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Abstract
Risk factors for peripheral arterial diseases (PAD) are smoking, diabetes, hypertension and dyslipidemia, which are com-
ponents of metabolic syndrome (MetS). Our objective was to investigate the role of inflammatory biomarkers and plasma 
fibrinogen levels in the association of PAD with MetS. A cross-sectional comparative study including patients with and with-
out PAD was conducted for five months. The diagnosis of PAD was made by an ankle-brachial index (ABI) <0.9 and confirmed 
by angiography. MetS was defined according to NCEP ATPIII criteria and raised fibrinogen levels were defined as plasma 
fibrinogen ≥4 mg/l. Of a total of 518 patients, 15.6% had PAD. In PAD patients, waist circumference, systolic and diastolic 
pressure, lipid profile and fibrinogen levels were significantly higher (p<0.05). Binary logistic regression revealed that the 
male gender was more at risk of PAD, and tobacco is a powerful predictor of PAD (OR=3.04). Cardiovascular disease and 
PAD each highlighted significant contributions to fibrinogen control (p<0.001); diabetics and smokers were, respectively, 
2.03[1.15–3.47] and 1.58[0.78–3.19] times more at risk of poor fibrinogen control. 14.1% with MetS developed PAD versus 1.5% 
without MetS (p<0.001). In conclusion, high fibrinogen levels in Mets increase the risk of PAD. Peripheral arterial disease 
prevention may be involved in correcting MetS components and controlling fibrinogen levels.
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Introduction

Peripheral artery diseases (PAD) are systemic in-
flammations that affect all peripheral arteries except 
the coronaries [1]. They form a marker of increased 
cardiovascular risk; most are caused by atherosclero-
sis [2, 3]. PAD is associated with a high rate of mortality 
and morbidity; the amputation rate is five times high-
er in diabetics, and mortality is five times earlier and 
higher in this population [2, 4]. The prevalence of PAD 
is increasing worldwide, and the majority of cases are 
asymptomatic; it represents 2 to 10% of the general pop-
ulation and 20% of patients over 70 years old [5].

Metabolic syndrome (MetS) is a cluster of metabolic 
abnormalities, including hypertension, abdominal obe-

sity, insulin resistance, and atherogenic dyslipidemia 
[6]. Previous research shows that MetS is associated 
with elevated levels of inflammatory and hemostatic 
biomarkers, such as C – reactive protein (CRP) and fi-
brinogen. In 1950, it was found that high serum fibrin-
ogen concentration is associated with a risk of cardio-
vascular diseases (CVD), including PAD [7–9]. Globally, 
the most important risk factors for PAD are smoking, 
diabetes, hypertension and high levels of low-density 
lipoprotein and cholesterol, which are components of 
MetS. Although, the magnitude of these associations is 
higher in high-income countries than in low- and mid-
dle-income countries [10]. The risk of developing arte-
rial disease is four times higher in people with diabetes 
than in the general population [11].
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Recently, the understanding of atherogenesis has 
expanded to include inflammation as a major contribu-
tor to the initiation and progression of atherosclerosis 
[12, 13]. Therefore, this study aimed to investigate the 
role of inflammatory biomarkers and plasma fibrino-
gen levels in the association of PAD with MetS.

Material and methods

We underwent a transversal observational study 
on patients admitted between January 2019 and March 
2022 to the internal medicine unit of the public hospital 
establishment of “Ben Badis” and to the Public Estab-
lishment of Local Health (Larbi Ben M’hidi Diabetes 
Centre) in the Wilaya of Sidi-Bel-Abbes in Northwestern 
Algeria.

