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Abstract

Background—Although obesity putatively occurs when individuals consume more calories than

needed for metabolic needs, numerous risk factor studies have not observed significant positive

relations between reported caloric intake and future weight gain, potentially because reported

caloric intake is inaccurate.

Objective—The present study tested the hypothesis that objectively measured habitual energy

intake, estimated with doubly labeled water, would show a stronger positive relation to future

weight gain than self-reported caloric intake based on a widely used food frequency measure.

Design—253 adolescents completed a doubly labeled water (DLW) assessment of energy intake

(EI), a food frequency measure, and a resting metabolic rate (RMR) assessment at baseline, and

had their body mass index (BMI) measured at baseline and at 1- and 2-year follow-ups.

Results—Controlling for baseline RMR, elevated objectively measured EI, but not self-reported

habitual caloric intake, predicted increases in BMI over a 2-year follow-up. On average,

participants under-reported caloric intake by 35%.

Conclusions—Results provide support for the thesis that self-reported caloric intake has not

predicted future weight gain because it is less accurate than objectively measured habitual caloric

intake, suggesting that food frequency measures can lead to misleading findings. However, even

objectively measured caloric intake showed only a moderate relation to future weight gain,

implying that habitual caloric intake fluctuates over time and that it may be necessary to conduct

serial assessments of habitual intake to better reflect the time-varying effects of caloric intake on

weight gain.
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INTRODUCTION

It is widely accepted that obesity results from a positive energy balance that occurs when

individuals consume more calories than required for basal metabolic needs and physical

activity (Hall et al., 2012). Although controlled experiments have established that elevated

caloric intake results in subsequent weight gain in both animals and humans (e.g., Pearcey &

Castro, 2002; Lissner, Levitsky, Strupp, Kalkwarf, & Roe, 1987; Warwick & Schiffman,

1992), prospective obesity risk factor studies typically have not found a significant relation

between elevated self-reported caloric intake and future weight gain in humans (e.g., Berkey

et al., 2000; Chaput et al., 2009; Klesges, Isbell, & Klesges, 1992; Maffeis, Talamini, &

Tato, 1998). These null findings have prompted various alternative explanations for weight

gain, such as the thesis that a low metabolic rate causes obesity (Hall et al., 2012). However,

an alternative explanation is that self-reported caloric intake is inaccurate. Numerous studies

have established that people usually under-report caloric intake by varying degrees,

particularly those with elevated body mass or high dietary restraint scores (e.g., Sawaya et

al., 1996; Bandini, Schoeller, Dry, & Dietz, 1990; Lichtman et al., 1992; Stice, Cooper,

Schoeller, Tappe, & Lowe, 2007; Black & Cole, 2001). Energy intake estimated from

doubly labeled water (DLW) is a more accurate measure of energy intake (EI) than self-

report dietary intake measures, such as food frequency questionnaires and 24-hr dietary

recall interviews. However, very limited data exists testing the relation between DLW

estimated EI and future weight gain. We were able to locate only one prior study that tested

the predictive effects of EI from doubly labeled water on weight gain, reporting a significant

positive relation (Tataranni et al., 2003). The Tatarranni et al, study also found that a low

resting metabolic rate (RMR) predicted future weight gain, but not DLW estimated energy

expenditure (EE). However, it appears that no study has compared the predictive relation of

DLW estimated caloric intake versus that of self-reported caloric intake to future weight

gain. Accordingly, the goal of this report is to test whether EI estimated from DLW shows a

stronger relation to future objectively measured weight gain, relative to the effects of self-

reported habitual caloric intake, as assessed by a commonly used food frequency measure.

In our predictive models, we controlled for baseline RMR to adjust for individual

differences in metabolic needs across subjects.

