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Abstract
Background Eligibility criteria for bariatric surgery (BS) are
based on BMI and the presence of major comorbidities. Our
aim was to analyze the usefulness of body adiposity determi-
nation in establishing the indication for BS.
Methods In order to analyze the cardiometabolic risk accord-
ing to eligibility criteria for BS, four groups were studied.
Morbidly obese patients with BMI ≥40 kg/m2 (n=360), and
obese subjects with BMI ≥35 kg/m2 and at least one comor-
bidity (n=431), represented two groups of patients meeting
original NIH criteria for BS. A third group included two co-
horts of patients with a high body fat (BF)% that do not meet
the original NIH eligibility criteria for BS: patients with either
a BMI <35 kg/m2 or a BMI ≥35 kg/m2 without comorbidities

(n=266, NEHF). Lean subjects by BMI were the reference
group (n=140). BMI, BF% and markers of insulin sensitivity,
lipid profile, and cardiovascular risk were measured.
Results Individuals from the NEHF group exhibited increased
HbA1c (P<0.05) and decreased insulin sensitivity evidenced
by a significant reduction in QUICKI (P<0.001). Triglyceride
concentrations were similarly increased (P<0.05) in the three
groups of obese patients. Uric acid concentrations were sig-
nificantly elevated (P<0.01) to a similar extent in the obese
groups. Levels of the inflammatory marker CRP and hepatic
enzymes were significantly increased in the three obese
groups.
Conclusion The present study provides evidence for the exis-
tence of an adverse cardiometabolic profile in subjects
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currently considered to be outside traditional NIH guidelines
but exhibiting a highly increased adiposity. It is concluded that

body composition analysis yields valuable information to be
incorporated into indication criteria for BS and that adiposity
may be an independent indicator for BS.

Keywords Obesity . BMI . Bariatric surgery . Eligibility
criteria . Adiposity . HbA1c . Cardiometabolic risk

Introduction

The prevalence of obesity is increasing dramatically world-
wide [1]. This circumstance has fostered a greater understand-
ing of the mechanisms that regulate body weight and energy
homeostasis [2]. Excess adiposity increases the risk of devel-
oping type 2 diabetes [3], cardiovascular disease (CVD) [4],
non-alcoholic fatty liver disease [5], sleep apnea [6], other
respiratory alterations [7], and cancer [8, 9], which translates
into increased health expenses [10] and leads to higher mor-
bidity and reduced life expectancy [11]. A huge body of evi-
dence supports that the increased dysregulated adipose tissue

Table 1 Anthropometric characteristics and blood pressure of subjects included in the study

Lean NEHF BMI 35–40 comorb BMI ≥40 P

Male

n 35 108 194 158

Age (years) 43±12 49±14 48±13 47±8 0.059

Weight (kg) 72±8 100±13*** 112±10***,††† 136±20***,†††,‡‡‡ <0.001

BMI (kg/m2) 23.0±2.1 33.5±2.8*** 37.2±1.4***,††† 45.5±5.7***,†††,‡‡‡ <0.001

Body fat (%) 17.5±6.1 42.6±3.3*** 40.4±4.5***,†† 45.7±5.1***,†††,‡‡‡ <0.001

Waist (cm) 86±7 113±7*** 120±7***,††† 136±11***,†††,‡‡‡ <0.001

SBP (mm Hg) 115±13 124±15* 131±14***,†† 135±16***,††† <0.001

DBP (mm Hg) 71±8 78±9** 82±9***,†† 85±11***,††† <0.001

Female

n 105 158 237 202

Age (years) 47±11 47±12 47±13 49±10 0.508

Weight (kg) 57±7 87±11*** 96±8***,††† 118±16***,†††,‡‡‡ <0.001

BMI (kg/m2) 21.8±2.1 33.8±2.7*** 37.2±1.4***,††† 46.2±5.5***,†††,‡‡‡ <0.001

Body fat (%) 29.2±4.9 52.4±2.3*** 50.9±4.0***,†† 56.2±4.5***,†††,‡‡‡ <0.001

Waist (cm) 77±7 105±9*** 112±7***,††† 127±11***,†††,‡‡‡ <0.001

SBP (mm Hg) 107±13 120±13*** 126±15***,†† 132±17***,†††,‡‡‡ <0.001

DBP (mm Hg) 67±8 76±8*** 78±9*** 82±11***,†††,‡‡‡ <0.001

Data are mean±SD. Differences between groups were analyzed by one-way ANOVA followed by Scheffé’s post hoc tests

