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Changes in Circulating Cytokines and Adipokines After 
RYGB in Patients with and without Type 2 Diabetes
Petros Katsogiannos 1, Prasad G. Kamble 1, Maria J. Pereira1, Magnus Sundbom2, Per-Ola Carlsson1,3,   
Jan W. Eriksson1, and Daniel Espes1,3

Objective: This study aimed to compare cytokine and adipokine levels 
in patients with obesity with and without type 2 diabetes (T2D) at base-
line and 6 months after Roux-en-Y gastric bypass (RYGB) with healthy 
controls.
Methods: A total of 34 patients (21 with T2D) with BMI of 30 to 45 kg/m2   
were compared with 25 healthy controls without obesity. Cytokines, 
adipokines, and peptides of relevance for inflammation and metabolism 
were analyzed in plasma.
Results: Significant decreases in weight and glycated hemoglobin A1c 
were observed. At baseline, interleukin-6 (IL-6), IFN-β, IL-18, leptin, 
and hepatocyte growth factor were higher in all patients with obesity 
compared with healthy controls. In patients without T2D, TNF-α, IL-1α, 
IL-2, IL-15, and visfatin were also increased, whereas bone morpho-
genic protein-4 was decreased. Following RYGB, IL-6 and hepato-
cyte growth factor were still increased in both groups compared with 
controls. In T2D patients, IFN-β, IL-27, IL-1α, IL-2, regenerating islet-  
derived protein 3A, visfatin, and osteopontin were found to be  increased. 
In patients without T2D, TNF-α, IL-1α, IL-2, IL-15, leptin, and visfatin 
remained increased.
Conclusions: The altered cytokine profile of patients with obesity per-
sisted after RYGB despite large weight loss and improved metabolic sta-
tus, thus reflecting an inherent inflammatory state.
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Introduction
Obesity is a global health challenge that has become one of the lead-
ing risk factors for premature death. Patients with obesity are at risk 
of developing metabolic syndrome (1) and type 2 diabetes (T2D) 
with all of the associated cardiovascular complications. However, the 
state of obesity itself also has been associated with disturbances in 
lipid and glucose metabolism, insulin signaling, adipose tissue devel-
opment, and inflammation (2). It has been proposed that low-grade 
inflammation in adipose tissue contributes to insulin resistance in 
obesity, and there is increasing evidence of an altered immunological 

profile in patients with obesity. Of great interest is the fact that obe-
sity has also been associated with the incidence and severity of in-
fections (3). Recent data have indicated that both obesity and T2D 
are risk factors for severe coronavirus disease 2019 infections, with 
a higher prevalence of acute respiratory syndrome requiring invasive 
mechanical ventilation (4). Roux-en-Y gastric bypass (RYGB) sur-
gery has been shown to reverse and normalize many of the metabolic 
changes associated with obesity. However, the underlying mecha-
nisms remain unclear, and the importance of the inflammatory pro-
file is so far poorly understood (5). Previous studies have shown that 
various cytokines, adipokines, and chemokines are altered in patients 
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Study Importance Questions

What is already known?

►	Various cytokines, adipokines, and 
chemokines are altered in patients with 
obesity and type 2 diabetes, and the 
changes after Roux-en-Y gastric bypass 
surgery have been previously described.

What does this study add?

►	Patients with obesity have an altered 
inflammatory and adipokine profile com-
pared with healthy controls, a persisting 
result after Roux-en-Y gastric bypass 
surgery, despite the dramatic weight 
loss.

How might these results change the 
focus of clinical practice?

►	The persisting differences in the inflam-
matory and adipokine profile between 
patients who have had gastric bypass 
surgery and healthy controls need to be 
addressed clinically in order to further re-
duce the risk of long-term complications.
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with obesity and T2D. However, the data on how these factors behave 
in patients with obesity without T2D compared with patients with 
obesity with T2D undergoing RYGB are poorly understood.

In this exploratory study, we analyzed cytokines and adipokines of 
importance for both metabolic regulation and inflammation. We investi-
gated whether these circulating factors are altered differently in patients 
with and without T2D following RYGB and how they compare with 
levels in healthy controls.

