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ABSTRACT

Aim To investigate a profile of patients with peripheral artery di-
sease (PAD) in Bosnia and Herzegovina.

Methods This observational study included 1022 patients hospi-
talized at the Clinical Centre University of Sarajevo in a 5-year 
period, 2015 to 2019. 

Results Disease prevalence rises sharply after the age of 50. 
Most patients, 797 (78%) had proximal PAD; 658 (64.4%) were 
males. The death occurred in 73 (7.1%) patients, more often in 
females (66- 10%), and in patients with chronic kidney disease 
(10- 23.8%). Amputation occurred in 153 (15%) patients, where 
102 (66.7%) patients had diabetes. Other surgical procedures were 
more common in males and smokers. Necrosis and phlegmon on 
lower extremities were found in 563 (55.1%) and 43 (4.2%) pati-
ents, respectively. History of tobacco use was noted in 620 (60.2%) 
patients, and 414 (40.8%) patients were current smokers. More 
than a half of patients had hypertension and diabetes, 596 (58.3%) 
and 513 (50.2%), respectively. One in 10 patients had a history of 
myocardial infarction or stroke. Most patients had high fibrinogen 
and blood glucose and low high-density lipoprotein (HDL).

Conclusion Patients with PAD have multiple comorbidities and 
risk for various complications. Primary and secondary prevention 
of risk factors is the mainstay of treatment.

Key words: atherosclerosis, diabetes mellitus, risk factors, to-
bacco use
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INTRODUCTION

Peripheral arterial disease (PAD) is a complete or 
partial obstruction of blood flow in major syste-
mic arteries other than those of the cerebral and 
coronary circulation. The most common cause 
is atherosclerosis, while other, such as vasculitis, 
thrombosis, thromboembolism, are infrequent (1). 
The estimated prevalence of this disease in Euro-
pe is around 5.3% (40 million) (2). The PAD has 
a strong correlation with coronary artery disease 
(CAD) and cerebrovascular disease, as atheroscle-
rosis is the basis of all these conditions (1). Accor-
dingly, the main risk factors for PAD include smo-
king, diabetes, hypertension, hypercholesterolemia 
(3). The presence of three or more risk factors 
increases the risk of PAD ten times and smoking 
alone increases that risk two to four times (2,4).    
The prevalence of PAD is increasing, due to the 
ageing of the global population and larger detec-
tion of asymptomatic cases (2). Studies show that 
patients with symptomatic PAD with no prior 
myocardial infarction (MI) or stroke had around 
2 times higher risk of cardiovascular events than 
those with prior MI or stroke but without sympto-
matic PAD (5). This condition remains underdi-
agnosed and undertreated, and it is a very impor-
tant public health problem in all countries (2,4).
The aim of this study was to present epidemio-
logical data on PAD in Bosnia and Herzegovina 
(B&H) as a middle-income country, and empha-
size the importance of the disease and the range 
of associated conditions. Such data have not been 
previously published in our institution and sparse 
data are available in the region.

PATIENTS AND METHODS

Patients and study design

This observational retrospective study included 
1022 patients hospitalized at the Department of 
Angiology, Clinic for Heart, Blood Vessel and 
Rheumatic Diseases, Clinical Centre University 
of Sarajevo from 2015 to 2019. Inclusion criteria 
were patients with confirmed PAD. 
PAD was defined as atherosclerotic disease in 
the lower extremities and classified as proximal 
if occlusion/stenosis involves arteries above the 
knee and distal if the obstruction only involves 
popliteal arteries or those below the knee.

Data were collected from medical records of 
all patients hospitalized for PAD: gender, age, 
PAD location, number of hospitalizations, lethal 
outcome, Leriche syndrome, Buerger syndrome, 
ulcer, phlegmon, necrosis, history of smoking 
cigarettes (packs of cigarettes smoked per day 
x years; 1 pack= 20 cigarettes), comorbidities, 
amputation, other surgical procedures and labo-
ratory values. 
The study was completed in compliance with the 
Helsinki Declaration (last revised in 2013) and 
approved by the Institute for Scientific Research 
and Development of the Clinical Centre Univer-
sity of Sarajevo.

