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Introduction: Knowledge of the prevalence of peripheral arterial disease (PAD) is essential
for health care policy maker and physicians in primary health care because of high
mortality rate in affected individuals. Ankle-brachial index (ABI), the ratio of the
ankle systolic pressure measured with a Doppler probe to that of the arm, is one of
the diagnostic methods for PAD.

Objective: To study the prevalence of PAD in the middle-class, urban Thai population.

Design: Prospective, cross-sectional, descriptive study.

Setting: The Electric Generating Authority of Thailand’s head plant, Nonthaburi.

Study Population: All employees and former employees who joined the first
cardiovascular risk factors survey in 1985.

Method: Blood samples were obtained for glucose, total cholesterol, high density
lipoprotein cholesterol, and triglyceride. Then, the participants underwent history
taking using a structured questionnaire, which had been sent to them prior to the
survey, along with the letter of invitation. Before undergoing physical examination
by a cardiologist, physician assistants measured their height, weight, blood pressure
and ABI (the ratio of arterial pressures taken by a Doppler probe at the brachial
arteries to that at both right and left dorsalis pedis and posterior tibial arteries). The
diagnosis of PAD was made when an ABI taken at any of the ankle arteries was <
0.9. When all of the ABIs were >1.3, the patency of the artery could not be reliably
assessed, so the participants with such findings were excluded from the analysis.

Results: There were 2359 participants underwent the survey. ABI data were available on
2341 participants, 36 of whom fell into exclusion criteria, so 2305 were included in
the analysis. There were 1724 (74.8%) men and 581 (25.2%) women aged 52.5-73.1
years (mean age 59.8+4.9 years). The age-standardised prevalence of PAD was
3.88% in men and 9.00% in women. Of those with PAD only 9 (11.4%) had leg
pain while walking and only 4 (5.1%) of these were typical of Rose intermittent
claudication. The prevalent risk factors found with a descending order were
hyperlipidaemia;. hypertension,- current smoking anddiabetes. Multiple logistic
regression analysis showed that hypertension (OR = 1.7), female gender (OR = 1.9),
and current smoker (OR = 3.0) were statistically significant (p-value < 0.05), while
current alcohol drinker (OR =.0.41) and BMI>25 kg/m* (OR = 0.54) appeared as
protective factors. The association with PAD was not statistically significant for age
(OR =1.0) and diabetes (OR = 1.3).

Conclusion: In comparison with the developed countries, the prevalence of PAD in the
urban, middle-class Thais, was similar in women but lower in men. Current smoker
and hypertension were the leading risk factors associated with PAD, while current
alcohol drinker and BMI>25 kg/m* were protective.
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Chapter 1

Introduction

1.1 Rationale and Background

The five leading causes of death in Thailand reported in 1998, in order, were
cardiovascular disease, malignant neoplasm, accidents or poisonings, suicide or
homicide or other injury and hypertension or cerebrovascular disease(1). There were
54,000 deaths annually due to vascular causes and between 1985 and 1997 the
prevalence of coronary artery disease in Thailand tripled, from 56 per 100,000
population to 168 per 100,000 population(2). In a longitudinal study on the mortality
of the employee of the Electricity Generating Authority of Thailand (EGAT), vascular
diseases (predominantly coronary artery disease and stroke) accounted for the highest
number of deaths(3).

Atherosclerosis is a systemic disease that involves multiple vascular beds(4).
Peripheral arterial disease (PAD), which is caused by atherosclerotic occlusion of the
arteries to the legs, is an important manifestation of systemic atherosclerosis(5).
Criqui et al showed that the presence PAD was a strong predictor of cardiovascular
disease(6). A commonly used noninvasive test for PAD is the measurement of
systolic blood pressures in the ankles and arms with a Doppler ultrasonic instrument,
from which the ankle/brachial index (ABI) is derived(7). Epidemiological studies
have validated the independent association of decreased ABI and risks of clinical
cardiovascular events (e.g. myocardial infarction and stroke)(4). Pathophysiological
studies have documented that decreased ABI is a measure of reduced blood flow,
especially when the ankle-brachial blood pressure ratio is less than 0.9(8). A high
percentage of individuals with a decreased ABI have other aspects of subclinical or
clinical cardiovascular disease, as well as abnormal elevated cardiovascular risk

factors, especially hypertension, diabetes, and cigarette smoking(9). The lower the



ABI, the greater the risk of cardiovascular events(10). A decreased ABI is, therefore,
a good marker of systemic arthrosclerosis.

The prevalence of PAD is increased with age and is approximately 12 percent.
The disorder affects both men and women(11, 12). Patients with PAD, identified by
non-invasive tests, even in the absence of a history of myocardial infarction or
ischemic stroke, have approximately the same relative risk of death from
cardiovascular causes as do patients with a history of coronary or cerebrovascular
disease(6). In patients with PAD, the rate of death from all causes is elevated even in
asymptomatic patients. The severity of PAD is closely associated with the risk of
myocardial infarction, ischemic stroke, and death from vascular causes.

Pornpibul and Limwong(13) reported an incidence of unsuspected PAD in
surgical patients, as detected by palpation of ankle pulses, of 1.06%. However, pulse
palpation is not a sensitive method of detecting PAD. Preliminary results of the
AGATHA study in Asia, enrolling 1682 patients from 9 countries, suggested that,
even in the absence of atherothrombotic events or current ischaemic symptoms
(ischaemic stroke, transient ischaemic attack, myocardial infarction, angina pectoris,
PAD or vascular intervention), PAD, defined by low ABI, was found in 36.3% of
patients aged above 55 years.(14) A multicenter survey in patients with type 2
diabetes conducted by Suwanwalaikorn et al reported prevalence of 14.7%(15).
Triratvorakul and Pauvilai(16) examined 61 patients with diabetes age 17-80 years
using a Doppler ultrasound and found PAD in 16 (26%) patients. Up to now there
has been no population-based study published on the prevalence of PAD in Thailand.
Knowledge of the incidence and prevalence of PAD is essential for socioeconomic
calculations and for health care planning on both a regional and a national basis.

In 1985, Professor Somchart Lochaya, Professor Vichai Tanphaichitr and their
colleagues jointly conducted research with the Electricity Generating Authority of
Thailand (EGAT) by collecting medical data of 3,499 EGAT employees, based at the
company’s head plant in Nonthaburi. The records consisted of personal background,
history of smoking, blood pressure measurement, and blood tests for lipid profile,
blood chemistry and fasting blood sugar. Twelve years later in 1997, 2,967 (85%) of
these participants turned up for the resurvey.

To determine the prevalence of PAD and the relationship to its risk factors in
urban, Thai population, the current study was designed to be a part of resurvey in this
population in 2002. The study included in all current and former EGAT employees



who had joined the surveys in 1985 and 1997. Although the prevalence in the EGAT
population may not represent that of the general Thai population, the relationship of
risk factors to the prevalence could reflect the role of the risk factors in Thai

population.

1.2 Benefits of the Study

Provide essential information for decision making on health policy.
Increased awareness will improve the medical care by identifying individuals
who deserve special intervention efforts to reduce their high risk of mortality and

morbidity.

1.3 Abbreviation list

ABI: ankle-brachial index

BMI: body mass index

BP: blood pressure

CAD: coronary artery disease

CVD: cerebrovascular disease

DP: dorsalis pedis

EGAT: Electricity Generating Authority of Thailand
FBS: fasting blood sugar

HDL-C: high density lipoprotein cholesterol
IC: intermittent claudication

LDL-C: ' low density lipoprotein cholesterol

Lt.. left

MI: myocardial infaction
PAD: peripheral arterial disease
Rt.. right

TC: total cholesterol

TG: triglyceride

TP: posterior tibial



Chapter 2

Review of Related Literatures

2.1 Peripheral arterial disease

Peripheral arterial disease (PAD) is a common manifestation of the
atherosclerotic disease process. Its significance lies in the increased mortality of both
all-cause and cardiovascular causes regardless of the presence of history of
cardiovascular disease(17). Review articles have shown that it was strongly
predictive of cardiovascular mortality(18, 19).

One percent to 7.4% of patients with PAD have typical claudication(10, 11, 20-
22), defined as pain in one or both legs on walking, primarily affecting the calves, that
does not go away with continued walking and is relieved by rest.(23) In patients with
claudication, the severity of the condition increases slowly; 25 percent have
worsening claudication, and 5 percent undergo an amputation within five years(24).
Less than 5 to 10 percent of patients have critical leg ischemia (ischemic pain in the
distal foot, ischemic ulceration, or gangrene), but their risk of limb loss is
substantial(25).  Patients with critical leg ischemia (the most severe clinical
manifestation of peripheral arterial disease), who have the lowest ABI values, have an
annual mortality of 25 percent, vascular deaths being the most prominent cause(25).
More than 50 percent of patients identified as having peripheral arterial disease on the
basis of an abnormal ABI value do not have typical claudication or limb ischemia at
rest but, instead, have other types of leg pain on exertion, with reduced ambulatory
activity and quality of life(26). Thus, most patients with peripheral arterial disease
have a reduced functional capacity that limits their ability to perform daily activities.

Because PAD, coronary artery disease (CAD) and, cerebrovascular disease
(CVD) are all manifestations of atherosclerosis, they commonly occur together(27).
In one study, in which coronary angiograms were performed, the prevalence of CAD

was as high as 90% among patients who needed arterial reconstruction for PAD.(28)



All patients presenting to the Cleveland Clinic from 1978 to 1981 for elective
peripheral vascular surgery had cardiac catheterization to determine whether
prophylactic treatment of severe CAD could improve their long-term survival. Only
10% of the 381 patients presenting with intermittent claudication (IC) had normal
coronary arteries on angiography, whereas 28% had severe three-vessel disease that
merited revascularization or was already inoperable. The converse is also true: among
individuals with CAD, the prevalence of PAD is higher than in non-CAD individuals.
The relative risk of IC among Finnish men and women with angina pectoris compared
with controls was 7.2 and 3.9, respectively(21). In the Cardiovascular Health Study,
ABI was closely correlated to the number of patients with myocardial infarction (Ml),
angina, and congestive heart disease(9).

Carotid disease, identified by carotid artery ultrasonography, has been found in
25% to 50% of patients with signs and symptoms of PAD(29, 30). Most of these
patients have a history of cerebral events or a carotid bruit and seem to be at increased
risk of further events(31).

The diagnosis of PAD solely from a history of intermittent claudication or the
finding of an absent pedal pulse underestimates the prevalence of the disease(32).
The noninvasive laboratory diagnosis provides a higher estimate of disease
prevalence, since these tests have a high sensitivity as well as specificity for detecting

angiographically defined arterial occlusive disease(33).

