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ABSTRACT

Objective: It is not clear whether binge eating (BE) behavior is associated with body composition independently
of body mass index (BMI). Our aim has been to evaluate the BMI-independent contribution of BE severity and BE
status on the total amount of fat mass and abdominal fat distribution in a large sample of participants.

Method: We performed a cross-sectional study among 8524 participants followed at a nutritional center.
BMI and waist circumference (WC) were measured, body fat (BF) was estimated by skinfold measurement,
and abdominal visceral (VAT) and subcutaneous (SAT) adipose tissues were measured by ultrasonography.
BE was assessed using the Binge Eating Scale (BES). The association between the continuous BES score (BE
severity) and adiposity was assessed in the whole sample after adjustment for BMI and other confounders.
The effect of BE status on adiposity was also assessed by matching binge eaters (BES > 18), for sex, age,
and BMI, with non-binge eaters (BES < 18).

Results: We found that 17.7% of the participants were binge eaters. Continuous BES score was associated
with increasing WC (0.03 cm, 95% confidence interval [Cl], 0.02 to 0.05 every 1 BES unit, p < 0.001) and
decreasing BF (0.01%, 95% Cl, —0.02 to —0.00 every 1 BES unit, p = 0.003). No association was found
between BE severity and VAT and SAT. After matching, the BF of binge eaters was 0.29% (95% Cl, —0.50 to
—0.07, p = 0.01) lower than that of non-binge eaters.

Conclusions: Given the very small effect size, BE severity and status are not associated in a biologically
meaningful manner with BF content and distribution.
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Introduction episodes and the food consumed being highly palatable and

typically high in sucrose and fat (3,4). Both obesity and the
excessive consumption of such foods are risk factors for meta-

Approximately 17% of individuals starting a weight loss or main-
tenance program engage in binge eating (BE) (1), a behavior char-

acterized by eating in a discrete period of time an amount of food
that is definitely larger than what most people would eat in a sim-
ilar period of time under similar circumstances, accompanied by a
sense of lack of control over eating (2). According to the Diagnos-
tic and Statistical Manual of Mental Disorders, Fifth Edition, when
such behavior occurs at least once weekly for 3 months without
compensatory behavior, it is to be considered a binge eating disor-
der (BED) (2). BE is also a characteristic behavior of other eating
disorders like bulimia nervosa, binge/purge anorexia nervosa, and
other specified feeding or eating disorder (2). Women, young peo-
ple, and people with obesity are at greater risk for BE (1).
Compared to non-binge eaters, binge eaters have a higher
risk of obesity as the result of excess energy intake during binge

bolic abnormalities. Several cross-sectional and longitudinal
studies focused on the metabolic consequences of BE have
shown that binge eaters are at greater risk for both cardiometa-
bolic risk factors like dyslipidemia, hypertension, and impaired
fasting glucose and chronic diseases like diabetes (5-10). How-
ever, whether this increased risk is attributable to BE behavior
or is only a consequence of the greater prevalence of overweight
and obesity in binge eaters remains a controversial and debated
issue (11,12).

The total amount of fat mass and its abdominal distribution,
as visceral adipose tissue (VAT) and subcutaneous adipose tis-
sue (SAT), are known risk factors for cardiometabolic disease
(13-15). Most studies show that VAT contributes more to
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cardiometabolic risk than SAT (13-15). However, information
about the body composition of binge eaters is limited. Indeed,
it is not known whether binge eaters have a different fat mass
amount and distribution than non-binge eaters with similar
body mass index (BMI). An evaluation of the BMI-independent
relationship between BE and total and abdominal fat is useful
to understand whether binge eaters have a body composition
different from that of non-binge eaters, which could predispose
them to greater cardiometabolic risk.

Our study was aimed at evaluating the contribution of BE
severity and BE status to fat mass and its abdominal distribu-
tion in a large sample of participants with a wide range of BMI
after adjustment for confounders known to affect both BE and
body composition like sex, age, and nutritional status.

