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Association between Serum Dipeptidyl Peptidase-4 
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Background: Dipeptidyl peptidase-4 (DPP-4) is an aminopeptidase that inhibits the enzymatic degradation of 
glucagon-like peptide-1, glucose-dependent insulinotropic polypeptides, neuropeptides, and various chemo-
kines. Recent studies reported that serum DPP-4 concentration is correlated with clinical parameters of obesity. 
However, research on these correlations has never been conducted in Korea. Therefore, we investigated the rela-
tionship between serum DPP-4 concentration and various clinical parameters of obesity in the Korean population.
Methods: Patients who visited the Health Promotion Center at Keimyung University Dongsan Medical Center 
for a regular medical examination between January 2013 and March 2013 and consented to participate in this 
study were included. We measured and analyzed parameters of obesity. In addition, serum DPP-4 concentration 
was determined using an enzyme-linked immunosorbent assay kit. 
Results: Serum DPP-4 concentration was positively correlated with lean body mass, total cholesterol level, and 
creatinine level. Serum DPP-4 concentration was higher in the obese group than in the normal body mass index 
(BMI) group. No significant difference in serum DPP-4 concentration was found between the metabolically 
healthy group and metabolically unhealthy group.
Conclusion: Serum DPP-4 concentration was higher in the obesity group than in the normal BMI group, which 
was associated with obesity-related factors.
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INTRODUCTION

Obesity, one of the typical characteristics of metabolic syn-
drome, is recognized as a major health problem and is associated 
with insulin resistance, diabetes, atherosclerosis, hypertension, 
chronic renal insufficiency, and cardiovascular diseases worldwide.1 
The World Health Organization (WHO) has reported that there 
are more than 600 million obese adults worldwide2, and the Na-
tional Health and Nutrition Examination Survey (2010) conduct-

ed in the United States has reported that people aged 20 years or 
older account for 35.7% of the entire obese population with body 
mass index (BMI) greater than or equal to 30 kg/m2.3 According to 
the Korea National Health and Nutrition Examination Survey 
(2012), the prevalence rate of obesity (defined as BMI ≥ 25%) was 
32.8% among Korean adults, which was higher among men than 
women.4 Adipose tissue, which had previously only been under-
stood to store excess energy, was acknowledged as a major endo-
crine organ following the discovery of leptin in 1994.5,6 Various adi-
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pokines released by adipose cells such as leptin and adiponectin 
regulate lipid metabolism, energy homeostasis, and insulin resis-
tance; thereby, affecting the development of metabolic syndrome 
associated with obesity.5,6 By understanding the changes in adipo-
kine levels, metabolic dysregulation may be predicted, and a con-
siderable amount of research has been conducted in this regard.  

Dipeptidyl peptidase-4 (DPP-4), a serine protease, degrades 
peptides containing alanine or proline residues and amino-terminal 
residues of proteins.7 DPP-4 is an aminopeptidase found in most 
tissues of the body, including the liver, lung, kidney, intestine, 
lymph nodes, and endothelial cells, and resides on cell membranes 
where it exerts its effect. Physiological effects of DPP-4 can be 
broadly divided into enzymatic effects and non-enzymatic effects. 
A major example of the enzymatic effects of DPP-4 is the inhibi-
tion of incretins such as glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic peptide. Therefore, inhibiting DPP-
4 activates incretin effects, and lowers blood glucose levels. For this 
reason, DPP-4 inhibitors have been widely used as antihyperglyce-
mic drugs.8,9 Non-enzymatic effects of DPP-4 are reported to be as-
sociated with immune regulation, behavioral response, and inflam-
mation depending on the substance on which DPP-4 acts.10 In pre-
vious studies, DPP-4 activity was associated with obesity, diabetes, 
and fatty liver, serum DPP-4 concentration increased as the size of 
adipose cells increased, and serum DPP-4 concentration was high-
er in obese people than in underweight people.11-14 Based on all 
these results, serum DPP-4 is considered a new obesity-related fac-
tor. However, there has not been any research on the correlation 
between DPP-4 concentration and obesity in the Korean popula-
tion. The goals of this study were to measure the serum DPP-4 
concentration in Korean participants undergoing routine medical 
examination and to investigate the association of serum DPP-4 
concentration with obesity-related factors, including adiponectin.

