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In a recent article in the American Journal of Epidemiology by Mendez et al. (Am J Epidemiol. 2011;173(4):448–
458), the use of alternative approaches to the exclusion of implausible energy intakes led to significantly different

cross-sectional associations between diet and bodymass index (BMI), whereas the use of a simpler recommended

criteria (<500 and >3,500 kcal/day) yielded nomeaningful change. However, these findingsmight have been due to

exclusions made based on weight, a primary determinant of BMI. Using data from 52,110 women in the Nurses’

Health Study (1990), we reproduced the cross-sectional findings of Mendez et al. and compared the results from the

recommended method with those from 2 weight-dependent alternative methods (the Goldberg method and pre-

dicted total energy expenditure method). The same 3 exclusion criteria were then used to examine dietary variables

prospectively in relation to change in BMI, which is not a direct function of attained weight. We found similar asso-

ciations using the 3 methods. In a separate cross-sectional analysis using biomarkers of dietary factors, we found

similar correlations for intakes of fatty acids (n = 439) and carotenoids and retinol (n = 1,293) using the 3methods for

exclusions. These results do not support the general conclusion that use of exclusion criteria based on the alter-

native methods might confer an advantage over the recommended exclusion method.

biomarkers; body mass index; diet; energy intake; implausible reporting; selection bias

Abbreviations: BMI, body mass index; BMR, basal metabolic rate; CI, confidence interval; MET, metabolic equivalent task; NHS,

Nurses’ Health Study; PAL, physical activity level; pTEE, predicted total energy expenditure; REI, reported energy intake.

Editor’s note: An invited commentary on this article
appears on page 234, and the authors’ response appears
on page 237.

Implausible reporting, particularly underreporting, is a
widely recognized limitation of dietary assessment methods
regardless of their type, and it is often influenced by age, sex,
and other individual characteristics, including body mass
index (BMI) (1–5). Obese persons tend to underestimate their
total energy intakes and underreport intakes of foods that are
deemed unhealthy or socially undesirable, such as foods that
are high in fat and refined carbohydrates (1, 6). As such, mis-
reporting can have an important impact on studies that aim to

investigate associations between diet and obesity or disease
outcomes.

Persons who report implausible energy intakes (hereafter re-
ferred to as implausible reporters) can be identified by compar-
ing their reported energy intakes (REIs) with energy intake
estimates derived using objective methods of measurement,
such as use of doubly labeledwater; however, suchmethods are
not feasible or practical for large population-based studies (7).
In their place, indirect methods for identifying participants
who under- or overreport their dietary intakes have been pro-
posed (1, 2). The Goldberg method (8) uses predicted basal
metabolic rates (BMR) and the ratio of reported energy in-
take to BMR to estimate the amount of energy available for
activity. The REI:BMR ratio is then compared with physi-
cal activity level (PAL) (see Web Appendix 1, available at
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http://aje.oxfordjournals.org/, for details). If the ratio differs from
PAL by more than the specified standard deviation cutoff limits
in that PAL category, the REI is determined to be implausible.
Another alternative method, known as the predicted total

energy expenditure (pTEE) method, relies on prediction
equations for energy expenditure derived from doubly la-
beled water studies (9). Similar to the Goldberg method, this
method uses REI:pTEE ratios and standard deviation cutoffs
to identify implausible reporters (1, 10). Most epidemiologic
studies have excluded participants with implausible energy
intakes using cutoffs for plausible energy intakes, allowing
for some inevitable under- and overreporting (recommended
method). This recommended method is simpler and more
straightforward in that it does not require any extra mathe-
matical calculations. In the Nurses’ Health Study (NHS),
these cutoffs are defined as less than 500 kcal/day and greater
than 3,500 kcal/day. Mendez et al. (1) found that excluding
participants with extreme energy intakes based on recom-
mended cutoffs yielded regression coefficients that were similar
to those from models without exclusions, whereas using the
Goldberg and pTEE methods to identify and exclude under-
and overreporters yielded substantially different associa-
tions. The authors concluded that alternative methods yielded
more valid diet-BMI associations than did the recommended
method (1), and they suggested that findings from previous
nutritional epidemiologic studies based on the recommended
method might not be valid. However, both the Goldberg and
pTEE methods depend on body weight–dependent equations
to estimate energy requirements, and the outcome variable in
their analyses was BMI, which is also largely a function of
body weight. As such, because both the exclusion criteria for
the primary exposure and the outcome were indirectly based
on body weight, this could have produced spurious associa-
tions between the dietary factors under investigation and BMI
that resulted from selection bias.
The main aim of the present study was to examine the