Materials and methods
Study design

We performed a cross-sectional study among 9421 consecutive
Caucasian adults who self-referred to the International Center
for the Assessment of Nutritional Status (University of Milan,
Milan, Italy) between September 2010 and March 2017 in order
to participate in a structured weight loss or weight maintenance
program.

The statistical analysis was conducted using two different

approaches:

Approach 1: Using regression modeling, we studied the
association of BE severity with fat mass and its abdomi-
nal distribution in the whole sample.

Approach 2: Using a case-control design, participants identi-
fied as binge eaters were matched, for sex, age, and BMI,
with non-binge eaters.

Study procedures

On the same day, the participants underwent a clinical exami-
nation, an anthropometric assessment, and an ultrasound mea-
surement of VAT and SAT. A structured interview was
performed to obtain information about marital status, educa-
tion, smoking status, and structured physical activity. The latter
was investigated asking participants the following questions:
“Do you practice any structured physical activity?” and “How
many hours per week do you spend on this activity?” Partici-
pants who spent > 2 hours per week in any structured physical
activity were considered as active (1). All patients completed
the Binge Eating Scale (BES) questionnaire in order to evaluate
the presence of BE (16,17). Excluded from the study were par-
ticipants younger than 18 years; those with diagnosed infective,
neurological, gastrointestinal, cardiac, renal, or pulmonary dis-
ease; those using medications known to cause lipodystrophy
(e.g., steroids and antiretroviral agents); those with scars in the
VAT measurement area; and those who were unable to under-
stand and fill in the questionnaire. From the 9421 participants
initially recruited, we excluded those with missing values on
the BES questionnaire (n = 876, 9%) or on one of the variables
of interest (n = 21). This study was conducted according to the
guidelines laid down in the Declaration of Helsinki, and all pro-
cedures involving human participants were approved by the

ethics committee of the University of Milan (report n. 23/
2016). Written informed consent was obtained from all
participants.

Anthropometric measurements

Anthropometric measurements were collected by trained regis-
tered dieticians following standard guidelines (18). Body weight
(BW, kg) was measured to the nearest 100 g with a column
scale (Seca 700 balance, Seca Corporation) and with partici-
pants wearing only light underwear and after bladder emptying.
Body height (BH, cm) was measured to the nearest 0.1 cm
using a vertical stadiometer. BMI was calculated using the for-
mula: BMI (kg/m®) = BW (kg)/BH” (m®) and classified accord-
ing to the World Health Organization cutoffs (19). Waist
circumference (WC) was measured to the nearest 0.5 cm mid-
way between the lower rib margin and the superior anterior
iliac with a nonstretch tape (18). Skinfold thicknesses were
measured using a Holtain Tanner/Whitehouse Skinfold Calli-
per (Holtain Ltd). Four skinfolds were measured: biceps, tri-
ceps, subscapular, and suprailiac. Each skinfold was measured
3 times and the mean was used for analysis. The intra-observer
variation for the skinfold measurement ranged from 2.5% to
2.9%. Body density and body fat (BF, %) were estimated by
Durnin and Womersley’s (20) and Siri’s formulas (21),
respectively.

Abdominal ultrasonography

Abdominal ultrasonography was performed among fasting par-
ticipants by the same operator using a Logiq 3 Pro instrument
equipped with a 3.5-MHz convex-array probe and with a 7.5-
MHz linear probe (GE Healthcare). VAT and SAT were mea-
sured 1 cm above the umbilicus. The examination was per-
formed at end-expiration and applying a standardized probe
pressure. SAT was measured with the 7.5-MHz linear probe as
the distance between the epidermis and the external face of the
rectus abdominis muscle; VAT was measured with the 3.5-
MHz convex-array probe as the distance between the anterior
wall of the aorta and the posterior surface of the rectus abdomi-
nis muscle (14,22). Each measurement was performed 3 times
and the mean of the 3 measurements was used for analysis. The
within-day intra-operator coefficient of variation for repeated
measures of VAT and SAT in our laboratory is 0.8% (14,15,23).

