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Nutrition plays a critical role in maternal and fetal health; however, research on error in the measurement of
energy intake during pregnancy is limited. The authors analyzed data on 998 women living in central North Carolina
with singleton pregnancies during 2001–2005. Second-trimester diet was assessed by food frequency question-
naire. Estimated energy requirements were calculated using Institute of Medicine prediction equations, with ad-
justment for energy costs during the second trimester. Implausible values for daily energy intake were determined
using confidence limits of agreement for energy intake/estimated energy requirements. Prevalences of low energy
reporting (LER) and high energy reporting (HER) were 32.8% and 12.9%, respectively. In a multivariable analysis,
pregravid body mass index was related to both LER and HER; LER was higher in both overweight (odds ratio ¼
1.96, 95% confidence interval: 1.26, 3.02; P ¼ 0.031) and obese (odds ratio¼ 3.29, 95% confidence interval: 2.33,
4.65; P< 0.001) women than in normal-weight counterparts. Other predictors of LER included marriage and higher
levels of physical activity. HER was higher among subjects who were underweight, African-American, and less
educated and subjects who had higher depressive symptom scores. LER and HER are prevalent during preg-
nancy. Identifying their predictors may improve data collection and analytic methods for reducing systematic bias in
the study of diet and reproductive outcomes.

bias (epidemiology); diet; energy intake; nutrition assessment; obesity; pregnancy

Abbreviations: BMI, body mass index; CI, confidence interval; CV, coefficient of variation; EER, estimated energy requirements;
EI, energy intake; FFQ, food frequency questionnaire; OR, odds ratio; PIN, Pregnancy, Infection, and Nutrition Study; TEE, total
energy expenditure.

Accurately measuring dietary intake in human popula-
tions is challenging. Population-based studies typically rely
on self-reported dietary assessment, which is subject to con-
siderable measurement error. A growing body of literature
has demonstrated that subjects tend to underreport energy
and nutrient intakes, and this underreporting occurs more
frequently in certain subgroups, such as women and over-
weight subjects (1). Further, there is accumulating evidence
that nutrient risk estimates incorporate this systematic error,
which can bias the measure of association (2–4).

Pregnancy is a complex period of human growth for both
the mother and the fetus. The course of pregnancy creates
some unique physiologic, medical, and psychosocial de-
mands, and these demands affect maternal energy and nu-
trient needs, appetite, and meal patterns (5, 6). Maternal

nutrition plays an important role during this time; however,
reported associations between dietary exposures and preg-
nancy outcomes have been modest or nonexistent (7). One
reason for this may be systematic reporting bias in nutri-
tional data, but very little is known about this error in preg-
nant populations. Therefore, it is possible that the frequency
and patterns of measurement error in energy intake may
differ between pregnant and nonpregnant populations.

Only a few studies have investigated the misreporting of
maternal dietary energy intake (8–10), and to our knowl-
edge, the only population-based study of misreporting was
conducted in 490 pregnant Indonesian women. Winkvist
et al. (10) found a prevalence of energy underreporting of
16.2% during the second trimester and noted that underre-
porting was more common among women with a body mass
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index (BMI; weight (kg)/height (m)2) greater than 25.0.
However, this cohort may not be representative of women
in developed countries; furthermore, several important pre-
dictors were not examined, including certain pregnancy
characteristics such as gestational weight gain. Two smaller
studies conducted in the United Kingdom also found evi-
dence of energy underreporting among pregnant women but
were limited because of small samples (8, 9). Therefore, the
prevalence, magnitude, and predictors of measurement error
in energy intake among pregnant women remain unclear.
These components may be used to improve data collection
and analytic methods in order to reduce systematic bias in
reproductive studies. For example, dietary assessment tools
may be tailored to reduce this type of error in subgroups that
are particularly susceptible. Further, stratifying results by
low energy reporting and adequate energy reporting can
help in interpreting the results of studies of relations be-
tween diet and disease outcomes.