Data collection

The patient’s medical records were reviewed for 
medical history, symptoms and signs, biochemical pa-
rameters, and complications of diabetes, hypertension, 
dyslipidemia, and cardiovascular diseases. All patients 

with complete and adequate medical records were in-
volved in the analysis. Patients with cancer or auto-
immune diseases were excluded. All patients’ anthro-
pometric parameters and body weight (in kg) were 
measured using an electronic balance, and height (in 
meters) was measured through a body meter. The body 
mass index (BMI) was calculated as follows: BMI (Kg/m2) 
= weight (Kg) / height 2 (m2). Waist circumference was 
measured with a tape measure. A sphygmomanome-
ter measured blood pressure. The latest biochemical 
assessment including glycated hemoglobin (HbA1c), 
fasting glycemia, urea, creatinine, albuminemia, CRP, 
D.dimer, creatinine clearance, fibrinogen, prothrom-
bin and lipid parameters, namely total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL), low-densi-
ty lipoprotein cholesterol (LDL) and triglycerides(TG), 
were taken from medical records. Raised fibrinogen 
levels were defined as a plasma fibrinogen ≥4 mg/l.

MetS and PAD definition

MetS was defined according to NCEP ATP III crite-
ria; the ATPIII required three or more of the following 
five criteria: Waist circumference ≥102 cm for men or 

Table 1: Baseline characteristics of the study population according to the presence or absence of peripheral arterial 
diseases.

Total NPAD PAD P-value

n (%) 518 (100) 437 (84.4) 81 (15.6)

Age (years) 60.78±17.05 59.96±17.56 65.22±13.19 0.011*

Patients’ gender; n (%)

Female
Male

294 (56.8)
224 (43.2)

254 (49.0)
183 (35.3)

40 (7.7)
41 (7.9) 0.145 #

Corpulence; n (%)

Underweight
Normal weight
Overweight
Obese

19 (4.1)
120 (25.6)
199 (42.4)
131 (27.9)

18 (3.8)
103 (22.0)
174 (37.1)
100 (21.3)

1 (0.2)
17 (3.6)
25 (5.3)
31 (6.6)

0.023 #

Tobacco consumption; n (%)

Non-smoker
Former smoker
Active smoker
Passive smoker

278 (54.2)
76 (14.8)
70 (13.6)
89 (17.3)

242 (47.2)
63 (12.3)
49 (9.6)
78 (15.2)

36 (7.0)
13 (2.5)
21 (4.1)
11 (2.1)

0.004 #

Metabolic syndrome

No
Yes

144 (27.8)
374 (72.2)

136 (26.3)
301 (58.1)

8 (1.5)
73 (14.1) <0.001 #

Diabetes; n (%)

No
Yes

85 (19.7)
347 (80.3)

70 (16.24)
285 (66)

15 (3.5)
62 (14.4) 0.552 #
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≥88 cm for women, triglycerides ≥1.5 g/l, HDL <4 g/l for 
men or <5 g/l for women, hypertension (systolic blood 
pressure ≥13 cmHg or diastolic blood pressure ≥8.5) 
or impaired glucose tolerance (fasting plasma glucose 
≥1.1 g/l) or diabetes [14]. 

PAD was confirmed by angiography and an an-
kle-brachial index (ABI) <0.90 after having found signs 
of PAD during a medical exam (a weak or absence of 
pulse below a narrowed area of the artery, whooshing 
sounds over the arteries that can be heard with a steth-
oscope, evidence of poor wound healing in the area 

where blood flow is restricted and decreased blood pres-
sure in affected limb).

Statistical analysis

Data were processed and analyzed using SPSS 20.0. 
Results are expressed as means±standard deviations. 
An independent student’s t-test was used to compare 
mean values between patients with PAD (PAD) and pa-
tients without PAD (NPAD). A chi-square test was per-
formed for comparing qualitative variables between 

Table 1: Continued.

Note: * – P-value for student t test; # – P-value for Chi-square test; p≤0.05 was considered as statistically signifi-
cant. NPAD – non peripheral arterial diseases; PAD – peripheral arterial diseases; HDL – high-density lipoproteins; 
LDL – low-density lipoprotein; TC – total cholesterol; TG – triglycerides; CRP – C-reactive protein.