potential effects of using different exclusion criteria for under-
and overreporting, as defined by Mendez et al. (1), on asso-
ciations between dietary exposures and outcomes that were
not primarily functions of body weight. First, we performed
a cross-sectional analysis to determine if we could replicate
thefindings ofMendez et al. Thiswas important to exclude the
possibility that subsequent findings were simply due to un-
derlying differences in the data structure. We then performed
a 4-year prospective analysis of changes in intakes of fat, veg-
etables, fruits, and sweets and desserts and change in BMI,
which is not strongly correlated with attained BMI, among
plausible reporters identified by the recommended, Gold-
berg, and pTEEmethods. We also investigated whether using
the alternative methods to exclude implausible reporters
would strengthen the correlations of energy-adjusted intakes
of specific fatty acids, carotenoids, and retinol with their cor-
responding biomarkers by reducing measurement error.

METHODS

Study population

The NHS is a prospective cohort study established in 1976,
and it has been used to examine associations of diet and

lifestyle factors with incidence of chronic diseases (11). It
consists of 121,700 registered female nurses who were 30–
55 years of age at the time of enrollment. In response to the
first questionnaire, participants provided information on their
medical histories and other lifestyle and health-related risk
factors for cancer and cardiovascular disease (12). Sub-
sequently, questionnaires have been administered every 2
years to update this information and identify new health out-
comes. The study was approved by the institutional review
boards of the Brigham and Women’s Hospital and the Har-
vard School of Public Health.

Assessment of diet, physical activity, and BMI

Diet was first assessed in 1980 using a semiquantitative
food frequency questionnaire, and dietary information has
been updated approximately every 4 years thereafter (6).
For each food item, a standard unit or portion size was spec-
ified. There were 9 possible responses that ranged from
“never” to “6 or more times per day.” After converting the
response to each food item question to average daily intake
for each participant, nutrient intakes were calculated by mul-
tiplying the frequency of consumption of each food by the
nutrient composition in the standard portion size of that
food and then summing up the nutrient intakes from all rele-
vant food items. The reproducibility and validity of these
food frequency questionnaires have been evaluated in detail
elsewhere (13–15). For example, the correlations of food fre-
quency questionnaires with multiple dietary records ranged
from 0.45 to 0.68 for total and specific types of fat (16),
from 0.40 to 0.89 for various fruits and vegetables (14),
and from 0.41 to 0.79 for sweets and desserts (14). For the
present analysis, we used the 1990–1994 follow-up interval.
Of the 80,332 women for whom dietary data at baseline in
1990 were available, we excluded 1,839 with missing data
or more than 70 food items with no information.
Physical activity was assessed using a questionnaire about

specific activities. Participants were asked the amount of time
spent walking and hiking; jogging; running; bicycling; lap
swimming;playingtennis,squash,orracquetball;doingcalisthen-
ics or aerobic dance or using of exercise machines; performing
other vigorous activities, such as lawn mowing; and performing
low-intensity exercise, such as yoga and stretching (17). From
this information, each activity was assigned a metabolic equiva-
lent task (MET) value, for which 1 MET was approximately
equivalent to the energy expended while sitting quietly, and the
weekly energy expenditures in MET hours were subsequently
computed for each activity by multiplying the MET value by
the time spent performing it (18). Walking was assigned aMET
value that corresponded to the reported walking pace. The activ-
ity questionnaire has been validated previously (19).
Body weight was self-reported through the biennial ques-