NEHF non-eligible high-fat, BMI body mass index, DBP diastolic blood pressure, SBP systolic blood pressure
*P<0.05
**P<0.01
***P<0.001 vs lean
††P<0.01
†††P<0.001 vs NEHF
‡‡‡P<0.001 vs BMI 35–40 comorb

Fig. 1 Levels of HbA1c are increased in obese patients from the NEHF
group. Box represents interquartile range and median inside, with
whiskers showing 10/90 percentiles. Differences between groups were
analyzed by one-way ANOVA. *P<0.05, **P<0.01, and ***P<0.001 vs
lean. ††P<0.01 vs NEHF and ¶P<0.05 vs BMI 35–40 comorb. NEHF
non-eligible high-fat
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lies at the heart of the development of most of the cardiomet-
abolic comorbidities in relation to the favoring of lipid accu-
mulation as opposed to lipolysis [12–14].

When lifestyle modification and pharmacologic treatment
of obesity fail, the surgical treatment should be considered
[15]. Bariatric surgery is the most effective strategy for achiev-
ing significant and sustainable long-term weight loss [16]
ameliorating type 2 diabetes [17–19], decreasing cardiovascu-
lar events [20], and reducing long-term mortality [16, 21].
Classically, obese patients eligible for bariatric surgery are

those with a BMI ≥40 kg/m2 or with a BMI ≥35 kg/m2 ac-
companied by at least one life-threatening comorbid condition
such as type 2 diabetes or CVD [22]. Nevertheless, the recent-
ly updated clinical practice guidelines for bariatric surgery
reflect the therapeutic potential of the surgical approach also
for patients with a lower BMI who have increased cardiomet-
abolic risk factors in spite of the lower body weight [23, 24].
However, BMI is only a surrogate measure of body fatness
and does not provide an accurate measure of body composi-
tion [25–28]. Noteworthy, obesity is defined medically as an

Table 2 Glucose and lipid profiles of subjects included in the study

Lean NEHF BMI 35–40 comorb BMI ≥40 P

Male

n 35 108 194 158

Fasting glucose (mg/dL) 93±10 104±29 112±33* 119±44**,‡ <0.001

2-h OGTT glucose (mg/dL) 87±35a 143±56 146±57 168±63* 0.003

Fasting insulin (μU/mL) 7.2±3.4 14.4±8.4 17.3±8.6* 25.2±16.5***,†††,‡‡‡ 0.001

2-h OGTT insulin (μU/mL) 48.1±17.7b 122.2±72.4 129.1±74.4 121.2±67.0 0.097

HbA1c (%) 5.6±0.4 6.7±1.4* 7.2±1.6** 7.6±1.5***,†† 0.005

QUICKI 0.361±0.030 0.328±0.036*** 0.314±0.028***,†† 0.297±0.024***,†††,‡‡‡ <0.001

Triglycerides (mg/dL) 83±37 131±63* 161±92***,† 153±87*** <0.001

Cholesterol (mg/dL) 182±39 198±42 194±38 192±39 0.224

LDL-cholesterol (mg/dL) 110±34 123±38 119±34 117±35 0.300

HDL-cholesterol (mg/dL) 55±15 50±13 44±12***,††† 43±11***,††† <0.001

Leptin (ng/mL) 5.3±2.4 26.3±12.8** 22.8±12.4** 37.9±18.8***,†††,‡‡‡ <0.001

Female

n 105 158 237 202

Fasting glucose (mg/dL) 91±12 95±17 101±21** 107±30***,††† <0.001

2-h OGTT glucose (mg/dL) 107±35a 127±38 141±48* 152±50**,†† <0.001

Fasting insulin (μU/mL) 6.0±3.3 10.2±6.1 16.1±13.3***,††† 17.0±10.3***,††† <0.001

