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Abstract 

Background: Bariatric surgery is considered to be the most effective treatment option for weight reduction in obese 
patients. Abdominal obesity is frequently accompanied by metabolic syndrome (MS). Adipokines are cell signaling 
proteins that have direct impact upon the metabolic homeostasis. The purpose of this analysis was to evaluate the 
effect of bariatric surgery, including laparoscopic sleeve gastrectomy (LSG) and laparoscopic gastric bypass (LRYGB) 
on the adipokine levels and metabolic profile as well as MS and status of type 2 diabetes (T2D).

Methods: We analyzed anthropometric parameters, blood levels of adipokines, vitamins, lipids and inflammatory 
markers in 30 bariatric surgery patients with obesity of class II or III 1 month before and 1 year after surgery as well as 
in 60 obese patients from general practice (GP) and 15 patients with normal body mass (control).

Results: The BMI was significantly higher among patients before surgery and GP patients in comparison to con-
trol and post-surgery patients. The levels of glucose, cholesterol and LDL-cholesterol, triglyceride and hs-CRP were 
the highest in patients before surgery but decreased significantly after surgery, while the level of HDL-cholesterol 
increased after surgery.

The levels of adiponectin increased and that of leptin decreased after surgery. The significant difference in the con-
centration of resistin was revealed between LSG and LRYGB methods. The relationship between resistin and vitamin D 
was also found. The patients with MS and T2D displayed significantly greater reduction in lipid markers and adipokine 
levels than the rest of patients.

Conclusion: Remarkable changes in levels of adipokines after bariatric surgery appear like increase in adiponectin 
and decrease in leptin levels. Significant improvement in anthropometric parameters, metabolic and inflammatory 
markers occurs, suggesting high potential for reduction of metabolic syndrome and risk for type 2 diabetes. We have 
shown for the first time ever that level of vitamin D may be involved in resistin regulation.
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Background
Overweight and obesity belong to the main public 
healthcare problems in many developed countries. The 
causes of obesity are considered to be the combination 

of genetic, epigenetic and environmental factors [1–3]. 
The prevalence of overweight and obesity in Estonia has 
reached up to 35.0% and 32.0% respectively [4, 5].

In case of morbid obesity, the human organism suffers 
from an excess of subcutaneous and visceral adipose tis-
sue. Adipokines are the factors produced by adipose tis-
sue. The most important of them are leptin, resistin and 
adiponectin [6]. Abnormal shifts in adipokine levels are 
associated with obesity-related diseases such as insulin 
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resistance, type 2 diabetes (T2D), hyperlipidemia, stroke, 
atherosclerosis and different types of cancer [7–15].

A few methods are available for management of severe 
obesity, bariatric surgery being the most effective [16, 17]. 
Laparoscopic sleeve gastrectomy (LSG) and laparoscopic 
gastric bypass (LRYGB) are the most commonly per-
formed bariatric surgery procedures [18]. Studies have 
shown that bariatric procedure may correct metabolic 
comorbidities, regardless of weight loss [19–21] while 
less is known about shifts in adipokine levels after bari-
atric surgery. Since increasing number of people becomes 
eligible for bariatric surgical treatment, we should have 
a better understanding of how this procedure may influ-
ence the markers of health, including adipokine levels 
which are important in the pathogenesis of obesity and 
metabolic comorbidities.

The aim of the study was to reveal the impact of differ-
ent bariatric surgery methods on the levels of the most 
relevant adipokines. We also aimed to assess the rela-
tionship of adipokines with anthropometric and blood 
parameters and its changes in patients with metabolic 
syndrome (MS) and type II diabetes (T2D) in conse-
quence of bariatric surgery.

Materials and methods
Study groups
The study comprised three cohorts of patients. The bari-
atric surgery group (BS group) was formed of 30 consec-
utive morbidly obese bariatric surgery patients with class 
II or III obesity during the period March 2015 – Octo-
ber 2018 at the Tartu University Hospital. This group 
included 19 females and 11 males with the mean age 
46.9±8.9 (range 26-61) years and BMI 44.3±5.6 (range 
37-64) kg/m2, being investigated 1 month before and 
1 year after surgery. These patients underwent bariat-
ric surgery using one of the two methods: laparoscopic 
gastric bypass (LRYGB, n=12) or laparoscopic sleeve 
gastrectomy (LSG, n=18). All patients were operated by 
the same surgical team. The GP group was recruited dur-
ing the period April 2015 – May 2018 by general prac-
titioners working in family practitioner centers in Tartu 
(Ülikooli Perearstikeskus OÜ), Elva (Elva Kesklinna 
Perearstikeskus OÜ) and Kambja (Kambja Perearsikeskus 
OÜ), it consisted of consecutive volunteers (20 females 
and 40 males) with mean age 50.9±10.2 (range 29-75) 
years and mean BMI 36.0±4.4 (range 29.2-52.6) kg/m2. 
The control group (C group) consisted of 15 consecutive 
volunteers recruited from the family practitioner center 
in Tartu (Perearstid Takker ja Sarapuu OÜ) and included 
9 females and 6 males; mean age 35.8 ±9.2 (range 28-54); 
years mean BMI 22.9±2.2 (range 19-26) kg/m2 . Basic 
clinical parameters of all study subjects are presented in 
Table 1 and in Supplementary table 1.

