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ABSTRACT:
Purpose: Peripheral Arterial Occlusive Disease

(PAOD) is a vascular disease associated with high morbid-
ity and mortality worldwide. The angiotensin-converting
enzyme (ACE) insertion/deletion (I/D) gene polymorphism
(rs4340) has been suggested as a potential risk factor for
PAOD. This study aimed to examine the association of the
ACE I/D polymorphism and PAOD risk in Bulgarian pa-
tients.

Materials/Methods: This case-control study in-
cluded 85 patients with PAOD and 394 controls. Genomic
DNA was isolated from peripheral blood, and ACE
genotyping was performed using classical end-point
polymerase chain reaction.

Results: ACE genotype frequencies were similar be-
tween PAOD patients (DD: 0.317; ID: 0.459; II:0.224) and
controls (DD: 0.345; ID: 0.495; II: 0.160; p=0.368), as well
as the allelic frequencies (p=0.274). Further analysis based
on the clinical manifestation of the disease did not reveal
a significant association with the ACE I/D polymorphism.
However, a tendency for a higher frequency of the DD-geno-
type was observed among cases with arterial hypertension
(0.348 vs. 0.188) or with atrophic changes (0.412 vs. 0.294),
compared to patients without these conditions.

Conclusion: There was no significant association
between the ACE I/D polymorphism and the development
of PAOD in the Bulgarian population. However, carrying
the DD-genotype might contribute to the clinical charac-
teristics of PAOD.
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INTRODUCTION
Peripheral Arterial Occlusive Disease (PAOD) is a

specific form of Peripheral Arterial Disease (PAD), an
atherosclerotic disease associated with increasing global
morbidity and mortality [1]. Between 1990 and 2019, the
global prevalence of PAD rose by 72.5 % with PAD-related
mortality doubling over the same period. The actual bur-
den of PAOD is probably greater than the statistical data
in world health, as data on the prevalence of asymptomatic
PAD are incomplete. Even in asymptomatic PAD, the risk
of premature death is similar to that of symptomatic PAD
and significantly higher than that of those without PAD [2].
A prospective study showed that within one year, 21% of
asymptomatic PAD patients developed claudication symp-
toms, indicating the potential for rapid disease progression
[3].

Patients with PAD are at higher risk for cardiovascu-
lar complications, including stroke, transient ischemic at-
tack and heart attack [4]. While atherosclerosis remains the
well-established pathological basis of PAD, emerging evi-
dence highlights the role of the coagulation system, espe-
cially during the early stages of plaque development [5].

Inflammatory cells within the early lesion contribute
to the expression of procoagulant factors, which are more
prominent in early rather than advanced atherosclerotic
plaques [6]. Thrombus formation over disrupted plaque is a
key event in the onset of the acute cardiovascular events
[7]. The coagulation regulation is crucial for the develop-
ment of the disease. The Renin-Angiotensin-Aldosterone
System (RAAS) is a major regulator of vascular homeostasis.
Its dysregulation is implicated in hypertension, myocardial
infarction, stroke, and cardio-renal syndromes [8]. Angi-
otensin converting enzyme (ACE) plays a central role in
RAAS. ACE converts angiotensin I (Ang I) to angiotensin II
(Ang II), degrades bradykinin and indirectly decreases fi-
brinolysis [9].

The human ACE gene contains an insertion/deletion
(I/D) polymorphism of an Alu element in intron 16, which
has been associated with variability of human serum ACE
levels. A recent systematic review by Kumari N et al. (2022)
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summarized that the D-allele of the ACE I/D polymorphism
is significantly associated with an increased risk of cardio-
vascular disease (CVD) [10]. The authors also highlighted
substantial inter-ethnic differences in genotype and allele
frequencies. However, the role of the ACE I/D polymorphism
as a genetic marker for PAOD remains controversial. A sig-
nificantly higher prevalence of the D-allele was reported
among 281 Italian PAD patients compared to clinically
healthy volunteers [11]. In contrast, another case-control
study involving 522 PAD patients and 522 matched con-
trols from Austria found no significant association between
PAD risk and ACE I/D polymorphism [12]. To the best of
our knowledge, no studies have investigated the relation-
ship between the ACE I/D polymorphism and PAOD in the
Bulgarian population.