METHODS

Participants and methods
A total of 594 patients, who had a medical examination per-

formed at the Health Promotion Center of Keimyung University 
Dongsan Medical Center during the period from January 2013 to 
March 2013 and consented to participate in this study, were includ-

ed. Of these patients, those with hypertension, diabetes, and dyslip-
idemia were excluded, and the remaining 452 healthy adults were 
finally selected. The patients’ age and sex were investigated, and 
obesity-related factors were measured through a physical examina-
tion, body composition test, and blood test. The patients’ height 
(cm) and weight (kg) were measured to the nearest tenth, using an 
automatic height and weight machine (DS-102 model, Dong Sahn 
Jenix Co., Ltd, Seoul, Korea), while the patients were wearing a hos-
pital gown. The patients were classified as normal weight (BMI 
< 23 kg/m2), overweight (23 kg/m2 ≤ BMI < 25 kg/m2), and obese 
(BMI ≥ 25 kg/m2) based on their BMI.15 BMI was calculated by 
dividing weight (kg) by the square of height (m) (kg/m2). Blood 
pressure was measured with a standard sphygmomanometer after 
the patients rested for 5 minutes. Body composition was measured 
using bioelectric impedance analysis according to the manufactur-
er’s instructions (Inbody 720, Biospace, Seoul, Korea), and an ab-
dominal ultrasound was performed to check for the presence of fat 
infiltration in the liver (fatty liver disease). All tests were performed 
while the patients were in the fasting state. Fasting glucose levels 
were measured by an enzyme-amperometric method using a Chip-
Sensor (EKF Diagnostic, Wales, UK), and fasting insulin levels 
were measured by using a radioimmunoassay (Beckman Instru-
ments Inc., CA, USA). An enzyme-linked immunosorbent assay 
was used to measure serum concentration of DPP-4 (R&D, Min-
neapolis, MN, USA), leptin (R&D, Minneapolis, MN, USA), and 
adiponectin (R&D, Minneapolis, MN, USA). Homeostasis model 
assessment-insulin resistance (HOMA-IR) was used as a marker of 
insulin resistance and calculated by the following equation: fasting 
glucose level (mg/dL) × insulin (µIU/mL)/(18 × 22.5).

The obesity group was further divided into metabolically healthy 
and metabolically unhealthy groups, for comparison. The patients 
were classified as metabolically unhealthy obese (MUHO) if they 
satisfied two or more of the following conditions: (1) systolic pres-
sure ≥ 130 mmHg, diastolic pressure ≥ 85 mmHg, or currently 
taking antihypertensive medications; (2) triglyceride level ≥ 150 
mg/dL; (3) fasting glucose level ≥ 100 mg/dL; (4) high-density li-
poprotein (HDL) < 40 mg/dL for men, and < 50 mg/dL for 
women; and (5) HOMA-IR in the 90th percentile or higher. Pa-
tients who satisfied less than two of the aforementioned conditions 
were classified as metabolically healthy obese (MHO).16 This study 
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was approved by the Institutional Review Board (IRB) of Keimy-
ung University Dongsan Medical Center (IRB No. 12-221).

Statistical analysis
All statistical analyses were performed using Statistical Package 

for the Social Sciences (SPSS) software, version 23.0 (IBM Corp., 
Armonk, NY, USA). The continuous variables of the general char-
acteristics were expressed as means and standard deviations, and the 
nominal variables were expressed as numbers and percentages. For 
continuous variables with a normal distribution, a t-test and one-
way analysis of variance were performed. For comparison of contin-
uous variables without a normal distribution, a Mann-Whitney test 
and Kruskal-Wallis test were used. To study the association between 
serum DPP-4 concentration and obesity-related factors, a Pearson 
correlation analysis was performed. Serum DPP-4 concentration 
was log-transformed because the data were not normally distribut-
ed. A multiple regression analysis was performed to identify factors 
that are independently associated with serum DPP-4 concentration. 
The 95% confidence interval was estimated based on a binomial 
distribution. The level of statistical significance was set at a P< 0.05.

