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Correlation between Serum Lipid Parameters and 
Interleukin-10 Concentration in Obese Individuals
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Background: The role of interleukin-10 (IL-10) in humans is controversial because IL-10 has been proposed to 
exhibit both pro- and anti-inflammatory effects. We aimed to determine the relationships between the changes 
in these parameters in obese individuals participating in a weight-reduction program.
Methods: We measured cardiometabolic parameters including lipid profile and serum IL-10 concentration be-
fore and after completion of a 12-week weight-reduction program in 63 non-diabetic obese subjects with a 
body mass index ≥27 kg/m2 who had comorbid hypertension or dyslipidemia. All the participants were provid-
ed with individual intervention sessions designed to implement lifestyle modifications and administered 120 
mg orlistat three times daily for 12 weeks. The relationships between changes in serum IL-10 concentration and 
changes in cardiometabolic risk factors were analyzed. 
Results: Changes in serum IL-10 concentration were significantly negatively correlated with changes in total 
cholesterol (r=−0.377), high-density lipoprotein cholesterol (HDL-C; r=−0.377), and low-density lipoprotein 
cholesterol (LDL-C; r=−0.278) concentrations. However, there were no correlations between changes in serum 
IL-10 concentration and changes in other cardiometabolic parameters.
Conclusion: Serum IL-10 concentration can increase as serum total cholesterol decreases. Additional studies 
are needed to explore the mechanisms linking changes in serum IL-10 with serum LDL-C and HDL-C concentra-
tions.
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INTRODUCTION

Interleukin-10 (IL-10) is a potent anti-inflammatory cytokine 
secreted by activated monocytes/macrophages and lymphocytes 
and inhibits the expression of proinflammatory cytokines.1 The ex-
pression of IL-10 in atherosclerotic plaques is associated with re-
duction in signs of inflammation.2 In addition, low serum IL-10 is 
associated with metabolic syndrome in obese women,3 and IL-10 
concentration is positively associated with insulin sensitivity in 
young healthy adults.4 Circulating IL-10 concentration increases 
after weight reduction in obese humans.5 Furthermore, previous 
studies have demonstrated anti-inflammatory and protective effects 

of IL-10 against atherosclerosis in acute coronary syndrome6 and 
cerebral infarction.7

However, the results of recent studies have complicated the in-
terpretation of the role of IL-10 in humans. Indeed, IL-10 has been 
proposed to have both inflammatory and anti-inflammatory activi-
ties.8 High IL-10 concentration has been shown to be a biomarker 
of poor clinical outcome, reflecting systemic inflammation, in pa-
tients with acute coronary syndrome.9 In addition, the outcomes of 
clinical trials of the therapeutic potential of IL-10 for inflammatory 
diseases have been disappointing.10 Finally, serum IL-10 concentra-
tion has been shown to decrease after weight loss in obese women.3 
In addition to the conflicting results of many studies of IL-10 in 
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humans, little data have been recorded regarding the dynamic rela-
tionships between cardiometabolic risk factors and IL-10 concen-
tration. Therefore, we investigated the relationships between 
changes in serum IL-10 concentration and changes in cardiometa-
bolic risk factors in non-diabetic obese subjects participating in a 
12-week weight-reduction program.

