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A B S T R A C T   

Background: Bariatric surgery has emerged as a promising treatment for improving adipose tissue dysfunction in 
obesity, but the mechanisms for such amelioration are still not known. This study comprehensively explores a 
panel of adipo-cytokines in individuals with obesity undergoing bariatric surgery, in conjunction with markers of 
insulin resistance, at three time points i.e., pre-op, immediate post-op and 6 months post-surgery. 
Methods: It is a case-control prospective study among obese individuals undergoing bariatric surgery (BMI ≥35 
kg/m2, n=30) and non-obese subjects (BMI <25 kg/m2, n=30), comparing the levels of serum adiponectin, 
resistin, C-Reactive Protein (CRP), Interleukin (IL)-6 and 8, Monocyte chemoattractant protein (MCP)-1 and 
Tumor necrosis factor (TNF)-α between them. The same were followed at immediate and 6-month post-op pe-
riods in the former group. The serum markers were correlated with the markers of Insulin resistance like HOMA- 
IR, HOMA-β and QUICKI. 
Results: A significant increase in adiponectin was seen after weight loss in obese group (17.54 ± 1.31 μg/mL at 
baseline vs 68.76 ± 1.84 μg/mL at 6- month post-surgery). CRP being an acute phase protein showed significant 
higher levels at immediate post-op period but declined even below its baseline at 6 months after surgery (33.34 
± 16.85 μg/mL at baseline vs 59.85 ± 23.12 μg/mL at immediate post-op vs 9.66 ± 1.84 μg/mL at 6 months post- 
operatively). Few inconsistencies were observed in the trajectories of IL-6 and TNF-α, while other pro- 
inflammatory markers indicated resolution after surgery. 
Conclusion: Bariatric surgery alleviated the systemic inflammation, correlating with improved insulin resistance 
in individuals with obesity.   

1. Introduction 

The global burden of obesity has dramatically increased in the past 
decades in all age groups. If this trend continues, then it is speculated 
that more than 18% of men and 21% of women will be obese by 2025 
[1]. Notably, its prevalence in the developing world is rising at an un-
precedented rate, as compared to the Western world [2]. Besides, 
obesity brings with it a plethora of co-morbidities like type 2 diabetes, 
cardiovascular complications and a predilection for certain cancers. In 
fact, to prevent the premature deaths from such non-communicable 
diseases, World Health Organisation (WHO) has set the goals for the 
governments across the globe to prevent further rises in the obesity by 
2025 [3]. 

While dietary changes, lifestyle modifications and pharmaceutical 
interventions have been known to exhibit significant weight loss and 
other health benefits, bariatric surgery has recently emerged as the most 
effective treatment for obesity and its associated comorbidities [4,5]. 
The mechanisms by which insulin resistance and inflammation are 
resolved after bariatric surgery, is largely unknown [6]. The inflam-
matory hypothesis, which is one of the probable theories put forward in 
this regard, states that most of the health hazards associated with obesity 
are caused by the presence of a low-grade systemic inflammation, which 
is created by the obesity associated adipose tissue dysfunction [7]. 

Thus, it becomes fundamentally acceptable to presume that bariatric 
surgery leads to a considerable reduction in the adipose tissue mass 
which further results in resolution of inflammation. Upon reviewing the 
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scientific literature, it is evident that there is an altered expression of 
inflammatory cytokines and adipokines, such as increased production of 
pro-inflammatory and decreased production of anti-inflammatory 
adipo-cytokines in obesity [6,8,9]. In our cross-sectional study also, 
we found that the levels of CRP, IL-8, MCP-1 and TNF-α were higher in 
individuals with obesity as compared to non-obese [10]. 
Pro-inflammatory adipokines like IL-6 and 8, TNF-α and CRP have been 
found to be involved in increasing vascular reactivity, thrombosis, 
angiogenesis, insulin resistance, sympathetic nervous activity and 
inflammation, while anti-inflammatory adipokine like adiponectin were 
have been found to be protective against obesity and related compli-
cations [11]. 

At the same time, there are inconsistencies as well, which were seen 
in the levels of the various adipo-cytokines in obesity across studies 
[12]. Nevertheless, this brings out the fact that the interplay of inflam-
matory cytokines with the metabolic functions in obesity is more com-
plex than expected. A cross talk amongst various cytokines adds another 
layer of intricacy to the overall outcome of the balance of pro- and 
anti-inflammatory responses in obesity. This is also evident from the 
significant heterogeneous results obtained from a considerable quantum 
of population-based follow up studies which point towards the con-
flicting results in the levels of various adipo-cytokines after bariatric 
surgery [6,13,14]. Thus, scientific community across the globe strongly 
believes that the association of metabolic functions of adipose tissues 
with inflammatory system is dynamic, complex and need a compre-
hensive evaluation in obesity. 

Although many studies have explored the changes in the inflamma-
tory status with the weight loss after bariatric surgery, none have taken 
into account the immediate post-operative period in evaluating the 
trajectory of their changes. Considering some of the inflammatory 
markers to be acute phase proteins, their status at the immediate post-op 
period needs to be compared with pre-op and follow-up levels. 