Methods 

The diagnosis of PAD was confirmed by ultraso-
und VI-VID S5 with 12 L linear probe (General 
Electric, Boston, Massachusetts, United States) or 
Logiq Book XP with 8L curvilinear probe (Gene-
ral Electric, Boston, Massachusetts, United Sta-
tes), or CT angiography (Toshiba Aquilion Prime 
160 Slice CT), or digital subtraction angiography 
(Siemens Axiom Artis or General Electric Innova).
Laboratory analysis included fibrinogen (1.8-3.8 
g/L), blood glucose (3.3-6.1 mmol/L), glycated 
haemoglobin (HbA1C) (<6.5%) and lipoprotein 
fractions - total cholesterol (3.1-5.2 mmol/L),  
high-density lipoprotein (HDL; 1.06-1.94 
mmol/L, low-density lipoprotein (LDL; 1.4-3.4 
mmol/L), and triglycerides (0.11-1.70 mmol/L). 
Reference values were according to the Clinical 
Centre University of Sarajevo.
When tobacco use was compared with other con-
ditions, both current and former smokers are con-
sidered as smokers, while non-smokers are those 
who have never smoked, unless otherwise noted.

Statistical analysis

The results of the descriptive analysis were dis-
played in frequencies and percentages. Differ-
ences between parameters were assessed using 
Mann Whitney U test. The correlation between 
parameters was assessed by the χ2 test of inde-
pendence with Yates’ Correction for Continuity: 
the phi coefficient is a measure of association 
between two binary variables, ranging from -1 
to 1 (higher number shows stronger correlation 
between two variables). The p≤0.05 was used for 
statistical significance. 
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RESULTS

Out of 1022 patients hospitalized with PAD in 
the 5 year-period, 658 (64.4%) were males and 
364 (35.6%) were females. Overall average age 
was 68.5 (±11.3) (range 18-96) years: 66.7±10.5 
(range 37-93) years for males, and 71.8±11.8 
(range 18-96) years for females.
One in ten patients, 110 (10.8%), were hospi-
talized more than once in the five-year period; 
among those, 66 (60%) were hospitalized twice, 
25 (22.7%) three times, 13 (11.8%) four times, 
six (5.5%) patients five or more times. Annually, 
189 (18.5%) patients were hospitalized more 
than once, and most of them twice, 145 (76.7%). 
Lethal outcome was registered in 73 (7.1%) hos-
pitalized patients (Table 1), significantly more 
females than males, 10% and 5%, respectively 
(p=0.001; phi=-0.12). More deaths occurred in 
non-smokers than smokers, 10.7% and 4.8%, 
respectively (p=0.001; phi=-0.12). More deaths 
occurred in patients who had lower extremity ne-
crosis than in patients without necrosis (76.5% vs. 
23.5% (p=0.002; phi=0.10). Lethal outcome was 
more frequent in patients with chronic kidney di-
sease (CKD) comparing the ones without CKD, 
23.8% and 6.4%, respectively (p=0.00; phi=0.13).

Most patients had proximal PAD (797; 78%), 
including patients with diabetes mellitus 
(72.1%) and smokers (84%) (p=0.00; phi=-0.14; 
p=0.00; phi=0.18, respectively). The significan-
ce of PAD location was proven in other groups 
of patients (Table 2).