Methods
Patient selection and study design
Patients (aged 18-60 years, BMI 30-45 kg/m2) scheduled to un-
dergo RYGB were recruited at the Department of Endocrinology and 
Diabetology at Uppsala University Hospital in Sweden. Healthy con-
trols with normal BMI were recruited through advertising. Out of the 21 
patients with T2D, 13 were also part of another study (6,7). The patients 
with T2D had a mean diabetes duration of 5 years (ranging from 4 to 8 
years), and the majority were treated with oral antidiabetics, primarily 
metformin (n = 19), in combination with sulfonylureas (n = 1) and incre-
tins (n = 3). One patient was treated with insulin.

This study was approved by the Regional Ethical Board of Uppsala 
County (DNR 2014/255, 2013/356) and conducted per the declaration 
of Helsinki as revised in 2000. Study participants were given oral and 
written information and they signed a consent form before their inclu-
sion in the study.

Study procedures
The patients were assessed on the following two occasions: at baseline 
and 6 months following surgery. Healthy controls were assessed once. 
The following investigations were performed during 1-day visits: an-
thropometric measurements (body weight, waist/hip circumference) and 
a physical examination. Blood samples were collected in the morning 
following an overnight fast for biochemical measurements. A subcuta-
neous adipose tissue (SAT) biopsy was performed in patients with T2D 
at baseline and 6 months after RYGB. All patients underwent a period of 
caloric restriction using a low-calorie diet 2 to 4 weeks prior to surgery 
according to clinical routine. All treatment adjustments during follow-up 
were based on clinical criteria and performed as per clinical practice.

Biochemical measurements
Glycated hemoglobin A1c (HbA1c), fasting glucose, C-peptide, choles-
terol, high-density lipoprotein cholesterol, low-density lipoprotein cho-
lesterol, and triglycerides were analyzed according to clinical routine. 
If not analyzed immediately, plasma samples were stored at −80°C. 
Hormone analysis was performed using commercially available kits 
that tested growth hormone (Immulite 2000XPi, Siemens Healthcare 
Global, Erlangen, Germany) and total adiponectin (R&D Systems, 
Minneapolis, Minnesota). Leptin, regenerating islet-derived protein 3A 
(Reg3A), tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6),   
IL-33, visfatin, interferon beta (IFN-β), IL-27, IFN-γ, IL-1α, IL-2,   
resistin, osteopontin, IL-15, IL-21, hepatocyte growth factor (HGF), 
bone morphogenic protein-4 (BMP4), and IL-18 were analyzed using 
a magnetic bead-based Luminex assay (R&D Systems) at the plasma 
profiling unit at SciLife Lab.

Gene expression analysis
Total RNA from SAT was isolated using the RNeasy Lipid Tissue 
Mini Kit (Qiagen, Hilden, Germany). The concentration and purity 
of total RNA were measured with the Nanodrop (Thermo Fisher 
Scientific, Waltham, Massachusetts). In total, 400 ng of RNA was 
reverse transcribed as per manufacturer instructions using a High-
Capacity cDNA Reverse Transcriptase Kit (Applied Biosystems, 
Foster City, California). The expression levels of different tran-
scripts were measured with TaqMan gene expression assays (Thermo 
Fisher Scientific). Gene expression detection was performed using 
the QuantStudio 3 sequence detection system (Applied Biosystems). 
The data were calculated using a relative standard curve method or   
2−delta Ct. Results were plotted as relative quantification using 18S 
ribosomal RNA or glucuronidase beta (GUSB) as an endogenous 
control. All samples were run in duplicates. This was performed only 
in the patients with T2D, as the adipose tissue biopsy has been per-
formed as part of another study’s protocol.

Statistical analysis
Statistical analysis was performed using GraphPad Prism version 6.07 
(GraphPad Software, San Diego, California). A nonparametric one-way 
ANOVA (Kruskal-Wallis test) for multiple comparison using a Dunn 
post hoc test was applied for the comparison of controls with patients 
with obesity and with or without T2D prior to versus following sur-
gery, respectively. A paired two-tailed t test or Wilcoxon matched-pairs 
signed rank test was used to compare differences prior to versus fol-
lowing surgery within the same group for normally and not normally 
distributed data, respectively. Cytokines and adipokines that were sig-
nificantly different between the two groups were data normalized for 
age and BMI, respectively, and compared using a Mann-Whitney U 
test. Normality distribution was determined by a D´Agostino-Pearson 
Omnibus normality test. All correlations were calculated using a non-
parametric Spearman correlation. P < 0.05 was considered statistically 
significant. Correction for multiple testing was performed using the 
Bonferroni-Dunn method. All values are given as mean (SEM).