With this background, we assessed the inflammatory adipo-cytokines 
namely IL-6, IL-8, CRP, TNF-α, MCP-1, adiponectin and resistin, in 
serum of the morbidly obese individuals undergoing bariatric surgery at 
baseline and compared with non-obese individuals. The same parame-
ters were evaluated in obese group at immediate post op and at 6-month 
follow up periods. The panel of adipocytokines was assessed on the 
Luminex multiplex immunoassay in combination with drop array tech-
nology, owing to its advantages over conventional ELISA. We aimed to 
evaluate how the changes in their levels correlated with the type of 
surgeries and insulin response thereby, bringing out the important in-
sights towards our understanding of a complex interplay of the so called 
“meta-inflammation” [8] in obesity. 

2. Material and methods 

2.1. Study design and participants 

This was a prospective case-control study where the participants 
were recruited from the Department of Surgical Disciplines (Laparo-
scopic and Bariatric Surgery), AIIMS, New Delhi in a period from Jan 
2018–Dec 2019. All participants belonged to the age group 18–60 years. 
The case group (n=30) comprised of individuals who were obese (BMI 
≥35 kg/m2) undergoing bariatric surgery. They underwent restrictive 
bariatric surgery using either gastrectomy, or gastric bypass. The control 
group (n=30) included age matched individuals (18–60 years’ age) with 
BMI within normal range (<25 kg/m2), undergoing laparoscopic cho-
lecystectomy, hernia repair etc. similar to our previous cross-sectional 
study [10]. Subjects were excluded if they had concomitant known 
acute or chronic disorder of the immune system, like auto-immune 
disorders. Individuals were also excluded if they had any contraindica-
tions for general anaesthesia, psychological instability or those who did 
not give a consent for participation. Written informed consent was ob-
tained from all participants of both groups, and the study was approved 
by the AIIMS Ethical Committee. 

2.2. Anthropometric measurements and physical examination 

All study participants underwent comprehensive medical evaluation 
including history and physical examination. The age, sex, height (cm), 
weight (Kg), BMI (Kg/m2) and waist circumference (cm) were recorded. 
Anthropometric measurements were again taken in the individuals with 
obesity who underwent the bariatric surgical procedure, at the time of 
follow up, which was at six months post-operatively. 

2.3. Sample collection 

Fasting venous blood samples were obtained in all the study partic-
ipants pre-operatively. For the measurement of plasma glucose and In-
sulin, grey-capped vacutainer containing fluoride-oxalate as additive 
was used and for the measurement of serum cytokines, red capped plain 
vacutainer without additive was used (Evacuated blood collection 
Tubes; BD). Plasma/serum was separated after centrifuging at 3000 rpm 
for 15 min. Plasma was used for measuring glucose and Insulin, while 
serum was transferred and stored in sterile Eppendorf tubes at − 80 ◦C 
for the subsequent cytokine analysis [10]. Sample collection and pro-
cessing was done in a similar manner when procuring venous blood in 
obese group of individuals undergoing bariatric surgery, at two more 
time points: at time of discharge from hospital, and at 6-month follow up 
visit. 

2.4. Analytical methods 

Plasma Glucose was estimated using Randox GOD-PAP glucose 
estimation kit (Randox laboratories, Crumlin, UK) according to manu-
facturer’s protocol [15]. Insulin was estimated using chem-
iluminescence based immunoassay in a Liaison autoanalyzer (Diasorin, 
Saluggia, Italy). Serum HbA1c was determined using HPLC [15]. We 
used multiple well-established markers of Insulin resistance like 
HOMA-IR, HOMA-β while QUICKI as an index for insulin sensitivity. 
These were used to find a correlation of insulin sensitivity with our study 
parameters (levels of serum adipo-cytokines) in obese group at different 
time points. All these are calculated markers and utilise the values of 
fasting plasma glucose and insulin for their calculation. So, HOMA-IR 
was calculated by using formula: HOMA-IR=insulin (μU/ml) ×

[glucose (mmol/L)/22.5] [16]. A value of ≤2.5 of HOMA-IR indicated 
high insulin sensitivity, whereas a value >2.5 indicated insulin resis-
tance [15]. HOMA-β was calculated as 20 × insulin (μU/ml)/[glucose 
(mmol/L)-3.5] [17] and QUICKI was calculated as 1/log (I0) + log 
(G0)], where I0 is fasting insulin (microunits per millilitre) and G0 is 
fasting glucose (milligrams per decilitre). A value of <0.34 suggests 
insulin resistance and <0.30 means diabetes mellitus [18]. A quantita-
tive analysis of the circulating adipo-cytokines at baseline in both the 
study groups and at immediate post-op (at the time discharge) and at 6th 
month follow up period in only group comprising individuals with 
obesity, was done. A panel was made for the measurement of serum 
Adipo-cytokines: Adiponectin, Resistin along with inflammatory cyto-
kines like IL-6, IL-8, CRP, MCP-1, and TNF-α. These were assayed using 
R&D Systems Luminex Multiplex Immunoassay (Minneapolis, MN, USA) 
as per the manufacturer’s protocol in combination with Drop array 
technology and were read in a BioPlex 200 reader (BIORAD Hercules, 
CA, USA). This system has an edge over the individual cytokine assay 
using conventional ELISA. Its major strength lies in the fact that it 
minimises reaction to reaction variations as might be seen while using 
separate ELISA for each cytokine and can be done in serum samples as 
low as 25 μL [10,19,20]. 