2-h OGTT insulin (μU/mL) 50.5±27.6b 92.6±62.5 109.5±72.5** 105.9±62.3** <0.001

HbA1c (%) 5.9±0.5 6.3±1.5 6.4±1.2 7.0±1.6 0.058

QUICKI 0.380±0.041 0.351±0.042*** 0.325±0.035***,††† 0.318±0.032***,††† <0.001

Triglycerides (mg/dL) 71±29 108±63*** 126±61*** 125±79*** <0.001

Cholesterol (mg/dL) 194±36 211±42* 204±45 200±40 0.007

LDL-cholesterol (mg/dL) 109±32 125±36** 125±39** 121±33 <0.001

HDL-cholesterol (mg/dL) 70±19 64±17* 54±15***,††† 54±15***,††† <0.001

Leptin (ng/mL) 15.0±9.4 49.2±19.6*** 50.3±22.6*** 61.5±23.9***,†††,‡‡‡ <0.001

Data are mean±SD. Differences between groups were analyzed by one-way ANOVA followed by Scheffé’s post hoc tests

NEHF non-eligible high-fat, OGTT oral glucose tolerance test, HbA1c glycated hemoglobin, QUICKI quantitative insulin sensitivity check index
*P<0.05
**P<0.01
***P<0.001 vs lean
†P<0.05
††P<0.01
†††P<0.001 vs NEHF
‡‡‡P<0.001 vs BMI 35–40 comorb
a n=5 and n=19 for men and women, respectively
b n=5 and n=20 for men and women, respectively
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excess accumulation of body fat (BF) to the extent that health
may be adversely affected [29].

Therefore, the aim of the present study was to analyze the
usefulness for bariatric surgery indication of adiposity deter-
mination in relation to increased cardiometabolic risk com-
pared to BMI-based criteria.

Methods

Study Population

We conducted a cross-sectional analysis of 2921 Caucasian
subjects (1682 females/1239 males), aged 18–70 years with

similar socioeconomical characteristics including patients vis-
iting the Department of Endocrinology and Nutrition and the
Department of Surgery of the Clínica Universidad de Navarra
(Pamplona, Spain) for weight loss treatment as well as hospi-
tal and University staff undergoing an annual routine health
check-up with complete body composition, blood pressure,
diabetic status, and lipid profile analyses between 2006 and
2012. All patients were weight-stable for the previous
3 months. In order to analyze the cardiometabolic risk in the
different groups depending on eligibility criteria for bariatric
surgery, four groups were established. The first two groups
comprised patients eligible for bariatric surgery according to
original NIH criteria [24, 30], i.e., morbidly obese subjects
with BMI ≥40 kg/m2 (n=360, 202 women and 158 men),

Table 3 Markers of inflammation and hepatic function of subjects included in the study

Lean NEHF BMI 35–40 comorb BMI ≥40 P

Male

n 35 108 194 158

Uric acid (mg/dL) 5.3±1.5 6.4±1.4** 6.6±1.4*** 6.6±1.3*** <0.001

CRP (mg/L) 0.8±0.5 3.2±2.0* 5.6±7.9*** 9.1±10.9***,†††, ‡‡ <0.001

Fibrinogen (mg/dL) 247±89 315±55 337±70 362±82* 0.001

WBC, 106 cells/mL 6.0±2.4 7.0±1.8 7.3±1.8* 7.5±2.3** 0.002

ALT (U/L) 15±8 26±22* 31±18*** 34±19***,† <0.001

AST (U/L) 15±6 16±6 18±9 19±9*,† 0.002

AST/ALT ratio 1.13±0.46 0.72±0.25*** 0.65±0.21*** 0.63±0.18***,† <0.001

ALP (U/L) 69±26 92±61 82±29 80±34 0.031

γ-GT (U/L) 20±13 34±29 38±49 37±27 0.061

Female

n 105 158 237 202

Uric acid (mg/dL) 3.7±1.0 4.7±1.1*** 5.1±1.3*** 5.5±1.4***,†††,‡ <0.001

CRP (mg/L) 1.0±1.5 7.7±7.0*** 9.2±11.4*** 11.4±9.8***,‡‡ <0.001

Fibrinogen (mg/dL) 301±53 375±66 368±78 384±82 0.039

WBC, 106 cells/mL 5.7±1.6 6.5±1.7 7.1±1.8** 7.5±4.0***,†† <0.001

ALT (U/L) 13±8 19±13** 20±12*** 19±12*** <0.001

AST (U/L) 13±6 14±6 15±7 14±7 0.271

AST/ALT ratio 1.12±0.30 0.87±0.28*** 0.83±0.25*** 0.81±0.25*** <0.001

ALP (U/L) 63±28 86±35*** 94±32*** 89±34*** <0.001

γ-GT (U/L) 13±10 26±34*** 24±24** 23±18** <0.001

Data are mean±SD. CRP concentrations were logarithmically transformed for statistical analysis. Differences between groups were analyzed by one-
way ANOVA followed by Scheffé’s post hoc tests