Psychological assessment

Eating behavior was evaluated using the Italian version of the
BES (16,17). The BES consists of 16 forced-choice questions,
each with a set of 3 or 4 answers. The BES gives a score ranging
from 0 to 46. Participants with a BES score > 18 were identified
as binge eaters (24).

Statistical analysis

Most continuous variables had non-Gaussian distributions, and
all are reported as 25th, 50th, and 75th percentiles. Discrete
variables are reported as counts and proportions. The



association of BE to fat mass and its abdominal distribution was
assessed using two different approaches.

In approach 1, we evaluated the association between the BES
score (continuous) and the outcomes of interest. We used a
generalized linear model (GLM) with a Gaussian family, an
identity link, and robust confidence intervals (CIs). This
method does not assume that the dependent variable is nor-
mally distributed but assumes the normality of residuals
(25,26). Sex (discrete; 0 = female, 1 = male), age (continuous,
years), BMI (continuous, kg/mz), marital status (discrete; 0 =
single, widower, or separated, 1 = married/cohabiting), educa-
tion (discrete; 0 = low degree [diploma or lower degree], 1 =
high degree [graduated or higher degree]), smoking (discrete;
0 = nonsmoker, 1 = ex-smoker, 2 = smoker), and physical
activity (discrete; 0 = no, 1 = yes) were considered as potential
confounders.

In approach 2, we used a case-control design to evaluate the
association between BE status (dichotomous) and the outcomes
of interest. Coarsened exact matching (CEM) (27) was used to
match binge eaters and non-binge eaters on sex (same), age
(same), and BMI (ABMI,,,, = 4+ 0.5 kg/mz). Continuous meas-
urements of binge eaters and non-binge eaters were compared
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using a GLM with a Gaussian family, an identity link, and BE
status (0 = no; 1 = yes) as predictors. Matching was taken into
account using CEM-related weights and robust 95% Cls in all
GLMs. Confounders were included in the models as described
above under approach 1.

Marginal means were obtained from all models. A p value <
0.05 was considered statistically significant. Statistical analysis
was performed using STATA version 12.0 (StataCorp).

Results

Table 1 shows the sociodemographic, anthropometrical, and
lifestyle characteristics of the 8524 participants who met the
inclusion criteria according to the BE status. Table S1 reports
the characteristics of the sample according sex. Overall, 72.2%
of participants were women and 27.8% were men; 21.8% were
normal weight, 38.4% were overweight, and 39.8% were obese.
It was observed that 17.7% of participants were identified as
binge eaters.

Table 2 shows the association between the BES score and the
outcomes of interest. The BES score was significantly associated
with WC and BF. A 1-point increment of the BES score was

Table 1. Sociodemographic, anthropometrical, and lifestyle characteristics of the recruited sample according to binge eating status.

Non-Binge Eaters (n = 7017)

Binge Eaters (n = 1507) Total (n = 8524)

P25 P50 P75 P25 P50 P75 P25 P50 P75
Age (years) 37 47 56 34 43 52 37 46 55
BMI (kg/m?) 253 283 32,0 26.4 29.9 341 254 28.6 324
Waist circumference (cm) 86.4 95.6 106.0 87.5 98.0 107.8 86.5 96.0 106.3
VAT (cm) 33 4.9 73 34 48 6.9 33 49 7.2
SAT (cm) 19 2.6 35 22 3.0 39 2.0 2.7 35
Body fat (%) 328 374 40.9 35.0 39.0 421 331 37.7 41.2
BES score 4 8 12 19 22 26 5 9 15
n % n % n %

