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Abstract
Background We have investigated the differences between
metabolically “healthy” morbidly obese patients and those
with comorbidities.
Materials and Methods Thirty-two morbidly obese patients
were divided by the absence (“healthy”: DM−DL−) or pres-
ence of comorbidities (dyslipidemic: DM−DL+, or dyslipid-
emic and with type 2 diabetes: DM+DL+). We have studied
various plasma parameters and gene expression adipose tis-
sue, before and after gastric bypass.
Results The group DM+DL+ tends to have lower values than
the other two groups for anthropometric parameters.
Regarding the satiety parameters, only leptin (p=0.0024)

showed a significant increase with comorbidities. Lipid pa-
rameters showed significant differences among groups, except
for phospholipids and NEFA. For insulin resistance parame-
ters, only glucose (p<0.0001) was higher in DM+DL+ pa-
tients, but not insulin or homeostasis model assessment of
insulin resistance (HOMA-IR). The gene expression of
adiponectin, insulin receptor (INSR) and glucose receptor-4
(GLUT4), in the subcutaneous fat, decreased in all groups vs.
a non-obese control. Interleukin-6 (IL6) and the inhibitor of
plasminogen activator type 1 (PAI-1) genes decreased only in
DM−DL+ andDM+DL+, but not in “healthy” patients. Leptin
increased in all groups vs. the non-obese control. The visceral
fat from DM+DL+ patients showed a sharp decrease in
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adiponectin, GLUT4, IL6 and PAI-1. All parameters men-
tioned above improved very significantly by surgery, indepen-
dent of the occurrence of comorbidities.
Conclusions The morbidly obese “healthy” individual is not
really metabolically healthy, but morbidly obese individuals
with diabetes and dyslipidemia are more metabolically
imbalanced.

Keywords Healthy obese . Inflammation .Obesity . Bariatric
surgery . Dyslipidemia . Diabetes

Abbreviations
RYGBP Roux-en-Y gastric bypass
HOMA-
IR

Homeostasis model assessment of insulin
resistance

NEFA Non-esterified fatty acid
TG Triglyceride
TC Total cholesterol
SBP Systolic blood pressure
DBP Diastolic blood pressure
DM Diabetes mellitus
DL Dyslipidemia
HTA Arterial hypertension
PAI-1 Plasminogen activator inhibitor-1
CRP C-Reactive Protein
SAT Subcutaneous adipose tissue
VAT Visceral adipose tissue
CVD Cardiovascular disease

Introduction

For the last decade, scientists have been trying to find the
mechanism that causes some obese people to develop insulin
resistance and type 2 diabetes mellitus (DM), while others
with the same BMI remain “healthy” and do not develop these
comorbidities [1–3]. Generally, metabolically “healthy” obe-
sity describes the absence of any cardio-metabolic disease—
specifically, DM, dyslipidemia (DL) or hypertension
(HTA)—in an individual with BMI≥30 kg/m2. The discor-
dance in the definition is a possible reason for the inconsis-
tencies in the prevalence of metabolic normality reported in
the literature [4]. It is interesting to note that the prevalence of
metabolic normality, defined as the absence of an overt pa-
thology such as DM, HTA or DL, declined from 85 % in
normal-body-weight subjects to 46–48% in obese individuals
and 23 % in morbidly obese individuals, thus suggesting that
an increased body mass index drastically reduces the chances
of being metabolically normal [4].

Our hypothesis is that in the morbidly obese, it is difficult,
or impossible, to consider “healthy” obese patients.