2.5. Study outcome 

The primary aim of our study was to evaluate the changes in the 
circulating adipo-cytokines from baseline to immediate post op and at 6- 
month follow up period, which would help in ascertaining their effect on 
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weight loss after bariatric surgery. The secondary goal was to compare 
these changes on the basis of type of surgery and insulin response and to 
find a correlation with the insulin resistance at each time point. 

2.6. Statistical methods 

GraphPad Prism (Version 8.0.1) software was used for all the sta-
tistical analysis in our study. Shapiro-Wilk/Kolmogorov-Smirnov test 
was applied for testing the normality distribution in the data. Contin-
uous data was reported as mean ± standard error of mean (SEM). Dif-
ferences between the two groups were compared using the student’s t- 
test for normally distributed parametric variables whereas non- 
parametric variables were analysed using the Mann–Whitney U test or 
Wilcoxon signed rank. The correlation between variables was calculated 
using Pearson’s method for parametric variables and the Spearman Rho 
correlation test for non-parametric contrasts. A p value of <0.05 was 
considered to be statistically significant. 

3. Results 

3.1. Clinical characteristics of the study participants 

A total of 60 subjects were enrolled in this study, 30 in each group. 
Group-I was called Case group, and had individuals with obesity, while 
Group-II was named the Control group, and consisted of individuals with 
normal BMI. The Group-I individuals underwent bariatric surgery pro-
cedures and were assessed again at immediate post-op (at the time of 
discharge) and 6-month follow up period. All 30 participants were 
assessed at pre-op and post-op period but 12 out of these 30 did not 
complete the 6-month follow-up assessment due to non-compliance. The 
Group-I had 80% women and 20% men while the Group-II comprised of 
64% women and 36% women. The average age of participants in these 
groups, was 38.33 ± 1.99 and 39.8 ± 2.72 years respectively. The 
average BMI of Group-I was 46.11 ± 1.18 kg/m2 as opposed to 24.1 ±
0.76 kg/m2 in the Group-II (Table 1). 

3.2. Baseline biochemical characteristics of the study groups 

Biochemical parameters like fasting plasma glucose and insulin 
levels were significantly higher in Case group as compared to the 

Control group, along with a significant difference in the markers of in-
sulin resistance like HOMA-IR, HOMA-β and QUICKI in both groups 
(Table 1). This clearly indicates that insulin resistance is highly preva-
lent in obese state. Among adipocytokines, we found higher levels of 
pro-inflammatory cytokines like CRP, IL-8, MCP-1, Resistin and TNF-α 
in Group-I as compared to Group-II with a significant difference only in 
MCP-1 (Table 1). On the other hand, IL-6 showed significantly lower 
values in individuals with obesity which was opposite to our expecta-
tions. Adiponectin was found to be significantly lower in the obese group 
when compared with non-obese counterparts, which was in line with 
our expectations, since adiponectin is known to be one of the most 
potent insulin sensitising adipokines. 

3.3. Changes in clinical and analytical parameters in patients with obesity 
when followed in post op-period 

Group-I individuals who underwent bariatric surgery, were evalu-
ated again, at stipulated time points in our study. In immediate post- 
operative period, the anthropometric and glycemic assessment did not 
differ from the baseline measurements. At the time of follow-up at 6th 
month, the average %TWL (total weight loss); calculated as {(weight 
lost/initial weight) x100}, was 30.05%, bringing down the mean BMI 
from 46.11 ± 1.18 kg/m2 to 33.82 ± 0.89 kg/m2 (Table 2). Additionally, 
there was a significant improvement in all the glucose homeostasis pa-
rameters like fasting plasma glucose, insulin, HbA1c along with calcu-
lated insulin resistance markers (Table 2). 

We measured the panel of adipocytokines thrice in Group-I i.e., at 
pre-op, post-op (at the time of discharge) and at 6-month follow-up visit. 
Out of 30, only 18 participants were compliant to visit hospital for the 
6th month follow-up. Assessment of serum cytokines postoperatively (at 
the time of discharge) revealed a significant reduction in serum TNF-α (p 
value<0.01) with a reduction in the levels of IL-8. On the other hand, 
CRP and IL-6 were found to be increased at this time. CRP is an acute 
phase protein and its levels at immediate post-op period were expected 

Table 1 
Anthropometric Characteristics, Biochemical Parameters and Serum Adipo- 
cytokines in obese and non-obese group.   

