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The likely worldwide increase in erectile dysfunction between
1995 and 2025 and some possible policy consequences
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Objectives To project the likely worldwide increase in
the prevalence of erectile dysfunction (ED) over the
next 25 years, and to identify and discuss some
possible health-policy consequences using the recent
developments in the UK as a case study.

Methods Using the United Nations projected male popu-
lation distributions by quinquennial age groups for
2025, the prevalence rates for ED were applied from
the Massachusetts Male Aging Study (MMAS) to calcu-
late the likely incidence of ED. The MMAS has the
advantage of being the first study to provide popu-
lation-based rates rather than rates based on clinical
samples. All the projections were age-adjusted.

Results It is estimated that in 1995 there were over 152
million men worldwide who experienced ED; the pro-
jections for 2025 show a prevalence of &322 million

with ED, an increase of nearly 170 million men. The
largest projected increases were in the developing
world, i.e. Africa, Asia and South America.

Discussion The likely worldwide increase in the preva-
lence of ED (associated with rapidly ageing popu-
lations) combined with newly available and highly
publicized medical treatments, will raise challenging
policy issues in nearly all countries. Already under-
funded national health systems will be confronted
with unanticipated resource requests and challenges
to existing government funding priorities. The pro-
jected trends represent a serious challenge for
healthcare policy makers to develop and implement
policies to prevent or alleviate ED.

Keywords Erectile dysfunction, impotence, male ageing,
worldwide projections, health policy, priorities

Introduction

Erectile dysfunction (ED), defined as the inability to
achieve or maintain an erection sufficient for satisfactory
sexual performance [1], was once thought to be primarily
a psychological and life-style disorder. More recently it
has become clear that ED is often attributable to organic
causes [2-5]. Damage to arteries, smooth muscle and
fibrous tissue resulting in altered blood flow to and from
the penis are the most common causes of ED [6,7]. This
is often the result of chronic disease such as diabetes,
kidney disease, atherosclerosis and vascular disease [7].
The results of the Massachusetts Male Aging Study
(MMAS), a large population-based random sample, con-
firmed that ED is highly correlated with such vascular
diseases as hypertension, heart disease and diabetes [8].
Moreover, it may also even be a ‘sentinel’ indicator of
these conditions [9,10]. Recently, with the availability
of new therapies, ED has become a medically treatable
problem and, as new oral therapies receive government
funding, there are likely to be substantial increases in
healthcare costs. Already, sildenafil (Viagra®™), initially
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dismissed as a ‘life-style’ drug, has been approved by the
USA Food and Drug Administration for government
reimbursement. The Pentagon has earmarked $50 mil-
lion for the coverage of Viagra® for US troops and
military retirees in 1998 (New York Times, October 4,
1998). Furthermore, the related policy and healthcare
trend in the USA may have broader global implications
if the rest of the world follows the same policies.

The policy implications will become even more import-
ant as populations age. The United Nations (UN) esti-
mates that worldwide there will be over 356 million
men aged =65 years by 2025, 197 million more than
at present. While the global proportion of men aged
=65 years was 4.2% in 1995, this proportion will
increase to 9.5% by 2025 [11]. Global population ageing
will result in a substantial increase in the number of
men with ED in the future, because its occurrence is
highly correlated with age [8,12]. This trend will have
profound repercussions both for individuals and societies.
At the individual level, it is an issue of quality of life
[13] and associated vascular health [6,8,12]. At the
societal level, it has several policy implications: (i) the
increased need for medical personnel and their training;
(ii) the need to develop more medical facilities; and (iii)

© 1999 BJU International
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increased healthcare costs. With the rapidly increasing
numbers of older men, treatment is likely to strain
government budgets.

The purpose of this paper is twofold: First, to estimate
the likely worldwide increase in the prevalence of ED
over the next 25 years, as an aid to those policy makers
responsible for responding to new medical needs, by
estimating the number of men presently experiencing
ED throughout the world, and then projecting the preva-
lence of ED for the year 2025. Second, to identify and
discuss some possible health-policy consequences for
countries around the world (using recent developments
in the UK as a case study). Societies facing substantial
increases in ED and related healthcare will need to
allocate resources to deal with these increases.