In the present study, we have investigated the differences
among morbidly obese individuals, who were “healthy” or
dyslipidemic, or dyslipidemic and diabetic, before and 1, 6
and 12 months after Roux-en-Y gastric bypass (RYGBP).
First, we established the anthropometric parameters, satiety
factors (leptin, ghrelin and adiponectin), the lipid and insulin
profiles and inflammation parameters in all patients. Second,
we examined the mRNA gene-expression profiles for some
inflammatory factors, such as interleukin-6 (IL-6), TNF-α and
plasminogen activator type 1 (PAI-1); some satiety factors,
such as leptin and adiponectin; and some parameters related to
DM, such as the insulin receptor and glucose receptor-4
(GLUT4). Third, we focused on how HTA and BMI affect
these factors in each group of morbidly obese patients.

Materials and Methods

Patient Selection

A group of 32 morbidly obese patients (23 women and 9 men)
aged between 21 and 61 years who underwent RYGBP sur-
gery were enrolled and followed up at the Hospital de la Vall
d’Hebron in Barcelona, Catalonia, as described elsewhere [5,
6]. Subjects presented the necessary indications for bariatric
surgery: BMI>40 kg/m2 or greater than 35 kg/m2 with at least
one comorbidity (including HTA, Type 2 diabetes mellitus
(DM), dyslipidemia (DL), obstructive sleep apnoea or weight-
induced rheumatologic disease). The diagnostic criteria used
for DM, HTA or DL were according to the National
Cholesterol Education Program [7] and the European
Society of Cardiology [8].

Patients were considered to be “healthy” morbidly obese
patients when we apply the most restrictive criteria of
Wildman et al. [9]. Thus for DM, the threshold was for fasting
plasma glucose ≥100 mg/dL or medically diagnosed DM; the
criteria for HTA was systolic and diastolic blood pressure
(SBP and DBP, respectively), SBP ≥130 mmHg and DBP
≥85 mmHg, and the criteria for DL was TG ≥150 mg/dL,
cLDL ≥110 mg/dL and cHDL <40 and 50 mg/dL for men and
women, respectively, or medically diagnosed DL.

According to those criteria, the patients were divided into
three groups as follows: 10 patients were DM−DL− (the
“healthy” obese group, without type 2 diabetes mellitus
(DM−) or dyslipidemia (DL−), comprising 6 women and 4
men), 15 patients were DM−DL+ (the obese group with
dyslipidemia, comprising 11 women and 4 men), and 7 pa-
tients were DM+DL+ (the obese group with dyslipidemia and
diabetes, consisting of 6 women and 1 man). Regarding
hypertension, 2 patients were hypertensive in the first group,
4 patients in the second and all in the third group.

Blood samples were taken under fasting conditions be-
tween 8:00 a.m. and 10:00 a.m., at the time of surgery (OB
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in Tables and Graphs) and 1, 6 and 12 months after gastric
bypass surgery. Plasma was separated immediately by centri-
fugation, and aliquots were frozen at −80 °C for subsequent
analysis. In obese subjects, subcutaneous abdominal adipose
tissue (SAT) and visceral adipose tissue (VAT) biopsies were
performed during RYGBP. Second and third SAT biopsies
were obtained at 6 and 12 months after bariatric surgery,
respectively. The anaesthetic procedure was standardised for
elective surgery and for the biopsy procedures (1 %
Scandicain was used). Epinephrine was not used. Tissue sam-
ples were quickly minced, frozen in liquid nitrogen and stored
at −80 °C until further analysis.

For the control group (supplemental data Table S1), we
used 23 euthyroid, normal-weighted, normotensive, and non-
diabetic patients (12-h fasting) who underwent elective cho-
lecystectomy at the same time the blood was drawn, and a
subcutaneous abdominal and visceral adipose tissue biopsy
was performed in only seven of the patients.

The study protocol was reviewed and accepted by the
hospital ethics committee conforming to the Declaration of
Helsinki, and all subjects gave their written informed consent
to participate.

Anthropometric and Body Composition Measurements

Bodyweight and waist and hip circumferences weremeasured
according to standardised procedures [10]. The body fat per-
centage, the amount of total, subcutaneous and visceral fat,
was calculated as described previously [11].

