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Abstract

Background Self-report methods are widely used to assess energy intake but are prone to measurement errors. We
aimed to identify under-reported, over-reported, and plausible self-reported energy intake by dietary recalls (rEl) using
a standard method (Method 1) that calculates the rEl ratio against measured energy expenditure (mEE) by doubly-
labeled water (DLW), and compare it to a novel method (Method 2), which calculates the rEl ratio against measured
energy intake (mEl) by the principle of energy balance (EB=mEE +changes in energy stores).

Methods The rEl:mEE and rEl:mEl ratios were assessed for each subject. Group cut-offs were calculated

for both methods, using the coefficient of variations of rEl, mEE, and mEl. Entries within + 1SD of the cutoffs were cat-
egorized as plausible, < 1SD as under-reported, and > 1SD as over-reported. Kappa statistics was calculated to assess
the agreement between both methods. Percentage bias (bp) was estimated by linear regression. Remaining bias (d3)
was calculated after applying each method cutoffs.

Results The percentage of under-reporting was 50% using both methods. Using Method 1, 40.3% of recalls were
categorized as plausible, and 10.2% as over-reported. With Method 2, 26.3% and 23.7% recalls were plausible

and over-reported, respectively. There was a significant positive relationship between mEl with weight (8=21.7,
p<0.01) and BMI (3=48.8, p=0.04), but not between rEl with weight (3=13.1, p=0.06) and BMI (=418, p=0.11).The
rkl relationships were significant when only plausible entries were included using Method 1 (weight: 8=17.4, p<0.01,
remaining bias=49.5%; BMI: §=44.6, p=0.01, remaining bias=60.2%) and Method 2 (weight: =195, p<0.01,
remaining bias=24.9%; BMI: §=44.8, p=0.03, remaining bias=56.9%).

Conclusions The choice of method significantly impacts plausible and over-reported classification, with the novel
method identifying more over-reported entries. While rEl showed no relationships with anthropometric measure-
ments, applying both methods reduced bias. The novel method showed greater bias reduction, suggesting that it
may have superior performance when identifying plausible rEl.
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Background

Despite their widespread use in clinical and research set-
tings, dietary recalls and other retrospective and pro-
spective dietary assessment methods of energy intake
(EI) have long been scrutinized for their accuracy and
validity [1] due to deliberate or inadvertent misreporting
[2]. Although under-reporting dietary intake is well-doc-
umented [2-19], over-reporting dietary intake receives
less attention [20, 21]. Neglecting over-reporting risks
an incomplete understanding of the misreporting spec-
trum’s dual nature. Under-reporting can obscure true
associations between dietary intakes and outcomes of
interest, while over-reporting can mask genuine deficien-
cies and exaggerate the effects of dietary patterns. This
leads to skewed study findings that result in misleading
interpretations. Nevertheless, although self-report meth-
ods are often viewed as too flawed for reliable scientific
measurement [22], they remain a cost-effective and con-
venient tool in nutrition and clinical research [23]. There-
fore, it is paramount to identify plausible dietary recalls,
as measurement errors and discrepancies between actual
and reported caloric intake could also be accompanied
with inaccuracies in reporting nutrient composition [24].

To characterize self-reported EI (rEI) as plausible, a
common approach excludes participants with rEI outside
a pre-set range (e.g. 500-3,500 for women, and 800-4000
kcals/day for men) [25-29]. This one-size-fits-all method
might overlook inaccurate reporting in individuals with
overweight and higher energy requirements [30], or
aging population and adults who struggle with progres-
sive declines in energy expenditure (EE) [31, 32]. Gold-
berg et al. [33—36] proposed activity-based cut-offs using
the ratio between rEI and basal metabolic rate (rE:BMR)
plus assignment of a physical activity level. This method
requires weight stability and correct assignment of physi-
cal activity levels. As an alternative, predicted EE (pEE)
and measured EE (mEE) obtained through the doubly-
labeled water (DLW) method [37-41] have been widely
used for rEI plausibility assessment.

The rEI:mEE ratio method considers the within-sub-
ject errors in both factors, including mEE measurement
error and normal day-to-day variation [42, 43]. The mEE
method has been shown to have the highest specificity
to identify plausible reports [44], however, it assumes
energy balance, and rEI is often based on only 1-2 recalls
[37, 38, 44], which may not represent typical dietary
intake [45]. Furthermore, it neglects to consider the
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influence of self-monitoring [3, 46, 47], and may wrongly
classify valid entries as under-reported (e.g. during
weight loss or illness). A recent equation that estimates
pEE using body weight, height, age, sex, race, ethnicity,
and elevation above sea level, was shown to highly cor-
respond with mEE by DLW, using 95% predictive limits
to identify plausible reports [48]. However, similar to
the rEL:mEE ratio, it assumes energy balance during the
measurement period. Regardless of the method used,
most studies have shown that BMI, female sex, and older
age predict the prevalence and magnitude of dietary mis-
reporting [7, 48—53].