NEHF non-eligible high-fat,CRPC-reactive protein,WBCwhite blood cell,ALTalanine aminotransferase,ASTaspartate aminotransferase,ALP alkaline
phosphatase, γ-GT γ-glutamyltransferase
*P<0.05
**P<0.01
***P<0.001 vs lean
†P<0.05
††P<0.01
†††P<0.001 vs NEHF
‡P<0.05
‡‡P<0.01 vs BMI 35–40 comorb
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and obese patients with BMI ≥35 kg/m2 and at least one co-
morbidity (n=431, 237 women and 194 men). A third group
included patients with a BMI <35 kg/m2 but with a morbidly
obese adiposity (BF%>50 % in women and >40 % in men),
or individuals exhibiting a BMI ≥35 kg/m2 without comorbid-
ities and a BF% within the obesity range (>35 % in women

and >25 % in men) [n=266, 158 women and 108 men, both
classified together as the non-eligible high-fat (HF) group,
NEHF]. Subjects classified as lean by BMI exhibiting a
BF% lower than 35 % in women and 25 % in men (n=140,
105 women and 35 men) were included as the reference (lean)
group. The final sample encompassed 1197 individuals from

Fig. 2 Cardiometabolic risk is
increased in obese patients from
the NEHF group. Box represents
interquartile range and median
inside, with whiskers showing
10/90 percentiles. Differences
between groups were analyzed by
one-way ANOVA followed by
Scheffé’s post hoc tests. *P<0.05,
**P<0.01, and ***P<0.001 vs
lean. †P<0.05 and †††P<0.001 vs
NEHF, and ¶P<0.05 and
¶¶P<0.01 vs BMI 35–40 comorb.
AST aspartate aminotransferase,
ALT alanine aminotransferase.
NEHF non-eligible high-fat

1598 OBES SURG (2015) 25:1594–1603



the four groups (702 women and 495 men). To further analyze
the influence of adiposity, we performed an additional analy-
sis stratifying individuals with same BMI value and compar-
ing those on the lower half vs those on the upper half of
adiposity followed by correlation analysis between metabolic
parameters and BF% as well as BMI in the whole sample (n=
2,921). Comorbidities were considered as having previously
diagnosed type 2 diabetes or an elevated fasting plasma glu-
cose, systolic blood pressure (SBP) ≥130 or diastolic blood
pressure (DBP) ≥85 mm Hg or treatment of previously diag-
nosed hypertension, circulating triglyceride concentrations
≥150 mg/dL or medication for this lipid abnormality, or low
HDL-cholesterol concentrations <40 mg/dL in males and
<50 mg/dL in females. All subjects were non-smokers. Pa-
tients with signs of infection were excluded. The experimental
design was approved, from an ethical and scientific stand-
point, by the Hospital’s Ethical Committee responsible for
research, and the study was performed in accordance with
the ethical standards as laid down in the 1964 Declaration of
Helsinki and its later amendments. Informed consent was ob-
tained from all individual participants included in the study.

Anthropometric Measurements

The anthropometric and body composition determinations as
well as the blood extraction were performed on a single day.
Height was measured to the nearest 0.1 cm with a Holtain
stadiometer (Holtain Ltd., Crymych, UK), while body weight
was measured with a calibrated electronic scale to the nearest
0.1 kg with subjects wearing a swimming suit and cap. Waist
circumference was measured at the midpoint between the iliac
crest and the rib cage on the midaxillary line. Blood pressure
was measured after a 5-min rest in the semi-sitting position
with a sphygmomanometer. Blood pressure was determined at
least 3 times at the right upper arm, and the mean was used in
the analyses. The presence of hypertension was defined by a
SBP ≥130 mm Hg or DBP ≥85 mm Hg.