2.2 Ankle- brachial index_(ABI)

For epidemiology purposes, the most useful noninvasive test for PAD is the
ABI. 1t is the ratio of the ankle systolic pressure to that of the brachial systolic
pressure. It has become a standard part of the initial evaluation of patients with PAD.
In persons without PAD, the ABI is greater than 1.0. The cut-off point of ABI when
screening for occult PAD in large population-based studies is less than 0.9 at rest(27).

The Doppler ankle systolic pressure has been shown to correlate closely with
intra-arterial recordings(34). The highest brachial pressure serves as a baseline for
comparing the patients with himself/herself at different times. Resting ABI
objectively confirms or rules out the existence of hemodynamically significant
occlusive disease between the heart and the ankle. It can also serve as an aid in

differential diagnosis, in that patients with exercise-related leg pain of other causes



will either have a normal ankle pressure or a degree of reduction, which does not fit
with the severity of disability. Resting ABI differentiated between arteriographically
disease and normal limbs with a sensitivity of 97% and a specificity of 100%(33). In
the same study, the sensitivity and the specificity of post-exercise ABI was 97% and
100%, respectively. The resting ABI has the advantages of being simple,
inexpensive, equally accurate, and equally reproducible.

When the arterial signals at the level of the ankle cannot be obliterated by cuff
inflation (pressure is more than 300mmHg), this is a conclusive evidence that medial
calcification is present. Similarly, when ankle pressure is equal to or greater than 75
mmHg above the brachial pressure or the ABI is greater than 1.3, partial
incompressibility due to medial calcification is likely to be present, giving rise to

falsely high ankle pressure(35).

2.3 Risk factors

A cohort study on incidence of and risk factors for asymptomatic PAD in
Limburg, the Netherlands reported significant association of PAD with increasing
age, smoking, hypertension and diabetes mellitus(36). There were 2,327 subjects
aged 40-78 years, from 18 general practice centres. The incidence rate per 1,000
person-years at risk was lower for men than for women: 7.8 vs. 12.4. Because
subjects in a cohort study select themselves for exposure to a putative harmful agent,
such as smoking, there is no particular reason they should be similar to non-exposed
person with respect to other important determinants of outcome. Even if investigators
document the comparability of potentially confounding variables in exposed and non-
exposed cohorts or use statistical technique to adjust for differences, there may be an
important imbalance in prognostic factors that the investigators don’t know about or
have not measured that may be responsible for differences in outcome. However, this
is a valid study because the outcomes and exposures were measured in the same way
in the groups being compared. The follow-up was successful in 71% of the cohorts
and was sufficiently long (7.2 years). The temporal relationship is correct as exposure
to the harmful agent precede the adverse outcome. Dose-response relationship
gradients were demonstrated for age. The magnitudes of association with PAD and
the precisions of the estimates of the risk were high: age >65 years (RR = 4, 95%CI =
2.8-5.9), current smoker (RR = 2.2, 95%CI = 1.5-3.1), hypertension (RR = 1.7,



95%CI = 1.3-2.4), diabetes (RR = 2.1, 95%CI = 1.4-3.3), and hypercholesterolaemia
(RR = 1.5, 95%CI = 1.0-2.3). Overweight was not independently associated PAD in
this study.

The Honolulu Heart Program is also a longitudinal study of coronary heart
disease and stroke performed on 3,450 ambulatory, elderly Japanese American men
revealed that the risk factors independently associated with PAD in the multivariable
analysis included hypercholesterolaemia (OR = 1.4, 95%CI = 1.2-1.7), hypertension
(OR = 1.9, 95%CI = 1.4-2.5), and current smoker (OR = 2.8, 95%Cl = 2.2-3.7).
Alcohol intake was also associated with increased risk of PAD (OR = 1.6, 95%CI =
1.1-1.3). HDL-C was protective (OR = 0.7, 95%CI = 0.5-0.9) However, ABI was
obtained in the 4™ survey but not in the baseline study so the temporal relationship
was not established although the follow-up time (interval between this study and the
beginning of the cohorts) was 25 years.

The Edinburgh study was a cross-sectional survey of 1,592 men and women
aged 55-74 years selected from the age-sex registers of 10 general practices with
catchment populations spread geographically and socioeconomically throughout the
city of Edinburgh. The response rate was 65%. Multivariable analysis showed
significant association of PAD with smoking, high systolic blood pressure, high non-
HDL cholesterol and low HDL cholesterol. Diabetes mellitus and alcohol
consumption were not significantly associated with PAD. The outcomes and
exposures were measured in the same way in the groups being compared. However,
in a cross-sectional study, the temporal relationship of the risk factors and the
outcome cannot be established.

Using 38-year follow-up data for the original cohort in the Framingham Heart
Study, age, sex, serum cholesterol, hypertension, cigarette smoking, diabetes, and
coronary heart disease were associated with an increased risk for claudication(37).
The weakness in cohort studies also applied in this study as there may be an important
imbalance in prognostic factors, such as alcohol consumption, that the investigators
don’t know about or have not measured that may be responsible for differences in
outcome. The outcomes and exposures were measured in the same way in the groups
being compared and the follow-up was long. There were 381 subjects with
intermittent claudication but the percentage of living subjects being followed was not
stated. The temporal relationship was correct because those with intermittent

claudication at the inception of the study were excluded. Dose-response gradient was



observed with blood pressure, number of cigarette smoked per day, and cholesterol
level. The estimate of the risk were precise (P = 0.0001) and moderately strong (1.2-
2.6).

Multivariable logistic regression analyses from a cross-sectional study in the
Framingham offspring cohort included 65% of the original population showed that
each 10 years of age (OR = 2.6, 95%CI = 2.0-3.4), hypertension (OR = 2.2, 95%CI =
1.4-3.5), smoking (OR = 2.0, 95%CI = 1.1-3.4), smoking (OR per 10 pack-years =
1.3, 95%CI = 1.2-1.4), HDL-cholesterol (OR per 5 mg/dL = 0.9, 95%CI = 0.8-1.0),
and coronary disease (OR = 2.6, 95%C| = 1.6-4.1). Body mass index (per 5 kg/m?)
was associated with PAD in univariable analysis but not in the multiple logistic. As in
cross-sectional studies, the temporal relationship between exposure and outcome
cannot be demonstrated but dose-response relationship with PAD can be documented
in pack-years of smoking.

In summary multivariable logistic analyses from the studies above have shown
that age, sex, smoking, diabetes, hypercholesterolaemia and hypertension were
independent risk factors for PAD and higher serum level HDL-cholesterol as
protective. Although alcohol intake was associated with increased risk of PAD (OR =
1.6, 95%CI = 1.1-1.3) in the Honolulu study(38), a prospective study of moderate
alcohol consumption revealed that among male physicians between 40-84 years of
age, daily drinkers (> 7 drinkers per week) had a relative risk of PAD of 0.7 and 95%
Cl of 0.57-0.97 after adjusting for exercise, diabetes and parental history of

myocardial infarction.



3.1. Research question

Chapter 3

Research Methodology

Primary research question

What is the prevalence of PAD in urban, Thai population?

Secondary research question

What are risk factors related to PAD in urban, Thal population?

3.2. Research objectives

To determine the prevalence of PAD in urban, Thai population.

To establish the modifiable risk factors and their magnitudes.

3.3. Conceptual framewaork

Risk factors

- Age

- Gender

- Current smoker

- Hypertension

- Diabetes

- Hypercholesterol
aemia

- Hyperhomocy-
steinemia

atherosclerosis

v

Identification

PAD

Symptomatic
= ‘Asymptomatic

Disability

1 T

Mortality

Diagnosis

—» Secondary

prevention
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3.4. Research design

This is a prospective cross-sectional, descriptive study conducting in the EGAT

current and former employees.
3.5. Population and sample

Target population

Urban, middle-class Thai population age 52-71 years.

Sampled population

All living former and current EGAT employees who had joined the surveys in
1985 and 1997. This population had been living in Thailand for at least 17 years and
their life-styles were likely to be similar to other Thais of the same socioeconomic
status.

The current study is part of the 3™ Electricity Generating Authority of Thailand
(EGAT) Cardiovascular Risk Factor Survey. In the 1* survey in 1985 all the EGAT
employees based at the company’s head plant in Nonthaburi aged between 35 and 54
years were invited to take part in a survey of vascular risk factors. Of the 7,824
individuals that were potentially eligible for inclusion in the study, 3,499 (2,702 men
and 797 women) volunteered to take part. Table.l showed age and gender
distribution of the original participants in comparison with the target population.
Volunteers completed a self-administered questionnaire, underwent a physical
examination, provided fasting blood samples and underwent an oral glucose tolerance
test. Twelve years later, in 1997, the 2" survey was conducted; efforts were made to
re-contact all living participants: by letter, telephone or personal contact. All
identified, and willing, participants were re-surveyed (n=2,967) using procedures

similar to those employed at baseline.
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Table 1. Age and gender distribution of target population and studied
population of the original EGAT study in 1985

Age | Sex Target Studied

(years) Population Population

(%)

35-39 M 2593 823 (31.7)

F 556 315 (56.7)

40-44 | M 1893 741 (39.1)

F 365 264 (72.3)

45-49 | M 1483 754 (52.4)

F 199 170 (85.4)

50-54 | M 707 384 (54.3)
F 73 48 (65.8)

Entire | M 6631 2702 (40.7)

group F 1139 797 (66.8)

In 1997, vital status was determined on 3,318 (95%) of the original cohort of
3,499 and 181 (5%) were lost to follow-up (figure 1). Among those 3,318 whose vital
status was known, 165 were known to have died, 186 declined to participate in the
follow-up study, and 2,967 were resurveyed. Compared with those who were re-
surveyed in 1997, the 532 subjects that were not resurveyed were significantly older,
were more likely to have been smokers and were more likely to have been diabetic at
baseline.

This 3" survey was conducted during June 2002 to January 2003. All the
procedures were repeated except that the oral glucose tolerance test was omitted. In

addition, the current study was added to the relevant sections of the surveys.
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Invitation to 7,824
individuals eligible for
inclusion

1985 Survey

3,499 (44.7%) volunteers included

~

Questionnaire completion
Physical examination
Blood tests

N (T

\4

1997 Survey

/
N

2,967 (85%) completed survey procedure

3

Questionnaire completion
Physical examination
Blood tests

165 died
186 telephoned interview
181 could not be traced

=

\ 4

2002 Survey

1997 survey

Invitation to 2,967 participants of

2,359 completed survey procedure

!

\341 ABI data available

Questionnaire completion
Physical examination
Blood tests

>/
\

356 died
415 telephone interviewed

292 ongoing telephone interview
(74 alive, 218 status not known)

\ 18 ABI data missing

Figure 1. Number of participants in each survey
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3.6. Assumptions

Participants who took hypoglycemic drugs, antihypertensive drugs or lipid-
lowering drugs were regarded as having diabetes, hypertension or
hypercholesterolaemia, respectively.

Subjects underwent amputation, arterial reconstruction or angioplasty due to
diabetes, in whom the history of associated major trauma was absent were considered
as having PAD.