Results
Anthropometric and metabolic parameters
In total, 34 patients with obesity (21 with T2D) and 25 healthy controls 
were included. Patients with obesity and with and without T2D had, 
as expected, higher BMI and body weight compared with controls, but 
BMI and body weight were comparable between the two groups. As 
expected, patients with obesity displayed significant weight loss fol-
lowing RYGB, but BMI was still increased compared with controls for 
both groups (Table 1). Patients with T2D were slightly older than the 
controls, although the difference was not significant when adjusted for 
multiple testing (Table 1). As expected, patients with T2D had higher 
HbA1c and fasting glucose levels at baseline compared with patients 
without T2D and controls. Also, patients without T2D had slightly 
increased HbA1c levels compared with controls, although the levels 
were within the normal range. C-peptide levels were higher when com-
pared with controls but not when compared with patients without T2D. 
Postsurgery patients with T2D, having discontinued their antidiabetic 
treatment (n = 14), still displayed higher HbA1c (although within the 
normal range), but the fasting levels of glucose were comparable to 
controls and patients without T2D (Table 1).
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Circulating cytokines
At baseline, IL-6, IFN-β, and IL-18 were higher in patients with and 
without T2D compared with controls. Furthermore, patients without 
T2D displayed increased levels of TNF-α, IL-1α, IL-2, and IL-15 com-
pared with controls. At follow-up after RYGB, IL-6 was still found to 
be increased in both groups (Figure 1). Also, IL-1α and IL-2 increased 
in patients with T2D and was found to have increased in both groups 
(Figure 1), whereas TNF-α, IL-15, and IL-18 were increased only in 
patients without T2D (Table 2). Also, IL-27 increased following sur-
gery in T2D patients and was found to have increased when compared 
with controls.

Interestingly, at baseline, only TNF-α and IL-2 were lower in patients 
with T2D compared with patients without T2D. TNF-α was also lower in 
T2D patients when normalized for BMI (P = 0.03) and age (P = 0.007), 
whereas IL-2 was significantly lower only when normalized for age 
(P = 0.0006). Postsurgery TNF-α levels were still lower in T2D patients 
and IFN-β was also lower, though only marginally (Table 2). However, 
when correcting for multiple testing, there were no significant differ-
ences in circulating cytokines between patients with and without T2D 
(Table 2).

When computing correlations for all patients with obesity, baseline 
BMI was found to be positively correlated with the baseline levels of 
TNF-α (P = 0.001, r = 0.53), IL-6 (P = 0.01, r = 0.43), IL-27 (P = 0.03, 
r = 0.38), IL-2 (P = 0.02, r = 0.41), and IL-18 (P = 0.04, r = 0.35). Age 
was not correlated with circulating cytokine levels in controls.

Adipokines and other peptides
At baseline, leptin and HGF levels of patients both with and without 
T2D were higher compared with controls, including when corrected 
for multiple testing. Patients without T2D displayed increased levels 
of visfatin but lower levels of BMP4 compared with controls even after 

correcting for multiple testing. Moreover, the T2D patients had signifi-
cantly lower levels of adiponectin at baseline when compared with con-
trols, although levels were not significant when corrected for multiple 
testing (Table 2). At follow-up, HGF was still increased in both groups 
(Figure 1), whereas leptin was increased only in patients without T2D. 
Adiponectin increased in patients with T2D and it was comparable to 
that of controls and patients without T2D following surgery. Also, vis-
fatin increased in patients with T2D and was increased when compared 
with controls at follow-up (Figure 1). Reg3A increased in both groups 
and was elevated compared with controls (Figure 1). Also, the levels 
of osteopontin were increased in both groups at follow-up (Figure 1).

At baseline, visfatin, resistin, and osteopontin were lower in the patients 
with obesity and T2D compared with those without T2D (Table 2). 
However, when correcting for multiple testing, there were no signif-
icant differences in circulating adipokines between the two groups 
with obesity at baseline. When normalizing for age and BMI, visfa-
tin (P = 0.002 and P = 0.02) and osteopontin (P = 0.0003 and P = 0.03) 
remained lower in patients with T2D. Resistin was also significantly 
lower when normalized for age (P = 0.002), but not for BMI. BMP4 
was instead higher in patients with T2D even after normalizing data for 
BMI (P = 0.0002), but not for age. Following surgery, the circulating 
levels of adipokines were similar in both groups with obesity (Table 2).

