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Objective: Weight stigma is associated with poor dietary
adherence, yet adherence is essential for weight loss and
maintenance. This study aimed to determine differences in
dietary adherence and perceived hunger between lean in-
dividuals and two groups of individuals with obesity.
Methods: In a 6-week outpatient dietary intervention (23
males; aged 48 [SD 14] years), lean participants (n=23; BMI
23 [SD 2] kg/m?) received a weight-maintaining energy needs
(WMEN) diet, and participants with obesity (BMI 36 [SD 7])
were randomized to either WMEN (n=18) or a 35% calorie-
reduced (CR) diet (n=19). All food was provided, and multi-
ple adherence and hunger ratings were assessed daily and
weekly on an outpatient basis and in person at twice-weekly
visits (e.g., 24-hour recall, diaries).

Results: Weight decreased more in the group of CR individu-
als with obesity (3=-0.301 kg/wk, P=0.02) compared with
the group of lean individuals and the group of WMEN indi-
viduals with obesity. However, total percent adherence did
not differ between groups (P=0.60), and hunger scores did
not change across groups over time (P=0.08).

Conclusions: Results indicate that there are no differences
in dietary adherence between lean individuals and individuals
with obesity and adherence is not associated with adiposity
or hunger. Thus, the belief that nonadherence (e.g., lack of
willpower) is unique to obesity is untrue and may perpetuate
weight bias and stigma.
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Introduction

I Susanne B. Votruba!, Colleen Venti!, Barbara Lovato-Morales’, Scott Engelz,

Study Importance

What is already known?

» Weight stigma is associated with poor dietary
adherence.

» Dietary adherence is a critical aspect of successful
weight loss, and greater dietary adherence has previ-
ously been associated with greater weight loss.

What does this study add?

» Dietary adherence did not differ between lean indi-
viduals and individuals with obesity or between those
with obesity on a weight-maintaining versus a calorie-
reduced diet.

» Hunger ratings also did not differ between lean indi-
viduals and both groups of individuals with obesity
and were not associated with adherence.

How might these results change the direction of
research of the focus of clinical practice?

» The belief that nonadherence and lack of willpower
are unique behaviors that characterize individuals
with obesity is untrue and may perpetuate weight bias
and stigma.

» Designing models to measure and predict adherence
that are not influenced by weight bias is crucial to the
development of successful dietary interventions.

and among these individuals,>50% at 2 years and>75% at 5 years fail

to maintain weight loss (2).

Between 50% and 58% of adults with obesity in the United States are

Adherence, defined as the “extent to which patients follow instructions
given to them for prescribed treatments,” is essential for achieving suc-
cessful health outcomes (3). Nonadherence is a primary treatment barrier

attempting to lose weight (1). Yet successful weight reduction and
maintenance remain elusive for most dieters. The annual probability of
achieving a 5% reduction in body weight is approximately one in eight,
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for most medical conditions, and rates of nonadherence are substantially
higher for lifestyle prescriptions and behaviorally demanding regimens (4).

Dietary adherence is critical for successful initial weight loss and long-
term weight maintenance (5), and it is the most likely explanation for the
observed low efficacy of low-calorie diets, even after considering metabolic
adaptations to weight loss (6). Greater adherence to multiple treatment
components results in greater weight loss (7-12). However, factors that
underlie adherence are not well understood, especially whether individuals
with obesity manifest greater difficulty with dietary adherence compared
with lean individuals. Previous literature has reported differences in cogni-
tive function between lean individuals and individuals with obesity. Thus,
it is possible that increased adiposity is associated with differences in deci-
sion-making, which may affect adherence (13). Furthermore, in regard to
calorie restriction, it is not known whether it is a dietary prescription itself
(even when given to maintain weight) that affects adherence (13). To our
knowledge, no study to date has examined dietary adherence in lean indi-
viduals or in comparison with individuals with obesity. The aim of the
current study was to determine differences in dietary adherence between
lean individuals and two groups of individuals with obesity assigned to dif-
ferent dietary prescriptions (weight-maintaining energy needs [WMEN]
diet vs. calorie-reduced [CR] diet). We also investigated differences in
perceived hunger across groups and whether adherence scores would be
associated with weight loss in the CR group.