tionnaire, with high validity. The correlation between self-
reported weights and measured weights was 0.96, with a
mean difference of 1.5 kg (20). Participants were also asked
to report their height, and BMI was calculated as weight in
kilograms divided by the square of height in meters. The
study protocol was approved by the institutional review boards
of Brigham and Women’s Hospital and Harvard School of
Public Health.
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Prospective analysis. We prospectively examined the in-
fluence of under- and overreporting on the association be-
tween change in intakes of these dietary factors and change
in BMI over a 4-year period from 1990 to 1994. Changes in
nutrient and dietary intakes were computed by taking the dif-
ference between the measurements from 1990 and 1994. For
the present study, we used the NHS physical activity data
from the 1988 and 1992 questionnaires to calculate PAL
and carried forward values from the 1988 questionnaire to re-
place values missing from in the 1992 questionnaire. If data
were missing from the 1988 questionnaire, we only used the
physical activity data from 1992. We excluded participants
with missing physical activity data in both 1988 and 1992 (n =
516); women with missing BMI at baseline in 1990 (n = 106);
and participants with obesity, prior diagnosis of diabetes,
cancer, or cardiovascular, pulmonary, renal, or liver disease
at baseline and those who were over 65 years of age because
of possible confouding by age-related loss of lean muscle
mass (n = 22,870). We also excluded women who were diag-
nosed with these medical conditions before 1998 to account
for possible effects of preclinical disease on weight, which
reduced the original sample to 52,110 women.

Biomarker analysis. We performed a cross-sectional anal-
ysis with biomarker data collected in 1990. All women in the
analysis were NHS participants who were included in nested
case-control studies of the association of fatty acids (measured
in erythrocytes and plasma) with coronary heart disease or of
carotenoids (measured in plasma) with breast cancer. Because
these are biomarkers of intake, stronger correlations with intake
should presumably indicate greater validity. Both studies used
blood that was drawn between 1989 and 1990 and stored in liq-
uid nitrogen; the details of the studies have been published pre-
viously (21, 22). All study participants were free of cancer and
cardiovascular disease at the time their blood was drawn. The
study of fatty acids and coronary heart disease consisted of
327 controls and 166 cases in whomnonfatal myocardial infarc-
tion or coronary heart disease death were newly diagnosed be-
tween the time of blood draw and June 1996 (21). Controls were
selected from the nondiseased participants and matched for age,
smoking status, and fasting status at blood draw. The study of
carotenoids and breast cancer included women who returned a
blood sample and had incident invasive or in situ breast cancer
that was diagnosed by June 1, 1998 (22). Women who had no
prior cancer diagnosis except for nonmelanoma skin cancer
were randomly selected as controls and were matched to cases
on birth year, menopausal status, postmenopausal hormone use,
and time of day, month, and fasting status at the time of blood
draw, leaving 969 matched pairs with data on plasma carot-
enoids and retinol available for analysis. Both cases and controls
were considered for the final analysis because controls were free
of disease at the time of blood collection.

We used dietary data from 1990 when examining the asso-
ciations between dietary fatty acids, carotenoids, and retinol
and their corresponding biomarkers. We excluded women
with missing dietary data and limited the carotenoid analysis
to women who were not current smokers (n = 1,540) because
an earlier study showed that the correlation between dietary
and plasma carotene levels was lower in smokers compared
with nonsmokers despite only a slight difference in dietary
intake of carotenoids (23). Physical activity datawere assessed

from the 1988 and 1992 questionnaires. After exclusions, 439
participants were included in the final analysis of fatty acids
and 1,293 in the analyses of carotenoids and retinol.

Statistical analysis

In addition to the recommended method, we used 2 other
alternative methods, the Goldberg and pTEE methods, to
classify under- and overreporters. Detailed descriptions are
provided in Web Appendix 1.

Cross-sectional analysis. To replicate the analysis of
Mendez et al. (1), we conducted a cross-sectional analysis
using baseline data from 1990. We examined the potential ef-
fect of under- and overreporting on the associations of intakes
of total fat, vegetables, fruits, and sweets and desserts with
BMI using the recommended, Goldberg, and pTEE methods.
Using a multivariate linear regression model, we adjusted for
age, smoking, alcohol intake, physical activity, and other di-
etary factors to estimate β coefficients and their 95% confi-
dence intervals.

Prospective analysis. We used multivariate linear regres-
sion models to examine the relationship between change in
diet and change in BMI over a 4-year period from 1990 to
1994, taking into account changes in confounding variables
during the same period. To minimize missing data for covar-
iates, we used values carried forward from previous study
waves to account for missing continuous variables and used
missing indicator variables for categorical variables. We ad-
justed for age and changes in physical activity, smoking
status, alcohol intake, and depending on the model, con-
sumption of dietary variables other than the main exposure.