METHODS

We recruited non-diabetic obese individuals with a body mass 
index (BMI) ≥ 27 kg/m2 who had comorbid hypertension or dys-
lipidemia and were 20–65 years old. We excluded individuals who 
had secondary obesity, endocrine disease, malignancy, cardiovascu-
lar disease, myocardial infarction, end-stage renal and/or hepatic 
disease, uncontrolled hypertension, or a history of medication af-
fecting body weight, including diuretics or β-blockers, within the 
preceding 3 months. We provided a 12-week weight-reduction 
program consisting of individual intervention sessions designed to 
implement behavioral strategies related to dietary habits and physi-
cal activity. The participants were educated to reduce overeating, 
binge eating, night eating, and alcohol drinking. They were advised 
to restrict their caloric intake to ~500 kcal less than their usual in-
take and to consume a diet comprising 60%–65% carbohydrates, 
20%–25% fats, and 15% proteins. We advised the participants to 
engage in regular moderate-intensity low-impact aerobic exercise 
such as brisk walking, cycling, or swimming. Their diet and physi-
cal activity were monitored by clinical dieticians once a month us-
ing a diary. All the participants were administered 120 mg orlistat 
three times daily for 12 weeks. This study was approved by the In-
stitutional Review Board of the Asan Medical Center, Seoul, Korea 
(IRB No. 2008-0562), and written informed consent was obtained 
from all the participants.

Blood biochemical parameters were measured using an autoana-
lyzer (Hitachi-747; Tokyo, Japan). Glycosylated hemoglobin was 
measured by immunoturbidimetry (Roche, Basel, Switzerland). 
Fasting insulin (Dianabott, Tokyo, Japan) and adiponectin (Milli-
pore, St. Charles, MO, USA) were measured using radioimmuno-
assay kits. Homeostasis model assessment-insulin resistance was 
calculated as fasting insulin (μIU/mL) × fasting glucose (mg/dL)/ 
405.11 Serum IL-10 was measured by enzyme-linked immunosor-

bent assay (Invitrogen, CA, USA) with an intra-assay coefficient of 
variation of 2.9%–4.8%. Comparisons of values before and after 
weight loss were performed using Wilcoxon signed-rank tests. To 
evaluate the correlations between changes in serum IL-10 concen-
tration and changes in cardiometabolic risk factors, we calculated 
correlation coefficients by partial correlation analysis after adjust-
ment for age using IBM SPSS version 21.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Seventy-six participants were initially enrolled in the study pro-
gram, and a final total of 63 individuals completed it (dropout rate, 
17.1%). The mean age was 38.2 years, and the proportion of fe-
males was 60.3%. Table 1 shows the changes in anthropometric 
measurements, cardiometabolic variables, and serum IL-10 con-
centration after weight reduction. The means of BMI before and 
after intervention were 31.91 ± 0.34 kg/m2 and 30.99 ± 0.34 kg/m2, 
respectively (P< 0.001). Waist circumference, waist-to-hip ratio, 
total cholesterol, and high-density lipoprotein cholesterol (HDL-C) 

Table 1. Changes in cardiometabolic risk factors and serum IL-10 concentration 
during weight reduction

Parameter Before After Difference P

Body weight (kg) 86.84± 1.51 84.31± 1.45 −2.53± 0.32 < 0.001
BMI (kg/m2) 31.91± 0.34 30.99± 0.34 −0.92± 0.12 < 0.001
WC (cm) 99.17± 1.01 96.21± 1.03 −2.96± 0.40 < 0.001
WHR 0.90± 0.01 0.89± 0.01 −0.01± 0.00 < 0.001
FPG (mg/dL) 99.46± 2.05 97.33± 1.67 −2.13± 1.54 0.171
HbA1c (%) 5.63± 0.07 5.68± 0.07 0.05± 0.04 0.242
Insulin (µIU/mL) 12.51± 0.90 11.16± 0.93 −1.34± 0.73 0.071
HOMA-IR 3.04± 0.20 2.71± 0.24 −0.33± 0.18 0.076
TC (mg/dL) 194.69± 4.42 187.90± 4.49 −6.79± 3.37 0.048
TG (mg/dL) 153.40± 14.60 159.76± 13.46 6.35± 11.22 0.573
HDL-C (mg/dL) 52.48± 1.59 48.29± 1.36 −4.19± 1.00 < 0.001
LDL-C (mg/dL) 123.63± 3.83 118.52± 3.74 −5.11± 2.93 0.086
Adiponectin (μg/mL) 9.25± 4.62 9.43± 5.31 0.18± 3.11 0.648
IL-10 (pg/mL) 0.25± 0.15 0.33± 0.51 0.08± 0.06 0.173
ln (IL-10) −1.49± 0.05 −1.50± 0.10 −0.01± 0.08 0.926

