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Abstract
Background. In recent years, considerable effort has been devoted to identifying genes that contribute 
to the risk of coronary artery disease (CAD). Genetic factors can be used to identify individuals who have 
additional genetic risks. Genetic variations might contribute to cardiovascular disease differentially in men 
and women. Dipeptidyl peptidase-4 (DPP-4) may be involved in the development of atherosclerotic diseases.

Objectives. To examine the associations between genetic variations of DPP-4 in men and women with CAD.

Material and methods. In this case-control study, blood samples of patients with angiographically 
documented CAD and of those without CAD were collected. We focused on the DPP-4 gene (rs7608798 
and rs3788979 polymorphisms) to assess the association of single nucleotide polymorphisms (SNPs) and 
the risk of CAD.

Results. We identified 1 SNP (rs3788979) that was significantly related to angiographic CAD in women (odds 
ratio (OR) = 2.437; p = 0.019). Moreover, the SNP (rs7608798) seemed to have a protective effect (OR = 0.291; 
p = 0.032). We did not find an association between CAD risk factors and DPP-4 polymorphisms. Our study 
is the first to demonstrate that CAD pathogenesis is influenced by gender differences in polymorphisms 
in the DPP-4 gene.

Conclusions. This study provides new information on the association of DPP-4 polymorphisms with the risk 
of CAD in the Taiwanese population, especially in women. Further studies should be performed to verify this 
association.
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Introduction

The increasing prevalence of coronary artery disease 
(CAD) has become a worldwide health concern. It imposes 
a significant social and economic burden on society.1,2

Several risk factors may predispose an  individual 
to CAD, such as smoking, high blood pressure, high choles-
terol, obesity, and diabetes.3 In recent years, considerable 
effort has been devoted to identifying genes that contrib-
ute to CAD risk.4,5 Genetic factors can be used to iden-
tify people who have additional genetic risks. This raises 
the possibility of screening the population to detect im-
portant susceptibility loci once disease screening or an in-
tervention becomes available. An obvious requirement for 
such screening would be validation through large-scale 
trials of the benefits of such early detection and treatment. 
A combination of conventional and genetic risk factors may 
be optimal for identifying populations at risk.

Dipeptidyl peptidase 4 (DPP-4) is an  intrinsic mem-
brane glycoprotein and a serine exopeptidase that cleaves 
X-proline dipeptides from the N-terminus of polypeptides. 
The activity of DPP-4 has received considerable attention 
as a therapeutic target, and DPP-4 inhibitors that extend 
the insulinotropic effect of glucagon-like peptide-1 are now 
widely used as antidiabetic drugs.6

The DPP-4 is expressed on the surface of several cell 
types7 of a variety of tissues, including bone marrow, lung, 
spleen, pancreas, kidney, liver, intestinal, and epithelial 
cells.7 Because of  its many enzymatic activities, DPP-4 
is not only involved in the pathogenesis of diabetes mellitus 
and glucose metabolism, but it also participates in modu-
lating the cardiovascular system and it may be involved 
in the development of atherosclerotic diseases.8–10 In vitro 
preclinical and clinical studies have shown that DPP-4 
 inhibitors may modulate atherosclerotic disease by reduc-
ing plasma lipids, suppressing inflammation and promot-
ing vascular relaxation. However, the inhibition of DPP-4 
may also exacerbate cardiovascular disease by enhancing 
sympathetic activation and angiogenesis.8

Three recent cardiovascular outcome trials of DPP-4 
inhibitors showed that none of  the  DPP-4 inhibitors 
 increased or decreased the predefined primary cardiovas-
cular outcomes.11–13 However, the main concern in the sub-
sequent discussion has been about the higher incidence 
of hospitalization for heart failure seen with saxagliptin.12 
The question of why this ambiguous result in the cardio-
vascular outcome of DPP-4 inhibitors in human and ani-
mal studies may be explained by genetic polymorphism. 
Previous genetic studies revealed that polymorphisms 
in the defined DPP-4 loci are associated with serum lipid 
levels.14 A polymorphism in the DPP-4 gene in patients 
with known CAD may increase the risk of myocardial 
infarction (MI). It  is associated with decreased plasma 
DPP-4 levels in patients with MI.15 Due to the diverse re-
sults, more comprehensive study of the DPP-4 gene poly-
morphism is needed. However, there is still limited data 

to confirm an association between DPP-4 gene variants 
and CAD in Asian populations, especially in gender-spe-
cific gene variants. In this study, we hypothesized that 
the polymorphisms of the DPP-4 gene might contribute 
differently in men and women. Therefore, we conducted 
a case-control study to examine the associations between 
single nucleotide polymorphisms (SNPs) in patients with 
or without CAD in a Taiwanese population.