Biomarker analysis. When assessing the impact of adjust-
ment for misreporting of dietary intake on the relationships of
fatty acid and carotenoid intakes with their corresponding
biomarkers, we excluded implausible reporters, as classified
by the recommended, Goldberg, and pTEEmethods.We log-
transformed dietary and biomarker data to improve normality
and used the residual method to adjust dietary fatty acids,
carotenoids, and retinol intakes for total energy intake by re-
gressing nutrient intakes on total energy intake derived from
self-reported food frequency questionnaires. We computed
correlation coefficients between energy-adjusted fatty acid
intakes and corresponding plasma and red blood cell fatty
acids, and between energy-adjusted intakes of carotenoids
and retinol and their plasma levels. Plasma carotenoids and
retinol intakes were adjusted for serum cholesterol because
they were positively associated with total cholesterol level
(P < 0.05) (data not shown).

All P values reported are 2-sided. SAS statistical software,
version 9.2 (SAS Institute, Inc., Cary, North Carolina) was
used for all statistical analyses.

RESULTS

Cross-sectional and prospective analysis

Baseline characteristics of underreporters, plausible re-
porters, and overreporters, as classified by the recommended
and 2 alternative methods, are shown in Table 1. Based on the
recommended method, 99.0% of all women in the study were
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Table 1. Means and Standard Deviations for Baseline Characteristics of Underreporters, Plausible Reporters, and Overreporters as Classified Using the Recommended and Alternative

Methods, Nurses’ Health Study, United States, 1990a

Variable

Method

Recommended (n = 52,110) Goldberg (n = 52,110) pTEE (n = 52,110)

Under
(n = 78)

Plausible
(n = 51,563)

Over
(n = 469)

Under
(n = 11,716)

Plausible
(n = 35,754)

Over
(n = 4,640)

Under
(n = 10,580)

Plausible
(n = 34,506)

Over
(n = 7,024)

Sampleb 0.1 99.0 0.9 22.4 68.6 8.9 20.3 66.2 13.5

Age, yearsc 56.0 (6.2) 54.8 (6.3) 54.5 (6.3) 54.9 (6.1) 54.7 (6.3) 55.4 (6.6)d 54.7 (6.2) 54.8 (6.3) 55.1 (6.3)d

Body mass indexe 25.5 (4.1) 24.9 (3.7) 24.2 (4.1)d 25.5 (3.8) 24.8 (3.7) 24.0 (3.7)d 25.5 (3.8) 24.8 (3.7) 24.2 (3.7)d

Physical activity level, MET-hours/week 13.3 (20.7) 15.9 (21.9) 19.8 (27.2)d 20.5 (29.9) 14.9 (19.3) 12.5 (14.0)d 16.1 (23.2) 15.9 (21.2) 16.2 (23.2)d

Alcohol, drinks/day 0.09 (0.20) 0.43 (0.77) 0.59 (1.11)d 0.32 (0.59) 0.45 (0.78) 0.55 (1.00)d 0.30 (0.56) 0.45 (0.77) 0.55 (0.98)d

Smokingb 16.7 16.9 19.2 17.7 16.4 18.5d 19.3 16.0 17.5d

Daily dietary intake

Energy, mJ/day 1.79 (0.29) 7.30 (2.14) 17.8 (5.9)d 4.93 (1.11) 7.61 (1.53) 11.9 (3.0)d 4.63 (0.85) 7.40 (1.26) 11.5 (2.6)d

Fat, g/day 14.6 (4.9) 61.1 (22.3) 156 (59)d 40.2 (11.8) 63.7 (17.8) 104 (33)d 38.4 (10.5) 61.8 (16.1) 98.1 (30.4)d

Fat, % energy 30.6 (9.0) 31.4 (5.9) 33.1 (7.2)d 30.9 (6.2) 31.5 (5.8) 32.6 (6.1)d 31.2 (6.3) 31.4 (5.8) 32.2 (6.2)d

Vegetables, servings/day 1.10 (1.05) 3.71 (2.04) 7.98 (6.86)d 2.91 (1.64) 3.81 (1.97) 5.31 (3.50)d 2.69 (1.50) 3.74 (1.87) 5.30 (3.23)d

