Public Health Nutrition: 5(4), 523-529

DOI: 10.1079/PHN2001317

Underreporting of energy intake is less common among pregnant

women in Indonesia

Anna Winkvist''*, Viveka Persson'? and T Ninuk S Hartini'34

"Epidemiology, Department of Public Health and Clinical Medicine, Umeé& University, SE-901 85 Umed, Sweden:
2Section for Infernational Maternal and Child Health, Department of Women'’s and Children’s Health, Uppsala
University, Sweden: *Nutrition Academy, Ministry of Health, Yogyakarta, Indonesia: “Community Health and
Nutrition Research Laboratory, Faculty of Medicine, University of Gadjah Mada, Yogyakarta, Indonesia

Submitted 18 June 2001: Accepted 26 October 2001

Abstract

Objectives: To evaluate the ratio of reported energy intake to basal metabolic rate
(EI/BMR) among pregnant Indonesian women, as well as identifying risk factors for
being an underreporter.

Design: Longitudinal study of dietary intake, using six repeated 24-hour diet recalls
each trimester. Basal metabolic rate was estimated from body weight and physical
activity from occupation. The lower 95% confidence interval for plausible EI/BMR
was calculated and the proportion of underreporters estimated. Risk factors for being
an underreporter were assessed in multivariate logistic regression analyses.

Setting: Purworejo District, central Java, Indonesia.

Subjects: Pregnant women (72 = 490).

Results: For the three trimesters, EI/BMR ratio was 1.33 £ 0.48,1.53 £ 0.43 and 1.52 =
0.40 (mean = standard deviation), respectively. The proportion of underreporters
was 29.7%, 16.2% and 17.6%. Characteristics significantly associated with under-
reporting in at least one trimester included high body mass index and low education.
Conclusions: Levels of underreporting were low among the pregnant Indonesian
women during the second and third trimesters. The low EI/BMR ratio during the first
trimester likely reflects a true low intake due to nausea, rather than underreporting.
Risk factors for being an underreporter included those known from developed
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countries, i.e. obesity and low education.

In the last two decades, many researchers have demon-
strated that reported dietary intake data seriously under-
estimate the true habitual intake when compared with the
doubly labelled water method and the 24-hour urinary
nitrogen excretion method'™*. The underreporting is
systematic, with higher levels of underreporting among
obese subjects as well as among people of low income,
and more commonly for energy than for protein® =%,
Unfortunately, large epidemiological studies often have
to rely on reported dietary intake methods. However,
Goldberg and colleagues’ have suggested that studies of
energy intake be evaluated by comparing the ratio of
reported energy intake to basal metabolic rate (EI/BMR)
with physiologically plausible ratios of total energy
expenditure to basal metabolic rate (TEE/BMR). The latter
ratio is also referred to as the physical activity level (PAL).
Too low ratios are obviously incompatible with weight
maintenance even at minimal physical activity. For
sedentary people, PAL has been estimated to be 1.55".
Furthermore, doubly labelled water studies of energy
expenditure among non-ambulant subjects and elite
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endurance athletes suggest a physiological range of PAL
of 1.2-4.5"",

Goldberg and co-workers have offered formulas to
calculate the lower confidence limits of agreement
between reported EI/BMR and PAL, for groups as well as
for individuals”?. Individuals with a ratio below the lower
limit are regarded as underreporters. The formulas take
into account the within-subject day-to-day variation in
energy intake, the number of days of dietary intake
assessment, the precision of estimated versus measured
BMR, the between-subject variability in PAL, and the
expected PAL of the subjects. The method has been found
to have high specificity (proportion of non-underreporters
correctly identified: close to 1) but lower sensitivity
(proportion of underreporters correctly identified: about
0.5); the latter may be improved by the inclusion of
information on physical activity'?>. Of course, under-
reporting may occur at all levels of EI/BMR. However,
validation studies using urinary nitrogen or doubly
labelled water suggest that underreporting bias is more
common at the lower end of energy intake'?.
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Since the appearance of these formulas, multiple studies
have reported on the ratio of EI/BMR. In a summary of 37
studies from the Western world, the overall mean ratio was
1.43 with a range of 0.99-1.88°. More recent studies in
Europe and the USA have found ratios between 1.22 and
1.74"*='8 The proportion of underreporters ranged from
12% to 46% for these studies, and a review of large national
dietary surveys found the same proportion to be 18—
54%". The different results in these studies may partially
be explained by the different dietary assessment
techniques used as well as different criteria used for
identifying underreporters.

