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Introduction: Type 2 diabetes mellitus (T2DM) is a major risk factor for peripheral arterial disease (PAD). 
A simple, noninvasive method for the estimation of PAD is ankle brachial index (ABI). The aim of the pres-
ent study was to determine whether there is an association between ABI and cardiovascular risk factors in 
T2DM subjects without apparent macrovascular disease.
Methods: A total of 125 T2DM subjects (84 males, 41 females, mean age ± standard deviation 62.2 ± 9.1 
years) who had no apparent macrovascular disease and who attended the Health Center of Erymantheia be-
tween January 2008 and June 2009 were recruited to the study.
Results: Of the study subjects 20% (n=25) had ABI <0.90. Univariate linear regression analysis showed 
that ABI was significantly associated with history of hypertension (p=0.02), fasting serum glucose lev-
els (p=0.02), serum urea levels (p=0.005), serum uric acid levels (p=0.007) and white blood cell (WBC) 
count (p=0.04). Multivariate linear regression analysis demonstrated significant independent associations 
between ABI and fasting serum glucose levels (p=0.03) as well as WBC count (p=0.03).
Conclusions: Elevated plasma glucose and WBC count increase the risk of PAD in asymptomatic diabetics.

I t is well known that subjects with type 
2 diabetes mellitus (T2DM) often suf-
fer from macrovascular complications 

and T2DM is a well established risk factor 
for peripheral arterial disease (PAD).1,2 In 
addition, higher rates of subclinical cardio-
vascular disease among diabetic patients 
have been reported in comparison with 
healthy counterparts.3

Ankle brachial index (ABI) is a sim-
ple, easy to perform, noninvasive meth-
od for the estimation of PAD.4,5 ABI is 
the ratio of the ankle to brachial systolic 
blood pressure, and a value of <0.90 in-
dicates the presence of PAD.4,5 However, 
relatively few data exist regarding the rela-
tionship between ABI and cardiovascular 
risk factors in T2DM subjects. A recent 

study using ABI in T2DM subjects showed 
that PAD risk factors differ significantly 
between the sexes.6 Another study showed 
that elevated uric acid (UA) levels were a 
significant risk factor for PAD in subjects 
with T2DM.7

The objective of the present study was 
to determine whether there is an associa-
tion between ABI and the established as 
well as the novel cardiovascular risk fac-
tors in subjects with T2DM who have no 
apparent macrovascular disease.

Methods

Subjects and procedures

A total of 125 subjects (84 males / 41 fe-
males, mean age ± standard deviation: 
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62.2 ± 9.1 years) with T2DM who had no apparent 
macrovascular disease and who attended the Health 
Center of Erymantheia between January 2008 and 
June 2009 were recruited to the study. The diagno-
sis of diabetes was based on the American Diabetes 
Association criteria.8 Macrovascular disease was de-
fined as a history of previous myocardial infarction, 
presence of angina, revascularization procedures or 
stenosis >50% of the coronary arteries, a history of 
cerebrovascular disease, or PAD based on a previous 
lower limb Doppler ultrasound examination. Accord-
ing to their medical records, subjects without any of 
the above criteria for the presence of macrovascular 
disease were included in the study. 

A detailed medical history, including current medi-
cation and smoking habits, was obtained, and a thor-
ough physical examination was performed. The pur-
pose of the study was clearly explained to all subjects, 
who then volunteered to participate. The study was ap-
proved by the local ethics committee. 

All measurements were performed in the morn-
ing, after a 10-12 hour fast. The subjects were advised 
not to eat, smoke, or drink coffee before examination. 
Blood samples were drawn for measurement of fast-
ing serum glucose, HbA1c, urea, creatinine, lipid pro-
file, white blood cell (WBC) count, and UA and high 
sensitivity C-reactive protein (hsCRP) levels. The an-
tidiabetic medications were given to the patients at 
the end of the examination. 