OBESE (n=30) NON-OBESE (n=30) 

Age 38.33 ± 1.99 39.8 ± 2.72 
Anthropometric Characteristics: 

Body Weight (kg) 120.2 ± 4.90 61.1 ± 2.2*** 
BMI (Kg/m2) 46.11 ± 1.18 24.1 ± 0.76*** 

Clinical Parameters: 
Fasting Serum Glucose (mg/dL) 100.3 ± 3.53 89.38 ± 3.01* 
Fasting Serum Insulin (μU/L) 20.28 ± 2.45 10.75 ± 1.78*** 

HOMA-IR 4.727 ± 0.60 2.098 ± 0.25*** 
HOMA-B 272.3 ± 49.78 119.2 ± 20.23** 
QUICKI 0.31 ± 0.00 0.36 ± 0.01*** 

Serum Inflammatory Cytokines: 
CRP (μg/mL) 33.34 ± 16.86 6.69 ± 1.35*** 
TNF-α (pg/mL) 26.7 ± 4.71 23.15 ± 3.83 
IL8 (pg/mL) 130.3 ± 50.66 37.47 ± 6.8 
MCP1 (ng/mL) 0.98 ± 0.07 0.73 ± 0.05** 
IL6 (pg/mL) 23.39 ± 4.03 39.97 ± 34.9*** 

Serum Adipocytokines: 
Adiponectin (μg/mL) 17.54 ± 1.32 45.94 ± 7.7*** 
Resistin (ng/mL) 44.10 ± 5.67 36.12 ± 6.11 

All data have been represented as Mean ± SEM. 
p value obtained by using student t-test (unpaired) for parametric and Mann- 
Whitney-U test for non-parametric variables between two groups (p value 
<0.05*, <0.01**, <0.001***). 

Table 2 
Follow up changes in Anthropometric Characteristics, Biochemical Parameters 
and Serum Adipo-cytokines in individuals with obesity undergoing bariatric 
surgery (n=30).   

BASELINE 
(n=30) 

POST-OP 
(n=30) 

FOLLOW UP 
(n=18) 

Anthropometric Characteristics: 
Body Weight (Kg) 120.2 ± 4.98 – 88.10 ± 4*** 
BMI (Kg/m2) 46.11 ± 1.18 – 33.82 ± 0.89*** 

Glucose Homeostasis: 
Fasting Serum Glucose 

(mg/dL) 
104.3 ± 3.44 – 87.71 ±

2.273*** 
Fasting Serum Insulin 

(μU/L) 
20.28 ± 2.45 – 7.89 ± 1.01*** 

HbA1c 6.18 ± 0.1 – 5.48 ± 0.12*** 
HOMA-IR 4.72 ± 0.6 – 1.80 ± 0.24*** 
HOMA-B 272.3 ± 49.78 – 130.9 ± 23.36** 
QUICKI 0.31 ± 0.00 – 0.36 ± 0.09*** 

Serum Inflammatory Cytokines: 
CRP (μg/mL) 33.34 ± 16.85 59.85 ±

23.12 
9.66 ± 1.84*** 

TNF-α (pg/mL) 26.7 ± 4.71 20.82 ±
3.58** 

33.83 ± 4.98 

IL8 (pg/mL) 130.3 ± 50.66 85.10 ±
26.33 

93.49 ± 23.58 

MCP1 (ng/mL) 0.98 ± 0.07 0.94 ± 0.08 0.88 ± 0.12 
IL6 (pg/mL) 23.39 ± 4.03 34.21 ± 12 50.86 ± 5.24** 

Serum Adipocytokines: 
Adiponectin (μg/mL) 17.54 ± 1.31 17.90 ± 1.31 68.76 ±

12.85*** 
Resistin (ng/mL) 44.10 ± 5.67 42.75 ± 5.8 29.4 ± 4.45 

All data have been represented as Mean ± SEM. 
p value obtained by using student t-test (paired) for parametric and Wilcoxon 
signed rank test for non-parametric variables at each time point when compared 
with baseline (p value <0.05*, <0.01**, <0.001***). 
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to be higher. At the follow-up visit, the results of bariatric surgery in 
terms of weight loss, were expected to be maximum. At this point CRP 
levels decreased significantly and adiponectin improved significantly 
(p<0.001) when compared with their baseline levels respectively, as 
was hypothesized. Out of the other pro-inflammatory markers; MCP-1, 
resistin and IL-8 decreased at this time in comparison to the baseline 
and contrarily IL-6 (p value<0.001) and TNF-α increased. 

For further analysis, individuals from Group-I (n=30) were divided 
into insulin-sensitive (IS) and insulin-resistant (IR) subgroups, taking a 
HOMA-IR cut-off as 2.5, which is an established level for this purpose 
[15]. Those individuals with HOMA-IR levels <2.5 were grouped under 
IS and those with ≥2.5 were grouped under IR (Table 4). Thus, 22 (5 
males & 17 females) individuals in Group-I had obesity with IR and 8 
individuals (1 male & 7 females) out of 30, were sensitive for insulin 
function. IR subset demonstrated significant recovery in terms of 
anthropometric and clinical parameters at 6-month follow-up, while the 
IS sub-group did not exhibit such stark changes (Table 4). Adiponectin, 
IL-6 and TNF-α showed significant differences from baseline in group 
with IR and obesity indicating that bariatric surgery plays more bene-
ficial role in alleviating the insulin resistance and associated inflam-
mation in such individuals. 

