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Fig. 2. Distribution of BMI of (a) men and (b) women reporting an energy intake (EI)/BMR < 1.10 (O) or
EI/BMR > 1.10 (), showing that low energy reporters (LER) were to be found throughout the range of BMI, although
their BMI distribution was more positively skewed than that of the remainder of the population.

None of .the socio-economic variables tested displayed any association with LER in
men. In women, low educational attainment, low social class of origin and currently not
having paid work were significantly associated with recording lower EI. A total of 81 % of
the women and 95 % of men in this population had a paid job (including part-time jobs) in
1989. Only twenty-six subjects were on some form of night-shift during the recording
week; 31 % of them were LER but the proportion did not reach significance due to the
small numbers involved. Although there was no significant association of low EI/BMR
with region of residence in general, there was a suggestion that disproportionately more
men (but not women) who lived in Scotland had a low EI/BMR.

None of the variables describing dietary, smoking or exercise behaviour bore a
significant relationship with proportions of LER, neither did those describing social
relations and the social environment of the subjects. Despite there being no significant
distribution of LER among the levels of exercise, there was a significant linear trend for
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Table 1. Characteristics associated individually with low energy intake (EI)/BMR ( < 1-10) in

1989+
Association with low EI/BMR in 1989
Characteristic Men Women
EI/BMR less than 1-10 in 1982 (n 769; 778%) P 104 w2 126 ks
Body size and shape
Higher BMI in 1989 (n 960; 935) r 027 *** r 0-37 Ak
Higher mean lifetime relative weight score (n 466; 479) r 0-30 *** r 0:36 kxx
Higher rate of BMI gain during adulthood (n 665; 680) r 021 ek r 025 **x
Greater fluctuations in body weight since age 20 years (n 679; 692) r 023 Hk* r 026 ***
Greater (more positive) weight change since 1982 (n 887; 871) r 007 NS r 015 **=
Greater waist circumference (n 957; 935) r 0.25 *** r 0.27 ***
Greater waist: hip ratio (» 955; 935) r 0-12 *** r 010 **
Timing and duration of overweight (n 881; 856) ¥ 26w g2 ) dx

(linear trend: adult and childhood/adult only/children only/never)
Not significantly associated:
Height; birthweight
Socio-economic indices
Low educational attainment (n 933; 909) ¥ 17 NS 2 164 **x
(linear trend from none to higher degree)
Low social class of origin (at age 4 years) (n 960; 938) (linear trend) 2 01 NS e 8.9
Currently not in paid work (n 940; 932) <001 NS 12 10- **
Not significantly associated:
Current social class; night-shift working; region of residence;
subjective adequacy of family income
Dietary and health behaviour
Not significantly associated:
Smoking in 1989; on any special diet or type of special diet;
vegetarianism; recent reported changes in eating habits; use of
artificial sweeteners; self-reported exercise, either during working
day or in leisuretime (cycling and/or walking, sports and
recreations or heavy do-it-yourself, gardening or housework)
Social relations and environment
Not significantly associated:
Presence or absence of children or older people in the household;
whether living with spouse, partner or neither; whether living alone
or with any others; number of people, or children, in the household;
regular social contacts; emotional freedom
Psychological characteristics
Extroversion scores at age 26 years (n 960; 938; df 12) xz 282  ** xz 65 NS
Recent debilitating nervous or emotional troubles (n 956; 931) e 2.1 NS $ 74  **
Not significantly associated:
Neuroticism scores at age 26 years; inconsistency during adulthood in
reporting smoking habits; other depressive symptom scores relating
to the past year; symptoms of clinically recognizable mental
disorder

><N><

** P <0-01; *** P<0.001; NS, P>0-01.

+ Associations with categorical variables were by Pearson’s x?, with df 1 for linear trend, unless otherwise stated.
Continuous variables were correlated with EI/BMR values, and the sign of the correlation coefficient r, was
inverted to indicate the association of increases in the value of the variable with low EI/BMR.