Plasma Biochemistry Assays

Leptin, ghrelin, adiponectin, insulin, homeostasis model as-
sessment of insulin resistance (HOMA-IR), C-reactive protein
(CRP) and PAI-1 were measured as described previously [6,
11].

The levels of fasting plasma glucose, triacylglycerides
(TAGs), non-esterified fatty acids (NEFAs), total cholesterol
(TC), and high- and low-density lipoprotein cholesterol
(cHDL and cLDL, respectively) were measured enzymatically
in the routine chemistry laboratory at the hospital. The plasma
concentrations of apoA1 and apoB were measured using a
turbidimetric method based on that described by Marcovina
and Alberts [12].

Total RNA, cDNA Preparation and PCR Analysis

The total RNA from 70 mg of human adipose tissue
biopsies (subcutaneous and visceral) was extracted with
Tripure Isolation Reagent (Roche, USA). First-strand
complementary DNA (cDNA) was synthesised from
0.4 μg of total RNA using random primers and
TaqMan high-capacity cDNA reverse transcription

reagents (Applied Biosystems, USA). Relative mRNA
levels were evaluated using the ΔΔCt method. Leptin,
adiponectin, insulin receptor (INSR), glucose receptor 4
(GLUT4) IL-6, TNF-α and activator of inhibitor of
plasminogen type 1 (PAI-1) genes were measured.

Statistical Analysis

The results are reported as the means±SEM. Significant
differences between mean values for obese (OB) and 1,
6, or 12 months after surgery (weight loss) were assessed
using non-parametric Kruskal-Wallis test, and individual
comparisons were made using Dunn’s post-test.
Significant differences between healthy morbidly obese
(DM−DL−), dyslipidemic (DM−DL+) and diabetic and
dyslipidemic (DM+DL+) individuals at different times
after surgery (weight loss effect) were assessed by a
two-way ANOVA (comorbidities and surgery effect, re-
spectively) and Bonferroni post-tests. The same test was
used to establish significant differences between the DM
−DL−, DM−DL+ and DM+DL+ groups with different
BMIs or HTA (comorbidities and BMI or an HTA effect,
respectively). The level of significance was adjusted for
multiple comparisons (Bonferroni correction/adjustment
procedure), and the results were considered significant
at p<0.01.

All statistical analyses were computed using GraphPad
Prism version 5.0 software for Windows (GraphPad
Software, San Diego CA, USA, www.graphpad.com).

Results

Anthropometric and Satiety Parameters

Strikingly, for almost all parameters studied, the group DM+
DL+ tends to have lower values than the other two groups. As
mentioned above, all patients were morbidly obese, and it is
therefore logical that the BMI is not affected by comorbidities
(Table 1), except the body weight (p=0.0004) which de-
creased in DM+DL+. Surgery had a very significant effect
on all the parameters measured (Table 1), both globally and in
each different group.

The parameters related to satiety are shown in Table 1.
Ghrelin (2.5 times in the DM−DL+ group) and adiponectin
(two times in the “healthy” group) levels progressively in-
crease after surgery if comorbidities are present, whereas
leptin was significantly lower in all groups (5.5 times in the
“healthy” group, 4.1 times in the DM−DL+ group, and 5.3
times in the DM+DL+ group).
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Lipid Parameters

We observed highly significant changes for all lipid parame-
ters due to both comorbidities and surgery (Table 2) except for
PL and NEFAs. For TGs, the TC, cLDL, cHDL, apoA1 and
apoB levels were significantly different not only within each
group of patients as a result of surgery but also between
groups with and without comorbidities. It should also be noted
that lipid levels were similar in the DM−DL+ and DM+DL+
groups and always slightly higher than in the “healthy” group.
As can be observed for all parameters within all groups, there
was a decrease 1 month after surgery that was often significant
(Table 2).