The patients were divided into subgroups based on 
their clinical data in eHL system (eHealth) – patients 
with (MS+) and without metabolic syndrome (MS-), as 
well as patients with diabetes (T2D+) and without diabe-
tes (T2D-). Metabolic syndrome was diagnosed if three 
or more of the following five criteria were present: waist 
circumference ≥102 cm for men and 88 cm for women; 
blood triglyceride levels ≥1.7 mmol/l; HDL-cholesterol 
levels ≤1.0 mmol/l in men and 1.3 mmol/l in women; 
systolic blood pressure ≥130 mmHg or diastolic blood 
pressure ≥85 mmHg; blood glucose levels ≥5.6 mmol/l 
[22]. The MS+ group included 58 patients while MS- 
group included 25 patients (Supplementary table 3). The 
T2D+ and T2D- subgroups of BS patients consisted of 22 
and 8 patients respectively (Supplementary table 4).

The present study was conducted according to the 
guidelines laid down in the Helsinki Declaration. The 
study was approved by the Ethics Review Committee on 
Human Research of Tartu University, Estonia (protocol 
no 244/T-13). Participation in the study was voluntary. 
Written informed consent was obtained from all study 
subjects.

Anthropometric measurements and blood indices
Anthropometric measurements and blood samples in BS 
patients were taken in bariatric surgery office of Tartu 
University Hospital 1 month prior to and 1 year after 
surgery. In the rest of patients these measurements and 
samples were taken during routine GP consultation. 
Body weight was measured to the nearest 0.1 kg using a 
calibrated manual weighing scale. Height was measured 
to the nearest 0.1 cm on a standardized wall-mounted 
height board. BMI was defined as weight in kilograms 
divided by height in meters squared (kg/m2).

Blood samples were obtained in the morning after fast-
ing. Samples were drawn from the antecubital vein with a 
vacutainer into heparinized tubes and stored at 4°C. The 
levels of plasma glucose (Glucose), glycated hemoglobin 
(A1C), lipids: total cholesterol (cholesterol), low density 
cholesterol (LDL-cholesterol), high density cholesterol 
(HDL-cholesterol), triglycerides (Triglycerides), high-
sensitivity C-reactive protein (hs-CRP) and vitamins 
D, B12 and B9, ferritin and iron (Fe) were analyzed by 
standard laboratory methods using certified assay in the 
United Laboratory of the Tartu University Hospital. The 
levels of vitamins B12, B9, ferritin and Fe were measured 
in bariatric surgery patients and the control group.

Measurement of adipokines
The levels of adipokines (adiponectin, leptin, resistin) in 
blood serum were analysed by commercially available 
Quantikine® ELISA kits (R&D Systems, Minneapolis, 
USA) according to manufacturer protocol: Human total 



Page 3 of 12Šebunova et al. BMC Endocrine Disorders           (2022) 22:33  

Table 1 The values of anthropometric and blood variables in study subjects

Indices Reference values 
mean±SD (range)

Mean±SD [median (25th and 75th percentile)] P-value

Obese patients in 
GP practice (n=60)

Obese patients going to bariatric surgery 
(n=30)

Control group 
(n=15)

Before surgery 1 year after surgery

Age (years)

 Total 50.9±10.2 [50.5(43-
58)]c

46.9±8.9 [48.5(41-
53)]a

48.1±8.9 [49.5(42-
54.3)]b

35.8±9.2 [37(28-
42)]a,b,c

a,b,c p<0.001

 Male 51.8±10.5 [53(43.3-
58.8)]a

45.5±6.5 [47(41-5)]b 46.7±6.5 [48(42-53)]c 30±9.72 [27.5(22.5-
37.3)]a,b,c

a,b,c p<0.001

 Female 49.3±9.6 [47.5(41.5-
6)]a

47.7±10.1 [50(40-
56)]b

49±10.1 [52(42-57)]c 39.7± 6.9 [40(36-
42)]a,b,c

a p=0.01
b,c p=0.02

Weight (kg) 105.8±14.5 
[104.2(95.0-117.1)]b,d,f

129.1±22.9 
[125.0(112.8-
142.8)]a,b,c

86.4±18.9 [82.0(73.3-
93.3)]a,d,e

70.1±10.5 [69.0(63.0-
76.0)]c,e,f

a*,b*,c*,d*,f p<0.001
e p=0.001

BMI (kg/m2)