1 n, Number of subjects (men; women).

levels of activity during working hours among men (not in women) to be positively
associated with EI/BMR value (P=0-002). None of the variables describing levels of
physical activity in leisure time bore any significant relationship with EI/BMR values.
Contrary to expectations, elderly cohabitants (above 60 years) did not seem to have an
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Table 2. Results of logistic regression analysis of significant factors predicting recorded energy
intake (E1)/BMR below 1-10 in 1989

B (In odds 95% CI for
Characteristic ratio) SE (B) Odds ratio odds ratio rt Significance
Men (n 960):
Ln BMI 4.7 0-682 (see text) 022 P <0-0001
Women (n 815):
La BMI 3.6 0-816 (see text) 0-14 P <0-0001
Social class at age 4 years 009 P=0-0031
(baseline = classes I and II)
class IIINM —-0.73 0-329 0-48 025; 092 —0-06 P=0-0264
classes I1IM, IV and V 025 0-224 1.29 0-83; 1.99 000 P=0-2624
Whether overweight or obese 061 0-265 1.83 1.1, 341 006 P=0-0226
as adult
No. of children in household —0-20 0-089 0-82 069; 1.0 -006 P=0-0269
Whether in paid work —~0-45 0-228 064 041; 10 —004 P=0-0488
Including EI/BMR in 1982 in model:
Men (n 769):
Ln EI/BMR in 1982 —4.4 0497 (see text) —033 P <0-0001
Ln BMI 3.2 0-877 (see text) 013 P=0-0002
Women (n 712):
Ln EI/BMR in 1982 —4.2 0-511 (see text) —0-30 P <0-0001
Ln BMI 2:6 0-740 (see text) 0-12 P=0-0005
Whether in paid work -0-61 0-265 054 0.32; 091 —-007 P=0-0213
Social class at age 4 years 007 P=0-0281
(baseline =classes I and II)
class IINM —0-62 0-376 054 026; 1.12 —~0:03 P=0.0992
classes IIIM, IV and V 0-26 0-263 1.30 06-78; 2.18 000 P=03154

1 r, Partial correlation coefficient.

effect on low EI/BMR of respondents, and having children (up to 18 years) in the
household was associated with fewer, not more, LER in both men and women, though the
effect did not reach significance. ANOVA confirmed that LER of both sexes had fewer
children in the houschold, on average, than the rest of the population (men, P=0-028;
women, P=0-014). Among those living alone, more men and fewer women than the
average recorded low EI/BMR, but this did not reach significance.

The proportions of LER varied significantly with increasing extroversion score in men,
but there was no linear trend. There was a wavering tendency for increasing extroversion to
be associated with fewer LER, but the maximum extroversion score was associated with
the highest proportion of LER. In women but not in men, those with nervous or emotional
troubles which stopped them from pursuing normal routines in the past year tended to be
LER more than others. No other significant patterns were evident among the psychological
indicators investigated.

Apart from subject characteristics some aspects of the survey protocol were
investigated for influences on EI/BMR. There was no significant effect either of the
month of interview, the day of the week on which diary recording was begun, the
chronological order in which diary coding was done, or the identity of the coder or checker.
Among the fifty-eight nurse interviewers, the proportions of their subjects recording a low
EI varied, but not significantly (results not shown). There was also no relationship between
the number of subjects seen by an interviewer and the proportion of them reporting a low
EI/BMR.



842 G. M. PRICE ET AL.

Results of logistic regression analysis of the subject characteristics associated with
LER are presented in Table 2. It was confirmed that BMI was an appropriate function of
weight and height for independent variables by first including these primary measurements
in the model instead of BMI and comparing the size and direction of their coefficients. For
men, only BMI among all the characteristics tested was significant as a predictive variable.
The odds ratio, or relative probability, of having an EI/BMR less than 1-10 compared with
1-10 or above increased by 4-72% with each 1 % increase in BMI, in a compound fashion.
This relationship can be expressed as follows:

In(OR’/OR) = 4-72 x In(BMI'/BMI),

where OR is the odds ratio of the baseline BMI and OR'’ is the odds ratio of a changed BMI
(BMT'). For example, if BMI increases by 10% (i.e. BMI'’/BMI=1-1), then OR’/OR is
1-568, meaning a 56-8% increase in the odds ratio. However, if BMI decreases by 10 %
(i.e. BMI'/BMI =0-9), then OR’/OR = 0-608, indicating a 39 % decrease in the odds ratio.
All the other variables tested were not independently significant for men, except for one
describing types of cohabitants of the subject which was marginally significant (P =0-04)
but which was not readily interpretable.