Insulin Resistance Parameters

Although the various groups were selected according to DM
status, insulin levels were similar in all groups (Table 3),
whereas glucose was significantly different in the DM+DL+
group compared to either the DM−DL− (p<0.001) group,
which is logical, or the DM−DL+ group (p<0.01) (Table 3).
The HOMA-IR [13] clearly indicates that DM+DL+ patients
are insulin resistant because the value is almost twice that of
patients in the group with only DM−DL+. However, the
“healthy” obese group had some insulin resistance because
their HOMA-IR values were even higher than for the patients
in the DM−DL+ group. Only glucose was affected by comor-
bidities. However, all of the above parameters were affected
by surgery (Table 3).

Inflammation Parameters

CRP, a marker of inflammation, indicated that there were
differences both from comorbidities (p=0.0041) and surgery
(p<0.0001). PAI-1 was affected by bariatric surgery
(p<0.0001), but not by comorbidities (Table 3).

Gene Expression

The gene expression of adiponectin, insulin receptor (INSR)
and glucose receptor-4 (GLUT4), in the subcutaneous fat
(Table 4), decreased in all groups vs. control patients.
Interleukin-6 (IL6) and the inhibitor of plasminogen activator
type 1 (PAI-1) genes only decreased in DM−DL+ and DM+
DL+, but not in “healthy” patients. Leptin increased in all
groups vs. non-obese patients. The visceral fat (Table 5) from
DM+DL+ patients showed a sharp decrease in adiponectin
(50 % vs. control), GLUT4 (75 % vs. control), IL6 and PAI-1.
All parameters mentioned above improved very significantly
after surgery, independent of the absence or presence of
comorbidities.T
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Hypertension Effects on Different Parameters

Although the number of patients without hypertension
(Table 6) only includes two patients in the DM−DL− group,
four in the DM−DL+ group and none from the DM+DL+
group, as mentioned in the “Materials and Methods” section,
Table 6 shows the values of the various parameters in patients
distributed by groups with/without hypertension (HTA).
Obviously, the groups differ in blood pressure, as indicated

by the ANOVA-2 (SBP, p=0.0052 and DBP, p=ns). The
difference in visceral fat is slightly lower in patients with-
out hypertension. A notable difference is observed in the
lipid parameters (TC, cLDL and apoB) and those related to
diabetes (insulin, glucose and HOMA-IR), although none
of the differences were significant. In all cases, the values
were slightly lower in the groups with DL (DM−DL+) but
without HTA. These changes were also observed for CRP
and PAI-1.

Table 5 Gene expression in
visceral adipose tissue

The results are expressed as mean
±SEM vs. 100 % control group.
To see details of the procedure go
to “Materials and Methods”
section. Single letter, p<0.01

ns non-significant
a The difference vs. control group

VAT

OB Kruskal-Wallis, p value

mRNA (a.u.) DM−DL− (n=10) DM−DL+ (n=15) DM+DL+ (n=7) Comorbidities effect

Leptin 98.5±15.4 151.0±31.4 115.3±33.7 ns

Adiponectin 83.3±12.9 93.3±11.5 50.0±8.9 ns

INSR 92.6±6.1 86.8±3.9 82.9±9.1 ns

GLUT4 62.2±11.3 42.7±5.3a 26.9±4.8a 0.01

IL-6 49.6±6.2 62.8±8.6 60.9±6.2 ns

TNF-α 79.5±13.2 123.0±21.6 110.6±18.9 ns

PAI-1 170.6±38.6 187.5±44.9 70.5±10.5 0.05 (ns)

Table 6 Different parameters in morbidly obese patients with or without arterial hypertension (HTA)

