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Background: Peripheral arterial disease (PAD) is a risk factor for amputation and systemic atherosclerotic disease. Barbados has
a high diabetes prevalence, and 89% of diabetes-related hospital admissions are for foot problems. Foot examination is infrequent in
Barbados primary care. The prevalence and potential risk factors for PAD in people with diabetes in Barbados were studied.
Methods: Multistage probability sampling was used to select a representative population sample of people ≥25 years of age with
known diabetes or fasting blood glucose ≥7 mmol/L or HbA1c ≥6.5%. We administered the Edinburgh claudication questionnaire and
assessed the ankle brachial pressure index (ABI) and Doppler waveform in both dorsalis pedis and posterior tibial arteries. Participants
were classified into categories based on ABI as follows: PAD ≤0.90 in any leg; borderline 0.91 to 0.99 in one leg and the other not
≤0.90 or >0.4; normal 1.00 to 1.40 in both legs; and non-compressible >1.40 in one leg and the other not ≤0.9. Waveforms crossing the
zero-flow baseline were categorised as normal. Multivariable logistic regression assessed the associations of potential risk factors with
PAD.
Results: Of 236 participants (74% response rate, 33% male, median age 58.6 years), 51% had previously diagnosed diabetes. Of nine
people with symptoms of definite or atypical claudication, four had PAD and one had non-compressible arteries. ABI prevalence (95%
CI) was PAD 18.6% (13.8, 24.6), borderline 21.9% (16.6, 28.4), normal 55.5% (49.4, 61.5) and non-compressible 3.9% (1.6, 9.3).
Increasing age and female gender were independently associated with PAD. Over 80% of normal legs (ABI 1.00 to 1.40) had normal
posterior tibial and dorsalis pedis waveforms, while only 23% legs with PAD (ABI ≤0.90) had normal waveforms in both arteries
(Kappa = 0.43).
Conclusion: Asymptomatic PAD is common in people with diabetes and requires ABI screening to detect it. Female gender is
associated with PAD.
Keywords: diabetes, peripheral arterial disease, peripheral artery disease, claudication, waveform, Doppler ultrasound

Introduction
Neuropathy prevalence in people with diabetes1 and the annual diabetes-related lower extremity amputation rate2 are
high in Barbados. Diabetic foot disease accounts for 89% of diabetes-related admissions to the island’s main hospital.3

Peripheral arterial disease (PAD) is a major risk factor for lower extremity amputation in people with diabetes especially
when associated with neuropathy, deformity and trauma.4 Diabetes increases the risk for PAD5–7 and with diabetes, PAD
often affects distal limb vessels,6,8 making the condition more difficult to treat.8 Risk increases with age, duration of
diabetes, dyslipidaemia, elevated C-reactive protein, cigarette smoking and the presence of peripheral neuropathy.6,9,10

Vessels above the knee are more likely to be affected when PAD is due to risk factors such as smoking and hypertension
rather than diabetes.10 Even when asymptomatic, PAD is a marker for systemic vascular disease and is associated with
increased rates of myocardial infarction, stroke and death.10
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The classic symptom of PAD is intermittent claudication characterized by a cramping or aching pain in the calves,
thighs or buttocks that starts when walking and is relieved by rest. Severe PAD can cause rest pain, non-healing ulcers
and gangrene.10,11 The Edinburgh claudication questionnaire was developed for the detection of intermittent claudication
in epidemiological surveys.11 However, PAD is asymptomatic or has atypical symptoms in many people with diabetes.10

Peripheral neuropathy may blunt pain perception and make the presence of symptoms indicative of claudication
insensitive to the presence of PAD.10