Measured EI (mEI) using the principle of energy bal-
ance can be calculated by mEE combined with changes
in body energy stores (AES) [54]. Although more diffi-
cult to measure, using mEI can better represent a direct
comparison against rEI. To our knowledge, rEI plausibil-
ity has not been compared with mEI Therefore, using a
well-characterized cohort, we aimed to compare a known
method that uses the ratio of rEI to mEE, and a novel
approach using the ratio of rEI to mEI to identify implau-
sible rEI derived by dietary recalls across 3 to 6 non-con-
secutive days within a 2-week period. We hypothesized
that this novel approach would provide a more accurate
assessment of dietary plausibility. Furthermore, we aimed
to examine how both methods influence the relationship
between known predictors and dietary misreporting.

Methods

Study population

The study was completed using the baseline data col-
lected between June 2021 and February 2024 in a sam-
ple cohort (n= 39) from the NY-TREAT Study [55]. This
cohort consisted of male and female adults of any racial
or ethnic group, aged 50 to 75 years, with overweight or
obesity (BMI >25 and <45 kg/m?), and a habitual long
eating window (> 14 h). Participants with were recruited
from the New York City Metropolitan area by flyers and
referrals. Additional details of inclusion and exclusion
criteria have been previously published [55].

Study design

The parent study is a randomized controlled trial of
12-month duration at Columbia University. After
informed consent, participants completed a 2-week base-
line assessment, prior to being randomized to a 10-h
time-restricted eating intervention or control group with
habitual diet. The 2-week assessment was repeated at the
end of the third month [55]. For this ancillary project,
our goal was to assess dietary reporting by multiple 24-h
recalls against mEE and mEIl, with data obtained dur-
ing the 2-week baseline assessments which occurred in
ambulatory conditions except for in-person visits on days
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1 and 13 of the 2-week period (Supplemental Fig. 1). Dur-
ing the baseline assessment, participants were advised to
continue with their usual diet and physical activity rou-
tine and were blinded to the data collected.

Measurements

Anthropometric measurements

On days 1 and 13, body weight was measured to the
nearest 0.1 kilogram (kg) using a calibrated scale (Ohaus
Champ General Purpose Bench Scale, Ohaus Corp., Pine
Brook, NJ, USA), while height was measured to the near-
est 1 millimeter (mm) using a stadiometer (Holtain Ltd.,
Crymych, UK). Participants were instructed to empty
their bladders, remove clothing and jewelry, and wear a
provided hospital gown and slippers immediately before
anthropometric measurements.

Body composition

Quantitative magnetic resonance (QMR, EchoMRI 2020,
Echo Medical Systems, Houston TX, USA) is a nonin-
vasive technique that employs proton nuclear magnetic
resonance to measure body composition [56]. The system
can accommodate individuals up to 250 kg and is stand-
ardized to detect changes in fat mass (FM) with a preci-
sion (replicated measurements CV) of <0.5% [57]. This
technique is conducted by a trained technologist on days
1 and 13 of the 2-week ambulatory period. Participants
were required to abstain from caloric and water intake
for 12 h before each measurement, which took approxi-
mately three minutes and was done in duplicate. The
system provides estimates of FM, lean mass, free water,
and total body water. We analyzed FM and fat-free mass
(FFM), which was calculated by subtracting FM from
measured body weight.

EE assessment by doubly-labeled water

EE assessment by doubly-labeled water

The mEE was determined utilizing the gold-stand-
ard DLW method [42, 58-60]. Each participant orally
received a dose comprising 1.68 g per kg of body water
of oxygen- 18 water (10.8 APE) and 0.12 g per kg of
body water of deuterium oxide water (99.8 APE). Urine
samples were collected before dosing, within 3- and 4-h
post-dose, and twice 12 days following ingestion using
the two-point protocol for sample collection [61]. The
samples were analyzed using isotope ratio mass spec-
trometers (Delta V IRMS and Delta Plus IRMS Thermo
Fisher®) at the Isotope Ratio Mass Spectrometry Labora-
tory, University of Wisconsin-Madison. For mEE calcu-
lation, the carbon dioxide production (rCO,) equation
[59] was applied, considering a respiratory quotient of
0.86. The rCO, was then converted to total daily energy
expenditure using the Weir equation [62].
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El assessment by principle of energy balance