Methods

The UN estimated and projected male population distri-
butions by quinquennial age groups for 1995 and 2025,
respectively, were used to calculate the likely increase
in ED by 2025. The UN data are suitable for this purpose
as they include estimates and projections for all the
regions of the world. Based on different sets of assump-
tions about future trends in fertility, mortality and
migration, they provide three different population projec-
tions. The most conservative (lowest) projection for the
probable increase in prevalence of ED was used, to
deliberately bias the results against the case proposed.

Prevalence rates of ED from the MMAS were used to
calculate the probable increase in the prevalence of ED
throughout the world by 2025. The MMAS is a prospec-
tive observational study of health in randomly selected
ageing men. The baseline phase of the MMAS, which
included men aged 40-70 years, was conducted from
1987 to 1989 in 11 cities and towns in the Boston
Metropolitan Area. Communities were randomly selected
using probabilities proportional to population within
each of six strata defined by community size and median
income. Sampling fractions were adjusted to produce
a uniform age distribution over the three decades.
Introductory letters were sent to 5287 men, followed by
a telephone call encouraging participation. Of 4104
successful telephone contacts with subjects or household
members, 1526 subjects and 23 household members
declined to co-operate, while 756 subjects were deceased,
inaccessible, ineligible, or unable to complete the inter-
view. A total of 1709 respondents enrolled in the study
and completed an in-home protocol. The response rate
was 53%, a rate common for epidemiological field studies
involving phlebotomy and a restricted period for inter-
view (morning blood sampling).

The MMAS participants were typically Caucasian
(95%), employed (78%) and married (75%); nearly half
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were Catholic (48%). Most had completed high school
(71%) and many had earned at least a Bachelor's degree
(42%). There was a low representation of racial minorit-
ies (5%), consistent with the population of Massachusetts
in 1990.

A self-administered questionnaire on sexual activity
was given to the subject for completion in private, which
was then given to the interviewer in a sealed envel-
ope. The baseline MMAS sexual activity questionnaire
included questions related to erectile function but con-
centrated on specific items (e.g. frequency and quality
of erections), rather than the global subjective self-
assessment which later became the method of choice in
this field of research [1]. The follow-up questionnaire
included items related to ED plus an additional single-
question global subjective self-assessment that classified
men into one of four levels of ED, i.e. none, minimal,
moderate or complete. Further details of the MMAS
Study are discussed elsewhere [8,14-16]. The respon-
dents were asked: ‘Using the following categories, how
would you describe yourself?: Always able to get and
keep an erection good enough for sexual intercourse;
usually able to get and keep an erection good enough
for sexual intercourse; sometimes able to get and keep
an erection good enough for sexual intercourse; never
able to get and keep an erection good enough for sexual
intercourse.’

Discriminant analysis was applied to assess the
relationship between the specific responses and the global
self-assessment. This resulted in functions that deter-
mined the probability that an individual with a given
set of responses would fall into a particular ED category.
Once the functions were constructed, they were applied
to each MMAS questionnaire with sufficient sexual
activity data (N=1696 at baseline; N=1031 at follow-
up). Subjects were then assigned to the category of
ED for which they had the greatest probability of
membership.

The MMAS has distinctive advantages. First, it is
multidisciplinary and thus reflects the multifactorial con-
dition of ED by drawing on research from urology,
endocrinology, epidemiology, demography and public
health. Second, it is one of the few studies that uses
well-validated field instruments, most with validated
metrics. Finally, it is the first study that uses a popu-
lation-based random sample (as opposed to clinical
samples). However, one caveat in using the MMAS rates
is that it is based primarily on a Caucasian sample.
Previous research shows that African-Americans are
more likely to have hypertension, a condition that is
associated with ED [8]. Therefore, we suspect that the
present calculated values err towards being conservative,
i.e. to underestimate rates in the general population.
Nevertheless, to our knowledge in the absence of any
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Table 1 The probable worldwide increase

in the (age-adjusted) prevalence of erectile Prevalence of ED (millions)

dysfunction between 1995 and 2025*
Region 1995 2025 % Change Difference
World Total 152.564 322.497 111 169.933
Alfrica 11.462 30.788 169 19.326
Asia 86.868 199.858 130 112.990
Europe 30.893 42.792 39 11.899
South America 10.470 26.131 150 15.661
North America 11.872 20.986 77 9.114
Oceania 0.999 1.942 94 0.943