Body Composition

Body density was estimated by air displacement plethysmog-
raphy (Bod-Pod, Life Measurements, Concord, CA, USA).
Data for estimation of body fat by this plethysmographic
method has been reported to agree closely with the traditional
gold standard hydrodensitometry underwater weighing [26].
Percentage of body fat was estimated from body density using
the Siri equation.

Laboratory Procedures

Blood samples were collected after an overnight fast in the
morning in order to avoid potential confounding influences
due to hormonal rhythmicity. Plasma glucose and insulin

was analyzed as previously described [31]. An indirect mea-
sure of insulin sensitivity was calculated from the fasting plas-
ma glucose and insulin concentrations by using the quantita-
tive insulin sensitivity check index (QUICKI). HbA1c was
measured by high-performance liquid chromatography in an
Automatic Glycohaemoglobin Analyzer ADAMS™ A1c HA-
8160 (Arkray, Kyoto, Japan). Total cholesterol and triglycer-
ide concentrations were determined by enzymatic spectropho-
tometric methods (Roche, Basel, Switzerland). High-density
lipoprotein (HDL-cholesterol) was quantified by a colorimet-
ric method in a Beckman Synchron® CX analyzer (Beckman
Instruments, Ltd., Bucks, UK). Low-density lipoprotein
(LDL-cholesterol) was calculated by the Friedewald formula.
Leptin was quantified by a double-antibody RIA method
(Linco Research, Inc., St. Charles, MO, USA); intra-and in-
ter-assay coefficients of variation were 5.0 and 4.5 %, respec-
tively [32].

Uric acid, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), and γ-
glutamyltransferase (γ-GT) were measured by enzymatic tests
(Roche) in an automated analyzer (Roche/Hitachi Modular
P800). High-sensitivity C-reactive protein (CRP) was mea-
sured using the Tina-quant CRP (Latex) ultrasensitive assay
(Roche). Fibrinogen concentrations were determined accord-
ing to the method of Clauss using a commercially available kit
(Hemoliance, Instrumentation Laboratory, Barcelona, Spain).
White blood cell (WBC) count was measured using an auto-
mated cell counter (Beckman Coulter, Inc., Fullerton, CA,
USA).

Statistical Analysis

Data are presented as mean±standard deviation (SD). Dif-
ferences between groups were analyzed by one-way
ANOVA or by two-way ANOVA, as appropriate. If an in-
teraction in the two-way ANOVAwas detected, Student’s t
test was performed to detect the difference between low and
high adiposity. Correlations between two variables were
computed by Spearman (ρ) correlation coefficient. Differ-
ences in proportions or number of subjects with hyperten-
sion were assessed by using χ2. CRP concentrations were
logarithmically transformed, because of their non-normal

�Fig. 3 Cardiometabolic risk markers are higher in individuals in the
upper half of adiposity vs the lower half of adiposity independently of
BMI.With this distribution, the upper half exhibited a mean BF% of 44.0
±8.2 % (n=1461), while the lower half (n=1460) showed amean BF%of
38.1±9.6 % (P<0.0001). Box represents interquartile range and median
inside, with whiskers showing 10/90 percentiles. Differences between
groups were analyzed by two-way ANOVA. If an interaction in the
two-way ANOVA was detected (AST/ALT ratio), Student’s t test was
performed to assess differences between individuals with low vs high
adiposity. *P<0.05 main effect of body adiposity by two-way ANOVA.
QUICKI quantitative insulin sensitivity check index, CRP C-reactive
protein, AST aspartate aminotransferase, ALT alanine aminotransferase
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distribution. The distribution of other variables was ade-
quate for the application of parametric tests. The calcula-
tions were performed using the SPSS version 15.0.1 (SPSS,
Chicago, IL, USA). A P value lower than 0.05 was consid-
ered statistically significant.

Results

As expected, subjects from the “BMI ≥40” and “BMI 35–40
comorb” groups exhibited a higher BMI than those from the
NEHF group, but BF% in the latter was significantly higher
(P<0.01) than in patients from the “BMI 35–40 comorb”
group (Table 1). SBP and DBP were significantly higher in
the three obese groups compared to the lean one, although
mean values were higher in the “BMI 35–40 comorb” and
“BMI ≥40” groups. In line with this, the prevalence of hyper-
tension were significantly higher in the NEHF group (38 and
19 % in men and women, respectively) compared to the lean
group (14 and 8 %; P<0.01 and P=0.010 vs NEHF), being
more prevalent in the “BMI 35–40 comorb” (69 and 49 %)
and “BMI ≥40” (70 and 58 %) groups.