HTA+ HTA− Anova-2, p value

Parameters DM−DL− DM−DL+ DM+DL+ DM−DL− DM−DL+ Comorbidities effect HTA effect

SBP (mmHg) 146.7±5.3 152.5±6.8 135.7±6.5 115.0±5.0 127.5±7.8 ns 0.0052

DBP (mmHg) 91.7±1.7 96.9±5.6 92.9±4.1 77.5±2.5 81.3±2.4 ns ns

BW (kg) 137.6±7.1 135.8±5.7 118.0±7.4 132.8±20.8 120.7±5.6 ns ns

BMI (kg/m2) 49.3±1.8 50.6±1.5 47.4±1.2 49.8±9.1 47.5±2.5 ns ns

Total fat (kg) 801.8±5.8 85.1±5.7 71.0±4.6 82.3±25.5 74.4±6.9 ns ns

SAT (kg) 61.2±4.9 61.1±5.6 51.5±4.0 66.8±20.5 59.1±6.5 ns ns

VAT (kg) 23.0±2.6 25.8±2.8 19.5±2.5 15.4±5.0 15.3±2.0 ns ns

Leptin (ng/mL) 24.5±5.4 47.6±7.5 42.0±6.8 32.6±24.3 31.0±16.5 ns ns

Ghrelin (pg/mL) 91.7±14.4 49.107.2 86.0±16.8 50.6±27.8 47.3±6.7 ns ns

Adiponectin (μg/mL) 9.4±1.3 11.3±1.5 11.7±3.0 9.02±3.43 15.7±6.1 ns ns

TG (mg/dL plasma) 100.3±9.4 170.1±18.6 167.7±14.2 120.0±22.0 109.5±22.1 ns ns

TC (mg/dL) 170.0±8.3 243.3±9.8 223.4±8.0 170.0±5.0 223.8±10.5 0.0001 ns

cLDL (mg/dL) 106.2±5.5 156.6±7.4 139.0±6.2 106.0±2.0 153.3±9.4 <0.0001 ns

cHDL (mg/dL) 43.4±2.2 52.9±3.4 50.9±3.9 40.0±1.0 48.3±3.7 ns ns

apoA1 (mg/dL plasma) 170.0±4.1 198.5±10.0 198.5±8.4 158.9±12.9 184.1±17.6 ns ns

apoB (mg/dL plasma) 69.1±1.2 91.9±5.4 92.4±6.4 71.3±4.8 95.9±3.9 0.0009 ns

Insulin (mUI/L) 23.9±4.7 27.7±6.0 23.4±4.0 44.6±18.3 6.7±3.8 ns ns

Glucose (mg/dL) 100.2±3.4 106.2±5.1 164.1±22.3 98.0±7.0 94.0±5.0 ns ns

HOMA-IR (a.u.) 6.0±1.2 6.6±1.6 10.2±2.8 11.1±5.2 2.2±1.3 ns ns

CRP (mg/L pl.) 17.7±3.4 23.7±3.4 21.9±4.0 19.2±1.6 17.9±6.0 ns ns

PAI-1 (ng/mL pl.) 135.1±28.9 147.9±25.0 159.9±40.4 222.1±62.4 192.2±73.7 ns ns

Data are expressed as the mean±SEM

HTA arterial hypertension, SBP systolic blood pressure, DBP diastolic blood pressure
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BMI Effects on Different Parameters

The different parameters were separated according to BMI
and comorbidities (supplemental data Tables S2, S3 and S4),
and significant differences with respect to BMI are observed
for all anthropometric parameters (except BW and VAT) in
addition to cLDL. There is also a significant effect of comor-
bidity on apoB and glucose. The trend observed for many
parameters is to increase with increasing comorbidity and
BMI, with the exception of DM+DL+ individuals with a
BMI >50, in which it seems that many of the studied param-
eters tend to slightly decrease.

Discussion

To conduct this study, we used the criteria mentioned in the
“Materials and Methods” section to divide patients into three
groups according to diagnoses of hyperlipidemia and/or dia-
betes, whereas patients were considered “healthy” if they did
not present any of these comorbidities. Therefore, if we apply
the criteria used to define metabolic health status proposed by
Aguilar-Salinas [14], Karelis [15], Meigs [16] or Wildman
(the most restrictive) [17] or in the work of Phillips and Perry
[18], our “healthy” patients mentioned in the previous para-
graph are really “healthy” morbidly obese patients.