Total NPAD PAD P-value

Hypertensive; n (%)

No
Yes

274 (52.9%)
244 (47.1%)

247 (47.7%)
190 (36.7%)

27 (52.9%)
45 (10.4%) <0.001 #

Dyslipidemia; n (%)

No
Yes

336 (64.9)
182 (35.1)

317 (61.2)
120 (23.2)

19 (3.7)
62 (12.0) <0.001 #

Cardiovascular diseases; n (%)

No
Yes

250 (48.3)
268 (51.7)

249 (48.1)
188 (36.3)

1 (0.2)
80 (15.4) <0.001 #

Waist circumference (cm); mean±SD 100±11.60 99.93±11.54 104.24±11.33 0.002*

Patient’s systolic pressure (cmHg); mean±SD 12.38±2.24 12.25±2.16 13.01±2.54 0.006*

Patient’s diastolic pressure(cmHg); mean±SD 6.77±1.40 6.69±1.33 7.2±1.65 0.003*

Diabetes duration (year); mean±SD 13.99±11.84 13.68±11.96 15.59±11.18 0.184*

Glycated hemoglobin (%); mean±SD 9.16±2.23 8.10±2.17 8.51±2.58 0.135*

Fasting glycaemia (g/l) 1.55±0.70 1.57±0.70 1.45±0.69 0.184*

HDLc (g/l); mean±SD 0.45±0.15 0.46±0.14 0.41±0.19 0.769*

LDLc (g/l); mean±SD 1.10±0.39 1.09±0.37 1.2±0.48 0.037*

TC (g/l); mean±SD 1.70±0.45 1.67±0.41 1.54±0.58 0.001*

TG (g/l); mean±SD 1.30±0.64 1.25±0.63 1.58±0.68 <0.001*

Urea (g/l); mean±SD 0.69±0.83 0.69±0.78 0.68±1.05 0.92*

Creatinine (g/l); mean±SD 18..48±19.14 19.33±20 14.24±13.12 <0.001*

Albuminemia (g/dl); mean±SD 21.98±19.58 22.31±19.76 20.26±18.62 0.390*

CRP (mg/l); mean±SD 40.53±41.56 41.11±42 37.49±36.37 0.011*

D-dimer (ug/l); mean±SD 554±666.69 444.48±341 198.52±1242.95 <0.001*

Creatinine clearance (ml/min); mean±SD 68.57±20.14 68.93±20.68 67.23±18.10 0.556*

Fibrinogen (g/l); mean±SD 4.67±3.95 3.86±2.74 8.49±6.04 <0.001*

Prothrombin (%); mean±SD 73.54±1.55 74.63±20.11 67.92±27.36 0.014*
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the two groups. Binary logistic regression was applied 
to investigate risk factors associated with PAD, MetS 
and Raised fibrinogen levels.

Results

Five hundred and eighteen subjects (224 Males and 
294 Females) were recruited for this study; 72.2% were 
with MetS and 15.6% with PAD (Table 1). The mean age 
was 60.78±17.05 years. 70.3% of patients were either over-
weight or obese. 80.3% were diabetics, 47.1% were hyper-
tensive, 51.7% with CVD and 35.1% of participants had 
dyslipidemia. Concerning their smoking status, 54.2% 
were non-smokers, 18.8% were former smokers, 13% 
were active smokers, and 17.3% were passive smokers. 

Table 1 summarized the characteristics of the stud-
ied patients; a significant association was observed 
between PAD and the age of patients (p=0.011), waist cir-
cumference (p=0.002), smoking status (p=0,004), systol-

ic and diastolic pressure (p=0.006, p=0.003), CRP levels 
(p=0.011), prothrombin levels (p=0.014) and lipid pro-
files except for HDL levels (LDL: p= 0.037, TC: p= 0.001, 
TG: p<0.001). Very significant differences were noted 
regarding metabolic syndrome, high blood pressure, 
dyslipidemia and CVD, creatinine, D.dimer and fibrin-
ogen levels (p<0.001). However, no significant differenc-
es between gender, diabetes, diabetes duration, HbA1c, 
fasting glycemia, HDL levels, urea, albuminuria, and 
creatinine clearance concentrations (p>0.05). 