Sex

Women 4851 69.1 1303 86.5 6154 722

Men 2166 309 204 13.5 2370 27.8
Age classes

18-19 years 91 13 32 2.1 123 14

20-29 years 640 9.1 201 133 841 9.9

30-39 years 1368 19.5 369 245 1737 204

40-49 years 2029 28.9 455 30.2 2484 29.1

50-59 years 1652 235 284 18.8 1936 22.7

60-69 years 952 13.6 133 8.8 1085 12.7

> 70 years 285 4.1 33 22 318 3.7
BMI classes

Normal weight 1605 229 256 17 1861 21.8

Overweight 2766 394 504 334 3270 384

Obesity 1 class 1788 255 439 29.1 2227 26.1

Obesity 2 and 3 class 858 12.2 308 204 1166 13.7
Marital status

Single 3230 46.0 809 53.7 4040 474

Married 3787 54.0 698 46.3 4484 52.6
Education

Low degree 4072 58.0 951 63.1 5023 58.9

High degree 2945 420 556 36.9 3501 411
Smoking

Nonsmoker 3785 539 771 51.2 4556 534

Ex-smoker 1672 23.8 340 225 2012 23.6

Smoker 1560 223 396 26.3 1956 23.0
Physical activity

No 3826 54.5 903 59.9 4729 55.5

Yes 3191 45.5 604 40.1 3795 445

P25 = 25th percentile; P50 = median/50th percentile; P75 = 75th percentile; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; BES = Binge Eating

Scale; BMI = body mass index.
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Table 2. Association Between BES Score and Amount and Distribution of Body Fat

WC (cm) VAT (cm) SAT (cm) BF (%)
BES score 0.03" 0.00 0.00 —0.01"
[0.02 to 0.05] [—0.00 to 0.01] [—0.00 to 0.00] [—0.02 to —0.00]
Sex (male) 9.34™" 219" —030"" —8.53"™"
[9.08 to 9.60] [2.10 to 2.28] [—0.35 to —0.25] [—8.69 to —8.36]
Age (years) 0.16"" 0.05"" —0.02"" 015"
[0.15 t0 0.17] [0.05 to 0.05] [—0.02 to —0.02] [0.14 t0 0.15]
BMI (kg/m?) 214" 0.28"" 0.14™" 061"
[2.11t0 2.17] [0.27 t0 0.29] [0.14 to 0.15] [0.60 to 0.63]
Marital status (married) 032" 0.04 —0.02 0.53""
[0.08 to 0.56] [—0.04 t0 0.12] [—0.07 t0 0.02] [0.39 to 0.66]
Education (high degree) 047" —0.19""" —0.02 —0.22""
[0.24 to 0.69] [—0.26 to —0.11] [—0.06 to 0.02] [—0.35 to 0.08]
Smoking (ex-smoker) 0.55"" 0.09" —0.04 —0.01
[0.27 to 0.83] [0.00 to 0.19] [—0.09 to 0.01] [—0.17 t0 0.15]
Smoking (smoker) 068" 017" —0.01 —0.22"
[0.41 t0 0.95] [0.08 to 0.26] [—0.06 to 0.04] [—0.39 to —0.06]
Physical activity (yes) —078"" —033"" —0.04 —0.55""
[—1.00 to —0.55] [—0.40 to —0.26] [—0.08 to 0.00] [—0.68 to —0.42]
Constant 23.88"" —569"" —0.27"" 14.69""
[23.03 to 24.73] [—5.96 to —5.43] [—0.43 to —0.12] [14.16 to 15.23]
Observations 8524 8524 8524 8524

Values are regression coefficients and 95% confidence intervals in brackets.

BES = Binge Eating Scale; WC = waist circumference; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; BF = total body fat; BMI = body mass index.

*p < 0.05.*p < 0.01. “*p < 0.001.

associated with an increment of 0.03 cm (95% CI, 0.02 to 0.05)
in WC and with a reduction of 0.01% (95% CI, —0.02 to
—0.00) in BF. No association was found between BE severity
and VAT and SAT.

We then tested whether BE status was associated with fat
mass and its abdominal distribution using a case-control
approach. We performed CEM to match binge eaters and non-
binge eaters for sex, age, and BMI. With this procedure, 1227
binge eaters were matched with 2718 non-binge eaters. As
required by the study design, binge and non-binge eaters were
similar in sex (89.3% vs. 89.3% female), age (43 years, 95% CI,
43 to 44 vs. 43 years, 95% CI, 43 to 44), and BMI (29.3 kg/m?,
95% CI, 29.0 to 29.5 vs. 29.3 kg/mz, 95% CI, 29.1 to 29.5).