Individuals from the NEHF group showed higher HbA1c
(P<0.05) as compared to the lean subjects, while no differences
were observed with the “BMI 35–40 comorb” group (Fig. 1).
In addition, they exhibited features of insulin resistance. Plasma
glucose levels were within the glucose intolerance range in
males, insulin concentrations were almost twice the levels of
those of leans in both genders, and the QUICKI index, a sur-
rogate marker of insulin sensitivity, was significantly lower
(P<0.001) in men and women (Table 2). Triglyceride concen-
trations were similarly increased in all three groups of obese
patients, as compared to the lean controls (Table 2 and Fig. 2).
Total cholesterol levels were unchanged inmen and significant-
ly higher (P<0.05) only in the NEHF group in women. Levels
of LDL-cholesterol were not modified in men and significantly
higher (P<0.01) in the NEHF and “BMI 35–40 comorb”
groups in women. Leptin concentrations were similarly raised
(P<0.01) in the NEHF and “BMI 35–40 comorb” groups, as
compared to the lean controls, being further increased
(P<0.001) in the “BMI ≥40” group.

Uric acid concentrations were significantly elevated
(P<0.01) to the same extent in the three obese groups in
men, while in women they were raised (P<0.001) in the
NEHF and “BMI 35–40 comorb” groups, being further in-
creased (P<0.05) in the “BMI ≥40” group (Fig. 2 and Table 3).
Levels of the inflammatory marker CRP were significantly
higher in all three obese groups, with the morbid obesity
group exhibiting the highest levels (Fig. 2). Liver function
was altered in the three obese groups in both genders with
ALT concentrations being similarly increased in all obese
groups in men, while in women, ALT, ALP, and γ-GT con-
centrations were significantly higher (P<0.01) in the three

obese groups as compared to the lean individuals but without
differences among them. The AST/ALT ratio has been proven
to have discriminatory capacity for the differential diagnosis
of liver diseases with a ratio<1 being suggestive of the pres-
ence of non-alcoholic fatty liver disease [33, 34]. In this sense,
the AST/ALT ratio was significantly lower in the three obese
groups as compared to the lean individuals.

After stratifying individuals from the whole sample within
different BMI ranges and different adiposity, we found that
cardiometabolic risk markers were significantly worse in the
subjects with a high adiposity as compared with individuals
with a low adiposity (Fig. 3). Furthermore, both BF% and
BMI were significantly correlated with most of the studied var-
iables, being the association with BF% higher than the associ-
ationwith BMI for several cardiometabolic riskmarkers such as
glucose 2 h after the OGTT, fibrinogen,WBC, and ALP in men
and SBP, DBP, total- and LDL-cholesterol, fibrinogen, AST,
ALP, and γ-GT in women (Supplementary Table 1).

Discussion

Obesity represents a body fat excess, with the amount of this
excess correlating with comorbidity development [26, 28, 29,
35]. While BMI is the most frequently used tool for the diag-
nosis and classification of obesity, it is only a surrogate mea-
sure of body fatness and does not provide an accurate measure
of body composition [26, 27]. Importantly, BMI cannot ade-
quately discriminate the cardiometabolic risk at the individual
level and, in this sense, we have recently shown that body fat
determination may be very useful for better characterizing
individuals with increased cardiometabolic risk due to excess
adiposity [25–27, 36].