Foot pulses, while being a sensitive method for detecting PAD, has a reduced sensitivity and poor specificity
when peripheral neuropathy is detectable.12 The ankle brachial pressure index (ABI), the ratio of the ankle and
brachial systolic blood pressures, may be more useful. An ABI 0.90 or less, determined using a hand-held Doppler,
has been validated against angiographically confirmed disease and has been found to be 95% sensitive and almost
100% specific for the detection of PAD.10 However, calcified arteries that are poorly compressible may lead to
elevated ABI values in the presence of PAD.12 This is more likely in those with diabetes or chronic kidney
disease.13,14 Some consider an ABI of >1.30 to indicate calcified arteries,4,10 while others use an ABI of
>1.40.13,14 When the ABI is elevated, Doppler ankle waveforms depicting blood flow velocities can detect PAD
masked by calcified arteries.14 A normal waveform is triphasic, representing rapid forward flow peaking during
systole, reversal of flow during early diastole and slow forward flow during late diastole.15 Atherosclerotic disease
results in a loss of reverse blood flow and produces first a biphasic and then a monophasic waveform.14 However,
biphasic waveforms have been inconsistently defined in the literature. They may be considered normal when defined
as including flow reversal and abnormal when including only forward flow.16 Waveform interpretation has also been
found to be inconsistent among sonography professionals.17

Several studies suggest a higher PAD risk in people of African origin based on ABI measurements, although many of
the larger studies have not included this group.6,18 In the USA, using National Health and Nutrition Examination Survey
data the overall PAD prevalence as determined by ABI in people 40 years of age and over was 4.3%, with non-Hispanic
Black race (OR 2.83) and diabetes (OR 2.71) positively associated with the condition.19 In a random sample of a 50- to
74-year-old Caucasian population in the Netherlands, the prevalence was 7.0% without diabetes, 15.1% in newly
diagnosed diabetes cases and 20.9% in known cases.20

PAD prevalence in people with diabetes in Barbados is unknown and many people with chronic disease do not have
an adequate clinical assessment, including regular foot examination, in the primary care setting.21–24 The objectives of
this study were to estimate the prevalence of PAD and to identify factors associated with PAD in a population-based
sample of people with known and newly identified diabetes on the Caribbean Island of Barbados. ABI with handheld
Doppler and waveform analysis were utilised. The prevalence of intermittent claudication was also determined using the
Edinburgh claudication questionnaire.

Methods
The Setting
Barbados is a Caribbean Island with a predominantly African origin population. This study was conducted between
September 2011 and May 2013 and was part of a foot study that also determined peripheral neuropathy prevalence.1 The
foot study was nested within the Barbados Health of the Nation (HotN) study, which identified, through multistage
probability sampling, a representative sample of the population ≥25 years of age.25

Inclusion Criteria
HotN participants reporting a physician diagnosis of diabetes or who had a fasting plasma glucose of ≥7 mmol/l or an
HBA1c of ≥6.5% were eligible to take part in the foot study. Individuals unable to comply with the physical examination
were excluded.1
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Study Procedure
Recruitment was previously described.1 Signed informed consent was obtained. A pre-tested questionnaire was adminis-
tered. Six physicians, including JRH, were trained and conducted the foot examination.

Questionnaire
The questionnaire collected demographic data and assessed and graded intermittent claudication by means of the
Edinburgh claudication questionnaire.11 Pain in the calf that started after beginning to walk, occured when walking
uphill or hurrying and usually disappears in 10 minutes or less after stopping was indicative of definite claudication.
Atypical claudication is defined as pain in the thigh or buttock, in the absence of calf pain.

Ankle Brachial Pressure Index
An aneroid sphygmomanometer and a Huntleigh Dopplex® bidirectional Doppler with an 8 MHz probe connected to
a computer with software to record waveforms were used. With the patient lying supine and resting quietly,
a sphygmomanometer cuff with a bladder encircling at least 80% of the limb was placed above the point of
pulse measurement and inflated above the systolic pressure. As the cuff pressure was slowly decreased, the Doppler
was used to obtain the systolic pressure in the right and left brachial arteries and then the right and left dorsalis
pedis and posterior tibial arteries. The systolic pressure was recorded to the nearest 2 mmHg. The right ankle
brachial index was calculated by dividing the highest ankle systolic pressure (posterior tibial or dorsalis pedis) of the
right leg by the highest brachial systolic pressure (right or left arm). The left ankle brachial index was similarly
calculated. The leg with the lower ABI was used as the index.10,14,26

Doppler Velocity Waveform Analysis
A tracing of the waveform for both the posterior tibial and dorsalis pedis arteries was recorded on a computer for
analysis. Waveforms were classified independently by OPA and JRH and then discrepancies in classification were
resolved after discussion. Waveforms that crossed the zero-flow baseline were considered multiphasic and classified as
normal. Waveforms not crossing the zero-flow baseline or that were not detectable were considered monophasic and
abnormal.16 Uninterpretable waveforms were classified as missing data.