Fruits, servings/day 0.50 (0.50) 1.53 (1.11) 3.22 (3.35)d 1.17 (0.85) 1.59 (1.09) 2.19 (1.84)d 1.06 (0.77) 1.56 (1.03) 2.21 (1.75)d

Sweets and desserts, servings/day 0.22 (0.24) 1.26 (1.23) 4.35 (3.83)d 0.68 (0.65) 1.31 (1.16) 2.63 (2.23)d 0.65 (0.63) 1.25 (1.10) 2.42 (2.05)d

Abbreviations: MET, metabolic equivalent; pTEE, predicted total energy expenditure.
a Values are standardized to the age distribution of the analytic population.
b Values are percents.
c Value is not adjusted for age.
d P < 0.05 for differences by reporting group using nonparametric analysis of variance or χ2 test.
e Weight (kg)/height (m)2.
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identified as plausible reporters, whereas 68.6% and 66.2%
of them were classified as plausible reporters by the Gold-
berg and pTEE methods, respectively. Across all 3 methods,
underreporters had higher mean BMI than did plausible and
overreporters. Overreporters classified all methods had sig-
nificantly higher mean intakes of fat, vegetables, fruits, and
sweets and desserts than did underreporters and plausible re-
porters. Although statistically significant, the differences in
intake of fat as a percentage of energy were quantitatively
small across reporting groups for all 3 methods. The mean
REI, BMR, PAL, REI:BMR ratio, pTEE, and REI:PTEE
ratio for underreporters, plausible reporters, and overreporters
as classified by different exclusion methods, are shown in
Web Table 1.

Findings from the cross-sectional analysis showed asso-
ciations between diet and BMI that were similar to those ob-
served in the study by Mendez et al. (1) (Table 2). Using the
recommended method made little difference compared with
the original model that included all study participants, and the
β estimates did not change much. In contrast, using the Gold-
berg and pTEE methods to exclude under- and overreporters
changed the associations between the dietary factors exam-
ined and BMI with the exception of fat intake. These associ-
ations were reversed in direction after exclusions were made
using the alternative methods. For example, we observed pos-
itive associations between intakes of vegetables and fruits
(highest tertile) in the original model but found inverse asso-
ciations after making exclusions using the Goldberg method
(for vegetable intake, β =−0.74, 95%confidence interval (CI):
−0.84, −0.64; for fruit intake, β = −0.31, 95% CI: −0.42,
−0.21) and pTEE method (for vegetables intake, β =−0.76,
95% CI: −0.86, −0.66; for fruit intake, β = −0.36, 95% CI:
−0.46, −0.25). In the original model, intake of sweets and
desserts (highest tertile) was inversely associated with BMI
(β =−0.18, 95%CI:−0.26,−0.10), but the associations became
positive after making exclusions using the Goldberg (β = 0.29,

95% CI: 0.20, 0.39) and pTEE (β = 0.33, 95% CI: 0.23, 0.43)
methods. Adjustment for total energy intake made little dif-
ference in the main findings with the exception of the rela-
tionship between intake of fruits and BMI, which became
slightly attenuated.

The associations between changes in intake of various
dietary factors and change in BMI were similar across all 3
methods in the prospective analysis (Table 3). When the
models were restricted to plausible reporters identified by
the recommended method, positive associations with change
in BMI were seen for increased intakes of fat (0.016 per per-
centage of energy) and sweets and desserts (0.069 per serving
per day), whereas negative associations with change in BMI
were observed for increased intakes of vegetables (−0.019 per
serving per day) and fruits (−0.042 per serving per day) (P <
0.05 for all). The magnitude and direction of these changes
in BMI associated with increased intakes of fat, vegetables,
fruits, and sweets and desserts were similar to those observed
for plausible reporters identified using the Goldberg and
pTEE methods. Adjustment for total energy intake did not
lead to meaningfully different results.