The mEI was determined using the principle of energy
balance [54]. This method considers the measurement
of mEE and AES:

mEI(kcal/day) = mEE(kcal/day) + AEs(kcal/day)

In our study, the AES were computed based on
changes in FM and FFM observed between days 1 and
13 QMR measurements. This computation involved
multiplying the changes in FM and FFM by the respec-
tive energy density coefficients for each tissue (9.5
kcal/g for FM and 1.02 kcal/g for FFM), and dividing
by the number of days between the measurements [60].
To address the significant within-individual SD seen in
FM measurements seen in our cohort, a linear regres-
sion equation derived from baseline data for males
and females was computed. Sex was considered sepa-
rately due to the inherent differences in body composi-
tion between males and females. In this equation, the
changes in FM (y-axis) served as the dependent vari-
able, while the change in body weight (x-axis) was the
independent variable. By utilizing this linear regres-
sion approach, the predicted change in FM (AFM,4)
was calculated for each participant based on their sex.
Subsequently, the changes in FFM (AFFM,q) were
determined as the difference between the changes in
body weight and AFM, ;. The formula was:
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Classification of plausible and misreported rEl
Using the following 2 methods, a cutoft of 1SD was calcu-
lated for the entire group, as it has been shown to exclude
implausible rEI in previous work [37]. Recall entries that
were within 1SD were categorized as plausible report.
Recall entries <1SD were categorized as under-reported,
and entries > 1SD were categorized as over-reported.
Method 1: the ratio between average rEI and mEE
(rELLmEE) was assessed for each participant. Based on
previously defined formulas [37], the cutoft used for diet
recall categorization was calculated as:

VIEI?
1SD (Method 1) = \j <C crl ) + (CVpEE? + CVmEE?)

where CV g is the pooled within-subject variation in
rEl, d is the average number of diet recalls, CV  is
the pooled CV of predicted EE (pEE), and CV g is the
within-subject variation of mEE. The pEE was com-
puted with the equation developed by Vinken et al. [40],
using the following calculation: pEE =7.377-0.076 X age
(years) +0.0806 xweight (kg) +0.0135 Xheight (cm) —
1.363 x sex (0 for males, 1 for females).

Method 2: the ratio between rEI and EI measured by
the principle of energy balance (rEI:mEI) was assessed
for each participant, developed from the principles
described in the formulas used in Method 1. The cutoff

(AFMadj o X 9500(1<Cal/kg)) n (AFFMadj o X 1020(1(Ca1/kg))

AES (kcal/day) = days

Self-reported energy intake (rEl)

Self-reported energy intake (rEI) was assessed by 24-h
dietary recalls via the web-based, Automated Self-
Administered 24-h® (ASA24®) Dietary Assessment
Tool, a web-based tool modeled on the United States
Department of Agriculture’s Automated Multiple-Pass
Method [63] in which participants recorded meals
ingested in the previous 24-h period. Participants
completed up to six recalls on non-consecutive week-
days and at least one weekend day over the 2-week
period. Participants were requested to complete an
additional rEI if the recall was submitted errone-
ously and incomplete (< 2 entries and <100kals in a
24-h diet recall). To assess different settings of rEI,
the mean caloric intake considered the average 24-h
calories in all reported recalls, the average 24-h calo-
ries in all in-clinic recalls (assisted by study staff),
and the average 24-h calories in all free-living recalls
(completed at home and not assisted by study staff), to
address patterns in rEIL

used for categorization was calculated as:

CVrEI?

1SD (Method 2) = ( ) + (CVmEI?)

where CV, and d were calculated as described in
Method 1, and CV ; is the geometric mean of the
within-subject variation of mEIL

Although all data analyzed as part of this report were
completed during baseline prior to randomization, the
data at baseline and 3-month period was used to ana-
lyze the CV of repeated measurements for mEI, using the
control group only. This approach was adopted to mini-
mize the influence of behavioral modification that might
confound the true CV of the mEI approach.

