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Abstract

Objective—To compare self-reported and measured energy intake in weight-restored patients
with anorexia nervosa (AN), weight-stable obese individuals (OB), and normal weight controls
(NC).

Method—TForty participants (18 AN, 10 OB, and 12 NC) in a laboratory meal study
simultaneously completed a prospective food record.

Results—AN patients significantly (p = .018) over-reported energy intake (16%, 50 kcal) and
Bland-Altman (B-A) analysis indicated bias toward over-reporting at increasing levels of intake.
OB participants significantly (p = .016) under-reported intake (19%, 160 kcal) and B-A analysis
indicated bias toward under-reporting at increasing levels of intake. In NC participants, NS (p =.
752) difference between reported and measured intake was found and B-A analysis indicated good
agreement between methods at all intake levels.

Discussion—Self-reported intake should be cautiously interpreted in AN and OB. Future studies
are warranted to determine if over-reporting is related to poor outcome and relapse in AN, or
under-reporting interferes with weight loss efforts in OB.
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Introduction

Food records and dietary recalls are commonly used to assess the energy intake of
individuals, for both clinical and research purposes. A potential source of error in the
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assessment of energy intake is misreporting, both under and over. Methods like the doubly
labeled water technique and the Gold-berg cut-off! are often used to identify the
misreporting of energy intake; however, the direct comparison of reported intake to
observed and measured intake may be the most discriminating and informative approach.

Studies validating the accuracy of foods records and dietary recalls against observed and
measured intake suggest that normal weight, overweight, and obese adults either under-
report, 17 over-report,>8 or accurately report>2:10 their measured energy intake. It has been
suggested that patients with anorexia nervosa (AN) provide more accurate self-reports of
food and energy intake.11-13 Indeed, numerous studies have reported the results of 24-h
recalls!2-15 and food records1-22 in patients with AN. However, to our knowledge, only two
studies have been conducted to validate self-report measures of food intake against observed
and measured food intake in patients with AN523 and both were conducted at low body
weight, before weight restoration.

The objectives of the study were: (1) to compare self-reported energy intake, determined
from a prospective food record, to observed and measured energy intake in three groups of
study participants: weight-restored patients with AN, healthy, normal weight controls (NC),
and weight-stable obese individuals (OB); (2) to determine the reporting within and among
participant groups.

Subjects were 40 AN, OB, and NC participants in a laboratory meal study conducted by the
Eating Disorders Research Unit at the New York State Psychiatric Institute (NYSPI),
Columbia University Medical Center, between January 2008 and October 2010. The NYSPI/
Columbia University, Department of Psychiatry Institutional Review Board approved this
study, and all participants were provided informed consent before study entry.

Patients with AN were females between the ages of 18-45 years meeting Diagnostic and
Statistical Manual of Mental Disorders, 41 edition (DSM-1V)2# criteria for AN except
amenorrhea.?® Patients were excluded if they had comorbid substance abuse or significant
DSM-IV Axis | psychiatric disorders other than major depression. All were free from
medications, except acetaminophen and ibuprofen, for a minimum of 2 weeks before study.
Patients were hospitalized on the inpatient Eating Disorder Service at the NYSPI. Treatment
consisted of a structured behavioral program aimed at normalizing body weight and eating
patterns.28 The meal study was conducted after restoring body weight to a minimum of 90%
of ideal body weight, as defined by the Metropolitan Life actuarial tables?”: this weight is
approximately equal to a body mass index (BMI in kg/m?2) of 20. NC (BMI 19-21 kg/m?)
were healthy females between the ages of 18-45 years who were matched to AN
participants on age, ethnicity, and race. Obese individuals (BMI 30-40 kg/m?2) were male
and female participants between the ages of 18-60 years who participated in a placebo-
controlled study of the effects of sibutramine on eating behavior.

All meal studies were conducted on the Biological Studies Unit at the NYSPI. On the
morning of the study (~8 am), AN and NC participants ate a standardized breakfast of ~300
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kcal; OB participants consumed 16 fl. oz. of Optifast 800 (Nestle Nutrition) as their
standardized breakfast. Thereafter, all participants refrained from eating and drinking,
except water, until the test meal at ~1 pm.

The laboratory meal consisted of 25 food items placed on a table?8: grilled chicken, fried
chicken, macaroni and cheese, tuna fish, pickles, French fries, tossed salad, chocolate
sandwich cookies, chocolate bar, vanilla ice cream, donuts, popcorn, fruit salad, whole
wheat bread, white bread slices, butter, mustard, mayonnaise, ketchup, Italian salad
dressing, salt, pepper, iced tea, bottled water, and diet cola. Participants were instructed:
“This is your lunch for the day. Eat as much or as little as you would like.” Participants,
alone in the room while consuming the meal, were continuously monitored via a one-way,
closed circuit TV. Participants had up to 60 min to eat their meal. Food and beverage items
were weighed before and after the test meal using an Acculab 7200 electronic digital
balance (readability 0.1g) to quantify observed intake.