*From [11]; the most conservative (lowest) projection was used. Prevalence estimates of ED
used were from the MMAS 1987-89 for ages 40-69 and from MMAS 1995-97 for

ages 70-79.

An illustration of the profound national policy
implications of the likely trends described in the present
study is the consequences for one country (the UK) of
the recent (September 1998) decision by the European
Union to authorize the sale of Viagra® throughout the
15-nation region. The manufacturer (Pfizer, Inc.) expects
the drug to be available in 50 nations by the end of
1998 (New York Times, September 16, 1998).

Confronted with estimated annual costs from GBP 100
million to GBP 1 billion (US$ 1.6 billion) the British
Government initially decided to ban the prescription of
Viagra® within the NHS. Viagra® was viewed by
Britain's Health Secretary as an intolerable strain on the
already underfunded NHS (The Guardian, September 15,
1998). The professional and public reaction to this
decision in the UK, and the profound public policy
consequences attendant upon it, will almost certainly be
repeated in other rapidly ageing countries as increasingly
prevalent ED is treated medically, partly through the
availability of effective, more ‘user-friendly’ therapies.
The introduction of Viagra (and other new therapies)
has implications at different levels of clinical practice
and public policy:

(i) It re-opens the debate over rationing and funding priorities.
With its initial decision to prohibit Viagra on the NHS,
the UK Government, for the first time, banned a medicine
that is proven to be effective for many people with a
serious medical condition and which has considerable
quality-of-life implications. The Health Secretary believed
that the NHS could not afford to pay the estimated costs
of Viagra, stating that the funds would have to be
diverted from other services, e.g. maternity services for
women, or people being treated for cancer or heart
disease (The Guardian, September 16, 1998).

(ii) It challenges the government’s ability to control drug
costs. The high worldwide prevalence of ED creates a

© 1999 BJU International 84, 50-56

powerful constituency (both the public and the medical
profession) to which multinational pharmaceuticals can
appeal directly over the heads of national governments.
Recognizing the popular appeal of its new drug, Pfizer
Inc. is reported to be defiant on its pricing in the UK,
despite Government concerns about the cost to an
already underfunded health service.

(iii) It exacerbates health inequalities. Most people in the
UK receive healthcare through the NHS (which is
unlikely to adequately cover the costs of Viagra). Socially
advantaged individuals are likely to have private health
insurance, under which the costs of treatments for ED
will eventually be covered. A spokesman for one large
private insurer stated that if there was a body of medical
evidence suggesting that a particular drug was the best
form of treatment available, then the company would
cover the costs; although it would depend on individual
circumstances, if a policy holder were prescribed Viagra,
the company would consider paying for it (The Guardian,
September 19, 1998). In a highly competitive private
health insurance marketplace, other insurance compan-
ies are likely to follow suit. Until recently in the UK,
people aged over 60 years received tax relief on private
health insurance premiums, i.e. the average population
were, through tax payments, subsidising the private
insurance premiums of the relatively advantaged.
Similar inequalities occur in the USA, where at least
some of the relatively affluent are covered while the poor
are not. Medicaid, the government insurance plan for
the poor and disabled, does not cover the cost of Viagra.
On the other hand, the Pentagon recently announced
that they will be covering the cost of Viagra for American
troops and military retirees (New York Times, October 4,
1998). In addition some private Health Maintenance
Organizations (HMOs), an insurance programme for the
relatively affluent, cover the cost of Viagra; among them
are Blue Cross/Blue Shield of Indiana and California and
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Harvard Pilgrim Health Care (HRMagazine, September
1998). Others, like the Kaiser Permanente, the largest
nonprofit HMO, estimated their annual cost of Viagra at
US$ 100 million, 50% higher than the amount they
spent on antiviral drugs (including HIV treatment) in
the previous year, and decided to offer limited coverage.
Similarly, Aetna US Healthcare, estimating their cost of
coverage at US$ 50 million per year, decided not to
cover the cost of Viagra.