Methods

Participants

From May 2013 to March 2018, 100 nondiabetic individuals aged 18 to
70 years were recruited from the greater Phoenix, Arizona, metropolitan
area via advertisement to participate in a 6-week outpatient dietary inter-
vention program. Screening, eligibility, and analyzed data are reported
in the CONSORT (Consolidated Standards of Reporting Trials) diagram

(Figure 1A) (ClinicalTrials.gov identifier: NCT01862796). A total of 100
individuals were screened and assessed for eligibility, 30 were determined
ineligible, 9 did not complete the run-in phase, and 61 were determined
eligible and included in the study. All participants were healthy based on
medical history, physical examinations, and laboratory tests; weight sta-
ble (z 2%) for the last 3 months; and had BMI < 25 kg/m? (lean) or > 30
kg/m? (obesity). Of the 61, a total of 24 with BMI < 25 were included in
the lean group while the remaining 37 participants were randomized to
either a CR or WMEN diet. One of the twenty-four participants in the
lean group was excluded from all analyses because study staff were in-
formed he had been taking medication outlined in the exclusion criteria.
Prior to participation, participants were informed of the nature, purpose,
and risks of the study and they provided written informed consent. The
protocol (Figure 1B) was approved by the Institutional Review Board of
the National Institute of Diabetes and Digestive and Kidney Diseases.

Study design

Baseline visits. During the first baseline visit, participants completed
the MacArthur Scale of Subjective Social Status (14) to assess subjective
socioeconomic status, and body composition was determined by dual-
energy x-ray absorptiometry (DPX-L; Lunar Radiation, Madison,
Wisconsin). WMEN were calculated for each participant based on the World
Health Organization equation for weight, height, sex, and results from the
Physical Activity Recall questionnaire (15-17). Participants met with a
study counselor to review the WMEN dietary prescription (20%, 30%, and
50% of daily calories provided as protein, fat, and carbohydrate). All food
items were provided by our metabolic kitchen, primarily as prepackaged
meals and snacks for the participants to take home (Supporting Information
Tables S1-S2). They were given 4 days of food and dietary instructions to
eat only the foods provided, consume no additional foods, maintain current
levels of physical activity, and keep track on a self-monitoring food record
form. During the first week, and prior to randomization, participants were

A
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Excluded (n=39)
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® Did not complete run-in
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’ Obese WMEN (n=18) ‘ ’ Obese CR (n=19)

Analyzed (n=23)
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Figure 1 (A) CONSORT diagram. (B) Study protocol design.
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weighed at two outpatient baseline visits. If their weight changed by +2%,
their WMEN was adjusted by 200 kcal accordingly.

Outpatient visits (6 weeks). During the first outpatient visit,
participants with obesity were stratified by sex and age using a block
design and then randomized by an investigator who was not a part of
the study to receive either a 35% underfeeding (CR) diet or continue
their WMEN diet. Lean participants continued their WMEN diet.
Participants and study staff were aware of group allocation following
randomization. Participants were provided with 4 days of food, and the
dietary instructions were repeated. Additionally, they were trained to
use a smartphone system for momentary data collection. Weight and
blood pressure were obtained at each visit, and meals were picked up
two times per week. Participants met with the study counselor one time
per week to collect food records and assess dietary adherence.

Adherence assessments at weekly in person visits. Following
their weekly counselor meeting, a 24-hour food recall was conducted
by a different staff member (to avoid bias). Participants also completed
a computerized survey in private, which consisted of a similar 24-hour
recall with prompts and additional questions to assess hunger levels and
liking of the provided food.