Anthropometric and Biological Measurements
These included height, weight, waist and hip circumference, blood pressure, fasting blood glucose, lipids and HbA1c.
The methods used have been described elsewhere.1,25,27

Analysis
Data were analysed using the Stata software package (version 16, StataCorp, College Station, Texas). PAD
symptoms were scored according to the Edinburgh claudication questionnaire.11 Participants with symptoms of
intermittent claudication were classified as having definite or atypical claudication. For each leg ABI was
categorised as (a) ≤0.90 = PAD, (b) 0.91 to 0.99 = borderline, (c) 1.00 to 1.40 = normal and (d) >1.40 = non-
compressible based on the 2016 AHA/ACC guideline.13 Participants were classified as having PAD if one or both
legs had PAD; normal if the ABI in both legs were normal; having non-compressible arteries if at least one leg
was in the non-compressible range and the other was not in the decreased range; and borderline if at least one leg
was in the borderline range and the other was not in the decreased or non-compressible range. For participants
with one leg only, classification was based on that leg. Estimates of prevalence for PAD categories were weighted
to account for the sampling design and non-response, and to match the age and sex distribution of the Barbadian
population with known and unknown diabetes, according to the Health of the Nation Study.25 Proportions are
presented as numbers and percentages. A Kappa coefficient was calculated to assess the agreement between ABI
and arterial waveforms for categorising arterial status as decreased vs normal. Potential risk factors, such as age,
sex, anthropometric and biological characteristics, were compared in those with and without PAD. Differences
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were assessed by the t-test for mean summaries and z test for proportions. Poisson regression models with robust
variance were used to calculate prevalence ratios (PRs) before and after controlling for potential confounders.
Variables were considered potential confounders if their univariate association with ABI was statistically sig-
nificant at the 5% level. Estimates are presented with 95% confidence intervals (95% CI).

Results
There were 320 eligible persons identified by the HotN study. Of these 236 participated in this study giving a response
rate of 73.8%. The characteristics of responders and non-responders were similar except that a greater proportion of non-
responders (66.7%) compared to responders (50.8%) reported a physician diagnosis of diabetes prior to the HotN study
(p = 0.012). The characteristics of participants were as follows: 33.1% men, median age 58.6 years (IQR 50.6 to 69.4,
range 29.6–95.7), 90.7% of African descent, mean BMI 30.1 kg/m2, mean waist circumference 97.7 cm, 52.1% on
medication for hypertension, mean total cholesterol 4.9 mmol l−1, mean HDL 1.3 mmol l−1, mean fasting blood glucose
7.2 mmol l−1 and mean HbA1c 54 mmol/mol (7.1%).1 The characteristics of participants with a reported previous
physician diagnosis of diabetes and those newly detected by the HotN study have been reported elsewhere.1

Nine people were identified as having claudication by the Edinburgh claudication questionnaire. Six were classified as
“definite” and 3 as “atypical” claudication. Of the 6 with definite claudication, 2 had grade 2 claudication (pain on
walking at an ordinary pace on the level) and the rest had grade 1 claudication (requiring more exertion than walking at
an ordinary pace on the level to cause pain). Of those with definite claudication 1 had PAD with an ABI ≤0.90 in the right
leg only and 1 had non-compressible arteries with the ABI >1.40 in both legs, but all 6 had at least one abnormal
waveform. All 3 people with atypical claudication had PAD.

ABI was not recorded for 1 participant in both legs, for 2 participants for the right leg only and 1 participant did not
have a recording for the left leg because of a below knee amputation on that side. For the 235 participants with at least an
ABI reading for one limb, 41 had PAD, 51 borderline, 134 normal and 9 non-compressible arteries. The weighted PAD
prevalence (ABI 0.9 or less) was 18.6% (95% CI = 13.8 to 24.6) and non-compressible prevalence was 3.9% (95% CI 1.6
to 9.3). Only 55.5% (95% CI 49.4 to 61.5) had ABIs in the normal range in both legs (Table 1).