Anthropometric and Satiety Parameters

Based on the anthropometric data observed in the three
groups, it is possible that they have what Tchernof and
Despres [19] call a “hypertriglyceridemic waist”, which is a
simple clinical phenotype predictive of excess visceral fat and
metabolic abnormalities associated with elevated insulin and
glucose and an altered lipid profile. From that point of view,
none of our groups are “healthy obese”. Brochu et al. [20]
reported that reduced visceral fat accumulation, even in the
presence of a large amount of total body fat, is a characteristic
of “healthy obese” individuals and that this contributes to a
protective effect against metabolic abnormalities. Our results
do not agree with those reported by Shin et al. [21], most
likely because the BMIs of the healthy and unhealthy patients
in their study were lower (25 to 27 kg/m2) than those in our
study (>40) and are therefore not comparable.

However, we found the greatest differences between the
three groups in our study in the leptin, ghrelin and adiponectin
levels. Our data for leptin contrasted with those observed by
other authors although the data are conflicting; for instance, in
some cases, leptin is lower in the unhealthy obese [14, 15],
while in other cases, it is higher [16, 17]. In a previous study
[6], we observed that the morbidly obese tend to have higher
adiponectin levels after bariatric surgery, and a year after
surgery, they reach the values of lean individuals without

reaching the levels described by Phillips et al. [18]. The three
groups of obese patients in our study had adiponectin values
within the range reported by other authors for metabolically
healthy patients but for patients with a BMI of 20 to 24.9 kg/
m2 [14].

Lipid Parameters

We identified marked differences in the lipid parameters, and
this could be precisely the key that differentiates the “healthy”
and unhealthy obese. Obviously, unhealthy patients are all
dyslipidemic, and all parameters are higher than in “healthy”
individuals. Other authors have observed changes in TG and
cHDL in healthy and unhealthy morbidly obese individuals
[14].

Insulin Resistance Parameters

When we compared the HOMA-IR values, all three groups
were insulin resistant; in the “healthy” obese, the value was
6.9, and the values were 5.7 (in DM−DL+) and 10.2 (in DM+
DL+). The expression of the insulin receptor gene in SAT is
clearly affected by comorbidity but not by surgery, being
slightly higher for DL+DM+ patients. However, no changes
were observed in VAT. Other authors have reported an in-
crease in the expression of the insulin receptor gene in the
VAT of morbidly obese individuals, which allows them not to
be insulin resistant compared to insulin-resistant or thin indi-
viduals [22]. The expression of the GLUT4 gene in SAT does
not change as a function of comorbidity but is affected by
surgery; however, its expression in VAT tends to decrease with
comorbidity. A noteworthy finding for insulin is that 1 year
after bariatric surgery, its concentration decreased by 60–70%
compared to obese patients, independently of whether the
patient was diabetic or “healthy”; whereas in the same period,
adiponectin increased by 65 % compared to obese individuals
with diabetes and by up to 100 % if the patient was “healthy”.

Low levels of adiponectin have been described in DM,
cardiovascular disease, hypertension, metabolic syndrome
[23] and obesity [24, 25], although the mechanism that regu-
lates it is still unknown. Adiponectin has antidiabetic, antihy-
pertensive and antiatherogenic properties, and recent studies
revealed that this protein also has an anti-inflammatory and
anti-oncogenic function [26].

Some authors have reported that a weight loss of approx-
imately 10 % is enough for changes in plasma concentrations
of adiponectin to occur [27]. Our patients achieved weight
loss on the month of the intervention, but adiponectin levels
were still low. In our case, changes in the concentration of
adiponectin were not obvious until the weight loss was ap-
proximately 30 % (6 months post-surgery).