Only one study has reported on this ratio for a
population in a developing country®. Here, EI/BMR
equalled 1.56 among Egyptian women, in contrast to 1.13
among American women studied with similar techniques.
Furthermore, the proportion of underreporters was only
10% among the Egyptian women but 35% among the
American women. These findings suggest that assump-
tions about underreporting derived from populations in
industrialised countries may need to be validated also in
populations in developing countries. We have recently
reported that variance component ratios for macronu-
trients were generally lower for pregnant Indonesian
women than those reported for pregnant women in the
industrialised world*'. More methodological research is
obviously needed in developing countries, so that future
dietary studies can be planned with equal precision to
those in the industrialised world.

Many studies of dietary intake in industrialised and
developing countries are performed on pregnant women.
Validation of these studies also is urgently needed.
However, the formulas developed by Goldberg et al’
assume energy balance, i.e. that energy intake equals
energy expenditure and that weight is stable. Are they
applicable also to pregnant women, who are expected to
gain weight? It is recommended that pregnant women
have an increased energy intake of 840—1250kJ day™ ' to
cover the costs of synthesising the product of conception
and the fat deposition, as well as the increased BMR?*?. The
increase in BMR has been estimated to correspond to 187,
414, 619 and 950 k] day ™" for weeks 0—10, 10—20, 20—30
and 30—40%°, although a wide variability has since been
found with the doubly labelled water method®*. Hence,
the ratio of energy intake to estimated basal metabolic rate
(EI/BMR.p) in early pregnancy is likely higher than before
pregnancy, because the increase in the numerator due to
increased dietary intake is larger than the increase in the
denominator due to increased BMR. Rather than 1.55 (for a
dietary intake of 7500k] and BMR of 4850k]J for a non-
pregnant woman), the ratio may be 1.65. Using the same
example, during the second trimester the ratio may be
1.60, and during the third trimester the ratio may again be
1.55 because here the increase in dietary intake is matched
by a similar increase in BMR. Consequently, cut-off values
for identifying underreporters during pregnancy in

https://doi.org/10.1079/PHN2001317 Published online by Cambridge University Press

A Winkvist et al.

affluent societies should perhaps be adjusted slightly
upwards during the first and second trimesters.

Furthermore, the wide variability in BMR in response to
pregnancy is also of concern for the applicability of
Goldberg et al’s’ formula to pregnant women. In
developing countries, many studies have found adap-
tations to low dietary intake and poor nutritional status
among pregnant women that include reductions in BMR
below non-pregnant levels during early pregnancy,
followed by an increase during later pregnancy?*.
Hence, energy status at conception influences changes
in BMR during pregnancy. Even so, among women of
similar initial energy status in both affluent and poor
societies, variations in BMR during pregnancy are large.
However, in affluent societies (e.g. Sweden, England,
Scotland and the Netherlands), the average BMR level for
groups of pregnant women shows a steady increase
during pregnancy. For many poorer societies (e.g. the
Gambia), average levels exhibit a non-linear pattern with
an initial decrease followed by an increase. Studies of
pregnant women in emerging economies, e.g. the
Philippines and Thailand, have revealed patterns of BMR
closer to those of women in affluent societies — i.e. an
increase in BMR throughout pregnancy®®. Likely, Indones-
ian women resemble those of the Philippines and
Thailand, with minor increases in BMR during early
pregnancy and larger increases during later pregnancy.
Total weight gain during pregnancy for a sub-sample of
the Indonesian women studied in this paper, who
delivered singleton live infants and for whom information
on pre-pregnant weight existed (nz = 251), equalled 8.3 =
3.6kg with gains during each trimester of 0.08 = 0.26,
0.34 = 0.23 and 0.26 + 0.21kgweek ™!, respectively®.
These values are almost identical to those found in a
study of pregnant women in the PhilippinesZG, indicating
similar energy balances of the two populations.