 Total <18.5 – underweight
18.5-24.9 – normal
≥25 – overweight
25.0-29.9 – pre-obese
30.0-34.9 – obese 
class 1
35.0-39.9 – obese 
class 2
≥40 – obese class 3

35.9±4.4 [35.2(32.7-
38.2)]b,d,f

44.3±5.6 [44.0(40.0-
47.0)]a,b,c

29.5±4.6 [28.5(26.0-
32.0)]a,d,e

22.9±2.2 [23.0(21.0-
24.0)]c,e,f

a*,b*,c*,d*,e*,f*
p<0.001

 Male 37.0±4.6 [36.4(33.7-
39.9)]a,b,c

44.5±5.3 [44.0(40.0-
50.0)]a,d,e

29.9±5.9 [28.0(26.0-
35.0)]b,d,f

22.2±2.6 [22.0(19.8-
24.5)]c,e,f

a,b,c,d,e p<0.001
f p=0.008

 Female 34.0±3.3 [34.1(31.8-
36.9)]a,b,c

44.4±5.8 [44.0(40.0-
46.0)]a,d,e

29.3±3.9 [30.0(26.0-
32.0)]b,d,f

23.3±1.9 [24.0(22.0-
24.5)]c,e,f

a,b,c,d,e,f p<0.001

hs-CRP (mg/l) <5.0 3.9±4.3 [2.3(0.9-
6.4)]b,d

6.0±5.4 [4.0(2.0-
6.3)]a,b,c

1.2±0.6 [1.0(1.0-
1.0)]a,d

1.3±0.7 [1.0(1.0-1.5)]c a*,c* p<0.001
b*,d* p=0.02

Cholesterol (mmol/l) <5.0 4.6±1.1 [5.6(4.9-6.3)]b 5.1±1.0 [5.1(4.4-5.6)]a 4.5±0.6 [4.6(4.1-
4.8)]a,b,c

5.1±1.0 [5.2(4.1-5.2)]c a p=0.004
b p<0.001
c p=0.04

LDL–cholesterol 
(mmol/l)

<3.0 3.5±1.0 [3.4(3.1-4.2)]b 3.4±1.0 [3.1(2.8-4.1)]a 2.6±0.5 [2.7(2.2-
2.9)]a,b,c

3.6±0.7 [3.8(2.9-4.1)]c a*,b,c p<0.001

HDL–cholesterol 
(mmol/l)

>1.0 1.4±0.3 [1.4(1.1-
1.6)]b,c

1.4±0.7 [1.2(1.1-1.4)]a 1.8±0.4 [1.8(1.5-
2.2)]a,b

1.6±0.5 [1.5(1.2-1.8)]c a*,b p<0.001
c p=0.025

Triglycerides (mmol/l) <1.7 1.9±0.2 [1.4(1.1-
2.5)]c,d

1.8±0.9 [1.8(1.2-
21.3)]a,b

1.1±0.5 [1.0(0.7-
1.5)]a,c

1.2±0.7 [0.9(0.8-
1.2)]b,d

a*,c* p<0.001
b* p=0.005
d* p=0.007

Glucose (mmol/l) 4.1-6.1 5.8±0.9 [5.8(5.2-
6.1)]b,d,e

6.7±2.3 [5.9(5.4-
6.8)]a,b,c

5.2±1.1 [4.9(4.7-
5.3)]a,d

4.8±0.7 [5.0(4.3-
5.4)]c,e

a,b,c,d,e p<0.001

A1C (%) 4.0-6.0 5.7±0.4 [5.6(5.4-
5.8)]b,d,f

6.0±1.3 [5.7(5.5-
6.0)]a,b,c

5.3±0.4 [5.2(5.1-
5.5)]a,d,e

5.0±0.3 [5.1(4.8-
5.2)]c,e,f

a, b, c, d*,f* p<0.001
e* p=0.03

A1C (IFCC) (mmol/l) 20.0-42.0 38.3±4.3 [37.7(35.5-
39.9)]c,e

42.3±13.0 [39.0 (37.0-
42.0)]a,b

34.5±4.7 [33.0(32.0-
36.5)]a,c,d

31.1±2.6 [32.0(28.5-
33.0)]b,d,e

a*,b*,c*,e* p<0.001
d p=0.04

Vitamin D (25-OH) 
(nmol/l)

>75.0 48.8±16.9 [47.9(36.1-
58.7)]c

54.2±14.7 [54.1(40.7-
63.0)]a,b

67.9±21.6 [69.3(48.6-
80.8)]a,c

81.8±75.5 [60.2(40.0-
83.5)]b

a p =0.006
b,c p<0.001

Vitamin B12 (pmol/l) 145.0-569.0 ND 304.4±108.1 
[297.0(234.3-354.5)]

297.8±119.1 
[277.0(210.0-387.0)]