Variable 
No (%) of patients*

p 
(phi)§

No (%) of 
patients

p (phi)§

Total† FemalesMales Smo-
kers‡

Non-
smokers

Lethal 
outcome

73 
(7.1)

36
(10)

33
(5)

0.001
(-0.12)

30
(4.8)

43
(10.7)

0.001
(0.12)

Leriche 
syndrome

29 
(2.8)

14
(3.8)

15
(2.3)

0.21
(-0.045)

27
(93.1)

2
(6.9)

p=0.001
(0.11)

Buerger’s 
disease

22 
(2.2)

5
(1.4)

17
(2.6)

0.29
(0.04)

21
(95.5)

1
(4.5)

p=0.002
(0.11)

Necrosis 563 
(55.1)

233
(64.1)

355
(53.9)

0.003
(-0.09)

303
(53.8)

260
(46.2)

p=0.00
(-0.16)

Phlegmon 43 
(4.2)

12
(3.3)

31
(4.7)

0.36
(0.034)

13
(2.1)

30
(7.5)

p=0.00
(-0.13)

Lower-extre-
mity ulcer

60 
(5.9)

21
(5.8)

39
(5.9)

1.00
(0.003)

29
(48.3)

31
(51.7)

0.06
(-0.06)

History of 
tobacco use

620 
(60.2)

154
(42.3)

466
(70.8)

0.00
(0.28) N/A N/A N/A

Amputation 153 
(15)

49
(13.5)

104
(15.8)

0.36
(0.03)

85
(55.6)

68
(44.4)

0.19
(0.04)

Other surgical 
procedures

124 
(12.1)

25
(6.9)

99
(15)

0.00
(0.12)

99
(16)

25
(6.2)

0.00
(0.15)

Table 1. Conditions and outcome associated with peripheral 
artery disease (PAD)

*Percentages are shown within gender for females and males, and 
within primary condition for smokers and non-smokers; †Number of 
patients with available data; ‡Current or former smokers; §The Phi 
Coefficient is a measure of association between two binary variables, 
it is in the range from -1 to 1, higher number shows stronger correla-
tion between two variables; N/A, non applicable;

Patients group
No (%) of patients in the PAD group

p (phi*)
Proximal Distal

All 797 (78) 225 (22)
Diabetes mellitus 370 (72.1) 143 (27.9) 0.00 (-0.14)
Necrosis 414 (73.5) 149 (26.5) 0.00 (-0.13)
Leg ulcer 38 (63.3) 22 (36.7) 0.008 (-0.09)
Buerger’s disease 6 (27.3) 16 (72.7) 0.00 (-0.18)
Current smokers 348 (84) 66 (16) 0.00 (0.18)
Amputation 109 (71.2) 44 (28.8) 0.05 (-0.07)

Table 2. Peripheral artery disease (PAD) location and its sig-
nificance among groups of patients according to comorbidities

*The Phi Coefficient is a measure of association between two binary 
variables, it is in the range from -1 to 1, higher number shows stron-
ger correlation between two variables

Necrosis was more common in patients with 
a history of stroke (67.6% vs 56.2% in others), 
p=0.03; phi=0.07. Phlegmon was more common 
in non-smokers (7.5%) than smokers (2.1%) 
(p=0.00; phi=-0.13) (Table 1).
Tobacco use was declared by 620 (60.2%) pa-
tients: 414 (40.8%) were current smokers at 
the time of hospitalization, while 207 (20.2%) 
were former smokers; four patients were coun-
ted in both categories, due to different smoking 
status during rehospitalization. Among 138 pa-
tients with available data on the smoking habit, 
pack-years were in the range from 10 to 200. 
Over 90% of patients smoked 30 pack-years and 
60.1% at least 50 pack-years; males significantly 
surpassed females (mean 76 vs 51 pack-years) 
(p=0.002); 81 (7.9%) were categorized as passi-
onate smokers, without quantification (data not 
shown). Most of our former smokers (83.5%) 
quit smoking cigarettes within 20 years. 
More than a half of the patients had hypertension 
and diabetes, 596 (58.3%) and 513 (50.2%) res-
pectively, more frequently non-smokers (63.4% 
and 63.7%, respectively) than smokers (55.0% 
and 47.32%, respectively) (p=0.009; phi=-0.08 
and p=0.00; phi=-0.22, respectively). 
History of 117 (11.5%) and 116 (11.4%) patients 
revealed MI and stroke, respectively. Hypertensi-
on has been more often in females, while MI has 
been more often in males (Table 3). 
A total number of 153 (15%) patients had some 
form of amputation on the lower extremities (Ta-
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ble 1), during hospitalization or earlier in history, 
and 102 (66.7%) had diabetes (p=0.00; phi=0.14). 
The most common site was partial foot amputa-
tion seen in 85 (8.4%) patients, followed by tran-
sfemoral and transitibial amputation in 44 (4.3%) 
and 34 (3.3%) patients, respectively.
A correlation between necrosis and amputation 
was found (p=0.038; phi=0.19). 
Regarding other surgical procedures, peripheral 
artery bypass surgery was noticed in 67 (6.5%) 
cases (Table 4).

