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Ankle Brachial Index and peripheral arterial disease

INTRODUCTION

Peripheral Arterial Disease (PAD) is a highly
prevalent atherosclerotic syndrome that affects ap-
proximately 8-12 million individual in the USA and
is associated with significant morbidity and mor-
tality.1-5 The disease was designated “arterioscle-
rosis obliterans” by the WHO in 1958 and defined
as accumulation in the intima of arteries of the
focal of lipid, carbohydrate, blood products, fi-
brous tissue and calcium and associated with
medial changes that produce obstruction to blood
flow. Patient with peripheral atherosclerosis may
be asymptomatic or present with intermittent clau-
dication, ischemic pain or gangrene.6,7

The clinical diagnosis of atherosclerotic in-
volvement of one or more arterial segments in the
limbs is usually detected by ankle brachial sys-
tolic blood pressure ratio, the ABI (normal value
0.9-1.3) and approximately 10% of diabetic indi-
viduals over the age of 75 years have symptom-
atic PAD (ABI<0.9), 5% have intermittent claudi-
cation and 1% have critical leg ischemia.8,9 Dis-
ease progression occurs more frequently in dia-
betics and in patient who smoke tobacco.10,11

The ankle brachial index (ABI), a non-inva-
sive laboratory diagnosis of PAD, provides a higher
estimate of disease prevalence, since it has a high
sensitivity for detecting angiographically defined

peripheral arterial occlusive disease.12-14 A low ankle
brachial index (ABI) is highly predictive not only
of the presence of peripheral arterial occlusive dis-
ease but also of subsequent cardiovascular mor-
tality.15-17 PAD is a strong age dependent condi-
tion that contributes significantly to morbidity and
health care expenditure in the elderly. Symptom-
atic disease directly affects functional capacity and
quality of life by restricting ambulation, whereas,
asymptomatic disease is also important because
it may increase the risk of future compromised
ambulation.18 Therefore, an early diagnosis of the
disease is crucial to minimize the risks associated
with the disease.

The present study was designed with the ob-
jective to evaluate the role of ABI in the diagnosis
of PAD in type 2 diabetes mellitus patients.

MATERIAL AND METHODS

This cross-sectional descriptive study was
conducted at Department of Physiology, Shaikh
Zayed Federal Post-graduate Medical Institute,
Lahore, from 2008 to 2010. A total of 150 subjects
with age >40 years were selected from the Dia-
betic Clinic, Cardiology Unit and Biochemistry De-
partment of the Institute. The subjects were divided
into uncomplicated and complicated type 2 dia-
betes mellitus patients on the basis of the pres-
ence or absence of microalbuminuria. Patients on
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insulin therapy, with severe systemic disease or
having major surgery in the past 3 months were
excluded from the study. After approval from ethi-
cal committee, the patient’s consent was obtained
from each patient. The blood pressure at both arms
and both ankles of each patient was recorded with
the help of an ordinary sphygmomanometer. The
higher of the two systolic pressures of each leg
was divided by the higher of the two arm pres-
sures to get the right and left ABI. The weight was
recorded in light clothes without shoes, and body
mass index was calculated. Blood samples were
collected at two occasions i.e. on day one for
random blood sugar and glycosylated hemoglo-
bin (HbA1C) and after a night fast for determination
of blood sugar, cholesterol and triglycerides.

The data was analyzed on SPSS version 16.0
for statistical calculations.

RESULTS

The age distribution of patients and results
of the study are summarized in Table 1 & 2.

The data shows that when ABI was applied
to uncomplicated group, 5 (6.67%) patients were
having ABI < 0.9 and 12 (16.0%) > 1.3, in diag-
nosed patients of PAD while the rest, 58 (77.33 %)
patients having ABI within normal range (0.9-1.3),
were without PAD. When the mean ABI value of
patients with ABI < 0.9 were compared with the
mean ABI value of patients having ABI within nor-
mal range, the difference was highly significant
statistically.

