary children after adjustment for current body size. This association 

was not explained by social class. In a recent discussion paper, Lucas and 

colleagues challenged this adjustment for current size and its interpretation
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(Lucas, Fewtrell, et al. 1999). They argue that raised BP might be associated 

with change in body size, and that models including both early and later body 

size explanatory variables (i.e., birthweight and some measure of current body 

size) are in fact looking at change in size. The suggestion that postnatal growth 

itself could influence BP in its own right has been proposed by Ounsted 

(Ounsted, Cockbum, et al. 1985). In order to explore this possibility, Lucas 

and colleagues recommend looking for interaction between the two measures of 

size (Lucas, Fewtrell, et al. 1999). In this study there was no evidence of 

interaction between height at 8-11 years and birthweight on the birthweight- 

BP association. Although there was some weak evidence of interaction 

between PI and birthweight in the girls, it was in the opposite direction to that 

expected if postnatal catch-up growth was the true explanatory variable. Thus 

the present study suggests that the origins of the birthweight-BP association do 

indeed arise in fetal life.

These data do not support the suggestion that it is failure to reach growth 

potential in utero, rather than birthweight per se, which is associated with 

raised BP. There was no evidence that the association was strongest in the 

tallest children and although matemal height was correlated with birthweight 

and with height at 8-11 years, there was no evidence that children with lower 

birthweights bom to taller mothers had higher BP.

The present study does raise several important questions about the ‘fetal 

origins’ hypothesis. Firstly, at 8-11 years the relationship is almost entirely 

restricted to the girls. This finding does not support the suggestion that the 

peturbation of BP tracking during puberty is responsible for the absence or 

attenuation of the birthweight-BP association during adolescence, since girls 

enter puberty before boys (Tanner & Kelnar 1992). Secondly, these data do not 

support the possibility of amplification during the second half of the first 

decade of life. Thirdly, in the children from the Ten Towns study adjustment 

for gestational age appeared to slightly weaken the birthweight-BP association, 

suggesting gestational age had an independent confounding effect (gestational 

age at delivery appeared to be positively associated with later BP -  an effect
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abolished by simultaneous adjustment for birthweight). If the birthweight-BP 

association is a reflection of intrauterine growth retardation (lUGR) this finding 

is puzzling; in perinatal epidemiology birthweight for gestational age is the 

recognized measure of lUGR (Fay, Dey, et al. 1991). One potential 

explanation might be that children at risk of future hypertension are being 

delivered early, before they have had time to develop lUGR.

The finding that the birthweight-BP association may be stronger in multiplets 

than singletons is also intriguing, although this study did not demonstrate 

significantly higher BPs in the multiplets overall. Leon has recently suggested 

that placentation, rather than matemal nutrition, may underlie the birthweight- 

BP association and ultimately the explanation may lie here (Leon 1999b). It is 

likely that length at birth and head circumference were less accurately 

measured than birthweight in our study, so we should be cautious when 

comparing the relative importance of these different measures (Leon 1999a). 

The finding that other more complex measures of fetal growth such as PI at 

birth or head circumference to length ratio, are not related does not support the 

‘programming’ of BP at critical periods in the second and third trimesters as 

has been previously suggested (Barker 1998a). In the presence of an inverse 

association between birth weight and blood pressure, the absence of an 

association between these more complicated measures of size at birth and 

childhood blood pressure supports the proposition that these measures of size at 

birth may not actually reflect impaired fetal growth at distinct stages. Harding 

has recently reviewed the evidence that nutritional insults to the fetus at 

different stages of gestation lead to discernable patterns in neonatal body 

proportions (Harding 2001). She concludes that, whilst there is good evidence 

that altered fetal nutrition may influence fetal growth and later disease risk, 

“many common assumptions about the relationship between body proportions 

and prenatal physiological events lack a sound experimental basis”.

There is no evidence from this study to suggest that placental weight or 

placental ratio are consistently associated with childhood BP at 8-11 years. In
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particular, there is no evidence to support a placental weight cut off of 1.251b 

for different birth size-BP effects.

Finally, the birthweight-BP relationship at 8-11 years is much smaller than the 

effect of current size on BP, suggesting that childhood obesity (currently 

increasing in prevalence (Chinn & Rona 2001; Reilly & Dorosty 1999b), is a 

more important determinant of BP in children. It is possible that the 

relationship between birthweight and BP will be amplified with increasing age 

and will be increasingly concentrated among subjects with the greatest current 

body mass (Leon, Koupilova, et al. 1996). However, our finding that the 

birthweight-BP relationship was significantly stronger amongst girls with 

lower pondéral indices does not favour this suggestion.

The implications of this study for the ‘fetal origins’ hypothesis and the public 

health implications of these findings are discussed further in Chapter 8.
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Table 5.1: Mean measurements on children in the full data set and
in the subset with birth record data.

A 11 #1 ̂  Am* Subset with birth record/^li CUll
N = 3

U1 cu 
,066 dal arecovered

Variables Mean (s.d) N Mean (s.d)

SBP (mmHg) 112.44 11.30 1,602 112.47 11.28

DBF (mmHg) 65.59 7.03 1,602 65.63 6.97

Age (yrs) 10.46 0.65 1,602 10.45 0.64

Height (cm) 141.2 7.3 1,602 141.0 7.3

Weight (kg) 35.95 8.07 1,602 36.01 7.98

P I 12.67 1.93 1,602 12.73 1.93

Birthweight (kg) 
(Questionnaire) 333 0.55 1,602 3.34 0.55

Birthweight (kg) 
(Birth records) - - 1,577 3.34 0.55

Head circ.(cm) - - 1,488 34.7 1.5

Length (cm) - - 1,472 52.2 3.2

fPlacental wt (g) - - 1,401 634.3 151.8

tî Placental ratio - - 1,384 0.19 0.04

PI at birth - - 1,457 23.86 3.54

Head circilength 
ratio at birth - - 1,470 0.67 0.04

* All children = those with a full set of physical study measures and a parentally 
recalled birthweight.
t  incomplete placentas, ( N = 59), excluded.
X placental weight, kg/birth weight, kg).
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Table 5.2: Mean blood pressures, current physical measures and measures

GIRLS BOYS

Variables N Mean (Std D) N Mean (Std D)
F value for 

sex 
diference

SDP mmHg 1,472 113.2 11.5 1,594 111.8 11.1 <0.01

DBF mmHg 1,472 65.5 6.7 1,594 65.7 7.3 >0.2

Age yrs 1,472 10.46 0.65 1,594 10.47 0.65 >0.2

Height cm 1,472 141.0 7.5 1,594 141.4 7.2 >0.2

Weight kg 1,472 36.39 8.50 1,594 35.54 7.63 <0.01

Fonderai Index (FI) 1,472 12.87 2.02 1,594 12.49 1.82 <0.001

Birthweight kg 

(questionnaire)
1,472 3.26 0.52 1,594 3.40 0.56 <0.001

Birthweight kg 

(birth records)
739 3.25 0.52 838 3.43 0.52 <0.001

Head

Circumference cm
702 34.3 1.4 786 35.1 1.4 <0.001

Length at birth cm 689 51.8 3.0 783 52.5 3.3 <0.001

Flacental weight g 657 616.9 137.9 744 649.7 161. 6 <0.001

Flacental ratio* 647 0.19 0.04 737 0.19 0.04 >0.2

FI at birth 678 23.88 3.84 779 23.92 3.61 >0.2

Head circ: length 

ratio
689 0.67 0.04 781 0.67 0.04 >0.2

(placental weight in kg/birthweight in kg)
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Table 5.3. Relationships between birthweight and blood pressure at 8-11 years in the singleton born children all
together and by sex, summarisec as regression coefficients (b).

Adjustment*

SBP

6 (SE)
mmHg kg^ P Value

P value for sex 
difference

DBP

6(SE)
mmHg kg^ P Value

P value for sex 
difference

Age and sex only 0.44 (0.39) 0.25 - 0.33 (0.24) 0.18 -

Age, sex & height -0.73 (0.38) 0.06 - -0.05 (0.25) 0.83 -
All cnilurcn . „ 
(N = 2,891) -0.32 (0.37) 0.38 - +0.09 (0.24) 0.72 -

Age, sex, height & 
PI -1.44(0.36) 0.0001 - -0.28 (0.24) 0.26 -

Age, sex, height & 
Girls PI 
(N = 1,384)

Age, sex, height &
(N=l,507)

-2.69 (0.56) 0.0001 

-0.52 (0.48) 0.28

0.003

-0.81 (0.35) 0.02 

+0.14(0.34) 0.68

0.04

*A11 regression coefficients also adjusted for observer, town and anticipation of venepuncture.
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Table 5.4: Correlation coefficients for study measures and 
birthweight from parental recall.

SBP

DBP 0J8*

Height at 8-11 yrs 0.30* 0.16*

PI at 8-11 yrs 0.32* 0.16* 0.005

Birthweight 0.01 0.03 0.18* 0 . 10*

SBP DBF Height PI at 8
at 8-11 11 yrs

______________yrs_____________
On 2,891 singletons,* P value = 0.0001
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Table 5.5 Effect of adjusting for room temperature, social class and 
number of siblings on the birthweight blood pressure relationship in

Adjustment^ *b
SBP

(SE) P *b
DBP
(SE) P

ALL
CHILDREN

+ room temp.
N = 2,891

-1.48 (0.36) 0.0001 -0.30 (0.25) 0.21

+ social class 
N = 2,622

-1.18 (0.38) 0.002 -0.01 (0.26) 0.97

+ no. of sibs.
N = 2,727

-1.27 (0.37) 0.0006 -0.09 (0.25) 0.72

GIRLS ONLY + room temp.
N = 1,348

-2.76 (0.56) 0.0001 -0.86 (0.35) 0.02

+ social class 
N = 1,245

-2.48 (0.60) 0.0001 -0.48 (0.38) 0.20

+ no. of sibs.
N = 1,306

-2.54 (0.58) 0.0001 -0.63 (0.36) 0.08

BOYS ONLY + room temp.
N = 1,507

-0.54 (0.48) 0.26 +0.12 (0.33) 0.71

+ social class
N = 1,377

-0.23 (0.50) 0.65 +0.38 (0.35) 0.29

+ no. of sibs.
N = 1,421

-0.34 (0.49) 0.49 +0.33 (0.34) 0.33

* Units of6  = mmHg kg'
 ̂all multiple regression models also adjusted for age, sex, current height and PI, observer, town 

and the state of anticipating venepuncture.
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Table 5.6 Birthweight systolic blood pressure relationships examined by
fifths of height and PI in the 2,891 singleton born c lildren.

ALL
CHILDREN Fifth

HEIGl
N

HT
Mean Ht (SD)

SBP
b (SE) P

N = 2891 1
2
3
4
5

Test f(

579
584
586
581
581

)r height-bir

131.1 (3.1)
137.1 (1.2)
141.1 (1.1)
145.2 (1.4) 
151.6 (3.6)

thweight interaction

-1.18 (0.77) 0.13 
-0.99 (0.76) 0.19 
-1.66 (0.80) 0.04 
-0.76 (0.95) 0.42 
-1.78 (0.87) 0.04

P = 0.49
GIRLS 
ONLY 
N = 1384

1
2
3
4
5

Test f(

306
269
272
263
274

)r height-bir

131.1 (3.0)
137.1 (1.2) 
141.0 (1.1)
145.2 (1.4) 
151.7 (3.9)

thweight interaction

-1.94 (1.18) 0. 1 
-2.91 (1.12) 0.01 
-3.19 (1.28) 0.01 
-1.24 (1.48) 0.41 
-2.45 (1.44) 0.09

P = 0.67
BOYS 
ONLY 
N = 1507

1
2
3
4
5

Test f(

273
315
294
318
307

»r height-bir

131.1 (3.1)
137.1 (1.2)
141.1 (1.1)
145.2 (1.4) 
151.5 (3.4)

thweight interaction

-0.53 (1.04) 0.61 
+0.19 (1.05) 0.85 
-0.25 (1.02) 0.81 
-0.23 (1.30) 0.86 
-0.93 (1.11) 0.40

P -0 .5 8
ALL
CHILDREN 
N = 2891

Fifth
1
2
3
4
5

Test for po

PONDERAI
N

577 
579 
579
578 
578

nderal indej

. INDEX 
Mean PI (SD)
10.60 (0.51) 
11.54 (0.21) 
12.30 (0.22) 
13.24 (0.35) 
15.74 (1.62)

[-birthweight interac

SBP
b (SE) P 

-2.17 (0.83) 0.009 
-1.02 (0.83) 0.22 
-1.49 (0.72) 0.04 
-0.86 (0.86) 0.32 
-1.01 (0.94) 0.29

tion P = 0.25
GIRLS 
ONLY 
N = 1384

1
2
3
4
5

Test for po

252
252
254
297
329

nderal index

10.59 (0.50) 
11.53 (0.21) 
12.29 (0.23) 
13.24 (0.35) 
15.76 (1.60)

-birthweight interac

-4.66 (1.41 0.001 
-4.05 (1.36) 0.003 
-1.70 (1.21) 0.16 
-2.67 (1.24) 0.03 
-0.31 (1.30) 0.81

tion P = 0.05
BOYS 
ONLY 
N = 1507

1
2
3
4
5

Test for po

325
327
325
281
249

nderal index

10.61 (0.52) 
11.55 (0.21) 
12.30 (0.22) 
13.23 (0.35) 
15.72 (1.65)

-birthweight interac

-0.94 (1.07) 0.38 
+0.82 (1.06) 0.44 
-1.24 (0.89) 0.17 
+0.96 (1.23) 0.43 
-1.84 (1.42) 0.19

tion P = 0.09
* all models also adjusted for age, sex, current height and PI, observer, town an anticipating 
venepuncture.
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Table 5.7: Cross tabulation showing adjusted* mean SBP mmHg (std err) at 8-11 years by

Maternal Fifth of Birthweight, Mean (SD)
heights^
in fifths, cm 1 2 3 4 5
Mean (SD) 2.61 (0.36) 3.12 (0.08) 3.37 (0.07) 3.62 (0.08) 4.06 (0.27)
Group 1 114.06 (0.75) 113.74 (0.81) 112.10(0.87) 110.88 (0.90) 111.51 (1.01)
155.24 (3.9) N =  188 N =  158 N =125 N =  125 N =  100
Group 2 112.30(1.11) 112.71 (1.24) 110.57(1.24) 113.33 (1.26) 112.43 (1.34)
160.0 (0.1) N = 82 N = 65 N = 62 N = 62 N = 56
Group 3 113.61 (1.12) 113.91 (1.00) 112.50 (0.93) 112.76 (0.97) 111.83 (1.10)
162.6 (0.03) N = 80 N = 100 N=108 N=108 N = 83
Group 4 113.10(0.97) 113.55 (0.96) 112.68 (0.90) 112.09 (0.87) 111.55 (0.80)
166.5 (1.3) N =107 N = 110 N=132 N =132 N = 158
Group 5 114.62 (1.32) 114.03(1.11) 111.80 (0.96) 112.75 (0.97) 111.26 (0.87)
172.8 (3.1) N = 58 N = 83 N=110 N =108 N =  139

Tests for 
trend P = 0.81 P = 0.72 P -  0.90 P = 0.17 P = 0.68

* Adjusted for age, sex, current height and pondéral index, observer, town and the state of anticipating venepuncture, 
t  Only biological mothers included in these analyses.
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Table 5.8: Cross tabulation showing adjusted* mean SBP mmHg (std err) at 8-11 years by birth
weight (parental recall) divided into fifths and maternal^ heights divided into fifths

Maternal Fifth of Birthweight, Mean (SD)
heights^
in fifths, cm 1 2 3 4 5
Mean (SD) 2.64 (0.33) 3.11 (0.08) 3.37 (0.07) 3.62 (0.08) 4.06 (0.26)
Group 1 115.02 (1.01) 115.49(1.04) 111.15(1.37) 112.06(1.35) 111.49(1.80)
155.5 (3.5) N=107 N = 99 N = 56 N = 58 N = 33
Group 2 112.49(1.49) 111.80(1.90) 109.97(1.91) 113.40(1.93) 111.32 (2.09)
160. 0 (0.00) N = 48 N = 29 N = 29 N = 28 N = 24
Group 3 114.08 (1.47) 114.00(1.54) 111.81 (1.28) 113.59(1.43) 111.63 (2.01)
162.6 (0.03) N = 49 N = 44 N = 64 N = 52 N = 26
Group 4 114.26(1.27) 115.67(1.30) 112.55 (1.24) 111.91 (1.27) 110.93 (1.38)
166.5 (1.3) N = 65 N = 62 N = 68 N = 65 N = 56
Group 5 113.40(1.73) 116.73 (1.76) 111.84(1.33) 114.12(1.48) 111.11 (1.57)
172.6 (3.3) N = 35 N = 34 N = 60 N = 49 N = 44

Tests for 
trend P = 0.87 P = 0.69 P = 0.59 P = 0.42 P = 0.81

* Adjusted for age, sex, current height and pondéral index, observer, town and the state of anticipating venepuncture, 
t  Only biological mothers included in these analyses.
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Table 5.9: Cross tabulation showing adjusted* mean DBP mmHg (std err) at 8-11 years by birth
weight (parental recall) divided into fifths and maternal^ heights divided into fifths

Maternal Fifth of Birthweight, Mean (SD)
heights^
in fifths, cm 1 2 3 4 5
Mean (SD) 2.64 (0.33) 3.11 (0.08) 3.37 (0.07) 3.62 (0.08) 4.06 (0.26)
Group 1 65.35 (0.62) 65.51 (0.64) 65.46 (0.85) 66.50 (0.83) 66.31 (1.11)
155.5 (3.5) N =  107 N = 99 N = 56 N = 58 N = 33
Group 2 65.22 (0.92) 65.99(1.17) 64.00(1.18) 66.28 (1.19) 65.72 (1.28)
160. 0 (0.00) N = 48 N = 29 N = 29 N = 28 N = 24
Group 3 65.73 (0.90) 66.25 (0.95) 64.77 (0.79) 63.70 (0.88) 66.43 (1.24)
162.6 (0.03) N = 49 N = 44 N = 64 N = 52 N = 26
Group 4 66.83 (0.78) 67.11(0.80) 64.53 (0.77) 65.19(0.78) 63.80 (0.85)
166.5 (1.3) N = 65 N = 62 N = 68 N = 65 N = 56
Group 5 65.89(1.07) 65.83 (1.09) 65.45 (0.82) 66.36 (0.91) 63.11 (0.97)
172.6 (3.3) N = 35 N = 34 N = 60 N = 49 N - 4 4

Tests for P = 0.09 P = 0.59 P = 0.68 P = 0.86 P = 0.05trend
* Adjusted for age, sex, current height and pondéral index, observer, town and the state of anticipating venepuncture, 
t  Only biological mothers included in these analyses.



Table 5.10. Relationships between birthweight and blood pressure at 8-11 years in the singleton

Systolic blood pre;

a (SE)
(mmHg/kg) P Value

ssure

P value for 
difference

Diastolic blood pi

b(SE) 
mmHg/kg P Value

essure

P value for 
difference

Children 
born at 
term 
(^7/40)
(N = 2,604)

Children 
born pre
term
(07/40)
(N = 126)

-1.36(0.43) 0.002 

-0.80(1.67) 0.63

P = 0.98

-0.35 (0.29) 0.29 

-1.72(0.98) 0.08

P = 0.98

All regression coefficients adjusted for age, sex, current height & PI, observer, town, anc anticipation of
venepuncture.

Gestation based on parental questionnaire information.
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Table 5.11: The influence of the addition of gestational age on the relationship between birthweight
and blood pressure in the singleton born chile ren all together and by sex.

Parental
Questionnaire Adjustment 
data

Systolic blood pressure

(SE) P 
Value

Diastolic blood pressure

(SE) P 
Value

Parental Age, sex, height & PI
Questionnaire
data
N = 2,730 Age, sex, height, PI & 

gestation

-1.37 (0.38) 0.0003 

-1.09 (0.44) 0.01

-0.37 (0.25) 0.14 

-0.25 (0.29) 0.39

GIRLS ONLY Age, sex, height & PI 
N =  1,303

Age, sex, height, PI & 
gestation

-2.37 (0.58) 0.0001 

-2.28 (0.65) 0.0005

-0.81 (0.37) 0.03 

-0.59 (0.41) 0.15

BOYS ONLY Age, sex, height & PI 
N =  1,427

Age, sex, height, PI & 
gestation

-0.22 (0.50) 0.22 

-0.14 (0.60) 0.81

+0.004 (0.35) 0.99 

+0.02 (0.41) 0.97

Units of 6 = mmHg kg'
All regression coefficients also adjusted for observer, town and anticipation of venepuncture. 

Gestational age based on parental questionnaire information.
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Table 5.12: Relations between birthweight and SBP at 5-7 and 9-11 
years in the whole group and by sex summarised as regression

Age when 
surveyed b

SBP
(SE) P value b

DBP

(SE) P
value

ALL
CHILDREN 5-7 yrs -1.78 (0.45) 0.0001 -0.75 (0.33) 0.02
N = 1,878 9-11 yrs -1.70 (0.45) 0.0001 -0.32 (0.30) 0.29

GIRLS
N = 919 5-7 yrs -1.57 (0.67) 0. 02 -0.41 (0.47) 038

9-11 yrs -2.45 (0.67) 0.0003 -0.60 (0.42) 0.16
BOYS 
N = 959 5-7 yrs -2.06 (0.60) 0.0006 -1.07 (0.47) 0.02

9-11 yrs -1.13 (0.60) 0.06 -0.11 (0.43) 0.79

Tests for sex 
difference

5-7 yrs 

9-11 yrs

P = 0.64 

P = 0.11

P= 0.55 

P = 0.30
Units of regression coefficients are mmHg kg’
All multiple regression models adjusted for age, sex, observer, town, current 
height and current pondéral index.
* birthweight from parental questionnaire at 9-11 yrs.
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Table 5.13: Relationships between birth measurements (from birth records) and blood pressure at 8-11 years in

Birth
Measure

N

Girls Boys Girls

SBP

Boys P for sex Girls

DBP

Boys P for sex

6 (SE) P 6 (SE) P difference a (SE) P 6 (SE) P difference

Birthweight
(kg)

749 853 -1.91 (0.81) 0.02 -0.05 (0.66) 0.94 0.12 -0.46 (0.49) 0.34 +0.26 (0.48) 0.59 0.18

Head
circumference
(cm)

716 801 -0.79 (0.28) 0.006 -0.06 (0.24) 0.82 0.03 -0.14(0.17) 0.40 +0.17(0.17) 0.34 0.19

Length at
birth
(cm)

703 797 -0.02 (0.01) 0.16 +0.01 (0.01) 0.48 0.13 -0.01 (0.01) 0.48 +0.001 (0.01) 0.89 0.18

Pondéral 
index at birth 
(kg m^)

694 793 -0.14(0.12) 0.26 -0.04 (0.10) 0.69 0.56 +0.05 (0.07) 0.53 +0.06 (0.07) 0.39 0.79

Ratio of
length to head 
circumference 
(cm; cm)

703 796 -9.56
(11.29) 0.40 -5.38 (9.28) 0.56 0.91 +4.71 (6.91) 0.50 3.33 (6.74) 0.62 0.67

*Units of regression coefficients, b, are mmHg/unit of measurement.
All regression models adjusted for observer, town, age, sex, current height and current pondéral index.