Material and methods

This hospital-based case-control study recruited 607 pa-
tients who had undergone coronary angiography from 
the Chung Shan Medical University Hospital in Taichung, 
Taiwan. Two groups were identified for this study. For 
CAD group, a diagnosis of CAD was made for patients 
who had undergone coronary angiography and received 
percutaneous coronary angioplasty according to the rec-
ommendations for percutaneous coronary intervention. 
For the control (non-CAD) group, all participants were re-
cruited from the same hospital; they had undergone coro-
nary angiography, but the findings were negative for CAD, 
defined as coronary flow reserve is increased in blood flow 
in response to metabolic or pharmacological stimuli and 
a normal coronary angiogram without any suspected ath-
erosclerosis. The patients’ clinic characteristics were veri-
fied with a medical history review.

Diabetes mellitus was defined as  having a  fasting 
blood sugar level ≥126 mg/dL or taking any oral or in-
jected antidiabetic drugs. Dyslipidemia was defined 
as having low-density-lipoprotein cholesterol (LDL-C) 
level >100 mg/dL or taking any anti-lipid lowering drugs. 
Hypertension was defined as having a systolic blood pres-
sure (SBP) >130 mm Hg and a diastolic blood pressure 
(DBP) >80 mm Hg or taking any anti-hypertension drugs.

Whole-blood specimens collected from all patients were 
placed in tubes containing EDTA; they were immediately 
centrifuged and then stored at −80°C. The study protocols 
were approved by the institutional review of the Taichung 
Chung Shan Medical University Hospital. All methods 
were carried out in accordance with the approved guide-
lines and all participants provided written informed con-
sent before participating in the study.

The allelic discrimination of the DPP-4 rs7608798 and 
rs3788979 polymorphisms was assessed using an  ABI 
StpOne Real-Time PCR System (Applied Biosystems, Fos-
ter City, USA), SDS v. 3.0 software (Applied Biosystems) 
and the TaqMan™ Genotyping assays.17–19 The final vol-
ume for each reaction was 5 μL, containing 2.5 μL of Taq-
Man Genotyping Master Mix, 0.125 μL of TaqMan probe 
mix and 10 ng of genomic DNA. The reaction conditions 
included an initial denaturation step at 95°C for 10 min, 
followed by 40 cycles at 95°C for 15 s and 60°C for 1 min.

We compared the differences in demographic character-
istics between the CAD patients and the non-CAD patients 
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using the χ2 test and Fisher’s exact test. The odds ratios 
(ORs) with 95% confidence intervals (95% CIs) were esti-
mated using logistic regression models between genotype 
frequencies and CAD risk, as well as clinical characteristics 
after controlling for other covariates. Values of p < 0.05 
were considered statistically significant. The data was 
analyzed using SPSS statistical software v. 9.1, 2005 (SAS 
Institute Inc., Cary, USA).

Results

A total of 607 patients were recruited. Statistical analyses 
of the demographic characteristics of both the case group 
(391 patients with CAD) and the control group (216 pa-
tients without CAD) are shown in Table 1. Coronary artery 
disease was more common in men and in those with a his-
tory of hypertension and diabetes mellitus. Furthermore, 
gender, tobacco consumption and co-morbid conditions 
of hypertension or diabetes mellitus were significantly 
associated with CAD risk (p < 0.05 for each). To decrease 
the possible interference of  several co-morbid factors, 
the OR was adjusted to control for risk related to gender, 
tobacco use and co-morbidities in each comparison using 
multiple logistic regression models.

The distribution frequency of DPP-4 genotypes in both 
controls and CAD patients are presented in  Table  2. 
The alleles with the highest distribution frequency were 
heterozygous A/G for rs7608798 and heterozygous G/A 
for rs3788979. There was no significant difference with 

respect to the rs7608798 and rs3788979 polymorphisms 
of DPP-4 between the controls and the patients with CAD.