Biomarker analysis

The mean REI, BMR, REI:BMR ratio, PAL, pTEE, and
REI:pTEE ratio for women in the biomarker analysis classi-
fied as underreporters, plausible reporters, and overreporters
using the recommended, Goldberg, and pTEE methods are
shown in Web Table 2. A higher percentage of women were
excluded using the Goldberg and pTEE exclusion criteria
compared with the recommended cutoff criteria, and under-
reporters had lower REI:BMR and REI:pTEE ratios than did
plausible and overreporters across all 3 methods in both the
fatty acid and carotenoid samples.

Exclusion of implausible reporters using the 2 alternative
methods did not meaningfully change the relationships of

Table 2. Associations Between Dietary Factors and Body Mass Indexa Among Plausible Reporters of Energy Intake as Classified Using the

Recommended and Alternative Methods, Nurses’ Health Study, United States, 1990b

Category of Dietary Intake

All Participants
(n = 52,110)

Recommended Method
(n = 51,563)

Goldberg Method
(n = 35,754)

pTEE Method
(n = 34,506)

β 95% CI β 95% CI β 95% CI β 95% CI

Fat, % energy 0.071 0.065, 0.077 0.072 0.066, 0.078 0.078 0.071, 0.085 0.078 0.070, 0.085

Vegetables

Tertile 2 0.21 0.13, 0.28 0.20 0.12, 0.27 −0.41 −0.50, −0.32 −0.42 −0.52, −0.33

Tertile 3 0.49 0.41, 0.57 0.48 0.39, 0.56 −0.74 −0.84, −0.64 −0.76 −0.86, −0.66

Fruits

Tertile 2 0.03 −0.05, 0.11 0.03 −0.05, 0.11 −0.14 −0.24, −0.05 −0.14 −0.24, −0.04

Tertile 3 0.09 0.001, 0.18 0.08 −0.01, 0.17 −0.31 −0.42, −0.21 −0.36 −0.46, −0.25

Sweets and desserts

Tertile 2 −0.19 −0.27, −0.11 −0.20 −0.28, −0.13 0.09 0.003, 0.18 0.09 0.002, 0.18

Tertile 3 −0.18 −0.26, −0.10 −0.20 −0.28, −0.12 0.29 0.20, 0.39 0.33 0.23, 0.43

Abbreviations: CI, confidence interval; pTEE, predicted total energy expenditure.
a Weight (kg)/height (m)2.
b Associations are expressed as β coefficients, and the multivariate model was adjusted for age, smoking, alcohol intake, physical activity levels,

and dietary factors of interest other than the primary exposure.
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dietary intake of fatty acids, carotenoids, and retinol with their
corresponding biomarkers compared with the recommended
method of excluding women with daily caloric intakes of
less than 500 kcal/day or more than 3,500 kcal/day (Table 4).
Correlations between energy-adjusted intakes of fatty acids,
carotenoids, and retinol and their respective biomarkers were
similar across all 3methods for exclusions, and the quantitative
differences between correlation coefficients were minimal.

DISCUSSION

Misreporting of energy and nutrient intakes can distort true
associations between diet and health outcomes. In a cross-
sectional analysis, Mendez et al. found that associations be-
tween various dietary factors and BMI in plausible reporters
identified by weight-dependent prediction equation–based
alternative methods differed greatly from the results obtained
by the recommended method (excluding those with reported
energy intakes <500 and >3,500 kcal/day), raising questions
about the validity of the use of the recommended cutoff cri-
teria (1). However, in their analysis, selection bias could have
been introduced because the definitions used for both exclu-
sion and the outcome, BMI, were functions of bodyweight. In
the present study, we cross-sectionally examined these same
relationships to replicate these earlier findings (1) and pro-
spectively with BMI change as the outcome to minimize cor-
relation with attained BMI, thus minimizing selection bias.
We also compared correlations of energy-adjusted intakes of
various fatty acids, carotenoids, and retinol with their biomark-
ers among plausible reporters identified using the recom-
mended method with correlations among plausible reporters
identified using the 2 alternative methods. In both the pro-
spective analysis with BMI change as the outcome and the
cross-sectional analysis with biomarkers of intake as the out-
come, the choice of exclusion criteria had, in general, little
effect on the observed associations. We conclude that the
findings of Mendez et al. (1), in which associations strongly
depended on the exclusion criteria, were likely due in part to
selection bias and that large effects of exclusion criteria were
likely unique to analyses using BMI as an outcome.