Blood pressure was measured three consecutive 
times, one minute apart, in the sitting position using 
an appropriate cuff size. The mean value of the last 
two measurements was calculated and used in the 
analysis. Arterial hypertension was defined accord-
ing to the current guidelines, i.e. systolic blood pres-
sure ≥140 mmHg, and/or diastolic blood pressure ≥90 
mmHg, or when the patients were on antihyperten-
sive treatment.9 Body weight (with subjects in light 
clothing without shoes) and height were measured, 
and body mass index (BMI) was calculated. Waist cir-
cumference was measured with a soft tape while the 
subject was standing, midway between the lowest rib 
and the iliac crest.

Analytical methods

Fasting serum glucose, lipids and creatinine concen-
trations were measured using a Technicon analyzer 
RA-XT. Low density lipoprotein (LDL) cholester-
ol concentrations were calculated using the Friede-
wald formula.10 HbA1c was measured by high-perfor-

mance liquid chromatography (HPLC) (Roche Di-
agnostics, Mannheim, Germany) with a non-diabetic 
reference range of 4.0-6.0%; hsCRP was determined 
using ADVIA 1650 (Bayer, Elkhart, IN, USA). Esti-
mated glomerular filtration rate (eGFR) was calcu-
lated using the Cockcroft-Gault formula.11

Measurement of ABI

Measurement of ABI was based on the method de-
scribed in previous studies.4,5 Doppler ultrasound (8 
MHz probe; Medacord PVL, MedaSonic Inc, Moun-
tain View, CA, USA) was used to measure the sys-
tolic blood pressure in the bilateral brachial, poste-
rior tibial and dorsal pedal arteries while the patient 
was supine after a 20 min rest. The occluding cuffs 
(55×12.5 cm) were applied just above the malleoli for 
the measurement of ankle pressures. The right and 
left ABI were calculated automatically by the device, 
by dividing the highest pressure in the dorsal pedal or 
posterior tibial arteries on the right and left sides, re-
spectively, by the highest brachial pressure on either 
side.4,5,7 The minimum value of ABI was used for the 
analysis.

Statistical analysis

Statistical analysis was preformed using programs 
available in the SPSS statistical package (SPSS 15.0, 
Chicago, USA). All variables were tested for normal 
distribution of the data. Data are shown as mean ± 
SD, unless stated otherwise. Univariate linear regres-
sion analysis was performed to look for a relationship 
between ABI and the variables of interest in the study 
population. Multivariate linear regression analyses 
were then performed to look for independent asso-
ciations between ABI and the variables of interest. 
All independent variables in the multivariate analy-
ses models were tested for multicolinearity. A p-value 
<0.05 (two-tailed) was considered statistically signifi-
cant.

Results

Twenty-five (20%) of the study subjects had values of 
ABI <0.90. The demographic and clinical character-
istics of the study population are shown in Table 1.

In the total study population, univariate linear re-
gression analysis showed that ABI was significantly 
associated with presence of hypertension (p=0.02), 
fasting serum glucose levels (p=0.02), serum urea 
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levels (p=0.005), serum UA levels (p=0.007) and 
WBC count (p= 0.04).

There was a suggestive association with the dura-
tion of diabetes (p=0.09) and insulin therapy (p=0.09). 
No significant associations were found between ABI 
and sex, age, waist circumference, presence of dyslipi-
demia, smoking status, BMI, HbA1c, systolic and dia-
stolic blood pressure, oral antidiabetic treatment, se-
rum creatinine, total cholesterol levels, high density 
lipoprotein cholesterol levels, LDL-cholesterol levels, 
triglyceride levels, hsCRP, or eGFR. 

Multivariate linear regression analysis demon-
strated, after controlling for the presence of hyper-
tension, serum urea and UA levels, significant inde-
pendent associations between ABI and fasting se-
rum glucose levels (p=0.03) as well as WBC count 
(p=0.03) (Table 2).

Discussion

The results of the present study showed that ABI 
was related with fasting serum glucose levels as well 
as WBC count in T2DM subjects. A secondary, but 

noteworthy, result was the high proportion of diabetic 
subjects without apparent macrovascular disease who 
had ABI values lower than 0.90. 