Table 3. Mean daily intakes of nutrients, and nutrient densities, of men and women reporting
energy intake (EI) below, v. above, 1-10 times their calculated BMR
(Individual results are an average of seven consecutive days’ reported intake; table shows mean values and standard

deviations)
Men Women
Low-energy Low-energy
reporters Others reporters Others
(EI/BMR <1.10) (EI/BMR >1.10) (EI/BMR <1:10) (EI/BMR >1-10)
(n 178) (n 782) (n 213) (n 725)

Nutrient Mean SD Mean SD  Pf Mean SD Mean sD  P¥
Energy (MJ) 710 1.06 1095 207 wk* 5-52 092 8-44 149 **x
Energy (kcal) 1694 253 2614 495 **x 1318 220 2012 356 *kk
Fat (g) 70 16 113.5 272 Axx 56 14 90 21 *xk
Carbohydrate (g) 184 39 282 64 ko 147 34 227 48 Hokok
Protein (g) 68 13 91 19 ik 55 11 73 14 ok
Alcohol (g) 14 14 24 28 Fxx 6 8 8 10 *
‘Dietary fibre’ (g) 16 6 21 8 *k 14 5 19 6 Hokok
Calcium (mg) 715 213 1031 265 **x 624 193 887 246 *EK
Iron (mg) 10 3 14 4 *xk 9 3 12 3 kkok
Vitamin C (mg) 60 35 69 43 Fxk 58 39 69 36 *kk
Nutrient densities:

Fat (%E) 37 57 39 50 ek 37 64 40 4.9  x#%

Carbohydrate (%E) 44 6-6 4 61 NS 45 73 46 58 NS

Protein (%E) 16 26 14 1.9 ¥ 17 31 15 2:1  Exx

Alcohol (%E) 52 5.8 59 64 NS 29 4.0 27 33 NS

‘Dietary fibre’ (g/MJ) 23 0.78 2.0 075 *** 2.5 1-0 23 0-65 **

Calcium (mg/MJ) 100 27 95 21 * 114 34 106 25 **

Iron (mg/MJ) 15 0-42 13 0-34 *xx 16 0-56 14 0-37 *kok

Vitamin C (mg/MIJ) 86 54 6-4 4.1 Ax 107 73 83 4.3 kEk

% E, percentage of total dietary energy.

*P <0.05; **P <001, *** P <0-001; NS, P> 0-05.

1 Statistical testing refers to Kruskal-Wallis one-way ANOVA of nutrients by EI/BMR categories within sex groups
separately.
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For women, BMI remained the most important characteristic by far, with the odds ratio
for low EI/BMR increasing by 3-60 % with each 1 % increase in BMI. In addition, several
other variables exerted less important, but independent, predictive influences on the odds
ratio for LER. The social class of origin of the subject at age 4 years (coded according to
her father’s occupation in 1950) played a role, with class III (non-manual) being about half
as likely to record low EI/BMR as the baseline classes I and II. The manual social classes
had odds which were greater, but not significantly so, than the baseline (OR=1-29,
P > 0-1). Those women who had been obese or overweight at any time during adulthood
had nearly twice the odds of those who had never been obese or overweight as an adult,
including those who had been obese or overweight only as a child; this effect was
independent of current BMI. Each additional child (up to 18 years) in the household
decreased the odds by nearly 20 %, so that the more children in the household the less was
the likelihood of the woman being a LER. Finally, those women currently in paid work had
odds of two thirds of those who were not in paid work, but this characteristic was on the
margins of statistical significance.