RESULTS

General characteristics of the participants
The mean age of all participants was 42.58 ± 9.70 years. The par-

ticipants consisted of 188 men (41.6%), and 264 women (58.4%).
The mean BMI was 23.15 ± 3.12 kg/m2, the mean body fat per-
centage was 27.95% ± 6.18%, the mean systolic pressure was 
118.68 ± 14.21 mmHg, the mean diastolic pressure was 74.00 ±  
9.86 mmHg, the mean total cholesterol level was 188.41 ± 33.27 
mg/dL, the mean triglyceride level was 103.96 ± 74.60 mg/dL, the 
mean HDL level was 52.35 ± 10.90 mg/dL, the mean low-density 
lipoprotein (LDL) level was 156.85 ± 42.17 mg/dL, the mean fast-
ing glucose level was 84.95 ± 12.74 mg/dL, the mean insulin level 
was 4.10 ± 2.64 µIU/mL, the mean HOMA-IR was 0.90 ± 0.80, 
and the mean serum log DPP-4 concentration was 2.69 ± 0.11 ng/
mL. The mean adiponectin level was 5.64 ± 4.06 µg/mL, and the 
mean leptin level was 2.08 ± 1.71 ng/mL. Fatty liver was observed 
in 111 subjects (24.6%) (Table 1). 

Correlation between serum DPP-4 concentration and 
obesity-related factors in all groups 

We analyzed the correlations between serum DPP-4 concentra-
tion and obesity-related factors in all groups. Serum DPP-4 con-
centration was significantly positively correlated with body weight, 
BMI, lean body mass, waist circumference, hip circumference, 
waist-to-hip ratio (WHR), blood pressure, total cholesterol, triglyc-
eride, LDL, blood urea nitrogen (BUN), and creatinine, and signif-
icantly negatively correlated with body fat percentage and adipo-
nectin (Table 2, Fig. 1). A multivariate analysis of body mass, BMI, 
waist circumference, hip circumference, WHR, lean body mass, 
body fat percentage, LDL, triglyceride, total cholesterol, blood 
pressure, BUN, creatinine, and adiponectin (all of which were 

Table 1. General characteristics of the participants

Characteristics Total (n= 452)

Age (yr) 42.58± 9.70

Sex (male/female) 188 (41.6%) / 264 (58.4%)

Body weight (kg) 63.31± 12.07

Body mass index (kg/m2) 23.15± 3.12

Waist circumference (cm) 81.90± 8.90

Hip circumference (cm) 92.87± 6.99

Waist hip ratio 0.88± 0.05

Lean body mass (kg) 45.60± 9.71

Fat mass (kg) 17.71± 5.45

Body fat percentage (%) 27.95± 6.18

Systolic blood pressure (mmHg) 118.68± 14.21

Diastolic blood pressure (mmHg) 74.00± 9.86

Total cholesterol (mg/dL) 188.41± 33.27

Triglyceride (mg/dL) 103.96± 74.60

HDL cholesterol (mg/dL) 52.35± 10.90

LDL cholesterol (mg/dL) 156.85± 42.17

AST (IU/L) 22.74± 12.18

ALT (IU/L) 22.77± 18.25

Fasting glucose (mg/dL) 84.95± 12.74

Insulin (µIU/mL) 4.10± 2.64

HOMA-IR 0.90± 0.80

Adiponectin (µg/mL) 5.64± 4.06

Leptin (ng/mL) 2.08± 1.71

DPP-4 concentration (ng/mL) 501.27± 125.94

Log DPP-4 concentration (ng/mL) 2.69± 0.11

Fatty liver (n,%) 111 (24.6)

Values are normal distribution and are presented as mean± SD or number (%).
HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate transami-
nase; ALT, alanine transaminase; HOMA-IR, homeostasis model assessment of insulin 
resistance; DPP-4, dipeptidyl peptidase-4. 
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found to be significantly associated with serum DPP-4 concentra-
tion in the correlation analysis) showed that serum DPP-4 concen-
tration was significantly positively correlated with lean body mass, 
total cholesterol, and creatinine (Table 3). 