Data on adiponectin expression in relation to AT depot
differences are conflicting [28, 29] even if increased

OBES SURG (2015) 25:1380–1391 1389



adiponectin mRNA levels have been found in VAT vs. SAT in
animal models [29, 30]. In the current study, the mRNA as
well as the protein expression of adiponectin and its two
receptors did not differ between VAT and SAT in severely
obese patients [31].

Obesity causes an increase in fat mass but a paradoxical
decrease in circulating adiponectin which can lead to insulin
resistance, blood vessel dysfunction and hypertension [24].

Parameters of Inflammation

Despite the very slight differences observed between groups
in plasma CRP, none stand out. In the case of PAI-1, we
observed no differences in the plasma levels, but we observed
higher gene expression in “healthy” patients, less in the DM
−DL+ group and even less in the DM+DL+ group. Aguilar-
Salinas et al. [14] also did not observe significant changes for
the plasma CRP or for PAI-1 between “healthy” and un-
healthy individuals, whereas others observed changes in the
CRP but not in PAI-1 [16] and still others observed significant
differences for both parameters [15, 17].

For the other parameters that trigger inflammation, such as
IL-6 and TNF-α, we observed no significant differences be-
tween the “healthy” group and those with comorbidities;
however, a slight tendency for IL-6 to be higher in the
“healthy” individuals was observed. There is also controversy
regarding IL-6, for which Karelis et al. [15] showed no dif-
ferences between “healthy” and unhealthy individuals, where-
as other authors did observe differences [17]. The same is true
for TNF-α for which some authors observed differences [17]
while others did not [14]. Another group observed no differ-
ences in the levels of TNF-α in patient with and without
insulin resistance when corrected for BMI [32]. Our data
contrast with those reported by other authors who observed
a decrease in the values of CRP, IL-6 and TNF-α in obese
healthy patients compared to unhealthy individuals [18].
Other authors observed no differences in either plasma CRP
or in the expression of TNF-α or IL-6 in the morbidly obese
with high insulin resistance [22].

Thus, according to our hypothesis, morbidly obese patients
also have numerous healthy altered plasma parameters, al-
though less so than in the other two groups. Gene expression
in the SAT follows the same trend as the corresponding
plasma protein. All obese patients, whether healthy or not,
have altered leptin (increased), adiponectin, the INSR and
GLUT4 (decreased). From the data obtained in our study,
healthy obese patients have more altered gene expression than
control patients of normal weight and the impairment in-
creases with increasing comorbidity, up to the maximum
observed in diabetic patients. Our results are consistent with
the idea that the SAT is the major source of leptin [33] and
adiponectin [34], while VAT releases more proinflammatory
cytokines (TNF-α, CRP, IL6 or PAI-1) [35], which, in our

case, was only true for PAI-1 in healthy patients or with
dyslipidemia, but not for diabetics or for the other cytokines
mentioned. Moreover, although the promotion of insulin sen-
sitisation in adipose tissue while causing decreased expression
of TNF-α has been described for adiponectin [36], we did not
observe that relationship in either in the SAT or the VAT.

Thus, it is unclear which parameter can better differentiate
“healthy” and unhealthy obese patients. At least for the mor-
bidly obese, the difficulty lies in strictly defining what consti-
tutes a “healthy obese” patient, as indicated by other authors
[18]. From our point of view, the state of being obese is not
“healthy”, especially in the case of morbid obesity. As
discussed by Pataky et al. [37], although remaining within a
normal range, metabolically normal obese subjects show an
elevated lipid profile and insulin resistance compared with
controls of normal body weight, and for the majority of the
obese subjects, metabolic normality is ephemeral.

In conclusion, the morbidly obese “healthy” individual is
not really metabolically healthy but morbidly obese individ-
uals with diabetes and dyslipidemia are more metabolically
imbalanced. However, a year after bariatric surgery, indepen-
dent of comorbidities, recovery of many of the biochemical
parameters that were previously altered was observed both in
plasma and adipose tissue.
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