Just over 80% of legs with a normal ABI had normal posterior tibial and dorsalis pedis waveforms in that leg. Most
legs (73%) with PAD had at least one abnormal dorsalis pedis and posterior tibial waveform (Table 2). Within the PAD
and normal ABI categories, the difference in the proportion of normal vs abnormal waveforms was statistically
significant (p values: <0.001). The Kappa coefficient for agreement between ABI and arterial waveform for categorising
arterial status as PAD vs normal was 0.43 (95% CI 0.29 to 0.57).

Those with PAD were more likely to be older and to be female than those with a normal ABI in both legs
(Table 3). Regression models indicated that both factors were independently associated with PAD (Table 4). There
was no difference in the prevalence of PAD by whether diabetes was previously diagnosed or newly detected: for
previously diagnosed study participants, 18% had PAD, compared with 19% for those newly diagnosed (p value =
0.661).

Table 1 Prevalencea of Ankle Brachial Index (ABI) in Participants by 2016 American Heart Association/American College of
Cardiology Categories13 N = 235

Men Women Total

Prevalence (%) (95% CI) Prevalence (%) (95% CI) Prevalence (%) (95% CI)

PADb (0.90 or less) 9.3 (4.1, 19.7) 25.0 (18.0, 33.5) 18.6 (13.8, 24.6)

Borderline (0.91 to 0.99) 17.6 (10.2, 28.7) 24.8 (17.7, 33.7) 21.9 (16.6, 28.4)

Normal (1.00 to 1.40) 70.2 (59.4, 79.1) 45.6 (38.1, 53.2) 55.5 (49.4, 61.5)
Non-compressible (>1.40) 2.9 (0.7, 11.7) 4.6 (1.6, 12.7) 3.9 (1.6, 9.3)

Notes: aPrevalences are weighted to account for the sampling design and non-response, and to match the age and sex distribution of the Barbadian population with known
and unknown diabetes, according to the Health of the Nation Study.25 PAD =ABI of ≤0.90 in one or both legs, borderline ABI 0.91 to 0.99 in one leg and the other not ≤0.90
or >0.4, normal ABI 1.00 to 1.40 in both legs, non-compressible ABI >1.40 in one leg and the other not ≤0.9. bPeripheral arterial disease.
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Table 3 Comparison of Characteristics of Participants with a Normal Range (1.00 to 1.40) vs Peripheral
Arterial Disease (0 to 0.90) Ankle/Brachial Pressure Index (ABI)a

Risk Factor PAD ABI Difference (95% CIs)
Normal

Age (years) 68.4 (15.6) 57.5 (11.0) 10.9 (6.5, 15.2)
Female sex (%) 85.4 57.5 27.9 (14.2, 41.6)

BMI (kgm−2) 30.0 (7.3) 30.0 (6.3) 0 (−2.4, 2.3)
Waist circumference (cm) 95.1 (14.0) 97.9 (13.6) −2.8 (−7.7, 2.2)
Treated BP (%) 13.8 20.0 −6.2 (−21.5, 9.1)
Systolic BP (mmHg) 134.8 (21.5) 136.1 (17.8) −1.3 (−7.9, 5.2)
Mean total cholesterol (mmoll−1) 4.56 (0.84) 4.38 (0.87) 0.18 (−0.13, 0.49)
HDL (mmoll−1) 0.86 (0.39) 0.85 (0.38) 0.01 (−0.13, 0.15)
Total cholesterol/HDL ratio 6.83 (4.53) 6.29 (3.43) 0.54 (−0.80, 1.88)
Triglycerides (mmoll−1) 1.11 (0.43) 1.09 (0.58) 0.02 (−0.18, 0.22)
LDL (mmoll−1) 3.08 (0.80) 2.91 (0.85) 0.16 (−0.15, 0.47)
HbA1c % 7.83 (2.09) 7.51 (1.75) 0.32 (−0.34, 0.99)

Note: aValues in the table are mean (standard deviation) unless designated as %.