To identify measurement error in energy intake, it is nec-
essary to have an objective estimate of energy requirements,
which are usually based on total energy expenditure (TEE).
Doubly labeled water is generally considered the gold stan-
dard for assessment of TEE (1); however, this technique is
very costly and is not practical for large population studies.
In 2002, prediction equations for calculating estimated en-
ergy requirements (EER) were published as part of the In-
stitute of Medicine Dietary Reference Intakes (11). EER
equations were developed from an extensive normative dou-
bly labeled water database, which included TEE measure-
ments on adults, children, and pregnant women with
a variety of physical activity levels. Dietary Reference In-
take equations for EER have been utilized in recent studies
on identifying energy underreporting (12, 13), and their
accuracy compared with doubly labeled water has been in-
dependently corroborated (14). Measurement error in en-
ergy intake is typically classified as low energy reporting
and high energy reporting. These categories represent im-
plausible energy intakes and are determined using confidence
limits of agreement, which account for the within-subject
variation expected from the methods used to estimate energy
intake and TEE.

The food frequency questionnaire (FFQ) has been shown
to be an appropriate method for assessing habitual dietary
intake in a wide variety of epidemiologic settings, including
studies among pregnant women (15–20). We examined
measurement error in daily energy intake during the second
trimester from an FFQ among subjects who participated in
the third phase of the Pregnancy, Infection, and Nutrition
Study (PIN3).

MATERIALS AND METHODS

Study population

PIN3 was a prospective study designed to examine
whether certain maternal characteristics, such as maternal
physical activity or stress, are associated with preterm birth.
Women enrolled in PIN3 were recruited from prenatal
clinics included in the University of North Carolina hospital
system (UNC Hospitals) at <20 weeks’ gestation from January

2001 through June 2005. Potential subjects were identified by
study staff through a review of all medical charts of new
prenatal patients. Informed consent was obtained at the time
of recruitment. Women were excluded if they were under
age 16 years, did not speak English, were not planning to
continue care or deliver at the study site, had a multiple preg-
nancy, or did not have a telephone from which they could
complete telephone interviews.

A total of 2,006 women were recruited. Of the 1,446
subjects who completed the FFQ, 319 were missing the
survey on restrained eating behaviors, which was added to
the study protocol after enrollment began; 8 were missing
data on pregravid height and weight; and an additional 119
subjects were missing data for 1 or more other variables of
interest. Some women were recruited into the cohort more
than once because of additional pregnancies within the re-
cruitment period. In these instances (n ¼ 35), the pregnancy
with the most complete information or the first pregnancy
(when information was complete for both pregnancies) was
included in the analysis. Data from the remaining 988 preg-
nancies were used in this analysis.

Data collection

The PIN study protocols were reviewed and approved by
the institutional review board of the School of Medicine at
the University of North Carolina at Chapel Hill. Enrolled
women were asked to complete 2 research clinic visits
(at <20 and 24–29 weeks’ gestation) and 2 telephone in-
terviews (at 17–22 and 27–30 weeks’ gestation). At each
clinic visit, psychosocial domains were assessed via a self-
administered questionnaire. Additionally, an FFQ was dis-
tributed at the second clinic visit to ascertain dietary intake.
Telephone interviews were conducted to collect a variety of
data, including demographic characteristics, pregnancy his-
tory, and physical activity. Following delivery, data from
medical charts were abstracted. Pregnancies were dated
using an algorithm based on the first ultrasonogram
performed prior to 22 weeks’ gestation (up to 21 weeks, 6
days). If no ultrasonogram was performed or none was
performed prior to the start of week 22, then the last
menstrual period was used to date the pregnancy.

Self-reported pregravid weight and measured height were
recorded at the first prenatal visit. Weight measurements
taken at the first prenatal clinic visit were compared with
the self-reported pregravid weights to identify biologically
implausible weight gains. In such cases, an imputed weight
was calculated using the measured weight at the first pre-
natal visit (if taken prior to 16 weeks) minus the recommen-
ded amount of weight to be gained in the first and second
trimesters as defined by the 1990 Institute of Medicine rec-
ommendations (21). Pregravid BMI was then calculated by
using either reported or imputed pregravid weight and mea-
sured height. The rate of gestational weight gain during the
second trimester was calculated as the difference between
the first clinically measured weight following 12 weeks’
gestation and the last clinically measured weight recorded
prior to week 27, divided by the number of weeks between
measurements. Cutpoints to determine inadequate and ex-
cessive weight gains were based on the 1990 Institute of
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Medicine BMI-specific recommendations previously used
in the literature (21).