337.8±134.4 
[327.0(209.5-471.5)]

NS

Vitamin B9 (nmol/l) 8.8-60.8 ND 15.3±7.5 [13.7(10.7-
20.3)]a

28.9±23.6 [20.4(11.4-
36.7)]a

15.1±6.5 [13.1(10.9-
16.5)]

a* p=0.03

Ferritin (μg/l)

 Male 30.0–400.0 ND 202.3±82.9 
[245.1(127.0-262.0)]

192.8±89.5 
[176.8(116.8-241.7)]

226.3±86.7 
[203.7(157.7-317.7)]

NS

 Female 13.0–150.0 ND 110.4±66.6 
[84.0(60.8-154.2)]

114.1±89.7 
[78.6(34.8-203.2)]

87.1±90.7 [47.9(40.2-
153.6)]

NS

Fe (μmol/l)

 Male 10.6-28.3 ND 19.1±5.7 [17.8(13.9-
25.1)]

22.3±6.6 [20.2(17.3-
25.1)]

18.9±3.2 [19.2(15.8-
21.7)]

NS

 Female 6.6-26.0 ND 16.2±6.0 [15.0(12.6-
18.7)]

20.6±9.3 [19.2(15.1-
24.1)]

17.7±3.8 [18.5(14.9-
20.2)]

NS
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Adiponectin/Acrp30 Immunoassay kit, Human Leptin 
Immunoassay, Human Resistin* Immunoassay. The ref-
erence ranges of adipokines were presented in manufac-
turer’s protocols.

Statistical analysis
Statistical analyses were performed using the statisti-
cal package SigmaPlot 12.0 (Systat Software Inc., San 
Jose, California, USA). The differences in anthropomet-
ric and blood parameters including adipokines between 
the study groups were analysed using Mann-Whitney 
rank sum test, the Wilcoxon signed-rank test and t-test 
according to the data distribution. P-value s less than 
0.05 were considered significant. Correlations between 
changes of variables were explored using Spearman and 
Pearson’s correlations. Adiponectin, leptin and resistin 
levels were calculated using Graph Pad Prism version 
4.0 (GraphPad Software, San Diego, California, USA). 
Also, we used MANOVA method to analyse associations 
between adipokines and surgery methods.

Results
Clinical background data
The baseline characteristics for each study group are pre-
sented in Table  1 and Supplementary table  1. The body 
weight and BMI were significantly higher before surgery 
and among GP practice patients in comparison to the 
control group and BS group after bariatric surgery. Male 
patients were heavier before surgery than female patients 
(147.0±24.1 vs. 118.7±14.7 kg, p=0.03), however, their 
mean BMI was quite similar. The weight loss between 
males and females after bariatric surgery was not signifi-
cantly different.

The glucose level was the highest in patients before 
surgery in comparison to other study groups and sig-
nificantly decreased after bariatric surgery (p<0.001, 
Table  1). The mean levels of glycated hemoglobin were 
in normal values for all study groups, however, there was 
increased level of this marker in 8 patients from GP prac-
tice (range 42.1-49.7 mmol/l), in 5 patients before surgery 
group (range 44-95 mmol/l) and in 1 patient after bari-
atric surgery (50 mmol/l). The levels of glycated hemo-
globin also decreased after surgery (p=0.006, Table 1).

The mean levels of cholesterol were quite similar in all 
study groups, being near upper level of the normal value 
but significantly decreased after bariatric surgery (5.1±0.9 
vs. 4.5±0.6 mmol/l, p=0.004, Table  1). The level of LDL-
cholesterol also significantly decreased after bariatric 

surgery (3.4±1.0 vs. 2.6±0.5 mmol/l, p<0.001). The level of 
triglycerides was remarkably higher in patients before sur-
gery and obese patients in GP practice in comparison to 
the control group and the patients after surgery (p<0.01 for 
all comparisons). In opposite, the level of HDL-cholesterol 
increased after bariatric surgery (p<0.001), although all 
study subjects featured normal values of this marker.

The level of hs-CRP was notably higher in obese 
patients before surgery in comparison to GP and control 
group patients (p=0.02 and p<0.001) and decreased after 
bariatric surgery (6.0±5.4 vs. 1.2±0.5 mg/l, p<0.001). 
The level of vitamin D in blood samples was the highest 
in control group and the lowest in obese patients of GP 
practice and significantly increased too after bariatric 
surgery (p=0.006, Table 1).

Adipokines
All patients had adiponectin blood value in normal range 
before and after surgery. The lowest level of adiponectin 
was detected in obese patients before surgery compared 
with patients from GP practice and after surgery (5.1±2.2 
vs. 6.9±3.6 and 10.6±4.3μg/ml, p=0.03). Postoperatively, 
its level almost doubled. Interestingly, postoperative level 
of adiponectin was even higher in comparison with the 
control group (Fig. 1A, Supplementary table 2).