We invested risk factors associated with PAD 
(Table 2); when binary logistic regression analysis was 
performed, BMI, high blood pressure, smoking, dys-
lipidemia, CVD, family history (diabetes, CVD and hy-
pertension), CRP and fibrinogen levels, and MetS each 
highlighted a significant contribution to PAD(p<0.05). 
Logistic regression between these risk factors showed 
that the odd ratio of PAD in males was 0.70[0.44–1.13]. 
Therefore, men are more at risk of PAD. The odd ratios 
reported on hypertensive patients, diabetics, or those 

Variables NPAD, n=437
Number (%)

PAD, n=81
Number (%) β Odds ratio

(95% CI) P-value*

Gender

Female
Male

254 (49.0)
183 (35.3)

40 (7.7)
41 (7.9)

-
-0.35

Reference
0.70[0.44–1.13]

-
0.146

BMI

Normal
Overweight
Obese

121 (25.8)
174 (37.1)
100 (21.3)

18 (3.8)
25 (53)
31 (6.6)

-
-0.73
-0.77

Reference
0.48[0.25–0.91]
0.46[0.26–0.83]

-
0.024
0.010

High blood pressure

Absence
Presence

247 (47.7)
190 (36.7)

27 (5.26)
81 (15.6)

-
0.96

Reference
0.39[0.23–3.69]

-
<0.001

Tobacco consumption

Non-smoker 
Smoker
Former smoker
Passive smoking

242 (47.2)
63 (12.3)
49 (9.6)
78 (15.2)

36 (7.0)
13 (2.5)
21 (4.1)
11 (2.1)

-
1.11

0.05
0.38

Reference
3.04[1.35–6.85]
1.06[0.51–2.17]
1.46[0.61–3.49]

-
0.007
0.885
0.391

Diabetes

Absence
Presence

70 (16.24)
285 (66)

15 (3.5)
62 (14.4)

-
-0.02

Reference
0.99[0.53–1.83]

-
0.962

Dyslipidemia

Absence
Presence

317 (61.2)
120 (23.2)

19 (3.7)
62 (12.0)

-
-2.15

Reference
0.12[0.067–0.20]

-
<0.001

Cardiovascular diseases

Absence
Presence

249 (48.1)
188 (36.3)

1 (0.2)
80 (15.4)

-
-4.663

Reference
0.009[0.001–0.068]

-
<0.001

Table 2: Crude “Odds Ratio” of risk factors associated with the presence or absence of peripheral arterial diseases.
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infected with COVID were, respectively, 0.39[0.23–3.69], 
0.99[0.53–1.83], and 1.13[0.64–1.97]. Likewise, elevat-
ed LDL (≥1.2 g/l) levels and HbA1c (≥7%) disclosed odd 
ratios of 0.66[0.40–1.08] (p=0.1) and 0.81[0.48–1.35], re-
spectively. Tobacco conception is a powerful predictor 
of PAD with an odd ratio of 3.04[1.35–6.85]. 

The risk of having elevated fibrinogen levels ac-
cording to various risk factors was estimated through 
odds ratios (Table 3). 29% of participants had fibrino-
gen levels higher than 4 mg/l. Dyslipidemia, CVD, and 
PAD each highlighted higher significant contributions 
to the fibrinogen control (p<0.001); furthermore, very 

Table 2: Continued.

Note: * – multivariate logistic regression significant at p=0.05; CI – confidence interval; NPAD – non peripheral ar-
terial diseases; PAD – peripheral arterial diseases; BMI – body mass index; CRP – C-reactive protein; LDL – low-den-
sity lipoprotein; HbA1c – glycated hemoglobin.