Dietary information was collected at 26–29 weeks of ges-
tation using a self-administered 110-item Block-98 FFQ.
This FFQ was modified to assess intake over the previous
3 months. Daily energy and nutrient intakes were estimated
from all foods and beverages. The Block FFQ has been
validated in several populations (22–24), including partici-
pants in the first 2 phases of the PIN Study (PIN1 and PIN2).
Deattenuated Pearson correlation coefficients for the corre-
lation of total energy intakes between the FFQ and multiple
24-hour dietary recalls was 0.32 for PIN1 and 0.33 for PIN2.
A more detailed description of the PIN FFQ has been pub-
lished elsewhere (25).

Physical activity data were captured using a 1-week recall
questionnaire specifically designed for PIN3, which was
administered by telephone at 17–22 weeks’ gestation. This
instrument assessed the frequency, duration, and intensity of
a variety of reported physical activities over the past 7 days
at either a moderate or a vigorous intensity level. Domains
incorporated the following settings and/or roles: activity at
work, for recreation, for transportation, during care-giving,
and as a part of indoor and outdoor household tasks. The
criterion validity of this questionnaire was examined in 177
pregnant women who wore an accelerometer for 1 week,
kept a daily structured diary, and, following these 2 mea-
sures, completed a 1-week recall of the PIN3 physical ac-
tivity questionnaire. The Spearman correlation coefficient
was 0.67 (95% confidence interval (CI): 0.55, 0.78) for total
activity in metabolic equivalent-hours per week.

The Revised Restraint Scale (26) was administered to
assess preconception dieting and restrained eating behav-
iors. It consists of 10 questions in a multiple-choice format:
5 that pertain to diet and weight history and 5 that pertain to
concern with food and eating. Responses to questions re-
garding dieting behaviors were based on the Likert scale.
The wording of the Revised Restraint Scale was changed so
that it was clear that the questions focused on the period
prior to pregnancy and not on weight changes associated
with pregnancy. An overall score for restrained eating was
calculated by summing the scores for all of the questions.
Comparisons were made between subjects above and below
the median score (26).

The Center for Epidemiologic Studies Depression Scale
(27) was administered to assess psychological disposition or
generalized distress. The 20-item scale has Likert-type re-
sponse categories assessing feelings and activities the re-
spondent has experienced during the past week. The scale
ranges from 0 points to 60 points. A score of 25 or higher on
the scale was considered to indicate a significant number of
depressive symptoms.

The EER for each subject was calculated using the 2002
Dietary Reference Intake equations, which are sex- and age-
specific and are based on age, weight, and height (11). For
pregnant women, the Dietary Reference Intake equations
include an additional 340 kcal/day, which was found to be
the average energy cost of pregnancy during the second tri-
mester. However, recent evidence has shown that TEE dur-
ing pregnancy is dependent on pregravid weight status.
Using doubly labeled water, Butte et al. (28) estimated the

energy requirements of a group of healthy underweight,
normal-weight, and overweight pregnant women. Values
for the energy costs of pregnancy for the second trimester
were 163 kcal/day for subjects with a low BMI (defined as
�19.8), 356 kcal/day for subjects with a normal BMI
(defined as >19.8–<26.0), and 441 kcal/day for subjects
with a high BMI (defined as �26) (28). We applied these
values to our calculation of TEE, which justified our use
of the 1990 Institute of Medicine cutpoints for pregravid
BMI.

EER equations also allow for 4 levels of physical activity:
sedentary, low activity, active, and very active, with a corre-
sponding physical activity coefficient. Each subject was as-
signed an activity level based on her average daily minutes
of moderate-to-vigorous physical activity from the PIN
7-day physical activity recall questionnaire.

Statistical analysis

To identify physiologically implausible self-reported en-
ergy intakes, 95% confidence limits of agreement were cal-
culated for the ratio of reported energy intake (EI) to EER
(EI:EER) using the Goldberg method described by Black
and Cole (29) and further adapted by Huang et al. (30).
The combined within-subject coefficient of variation (CVw)
was calculated as CVw ¼ O(CV2