Comparison of serum DPP-4 concentration by BMI and 
obesity type

Since a correlation was found between serum DPP-4 concentra-
tion and BMI, serum DPP-4 concentration was compared among 
the normal weight (BMI < 23 kg/m2), overweight (23 kg/m2 ≤  
BMI < 25 kg/m2), and obese (BMI ≥ 25 kg/m2) subjects. As BMI 
increased, measurements of the obesity-related factors, including 
body fat percentage, and the risk for dyslipidemia increased, and se-
rum DPP-4 concentration also increased (Table 4). No significant 
difference in serum DPP-4 concentration was found between the 

overweight group and obese group in the post hoc analysis, while a 
significant difference in serum DPP-4 concentration was found be-
tween the normal weight group and obese group. 

A comparison of the MHO and MUHO groups showed higher 
BMI, blood pressure, triglyceride, fasting glucose, insulin levels, and 
HOMA-IR, and proportion of participants with fatty liver, and a 
lower HDL level in the MUHO group than in the MHO group. 
However, no significant difference in serum log DPP-4 concentra-
tion was found between the MHO and MUHO groups (2.71 ±  
0.11, and 2.72 ± 0.09, respectively) (P= 0.592). Thus, no signifi-
cant difference in serum DPP-4 concentration was found accord-
ing to obesity type (Table 5). 

DISCUSSION

In this study, serum DPP-4 concentration was found to be posi-
tively correlated with lean body mass, total cholesterol, and creati-
nine. Serum DPP-4 concentration was also elevated in the obese 
group compared to the normal weight group. 

Table 2. Bivariate correlation analyses of metabolic parameters and DPP-4 con-
centration*

r P

Body weight (kg) 0.227 < 0.001
Body mass index (kg/m2) 0.133 0.005
Waist circumference (cm) 0.139 0.003
Hip circumference (cm) 0.098 0.037
Waist hip ratio 0.144 0.002
Lean body mass (kg) 0.263 < 0.001
Fat mass (kg) 0.027 0.563
Body fat percentage (%) -0.141 0.003
Systolic blood pressure (mmHg) 0.186 < 0.001
Diastolic blood pressure (mmHg) 0.176 < 0.001
Total cholesterol (mg/dL) 0.223 < 0.001
Triglyceride (mg/dL) 0.129 0.006
HDL cholesterol (mg/dL) 0.006 0.899
LDL cholesterol (mg/dL) 0.220 < 0.001
Fasting glucose (mg/dL) 0.074 0.117
Insulin (μIU/mL) 0.049 0.296
HOMA-IR 0.058 0.217
CRP (mg/dL) -0.001 0.983
BUN (mg/dL) 0.149 0.020
Creatinine (mg/dL) 0.273 < 0.001
Leptin (ng/mL) -0.074 0.118
Adiponectin (µg/mL) -0.096 0.042

Correlation coefficients(r) and unadjusted P-values are calculated by Pearson correla-
tion model.
*Log transformed values were used for analysis.
DPP-4, dipeptidyl peptidase-4; HDL, high density lipoprotein; LDL, low density lipopro-
tein; HOMA-IR, homeostasis model assessment of insulin resistance; CRP, C-reactive 
protein; BUN, blood urea nitrogen.  

Figure 1. Correlation between serum dipeptidyl peptidase-4 (DPP-4) concentration 
and body mass index (BMI).
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Table 3. Multivariable analysis examining for independent association of meta-
bolic parameters with DPP-4 concentration* by linear regression

β± SE Partial R2 P

Lean body mass (kg) 0.0015± 0.0006 0.0102 0.0319
Creatinine (mg/dL) 0.1016± 0.0338 0.0151 0.0092
Total cholesterol (mg/dL) 0.0005± 0.0001 0.0323 0.0001

*Log-transformed values were used for analysis. 
DPP-4, dipeptidyl peptidase-4; SE, standard errors.
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Table 4. Comparison of characteristics and metabolic parameters according to body mass index

Normal (BMI < 23) (n= 235) Overweight (23≤ BMI< 25) (n= 102) Obese (BMI ≥ 25) (n= 115) P