(iv) It erodes professional autonomy and increases rivalry
among professionals. It has been proposed that only
specialists (urologists) and not GPs in the UK should be
permitted to prescribe Viagra. If this becomes national
policy then the clinical autonomy of (less expensive)
primary care generalists is further undermined and
already strained relationships between competitive medi-
cal specialities are further threatened.

(v) It could place an intolerable burden on already overworked
medical practitioners. National policy decisions are often
made without sufficient consideration of their impli-
cations for the average clinician trying to provide quality
care in a typical primary care setting. The threat to
everyday practice was vividly portrayed in a recent letter
to the editor of The Guardian (September 16, 1998),
where a GP indicated that the practice would need to
offer an additional 800 consultations per year if 25% of
men with impotence presented for treatment. This was
equivalent to an additional 52 surgery sessions, or 26
working days for one doctor. In discussions of the cost
of treatment, this extra time was not considered.
Employing a locum might be an alternative if they were
freely available, but this option would cost the practice
GBP 4300 (based on the assumption that 2 million men
have ED; monitoring the use of Viagra will require two
10-minute consultations each year. The average GP
surgery has 15 patients. BMA recommended pay rates
for locums are currently £32 per hour.).

(vi) It creates a conflict between public policy and private
needs for GPs. Are the health providers who are con-
fronted by individuals with legitimate health concerns
and diminished quality of life expected to meet their
patients’ needs (the effectiveness of Viagra has been
established through controlled clinical trials published
in peer reviewed journals) or to comply with an official
Government prohibition? Officials in the British Medical
Association (BMA) suggested that there was an inconsist-
ency between the Department of Health's ban and GPs’
terms of service, which placed an obligation on them to
respond to patient’s needs. The Chairman of the BMA
suggested to the Health Secretary that doctors had been
placed in an impossible position, having to be mindful

of the Department's request not to prescribe Viagra but
also having to respond to the needs of their patients.
Indeed, he noted that to refuse to prescribe a licensed
medicine when it is clinically necessary would leave GPs
open to accusations of breaching their terms of service.
One consultant urologist in London described the present
situation in the UK as ‘chaos’, while the BMA's GP
Committee declared that it will begin prescribing Viagra
on the NHS (in contravention of the government ban)
unless clear guidelines were imminent.

While these national policy and clinical practice impli-
cations are discussed in relation to very recent develop-
ments in the UK, as an instructive case study, they will
almost certainly be experienced in some form by most
other countries during the early 21st century, as the
trends and effects described in the present study eventu-
ally affect their healthcare systems. For the developing
world especially, they could threaten and undermine
already precarious healthcare systems.
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The likely increase in the (age-adjusted) prevalence of ED between 1995 and 2025. by age, region and sub-region

Projected prevalence of
ED, millions

Projected prevalence of
ED, millions

Region Region

Age group 1995 2025 Increase Age group 1995 2025 Increase
Africa Europe

40-44 1.210 3.114 1.904 40-44 2.072 1.970 -0.102
45-49 1.075 2.877 1.802 45-49 2.081 2.210 0.129
50-54 1.458 3.978 2.520 50-54 2.836 3.787 0.951
55-59 1.309 3.496 2.187 55-59 3.426 4.086 0.660
60-64 1.930 5.139 3.209 60-64 5.293 7.318 2.025
65-69 1.973 5.260 3.287 65-69 6.627 8.827 2.200
70-74 1.527 4.216 2.689 70-74 5.359 8.218 2.859
75-79 0.980 2.709 1.729 75-79 3.200 6.376 3.176
East 3.127 8.416 5.289 East 11.607 15.380 3.773
Middle 1279 3.138 1.863 North 4.388 5.819 1.431
North 2.980 8.529 5.549 South 6.699 9.341 2.642
South 0.929 2.337 1.408 West 8.198 12,251 4.053
West 3.149 8.367 5.218 South & Central America and the Caribbean