SUBJECTS AND METHODS

Participants

The sample consisted of 253 participants recruited from two studies (See Table 1 for sample

characteristics). 162 of these participants were lean adolescents recruited from local high

schools (51% female, M age = 15.32) for a study on neural vulnerability factors that predict

future weight gain, and 91 were college-aged females recruited from a local university who

were randomly selected from a larger study of young women with body image concerns (M

age = 18.42) who had enrolled in an obesity prevention trial. The overall sample consisted of

2% African American, 2% Asian, 85% European Americans, 4% American Indian and

Alaska Native participants, 1% Native Hawaiian or other Pacific Islander, and 6% other or

mixed racial heritage. Exclusion criteria included pregnancy, diabetes, conditions requiring

supplemental oxygen, or current DSM-IV anorexia nervosa, bulimia nervosa, or binge

Stice and Durant Page 2

Appetite. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



eating disorder. Participants (and parents of those who were minors) provided informed

written consent. Participants provided data during four visits to the lab: baseline (T1), 2

weeks after baseline (T2), 1 year after baseline (T3), and 2 years after baseline (T4). At

baseline, participants arrived at the laboratory after an overnight fast to complete the first

DLW assessment. They then returned 2 weeks later for the follow-up DLW assessment.

They were also required to avoid traveling more than 200 miles from the study site in the 2-

weeks between T1 and T2 due to regional differences in levels of naturally occurring

elements found in drinking water (deuterium and oxygen-18) that can affect the levels in the

DLW isotope used to calculate TEE. Twenty-three (9%) participants did not complete the 1-

year follow-up assessment, and fourteen (6%) did not complete the 2-year follow-up

assessment.

Measures

Body Mass—The BMI (kg/m2) was used to reflect height-adjusted adiposity. After

removal of shoes and coats, height was measured to the nearest millimeter using a

stadiometer and weight was assessed to the nearest 0.1 kg using a digital scale. Two

measures of height and weight were obtained and averaged at baseline and at 1- and 2-year

follow-ups. BMI correlates with direct measures of total body fat such as dual energy X-ray

absorptiometry (r = 0.80 to .90) and with health measures including blood pressure, adverse

lipoprotein profiles, atherosclerotic lesions, serum insulin levels, and diabetes mellitus in

adolescent samples (Dietz & Robinson, 1998).

Energy Intake—DLW was used to estimate EI over a 2-wk period. DLW provides a very

accurate measure of intake that is immune to biases associated with dietary recalls or diet

diaries (Schutz, Weinsier, & Hunter, 2001; Johnson, 2002). DLW uses isotopic tracers to

assess total carbon dioxide production, which can be used to accurately estimate habitual

caloric expenditure (Schoeller et al., 1986). DLW was administered immediately after

subjects tested negatively for pregnancy (if applicable). Doses were 1.6 –2.0 g H218O (10

atom percent)/kg estimated total body water. Spot urine samples were collected immediately

before DLW was administered and 1, 3, and 4-h postdosing. Two-weeks later, 2 additional

spot urine samples were collected at the same time of day as 3- and 4-h post dosing samples.

No samples were the first void of the day. Energy expenditure (EE) was calculated by using

equation A6 (Schoeller et al., 1986), dilution space ratios (Racette et al., 1994), and the

modified Weir 's equation (Weir, 1949) as previously described (Black, Prentice, & Coward,

1986). EI per day was calculated from the sum of EE from DLW and the estimated change

in body energy stores from serial body weight measurements performed at baseline (T1) and

2-wk after dosing (T2). This figure was divided by the number of days between T1 and T2

to calculate the daily source of energy substrates from weight loss or storage of excess EI as

weight gain (Forbes, 2000). The equation used for each participant was: EI = EE + [(T2

weight – T1 weight) × 7800)] / (T2 date – T1 date). The 7800 kcal/kg is an estimate of the

energy density of adipose tissue (Poehlmen, 1989).

Self-reported energy intake—The Block Food Frequency Questionnaire (Block &

Subar, 1992) assessed frequency of consumption of specific food types over the past two

weeks. Participants are given a definition of a medium portion and asked to indicate the
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frequency of consumption over the previous 2-wk period. Responses to the question were on

a 6-point Likert scale, where 1 = “never in the previous 2-wk period ” to 6 = “daily or more

in the previous 2-wk period. ” BFFQ values correlated (r = 0.57) with 4-d food record

estimates for total energy intake and most nutrients (24) and showed 2-wk test-retest

reliability (mean r = 0.69) (Klohe, et al., 2005).