The gender distribution frequencies are presented in Ta-
bles 3 and 4. Heterozygous G/A rs3788979 in DPP-4 was as-
sociated with CAD risk (OR = 2.437; p = 0.019) only in the fe-
male population. In this group, homozygous G/G rs7608798 
seemed to have a protective effect (OR = 0.291; p = 0.032).

We further investigated the effects of the polymorphic 
genotypes of DPP-4 on the clinical status of CAD (Table 5). 
No apparent significant association between DPP-4 gene 
polymorphism and traditional CAD risk factors were 
found, except for elevated cardiac enzymes.

Discussion

Two SNPs in the DPP-4 gene were found to have an as-
sociation with CAD risk in our study: one was associated 
with a decreased risk in women, while the other was as-
sociated with an increased risk. The rs7608798, an intron 
variant in the DPP-4 gene, was found to be associated 
with a decreased risk of CAD in the Chinese population 
for the  first time. In  contrast, rs3788979, also located 
in an intronic region of the DPP-4 gene, increased the risk 
of CAD and showed a strong association signal for CAD 
in the DPP-4 gene. This finding might seem to be partly 
consistent with previous observations of positive corre-
lations between the rs3788979 SNP and the risk of MI 
in patients with atherosclerosis and of CAD in patients 
with diabetes.15 Our study extends the findings to those 

Table 1. Demographic characteristics and clinical parameters for controls (non-CAD) and patients with CAD

Parameter
Control group

(n = 216)
mean ±SD

CAD group
(n = 391)

mean ±SD
p-value

Age [years] 66.43 ±12.17 65.73 ±11.21 0.474

BMI [kg/m2] 25.05 ±3.74 25.55 ±4.40 0.159

Parameter n (%) n (%) p-value

Age >65 years 126 (58.3%) 210 (53.7%) 0.272

Male gender 130 (60.2%) 288 (73.7%) 0.001

Family history of CAD 49 (22.7%) 82 (21.0%) 0.623

Tobacco consumption 76 (35.2%) 171 (43.7%) 0.040

More than 3 risk factors of CAD 101 (46.8%) 231 (59.1%) 0.004

Atrial fibrillation 57 (26.4%) 39 (10.0%) <0.001

Hypertension 134 (62.0%) 288 (73.7%) 0.003

Diabetes mellitus 73 (33.8%) 165 (42.2%) 0.042

Dyslipidemia 83 (39.0%) 158 (40.6%) 0.693

Recent (<24 h) severe angina 126 (58.3%) 285 (73.3%) <0.001

Elevated cardiac markers 81 (37.5%) 222 (56.8%) <0.001

Stroke 27 (13.4%) 42 (11.3%) 0.445

Congestive heart failure 73 (35.3%) 86 (22.8%) 0.001

The data is presented as numbers and percentages with χ2 test/Fisher’s exact test or means ± standard deviation (SD) with independent two-sample t-test. 
CAD – coronary artery disease; BMI – body mass index; p < 0.05 is statistically significant.
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Table 2. Distribution frequency of DPP-4 genotypes in 216 controls (non-CAD) and 391 patients with CAD

Genotype Control group
(n = 216)

CAD group
(n = 391) Adjusted OR (95% CI) p-value

DPP-4
rs7608798

AA 85 (39.4%) 153 (39.1%) 1.00 –

AG 98 (45.4%) 195 (49.9%) 1.105 (0.772–1.584) 0.585

GG 33 (15.3%) 43 (11.0%) 0.724 (0.428–1.224) 0.228

AG+GG 131 (60.6%) 238 (60.9%) 1.009 (0.718–1.418) 0.957

DPP-4
rs3788979

GG 61 (28.2%) 91 (23.3%) 1.00 –

GA 106 (49.1%) 215 (55.0%) 1.360 (0.912–2.027) 0.131

AA 49 (22.7%) 85 (21.7%) 1.163 (0.721–1.876) 0.536

GA+AA 155 (71.8%) 300 (76.7%) 1.297 (0.889–1.893) 0.176

The odds ratios (OR) with their 95% confidence intervals (95% CI) were estimated with logistic regression; CAD – coronary artery disease; 
p < 0.05 is statistically significant.