Regarding leptin, different reference values for healthy 
males and females were proposed (Human Leptin Immu-
noassay, R&D Systems, Minneapolis, USA). Before sur-
gery, the level of leptin was higher than normal level in 11 
males and one female. The post-surgery level of leptin was 
higher than normal range in 3 males and lower in 4 males 
and one female. The highest levels of leptin in both males 
and females were observed in obese patients and decreased 
after bariatric surgery (males: 31.3±10.5 vs. 6.1±5.5, 
p<0.001; females: 60.2±14.3 vs. 12.5±9.4 ng/ml, p<0.001, 
respectively). In the BS group and control group, the leptin 
levels in males were lower than in females. In the GP group, 
the levels of leptin were quite low in females being normal 
in all cases (Fig. 1B, Supplementary table 2).

For resistin, the lowest levels were obtained in the con-
trol group being remarkably different from BS and GP 
groups (10.9±3.9 ng/ml vs. 16.3±8.0 ng/ml and 14.0±7.8 
ng/ml; p=0.009, p<0.001, respectively). Before surgery, 
two patients had increased, and one had decreased level 
of resistin compared to normal range. The decrease ten-
dency was noted after surgery, though it was statistically 
insignificant (Fig. 1C, Supplementary table 2).

Table 1 (continued)
BMI body mass index, hsCRP C-reactive protein, A1C glycated hemoglobin; LDL-cholesterol low density cholesterol, HDL-cholesterol high density cholesterol, ND not 
detected, NS not significant; Fe-iron
* Mann Whitney Sum Rank Test
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Fig. 1 Baseline plasma levels of adipokines among different groups of patients. Bar graphs show plasma levels of adiponectin (A), leptin (B) and 
resistin (C) among patients with obesity before and after bariatric surgery and control patients. Values represent mean±SD. The x-axis represents the 
groupings of patients according to study groups, the y-axis represents plasma concentration of relative adipokines. Numerical values are presented 
in Supplemenatary Table S2
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Impact of surgery method on levels of adipokines
Comparisons of plasma levels of adiponectin, leptin and 
resistin between two surgery methods (LSG and LRYGB) 
were also performed. We found difference between two bar-
iatric surgery methods only in case of resistin – the mean 
value decreased in case of LRYGB by 6.18±7.51 ng/ml while 
in case of LGS by 0.24±9.21 ng/ml, p=0.04 (Fig. 2).

Correlation between adipokine levels and clinical 
characteristics
The correlations between adipokines and anthropo-
metric and metabolic markers are shown in Fig.  3. The 
level of adiponectin displayed positive correlations with 
age  (r2=0.229; p=0.007) and vitamin B9  (r2=0.2241; 
p=0.049), and negative correlations with weight 

Fig. 2 The changes of adipokines levels according to bariatric surgery methods: (LRYGB-red) gastric bypass and (LSG-blue) sleeve gastrectomy. 
Boxplots represent median plasma levels of adiponectin, leptin and resistin among patients with obesity before and after bariatric surgery. The 
boxes represent the 25th and 75th percentiles, whereas the bars represent minimum and maximum values. Lines represent changes in adipokines 
values. The y-axis represents plasma value of relative adipokines, x-axis represents the number of visits: before (1) and after surgery (2)

Fig. 3 Heatmap indicating Spearman correlation (r) between adipokines’ levels and clinical biomarkers of all study groups. Statistically significant 
correlations (p < 0.05) are indicated with asterisk. The coefficient in each cell ranges from − 1 to 1. A negative value denotes a negative correlation 
(red), a positive value denotes a positive correlation (green), 1 indicates a complete correlation, and 0 indicates no correlation
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 (r2=-0.385; p<0.001) and BMI  (r2=-0.319; p<0.001). 
The level of leptin correlated positively with weight 
 (r2=0.198; p=0.04) and BMI  (r2=0.251; p=0.05) in 
females. The level of resistin was notably associated with 
age  (r2=0.203; p=0.01), weight  (r2=0.551; p<0.001) and 
BMI  (r2=0.620; p<0.001) while weak negative association 
was seen in case of LDL-cholesterol  (r2=-0.174; p=0.05) 
and vitamin D  (r2=-0.175; p=0.04).

Comparison of obese patients with and without metabolic 
syndrome
No significant differences in serum levels of adipokines 
were found among all patients with and without MS 
(Supplementary table  3). MS-patients had lower weight 
and BMI than MS+ patients (p=0.002, p=0.009). The 
mean levels of triglycerides and glucose were outstand-
ingly higher in MS+ group in comparison with MS- 
group (p<0.001 for both).