Table 5.14: Relationships between birth measurements (from birth records) and blood pressure at 8-11 years in

Birth Measure* SBP,
Girls

mmHg
Boys

DBP, mmHg
Girls Boys

SRE (95% Cl) SRE (95% Cl) SRE (95% Cl) SRE (95% Cl)

Birthweight
(kg)
Head

-1.00 (-1.84,-1.16) -0.03 (-1.35,41.29) -0.24 (-0.75,40.27) 40.14 (-0.36,40.64)

circumference
(cm)

-1.11 (-1.89,-0.33) -0.08 (-0.75,40.57) -0.20 (-0.68,40.28) 0.24 (-0.24,40.72)

Length at birth 
(cm)
Pondéral index

-0.06 (-0.12,0) +033 (-0.33,40.99) -0.03 (-0.09,40.03) 40.003 (-0.06,40.06)

at birth 
(kg m^)
Ratio of length

-0.54 (-1.46,4-1.38) -0.14 (-0.86,40.58) 40.19 (-0.35,40.73) 40.22 (-0.29,40.73)

to head 
circumference 
(cm: cm)

-038 (-1.28,0.52) -0.22 (-0.96,40.52) 40.19 (-0.36,40.74) 40.13 (-0.41,40.67)

* SRE = change in blood pressure in mmHg with 1 SD change in birth measure.

C\K)



Table 5.15: Correlation coefficients for measures of size at
birth from the birth records of all children in the study, (N).

Head

circumference
0.67

(1,568)

Length at birth 0.60
(1,551)

0.45
(1,546)

PI at birth 0.28
(1,551)

0.14
(1,549)

-0.58
(1,551)

Placental Weight 0.59
(1,527)

&36
(1,447)

0.30
(1,433)

0.14
(1,420)

Birthweig
ht

Head
circum
ference

Length at 
birth PI at birth

All P values = 0.0001
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Table 5.16: Relationships between pondéral index at birth, length at birth and length: head
circumference (at birth) ratios and blood pressure at 8-11 years summarized as linear regression
coefficients, b, in singleton chile ren by placental weight groups.

Children
with

placental
weights...

N SBP, mmHg 

b (SE) P value

DBP, mmHg 

b (SE) P value

PONDERAL <1.25 lb
INDEX, > 1.25 lb 
kgm
Tests for Difference

547

886

0.12(0.12) 0.34 

-0.001(0.10) 0.99 

P = 0.15

0.06 (0.08) 0.49 

0.13 (0.07) 0.05 

P = 0.18

LENGTH, cm <1.25 lb 
> 1.25 lb 

Tests for Difference

552
894

+0.01 (0.14) 0.93 
-0.05(0.12) 0.67 

P = 0.22

-0.02(0.10) 0.82 
-0.10(0.08) 0.23 

P = 0.52

LENGTH:
HEAD CIRC., <1.25 lb 
cm:cm

> 1.25 lb 

Tests for Difference

552

893

-9.17(11.36) 0.42

-3.64 (9.59) 0.70 

P = 0.40

+1.85 (7.69) 0.81

\IaI] 009
P = 0.43
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Table 5.17: Relationships between pondéral index at birth, length at
birth and length: head circumference (at birth) ratios and SBP at 8-11

Children
with

placental
weights...

N SBP, mmHg 

b (SE) P value

PONDERAL 
INDEX, 
kg m ^

<1.25 lb 

> 1.25 lb

309

393

+0.09 (0.20) 

-0.25 (0.16)

0.67

0.11

LENGTH, cm <1.25 lb 279 -0.34 (0.26) 0.18
> 1.25 lb 399 -0.05 (0.20) 0.80

LENGTH:
HEAD CIRC., <1.25 lb 279 +2.25 (18.8) 0.91
cm:cm

> 1.25 lb 399 -18.5 (14.7) 0.21
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Table 5.18 Relationships between placental weight (with and without concurrent adjustment for birthweight), placental ratio

N

Girls

SBP, mmHg 
b (SE) P

DBP, mmHg 
b (SE) P

N

Boys

SBP, mmHg 
b (SE) P

DBP, mmHg 
b (SE) P

P values 
differ 

Systolic

for sex 
ences 

Diastolic

Placental weight, 
kg

672 -8.42 (3.17) 0.008 -1.91 (0.53) 0.53 763 + 5.30(2.49) 0.04 +3.36(1.79) 0.06 0.001 0.04

Placental weight,
kg
+ adjusted for 663 -6.19(3.88) 0.11 -0.09 (2.30) 0.97 756 +7.50(3.08) 0.01 +4.48 (2.220 0.04

birthweight

Placental ratio,
( plac. wt : birth 
wt), kg:kg

663 -9.97 (12.57) 0.43 +3.00 (7.40) 0.69 756 +23.3 (10.40) 0.03 +14.2 (7.50) 0.06 0.03 0.22

Data from birth records, children with placentae recorded as incomplete excluded.
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Figure 5.1: Mean blood pressures, with and without adjustment for 
current body size, by birth weight fifth
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CHAPTER 6: MATERNAL ANTENATAL FACTORS AND 

CHILDHOOD BLOOD PRESSURE: MATERNAL SMOKING 

AND MATERNAL BLOOD PRESSURE DURING PREGNANCY

6.0 SUMMARY POINTS

• Maternal smoking during pregnancy caused a significant reduction in 

birthweight of 180g and there was a clear dose-response association -  a 

greater number of cigarettes being smoked per day being associated with a 

greater reduction in birthweight.

• There was no evidence that smoking during pregnancy had any clinically 

important influence on blood pressure (BP) at 8-11 years, either 

independently, or through its influence on birthweight.

• There was no evidence of a ‘watershed’ at 33 weeks gestation for the 

influence of maternal smoking during pregnancy on offspring BP.

• There was no evidence of interaction by maternal smoking during 

pregnancy on the birthweight-BP association.

• Maternal BP throughout pregnancy was positively correlated with offspring 

BP at 8-11 years.

• Maternal BP throughout pregnancy did not influence birthweight.

• The well recognised inverse association between birthweight and BP is not

confounded by any association between maternal antenatal BP and 

birthweight.

6.1 INTRODUCTION

This chapter explores two maternal antenatal characteristics that have been 

implicated in the ‘fetal origins’ hypothesis and the development of future 

cardiovascular disease (CVD) in the offspring: maternal smoking and maternal 

BP. In a BMJ editorial, Paneth and Susser suggested that maternal smoking 

during pregnancy might be an additional factor in the birthweight-BP story 

(Paneth & Susser 1995). It is possible that the birthweight-BP association is 

confounded by maternal smoking. Smoking is a well-recognised fetal 

intrauterine growth retardant and may also reduce placental weight by a lesser 

extent so that the ratio of placental weight to birthweight is increased (Godfrey,
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Redman, et al. 1991). Smoking could also have a direct noxious effect on 

future cardiovascular risk, perhaps through programming. Two studies have 

found associations between maternal smoking during pregnancy and the 

birthweight-BP association. An Australian study has demonstrated interaction 

between maternal smoking during pregnancy status and the association between 

birthweight and childhood BP (Blake, Gurrin, et al. 2000a). Another study has 

suggested that there is a ‘watershed’ at 33 weeks of gestation after which 

maternal smoking in utero is associated with raised BP in childhood (Morley, 

Leeson Payne, et al. 1995).

Maternal BP may influence offspring BP due to hereditary factors (Schieken

1993), and Churchill and Walker have suggested that the inverse association 

between birthweight and BP may in part be explained by confounding by 

maternal BP (Walker, McConnachie, et al. 1998; Churchill, Perry, et al.

1997a). Both groups have suggested that low birthweight is a feature of an 

inherited predisposition to hypertension, perhaps because it is associated with 

higher maternal BP during pregnancy.

The aims of this study were to examine the effect of maternal smoking during 

pregnancy on offspring BP at 8-11 years and to explore the proposition that at 

least some of the birth size/BP association described in Chapter 5 might be 

explained by confounding by maternal BP during pregnancy.

Earlier versions of some of the maternal blood pressure analyses have been 

published previously (Taylor, Whincup et al. 1997a; Taylor, Hird et al. 1998).
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6.2 AIMS AND OBJECTIVES

• To determine whether maternal smoking during pregnancy is 

associated with raised BP in the offspring at 8-11 years and whether 

there is a ‘watershed’ at 33 weeks gestation for this association (Section 

6.4.1.1)

• To determine whether maternal smoking during pregnancy confounds 

or interacts with the birthweight-BP association (Section 6.4.1.2).

• To determine whether maternal BP during pregnancy confounds the 

birthweight-BP association in the offspring (Section 6.4.2).

6.3 SUBJECTS AND METHODS

The methods used are described fully in Chapter 3.

6.3.1 MATERNAL ANTENATAL SMOKING

Maternal smoking analyses were based on the children who had parental 

questionnaire data. Data from the questionnaire was used to determine whether 

or not the mother had smoked during pregnancy, offspring birthweight and 

gestational age at birth. These data were compared with data from hospital 

maternity records, where available.

6.3.2 MATERNAL BLOOD PRESSURE

Maternal antenatal BP analyses were based on the children whose maternity 

records were retrieved. Maternal BP for a total of up to ten antenatal visits, 

always including the first (booking) and last visits, was collected from the 

hospital antenatal records using the antenatal/birth record data collection sheet. 

Appendix B. Previous maternal medical history of hypertension and whether 

or not the patient received antihypertensive medication during pregnancy was 

also noted. The gestational ages used in these analyses were derived from the 

individual gestational ages recorded in the hospital records at each antenatal 

visit. The antenatal BP measurement at the gestational age closest to 12, 18, 28 

or 36 weeks gestation was used as the BP measurement for that gestation. 

Because the mothers did not all have antenatal visits at exactly these times, the 

closest visit in a range of gestational ages up to six weeks around these dates
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was used. The ranges employed for the four different gestational ages 

examined did not overlap.

6.3.3. STATISTICAL METHODS

Data were analysed using the SAS system software (SAS Institute, North 

Carolina, USA). Gestational ages were linked to maternal BPs measured at 

dated antenatal visits in SAS using the array function. The multiple linear 

regression function (proc GLM procedure) was used to examine relationships 

between BP and birthweight, as well as other indices. Birthweight was included 

both as a continuous variable and by dividing subjects into fifths of the 

distribution. Maternal BP groups were created after examining the frequency 

distributions of the BPs at different gestations. The SAS least squares means 

procedure (proc LS means) was used to derive BP means adjusted for potential 

confounders (e.g., age and sex). Because of rounding by the original clinic 

staff, and because the range of maternal diastolic blood pressures (DBP) 

recorded was narrower than that for systolic blood pressure (SBP), maternal 

SBPs were divided into five groups while maternal DBPs were divided into 

four groups. All data on BP were adjusted for age, sex, town, room 

temperature, observer and whether or not the child was anticipating 

venepuncture.

6.4 RESULTS

6.4.1 MATERNAL SMOKING DURING PREGNANCY AND 

CHILDHOOD BLOOD PRESSURE

Only children bom from singleton pregnancies with a full set of study 

measurements (N = 3,664) were included in these analyses. All ethnic groups 

were included, although 3,362 (92%) of the children were white.

Questionnaire data on smoking during pregnancy was available for 3,073 

(83%) of the singleton horn children. A total of 677 women (22% of 

responders) said they had smoked whilst pregnant with a study child and 662 

(98%) of these women were able to record how many cigarettes they had 

smoked per day.
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A parentally recalled gestational age was available for 2,609 (85% of the 3,037) 

singleton bom children with birthweight, smoking exposure and BP data. Only 

33 (1%) of these children were bom before 33 weeks gestation. Matemity 

record information on smoking was available for 1,563 singleton bom study 

children and 456 (29%) of their mothers were recorded as smoking during the 

pregnancy. Where there was both matemity record and questionnaire data on 

smoking (1,048 study children) there was agreement in 1,343 cases (92%). 

Using the matemity record data as a gold standard measure of smoking during 

pregnancy, the sensitivity of the smoking question in the parental questionnaire 

was 91% and the specificity was 93% (data not shown).

6.4.1.1 Effect of maternal smoking on size at birth and on size at 8-11 

years

Smoking during pregnancy was associated with a mean reduction in 

birthweight of 183g (95% Cl 138, 228, P for difference = 0.0001), after 

adjustment for sex (Table 6.1). There appeared to be a marked dose-response 

effect with a greater reduction in birthweight associated with more cigarettes 

smoked per day (test for trend P = 0.001) (Table 6.3). This reduction in 

birthweight was not due to reduced gestation in the smokers’ children; the 

mean difference in gestational age between smokers’ and non-smokers’ babies 

was 0.01 weeks (95% Cl -0.15, +0.17 weeks, P for difference 0.91). Lower 

social class was associated with lower birthweight (data not shown), but the 

association between smoking and birthweight could not be attributed to 

confounding by social class (data not shown).

Children whose mothers had smoked during pregnancy were also shorter at 8- 

11 years (mean reduction in height = 0.9cm, 95% Cl 0.3, 1.5, P for difference 

0.002) and had greater ponderosity (mean increase in pondéral index, PI =0.19 

kg m'^, 95% Cl 0.03, 0.35, P for difference 0.03), both measures adjusted for 

age and sex. The association between smoking during pregnancy and 

childhood height was substantially accounted for by the effects of matemal 

smoking on birthweight and the relationship between birthweight and height at
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8-11 years; when adjusted for birthweight, the difference became non

significant (mean difference in height exposed v. non-exposed = 0.5 cm, 95% 

Cl -0.1, +1.1, P for difference 0.08). However, the positive association 

between smoking and PI was strengthened by simultaneous adjustment for 

birthweight (mean difference 0.27 kg m'^, 95% Cl 0.09, 0.45, P for difference 

0 .002).

6.4.1.2 Effect of maternal smoking on blood pressure at 8-11 years

There was no significant difference in SBP or DBP at 8-11 years between the 

children exposed to cigarette smoke in utero and those not exposed (Table 6.1). 

Because of potential confounding by current body size, the associations 

between exposure to smoking in utero and BP were re-examined unadjusted, 

with simultaneous adjustment for height and PI, and with simultaneous 

adjustment for height, PI and birthweight. The mean differences in BP in 

exposed and non-exposed children are shown in Table 6.2; simultaneous 

adjustment for current body size and for birthweight did not reveal any 

association between exposure to cigarettes smoking in utero and BP at 8-11 

years (Tables 6.2 and 6.3).

6.4.1.3 Maternal smoking and the birthweight-blood pressure association

The regression coefficients for the inverse birthweight-BP association in the 

subset of singleton bom children with parental questionnaire data on matemal 

smoking during pregnancy were -1.43 mmHg kg'’ (95% Cl -2.16, -0.70, P = 

0.0001) and -0.30 mmHg kg ' (95% Cl -0.77, 4-0.17, P = 0.22), for SBP and 

DBP respectively, after adjustment for age, sex, current body size, town, room 

temperature, observer and anticipating venepuncture. The birthweight-BP 

association was similar in smokers and non-smokers, and the addition of 

matemal smoking during pregnancy into the regression model did not alter the 

birthweight-BP association (data not shown). There was no evidence of 

interaction between matemal smoking status and birthweight on the 

birthweight-BP association (P values for birthweight-smoking interaction 

terms = 0.85 and 0.58 for SBP and DBP, respectively).
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6.4.1.4 Maternai smoking, gestational age, offspring blood pressure and 

the birthweight-blood pressure association

There was no evidence of any difference in the association between exposure to 

matemal smoking during pregnancy and offspring BP at age 8-11 in those bom 

before or after 33 weeks gestation (P values for smoking/gestation-group 

interaction terms = 0.55 for SBP and 0.61 for DBP). In addition, there was no 

evidence that matemal smoking during pregnancy had a different effect on the 

offspring birthweight-BP association for those with a gestational age at birth of 

less than 33 weeks compared to those with a gestation of greater than 33 weeks 

(data not shown).

6.4.1.5 Data from maternity records

All these analyses were repeated on the singleton study children who had 

birthweights and smoking data recorded from their mothers’ hospital matemity 

records, and the findings were very similar. The mean difference in 

birthweight between those exposed and not exposed to matemal cigarette 

smoking in utero was similar to the larger data set (mean reduction in exposed 

babies v. non-exposed = 186 g, 95% Cl 129, 243, P for difference = 0.0001, 

after adjustment for sex). Again, this was a graded response with those 

mothers who smoked more heavily having lighter babies (P for trend = 0.0001) 

(data not shown). In these data it was also possible to look at matemal 

smoking and placental weight. Placental weight was not strongly associated 

with the number of cigarettes smoked per day during pregnancy (test for trend 

P = 0.09), but the placental ratio (placental weight/ birthweight ) appeared to be 

significantly higher with increasing number of cigarettes smoked per day (test 

for trend P = 0.005) (data not shown). As in the larger data set based on 

matemal recall, BP at 8-11 years appeared to be unrelated to exposure to 

cigarettes in utero (mean differences in exposed v. non-exposed individuals in 

mmHg = 0.38, 95% Cl -0.84,+1.60, P for difference = 0.54 and -0.25, 95% Cl 

-0.99, +0.49, P = 0.52, for SBP and DBP respectively, adjusted for age, sex, 

current height and PI).
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6.4.2 MATERNAL BLOOD PRESSURE DURING PREGNANCY

Detailed maternity records were located for 1,573 singleton children bom in 

their survey town; 1,494 (95%) of these records included antenatal BP 

measurements. Data on a previous history of high BP at booking were 

available for 1,573 (100%) women; 49 (3%) were recorded as having a history 

of high BP at booking. Data on treatment with antihypertensive drugs at any 

time in the pregnancy were available on 1,422 (90%) women; only 17 (1%) 

women received this treatment.

Table 6.4 shows the correlations between maternal SBP at different stages 

during pregnancy, measures of offspring size at birth, and BP at 8-11 years in 

both sexes. There was reasonable correlation between maternal SBP and DBP 

measurements throughout pregnancy (SBP correlation coefficients ranged from 

r = 0.48 to r = 0.36 and DBP coefficients ranged from r = 0.32 to r = 0.47, all P 

values < 0.0001). Although maternal SBPs throughout pregnancy were 

correlated with offspring BP at 8-11 years old there was no correlation between 

maternal antenatal SBP and birthweight.

Tables 6.5 and 6.6 show the influence of maternal SBP and DBP, respectively, 

at 12 and 36 weeks gestation on birthweight. In these data there appears to be 

no relationship between SBP or DBP, either towards the beginning or the end 

of pregnancy, and birthweight. Nor was there any apparent relationship 

between antenatal BP measured at 18 or 28 weeks gestation and birthweight 

(data not shown); nor in the girls or boys when they were analysed separately 

(data not shown); nor when the data were limited to singleton children bom to 

nulliparous women -  corresponding to the analyses in Churchill’s study 

(Churchill, Perry, et al. 1997a) (data not shown).

The effect of adjustment for matemal BP during pregnancy on the offspring 

birthweight-BP relationship was also examined (Table 6.7). Results are 

presented for the sexes together and for girls alone; because in Chapter 5 the 

birthweight-BP association appeared to be concentrated amongst girls and very
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attenuated amongst boys at this age. Adjustment for matemal BP at 36 weeks 

gestation did not influence the size or the statistical significance of the 

association between birthweight and BP, neither for all children nor for either 

sex alone (data on boys not shown). Similar results were seen after adjustment 

for matemal antenatal BP at 12, 18 or 28 weeks gestation (data not shown).

There was no difference in the birthweight of children bom to mothers who had 

a history of hypertension at booking and those who did not (mean difference 

hypertensive mothers v. non-hypertensive mothers 21g, 95% Cl 

-122, +164, P for difference 0.77). However, both SBP and DBP were higher 

at age 8-11 years in the children bom to mothers with a history of hypertension 

at booking, although the difference only approached significance for DBP 

(mean differences 1.52 mmHg, 95% Cl -1.28, +4.32, P 0.29, and 1.91 mmHg, 

95% Cl 0.03, 3.79, P0.05, for SBP and DBP, respectively).

6.5 DISCUSSION

6.5.1 MATERNAL SMOKING DURING PREGNANCY AND 

OFFSPRING BLOOD PRESSURE IN CHILDHOOD

6.5.1.1 Principal findings

Exposure to matemal smoking whilst in utero was associated with a significant 

reduction in birthweight of around 200g and there was strong evidence of a 

dose response effect with heavier antenatal smoking being associated with a 

greater reduction in weight and an increase in placental ratio. The reduction in 

birthweight appeared to be a direct effect of in utero exposure to matemal 

smoking and was not associated with a shorter gestation. There was no 

evidence of confounding by social class (which was also associated with a 

graded reduction in birthweight). Children exposed to matemal cigarette 

smoking whilst in utero were significantly shorter and had higher Pis at 8-11 

years. Matemal smoking during pregnancy was not associated with childhood 

BP at age 8-11 years. Adjustment for matemal smoking during pregnancy had 

no influence on the inverse birthweight-SBP association seen after adjustment
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for current body size. There was no evidence of interaction between matemal 

smoking during pregnancy and the birthweight-childhood BP association and 

there was no evidence of a ‘watershed’ at 33 weeks gestation beyond which 

matemal smoking might be associated with childhood BP.

6.5.I.2. Strengths and weaknesses of the study

This is the largest study to have examined the association between matemal 

smoking during pregnancy and offspring BP that has been reported. Moreover, 

BPs at age 8-11 years were collected in a highly standardised way. The study 

relies on matemal recall and report of smoking in a pregnancy which ended 8- 

11 years ago. Errors may have arisen because of imperfect recollection across 

the years and because there is evidence that a significant proportion of women 

who smoke whilst they are pregnant deny smoking or underreport the amount 

smoked (Ford, Tappin, et al. 1997; Bardy, Seppala, et al. 1994). In the general 

population of smokers this misclassification is of the order of 5-10%, but in a 

recent study from New Zealand 22% of antenatal semm cotinine validated 

smokers denied smoking in a postal questionnaire administered four weeks 

after the birth of their child (Ford, Tappin, et al. 1997). We do not know what 

the level of misclassifcation of antenatal smoking status, 8-11 years after the 

event, was in this study, but the effect of misclassification would probably be to 

reduce the magnitude of the effect of smoking on birthweight. However, the 

smoking data were sufficiently robust to reveal a marked dose-response 

relationship between the reported number of cigarettes smoked and 

birthweight. Therefore it seems unlikely that misclassification could have 

completely masked a significant independent effect of antenatal smoking on BP 

at 8-11 years old.

6.5.1.3 Relation of findings to other studies

The results of this study agree with many others which indicate that matemal 

smoking during pregnancy is associated with a significant reduction in 

birthweight of the order of 175-200g (Lumley & Astbury 1990). It is worth 

noting that the reduction in birthweight due to matemal smoking during 

pregnancy seen here is of the same order as the reduction in birthweight
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experienced by those who were exposed in utero to the Dutch famine of 1944- 

45 (van der Meulen, Ravelli, et al. 1999). If matemal smoking during 

pregnaney were to influence subsequent BP solely through its influence on 

birthweight, this effect would be so small as to be almost undetectable (a rise in 

SBP of 0.26 mmHg, 95% Cl 0.14, 0.39) and would be of doubtful clinical 

significance. Post hoe sample size calculations suggest that in order to have the 

statistical power to deteet such a small difference at the one per cent 

signifieance level, we would have needed 94,800 children in this study.

A number of other studies have considered the relationship between matemal 

smoking during pregnancy and childhood BP. All of these studies relied on 

antenatal records or matemal recall to assess matemal smoking; none used 

biochemical markers to determine smoking status. An earlier study of ehildren 

from the same towns in this study, which included 1,866 ehildren studied on 

both occasions, also failed to find an association between matemal smoking 

during pregnancy and BP at age 5-7 years (Whincup, Cook, et al. 1992a). 