Subjective hunger ratings. Hunger was assessed in three different
ways during the in-person visit: (1) the counselor asked participants to rate
their overall level of hunger over the past week on a 5-point Likert scale
(1=low hunger, 5=high hunger); during the computer survey, participants
were asked to rate (2) current hunger levels and (3) hunger levels over
the past week compared with usual (before starting the study) based on
a 5-point Likert scale (1 =not at all hungry; much less hungry compared
with usual, S=extremely hungry; much hungrier compared with usual).
Pearson correlation coefficients revealed that the three hunger measures
were highly correlated and therefore a single hunger score was created by
taking the average of the three hunger score measures at each of the six
visits for a total of six average hunger score ratings for each participant.

Outpatient adherence assessments. Further adherence assessments
outside of the in-person visits were measured as follows:

1. A member of the study staff called participants one time per
week at random to conduct a 24-hour food recall via phone.

2. Ecological momentary assessment (EMA) using a smartphone data
collection system called ReTAINE (https://retaine.org/) was used to
reflect repeated, real-time (momentary) assessment in the partici-
pants’ natural environment (18). Signal contingent recording occurred
at semirandom times two times per day: once between 8 AM and 3 PM
and once between 3 pm and 9 M. When signaled, participants were
asked, “Since the last time you were signaled, have you eaten any-
thing?”, “If yes, did you eat the study food provided to you?”, “If no,
which food didn’t you eat?”, “Did you eat anything else (in addition
to the food provided)?”, and “If yes, what did you eat?”.

Postintervention visit. During the final visit of the 6-week
outpatient study, participants repeated laboratory tests, DXA, and
behavioral questionnaires and provided a final adherence measurement
via computer survey.

Scoring adherence
Adherence was the primary outcome of interest and was coded as a binary
variable: O points if nonadherent and 1 point if adherent. Assessments

Dietary Adherence and Obesity Stinson et al.

included attendance at each of the two weekly appointments (12 possible
points over the course of study) and being on time (+ 15 minutes) for the
once-weekly counselor appointment (6 points possible). Four additional
measures were assessed one time per week, including (1) food diaries,
(2) 24-hour recall in-person interview, (3) computer survey, and (4)
24-hour outpatient telephone recall. Adherence points for each of these
assessments were awarded for (1) completing the assessment, (2) eating
all food provided, and (3) not eating any additional foods, totaling 18
possible points over the course of the study.

EMA recordings. There were two signaled assessments per day,
and adherence points were awarded for (1) completing the EMA, (2)
eating all the food provided, and (3) not eating any additional foods,
totaling 6 possible points per day. EMA weekly scores were divided by
7 to obtain average daily scores, allowing participants to earn 36 total
possible points over the course of the study.

Total adherence score. The scores of all variables were summed
to calculate a total adherence score, which was then divided by 126
(total points possible) to derive a total percent adherence score for
each participant. A more detailed description and example of the
scoring algorithm can be found in the online Supporting Material and
Supporting Information Table S3.

Statistical analysis

Power calculations performed prior to starting the study determined that
60 participants (20 per group) had greater than 90% power with an o of
0.05 to detect a clinically meaningful, pairwise difference (mean [SD])
of 3.5 (6.0) adherence points per week between the groups. The total
number of points earned per week was 21; we assumed that the group
of CR individuals with obesity would be 62% adherent (equivalent to 13
adherence points/wk) (19). All statistical data analyses were preplanned
and performed using SAS Enterprise Guide (version 7.1; SAS Institute
Inc., Cary, North Carolina) and SPSS Statistics (version 25; IBM Corp.,
Armonk, New York). The a was set at 0.05, and two-sided P values were
reported. Normally distributed data are presented as means (SDs) or with
95% Cls, while skewed data are presented as medians with interquar-
tile ranges. Differences in baseline continuous measures between groups
were evaluated using one-way ANCOVA to adjust for age, whereas group
differences in categorical variables were analyzed using the ¥ test. Paired
t tests were used to assess differences in cholesterol and triglycerides at
baseline and the end of the study within each group. To address multiple
comparisons between the three groups, Tukey post hoc analyses were per-
formed. Associations among baseline variables, adherence measures, and
subjective hunger scores were assessed using Pearson (r) or Spearman (p)
correlation coefficients as appropriate. Differences in total percent adher-
ence by group status (lean and individuals with obesity, WMEN and CR)
were assessed using one-way ANOVA.