When data for men and women were analysed together the overall coefficient for
In(BMI) as predictor of low EI/BMR was 5-01 (SE 0-45) (results not shown). This
coefficient is larger than that for women due largely to the attenuating effect of the variable
indicating adult overweight. The odds ratio for female sex was 1-41 (95% confidence
interval 1-09; 1-82, P=0-009), confirming the observation that women were more likely
than men to be LER. The interaction terms with sex in the combined model were not
significant, which suggested that the effect of BMI, or indeed of any variable significant in
women, was not different between the sexes.

When EI/BMR in 1982 was added as a continuous variable the model was
significantly improved. The variables then significant are given in the second half of Table
2. For both sexes EI/BMR in 1982 became the most significant variable, while BMI
remained highly significant in addition, although less significant than previously. For
women, social class of origin and current employment status remained as factors which
were much less significant. The model predicted a 4-4 % decrease for men and 4-2%
decrease for women in the odds ratio for low EI/BMR in 1989 with each 1 % increase in
EI/BMR in 1982. These decreases would be almost offset by the increases of 3-2% and
2-6% respectively, resulting from a 1 % increase in BMI. Analysing these data for men and
women together yielded regression coefficients of —4-2 (SE 0-33) for In(EI/BMR) in 1982
and 2.8 (SE 0-53) for In(BMI), these two being the only significant variables. Neither sex
nor any of the interactions with sex was significant, indicating that none of the variables
was different between men and women, and nor were the overall odds for low EI/BMR,
when EI/BMR in 1982 was taken into account.

The partial correlation of EI/BMR in 1982 with low EI/BMR in 1989 was greater than
that of BMI, and EI/BMR in 1982 was the more significant variable. Thus individuals
appeared to have a propensity to record a low EI/BMR which was more powerful than, and
partially independent of, current BMI and indeed any of the other variables tested in this
analysis. On the other hand, there was an element of current BMI which predicted a low
EI/BMR independently of the subject’s previous tendency.

The comparison of mean daily nutrient intake between LER and the rest of the study
population is presented in Table 3. Intakes of all nutrients shown were significantly lower
for LER than for the others when expressed as absolute quantities. However, when
macronutrients were expressed in terms of their contribution to total energy intake, fat was
lower, protein was higher and carbohydrate and alcohol the same for LER as for others.
When ratios of ‘dietary fibre’, Ca, Fe and vitamin C to energy intakes were compared they
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were each significantly higher for LER. All of these effects were the same in men as in
women, and are strongly indicative of a different diet composition among LER: their
recorded diet contains more protein and less fat as a contribution to total energy and is
more micronutrient-rich than the diet reported by the rest of the study population. There
was a tendency for LER of both sexes to be teetotal, as evidenced by no alcohol reported in
the diet-recording week, but this was only marginally significant (P=0-04 in the total
sample and P > 0-1 in each sex).

The mean within-person CV of energy for LER was 29-7 (SD 11.9) % for men and 27-8
(SD 10-6) % for women, significantly greater than the values for the rest of the population in
the present study, at 23-8 (SD 9-1) % and 23-4 (SD 8.4) % respectively (P < 0-0001 in each
case). Day-to-day variability in intake (indicated by the within-person CV) of each of the
other nutrients reported in Table 3 was also significantly greater in the LER of both sexes
than in the others (P < 0-0001 in each case except alcohol and vitamin C, where P < 0-01).
This phenomenon is partly due to the fact that LER had lower mean intakes of energy and
all nutrients; using energy intake as an example, within-person SD was directly related to
the mean EI in the whole sample (r=0-51; P <0-001; n1898), and sD for EI was, on
average, smaller for LER at 1-76 (SD 0-72) MJ than for the others at 2.28 (SD 1-01) MJ
(P <0.0001). However, CV for energy intake, which is SD ‘corrected’ for the mean, was
inversely and rather less strongly related to mean intake (r —0-17; P <0-001; n 1898).
Thus the variance of intake within the week for LER was smaller in absolute terms than for
those with higher intakes, but it was disproportionately larger in relation to the mean
intake.