wEI/d þ CV2
mTEE þ

CV2
pER). Because the FFQ measures habitual intake, the

number of days (d) is not applicable; thus, the combined
CVw is equal to the variation in measured TEE (CVmTEE)
and predicted energy requirements (CVpER). Using a compi-
lation of data from doubly labeled water studies, Black et al.
(29) estimated the within-subject error in TEE measured by
doubly labeled water (CVmTEE) to be 9.6% over a period of
13 weeks, which approximates 1 trimester of pregnancy. The
error in predicted energy requirements (CVpER) was esti-
mated from the published Dietary Reference Intakes database
using the available data on females aged 18–40 years (27).
We conducted least-squares regression of measured TEE on
age, height, weight, and physical activity level. CVpER was
then calculated by dividing the standard deviation of the re-
siduals by the mean TEE. This was performed separately for
3 strata of BMI, which resulted in CVpER values of 10.9% for
women with a low BMI (<19.8), 9.9% for women with a nor-
mal BMI (19.8–26.0), and 8.1% for women with a high BMI
(>26). Therefore, the lower confidence limits for EI:EER
were 0.76, 0.73, and 0.72 and the upper confidence limits
were 1.24, 1.27, and 1.28 for low-, normal-, and high-BMI
women, respectively. Low energy reporting was defined as
EI:EER < lower confidence limit; adequate energy reporting
was defined as lower confidence limit � EI:EER � upper
confidence limit; and high energy reporting was defined as
EI:EER > upper confidence limit.

A univariate analysis was conducted to compare values of
energy intake, EI:EER, low energy reporting, and high en-
ergy reporting across maternal characteristics. Continuous
covariates, which included age, education, pregravid BMI,
and gestational weight gain, were additionally coded into
discrete ordinal categories. Differences in EI:EER were
tested using an independent-samples t test or analysis-of-
variance F test. Independence between proportions of low
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energy reporting and high energy reporting was tested using
a chi-square test. Multiple logistic regression models were
developed separately for low energy reporting and high en-
ergy reporting. First, all maternal baseline characteristics,
including gestational weight gain, were considered one at
a time in each model. Any variable with a P value less than
0.25 was considered for inclusion. Each multivariable
model was fitted using backward elimination, with inclusion
of all of the potential predictor variables and evaluation of
variables one at a time in order of the smallest Wald v2 test.
A variable was removed if the change in deviance via likeli-
hood ratio test was not statistically significant (P < 0.05).
Interactions between predictor variables were also consid-
ered; however, none were identified. Smooth scatterplots
were used to determine linearity on the logit scale for con-
tinuous variables.

To examine whether nutrient intakes varied by energy
reporting status, mean nutrient densities (intake expressed
as a percentage of total energy) for macronutrients and mi-
cronutrients were compared between low energy reporting,
adequate energy reporting, and high energy reporting using
analysis of variance with Bonferroni adjustment for multiple
comparisons. Values for each nutrient were log-transformed
beforehand to improve normality. The threshold for statisti-
cal significance was a P value less than 0.05. All analyses
were performed using SAS software (version 9.1.3; SAS
Institute Inc., Cary, North Carolina).

RESULTS

This pregnancy cohort consisted of mostly white women
who were married and had completed at least some college
education (Table 1). Average maternal age was 29 years
(standard deviation, 5.5). According to the 1990 Institute
of Medicine cutpoints, 11.2% of the participants were over-
weight prior to pregnancy and 22.0% were obese. Median
energy intakes were 1,483 kcal/day (interquartile range,
6451), 2,182 kcal/day (interquartile range, 6583), and
3,801 kcal/day (interquartile range, 61,213) for low, ade-
quate, and high energy reporting, respectively. The median
EI:EER ratio was 0.85, indicating that most subjects under-
reported their energy intake. The prevalences of implausible
intakes—low energy reporting and high energy reporting—
were 32.8% and 12.9%, respectively. Univariate analysis
also demonstrated that EI:EER, low energy reporting, and
high energy reporting varied according to several maternal
characteristics (Table 1). The prevalence of low energy re-
porting differed by education, pregravid BMI, gestational
weight gain, physical activity, and restrained eating behav-
ior. Like low energy reporting, the prevalence of high energy
reporting differed by pregravid BMI, education, and re-
strained eating behavior but also varied by race/ethnicity,
marriage, adequacy of gestational weight gain, and depres-
sive symptoms.

In a multivariable analysis (Table 2), pregravid BMI was
related to both low and high energy reporting. Compared with
normal-weight women, low energy reporting was higher in
overweight (odds ratio (OR) ¼ 1.96, 95% CI: 1.26, 3.02) and
obese (OR ¼ 3.29, 95% CI: 2.33, 4.65) women but lower in
underweight women (OR ¼ 0.27, 95% CI: 0.15, 0.48; P <

0.01). High energy reporting was higher in underweight
women (OR ¼ 4.58, 95% CI: 2.77, 7.60; P< 0.01) and lower
in obese women (OR ¼ 0.44, 95% CI: 0.24, 0.82; P < 0.01)
than in their normal-weight counterparts.