3.7. Keywords: Peripheral arterial disease, Ankle-brachial index (ABI),

Prevalence, Risk factors

3.8. Operational Definition

- Ankle-brachial index (ABI)(35)

The ratio between higher resting, supine systolic blood pressure of the ankle
(dorsalis pedis (DP) or posterior tibial (PT)) artery in either leg to that of the
brachial artery. See detail in review of the literatures.

- Asymptomatic PAD

Minimum resting ABI < 0.9 without symptoms of intermittent claudication.

- Body mass index (BMI)

The ratio of body weight (kg) to the square of the height (m?)

- Diabetes(39)

Fasting plasma glucose > 126 mg/dl or on hypoglycemic medications

- Hypercholesterolaemia(40)

After 12 hours of fasting, total cholesterol >240 mg/dl or on lipid-lowering
drugs.

- Hypertension(41)

After 5 minutes of rest, systolic BP>140 mmHg and /or diastolic BP>90 mmHg
or on antihypertensive drugs.

- Typical intermittent claudication

Pain in the calf while walking which disappears within 10 minutes of standing

still and which is not present when resting.
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- Atypical intermittent claudication

Pain involving the foot, thigh, or buttocks associated with exertion of the leg.

- Current smoker

Currently smoke at least one cigarette per day for at least one year.

- Current alcohol drinker

Currently drink alcohol beverage at least once a month for at least one year.

- Overweight(42)

BMI > 25 kg/m?

- Peripheral arterial disease (PAD)

Resting ABI < 0.9 in either leg. Also, subjects underwent amputation, arterial
reconstruction or angioplasty due to diabetes, in whom the history of associated
major trauma is absent.

- Thai

Individuals who had lived in Thailand for at least 17 years

3.9. Exclusion Criteria

The participants were excluded if all of the 4 ankle pressures could not be
assessed due to medial arterial calcification as evidenced by one of the followings.
- ABI>13
- Ankle pressure > 300 mmHg
- Ankle pressure > 75 mmHg above brachial pressure
Subjects in_whom ABI cannot be obtained, such as bilateral amputation,
bilateral arterial reconstruction: or bilateral angioplasty secondary from diabetes.
(Subjects underwent amputation, “arterial reconstruction or angioplasty due to
diabetes, in whom the history of associated major trauma was absent, was considered
to have PAD.)
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3.10. Sample Size Calculation

z,PQ

For the study on prevalence: samplesize n = q2

where z =1.96, P = prevalence of PAD in general population =0.12(43)

Q =1-P =0.88

d =0.02.
The sample size of 1,014subjects was needed. The EGAT participants enrolling in
this project were estimated to be around 2,500.

3.11. Observation and Outcome Measurement

Main outcome

Prevalence of PAD in the population under investigation

3.11.1. Invitation

A letter of invitation, information sheet (appendix 1) and a self-administered
questionnaire (appendix 2 and 3) were sent to each of all the former participants of the
EGAT study asking them to take part in the 2002 survey. They were informed to fast
12 hours overnight prior to the survey date. An appointment date and time was

assigned to each participant to accommodate about 100 participants per day.

3.11.2. Surveying procedure

On the day of the survey, each participant registered, signed a written informed
consent (appendix 4) and obtained a set of stickers displaying name, employee
number, and a barcode for the ease of specimen-and data handling.The stickers were
used for labelling all case record forms, questionnaires, ECG results, and all
specimens obtained in the study. Then a blood sample was obtained for the glucose,
total cholesterol (TC), HDL cholesterol (HDL-C), and triglyceride. After that, each
participant underwent history taking using a self-administered questionnaire by a
trained nurse, ECG, weight and height measurement, and ABI measurement. The

participant, then, underwent physical examination by a cardiologist. A neurologist
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would assess the participants in whom stroke was either known or suspected or was

reported in the history. Finally, the completeness of each procedure was checked.

3.11.3. Questionnaire

A self-administered questionnaire was mailed to each participant along with the
letter of invitation. It (appendix 2 and 3) included questions on current and past
illness, including coronary artery disease and stroke, and current medication, smoking
habit, and intermittent claudication. The questionnaire on intermittent claudication

was adapted from the Rose questionnaire(23).

Intermittent claudication was considered typical when the answer was positive
(1) to question number 22, 22.2, 22.4, 22.6, 22.7, and 22.7.1; negative (2) to question
number 22.1 and 22.5; and (1) or (3) to question number 22.3; otherwise the pain ((1)
to question number 22 and (2) to question number 22.1 and 22.2) was considered
atypical. The pain was considered severe if the answer to question number 22.3 was

yes.

On the day of survey, the questionnaire was checked for completeness by one of
the nurses who have been specifically trained for this purpose. Difficult questions,
such as those on intermittent claudication, were checked to ensure validity of the
answer.  The participants were asked to provide the missing data. Then they

underwent physical examination.

3.11.4. Physical examination

Physical examination by a trained physician assistant included standing height
and weight measurements made with subjects wearing indoor clothes and without

shoes.

A trained nurse measured blood pressure using a precalibrated mercury
sphygmomanometer, after at least five minutes of rest in a sitting position. Systolic
and diastolic pressures were taken twice at Korotkoff sounds | and V, respectively.
The readings were made to the closest 2 mmHg. A third measurement was performed
if any of the two readings differed by more than 10 mmHg. Blood pressure was taken

as the mean of two closest measurements. The process was repeated in the supine
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position. Then the systolic pressures of the arms and ankles were taken for the ankle-

brachial index calculation as described below.

A cardiologist then carried out the rest of physical examination. For the current
study, the physical examination included inspection for foot ulcer or gangrene and
palpation for dorsalis pedis and posterior tibial pulses on both legs. If the participant
was known or suspected of having stroke, a neurologist would assess him or her

further.

3.11.5. Ankle-brachial index (ABI) determination(35)

There were three teams, each consisting of two physician assistants, one
(assistant 1) always measured the ankle pressure and the other (assistant 2) always
measured the brachial pressures. They were specifically trained to measure ankle and
brachial pressures using the procedure recommended by the American Diabetes
Association and the American Heart Association. An instruction written in Thai was
given. Prior to the survey, an interobserver reliability was tested on 30 subjects to
ensure adequate reliability. Unless an intraclass correlation of at least 0.8 was

obtained, the training and testing would be repeated.

3.11.5.1. Training for ABI measurement

To complete surveying the whole study population, the procedure was
performed twice a week and most of research assistants could participate in only once
a week, 2 sets of assistant teams were needed. Each set consisted of 3 teams, each
consisted of 2 assistants. There were 11 research assistants being trained for ABI
measurement; only one of whom, capable of participating in the survey twice a week,
was paired up with two others on different days.  The rest eight-research assistants
paired up to form 4 teams. Therefore, there were 6 teams altogether.

The procedure of measurement according to the recommendation was explained
as described below and a demonstration video was shown to the trainees. Then they
practiced on themselves and volunteered subjects. Each assistant underwent at least 3
sessions of practicing, each lasted 2 hours, under the investigator’s supervision. All
teams were then tested on a set of 30 individuals in whom their ABIs had never been
taken by any of the team before. This part took 4 hours.
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Each assistant in the team wrote down her measurement in her own case record
form (appendix 5) so the one measuring the ankle would not know the brachial
pressure, and vice versa. For logistic reasons, only one artery per ankle was used for
the analysis of interobserver variability. The posterior tibial artery was used as it had

been used in all studies on the prevalence rate of PAD as shown in table 9.

3.11.5.2. Interobserver reliability

Using SPSS program for calculation, the overall intraclass correlation of the
ABI measurement on 30 individuals by the 7 teams was 0.80 on both legs (95%ClI
0.65 to 0.90 on the right and 0.67 to 0.90 on the left) so the investigator went on with
the survey as proposed. Data were shown in appendix 6.

Without knowing the answers to the questionnaire, the two physician assistants
independently measured the ankle and brachial systolic pressures as described below.
The arm measurements were recorded in a separated case record form from that of the

ankle.

All mercury sphygmomanometers were calibrated before the start of the study.
The same cuff size was used for all measurements. The width of the cuffs used was
about 40% of the limb in circumference.

The participants rested in a supine position for at least 5 minutes before
measurement. In a supine position systolic blood pressures were determined using a
pocket Doppler (MINI DOP ES-100V X, Hayashi Denki Co., Ltd., Kawasaki, Japan)
on both arms and both ankles. The Doppler transducer was placed at an angle of 60
degree to the artery being tested so that the best velocity signals would be obtained.
The Doppler signal was maximized by moving the probe back and forth over the
artery to obtain the loudest signal. The pressure was taken at the point at which the
Doppler signal first appeared during deflation of the cuff, i.e. pressure was never
taken during cuff inflation. The cuff was inflated to at least 20 mmHg above brachial
pressure levels to insure complete collapse of the posterior tibial and dorsalis pedis
arteries. Cuff deflation was slow (2 mmHg/second) to accurately determine the point
at which flow was restored. All measurements were obtained twice and their means

were used.
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Each team measured the systolic pressure in the sequence shown in Table 2.

Table 2. Sequence of measurements by 2 observers in each team

Step Assistant 1 Assistant 2
1 | Rightarm and left arm Rt. DP and TP
Take higher average pressure as reference 1 Pressures
2 | Reference arm (as determined in step 1) Lt. DP and TP

pressures

Take average pressure of this pressure as
reference 2

Rt. = right; DP = dorsalis pedis artery; Lt. = left; TP = posterior tibial artery

In step 1 the arm with higher systolic pressure was selected as the reference
arm. The higher arm pressure determined in step 1 was referred to as referencel.
During step 2 the arm pressures, its mean referred to as reference2, were taken only
from the reference arm determined earlier (in step 1).  ABI ratios were calculated as

follows:

Rt DP
reference 1

Right dorsalis pedis:

Rt TP
reference 1

Right posterior tibial:

Lt.DP
reference 2

Left dorsalis pedis:

Lt TP
reference 2

Left posterior tibial:

In this way the ABIs calculated were based on the brachial pressure closest in
time to the specific ankle pressure being evaluated. Of the 4 ABIs, the lowest was

used-for data analysis.