In light of the above, the aim of the present case-
control study was to investigate the potential role of the
ACE gene I/D polymorphism as a predisposing factor for
PAOD, or as a factor involved in modulating the severity
of the disease.

MATERIALS AND METHODS:
Subjects
The case-control study included 85 patients with

PAOD (61 men and 24 women) and 394 controls. The pa-
tients were admitted to the Department of Vascular Surgery,
Hospital for Active Treatment “Trakia”, Stara Zagora, Bul-
garia. The study was approved by the Ethics Committee of
the Medical Faculty, Trakia University, Bulgaria (approval
number: 30/25.04.2024). Informed consent was obtained
from all participants in accordance with the ethical stand-
ards of the Helsinki Declaration.

The diagnosis of PAOD was based on the clinical di-
agnostic criteria, Doppler sonography, ankle-brachial index
(ABI), angiography. The mean age of the PAOD group was
65.56±10.93 years, with no significant differences between
men and women (64.7±11.61 years vs. 67.8 ±8.83 years,
p=0.250).

Symptoms such as paresthesias, cold extremities, fa-
tigue and/or claudication had been present for more than
6 months among 82.35% of patients. The stage of the dis-
ease was assessed using the Fontaine classification. Asymp-
tomatic or intermittent claudication was observed in 22 pa-
tients (25.9%), rest pain in 43 patients (50.6%), and
ischemic ulcers or gangrene in 20 patients (23.5%).

Clinical evaluation included assessment of claudi-
cation, hypoesthesia, trophic changes, wound lesions in the
affected limb. The patient group was further analyzed based
on anatomical localization of PAOD, and associated risk
factors, including arterial hypertension, diabetes mellitus,
tobacco smoking, stroke, ischemic heart disease, and
dyslipidemia.

Genotyping of the ACE I/D polymorphism
Genomic DNA was isolated from peripheral blood

samples, and ACE genotyping was performed using classi-
cal end-point polymerase chain reaction (PCR). The PCR
mixture contained the following components: forward
primer 5’-CTGGAGACCACTCCCATCCTTTCT-3', reverse
primer 5’-GATGTGGCCATCACATTCGTCAGAT-3', 3mM

MgCl2, 0.2 mM dNTPs, Taq DNA polymerase, 10x
PCR buffer and 20-50 ng of template DNA. PCR amplifi-
cation was carried out in a GeneAmp PCR System 9700
(Applied Biosystems, Foster City, CA, USA) under the fol-
lowing cycling condition: 10 min initial denaturation at
94ºC followed by 30 cycles of 94 ºC for 1 min, 58 ºC for 1
min, and 72 ºC for 1 min, followed by a final extension at
72ºC for 7 min. The PCR products were visualized by 2%
agarose gel electrophoresis. The presence of a 490bp frag-
ment indicated the insertion (I) allele, and a 190bp frag-
ment indicated the deletion (D) allele (Fig. 1).

Fig. 1. Visualization of PCR products by 2.0 %
agarose gel electrophoresis.

Genomic DNA was extracted from peripheral blood
samples and amplified by PCR using primers flanking the
insertion/deletion (I/D) polymorphic region in intron 16 of
the ACE gene. PCR products were separated on a 2%
agarose gel and visualized with ethidium bromide stain-
ing under UV light.

A band at 490 bp corresponds to the insertion (I) al-
lele, while a band at 90 bp corresponds to the deletion (D)
allele.   NTC – non-template control; Lane M: DNA ladder
(100 bp marker); Lanes 1, 6, 7, 8 and 10: Heterozygous (I/
D) genotype – two bands at 490 bp and 190 bp; Lanes 2, 4
and 11: Homozygous insertion (I/I) genotype – single band
at 490 bp; Lanes 3, 5,9 and 12: Homozygous deletion (D/
D) genotype – single band at 190 bp.

Statistical analysis
The results were analyzed using STATISTICA v.12

software (StatSoft, OK, USA). The chi-square test was used
for categorical variables, including genotype, gender, clini-
cal characteristics, hypertension, diabetes, tobacco smok-
ing, stroke, ischemic heart disease, and dyslipidemia. Fish-
er’s exact test was applied if one or more cells had a count
less than 5.