DISCUSSION
The extent of low-energy reporting

Black et al. (1991) showed previously that mean EI/BMR for the majority of published
surveys falls below 1.55, a value equivalent to the energy expenditure of a sedentary
lifestyle (Food and Agriculture Organization/World Health Organization/United Nations
University (FAO/WHO/UNU), 1985). The present study concurs with this, with mean
EI/BMR being 139 (SD 0-34) for men and 1-36 (SD 0-34) for women. In 1982 the
equivalent mean values had been 1.38 (SD 0-34) for men and 1.24 (SD 0-35) for women.
Studies in Australia using 12 d weighed intakes (Rutishauser et al. 1994) and in the USA
using 24h recall (Briefel et al. 1995) also showed similarly low mean EI/BMR. The
considerable proportion of LER in this population (20-6 % overall with EI/BMR < 1-1) is
also in keeping with other major dietary surveys. In the Dietary and Nutritional Survey of
British Adults, a cross-sectional survey conducted with 7d weighed food intakes in 1986~
7, 27 % of non-dieting men aged 16-64 years and 40 % of women reported EI/BMR less
than the slightly higher cut-off point of 1.2 (Gregory et al. 1990). The equivalent
proportions in the 43-year-old members of the present study were 28 % of men and 31 % of
women.

Several assumptions are inherent in the use of 1-10 as a cut-off point for low EI/BMR,
as described by Goldberg and colleagues (Goldberg et al. 1991). If the assumptions are
inappropriate for the population then the cut-off point could take a different value which
would place more or fewer subjects in the LER category. The value of the mean within-
individual CV of EI was taken by these authors to be 23 %. This compares closely with the
median within-individual CV in the present study of 23-3 %, the 3rd percentile being 10 %
and the 97th percentile 47 %, referring to day-to-day variability within the 7 d recording
period. Using these extreme values instead of 23 % for CV of EI results in cut-off points for
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EI/BMR of 1-14 and 0-98 respectively; the more the variability, the wider (lower) must be
the limits. In a year-long study of consecutive daily dietary records of twenty-nine subjects
in Beltsville, USA, the mean within-person CV over 365 d was 27-2 % (range 18-9-44.9 %)
(Tarasuk & Beaton, 1992). Analysis of these data revealed long- and short-term patterns of
variation in EI which were reported to be characteristic of the individual subjects (Tarasuk
& Beaton, 1991, 1992). The cut-off limit of 1-10 may be too stringent (too high) for those
in the present study who have variability much higher than the median; this limitation
could conceivably apply to so-called ‘yo-yo dieters’ or ‘restrained eaters’ (see p. 847).

The assumed average physical activity level (PAL) of 1-55 times BMR used for the
calculation of the cut-off limit may be too low. Of the subjects in the present study 27 %
reported spending over half the working day walking around and another 25 % reported
frequently lifting and carrying heavy things during the working day. Of all the subjects
40 % reported taking part in active recreational activities at least five times, and 34 % said
they walked or cycled in leisure time for 30 min or more at least twelve times in the
previous month. It is difficult to say how closely this population compares, on average,
with the activity pattern of an office clerk or housewife as illustrated in the
FAO/WHO/UNU (1985) report on energy requirements which assigns an average PAL
of 1.55 (men) or 1.56 (women) for similar ‘light’ occupational activity. An overall mean
PAL of 1-67 was reported by Goldberg et al. (1991) in their review of doubly-labelled
water studies, and more recently, mean PAL for the few free-living, ambulant men (n 15)
and women (n 47) aged 40-64 years, for whom BMR and doubly-labelled water estimates
of energy expenditure were available, were 1-64 (SD 0-17) and 1-69 (SD 0-23) respectively
(Black et al. 1996). The PAL values at two SD above and below these means, namely 1-30
and 1.98 for men and 1.23 and 2-15 for women respectively, are widely divergent; they
translate to cut-off values for individuals of 0-92 and 1-40 for men and 0-87 and 1-52 for
women respectively, retaining all other assumptions as used by Goldberg et al. (1991). The
most accurate way of assigning cut-off points would be to use each individual’s own PAL
and variability but these are very seldom known. The available data suggest that there is no
significant variation in mean PAL of free-living, ambulant adults according to BMI
category, except for a decrease in those over 35 kg/m? (Prentice er al. 1996).