Statistical analyses
Categorical variables, including sex, age, race, and eth-
nicity compared with chi-squared test. Point bi-serial
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correlation used to assess relationships between dichot-
omous variables and continuous variables. Pearson’s
and Spearman’s correlations performed to assess rela-
tionships between parametric and non-parametric
variables, respectively, which were determined by Sha-
piro—Wilk test. The sensitivity and specificity for under-
reporting were calculated using the Method 1 as the
reference test. Kappa statistics was calculated to assess
the agreement between the Method 1 and Method 2.
Systematic bias for method comparison was assessed
with Bland—Altman analysis. Linear mixed models were
used to evaluate the effect of call sequence on rEI and
reporting ratios while adjusting for whether the call was
completed in-clinic, sex, and an interaction between
call sequence and sex. Separate linear regressions evalu-
ated the linear relationships for continuous variables
between mEI and rEI before and after cutoffs were
applied (rEl,,;, and rElygryopy; and rElyerpops))
against anthropometric outcomes (weight, BMI, and
FM in kg) using participants with available rEI data
after both method cutoffs were applied. These regres-
sions were used on the basis that weight and body com-
position are associated with higher energy requirements
to maintain energy balance [30, 64, 65]. The EI variables
were used as independent variables, and the anthro-
pometric outcomes were used as dependent variables.
To assess bias, the estimated linear regression coeffi-
cients from each model are described as B;, Bijrawy
BrerverHoD1p and BreiveTHOD2) TO compute the degree
of bias by rEl},,;, we calculated the percentage bias (bp)
[66], using the estimated linear regression coefficient:

_ PrElfraw] — fmEI
N BmEI

bs x 100(%)

To test whether rEI bias was reduced after Method 1
and Method 2 were applied, we computed the percentage
remaining bias (d3), using the following formulas:

BrEIIMETHOD1] — SmEI

Method 1 bg =
ethod 1 bp BrEI[raw] — BmEI

x 100(%)

BrEIIMETHOD?2] — SmEI
BrEI[raw] — BmEI

Method 2 bg = x 100(%)

The degree of bias reduction using Method 1 and
Method 2 are quantified by the remaining bias after sub-
tracting the method cutoft bias from the raw rEI bias. A
dp =0 implies complete bias elimination, while a non-
zero implies that bias remains. All analyses were per-
formed using SAS version 9.4 (Cary, North Carolina,
USA), IBM-SPSS 29.0 (Armonk, NY, USA), and Graph-
padPrism 10.1.0 (Boston, Massachusetts, USA). Signifi-
cance level was set at a= 0.05.
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Results

Overview

A total of 39 healthy adults (Supplemental Fig. 2) com-
pleted at least 2 dietary recalls for a total of 189 dietary
recalls, of which 186 (4.8 +1.0 per participant) were
included in analyses after exclusion of erroneous or
incomplete entries. Most participants were females
(67%), aged 61 +7 years. As expected, height (p< 0.01)
and weight (p= 0.01) were higher in males, while the per-
centage of FM (p= 0.02) was higher in females, however,
BMI was similar for both sexes at an average of 33.1 +6.4
kg/m? (Table 1). A total of 31 (79.5%) participants com-
pleted 1 recall in-clinic on the first study visit (day 1), and
all participants completed in-clinic recall on the second
study visit (day 13). The remainder of the recalls were
completed in a free-living setting.

There were no significant correlations between the
mean rEI and mEI (p =0.221, p= 0.2) or mEE ( =0.163,
p= 0.3). Over the course of two weeks, participants
did experience some change in weight (range: — 2.2 kg
to +2.2 kg) and FM (range: — 1.8 kg to +1.6 kg). This
resulted in a lower estimated average mEI compared to
mEE (p= 0.03). The rEI was 1885 + 633 kcals/day, while
mEI was 2241 +685 kcals/day, representing a non-sig-
nificant (p= 0.20) mean underestimation of mEI by 10%,
with a range between underestimation of 71% to overesti-
mation of 89% (Fig. 1).

There were no patterns of increase or decrease of rEI
with each additional dietary recall entry, and there was a
non-significant continuous decline in rEI for each addi-
tional dietary recall when entries completed under free-
living conditions were assessed separately (Supplemental
Fig. 3). There were no significant differences in rEI com-
pleted in-clinic vs free-living conditions (Supplemen-
tal Fig. 3). Similarly, there were no consistent trends in
reporting ratios (tfEmEE and rEI:mEI) across repeated
entries (Supplemental Table 1). Therefore, rEI entries and
reporting ratios analyses were not stratified by in-clinic
versus free-living setting nor by the ordinal number of
recalls.