We also intended to bring out any differences in our study parame-
ters due to the types of bariatric surgeries performed. For this, we 
divided Group-I individuals into two broad subgroups: First subgroup 
comprised of 18 individuals (4 males & 14 females) who underwent 
gastrectomy procedures and second subgroup comprised of 12 in-
dividuals (2 males and 10 females) who underwent gastric bypass sur-
gical procedures (Table 3). Individuals of both sub-groups exhibited 
significant weight reduction at 6 month follow up visit (%TWL being 
32.78% and 26.83% respectively) and showed an improved glycaemic 
profile with significant differences in fasting insulin, HOMA-IR and 
QUICKI in both these sub-groups when compared with their baseline 
levels. Adiponectin increased significantly and the levels of pro- 
inflammatory cytokines decreased at each time points in both these 
subgroups when compared with their baseline levels. Significant dif-
ferences were seen at 6-month follow-up visit in the levels of MCP-1, 
resistin and IL-6 in those who underwent gastric bypass surgeries 
(Table 3) but unexpectedly levels IL-6 and TNF-α (p value <0.01) were 
raised in gastrectomy sub-group. 

Overall, a significant increase in the adiponectin level was seen 

consistently after weight loss at follow-up in individuals with obesity (i. 
e., Group-I) and in each of the sub-groups. Secondly, CRP being an acute 
phase protein was found to be much higher at immediate post-op period 
but decreased even below its baseline levels at 6 months after weight 
loss. This trajectory was seen invariably for obese group and each of the 
sub-groups. Lastly, some inconsistencies were noted in the levels of the 
IL-6 and TNF- α whereas all other pro-inflammatory markers indicated 
resolution after surgery (Tables 2–4). 

3.4. Correlation analysis of metabolic profile with serum adipo-cytokines 

Since the variables in our study displayed a non-normal distribution 
in different groups, Spearman’s correlation coefficient was used to find 
out the correlation between the adipo-cytokines and clinical character-
istics at different time points. CRP correlated significantly with the 
fasting insulin (r=0.510; p<0.01) and HOMA-IR (r=0.556; p<0.001) in 
the Group-I at baseline. Additionally, IL-8 correlated significantly with 
weight (r=0.307; p<0.05) and BMI correlated with MCP-1 (r= 0.420; 
p<0.01) at this time of evaluation. After weight loss at the time of follow 
up, a significant negative correlation was observed between some of the 
inflammatory markers with baseline clinical characteristics like resistin 
(r=− 0.618; p<0.01) and IL-6 (r=− 0.449; p<0.05) with pre-op weight 
respectively and MCP-1 (r=− 0.491; p<0.05) and TNF-α (− 0.432; 
p<0.05) with HOMA- β likewise respectively. Consequently, it can be 
stated that the subjects with obesity, with higher BMI, weight and those 
with insulin resistance pre-operatively show much lower values of the 
pro-inflammatory cytokines at follow-up. 

4. Discussion 

The present study aims to evaluate the changes in the circulating 
adipo-cytokines before and after bariatric surgery induced weight loss, 
in obese individuals. We intended to follow such subjects till the 6th 
month of follow up visit when an effective weight loss is expected, 
particularly including an assessment at the immediate post op period. 
Besides, our study also seeks to assess the improvement in metabolic and 
anthropometric parameters together with the indices of insulin resis-
tance at such time points and their correlations with the inflammatory 
markers. 

While comparing the baseline parameters, the Case group i.e., 

Table 3 
Follow up changes in Anthropometric Characteristics, Biochemical Parameters and Serum Adipo-cytokines in individuals with obesity (n=30) undergoing different 
bariatric procedures.   

GASTRECTOMY GASTRIC BYPASS  

BASELINE (n=18) POST-OP (n=18) FOLLOW UP (n=9) BASELINE (n=12) POST-OP (n=12) FOLLOW UP (n=9) 

Anthropometric Characteristics: 
Body Weight (Kg) 118.2 ± 6.23 – 85.73 ± 5.71*** 123.1 ± 8.21 – 90.69 ± 5.77** 
BMI (Kg/m2) 45.99 ± 1.45 – 33.21 ± 1.18*** 46.29 ± 2.05 – 34.48 ± 1.38*** 

Glucose Homeostasis: 
Fasting Serum Glucose (mg/dL) 99.26 ± 5.10 – 92.98 ± 5.48 101.8 ± 4.56 – 92.33 ± 4.28 
Fasting Serum Insulin (μU/L) 16.47 ± 3.25 – 5.99 ± 0.78** 25.98 ± 3.18 – 10.37 ± 1.85*** 

HbA1c 5.75 ± 0.13 – 5.58 ± 0.21 6.13 ± 0.24 – 5.57 ± 0.23 
HOMA-IR 3.61 ± 0.72 – 1.36 ± 0.2** 6.45 ± 0.81 – 2.33 ± 0.42*** 
HOMA-B 264.2 ± 75.93 – 101.8 ± 15.58 284.7 ± 52.43 – 165.8 ± 46.88 
QUICKI 0.33 ± 0.01 – 0.37 ± 0.01** 0.30 ± 0.007 – 0.34 ± 0.01** 