The present study shows that, in fact, obese patients with a
BMI <35 kg/m2 or with a BMI ≥35 kg/m2 without comorbid-
ities but with a high BF% exhibit a cardiometabolic profile
similar to those patients with morbid obesity (BMI ≥40 kg/m2)
or a BMI between 35 and 40 kg/m2 and comorbidities. We
have previously shown that excess adiposity but not excess
body weight is the real culprit of many obesity-associated
complications [26] and, therefore, BF% rather than BMI
should be considered in the decision-making algorithm based
on its relation to the adverse cardiometabolic profile. More-
over, HbA1c was similarly increased between obese subjects
with a BMI <35 kg/m2 or with a BMI ≥35 kg/m2 without
comorbidities but with a high BF% (NEHF group) and those
patients with a BMI between 35 and 40 kg/m2 and comorbid-
ities, suggesting that their glycemic homeostasis is equally
impaired. Given that bariatric surgery improves dyslipidemia,
hyperuricemia, inflammation, and liver function [31, 37], all
important components of the constellation of increased risk
factors accompanying obesity, these patients with a high
BF% irrespective of BMI with an increased cardiometabolic
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risk would certainly benefit from the surgical approach. In
addition, improvements in glucose and lipid metabolism fol-
lowing bariatric surgery have been reported to correlate with
fat mass changes [38]. Moreover, since several lines of evi-
dence suggest that BMI is of limited use for bariatric surgery
prioritization and preoperative BMI does not predict the sur-
gical effect on outcomes [39], the proven benefits on detri-
mental cardiometabolic risk factors should be therefore put in
front given that these obese patients with high adiposity ex-
hibit similarly deranged cardiometabolic features leading to
increased risk than those that are currently eligible for
bariatric/metabolic surgery.

The effectiveness of bariatric surgery in the context of the
management of obese patients not only for weight loss but,
beyond that, also for the resolution or improvement of
obesity-associated comorbidities has changed tremendously
the view of the potential application of the surgical approach
in recent years [40]. However, eligibility criteria for both bar-
iatric and metabolic surgery are still BMI-based. Our study
provides evidence for the benefit of incorporating body fat
determination to better identify those obese patients which
would benefit from the weight loss and metabolic changes
following bariatric/metabolic surgery.

The large body of knowledge gained so far on the highly
significant, reproducible, and long-lasting improvement or re-
mission of metabolic alterations following the surgical ap-
proach comparing bariatric surgery with non-surgical inter-
ventions [17–19, 40, 41] supports taking management deci-
sions focused more on functional determinations informing
about the cardiometabolic risk rather than heavily relying on
BMI-centric recommendations. Moreover, the metabolic im-
provement takes place via the activation of physiological
mechanisms that go beyond weight loss [42]. In this sense,
several studies have reported a safe and effective improvement
or resolution of diabetes in type 2 diabetes obese patients with
a BMI between 30 and 35 kg/m2 [43–46]. Furthermore, bar-
iatric surgery exhibits notable beneficial effects not only on
the resolution of type 2 diabetes but also in the amelioration of
other life-threatening comorbidities associated with obesity.
Importantly, bariatric surgery is also effective for the improve-
ment or resolution of other relevant obesity-related comorbid-
ities such as dyslipidemia, hypertension, or sleep apnea in
subjects not meeting the original NIH eligibility criteria for
bariatric surgery [30, 47]. Accordingly, in a recent update of
clinical practice guidelines for bariatric surgery, it is indicated
that patients with BMI of 30–34.9 kg/m2 with type 2 diabetes
or metabolic syndrome may also be offered a bariatric proce-
dure [23]. However, the actual cardiometabolic risk factor
profile of these patients has not been considered in detail.

One potential limitation of our study pertains to the gener-
alizability to other populations. This study was conducted in
Caucasian subjects and needs to be extended to other popula-
tions to determine whether race differences yield different

correlations to the cardiometabolic risk factors. However, it
is expected that in both Asiatic and African-American indi-
viduals, similar findings are obtained, especially taking into
consideration the higher visceral adiposity observed in these
populations for a given BMI [48].

In summary, the present study provides evidence for the
existence of a similar adverse cardiometabolic profile in sub-
jects with a BMI <35 kg/m2 or with a BMI ≥35 kg/m2 without
comorbidities but with a high adiposity compared to morbid
obese patients. Since excess adiposity is the main culprit of
many obesity-associated complications, these patients at an
increased cardiometabolic risk would also benefit from the
positive effects of the surgical approach. It is our belief that
these novel findings are of clinical relevance in the manage-
ment of non-morbidly obese individuals who already exhibit
derangements in glucose and lipid metabolism which increase
their cardiometabolic risk and struggle to reduce their weight
and control their risk profile via conventional means. It is
concluded that body composition analysis yields valuable in-
formation to be incorporated into bariatric/metabolic surgery
selection algorithms more in line with evaluating the cardio-
metabolic risk profile of the patient.
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