Assessment of implausible rEl

Crossing entries, Kappa statistics ranged from 0.49 to
0.79 for the first 5 entries (p-value <0.0001, data shown
in Supplemental Table 2), indicating moderate to sub-
stantial agreement between the two methods. The
sensitivity and specificity for the first 5 entries were con-
sistently above 0.85 (Supplemental Table 3), indicating
excellent discriminating ability of Method 2. Both report-
ing ratio methods showed a significant negative correla-
tion with body weight (Table 2). Although the rEI:mEE
and rEI:mEI were strongly correlated with each other
(r=0.837, p< 0.01), both were significantly different (p=
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Table 1 Participant characteristics

Variable All (n=39) Male (n=13) Female (n=26) p-value

N (%) +SD N (%) +£SD N (%) +SD

Age Age 60.6 £6.9 599+15 61+7 0.653

Race White 12 +(30.8) 5(385) 7(26.9) 0515
Black 13(33.3) 2(154) 11 (42.3)
Asian 8(20.5) 4(30.8) 4(154)
More than 1 race 3+(7.7) 1(7.7) 2(7.7)
Unknown 3(7.7) 1(7.7) 3(7.7)

Ethnicity Hispanic 8(21) 1(7.7) 7(26.9) 0.264
Not Hispanic 31(79) 12(92.3) 19 (73.1)

Anthropometrics Height (cm) 166.3 +9.8 176.0+74 161.5+6.9 <0.01
Weight (kg) 921 +214 102.7 £18 86.8+21.3 0.014
BMI (kg/m?) 33.1+64 33+4 33275 0.551
Waist circumference (cm) 1079 +£15.2 1145+133 1046 +£15.2 0.055
Fat mass (kg) 384+143 349+116 40.1+154 0.283
Fat mass (%) 413+87 334+6.2 452 +£69 0.015
2-week weight change -02+10 -01+£12 -02+09 0.740
2-week fat mass change -01+08 0.1+06 —-02+09 0.289

Dietary recall rEl (kcals) 1884.9 £632.6 2039.3+630.3 1807.7 £619.3 0.101

DLW measurements mEE (kcals) 2407.22 +£524.9 2786.2 +689.9 2217.7 £279.7 0.006
meEl (kcals) 2240.6 +685.2 27054 +7574 2008.2 £5194 0.001

Nonparametric data was compared using the Mann U Whitney test, and parametric data was compared with the student t-test. The significance is shown in bold. Fat
mas (kg) measured by quantitative magnetic resonance (QMR), and fat mass (%) measured as: (Fat Mass/Body Weight) x 100

Abbreviations: BMI Body mass index, DLW Doubly-labeled water, mEE Measured energy expenditure, mEl Measured energy intake, rEl Reported energy intake

0.02). The Bland—Altman plot demonstrated a systematic
bias between rEI:mEE and rEI:mEI ratios, with a mean
difference of 0.09 (95% CI: — 0.25 and 0.42). The differ-
ence between both ratios increased with higher meas-
urement values, a pattern that suggests lower agreement
between the two methods at higher ratios (Fig. 2).

With Method 1, the CV g in our dataset was 0.34, d
was 4.77, CVgg was 0.19, CV, g was 0.03, and the result-
ing 1SD cutoff was 0.25. With Method 2, the CV ; and
d were the same as defined in Method 1, CV_;; was
0.07, and the resulting 1SD cutoff was 0.17. The percent-
age of participants in plausible and over-reporting cat-
egories differed depending on which method cutoff was
used. When Method 1 was applied, 40.3% (75 entries)
were categorized as plausible, and 10.2% (19 entries) as
over-reported, while these percentages changed to 26.3%
(49 entries) and 23.7% (44 entries) when Method 2 was
applied. The percentage of under-reported entries did
not vary significantly: 49.5% (92 entries) and 50.0% (93
entries) for Method 1 and Method 2, respectively.

Relationship of average El data with anthropometric
measures before and after exclusion of implausible recalls
After cutoffs were applied, plausible entries data was
available for further analyses in 27 participants (8

males, 19 females). There was a consistent significant
positive relationship between mEI with weight and
BMI in all participants (males and females combined).
These relationships remained significant for weight,
but not BMI, when males and females were analyzed
separately. In contrast, there were no significant rela-
tionships between rEI},,; and anthropometric meas-
urements. After the cutoffs were applied, the slopes of
the rElj\priopy; and rElpprpopy Were closer to the
fit line found between mEI and anthropometric meas-
ures. A significant positive relationship with weight
was maintained using the rEljypryop; for all partici-
pants combined, as well as for males and females. A
significant positive relationship with weight using the
rEl\jpTHOD) remained significant when all participants
and females were analyzed, but not in males. A signifi-
cant positive relationship with BMI was maintained
using the rElpryopy) for all participants and females.
A significant positive relationship with BMI using the
rEl\jprHopy) remained significant when all partici-
pants were analyzed, but not in analyses stratified by
sex. Lastly, although the relationship between mEI
and FM was not significant, the relationship between
rEl\iprHop1) and FM was significant when all partici-
pants combined and females were analyzed, and the
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Energy expenditure vs energy intake

5000 4

4500

4000

3500 °

3000 -

2500

Calories (kcal)