Table 3. DPP-4 genetic variation frequencies and CAD risk association among men

Genotype Control group (non-CAD) 
(n = 130) CAD group (n = 288) OR (95% CI) p-value

DPP-4
rs7608798

AA 54 (41.5%) 112 (38.9%) 1.00 –

AG 56 (43.1%) 138 (47.9%) 1.188 (0.758–1.862) 0.452

GG 20 (15.4%) 38 (13.2%) 0.916 (0.487–1.722) 0.786

AG+GG 76 (58.5%) 176 (61.1%) 1.117 (0.732–1.702) 0.608

DPP-4
rs3788979

GG 37 (28.5%) 75 (26.0%) 1.00 –

GA 66 (50.8%) 150 (52.1%) 1.121 (0.688–1.828) 0.646

AA 27 (20.7%) 63 (21.9%) 1.151 (0.633–2.094) 0.645

GA+AA 93 (71.5%) 213 (74.0%) 1.130 (0.711–1.795) 0.605

The odds ratios (OR) with their 95% confidence intervals (95% CI) were estimated with logistic regression; CAD – coronary artery disease; p < 0.05 
is statistically significant.

Table 4. DPP-4 genetic variation frequencies and CAD risk association among women

Genotype Control group
(n = 86)

CAD group
(n = 103) OR (95% CI) p-value

DPP-4
rs7608798

AA 31 (36.0%) 41 (39.8%) 1.00 –

AG 42 (48.8%) 57 (55.3%) 1.026 (0.556–1.895) 0.934

GG 13 (15.2%) 5 (4.9%) 0.291 (0.094–0.902) 0.032*

AG+GG 55 (64.0%) 62 (60.2%) 0.852 (0.472–1.539) 0.596

DPP-4
rs3788979

GG 24 (27.9%) 16 (15.5%) 1.00 –

GA 40 (46.5%) 65 (63.1%) 2.437 (1.157–5.135) 0.019*

AA 22 (25.6%) 22 (21.4%) 1.500 (0.631–3.565) 0.359

GA+AA 62 (72.1%) 87 (84.5%) 2.205 (1.033–4.288) 0.038*

Odds ratios (OR) and 95% confidence intervals (95% CI) of female CAD patients associated with genotypic frequencies of DPP-4; CAD – coronary artery 
disease; * p < 0.05 is statistically significant.
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without diabetes, but we only found this positive corre-
lation between the rs3788979 SNP and the risk of CAD 
in female patients.

In dominant inheritance mode, the carriers of genotype 
GA at the rs3788979 SNP had an increased risk of CAD 
in comparison with the carriers of AA after adjusting for 
other CAD risk factors.

Cardiovascular disease constitutes the leading cause 
of mortality, not only among men but also among women.16 
Gender differences in the incidence of CAD have attracted 
the interest of many clinical researchers. Some gender dif-
ferences have been documented in regard to traditional 
cardiovascular risk factors. Age, hypertension, total cho-
lesterol, and LDL-C have a great influence on men, while 
menopause, systolic arterial hypertension, smoking, dia-
betes, and triglyceride and high-density-lipoprotein cho-
lesterol (HDL-C) levels are the main factors in women.17 
 Genetic variations might not explain all of these disparities, 
but they could provide some further information on gender 
differences regarding the risk of cardiovascular disease.

Although the precise mechanisms that link DPP-4 and 
cardiovascular disease are not completely understood, var-
ious studies have suggested that DPP-4 inhibitors may also 
have cardiovascular protective effects.18–20 On the other 
hand, some animal studies have shown that DPP-4 defi-
ciency may cause dyslipidemia,21 and another study re-
vealed that elevated DPP-4 levels accelerate diet-related 
vascular aging and atherosclerosis.22

Moreover, a recent study reported that a genetic de-
ficiency of DPP-4 improves cardiac function,23 whereas 
inhibition of DPP-4 induced cardiac hypertrophy and im-
paired cardiac function and reduced monocyte migration 
to atherosclerotic plaque in response to tumor necrosis 
factor α (TNF-α) and soluble DPP-424; another study re-
ported that it also upregulates expression of adiponectin, 

which causes an anti-inflammatory effect,25 indicating that 
DPP-4 may exert many functions, both positive and nega-
tive, directly and indirectly, on cardiovascular districts.