Studies in populations with different cardiovas-
cular risk factors have showed a relationship between 
ABI and glycemic control.12-16 Two studies in hyper-
tensive subjects showed that high fasting glucose lev-
els and a history of diabetes were associated with 
low ABI.12,13 Another study in a high risk population 
showed that ABI was related with diabetic status, in-
dependently of other cardiovascular risk factors.14 
Also, a study in subjects with newly diagnosed PAD 
showed an association between ABI and the presence 
of diabetes.15 A large scale study showed that an as-
sociation existed between higher levels of HbA1c and 
PAD, even among subjects without diabetes.16 

However, the data in the literature regarding the 
effect of glycemic control on PAD in T2DM subjects 
are conflicting. A study in T2DM subjects showed 
that glycemic control in terms of fasting serum glu-
cose and HbA1c was not associated with PAD.6 The 
above findings are in agreement with the results of 
the Hoorn study, showing that ABI was not associat-
ed with serum glucose levels in T2DM subjects.17 

WBC count, a common marker of systemic in-
flammation, is known to be associated with athero-
sclerotic cardiovascular disease18 and the progression 
of subclinical atherosclerosis.19 A large epidemiolog-
ical study showed that blood rheological factors and 
leukocyte activation are associated with lower limb 
ischemia in the general population.20 In a represen-
tative sample of the United States population, after 
adjustment for other inflammatory markers, mono-
cytes were significantly and independently associated 
with PAD.21 A recent study in Greece showed an as-
sociation between aortic distensibility, an index of ar-
terial stiffness, and WBC count in healthy subjects, 
showing the important role of underlying inflamma-
tion.22 It is well known that inflammation initiates 
PAD through the adherence of leukocytes to the ves-
sel wall, the increased membrane permeability and 
the production of cytokines, leading to the recruit-
ment of macrophages and the proliferation of mac-
rophages and smooth muscle cells within the vessel 
wall.23,24 

Finally, in the present study a high proportion of 
diabetic subjects had values of ABI lower than 0.90, 
implying subclinical atherosclerosis. Higher rates of 
subclinical cardiovascular disease among diabetic sub-
jects have also been reported in different studies.3,25,26 
Additionally, a Spanish study showed that the preva-

Table 1. Demographic and clinical characteristics of the study 
population.

Males/females n (%) 84 (67.2) / 41 (32.8)
Age (years) 62.2 ± 9.1
Waist (cm) 101.2 ± 10.8
BMI (kg/m2) 28.7 ± 4.3
Duration of diabetes (years) 8.9 ± 7.0
HbA1c (%) 7.5 ± 1.6
Systolic blood pressure (mmHg) 138.1 ± 21.2
Diastolic blood pressure (mmHg) 76.9 ± 10.6
Serum glucose (mg/dL) 162.9 ± 58.7
Total cholesterol (mg/dL) 205.8 ± 42.9
HDL cholesterol (mg/dL) 43.1 ± 10.3
LDL cholesterol (mg/dL) 137.5 ± 39.0
Triglycerides (mg/dL) 130.9 ± 67.7
Serum urea (mg/dL) 41.7 ± 12.9
Serum creatinine (mg/dL) 0.9 ± 0.3
eGFR (ml/min/1.73m2) 99.3 ± 27.8
Serum uric acid (mg/dL) 4.5 ± 1.3
WBC (μL-1) 6547 ± 1562
hsCRP (mg/dL) 6.3 ± 1.4
Hypertensives, n (%) 41 (35.2)
Dyslipidemics, n (%) 37 (29.6)
Current smokers, n (%) 17 (13.6)
Diabetes treatment:

Antidiabetic tablets n (%) 98 (78.4)
Insulin n (%) 26 (20.4)

Data are given as mean value ± standard deviation or as n (%). BMI 
– body mass index; HDL – high density lipoprotein; LDL – low density 
lipoprotein; eGFR – estimated glomerular filtration rate; WBC – white 
blood cell count; hsCRP – high-sensitivity C-reactive protein. 
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lence of a low ABI was elevated in asymptomatic sub-
jects with coronary or cerebrovascular disease.14

Study limitations

A major limitation of the present study was the small 
number of diabetic subjects with ABI values lower 
than 0.90. Therefore, further analysis of the study 
variables between diabetic subjects with ABI <0.90 
versus diabetic subjects with ABI >0.90 could not be 
done in order to find possible determinants of PAD. 
Another major limitation was that we used the pa-
tients’ medical history in order to exclude subjects 
with apparent macrovascular disease, since we were 
not able to perform either noninvasive or invasive 
tests for the diagnosis of macrovascular disease. Fi-
nally, the diabetic subjects were recruited from the 
population of a rural area attending a referral Health 
Center; therefore, our results can not be extrapolated 
to the total diabetic population.