Whincup found no association between matemal smoking during pregnancy 

and offspring BP at ages 9-11 years in another study of 1,311 British ehildren 

(Whincup, Cook, et al. 1994). Two other small studies have failed to find any 

association between matemal smoking during pregnancy and BP in the 

offspring (Law, Barker, et al. 1991; Bergel, Haelterman, et al. 2000). Morley 

found that in 422 children bom under 33 weeks gestation matemal smoking 

during pregnancy was associated with lower BP at eight years; whilst in the 196 

bom on or after 33 weeks gestation, matemal smoking was associated with 

raised BP (P value for interaetion test = <0.0001) (Morley, Leeson, et al. 1995). 

Overall there was no difference in BP at age 8 between the children of smokers 

and those of non-smokers. However this small study was eonducted in a 

pathological group; all the children in the study weighed under 1850g at birth 

and many were from multiple pregnancies, with significantly more children in 

the non-smoking group from multiple pregnancies compared to those in the 

smoking group (28% v. 18%, P = < 0.005). It is therefore very diffieult to 

generalise from this study to the population as a whole.
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Two studies have suggested that there is an independent association between 

antenatal smoking and childhood BP. Williams studied a cohort of children 

from Dunedin, New Zealand at age 9 years (n = 755) and 18 years (n = 851) 

and found that maternally recalled antenatal smoking nine years after the 

pregnancy was associated with significantly higher SBP, but not DBP, at both 

ages (Williams & Poulton 1999). In this study, like ours, matemal smoking 

was also associated with the offspring’s height and body mass index; there 

were also associations between matemal height and smoking status, matemal 

height and offspring’s height and many other associations. Using path analysis 

(Susser & Levin 1999), Williams estimated that the total effect of matemal 

smoking during pregnancy was to increase offspring SBP by 1.61 mmHg (95% 

Cl 0.50, 2.73) and 1.95 mmHg (95% Cl 0.54, 3.36) at 9 and 18 years old, 

respectively. Blake studied a cohort of 1,708 singleton bom children from 

Perth, Australia (Blake, Gurrin, et al. 2000 a). The study suffered from 

considerable attrition. He found that matemal smoking during pregnancy was 

associated with a non-significant increase in BP in 702 of the children (41%) at 

age six (mean increase in children of smokers =1.2 mm Hg, 95% Cl 0.0, 2.3), 

but not at ages one or three (Blake, K.: personal communication). He also 

found some evidence of interaction between matemal smoking status and the 

birthweight-BP association at age six: whilst the association between 

birthweight and childhood BP was inverse in the 469 children of non-smokers, 

it appeared to be positive (but not significant) in the 233 children of smokers. 

The difference between the association in the two groups was very weakly 

significant (p = 0.03).

6.5.2 MATERNAL HYPERTENSION DURING PREGNANCY

6.5.2.1 Principal findings

These data suggest that, although matemal BP throughout pregnancy is 

positively related to offspring BP at 8-11 years, there is no association between 

matemal BP at any stage of pregnancy and the offspring’s birthweight.

Children bom to mothers who enter pregnancy with a history of hypertension
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appear to be no lighter at birth than those whose mothers have no history of 

hypertension.

6.5.2.2. Strengths and weaknesses of the study

This is the largest study of matemal BP measurements during pregnancy and 

subsequent offspring birthweight and BP reported to date. This study relies on 

matemal BPs recorded during routine antenatal care by a variety of individuals 

in a number of institutions. There will inevitably have been some error in the 

recording of some of these BPs, but this is likely to have been random error. 

The effect of such random error would probably be to reduce the likelihood of 

finding an association between matemal BP and either birthweight (itself 

subject to random error) or offspring BP. However the validity of our antenatal 

BP measurements is supported by the fact that correlations between matemal 

BP and offspring BP were detected.

Another criticism which has been made of this study is that the association 

between birthweight and BP was only present amongst girls in this subset 

(Churchill, Perry, et al. 1997b). However analysis by sex did not reveal any 

association between matemal antenatal BP and birthweight and the inverse 

birthweight-BP association was present in the offspring at 5-7 years in this 

subset (data not shown).

6.S.2.3 Relation of findings to other studies

Unlike this study, some earlier studies have found no association between 

matemal BP during pregnancy and subsequent BP in the offspring. In the 

Dunedin study, Simpson examined 692 children at age 7 years and found no 

association between three BP groups (selected so that 10% of the total sample 

would be in each of the high and low groups) and the presence of matemal 

hypertension during pregnancy (Simpson, Mortimer, et al. 1981). The number 

of children whose mothers were hypertensive during pregnancy was not stated. 

Ounsted found no association between BP at 7 years old and matemal antenatal 

hypertension in a small study of 216 children bom to women who were 

hypertensive during pregnancy (Ounsted, Cockbum, et al. 1985). A study of
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518 Argentinian children found no association between matemal BP after 30 

weeks gestation or pregnancy induced hypertension and BP at 5-9 years old 

(Bergel, Haelterman, et al. 2000). However, other studies have confirmed an 

association between matemal SBP during pregnancy and offspring SBP in 

childhood. In a study of 195 Japanese three year olds Hashimoto noted an 

increase of 0.12 mmHg in childhood SBP (95% Cl 0.03, 0.23) for every 

1 mmHg increase in matemal SBP during the last week of gestation 

(Hashimoto, Kawasaki, et al. 1996). Taittonen found significant associations 

between matemal recall of high BP during pregnancy and SBP in a group of 

2,169 young Finns aged 12 to 24 years old (Taittonen, Nuutinen, et al. 1996). 

Law and colleagues found a positive association between the mother’s 

maximum SBP during pregnancy and BP in 405 children aged 4 from Salisbury 

(Law, Barker, et al. 1991).

Three studies have reported an association between matemal BP during 

pregnancy and birthweight, although their results have been somewhat 

contradictory. Churchill and colleagues measured 24-hour ambulatory BP at 18 

weeks, 28 weeks and 36 weeks gestation in 209 nulliparous women (Churchill, 

Perry, et al. 1997a). A 5 mmHg (1 SD) increase in mean 24-hour DBP at 28 

weeks gestation was associated with a 68g decrease in birthweight (95% Cl 3, 

132), and a similar increase in DBP at 36 weeks was associated with a 76g 

decrease (95% Cl 24, 129). Matemal antenatal SBP was not consistently 

associated with offspring birthweight. Unfortunately, Churchill and colleagues 

do not mention how their continuous ambulatory BP measurements compares 

to their routine clinic BP measurements, although their study may have been 

too small to measure correlation between the two measurements. In a letter 

following the publication of Churchill’s paper, Hashimoto stated that re

analysis of his study of 3 year-olds described above suggested that a 10 mmHg 

rise in matemal DBP in the last week of pregnancy was associated with a 0.1 

decrease in the child’s body mass index at birth; no significance test or 

confidence intervals were given (Hashimoto & Uchiyama 1997). Walker and 

colleagues looked at the relationship between parental BP and the matemally 

recalled birthweight and BP of their offspring aged between 16 and 26 years in
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425 families (Walker, McConnachie, et al. 1998). A higher matemal SBP was 

associated with a lower birthweight, but the effect was small (6 = -3.03 g 

mmHg'\ P =<0.01, Cl not given), so that an ISmmHg (ISD) change in 

matemal SBP would only be associated with a 55g change in birthweight. In 

this study, matemal DBP was not significantly associated with birthweight. An 

inverse relationship between birthweight and BP was present in the offspring 

after adjustment for sex and current body weight, but the slope of the relation 

was reduced by “as much as 24%” after simultaneous adjustment for matemal 

SBP {b = -2.24 mmHg k g '\ P= 0.06 and 6 = -1.71 mmHg, P = 0.15, 

respectively, SE not given, test for difference not given).

6.5 CONCLUSIONS

This study suggests that matemal smoking during pregnancy exerts no 

detectable, independent influence on BP at 8-11 years and that any effect on 

BP due to the effect of smoking on birthweight and the association between 

birthweight and subsequent BP is negligible and likely to be clinically 

insignificant. There is also no evidence that the association between 

birthweight and BP is different in children exposed to matemal smoking whilst 

in utero compared to the unexposed. The study does not support the existence 

of any interaction between matemal smoking during pregnancy and the 

birthweight-BP association, as proposed by Blake (Blake, Gurrin, et al. 2000 

a). Also, the study fails to support Morley's suggestion of a ‘watershed’ at 33 

weeks gestation for a matemal smoking during pregnancy to exert its influence 

on the offspring BP (Morley, Leeson Payne, et al. 1995).

The reduction in birthweight due to matemal smoking during pregnancy is 

similar to the reduction in birthweight amongst babies exposed to extreme 

privation in utero, such as in the Dutch famine. Thus the present study carries 

important public health implications if the ‘fetal origins’ hypothesis is adopted, 

by demonstrating how difficult it might be to manipulate birthweight in a way 

that will have any discemable effect on childhood BP.
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This study also suggests that matemal BP throughout pregnancy is positively 

related to offspring BP at 8-11 years, but that there is no association between 

matemal BP at any stage of pregnancy and birthweight of the offspring. The 

suggestion that the birthweight-BP association arises because of confounding 

by matemal BP during pregnancy is refuted by the findings of this study. The 

public health implications of this study are discussed in more detail in Chapter
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Table 6.1: Exposure to maternal smoking in pregnancy, birthweight and

Mother 
smoked in 
pregnancy*

N (%) Birthweight, kg*  ̂

Mean (SE)

Test for 
difference

Yes
No

651 (22.2) 
2,288 (77.8)

3.21 0.02 
3.39 0.01 P = 0.0001

SBP, mmHg^ 
Mean (SE)

Yes
No

662 (22.1)
2,337 (77.9)

121.48 (0.43) 
121.45 (0.23) P = 0.94

DBP, mmHg* 
Mean (SE)

Yes
No

662 (22.1) 
2,337 (77.9)

65.56 (0.27) 
65.68 (0.14) P = 0.70

* Data from parental questionnaire at 8-11 yrs.
^Adjusted for sex, ^for age, sex, town , room temp., observer, and anticipating 
venepuncture.

Table 6.2: Mean differences in BP at 8-11 years amongst singleton born
children exposec and not exposed to maternal smoking in utero.

ADJUSTED
FOR

SBP, mm 

Mean (SE)

îg

P for 
diffn.

DBP, mml 

Mean (SE)

ig

Pfor
diffn.

Age, sex* 0.49 (0.49) P = 0.31 0.10 (0.31) P = 0.75

+ height and 
PI*

0.18 (0.45) P = 0.69 -0.06 (0.30) P = 0.85

+ height, PI & 
birthweight* 0.04 (0.46) P = 0.93 -0.05 (0.31) P = 0.86

All data also adjusted for age, tow n, room temp., observer, and anticipating 
venepuncture.
Data from parental questionnaire, numbers: *662 (22.1%) exposed/ 2,337 not 
exposed, ^661 (22.1%)exposed/ 2,334 not exposed, ^635 (22.2%) exposed, 
2,228 not exposed.
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Table 6.3: Amount of maternal smoking in utero, birth weight and BP, with BP also adjusted for current body size and

Cigarette Birthweight, kg Blood Pressure*, mm Hg
ADJUST- Exposure in
MENTS utero, SBP DBP

cigs. day^ N (%) Mean (SE) N (%) Mean (SE) Mean (SE)
Sex 0 2230(78.2) 3.39 (0.01) 2337 (78.3) 112.44 (0.23) 65.67 (0.14)

1 to < 10 217 (7.6) 3.23 (0.04) 222 (7.4) 111.83 (0.74) 64.91 (0.46)
10 to < 20 286(10.0) 3.22 (0.03) 302(10.1) 113.03 (0.64) 65.85 (0.40)
20 or more 117 (4.1) 3.20 (0.05) 122 (4.1) 112.54 (0.99) 66.42 (0.62)

Tests for trend P = 0.0001 P = 0.65 P = 0.47
Sex, height &
PI 0 - - - 2334 (78.3) 112.40 (0.21) 65.66 (0.14)

1 to < 10 - - - 221 (7.4) 111.94 (0.67) 64.98 (0.45)
10 to < 20 - - - 302(10.1) 113.04 (0.58) 65.85 (0.39)
20 or more - - - 122 (4.1) 112.72 (0.91) 66.48 (0.61)

Tests for trend P = 0.45 P = 0.39
Sex, height.
PI&
birthweight 0 - - - 2228 (78.3) 112.50 (0.21) 65.65 (0.14)

1 to < 10 - - - 216 (7.6) 111.80 (0.68) 64.94 (0.46)
10 to < 20 - - - 286(10.0) 113.07 (0.60) 65.87 (0.40)
20 or more - - - 117 (4.1) 112.75 (0.93) 66.58 (0.62)

Tests for trend P = 0.57 P = 0.32
Data from parental questionnaire at 8-11 yrs, all BP data also adjusted for age, town , room temp., observer, and anticipating venepuncture.
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Table 6.4 Correlation matrix showing coefficients of correlation between 
maternal antenatal SBP, offspring size at birth and offspring BP at 8-11

Maternal antenatal SBP 
@12 @ 1 8  @28 @ 36 
wks wks wks wks

Offspring 
Size at birth 

Birth- Head Length 
weight circ. at birth

SBP
@8-11

yrs

SBP
@18
wks

0.45***
N-517

SBP
@28
wks

0.43***
N=749

0.44***
N=739

SBP
@36

0.36***
N=990

0.34***
N=944

0.48***
N=1058

wks
Birth-
wt

0.01
N=1032

0.004
N=1002

-0.004
N=1108

0.02
N=1497

Head
circ.

-0.02
N=983

0.11**
N=950

0.05
N=1065

0.03
N=1434

0.66***
N=1548

Length -0.07
N=969

-0.02
N=940

-0.03
N=1055

-0.02
N-1416

0.59***
N-1529

0.44***
N-1540

SBP 
@ 8-

0.17***
N=1027

0.15***
N=990

0.14***
N=1096

0.13***
N=1480

0.06*
N=1615

0.02
N=1527

0.07*
N-1509

11 yrs
DBP 
@ 8-

0.06
N=1027

0.07
N=990

0.09*
N-1096

0.09**
N=1480

-0.05
N=1615

0.05
N-1527

0.03
N=1509

0.58***
N=1639

11 yrs
* P <  0.01, * * P <  0.001, *** P < 0.0001
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Table 6.5 Maternal SBP groups at 12 and 36 weeks gestation and birth

At 12 weeks gestation At 36 weeks gestation

Maternal 
antenatal 

SBP Group 
Range, mmHg N

Birthweight
(kg)*

Mean (SE) N

Birthweight
(kg)*

Mean (SE)
1 80-100 
2 101-110
3 111-120
4 121-130
5 >130

144
289
347
182
85

3.33 (0.04) 
333 (OTG) 
338 (0T3)
3.35 (0.04)
3.35 (0.05)

138
392
479
323
182

3.38 (0.04) 
3.37 (0.02)
3.39 (0.02)
3.39 (0.03)
3.39 (0.04)

Tests for trend P = 0.58 P = 0.53
* Adjusted for sex.

Table 6.6 Maternal DBP groups at 12 and 36 weeks gestation and birth

At 12 weeks gestation At 36 weeks gestation

Maternal Birthweight, Birthweight,
antenatal kg* kg*

DBP Group
Range, mmHg N Mean (SE) N Mean (SE)

1 <60 305 3.35 (0.03) 306 3.43 (0.03)
2 60-70 488 3.35 (0.02) 673 3.37 (0.02)
3 71-80 204 3.35 (0.03) 390 3.38 (0.02)
4 >80 49 3.39 (0.07) 144 3.35 (0.04)

Tests for trend P = 0.72 P = 0.14
* Adjusted for sex.

Table 6.7 Associations between birthweight and SBP summarised 
as regression coefficients, b, showing the effect of adding maternal

Without maternal blood 
pressure 

b * (SE) P 
value

With maternal blood 
pressure 

6* (SE) P 
value

All -1.24 (0.59) 0.02
children
(N = 1,494)

-1.20 (0.55) 0.03

Girls only -2.31 (0.85) 0.007 
(n = 696)

-2.27 (0.85) 0.006

All multiple regression models simultaneously adjusted for age, sex, height 
and current PI.
* Units of h = mmHg kg"'

187



CHAPTER 7: FACTORS INFLUENCING CHANGE 

IN BLOOD PRESSURE BETWEEN 5-7 AND 9-11 YEARS 

IN THE TEN TOWNS STUDY

7.0 SUMMARY POINTS

• Data are presented on change in blood pressure (BP) across the four 

years between the ages of 5-7 years and 9-11 years in a prospective, 

school based study of 2,322 children surveyed in 1990 and in 1994.

• The mean rise in systolic blood pressure (SBP) was 9.0 mmHg (95% Cl 

-13.2, +31.2) and the mean rise in diastolic blood pressure (DBP) was

4.3 mmHg, (95% Cl -11.3,+19.9). Unadjusted the change in BP was 

slightly greater amongst the girls but after simultaneous adjustment for 

change in height and change in pondéral index (PI) there was no 

difference between the sexes.

• Tracking coefficients for SBP and DBP across the four years were 0.48 

and 0.40, respectively.

• Change in SBP was positively associated with average PI across the 

four years, but this association was greatly diminished by simultaneous 

adjustment for change in PI across this period.

• In most children PI fell during the study period. A smaller fall in PI 

between the two ages was associated with a greater rise in systolic and 

diastolic pressure, and this difference was enhanced by simultaneous 

adjustment for change in height, average height and average PI.

• Children who moved from a lower PI rank to a higher rank appeared to 

experience a greater increase in BP than those whose PI rank remained 

constant or fell.

• Parental report of exercise outside school at age 9-11 years was not 

associated with BP change in the girls.

• Amongst the boys a higher level of regular exercise at 9-11 years was 

associated with a significantly smaller change in SBP and DBP, 

although this association was attenuated by simultaneous adjustments 

for change in body size and average body size.
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• The following potential explanatory variables were NOT associated 

with BP change: a matemal or paternal history of cardiovascular disease 

(CVD), number of siblings and the social class of the head of the 

household (as determined by manual or non-manual occupation).

• Birthweight was not associated with BP change.

7.1 INTRODUCTION

Chapters 4, 5 and 6 have dealt with the determinants of BP at age 8-11 years. 

This chapter examines the factors influencing change in BP in the latter half of 

the first decade of life. The factors examined include: individual or personal 

factors, family or household factors including some measures of socio

economic status, family history of CVD and birthweight.

7.2 AIMS AND OBJECTIVES

The aim of this study was to look at the extent to which personal factors, family 

factors, social and household factors and birthweight are related to the rise in 

BP between the ages of 5-7 and 9-11 years. The study had several objectives:

■ To examine the association between change in body size (height and 

PI) and change in BP (Section 7.4.1).

• To examine the association between paternal and matemal history of 

CVD and change in BP (Section 7.4.2).

• To examine the association between the social class of the head of the 

household and the number of siblings and change in BP (Section 

7.4.3).

• To examine the association between birthweight and change in BP 

(Section 7.4.4).

• To examine the association between level of physical activity outside 

school hours and change in BP (Section 7.4.5).
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7.3 SUBJECTS AND METHODS

The methods, including a description of the selection of the schools, are 

described in detail in Chapter 3. Ten different schools in ten towns in England 

and Wales were surveyed in 1990 and the same schools, or their follow-on 

schools, were revisited in 1994. The second survey included all the children 

from the earlier survey who were still attending the same schools. Identical 

methods of BP, height and weight measurement were used in both surveys. 

Each survey included two seated BP measurements using a Dinamap 1846SX 

automated oscillometric monitor (Critikon, USA). On each occasion all 

measurements were made with a single cuff size, ensuring that the cuff 

width/arm circumference ratio recommended by the American Heart 

Association (AHA 1988) was met for 79% of the 1990 study population and 89 

% of the 1994 study population. Heights were measured to the last complete 

millimetre using either a Holtain electronic stadiometer or a CMS portable 

stadiometer. Weights were measured to the last complete 0.1 kg using a 

Soehnle electronic weighing scale.

In 1994, a self-administered parental questionnaire was sent to parents on the 

day of the children’s physical examination; questions included birth weight, 

number of siblings and matemal and paternal occupation. Histories of matemal 

and patemal ill health (with particular emphasis on CVD) were also sought. 

Parents with a positive history of angina, myocardial infarction, raised BP or 

stroke were considered to have a history of CVD. Parents who had not 

supplied these data, or who were not the child’s biological parents, were 

excluded from the analyses involving family history of CVD. The 

questionnaire also asked parents to describe their child’s level of physical 

activity outside school. The four possible responses can be summarised as 

sedentary, occasional light physical activity (e.g., walking, cycling), regular 

sport (e.g., soccer or skating) for up to three hours per week and regular sport 

for more than three hours per week; these responses were coded as one to four, 

respectively.
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Social class for the head of the household was coded from parental occupation 

using the Office of Populations Censuses and Surveys classification of 

occupations (1980). Only biological siblings were included in the analyses on 

the number of siblings. Matemal permission to examine maternity records was 

also sought.

7.3.1 STATISTICAL METHODS

All data were analysed using the SAS system statistical software package (SAS 

Institute, North Carolina). PI (weight/height^) was used as the measure of 

weight-for-height at both ages because it was the weight-for-height measure 

that was most independent of both height and age. These variables were either 

treated as continuous variables or ranked and divided into equal fifths.

Standard linear regression techniques were used throughout and (unless 

specified) all the analyses presented were adjusted for sex (where appropriate) 

and time to follow-up. An adjustment for town was also included, as this 

effectively adjusted for a host of different structural factors which might have 

varied between the surveys. Most of the children examined at 9-11 years were 

examined prior to venepuncture and all the analyses presented here contain an 

adjustment for the pressor effect of anticipating venepuncture. BP data were 

also adjusted for observer.

Changes in BP between 5-7 and 9-11 years and changes in height and PI were 

examined both as absolute changes and as changes in rank using standard 

normal deviate (SND) scores. The use of SNDs provided an estimate of change 

which was standardised for sex and which took account of the larger standard 

deviation of BP at 9-11 years. SND scores were calculated separately for each 

appropriate data subset (e.g., children with data on matemal history of CVD) 

and for each sex using the following formula:

(observed BP for individual -  predicted BP) 

estimated standard deviation of residuals 

Changes in SND scores were then regressed on potential explanatory variables 

to examine the relationship between these variables and BP change across this
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age range. The use of SNDs provides an estimate of change standarised for sex 

which takes account of the larger standard deviation of SBP at 9-11 years.

7.4 RESULTS

Response rates for the 1990 and 1994 surveys were 76% (4,297 children) and 

75% (3,792 children), respectively. In 1994, parental questionnaires were 

returned for 3,167 children (85 % of participants) and permission to examine 

maternity records was granted for 3,107 (98%) of these children, 2,350 (74%) 

of whom were bom in local hospitals. A total of 2,322 children had a full set of 

study measurements at both 5-7 (1990) and 9-11 (1994) years. Table 7.1 

shows mean ages and physical measures for the children surveyed in both 1990 

and 1994, and those who were surveyed in 1990 but were not re-surveyed in 

1994. In 1990, compared to those who were not re-surveyed in 1994, the 

longitudinal group were significantly younger, shorter, lighter and tended to 

have a higher ponderosity, although there were no significant differences 

between their unadjusted mean systolic or diastolic pressures. When adjusted 

for age at the 1990 survey, there remained no significant differences in mean 

SBP or DBP between the group not followed up in 1994 and those in the 

longitudinal group (data not shown).