Statistical Analyses

Multiple imputation was used to replace missing values following best-practice

recommendations (Graham, 2009). Missing data were imputed with the Amelia package of

the R project (Honaker & King, 2010). The observed and imputed data were compared to

ensure they showed similar distributions (Abayomi, Gelman, & Levy, 2008). Missing data

were replaced with imputed data and were analyzed separately. Model parameters and

standard errors, which incorporate within and between model parameter variability, were

combined following Rubin (1987).

We examined the distribution of variables and evaluated potential sources of non-

independence. Condition (obesity prevention intervention participants and non-intervention

adolescents) and baseline resting metabolic rate (RMR), as measured through indirect

calorimetry (see Stice, Durant, Burger, & Schoeller, 2001), were used as a control variables.

Linear mixed effects models, which accommodate multilevel data structures and unevenly

spaced longitudinal data (Pinheiro & Bates, 2013), were used to test whether DLW

measured EI and self-reported EI predicted increases in BMI at 1- and 2-year follow-up. The

Singer and Willett model building sequence was used (Stice, Rohde, Shaw, & Marti, 2013).

RESULTS

In our preliminary analyses, 1- and 2-year BMI was distributed normally, so no

transformations were made to these outcomes. A log-transformed version of time was used

in all models based on prior analyses with the same data set (Stice et al., 2013; Stice, Rohde,

Shaw, & Marti, 2012) in which it was determined that log-transformed time was the best fit

for the longitudinal component of the model. Participant condition was coded using two

dummy vectors, one for either the college-aged women from the obesity prevention

intervention or the non-intervention adolescent participants, and one for the brochure control

participants. Table 1 provides means and SD for outcomes at each time point across

conditions. Data were complete at baseline, 9% were missing at 1-year follow-up, and 6%

were missing at 2-year follow-up. All outcomes were modeled as two-level models in which

time points were nested within individuals.

Preliminary analyses compared participants above and below the baseline median BMI score

on RMR, DLW EI and self-reported EI at baseline. The high BMI RMR (M = 1433.1, SD =

267.5, range = [684.1, 2165.4]) was greater than the low BMI RMR (M = 1335.3, SD =

246.8, range = [718.3, 1936.0]) (t[250] = 3.02, p = .003); the high BMI DLW EI (M =

2663.1, SD = 790.1, range = [1081, 6330]) was marginally greater than the low BMI DLW

EI (M = 2478.8, SD = 708.0, range = [884, 4270]) (t[240] = 1.91, p = .057); and the high

BMI self-reported EI (M = 1501.2, SD = 681.1, range = [338.7, 3906.8]) was greater than
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the low BMI self-reported EI (M = 1818.9, SD = 878.9, range = [414.6, 5294.8]) (t[228] =

3.06, p = .002).

Results addressing the central hypothesis are presented in Table 2. After adjusting for

baseline RMR, age, and condition, DLW estimated EI significantly predicted future

increases in BMI over the 2-year follow-up period (t (224) = 2.75, p = .006, r = .18; see

Figure 1). Also consistent with expectations, self-reported EI did not show a significant

relation to future increases in BMI over this time period (t (217) = .933, p = .356, r = .06).

DISCUSSION

As hypothesized, objectively measured habitual caloric intake, as estimated using DLW

showed a significant positive relation to future increases in BMI, whereas self-reported

caloric intake did not. Thus, results accord with the thesis that the lack of predictive effects

in past obesity risk factor studies was due to the use of self-report measures of dietary

intake, which are known to underestimate habitual caloric intake. The discrepancy between

objectively measured and reported dietary intake was very large; whereas the average

participants reported consuming 1661 kcals daily, the DLW estimated daily caloric intake

was 2572 (which translates into an average under-reporting of daily caloric intake of 35.4%;

range = 13%-246%, SD = 38%). The large discrepancy between self-reported and DLW

estimated energy intake resulted in a very low correlation between the two measures (r = .