Table 3 gives the GLMs used to test whether the amount of
fat mass and the distribution of abdominal adipose tissue dif-
fered between binge and non-binge eaters. BF was 0.29% lower
in binge eaters compared to non-binge eaters. No differences in
VAT and SAT were observed.

The marginal means of the outcomes of interest in function
of the BE status are reported in Table 4.

Discussion

In this study, we evaluated the contribution of BE severity and
BE status on fat mass and its abdominal distribution. We found
that BE severity was associated with WC and BF estimated by
skinfold measurement, but not with ultrasound measurement

Table 3. Association Between Binge Eating Status and Amount and Distribution of Body Fat

WC (cm) VAT (cm) SAT (cm) BF (%)
Binge eating (yes) 0.12 0.05 0.02 —0.29"
[—0.28 t0 0.52] [—0.07 t0 0.17] [—0.05 to 0.09] [—0.50 to —0.07]
Sex (male) 9.58™" 232" —0.28"" —830""
[8.95 t0 10.21] [2.08 to 2.55] [—0.41 to —0.15] [—8.73 to —7.88]
Age (years) 0.16"" 0.05""" —0.02"" 0.16""
[0.14 t0 0.18] [0.04 to 0.05] [—0.02 to —0.01] [0.15t0 0.17]
BMI (kg/m?) 216" 0.26™" 016" 062"
[2.11 to 2.22] [0.25 t0 0.28] [0.15 t0 0.17] [0.59 to 0.65]
Marital status (married) 0.44 0.13 —0.11" 0.25"
[—0.03 to 0.91] [—0.00 to 0.26] [—0.19 to —0.03] [0.03 to 0.47]
Education (high degree) 045" —0.19" 0.01 —0.24"
[0.02 to 0.88] [—0.31 to —0.06] [—0.06 to 0.09] [—0.46 to —0.01]
Smoking (ex-smoker) 071" 0.09 —0.02 —0.20
[0.18 to 1.23] [—0.08 to 0.26] [—0.11 to 0.08] [—0.47 to 0.08]
Smoking (smoker) 0.77"" 0.19" —0.07 —0.49™"
[0.26 to 1.28] [0.05 t0 0.33] [—0.16 to 0.03] [—0.76 to —0.21]
Physical activity (yes) —0.29 —0.20" —0.08 —0.46""
[0.71 t0 0.13] [—0.32 to —0.08] [—0.16 to 0.00] [—0.69 to —0.23]
Constant 23.447 —5.12™ —0.77"" 1416
[21.83 to 25.05] [—5.60 to —4.64] [—1.07 to —0.48] [13.22t0 15.10]
Observations 3945 3945 3945 3945

Values are regression coefficients and 95% confidence intervals in brackets.

WC = waist circumference; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; BF = total body fat; BMI = body mass index.

*p < 0.05."p < 0.01. “*p < 0.001.



Table 4. Body Fat Amount and Distribution of Abdominal Adipose Tissue in Func-
tion of Binge Eating Status

WC (cm) VAT (cm) SAT (cm) BF (%)
Non-binge eaters 95.2 49 3.0 38.2
[950t095.5] [48t050] [29t03.0] [38.0t038.3]
Binge eaters 953 49 3.0 379
[950t095.6] [49t050] [29t03.0] [37.7t038.1]
Observations 3945 3945 3945 3945

Values are predicted means and 95% confidence intervals in brackets obtained
from multivariable generalized linear models.

WC = waist circumference; VAT = visceral adipose tissue; SAT = subcutaneous
adipose tissue; BF = total body fat.

of VAT and SAT. It should be noted, however, that the effect
size was very small, with a theoretical maximal difference
between BES extremes of 1.4 cm for WC and 0.5% for BF.
Moreover, when we compared binge eaters to non-binge eaters,
the two groups differed only by 0.3% in BF. These statistically
significant associations, which are lower than the measurement
errors, are presumably caused by the large sample size (28) and
are not of biological interest.