Table 4 Unadjusted and Adjusted Prevalence Ratios for Peripheral Arterial Disease According to Ankle
Brachial Indexa

Risk Factor Unadjusted Prevalence Ratio
(95% CI)

Adjusted Prevalence Ratio
(95% CI)1

Age (10-year bands) 1.59 (1.22, 2.06) 1.54 (1.19, 1.99)

Sex b 3.22 (1.43, 7.25) 2.95 (1.34, 6.48)

BMI (kgm−2) 1.00 (0.96, 1.05) 1.00 (0.97, 1.05)
Waist circumference (cm) 0.99 (0.97, 1.01) 1.00 (0.98, 1.02)

Treated BP (%) 0.73 (0.29, 1.89) 0.99 (0.46, 2.11)

Systolic BP (mmHg) 1.00 (0.98, 1.01) 1.00 (0.98, 1.01)
HDL (mmoll−1) 1.06 (0.51, 2.21) 0.76 (0.43, 1.37)

Trigs (mmoll−1) 1.09 (0.72, 1.64) 0.99 (0.63, 1.55)

HbA1c (%) 1.07 (0.93, 1.22) 1.06 (0.94, 1.20)

Notes: aFor models with age as the main predictor, adjustment is for sex; for models with sex as the main predictor, adjustment is for
age; all other models are adjusted for age and sex. bPrevalence ratio is for female vs male.

Table 2 Dorsalis Pedis (DP) and Posterior Tibial (PT) Waveform Analysis by Ankle Brachial Pressure Index
(ABI) Category13 for Each Leg (N = 473 Legs). Kappa Coefficient for Agreement Between ABI and Arterial
Waveform for Categorising Arterial Status as PAD vs Normal = 0.43 (95% CI 0.29 to 0.57)

ABI Categorya DP and PT Waveformsa

Abnormalb Number (%) Normalc Number (%)

Peripheral arterial disease (0.90 or less) 37 (73) 14 (27)

Borderline (0.91 to 1.00) 23 (28) 60 (72)

Normal (1.00 to 1.40) 57 (18) 261 (82)

Non-compressible (>1.40) 10 (59) 7 (41)

Missing 4 (100) 0(0)

Notes: aABI and waveform categories refer to foot-specific measurement, rather than overall. bAt least one waveform that does not cross the
zero-flow baseline. cBoth DP and PTwaveforms cross the zero-flow baseline.
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Discussion
This is the first population-based study of PAD prevalence in people with diabetes conducted in a predominantly African
Descent Caribbean population. There are few published studies estimating PAD prevalence in a population-based sample
of people with diabetes in other populations. In our study, PAD prevalence was 18.6% (95% CI = 13.8 to 24.6) with
a further 3.9% having an ABI indicating non-compressible arteries due to atherosclerotic disease. Increasing age and
female gender were associated with the presence of PAD. Only four of the 41 people with PAD had symptoms of
intermittent claudication. These findings are important in Barbados, where there is a high diabetes prevalence,25

inadequate foot examination in the primary care setting23 and a high amputation rate in people with diabetes, which is
not only associated with PAD and neuropathy but also associated with open-toed footwear common in tropical countries.2

The findings will also be of relevance to other similar countries.
In the USA, the 1999 to 2000 National Health and Nutrition Examination Survey estimated PAD prevalence in those

≥40 years of age to be 4.3% (95% CI 3.1 to 5.5%). Black race/ethnicity compared to non-Hispanic whites (OR 2.83, 95%
CI 1.48 to 5.42) and diabetes compared to no diabetes (OR 2.71, 95% CI 1.03 to 7.12) were among factors positively
associated with PAD in that study.19 In a 50- to 74-year-old Caucasian population the prevalence of PAD was 15.1% in
people with newly diagnosed diabetes and 20.9% in known cases.20 In Australia, the prevalence was 13.6% in known
cases.28 A survey of patients attending 350 primary care practices in the USA chosen on the basis of a history of diabetes,
cigarette smoking and age estimated the prevalence to be 29% in those >50 years but the actual percentage of people with
diabetes included in that study is not clear.29 A systematic review estimated the odds ratio for PAD in people with
diabetes globally to be 1.68 (95% CI 1.53 to 1.84) compared to those without diabetes.5