Serum Inflammatory Cytokines: 
CRP (μg/mL) 29.66 ± 24.03 50.02 ± 31.89 10.48 ± 5.47 37.21 ± 26.56 61.58 ± 31.77 6.77 ± 2.40*** 
TNF-α (pg/mL) 15.62 ± 2.5 12.78 ± 1.87 37.80 ± 8.77** 43.32 ± 9.48 32.88 ± 7.35 29.87 ± 4.97 
IL8 (pg/mL) 74.41 ± 33.74 68.04 ± 31.06 67.86 ± 19.64 214.2 ± 114.9 110.7 ± 47.24 119.1 ± 42.58 
MCP1 (ng/mL) 0.94 ± 0.08 0.82 ± 61.5 0.80 ± 0.06 1.04 ± 0.11 1.01 ± 0.15 0.70 ± 0.08* 
IL6 (pg/mL) 17.82 ± 4.06 43.41 ± 19.75 93.98 ± 80.64 31.73 ± 7.64 20.40 ± 4.03 7.73 ± 2.13** 

Serum Adipocytokines: 
Adiponectin (μg/mL) 17.44 ± 1.92 19.01 ± 2.01 42.59 ± 15.64** 17.68 ± 1.68 16.25 ± 1.24 94.93 ± 16.94*** 
Resistin (ng/mL) 32.27 ± 2.88 37.11 ± 3.24 34.8 ± 5.55 61.85 ± 12.05 51.227 ± 13.83 23.99 ± 6.78* 

All data have been represented as Mean ± SEM. 
p value obtained by using student t-test (paired) for parametric and Wilcoxon signed rank test for non-parametric variables at each time point when compared with 
baseline (p value <0.05*, <0.01**, <0.001***). 

A. Sachan et al.                                                                                                                                                                                                                                 



Metabolism Open 13 (2022) 100147

5

Group-I exhibited a diabetogenic profile. The fasting plasma glucose and 
serum insulin were both found to be significantly higher in Group-I, as 
compared to Group-II. This led us to evaluate the measures of insulin 
resistance using HOMA-IR, which is a calculated index as well as HOMA- 
β, which predicts pancreatic beta-cell function. Both HOMA-IR and 
HOMA-β were significantly high in Group-I. Combined with raised 
serum insulin, these findings point towards a prevailing insulin resis-
tance in a non-diabetic obese state because all our participants were 
clinically non-diabetics. This was consolidated by another calculated 
index, QUICKI, which is one of the most accurate and useful indices for 
determining insulin sensitivity [21]. A value of <0.34 suggests insulin 
resistance and those <0.30 indicates diabetes mellitus. It was found that 
Group-I had a significantly lower mean QUICKI, lying in the insulin 
resistant range. In next 6 months, following bariatric surgery and sig-
nificant weight loss; subjects showed a significant improvement in all 
the markers and indices of insulin resistance. 

Adiponectin plays a vital role in glucose metabolism and its regula-
tion [22,23]. Thus, overexpression of adiponectin has a protective role 
against insulin resistance. Many previous studies have shown that its 
expression decreases in obesity and increases with weight loss [23]. In 
our study also, the most consistent and significant finding at each 
time-point and in each subgroup was that adiponectin was low in obese 
state, and raised with weight loss after bariatric surgery. Antagonistic in 
function to adiponectin is another adipokine named resistin, which is 
secreted by visceral adipocytes. It increases hepatic gluconeogenesis and 
insulin resistance [24]. It has also been shown to exert pro-inflammatory 
effects through enhancing the nuclear factor kappa (NF-KB), light chain 
enhancer in activated B-cell pathway and increasing the production of 
IL-6 and TNF-α [25]. In our study we found that circulating resistin was 
higher in participants with obesity as compared to those without, and its 
levels decreased with weight loss post-operatively. Resistin is a pro in-
flammatory adipokine, which is thought to be an important player in 
progression of obesity and subsequent pathogenesis of Type 2 DM in 
obese individuals. When studied separately, IR subgroup displayed a 
significant reduction in its levels with surgically induced weight loss. 
The evidence of the changes in the levels of resistin in response to bar-
iatric surgery has been inconclusive in literature where some studies 
reported its significant reductions [26–28], while others reported con-
tradictory findings [29,30]. 

It is well documented that the chances of contracting the obesity 
associated co-morbidities increases manifold in presence of an exacer-
bated inflammatory state. This is due to the fact that adipose tissue se-
cretes a number of pro-inflammatory cytokines; most important being 
IL-6 and TNF-α which promote its dysfunction and insulin resistance 
[31]. These may be secreted directly from adipocytes or the immune 
cells that take up residence in the adipose tissue [32]. 