We obtained these results using two different approaches.
The first approach allowed us to study the relationship between
BE severity and adiposity parameters. The evaluation of rela-
tionships between continuous variables via a regression model
avoids loss of information and power and is more biologically
plausible than more or less arbitrary dichotomization (29).
Nevertheless, a clinical audience may be more interested in
knowing the differences attributable to BE status. Therefore, we
have included a comparison between the two groups using a
case-control design, controlling for known confounders influ-
encing both BE and body composition.

Our findings agree with those of a previous study per-
formed among a small sample of obese women (30). The
authors found no difference in the anthropometric measure-
ments and body composition between binge eaters and non-
binge eaters and attributed this lack of relationship to the
limited range of weight considered in the study (30). We
found that, even increasing the BMI range (from normal
weight to severe obesity), there is no difference in the
amount of fat mass between the two groups. However, these
results disagree with the findings of a previous work con-
ducted among obese persons with BED, who had greater
amounts of fat mass compared to obese persons without
BED (31). This discrepancy may be explained by the fact
that the authors focused on persons affected by BED, while
BE is a behavior common in different eating disorders.
Concerning abdominal adipose tissue, a longitudinal study
found that women with a greater percentage of abdominal
fat, measured by dual-energy x-ray absorptiometry, were at
the highest risk for loss-of-control eating, one of the fea-
tures of BE (32). However, we did not find any association
of BE severity or status with the ultrasound measurements
of VAT and SAT, similar to a previous cross-sectional study
that found similar VAT and SAT areas between binge eaters
and non-binge eaters (6). In addition to confirming, in a
larger sample, that BE status does not affect body composi-
tion, our study shows that there is no relationship between
the severity of BE and the total amount of fat mass and the
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thickness of VAT and SAT. Thus, there is no apparent pat-
tern of body fat that would seem to place binge eaters at
increased risk for metabolic abnormalities and chronic dis-
eases as compared with non-binge eaters. This confirms the
results of our previous work focused on assessing the rela-
tive contribution of BE to major cardiometabolic risk fac-
tors (12). Previous cross-sectional and longitudinal studies
have reported a higher risk of dyslipidemia, hypertension,
impaired fasting glucose, and diabetes in binge eaters com-
pared to non-binge eaters (5-10). However, some of these
studies did not consider BMI as a confounding factor. On
the contrary, our study showed that after adjusting for
nutritional status and some lifestyle variables, there was no
association between BE severity and metabolic parameters,
and binge eaters had the same cardiometabolic risk as non-
binge eaters (12). Therefore, we speculate that BE increases
the risk of obesity and this, in turn, increases cardiometa-
bolic risk.

The main strength of this study is its large sample size.
To the best of our knowledge, this is the largest study
focused on assessing the association between BE and body
composition. Second, different from previous studies that
focused only on the contribution of BE status, we first
tested the relationship between BE severity and adiposity
parameters. Third, when we assessed the contribution of BE
status, we matched binge eaters and non-binge eaters for
sex, age, and BMI. This allowed better control of the con-
founders. Finally, we did not limit our analysis to fat mass
but also investigated the effect of BE on the distribution of
abdominal adipose tissue.

However, our study is not free of limitations. First, its cross-
sectional nature does not allow the establishment of a cause—effect
relationship. Second, we conducted the study in participants seek-
ing a weight loss or maintenance program, and this could affect
the generalizability of our results. Third, we did not use gold stan-
dard methods for the evaluation of total and abdominal fat. How-
ever, anthropometric measurements, skinfold measurement, and
ultrasonography are the most used techniques in clinical practice
and epidemiological studies. Fourth, BE was assessed using only a
self-reported questionnaire, without a structured interview. This
may have led to a less accurate identification of cases of BE. Fifth,
we did not include some confounders in our analysis—for exam-
ple, income—that may be associated with BE. Finally, as in any
observational study, potential residual confounding could not be
ruled out.

Conclusion

Binge eaters do not appear to have a different nutritional phe-
notype compared to non-binge eaters. Both total fat mass and
abdominal fat distribution are similar between groups, suggest-
ing the same cardiometabolic risk. However, the screening and
the treatment of BE are issues of clinical relevance for the pre-
vention of obesity and its metabolic comorbidities.
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