3.11.6. Blood tests

Blood samples were obtained after a 12-hour overnight fast for determination of
plasma glucose, serum total cholesterol (TC), high density-lipoprotein cholesterol
(HDL-C) and triglycerides (TG). Plasma glucose levels were determined using a

glucose oxidase method (Peridochrome, Boehringer Mannheim, Mannheim,
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Germany). Serum TC, HDL-C and TG were determined using enzymatic-
calorimetric assays (Boehringer Mannheim, Mannheim, Germany), and serum LDL-C

were calculated.(44)

3.12. Variables to be measured

Administrative variables
- Name, address, identification number
Independent variables
History
- Age (year)
- Gender
- Current smoker: yes, no
- Current alcohol drinker: yes, no
- History of illness: yes, no
0 Diabetes
O Hypertension
0 Hypercholesterolaemia
o History of Stroke
o0 History of Myocardial infarction (MI)
- History of medication: yes, no
0 Hypoglycemic drugs
0 Antihypertensive drugs
o0 Lipid -lowering drugs
Physical examination
-+ Blood pressure (mmHg)
- BMI (kg/m?)
- ABI: both dorsalis pedis and posterior tibial
Blood test
- FBS (mg/dl)
- TC (mg/dl)
- HDL-C (mg/dl)
- TG (mg/dl)
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Outcome variables
- PAD: yes, no
- Intermittent claudication: none, atypical, typical

3.13. Data analysis

Double data entry was performed and errors were assessed by carrying out logic
checks. Spurious data were rectified where possible; otherwise they were excluded
from the analyses.

The prevalence of PAD was calculated as the proportion of the number of
participants with PAD to the total participants. The prevalence of exposure to a risk
factor was calculated as the proportion of the number of exposed participants to that
of the total participants. ~ To allow comparison with other reports, the age
standardisation was performed on the prevalence using world population(45).

Comparison of categorical variables (gender, intermittent claudication, history
of MI, history of stroke, current smoker, current alcohol drinker, diabetes,
hypertension, and hypercholesterolaemia) and continuous variables were analysed
using Chi square test and unpaired t test, respectively.

To analyse the associations with PAD, a univariable analysis was performed on
all categorical risk factors: sex, current smoker, current alcohol drinker, hypertension,
diabetes, hypercholesterolaemia and overweight. Then, adjusted odds ratios and 95%
ClI of all risk factors were estimated by multivariable analysis using multiple logistic
regression. Continuous risk factors known to be important namely, HDL-C and age

were also included in the multivariable analysis.

3.14. Ethical Consideration

The IRB approval was obtained before carrying out the study.

Written inform consent was obtained prior to participant enrolling.
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Chapter 4

Results

4.1. Study population

Of 3,499 former EGAT participants, there were 356 deaths up to June 2002. Of
the living 3,143 former participants, 2,359 participants (75%) turned up for the current
examination. The ABI data were missing due to logistic reasons on 18 participants
and were excluded on 36 participants according to the exclusion criteria so there were
data available on 2,305 (1,724 (74.8%) males and 581 (25.2%) females) aged 52.5-
73.1 years (mean 59.8 years and standard deviation 4.9 years).

Of the 781 original participants who did not turn up, 692 were retired; 415
were interviewed by phone, 74 had vital status ascertained, and 292 were on the
process of telephone interview. These tended to be older than those who participated
in the 3" survey. The demographic data of the studied population were shown in
table 3.

4.2. Prevalence of PAD and risk factors

None of the participants underwent arterial intervention for PAD. Table 4
shows age and sex-specific prevalence of PAD. There were 121 participants with the
lowest ABI of less than-0.9, resulting in an overall prevalence of PAD of 5.25%
(95%Cl = 4.34-6.16). When the age standardisation for the age of 50-74 years was
performed with the world population, the adjusted prevalence was 3.88% and 9.00%

for men and women, respectively.



Table 3. Characteristic of the study population in mean (SD) or number (%)
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Male Female
n=1724 n =581
Age 60.0 (5.0) 59.0 (4.3)
Vocational school or higher 1,199 (70.1) 442 (77.4)
Monthly income >20,000 baht 1,237 (79.6) 452 (85.4)
Mean ABI 1.07 (0.098) 1.02 (0.091)
PAD 71 (4.1) 50 (8.6)
TC (mg/dL) 236.5 (43.3) 252.6 (42.7)
LDL-C (mg/dL) 154.5 (40.1) 163.7 (40.0)
HDL-C (mg/dL) 51.5 (13.0) 63.1 (17.3)
Triglyceride (mg/dL) 158.21 (108.0) 129.4 (65.3)
FBS (mg/dL) 109.9 (33.1) 104.9 (33.5)

Table 4. Age- and sex-specific prevalence for asymptomatic and
symptomatic PAD (n = 2,305)
Age Sex PAD
(years) N | Prevalence % | 95%CI
<55 M| 313 2.56 0.80-4.31
F | 110 8.18 2.98-13.39
55-59.9 M | 651 5.22 3.51-6.94
F | 256 7.03 3.88-10.18
60-64.9 M | 424 3.07 1.42-4.71
Fo 154 11.04 6.03-16.04
>65 M | 336 4.76 2.47-7.05
F 61 9.84 2.15-17.53
Entire group M | 1724 412 3.18-5.06
PO 15K 8.61 6.32-10.89
Age standardised M 3.88
(for age 50-74 years) | F 9.00
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In table 5, the prevalence of categorical variables were presented in a
descending order. The prevalence of typical intermittent claudication (IC) was 1.2%
in the total population: 1.1% in men and 1.4% in women. The prevalence of history

of MI and stroke were much lower than others so they were combined for further

analysis.
Table 5. Prevalence of categorical variables
Variable Prevalence % Age-standardised prevalence %
Total | Male | Female Male Female

Hypercholesterolaemia | 59.52 | 55.86 | 70.40 54.95 67.86
Hypertension 46.94 | 51.28 | 38.90 50.73 36.99
Current alcohol drinker | 26.86 | 34.39 | 4.24 34.50 3.08
Current smoker 18.84 | 22.07 | 4.11 24.44 4.95
Diabetes 16.44 | 18.04 | 11.70 18.42 12.67
IC: Total 8.82 | 8.33 | 10.66 8.48 8.62

Typical 115 | 1.08 1.44

Atypical 7.66 | 7.25 9.22
History of stroke or M1 | 3.11 | 3.45 2.12 3.52 3.11
History of stroke 2.5 2.7 1.8 2.69 2.49
History of MI 0.7 0.8 0.4 1.46 0.60

Table 6 shows means and standard deviations of continuous risk factors or
number and percentage of categorical variables of PAD by ABI. Comparing between
those with PAD and those without showed statistically significant difference (p-value
<.05) for gender, typical IC, history of stroke and history of stroke or MI, current
smoker, current alcohol drinker and overweight. There was no significant difference

on age, diabetes, hypertension, hypercholesterolaemia, TC, LDL-C, HDL-C and TG.




Table 6. Independent variables (mean levels of continuous variables or
number and percentage of categorical variables) by ABI
Risk factor ABI P-value
<0.9 0.9-1.3
Total 121 2186
Male (%) 71 (58.68) | 1653 (75.69) | <.0001
Age (years) 59.7 60.2 3427
IC (%) 9(11.39) | 136(8.69) 4086
Typical Rose IC (%) 4 (5.06) 15 (0.96) 0110
Atypical (%) 5 (6.33) 121 (7.73) .8288
History of M1 (%) 2(1.75) | 13(0.61) 1417
History of stroke (%) 10 (8.70) 45 (2.10) <.0001
History of stroke or M1 (%) | 12 (10.53) | 58 (2.72) <.0001
Diabetes (%) 23 (19.01) | 356 (16.30) | .4341
Hypertension (%) 58 (47.93) | 1024 (46.89) | .8222
Current smoker (%) 28 (32.94) | 329 (18.18) | .0007
Current alcohol drinker (%) | 20 (17.09) | 588 (27.39) | .0144
Hypercholesterolaemia (%) | 77 (63.64) | 1295 (59.29) | .3436
TC (mg/dL) 242.17 240.51 .6862
LDL-C (mg/dL) 155.64 156.92 7349
HDL-C (mg/dL) 57.42 54.27 .0689
TG (mg/dL) 145,55 151.14 4213
Overweight 33 (3.5) 83 (6.3) .0027
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Univariable analysis showed significant association of PAD with female,
current smoker, current alcohol drinker and overweight; however, the latter appeared

to be protective (table 7).
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Table 7. Odds ratios for PAD from univariable analysis

Risk factors OR 95%ClI P-value
Current smoker 2.211 | 1.385-3.503 | .0007
Female/Male 2.192 | 1.507-3.189 | <.0001
Diabetes 1.205 | 0.755-1.925 | .3427
Hypercholesterolaemia | 1.201 | 0.822-1.757 | .4341
Hypertension 1.043 | 0.723-1.505 | .8222
Current alcohol drinker | 0.547 | 0.335-0.893 | .0144
Overweight 0.537 | 0.356-0.811 | .0027

Multiple logistic regression analysis using PAD as the dependent variable (table
8) showed that the risk factors that had statistically significant association with PAD
(p-value < 0.05) were current smoker, female gender, and hypertension. Overweight
and current alcohol drinker were inversely associated with PAD. The evidence of
hypertension as a risk factor was not strong (p-value = 0.0629), while there was no

evidence of association between age and PAD.

Table 8. Odds ratios for PAD from multiple logistic regression analysis

Risk factors OR 95%ClI P-value
Current smoker 3.007 | 1.800-5.022 | <.0001
Female/Male 1.920 | 1.090-3.415 | .024
Hypertension 1.717 | 1.073-2.747 | .024
Diabetes 1.288 | 0.722-2.298 | .392
Hypercholesterolaemia | 1.050 | 0.660-1.672 | .837
HDL-C (mg/dL) 1.010 | 0.996-1.025 | .176
Age (year) 1.008 | 0.963-1.056 | .728
Overweight 0.543 | 0.328-0.899 | .018
Current alcohol drinker | 0.410 | 0.219-0.768 | .005
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Chapter 5

Discussion

5.1. Prevalence

Knowledge of the prevalence of PAD is essential for health care planning on
both a regional and a national basis. In Thailand there has been no published data on
the prevalence of PAD in a population-based study. The data in the current study
provide an element for the projection to the significance of the problem nation wide.

Differences in the age distributions and sampling schemes may lead to different
levels of risk factors, and hence, the difference in prevalence rates. As seen table 9,
the prevalence of PAD varied among studies. The populations in these studies had
combinations of different levels of risk factors. For examples, when half of subjects
had hyperlipidaemia(6) versus 8.7%(46), the prevalence of PAD were 11.9% versus
6.9%. In the latter, 24% of the subjects had hypertension. When all of the subjects
had systolic hypertension(47), the prevalence of PAD became 19.7%. Patients’
habitats greatly influence the appearance of symptoms. Even in the same country, the
prevalence in the rural area is 10%(48), while it was 33-35% in the elderly living in
institutions(49).