Table 7.1 also shows the mean ages and physical measurements in the 

longitudinal group in 1990 and in 1994. In these children the mean rise in SBP 

was 8.96 mmHg (95% Cl 8.50, 9.42), and the mean rise in DBP was 4.29 

mmHg (95% Cl 3.97, 4.61). The mean increase in SBP was greater in the girls 

than in the boys (9.86 mmHg, 95% Cl 9.69, 10.02, and 8.08 mmHg, 95% Cl 

8.01, 8.74, respectively, test for difference P = <0.001), but when adjusted for 

change in height and change in PI this difference disappeared (data not shown).

Change in BP was not associated with initial age; after adjustment for sex, 

town and follow-up time, an increase in initial age of one year was associated 

with a reduction in absolute SBP change of 0.10 mmHg (95% Cl -0.88, +0.68,

P = 0.81) and a similar non-significant reduction in absolute DBP change.
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Blood pressure at 9-11 years was strongly related to BP at 5-7 years (tracking 

coefficients for SBP and DBP, were 0.48, P = 0.0001 and 0.40, P = 0.0001, 

respectively). Both SBP and DBP change were correlated with change in PI, 

but only SBP change was correlated with average PI. Change in SBP was also 

correlated with change in height, whilst change in DBP was also correlated 

with average height (see Table 7.2).

7.4.1 THE INFLUENCE OF PONDERAL INDEX AND HEIGHT ON 

BLOOD PRESSURE CHANGE

Average height was not associated with BP change (data not shown).

However, increase in height was positively associated with change in SBP (P = 

0.0001), but not with change in DBP (P= 0.17). When the children were 

ranked into fifths for increase in height, the mean change in SBP in the children 

whose height increased least was 7.14 mmHg (95% Cl 6.12, 8.16) compared to 

10.92 mmHg (95% Cl 9.90, 11.94) in the children whose height increased 

most.

7.4.1.1 Pondéral index change

Between 5-7 and 9-11 years PI decreased in most of the children (mean 

change in PI = -0.80 kg m'^, 95% Cl -3.58, +1.99; Table 7.1). Table 7.3 shows 

absolute BP change in the children ranked in fifths for PI change. A smaller 

fall in PI between the two ages was associated with a greater rise in systolic and 

diastolic pressure. There was a twofold difference in the mean increase in SBP 

between those children in the group with the smallest fa ll in PI (mean PI 

actually increased in this group, mean change in SBP 13.49 mmHg, 95% Cl 

12.49, 14.49), and those in the group with the largest fa ll in PI (mean change in 

SBP 6.79 mmHg, 95% Cl 5.79,7.79). This difference was even greater after 

simultaneous adjustment for change in height, average height and average PI.

A similar pattern was seen for change in DBP with change in PI, although the 

absolute differences in DBP were smaller than for SBP (Table 7.3). Table 7.4 

shows the effect of examining change in SND for BP change in the children 

again ranked in fifths for PI change. The results are very similar to those 

observed when absolute change in BP was examined (Table 7.3). Similar
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results were found when the data were examined separately by sex -  again 

absolute BP change was around twice as great in boys or girls in the fifth whose 

PI decreased least compared to the group whose PI decreased most (Tables 7.5 

and 7.6).

The cross-tabulations in Tables 7.7 (SBP) and 7.8 (DBP) show mean BP 

change for the children ranked in fifths for PI in both 1990 and 1994. Although 

the numbers in some of the more peripheral cells are small, these tables also 

suggest that those who moved up from their original PI rank experienced a 

greater change in both SBP and DBP than those who remained in the same rank 

for PI at each survey. Those who moved from a higher PI rank to a lower rank 

between the two surveys experienced the smallest BP changes. These analyses 

were repeated for each sex separately -  in these analyses many cells contained 

few subjects, but in general the findings appeared to be in agreement with the 

analyses on the children as a whole (data not shown).

The association between change in PI and change in BP was equally strong in 

those who were in the lowest rank for average PI and those in the highest rank 

for average PI (data not shown).

7.4.1.2 Average pondéral index

Table 7.9 shows absolute BP change for the children ranked in fifths for 

average PI across the two surveys. Children with a higher average PI 

experienced a greater change in SBP than children with a lower average PI. No 

association was seen with DBP. Average PI was correlated with change in PI 

(r= 0.38, P 0.0001) (Table 7.2), and when adjusted for change in PI the 

association between average PI and SBP change was reduced in magnitude and 

strength (Table 7.9). Very similar results were seen when the SND of BP 

change was examined (data not shown).

The data were examined for each sex separately. Table 7.10 shows SND for 

BP change amongst the girls ranked into fifths for average PI. Amongst the
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girls there was no association between average PI and SBP change after 

simultaneous adjustment for change in PI, and no association between average 

PI and DBP. Amongst the boys a positive association between average PI and 

BP change tended to be present for both SPB and DBP; however, after 

simultaneous adjustment for change in PI, only a weak positive association 

between SBP change and average PI remained (Table 7.11).

All the analyses described here were repeated whilst simultaneously adjusting 

for age in 1990; the results of these analyses were entirely unaltered by this 

additional adjustment.

7.4.2 FAMILY HISTORY OF CARDIOVASCULAR DISEASE

Information on matemal history of CVD was available for 1,968 children (85% 

of children in this study). 280 (14%) of these mothers had a positive history of 

hypertension and 285 (14%) had a positive matemal history of CVD (which 

included a positive history of hypertension, angina, myocardial infarction or 

cerebrovascular accident) (Table 7.12). Information on patemal history of 

CVD was available in 1,529 children (66%); 181 (12%) of these had a positive 

patemal history of CVD. Information on matemal and patemal history of CVD 

was present for 1,493 children (64%), and 36 of these (2 %) had a positive 

history of CVD in both parents (Table 7.12). In the group as a whole a 

matemal or patemal history of CVD was not related to change in systolic or 

diastolic pressure (Table 7.13), and this remained tme after simultaneous 

adjustment for height and PI (data not shown). Nor was there any evidence that 

a positive history in both parents was related to a greater BP change (data not 

shown, P > 0.1 for difference in change in both SBP and DBP). Repeating 

these analyses using SNDs for BP change led to similar findings (data not 

shown).

When the data were examined by sex, a positive matemal history of CVD 

showed a very weak tendency to be associated with a greater SBP change in the 

girls only (mean difference 2.11 mmHg, 95% Cl 0.15, 4.07, P for difference 

0.04) (Table 7.13). This association was not explained by confounding from
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average height, change in height, average PI or change in PI (data not shown). 

Although there was a suggestion of a difference in the association between 

matemal history of CVD and SBP change between the sexes, formal tests of 

sex interaction were not significant (P = 0.2). A patemal history of CVD was 

unrelated to change in SBP in either sex, and there was no evidence that family 

history was associated with DBP change. Again, repeating these analyses using 

SNDs for BP change resulted in similar findings (data not shown).

7.4.3 NUMBER OF SIBLINGS AND SOCIAL CLASS OF FAMILY

Information on number of siblings and occupation of the head of the household 

was available for 1,942 (84%) and 1,887 (81%) of the children in this 

longitudinal study, respectively. Overall, in the children as a whole, the 

number of siblings was not related to change in BP. There was no trend in 

absolute SBP or DBP change with an increasing number of siblings (Table 

7.14). This remained tme when the group was examined by sex, except for a 

very weakly significant rise in DBP change with increasing number of siblings 

in the girls which may have been a chance finding (test for trend P= 0.02). 

Social class, as determined by the head of the household being engaged in 

manual or non-manual work, was unrelated both to change in SBP or DBP in 

the children as a whole and in the girls and boys separately (Table 7.14).

Again, all these relationships were uninfluenced by simultaneous adjustment 

for height or PI (data not shown). Repeating these analyses using SNDs for BP 

change gave very similar results (data not shown).

7.4.4 BIRTHWEIGHT

A matemally recalled birthweight was available for 1,994 (86%) of the children 

in this study and matemity records were located for 1,156 (50%) children.

After adjustment for current body size an inverse association between 

birthweight (matemal recall) and SBP, but not DBP, was present at 9-11 years 

in this subset with longitudinal data (regression coefficients = -1.77, 95% Cl 

-1.42, -0.97, P = 0.0001 and -0.44, 95% Cl -0.99, + 0.11, P = 0.12, for SBP and 

DBP, respectively; see Chapter 5 for methods). Table 7.15 shows the mean 

change in SBP and DBP in the children ranked in fifths for birthweight. There
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was no significant relationship between matemally recalled birthweight and • 

change in SBP or DBP, and this remained tme when birth record birthweight 

was used instead of matemally recalled birthweight (data not shown). The 

results were unaffected by simultaneous adjustment for height and PI (data not 

shown), or by substitution of SND for BP change for absolute BP change (data 

not shown).

7.4.5 EXERCISE

Parental report regarding the children’s level of exercise from the 1994 survey 

was present for 1,993 children (86%) -  1,177 (87%) boys and 1,145 (84%) 

girls. The results of this question correlated with resting pulse rate, forced 

expiratory volume and PI (correlation coefficients, r = -0.15, r = 0.1 and r = 

-0.12, respectively, all P values = 0.0001). Because only around 5% of girls 

and boys were reported to be in the most sedentary group, the two most 

sedentary groups were combined for these analyses, resulting in three rather 

than four exercise levels (Table 7.16). The distribution of responses to the 

question about exercise levels varied greatly between the sexes: nearly 50% of 

the girls were reported as only occasionally indulging in light physical exercise 

outside school compared to 25% of boys; whilst 40% of the boys reported 

participating in regular sports outside school for more than three hours a week 

compared with just 19% of the girls. Because of these apparent differences, the 

influence of exercise on change in BP was only examined separately in boys 

and girls.

Amongst the boys, participating in a higher level of regular exercise at 9-11 

years was significantly associated with a smaller SBP change and a similar 

trend was seen for DBP change (Table 7.16). The mean increase in SBP for the 

boys undertaking the least amount of exercise at 9-11 years was 9.24 mmHg 

(95% Cl 7.87, 10.61), whilst the mean increase in the highest group for 

exercise was 6.68 mmHg (95% Cl 5.58, 7.78). No association between 

exercise level and BP was seen in the girls. The association between BP change 

and exercise level in the boys appeared to be independent of adjustment for 

change in height, average height, change in PI and average PI, but the
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association was attenuated by simultaneous adjustment for all four of these 

variables together (data not shown).

7.5 DISCUSSION

7.5.1 PRINCIPAL FINDINGS

In this longitudinal study of school children aged between 5-7 and 9-11 years 

PI -  a measure of weight-for-height, was more strongly associated with change 

in BP than any of the other potential explanatory variables. In most of the 

children in the study, PI fell across the four years. Both average PI and change 

in PI were positively associated with SBP change; change in PI was also 

strongly associated with DBP change. Average PI and change in PI are 

correlated, but these data suggest that change in PI is more strongly associated 

with BP change than average PI. Children whose weight-for-height decreased 

the least (many of whom actually had an increase in PI) experienced an 

increase in SBP and DBP which was more than twice as great as that 

experienced by those whose PI decreased the most, even after adjustment for 

change in height, average height and average PI. This association was equally 

present in children with the highest and the lowest average pondéral indices.

A positive matemal history of CVD showed a weak tendency tended to be 

associated (P = 0.04) with a 2 mmHg greater (95% Cl 0.15, 4.07) increase in 

SBP amongst the girls alone, but this finding was not replicated for DBP and 

could have arisen by chance. It was not explained by confounding with any of 

the body size measurements.

Of the other potential explanatory variables for BP change explored in this 

chapter, including patemal history of CVD, number of siblings, social class and 

birth weight, only exercise level at 9-11 years in the boys appeared to be 

consistently associated with systolic and DBP change. However, this 

association was attenuated by simultaneous adjustment for the body size 

measures described above. There was no apparent relationship between 

exercise level and BP change amongst the girls.
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7.5.2 STRENGTHS AND WEAKNESSES OF THE STUDY

Some strengths of this longitudinal study lie in its design. It was a prospective 

study of contemporary children with BP and physical measurements conducted 

using the same protocol at each survey. The relatively large tracking 

coefficients suggest that BP measurement was well standardised between the 

two surveys. Although the study only covers a period of four years there was a 

large mean rise in SBP and a moderately large rise in DBP across this period. 

The mean change in BP between 1990 and 1994 is not likely to have been 

affected by regression to the mean. However, regression to the mean meant it 

was not possible to examine the relationship between initial BP and change in 

BP.

As discussed in more detail in Chapter 4, the information on matemal and 

patemal history of CVD is dependent on the reliability of parental recall. The 

errors made by the parents in completing this part of the questionnaire are 

likely to be random and could have attenuated any genuine association between 

parental history and childhood BP change to such an extent that it was not seen 

in this study. The study did not take into account skeletal maturity (Katz, 

Hediger, et al. 1980) or sexual maturity (Voors, Webber, et al. 1979) (see 

Chapter 4), and both of these factors may influence BP change in this age 

group. Heavier children are known to enter puberty earlier (Baker, 1985). 

However there were no significant sex differences seen in the associations 

between change in PI and average PI and BP change, despite the fact that it is 

likely that the girls were more advanced in puberty (and had experienced more 

sexual maturation across the time period studied) than the boys.

The measure of exercise level employed was relatively cmde, relying as it did 

on a parental estimation. Despite this, the measure did correlate with more 

objective measures of physical fitness. The different pattem in responses for 

girls and boys may reflect a real difference in activity levels between the two 

sexes at these ages or may indicate that our questions were more suited to the 

types of activity undertaken by boys (for example, we did not mention dancing
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and parents may not have considered this as physical exercise; see further 

discussion in Chapter 4).

Measurements of exercise and social class of the head of the household were 

taken at only one point in time (at age 11). Although there is evidence that 

physical activity levels track in adolescents (Raitakari, Porkka, et al. 1994; 

Kelder, Perry, et al. 1994), and that there is continuity in social circumstances 

amongst men (Bartley, Power, et al. 1994), it is possible that the amount of 

exercise undertaken outside school or the social class of the household might 

have changed across the four years of the study. The effect of such change 

would probably be to reduce the magnitude of any association between these 

factors and BP change.

7.5.3 RELATION OF FINDINGS TO OTHER STUDIES

7.5.3.1 Rise in BP and tracking coefficients

The magnitude of the rise in mean SBP and DBP seen across the ages studied 

was very similar to that seen in de Man’s pooled findings from six European 

studies (de Man, Andre, et al. 1991) and to that seen in the National Health 

Examination Survey II in the United States (Harlan, Comoni-Huntley, et al. 

1979). The tracking coefficients observed in this study (SBP = 0.48, DBP = 

0.40), were very similar to those seen over three years in children initially aged 

5-19 years in the Bogalusa study (SBP = 0.49, DBP = 0.46; Shear, Burke, et al. 

1986), but were higher than those seen across 4 years in 5-18 year olds the 

Muscatine study ( SBP = 0.35, DBP = 0.21; Clarke, Schrott, et al. 1978).

Compared to the large number of cross-sectional studies of childhood BP, few 

studies have examined the influences on BP change in childhood and 

adolescence.

7.5.3.2 Body size

Another longitudinal study has reported that changes in ponderosity are 

associated with changes in BP. In the Muscatine study nearly 3,000 children
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were measured from two to six times between the ages of 5-15 and 15-18 

years (Clarke, Woolson, et al. 1986). The authors reported that moving out of 

or into the highest fifth for PI was associated with a decrease or increase, 

respectively, in percentile for SBP or DBP. An association between 

bodyweight and BP change was also seen in 753 children aged 6-9 years 

initially, and followed-up on nine occasions over five years in the Minneapolis 

BP study (Prineas, Gomez-Marin, et al. 1985). In the Minneapolis study, body 

weight was higher and increased more in those children whose BP tracked at a 

higher level. Those whose bodyweight was lower or decreased were more 

likely to experience a smaller change in BP over the follow-up time (in other 

words their BP tended to ‘de-track’, moving from a higher tracking level to a 

lower one). Although the Minneapolis study examined bodyweight rather than 

PI and the children were examined on several occasions, these findings are 

compatible with the results for PI, or weight-for-height, reported in the present, 

more limited study. A study of 462 Dutch youngsters (initial ages 5-19 years) 

from Zoetermeer were followed up with annual BP measurements for between 

3 and 7 years (Hofrnan & Valkenburg 1983). Initial body weight was 

positively related to SBP and DBP change in the 10-19 year-olds and there 

were similar results for body mass index and PI. The Dutch study did not 

report on the association between change in body weight or average body 

weight a BP change, but initial body weight is likely to be related to average 

body weight so, again, the results are not incompatible with the present study.

7.5.3.3 Parental history of cardiovascular disease

Hofrnan’s study, described above, found weakly positive and rather 

inconsistent associations between parental BP and change in offspring 

pressures (Hofinan & Valkenburg 1983). In the children all together, a 

difference of 10 mmHg in parental BP was associated with a mean difference in 

rate of change SBP or DBP of about 0.3-0.4 mmHg per year, and these results 

were statistically significant except for SBP in boys. It is not clear from 

Hofrnan’s paper whether fathers or mothers, or both parents, had their pressures 

measured, nor which parents’ pressures were used in the analyses. Hofinan’s 

study differed from the present study because it involved actual parental BP
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measurements made for the study, rather than a history of CVD or 

hypertension. A later study, also based on the Zoetermeer cohort, looked at BP 

change between the ages of 8-20 years in children whose parents both had 

relatively high, or relatively low BP, or with one ‘high’ and one ‘low’ parent 

(the ‘mixed group’) (van Hooft, Hofinan, et al. 1988). While BP at age 8 was 

not different in the offspring of these three groups, by the age of 20 years there 

was a difference of 7 mmHg for both SBP and DBP between the ‘high’ and 

‘low’ offspring. Thus, it may be that the present study did not find strong 

evidence of an association between parental history of CVD and BP change 

because it did not examine BP over a similar age range.

7.5.3.4 Birthweight

The lack of an association between birthweight and change in BP seen in this 

study was also noted in a study of 330 Dutch youngsters (initial ages 5-21 

years) who were followed up for 14 years (Uiterwaal, Anthony, et al. 1997). 

The absence of an effect of birthweight on BP change is of particular note 

because, as in the present study, an inverse birthweight-BP association of the 

same magnitude to that found in the present study was present after adjustment 

for current body size in Uiterwaal’s study.

7.5.3.5 Exercise

Shea and colleagues found that increased aerobic fitness, measured using 

treadmill tests, was independently associated with a smaller rate of change of 

SBP in 196 Hispanic five year-olds followed up on between 5 and 12 occasions 

for around 20 months (Shea, Basch, et al. 1994). This association was found to 

be independent of change in BMI (which was not significantly associated with 

BP change). Alpert and Wilmore reviewed the longitudinal studies of physical 

activity and BP in adolescents (Alpert & Wilmore 1994). They found no 

consistent differences in the associations between physical activity or fitness 

and BP between the sexes. They concluded that in normotensive adolescents 

“ .. .there is a very weak relationship between BP and level of activity or 

fitness.” The present study found no association between parentally reported
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exercise levels and BP change in girls, and the positive association found in 

boys was not entirely independent of body size.

7.5.4 CONCLUSIONS AND IMPLICATIONS

Although this study examined change in BP at just two points across four years, 

the relatively large mean increases in BP observed between these ages (around 

9 mmHg SBP and 4 mmHg DBP) emphasise the importance of studying the 

sevolution of BP in childhood. Ultimately, the strength of the conclusions 

drawn from this study must be limited by its design, but the findings suggest 

that further work in this area is fully justified and that there is potential benefit 

to public health in confirming or refuting these findings.

Of all the variables examined, PI, a proxy measure for adiposity, had the 

strongest influence on BP change across the ages studied. Change in PI 

appeared to have a stronger influence on BP than average PI, and was 

positively associated with both SBP and DBP. Reduction in weight is already 

known to reduce BP in obese children (e.g., Brownell, Kelman, et al. 1983; 

Rocchini, Katch, et al. 1988; Becque, Katch, et al. 1988). However, the finding 

that PI change was associated with BP change across the range of initial Pis, 

suggests that moving upwards in relative rank for PI could be deleterious for 

future cardiovascular health, even in the absence of becoming obese. These 

findings also suggest that a decrease in relative rank for PI might confer future 

health benefits even for the non-obese. This could be important because, of all 

the variables examined in the study, PI is the one that is most amenable to 

change. If confirmed, these findings could be important for population health. 

The inverse relationship seen between level of exercise and BP rise in the boys 

in this study appeared to be largely mediated in through the influence of 

exercise on PI, and the study supports Alpert’s conclusion that increased 

exercise has little independent effect on BP in normotensive adolescents 

(Alpert & Wilmore 2001). It is important to consider the possibility that 

changes in sexual maturation are also involved in driving the increase in blood 

pressure across the age range studied and the design of this study means we 

were unable to test this. Despite the fact that sexual maturation may be an
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important influence on BP it is unlikely to be accounting entirely for the 

associations between body size and BP described here.

The lack of an apparent association between social class and number of 

siblings, another proxy measure of socio-economic status (Wamala & Lynch 

2001), and BP change is reassuring because these factors are more difficult to 

influence.

Although there was an association between birthweight and BP level in this 

study, birthweight did not influence BP change, at least across the age range 

studied. Since birthweight is probably also difficult to influence (Rush 1990), 

at least in industrialised societies, this is also a reassuring finding.

Furthermore, the fact that birthweight does not appear to be influencing change 

in BP, at least in the first decade of life, may provide some evidence about the 

nature of the inverse birthweight-BP association described in Chapter 5. It 

suggests that birthweight may have a ‘one o ff influence on BP, perhaps 

contributing to the ‘setting’ of BP. From this study it does not appear that the 

birthweight is associated with raised BP because it gradually changes BP over 

time. In view of the fact that an inverse birthweight-BP association is found 

from early life, this is perhaps not surprising.

In summary, two important public health messages are suggested by this study. 

Firstly, it may be beneficial in terms of future cardiovascular risk for 

populations both to avoid obesity or being overweight in childhood and to 

avoid increases in percentile of weight-for-height in the first decade of life. 

Moving down in percentile rank of weight-for-height may confer long term 

health benefits. Secondly, these data suggest that, at least at this age, other 

factors such as family history, social class and number of siblings, which are 

hard or impossible to influence, are not important for the future risk of raised 

BP. The public health implications of this study are discussed further in 

Chapter 8.
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Table 7.1: Age and mean measurements in 1990 and 1994.

Age, yrs 
Height, cm 
Weight, kg 
PI, kg/m^ 
SPB, mmHg 
DBP, mmHg

Children not 
followed up in 

1994 
N = 1,960 

Mean (SD)

1990
Longitudinal subset 

N = 2,322 

Mean (SD)

1994
Longitudinal

subset

N = 2,322 
Mean (SD)

6.60 (0.70) 
118.8 (6.6) 
22.48 (4.10) 
13.35 (1.45) 

103.84 (11.09) 
61.15 (7.30)

6.271 (0.61) 
116.85 t  (6.10) 
21.55 t  (3.51) 
13.46t (1.42) 

103.45 NS (10.87) 
61.22 NS (7.53)

10.53 (0.59) 
141.31 (7.17) 
36.00 (7.94) 
12.66 (1.92) 

112.40 (11.32) 
65.51 (7.00)

Test for difference between two groups in 1990: NS = non-significant, 
t  = P<0.05 , t  = P< 0.0001.