There is some concern that the equations for estimation of BMR from body weight
derived by Schofield (1985) and adopted for use in the UK population (Department of
Health, 1991) are not appropriate for use in obese subjects since very few of these featured
in the original data. Obese people might be expected to have lower BMR relative to body
weight than leaner people because fat tissue is less metabolically active. Heshka et al.
(1993) have indeed found that equations very similar to those used here (James, 1984)
overestimated the measured resting metabolic rate (RMR) in a group of 126 obese subjects.
The appropriateness of the Schofield (1985) or the FAO/WHOQ/UNU (1985) equations for
obese children and adolescents has been investigated, with conflicting conclusions (Dietz ez
al. 1991; Firouzbakhsh et al. 1993; Maffeis et al. 1993; Molnar et al. 1995). This issue
deserves further study in adults.

Characteristics of low-energy reporters

The fact that individuals have inherent tendencies to record low EI/BMR or not is in line
with the reports of other authors that subjects consistently display such tendencies even
when different dietary assessment tools are used (Black et al. 1995). The results of the
present study confirm those of many others who have found that people with higher current
BMI, as well as those with a recent history of, or tendency to, overweight (Black et al.
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1995) or weight instability (Heitmann, 1993), are much more likely to record a low
EI/BMR.

It is a matter of concern that low EI/BMR is associated with several risk factors for
low health status, such as low education and lower social class of origin (in this survey in
women only), as well as higher BMI. Smoking was significant also in women at the 5%
level although not at 1 %. Similar characteristics have been identified in the LER of the
cross-sectional Dietary and Nutritional Survey of British Adults (Pryer et al. 1994), in
contrast to a sample of Danish men and women aged 35-65 years in which no association
of smoking, social class or education was found with under-reporting as detected by
urinary v. reported dietary N (Heitmann, 1993). It appears that high BMI and other factors
predisposing subjects to lower health status are associated not only with implausibly low
recorded EI but also with the non-return of diet diaries. In the present survey, dietary non-
response by male and female interviewees in 1989 as well as in 1982 was significantly
associated with higher BMI, smoking, lower educational achievement and lower social
class of origin (Price et al. 1996).

The association of the subjects’ cohabitants with low EI/BMR was the opposite of that
expected. Having dependants and especially children (0-18 years) in the household
appeared to ‘protect’ women against low EI/BMR, possibly a reflection of more regular
and clearly defined family meals. In the Dietary and Nutritional Survey of British Adults
those respondents (interviewees) who were living with a spouse and dependent children
were more likely than other groups (essentially those without children) to complete a
dietary record (Gregory et al. 1990), which concurs with our results.

Socio-economic characteristics were significantly associated with low EI/BMR in
women although neither education, social class of origin nor current employment status
had any bearing on tendency for men to record low EL Food choice and attitudes towards
health and diet in women have been reported by other authors to be more clearly related to
their own social class than to that of their male partner (Charles & Kerr, 1988). We have
found that social class of origin in women, rather than their own current class, was
independently associated with diet-reporting; there are reports that obesity is also closely
related to social class of origin (Braddon et al. 1986; Sobal & Stunkard, 1989). The social
class in which women grew up may have influenced their perception of the social
importance of being slim and the tendency to diet and/or exercise to achieve this, a
pressure which does not apply to men (Sobal & Stunkard, 1989). Having a paid job
marginally significantly, but independently, reduced the risk of low EI/BMR for women
but not for men in the present study. The reason for this finding is not clear, but it is
possible that gainful employment might confer enhanced self-confidence and protect
women against perceived pressures to be eating ‘healthily’ (Worsley, 1991), or to have a
slimmer image (Bennett & Stevens, 1996).