The prevalence rate of PAD in the current study was lower than most
population-based reports from the developed countries, except those reported by Hiatt
et al(12) and the Framingham Offspring study(50), where the prevalence rates were
lower. There were at least 2 reasons for the study by Hiatt et al(12) to have a low
prevalence; firstly, they included subjects who were as young as 20 years old;
secondly, they used different criteria from others as described later. If the similar
criteria were applied, a prevalence of 12% would have been obtained. The age range
of the population in the Edinburgh Study(22) is similar to the current study but the

prevalence was much higher.
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Table 9. Prevalence rates and criteria of PAD with methods of ABI
estimation.
Author Study Prev Population Cut- | Ankle | Arm
Remark (%) off P P
age N %M | ABI a side
Schroll Denmark 14.6 60 666 | 54.1 | <09 | DP & r
(51) PT
Fowkes Edinburgh | 18.0 | 55-74 | 1592 | 75 | <09 | PT r
(22) Artery Study
Criqui Southern 11.7 | 38-82 | 613 | 449 | <0.8 ni r
(6) California
Vogt (26) Study of 55 | 65-93 | 1,492 0 | <09 | PT r
Osteoporotic
Fractures
Hiatt (12) San Luis 1.6- | 20-74 | 1,280 | 46 1 | DP & b
Valley 4.3 5%p | PT
Diabetes
Study
Curb (38) Honolulu 13.6 | 71-93 | 3,450 | 100 | <0.9 ni r
Heart
Program
Stoffers Limburg 6.9 | 45-74 | 3,171 | 47.2 < PT b
(46) Study 0.95
Newman SHEP 19.7 | >60 1,537 | 435 | <0.9 PT r
(47)
Gallotta South 10 >65 440 | 46.6 | <0.9 PT b
(48) Italians
Meijer Rotterdam | 19.1 | >55 | 7,715 | 40 | <09 | PT r
(52) Study
Newman CHS 134 | >65 | 5,714 | 424 | <0.9 PT r
(4)
Prema- South 3.2 >20 631 40 | <0.9 | Mean r
latha (53) Indians of DP
& PT
Marubito | Framingham | 3.6 | Mean | 3,313 | 47.0 | <0.9 | PT b
(50) Offspring age 59
Study
The EGAT 525 | 525-1 2,305 | 748 | <09 | DP & b
current 73.1 PT
study

Note: a = artery; ABI = ankle-brachial index;
b = both arms; the higher arm pressure was used in ABI calculation
CHS = Cardiovascular Health Study; DP = dorsalis pedis artery; F = female;

M = male; = n = no; N = sample size; na = not applicable; ni = no information

p = percentile; P = pressure; Prev = prevalence; PT = posterior tibial artery; r = right
SHEP = Systolic Hypertension in the Elderly Program
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Premalatha et al(53) suggested that race may have some effect on the
prevalence as they found that the prevalence in Southern Indians was also low despite
the high prevalence of CAD. However, an argument is that their studied population
also included subjects as young as 20. Because all of the participants younger than 60
years old in the current study were employed, the so-called ‘healthy worker effect’
was one of the possible explanations for lower prevalence.

To allow more meaningful comparison with other future reports, age
standardisation was performed for the studied age group of 50-74 years using world
population (45) as previously mentioned in the data analysis section. The existing
reports with overlapping age groups (55-74 years), where age-specific prevalence
rates were given, included the Rotterdam(52) and the Limburg studies(46).

The age standardised prevalence could be calculated for these studies as shown
in table 10. The age standardised prevalence in the EGAT population was
comparable to both studies in women but much lower in men. This may be partly due
to the slightly higher proportions of current smokers in the Limburg study (59% of
men) and the Rotterdam study (30% of men) than in the current study (24% of men).
Other risk factors could not be directly compared with the current study because of
different criteria for diabetes (fasting blood sugar of at least 140 mg/dL versus 126
mg/dL), hypertension (systolic blood pressure of at least 160 mmHg and diastolic
blood pressure of at least 95 mmHg versus 140 mmHg and 90 mmHg, respectively)

and hypercholesterolaemia.

Table 10. Comparison of age standardised prevalence with other reports

Study Age Standardised Prevalence

Male Female
EGAT 4.43 9.32
Rotterdam(52) 11.08 11.08
Limburg(46) 11.11 8.64
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5.1.1. Method of ABI calculation
The current study followed the fully-described method and criteria

recommended by the American Heart Association (AHA) and the American Diabetes
Association (ADA)(35). Using different criteria could result in different prevalence
rates. This is well illustrated in Hiatt et al’s judicious study(12). Table 9 shows
various studies on prevalence of PAD and the diagnostic criteria; most of which were
performed prior to the publication of the AHA and ADA recommendation. It is
interesting to note that, many of these authors, although previously used slightly
different techniques or criteria, were among the contributors of the published
recommendation.

For arm pressure measurement, some(4, 6, 22, 26, 38, 47, 51-53) measured the
arm pressure only at the right brachial artery, while others(12, 48) did at both sides.
Most of those who measured both right and left brachial pressures used the higher arm
pressure but some only used this when one pressure differed from the other by their
predetermined 95% range(54) or 10 mmHg(55). In the Rotterdam study(52) the arm
pressure was measured with a standard stethoscope and a random-zero
sphygmomanometer in a sitting position.

For each ankle pressure, some measured at both dorsalis pedis and posterior
tibial arteries, while others did it only at the latter. This was probably because of
higher percentage of congenital absence of the dorsalis pedis artery (1.8%-2.6%) in
comparison to the posterior tibial artery (0.2%)(56). For those who did at both
arteries, McDermott et al(55) and Vogt et al(57) used the average of the dorsalis pedis
and the posterior tibial pressures. According to the latter this was because the
resulting ABI had greatest statistical significance and largest regression coefficient in
the regression analyses using leg function as the dependent variable, while the Society
of Cardiovascular & Interventional Radiology (SCVIR)(58) recommended the higher
pressure.

The ability of the Doppler method to estimate the correct ankle pressure has
been evaluated by comparison with intra-arterial pressure measurements, indicating
good accuracy of the method(59). Schroll and Munck(51) found that the Doppler
method was suitable for use in a population survey of risk factors for peripheral
arterial disease because it was low cost, well tolerable for the participants, simple and

rapid for the personnel. The precision of the method was good, as the standard
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variation found in repeated measurements with and without removal of the cuff was
2.9 mmHg.

The variability in the measurement of ankle brachial ratios attributable to
observers, days, timing of measurements on the same day, and repeat measurements
was considerably less than the biological variability between subjects and between
legs. Thus a single measurement is suitable for most epidemiological studies of
atherosclerotic peripheral arterial disease although greater precision may be obtained
by making multiple observations(60). Variability is not a fixed phenomenon, but can
be kept to a minimum by setting appropriate measurement criteria and training and
testing observers.

Although stress testing had been advocated by many to detect early disease in
patients with normal pulses and resting measurements, Ouriel et al(33) compared
resting ABI, treadmill exercise and post-occlusive reactive hyperaemia using
angiography a gold standard and found that resting ABI were sensitive and specific in
defining the presence of disease; with the addition of stress testing there was 1.6%
increase in diagnostic yield. Treadmill exercise may not suitable with patients with
severe pulmonary or cardiac disease. The amount of exercise is limited by the leg
with more severe disease, and it is not possible to obtain an accurate assessment of the
less involved leg in patients with bilateral disease. Other factors unrelated to vascular
disease determine the stopping point and may not allow the patients to continue
walking long enough to obtain representative pressure decreases. Post-occlusive
reactive hyperaemia is an uncomfortable test for the patient to undergo, and some
patients do not tolerate the occlusive period.

5.1.2.Criteria

There was no consensus on-the best cut-off value for the ABI as shown in
Table 9. In the study by Schroll and Munck(51) the ABI cut-off point of less than 0.9
was used because, according to their personal communication with Tonnesen KH and
Secher N, who constructed reference values for the systolic arterial pressure in 1973,
95% of a population with no peripheral arterial disease had an ABI value over this
value. This is in keeping with the recommendation by the AHA and the ADA(35).
Stoffers et al(61) compared the ABI in the primary health care with the diagnostic
conclusions of a vascular laboratory and found the optimum cut-off point between

0.92-0.97. Ouriel et al(33) defined a cut-off value of 0.97 from normal control and
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obtained a sensitivity and a specificity of 97% and 100%, respectively. However,
when the technique was applied in the population study, the investigators, such as the
Limburg Study(46) tended to use a lower value to reduce the likelihood of false
positive. For Hiatt et al(12), both the ABIs of the dorsalis pedis and the posterior
tibial arteries of the same leg must be lower than the cut-off point in order to be
diagnosed as PAD. As a result, the prevalence in their study appeared much lower
than others (1.6-4.3%). On the other hand in their earlier report, where PAD was
diagnosed when the ABI of any of the 4 pedal arteries was less than 0.94, the reported

prevalence on the same population was 12%(54).

5.1.3. Intermittent claudication

Typical IC was present in only 1.2% of the studied population: 1.1% in men and
1.4% in women. This was consistent with 1.7-4.5% prevalence from other reports(11,
22, 50). The positive predictive value of typical IC was 21.1%. The problem with
questionnaires seems to be that when they are too rigorous, they underestimate the
true prevalence of IC. Patients with quite severe PAD may not have the symptom of
IC because they may not routinely exercise sufficiently to cause ischemic pain or
collateral circulation may prevent their symptoms. At the same time, patients with
very mild PAD may have symptoms of IC if they are very active. On the other hand,
in addition to the typical IC, Criqui et al(62) included possible claudicants (i.e., those
patients with exercise calf pain not present at rest but otherwise not fully concordant
with the Rose criteria(23)) to try to improve the questionnaire’s sensitivity (from 9%
to 20%), but at the expense of a slight decrease in specificity (from 99% to 95.9%).
In this study when atypical IC was included the sensitivity increased from 5% to 11%
but the specificity decreased from 99% to 91%. Also, the inaccuracy of any
questionnaire probably varies according to ‘the age, education, and other
characteristics of the population to which it is applied.

5.2. Risk factors

Results have conflicted concerning the association of several of the major risk
factors with PAD.(38) In the current study, an increased risk of PAD was associated
with a number of risk factors for atherosclerotic disease reported in other studies.

The associations have been seen for all these factors in at least some studies, but few
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have shown consistent relations for all factors. The relationship between smoking
and PAD has been recognized since 1911(27). Criqui et al, however, reported no
association between PAD diagnosed non-invasively and smoking in women(63). In
contrast, smoking was a strong independent risk factor for low ABI among the
elderly women in the Multicenter for Osteoporotic Fractures(26). In the current
study, the risk of having PAD was 3 times among smoker, which was consistent with
the Framingham Offspring study (OR = 2) and the Edinburgh study (OR = 5.6)(64).

Many studies have shown an association between diabetes mellitus and the
development of IC(37, 65)and PAD(9, 38, 64). On the other hand, the association
was not statistically significant in the Framingham Offspring studies(50) In the
multivariable analysis of the current study diabetes mellitus was not a statistically
significant risk factor (OR = 1.29; 95%CI = 0.722-2.30). However, the Framingham
Offspring study and the current study used the same criteria (fasting glucose >126
mg/dL(39) or receiving treatment), while the studies which demonstrated significant
association diagnosed diabetes when fasting glucose >140 mg/dL. According to
Suwanwalaikorn et al, the levels of fasting blood sugar and haemoglobin A1C were
higher and the duration of diabetes was longer in patients with PAD(15).