Table 7.2: Pearson correlation coefficients for average height, change in 
height, average pondéral index, change in pondéral index and change in 
SBP and DBP.

Change 
in SBP

Change 
in DBP

Change 
in height

Average
height

Change 
in PI

Change 
in DBP *

0.53***

Change 
in height^

0.13*** 0.02

Average
height^

-0.02 -0.07*** 0.36***

Change 
in PI*

0.20*** 0.09*** - 0.06** 0.24***

Average
PI*

0.13*** 0.03 0.08*** -0.13*** 0.38***

** p —P = 0.005, *** P = 0.0004 or smaller
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Table 7.3: Absolute change in SBP and DBP between 5-7 and 9-11 years in the children ranked in fifths for change in pondéral index,

Change in pondéral index divided 
into fifths

SBP (r 
Unadjusted*

imHg)
Adjusted for av. Ht, A 

height & av. PI*

DBP (r 
Unadjusted*

imHg)
Adjusted for av. ht, A 

height & av. PI*
Mean

change (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
per fifth 

-236 1.00 463 6.79 0.51 5.71 0.53 3.56 0.36 2.88 038
-1.51 0.14 463 7.23 0.51 7.15 0.52 4.19 0.36 3.88 0.37
-1.03 0.15 463 8.39 0.51 8.67 0.51 3.47 0.36 336 0.36
-0.41 0.24 463 8.94 0.51 9.29 0.51 4.65 0.36 4.89 0.36
+1.32 1.14 463 13.49 0.51 14.02 0.58 5.67 0.36 6.47 0.41

Tests for trend P  = 0.0001 P = 0.0001 P = 0.0001 P = 0.0001

too
O n

All analyses are adjusted for sex, town and follow-up time.



Table 7.4: Absolute change in standard normal deviate (SND) for SBP and DBF between 5-7 and 9-11 years in the children ranked in

SBP (mmHg) DBP (mmHg)
Change in pondéral index divided Unadjusted* Adjusted for av. Ht, A Unadjusted* Adjusted for av. ht, A
into fifths height & av. PI* height & av. PI*

Mean
change (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
per fifth SND SND SND SND

change change change change
-2.36 1.00 463 -0.19 (0.04) -0.29 (0.05) -0.09 (0.05) -0.18 (0.05)
-1.51 0.14 463 -0.15 (0.04) -0.16 (0.05) -0.01 (0.05) -0.05 (0.05)
-1.03 0.15 463 -0.05 (0.04) -0.03 (0.04) -0.11 0105) -0.12 (0.05)
-0.41 0.24 463 - 0.002 (0.04) + 0.03 (0.04) + 0.05 (0.05) + 0.08 (0.05)
+1.32 1.14 463 + 0.40 (0.04) + 0.45 (0.05) + 0.18 (0.05) + 0.28 (0.05)

Tests for trend P =0.0001 P = 0.0001 P = 0.0001 P = 0.0001
* All analyses are adjusted for sex, town and follow-up time.



Table 7.5: Absolute change in SBP and DBP between 5-7  and 9-11 years in the girls ranked in fifths for change in pondéral index,

SBP (mmHg) DBP (mmHg)
Change in pondéral index divided Unadjusted* Adjusted for Unadjusted* Adjusted for av. ht, A
into fifths av.height, height & av. PI*

A height & av. PI*
Mean

change (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
per fifth change change change change

-2.34 (1.21) 229 7.44 (OJl) 6.69 (0.74) 3.56 (0.48) 3.13 (&51)
-1.44 (0.15) 229 &48 (0 71) 8.40 (0.72) 4.23 (0.48) 4.00 (0.50)
-0.90 (0.17) 230 9.09 (0.71) 9.25 (0.71) 3.61 (0.48) 3.53 (0.49)
-0.27 (0.25) 229 10.31 (0.71) 10.58 (0.70) 4.75 (0.48) 4.92 (0.48)
+1.51 (1.15) 229 14.08 (OJl) 14.46 (0.80) 5.23 (0.49) 5.79 (0.55)

Tests for trend P = 0.0001 P = 0.0001 P = 0.01 P = 0.001
to
o
00

All analyses are adjusted for town and follow-up time.



Table 7.6: Absolute change in SBP and DBP between 5-7 and 9-11 years in the boys ranked in fifths for change in pondéral index,

SBP (mmHg) DBP (mmHg)
Change in pondéral index divided Unadjusted* Adjusted for Unadjusted* Adjusted for av. ht, A
into fifths av.height, height & av. PI*

A height & av. PI*
Mean

change (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
per fifth change change change change

-238 (0.74) 234 6.09 (0.73) 4.58 (0.78) 3.27 (0.54) 2.20 (0.57)
-1.57 (0 13) 235 6.34 (0.73) 6.24 (0.75) 4.34 (0.54) 4.00 (&55)
-1.13 (0J3) 234 6.78 (0.73) 7.14 (0.74) 238 (0.54) 236 (0.54)
-0.56 (0.22) 235 8.62 (0.73) 9.23 (0.73) 4.68 (0.54) 5.09 (0.54)
+1.13 (1.13) 234 12.59 (0.73) 13.23 (0.84) 5.91 (0.54) 6.94 (0.62)

Tests for trend P  = 0.0001 P = 0.0001 P = 0.002 P  = 0.0001
K)O
'O

All analyses are adjusted for town and follow-up time.



Table 7.7: Cross tabulation showing adjusted mean absolute change in SBP in mmHg (std err) between ages

to
o

Fonderai index 
at age 5-7 
in fifths 
[range]

Fonderai index at age 9-11 in fifths [range]

Group 1 Group 2 Group 3 Group 4 Group 5 
[7.98-11.19] [>11.19-11.89] [>11.89-12.67] [>12.68-13.87] [>13.87-22.62]

Group 1 
[8.33-12.36] 
Group 2 
[>12.36-13.00] 
Group 3 
[>13.00- 13.64] 
Group 4 
[>13.64-14.42] 
Group 5 
[>14.42-33.15]

7.00 (0.66) 
N = 281

10.32 (1.08) 
N =  104

9.75 (1.72) 
N=41

17.55 (2.16) 
N = 26

15.49 (3.30) 
N =  11

6.58 (0.96)
N =  131

7.26 (0.87) 
N= 162

10.16(1.16) 
N = 91

11.88 (1.42) 
N = 60

12.26 (2.59) 
N = 1 8

6.07(1.89) 
N = 34

7.87 (0.96)
N =  132

8.62 (0.90) 
N =  148

9.36(1.08) 
N =  104

12.05 (1.62)
N = 46

1.30 (4.15)
N = 7

6.64(1.49) 
N = 55

8.07 (0.96) 
N=132

8.16(0.88) 
N =  155

13.57 (1.03) 
N =  114

8.85 (3.66)
N = 9

13.51 (3.48) 
N =  10

5.91 (1.53) 
N = 52

8.27(1.02) 
N =  118

10.95 (0.67) 
N = 275

Adjusted for age, sex, follow-up time and town.



Table 7.8: Cross tabulation showing adjusted mean absolute change in DBP in mmHg (std err) between ages

to

Fonderai index 
at age 5-7 
in fifths 
[range]

Fonderai index at age 9-11 in fifths [range]

Group 1 Group 2 Group 3 Group 4 Group 5 
[7.98-11.19] [>11.19-11.89] [>11.89- 12.67] [>12.68-13.87] [>13.87-22.62]

Group 1 
[8.33-12.36] 
Group 2 
[>12.36-13.00] 
Group 3 
[>13.00-13.64] 
Group 4 
[>13.64-14.42] 
Group 5 
[>14.42-33.15]

3.45 (0.47) 
N = 281

5.87 (0.76) 
N =  104

3.56(1.21)
N=41

8.37 (1.53) 
N = 26

7.74 (2.34) 
N = l l

4.15(0.68)
N=131

3.72 (0.61) 
N =  162

4.14(0.82)
N - 9 1

5.11 (1.00)
N = 60

6.44(1.83) 
N =  18

2.65 (1.33) 
N = 34

4.70 (0.68) 
N =  132

5.16(0.64) 
N =  148

4.42 (0.76) 
N =  104

6.44(1.15) 
N = 46

1.38(2.93)
N = 7

2.76(1.05) 
N = 55

3.83 (0.68)
N =  132

4.32 (0.62)
N =  155

5.34 (0.73) 
N =  114

0.41 (2.59) 
N = 9

2.16(2.46) 
N =  10

2.99 (1.08) 
N = 52

3.63 (0.72)
N =  118

4.35 (0.47) 
N = 275

Adjusted for sex, follow-up time and town.



Table 7.9: Absolute blood pressure change in the children ranked in fifths for average pondéral index, both unadjusted and adjusted for

Average pondéral index divided 
into fifths

SBP (r 
Unadjusted*

amHg)
Adjusted for CPI*

DBP (r 
Unadjusted*

nmHg)
Adjusted for CPI*

Mean (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
change change change change

11.29 (0.46) 463 7.45 0.52 8.01 0.51 3.98 0.36 4.19 0.36
12.18 (&18) 463 7.65 0.51 825 0.51 3.69 0.36 3.91 0.36
12.83 (0.19) 464 9.70 0.51 10.08 0.51 4.83 0.36 4.96 0.36
13.60 (0.27) 463 &60 0.51 8.66 0.51 4.30 0.36 4.33 0.36
15.41 (1.31) 463 11.45 0.52 9j^ 0.55 4.68 0.36 4.09 0.39

Tests for trend P = 0.0001 P = 0.02 0.08 P =■0.8

Ki

to

All analyses are adjusted for sex, town and follow-up time.



Table 7.10: Change in blood pressure standard normal deviate (SND) in the girls ranked in fifths for average pondéral index, both

SBP (mmHg) DBP (mmHg)
Average pondéral index divided Unadjusted* Adjusted for CPI* Unadjusted* Adjusted for CPI*
into fifths

Mean (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
SND SND SND SND

change change change change
11.31 (0.49) 228 - 0.08 (0.06) -0.03 (0.06) + 0.03 (0.06) + 0.05 (0.06)
12.24 (0.19) 229 -0.13 (0.06) -0.08 (0.06) -0.09 (0.06) -0.07 (0.06)
12.93 (0.22) 229 + 0.04 (0.06) + 0.06 (0.06) + 0.09 (0.06) + 0.10 (0.06)
13.77 (0.26) 229 - 0.06 (0.06) -0.07 (0.06) -0.03 (0.06) -0.03 (0.06)
15.71 (1.36) 229 0.24 (0.07) 0.12 (0.07) 0.01 (0.06) -0.04 (0.07)

Tests for trend P =0.0006 P = 0.16 P = 0.90 P =0.49
N)
W

All analyses are adjusted for town and follow-up time.



Table 7.11: Change in blood pressure standard normal deviate (SND) in the boys ranked in fifths for average pondéral index, both

SBP (mmHg) DBP (mmHg)
Average pondéral index divided Unadjusted* Adjusted for CPI* Unadjusted* Adjusted for CPI*
into fifths

Mean (SD) N Mean (Std err) Mean (Std err) Mean (Std err) Mean (Std err)
SND SND SND SND

change change change change

11.28 (0.44) 234 -0.18 (0.06) -0.13 (0.06) -0.09 (0.06) -0.06 (0.06)
12.13 (0.18) 235 -0.11 (0.06) -0.05 (0.06) -0.06 (0.06) -0.03 (0.06)
12.75 (0.18) 234 + 0.07 (0.06) + 0.11 (0.06) + 0.07 (0.06) + 0.09 (0.06)
13.43 (0.24) 235 + 0.04 (0.06) + 0.06 (0.06) + 0.03 (0.06) + 0.04 (0.06)
15.10 (1.21) 234 + 0.17 (0.06) + 0.01 (0.07) + 0.07 (0.06) -0.03 (0.06)

Tests for trend P = 0.0001 P =0.05 P = 0.05 P =0.44K)
All analyses are adjusted for town and follow-up time.



able 7.12: Children’s family history of cardiovascular disease.
No. for whom 
question was 

completed

No. of positive 
responses (%)

Maternal history of 
hypertension

1968 280 (14.2)

Paternal history of 
hypertension

1528 161 (10.5)

Maternal history of angina 1967 10 (0.5)

Paternal history of angina 1516 13 (0.9)

Maternal history of 
myocardial infarction (MI)

1967 5 (0 3)

Paternal history of 
myocardial infarction (MI)

1510 19 (1.3)

Maternal history of 
cerebrovascular accident 
(CVA)

1967 3 (0.2)

Paternal history of 
cerebrovascular accident 
(CVA)

1494 7 (0.5)

Maternal history of 
cardiovascular diseasef 
(CVD)

1968 285 (14.5)

Paternal history of 
cardiovascular diseasef 
(CVD)

1529 181 (118)

Maternal or paternal history 
of cardiovascular diseasef 
(CVD)

1547 430 (27.8)

Both parents with a history 
of cardiovascular diseasef 
(CVD)

1493 36 (2.4)

* Excluding non-biological parents, f  = hypertension, angina, MI or CVA.
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Table 7.13: Parental history of CVD and absolute change in blood pressure between 5-7  and 9-11 years, for all children together and by
sex.

* Mean Change in Blood Pressure (mmHg)

N
GIRLS

SBP (std err) DBF (std err) N
BOYS

SBP (std err) DBP (std err) N
BOTH SEXES

SBP (std err) DBP (std err)

Maternal history of CVD
Positive
Negative

136
811

11.39(0.93) 
9J# (0J8)

4.00 (0.63) 
4.05 (0.26)

149
839

8.32 (0.93)
8.11 (0.39)

3.36 (0.68) 
4.43 (0.29)

285
1650

9.85 (0.66) 
8.67 (0.27)

3.67 (0.46) 
4.24 (0.19)

P value for difference P = 0.04 P = 0.94 P = 0.84 P = 0.15 P = 0.10 P = 0.26

Paternal history of CVD
Positive
Negative

80
677

8.26 (1.23)
9.33 (0.42)

2.98 (0.83) 
4.07 (0.28)

101
671

9.66(1.15) 
7.86 (0.44)

4.76 (0.84) 
3.96 (0.32)

181
1348

9.15 (0.84) 
8.58(0.31)

3.96 (0.59) 
4.02 (0.22)

P value for difference P = 0.41 P = 0.22 P = 0.14 P = 0.38 P  = 0.53 P = 0.93

Either parent with a history 
of CVD
Positive
Negative

201
570

10.40 (0.77) 
8.89 (0.46)

3.78 (0.52) 
4.00 (0.31)

229
547

8.71 (0.76) 
7.85 (0.49)

4.01 (0.55) 
4.10(0.36)

430
1117

9.58 (0.54) 
8.35 (0.33)

3.91 (0.38) 
4.05 (0.24)

P value for difference P = 0.09 P^O.70 P = 0.24 P  -  0.89 P  -  0.053 P = 0.76



Table 7.14: Number of siblings, occupation of head of household and absolute change in blood pressure, for all children together and by
sex.

* Mean Change in Blood Pressure (mmHg)

N
GIRLS

SBP (std err) DBP (std err) N
BOYS

SBP (std err) DBP (std err) N
BOTH SEXES 

SBP (std err) DBP (std err)
Number of siblings
None
1
2
3 or more

98
454
264
129

8.19(1.11) 
9.74 (0.52) 
10.19(0.68) 
9.96 (0.97)

2.46 (0.74) 
4.06 (0.34) 
4.85 (0.45) 
4.41 (0.64)

110
453
307
127

7.39 (1.08) 
8 J3 (0 J3 )  
8.33 (0.65)
8.63(1.01)

4.84 (0.80) 
4.13 (0.39) 
4.41 (0.48) 
4.51 (0.75)

208
907
571
256

7.84 (0.77) 
8.91 (0.37) 
9.23 (0.47) 
9.25 (0.70)

3.71 (0.54) 
4.10(0.26) 
4.61 (0.33) 
4.48 (0.49)

P value for test for trend P  = 0.25 P =  0.04 P -  0.41 P = 0.97 P = 0.18 P = 0.15

Occupation of head of 
household^
Non-manual work 
Manual work

435
472

10.01 (0.53) 
9.23 (0.51)

3.94 (0.36)
4.13 (0.35)

492
488

7.47 (0.52) 
8.72 (0.52)

3.97 (0.38) 
4.63 (0.38)

927
960

8.70 (0.37) 
8.94 (0.36)

3.95 (0.26)
4.39 (0.26)

P value for difference P  -  0.30 P = 0.70 P=^0.10 P = 0.23 P^O .65 P = 0.24

* Adjusted for sex, town and fo low-up time.N)
Excluding those children where both parents were recorded as unemployed or where no data on employment were present.



Table 7.15. Mean change in blood pressure between 5-7 and 9-11 years

Birthweight Fifth 

Fifth Range (kg) N

Mean change in blood 
pressure, (mm Hg)

SBP (std err) DBP (std err)
Girls 1 0.62 - 2.86 193 9.40 (0.78) 4.04 (0.52)

2 2.86-3.15 191 10.89 (0.78) 4.27 (0.52)
3 3.18-3.40 222 9.16(0.72) 3.88(0.49)
4 3.43 - 3.67 172 9.01 (0.83) 3.68 (0.56)
5 3.69-5.39 206 9.67 (0.75) 4.09 (0.51)

Test for trend P = 0.63 P = 0.48
Boys 1 1.02-3.01 200 7.76 (0.80) 3.61 (0.59)

2 3.03 - 3.29 204 7.75 (0.79) 4.57 (0.58)
3 3.30-3.54 214 7.96 (0.78) 3.64 (0.57)
4 3.57-3.80 190 7.55 (0.82) 4.04 (0.60)
5 3.83-6.21 202 8.97 (0.80) 5.31 (0.58)

Test for trend P = 0.37 P = 0.12
All
Children 1 0.62 - 2.92 406 8.93 (0.55) 4.20 (0.39)

2 2.94 - 3.23 406 9.20 (0.55) 4.34 (0.39)
3 3.24 - 3.46 364 7.96 (0.58) 3.71 (0.41)
4 3.49-3.71 400 8.64 (0.55) 3.72 (0.39)
5 3.74-6.21 418 9.19(0.54) 4.71 (0.38)

Test for trend P = 0.99 P^O.73
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able 7.16. Absolute change in BP stratified by level of exercise undertaken at 9-11 years.

Exercise
level

N (%)
Girls 

SBP change, 
mm Hg (SE)

DBP change, 
mmHg (SE)

N (%)
Boys 

SBP change, 
mmHg (SE)

DBP change, 
mmHg (SE)

1 455 (47.1) 10.15 (0.52) 3.99 (0.34) 261 (25.4) 9.24 (0.70) 439 (032)
2 332 (34.4) 9.19 (0.60) 4.04 (0.40) 352 (343) 8.89 00 (SO) 4.65 (0.44)
3 179 (18.5) 9.20 (0.82) 4.35 (0.55) 414 (40.3) 6.68 (0.55) 3.65 (0.41)

Test for Trend P  = 0.23 P = 0.61 P = 0.002 P = 0.05



CHAPTER 8: CONCLUSIONS

8.0 SUMMARY

The main findings from the previous chapters are reviewed. The most 

important influence on the level of childhood blood pressure (BP) was current 

body size, although much of the variation in BP remained unexplained. 

Change in pondéral index was the most important influence on BP change 

between 5-7 and 9-11 years. Attained birthweight was inversely associated 

with BP at 8-11 years after adjustment for current body size, but the 

association was concentrated in the girls and absent or attenuated in the boys. 

There was no evidence to support the proposal that fetal insults in different 

trimesters result in identifiable phenotypes for birth size which are associated 

with raised BP in childhood. The influence of birthweight on childhood BP in 

these contemporary children was small in comparison to the influence of 

current adiposity and the thesis questions the importance of the ‘fetal origins’ 

hypothesis for future raised BP. The most important implication for public 

health was the influence of current adiposity on childhood BP. Further studies 

to explore the ‘fetal origins’ hypothesis and to confirm the findings related to 

adiposity and BP change are suggested.

8.1 INTRODUCTION

The previous chapters have examined several influences on childhood BP: 

current determinants of BP at 8-11 years in the Ten Towns Study; the 

influence of various measures of size at birth on BP at 8-11 years; and 

maternal smoking or BP level during pregnancy and offspring BP at 8-11 

years. Factors influencing change in BP in between 5-7 and 9-11 years were 

explored in Chapter 7. In this chapter the implications of the study’s findings 

are considered in more detail. An overview of the main findings of the thesis 

on BP level and BP change in childhood is presented in Section 8.2. Section

8.3 examines the implications of the findings of this thesis with regard to the 

‘fetal origins’ hypothesis and to the underlving biological mechanisms 

proposed for the hvnothesis. Section 8.4 examines the potential public health 

importance of the findings of this thesis and the final section, 8.5, looks at
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some implications arising from this work for further research together with 

some suggestions for further studies.

8.2 THE MAIN INFLUENCES ON BLOOD PRESSURE LEVEL AND 

CHANGE IN BLOOD PRESSURE LEVEL

The main influences on BP level at 8-11 years were pondéral index (PI), height 

and pulse rate -  all of which had strong, positive associations with BP. These 

three variables explained 14%, 10% and 13%, respectively, of the variability in 

systolic blood pressure (SBP) and just 4%, 2% and 10% of the variability in 

diastolic blood pressure (DBP). A positive maternal history of cardiovascular 

disease (CVD) was associated with higher BP but explained little of the 

variance in BP. A positive paternal history of BP was not independently 

associated with BP, except for a possible association with DBP in sons.

Factors associated with BP measurement (room temperature, observer and 

anticipation of venepuncture) were associated with BP level but explained 

relatively little of the overall variance. No association between physical 

activity level and BP was detected amongst the girls, and in the boys the 

association was confounded by adiposity. Those children from towns with a 

high adult CVD mortality had significantly higher BP levels than their peers 

from low adult mortality towns -  even after adjustment for differences in 

current body size. Despite this finding, BP was not related to any of the socio

economic factors examined.

Birth weight was only associated with SBP after adjustment for current height 

and PI. The influence of birthweight on SBP at 8-11 years was small in 

comparison to the influence of current PI: a one standard deviation increase in 

birthweight was associated with a fall in SBP of less than one mmHg, 

compared to a one standard deviation increase in PI which was associated with 

an increase in SBP of over three mmHg.

PI was also the most important determinant of change in BP level between 5-7 

and 9—11 years. The influence of change in PI on BP change was stronger than 

the influence of average PI. It was not possible to fully assess the role of 

increased sexual maturation on either BP level or trend in BP in this study.

221



However the limited information that was available, together with the fact that 

no sex differences were detected in the associations between PI and BP change 

suggest that these associations are not being entirely driven by changes in 

sexual maturity.

In the boys, but not the girls, exercise level was inversely associated with 

change in BP, although this association was attenuated by simultaneous 

adjustment for change in PI and average PI. None of the other factors 

examined, including birthweight, was associated with BP change.

8.2.1 STRENGTHS AND LIMITATIONS OF THE STUDY OF 

INFLUENCES ON BLOOD PRESSURE LEVEL AND CHANGE

The Ten Towns Study is a large, prospective, longitudinal study of children 

which involves highly standardised BP measurements. A major strength of the 

study is its focus on contemporary children, making the findings relevant to 

current public health. Studying CVD risk in childhood enables the researcher 

to look at risk before adult lifestyle factors, such as smoking, have been 

superimposed. Weaknesses of this study of BP level and change include the 

crude nature of the measure of physical activity, which may have led to a 

failure to detect an independent association between physical activity and BP. 