Values are presented as mean± standard error. P-values were calculated using Wilcox-
on signed-rank tests. 
IL-10, interleukin-10; BMI, body mass index; WC, waist circumference; WHR, waist to 
hip circumference ratio; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; 
HOMA-IR, homeostasis model assessment-insulin resistance; TC, total cholesterol; TG, 
triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol.
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were significantly lower after weight reduction (P< 0.05). However, 
the changes in IL-10 concentration were not significant. Correlations 
between changes in serum IL-10 and changes in cardiometabolic 
parameters are shown in Fig. 1. Changes in serum IL-10 concentra-
tion were significantly negatively correlated with changes in total 
cholesterol (r = −0.377, P= 0.003), HDL-C (r = −0.377, P= 0.003), 
and low-density lipoprotein cholesterol (LDL-C; r = −0.278, P=  
0.030). However, there were no correlations between the changes in 
serum IL-10 concentration and changes in other cardiometabolic 
parameters.

DISCUSSION

The present study showed that changes in serum IL-10 during 
weight loss are negatively associated with changes in serum total 
cholesterol, HDL-C, and LDL-C but not with other cardiometa-
bolic risk factors. The changes in lipid parameters during the pro-
gram might be due to both weight reduction and use of orlistat. 

However, since the difference in IL-10 concentration was not sig-
nificant between baseline and post-intervention, the changes might 
be explained by a greater association with changes in lipid parame-
ters rather than the effects of orlistat. In multiple linear regression 
analysis using the stepwise selection method, the β-coefficient for 
the relationship between changes in serum IL-10 and in serum to-
tal cholesterol was −0.471 (P< 0.001). Most previous studies have 
shown IL-10 to have anti-inflammatory and anti-atherogenic prop-
erties, but recent studies have generated discrepant results. The sig-
nificant relationships between changes in IL-10 concentration and 
in both LDL-C and HDL-C in the present study might reflect the 
inconsistency in the literature regarding the association between 
serum IL-10 and outcomes of cardiovascular disease.

In a previous animal study, systemic overexpression of IL-10 
lowered plasma LDL-C and very low-density lipoprotein choles-
terol in LDL receptor knockout mice, potentially due to an effect 
on lipoprotein lipase activity.12 In another study, IL-10 deficiency 
led to higher LDL-C in apolipoprotein (apo)E knockout mice.13 

Figure 1. Correlations between changes in serum interleukin-10 (IL-10) concentration and changes in cardiometabolic risk factors: (A) BMI, (B) WC, (C) HOMA-IR, (D) Adi-
ponectin, (E) TC, (F) TG, (G) HDL-C, (H) LDL-C. P-values were calculated by partial correlation analysis after adjustment for age. BMI, body mass index; WC, waist circumfer-
ence; HOMA-IR, homeostasis model assessment-insulin resistance; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol.