Variables NPAD, n=437
Number (%)

PAD, n=81
Number (%) β Odds ratio

(95% CI) P-value*

Family history

Absence
Presence

96 (24.7)
226 (58.1)

11 (2.8)
56 (14.4)

-
-0.77

Reference
0.46[0.23–0.92]

-
0.028

COVID infection

Uninfected
Infected

129 (42.9)
109 (36.2)

36 (12)
27 (9)

-
0.12

Reference
1.13[0.643–1.973]

-
0.677

CRP

<6 mg/l
≥6 mg/l

142 (28.2)
282 (56.1)

16 (3.2)
63 (12.5)

-
-0.68

Reference
0.50[0.28– 0.905]

-
0.022

LDLc

<1.2 g/l
≥1.2 g/l

236 (50.4)
156 (33.3)

38 (8.1)
38 (8.1)

-
0.41

Reference
0.66[0.40 -1.08]

-
0.100

Fibrinogen

<4 mg/l
≥4 mg/l

286 (65.1)
276 (54.9)

24 (4.8)
56 (11.1)

-
-2.18

Reference
0.11[0.07-0.20]

-
<0.001

HbA1c

<7%
≥7%

147 (29.2)
282 (56.1)

16 (3.2)
63 (12.5)

-
-0.22

Reference
0.81[0.48–1.35]

-
0.411

Metabolic syndrome

Absence
Presence

136 (26.3)
301 (58.1)

8 (1.5)
73 (14.1)

-
-1.42

Reference
0.24[011–0.52]

-
<0.001

Variables
Fibrinogen 

<4 mg/l, n=309
Number (%)

Fibrinogen 
≥4 mg/l, n=130

Number (%)
β Odds ratio

(95% CI) P-value*

Gender

Female
Male

184 (41.9)
125 (28.5)

67 (15.3)
63 (14.3)

-
-0.33

Reference
0.72[0.48–1.20]

-
0.12

BMI

Normal
Overweight
Obese

82 (20.8)
122 (31)

72 (18.3)

32 (8.1)
50 (12.7)
36 (9.1)

-
0.25
0.20

Reference
0.78[0.44–1.38]
0.82[0.49–1.38]

-
0.396
0.452

Table 3: Crude “Odds Ratio” of risk factors associated with fibrinogen control.
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Variables
Fibrinogen 

<4 mg/l, n=309
Number (%)

Fibrinogen 
≥4 mg/l, n=130

Number (%)
β Odds ratio

(95% CI) P-value*

High blood pressure

Absence
Presence

175 (39.9.7)
134 (30.5)

53 (12.1)
77 (17.5)

-
-0.64

Reference
0.53[0.35–0.80]

-
0.030

Tobacco consumption

Non-smoker
Smoker
Former smoker
Passive smoking

35 (8)
176 (40.5)

42 (9.7)
53 (12.2)

25 (5.7)
62 (14.3)
18 (4.1)
24 (5.8)

-
0.47
-0.25
-0.55

Reference
1.58[0.78–3.19]
0.78[0.44–1.37]
0.95[0.46–1.97]

-
0.205
0.382
0.883

Diabetes

Absence
Presence

40 (10.9)
215 (58.4)

31 (8.4)
82 (22.3)

-
0.71

Reference
2.03[1.15–3.47]

-
0.009

Dyslipidemia

Absence
Presence

215 (49)
94 (21.4)

66 (15)
64 (14.6)

-
-0.80

Reference
0.45[0.30–0.69]

-
<0.001

Cardiovascular diseases

Absence
Presence

177 (40.3)
132 (30.1)

20 (4.6)
110 (25.1)

-
-1.99

Reference
0.14[0.08–0.23]

-
<0.001

Family history

Absence
Presence

63 (18.9)
162 (48.6)

21 (6.3)
87 (26.1)

-
-0.48

Reference
0.62[0.36–1.09]

-
0.094

COVID infection

Uninfected
Infected

93 (35.8)
76 (29.2)

48 (18.5)
43 (16.5)

-
-0.09

Reference
0.92[0.54–1.52]

-
0.725

CRP

<6 mg/l
≥6 mg/l

104 (14.4)
194 (45.5)

23 (5.4)
105 (24.6)

-
-0.90

Reference
0.41[0.25–0.65]