The Framingham(37, 65) and the Edinburgh(64) studies found an association
between hypertension and PAD, while the Whitehall(20) and the Finnish(21) studies
did not. This discrepancy between these results may in part due to the complex link
between hypertension and PAD as hypertension is probably both a cause and an effect
of atherosclerosis(27). In these studies the cut-off threshold for hypertension was 160
mmHg or 95 mmHg for the systolic and the diastolic pressure, respectively.
However, the recent study used WHO guidelines(41), which recommended the
corresponding values of 140 and 90 mmHg, and still found statistically significant
association with PAD.

The prevalence of PAD.is increased with age(9, 38). However, this trend was
not demonstrated in the current study probably because 89% of the original
participants who did not turn up for this 3 survey were retired participants, who
were more likely to be older and more likely to have PAD.

As most studies(11, 22, 51) found higher prevalence in men, the author could
not explain why the opposite was found in the current study with a rather high OR of
1.9 (95%Cl = 1.1-3.4). However, the Rotterdam study(52) did find higher
prevalence in women, and Gallotta et al(48) did not find this inequality. Further a



34

longitudinal study in the Limburg population the incidence of PAD was also higher
in women(36). The lower prevalence in men in this study may be partly explained
by the high proportion (34.4%) of current alcohol drinkers, which was a protective
factor. Only 4.2% of women in the current study were current alcohol drinkers.

In the current study, both hypercholesterolaemia and HDL-C were not
significantly associated with PAD. The effects of blood lipid disorders as a risk factor
for PAD are debated. In the Framingham study(66), cholesterol levels over 270
mg/100 ml were associated with a doubling of the frequency of IC. However, in later
reports, at lower cholesterol level (240 mg/100 ml), this association became less
evident(37). Subsequent findings, such as those of Hughson et al.(67), Criqui et
al.(63), have not found an association between high blood cholesterol and PAD.
Nevertheless, the Edinburgh study (64) found an association with TC and an inverse
one with HDL-C.

It now appears that haemostatic factors may be involved in PAD. High blood
levels of fibrinogen and homocysteine seem certain to play a part and appear to have a
strong association with PAD(68). The OR for developing PAD is > 6 for
hyperhomocysteinemia(69), and some studies found that high blood fibrinogen and
high viscosity were associated with PAD(70, 71). However, in the Framingham
study, an elevated haematocrit was not associated a greater risk of IC(65). The author
did not include these factors in the study due to logistic reasons.

The Framingham Offspring study found a significant association between BMI
and PAD as a risk factor only in the univariable analysis but not in the multivariable
analysis.(50) In the current study, overweight was significantly associated with PAD
as a protective factor (OR = 0.54, 95%CI = 0.34-0.90). Similar results were reported
in the Honolulu study (OR = 0.64, 95%CI = 0.52-0.80)(38) and the cross sectionalf
survey of the Cardiovascular Health study (OR = 0.94, 95%CI = 0.91-0.97)(9).
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It is not surprising to find higher proportion of participants with a history of
stroke or MI in those with PAD because they are all manifestations of

atherosclerosis(5). Aronow and Ahn(72) found that in patients aged >62 years with
atherothrombotic brain infarctiona, CADb was present in 53% and symptomatic PAD®

in 33%. In this population, when PAD was present, CAD was present in 58% and
atherothrombotic brain infarction in 34%. When CAD was present, atherothrombotic
brain infarction was present in 32% and PAD in 33%.

a . . . 4 . .
Note:  Diagnosed if the patient had a clinical history of a documented sudden focal neurological
deficit lasting >24 hours in the absence of a known source of embolism, bloody cerebrospinal
fluid, known hypercoagulable conditions, or other diseases causing focal brain deficits.

Diagnosed if the patient had a documented clinical history of myocardial infarction or
electrocardiographic evidence of Q-wave myocardial infarction, or typical angina pectoris without
previous myocardial infarction.

c . . . k . .

Diagnosed if the patient had a documented history of surgery for PAD, or if the patient

had ischaemic pain at rest, ulceration or gangrene in an extremity, intermittent claudication,
numbness, coldness, cyanosis or pallor in an extremity, or trophic changes with dry, scaly, and
shiny atrophic skin, diminished hair growth, thickened, brittle toenails, or subcutaneous atrophy in

an extremity associated with absent or weak arterial pulses palpated by >2 physicians)

Current alcohol drinker appeared to be a protective factor (OR = 0.41, 95%CI =
0.2-0.77) in line with the report of Carmargo et al, where the RR of 0.74 was obtained
for daily drinker (> 7 drinks per week) compared with the reference group (< 1 drink
per week)(73). However, in that report, it was stated that the prospect of heavy
drinking and-its associated problems complicates any policy recommendation that
lifelong abstainers begin drinking or that occasional drinkers increase their alcohol

consumption.
5.3. Limitations

The employees of EGAT are largely middle-class (81% of the participants had
an income of at least 20,000 baht per month and 12% had more than 100,000 baht per
month), well educated, urban-dwelling individuals receiving an above average level

of income and medical care and as such, are not representative of the overall Thai
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population. The prevalence of PAD in this population may be higher than that in
general Thais because there were higher age standardised prevalence of
hypercholesterolaemia, hypertension, and diabetes in comparison with the report by
Tatsanavivat et al(2) (table 11).

Table 11. Age standardised prevalence of risk factors in the population of EGAT and
Tatsanavivat et al(2).

Risk Factor Prev. in EGAT Prev. In Tatsanavivat et al(2)
Male Female Male Female
Hypertension 50.73 36.99 10.16 15.36
Diabetes 18.42 L2OM 2.55 5.35
Hypercholesterolaemia 54.90 67.86 1.27 0.99
Current smoker 22.44 4.95 52.43 7.42

Note: Prev. = prevalence

Further, classic sources of bias in epidemiological studies are sure to have
played a role: the healthy worker effect (employment of relatively healthy people);
volunteer bias (volunteers tended to be more health-concerned); and loss to follow-up
(which probably led to underestimation of the prevalence). Hence, the prevalence of
PAD in the current study is unlikely to be generalisable to the Thai nation as a whole.
Nevertheless, it can be applied to subgroups of similar socioeconomic status and
levels of risk factors; and it also provides an element for the projection to the
significance of the problem nation wide.

The history of myocardial infarction or stroke was taken directly from the
participants. Verification by a specialist panel may affect their significance.

The method of alcohol consumption assessment did not allow the effects of
different patterns to be evaluated and hence, recommendation cannot be made as to
the beneficial amount.

The use of ABI depends on the brachial pressure being a true central systolic
pressure. This may not be the case in patients with subclavian artery stenosis, which
IS most frequent in diabetic patients.
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There were 36 (1.5%) participants with ABI higher than 1.3. These were
excluded because the presence of PAD could not be assessed by the ABI, most likely

due to medial wall calcification resulting in arterial rigidity.

5.4. Obstacles

Some previous participants were not able to take part in the study due to many
plausible reasons: death, severe iliness, more important obligation, inconveniences,
changing address or simply feeling indifferent. A high proportion of dropout was
retired workers, who were more likely to have PAD; hence the prevalence of PAD in

the current study is probably underestimated.

5.5. Conclusions

In comparison with the reports from developed countries, the prevalence of
PAD in the urban, middle-class Thais, age 50-74 years, was comparable in women but
lower in men. Current smokers and those with a history of stroke and MI were the
leading risk factors associated with PAD, while current alcohol drinker was a

protective factor.

5.6. Recommendation for further studies

Further analysis will be performed on 2 issues; firstly the significance of
association between PAD and the atherosclerosis risk factors using the data from the
previous surveys in 1985 and 1997; and secondly, the relationship of risk factors with
combined atherosclerotic events, namely, PAD, myocardial infarction and ischaemic
stroke.

Ideally, to obtain the prevalence of PAD for the whole nation, a national survey
should be performed by stratified random sampling, covering both urban and rural
areas of all regions of the country, all levels of socioeconomic status, age and sex,
using the sampling frame of the most current census data base of the total population.
All the measurement procedures must be standardized and constantly monitored.
When medial arterial calcification hinders the ABI measurement, further investigation

with toe systolic pressure measurement should be performed.
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Appendix 2

Questionnaire

22. Do you get pain in either leg when you are walking?
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.1. Does this pain ever begin when you are standing still or sitting:
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.2. Do you get this pain in your calf (or calves)?
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.3. Do you get it when you walk uphill or hurry?
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.4. Do you get it when you walk at an ordinary pace on the level?
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.5. Does the pain ever disappear while you are still walking?
1. Yes
2. No (if no, no further question in this section)
3. Don’t know
22.6. What do you do if you get it when you are walking?
1. Stop or slow down
2. Continue at the same pace  (if no, no further question in this section)

3. Don’t know



22.7. What happens if you stand still?

1.
2.
3.

Relieved
Not relieved (if no, no further question in this section)
Don’t know
22.7.1. If relieved, how soon?
1. Within 10 minutes or less
2. Longer than 10 minutes

3. Don’t know
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LUUR1599 EGAT 1/3

Physical examination Cardiovascular and Gl diseases

%-u’m@q@ ....................................................... PUNELATNINGIY (employee number)..........ccovvveeean....
FUNRNTVR e PNVRLAYTHALATINT. oo,
BV, 1 WA O ae O udge
Cardioloo

1. General appearance

O L] 1. Sthenic
L[] 2. Hyposthenic
L] 3. Hypersthenic
L[] 4. Obesity

2. Signs of Hyperlipidemic absent present
2.1 Xanthelasma [] tl
2.2 Corneal Arcus 4 U
2.3 Tendon xanthoma = [

3. Cardiovascular :

JVP [] 1. normal ] 2. elevated |_|_|cm above sternal angle
Heart PMI L1, normal []12. abnormal (specify)..............
Auscultation ] ] [
| | |
S1 S2 S1
4. Peripheral pulse
Site R L
NHNENNR
Carotid _ i -
MUni @ wr @) ealld @) thrill (5) bruit
Brachial

Posterior tibialis

Dorsalis Pedis

Neurology
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Gastroenterology

Symptom Absent Present

Jaundice (1) mild (2) mod (3) severe
Parotid gland enlarged (M 17 (2) 27 3) 3"
Spider nevi (1) 1am (2) 2 am (3)>2 an
Clubbing fingers

Palmar erythema

Gynaecomastia (male)

Superficial vein dilated

Ascites (1) minimal (2) mod (3) marked
Abdominal bruits

Edema (1) mild (2) mod (3) severe

Liver

] 1. not palpable
L] 2. just palpable
L]a. enlarged |__|__Jem from right subcostal margin

|__|_| cm from subxiphoid

Spleen
L] 1. not palpable
L]2. enlarged |__|__| cm from left subcostal margin
L] on percussion

Electrocardiography

[]1. Normal

L] 2. ADNOIMAl PIEBSE SPECITY. 1l e

Final Diagnosis
[ 11. Normal

2. Abnormal please specify..

P 2
2 2.
2 D 2 T
2 T 2 B
FUMNEr INVESTIGatiON. .
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Appendix 5 LL‘]J‘LI'&']‘J‘Q'QTFI?QH"\? EGAT 1/3 a . a o
FAARNLNAT

MFIAAMNAULAARA Ankle-Brachial Index (PAD)

%'ﬂ— WIHAND .. PNLILATWINIU (employee number).....................