14), clearly indicating that food frequency measures are very inaccurate, accounting for less

than 2% of the variance in objectively measured caloric intake in adolescents in the present

sample.

Also of note, the relation between objectively measured habitual caloric intake and future

weight gain was only a moderate effect size. The relatively small effect may occur because

caloric intake fluctuates over time, which limits the predictive validity of habitual intake

from only a 2-week observational period. Indeed, there is evidence that weight gain often

occurs more over the holidays and on weekends versus on weekdays (Cook, Subar, Troiano,

& Schoeller, 2012), suggesting that it might be necessary to collect serial measures of

objectively measured caloric intake to more accurately predict future weight gain based on

caloric intake.

Given that a positive energy balance occurs because individuals are consuming more

calories than required for basal metabolic needs and physical activity, it is interesting that

DLW estimated energy expenditure, which is a key term in the equation used to estimate

habitual energy intake, has shown mixed findings as to whether it predicts future weight

gain. Although some studies have not found a significant relation between EE and future

weight gain (Tataranni et al., 2003; Cook et al, 2012; Stunkard, Berkowitz, Stallings, &

Schoeller, 1999; Goran et al., 1998; Luke et al., 2009), others have shown a positive relation

between EE and future weight gain, indicating that higher, rather than lower EE is related to

weight gain (Goran et al., 1998; Schoeller, 2008; Stunkard, Berkowitz, Schoeller, Maislin, &

Stallings, 2004; Luke et al., 2007). In our sample, there was a significant positive correlation

between DLW estimated EE and EI (r = .71), and when EE is entered into the same linear
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mixed effects model instead of EI, it showed a significant positive relation to future weight

gain (t(202) = 2.10, p = .04, r = .15).

It is important to consider the limitations of the current study. First, the sample contained a

limited number of individuals from ethnic and racial minority groups, suggesting that results

should be generalized with caution. Second, our sample focused on late adolescents, so

future research will be necessary to determine whether similar effects emerge for children

and adults. Third, we only used one measure of self-reported caloric intake in this study, and

future studies should test the accuracy of additional methods of collecting self-reported

intake data, such as 24-hr dietary recalls.

These present results provide support for the widely accepted energy balance model of

obesity and suggest that self-reported caloric intake is so inaccurate that it might not be

worth collecting these data in future studies, at least using food frequency measures like the

one utilized herein. An important direction for future research will be to develop alternative

procedures for objectively measuring dietary intake, which will be vital for obesity risk

factor studies and for obesity prevention and treatment trials. Moreover, the fact that even

objectively measured caloric intake showed only a modest relation to future weight gain

suggests that it may be necessary to collect multiple measures of habitual energy intake to

better model the time-varying changes in energy intake that presumably drives weight gain.
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• Self-reported measures of caloric intake have questionable accuracy.

• Objectively measured caloric intake may be a more accurate measure.
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Figure 1.
Simple slopes of the regression of the predicted level of BMI at baseline, 1-year, and 2-year

follow-up at high, medium, and low levels of EI. Note. High, medium, and low values of EI

are defined as plus and minus 1 SD about the mean (M = 2571.72, SD = 754.68).
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Table 1

Subject characteristics1,2

Mean ± SD3 Minimum Maximum

Baseline age 16.5 ± 1.75 14 20

Baseline BMI 21.87 ± 3.2 16.7 43.7

1-year BMI 22.38 ± 3.6 16.7 48.4

2-year BMI 22.60 ± 3.4 17.1 44.7

Baseline RMR (kcal) 1384 ± 261 684 2165

DLW EI (kcal) 2572 ± 755 884 6330

Self-report EI (kcal) 1661 ± 801 339 5295

1
n = 253

2
Data presented is untransformed.

3
Acronyms: SD = standard deviation, BMI = body mass index, DLW = doubly labeled water, RMR = resting metabolic rate, EI= energy intake
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