When computing correlation for all study participants with obesity, we 
found that the baseline BMI was positively correlated with the circu-
lating levels of leptin (P = 0.002, r = 0.52), resistin (P = 0.003, r = 0.50), 
and osteopontin (P = 0.01, r = 0.44), whereas BMP4 was negatively cor-
related with BMI (P = 0.03, r = −0.37). When computing correlations 
for the two separate groups of patients with obesity, we observed no 
correlations between circulating adipokines and BMI among patients 
without T2D. Among the T2D patients, a positive correlation between 
BMI and leptin (P = 0.005, r = 0.59) was observed. Age was not cor-
related with circulating adipokine levels in controls.

TABLE 1 Descriptive data of patients with obesity and with and without type 2 diabetes prior to and following RYGB compared 
with healthy controls

Patients with obesity and T2D (n = 21) Patients with obesity without T2D (n = 13) Healthy 
controls 
(n = 25)Baseline Post-RYGB Baseline Post-RYGB

Age (years) 49 ± 2** 42 ± 3 39 ± 3

Gender (F/M) 18/3 12/1 14/11

BMI (kg/m2) 38.3 ± 0.9***aa 29.2 ± 0.6***aa###cc 43.1 ± 0.8***aa 32.8 ± 1.2***aa###cc 24.4 ± 0.5

Weight (kg) 104.9 ± 3.2***aa 79.1 ± 2.0###cc 117.9 ± 4.4***aa 91.6 ± 5.2*###cc 76.4 ± 2.6

HbA1c (mmol/mol) 53.7 ± 2.9***aa++ 40.2 ± 1.4***aa+###cc 37.4 ± 1.1* 33.7 ± 1.3##cc 32.5 ± 0.6

Glucose (mmol/l) 8.5 ± 0.4***aa++ 6.3 ± 0.3###cc 6.2 ± 0.2 5.6 ± 0.1# 5.6 ± 0.1

C-peptide (nmol/l) 1.5 ± 0.1***aa 0.9 ± 0.1*###cc 1.4 ± 0.1***aa 0.9 ± 0.04**###cc 0.7 ± 0.06

Cholesterol (mmol/l) 5.1 ± 0.2 4.3 ± 0.2*##c 5.2 ± 0.3 4.8 ± 0.3 5.6 ± 0.3

HDL Cholesterol (mmol/l) 1.0 ± 0.04***aa 1.1 ± 0.05**a## 1.1 ± 0.05* 1.1 ± 0.1 1.6 ± 0.1

LDL Cholesterol (mmol/l) 3.2 ± 0.2 2.7 ± 0.2##c 3.5 ± 0.3 3.1 ± 0.3 3.5 ± 0.3

Triglycerides (mmol/l) 2.2 ± 0.2**a 1.2 ± 0.1###cc 2.1 ± 0.3* 1.4 ± 0.2##c 1.2 ± 0.2

All values are given as mean ± SEM.
Comparison with healthy controls: * denotes P < 0.05, **< 0.01, ***< 0.001; a denotes corrected P < 0.05, aa< 0.01.
Comparison between patients with T2D vs. patients without T2D: + denotes P < 0.05, ++<0.01.
Comparison within groups at baseline and post-RYGB: # denotes P < 0.05, ##< 0.01, ###< 0.001; c denotes corrected P < 0.05, cc< 0.01.  
HbA1c, glycated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RYGB, Roux-en-Y gastric bypass; T2D, type 2 diabetes.
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Gene expression
Gene expression from SAT in the patients with diabetes was measured for 
the cytokines and adipokines that showed significant changes in the circu-
lating plasma. The BMP4 mRNA levels remained unchanged at 6 months 

compared with baseline, whereas the expression of IL-6, IL-18, and RETN 
(gene encoding resistin) were reduced significantly at 24 weeks; however, 
no decrease was seen in the plasma levels of these cytokines. The mRNA 
levels of visfatin and IL-33 did not significantly change following surgery.

Figure 1 Levels of cytokines, adipokines, and hormones that were significantly different in both patients with T2D and patients without T2D 
(ND) 6 months after Roux-en-Y gastric bypass surgery compared with HC. *P < 0.05, **P < 0.01, ***P < 0.001. HC, healthy controls; T2D, type 
2 diabetes.
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Discussion
RYGB results in large weight loss, and patients with T2D can often 
achieve a normoglycemic state for a prolonged period without the use 
of glucose-lowering drugs (8). However, many of the underlying met-
abolic and inflammatory mechanisms associated with weight loss and 
the correction of glycemic control remain elusive. Following RYGB, 
local effects in the intestine and adipocytes have been observed in ad-
dition to the systemic metabolic effects (9). Here, we present data on 
how circulating levels of cytokines and adipokines are altered following 
RYGB in patients with obesity with and without T2D.