In sum, we believe that it is possible to evaluate
reported dietary intake of Indonesian women against
estimated PAL, assuming that the early pregnant EI/BMR
may be slightly higher than that of non-pregnant
Indonesian women because of higher food intake
concurrent with somewhat higher BMR. Furthermore, a
decrease in BMR in early pregnancy is assumed not to be
common.

We here report on EI/BMR ratios among pregnant
Indonesian women, whose dietary intake was studied
during each trimester with six repeated 24-hour recalls. We
also describe risk factors for being an underreporter
among the women.

Subjects and methods

Study site and sampling design

The study was conducted in Purworejo District, Central
Java, Indonesia. The total population in 1996 was 756 906.
Since 1994, the Community Health and Nutrition Research
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Laboratory (CHN-RL) of Gadjah Mada University, Yogya-
karta, and the Indonesian Ministry of Health have been
operating a surveillance system in the district. A two-stage
cluster sampling method was used to select a 10% sample
of households representative of the district””. From 1994 to
1998, each household was visited every third month for
data collection. In addition, to identify new pregnancies,
households with women likely to become pregnant (i.e.
married women of reproductive age) were visited
monthly. The nutritional status of women of reproductive
age in the area is described in detail elsewhere®®%.

Between April 1996 and October 1998, a cohort of 846
women in early pregnancy was recruited for a study on
nutritional status during reproduction. Within this frame-
work, dietary data were collected among a sub-sample of
490 women. The remaining 356 women were not
included, mainly because they were recruited before
dietary assessments were started but also because of
refusals, migration or abortions, stillbirths or death.
Among the 490 women who form the study sample for
the present analyses, 152 women had dietary information
for the first trimester, 448 women for the second trimester
and 419 women for the third trimester. Only 123 women
had information in all three trimesters. Weight was
measured monthly but coverage was not complete. In
the analyses below, weights at 2, 5 and 8 months of
pregnancy have been used. When these measures were
missing, weights from the month immediately preceding
or following the missing ones were used. Thus, the total
sample of women with both body weight and dietary
information was 148, 445 and 414 for the three trimesters,
respectively.

Dietary intake assessment

To estimate dietary intake, six 24-hour recalls were
performed in each trimester, randomly distributed among
the five different days of the Javanese calendar on non-
consecutive days. The interviews were performed by 22
trained female interviewers and each respondent was
interviewed at home by the same interviewer for all
measurements. Detailed descriptions of all foods, bev-
erages, and vitamin and mineral supplements consumed
between 00.00 a.m. and midnight the previous day, as well
as cooking methods, were recorded. Quantities were
estimated using seven household utensils and approxi-
mately 20 types of food model. The average weight of
each type of food equivalent to the portion sizes and fitting
into the household utensils were estimated to the nearest
gram. Few standard food recipes are used in Central Java;
therefore over 11000 local recipes for mixed dishes were
collected during the study. Some of these dishes were
prepared in a test kitchen.

Data-form editing was conducted in the field within a
few days and supervisors checked all interviewers
periodically. A random sample of 5% of interviews was
repeated later the same day for quality control. To
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calculate nutrient intakes, a computer program (Inafood)
was developed, which mainly uses the Indonesian
nutrient composition database® 2. For energy values,
92% came from these sources. Food items where nutrient
content was lacking were sent to the Research and
Development Centre for Nutrition, Bogor, Indonesia, for
biochemical analysis. To validate the Inafood program,
total dietary intake was calculated manually from the
nutrient composition tables for four dietary recalls by
students at the Nutrition Academy, Yogyakarta. For
energy, complete agreement was obtained. For protein,
fat and carbohydrates, differences (expressed as percent-
age of computed total) were in the ranges of 1-15%, 0—5%
and 0-3%, respectively. Ethical approval was received
from the research ethics committees of the medical
faculties of Gadjah Mada University, Yogyakarta, Indo-
nesia, and Umea University, Umed, Sweden.