Participants completed a prospective 4-day food record that included the observed
laboratory test meal. A trained research assistant provided detailed verbal and written
instructions on estimation of food portions, and a pictorial. A registered dietitian reviewed
completed records for accuracy and completeness. Self-reported intake at the laboratory test
meal was determined from the food record.

Observed kcal intake and self-reported kcal intake were determined by nutrient analysis
software (University of Minnesota Nutrition Data System for Research, Regents of the
University of Minnesota, Nutrition Coordinating Center, version 2009). Outcome measures
included self-reported kcal intake (reported kcal), observed kcal intake (observed kcal), the
difference between reported and observed kcal intake (reported kcal — observed kcal), and
reported kcal intake as a percent of observed caloric intake (reported kcal/observed kcal x
100).

Statistical analyses were performed using SPSS, version 18.0 (Chicago, IL) and significance
was set at the p < .05 level. Descriptive statistics were used to determine the mean (xSD)
age and BMI (in kg/m?) of participant groups. The paired samples t-test was used to
compare self-reported and observed kcal intake within the AN, NC, and OB groups. One-
way analysis of variance (ANOVA) was used to compare differences among participant
groups in BMI, the difference between reported and observed kcal intake, and percent of
kcal that were over-reported or under-reported. The Tukey Honestly Significant Difference
(HSD) test was planned for all post hoc analyses; however, if Levene’s test of homogeneity
of variances was found to be significant (p < .05), then the Welch F-ratio and Games-
Howell post hoc analyses were alternatively reported. Bland-Altman (B-A) plots2® were
constructed to determine agreement between the food record (reported intake) and the
laboratory test meal (observed intake) in all participant groups. As described by Bland and
Altman, the limits of agreement were set as two standard deviations of the difference above
and below the mean difference. A regression line was fitted to better visualize the magnitude
and directionality of instrument bias.
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All AN (n=18) and NC (n = 12) participants were female and Caucasian. Obese
participants (n = 10) included two males and eight females; four were African American,
two were Hispanic, and four were Caucasian.

The mean age was 27.1 + 8.5 years (range: 17-44 years) for AN patients, 24.1 + 3.7 years
(range: 19-32) for controls, and 37.3 + 9.6 years (range: 21-54) for OB individuals. One-
way ANOVA was used to compare age across participant groups. The assumption of
homogeneity of variance was violated, and the Welch-F-ratio is alternatively reported. Age
differed significantly among the participant groups (F (2, 19.403) = 8.431, p = .002). Results
of Games-Howell post hoc analyses found no statistically significant difference in the mean
ages of AN patients and healthy controls (p = .406). Obese individuals were, however,
significantly older than the control (p = .004) and AN (p = .03) participants.

The mean BMI was 19.7 = 0.9 for weight-restored AN patients, 20.3 £ 0.9 for control
subjects, and 33.9 + 2.4 for obese participants. One-way ANOVA was used to compare BMI
across participant groups. Once again, the assumption of homogeneity of variance was
violated and the Welch-F-ratio is reported. The effect of diagnosis on BMI was significant
(F (2, 18.09) = 158.639, p = .000). Games-Howell post hoc analyses indicated that BMI in
the weight-restored AN group and the NC group was significantly different from that of the
OB group (p = .00 and p = .00, respectively); however, no statistically significant difference
in BMI was observed between weight-restored AN and NC groups (p = .198).

Reported versus observed kcal intakes, and their mean difference, are summarized in Table
1. In the AN group, self-reported kcal intake ranged from 4.7 to 999.2 kcal, whereas
observed kcal intake ranged from 2.7 to 830.2 kcal; the food record significantly (p =.018)
over-reported actual kcal intake by a mean of 50 kcal (116%). Self-reported kcal intake in
the NC group ranged from 352.6 to 1296.9 kcal, whereas observed kcal intake ranged from
355.2 t0 1110.5 kcal. The food record over-reported actual kcal intake by a mean of 20 kcal
(106%), but this was not statistically significant (p = .752). Lastly, self-reported kcal intake
in OB participants ranged from 221.2 to 1174.5 kcal, whereas observed kcal intake ranged
from 185.8 to 1160.6 kcal. The food record significantly (p = .016) under-reported actual
kcal intake by a mean of 160 kcal (81%).

Bland-Altman plots (Fig. 1) suggest a systematic difference between self-reported and
observed kcal intake in AN and OB participants. At increasing levels of kcal intake, AN
patients were biased towards over-reporting and OB participants were biased toward under-
reporting. In contrast, there was no systematic difference between self-reported and
observed kcal in NC participants, and good agreement between the methods was observed at
kcal intake levels.