A principal component analysis (PCA) (20) was applied to the entire
set of 17 adherence variables to identify groups of correlated vari-
ables, to reduce dimensionality of data, and to produce overall adher-
ence scores for each participant by properly weighing each single
variable. The number of significant principal components (PCs) used
to calculate the individual overall adherence scores (in standard-
ized units) was determined by the scree test criterion of eigenvalues
versus rank and further confirmed statistically by parallel analysis
(21). The varimax rotation (22) was applied to improve the clinical
interpretation of PCs. For each adherence variable included in the
PCA, the Pearson correlation coefficient (PCA loading) was used
to quantify the contribution of that adherence variable to each PC.
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Secondary outcomes were assessed using mixed models to analyze
repeated measures of weight and hunger over time using a first-order
autoregressive covariance structure.

Results

Participant baseline characteristics are described in Table 1. The lean
group consisted of 23 individuals, 18 individuals with obesity were
randomized to the WMEN diet, and 19 individuals with obesity were
randomized to the CR diet. Despite recruitment stratification by BMI,
there was overlap in percent body fat (PFAT) between lean individu-
als and individuals with obesity (Figure 2). However, BMI and PFAT
were significantly lower in the lean group compared with both groups
with obesity (P<0.001) and were not significantly different between
the CR group and the WMEN group (P>0.05). There were no signifi-
cant differences between baseline and the final study visit on measures
of cholesterol or triglycerides within any of the groups (P>0.05).

Adherence scores

Total percent adherence scores did not differ by sex, level of edu-
cation, or subjective socioeconomic status (all P>0.10). Adherence
scores were positively associated with age (r=0.32, P=0.01) but not
with PFAT in the entire sample (r=-0.10, P=0.46) or within each
group (all P>0.05; Figure 2). Total percent adherence scores were
not different between the groups (mean adherence score, lean: 59%
[95% CI: 53%-65%]; WMEN: 54% [95% CI: 47%-61%]; CR: 57%
[95% CI: 50%-64%]; P=0.54; Figure 3 and Supporting Information
Table S5) even after adjustment for age. Results were similar even
after segregating the data by World Health Organization PFAT cri-
teria (23).

PCA

The scree plot and parallel analysis identified three PCs as significant,
together explaining 56% of the total variance in the adherence variables
submitted to PCA (Supporting Information Table S4). Adherence vari-
ables clustered into three components: the first component (explained
variance =30%) was characterized by the following questions regarding
both the EMA and 24-hour phone recall: “participant completed EMA
or 24-hour phone recall,” “ate all study food,” and “did not eat other
food.” The second component (explained variance=14%) clustered
around the following questions regarding the food diary and 24-hour
in-person interview/computer survey: “ate all food” and “did not eat
other food.” Lastly, the third component (explained variance=12%)
clustered around attendance and questions regarding participants’
completion of the food diary/24-hour in-person interview and com-
puter survey. Similarly to the results obtained from analyses of percent
adherence scores, there were no group differences on the three PCA
adherence factors (all P>0.05).

Body weight change

After controlling for baseline weight, age, and sex, the CR group had
a significant decline in body weight over the 6 weeks (p=-0.3 kg/wk,
95% CI: -0.55 to —0.05, P=0.02) compared with lean individuals and
the WMEN group (P>0.05; Figure 4A). The average weight change after
6 weeks was as follows: lean, 0.11 kg (95% CI: —0.03 to 0.24); WMEN,
—0.65 kg (95% CI: —0.88 to —0.42); and CR, —1.46 kg (95% CI: -1.77
to —1.15). We did not observe any effect of adherence score on weight
change over the 6 weeks, both expressed as the absolute weight change
and percent weight change (P>0.05). Results were similar after stratifi-
cation by group (all three P>0.05). Similarly, there was no effect for any
of the three PCA adherence factors on rate of weight change over the 6
weeks (P>0.05).