Derivation of cut-off limits for EI/BMR

The cut-off limits for physiologically plausible energy
intakes at weight maintenance were calculated as
described by Goldberg et al.’:

EI/BMR > TEE/BMR X exp [SD X (5/100)/+/7],

where SD is the number of standard deviations
corresponding to the confidence interval chosen, S is the
overall coefficient of variation for PAL taking into account
the variability in EI and BMR, and # is the number of
subjects included. S is calculated as follows:

5= \/(CWh +CVE + VD),

where CW3 is the within-individual variation in energy
intake, & is the number of days of diet assessment, CV3 is
the precision of estimated vs. measured BMR, and CV3 is
the between-subject variation in PAL. For our study, SD
was set to —2 to obtain the lower limit of a 95% confidence
interval (CI). Further, 7 equalled 1 individual, k equalled 6
days of repeated recall, CVZ was taken as 8% and CV2
was assumed to be 12.5%'’. Furthermore, CW3, was
derived from our own data®' and corresponded to 26%,
22% and 20% for the three trimesters of pregnancy,
respectively. Finally, TEE/BMR was chosen as 1.55 for the
sample as a whole'®. However, analyses also were
performed with women classified into two categories of
physical activity based on occupation (none of the women
regularly participated in any sports activities). Women
working as professionals, managers, clerks, saleswomen,
providers of service, housewives or if unemployed were
classified into light physical activity and the value for
TEE/BMR of 1.55 was applied. Women working as farmers
or labourers were classified into moderate physical activity
and the value for TEE/BMR of 1.64 was instead used'”.
For the first trimester, the lower 95% CI limit of EI/BMR
equalled 1.55 % 0.70 = 1.08 or 1.64 X 0.70 = 1.14. For the
second trimester, the limit was 1.55 X 0.71 = 1.10 or 1.64 X
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0.71 = 1.16. Finally, for the third trimester, the limit was
1.55%0.71 = 1.11 or 1.64X0.71 = 1.17. BMR was esti-
mated from body weight in each trimester using the
formula'®; BMR = (0.0615 X body weight) + 2.08. Under-
reporters were defined as those women falling below our
calculated lower 95% CI for EI/BMR. for each trimester.

Statistical methods

Data were analysed with the SPSS/PC statistical software
(version 9.0). Caloric intake in each trimester was normally
distributed. Differences in background characteristics
between groups of women were compared using
Student’s f-test and x* tests. Bivariate and multivariate
logistic regression analyses were performed to evaluate
characteristics associated with being an underreporter.
Values are reported as mean * standard deviation (SD).

Results

Sample characteristics

The age of the study sample of 490 women was 28.8 = 5.4
years and the mean parity was 1.6 * 1.4. The mean height
and mid-upper arm circumference (MUAC) at two months
of pregnancy were 150.0 £4.9cm and 25.3 =29cm,
respectively. Pre-pregnant weight for a sub-sample of 275
women was 47.7 £ 8.0 kg and pre-pregnant BMI was
21.2 = 3.1kgm™2. At 2 months of pregnancy, BMI of 471
women with complete data was 22.0 = 4.0 kgm 2. Weight
gain during pregnancy has been presented elsewhere (see
above)®. Over 90% lived in the rural areas and 44% had
seven years of schooling or more. In total, 59% of the
women were classified into light physical activity and 41%
were classified into moderate physical activity.

Representativeness of the study sample

The sample of 490 women from the pregnancy cohort
included in the dietary intake analyses did not differ
significantly from those excluded (7 = 356) with respect
to age, parity, height, MUAC at 2 months of pregnancy,
altitude of residence, education, type of toilet or water
source (P > 0.05). However, a greater proportion of those

Table 1 Reported energy intake and energy intake/basal meta-
bolic rate (EI/BMR.g;) ratio for the pregnant Indonesian women

Reported
intake
n (MJ day ™) EI/BMRgst
First trimester 148 6.68 = 2.34 1.33* = 0.48
Second trimester 445 791 +£213 1.531 = 0.43
Third trimester 414 8.19 = 2.05 1.521 = 0.40

*Based on body weight at 2 months of pregnancy. Calculations using pre-
pregnant weight or weight at 1 or 3 months of pregnancy yielded ratios of
1.32, 1.26 and 1.33.