The finding that increasing age is independently associated with PAD is in keeping with other studies.5,6,19 The
determination that female gender is independently associated with PAD in a black Caribbean population with diabetes is
a significant finding of this study. The population prevalence of PAD is generally thought to be higher in men than
women.18,30 A systematic review that did not include any studies from the Caribbean estimated a higher prevalence of
PAD in women compared to men in lower and middle-income countries. In higher-income countries, the prevalence in
men was slightly higher than in women.5 Barbados is classified by the World Bank as a high-income country.31 It should
be noted that the amputation rate is high especially for women with diabetes in Barbados.2

A high proportion of our sample consisted of people with newly identified diabetes, and we found that there was an
insignificant difference in PAD prevalence between people with known and newly diagnosed diabetes. The Hoorn study,
conducted in an older Caucasian population, found that known diabetes was associated with PAD, while newly diagnosed
diabetes was of borderline significance.6,20 Unlike other studies,5,6 we did not demonstrate an association between
systolic BP and PAD or a protective association between HDL and PAD, but this might have been due to the sample size
not being large enough.

Of the 6 people with symptoms of definite claudication, only one had PAD as determined by ABI and one had non-
compressible arteries. However, the 3 people with atypical claudication all had PAD. This means that approximately 10%
of people with PAD confirmed by ABI had symptoms of definite or atypical claudication. The prevalence of definite
claudication, which is also referred to as classic claudication, is lower than other studies.5,29 In one study, 11% of patients
with PAD had classic claudication.29 That population was, however, different to ours in that it included people who were
70 years and over or who were 50 to 69 years with a history of diabetes or cigarette smoking, and the sample was drawn
from primary care clinics.

Over 70% of people with an ABI ≤0.9 had an abnormal Doppler velocity waveform supporting the diagnosis of PAD
in one or more of the foot arteries. However, some people with an ABI in the normal range also had an abnormal
waveform in the affected limb, raising the possibility that some of these may have calcified arteries masking PAD. The
kappa coefficient of 0.43 suggests moderate agreement between ABI and waveform for categorising arterial status as
PAD vs normal. In the San Diego Population study, 60 legs had an abnormal ABI (≤0.9) alone, 33 an abnormal waveform
but ABI >0.9, and 69 had both abnormal waveform and ABI.18 In our study, 14 legs had an ABI ≤0.9 but normal
waveforms, 105 had an abnormal waveform but an ABI >0.9, and 37 legs had both an ABI ≤0.9 and at least one
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abnormal waveform. Waveform analysis is reportedly more sensitive and specific than ABI in people with diabetes and
peripheral neuropathy.12

Strengths and Limitations
The strengths of this study were that it used stringent methods to obtain a population-based sample of people with previously
diagnosed and newly identified diabetes in Barbados, who were subsequently objectively tested for PAD using ankle/brachial
pressure measurements supplemented by waveform analysis. Limitations also need to be considered. The representativeness
of the sample was affected by a non-response bias resulting in an over-representation of women and older people.25 New
cases of diabetes were diagnosed with a single fasting blood glucose or HbA1c test and a second confirmatory test, as
recommended by the American Diabetes Association,32 was not used. This could result in an over diagnosis of diabetes.
Although the response rate was 72% for this study, there was only a 55% response rate to the original Health of the Nation
study25 that identified the population with diabetes. This has affected the representativeness of the sample.

Conclusions
The prevalence of peripheral arterial disease is high in this largely African descent Caribbean population with known and
newly diagnosed diabetes. Most people with PAD do not have symptoms of claudication, and ABI estimation is therefore
necessary to identify PAD. Women with diabetes are at increased risk of PAD compared to men and are therefore at
increased systemic atherosclerotic disease risk. Almost one in five people with normal ABIs had waveforms suggestive
of atherosclerotic disease. ABI measurement using handheld Doppler ultrasound requires training, practice and time.
Automated machines are now available and are easier to use in a busy primary care clinical practice.
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