Anthropometric and metabolic parameters
Patients with obesity and T2D displayed numerically lower BMI 
and body weight (though not statistically significant) compared with 
patients without T2D. This can be explained by the more active ap-
proach toward RYGB in the clinical care of patients with concomitant 
risk factors, such as T2D, in Sweden. The impaired metabolic con-
trol in patients with T2D before undergoing RYGB improved already 

6 months following surgery with a nearly normal glycemic control 
even after the cessation of their antidiabetic treatment. However, 
HbA1c levels were still increased in patients with T2D (although 
within the normal range) compared with patients without T2D and 
controls. Also, among patients without T2D, HbA1c improved within 
the normal range following RYGB. Insulin resistance is a hallmark of 
T2D, and, despite this, we found that the fasting levels of C-peptide 
were similar in both groups of patients both at baseline and follow-
ing surgery. However, C-peptide levels improved following RYGB 
in both groups. This sheds further light on the state of obesity itself 
and the metabolic changes associated with obesity even under normal 
glycemic control.

Circulating cytokines
At baseline, several inflammatory cytokines (IL-6, IFN-β, and IL-18) 
were elevated in the patients with and without T2D compared with 
controls. In addition, patients without T2D displayed increased levels 
of proinflammatory cytokines TNF-α, IL-1α, IL-2, and IL-15 com-
pared with controls. At the 6-month follow-up, IL-6 was still found 

TABLE 2 Circulating cytokines, adipokines, and other peptides in patients with obesity and T2D vs. obesity without T2D prior to 
and following RYGB compared with healthy controls

Patients with obesity and T2D (n = 21)
Patients with obesity without T2D 

(n = 13) Healthy 
controls 
(n = 25)Baseline Post-RYGB Baseline Post-RYGB

Cytokines
TNF-α (pg/ml) 5.8 ± 0.8+ 5.7 ± 0.8+ 9.6 ± 1.2***aa 9.3 ± 1.0***aa 3.7 ± 0.6

IL-6 (pg/ml) 2.5 ± 0.3**a 2.5 ± 0.4** 3.8 ± 0.5***aa 3.0 ± 0.6**a 1.4 ± 0.3

IL-33 (pg/ml) 5.9 ± 1.0 8.5 ± 1.8# 10.4 ± 3.9 16.7 ± 5.6# 5.6 ± 0.8

IFN-β (pg/ml) 7.0 ± 1.4***aa 6.1 ± 0.8* 7.1 ± 0.9* 7.2 ± 0.9 6.0 ± 0.1

IL-27 (ng/ml) 410 ± 30 574 ± 38**###acc 514 ± 68 597 ± 93 402 ± 35

IFN-γ (pg/ml) 21.8 ± 1.9 34.2 ± 8.1 34.0 ± 11.8 42.2 ± 21.1 23.8 ± 2.2

IL-1 α (pg/ml) 9.6 ± 1.5 12.9 ± 1.6**#a 14.0 ± 2.3**a 13.3 ± 1.7***aa 7.0 ± 1.7

IL-2 (pg/ml) 13.6 ± 0.6+ 17.5 ± 1.2***###aacc 16.9 ± 0.7***aa 16.1 ± 0.4**a 12.4 ± 0.6

IL-15 (pg/ml) 5.9 ± 1.0 7.5 ± 1.5 8.7 ± 1.9* 8.0 ± 1.7* 4.1 ± 0.6

IL-21 (pg/ml) 10.9 ± 1.3 12.4 ± 2.6 14.0 ± 2.8 19.4 ± 6.9 13.6 ± 1.3

IL-18 (pg/ml) 310 ± 30* 252 ± 19##c 397 ± 49***aa 285 ± 26*## 205 ± 16

Adipokines and other peptides
Adiponectin (µg/ml) 4.7 ± 0.5* 7.1 ± 0.6###cc 5.8 ± 0.9 7.1 ± 0.7 8.5 ± 1.1

Leptin (ng/ml) 74.5 ± 17.5***aa 13.8 ± 2.0###cc 67.0 ± 6.9***aa 21.8 ± 3.7**###cc 11.1 ± 2.4