TABLE 1 Participant demographics

Individuals

Individuals with obesity, with obesity,
Variable All Lean WMEN CR
n 60 23 18 19
Race/ethnicity 5AA, 1A, 29C, 3AA, 1A, 17C 2AA, 3C, 5H, 9C, 2H, 7NA,

8H, 16NA, 1P 1H, INA 8NA 1P

Sex 23m, 37f 9m, 14f 5m, 13f 9m, 10f
Age (y) 48.3 (14.1) 49.7 (12.5) 49.8 (13.1) 45.3 (16.8)
Education (y) 14.0 (2.4) 14.7 (2.0) 13.7 (2.9) 13.4(2.0)
SSS (US) 5.7 (2.2 5.4 (1.8) 5.7 (2.2 6.2 (2.7)
Weight (kg)* 86.1(27.3) 63.9 (8.0) 88.1 (15.3) 111.0 (29.1)
Height (cm)* 166.5 (9.9) 166.9 (8.6) 161.7 (9.4) 170.5 (10.4)
BMI (kg/m?)** 30.9 (8.5) 22.9(1.8) 33.5(4.0) 38.0(8.7)
PFAT (%)** 33.4(9.5) 25.0 (8.4) 37.8 (5.5) 39.4 (5.6)
FM (kg)* 30.0 (15.6) 15.7 (6.5) 33.0(5.9 44.3 (15.5)
FFM (kg)** 55.9 (14.7) 47.7 (8.9) 55.1 (12.9) 66.7 (15.7)
Waist (in)** 39.1 (8.0) 31.6(2.8) 411 3.7) 46.3 (7.5)
WMEN (kcal)* 2,550.5 (619.0) 2,330.4 (421.5) 2,538.9 (543.6) 2,827.9 (785.1)

Race/ethnicity, sex, and n presented as frequencies, while other variables presented as means (SDs).

*P<0.05.
**P<0.01 from ANOVA tests between groups.

A, Asian; AA, African American; C, Caucasian; CR, calorie reduced; f, female; FFM, fat-free mass; FM, fat mass; H, Hispanic; m, male; NA, Native American; P, Pacific Islander;
PFAT, percent body fat; SSS, subjective socioeconomic status (US); Waist, waist circumference; WMEN, weight-maintaining energy needs.
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Figure 3 Total adherence scores (%) between the three groups, lean=59%, individuals
with obesity weight-maintaining energy needs (WMEN)=54%, and individuals with
obesity calorie reduced (CR)=57%, were not significantly different, £=0.60. Error bars
represent the means with 95% confidence intervals.

Subjective hunger ratings

In-person hunger ratings were associated with both computer hun-
ger scores: hunger over the past week (p=0.63, P<0.0001) and hun-
ger ratings at the time of the computer survey (p=0.45, P=0.0003).
Similarly, the computer hunger ratings were correlated with each
other (p=0.53, P<0.0001), indicating that all three of these assess-
ments were measuring the same “hunger” construct. Overall, the lean
group had significantly higher hunger scores compared with the
WMEN group (P=0.02), but hunger scores did not change over the

6 weeks (P=0.08; Figure 4B), and hunger score trajectories were not
significantly different between the three groups. Results were simi-
lar when the three hunger scores were analyzed separately (P>0.05).
Moreover, hunger scores were not associated with adherence scores
in the entire cohort (p=-0.06, P=0.64; Supporting Information
Figure S1) or within each group (P>0.05).

Adverse events
There were no adverse events or unintended effects in any study
participants.

Discussion

In the present study, we found no differences in dietary adherence
among lean individuals and two groups of individuals with obesity as-
signed different dietary prescriptions (WMEN vs. CR). Using PCA, we
identified three independent factors of adherence, which also did not
differ between groups, bolstering our null finding with the aggregate
adherence score. In addition, hunger ratings were similar across all
groups. Most importantly, adherence scores were not associated with
hunger ratings in any group or with the amount of weight lost in the
CR group.