Asia 40-44 1.001 1.875 0.874
40-44 8.288 13.278 4.990 45-49 0.908 1.969 1.061
45-49 7.282 13.485 6.203 50-54 1.246 2.986 1.740
50-54 9.993 23.636 13.643 55-59 1.132 2.860 1.728
55-59 9.700 23.772 14.072 60-64 1.684 4.510 2.826
60-64 15.215 35.434 20.219 65-69 1.858 4.77 2.916
65-69 15.965 36.802 20.837 70-74 1.555 4.156 2.600
70-74 12.461 32.631 20.170 75-79 1.086 3.002 1.916
75-79 7.963 20.818 12.855 Caribbean 0.953 2.016 1.063
East 43.891 91.785 47.894 Central 2.287 6.482 4.195
South-Central 29.733 72.849 43.116 South 7.229 17.633 10.404
South-East 9.774 25.430 15.656 North America

West 4.909 13.312 8.403 40-44 0.895 0.902 0.068

© 1999 BJU International 84, 50-56
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Projected prevalence of
ED, millions

Projected prevalence of
ED, millions

Region Region

Age group 1995 2025 Increase Age group 1995 2025 Increase
45-49 0.880 0.939 0.059 50-54 0.1055 0.1918 0.0863
50-54 1.174 1.579 0.405 55-59 0.0963 0.1918 0.0955
55-59 1.034 1.813 0.779 60-64 0.149 0.325 0.176
60-64 1.710 3.635 1.925 65-69 0.193 0.382 0.189
65-69 2.220 4.596 2.376 70-74 0.179 0.349 0.170
70-74 2.236 4.219 1.983 75-79 0.122 0.292 0.170
75-79 1.723 3.303 1.580 Australia/NZ 0.872 1.605 0.733
Oceania Melanesia 0.107 0.280 0.173
40-44 0.0743 0.1021 0.0278 Micronesia 0.0078 0.0262 0.0184
45-49 0.0797 0.1089 0.0292 Polynesia 0.0123 0.0321 0.0198

© 1999 BJU International 84, 50-56
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Prevalence of ED

The estimation of the overall prevalence of ED is
42.18%. The proportions consist of 17.5%, 13.13%
and 11.55% of males with mild, moderate and severe
dysfunction, respectively. Table II presents degrees
of ED among Thai males aged 40-70 years by age
and socioeconomic factors. The prevalence rates of
ED are 23.39% in those 40-49 years of age, 47.79%
in those 50-59 years of age, and 76.95% in those 60—
70 years of age. This finding indicates that the
problem of ED among Thai males increases rapidly
with age.

The effects of socioeconomic factors on ED

Unmarried men (57.38%) have a higher prevalence
of ED than those who are married (38.72%),
especially in severe ED cases (25.47% versus
8.38%, respectively). The degree of ED varies with
education, occupation and income (Table II). The
percentages of prevalence of ED in those achieving
academic levels of primary, secondary, vocational
and university level are 60.29%, 42.93%, 38.91%
and 30.37%, respectively. Unemployed men have the
highest prevalence of ED (78.51%); followed by
agricultural workers/fisherman (58.62%), managerial
workers (45.14%), clerical workers (39.18%), sales
workers/merchants  (39.18%), service workers

(37.77%), policemen/soldiers (35.26%), transporta-
tion/communication workers (34.62%), manufactur-
ing/construction workers (33.91%) and professional
or technical workers (31.14%). Those with low levels
of personal income have the highest prevalence of
ED (51.77%) in all the degrees of ED. Considering
the association with aging and socioeconomic factors
on ED, the highest rate of ED occurs among non-
employed men.