Conclusion

The results of the present study showed that elevated 
plasma glucose levels and WBC count increase the 
risk of PAD in asymptomatic diabetics. Therefore, in-
terventions aiming at better glycemic control might 
help diabetic subjects who are at increased risk of 
subsequent cardiovascular events.

References

Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, 1. 
other risk factors, and 12-yr cardiovascular mortality for men 
screened in the Multiple Risk Factor Intervention Trial. Dia-
betes Care. 1993; 16: 434-444.
Novo S, Avellone G, Di Garbo V, et al. Prevalence of risk fac-2. 
tors in patients with peripheral arterial disease. A clinical and 
epidemiological evaluation. Int Angiol. 1992; 11: 218-229.
Metcalf PA, Folsom AR, Davis CE, Wu KK, Heiss G. Hae-3. 
mostasis and carotid artery wall thickness in non-insulin de-
pendent diabetes mellitus. Diabetes Res Clin Pract. 2000; 47: 
25-35.

Table 2. Univariate and multivariate regression analysis: the association between various parameters and ankle brachial index in the study 
population.

 Univariate analysis Multivariate analysis
 Correlation   Standardized
 coefficient p coefficients beta p

Age -0.10 0.26 - -
Sex -0.09 0.31 - -
Waist -0.12 0.15 - -
BMI -0.01 0.92 - -
Duration of diabetes  -0.15 0.09 - -
Systolic blood pressure -0.14 0.12 - -
Diastolic blood pressure -0.01 0.96 - -
HbA1c -0.07 0.45 - -
Serum glucose  -0.21 0.02 -0.18 0.03
Total cholesterol 0.07 0.41 - -
HDL- cholesterol -0.01 0.87 - -
LDL- cholesterol 0.12 0.19 - -
Triglycerides -0.09 0.34 - -
Serum urea  -0.25 0.005 -0.15 0.08
Serum creatinine -0.12 0.19 - -
eGFR 0.06 0.48 - -
hsCRP -0.07 0.45 - -
Serum uric acid  -0.24 0.007 -0.14 0.14
White blood cell count  -0.18 0.04 -0.18 0.03
Hypertensives -0.21 0.02 -0.13 0.14
Dyslipidemics -0.07 0.46 - -
Current smokers -0.10 0.26 - -
Insulin  -0.15 0.09 - -
Antidiabetic tablets 0.13 0.14 - -

Significant associations are highlighted. Abbreviations as in Table 1.



406 • HJC (Hellenic Journal of Cardiology)