UGN PRIBAYTEFALATINT e, 21

.................................. bl ] O wil

LLI9A systolic

= . o4 A
WANN 1 | IAATIN 2 | ATLRAE

b

k3
LUl

Yy ~ o A o .
LUUB NI (ﬂjﬁQV]LLi‘\iﬂuQ\m'J’]) -

5im

uuudisaalaginig EGAT 1 - - .

ﬁ O 2 G £! FIARFANLNAT
MF9AANNAULAAR Ankle-Brachial Index (PAD)
%@_ WIHAND .o PULLAUNTINGTL (employee number)..........o.oeen....
FUNRNIVR. e HVELAUTERATATINT ..o 814
.................................. pl 18l 0 s
an

1L99A1 systolic

¥
ey

419 Artery anFen 1 | Tansan 2

471 | dorsalis pedis

posterior tibial

Left | dorsalis pedis

posterior tibial

©32e
ho)



Appendix 6
Table 9. Systolic blood pressures and ABIs in 30 wlunteers: a study of interobserver reliability

observer Systolic pressure (mmHg) ABI
subject| team |RTP1 RTP2 LTP1|LTP2|RA1 RA2 LAl LA2 Refl Ref2| RTP LTP
1 1 100/ 104 100 100{ 92| 90| 94 92 96 98 1.10 1.03
2 104/ 100 100 100| 114| 110/ 88 86 98 96 0.91 1.03
3 96 98/ 84 84| 94 92 96 94 94 96 1.02 0.88
4 90 94/ 94 98| 100 100 100 102 102 100 0.91 0.95
5 98 96/ 86 90| 98 94 98/ 94 88 94 1.01 0.97
6 108/ 104 106 106| 104| 100| 106 104 102 102 1.01 1.04
7 92 94 92 96 98 96 98 98 96 98 0.95 0.97
2 1 130/ 128 124 120| 108| 106/ 110 106 108 108 1.19 1.13
2 110/ 112 110 108| 94|/ 98 104 98 100 100 1.10 1.09
3 118/ 116 108, 110| 110| 112,110 112 108 112 1.05 0.99
4 106/ 110, 102, 106| 114| 106| 108 110 106 102 0.98 1.00
5 108/ 110 108/ 110| 100/ 96| 92 98 98 96 1.11 1.12
6 106/ 110 114 110| 102/ 106| 102 108 100 100 1.03 1.12
7 108 110 112 114| 104 106 100 102| 104 102 1.04 1.10
3 1 124| 124, 122 118| 108| 110| 118 118 118 122 1.05 1.00
2 112/ 110 112 108| 100| 106, 100 106/ 106 104 1.08 1.05
3 124 126/ 120, 118 108 106 108 108/ 108 106 1.16 1.11
4 110 108 104/ 108 114/ 114 116 110/ 114 110 0.96 0.95
5 112 114/ 112, 116| 100, 108 110 104 104 104 1.06 1.10
6 120 114 120 122| 116 118 110 108| 102 100 1.00 1.20
7 120/ 120 114 112| 106/ 104| 106 102 106 106 1.14 1.07
4 1 122 124 108| 112| 124 128 120 122 112 114 0.98 0.97
2 108/ 106 108 106| 110/ 106/ 98 98 100 100 0.99 1.07
3 108/ 112 112 106| 108/ 108| 106 106 108 106 1.02 1.02
4 108/ 112 102 104| 120} 122| 114 108 100 102 0.91 1.02
5 100 98/ 100 100/ 96 98 104| 104 96| 104 0.95 1.00
6 110/ 106 106 108| 98| 98| 100 102 100 100 1.07 1.07
7 114|114, 104, 106} 92| 96| 104. 102, 98 98 1.11 1.07
5 1 130/ 132 116 118| 118| 114| 116 116 114 116 1.13 1.02
2 126/ 126 116 120| 106| 106| 112 110 104 106 1.14 1.12
3 108/ 106 128 124| 110/ 112| 110 104! 112 114 0.96 1.12
4 114 110 118| 116| 110 109 106 116 109 114 1.01 1.05
5 122 118 114| 112 104 104 102100, 98 98 1.15 1.15
6 124 126/ 118| 116|110 106, 110108 106 106 1.15 1.10
7 118! 114 118} 116| 108 102/ 96 102| 106 106 1.10 1.10
6 1 114 114 120/ 122| 100 98 108, 106/ 108 108 1.07 1.12
2 112} 112 -109.- 109| 100/ 100f 92,92 92 - 94 1.12 1.17
3 118/ 116 118, 116| 106/ 112| 106 106 106 106 1.07 1.10
4 130/ 128 112 114| 126| 124| 110 110 118 116 1.03 0.97
5
6 120 124 122| 126| 110 116 110 110 114 114 1.08 1.09
7 124 122 124| 128| 112 114 112 112| 112 112 1.09 1.13
7 1 134/ 130 130 130| 126/ 16| 130 132 130 130 1.01 1.00
2 140/ 140 130 132| 114/ 106| 120 118 120 120 1.18 1.09
3 138/ 142 138 134| 120| 122| 128 130 130 130 1.09 1.05
4 124/ 120 116 114| 110/ 112| 120 118 116 120 1.03 0.97
5 110/ 108 128 128| 102| 108| 106 106 112 118 1.03 1.11
6 130/ 128 136 138| 116/ 116/ 100 100 108 110 1.11 1.26
7 136/ 134 138 134| 120| 118| 128 124 124 122 1.07 1.11

Note: See description of variables on page 69.
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observer Systolic pressure (mmHg) ABI
subject| team |RTP1 RTP2 LTP1|LTP2|{RA1 RA2 LAl LA2 Refl Ref2| RTP LTP
8 1 158/ 160 150 150| 138| 138| 140 138 134 136 1.14 1.11
2 140/ 138 138 136| 116/ 120| 118 120 120 116 1.17 1.16
3 158| 162 166 164| 152| 146| 146 148 150 146 1.07 1.11
4 136/ 138 148 152| 140| 143| 136 149 142 139 0.96 1.07
5 142| 140 140 140| 120| 124| 122 124 132 140 1.15 1.03
6 150/ 146 146 150| 140| 142| 140 142 140 140 1.05 1.06
7 156/ 160 146 150| 142| 144| 140 140 138 140 1.10 1.06
9 1 114/ 112 116 116| 118| 116/ 116 116 114 112 0.97 1.03
2 110/ 110 110 112| 98| 98/ 98 100 104 104 1.11 1.07
3 114/ 118 118 116| 110/ 108| 108 112 110 112 1.05 1.05
4 106, 102 102| 108| 116 108 118 118 120 120 0.88 0.88
5 114 116 114| 110| 108/ 106 98 98| 104 108 1.07 1.06
6 108 106 118 112| 102 104 110 110/ 110 110 0.97 1.05
7 104 106 104/ 106/ 108 106 108 110/ 110 112 0.96 0.95
10 1 122 122 130, 134| 110 108 114 112| 114 114 1.08 1.16
2 136, 138 124 126| 112 108 112 106| 110 108 1.25 1.15
3 122 124/ 114| 118| 106/ 104 114 116 112 114 1.07 1.03
4 112 116, 120/ 116| 110 90 120 121 112 114 0.95 1.04
5 114| 114 110/ 112| 100/ 100/ 110 106 108 106 1.06 1.04
6 130/ 128/ 126 122| 104| 104| 102 102 100 102 1.24 1.23
7 120/ 114 122 126} 112} 108 110 114 112 104 1.04 1.15
11 1 154| 150, 158 152| 134| 138| 140 142 140 140 1.08 1.11
2 168/ 172 162, 170| 150| 144| 150 160 150 150 1.10 1.11
3 198/ 198 170 164| 168| 166| 152 154 156 158 1.19 1.06
4 168/ 170 188 178| 150/ 148| 151 152 153 152 1.12 1.20
5 184| 174 192 188| 154| 148| 154 158 150 154 1.15 1.25
6 186/ 190 190 - 198| 144| 148| 160 156 160 156 1.19 1.23
7 190 192 180| 176 158 162 162 168| 156 156 1.16 1.14
12 1 152 152 146/ 142| 128 128 126 124| 126 126 1.19 1.14
2 122 128 128| 130| 124 124 118 120/ 122 120 1.01 1.07
3 182 176, 158! 154| 122 124 122 120 122 124 1.46 1.27
4 158, 154 148 150| 130/ 136/ 138 136 138 136 1.14 1.09
5 152 154 136/ 136| 122| 118 118 120" 124 124 1.28 1.10
6 164 162 150| 154| 136 134 124 122| 120 120 1.21 1.27
7 148| 146 142 144| 132| 128| 126 126 122 128 1.13 1.14
13 1 114/ 110 116 120| 108| 106| 114116 118 118 0.97 1.00
2 122! 120/ 118 116|100/ 110; 98 98' 104 104 1.15 1.13
3 118 114 @ 134, 136| 116/ 118| 120 116 120 122 0.98 1.12
4 118/ 128 120 118| 120/ 128| 120 120 130 120 0.99 0.95
5 122| 120 120 . 118| 112| 114|112 112 118 116 1.07 1.02
6 122} 116 126 120| 110/ 116/ 104 100 118 116 1.05 1.05
7 126| 130 146/ 142| 122| 126| 118 118 126 128 1.03 1.13
14 1 100/ 100 100 100| 102| 100| 108 106 104 102 0.93 0.97
2 118/ 118 116 114| 104| 104| 100 104 98 96 1.13 1.19
3 124| 124 118 116| 114| 112| 114 116 110 106 1.08 1.08
4 114 116 104| 106| 106 118 98 82| 102 90 1.03 1.09
5 98 100 104/ 104 88 88 86 92 92 100 1.11 1.08
6 108/ 106 110 108| 100/ 96| 102 100 100 100 1.06 1.09
7 110/ 106 104 100{ 96/ 90| 90 90 92 90 1.16 1.12