Medical conditions and their effects on ED

Our study demonstrates that underweight and obese
men (53.70%, and 42.56%, respectively) had a higher
prevalence rate of ED than those rated normal weight
(42.28%) and overweight (41.20%). However, body
mass indices were not identified as statistically
significant risk factors for ED (p-value=0.024).
Interestingly, the underweight and obese groups have
the highest prevalence of ED in Grade D (severe) and
Grade B (mild), respectively. The distribution of ED
severity according to smoking status, BMI, and
alcohol consumption is summarized in Figure 1.
Furthermore, major chronic diseases such as diabetes
(the prevalence of ED =70.09%, OR =3.6), hyper-
tension (the prevalence of ED = 57.56%, OR = 2.18),
heart disease (the prevalence of ED=71.74%,
OR = 3.79) and prostatism/prostatitis (the prevalence
of ED=55.86%, OR=2.02) are significantly

Table II. Degree of ED among Thai males aged 40-70 years by age and socioeconomic factor.

% Degree of ED (N =2,269)

Total ED (%)

Risk factors None Mild Moderate Severe Present Study First report [5]
Age (year)
40-49 76.61 12.42 7.71 3.26 23.39 20.4
50-59 52.21 21.18 16.91 9.7 47.79 46.3
60-70 23.05 23.87 20.16 32.92 76.95 73.4
Marital status
Married 61.28 17.69 12.65 8.38 38.72 39.1
Others 42.62 16.67 15.24 25.47 57.38 46.7
Education
Primary level 39.71 20.22 20.40 19.67 60.29 52.2
Secondary level 57.97 18.04 12.72 11.27 42.93 390.8
Vocational level 61.10 18.02 11.75 9.14 38.91 32.9
University level 69.63 14.70 8.74 6.93 30.37 23.8
Occupation
Non-employed men 21.49 23.14 19.01 36.36 78.51 60.9
Professionals/technicians 68.86 15.27 9.88 5.99 31.14 30.5
Clerical workers 60.82 17.55 12.50 9.13 39.18 16.7
Policemen/soldiers 64.74 16.39 10.67 8.20 35.26 31.4
Agriculture workers/fisherman 41.38 27.59 15.27 15.76 58.62 48.2
Transportation/communications workers 65.38 14.42 16.35 3.85 34.62 42.9
Manufacturing/construction workers/labourers 66.09 13.79 10.34 9.78 33.91 38.8
Managerial workers 54.86 11.12 19.44 14.58 45.14 35.4
Service workers 62.23 17.87 13.78 6.12 37.77 38.1
Incomes (Baht)
Low level 48.23 18.38 16.86 16.53 51.77 #
Middle level 60.81 17.38 12.29 9.52 39.19
High level 61.95 16.84 10.94 10.27 38.05

Note: #data is not available.
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Prevalence of coronary heart disease and
major cardiovascular risk factors in Thailand
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Coronary hean disease (CHD) is expected to become one of the major health
problems in developing countries such as Thailand where prevalence data are
scarce. This study reports the prevalence ol CHD, as indicated by electrocardio-
gram (ECG) Minnesota coding, and its risk factors in Thailand.

In 1991 we conducted a cross-sectional ECG survey in a multistage random
sample of the Thai population, aged =30. All major cardiovascular risk factors
were measured. Standard supine 12-lead ECG data were collected; amplitudes
and intervals were measured manually and entered into a computer. Abnormal
tracings were verified by five cardiologists, and agrcement among at least three
of them was accepted as final.

The total sample included 3822 men and 4967 women aged =30 years. The age-
standardized prevalence rate of CHD was 9.9/1000 (men 9.2/1000, women 10.7/
1000). The age-standardized level of major cardiovascular risk factors among
men and women respectively were: total cholesterol 4.8 mmol/] (187.3 mg/dl),
5.1 mmel/l {197.7 mg/dl); hypercholesterolacmia (6.2 mmol/l) 12.2%, 16.9%;
systolic blood pressure {(mmHg) 117.8, 117.7; diastolic blood pressure {mmHg)
76.9, 75.8; body mass index (kg/mz) 21.7, 22.8; fasting blood sugar 4.8 mmol/l
(87.9 mg/dl}, 5.0 mmol/l {90.3 mg/dl); hypertension (Z160/95 * on antihyper-
tensive drugs) 6.3%, 8.1%; smoking 65.1%, 8.5%; diabetes mellitus (7.8 mmol/l}
2.4%, 3.7%; obesity (>25 kglmz) 15.2%, 27.2%.