1Based on body weight at 5 months of pregnancy. Calculations using
weight at 4 or 6 months of pregnancy yielded ratios of 1.57 and 1.51.
fBased on body weight at 8 months of pregnancy. Calculations using
weight at 7 or 9 months of pregnancy yielded ratios of 1.54 and 1.53.
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Table 2 Proportion of Indonesian women with energy intake/basal
metabolic rate (EI/BMR.g) ratio below calculated lower 95% confi-
dence limits during the three trimesters, according to level of
physical activity*

Light physical
activity

Moderate physical
activity

Lower
cut-off % below

Lower
n cut-off % below n

First trimester 85 1.08 29.4 63 1.14 30.2
Second trimester 268 1.10 13.1 177 1.16 20.9
Third trimester 247 1.1 14.2 167 1.17 22.8

*Level of physical activity estimated from occupation.

included in the analyses lived in urban areas (10% vs.
4.5%, P < 0.01), and fewer worked in agriculture (38% vs.
47%, P < 0.03).

The mean height and age of the total sample of women
of reproductive age (7= 13094) in Purworejo was
149.1 £ 5.1cm and 30.4 = 9.7 years, respectively, both
different from the study sample (P < 0.05). Forty-six per
cent of these women had seven years of schooling or more
and 14% worked in agriculture, both no different from the
study sample. However, a greater proportion, 14%

compared with 10%, lived in urban areas (P < 0.01)26.

Ratio of energy intake to estimated basal metabolic
rate
Mean reported energy intake as well as mean EI/BMR.g
ratio are shown for all three trimesters in Table 1. During
the three trimesters, mean intake was 6680 = 2337, 7909 =+
2128 and 8193 * 2048k]J, respectively. The proportion of
underreporters in each trimester was 29.7, 13.7 and 15.0%,
respectively, when all women were classified as sedentary.
When level of physical activity as estimated from
occupation was taken into account, the proportion of
underreporters increased (Table 2). In total, the pro-
portion of underreporters for the whole sample now
equalled 29.7, 16.2 and 17.6% for the trimesters,
respectively.

Identifying women who underreported

Mean EI/BMR., ratio did not differ significantly between
urban and rural women. For urban women, the ratio was
1.31 £ 0.67, 1.56 £0.53 and 1.51 = 0.50 for the three
trimesters, respectively. For rural women, the ratio was
1.33 £ 0.46, 1.53 £0.42 and 1.52 = 0.38, respectively.
Various anthropometric and sociodemographic factors
were evaluated simultaneously as risk factors for becom-
ing an underreporter (e.g. body mass index, height, age,
parity, education and socio-economic variables). The
characteristics that exhibited a significant association with
risk of becoming an underreporter in any trimester in
bivariate analyses were included in the multivariate
models. In the multivariate analysis, high body mass
index was associated with a significantly higher risk of
being an underreporter (Table 3). Low education
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Table 3 Anthropometric and sociodemographic factors associated with underreporting*, expressed
as multivariate odds ratio (MOR) and 95% confidence interval (Cl)

First trimester

Second trimester Third trimester

MORt 95% ClI MOR 95% ClI MOR 95% ClI

Body mass indext (kgm ™ 2)

=19.00 1.00 1.00 1.00

19.01-25.00 2.02 0.63-6.45 1.00 0.41-2.50 1.67 0.61-45.49

> 25.00 6.76 1.51-30.22 3.62 1.07-12.77 8.17 2.32-28.73
Education (years)

=10 1.00 1.00 1.00

7-9 1.28 0.36—-4.53 1.82 1.10-27.79 1.46 0.46-4.64

0-6 2.04 0.63-6.55 2.19 1.63-36.01 1.82 0.66—5.09
Altitude

Coastal 1.00 1.00 1.00

Lowland 1.68 0.53-5.25 1.81 0.75-4.36 1.44 0.58-3.61

Hilly/mountain 1.31 0.40-4.24 0.79 0.25-2.66 2.79 0.86-9.00

*Underreporting defined as EI/BMRgg; ratio below the lower 95% confidence limits for each trimester, for women
classified as having light and moderate physical activity, respectively.