While before the bariatric surgery 24 patients met 
criteria corresponding to metabolic syndrome, after 
the surgery the number fell to 13 patients only. In com-
parison with MS- patients, the MS+ patients had more 
prominent changes in some blood parameters after sur-
gery, including decrease of cholesterol, LDL-cholesterol 
and triglycerides, and increase of vitamin B9 (Table 2).

For bariatric surgery patients the levels of both 
adiponectin and leptin before surgery sharply 

differentiated between MS+ and MS- patients. After 
bariatric surgery the level of adiponectin similarly 
increased in both groups, while the decrease of leptin 
level after bariatric surgery was higher in MS-group 
(p<0.001, Fig. 4).

Comparison of obese patients with and without type 2 
diabetes
No significant differences in serum levels of adipokines 
between the obese patients with and without T2D were 
found (Supplementary Table S4). Before surgery, hs-CRP 
levels were higher in T2D+ group in comparison with 
T2D- group (p>0.001). After bariatric surgery, the level 
of hs-CRP decreased to the similar value in both study 
groups. Post-surgery T2D- group had lower BMI in com-
parison with post-surgery T2D+ group (p>0.001).

After bariatric surgery, the number of T2D+ patients 
decreased by 86.3% (from 22% to 3%). Compared with 
T2D+ group, the T2D-patients showed significantly 
higher levels of adiponectin after bariatric surgery. Reduc-
tion of leptin was similar in both subgroups (Fig. 4).

Discussion
Our study revealed significant changes in the levels of 
some adipokines among obese patients after bariatric 
surgery: the levels of adiponectin increased while those 

Table 2 Percent of changes from baseline (before bariatric surgery) to 12 months after surgery in clinical characteristics, levels of 
adipokines and metabolic indices in patients with and without metabolic syndrome

BMI body mass index, MS metabolic syndrome, hsCRP C-reactive protein, A1C glycated hemoglobinm, LDL-cholesterol low density cholesterol, HDL-cholesterol high 
density cholesterol, ND not detected, NS not significant, Fe iron

Indices Change in 12 months MS+ 
patients mean % change (95% CI)

Change in 12 months MS- patients 
mean % change (95% CI)

P-value for MS+ 
patients

P-value 
for MS- 
patients

BMI (kg/m2) -30.4 (-23.4 to -37.3) -46.3 (-61.6 to -30.9) p<0.001 p<0.001
hs-CRP (mg/ml) -62.5 (-42.7 to -82.2) -300 (-592 to -7,9) p<0.001 p<0.001
Cholesterol (mmol/l) -12.5 (-18.2 to -6.7) 3.8 (-2.2 to 9.8) P=0.031 NS

LDL-Cholesterol (mmol/l) -14.1 (-41.6 to 13.4) -9.8 (-22.8 to 3.2) P=0.009 NS

HDL-Cholesterol (mmol/l) 32.8 (10.8 to 54.7) 32.7 (12.2 to 53.1) P=0.007 P=0.026
Triglycerides (mmol/l) -37.2 (-26.2 to -48.2) -16.5 (-53.9 to 20.9) P=0.005 NS

Glucose (mmol/l) -23.0 (-31.7 to -14.2  ) -13.7 (-22.7 to -4.6) P=0.040 P=0.049
A1C (%) -20.1 (-11.38 to -28.8) -9.2 (-18.3 to -0.07) P=0.003 p=0.038
A1C (IFCC) (mmol/l) -13.5 (-6.8  to -20.1) -5.0 (-10.5 to -0.4) P=0.003 P=0.041
Vitamin D (nmol/l) 8.53 (-9.5 to 26.5) 40.3 (9.2-71.3) NS P=0.05
Adiponectin (μg/ml) 118.0 (81.1-154.8) 81.4 (55.0 to 107.7) P<0.001 P=0.032
Resistin (ng/ml) 15.3 (-5.3 to 35.9) 6.3 (-21.7 to 34.4) NS NS

Leptin (ng/ml) -65.4 (-84.2 to -46.5) -78.4 (-90.3 to -66.4) P<0.001 P<0.001
Vitamin B12 (pmol/l) 41.92 (-27.3 to 111.2) -14.3 (-32.9 to 4.3) NS NS

Vitamin B9 (nmol/l) 63.8 (17.6-109.9) 41.8 (-24.1 to 107.7) P=0.022 NS

Ferritin (μg/l) -16.1 (-56.6 to 24.4) -23.0 (-55.6 to 9.6) NS NS

Fe (μmol/l) 33.6 (-18.05 to 85.2) 43.2 (-9.6 to 96.8) NS NS
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of leptin decreased 1 year after surgery. In addition, posi-
tive changes in metabolic biomarkers were noted after 
bariatric surgery, including the blood levels of glucose, 
glycated hemoglobin, hsCRP, cholesterol and its frac-
tions, triglycerides as well as vitamins D and B9. At the 
same time, though the levels of resistin were substantially 
lower in the control group than in the obese patients, 
their decrease after bariatric surgery was insignificant.