In addition, this study did not address all the known influences on childhood 

BP; in particular, dietary intake of sodium and potassium was not examined 

and sexual maturity was not assessed.

8.3 IMPLICATIONS OF THE FINDINGS FOR THE ‘FETAL 

ORIGINS’ HYPOTHESIS AND FOR THE POTENTIAL UNDERLYING 

BIOLOGICAL MECHANISMS

In the Ten Towns Study, in agreement with many others (Huxley, Shiell, et al. 

2000), an inverse birthweight-BP association was present after adjustment for 

current body size. This is consistent with the ‘fetal origins’ hypothesis. The 

absence of interaction between current bodv size and birthweight on the 

association between birthweight and BP suggests that it is birthweight rather 

than post natal growth which is associated with childhood BP. However, the 

birthweight-blood pressure association seen in this study was weak and was
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only present in the girls -  raising questions about the relevance of the ‘fetal 

origins’ hypothesis for BP in contemporary children. (The weak influence of 

birthweight was also observed for other CVD risk factors, such as insulin level 

and insulin resistance, in these children (Whincup, Cook, et al. 1997).)

The sex difference in the birthweight-hlood pressure association seen in 8-11 

vear olds in this studv is unlikelv to he an artefact since it has also been found 

in three previous studies of children of similar ages (Mutch & McLeod 1995: 

Rabbia, Veglio et al., 1990) including amongst 10 vear olds in the 1970 British 

Birth Survev (J Golding, personal communication). Since there appears to be 

no sex difference in the strength of the hirthweisht-blood pressure association 

in voung children or in adults, the biological significance of this finding is 

unclear. The birthweight-BP association is attenuated, or disappears, during 

adolescence to reappear around the age of 18 years (Chapter 2). It has been 

suggested that the association disappears because of perturbed BP tracking 

during puberty (Barker 1998d). This explanation is not compatible with the 

sex difference in the association found in this study, since girls enter puberty 

and experience their pubertal growth spurt at a younger age than boys (Tanner 

& Kelnar 1992). (The average age for peak growth velocitv during the 

pubertal growth spurt in Northern European girls is 12 vears old, two vears 

earlier than the peak experienced bv bovs (Tanner & Kelnar 1992)).

This studv found that simultaneous adjustment for gestational age appeared to 

slightlv weaken the inverse association between birthweight and childhood BP. 

although the association between birthweight and BP was seen both with and 

without simultaneous adjustment for gestational age. Gestational age was 

highlv positivelv correlated with birthweight and in these data gestational age 

at deliverv was itself inverselv associated with childhood blood pressure.

These findings are compatible with the suggestion that it could be the rate of 

accretion of fetal mass (as measured bv birthweight for gestational agel that is 

associated with later blood pressure (Leon, 2000).

The finding in these data that the birthweight-hlood pressure association mav 

be stronger amongst multiplets compared to singleton pregnancies has been
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reported in two studies which examined monozygous and dizygous twin pairs 

(Poulter, 1999: Dwver. 1999). These two studies, which found no difference in 

the size of the effect bv zygosity, suggest that genetic influences do not explain 

the birthweight-blood pressure association and that maternal nutrition during 

pregnancy is also unlikelv to be the agent of impaired fetal growth. These 

studies point to the possibility that it may be defects in placentation resulting in 

inpaired /gto/ nutrition that are associated with raised blood pressure in later 

life (Leon, 1999b). The study described in this thesis, which did not look at 

twin pairs and was unable to distinguish zygosity, is compatible with this 

suggestion but was not designed to test these hypotheses.

Although a relatively large mean increase in BP level was seen across the four 

years studied, there was no evidence of amplification of the birthweight-BP 

association across this period.

The findings of the Ten Towns Study do not support the proposal (Barker 

1998d; Barker 1995) that fetal insults in different trimesters result in 

identifiable phenotypes for birth size which are associated with raised BP in 

childhood. Although, despite the statistical power of this study, it remains 

possible that inaccuracies in birth measurement obscured associations which 

were present. However, the findings in the Ten Towns study are compatible 

with a recent review which found little research evidence to support any 

association between distinct patterns of neonatal anthropometry and fetal 

growth retardation at identifiable stages of gestation (Harding, 2001).

There was no evidence of a consistent association between placental weight or 

placental ratio and childhood BP in the Ten Towns Study, however placental 

weight probably does not reflect placental function and it remains possible that 

the mechanism of the fetal origins hypothesis arises through altered 

placentation (Harding, 2001).

The suggestion that the birthweight-BP association arises from confounding by 

maternal BP level during pregnancy (Churchill, Perry, et al. 1997a; Walker, 

McConnachie, et al. 1998) is not supported by the findings of this thesis. Nor
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does this work support the suggestion that the birthweight-BP association is 

confounded by maternal smoking during pregnancy (Paneth & Susser 1995).

In summary, this thesis on the Ten Towns data confirms the existence of an 

inverse birthweight-BP association at 8-11 years of age and suggests that it is 

fetal growth rather than postnatal growth which is associated with childhood 

blood pressure. However, the findings do not support the elaborations of the 

‘fetal origins’ hypothesis around the timing of the fetal insults, birth size and 

BP. An unexplained sex difference in the association was seen at 8-11 years 

which does not support the prevailing explanation for the attenuation of the 

birthweight-BP association at puberty.

The studv described in this thesis suggests that the observed birthweight-blood 

pressure association does not arise as a result of confounding bv maternal 

antenatal blood pressure or maternal antenatal smoking. However, the thesis 

was not designed to test the two dominant opposing theories for the underlving 

biological origin of the association: a genetic origin or fetal undemutrition 

arising from deficiencies in maternal nutrition during pregnanev.

Most importantly, the thesis raises questions about the overall importance of 

the ‘fetal origins’ hypothesis for future BP risk since in childhood the influence 

of size at birth on BP is dwarfed by the influence of childhood adiposity 

(Section 8.1).

8.4 PUBLIC HEALTH IMPORTANCE OF THE FINDINGS

8.4.1 BLOOD PRESSURE VARIABILITY IN CHILDHOOD

The tracking coefficients observed in the Ten Towns Study were similar to 

those noted in other studies and were relatively weak (0.48 for SBP and 0.40 

for DBP between 5-7 and 9-11 years). The variability of BP in childhood 

demonstrated in this study, and in previous studies, tends to support earlier 

recommendations that the screening of unseleeted children in the first decade 

of life for their risk of developing essential hypertension in later life should not 

be recommended (de Swiet, Payers, et al. 1992).
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8.4.2 CURRENT BODY SIZE AND CHILDHOOD BLOOD PRESSURE

Both height and PI were strongly related to BP in children in this study, but the 

two measures have very different implications for public health. Although 

height is positively associated with BP in children, it is much less strongly 

associated with BP in adults (Walker, Shaper, et al. 1989), and most large 

studies have noted that adult height is inversely related to CVD mortality (e.g.. 

Palmer, Rosenberg, et al. 1990; Leon, Smith, et al. 1995; Njolstad, Amesen, et 

al. 1996; Wannamethee, Shaper, et al. 1998). Thus it would appear that the 

association between height and BP seen in this study may be physiological and 

is unlikely to be associated with future cardiovascular risk.

Obesity, determined in this study by PI, is positively associated with BP in 

both adults (Goldstein 1992) and children, and a recent review of the literature 

has concluded that obese children are at increased risk of becoming obese 

adults, although the prediction of adult obesity from child and adolescent 

adiposity measures is only moderate (Power, Lake, et al. 1997). It is not clear 

what proportion of the BP tracking from childhood to adulthood is due to the 

tracking of weight-for-height from childhood to adulthood and what proportion 

is due to other factors (Nelson, Ragland, et al. 1992).

The association seen between childhood obesity and BP may be particularly 

pertinent to national and international public health because the prevalence of 

childhood obesity appears to be rising in Britain (Bundred, Kitchiner, et al. 

2001; Chinn & Rona 2001; Reilly & Dorosty 1999), in the USA (Ogden, 

Troiano, et al. 1997) and in the developing world excluding Asia and sub- 

Saharan Africa (Martorell, Kettel, et al. 2000). If the association seen in this 

thesis between childhood obesity and BP is confirmed by other studies - 

particularly studies which are also able to examine the influence of changes in 

sexual maturity - this could have important public health implications. The rise 

in the prevalence of childhood obesity could herald an increase in the 

prevalence of hypertension and CVD when these children reach adulthood. 

Furthermore, a downward shift in the distribution of childhood PI in the UK 

(and elsewhere) would confer future health benefits on the population.
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This study also suggests that children who become relatively more obese over 

time (that is, those who move upwards in ranking for PI) experience a greater 

increase in BP than those who stay in the same rank for PI, even if they do not 

actually become obese. If this finding is confirmed by other studies, it would 

suggest that avoiding relative increases in adiposity, at least in the latter part of 

the first decade of life, may be advisable for all children. However, a recent 

Cochrane systematic review concluded that there is a paucity of evidence on 

the effectiveness of interventions to prevent obesity in children (Campbell, 

Walters, et al. 2001).

8.4.3 BIRTH SIZE AND CHILDHOOD BLOOD PRESSURE

The findings of this thesis do not provide sufficient evidence to advocate any 

attempt at present to increase birthweight in the UK with the intention of 

reducing future CVD risk, although a reduction in the number of babies bom 

with low birthweights would reduce neonatal mortality and morbidity 

(Ashworth 1998). The magnitude of the inverse birthweight-BP association 

seen in this study was small compared to the influence of current PI on BP. 

From a public health perspective this may be good news since it may be more 

difficult to influence birthweight (Rush 1990) than to influence childhood 

adiposity (Frühbeck 2000). It has been reported that intensive nutritional 

counselling combined with dietary supplementation only increases birthweight 

by 30-50g, and studies of prenatal starvation caused by the Dutch famine mled 

out a substantial (200g or more) reduction in birthweight even with severe in 

utero maternal undemutrition (Lumey, Stein, et al. 1995).

8.4.4 SMOKING DURING PREGNANCY

This study demonstrated the well recognised finding that exposure to matemal 

smoking whilst in utero decreases offspring birthweight by around 200g. 

Although smoking during pregnancy has many proven deleterious effects 

(Lumley & Astbury 1990), this study found that matemal smoking during 

pregnancy has no independent effect on offspring BP in childhood, and that 

any effect on childhood BP caused indirectly through the birthweight-BP 

association was so small as to be undetectable and was clinically insignificant.
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8.5 IMPLICATIONS AND SUGGESTIONS FOR FURTHER 

RESEARCH

8.5.1 STUDIES EXAMINING THE ‘FETAL ORIGINS’ HYPOTHESIS

Several studies of the ‘fetal origins’ hypothesis are suggested by the findings of 

this thesis. Perhaps the most important study would be to continue to follow 

up the children in the Ten Towns Study throughout their second decade of life 

and into adulthood. (In fact, the children were recently re-surveyed at 12-15 

years). The overall aim of observing this group of contemporary youngsters 

into adulthood, and beyond, would be to ascertain the relative importance of 

their early life experiences, their later life experiences, and their present 

circumstances on their BP and on other risk factors for future CVD and to 

observe any interactions between later and early life experiences (Marmot 

2001).

The particular aims of such a study which directly follow from the work in this 

thesis would include:

• To determine what happens to the birthweight-BP association during the 

early and middle teenage years.

• To determine what happens to the sex differences in the birthweight-BP 

association noted at 8-11 years.

• To re-examine the associations between measures of size at birth, other 

than birthweight, and BP and other cardiovascular risk factors in a larger 

proportion of the study population.

If this study were to be conducted, an attempt at pubertal staging should be 

made whilst the study cohort are followed up during adolescence; in practice 

this would have to be a pubertal self-rating questionnaire. The influence of 

parity on birthweight should also be explored. In addition, further attempts to 

obtain birth record data on all members of the study cohort should be made.

The original strategy of only retrieving maternity records from hospitals where 

20 or more study children were bom could be revised so that all, or most, of the 

hospitals where the study children were bom are visited. Hospitals where
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individual birth records were previously found to be missing could be re

visited. Increasing the number of children with birth record data retrieved 

would increase the power of the study to examine associations between CVD 

risk factors and size at birth. It would probably also overcome the problem of 

the selection effect which causes the birthweight-BP effect to be particularly 

weak in the current subgroup of children with maternity record data.

This thesis found no evidence to support amplification of the birthweight-BP 

association between the ages of 5-7 and 9-11, but in order to test whether 

amplification ever occurs it may be necessary to follow the cohort up into 

middle age or later.

8.5.1.2 The contribution of maternal nutrition and antenatal experience to 

neonatal anthropometry

This study did not consider the matemal nutrition aspect of the ‘fetal origins’ 

hypothesis, but the thesis did attempt to explore whether patterns of size at 

birth are associated with raised BP in childhood. It is possible to conduct a 

study with the aim of discovering whether patterns in matemal nutrition, and 

other potential intrauterine insults, are reflected in phenotypes of size at birth in 

contemporary babies.

A detailed prospective study with serial fetal ultrasound measures and 

intensive, validated collection of matemal anthropometry and diet from before 

conception (if possible) and throughout pregnancy, together with excellent 

neonatal anthropometry, could be conducted. The role of matemal BP in 

pregnancy could be examined by the use of more standardised clinic measures, 

together with regular home BP monitoring. However, it is far easier to suggest 

such a study than to plan and execute it. Clearly it would be an expensive 

undertaking and it may be difficult to recmit a sample of mothers who were 

representative of the general population and also willing to participate in such a 

potentially time consuming study. Ideally the study would examine women 

before they conceived in order to document matemal weight gain in pregnancy 

and preconception weight and fat mass, but it is difficult to see how women 

could be recmited before conception. If this study was sufficiently large these
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children could also be followed up for the development of CVD risk factors in 

childhood but in order to have sufficient power a sample size of around 1,600 

would be needed (Chapter 5).

8.5.2 OTHER STUDIES OF CHILDHOOD BLOOD PRESSURE

This thesis suggests that further studies of BP change in childhood are fully 

justified. The suggestion that an increase in relative PI rank is associated with 

a rise in SBP, irrespective of initial PI, should be tested more rigorously.

One suggestion is a study which would aim to determine the influence of 

change in adiposity on change in BP and on BP tracking during childhood and 

adolescence. This would require a longitudinal study of childhood BP and 

adiposity which included two methods for the indirect assessment of fat mass: 

bio impedance and the measurement of skinfold thickness; the study should 

also include waist and hip measurements -  which give estimates of the 

distribution of fat (as do skinfold thicknesses). Pubertal status would be 

assessed during adolescence and BP would be measured in a highly 

standardised way. In this proposed study other determinants of childhood BP 

should also be explored to determine whether they influence BP change in 

childhood. In particular, exercise level and dietary intake of sodium and 

potassium should be examined. If possible, parental BP should also be 

measured for the study; alternatively parents’ general practice records could be 

searched for BP recordings and details of any history of CVD. The frequency 

of repeated observations over the ages studied must be sufficient to reveal the 

dynamics of change in both BP and in its potential determinants. This might 

require three to four measurements per year in adolescence (Labarthe 1999). 

This study could also include an intervention component which explored 

increased exercise as a way of controlling PI.
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APPENDIX A: POSTAL QUESTIONNAIRE TO PARENTS

(REDUCED TO 80% ACTUAL SIZE)
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ROYAL FREE HOSPITAL SCHOOL OF MEDICINE

%

Dear Parent,

Children’s Heart Health Study 1994

Your child has now been examined by our team o f nurses and a doctor. It will be o f great help to us 
in interpreting the test results if you can complete this questionnaire. All the questions are relevant to
conditions o f the heart and lungs, to asthma or other allergic conditions. The answers, which do not
take long to fill in, will be treated in the strictest confidence and will be seen only by the Research Team.

Many parents will have completed a questionnaire at the time o f our earlier study four years ago. Most of 
the questions this time refer to things which may have changed during the past four years. It will therefore
be of great help to us if you can complete and return the new questionnaire.

To answer the questions, please tick the appropriate box I Z I  or write in the space provided. When you 
have completed the questionnaire, please put it in the envelope provided (no stamp is needed) and post 
it back to us.

Thank you very much for your help.

Yours faithfully.

Dr Peter Whincup 
(Project Leader)
Royal Free Hospital School of Medicine 
Dept, o f Public Health & Primary Care 
Rowland Hill street 
London NW3 2PF

P S. If more than one child In your family has taken part in the study, please fill in a complete 
questionnaire for the oldest child. For other children, please fill in the first five pages only and then 
go to the last page. All questionnaires should be returned in a single envelope.
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First some questions about THE CHILD WHO HAS BEEN EXAMINED

for office use

! 9-15

(1) What is your relationship to this child?
Mother

Father

Other relative 

Guardian (unrelated)

(2) What was this child’s date o f  birth? Day

□  1 □ 2

□  3
□  4

Month Year
i '

17-22

Binh details

(3) How much did this child weigh at birth? (If you don’t know, please do not guess, but tick ’Not known’) 

 lb  oz OR ____________ kg OR Not known I I

(4) Was this child born:

 oz OR ______

On time, (i.e. within a week o f the expected date) 

Early by a week or more 

Late by a week or more 

Not known

If EARLY or LATE, by how many weeks was this?

(5) Was this a multiple birth?(i.e. a twin, triplet, etc.)

If YES, was it identical twins? 

non-identical rwins? 

a triplet? 

other?

(6) How was this child fed in the first 3 months o f  life?

Breast fed 

Bottle fed

Fed on a mixture o f  breast and bottle feeds

(7) If the child was breast fed, wholly or partly, for how long was this continued 
from birth?

□ 1 □ 2

□  3

□  4

weeks

Yes No

□  □

□ 1 □ 2

□  3

□  4

□ 1

□  2

□  3

months

30

34

35

36
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Chest trouble

(8) Cough

(a) Does this child usually cough
first thing in the morning in winter? 

during the day, or at night in winter?

(b) If the answer to either o f  these questions is YES,
Does this child cough like this on most days for as much as three months each year?

(9) Phlegm

(c) Does this child bring up any phlegm (spit) from the chest;

first thing in the morning in winter?

Y es No 

□  □  

□  □

□  □

Y es No 

□  □
during the day, or at night in winter? [ Z H  d l

(d) If the answer to either o f  these questions is YES, — ____
Does this child bring up phlegm like this on most days for as much as three months each year? I I I I

(10) Wheeze

(e) Does this child’s chest ever sound wheezy or whistling?

If YES, does this happen on most days or nights?

Y es No

O U  

□  □

Recent chest trouble

Y es No
(11) Has this child had wheezing or whistling in the chest in the past 12 months? [ [ [ [

IF YOU HAVE ANSW ERED ’N O ” PLEASE T U R N  TO QUESTION 12 OVER THE PA G E .

(a) How many attacks o f wheezing has your child had in the past 12 months?

None 

1 to 3 

4 to 12 

More than 12

(b) In the past 12 months, how often, on average,
has your child’s sleep been disturbed due to wheezing? Never woken with wheezing

Less than one night per week  

One or more nights per week

□  t
□  a
□  3
□  4

□  1
□  2
□  3

48

(c) In the past 12 months has wheezing ever been severe enough to limit your child’s 
speech to only one or two words at a time between breaths?

Y es No

□  □ 49
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Medical history

(12) Has this child ever had one o f  the following conditions?

Yes No

Asthma □  □

Bronchitis □  □

Bronchiolitis □  □

Pneumonia □  □

Eczema □  □

Hay fever □  □

(13) Has this child ever had:

Frequent stomach pain?

If YES
Yes No How many times in past year?

□  □

Frequent headaches or migraines? I J  1 . . J
Frequent vomiting and/or nausea? I I I I

50-52

53

56

59

62

65

(14) D oes this child regularly take any medications (tablets, medicines, inhalers) for

(a) chest trouble? I I I I
(b) other problems? O  E Z I

If YES, please give details

(16) Is there anything else you would like to say about this child’s health?

(17) If your child is a girl, has she had her first period?

If YES, how long ago?

f o r  office  use

Yes No
(15) Has this child been admitted to hospital for any reason in the past 4 years? | | | |

f o r  office  use

If YES, please give details ____________________________________________

f o r  office  use

Yes No 

□  □

months

□
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Diet

(18) How often does this child eat the following foods?

(Please tick the appropriate box for each food item)

1 2 3 4 5 6

M ore than  

once a day

O nce a day M ost days O ne o r  two 

days a week

Less than  

once a week
N ever

F resh  fruit in sum m er

Fresh fruit in w inter

Salads in sum m er

Salads in winter

G reen  vegetables

Fish (all kinds)

1
j P oultry  (chicken, turkey)

Red m eat (include beef, lam b 

pork , ham , bacon)

Processed meat 

(include burgers,sausages,p ies 

pasties,tinned  m eat and pate)

Cheese

21

22

23

24

25

26

27

28

29

30

(18a) Does your child usually

eat a packed lunch at school 

eat a school meal 

other(please give details)____

(18b) D oes your child receive free school meals?

□  l
□  2

□  3

Yes No

□  □ 32
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Child' care

(19) Before age FIVE was this child cared for outside the home 
on a regular basis?

If YES was this at Creche?

Nursery school?

Childminder?

Other?

please specify_

Yes No

□  □

Tick relevant

□

□

□

□

(20) Is this child currently looked after by a person from outside 
your household on a regular basis (2 hours a week or more)?

If YES, does this person smoke cigarettes?

If YES. 
at what age did they start?

I I (years)

□
□
□

Yes No

□ □ 42

Yes No D on ’t know

□ □ □ 43

Exercise and other activities

( 2 1 ) Which o f  the following best describes your child’s level o f physical activity outside school?

Spends all or most leisure time watching television, going to cinema 
and in other sedentary activities

Tick o ne  box only 

□  .

Spends time occasionally in light physical activities (e.g. walking, 
bicycling, table tennis) □ 2

Participates in regular sporting activities for up to 3 hours a week 
(e.g. soccer, swimming, gymnastics, tennis or skating) □ 3

Participates in regular sporting activities for more than 3 hours a week, 
(e.g. soccer, swimming, gymnastics, tennis or skating) □ 4

(22) Compared to other children o f the same age and sex, 
H ow physically active is your child?

Tick o n e  box only

Much less active □ 1

Somewhat less active □ 2

About average □ 3

Somewhat more active □ 4

Much more activé □ 5

44

45
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Now some questions about the child’s BROTHERS AND SISTERS

(23) How many brothers and sisters does this child have (not counting adopted or step children)? f I
Please provide the following information for the child’s brothers and sisters starting with the oldest:

(If the child has more than 4 brothers and sisters omit the youngest)

Date of birth

Sex

Birth weight

Was this child born

If early or late, by 
how many weeks 
was this?

Has this child ever 
had:

Asthma or 
wheezing

Eczema

Hay fever

Was this child also 
examined as part of 
this survey?

Oldest brother 
or sister

Second brother 
or sister

Third brother 
or sister

Fourth brother 
or sister

Day M onth Year Day M onth Year

19

Day M onth Year
19

Day M onth Year

Boy Girl 

□  □
Boy Girl 

□  □

Boy Girl 

□  □

Boy Girl 

□  □

lb oz lb oz lb oz lb oz

or kg or kg or kg or '  kg

Early by a »cck or mort | | 

Ljle by a wttk or more | j

On time | | 

Early by a rwek or more j j 

Late by a week or more j |

On time j | 

Early by a week or more | | 

Ijle by a week or more j |

On time j | 

Early by a week or more j j 

Late by a week or more j |

_________  weeks weeks weeks

Yes No

□  □

Yes No

□  □

Yes No 

□  □

Yes No

□  □

□  □ □  □ □  □ □  □

□  □ □  □ □  □ □  □

□  □ □  □ □  □ □  □
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Questions 24-34 are about this child’s MOTHER OR FEMALE GUARDIAN

If no mother or female guardian lives with this child please tick this box 1 I and go straight to question 35 65

(24) Is the child's mother his/her natural mother?