However, when ABI was applied to compli-
cated group, 9 (12%) patients having ABI < 0.9
and 14 patients (16%) having ABI > 1.3, were di-
agnosed patients of PAD while the rest, 52 pa-
tients (69.33%) had ABI within the normal range
(0.9-1.3), were without PAD. When the mean ABI
value of patients with ABI < 0.9 were compared
with the mean ABI value of patients having ABI
within normal range, the difference was not signifi-
cant statistically. But when the mean ABI value of
patients with ABI > 1.3 were compared with the
mean ABI value of patients with ABI within normal
range, the difference was highly significant statis-
tically.

DISCUSSION

Peripheral arterial disease is a common mani-
festation of atherosclerosis present in at least 25%
of individuals over the age of 70 years.19 Due to
the risk for major coronary events, there always
has been a need to adopt a means which is simple,
cheap and less laborious to early establish the
diagnosis of the disease.20 The present study re-
vealed that the risk of developing PAD in type 2
diabetes mellitus patients both in males and fe-
males in Lahore Pakistan is existing with severity
but it was also discovered that the patients of type
2 diabetes mellitus with complications are more
prone to develop the disease as compared to those
without complications.

Advancing age is another risk factor in epi-
demiological studies. Although it was not the main
objective of the study but the study revealed that

Table 1: Age distribution of patients.

Age (years) Group A (n = 75) Group B (n = 75)
Number Percentage Number Percentage

40 – 50 41 54.67 30 40

51 – 60 18 24 23 30.67

61 – 70 10 13.33 18 24

71 – 80 6 8 4 5.33

Table-2: Association of ABI with both groups of type 2 diabetes mellitus.

Groups Without PAD Having PAD

ABI range = 0.9-1.3 ABI range <0.9 ABI range >1.3

Uncomplicated Group 58 (77.33%) 5 (6.67%) 12 (16%)
(n= 75) Mean ABI=1.08 Mean ABI=0.86 Mean ABI=1.75

Complicated Group 52 (69.33%) 9 (12%) 14 (18.67%)
(n= 75) Mean ABI=1.07 Mean ABI=0.84 Mean ABI=1.60

Total 110 14 26
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correlation existed between ABI and age which is
an indicator that people with advanced age are
likely to develop the peripheral arterial disease
(PAD). This fact of the study is also in line with the
cardiovascular health study which suggest the
lower extremities arterial disease.21

Risk factors of PAD include physical inactiv-
ity, family history of premature coronary heart dis-
ease (CHD), socioeconomic status, mental depres-
sion, ethnicity and physical features e.g. obesity
etc. Diabetes mellitus may accelerate atheroscle-
rosis and portend a pattern of intra popliteal ar-
tery occlusive disease. The patho-physiology of
diabetic vascular disease in the extremities is com-
plex affecting large conduit vessels, micro vessels
and skeletal muscles.22

Peripheral vascular disease (PVD) is a risk
marker for coronary disease, cerebrovascular dis-
ease, aneursymal disease, diabetes, hypertension
and many other conditions. PVD have a four to six
fold increase in cardiovascular mortality over
healthy age matched individuals. The ABI helps
to define the severity of the disease and success-
fully screen for hemodynamically significant dis-
ease.23 Our study suggests that ABI is more effec-
tive in the diagnosis of PAD in patients with un-
complicated diabetes mellitus in the range ABI <
0.9 but more effective in patients with complicated
diabetes mellitus in the range ABI > 1.3.

It has been reported that the presentations
of PAD dramatically increase with advancing age
in both sexes If the risk remains stable, an esti-
mated seven million individual of age 40 years and
over will have PAD by years 2022.24 We also found
similar findings in our study .Our study results are
further strengthened by Framingham Heart Study.
The frequency of low ABI is 32% and symptoms of
intermittent claudication is 3.3%. The patho-physi-
ology of vascular disease in diabetes is complex
and affects the distal and small vessels.25