Reasons and mechanisms

Popular media reporting alleges that the proportion of the British population who are
reducing normal food intake at any time in order to lose weight could be as high as 25—
40 %. However, there is no evidence that the population is losing weight on average. On
the contrary, the proportion of the British population who are overweight or obese has been
increasing since 1980 (Knight, 1984; Gregory et al. 1990; White et al. 1993). This
contradiction is echoed in the population in the present survey who submitted a high
proportion of low-energy records although they gained, on average, 3-03 (SD 5-4) kg in the
7 years preceding the 1989 interview.
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Neither the mechanism nor the underlying reason for the phenomenon of low EI/BMR
is known, although several ideas have been put forward, (e.g. Black et al. 1991; Heymsfield
et al. 1995). One possible mechanism is the under-recording of food (energy) actually
eaten, which could be either conscious, as if the subject wanted to appear to be eating
‘sensibly’, or unconscious, due to simple forgetfulness, more pressing concerns or to
difficulties related to literacy. Another possible mechanism is a change from a habitual
dietary pattern to a lower EI during the recording period. This, in turn, could be due to a
conscious intention to use the recording period as an opportunity to lose weight, or to an
omission of items from the diet which seem to be too onerous to describe in the diary.

Attitudes to food provide the most likely explanations for diet-recording behaviour.
The most obvious and most explored reason for low EI/BMR is the body- and diet-
consciousness, and the associated dietary restraint, which until relatively recently was
mainly due to fashion and was concentrated in women, but which has now begun to
accompany concerted public health promotion messages (e.g. Department of Health, 1992)
and has extended to men as well. In reporting diet to health-related investigators it is very
likely that many subjects will want to give the impression that they conform to what is
perceived to be desirable (Hebert et al. 1995), and indeed there is a suggestion that those
with Jower education and income may be more susceptible to giving responses in a socially
desirable fashion (Cappeliez, 1989). Women are more likely than men to know which
foods are healthier, to rate such foods as pleasurable, and to report healthy eating patterns
(Sheiham et al. 1987; Rappoport et al. 1993; Barker et al. 1995). Alongside the social
pressures on women to be slim, self-denial in decisions about the purchase, preparation and
distribution of food within the family is an entrenched part of the traditional female role,
especially when resources are limiting (Mennell ez al. 1992). We would speculate that this
self-denial is reflected in women’s impression of what they eat, or what they should be
eating, as distinct from what they would like to be eating. Increased education, income,
status and self-esteem would conceivably reconcile some of women’s conflicts about food,
although women in the highest social classes tend to attach the most importance to dietary
restraint and body image (Sobal & Stunkard, 1989). A combination of these complex
factors may explain the J-shaped relationship among women in the present study between
odds ratio for low EI/BMR and decreasing social class of origin (Table 2). This area begs
further research.

Questionnaire methods have been developed to measure dietary restraint (Stunkard &
Messick, 1985; Van Strien et al. 1986), a distorted attitude to eating which is well-
recognized and has been found by some authors to be associated with ‘under-reporting’
(Bingham et al. 1995; Black et al. 1995). Restrained eaters are often, but not necessarily,
overweight, and have an amplified consciousness of food, body weight and body image
which tends to result in an eating pattern oscillating between periods of successful restraint
and of disinhibition (binges). It is highly likely that many subjects in the present survey
were ‘restrained eaters’, and if so this might explain why they did not describe themselves
as ‘weight-reducing’ but were nevertheless reporting an EI resembling that of dieters.
Restrained eaters might conceivably either use the recording period to keep their diet under
control (i.e. report accurately a ‘trough’ week in their range of intakes) or under-report
foods eaten but regarded by them as ‘disinhibited’, or naughty. We echo the exhortation of
other investigators (Black et al. 1995) to include questions on restraint in dietary surveys,
and will address this issue in future contacts with the survey members.