A strength of the current study is that adherence was measured
by combining multiple assessment components. Previous studies
have generally focused on only one component of adherence such
as self-monitoring (10,11,24), attendance (9), or attrition (25-27)
whereas we examined a total of 17 adherence variables, includ-
ing attendance, food diaries, 24-hour in-person food recalls, EMA,
24-hour computer food recalls, and 24-hour phone food recalls.
Moreover, because adherence is a multidimensional construct and
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sex, and baseline weight (weight loss model only) using a first-order autoregressive covariance structure.
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because we assessed adherence in multiple ways, we were able to
perform PCA identifying three independent factors, which can be
broadly grouped as (1) outpatient/phone adherence, (2) in-person
adherence, and (3) attendance adherence. Although the results indi-
cated that there were no significant differences between the three
groups on total adherence (percentage) or the three independent
factors of adherence, the PCA results support the notion that adher-
ence is multidimensional. Furthermore, we demonstrated that the
first PCA component, outpatient/phone adherence, accounted for the

largest portion of variance in adherence scores. Thus, future studies
should address this by weighting the assessment of these items to
more accurately capture adherence.

Although adherence did not differ between the three groups, the CR
group lost weight, as expected. Within this group, weight loss was not
associated with level of adherence, contrary to other studies (7,24).
While interindividual levels of adherence may be important within a
group prescribed calorie restriction (7,9,24), our findings indicated
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that it does not appear to be adiposity or calorie restriction per se that
increases nonadherence. The evidence for this lies, in part, in the lack
of difference in the hunger scores by group across time, indicating that
nonadherence to modest calorie restriction was independent of subjec-
tive hunger. Thus, the nonadherence so commonly observed in weight
reduction programs is not a “hunger” problem but is likely attributable
to other factors that are also observed across various medical condi-
tions. For example, poorer problem-solving skills have been shown
to mediate the relationship between treatment adherence and weight
loss (28,29), while neuroticism was the second strongest predictor of
nonadherence to continuous positive airway pressure treatment for
obstructive sleep apnea (30). Higher levels of neuroticism, lower lev-
els of conscientiousness (31), and poor performance on an everyday
problem-solving questionnaire (32) have been associated with lower
levels of medication adherence. Individuals with obesity who were con-
sidered frequent dieters (e.g., diet resistant) underreported their food
intake by nearly 30% more than a comparison group with obesity who
were not diet resistant (33).

This study has several limitations. First, this was a 6-week study,
enabling us to assess only short-term outcomes. It is possible that
one group may have become less adherent over time, which has been
demonstrated in longer studies (7,34). Second, all our dietary adher-
ence measures were participant-driven assessments. Lastly, the sam-
ple size was small, specifically for the CR group, which decreased
our power to detect a relationship between adherence factors and
weight loss. This study also has several strengths, including the
novel use of multiple measurements completed during both outpa-
tient and inpatient visits in combination with EMA, which measured
daily adherence in real time. We had a high retention rate (87%)
and provided volunteers with prepackaged meals and exact menus.
Combined, these methods provided added accuracy for the overall
measure of adherence.

Conclusion

In our study, we did not observe differences in dietary adherence be-
tween lean individuals and those with obesity who were provided a
WMEN or CR diet. Although we observed weight loss in the CR group,
overall hunger ratings did not differ by group and they were not asso-
ciated with amount of weight lost. These findings have implications
for reducing weight bias and social stigma often faced by individuals
with obesity. The misperception that nonadherence (e.g., lack of will-
power) is uniquely characteristic of individuals with obesity is untrue
and it could be prejudicial. Rather, dietary adherence is similar among
lean individuals, is not associated with increased adiposity, and is not
associated with calorie reduction or hunger. Developing models to mea-
sure and predict adherence that are not influenced by weight bias is an
important next step and is critical to the establishment of successful
dietary interventions.O
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