Different inheritance models – allelic model (D-al-
lele vs. I-allele), dominant (ID+DD vs. II), and recessive (DD
vs. ID+II), were used to assess the potential association be-
tween the ACE I/D polymorphism and PAOD risk. Logistic
regression was conducted to estimate odds ratio (ORs) and
95% confidence intervals (CIs). The differences were con-
sidered statistically significant at p-value < 0.05.
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RESULTS:
The genotypes and allele frequencies of the ACE I/

D polymorphism among the controls and cases are summa-
rized in Table 1. No significant association between ACE

No significant differences were observed between
PAOD cases according to sex and age of onset. Although
the prevalence of early-onset PAOD (diagnosed age d” 50)
in the studied group is low, it should be noted that all
PAOD (n=6) were carrier of the D-allele. Respectively, the
D-allele frequency was higher among cases with early-on-
set than among cases diagnosed at 51 years or older (0.67
vs. 0.53), although this difference did not reach statistical
significance.

Next, subgroup analysis was performed based on the
clinical manifestations (Table 2) and associated conditions
(Table 3) of PAOD.

Table 2. Genotype distribution of the ACE I/D poly-
morphism in PAOD patients according to the clinical mani-
festations.

Clinical manifestations

Genotype/allele Yesn (%) Non (%) p-value

Fontaine classification - IV stage

DD 8 (40.00) 19 (29.23)  

ID 7 (35.00) 32 (49.23) 0.266

II 5 (25.00) 14 (21.54) 0.806

D-allele 23 (57.50) 70 (53.85)  

I-allele 17 (42.50) 60 (46.15) 0.685

Multiple arterial occlusions

DD 17 (36.95) 10 (25.64)  

ID 17 (36.95) 22 (56.41) 0.122

II 12 (26.09) 7 (17.95) 0.989

D-allele 51 (55.43) 42 (53.85)  

I-allele 41 (44.57) 36 (46.15) 0.836

Claudication

DD 24 (32.00) 3 (30.00)  

ID 34 (45.33) 5 (50.00) 0.834

II 17 (26.67) 2 (20.00) 0.950

D-allele 82 (54.67) 11 (55.00)  

I-allele 68 (45.33) 9 (45.00) 0.978

Atrophic changes

DD 7 (41.18) 20 (29.41)  

ID 5 (29.41) 34 (50.00) 0.175

II 5 (29.41) 14 (20.59) 0.976

D-allele 19 (55.88) 74 (54.44)  

I-allele 15 (44.12) 62 (45.56) 0.878

The femoral arteries were the most frequently af-
fected (n=54, 63.5%), and among 46 patients (54.1%) mul-
tiple arterial occlusions were observed. There was a trend
toward a higher frequency of the DD-genotype among pa-
tients with ischemic ulcers or gangrene (0.400 vs. 0.292,
OR=1.614; 95% CI: 0.569-4.576; p=0.366), popliteal oc-
clusion (0.421 vs 0.234; OR=2.38; 95 % CI: 0.936-6.051;
p=0.066); with multiple arterial occlusions (0.37 vs. 0.256,
OR=1.700; 95% CI: 0.667-4.332; p=0.264), and patients
with atrophic changes (0.412 vs. 0.294; OR=1.68; 95 %
CI:0.560-5.036; p=0.351). Although these associations did
not reach statistical significance, the observed trends may
suggest a possible role of the DD genotype in more severe
or complex PAOD presentations.

I/D polymorphism and PAOD risk in our Bulgarian patients
was established under the dominant, recessive model, and
the allelic model.

Table 1. Allele and genotypes frequencies of the ACE I/D polymorphism in PAOD patients and controls.