Other than pregravid BMI, independent predictors of low
and high energy reporting were different. Low energy re-
porting was more prevalent among married women (P <
0.001) and those who reported higher levels of physical
activity (P < 0.001). High energy reporting was more prev-
alent among African-American subjects (P < 0.001) and
those who were less educated (P < 0.001) and had higher
depressive symptom scores (P ¼ 0.001). Gestational weight
gain in the second trimester and restrained eating behavior
were not associated with either low energy reporting or high
energy reporting after adjustment for pregravid BMI. Both
gestational weight gain and restrained eating scores were
moderately correlated with pregravid BMI (�0.31 and
0.47, respectively).

Low energy reporting was most common in pregnant
women who were classified as obese prior to pregnancy
(49.8%). Figure 1 displays the prevalence of low energy
reporting by pregravid BMI status and adequacy of ges-
tational weight gain according to the Institute of Med-
icine guidelines. Among obese women, we observed
a similarly high proportion of low energy reporting in women
whose gestational weight gain over the first 2 trimesters was
classified as inadequate (45.6%) or excessive (52.6%).

Table 3 displays median intakes for macronutrients and
micronutrients according to category of energy reporting.
Nutrient intakes for women with low energy reporting were
not significantly different from those for women with ade-
quate energy reporting. However, women with high energy
reporting had significantly lower intakes of riboflavin, cal-
cium, and magnesium than women with adequate energy
reporting.

DISCUSSION

Our results indicate that implausible reported energy
intakes—both underreporting and overreporting—are prev-
alent in this cohort of pregnant women. Direct comparison
of measurement error between dietary studies is somewhat
difficult because of variations in dietary assessment, physi-
cal activity assessment, estimation of TEE, and population
characteristics. Black (31) conducted a meta-analysis of
studies that utilized both doubly labeled water and weighed
food records. Among nonpregnant women aged 18–39
years, Black found that 31% underreported their intake
and 3% overreported it (31). In larger population studies
of nonpregnant females, which utilized prediction equations
for energy requirements and a variety of dietary assessment
methods, investigators have reported frequencies of low en-
ergy reporting ranging from 11% to 52% (32). Although the
prevalence of low energy reporting has been shown to vary
by dietary assessment method, studies comparing these
methods have been inconsistent in their findings. Some have
found that the FFQ provided less underreporting than
dietary recalls or food records (33–35), while others found
the opposite (3, 36–38).
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Table 1. Energy Intake, Ratio of Energy Intake to Estimated Energy Requirement, and Prevalences of Low and High Energy Reporting

According to Maternal Characteristics in Phase 3 of the Pregnancy, Infection, and Nutrition Study, North Carolina, 2001–2005