IL-6 is a pleiotropic cytokine that has complex effects on obesity- 
associated metabolic dysfunctions [33] and circulating concentration 
of IL-6 increases with adipose tissue mass and it has been suggested that 
about 30% of total circulating IL-6 originates from adipose tissue [34]. 
Albeit, this is in contradiction with our study, where we found IL-6 to be 
comparatively lower in individuals with obesity, prior to surgery and to 
be escalated gradually to significantly higher levels at the time of follow 
up. Recently, the pro-inflammatory role of IL-6 in insulin resistance 
associated with human obesity has been challenged, as it has been re-
ported to exert some insulin-sensitising effects in both healthy human 
individuals and those with type 2 diabetes [35]. It is also known from 
previous studies that anti-inflammatory effects of IL-6 are brought by its 
inhibitory action on TNF-α, which is one of the most commonly impli-
cated cytokines in metabolic dysfunctions of obesity and is secreted by 
macrophages present in adipose tissue’s stromal vascular fraction [36]. 
Furthermore, the reductions in TNF-α are considered to be a protective 
measure from insulin resistance induced by high-fat diet [37]. Again 
contrarily, we found that subjects with obesity had higher TNF-α as 
compared to healthy controls before surgery. But after surgery, as levels 
of IL-6 started to increase in immediate post-operative period, TNF-α 
decreased significantly. As time elapsed after surgery and at 6th month 
follow up assessment, TNF-α portrayed a rising trend with a concomitant 
increase in IL-6. So, by convention it becomes inevitable to state that the 
interplay of cytokines is much more complex than was expected earlier. 
This is also reinforced by findings of the Kartz et al. [38] and Lindegaard 
et al. [39] who had reported similar discordant results about circulating 
IL-6 in their studies, and also in a meta-analysis which reported several 
inconclusive results on exploring the impact of bariatric surgeries on 
serum IL-6, TNF-α and CRP [6]. Another meta-analysis found while 
exploring the literature, advocated a decrease in IL-6 levels accompa-
nying the weight loss after bariatric surgery [40]. 

The most often measured inflammatory marker which has been 

Table 4 
Follow up changes in Anthropometric Characteristics, Biochemical Parameters and Serum Adipo-cytokines in individuals with obesity undergoing bariatric surgery 
(n=30) divided into IS and IR based on the HOMA-IR cut off.   

INSULIN RESISTANT OBESE (IR, n=22) INSULIN SENSITIVE OBESE (IS, n=8) 

HOMA IR ≥ 2.5 HOMA IR < 2.5  

BASELINE (n=22) POST-OP (n=22) FOLLOW UP (n=14) BASELINE (n=8) POST-OP (n=8) FOLLOW UP (n=4) 

Anthropometric Characteristics: 
Body Weight (Kg) 121.1 ± 6.50 – 90.69 ± 5.21*** 117.7 ± 5.02 – 82.17 ± 5.44*** 
BMI (Kg/m2) 45.73 ± 1.45 – 34.08 ± 0.98*** 47.16 ± 1.99 – 33.21 ± 2.01*** 

Glucose Homeostasis: 
Fasting Serum Glucose (mg/dL) 96.93 ± 2.94 – 92.94 ± 3.45 112.5 ± 11.94 – 91.96 ± 9.06 
Fasting Serum Insulin (μU/L) # #24.22 ± 2.77 – 9.31 ± 1.28*** # #9.43 ± 2.66 – 4.67 ± 0.66 

HbA1c 6.03 ± 0.14 – 5.56 ± 0.17** 5.57 ± 0.25 – 5.63 ± 0.34 
HOMA-IR # # #5.7 ± 0.61 – 2.15 ± 0.31*** # # #1.18 ± 0.21 – 1.06 ± 0.17 
HOMA-B # #324.4 ± 58.09 – 150.8 ± 31.90** # #81.08 ± 34.11 – 88.28 ± 21.74 
QUICKI # # #0.30 ± 0.01 – 0.35 ± 0.01*** # # #0.36 ± 0.02 – 0.39 ± 0.01 

Serum Inflammatory Cytokines: 
CRP (μg/ml) 42.90 ± 22.76 55.05 ± 25.07 #9.46 ± 3.06 33.88 ± 29.26 65.85 ± 54.5 #12.17 ± 6.14 
TNF-α (pg/ml) 30.47 ± 6.03 22.17 ± 4.61 35.53 ± 6.16 16.31 ± 4.88 17.12 ± 4.57 27.92 ± 6.52 
IL8 (pg/ml) 131.4 ± 64.87 70.97 ± 27.04 91.13 ± 30.17 127.5 ± 71.79 124.0 ± 66.64 101.7 ± 18.35 
MCP1 (ng/ml) 1.02 ± 0.08 0.99 ± 0.09 0.90 ± 0.15 0.87 ± 0.12 0.81 ± 0.11 0.82 ± 0.15 
IL6 (pg/ml) 26.60 ± 5.14 40.92 ± 16.19 16.36 ± 6.64* 14.54 ± 4.35 15.74 ± 3.12 5.94 ± 1.94 

Serum Adipocytokines: 
Adiponectin (μg/ml) 17.29 ± 1.50 17.09 ± 1.32 70.32 ± 14.25*** 18.21 ± 2.88 20.13 ± 3.39 63.33 ± 33.49 
Resistin (ng/ml) 44.75 ± 6.92 39.94 ± 6.78 27.14 ± 4.79* 42.30 ± 10.22 50.51 ± 11.96 37.3 ± 11.39 