Table 4. Correlation Coefficients of Energy-Adjusted Dietary Intakes

of Fatty Acids, Carotenoids, and Retinol and Their Respective

Biomarkers in Women With Plausible Reported Energy Intakes as

Classified Using the Recommended andAlternativeMethods, Nurses’

Health Study, United States, 1990

Nutrient Variable
Method

Recommended Goldberg pTEE

Fatty acidsa

Trans fatty acid

Plasma 0.26 0.24 0.24

Red blood cell 0.30 0.31 0.34

Linoleic acid

Plasma 0.22 0.29 0.26

Red blood cell 0.21 0.29 0.23

DHA

Plasma 0.43 0.42 0.40

Red blood cell 0.48 0.49 0.49

ALA

Plasma 0.17 0.21 0.16

Red blood cell 0.16 0.20 0.17

Carotenoidsb,c

α-carotene 0.27 0.29 0.27

β-carotene 0.23 0.25 0.26

β-cryptoxanthin 0.24 0.25 0.25

Lycopene 0.23 0.24 0.27

Lutein/Zeaxanthin 0.13 0.18 0.18

Retinolb,c 0.08 0.11 0.10

Abbreviations: ALA, α-linolenic acid; DHA, docosahexaenoic acid;

pTEE, predicted total energy expenditure.
a For fatty acids, n = 419 for the recommended method, n = 296 for

the Goldberg method, and n = 279 for the pTEE method.
b Plasma carotenoids and retinol intakes were adjusted for serum

cholesterol level.
c For carotenoids and retinol, n = 1,279 for the recommended

method, n = 919 for the Goldberg method, and n = 900 for the pTEE

method.

Table 3. Associations Between Change in Dietary Factors and Change in Body Mass Indexa Among Plausible Reporters of Energy Intake as

Classified Using the Recommended and Alternative Methods, Nurses’ Health Study, United States, 1990–1994b

Category of Dietary
Intake

All Participants
(n = 52,110)

Recommended Method
(n = 51,563)

Goldberg Method
(n = 35,754)

pTEE Method
(n = 34,506)

βc 95% CI βc 95% CI βc 95% CI βc 95% CI

Fat, % energy 0.016 0.014, 0.017 0.016 0.014, 0.017 0.016 0.014, 0.017 0.015 0.014, 0.017

Vegetables, servings/day −0.016 −0.020, −0.012 −0.019 −0.024, −0.015 −0.025 −0.030, −0.020 −0.020 −0.026, −0.015

Fruits, servings/day −0.037 −0.044, −0.029 −0.042 −0.050, −0.034 −0.050 −0.060, −0.041 −0.053 −0.063, −0.043

Sweets and desserts,
servings/day

0.064 0.058, 0.071 0.069 0.062, 0.076 0.068 0.060, 0.077 0.071 0.062, 0.080

Abbreviations: CI, confidence interval; pTEE, predicted total energy expenditure.
a Weight (kg)/height (m)2.
b The multivariate model was adjusted for age and change in covariates such as smoking behavior, alcohol intake, physical activity level, and

dietary factors of interest other than the primary exposure.
c β coefficients represent change in body mass index associated with increased intakes of dietary factors in percentage of energy for fat intake

and per serving units per day for intakes of vegetables, fruits, and sweets and desserts within a 4-year period.
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Based on the Goldberg and pTEE methods, a higher per-
centage of participants were identified as underreporters than
as overreporters, and underreporters were more likely to
weigh more than overreporters. As such, women with higher
BMIs and lower reported energy intakes were more likely to
be excluded from the study. This was due to the way the
exclusion criteria (REI:BMR and REI:pTEE ratios) were
defined: Weight was used to calculate the denominators in
REI:BMR and REI:pTEE, resulting in ratios that were func-
tions of body weight. Because the numerator in BMI is also a
function of body weight, defining the exclusion criteria in
this way would elicit an inverse relation between implausible
reporting and BMI and result in selection that is strongly re-
lated to the exposure because energy intake is associated with
intake of almost all specific aspects of diet, and related to the
outcome, also a function of body weight, thus creating selec-
tion bias. The association between diet and BMI among those
selected for analysis is most likely to be different from the as-
sociation among the eligible, which constitutes a primary
definition of selection bias (24). We found these same issues
when we examined the association between diet and attained
BMI cross-sectionally. Using change in BMI as the outcome
would temper the effects of such selection bias because it
would be independent of attained BMI, and this is evident
in our findings from the prospective analysis.