Reg3A (ng/ml) 7.8 ± 0.8 13.8 ± 1.7***##aacc 6.6 ± 0.9 11.7 ± 1.6*###cc 7.6 ± 0.8

Visfatin (ng/ml) 2.8 ±0.4+ 3.4 ± 0.4***##aac 3.7 ± 0.1***aa 3.8 ± 0.1***aa 1.8 ± 0.1

Growth Hormone (ng/ml) 0.8 ± 0.3 3.5 ± 0.8###cc 0.9 ± 0.3 1.9 ± 0.5 2.7 ± 0.7

Resistin (ng/ml) 7.7 ± 1.1+ 8.6 ± 1.2###cc 9.3 ± 0.8 9.1 ± 1.0 7.6 ± 0.3

Osteopontin (ng/ml) 21.9 ± 1.9+ 41.1 ± 3.9**###cc 31.2 ± 2.8 39.9 ± 5.8* 25.9 ± 2.3

Hepatocyte Growth Factor (pg/ml) 156 ± 12***aa 146 ± 13***aa 144 ± 18***aa 115 ± 12*# 72 ± 6

BMP-4 (pg/ml) 18.7 ± 1.2+ 21.0 ± 1.6#c 14.3 ± 2.2***aa 18.0 ± 2.1 23.1 ± 2.1

All values are given as mean ± SEM.
Comparison with healthy controls: * denotes P < 0.05, **< 0.01, ***< 0.001; a denotes corrected P < 0.05. aa< 0.01.
Comparison between patients with T2D vs. patients without T2D: + denotes P < 0.05.
Comparison within groups at baseline and post-RYGB: # denotes P < 0.05, ##< 0.01, ###< 0.001; c denotes corrected P < 0.05, cc< 0.01.  
BMP4, bone morphogenic protein 4; Reg3A, regenerating islet-derived protein 3A; TNF, tumor necrosis factor; IL, interleukin; IFN, inteferon; RYGB, Roux-en-Y gastric bypass 
surgery; T2D, type 2 diabetes.
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to be increased in both groups with obesity. The levels of IL-18 de-
creased in both groups but remained increased in patients without 
T2D compared with controls. On the other hand, IL-1α and IL-2 in-
creased in the T2D patients and, at follow-up, were found to be sig-
nificantly higher in both groups with obesity compared with controls. 
Taken together, these data indicate that, in patients with T2D, there 
was a slight reduction in IL-18 and an increase in IL-27 after RYGB 
but, overall, a more pronounced inflammatory profile compared with 
controls. Patients without T2D, on the other hand, displayed a more 
pronounced inflammatory profile already at baseline, which was 
maintained at follow-up.

Adipose tissue can produce and secrete several proinflammatory 
cytokines and is becoming increasingly recognized for its impor-
tance in regulating immune functions. In addition to release of adi-
pokines, adipocytes can, for instance, also secrete TNF-α and IL-6 
(10). Traditionally, IL-6 is considered a proinflammatory cytokine 
but has also been found to play a role in metabolic regulation. In 
some studies, IL-6 has been found to increase insulin sensitivity 
through its effects on adipose tissue and skeletal muscle (11) whereas 
other studies have found a correlation between high levels of IL-6 
and insulin resistance (12). Therefore, whether IL-6 exerts positive 
or negative effects is still the subject of controversy. Similar to our 
findings, previous studies have found that the levels of IL-6 remain 
increased after RYGB (13). The present positive correlation of IL-6 
to BMI and the lower gene expression of IL-6 in adipocytes follow-
ing surgery implies that the levels are maintained through its secre-
tion from immune cells. Of current interest is the notion that this 
could be a major contributor to the increased risk of severe corona-
virus disease 2019 infections in both patients with obesity and T2D, 
and perhaps also an indication that even patients who have achieved 
normal weight following RYGB are at greater risk.