Characteristic
No. of

Subjects
%

Energy Intake EI:EER Ratioa Low Energy Reporting High Energy Reporting

Median IQR Median IQR P Valueb No. % P Valuec No. % P Valuec

Total 988 100.0 2,008 878 0.85 0.87 324 32.8 127 12.9

Age, years

<25 188 19.0 2,164 1,195 0.87 0.48 0.0508 55 29.3 0.1673 42 22.3 0.0001

25�<30 288 29.1 1,985 874 0.84 0.37 107 37.2 25 8.7

30�<35 349 35.3 1,995 868 0.86 0.33 105 30.1 39 11.2

�35 163 16.5 1,929 800 0.84 0.40 57 35.0 21 12.9

Race/ethnicity

White 750 75.9 1,971 832 0.85 0.36 0.0076 246 32.8 0.7199 81 10.8 <0.0001

Black 155 15.7 2,344 1,431 0.89 0.55 48 31.0 37 23.9

Other 83 8.4 1,915 785 0.80 0.34 30 36.1 9 10.8

Married

No 205 20.7 2,258 1,212 0.91 0.49 0.0013 58 28.3 0.1231 45 22.0 <0.0001

Yes 783 79.3 1,925 844 0.84 0.35 266 34.0 82 10.5

Highest level of education

High school 171 17.3 2,249 1,422 0.88 0.70 0.0157 57 33.3 0.0278 49 28.7 <0.0001

College graduation 469 47.5 1,948 969 0.83 0.39 171 36.5 46 9.8

Graduate school 348 35.2 1,976 716 0.86 0.29 96 27.6 32 9.2

Smoked during pregnancy

No 890 90.1 1,976 859 0.85 0.37 0.8252 293 32.9 0.7965 111 12.5 0.2792

Yes 98 9.9 2,145 971 0.88 0.44 31 31.6 16 16.3

Nulliparous

No 481 48.7 2,018 915 0.84 0.40 0.7471 164 34.1 0.3958 70 14.6 0.1202

Yes 507 51.3 1,999 828 0.86 0.35 160 31.6 57 11.2

Pregnancy body
mass indexd

<19.8 134 13.6 1,970 952 0.97 0.54 <0.0001 14 10.4 <0.0001 37 27.6 <0.0001

19.8–26.0 526 53.2 1,997 779 0.86 0.35 155 29.5 52 9.9

>26.0–29.0 111 11.2 2,053 837 0.82 0.37 47 42.3 17 15.3

>29.0 217 22.0 2,053 1,098 0.76 0.41 108 49.8 21 9.7

Gestational weight
gain, poundse/week

<0.87 249 25.2 1,929 930 0.80 0.38 0.0252 100 40.2 0.0091 28 11.2 0.6341

0.87–1.15 241 24.4 1,940 850 0.85 0.38 84 34.9 36 14.9

>1.15–1.45 234 23.7 2,018 850 0.88 0.39 66 28.2 28 12.0

>1.45 264 26.7 2,081 858 0.87 0.36 74 28.0 35 13.3

Adequacy of gestational
weight gain

Inadequate 207 21.0 1,885 856 0.82 0.35 0.0611 75 36.2 0.1240 20 9.7 0.0093

Adequate 186 18.8 1,978 895 0.88 0.46 50 26.9 36 19.4

Excessive 595 60.2 2,034 889 0.86 0.36 199 33.4 71 11.9

Met physical activity
guidelines

No 810 82.0 2,042 886 0.87 0.38 <0.0001 245 30.2 0.0003 111 13.7 0.0888

Yes 178 18.0 1,842 751 0.76 0.34 79 44.4 16 9.0

Restrained eating behavior

No 430 43.5 1,976 877 0.87 0.40 0.0007 120 27.9 0.0041 66 15.3 0.0397

Yes 558 56.5 2,015 881 0.83 0.37 204 36.6 61 10.9

High depressive symptoms

No 743 75.2 1,969 841 0.85 0.36 0.0984 243 32.7 0.9180 79 10.6 0.0003

Yes 245 24.8 2,125 981 0.86 0.43 81 33.1 48 19.6

Abbreviations: EER, estimated energy requirements; EI, energy intake; IQR, interquartile range.
a Statistical testing for the EI:EER ratio was conducted after log transformation.
b P value for difference in EI:EER, by maternal characteristic, from analysis-of-variance F test or independent-samples t test.
c P value for independence between low energy reporting status (or high energy reporting status) and the maternal characteristic from Pearson’s v2 test.
d Weight (kg)/height (m)2.
e 1 pound ¼ 0.45 kg.
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In our study, pregravid BMI was a positive predictor of
low energy reporting, which is consistent with most studies
in nonpregnant populations (39). It has been proposed that
measures of body size and adiposity are likely surrogates for
psychosocial characteristics that result in underreporting of
energy, such as poor awareness of intake or portion sizes,
subconscious biasing toward intake that is perceived to be
appropriate, restrained eating behaviors, and fear of weight
gain (40–43). However, we found no association between

dietary restraint score and underreporting in our cohort after
adjusting for pregravid BMI. In addition, there was no in-
dependent association between low energy reporting and
gestational weight gain. Low energy reporting was similarly
prevalent among overweight subjects regardless of whether
they were categorized as having excessive or inadequate
gestational weight gain.