Age (yr) 40.45± 9.33 45.25± 8.85 44.57± 10.21 < 0.001
Sex, male 57 (24.3%) 53 (52.0%) 78 (67.8%) < 0.001
Sex, female 178 (75.7%) 49 (48.0%) 37 (32.2%) < 0.001
Body weight (kg) 55.71± 6.36 64.75± 6.42 77.55± 11.45 < 0.001
Body mass index (kg/m2) 20.78± 1.49 23.98± 0.58 27.27± 2.11 < 0.001
Waist circumference (cm) 75.73± 5.13 84.89± 4.73 91.85± 7.30 < 0.001
Hip circumference (cm) 88.89± 4.70 94.26± 4.58 99.77± 6.84 < 0.001
Waist hip ratio 0.85± 0.04 0.90± 0.03 0.92± 0.04 < 0.001
Lean body mass (kg) 41.04± 6.32 45.98± 8.18 54.56± 10.38 < 0.001
Fat mass (kg) 14.67± 3.30 18.77± 3.90 22.99± 5.78 < 0.001
Body fat percentage (%) 26.38± 5.53 29.07± 6.27 30.17± 6.49 < 0.001
Systolic blood pressure (mmHg) 113.40± 12.06 121.64± 14.45 126.86± 13.47 < 0.001
Diastolic blood pressure (mmHg) 70.87± 8.51 75.71± 10.39 78.88± 9.68 < 0.001
Total cholesterol (mg/dL) 182.34± 31.73 191.18± 33.14 198.38± 34.00 < 0.001
Triglyceride (mg/dL) 80.33± 45.36 114.40± 66.77 143.01± 105.14 < 0.001
HDL cholesterol (mg/dL) 55.84± 11.03 49.79± 10.21 47.51± 8.55 < 0.001
LDL cholesterol (mg/dL) 142.56± 36.17 164.27± 36.95 179.48± 46.41 < 0.001
Fasting glucose (mg/dL) 81.78± 7.77 85.87± 12.33 90.59± 18.16 < 0.001
Insulin (μIU/mL) 3.37± 1.98 4.09± 2.28 5.60± 3.40 < 0.001
HOMA-IR 0.69± 0.46 0.88± 0.54 1.32± 1.26 < 0.001
Leptin (ng/mL) 1.87± 1.42 2.25± 1.93 2.34± 1.98 0.101
Adiponectin (µg/mL) 6.49± 4.49 5.06± 3.03 4.42± 3.51 < 0.001
Log DPP-4 concentration (ng/mL) 2.67± 0.12 2.69± 0.10 2.71± 0.10 0.009
Fatty liver 26 (11.1%) 30 (29.4%) 55 (47.8%) < 0.001

Values are normal distribution and are presented as mean± standard deviation (SD) or number (%).
One way analysis of variance or chi-square test or Kruskal-Wallis test.
BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; DPP-4, dipeptidyl peptidase-4. 

DPP-4 is an aminopeptidase found in most tissues of the body, 
including the liver, lungs, kidneys, intestinal tract, lymph nodes, 
and epithelial cells, and resides on the cell membrane of T cells, B 
cells, and natural killer cells to exert its effect.17,18 DPP-4 is known 
to play a role in the immune response and degradation of incretin 
hormones and has been recently reported to be associated with 
obesity. Kirino et al.13 reported that serum DPP-4 activity is posi-
tively correlated with BMI and total cholesterol and negatively cor-
related with adiponectin in healthy young adults without underly-
ing diseases. Firneisz et al.11 reported increased serum DPP-4 activ-
ity and HOMA-IR in patients with non-alcoholic fatty liver disease 
compared to patients without fatty liver disease. These results have 
suggested that the level of DPP-4 activity may be used as a predic-
tor of obesity and metabolic syndrome. It has also been reported 
that the progress and prognosis of non-alcoholic fatty liver disease 
can be predicted by measuring the activity of circulating DPP-4, 