2.5

1.5

0.5

–0.5

–1.5

–2.5
–4 –2 0 2 4

∆BMI

∆1nIL-10

 r= –0.137
P= 0.292

A
2.5

1.5

0.5

–0.5

–1.5

–2.5
–15 –5 5 15

∆WC

∆1nIL-10

 r= 0.118
P= 0.365

B
2.5

1.5

0.5

–0.5

–1.5

–2.5
–5 5

∆HOMA-IR

∆1nIL-10

 r= –0.066
P= 0.616

C
2.5

1.5

0.5

–0.5

–1.5

–2.5
–20 20

∆Adiponectin

∆1nIL-10

 r= –0.090
P= 0.491

D

2.5

1.5

0.5

–0.5

–1.5

–2.5
–100 0 100

∆TC

∆1nIL-10

 r= –0.377
P= 0.003

E
2.5

1.5

0.5

–0.5

–1.5

–2.5
–400 –100

∆TG

∆1nIL-10

 r= –0.138
P= 0.290

F
2.5

1.5

0.5

–0.5

–1.5

–2.5
–25 –15 –5 5 15 25

∆HDL-C

∆1nIL-10

 r= –0.377
P= 0.003

G
2.5

1.5

0.5

–0.5

–1.5

–2.5
–70 –50 –30 –10 10 30 50 70

∆LDL-C

∆1nIL-10

 r= –0.278
P= 0.030

H



Kim SJ, et al. Serum Lipid Parameters and IL-10 Concentration

J Obes Metab Syndr 2021;30:173-177176 | https://www.jomes.org

Furthermore, treatment with PEGylated recombinant human IL-10 
lowered total plasma cholesterol in cancer patients with hypercho-
lesterolemia.14 These findings are consistent with those of the pres-
ent study.

IL-10 inhibits tumor necrosis factor-alpha secretion by mono-
cytes in humans,15 which has been shown to increase the produc-
tion of cholesterol by increasing the activity of hydroxy-3-methylgl-
utaryl-coenzyme A reductase, the rate-limiting enzyme in choles-
terol synthesis.16 With regard to atherosclerosis, IL-10 plays a major 
role by inhibiting macrophage activation and matrix metallopro-
teinase, proinflammatory cytokines, and cyclooxygenase-2 expres-
sion in lipid-loaded and activated macrophage foam cells.17 In addi-
tion, it enhances phagocytosis by liver-resident Kupffer cells, which 
lowers total plasma cholesterol concentration.14

A recent study has suggested that high circulating IL-10 might be 
a novel cause of dyslipidemia, leading to severe HDL deficiency.18 
That study exhibited a significant negative relationship between 
IL-10 and HDL-C (R2 = −0.372) in patients with autoimmune 
lymphoproliferative syndrome, which is consistent with our find-
ings. Lower lecithin cholesterol acyltransferase activity, lower apoA-
I synthesis and secretion in the intestine, and greater catabolism of 
HDL in response to high IL-10 concentration might be possible 
mechanisms by which IL-10 could contribute to a reduction in 
HDL-C.18

We did not identify significant correlations between changes in 
serum IL-10 and changes in other cardiometabolic parameters. 
However, serum IL-10 was significantly positively correlated with 
body weight (r = 0.335) and waist circumference (r = 0.320) in the 
study participants (data not shown). These findings are similar to 
those of a previous study in which serum IL-10 was higher in obese 
than in non-obese women.3 A recent study has shown low serum 
IL-10 in obese children with hypertriglyceridemia.19 However, we 
did not identify a correlation between changes in serum IL-10 and 
changes in serum triglyceride in the present study. Serum triglycer-
ides increased slightly while HDL-C significantly decreased during 
the intervention. This could be explained by a heterogeneous re-
sponse of serum triglycerides and consumption of a relatively low-
fat and high-carbohydrate diet during the intervention. In addition, 
a recent meta-analysis of the effect of orlistat on plasma lipids re-
ported that its use was associated with a slight reduction of plasma 

HDL-C concentration in 19 of 36 trials.20

The present study has several limitations. First, cause-and-effect 
relationships cannot be ascribed. Second, we cannot exclude the 
possibility of confounding factors affecting serum cholesterol and 
IL-10 concentrations. Third, the weight reduction in our study 
subjects was modest, potentially limiting the changes in serum IL-
10 during the study period. We analyzed the post hoc differences 
in serum IL-10 separately in participants who lost weight and in 
those who did not ( < 2% reduction in body weight). However, no 
significant difference between the responders and non-responders 
was found. Additional mechanistic and large-scale epidemiologic 
studies are required to clarify the role of IL-10. In conclusion, we 
showed that changes in serum IL-10 negatively correlated with 
changes in total cholesterol, HDL-C, and LDL-C during a weight 
loss program.
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