-
0.001

LDLc

<1.2 mg/l
≥1.2 mg/l

167 (42.2)
111 (28)

62 (15.7)
56 (14.1)

-
-0.31

Reference
0.74[0.48–1.14]

-
0.17

HbA1c

<7%
≥7%

104 (24.4)
195 (45.8)

41 (9.6)
86 (20.2)

-
-1.11

Reference
0.90[0.57–1.39]

-
0.62

PAD

Absence
Presence

286 (65.1)
23 (5.2)

76 (17.3)
54 (12.3)

-
-2.18

Reference
0.11[0.07–0.20]

-
<0.001

Metabolic syndrome

Absence
Presence

92 (21)
217 (49.4)

23 (5.2)
107 (24.4)

-
-0.68

Reference
0.51[0.30–0.85]

-
0.009

Table 3: Continued.

Note: * – multivariate logistic regression significant at p=0.05; CI – confidence interval; BMI – body mass index; 
CRP – C-reactive protein; LDL – low-density lipoprotein; HbA1c – glycated hemoglobin; PAD – peripheral arterial 
diseases.
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Table 4: Crude “Odds Ratio” of risk factors associated with the presence or absence of metabolic syndrome.

Variables
Without MetS, 

n=144
Number (%)

With MetS, 
n=374

Number (%)
β Odds ratio

(95% CI) P-value*

Gender

Female
Male

85 (16.4)
59 (11.4)

209 (40.3)
165 (31.9)

-
-0.13

Reference
0.88[0.60–1.30]

-
0.518

BMI

Normal
Overweight
Obese

70 (14.9)
41 (8.7)
14 (3.6)

69 (14.7)
158 (33.7)
117 (24.9)

-
-2.14
-0.77

Reference
0.12[0.06–0.23]
0.46[0.24–0.89]

-
<0.001
0.020

High blood pressure

Absence
Presence

133 (25.7)
11 (2.1)

41 (27.2)
233 (45)

-
-2.99

Reference
0.04[0.01–0.25]

-
0.001

significant values for diabetes, CRP levels, MetS, and 
high blood pressure (p<0.01) were plotted. Diabetic and 
smoker patients were, respectively, 2.03[1.15–3.47] and 
1.58[0.78–3.19] times more at risk of poor fibrinogen 
control compared to non-diabetics and nonsmokers. 
Males, overweight, obese, and COVID-19-infected sub-
jects and those with a family history or increased LDL, 
HDL, and HbA1c levels had higher fibrinogen levels, 
but this association was insignificant (p>0.05).

Table 4 shows the odd ratios of risk factors associat-
ed with the presence or absence of MetS. For the whole 
risk factors, the logistic regression analysis revealed 
a significant contribution to MetS (p<0.05) except for 
four factors (gender, smoking, COVID-19 infection and 
elevated LDL levels) (p>0.05). The odd ratios of MetS in 
males and patients with elevated LDL levels were, re-
spectively, 0.88[0.60–1.30] and 1.00[0.65–1.53]. Smoking 
was highlighted as an important risk factor for MetS, 
with an odd ratio of 1.22[0.73–2.05] for former smok-
ers and 1.87[0.91–3.84] for passive smoking. 14.1% with 
MetS developed PAD and 1.5% without MetS (p<0.001).

Discussion

In the present study, we set out to examine the risk 
of PAD in a sample of patients with or without MetS. 
The overall prevalence of MetS was 72.7%; this finding is 
comparable with results from Mexico [15, 16]. However, 
it is high compared to those obtained from north India 
(40.9%) [17], Morocco (35.73%) [18], Cameroon (32.45%) 
[19], Tunisia (30%) [20], western Romania (27.7%) [21] and 
South Africa (21.8%) [6]. The high prevalence of MetS may 
be caused by the high prevalence of diabetic (80.3%) and 

hypertensive (47.1%) subjects in our population. 14.1% 
of patients with MetS developed PAD and 1.5% without 
MetS (p<0.001); this finding is similar to the result from 
Bangui (Central Africa) (15%) [22] and included in inter-
val plotted by the Western studies (4–19%) [23], however, 
it is low than those disclosed from India (26.74%) [10]. 
Marocco 28.94% [24] and Brazzaville (Congo) (32.4%) [22].