As health messages pervade the population more extensively with time it may well
become even more difficult to measure directly what people are eating. This principle is
illustrated by the many types of behaviour, status and affliction upon which society issues
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judgements and which are also liable to under-reporting, such as alcohol consumption
(Klag et al. 1990), smoking by adolescents (Millar, 1985), body weight (Smith et al. 1992;
Lederman, 1993), psychosis (Stansfeld & Marmot, 1992), depression (Cappeliez, 1989)
and anabolic steroid use (Schwellnus et al. 1992). The converse is also likely to be true,
namely that behaviour pronounced to be desirable is over-reported. With increasing
perception of the beneficial effects of exercise on health and well-being (e.g. Prentice &
Jebb, 1995) it is foreseeable that physical activity will come to be over-represented
(Lichtman et al. 1992) and periods of sloth under-reported or ‘forgotten’.

Strategy for data analysis

We cannot yet answer the questions on what to do with databases containing significant
numbers of low EI/BMR values. However, it should be clear from the present study that
simple exclusion of these suspect values would seriously alter the size and nature of the
sample, specifically eliminating those who are frequently of most concern in terms of their
health risk.

The asymmetry of such simple exclusion is also a statistical concern: although it is
recognized that under-reporting energy intake is more prevalent than over-reporting, it is
not possible to exclude EI/BMR values which are suspiciously high unless subjects’ total
EE is known. In addition, it is highly likely that under-reporting occurs throughout the
range, and not merely at the lower end, of EI, as has recently been shown (Black, 1997).
Mean EI/BMR for the present sample, after exclusion of those with EI/BMR less than
1.10, was 1.50 (sD 0-29) for men and 1.48 (SD 0-26) for women. Thus, even after the
exclusion of the 20 % lower tail of the distribution, the mean value for the population still
did not meet the cut-off value (1-53, being the lower 95 % confidence limit) suggested by
Goldberg et al. (1991) for a sample of this size (n 750). This suggests a serious negative
bias in population EI which is not caused only by the presence of very low EI/BMR values
in the sample.

This and other studies (e.g. Pryer et al. 1994; Bingham et al. 1995) provide evidence
that the composition of the diet of those reporting implausibly low EI/BMR is different,
tending to be relatively micronutrient-rich. This has important implications for analysis and
interpretation of survey results. Absolute values of all nutrients are likely to be low, with a
greater proportion of the sample falling below recommended minima and creating an
artificially negative impression of the population’s nutrient status.

The epidemiological issue of the relation between nutrient intake and disease outcome
is equally complicated. Recorded nutrient intakes cannot simply be ‘adjusted for EI’ using
the regression of the nutrient v. energy (Willett & Stampfer, 1986), since the nutrient
density of the reported diet is different for LER and their presence may affect the
regression slope. For nutrients which are highly correlated with energy, such as fat, LER
make little difference to the slope of the line, according to the present data, but for nutrients
where the correlation is smaller, such as vitamin C or ‘fibre’, the slope appears from our
data to be increased, in turn increasing the ‘energy-adjusted’ nutrient intakes at the lower
end of the energy distribution. Therefore adjusting for energy does not solve the problem,
and use of this method may not be appropriate if the true relationship between energy and
the nutrient in question is not known. If there is evidence that LER simply exclude energy-
rich, micronutrient-poor foods from their recorded diet there may be a case for using
micronutrient data ‘as is’, with appropriate caution. The conceptual problem, however, is
the most difficult: we do not know whether any types of food were selectively omitted from
the subjects’ diet or from their records.
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Conclusions

Despite access to a lifelong database on a nationwide sample, we have found surprisingly
few characteristics to describe LER, especially for men, other than higher BMI and an
individual propensity to record a low or a higher EI/BMR. This is probably due to a wide
variety of factors leading to low-energy recording in different people. Greater
understanding of these factors should enable future studies to be conducted with sensitivity
targeted at those most likely to submit implausible records. At present there is still much
that is unknown about this phenomenon, although we have at least advanced some distance
in acknowledging and describing it.

We are grateful to all the survey members for keeping the diet diaries, and to Mr Warren
Hilder and Mr Ken Day for help with data management.
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