2000

1500 -

1000 4

500

B mEe @ mEl O rEI
Fig. 1 Box plots of measured energy expenditure (mEE), measured energy intake (mEl), and average reported energy intake (rEl). The median value

is indicated by the horizontal line, and the mean value is marked with an

within each box. The whiskers represent the minimum and maximum

values excluding outliers. Outliers are shown as individual points outside of the boxes. The sign test was used to compare non-parametric paired

variables

Table 2 Correlations between reporting ratios with sex, age and
anthropometric measurements

Variable rEl:mEE ratio rEl:mEl ratio
Coeff p value Coeff p value

Sex 0.089 0.588 0.176 0.283
Age (years) -0018 0915 0.043 0.793
Weight (kg) -0332 0.039 -0378 0.018
BMI (kg/mz) —0.204 0212 -0210 0.200
Fat mass (kg) —0.156 0342 —-0.129 0433
Fat mass (%) 0.037 0.823 0.075 0.649

Point-biserial correlation is used to assess relationships between dichotomous
variables and continuous variables. Pearson’s and Spearman’s correlations were
performed to assess relationships between parametric and non-parametric
variables. Fat mas (kg) measured by quantitative magnetic resonance (QMR),
and fat mass (%) measured as: (Fat Mass/Body Weight) x 100

Abbreviations: BMI Body mass index, kg Kilograms, mEl Measured energy intake,
mEl Measured energy expenditure, rEl Reported energy intake

relationship between rEljryopy and FM was signifi-
cant for all participants combined only (See Fig. 3 for p
values).

To assess the degree of bias elimination after the exclu-
sion of implausible recalls using Method 1 and Method

2, we calculated the percentage of remaining bias. A bias
reduction was observed in corrected rEI for weight, BMI
and FM using Method 1 (dff= 49.5%, 60.2% and 51.0%,
respectively) and Method 2 (df= 24.9%, 56.9% and
24.7%, respectively). These results reveal a higher reduc-
tion using Method 2 for all measures, except BM], in all
participants combined as well as separate analyses for
men. Although we did not expect a complete elimina-
tion of bias using either method, the bias remained for
all participants when using both methods, and an over-
correction was seen for females in BMI and FM using
Method 1 (df=—- 10.1% and — 108.6%, respectively),
and FM using Method 2 (df=— 36.3%). Moreover, bias
was greater for weight in females using Method 1 (dff=
294.6%), however, a higher bias was also present, albeit
lower, with Method 2 (dfs= 152.7%) (Table 3).

Discussion

In this study, our data highlight the inherent value in eval-
uating self-reported EI plausibility against objective mEI
(Method 2), instead of mEE (Method 1), and reinforces
the existing research that consistently demonstrates the
inaccuracies of EI assessments using self-report meth-
ods [3, 7, 52, 67-71]. Small changes in weight and FM
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were evident for all participants, despite instructions
to maintain habitual dietary intake during the 2-week
assessment, therefore a significantly lower mEI than

mEE was seen in this group. While the baseline assess-
ment involved no intervention, participants were moni-
toring their diet with dietary recalls and real-time meal
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Table 3 Linear regression coefficients of the measured energy intake (mEl) and reported energy intake (rEl) before and after cutoffs

were applied

Group Predictor meEl rEl rEl (Method 1) rEl (Method 2)
Coeff Coeff  Bias Coeff  Bias Remaining bias, %  Coeff  Bias Remaining bias, %
All Weight (kg) 21.65 13.05 —8.60 17.39 —4.26 4953 19.51 -2.14 24.88
BMI (kg/mz) 48.78 41.84 - 094 44.60 —4.18 60.23 4483 —-3.95 56.92
Fatmass (kg)  21.01 14.36 —6.65 17.62 -339 50.98 19.37 - 164 24.66
Males Weight (kg) 3440 1.88 —3252 27.77 —6.63 20.39 28.34 - 6.06 18.63
BMI (kg/m?) 11330  13.02 —10028 9493 -1837 1832 8322 —-3008 3000
Fat mass (kg) 44.46 242 —42.04 39.50 —4.96 11.80 41.03 —343 8.16
Females Weight (kg) 1542 13.77 - 1.65 10.56 —4.86 294.55 12.90 —-252 15273
BMI (kg/m?) 29.00 4223 13.23 2767 -133 —10.05 2933 033 249
Fat mass (kg) 16.39 19.17 278 13.37 —-3.02 —108.63 15.38 —-1.01 —36.33