We recruited three different groups into our study: 
healthy controls with normal BMI, obese patients from 
GP practice and obese patients going to bariatric surgery. 
The latter were investigated before surgery and 1 year after 
surgery when they experienced remarkable weight loss 
(>40 kg). Similar weight loss has also been described in 
previous studies [23–26]. We found that the mean levels 
of triglycerides, glucose and glycated hemoglobin in the 
patients qualified for surgery were higher than in the con-
trol group, that is also in agreement with previous studies 
[27, 28]. We also observed several beneficial tendencies in 
blood markers following a 12-month follow-up period like 
decrease of glucose, glycohemoglobin, hsCRP, cholesterol, 

LDL-cholesterol and triglycerides levels, and increase of 
HDL-cholesterol, levels of vitamins D and B9. Similar 
tendencies were revealed in previous studies, too [29, 30]. 
These changes confirm beneficial impact of bariatric sur-
gery on the metabolic processes, in addition to weight loss.

A cluster of risk factors for cardiovascular disease and 
type 2 diabetes have become known as the metabolic 
syndrome. These risk factors include some above-men-
tioned blood markers like dyslipidemia (raised triglycer-
ides and HDL-cholesterol) and raised fasting glucose, but 
also raised blood pressure and central obesity [22]. Thus, 
in patients with visceral obesity, an adipocytokine imbal-
ance develops, contributing to the development of sev-
eral unwanted conditions like insulin resistance, type 2 
diabetes, hyperlipidemia, stroke, atherosclerosis [10–12]. 
In obesity, the synthesis and secretion of proinflamma-
tory adipokines are up-regulated whereas the production 
of the major anti-inflammatory adipokine is down-reg-
ulated. Twenty four of the 30 pre-surgery obese patients 
in our study had metabolic syndrome that resolved in 
eleven cases after surgery.

Fig. 4 Baseline plasma levels of adiponectin (A) and leptin (B) among patients with/without metabolic syndrome and type 2 diabetes before and 
after bariatric surgery. Values represent mean±SD plasma levels. The x-axis represents the groupings of patients according to study groups, the 
y-axis represents plasma concentration of relative adipokines
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In our study, the lowest levels of adiponectin were 
detected in BS group before surgery. It almost doubled 
after bariatric surgery and stayed even higher than in the 
control group although some operated patients were still 
slightly overweight. Besides, the moderate positive cor-
relation between the level of adiponectin and patient’s 
age was marked. Kirillova et al. demonstrated a negative 
correlation between adiponectin level and BMI in mor-
bidly obese patients, which is congruent with our data 
[31]. Adiponectin is important in transporting glucose, 
regulating lipid metabolism and improving insulin sensi-
tivity, which elicit an anti-inflammatory role in inhibiting 
the formation of atherosclerosis [28, 32, 33]. The revealed 
inverse correlation between adiponectin concentration 
and BMI in obese patients allows us to conclude that adi-
pose tissue with increasing fat mass decreases fatty acid 
oxidation in muscles and liver, and this, apparently, con-
tributes to lipid accumulation in the cells.

Regarding leptin, the highest levels were seen in obese 
patients being moderately correlated with weight and 
BMI in females. Bariatric surgery had positive effect 
similarly to adiponectin, and leptin levels decreased sub-
stantially in both males and females. It was somewhat 
surprising that the mean levels of leptin differed between 
two groups of obese patients, and this difference was 
more pronounced in women. At the same time, the norm 
values are also significantly different in men and women, 
and most of the obese patients also fitted into the norm 
values before surgery. The amount of leptin circulating in 
the body is proportional to the volume of fatty tissue in 
human body [34]. In women, leptin may act as a critical 
link between adipose tissue and hypothalamic centers for 
regulation of energy homeostasis [35]. Our finding is in 
accordance with other studies demonstrating that serum 
leptin levels drop in response to weight loss [35, 36]. Fur-
thermore, changes in serum leptin level positively cor-
related with changes in BMI in women who underwent 
laparoscopic gastric banding [37].

In our study, the lowest level of resistin was observed 
in the control group. At the same time, there was no sta-
tistically significant change after bariatric surgery though 
decreasing tendency was observed. Similarly, no sig-
nificant differences in resistin levels between morbidly 
obese patients and healthy subjects of normal weight, or 
between obese patients before and after weight loss was 
found earlier [38]. At the same time, quite strong correla-
tion between level of resistin, weight and BMI, and mod-
erate correlations for glucose and glycated hemoglobin 
were found in our study.