A. Papazafiropoulou et al

Kaiser V, Kester AD, Stoffers HE, Kitslaar PJ, Knottnerus 4. 
JA. The influence of experience on the reproducibility of the 
ankle-brachial systolic pressure ratio in peripheral arterial oc-
clusive disease. Eur J Vasc Endovasc Surg. 1999; 18: 25-29.
Tseng CH. Prevalence and risk factors of peripheral arterial 5. 
obstructive disease in Taiwanese type 2 diabetic patients. An-
giology. 2003; 54: 331-338.
Tseng CH. Sex difference in the distribution of atheroscle-6. 
rotic risk factors and their association with peripheral arterial 
disease in Taiwanese type 2 diabetic patients. Circ J. 2007; 71: 
1131-1136.
Tseng CH. Independent association of uric acid levels with 7. 
peripheral arterial disease in Taiwanese patients with Type 2 
diabetes. Diabet Med. 2004; 21: 724-729.
Report of the Expert Committee on the Diagnosis and Clas-8. 
sification of Diabetes Mellitus. Diabetes Care. 1997; 20: 1183-
1197.
Chobanian AV, Bakris GL, Black HR, et al. Seventh report 9. 
of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure. Hyper-
tension. 2003; 42: 1206-1252.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of 10. 
the concentration of low-density lipoprotein cholesterol in 
plasma, without use of the preparative ultracentrifuge. Clin 
Chem. 1972; 18: 499-502.
Cockcroft DW, Gault MH. Prediction of creatinine clearance 11. 
from serum creatinine. Nephron. 1976; 16: 31-41.
Zheng L, Yu J, Li J, et al. Prevalence of and risk factors for 12. 
peripheral arterial disease among Chinese hypertensive pa-
tients with and without known cardiovascular disease. Acta 
Cardiol. 2008; 63: 693-699.
Luo YY, Li J, Xin Y, Zheng LQ, Yu JM, Hu DY. Risk fac-13. 
tors of peripheral arterial disease and relationship between 
low ankle brachial index and mortality from all-cause and 
cardiovascular disease in Chinese patients with hypertension. 
J Hum Hypertens. 2007; 21: 461-466.
Mostaza JM, Manzano L, Su14. árez C, et al. MERITO II study. 
[Prevalence of asymptomatic peripheral artery disease de-
tected by the ankle-brachial index in patients with cardio-
vascular disease. MERITO II study]. Med Clin (Barc). 2008; 
131: 561-565. Spanish.
Daskalopoulou SS, Pathmarajah M, Kakkos SK, et al. Asso-15. 
ciation between ankle-brachial index and risk factor profile in 

patients newly diagnosed with intermittent claudication. Circ 
J. 2008; 72: 441-448.
Muntner P, Wildman RP, Reynolds K, Desalvo KB, Chen J, 16. 
Fonseca V. Relationship between HbA1c level and peripher-
al arterial disease. Diabetes Care. 2005; 28: 1981-1987.
Beks PJ, Mackaay AJ, de Neeling JN, de Vries H, Bouter 17. 
LM, Heine RJ. Peripheral arterial disease in relation to gly-
caemic level in an elderly Caucasian population: the Hoorn 
study. Diabetologia. 1995; 38: 86-96.
Brown DW, Giles WH, Croft JB. White blood cell count: 18. 
an independent predictor of coronary heart disease mortal-
ity among a national cohort. J Clin Epidemiol. 2001; 54: 316-
322.
Elkind MS, Cheng J, Boden-Albala B, Paik MC, Sacco RL. 19. 
Elevated white blood cell count and carotid plaque thick-
ness: the northern manhattan stroke study. Stroke. 2001; 32: 
842-849.
Lowe GD, Fowkes FG, Dawes J, Donnan PT, Lennie SE, 20. 
Housley E. Blood viscosity, fibrinogen, and activation of co-
agulation and leukocytes in peripheral arterial disease and 
the normal population in the Edinburgh Artery Study. Circu-
lation. 1993; 87: 1915-1920.
Nasir K, Guallar E, Navas-Acien A, Criqui MH, Lima JA. 21. 
Relationship of monocyte count and peripheral arterial dis-
ease: results from the National Health and Nutrition Exam-
ination Survey 1999-2002. Arterioscler Thromb Vasc Biol. 
2005; 25: 1966-1971.
Papazafiropoulou A, Tentolouris N, Moyssakis I, Perrea D, 22. 
Katsilambros N. The potential effect of some newer risk fac-
tors for atherosclerosis on aortic distensibility in subjects with 
and without type 2 diabetes mellitus. Diabetes Care. 2006; 29: 
1926-1928.
Mantovani A, Sozzani S, Introna M. Endothelial activation 23. 
by cytokines. Ann N Y Acad Sci. 1997; 832: 93-116.
Libby P. Inflammation in atherosclerosis. Nature. 2002; 420: 24. 
868-874.
Niskanen L, Rauramaa R, Miettinen H, Haffner SM, Mer-25. 
curi M, Uusitupa M. Carotid artery intima-media thickness 
in elderly patients with NIDDM and in nondiabetic subjects. 
Stroke. 1996; 27: 1986-1992.
Selvin E, Marinopoulos S, Berkenblit G, et al. Meta-analysis: 26. 
glycosylated hemoglobin and cardiovascular disease in diabe-
tes mellitus. Ann Intern Med. 2004; 141: 421-431.