Data is represented as Mean ± SEM. It was analysed using the paired Student’s t-test for parametric variables and Wilcoxon Sign rank test for non-parametric variables. 
* Comparison of post-op & follow up data with baseline within same sub-group i.e., IR or IS; *p <0.05, **p <0.01, ***p <0.001. 
# Intergroup comparison of data at respective time points, e.g., follow up CRP of IR with that of IS. #p <0.05, ##p <0.01, ###p <0.001. 
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consistently correlated with weight, BMI, waist-hip ratios and insulin 
resistance is CRP, so much so that it has become the marker of “meta- 
inflammation” [6,41]. While comparing our study subjects, we found 
Group-I had higher circulating CRP than Group-II. The serum levels 
spiked in immediate post-op period which we speculate could be 
attributed to the acute phase reactant characteristic of CRP and might be 
consequent to the invasive procedure which the individuals underwent. 
At the time of follow up at 6th month, the serum levels were notably 
lower than baseline. As CRP also correlated positively to the serum in-
sulin and HOMA-IR prior to the surgery, it could predictably be com-
mented that CRP is associated with the development of insulin 
resistance. Furthermore, IL-6 was postulated to be a driver of CRP syn-
thesis and its secretion from liver [41]. Our data disputed such a relation 
between the two, since CRP levels dropped with increasing weight loss, 
while IL-6 continued to rise. 

In our study, MCP-1 and IL-8 were also analysed as part of the study 
panel in all study groups. IL-8 has previously been shown to increase in 
obesity, thereby, contributing to the ongoing low-grade systemic 
inflammation in obesity [42]. It plays a role in local immune activation. 
It acts by promoting recruitment of various immune cells like neutro-
phils and macrophages to the stromal vascular fraction, subsequently 
worsening the inflammation. Previous studies have observed a signifi-
cant difference between the individuals with BMI ranging from normal 
to overweight, in terms of serum level of IL-8 [19,43]. In our study also, 
we found notably higher IL-8 levels in subjects who were obese as 
compared to control group. Assessment for prospective changes in its 
levels revealed a declining trend after surgery at various time points, 
though the differences were not significant. IL-8 also correlated to 
weight preoperatively, hence pointing towards the role of obese adipose 
tissue in promoting its own dysfunctions. One of the most common 
immune cells infiltrating adipose tissues are macrophages and their 
recruitment to adipose tissue is facilitated by MCP-1 secreted by adipose 
tissue itself [41,44]. In our study MCP-1 was found to be significantly 
higher in obese state, decreased with weight loss and this drop was 
consistent in all the groups and sub-groups especially significantly in 
those who underwent gastric bypass surgeries. 

When the subgroup with gastrectomy procedure was compared with 
the subgroup of individuals with gastric bypass surgeries, the improve-
ment in weight and BMI was equally significant. But closely following 
the serum markers, it was noted that gastric bypass surgery had a better 
outcome in terms of resolution of insulin resistance over the course of 
study. This was reflected in the glycaemic parameters namely serum 
insulin, HOMA-IR and QUICKI; as well as serum estimation and com-
parison of the adipo-cytokines, CRP, IL-8, MCP-1, Resistin and IL-6 
(Table 3). 

5. Conclusion 

Overall, our study has put forward that consequent to bariatric sur-
gery, there is alleviation of the pro-inflammatory milieu in the body with 
concurrently significant improvement in insulin resistance. So far, pro-
spective studies assessing the changes in various inflammatory adipo-
kines and cytokines following bariatric surgery have measured them at 
different time points like 3, 6, 12 and 24 months post-operatively 
[45–47]. Those catering to the assessment at less than 3 months 
post-operatively are very few and to the best of our knowledge none has 
taken into account the assessment at immediate post op period. Another 
distinction that this study holds is the comparison of outcome of bar-
iatric procedures according to the type of surgery, where gastric bypass 
was found to be more beneficial as compared to gastrectomy. 

Considering the complexity of the metabolic and inflammatory 
functions of adipose tissue along with the dynamicity and associated co- 
morbidities in obesity, our study will add more evidence to the trajec-
tories of the changes in these parameters right from the beginning of the 
bariatric surgery. This will further enhance our knowledge whether 
improvement in cytokine profile eventually translate into a significant 

clinical benefit with regard to obesity related morbidity and mortality. 
Our study did not take into consideration the dietary and physical ac-
tivity patterns of the participants in the time following bariatric surgery. 
The variations in the glycaemic profiles and insulin sensitivity, espe-
cially in individuals who had diabetes or insulin resistance at baseline, 
could also be affected by concomitant anti-diabetic treatments. This is 
another confounding factor that may be looked into. Future prospective 
studies with a bigger sample size, stringent follow up and a range of 
biomarkers which could best predict the outcomes of bariatric surgery in 
terms of resolution of co-morbidities would bring out more objectivity to 
the spectrum of benefits of such weight loss surgeries. 
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