An important recent evidence connects obesity, dia-
betes and a state of chronic low-grade inflammation 
[39]. Resistin may play a causal role in the develop-
ment of insulin resistance and T2D, however this role 

remains still controversial [40–44]. In humans, resistin 
lies on chromosome 19p13.3, a region that has not been 
linked with susceptibility to obesity [45]. Similarly to our 
study, rather weak correlation was established between 
plasma glucose concentration and resistin level in mor-
bidly obese patients in a study of Kirillova et  al. [31]. 
At the same time, Al-Harithy and Al-Ghamdy showed 
significant positive resistin correlation with BMI and 
plasma glucose in diabetic women, while for non-diabetic 
women and lean persons no such correlation was found 
[46]. Some studies found that plasma resistin levels were 
significantly decreased 12 months after bariatric surgery 
with >10% loss of the excess body weight ( [47–49]. Thus, 
conflicting results exist as concerns resistin.

With regard to surgery method, as our results show, the 
LRYGB method was more effective in reducing the level 
of resistin than LSG method. The significantly increased 
level of resistin was demonstrated for restrictive bariatric 
surgery in premenopausal morbidly obese women [35]. 
Effects of other bariatric surgery methods on plasma 
resistin levels are inconclusive. We didn’t find any dif-
ferences between two surgical methods in case of other 
adipokines or metabolic blood parameters. Previously, 
an improvement in metabolic syndrome parameters was 
reported for all surgery techniques, but in case of LRYGB 
the improvement was even greater [50].

We also compared the obese patients with and with-
out MS. Some variations in changes of metabolic blood 
markers and adipokines in these patients following a 
lapse of 12 months after bariatric surgery were observed. 
A significant improvement in adiponectin and some 
metabolic parameters (cholesterol, LDL-cholesterol, tri-
glycerides) was noted for MS+ patients. Similarly, Yadav 
et  al. demonstrated that patients with diabetes led to a 
dramatically greater reduction in triglycerides [30]. Bari-
atric surgery may induce considerable and persistent 
improvement in prevalence of MS through decrease of 
amount of excess weight lost [51].

Certain changes in vitamin levels after surgery were 
noted. The levels of vitamin D in blood were dramatically 
low in majority of study groups. Only in 10-11% of obese 
patients and in 20% of control group patients the vitamin 
D levels were in normal range. This phenomenon is most 
likely related to the deficiency of sun in a Nordic coun-
try [52]. Previously it has been demonstrated that gastric 
banding may increase the risk for metabolic bone disease 
due to the inadequate intake of calcium and vitamin D in 
the immediate postoperative period [53, 54]. The bari-
atric surgery patients are advised to always use vitamin 
and mineral supplements such us as calcium and iron 
[55]. In Estonia, the postoperative patients were advised 
to regularly take multivitamins containing at least 200 μg 
of folic acid (100% Recommended Dietary Allowance 
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[RDA]), 14 mg of iron (100% RDA), 1 μg of vitamin B12 
(40% RDA), zink and selenium [24]. Unfortunately, we do 
not have accurate data about the patients’ habits to con-
sume these food supplements and vitamins. However, 
there is a study of 5-year follow-up demonstrating that 
50% of the patients consumed vitamins regularly and 14% 
took them irregularly [24]. In our study, only in 37% of 
patients the vitamin D level increased higher than nor-
mal 12 months after bariatric surgery. Though the mean 
levels were increased after surgery, they still remained 
below the reference value in remarkable proportion of 
the patients. The low vitamin D status may link to the 
dysregulation of white adipose tissue [56]. In the present 
study the negative relationship between low levels of vita-
min D and resistin was also found. However, previously 
similar relationship in patients with morbid obesity was 
not marked [57].

Additionally, we demonstrated significant increase of 
folic acid (vitamin B9) blood level in patients with meta-
bolic syndrome after surgery. This vitamin helps to con-
trol metabolism, as well as to break down carbohydrates, 
proteins and fats into energy [58]. The changes in level 
of vitamin B9 may be associated with changed intestinal 
microbiota, since some intestinal bacteria like Lactobacil-
lus sp., Bifidobacterium sp. can produce folic acid [59]. 
As for vitamin B12, usually deficiency of this vitamin 
develops within 1-4 years after bariatric surgery because 
of the lack of intrinsic factor (IF) which is synthesized in 
gastric parenteral cells and in the case of its shortage, the 
vitamin B12 cannot absorb [60–62].

Limitations of our study include moderate size of study 
groups lacking exact age and gender match. Moreover, longer 
follow-up of the operated patients would provide more 
important information about the long-term consequences.

Conclusions
The remarkable changes in the levels of adipokines after 
bariatric surgery appear like increase in adiponectin 
and decrease in leptin levels. Additionally, significant 
improvement occurs in anthropometric parameters, 
metabolic and inflammatory markers, suggesting high 
potential for reduction of metabolic syndrome and risk 
of type 2 diabetes. We have shown for the first time ever 
that level of vitamin D may be involved in resistin regu-
lation. Further detailed studies with increased number 
of patients and longer follow-up observation time are 
needed to conclusively address this topic.
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