Surgical procedures (Table 1) were more common 
in males (99- 15%) versus females (25- 6.9%) 
(p=0.00; phi=0.12), as well in smokers (99- 
16%) versus non-smokers (25- 6.2%) (p=0.00; 
phi=0.15). Patients with hypertension and a history 
of MI had more often surgical procedures (p=0.01; 
phi=0.08 and p=0.00; phi=0.17, respectively).
High fibrinogen level was detected in 657 
(82.8%) patients. Patients with a history of am-
putation and patients with distal PAD had higher 
fibrinogen values than patients without a history 
of amputation (p=0.00; p=0.014; respectively) 
(Table 5). 

Comorbidity
No (%) of patients*

p
(phi)§

No (%) of 
patients*

p
(phi)§

Total† Females Males Smo-
kers‡

Non-
smokers

Hypertension 596
(58.3)

235
(64.6)

361
(54.9)

0.003
(-0.09)

341
(57.2)

255
(42.8)

0.009
(-0.08)

Diabetes 
mellitus

513
(50.2)

186
(51.1)

327
(49.7)

0.72
(-0.01)

257
(50.1)

256
(49.9)

0.00
(-0.22)

Myocardial 
infarction

117
(11.5)

31
(8.5)

86
(13.1)

0.04
(0.07)

73
(62.4)

44
(37.6)

0.76
(0.013)

Stroke 116
(11.4)

48
(13.2)

68
(10.3)

0.20
(-0.04)

62
(53.4)

54
(46.6)

0.12
(-0.05)

Hyperlipide-
mia

43
(4.2)

14
(3.8)

29
(4.4)

0.79
(0.01)

35
(81.4)

8
(18.6)

0.007
(0.09)

Chronic kid-
ney disease

42
(4.1)

9
(2.5)

33
(5.0)

0.07
(0.06)

23
(54.8)

19
(45.2)

0.52
(-0.02)

AAA 25
(2.4)

4
(1.1)

21
(3.2)

0.06
(0.06)

21
(84)

4
(16)

0.03
(0.08)

Popliteal ar-
tery aneurysm

18
(1.8)

2
(0.5)

16
(2.4)

0.05
(0.07)

13
(72.2)

5
(27.8)

0.44
(0.03)

Malignancy 7
(0.7)

1
(0.3)

6
(0.9)

0.43
(0.04)

6
(85.7)

1
(14.3)

0.33
(0.43)

Pulmonary 
embolism 

5
(0.5)

3
(0.8)

2
(0.3)

0.50
(-0.04)

1
(20)

4
(80)

0.16
(-0.06)

AIC aneu-
rysm

5
(0.5) 0 5

(0.8) N/A 5
(100)

0
(0) N/A

Deep vein 
thrombosis

4
(0.4)

1
(0.3)

3
(0.5) N/A 2

(50)
2

(50) N/A

AFC aneu-
rysm

2
(0.2)

1
(0.3)