Our study indicated no association with gen-
der which is in line with the result of cardio vascu-
lar health study and cardio vascular heart study
which suggest that risk factor association with ABI
is similar in men and women26 Our results are fur-
ther strengthened by the result of Edinburgh ar-
tery study which showed association with diabe-
tes, systolic hypertension and cholesterol. The
result further provide strong support from the study
of Sharoneason which suggest that risk factor as-
sociated with PAD are diabetes mellitus, hyper-
tension, older age and dyslipidemia . Walter found
23.5% prevalence of PAD among patient of type 2
diabetes.27,28

As, ABI  has shown strong association with
PAD but, however the diagnosis of PAD solely

through ABI has some limitations as well. A study
demonstrated that nearly half of patients referred
to the outpatient vascular laboratory because of
suspected arterial disease had a normal resting
ABI.29 We agree with these findings and also sug-
gest that under suspected circumstances other
measures must be incorporated to confirm the di-
agnosis but we also recommend that under the
scenario of our primary care units this method is
probably the best one not only to diagnose the
disease early but also to minimize the labor and
expenses in adopting other measures for diagno-
sis of this ailment.

Although the data was small but the num-
bers of patients with PAD in complicated group
(both in ABI below or above normal range patients)
were more than in uncomplicated group which sig-
nifies that the patients of type 2 diabetes mellitus
with complications are more prone to develop PAD
than patients of type 2 diabetes mellitus without
complications.

CONCLUSION

On the basis of this study we suggest that
ABI can be effectively used for detection and evalu-
ation of PAD in routine examination in primary care
clinics to anticipate and reduce the risk of vascu-
lar anomalies in future.

REFERENCES

1. Criqui MH, Fponek A, Barrett-Conner E, Klauber
MR, Gabriel S. The prevalence of peripheral ar-
terial disease in a defined population. Circula-
tion 1985; 71; 510-5.

2. Criqui MH, Dennberg JO, Langar RD, Fronek A.
The epidemiology of peripheral arterial disease,
importance of identifying the population at risk.
Vasc Med 1997; 2: 221-26.

3. Meijer WT, Hoes AW, Rutgers D, Bots M L, Hofman
A. Periphral arterial disease in the elderly; the
Rotterdam study. Arterio Scler Thromb Vasc Biol
1998; 18;18.

4. Fowkes FG, Housley E, Cawood EH ,Macintyre
CC, Ruck CV, Edinburgh Artery  Prevalance of
asymptomatic and symptomatic Periphral arte-
rial disease in the general population, Epidemiol

5. Halperin JL. Evaluation of patient with periph-
eral vascular disease Thrombosis Research
2002; 106; 303-11.

6.  Wilen SL. The nature of diffuse intimal thicken-
ing of arteries.  Am J Pathol 1951; 27: 825-39.

7.  World Health Organisation Study Group. Clas-
sification of atherosclerotic lesion report of study
group.WHO Tech Rep Ser 1958; 143; 1-20.

8. Vogt MT, Wolfson SK, Kuller LH. Lower extremity
arterial disease and the aging process .J Clin
Epidemiol 1992; 45; 529-42.



Gomal Journal of Medical Sciences January-June 2012, Vol. 10, No. 1 152

Muhammad Ishaq, et al.

9. Weitz JI, Byme J, Clagett GP, Farkouh ME, Por-
ter JM, Sackett DL, et al. Diagnosis and treat-
ment of chronic arterial insufficiency of the lower
extremities. Circulation 1996; 94; 3026-49.

10. Jonason T, Ringqvist I. Diabetes mellitus and
intermittent claudcation relation between p
eripheral vascular complication and location of
occlusive atherosclerosis of the legs. Acta Med
Scand 1985; 218; 217-21.

11. Jonason T, Bergstorm R. Cessation of smoking
in patients with intermittent claudication; effect
on the risk of peripheral vascular complication ,
myocardial infarction and mortality. Acta Med
Scand 1987; 21; 253-60.

12. Hiat WR, Sharon F, Hoag  S, Hamman RF. Ef-
fects of diagnostic criteria on the prevalence of
peripheral arterial disease. Circulation 1995; 91:
1472 -9.

13. Carter SA . Idirect systolic pressures and pules
waves in arterial occlusive disease of the lower
extremities. Circulation 1968; 37; 624-37.