Estimated regression coefficients from linear regressions of mEl and rEl before cutoffs and after cutoffs were applied. The El variables were used as independent
variables, and the anthropometric outcomes were used as dependent variables. To assess bias reduction, the coefficient of rEl after cutoffs were applied, were
subtracted from the mEl coefficient. The bias reduction was computed subtracting the rEl (before and after cutoffs were applied) coefficient from the mEl coefficient.
The percentage of remaining bias was computed dividing the methods bias by the raw rEl bias and multiplied by 100

Abbreviations: BMI Body mass index, kg Kilograms, mEl Measured energy intake, mEl Measured energy expenditure, rE/ Reported energy intake

tracking of meal timing. The weight and FM changes may
be attributed to day-to-day variability in body water at
different measurement periods [72], or the effects of self-
monitoring on behavior, as previous research suggests
that lower rEI can reflect a genuine reduction in energy
consumption to a certain extent, rather than intentional
misrepresentation [3].

There was moderate to substantial agreement between
the two methods using the Kappa statistics, and sensitiv-
ity and specificity for the first 5 entries (the number of
entries completed by most participants), were consist-
ently above 85%, indicating excellent discriminating abil-
ity of Method 2. While the ratios derived from Method
1 (rfELmEE) and Method 2 (rEI:mEI) were strongly cor-
related with each other, discrepancies were evident,
particularly at higher ratios. Approximately 50% of the
entries were under-reported with the use of both cut-
offs, however, only 10% were classified as over-reported
with Method 1, and 24% were classified as over-reported
with Method 2. Therefore, the application of Method
2 was comparable to Method 1 in the identification of
under-reported entries, yet Method 2 detected more
over-reported recalls that would otherwise have been
classified as plausible by Method 1. We compared rEI
by ASA24, a method that outperforms other self-report
tools [71, 73], against objective measures of EE, shown
to have the highest negative and positive predictive value
[37, 38, 44]. With a 25% cutoff for the rELLmEE ratio,
Method 1 aligns with previous findings [37, 38, 74], and
the rates of under- and over-reporting were within the
published ranges of 20-70% and 2-10%, respectively
[37, 38, 74, 75]. The choice of either mEE or mEI to vali-
date rEI impacts the classification of recalls categorized

as plausible, under- or over-reported, and the novel
method may have identified more over-reported entries
as it accounts for changes in body weight and FM during
the measurement period. The systematic bias observed
between methods at higher ratios underscores the need
for using objective methods to measure EI when inter-
preting reporting ratio data. Energy requirements can be
underestimated [76], therefore, methods that compare
rEl against mEE [77] overlook inadvertent reductions in
EI during self-monitoring periods [3].

To calculate the ratios in Method 1, a value specific to
the dataset being analyzed can be used; however, previ-
ous studies often employed the standard CV ; of 23%
and CV_ ; of 8.2%, or a combination of standard values
and the studied dataset [66, 78]. A strength of our study
is the use of group-specific values, thereby eliminating
arbitrary assumptions. Moreover, we introduced the use
of the mEI cutoff that uses the CV ;. Our CV g of 34%
is comparable to previous work where CV ; is approxi-
mately 23-30% [52, 74, 79]. Our CV g was 3%, and
while this is approximately half of what previous works
have used for EI assessment [66, 80, 81], our CV is within
the general reports of variation for EE by DLW [42, 82].
This disparity emphasizes the utility of a dataset-specific
approach and the incorporation of updated DLW vari-
ability as methodological advancements with this meas-
urement occur.

Our findings also show a consistent and significant
association between mEI with weight and BMI, sup-
porting the notion that higher energy requirements are
needed to maintain energy balance in individuals with
greater body mass and composition [30, 64, 65]. Signifi-
cant relationships were also observed between mEI and
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weight for men and women. In contrast, rEI,,,; showed
no significant relationships with anthropometric meas-
ures. These findings support prior literature suggesting
that self-reporting energy intake without adjustments
cannot adequately capture true EI [24, 50, 51]. How-
ever, the application of both cutoff methods resulted in
significant associations between plausible recalls and
anthropometric measurements when men and women
were evaluated in combined analyses. For body weight,
significant associations between plausible recalls and
weight were present in men when Method 1 cutoff was
used, but not with Method 2 cutoff. In contrast, signifi-
cant associations were present for women when both
Method 1 cutoff and Method 2 cutoftf were applied.
The improved associations between body weight and
rEl indicate that the measurement error associated
with self-report energy intake is attenuated when both
method cutoffs are applied. Therefore, to measure the
degree of bias reduction, we quantified the remaining
bias from the rEl\;eryop1) and rElppropy by sub-
tracting its estimates from the rEI ;.