1 Multivariate models with all three explanatory variables included.

} Body mass index calculated from weight at 2 months of pregnancy.

remained a significant risk factor in the second trimester,
whereas altitude became non-significant in all three
trimesters. Women of higher parity tended to have higher
risk of being underreporters in all three trimesters, but this
was not significant even on bivariate level.

Discussion

During the second and third trimesters, mean EI/BMRe
ratio among the pregnant Indonesian women was 1.53
and 1.52, respectively. Both values are close to the
TEE/BMR value assumed for populations with light
physical activity (1.55), indicating low levels of under-
reporting. Also, the proportion of women classified as
underreporters was only 16.2% and 17.6%, when physical
activity was taken into account. These levels are lower
than those reported among many women in Western
countries, ranging between 12 and 46%'*~'®. Similarly,
low rates of underreporting among women from a
developing country were recently reported by Harrison
and colleagues®, who found 10% of underreporters
among Egyptian women compared with 35% among
American women studied with similar methodology.

Several previous studies from Indonesia have reported
the dietary intake among pregnant women to be
6300 kJ***>. However, assuming the same body size as
Central Java women, this equals an EI/BMR ratio of 1.2,
which is the lower value of the physiological range'’.
Hence, we do not believe that our higher values represent
an overestimation.

During the first trimester, the Central Java women
exhibited a mean EI/BMR. ratio of 1.33. The proportion
of underreporters was estimated to be 29.7%. However,
we believe that this lower ratio mainly reflects an
inadequate dietary intake and not underreporting. During
the fieldwork, all women reporting a dietary intake below
4200 k] were revisited and interviewed about reasons for
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the low intake. Many women reported nausea during the
first trimester and weight gains during that period only
corresponded to 0.08 + 0.26 kg per week®.

Because pregnant women have an increased dietary
intake and a somewhat increased BMR, likely leading
overall to a slightly higher EI/BMR, the cut-off points used
should perhaps have been adjusted upwards in the first
and second trimesters (see above). Even so, the
proportion of underreporters would be low among the
Indonesian women.

As discussed above, use of Goldberg et al.’s’ formula
without inclusion of information on physical activity, to
better estimate PAL, leads to poor sensitivity (about 0.5) in
correctly identifying underreporters. We did not have
access to information on physical activity but instead
included information on occupation. The majority of the
Indonesian women were rural, and the Western lifestyle of
leisure physical activity is not common. Therefore, we
believe that occupation is a useful proxy for physical
activity in this population. Hence, the sensitivity of our
analysis should be higher than 0.5.

Multiple studies have found low EI/BMR ratio to be
associated with several factors linked to poor health. The
only significant risk factors for being an underreporter
among the Indonesian women were high body mass index
and low education. These risk factors have also been
found in studies in the Western world'>'®!®, However,
among Egyptian women, no relationship was found with
formal education and only a weak association was found
with body mass index?’. Among the Indonesian women,
no associations were found between height, age or
indicators of socio-economic status and risk of being an
underreporter. In contrast, these variables have been
related to risk of underreporting in many of the studies
from the Western world'>'*%,

Women included in the analysis did not differ from
those excluded on most background characteristics,
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except for area of residence and occupation. Neither of
these variables was related to risk of being an under-
reporter. In comparison with the surveillance sample of
13094 women of reproductive age in the district, women
included in the analysis only differed with respect to area
of residence, age and height. Neither of the former two
was related to risk of being an underreporter. Larger body
mass index, of which height is a component, was related
to a higher risk of being an underreporter. Women
included were only 0.9cm taller than women in the
surveillance sample; however, due to the large size of the
surveillance sample, small differences between the two
samples become significant. In sum, we believe that the
patterns of underreporting found among the 490 women
are representative for pregnant women in Purworejo

District.

In summary, Indonesian women had levels of under-
reporting at the lower end of those found for women from
the Western world. However, several risk factors for
underreporting (high body mass index, low education)
that have been found in the Western world also appeared
among the Indonesian women. Our results underscore the
need for more methodological research in developing

countries.
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