Note: See description of variables on page 69.
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observer Systolic pressure (mmHg) ABI
subject|] team [RTP1 RTP2 LTP1 LTP2{RA1 RA2|LA1l|LA2 Refl|Ref2| RTP LTP
15 1 132| 134 118 120| 114| 112| 114 112 114 114 1.18 1.04
2 130/ 132 126 122| 114| 110/ 110 108 114 114 1.17 1.09
3 136/ 132 126 126| 110| 114|118 116 118 122 1.15 1.05
4 128/ 130 116 118| 126/ 120| 128 130 132 128 1.00 0.90
5 122| 130 130 122| 108| 116|118 118 114 116 1.07 1.10
6 124| 126 130 136| 120| 120| 128 124 128 122 0.99 1.06
7 134| 132 124 128| 114| 116|112 114 116 118 1.16 1.08
16 1 124| 120 132 134| 116/ 112|110 114 110 110 1.07 1.21
2 132/ 130 130 128| 112| 108| 122 120 120 122 1.08 1.07
3 144| 142 138 142| 118| 116/ 116 114 114 116 1.22 1.22
4 128/ 122 128 124| 120/ 110/ 112 110 116 120 1.09 1.07
5 113/ 130 138 142| 114/ 116! 108 112 114 112 1.06 1.24
6 128 136 138 140| 118 120 114 114| 114 116 1.11 1.21
7 132 132 142| 140| 118 116 122 120 120 124 1.09 1.16
17 1 120 122 130 126| 122 120 128 128| 128 126 0.95 1.01
2 122 126 120! 120| 128 120 124 120| 120 122 1.00 0.99
3 140, 142 142 138| 142| 138| 130 130 140 138 1.01 1.01
4 128/ 134, 130 134| 130| 132| 140 142 130 139 0.93 0.98
5 140 138 142| 144| 114 114 124 118| 130 128 1.15 1.11
6 146| 148! 148 144| 136/ 136| 142 144 140 140 1.03 1.04
7 140/ 142 140 144| 122| 120| 128 126 128 128 1.11 1.11
18 1 122| 118/ 118 120| 104| 106/ 108 110 108 108 1.10 1.10
2 136/ 140 116/ 116] 100, 104 120 120, 110 114 1.15 1.04
3 128/ 124 128 128| 116/ 118| 116 118 108 110 1.08 1.17
4 114/ 116 110 114} 100{ 102| 110 110 114 109 1.05 1.00
5 112| 112 122 118 90/ 92| 1000 98 96 96 1.13 1.25
6 120/ 116 116 122| 102| 100/ 110 108 110 110 1.08 1.08
7 110 110 112] 116| 104 102 108 108/ 106 106 1.02 1.08
19 1 176 172 178/ 180| 154 158 158 156| 154 154 1.11 1.16
2 156 156 160/ 160| 140 148 140 138 160 166 1.08 0.98
3 192 - 196, 184, 178| 158, 156, 152 158: 156 158 1.24 1.15
4 168/ 170 162 168| 156/ 150| 160 158 169 168 1.06 0.98
5 162| 160 168 166| 150| 162| 152 150 152 148 1.03 1.11
6 190/ 198 188 182| 160| 162| 170 162/ 170 168 1.17 1.09
7 172| 168 170 174| 144| 148| 154 164 148 154 1.07 1.14
20 1 160| 162 154 154| 138| 142| 132134 136 136 1.15 1.13
2 148 152/ 150 150|130/ 128] 138:.138' 124/ 126 1.09 1.20
3 174| 176 @ 174, 168| 132| 134| 132132 130 128 1.32 1.33
4 156/ 162 160 164| 140| 138| 139 136 130 140 1.14 1.20
5 182 176 154 . 154| 132| 130/ 138 138 138 138 1.30 1.12
6 178! 176 162, 168| 142| 142| 142 144 138 140 1.24 1.19
7 166/ 162 168 166| 142| 144| 132 136 136 138 1.15 1.22
21 1 118/ 118 120 118| 118| 116|116 114 116 114 1.01 1.03
2 126/ 128 130 130| 114| 110/ 120 116 110 114 1.08 1.16
3 130/ 136 116 122| 122| 124|116 116 112 110 1.08 1.07
4 130/ 128 128 124| 118| 106/ 106 110 120 116 1.15 1.07
5 117 122 130/ 133| 90 104 102 102 102 104 1.17 1.28
6 132 138 146/ 152| 118 116 114 114 114 114 1.15 1.31
7 126, 124 128| 126| 108 110 118 122| 118 112 1.04 1.10

Note: See description of variables on page 69.
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observer Systolic gressure (mmHQ) ABI
subject| team [RTP1 RTP2|LTP1 LTP2{RA1 RA2 LAl LA2 Refl Ref2| RTP LTP
22 1 128 130 126 126] 118 118 120 122| 118 122 1.07 1.05
2 118/ 120 116 120| 114/ 110/ 114 114 110 114 1.04 1.05
3 138/ 136 136 134| 118| 116/ 120 118 122 120 1.15 1.12
4 118/ 124 114 108| 126/ 118| 120 126 126 120 0.98 0.90
5 115/ 118 122 130| 116/ 112|110 114 114 110 1.02 1.13
6 118/ 120 110 112| 116/ 116|116 116 116 120 1.03 0.94
7 130/ 128 126 128| 120/ 122| 118 116 120 122 1.07 1.05
23 1 148 148 142 142] 136 134 130 128 128 130 1.10 1.10
2 130/ 126/ 130 130| 130 136/ 128 130 126 126 0.96 1.03
3 158/ 158 158 160| 140/ 138| 142 140 140 138 1.12 1.14
4 136 128 144, 148| 140 140 136/ 136| 140 142 0.94 1.04
5 142 158 151 144| 122/ 122, 124| 124| 126 122 1.21 1.19
6 144 142 162 168| 138 136,140 136/ 134 134 1.04 1.23
7 154 158 142/ 140| 138 146 130 134| 132 132 1.10 1.07
24 1 160 160 152/ 154| 140 138 146 144 142 140 1.10 1.09
2 158 160 150, 150 140 140 140 140 134 138 1.14 1.10
3 156/ 158 152/ 154| 138| 140/ 146 140 146 146 1.10 1.05
4 138/ 144 140 136| 130/ 138| 140 142 146 146 1.00 0.95
5 132, 140, 142, 140| 126| 132| 122 132 128 128 1.05 1.10
6 142| 146 158 152| 122| 124| 142 144 140 144 1.01 1.09
7 142/ 144, 148 146| 136| 130/ 134 134 134 136 1.07 1.09
25 1 1400 140 120 120| 120 118 124 122 121 128 1.14 0.96
2 122| 122 122 128| 114/ 108| 100 100 110 108 1.10 1.15
3 136/ 136 132 134| 114/ 116| 118 116 116 116 1.16 1.15
4 132| 134 130 136| 130/ 120| 134 120 118 120 1.05 1.12
5 140 138 118, 128 120/ 120 118  112| 116 116 1.16 1.06
6 132 136/ 136, 140 112 108 118 114| 114 114 1.16 1.21
7 142 144 138 140| 116 118 118 120/ 116 120 1.20 1.18
26 1 126, 128 126, 124| 118| 120 120 122 122 122 1.05 1.02
2 130 132 128/ 120 128 118 110/ 112 118 118 1.07 1.05
3 130/ 130, 126, 132| 132 134/ 130 130, 128 128 0.98 1.01
4 118/ 116 108/ 112 130 134 126| 120 129 130 0.89 0.85
5 120; 128 122 120| 120/ 122| 118 118 116 118 1.02 1.03
6 130/ 136, 130 132| 128| 130/ 128 126/ 124 124 1.03 1.06
7 126/ 130 128 132| 118| 118| 124 128 124 124 1.02 1.05
27 1 126/ 128 130 ~130| 122 120 130 128 130 126 0.98 1.02
2 132132 ' 130  -130f 110f 118|110 208 110 110 1.16 1.18
3 142| 144 138 134| 118| 120/ 116 118 118 116 1.20 1.16
4 128/ 134 130 134| 116/ 120/ 116 118 120 118 1.11 1.11
5 134| 136, 142 138| 110/ 114|112 114 112 112 1.19 1.25
6 138 138 136/ 130 118 118 108, 112| 114 112 1.17 1.18
7 130/ 130 132 128| 120/ 120/ 116 112 118 120 1.08 1.09
28 1 190 194 182 184] 190 188 188 186 188 188 1.02 0.97
2 222| 194, 212 214 200 190/ 200 200 200| 200 1.04 1.07
3 204/ 200 224 228 210 208| 210 208 206| 204 0.97 1.10
4 182/ 186 184 192 196/ 190| 190 186 184 180 0.95 1.03
5 195/ 181 194 192| 194| 184| 188 184 186 184 0.99 1.04
6 188/ 190 188 192| 188| 186| 188 190 184 186 1.00 1.03
7 2000 200 208 210| 180 184 198| 204 194 190 1.00 1.09

Note: See description of variables on page 69.
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observer Systolic pressure (mmHg) ABI
subject| team |RTP1 RTP2 LTP1 LTP2|RA1 RA2 LAl LA2 Refl Ref2| RTP LTP
29 1 128| 126 128 128 124 124
2 126/ 126 122 122| 110 120 114 112/ 130 122 1.10 0.97
3 154/ 150 144 142| 122 120| 122| 124| 120 118 1.24 1.20
4 130 126 128 122| 120 122 118 122 119 120 1.06 1.05
5 142| 128 122 130| 120 118 112 110 110 112 1.13 1.14
6 128/ 130 130 128| 112 110/ 114  112| 110 110 1.14 1.17
7 122| 124 126 124| 114 116/ 110 110/ 112 116 1.07 1.10
30 1 #DIV/0! | #DIV/0!
2 140/ 138 140 136| 118 122| 112/ 112| 118 114 1.16 1.19
3 144 146 144 138| 130 128| 124/ 124| 130 130 1.12 1.08
4 " #DIV/0! "#DIV/0!
5 142 126 130 138| 124/ 118, 118 118 122 124 1.11 1.09
6 146 140 136 140| 110 108,112 114 110 112 1.27 1.24
7 142| 142" 142 138| 114 114! 112 114| 120 118 1.25 1.18
Note:

All calculations were performed with average values of systolic pressures taken twice.
RTP1 = first measurement of systolic pressure at the right posterior tibial artery
RTP2 = second measurement of systolic pressure at the right posterior tibial artery
LTP1 = first measurement of systolic pressure at the left posterior tibial artery
LTP2 = second measurement of systolic pressure at the left posterior tibial artery
To determine reference arm pressure for RTP
Reference arm = arm with a higher average of systolic pressures
RAL = first measurement of systolic pressure at the right brachial artery
RA2 = second measurement of systolic pressure at the right brachial artery
LAL = first measurement of systolic pressure at the left brachial artery
LA2 = second measurement of systolic pressure at the left brachial artery
To determine reference arm pressure for LTP
Refl = first measurement of systolic pressure at the reference arm
Ref2 = second measurement of systolic pressure at the reference arm
Calculation
ABI RTP = (an average of RTP1 & RTP2) / (an average of reference pressure)
ABI LTP = (an average of LTP1 & LTP2) / (an average of reference pressure)
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Appendix 7

Ankle-brachial index
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b. W cuff
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DP = dorsalis pedis; TP = posterior tibial
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