Yes No

(25) In what year was she born?

(26) H ow tall is she?

(27) H ow much does she weigh?

19

O R

feet inches m etres cm

OR

stones p o unds

66

67-6-

6971

72-7C

9 1 2

13-15

16-19

b l a n k

(28) Has she ever been told by a doctor that she has (or has had):

Please tick 
any relevant

Please tick
any relevant

angina O  ' high blood cholesterol [ ]
heart attack (or myocardial infarction 

or coronary thrombosis)
o peptic ulcer (includes duodenal ulcer) o

other heart trouble
(if yes please give details)

o bronchitis a

high blood pressure a asthma □

a^oke o eczema a

diabetes □ hay fever o

(29) Has she ever had: Her blood pressure measured by a doctor or nurse?

Yes No

o o

Her blood cholesterol measured by a doctor or nurse? D O

20 ^

21 T

22 Z-

23 2'

24 %

25 3l

3;

33
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Mother's smoking

(30) Has she ever smoked cigarettes regularly? (at least 1 cigarette/day for 12 month®)

If YES, how many cigarettes (if any) does she usually smoke each day at present?

how many o f these are smoked at home?

(31) If she used to smoke cigarettes, when did she stop?
In past year 

1-2 years ago 

3-4 years ago 

5 or more years ago

H ow many cigarettes per day did she smoke before she gave up?

(32) Did she smoke cigarettes during pregnancy while she was e;q)ecting this child?

If YES, how many cigarettes a day was she smoking at that time?

Y es No

□  □

per day 

per day

□  .
□  2

□  3
□  4

Yes No

□  □

per day

per day

39

40

Occupation and Education o f  Child's M other o r Female Guardian:

I (33) Is she at present: -housewife

-in full-time paid employment 

-in part time paid emplojment 

-unem ployed/seeking work 

-other ______________________
(p lease  give details)

□  '

□  3
□  4

□  5

: Please answer the following questions about her present (or most recent) emplcjment:-

(a) What type o f firm or organization does she (did she) work in, that is, what does her firm make or do? 
! fo r  office use

(b) What job does she (did she) actually do?

(c) Did she need a particular qualification or training to obtain this Job?

If so, please say what: _____________________________________

(d) Is she (was she): A manager working for an employer?

Working for an employer?

A foreman or supervisor working for an employer?

Self-employed not employing others?

Self-employed employing others?

(34) How old was she when her full-time education (school, college or university) ended?

□

Yes No

□  □

□  .
□  2

□  3

□  4
□  5

46

47̂
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Questions 35-40 are about this child’s NATURAL FATHER

(35) D oes the child’s natural father currently live with the child?

Yes No

□  □

(36) In what year was he born?

(37) H ow  tall is he?

(38) H ow  much does he weigh?

19

OR
feet inches m etres cm

OR
s tones p o unds kilos

49

50-51

52-54

55-57

58-61

62-64

65-68

blank

Natural Father's health

(39) Has he ever been told by a doctor that he has (or has had): 

angina

heart attack (or myocardial infarction 
or coronary thrombosis)

other heart trouble
(please give details)______________________

high blood pressure

stroke

diabetes

high blood cholesterol

peptic ulcer (includes duodenal ulcer)

bronchitis

asthma

eczema 

hay fever

His blood cholesterol measured by a doctor or nurse?

Yes No D on ’t k n o w

o o □ 9

D O o
for office use

10

O O o 11

O O o 13

[ ] [ ] o 14

O O [ ] 15

o o a 16

o o a 17

[ ] [ ] o 18

o o o 19

o o o 20

o a o 21

Yes No D o n ’t know

□  □ □ 22

□  □ □ 23
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Questions 41-46 are about the child’s FATHER or MALE GUARDIAN who currently lives with the child

If no father or male guardian lives with this child please tick this box 1 land go to question 47 over the page

Smoking habits o f  child's Father or Male Guardian

24

25

26 

28

(41) Has he ever smoked cigarettes regularly? (at least 1 cigarette/day for 12 months)

If YES, how many cigarettes (if any) does he usually smoke each day at present?

how many o f  these are smoked at home?

(42) D oes he smoke regularly (ie once a week or more)

(43) If he used to smoke cigarettes, when did he stop?

Yes No

□  □
per day 

per day

Yes No

a pipe? □ □ 30

cigars? □ □ 31

In past year □ l

1-2 years ago □  2

3-4 years ago □  3
32

5 or more years ago izn 4
How many cigarettes per day did he smoke before he gave up?

(44) Did he smoke cigarettes around the time that the child was born?

If YES, on average how many cigarettes did he smoke at the time?

Yes No 

□  □

per day

per daj

33

35

36-37

Occupation and Education o f  C hild’s Father or Male Guardian

(45) Is he at present:
-in full-time paid employment

-in part time paid employment

-unem ployed/seeking work

-o th er______________________
(p lease  give details)

□  '
□  2
□  3
□  4

Please answer the following questions about his present (or most recent) employment:-
(a) What type o f firm or organization does he (did he) work in, that is, what does her firm make or do?

f o r  office use  

□(b) What job does he (did he) actually do?

(c) Did he need a particular qualification or training to obtain this job?

If so, please say what: _____________________________________

(d) Is he (was he): A manager working for an employer?

Working for an employer?

A foreman or supervisor working for an employer? 

Self-employed not employing others?

Self-employed employing others?

(46) How old was he when his full-time education (school, college or university) ended?

Yes No

□  □

□  .
□  2

□  3

□  4
□  5

38

39

40-41
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(47) The next questions are about the health of the child’s NATURAL GRANDPARENTS

Maternal
grandmother

Maternal
grandfather

Paternal
grandmother

Paternal
grandfather

Are they alive or 
or have they died?

How old are they? 
or
How old were they 
when they died?

D o/d id  they ever 
have any of 
these conditions 
(please tick as 
many as necessary)

If they have died, 
what did they die 
from?

(please tick as 
many as necessary)

Still Alive 

Dead

D on ’t know

Age (years)

Heart trouble 

Stroke

High blood pressure 

Diabetes

Heart trouble 

Stroke

High blood pressure 

Diabetes 

Other conditions 

D on ’t know

a ,
O z
O s

o ,
□  2
O 3

□
o
□
□

o
□
□
□
□

□
o
o
□

□
o
o
□
□
o

o ,
Cj 2
0 3

□
□
[J

□

o
□
o
o

a,
0 2
O 3

ooo

o
oo
ooo

42-4

54-5 

58 6 

62-6 

66  6'

9 4 2

13-t'

17-2t

2 1 -2^

25-2^

29-3:

(48) How many rooms does your accommodation contain? 
(D o not count bathrooms, toilets and kitchens)

(49) How many people, including the child in our survey , live in your household altogether?

(50) How many of these people smoke cigarettes at home?

35

37
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FOR THE ATTENTION OF THE CHILD’S MOTHER

Thank you for completing this questionnaire. There is one other way in which we would like to seek your help. 
Recent research suggests that what happens in pregnancy and childbirth may affect blood pressure in childhood 
and even beyond. We are therefore asking for your permission to look at the hospital case-notes relating to your 
child’s birth and to monitor your child’s health in the future.

The information which we would seek from the case-notes relating to your child’s birth would include only 
technical details relating to the pregnancy and the size o f the baby and placenta at birth. The information 
obtained, as with all other details in this study, would be treated in strict confidence. The arrangements 
made to ensure this have been approved by your local Health Authority Ethical Committee.

We hope that you will agree to allow us to obtain this extra information. If you do, please sign and complete 
the details below.

(I) Your signature:

!
! (2) YOUR name and address at the time your child was born:-

First Nam e(s) ______________________________ Surname_

Address

fo r  office use

(3) The name o f  the hospital where the child was born:__________________________________

Town_______________________County_

fo r  office use

If you can provide us with your child’s N.H.S. number, this will make our task easier. 

(This is on your child’s birth certificate and on his or her medical card.)

(4) Your child’s NHS num ber_____________________________________

PLEASE RETURN THE QUESTIONNAIRE IN THE REPLY-PAID ENVELOPE 
PROVIDED EVEN IF YOU HAVE NOT FILLED IN ALL SECTIONS.

NO STAMP IS NEEDED

THANK YOU VERY MUCH FOR YOUR HELP.
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APPENDIX B: HOSPITAL MATERNITY RECORD 
DATA COLLECTION FORM

(REDUCED TO 80% ACTUAL SIZE)
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Card

ROYAL FREE HOSPITAL SCHOOL OF MEDICINE

Children's Heart Health Study 1994

Birth Record Datasheet
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MA T E R NI T Y  C A R E R E C O R D

M other’s date o f birth

First day o f  L..M.P

10

E.D.D (dates) E.D.D. (ultrasound)

9s f o r  unknown

History o f High blood pressure yes =  l no= 2

Cigarette Smoking (yes =  l no =2)

□
34

□
36

. 3 , 0

History of Diabetes yes =  l no =2 □

If YES number per day

i e  o f  drinker(none=0 !ight =  l moderate =2 heavy=3)| | OR Alcohol intake detailed (units/week)
39

Drugs (current regular medication) 00
Oral contraceptives (previous use) yes =  l no= 2 o Date stopped 9 9

FIRST BOOKING EXAM INATION (OF M OTHER)

FIR ST  EX A M IN A T IO N Date

SBP DBP

Height o f fundus 
in weeks B /P

59 62

Oedema 
(yes = I no = 2  no mentionion =9) I  I

URINE

( n on e= 0  trace =  1 1+  = 2 > 1 +  = 3 no mention =9 )

BLOOD group ( A =  1 B = 2  A B = 3 0 = 4  )

HEIGHT  

ft inches m cm

OR

Albumin Sugar
(protein) (glucose)o

Acetone
(ketones)

Rh (Rhesus) (+ ve =  l -ve

WEIGHT  
stones pounds kg

OR

20

□
68

Card

SHOE SIZE

24

277



PRE VI OU S  PREGNANCIES  AND MI SCARRI AGES

Pregnancy SEX

male =1 

female =2

Duration of Date o f birth 
pregnancy

(weeks) m onth  year

Weight at 
Birth

(kilogram s)

Nature o f  
Labour

spon taneous = 1 

induced = 2

Children/Outcom e

live b irth  =1
live twin b irth  =2

still b irth  = 3

Abortion
sp o n tan eo u s  = 4
induced  =5

53

If eravida zero, enter 0 in Box above
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LABOUR

Induction yes

Card 4 l o i "  
8

es  =  l no =2  I  I Artificial rupture o f  membranes (ARM ) yes =  I no

Membrane rupture
date

Onset o f Labour date

Full dilation o f  cervix 
(end o f  1st stage )

n-'livery o f  baby

time (24 hr)

time (24 hr)

time (24 hr)

time (24 hr)

18

28

38

Card 5 I 0  I 5  I

M E T H O D  O F  D E L IV E R Y normal =1
Forceps/vacuum =2
Caesarean (elective) =3
Caesarean (emergency) =4

LIQ U O R

meconium at any time =1 
clear throughout =2

Placenta and membranes Complete yes =  l no =2 □

Weight o f  placenta gms

Child singleton =1
twin =2
triplet =3

Sex boy =1 I I
girl = 2  I I

Birthweight
kg

iO R ;

Length (cm) Head circumf (cm) Abdo circumference (cm)

J _ _ I
I

D E TA IL S O F  TW IN  Sex boy =1
girl =2

Birthweight
kg lb oz Length (cm) Head circumf (cm) Abdo circumference (cm)

O R
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INVESTIGATIONS

Blood Count results

Date Hb PCV MOV MCHC WBC PLATELETS

16

35

c a rd  7

10 16

35 41

Record complete? yes =  l no =2

ULTRASOUND (all during pregnancy) 

Date

Blood disorder

B IP A R IE T A L  G E S T A T IO N A L  A B D O M IN A L

D IA M E T E R  (B P D ) A G E  C IR C U M F E R E N C E  (AC)
mm weeks

Record complete? yes =  l no =2
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f n)

N)
00

ANTE- NATAL R E CO R D

V ISIT D ate

39 40

39 40

39 40

o r d  14

Period o f  H eight of 

am enorrhoea  fundus 

weeks weeks

10 I I  17

Antihypertensive treatment yes =  l no =2

Date started

U R IN E

Pro te in  G lucose  K etones

(A lb) (su g ar)  (A cetone)

SBP D B P W E IG H T  (kg) C O M P L IC A T IO N S

17 19

46  48

46  48

17 19

46 48

17 19

46  48

□  □ □

□  □ □
50

□  □ □  21
none = 0  trace = I

1+ = 2  > 1 +  =3

nc n tio n = 9

□ □
34

□ □

retarded

□

bleeding

□
38

□ □
63

□ □ □ □
6?

□ □ □ □ □ □
38

□ □ □ □ □ □

□ □
34

□ □ □ □
38

□ □
63

□ □ □ □
67

□
Iron Tablets 

Date started

yes =  l no =2 □

□ □

□  □ □ □ □
63 67

□  □ □ □ □
yes =1

no ment ion = 9
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Size at birth and blood pressure: cross sectional study in 
8-11 year old children
Stephanie J  C Taylor, Peter H  Whincup, Derek G Cook, Olia Papacosta, Mary Walker

Abstract
Objective: To identify which patterns of fetal growth, 
represented by different measurements of size at birth, 
are associated with increased blood pressure in 
children aged 8-11 years.
Design and setting: School based, cross sectional 
survey conducted in 10 towns in England and Wales 
in 1994.
Subjects: 3010 singleton children (response rate 75%) 
with physical measurements and information on birth 
weight from parental questionnaires. Hospital birth 
records were examined for 1573.
Main outcome measures: Systolic and diastolic blood 
pressure at age 8-11 years.
Results: In the whole group birth weight was 
inversely related to systolic pressure (regression 
coefficient -1.48 mm Hg/kg; 95% confidence interval 
-2.20 to -0.76) after adjustment for current body size. 
There was no significant association between birth

weight and diastolic pressure. The association with 
systolic pressure was much stronger in girls (-2.54 
mm HgAg; -3.60 to -1.48) than in boys (-0.64 mm 
Hg/kg; -1.58 to 0.30), with a significant difference 
between the sexes (P=0.006). Among the other 
neonatal measures, head circumference and placental 
weight were inversely associated with subsequent 
blood pressure in girls, and placental ratio (placental 
weighthirth weight) was positively associated with 
blood pressure in boys. Neither pondéral index at 
birth nor length:head circumference ratio was related 
to blood pressure in either sex.
Conclusions: In these contemporary children the 
association between birth weight and blood pressure 
was apparent only in girls. There was no evidence 
that measures of size at birth, which may be related 
to nutrition at critical periods of pregnancy (thinness 
at birth or shormess in relation to head 
circumference), are related to blood pressure in the 
offspring.
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Introduction
It has been proposed that events occurring before 
birth may influence the risk of cardiovascular disease in 
later life.’ Associations between small size at birth and 
increased risk of adult cardiovascular mortality have 
been described,^ * and there is strong evidence of an 
inverse association between birth weight and later 
blood pressure in both adults and children.'’ The 
mechanism underlying this association is unknown, 
but fetal undernutrition at critical periods of intrauter
ine development may produce a permanent increase 
in blood pressure by a process known as 
“programming.”̂  ® The “fetal origins” hypothesis 
suggests that undemutrition in the first, second, or 
third trimester may result in a symmetrically small 
baby; a thin, light baby; or a baby with a normal birth 
weight who is short in relation to its head 
circumference; and that these particular patterns of 
size at birth may be related to raised blood pressure.’ It 
has also been proposed that babies with large 
placentas, especially when associated with low birth 
weight, are at particular risk of hypertension in later 
life.® Few studies, however, have actually examined the 
associations between difiFerent measures of size at birth 
or placental size and blood pressure in contemporary 
children. Here we present a population based study of 
these associations in 8-11 year old children.

Subjects and methods
Sampling procedures-DeX2Ôü?, of the study design and 

methods have been presented elsewhere.® The study 
was based on 10 towns, five with exceptionally high 
adult cardiovascular mortality (Wigan, Burnley, Port 
Talbot, Rochdale, and Rhondda) and five with 
exceptionally low adult cardiovascular mortality 
(Esher, Chelmsford, Leatherhead, Bath, and Tunbridge 
Wells). In each town we selected a stratified random 
sample of 10 junior schools. Fifty children from the 
upper two years of each school were invited to attend 
for measurement

Survey procedures—AÜ the relevant local research 
ethics committees approved the study and informed, 
written parental consent was obtained. Low and high 
mortality towns were visited alternately between April 
and November 1994. All measurements were made by 
one of two pairs of trained field nurses.

Blood pressure and other physical measurements—Two 
seated blood pressure measurements were carried out 
on the right arm by using a Dinamap 1846SX 
automated oscillometric monitor (Critikon, United 
States),’® ” which was calibrated daily and compared 
with a mercury column sphygmomanometer weekly. 
There was no evidence of measurement drift during 
the study. A single cuflf size was used to ensure the 
minimum cuJff bladder width to arm circumference 
ratio recommended by the American Heart 
Association’̂  was met for 89% of the study population. 
The oldest 40% of the children were also asked to pro
vide a blood sample after the application of local 
anaesthetic cream. Heights were measured to the last 
complete millimetre by using a portable stadiometer 
(CMS). Weights were measured to the last complete 
0.1 kg by using an electronic weighing scale (Soehnle) 
with the children in light clothing without shoes. Blood

samples were taken after the physical measurements 
were completed.

Parental questionnaire and birth records—Parents were 
sent a detailed questionnaire that included questions 
on the child’s birth weight, place of birth, gestation, sib
lings, parents’ occupations, and mother’s height Social 
class was coded from parental occupation by using the 
Office of Population Censuses and Surveys classi
fication of occupations (1980). Consent to examine 
birth records was also requested, and these records 
were sought at every hospital in which 20 or more 
study children (5% of the study children in each town) 
had been bom. Details extracted from birth records 
included weight, head circumference, and length at 
birth, placental weight, and the mother’s antenatal 
blood pressures. Birth records were not sought for 
children bom at home.

Statistical methods-A^ data were analysed with the 
SAS system statistical software package (SAS Institute, 
North Carolina). Pondéral index (weight/height®) was 
used as a m ea^u^ of weight for height at 8-11 years 
because it was independent of both height and age in 
these data; it was also used as a measure of thinness at 
birth. Placental ratio (placental weighthirth weight) 
and shortness for head size (birth length:head circum
ference) were used when appropriate. Systolic and 
diastolic blood pressures were based on the average of 
two readings. Multiple linear regression was used to 
adjust associations between blood pressure and birth 
weight (as well as other indices) for stmctural and con
founding variables. Body measures at birth and in 
childhood were included as continuous variables or fit
ted in fifths or thirds, when appropriate, by using linear 
regression techniques. All models included adjustment 
for sex, town, and who measured the blood pressure as 
categorical variables and age as a continuous variable. 
An adjustment for the slightly higher mean blood 
pressures seen in children anticipating blood tests 
(even after adjustment for age) was fitted as a categori
cal variable.

Results
After invitation 3728 children participated in the study, 
and 3719 had a complete set of measurements 
(response rate 75%). Questionnaires including data on 
birth weight were returned for 3181 children (85% of 
participants); 3010 of these children were singleton 
births and only 39 (1.2%) were home births. 
Permission to examine birth records was granted for 
3107 children (98% of those returning questionnaires), 
and, of these, 2350 children (76%) were bom in local 
hospitals. Birth records for 1573 of the 2350 children 
described above were located. Subjects were excluded 
from analyses of placental weight and placental ratio if 
birth records stated that the placenta was incomplete 
(64 children). Table 1 shows the characteristics of the 
3010 study children and of the subset with birth 
records retrieved. There were no significant differences 
between the mean ages, birth weights, anthropometric 
measurements, and blood pressures in these two 
groups. There were significant differences between the 
sexes: the boys were thinner and lighter at 8-11 years 
and were heavier, longer, and had greater head 
circumferences at birth. In the 1550 children with birth 
weights from both questionnaire and birth records the
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0—0 Fully adjusted 
Age and sex

3.9 4.1 4.3
Mean birth weight (kg)

Fig 1 Association between birth weight and systolic and diastolic 
blood pressure showing effect of adjustm ent for current body 
build

agreement between the two measures was close (mean 
(SD) difference 1.7 g (117.9 g); correlation coefficient 
0.98). In 1508 (97.3%) of these children the difference 
between the two weights was less than 200 g.

D a ta  o n  b i r t h  w e ig h t  f r o m  p a r e n t a l  r e c a l l  a n d  
b lo o d  p r e s s u r e
Figure 1 summarises the association between birth 
weight and blood pressure with the corresponding 
multiple linear regression coefficients in table 2. When 
we adjusted for age and sex alone there was no appar
ent association between birth weight and systolic blood 
pressure. Current body size, however, was a potential 
confounder of the association between birth weight 
and blood pressure (table 3), both height and pondéral 
index being related not only to blood pressure but also 
to birth weight When we made adjustments to birth 
weightiblood pressure for height and pondéral index 
an inverse association between birth weight and systo
lic blood pressure became apparent; there was a fall in 
systolic blood pressure at 8-11 years of about 1.5 mm

Table 1 Mean m easurem ents in children in full dataset and in su b se t with data from 
birth records

Subset with data from

Mean (SD) for all
birth records

Variables children* (n=3010) No Mean (SD)

Blood pressure (mm Hg):

Systolic 112.4 (11.3) 1573 112.4 (11.3)

Diastolic 65.6 (7.0) 1573 65.7 (7.0)

Age (years) 10.46 (0.65) 1573 10.45 (0.64)

Height (cm) 141.2 (7.4) 1573 141.0 (7.3)
Weight (kg) 35.96 (8.09) 1573 36.99 (8.00)
Pondéral index (kg/m^> 12.68 (1.93) 1573 12.73 (1.93)

Birth weight (g): 3350 (530)

Questionnaire 1573 3360 (540)
Birth records — 1563 3360 (520)

Head circumference (cm) — 1465 34.7 (1.5)

Length (cm) — 1446 52.2 (3.1)

Placental weight (g)f — 1382 628.6 (141.3)
Placental ratiof — 1366 0.19 (0.03)
Pondéral index at birth --- 1434 23.91 (3.71)

Head circumferenceilength ratio at birth — 1444 0.67 (0.04)

‘ Singleton births only, 
flncomplete placentas excluded.

Hg for every kilogram increase in birth weight (fig 1, 
table 2). Even after we adjusted for current body size 
there was only a weak inverse association between birth 
weight and diastolic blood pressure, and this was not 
significant Further adjustments for room temperature, 
number of siblings, maternal height, gestational age, 
maternal blood pressure during pregnancy, and social 
class did not alter these associations substantially (not 
shown).

Because the inverse association between birth 
weight and systolic blood pressure was apparent only 
after adjustment for height and pondéral index, all fur
ther analyses were adjusted for these two variables. 
There was no suggestion that the association between 
birth weight and blood pressure differed at different 
childhood heights (not shown). This remained true 
when the sexes were examined separately. The 
association did decrease slightly with increasing 
pondéral index, but this effect was seen only in the girls 
(not shown).