14. Ouriel K, McDonnel AE, Metz AE, Zarins CK. A
critical evaluation of stress testing in the  diag-
nosis of peripheral vascular disease. Surgery
1982; 91; 683-93.

15. McKenna M, Wolfson S, Kuller L .The ratio of
ankle and arm arterial pressure as an indepen-
dent predictor of mortality. Atherosclerosis 1991;
87; 119-28.

16. Criqui MH, Langer RD, Fronk A, Feigelson HS,
Klauber  MR, McCann TJ ,Browner D. Mortality
over a period of 10 years  in  patients with pe-
ripheral arterial disease .N Engl J Med 1992;
326: 381-6.

17. Vogt MT, Cauly  JA ,Newman AB, Kuller LH,
Hulley SB. Decreased ankle/arm blood pres-
sure index and mortality in elderly women. JAMA
1993; 270; 465-9.

18. Gillum R F .Peripheral occlusive Disease of the
Extremities in the United States hospitalization
and mortality. Am Heart J 1990; 120: 1414-8.

19. Golomb BA, Dang TT, Criqui MH .Contemporary
review in cardiovascular medicine peripheral
arterial disease morbidity and mortality implica-
tions .Circulation 2006; 114; 688-99.

20. Eason SL, Peterson NJ, Almazor MS, Davis B,
Collin TC. Diabetes mellitus, smoking and the
risk for asymptomatic peripheral arterial disease:
whom we should screen. JABFM 2005; 18:
355-61.

21. Mohler ER, Wong H, Lench G, Supple GE,
Chance B. Impaired exercise induce blood

volume in type 2 diabetes with or without pe-
ripheral arterial disease measured by continu-
ous spectroscopy .Diabetes care 2006; 29.
1856-9.

22. Grundy SM, Bazzarre T, Cleeman J, Agostino
RB, Hill M, Miller NH. Beyond secon-
dary prevaton;identifying the high risk
patient for primary prevention Circulation
2000;101; 3.

23. Wilson PWF, D‘Agostino RB, Levy D, Belanger
AM, Silershatz H, Kannel WB. Prediction
ofcoronary heart disease using risk factor cat-
egories Circulation 1998; 97; 1837-47.

24. Creager MA , Lusch TF, Cosentino F, Bechman
JA. Diabetes and vascular disease; pathophysi-
ology ,clinical consequences,and medical
therapy ,part 1,Circ 2000 108;1527-32.

25. Sack D ,Bakal CW,BeatyPT ,BeckerGJ ,Cardella
JF ,Raabe RD , Position stateman on  the use of
the ankle brachial index in the evaluation of
patient with peripheral vascular disease. J Vasc
Intern Radiol 2003; 14; 389.

26. Selvin E, Erling TP. Prevalence of and risk fac-
tors for peripheral arterial disease in the united
states.circulation 2004; 110; 738-43.

27.  EWMAN AB, SISCOVIC DS, MANOLIO TA, POLAK J, FRIED

LP, BORHANI NO, ET AL. ANKLE –ARM INDEX AS A MARKER

OF ATHEROSCLEROSIS IN THE CARDIOVASCULAR HEALTH STUDY.
CARDIOVASCULAR HEART STUDY COLLABORATIVE RESEARCH

GROUP. CIRCULATION 2007; 12; 19-23

28. Kennedy M, Sololmon C, Manolio TA, Criqui MH,
Newman AB, Polak JF, Burke GL, et al. Risk fac-
tors for decling Ankle-Brachial Index in men and
women 65 years or older. Arch Intern Med 2005;
165; 1896-1902.

29. Stein R, Hriljac I, Halperin JL, Gustavson SM,
Teodorescu V, Olin JW, et al. Limitation of the
resting ankle-brachial index in symptomatic pa-
tients with peripheral arterial disease. Vasc Med
2006; 11: 29-33.

Corresponding author:

Dr. Muhammad Ishaq
Assistant Professor
Physiology Department
Bannu Medical College
Bannu, Pakistan
E-mail: ishaqdoct@gmail.com