1
(0.2) N/A 2

(100)
0

(0) N/A

Table 3. Comorbidities of patients with peripheral artery 
disease (PAD)

*Percentages are shown within gender for females and males, and 
within comorbidity for smokers and non-smokers; †Number of patients 
with available data; ‡Current or former smokers; §The Phi Coefficient is 
a measure of association between two binary variables, it is in the 
range from -1 to 1, higher number shows stronger correlation between 
two variables; AAA, abdominal aortic aneurysm; AIC, arteria iliaca 
communis; AFC, arteria femoris communis; N/A, non applicable

Procedure No (%) of patients*

Bypass procedure 67 (6.5)
PTA +/- stenting 33 (3.3)
CABG 29 (2.8)
AAA repair 7 (0.7)
PAA repair 1 (0.1)
Hip replacement 1 (0.1)

Table 4. Surgical procedures in patients hospitalized with 
peripheral artery disease (PAD)

*of the total number of patients; AAA, abdominal aortic aneurysm; 
CABG, coronary artery bypass grafting; PAA, popliteal artery aneu-
rysm; PTA, percutaneous transluminal angioplasty

Parameter
(reference values)

Mean
(±SD) Range

No (%) of patients* with

High
value

Normal
value

Low
value

Fibrinogen
(1.8-3.8 g/L)

4.9
(±1.6) 0.8-13.5 657

(82.8)
134

(16.9)
2

(0.3)
Blood glucose 3.3-6.1 
(mmol/L)

9.8
(±5.7) 2.5-37.5 665

(66.8)
327

(32.9)
3

(0.3)
HbA1C
(<6.5%)

8.4
(±1.93) 4.5-14.8 227

(81.2)
64

(18.8) N/A

Total cholesterol
(3.1-5.2 mmol/L)

4.2
(±1.38) 1.7-16 168

(18.1)
570

(61.4)
191

(20.6)
HDL cholesterol
(1.06-1.94 mmol/L)

0.98
(±0.37) 0.1-2.9 9

(1.3)
224

(33.1)
444

(65.6)
LDL cholesterol
(1.4-3.4 mmol/L)

2.43
(±0.89) 0.6-5.7 94

(14.1)
482
(72)

93
(13.9)

Trigycerides
(0.11-1.70 mmol/L)

1.85
(±1.2) 0.5-14.56 374

(40.4)
552

(59.6) 0

Table 5. Laboratory values of patients hospitalized with 
peripheral artery disease (PAD)

*Within patients with available data; HbA1C, glycated haemoglobin; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; N/A, 
not applicable

Blood glucose ˃6.1 mmol/L was detected in 665 
(65.1%) patients; patients with amputation had 
higher blood glucose level (mean 5.80 mmol/L) 
than the ones without amputation (mean 4.83 
mmol/L) (p=0.00).
HbA1C ≥6.5% was determined in 277 (81.2%) 
patients; 76 (21.9%) patients had HbA1C ≥10%.
Most patients had total and LDL cholesterol in 
the reference range, 570 (61.4%) and 482 (72%) 
(mean value of 4.2 mmol/L and 2.43 mmol/L, 
respectively). Lower HDL cholesterol was found 
in 444 (65.6%) patients; 552 (59.6%) patients 
had triglycerides in the reference range (Table 5).

DISCUSSION

PAD is more common among the elderly popu-
lation. After the age of 50, the prevalence of this 
disease increases sharply (6), similarly to our re-
sults. Most of our patients were ≥50 years old (a 