The use of Method 2 resulted in a larger reduction of
bias for most measures compared to Method 1. Method
2 only resulted in significant associations between
rEl\erHoD2) @nd anthropometric measurements when
all participants were considered. However, after stratify-
ing by sex, there were associations with rElj\ryopy) and
weight in women only. This may be attributed to a reduc-
tion of statistical power due to higher sample losses.
Nonetheless, a trend to significance was present in all
cases, except BMI associations in men. Moreover, the
remaining bias in weight was the highest in the entire
group and stratified data, and while both methods
effectively reduced bias, neither eliminated it entirely.
Furthermore, we observed instances of increase or over-
correction of bias using both methods, and while Method
2 mitigated those instances to some extent, bias per-
sisted. Ejima et. al 2019 had previously demonstrated that
the use of Goldberg cutoffs does not always eliminate
bias [66], with a remaining bias in weight of 56.1%. In
our study, weight bias was reduced by nearly half (49.5%)
with the use of a high-performance standard method
[44], and further reduced (24.9%) with the use of a novel
cutoff method.

There was a significant association between lower
reporting ratios and higher weight with the use of both
cutoff methods. However, we found no associations with
BM]I, sex, nor age. This is contrary to previous work [41,
48, 51, 53, 71], which reported associations between
under-reporting and BMI, female sex, and older age.
Our small sample size, a skewed sex distribution (female
sex comprised two-thirds), and well-defined cohort
with a narrow age and BMI ranges could explain these

Page 10 of 13

discrepancies, as previous work often included larger
populations with greater heterogeneity in both BMI and
age, as well as a more even distribution of sexes.

This study introduces methodological advancements
and offers new insights into what we know about the
plausibility of self-reported caloric intake. We addressed
the limitations of previous research, in which the BMR or
mEE were used, and introduced the potential to use mEI
as a personalized option to interpret self-reported dietary
intake data. Important strengths of this study include
multiple ambulatory rEI, use of QMR and consideration
of sex differences to assess small changes in body com-
position. Previous work validated energy balance assess-
ment by DLW in controlled feeding using body weight
or dual-energy x-ray absorptiometry [54]. There are
limitations to acknowledge, the small sample size with
specific inclusion criteria of individuals with overweight
or obesity may not be generalizable to different popula-
tions. This limitation was exacerbated when the cutoffs
were applied and sample losses probably led to reduced
statistical power, however, this weakness was minimized
by using dataset-specific CV. The measurements of mEE
and mEI using DLW and QMR (or other proxies of FM
change, such as DXA) is costly and not feasible in large
scale studies, however, for studies that do have meas-
urements of DLW, weight change could be considered
to estimate mEI for assessment of dietary plausibility,
instead of relying on mEE and assuming energy balance.
Similarly, the identification of dietary plausibility can
occur throughout all levels of reporting, even in plausi-
ble reports, therefore, nutrient intake cannot be assumed
to be correct in plausible recalls identified with either
method. Furthermore, although DLW is the gold stand-
ard to measure free-living EE, the method is not entirely
resistant to small measurement errors, and given that
the mEl is in part calculated by mEE, any measurement
errors of mEE be incorporated in overall mEI as well.
While QMR offers a precise measure of FM, the use of
FFM for mEI calculations can introduce inaccuracies,
as FFM includes all non-adipose tissue, including free,
intra-cellular and extra-cellular water, which contributes
to BMR [83]. Day-to-day variability in body water [72]
could also explain some of the changes in weight and
FM over the measurement period. To reduce errors due
to variability in total body water during QMR measure-
ments, participants were asked to avoid water intake for
12 h prior to the QMR measurements.

Conclusion

In conclusion, the implementation of cutoffs based on
objectively measured EI demonstrated greater accu-
racy and provided a more reliable estimate of plausible
dietary recalls by eliminating under- and over-reported
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entries, though this method, while reducing bias, does
not completely eliminate it. Nevertheless, even with-
out the application of data removal by this approach,
reporting the rEI:mEI ratio remains a valuable option
for a systematic assessment of the degree of misreport-
ing and a comprehensive interpretation of published
diet and health outcomes data. Further research is nec-
essary to validate this new approach in larger popula-
tions of varying age, body weight and physical activity.
This new approach could be used to identify plausible
intakes using 95% predictive limits, similar to recent
work using a newly-developed pEE equation [48], and
assess how both of these novel methods compare. While
using pEE and mEE has advantages, identifying energy
intake with DLW, if feasible, remains a more sensible
option to reduce assumptions about energy balance.
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ASA24® Automated Self-Administered 24-h® Dietary Assessment Tool
BMR Basal metabolic rate

cv Coefficient of variation

DLW Doubly-labeled water

EB Energy balance

ES Energy stores

AES Changes in energy stores

FM Fat mass
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