Interestingly, only two cytokines, TNF-α and IL-2, varied between 
T2D and nondiabetic patients at baseline. When normalizing the data 
for age and BMI, TNF-α was still found to be significantly higher in 
nondiabetic patients. IL-2 was significantly lower when normalized for 
age, but not for BMI. However, it should be noted that after correcting 
for multiple testing, there were no statistical differences in circulating 
cytokine levels between the two groups with obesity. Increased levels of 
TNF-α could be associated with a state of chronic inflammation in obe-
sity, as it has previously been found to be increased in patients with obe-
sity compared with controls (14). In line with those findings, we found 
that levels of TNF-α were increased in patients with obesity, but, inter-
estingly, the levels were found to be higher in patients without T2D. We 
observed a positive correlation between preoperative BMI and TNF-α 
levels, which further supported the contribution from adipose tissue and 
stromovascular fraction to the systemic levels of TNF-α (15). Despite 
that, TNF-α levels remained largely unaltered in both groups following 
RYGB, which indicates that it is not only the sheer volume but perhaps 
also the adipocyte phenotype in obesity that impacts TNF-α produc-
tion. Additionally, the levels also differed between the two groups with 
obesity when normalizing the data for BMI. IL-2 was first discovered 
as an autocrine growth factor essential for T-cell proliferation and effec-
tor response (16) but has later been recognized as an important reg-
ulator of the immune response to maintain self-tolerance. Peripheral 
blood mononuclear cells from individuals with T2D have been shown 
to produce significantly less IL-2, a surrogate marker of proliferation 
when stimulated with T-cell mitogen phytohemagglutinin. The lower 
production of IL-2 after phytohemagglutinin stimulation observed in 
individuals with obesity and T2D suggests that diabetes further impairs 

the ability of T cells to respond and proliferate (17). Circulating levels 
of IL-2 have previously been found to be reduced by calorie restriction 
but unaffected by RYGB (14). In contrast, we observed an increase of 
IL-2 in T2D patients after RYGB despite its positive correlation with 
BMI. This could indicate that the improvement of metabolic control 
following RYGB also affects the peripheral blood mononuclear cells’ 
capacity to produce IL-2.

IL-18 is produced by a large number of tissues, including adipose 
tissue, skeletal muscle, pancreas, brain, and endothelium (18). In 
patients with obesity, levels of IL-18 have previously been found to 
be increased and correlated with insulin resistance and metabolic syn-
drome (19). IL-18 is also increased in T2D patients (20). However, 
in experimental studies, IL-18 has been shown to exert potent 
anti-obesity effects, and mice administered with IL-18 are protected 
from weight gain, whereas knockout mouse models gain excessive 
amounts of adipocytes and become insulin resistant (21). It has been 
proposed that the production of IL-18 is a response to increasing 
obesity as an attempt to prevent further weight gain but that the 
tonic increase of IL-18 eventually leads to a decrease in IL-18 recep-
tor expression (22). Similar to our findings, previous studies have 
reported that IL-18 decreased following RYGB (23), and, in line with 
those findings, we observed a positive correlation between IL-18 and 
BMI. We also found that gene expression of IL-18 in adipose tissue 
was reduced following RYGB, which further supports the notion that 
the reduced circulating levels of IL-18 are related to weight loss. 
Interestingly, an experimental study has recently shown that the gene 
expression of IL-18 from the intestinal mucosa is reduced following 
RYGB (24). However, to the best of our knowledge, this is the first 
report in which the levels of IL-18 have been directly compared in 
patients with obesity with and without T2D.

IL-15 is a proinflammatory cytokine but has also been found to increase 
glucose uptake in skeletal muscle through the activation of glucose 
transporter type 4 (GLUT4) and increase insulin sensitivity (25). 
Accumulating evidence has suggested that IL-15 can block high-fat-  
diet-induced obesity, dyslipidemia, and hyperglycemia (26). In a pre-
vious report, circulating levels of IL-15 were found to be positively 
correlated with fat mass (27), but we did not observe any correlation 
between BMI and IL-15 levels.

IL-27 is secreted from immune cells, primarily antigen-presenting 
cells (28). Interestingly, IL-27 signals through a receptor consisting 
of two intracellular chains of which one is shared with IL-6. IL-27 
was initially found to enhance the function of type 1 helper T cells 
and suppress type 2 helper T cells, regulatory T cells, and type 17 
helper T cells, but more recent data have also pointed toward an anti-  
inflammatory role of IL-27 (29). There has also been experimental 
evidence suggesting that IL-27, in contrast to other IL-12 family 
members, can be secreted from adipocytes in response to inflam-
matory stress (30). At baseline, the IL-27 levels were compara-
ble between patients with obesity and the controls, but the levels 
increased in T2D patients after RYGB. To the best of our knowledge, 
there are no previous reports on how the circulating levels of IL-27 
are affected in obesity or T2D following RYGB.