and liver histology can be improved by inhibiting DPP-4 activity.19 
Lamers et al.14 observed the upregulation of DPP-4 in differentiat-
ed adipose tissue and disruption in insulin signaling pathways upon 
adding DPP-4 to adipose and muscle cells. In addition, DPP-4 ex-
pression was higher in subcutaneous fat than in visceral fat in obese 
patients and positively correlated with the degree of obesity and 
markers of metabolic syndrome. These findings suggest that DPP-
4 may be a new adipokine that can increase insulin resistance.14 In 
the present study, serum DPP-4 concentration was found to in-
crease as BMI, WHR, blood pressure, and total cholesterol, triglyc-
eride, and LDL levels increased, and to be negatively correlated 
with adiponectin. While the same correlations were observed for 
serum DPP-4 concentration with BMI, waist circumference and 
adiponectin in a study by Lamers et al.14, no significant change in 
serum DPP-4 concentration was observed according to leptin and 
insulin levels in our study. We also found that serum DPP-4 con-
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centration was negatively correlated with body fat percentage and 
positively correlated with lean body mass. According to Durinx et 
al.20, serum DPP-4 concentration reflects more than 90% of DPP-4 
activity. Lamers et al.14 have also observed an association between 
DPP-4 activity and serum DPP-4 concentration and higher DPP-4 
activity in the obese group compared with the non-obese group. 
These findings suggest that both DPP-4 concentration and DPP-4 
activity may be associated with obesity. However, on the other 
hand, Kim et al.21 reported no association between BMI and DPP-
4 activity in obese patients. Their study only included menopausal 
women, and the patients in the non-obese group were nearly over-
weight, with a mean BMI of 22.4 ± 1.5 kg/m2. The results of the 
present study in which serum DPP-4 concentration was positively 
correlated with BMI and a significant difference in serum DPP-4 
concentration was found between the normal weight and obese 
groups, while no significant difference was observed between the 

overweight and obese groups, consistent with the results of previ-
ous studies. However, unlike our expectations, serum DPP-4 con-
centration was negatively correlated with body fat percentage and 
positively correlated with lean body fat. Neidert et al.22 reported a 
negative correlation between DPP-4 activity and body fat percent-
age and gynoid fat and a positive correlation between DPP-4 activ-
ity and lean body mass, suggesting that the level of DPP-4 activity 
may change according to the body composition rather than the de-
gree of obesity. The distribution of adipokines varies depending on 
the adipose tissue depots, and visceral adipose tissue is reported to 
have a large distribution of DPP-4.23 In a study by Lamers et al.14, 
higher levels of DPP-4 were secreted from visceral fat than subcuta-
neous fat. In the present study, serum DPP-4 concentration in-
creased as the degree of obesity, waist circumference, and WHR in-
creased. Therefore, as has already been suggested in previous stud-
ies, abdominal fat may be associated with DPP-4. It has recently 

Table 5. Comparison of characteristics and metabolic parameters according to obesity status

MHO (n= 77) MUHO (n= 38) P *

Age (yr) 43.82± 9.81 46.11± 10.96 0.326
Sex, male 48 (62.3%) 30 (78.9%) 0.073
Sex, female 29 (37.7%) 8 (21.1%) 0.073
Body weight (kg) 76.01± 11.24 80.68± 11.37 0.039
Body mass index (kg/m2) 26.90± 1.95 28.00± 2.27 0.003
Waist circumference (cm) 91.55± 6.24 92.44± 9.14 0.136
Hip circumference (cm) 99.76± 6.45 99.79± 7.66 0.98
Waist hip ratio 0.92± 0.03 0.93± 0.04 0.205
Lean body mass (kg) 53.14± 10.56 57.44± 9.51 0.036
Fat mass (kg) 22.87± 5.39 23.24± 6.57 0.730
Body fat percentage (%) 30.41± 6.72 29.69± 6.07 0.579
Systolic blood pressure (mmHg) 123.47± 12.95 133.74± 11.92 < 0.001
Diastolic blood pressure (mmHg) 76.31± 8.50 84.08± 9.93 < 0.001
Total cholesterol (mg/dL) 195.22± 33.14 204.79± 35.25 0.157
Triglyceride (mg/dL) 99.65± 38.96 230.85± 138.21 < 0.001
HDL cholesterol (mg/dL) 49.54± 8.51 43.38± 7.11 < 0.001
LDL cholesterol (mg/dL) 165.61± 36.20 207.58± 52.27 < 0.001
Fasting glucose (mg/dL) 85.95± 10.06 100.00± 25.92 < 0.001
Insulin (μIU/mL) 4.37± 1.81 8.08± 4.40 < 0.001
HOMA-IR 0.93± 0.42 2.11± 1.90 < 0.001
Adiponectin (µg/mL) 4.68± 3.98 3.91± 2.21 0.741
Leptin (ng/mL) 2.11± 1.73 2.81± 2.38 0.061
Log DPP-4 concentration (ng/mL) 2.71± 0.11 2.72± 0.09 0.592
Fatty liver 30 (39.0%) 25 (65.8%) 0.007