Discussion

This study is the first to compare self-reported energy intake, obtained from a food record, to
observed and measured energy intake in weight restored patients with AN. Our sample of 18
AN patients significantly over-reported energy intake by 16%, and B-A analysis indicated
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bias toward over-reporting at increasing levels of kcal intake. Two prior studies have
compared self-reported intake to observed intake in low weight AN patients, each with
opposite outcomes. In a study of 30 low-weight AN patients, Hadigan et al.,23 compared a
1-month Burke diet history with a 1-day observed intake and found that AN patients
significantly over-estimated energy intake; the percentage of over-reporting was not
provided. It is noteworthy that observed food intake was calculated by estimating the
percent of portions consumed for each item, rather than by the direct measurement, i.e.,
weighing of foods consumed. In contrast, Van der Ster Wallin et al.1> compared a 24-h
recall of food intake with that which was both observed and measured in 15 low weight AN
patients. No significant difference was found and the researchers concluded that the 24-h
recall was a valid method for the assessment of food intake in patients with AN.

In contrast to the AN patients, our 10 OB participants significantly under-reported their
energy intake by 19%, and B-A analysis indicated bias toward under-reporting at increasing
levels of kcal intake. These results support the findings of Macdiarmid and Blundel® who
observed that under-reporting was more common among obese individuals and the
magnitude of under-reporting varied as a direct function of the quantity of food consumed.
In general, studies suggest a positive association between low-energy reporting and high
BML.7 Similar to our findings, Lichtman et al.b reported that, 24-h after an observed and
measured laboratory test meal, 10 obese adults under-reported their intake by ~20%.
Likewise, Poppitt et al.2 found that 18 obese adult females under-reported a 1-day observed
and measured energy intake by 12.4%. Conversely, two studies found that obese individuals
accurately self-reported their energy intake. Conway et al.19 found no significant difference
between actual and recalled energy intakes in 42 adult males, and concluded that obese men
recalled food intake as accurately as nonobese men. Similarly, Conway et al.? studied
recalled versus actual food intake in 49 adult females and found that while normal weight
and overweight women significantly over-reported energy intake, obese women accurately
self-reported energy intake.

An accurate estimate of energy intake is typically with 10% of estimated values.8 In our 12
NC participants, reported kcal intake was 106% of observed intake, and B-A analysis found
good agreement between these methods. It is noteworthy, however, that prior studies
provide no clear-cut consensus on the accuracy of self-reported energy intake in normal
weight adults. Conway et al.? found significant over-reporting of energy intake in 14 normal
weight women. Similarly, Myers et al.% found significant energy over-reporting in a sample
of 19 female college students. In contrast, Poppitt et al.2 observed that 15 normal weight
adult females significantly under-reported their energy intake by 12.6%, and Hadigan et
al.23 found that 28 normal weight adult females significantly under-reported their energy
intake by 24.1%.

This study is unique in that it uses that same methodological approach in AN, OB, and NC
participants. Nevertheless, there are several important limitations to this study. First and
foremost, the sample size was small and results should be interpreted with caution. Second,
accuracy was determined from one meal only and a study that included several meals, or
multiple study days, may have yielded a different outcome. Third, the ability to accurately
self-report food intake may differ in laboratory versus naturalistic settings, and results may
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have been influenced by the provision of buffet-style versus individual food portions.
Finally, this study was a secondary analysis of data from two separate studies. Although
food records were included in the methods of both studies, the decision to validate these
records against the laboratory test meal was made post hoc.

Conclusion

Accurate determination of food and energy intake is central to the nutritional assessment
process, the formulation of dietary recommendations and prescriptions, and the routine
monitoring of interventions in individuals with AN and obesity. This study contributes to a
relatively small body of literature that addresses the accuracy of commonly used self-report
diet measures, like food records, in normal weight and obese individuals. From a clinical
perspective, our findings suggest that food records should be interpreted judiciously in obese
individuals; future studies that assess the degree to which under-reporting interferes with
successful weight loss efforts are warranted. This study is the first to report on the accuracy
of self-reported energy intake in weight-restored AN patients. Additional studies are needed
to replicate these findings, and to determine if energy over-reporting is related to clinical
outcome and risk for relapse after weight restoration in patients with AN.
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FIGURE 1.
Bland-Altman analysis of self-reported kcal intake (food record) and observed kcal intake

(laboratory meal) in (a) anorexia nervosa (AN), (b) normal control (NC), and (c) obese (OB)
participants. The food record over-reported kcal intake in the AN and NC group, but under-
reported kcal intake in the OB group. Bias toward over-reporting at increasing levels of kcal
intake was found in the AN group, whereas bias toward under-reporting at increasing levels
of kcal intake was found in the OB group; no systematic bias was observed in the NC group.
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