This study shows that the subjects with PAD were 
older than those without PAD (65.22±13.19 vs. 59.96±17.56, 
respectively, (p= 0.011) and a significant difference in 
terms of corpulence, smoking, hypertension, Dyslipi-
demia, markers of inflammation and thrombosis be-
tween the two groups, a similar finding reported by 
Celebi S [6] and Alexandr Ceasovschih [1].

Male gender, BMI, high blood pressure(hyperten-
sion), smoking, dyslipidemia, CVD, family history, dia-
betes, LDL, HbA1c, CRP levels and MetS each highlighted 
a significant contribution to PAD in our investigation, 
compared results reported by previous studies [25–28]. Pa-
tients with MetS are at increased risk for PAD, but this as-
sociation is not mediated by inflammation; the same ob-
servation has been suggested by Himabindu Vidula [29]; 
this result can be explained by taking anti-inflammatory 
treatments. Tobacco conception is a powerful predictor 
of PAD in our population; many studies have confirmed 
that smoking is a potent risk factor for PAD [26, 30]. COV-
ID-19 is a unique thrombo-inflammatory condition, and 
diabetic and hypertensive patients are more susceptible 
to PAD [31], which was consistent with our findings.

Fibrinogen was positively correlated with the prev-
alence of PAD in T2D patients [25]. Age, systolic blood 
pressure, smoking, CRP levels, and abdominal obesity 
contribute to the development of elevated levels of fi-
brinogen, which proved to be a significant predictor 
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Table 4: Continued.

Note: * – multivariate logistic regression significant at p=0.05; CI – confidence interval; BMI – body mass index; 
CRP – C-reactive protein; LDL – low-density lipoprotein; HDL – high-density lipoproteins; TG – triglyceride; 
HbA1c – glycated hemoglobin; PAD – peripheral arterial diseases.

Variables
Without MetS, 

n=144
Number (%)

With MetS, 
n=374

Number (%)
β Odds ratio

(95% CI) P-value*

Tobacco consumption

Non-smoker
Smoker
Former smoker
Passive smoking

23 (4.5)
76 (14.8)
15 (2.3)
28 (5.5)

47 (9.2)
202 (39.4)

61 (11.9)
61 (11.9)

-
-0.06
0.20
0.62

Reference
0.94[0.48–1.83]
1.22[0.73–2.05]
1.87[0.91–3.84]

-
0.851
0.453
0.090

Diabetes

Absence
Presence

43 (10)
53 (12)

42 (9.7)
294 (68.1)

-
-1.73

Reference
0.18[0.11–0.30]

-
<0.001

Dyslipidemia

Absence
Presence

135 (26.1)
9 (1.7)

201 (38.8)
173 (33.4)

-
-2.56

Reference
0.08[0.04–0.16]

-
<0.001

Cardiovascular diseases

Absence
Presence

110 (21.2)
34 (6.64)

140 (27)
234 (45.2)

-
-1.69

Reference
0.19[0.12–0.29]

-
<0.001

Family history

Absence
Presence

50 (12.9)
75 (19.3)

57 (14.7)
207 (53.2)

-
-0.88

Reference
0.41[0.26–0.66]

-
<0.001

COVID infection

Uninfected
Infected

48 (15.9)
29 (9.6)

117 (38.9)
107 (35.5)

-
-0.42

Reference
0.66[0.39–1.12]

-
0.125

CRP

<6 mg/l
≥6 mg/l

54 (10.7)
78 (15.5)

104 (20.7)
267 (53.1)

-
-0.58

Reference
0.56[0.37–0.85]

-
0.007

LDLc

<1.2 mg/l
≥1.2 mg/l

68 (14.5)
48 (41.4)