Values are normal distribution and are presented as mean± standard deviation (SD) or number (%).
*Student’s t-test or chi-square test or Mann-Whitney test.
MHO, metabolically healthy obese; MUHO, metabolically unhealthy obese; HDL, high-density lipoprotein; LDL, low density lipoprotein; HOMA-IR, homeostasis model assessment of 
insulin resistance; DPP-4, dipeptidyl peptidase-4. 
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been reported that symptoms of metabolic syndrome differ de-
pending on fat distribution.24,25 Glutofemoral fat is known to play a 
protective role that contributes to healthy metabolism unlike ab-
dominal fat.24,25 However, it is not possible to determine whether 
the body fat percentage reduction signifies a reduction in the 
amount of gynoid fat as was the case in a study by Neidert et al.22, 
and a further investigation is needed in this regard. DPP-4 is ex-
pressed in various tissues, and its role as a myokine has been sug-
gested after the discovery that myotubes release DPP-4.26,27 While 
the secretion of DPP-4 by muscles was found to increase due to the 
effects of whey proteins and muscle contraction in cell and animal 
experiments, the same was not observed in human experiments.27 

Little has been reported about the association between DPP-4 and 
muscle in clinical research. In the multivariate analysis performed 
in this study, an association between DPP-4 and muscle was con-
sistently observed, and thus, additional research on the role of 
DPP-4 in muscle is necessary. In addition, different results can be 
observed within an obese population according to obesity pheno-
type. Numerous studies have recently reported that obesity can be 
further classified into metabolically health obesity, metabolically 
unhealthy obesity, and so on depending on fat distribution.28,29 In a 
study by Turker et al.29, blood pressure, BMI, triglyceride, LDL, 
and fasting glucose levels, and HOMA-IR were higher in the 
MUHO group than in the MHO group. They reported that while 
the risk for cardiovascular diseases in the MHO group was not as 
high as that in the MUHO group, it was higher than that in the 
normal weight group.29 In this study, similar results regarding meta-
bolic factors were observed, and the proportion of patients with 
fatty liver was higher in the MUHO group than in the MHO 
group. However, while a significant difference in DPP-4 concentra-
tion was found between the normal weight and obese groups, no 
significant difference was found between the MHO and MUHO 
groups. Since the MUHO group had a relatively small number of 
subjects compared to the MHO group, further investigation involv-
ing a greater number of patients is needed.

Obesity is a risk factor for renal and cardiovascular diseases.30,31 
Recent studies have reported an association of DPP-4 in blood 
with cardiac diseases and kidney damage that may or may not be 
related to GLP-1. Inhibition of DPP-4 has been reported to have 
cardio-protective and renal-protective effects.32,33 In the present 

study, a positive correlation was found between serum DPP-4 con-
centration and creatinine levels. This finding may be associated 
with the reports that inhibition of DPP-4 inhibits kidney damage. 

In summary, serum DPP-4 concentration was significantly high-
er among Korean participants who were obese than those of nor-
mal weight and associated with various obesity-related factors. 
However, since this study only included patients from a single insti-
tution, a large-scale research study must be conducted in the future. 
Furthermore, to assess the potential of serum DPP-4 concentration 
as a predictor of obesity and obesity-related metabolic syndrome, 
serum DPP-4 concentration and activity must be compared. Be-
cause bioelectrical impedance analysis of an association between 
serum DPP-4 concentration and body composition has limitations, 
further research on the mechanism and role of DPP-4 is required. 
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