Adipokines and other peptides
Adiponectin levels are known to be reduced in patients with T2D com-
pared with controls (31). We have previously found that the levels of 
adiponectin increase after RYGB in patients with T2D and that gene 
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expression of adiponectin in adipose tissue also increases (6). The in-
crease of adiponectin could contribute to improved insulin sensitivity 
and a more favorable metabolic control.

Reg3A was initially discovered in pancreatic exocrine secretion after 
an experimental induction of pancreatitis and has since been associated 
with acute and chronic inflammatory conditions of the pancreas (32). 
However, more recently, Reg3A has been ascribed anti-microbial and 
anti-inflammatory effects and has been found to reduce proinflamma-
tory cytokine release in ulcerative colitis (33). The intestinal expres-
sion of regenerating proteins is influenced by gut microbiota (34). To 
the best of our knowledge, levels of Reg3A have not previously been 
studied in patients with obesity undergoing RYGB. Interestingly, we 
found that levels of Reg3A increased following RYGB in both groups 
with obesity and were elevated compared with controls. These changes 
could reflect alterations of gut microbiota, which is known to be per-
manently altered following RYGB (35). The increased levels of Reg3A 
could, as IL-27 does, reflect an attempt to counteract the increase of 
other proinflammatory cytokines, such as IL1-α and IL-2.

Visfatin is secreted from both adipocytes and leukocytes in response to 
both metabolic and inflammatory cues. There have been a large number 
of reports linking visfatin to T2D and obesity, and there are some studies 
supporting a correlation between visfatin and BMI (36), but we did not 
observe such a correlation. In line with previously published reports, vis-
fatin was increased in patients without T2D but did not change following 
RYGB, whereas the levels increased following RYGB in T2D patients. 
However, gene expression in adipose tissue was unaltered, which is sug-
gestive of increased secretion from leukocytes. Also, visfatin levels were 
higher in patients without T2D compared with T2D patients at base-
line, which was also true when normalizing the data for age and BMI. 
Apart from its relation to body weight and metabolic markers, previous 
reports have described a strong correlation between visfatin levels and 
inflammatory cytokines, such as IL-6, which could explain our observed 
increase in visfatin levels following RYGB. In fact, when computing 
correlations for postsurgery visfatin levels, we found a positive correla-
tion with both TNF-α, IL-1α, IL-2, IL-6, and IL-21.

Osteopontin is a matrix glycoprotein secreted from various cell types in 
the bone and is also expressed by macrophages. Osteopontin increased 
significantly in patients with T2D following surgery and was increased 
in both groups compared with controls at 6 months. Diet-induced 
weight loss lowers elevated osteopontin concentrations in patients with 
obesity and could be secondary to the loss of adipose tissue (37). The 
observed increase of osteopontin after surgery was in line with what 
has been previously described and appears to be related to the increased 
bone resorption after RYGB in relation to osteopontin’s well-known 
effects on bone in this malabsorptive procedure.

Circulating levels of BMP4 are associated with adiposity, and studies 
have indicated that BMP4 promotes a differentiation of pre-adipocytes 
into adipocytes and white adipose tissue (38). We found that the levels 
of BMP4 were lower in patients without T2D compared with controls, 
which is in agreement with previous reports in which BMP4 levels have 
been found to decrease after RYGB (39). In patients with T2D, the lev-
els increased following RYGB but were still comparable to those of 
controls.

Several limitations must be acknowledged. First, the cytokine val-
ues were taken at 6 months, which is far from weight nadir in the 

majority of RYGB patients. The analyses could be repeated after the 
patients achieved a stable weight to further help with understand-
ing cytokine panels. Second, since the study was exploratory in 
nature, the patient cohort and controls were not selected with any 
distinct criteria besides the planned surgery and whether they had 
T2D. The gender distribution in the control group was not matched, 
and we have therefore computed comparisons with an age- and   
gender-matched subcohort of the control group (n = 18), which gave 
similar results with the main exception that IL-15 was no longer sig-
nificantly increased in the non-T2D group at baseline or at follow-up. 
Owing to the exploratory nature of the study, the sample size was not 
powered to detect specific changes in cytokines.

Conclusion
In conclusion, we observed that patients with and without T2D mainly 
retained a proinflammatory cytokine profile at 6 months following 
RYGB surgery. In patients with T2D, some cytokines were even further 
elevated. This was observed despite the dramatic weight loss and im-
provement in metabolic measures.O
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