In the present study, the prevalence of underreporting that
was estimated using the 2 alternative methods was similar to
prevalences reported in earlier studies (25–29) and consistent
with the degree of underreporting seen in studies using doubly
labeled water (30–33). The prevalence of overreporting esti-
mated using the Goldberg and pTEE methods was slightly
higher than previously reported levels (25). Compared with the
Goldberg and pTEE methods, the recommended method esti-
mated the prevalence of under- and overreporters to be lower.
Our findings suggest that excluding a higher percentage of im-
plausible reporters using the 2 alternative methods does not
provide a major advantage in detecting diet-BMI associations
that are different from associations estimated using the recom-
mended method. In the biomarker analysis, excluding a large
number of misreporters using the 2 alternative methods had
minimal impact on reducing misclassification of dietary in-
takes, and the largest difference we observed in the magnitude
of correlation coefficients was only 0.07.

Mendez et al. used the revised Goldberg method to iden-
tify under- and overreporters in addition to the Goldberg and
pTEE methods and found that although the revised Goldberg
and pTEE methods yielded concordant results, adjustments
made according to the revised Goldberg method led to stron-
ger diet-obesity associations compared with the Goldberg
method (1). In the present study, we compared the Goldberg
and pTEE methods with the simpler recommended method.
Previous studies have shown that the Schofield equations
used in the Goldberg method tend to overestimate BMR in
obese participants, and the revised Goldberg method based
on alternative BMR equations is a better option in the obese
population (1, 34–36). Because we excluded women with
obesity at baseline and the previous study (1) has shown that
the revised Goldberg and pTEEmethods yield similar results,
we do not expect our main findings to change with the use of
the revised Goldberg method. Though not examined in this

study, another type of exclusion method that can be found
in the literature is based on the Box-Cox transformation to
normality (37, 38). This method takes into account skewed
data and transforms extreme energy intake outliers that
might bias parameter estimation using the Box-Cox power
transformation to normality. Transformed values that fall ei-
ther below the 25th percentile of the distribution of trans-
formed reported energy intake minus 2 interquartile ranges
or above the 75th percentile plus 2 interquartile ranges are
subsequently removed as outliers (37).

A limitation of our study is the lack of comparison of self-
reported energy intake with an objective measure of energy
expenditure, such as that provided by doubly labeled water,
which is impractical in large epidemiologic studies. Another
limitation is the absence of an objective measure of body
weight,whichmayhave implications for the calculationofBMR
and pTEE. However, the validity of self-reported weight has
been investigated, and the correlation between reported and
direct measures is high (r = 0.96) in this population (20).
The physical activity questionnaire used in the NHS included
a section on recreational or leisure-time physical activity dur-
ing the past year (39), but it lacked the ability to capture fine
motor movements and physical activity related to work or
household activities. However, walking is the most prevalent
physical activity among older adults who are in the same age
range as our study participants (40), so missing data on these
activities should not substantially affect the validity of our
data. Also, our study findings are based on comparisonsmade
among women only. Mendez et al. (1) reported that account-
ing for implausible reporting in analyses of men showed as-
sociations similar to those observed in analyses of women.
Although further investigation of comparison of different ex-
clusion methods may be warranted in men, we do not expect
our conclusions to substantially change in an exclusively male
study population. The aforementioned methodological issue
of selection bias should apply to all epidemiologic analyses
that examine weight-dependent outcomes, such as BMI, re-
gardless of the sex of the participants. The strengths of our
study include the large sample size and validated dietary
and physical activity questionnaires. These validated activ-
ity questionnaires are useful in large epidemiologic studies
when more objective yet impractical and costly measures,
such as heart rate or accelerometer monitoring, are not readily
accessible (41).

The present study suggests that there is little benefit in
using weight-based prediction equations to exclude implausi-
ble reporters when assessing associations between diet and
health-related outcomes. The findings of this study also sug-
gest caution in the use of exclusion criteria based on weight-
dependent prediction equations in studies of diet in relation to
weight-dependent outcomes, such as BMI.
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