206 (44)
146 (41.5)

-
-0.004

Reference
1.00[0.65–1.53]

-
0.985

HDLc

Normal
Low

93 (19.4)
26 (5.4)

140 (29.2)
221 (46)

-
-1.73

Reference
0.18[0.11–0.29]

-
<0.001

TG

<1.5 g/l
≥1.5 g/l

124 (23.9)
2 (3.9)

156 (30.1)
218 (42.1)

-
-2.16

Reference
0.12[0.07–0.19]

-
<0.001

HbA1c

<7%
≥7%

58 (11.5)
81 (16.1)

113 (22.5)
251 (49.9)

-
-0.46

Reference
0.63[0.42–0.94]

-
0.024

Fibrinogen

<4 mg/l
≥4 mg/l

92 (21)
23 (5.2)

217 (49.4)
107 (24.4)

-
-0.68

Reference
0.51[0.30–0.85]

-
0.009

PAD

Absence
Presence

136 (26.3)
8 (1.5)

301 (58.1)
73 (14.1)

-
-1.42

Reference
0.24[0.11–0.52]

-
<0.001
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of MetS risk among men, likely even independent of 
the MetS components [32]. HbA1c significantly affects 
plasma fibrinogen in diabetics [33, 34]; similar find-
ings were observed in our study, in which diabetics 
and smokers are at increased risk of having elevated 
fibrinogen levels in our sample. Males, overweight, 
obese and COVID-infected subjects and those with a 
family history or increased LDL, HDL and HbA1c levels 
were associated with higher fibrinogen levels; fibrin-
ogen levels were increased in patients with PAD com-
pared to those without PAD (8.49±6.04 vs. 3.86±2.74 
p<0.001), and the prevalence of PAD was high (12.3%) in 
the fibrinogen ≥4 mg/l group compared to those in the 
fibrinogen <4 mg/l group (5.2%). However, non-smok-
ers showed higher fibrinogen levels than smokers 
(4.46±1.88 mg/dL vs. 3.35±1.75 mg/dL) with a statistical-
ly significant difference (p=0.043) [33].

Regarding risk factors of MetS, Abdominal obesity, 
HBP, smoking, diabetes, CVD, family history, elevated 
CRP, HDL, TG, and HbA1c levels were associated with 
the presence of MetS similar observation reported in a 
Romanian study (Bucharest) [35]. Seventy-three of our 
participants with MetS developed PAD compared to 
eight participants without MetS, and 107 subjects with 
MS had fibrinogen levels ≥4 mg/l compared to 23 only 
with fibrinogen levels <4 mg/l, proves that MetS is as-
sociated with an increased risk of PAD. Previous studies 
confirmed this association [36–38]; however, in anoth-
er study, there was no difference in the fibrinogen level 
between patients with and without MetS [39].

Some limitations of the present study should be 
mentioned. First, data are observational; relationships 
reported between the risk factors and diseases cannot 
be construed as causal. Second, the generalization of 
our results to other populations may be limited because 
the prevalence of MetS components varies across popu-
lations. Third, MetS has been criticized partly because 
identifying and treating MetS may be less important 
than identifying and treating the individual components 
of MetS [40, 41]. Fourth: Dyslipidemia and hypertension 
treatment (statins and antihypertensive drugs, respec-
tively) could affect lipid profile and levels of CRP, fibrin-
ogen and uric acid. Furthermore, statins and antihyper-
tensive drugs improve renal function, lower the risk of 
vascular events, and improve the survival of PAD [42, 43].

Conclusion

This study shows a high prevalence of MetS in our 
study population and a significant association between 

MetS and PAD. Elevated fibrinogen levels (≥4 mg/l) in 
patients with MetS increase the risk of PAD, but this 
association is not mediated by inflammation. It is con-
cluded that the prevention of PAD may be involved in 
correcting the components of MetS and controlling fi-
brinogen levels. Further study is needed to determine 
whether inflammatory biomarkers are associated with 
the risk of PAD in subjects with MetS. 
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