Frequency Casesn (%) Controlsn (%) OR (95%CI) p  value

Genotype     

DD 27 (31.76) 136 (34.52) ref  

ID 39 (45.88) 195 (49.49) 1.007 (0.589-1.724) 0.979

II 19 (22.35) 63 (15.99) 1.519 (0.786-2.935) 0.211

Dominant model     

DD & ID 66 (77.65) 331 (84.01) ref  

II 19 (22.35) 63 (15.99) 1.513 (0.849-2.693) 0.158

Recessive model     

DD 27 (31.76) 136 (34.52) ref  

ID & II 58 (68.24) 258 (65.48) 1.132 (0.686-1.870) 0.627

Allelic model     

D 93 (54.71) 467 (59.26) ref  

I 77 (45.29) 321 (40.74) 1.205 (0.863-1.682) 0.274
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Arterial hypertension (81.18%) as well as diabetes
(34.1%) were the most common comorbidities in PAOD pa-
tients. No statistically significant differences in genotype
distribution were found with respect to co-existence of ar-
terial hypertension, diabetes, stroke and dyslipidemia (Ta-
ble 3). A tendency for a higher frequency of the DD-geno-
type was observed among cases with arterial hypertension
(0.348 vs. 0.188) compared to normotensive patients.
Among patients with ischemic heart disease, the frequency
of the D-allele was significantly lower (0.333 vs. 0.582; OR

= 0.359; 95 % CI: 0.144-0.892; p=0.023). However, these
results should be interpreted with caution due to the small
sample sizes in some subgroups, particularly where con-
tingency tables included cells with fewer than five obser-
vations. The genotype and allele frequencies did not dif-
fer significantly between smoking and non-smoking PAOD
patients.

DISCUSSION:
The present study investigates the association be-

tween the ACE I/D polymorphism and PAOD, as well as its
relationship with clinical and demographic factors among
Bulgarian patients.

While the genetic contribution to complex diseases
like PAOD remains a topic of active investigations, grow-
ing evidence supports the notion that gene–environment
interactions significantly influence disease risk [13]. Com-
plex diseases are often the result of multiple genetic and
environmental factors. In this regard, many modifiable risk
factor such as smoking, dyslipidemia, arterial hypertension,
obesity, and diabetes play a pivotal role in the develop-
ment and progression of PAOD.

The ACE I/D polymorphism has been associated with
variability in human serum ACE levels. Previous studies
suggest a dose-dependent effect of the D allele on ACE se-
rum levels [14]. Elevated ACE levels may contribute to
vascular remodeling, endothelial dysfunction, and altered
fibrinolysis via upregulation of the RAAS system. How-
ever, our data did not demonstrate a significant association
between the ACE I/D polymorphism and PAOD risk. The
similarity in allelic and genotype frequencies between cases
and controls suggests no direct role of this polymorphism
in POAD pathogenesis. This finding aligns with a meta-
analysis of 13 studies, which reported no significant over-
all association between ACE I/D polymorphism and PAD
risk and suggested possible ethnic differences in genetic
background and living environment [15]. Similar results of
lack of association between PAD and ACE I/D polymor-
phism have been reported in other studies [16, 17]. In con-
trast, a regional analysis by [11] reported an increased fre-
quency of the D-allele as a risk factor for PAD with a 2.1-
fold higher risk for individuals with the homozygous DD
genotype. Although further large-scale studies in different
ethnic groups are needed, our data suggest that the ACE I/
D polymorphism may not directly contribute to PAOD sus-
ceptibility, but it might influence clinical disease charac-
teristics.

In our study, we observed a 1.4-fold higher fre-
quency of the DD genotype among patients with atrophic
changes. Given the pivotal role of ACE in the production
of the vasoconstrictor - Ang II [18], it is plausible that
higher ACE levels encoded by the DD-genotype may con-
tribute to microvessels vasoconstriction, leading to insuf-
ficient tissue perfusion and subsequent tissue ischemia [19].
Furthermore, there was a trend toward higher DD-genotype
frequency among patients with IV stage PAOD (Fontaine
classification) and in those with multiple arterial occlu-
sions. Notably, it should be noted that all patients diag-
nosed with PAOD before age 50 were carrier of the D-al-

Table 3. Genotype distribution of the ACE I/D poly-
morphism in PAOD patients according to the associated
conditions.