Low energy reporting was also more common among
pregnant women who reported amounts of moderate-to-vig-
orous physical activity that met the American College of
Obstetrics and Gynecology recommendation for exercise
during pregnancy (44). However, this finding may have been
attributed to measurement error in reported physical activ-
ity. One common bias in these data is the overreporting of
minutes spent in a given activity (45). Because physical
activity data were utilized in the estimation of TEE, an
overreporting bias would result in artificially higher EER,
thereby reducing the EI:EER ratio and increasing the ten-
dency to be classified as having low energy reporting. In
fact, a validation study for PIN3 found that minutes of mod-
erate-to-vigorous physical activity were 85% higher on av-
erage when compared with accelerometery, an objective
measure of physical activity (46). Further, social desirability
bias is a purported reason for both underreporting of energy

Table 2. Predictors of Low and High Energy Reporting in Phase 3

of the Pregnancy, Infection, and Nutrition Study, North Carolina,

2001–2005

Predictor Odds Ratio
95% Confidence

Interval

Low Energy Reportinga

Pregravid BMIb

<19.8 0.27 0.15, 0.48

19.8–26.0 1.00

>26.0–29.0 1.96 1.26, 3.02

>29.0 3.29 2.33, 4.65

Married

Yes 1.86 1.29, 2.70

No 1.00

Met physical activity guidelines

Yes 2.05 1.44, 2.91

No 1.00

High Energy Reportingc

Pregravid BMI

<19.8 4.58 2.77, 7.60

19.8–26.0 1.00

>26.0–29.0 0.98 0.51, 1.88

>29.0 0.44 0.24, 0.82

Race/ethnicity

White 1.00

Black 2.77 1.62, 4.72

Other 0.95 0.44, 2.03

Highest education

High school 3.45 2.10, 5.67

College graduation 1.00

Graduate school 0.90 0.54, 1.49

High depressive symptoms

Yes 1.75 1.13, 2.73

No 1.00

Abbreviations: BMI, body mass index; HER, high energy reporting;

LER, low energy reporting.
a Odds ratios and 95% confidence intervals were calculated from

a logistic regression model of LER vs. non-LER, with adjustment for

other significant predictors (pregravid BMI, marital status, and phys-

ical activity).
b Weight (kg)/height (m)2.
c Odds ratios and 95% confidence intervals were calculated from

a logistic regression model of HER vs. non-HER, with adjustment for

other significant predictors (pregravid BMI, race/ethnicity, education,

and depressive symptoms).

Figure 1. Prevalence of low energy reporting according to pregravid
body mass index (BMI) and adequacy of gestational weight gain
in phase 3 of the Pregnancy, Infection, and Nutrition Study, North
Carolina, 2001–2005. Striped columns, inadequate gestational weight
gain; solid columns, adequate gestational weight gain; cross-hatched
columns, excessive gestational weight gain. The horizontal line rep-
resents the overall prevalence of low energy reporting in the study
population (32.8%). Bars, upper confidence limit for binomial propor-
tions using normal approximation.
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intake (47) and overreporting of physical activity (45).
Therefore, any association between higher physical activity
and low energy reporting may also be influenced by corre-
lated error.

To our knowledge, this study was the first to investigate
high energy reporting, or overreporting, among pregnant
women. We determined that 12.9% of subjects overreported
their energy intake, which is higher than is typically seen in
nonpregnant populations. High energy reporting was more
common among pregnant women who were underweight,
were African-American, and had no college education. Ad-
ditionally, we found that high energy reporting was more
prevalent among women with higher depressive symptom
scores. Researchers have suggested that depression and anx-
iety may influence reporting accuracy by impairing cogni-
tive processes such as memory or triggering eating
disinhibition (48), and some studies in nonpregnant women
have shown a positive association between depression and
low energy reporting (43); however, to our knowledge, a re-
lation between depression and high energy reporting has not
been previously reported.

An emerging body of literature has demonstrated how
both energy-specific and nutrient-specific underreporting
can seriously distort measures of association in nutritional
epidemiology (2, 49–51). In our cohort, measurement error
in energy intake varied significantly according to certain
maternal characteristics. However, we did not observe that
underreporting bias was associated with variable bias in
specific nutrient intakes. This finding suggests that energy

underreporting occurred at the whole diet level, which is an
important assumption in the analysis of diet and disease,
since nutrient intakes are typically adjusted for energy in-
take to separate the effect of energy intake from the effect of
an individual nutrient on a particular health outcome (49).
Nevertheless, many researchers agree that energy adjust-
ment alone cannot eliminate the effects of differential re-
porting bias (2, 49, 50). Additional methods include
stratifying results by low energy reporting and adequate
energy reporting, as well as a more sophisticated approach
of including predictors of low energy reporting (i.e., BMI) in
a nutrient measurement-error model (52).