There were 2 animal studies which supported the role 
of DPP-4 in atherosclerosis among females. One showed 
that DPP-4 plays a role in the development of Western-
diet-induced aortic stiffening, vascular oxidative stress, 
endothelial dysfunction, and vascular remodeling in fe-
male mice.26 Another study, by inhibiting DPP-4, reduced 
Western-diet-induced, myocardial-cardiac-restricted over-
expression of TRAF3-interacting protein 2 and further 
induced myocardial inflammation and fibrosis in female 
mice.27

We did not find an association of dyslipidemia or other 
traditional risk factors in the gene variants we studied. 
Further studies should be conducted in order to verify this 
association. However, the available literature verifies that 
the DPP-4 gene is highly polymorphic among different 
populations and that some DPP-4 loci are related to higher 
plasma lipid levels and cardiovascular risk.

Another study demonstrated that DPP-4 variants in Chi-
nese type 2 diabetes patients were associated with lipid 
levels. Patients with the rs7608798 SNP exhibited signifi-
cantly lower serum TG levels in our study and, in the sub-
group of women, a lower risk of CAD. For rs3788979, serum 
TG levels were significantly different among genotypes 
in our study, and the subgroup of women had a higher risk 
of CAD. Thus, some women with CAD may have higher 
lipid levels and cardiovascular risk due to their DPP-4 poly-
morphisms. On the other hand, some women may have 
lower lipid levels and cardiovascular risk thanks to their 
DPP-4 polymorphisms.

This study had several limitations. Firstly, we  only 
inves tigated 2 genetic variants for each gene, so we can-
not exclude the possibility that other polymorphisms are 

Table 5. Comparison of demographics and co-morbidities between 2 genotypes of DPP-4 rs7608798 in the group of CAD patients

Variable
DPP-4 rs7608798

AA
(n = 153)

DPP-4 rs7608798
AG+GG (n = 238) OR (95% CI) p-value

Atrial fibrillation 15 (9.8%) 24 (10.1%) 1.032 (0.523–2.036) 0.928

More than 3 risk factors of CAD 90 (58.8%) 141 (59.2%) 1.018 (0.673–1.538) 0.934

Age >65 years 78 (51.0%) 132 (55.5%) 1.197 (0.797–1.799) 0.386

Family history of CAD 25 (16.3%) 57 (23.9%) 1.612 (0.957–2.717) 0.071

Hypertension 110 (71.9%) 178 (74.8%) 1.160 (0.733–1.834) 0.526

Diabetes mellitus 68 (44.4%) 97 (40.8%) 0.860 (0.570–1.296) 0.471

Tobacco consumption 65 (42.5%) 106 (44.5%) 1.087 (0.722–1.638) 0.689

Dyslipidemia 64 (42.4%) 94 (39.5%) 0.887 (0.586–1.343) 0.572

Recent (<24 h) severe angina 114 (75.0%) 171 (72.2%) 0.864 (0.543–1.374) 0.536

Elevated cardiac markers 97 (63.4%) 125 (52.5%) 0.639 (0.421–0.968) 0.034*

Stroke 17 (11.7%) 25 (11.0%) 0.927 (0.482–1.784) 0.821

Congestive heart failure 27 (18.5%) 59 (25.5%) 1.512 (0.906–2.522) 0.112

The odds ratios (OR) with their 95% confidence intervals (95% CI) were estimated with logistic regression; CAD – coronary artery disease; *p < 0.05 
is statistically significant.
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associated with CAD risk. Another limitation of this study 
is the lack of a complete plasma lipid panel and allowing 
the use of statins. Furthermore, the control group con-
sisted of patients with symptoms of CAD and negative 
coronarography findings, but microvessel disease cannot 
be excluded. It is unknown how the DPP-4 genetic variants 
affect the function of DPP-4. The biological mechanisms 
on how DPP-4 influences CAD have not been thoroughly 
elucidated, although some mechanism has been hypoth-
esized in several animal and human studies. Because of our 
relatively small sample size, multiple independent studies 
with larger sample populations are required to validate 
our findings.

Conclusions

Our study is the first to demonstrate that CAD patho-
genesis is influenced by gender differences in polymor-
phisms of the DPP-4 gene. This study provides new in-
formation on the association of DPP-4 polymorphisms 
with the risk of CAD in the Taiwanese population. Further 
studies should be performed to verify this association.
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