Associated conditions

Genotype
Yes No

n (%) n (%)
p-value

Arterial hypertension

DD 24 (34.78) 3 (18.75)  

ID 31 (44.93) 8 (50.00) 0.502

II 14 (20.29) 5 (31.25) 0.345

D-allele 79 (57.25) 14 (43.75)

I-allele 59 (42.75) 18 (56.25) 0.167

Diabetes

DD 8 (22.22) 19 (38.78)  

ID 19 (52.78) 20 (40.82) 0.121

II 9 (25.00) 10 (20.41) 0.220

D-allele 35 (48.61) 58 (59.18)

I-allele 37 (51.39) 40 (40.82) 0.171

Stroke

DD 0 (0.00) 27 (34.18)  

ID 5 (83.33) 34 (43.04) 0.144

II 1 (16.67) 18 (22.78) 0.858

D-allele 5 (41.67) 88 (55.70)

I-allele 7 (58.33) 70 (44.30) 0.347

Ischemic heart disease

DD 2 (16.67) 25 (34.25)  

ID 4 (33.33) 35 (47.95) 1.00

II 6 (50.00) 13 (17.81) 0.083

D-allele 8 (33.33) 85 (58.22)

I-allele 16 (66.67) 61 (41.78) 0.023

Dyslipidemia

DD 5 (20.83) 22 (36.07)  

ID 11 (45.83) 28 (45.90) 0.367

II 8 (33.33) 11 (18.03) 0.080

D-allele 21 (43.75) 72 (59.02)

I-allele 27 (56.25) 50 (40.98) 0.072
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lele. Respectively, the D-allele frequency was higher among
early-onset cases than in those diagnosed after age 50 years
(0.67 vs. 0.53), although this difference did not reach sta-
tistical significance. A previous study involving 522 PAD
patients reported significant earlier disease onset in men
(58.2 years) compared to women (65.8 years) [12]. Our find-
ings support the possibility of earlier disease onset among
men, though the difference was not statistically significant.

The present study did not reveal a significant asso-
ciation between the ACE I/D polymorphism and smoking
or comorbidities such as dyslipidemia, diabetes, and stroke.
Interestingly, the frequency of the DD genotype was sig-
nificantly lower among patients with ischemic heart dis-
ease; however, this finding should be interpreted with cau-
tion due to the limited number of patients presenting with
both ischemic heart disease and concomitant PAOD. Fur-
thermore, ischemic heart disease and PAOD may act as in-
dependent risk factors for one another, reflecting their
shared atherosclerotic pathophysiology. In addition, we
observed a trend toward a higher DD genotype frequency
among patients with arterial hypertension. A similar study
by Karagiannisa A, et al. 2004 in a close geographic re-
gion - northern Greece, involving a comparable sample size,
also reported no significant associations between the ACE
I/D genotype and the studied comorbidities [16]. In con-
trast, Tseng C, et al. 2011 reported that the traditional risk
factors, hypertension, smoking and dyslipidemia, play an
important role in the association between ACE genotypes
and PAD among patients from Taiwan [20]. The authors
suggested that patients with the DD genotype and tradi-
tional risk factors are at the highest risk.

This study has some limitations that should be con-
sidered when interpreting the results. First, the relatively

small sample size of the PAOD group, particularly in sub-
group analyses which may affect the robustness of the find-
ings. Second, as the study population was limited to Bul-
garian patients, the results may not be generalizable to
other ethnic or regional populations.

CONCLUSION:
Our findings do not support a significant associa-

tion between the ACE I/D polymorphism and overall PAOD
risk in the Bulgarian population. However, the carrying of
the DD genotype might influence the clinical presentation
of PAOD, earlier disease onset, greater severity, and a po-
tential association with hypertension. Further large-scale
studies in diverse populations are warranted to better un-
derstand the potential role of this genetic variant in the
pathogenesis and clinical course of PAOD.

Abbreviations:
ABI - ankle-brachial index
ACE - Angiotensin-converting enzyme
Ang - Angiotensin
CI - confidence interval
CVD - Cardiovascular disease
I/D - insertion/deletion
OR - odds ratio
PAD - Peripheral Arterial Disease
PAOD - Peripheral Arterial Occlusive Disease
PCR - Polymerase chain reaction
RAAS - Renin-Angiotensin-Aldosterone System
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