The main limitation of this study was that TEE was esti-
mated rather than directly measured using doubly labeled
water. We calculated TEE using Dietary Reference Intake
prediction equations for EER, which were derived from
doubly labeled water data. These equations have been
deemed a valid alternative to doubly labeled water measure-
ments and have also been used in previous studies of low
energy reporting. As we noted above, the self-reported phys-
ical activity data in our study were biased toward overre-
porting, which may have resulted in artificially higher EER,
thereby reducing the EI:EER ratio and increasing the ten-
dency to be classified as having low energy reporting. An-
other limitation is that approximately 25% of PIN3 subjects
did not complete the FFQ. On average, women that we
excluded from the analysis were more likely to be over-
weight, younger, less educated, African-American, and un-
married. Because some of these characteristics were

Table 3. Nutrient Densities for Macronutrients and Micronutrients According to Low, Adequate, and High Energy Reporting in Phase 3 of the

Pregnancy, Infection, and Nutrition Study, North Carolina, 2001–2005

Nutrient
Low Energy Reporting Adequate Energy Reporting High Energy Reporting

Median IQR Median IQR Median IQR

Protein, % of kcal 14.5 3.70 14.2 3.37 13.7 3.32

Carbohydrate, % of kcal 54.8 11.00 55.2 8.13 54.1 8.25

Fat, % of kcal 33.0 8.75 33.0 6.74 33.8 7.52

Saturated fat, g/1,000 kcal 11.9 3.52 12.0 3.10 12.6 2.67

Vitamin A, RE/1,000 kcal 636.2 369.4 619.6 375.5 532.0 421.9

Vitamin C, mg/1,000 kcal 95.8 59.23 89.0 45.49 83.7 63.16

Vitamin D, lg/1,000 kcal 96.9 103.2 89.0 80.56 82.1 68.42

Vitamin E, mg/1,000 kcal 4.55 2.027 4.62 1.745 4.33 1.540

Thiamin, mg/1,000 kcal 0.81 0.227 0.81 0.187 0.77 0.213

Riboflavin, mg/1,000 kcal 1.03 0.412 1.01 0.336 0.91*a 0.222

Niacin, mg/1,000 kcal 9.45 2.519 9.55 2.631 9.40 3.125

Vitamin B6, mg/1,000 kcal 0.94 0.328 0.93 0.301 0.91 0.300

Folate, lg/1,000 kcal 192.6 65.22 194.7 57.02 186.6 62.76

Calcium, mg/1,000 kcal 494.2 251.8 473.1 220.6 425.2* 160.1

Iron, mg/1,000 kcal 6.95 2.553 7.16 2.153 6.90 2.587

Zinc, mg/1,000 kcal 5.13 1.794 5.08 1.677 4.86 1.755

Magnesium, mg/1,000 kcal 152.4 52.03 150.6 46.18 137.7* 47.58

Abbreviations: IQR, interquartile range; RE, retinol equivalents.

* P < 0.05.
a Significant difference from adequate energy reporting in analysis of variance with Bonferroni adjustment for multiple comparisons. Values for

each nutrient were log-transformed prior to statistical testing.
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predictive of low and high energy reporting, it is possible
that our results may have differed if complete data had been
available for all subjects. Note also that PIN3 subjects were
not sampled at random, and all participants received their
prenatal care through UNC Hospitals. Therefore, general-
izablity of our results to other pregnant populations may be
limited.

The primary strength of this project was the prospective
design of PIN3. Data were collected from the first trimester
of pregnancy through delivery. Moreover, dietary informa-
tion was ascertained during the second trimester, when in-
take is less likely to be influenced by nausea.

In conclusion, it appears that levels of low and high en-
ergy reporting during pregnancy are not grossly different
from those that have been observed in nonpregnant women.
Nevertheless, nearly half of all women in our cohort mis-
reported their energy (food) intake. This measurement error
was also associated with maternal characteristics, including
pregravid BMI, which is a risk factor for several reproduc-
tive, perinatal, and pediatric outcomes (53–59). Thus, fail-
ure to account for obesity-specific underreporting bias may
yield erroneous conclusions in such studies. A few analyt-
ical methods of accounting for this error have been pro-
posed; however, more research is needed. Future studies
of maternal diet should consider identifying low energy
reporting, high energy reporting, and their predictors to as-
sess the level of potential bias and to help adjust for this
error in the calculation of nutrient risk estimates.
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