Mlačo et al. Peripheral artery disease epidemiology
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mean age of 68 years), similar to the age distribu-
tion in other studies (2,7,8).
Fewer PAD-related hospitalizations and procedu-
res were found in females, as it was previously 
reported (9). Females had higher mortality than 
males in our study. Several studies have reported 
higher mortality in females who undergo a vas-
cular procedure (9-11). On the other hand, some 
studies found higher rates of amputation in males 
(9,12), however, we did not prove this.
More than 40% of our patients were current smo-
kers, which is much more compared to the Rotter-
dam study where around 24% and 17% males and 
females, respectively, were current smokers, and 
compared to the National Health and Nutrition 
Examination Survey (NHANES) where around 
34% were current smokers (7,8). If we consider 
that these studies were published at the beginning 
of the 21st century, when the prevalence of to-
bacco use in the West countries was higher than 
today and that over 90% of our patients had 30 
or more pack-years, the tobacco use frequency in 
B&H is an even a more worrying fact. Our stu-
dy showed a much lower percentage of former 
smokers in relation to the other studies (7,8). The 
risk for PAD associated with the smoking rema-
ins elevated even 20 years after cessation, altho-
ugh this risk is significantly reduced 10 years af-
ter smoking cessation (13). Most smokers in our 
study had proximal PAD, which is consistent with 
earlier data (14). Lethal outcome and phlegmon 
were more common in non-smokers in our study; 
a possible explanation is that non-smokers had 
diabetes and hypertension more often, which are 
the main risk factors for PAD as well. 
Studies, including ours, reported that more than 
half patients with PAD have hypertension (8). 
Half of our patients had diabetes, which is a 
much higher percentage than in other studies, 
around 8% and 26% in the Rotterdam Study and 
the NHANES, respectively (7,8). The preva-
lence of diabetes in the USA is estimated to be 
higher than in B&H, which makes this data more 
unclear, while the prevalence of diabetes in the 
Netherlands is lower, but not enough to explain 
this discrepancy (15). A possible explanation is 
poorer diabetes control in B&H due to lack of 
population awareness, lack of educational pro-
grams for people with diabetes, inability to afford 
medication and others. Another reason could be 

the clinical setting of this study including more 
severe patients. Most of our diabetic patients had 
proximal PAD, which is inconsistent with earlier 
evidence that diabetes is related to atherosclero-
sis in arteries distal to the knee (14). 
Males in our study were more likely to have a hi-
story of MI than females. Similarly, prior studies 
demonstrated more males with a history of CAD 
(10,11). Prior studies also demonstrated a higher 
prevalence of diabetes in males (10,11), which 
we did not prove. 
Approximately one in ten patients with PAD has 
a history of stroke, considering that 11.6% pati-
ents in our study and 11.2% patients in NHANES 
had a history of stroke (7). 
Chronic kidney disease was associated with PAD 
in several studies and now is considered one of 
the independent risk factors for the disease (16-
18). More lethal outcomes are reported in pati-
ents with concomitant CKD (16,19,20), which 
was proved in our study (almost four times more 
deaths in patients with CKD). Some studies also 
reported a higher risk for limb amputation in pa-
tients with CKD (21-23). We did not prove this 
association, neither did a French study which 
concluded that CKD was not an independent pre-
dictor of limb amputation (20). One study deter-
mined that only patients receiving dialysis have a 
higher risk for amputation, and not patients with 
milder kidney disease (21).  
Limb amputation was noted in 15% of our pati-
ents and two-thirds of those patients had diabe-
tes. This association was significant and repor-
ted in other studies (7,8,24,25). Diabetes is the 
most common cause of non-traumatic amputati-
on (24). One study reveals that diabetic patients 
with PAD have a five times higher risk to have an 
amputation (26). 
Several studies determined a strong positive 
association between fibrinogen level and PAD 
(8,27,28). We confirmed high fibrinogen level in 
more than 80% of our patients. Fibrinogen has a 
possible role as a biomarker for the detection of 
subclinical arterial disease (29). Most of our pa-
tients had normal total cholesterol with a mean 
value of 4.2 mmol/L compared to around 6.5 
mmol/L in the Rotterdam Study (weak association 
between PAD and serum cholesterol), which is in-
compatible (8). Normal total cholesterol, LDL and 
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