The association between birth weight and blood 
pressure seemed to be similar in children born at term 
and preterm (before 37 weeks’ gestation), although in 
the smaller preterm group the association was not sig-

Table 2 Associations between birth weight and blood pressure  in singleton born children of 8-11 years sum m arised as regression 
coefficients (b), also showing these  associa tions by gestation and by sex

Systolic blood pressure Diastolic blood pressure

Detail Adjustment*
b(SE)

(mmHg/kg)

P value for 
difference between 

P value b
b(SE)

(mmHg/kg) P value

P value for 
difference between 

b

All subjects (n=3010) Age and sex 0.41 (0.38) 0.28 0.24 (0.24) 0.31

Fullf -1.48 (0.36) 0.0001 -0.35 (0.24) 0.14

Difference when analysed by gestational age

Subjects born at term (^37/40)f Fullf 
Jn=2691)

-1.39 (0.40) 0.0005 -0.45 (0.26) 0.09

0.83Subjects born before term (<37/40) 
(n=139)

Fullf -1.16(0.64) 0 .0 7 ^  0.56 -0.40 (0.43) 0.35

Difference when analysed by sex

Girls (n=1442) Fullf -2.54 (0.53) 0 0001 0 006 -0.88 (0.35) 0.01
0.04

# s (n = 1 5 6 8 ) Fullf -0.64 (0.47) 0.17 0.07 (0.31) 0.83

All regression coefficients also adjusted for observer, anticipated venepuncture, and town, 
f  Adjustment for age, sex, current freight, and current pondéral index. 
fGestational age not available for 180 subjects.
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Table 3  C orrelation coefficients for s tudy  m e asu res  and  birth w eight in 3010  singleton 
births, birth w eight from  parental recall

Systolic blood Diastolic blood
Detail pressure pressure Height Pondéral Index

Diastolic blood pressure 0.59*

Childhood height 0,30* 0.16*

Childhood pondéral Index 0.32* 0.16* 0.005

Birth weight 0.01 0.02 0.18* 0.09*

*P<0.0001.

nificant (table 2). Analysis by sex revealed that the 
association seemed to be concentrated in the girls and 
very weak or absent in the boys. Test results for a sex 
difference in the association were significant for both 
systolic and diastolic pressure.

D a t a  f r o m  b i r t h  r e c o r d s
Birth weight-Because of the clear sex difference in the 
association found in the whole dataset, data on the 
subset of children whose birth records were retrieved 
were analysed separately by sex. Table 4 presents the 
associations between the different birth measurements 
and blood pressure at 8-11 years, adjusted for height 
and pondéral index, along with the results of formal 
tests for differences in the regression coefficients (b) 
between the sexes. Again birth weight was inversely 
associated with blood pressure in the girls rather than 
the boys. The strength of the association was weaker in 
this subset, and this remained the case when these 
associations were re-examined in the same children by 
using their parentally recalled birth weights (b -1.20 
mm Hg kg; 95% confidence interval -2.64 to 0.24 for 
systolic blood pressure in girls; -0.16 mm Hg kg; -1.44 
to 1.12 for boys).

Head circumference and length at birth—Among the 
girls, head circumference at birth showed a significant 
inverse association with systolic blood pressure at 8-11 
years and a weak, non-significant inverse association 
with diastolic blood pressure (table 4). Head circumfer
ence and birth weight, however, were closely correlated 
(r=0.64; P<0.0001), arid we could not differentiate their 
relative importance in relation to subsequent blood 
pressure in the girls. An increase of ISD in either of 
these two measures (the standard regression effect) 
resulted in a fall in systolic blood pressure of about 1 
mm Hg. Length at birth, which was also strongly corre
lated with birth weight (M).56; P<0.0Q01), also tended 
to be inversely associated with both systolic and diasto
lic blood pressure in the girls, although these

associations were not significant Among the boys, 
none of these simple birth measures was related to 
blood pressure, although formal evidence of sex inter
action was weak (table 4).

Pondéral index at birth and birth length:head circumfer
ence rario-Neither of the two ratio birth measures 
examined (pondéral index and length:head circumfer
ence r^tio) showed any consistent significant associ
ation withl^ood pressure in either sex.

Placental weight and placental ratio—Among the girls, 
placental weight showed a significant inverse associ
ation with systolic blood pressure, but it was also closely 
correlated with birth weight (r=0.58; P<0.0001), and 
the association between placental weight and blood 
pressure became non-significant when birth weight 
was included in the model (not shown). Placental ratio 
did not seem to be related to blood pressure in the 
girls. In the boys placental weight and placental ratio 
tended to be positively related to blood pressure; asso
ciations between placental weight and diastolic blood 
pressure and placental ratio and systolic blood 
pressure were significant despite the absence of an 
association bewteen birth weight and blood pressure in 
the boys. The association between placental weight and 
blood pressure was unchanged by the addition of birth 
weight into the model (not shown). Tests for interaction 
suggested that the associations between placental 
weight and blood pressure were significantly different 
in the two sexes (table 4).

Relative importance of current body size and birth weight 
m  childhood blood pressure—We compared the relative 
strengths of the associations between systolic blood 
pressure and current size or birth weight by examining 
their standard regression effects. At 8-11 years an 
increase of ISD in birth weight, childhood height, or 
childhood pondéral index was associated with a 
change in systolic blood pressure of -0.8 (-1.2 to -0.4), 
3.4 (2.9 to 3.8), and 3.4 (3.1 to 3.8) mm Hg, respectively. 
Similar results were found when the unit of 
comparison was the interquartile range rather than the 
SD and also when these analyses were confined to the 
girls.

Discussion
In this study we observed an inverse association 
between birth weight and systolic blood pressure, but 
this was concentrated in the girls and hardly apparent 
in the boys. The studies of data from birth records sug-

Table 4  R elations betw een birth m easu rem en ts  an d  biood p ressu re  at 8-11 years in boys and  girls separately  sum m arised  a s  reg ression  coefficients (b)*

Girls Boys P values for 
difference In b 
between sexesSystolic Diastolic Systolic Diastolic

Detail No b(SE) P value b(SE) P value No b(SE) P value b (SE) 1* value Systolic Diastolic

Birth weight (kg) 734 -1.42 (0.74) 0.05 -0.34 (0.49) 0.51 829 -0.14 (0.67) 0.83 0.38 (0.45) 0.39 0.19 0.28

Head circumference (cm) 691 -0.61 (0.26) 0.02 -0.13 (0.18) 0.46 774 -0.001 (0.24) 0.99 0.14 (0.16) 0.40 0.09 0.26

Length at birth (cm) 677 -0.17 (0.14) 0.20 -0.15 (0.09) 0.10 770 0.06(0.11) 0.57 -0.003 (0.07) 0.97 0.16 0.20

Fonderai Index (kg/m^) at 
birth

668 --0.008 (0.10) 0.93 0.09 (0.07) 0.19 766 -0.03 (0.10) 0.80 0.10 (0.07) 0.14 0.90 0.92

Ratio of length (cm) to 
head circumference (cm)

676 1.38 (4.55) 0.76 -3.84 (3.05) 0.21 768 2.99 (4.27) 0.48 -1.57 (2.87) 0.58 0.79 0.58

Placental weight (kg) 646 -7.74 (3.03) 0.01 -1.79 (2.01) 0.37 736 4.27 (2.50) 0.09 3.21 (1.66) 0.05 0.002 0.05

Ratio of placental weight 
(kg) to birth weight (kg)

637 -5.75 (11.86) 0.63 0.92 (7.79) 0.91 729 21.39 (10.74) 0.05 12.45 (7.06) 0.08 0.09 0.27

All multiple regression models adjusted for age, sex, observer, venepuncture, town, height, and pondéral Index. 
‘ Units of regression coefficients are mm Hg/unit of measurement.
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gested that, among the girls only, three highly 
correlated measures-birth weight, head circumfer
ence, and placental weight-were inversely associated 
with blood pressure. Neither pondéral index at birth 
nor length:head circumference ratio showed any 
association with blood pressure in either sex. Placental 
weight, which was strongly correlated with birth weight 
in both sexes, was inversely associated with blood pres
sure in girls but tended to be positively associated in 
the boys, and placental ratio was also positively associ
ated with blood pressure in boys.

This population based study included children with 
a wide range of birth weights and social circumstances. 
In agreement with the results of previous research'^ the 
validity of parental recall in this study was good. 
Although the association between birth weight and 
blood pressure seemed slightly weaker in the subgroup 
with data from birth records when it was compared 
with that in the full group of study children, mean birth 
weights and physical measurements between the two 
groups were similar, suggesting that the selection of 
children with birth record data was not biased with 
respect to these variables. As we relied on birth 
measures taken in various hospitals, differences in 
measuring techniques will inevitably have introduced 
some error,'^ which should be predominantly random. 
The consistent overestimation of systolic blood 
pressure by the Dinamap,” although influencing com
parisons with other studies, should not have affected 
estimates of differences within the study population.

Relations to other studies
Birth weight and blood pressure— in other studies of 
children,"* adjustment for the effect of current size was 
necessary before the association between birth weight 
and blood pressure became apparent This adjustment 
is justified in children because while childhood body 
size seems to confound the association, in adulthood 
this confounding is less apparent® The strength of the 
association between birth weight and blood pressure 
seen in the present study was weaker than that in our 
earlier study of children of a similar age*® and of com
parable strength to those in 5-7 year old children.*® **̂ 
This study, therefore, does not support our earlier sug
gestion of amplification of the association during the 
first decade.*® The greater strength of the association in 
girls at this age has been suggested by two previous 
studies*® *® and remains unexplained. The inverse 
association is not seen in adolescents,^**' and this may 
be because blood pressure tracking is perturbed as a 
result of rapid growth during this period.^  ̂Our study, 
which found stronger associations among girls, who 
were closer to puberty than the boys,̂ ® does not 
support this theory. Furthermore, there is no evidence 
that body build is acting as a stronger confounder of 
the association in girls as correlation coefficients relat
ing childhood height and pondéral index to birth 
weight and blood pressure were similar in both sexes.

Other measurements of size at birth and blood pressure— 
Several previous studies have looked at measures of 
tieonatal size other than birth weight and later blood 
pressure*"* ®"; five of these looked at the associations in 
children.*®̂ " ** Head circumference tended to be 
inversely related to systolic blood pressure in two 
studies,*’ * ' but the associations between other meas- 
iii'es of size at birth (including length,̂ ® *® ®" pondéral

index,̂ ® ̂** and head circumference;length ratiô ® ) and 
subsequent blood pressure have all proved more 
inconsistent Only one®* of five subsequent 
studies*® “ ^ ®̂ has confirmed the original finding of the 
highest subsequent blood pressures arising in light 
babies with big placentas.® Our findings on placental 
weight and placental ratio are in agreement with the 
results of Barker’s study on placental weight® but only 
among the boys in whom no association between birth 
weight and blood pressure was observed. In the 
present study, apart from birth weight and univariate 
measures of size (particularly head circumference), 
associations between other measures of size at birth 
and blood pressure were weak and inconsistent

Implications
These data on the associations between size at birth 
and blood pressure in contemporary children raise 
important questions about the fetal origins hypothesis. 
Firstly, they do not support the possibility of amplifica
tion during the second half of the first decade. 
Secondly, at 8-11 years the association is almost 
entirely restricted to the girls; a finding that is unlikely 
to be an artefact of adolescence. Thirdly, the finding 
that, although birth weight is related to subsequent 
blood pressure other more complex measures of fetal 
growth such as pondéral index at birth or head 
circumference:length ratio are not related, does not 
provide support for the programming of blood 
pressure at critical periods in the second and third tri
mesters. Finally, the association between birth weight 
and blood pressure at 8-11 years is much smaller than 
the effect of current size on blood pressure, suggesting 
that childhood obesity (currently increasing in 
prevalence®® ) remains a more important determinant 
of blood pressure in children. The association may be 
amplified with increasing age and may be increasingly 
concentrated among subjects with the greatest current 
body mass.®̂  Our finding that the association was 
significantly stronger among girls with lower pondéral 
indices, however, does not favour this suggestion. Lon
gitudinal studies of contemporary children growing 
into adulthood are needed to examine the consistency 
of associations with age and to assess the relative 
importance of fetal factors and current obesity in the 
determination of blood pressure and in adolescence 
and early adult life.

Conclusions
Our data confirm the existence of an inverse 
association between birth weight and blood pressure in 
singleton bom children at 8-11 years of age. There 
seems, however, a clear sex difference in this 
association, with the effect being concentrated in the 
girls and extremely weak in the boys. Only highly cor
related, one dimensional measures of size at birth seem 
to show any association with blood pressure in 
contemporary children. More sophisticated ratio 
measures of fetal growth do not seem to be related to 
subsequent childhood blood pressure. The association 
between placental weight and placental ratio and 
blood pressure in children at this age is inconsistent 
These findings do not support tlie suggestion that pro
gramming in the second and third trimesters results in 
identifiable patterns of neonatal size that are associated 
with an increased risk of raised blood pressure.
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Key messages

This study confirms the well established inverse 
association between birth weight and childhood 
blood pressure, but there seems to be a strong 
difference between the sexes towards the end of 
the first decade of life-the association being 
strong in girls and weak or absent in boys 
Only highly correlated, simple measures of size 
at birth seem to be associated with blood 
pressure in girls; more complex measures of 
size at birth, including pondéral index and 
shortness in association to head circumference, 
are not associated with childhood blood 
pressure in either sex at 8-11 years
The association between placental weight and
placental ratio and blood pressure in children
of 8-11 years is inconsistent
These findings do not support the hypothesis
that fetal undernutrition “programmes” raise
blood pressure in the second and third
trimesters
Current body size is a much more important 
determinant of blood pressure in childhood 
than size at birth
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Blood pressure in pregnancy
S ir— T h e  a s s o c i a t i o n  b e t w e e n  lo w  
b ir th w eigh t  an d  risk o f  card iovascular  
d is e a se  in a d u l t h o o d '  p r e se n t s  n e w  
p ossib i l i t ies  for p reven t ive  m e d ic in e .  
C h u rch i l l  a n d  co l leagu e s ,*  h o w e v e r ,  
su ggest  that  this  as soc ia t ion  m igh t  have  
b e e n  c o n f o u n d e d  by  th e  e f f e c t  o f  
m a t er n a l  b l o o d  p r e ss u r e  on  
bir thweight.  A n  overs ight  in this s tudy  
m igh t  have  resulted  in an inappropriate  
co n c lu s io n .

T h e  in v e s t ig a t o r s  rep o rt  th a t  a 
5 m h t H g  rise in m e a n  2 4  h d iasto lic  
b lo o d  pressure  at 2 8  w e e k s ’ gesta t ion  is 
assoc ia ted  w ith  a 6 8  g  decrease  in 
b ir th w e ig h t ,  a n d  a r e d u c t io n  in 
gestational  age  o f  2 3 days. F rom  34  
w e e k s ’ ge sta t ion ,  fetal w e ig h t  increases  
by a b o u t  2 0 0  g per  w eek ,  or 2 8  6 g per  
day. A  2 3 day  red u c t ion  in gestational  
age w o u ld  therefore  c au se  a 65  7 g 
red uct ion  in b ir th w eigh t  irrespective o f  
the e f f e c t  o f  b l o o d  p r e ss u r e  on  
birthweight.  C hurch il l  and co l leagues  
see m  to  have  ign ored  the potentia l  fetal 
w eigh t  gain  b e t w e e n  term  (taken as 36  
c o m p le te d  w e ek s  in this s tudy) and  
gestational  age  at birth  (39  3 w e ek s  in 
this s tudy) .  It w o u ld  be  in terest ing to 
see  w h e d ie r  th e c o n c lu s io n s  rem ain  
u n ch a n g e d  after correc t ing  bir thweight  
for g e s ta t io n a l  age .  T h e  a s so c ia t io n  
b e tw e e n  a 5 m m  H g  rise in m e a n  2 4  h 
diasto lic  pressure  at 2 8  w e e k s ’ and a 
red uct ion  in gestat ional  age is, h ow ever ,  
in terest ing,  s in ce  nitric o x id e  m ay play  
a part  in  th e  r e g u la t io n  o f  b l o o d  
p r e ss u r e  in  p r e g n a n c y  a n d  the  
m a in te n a n c e  o f  uter ine  q u ies c en ce .
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S ir— C hurchil l  an d  co l le agu es '  report  
an in v e r s e  a s s o c i a t i o n  b e t w e e n  
m aternal  b lo o d  p ressure  in m id  and  
late g e s t a t io n  a n d  b ir th w e ig h t ,  and  
su ggest  that this  m a y  c o n f o u n d  the  
hitherto  a c c e p t e d  inverse  assoc ia t ion  
b e t w e e n  b i r t h w e i g h t  a n d  b lo o d  
pressure  in la ter life. T h e y  s u g g es t  
prev ious  s tu d ie s  d id  n o t  report  their  
ob servat ion  b e c a u s e  o f  the inaccuracy  
o f  r o u t in e  a n t e n a t a l  c l in i c  b l o o d  
pressure  m e a s u r e m e n t s .  H o w e v e r ,  th ey  
do n o t  c o m m e n t  o n  th e  e x te n t  o f  
a g r ee m e n t  b e t w e e n  2 4  h m e a s u r e m e n ts

and fetal growth
w ith  a m b u la to r y  m o n i to r s  a n d  c l in ic  
m e a s u r e m e n t s  in their o w n  s tu d y .

In m o s t  r ep o r t s  th e  in v e r s e  
a s so c ia t io n  b e tw e e n  b ir th w eig h t  and  
m a t e r n a l  b l o o d  p r e s s u r e  h a s  b e e n  
g r a d e d  a c r o s s  th e  fu ll ra n g e  o f  
b ir t h w e ig h t ; -  th e  r e la t io n  b e t w e e n  
m a t e r n a l  b l o o d  p r e s s u r e  a n d  
b ir th w eig h t  reported  by  C hu rch i l l  and  
co l le a g u e s  s e e m s  co n c en tr a te d  in th e  
h ig h es t  b lo o d  pressure  g ro u p  ( their  
ta b le  3 ) . '  W e  h a v e  e x a m i n e d  th e  
i n t e r r e la t io n s  b e t w e e n  r o u t in e  
a n t e n a t a l  c l in ic  m e a s u r e m e n t s  o f  
m a t e r n a l  b l o o d  p r e s s u r e ,  o f f s p r in g  
b i r t h w e i g h t ,  a n d  o f f s p r in g  b l o o d  
p r e s s u r e ,  in a la rge  s u r v e y  o f  
c a r d io v a s c u l a r  risk fa c to r s  in 
c o n te m p o r a r y  British c h i l d r e n . O f  the  
1 5 7 3  ch i ld ren  w h o s e  birth record s  w e  
l o c a t e d  for o u r  s u r v ey ,  6 7 7  w e r e  
s in g le to n s  b orn  to  nu l l ip arou s  w o m e n  
a fter  at le a s t  3 2  w e e k s ’ g e s t a t i o n .  
A m o n g  th is  s u b g r o u p  ( w h i c h  
c o r r e s p o n d s  to  th a t  e x a m i n e d  by  
C hu r ch i l l  and co l le a g u e s ) ,  there w as  
n o  e v id e n c e  o f  an a s so c ia t io n  b e t w e e n  
m aternal  d ia s to l i c  b lo o d  pressure  at 36  
w e e k s ’ g e s t a t i o n  a n d  s u b s e q u e n t  
b ir th w eig h t  (table) .

S im ila r  results  w ere  o b t a in e d  for  
m a ter n a l  s y s to l i c  pre ssu r e  (a n d  for  
b o t h  systo l ic  an d  d ias to l i c  pressure  at 
2 8  w e e k s ’ g e s ta t io n ) ,  and the  result s  
w e r e  u n a f f e c t e d  b y  a d j u s t m e n t  for  
m aterna l  s m o k in g .  T h e  valid ity  o f  th e  
a n t e n a t a l  b l o o d  p r e s s u r e
m e a s u r e m e n t s  in o u r  s t u d y  is 
su p p o r te d  by th e corre la t ion  w i th  age -  
a d j u s t e d  b l o o d  p r e s s u r e s  o f  th e  
o f f s p r in g  8 - 1  1 years  la ter ,  b o t h  
for s y s to l ic  ( r = 0  2 0 ,  p = 0 ’0 0 1 )  a n d  
d ias to l i c  ( r = 0 1 3 ,  p = 0  0 0 8 )  p ressure  
a d j u s t e d  for  o f f s p r in g  a ge .  S im i la r  
corre la t ion s  w ere  s ee n  w ith  m aterna l  
b l o o d  p r e s s u r e  at 2 8  w e e k s ’ . 
C o n s i s t e n t  w ith  our  earlier f in d in g  in  
5 - 7  year  o ld s , '  th es e  da ta  d o  n o t  
s u g g e s t  that m aterna l  b lo o d  pressure  is 
c o n f o u n d i n g  th e  b i r t h w c i g h t - b l o o d  
pressure  a ssoc ia t ion .

Diastolic pressure 
(mm Hg) a t 36 
w eeks' gestation

Number
of
women

Mean (SE) sex adjusted 
birttrwelght of Infant (g)

'-6 0 119 3364 (46)
61-70 298 3286 (29)
71-80 153 3294 (40)
81 -9 0 22 35 7 3(106)
>90 40 3292 (80)

p value (linear regression)=0-53. 
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A u th o rs ' reply

S ir — \V c arc o f  course  aware that fetal 
weight  increases,  albeit at a (decreasing 
rate, b e tw e e n  3 7  and 41 completed  
w e ek s ’ gesta tion ,  the per iod  defining 
term. H o w e v er ,  the reported association 
b e tw e e n  low  b ir th w eigh t  and risk of 
cardiovascular disease  in adult life, to 
w h ic h  A y u k  refers ,  is b a s e d  on 
birthw eight at term, n o t  birthweight 
corrected for gestational age. T h u s ,  in 
addressin g d ie  issue o f  w hetl icr  higher 
maternal b lood  pressure is associated 
witli low er  b ir th weight w e  adjusted for 
c o n fo u n d in g  d u e  to preterm birth by 
fitting gestational age as a d ichotomoas  
variable ( 3 2 - 3 6  vs 3 7 - 4 1  w eek s)  rather 
than as a c o n t in u o u s  variable.  Indeed,  if 
the in verse  a s s o c ia t io n  between  
m atern a l  b l o o d  p r e ss u r e  and 
bir thweight is partly m ed ia ted  via effects 
o f  b lood  pressure on  gestational age at 
bir th ,  o u r  m a in  c o n c l u s i o n  stands 
u n a lte re d .  H o w e v e r ,  th is  inverse 
a s s o c ia t io n  is n o t  d e p e n d e n t  on 
g e s t a t io n a l  a g e  at b ir th .  After 
a djustm ent for gestational age, fitted 
as a c o n t in u o u s  variable, a 5 m m  Hg 
(1 S D )  increase in m e a n  2 4 -h  diastolic 
b lo o d  p re ssu re  at 2 8  w e e k s ’ was 
associa ted with a 73  g fall in birthweight 
(95'Ki C l  1 2 - 1 3 5  g) ,  and a similar 
increase in am bulatory  diasto lic  pressure 
at 36  w e e k s ’ was  assoc iated  w ith an 82 g 
fall in b ir th w eigh t  ( 3 6 - 1 2 9  g).  The 
assoc ia t ion  w ith  am b u la tory  diastolic 
b lood pressure at 3 6  w e ek s ’ remained 
s ig n if ica n t  in m u l t iv a r ia te  analysis 
( p = 0 ’0 3 ) .  T h e  assoc ia tion  with mean