Most of the age-adjusted mean values and proportion of major cardiovascular
disease risk factors as well as the prevalence of wtal CHD in the Thai population
were much lower than the median of those values found in developing countries.

Coronary heart disease, electrocardiogram, risk factors, developing countries,

Thailand, Minnesota code, prevalence

" 8 Ocober 1997

Cardiovascular disease, one of the major non-communicable
diseases, has become a major public health problem in many
developing countries.]'2 About 1wo-thirds of the estimated
14.3 million annual cardiovascular disease deaths occur in the
developing world.? In the next decade, possible determinants of
the increase in cardiovascular diseases, particularly ischaemic

2 Department of Mediane and ® Deparimen of Blostatistics and Demography,
Khon Kaen University, Khan Kacn, 40,002, Thailand.

¢ Department of Medicine, Faculty of Medicine, Siriraj Hospital. Mahidol
Universily, Bangkok, Thailand.

d Depanment of Medidne, Faculty of Mcdidne, Chiang Mai Umiversity,
Chiang Mal, 50,200, Thailand.

€ National Epidemiology Board of Thailand. Ministry of Public Heaith,
Bangkok, Thailand.

t Department of Medicine, Faculy of Medicine, Prince of Songkla University,
Songkla, Thailand.

heart disease, in newly industralized countries include: (1} epi-
demiological transition from infective to degenerative diseases,
{2) increase in the prevalence of cardiovascular risk factors, (3)
ageing of the population which eventually leads to an increase
in the absolute numbers of coronary heart disease (CHD} and
(4) increased health awareness and the demand for health care
facilities.*> However, reports on the prevalence or incidence of
ischaemic heart disease in developing countries are very scarce,
and routinely collected data are often incomplete and unreli-
able. For Thailand, although cross-sectional surveys on cardio-
vascular risk faciors have been conducted in many areas,®10
there had never been a national survey before 1991 when the
first Thai National Health Examination Survey was carried oul
with the collaboration of many health organizations and co-
ordinated by the National Epidemiology Board of Thailand. This
report is a subsection of the survey and shows the prevalence
of CHD determined electrocardiographically. One previous
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epidemiological study onn CHD was limited to a small district in
the central part of the country and was done a decade ago.?

Materials and Methods
Populations

Data were collected by multistage random sampling of the total
population of Thailand in the year 1991 (Augusi-December),
using the sampling frame of the National 5tatisiical Office of
Thailand. The household was used as the sampling unit and all
family members aged =30 years were included in the study.

Variables measured

Fasting blood samples were taken from all study subjects. Plasma
glucose and serum cholesterol levels were measured on the day
of the survey at the hospital laboratories in the catchment area.
Two experienced technicians from each laboratory were spe-
cifically trained in the standardized procedures. The standard
solution and control serum were provided by the Department of
Medical Sciences of the Ministry of Public Health. Trained inter-
viewers used a structured closed-ended questionnaire to collect
medical history, smoking habits and alcohol consumption data.
The chest pain questionnaire used was modified from the London
School of Hygiene cardiovascular questionnaire.!! Body mass
index (BMI) was calculated as weight (kg) divided by height
squared (n12). Obesity was defined as BMI >25 kg/mz, diabetes
mellitus when fasting plasma glucose 7.8 mmol/l {140 mg/dl}
and hypercholesterolaemia when serum total cholesterol was
6.2 mmol/l (240 mg/dl).

Blood pressure was measured from the right arm afier the
subject had been sitting for longer than 5 minutes using a stand-
ard mercury sphygmomanometer with cuff 13 cm wide and
42 ¢m long and using Korotkoff sounds I and V. Systolic and dia-
stolic blood pressure values were recorded to the nearest
2 mmHg. Three measurements were done at intervals of at least
one minute. Average values were used for the report. The WHO
criteria for hypertension (HT) were used: blood pressurc
#=160 mmHg systolic and/or 95 mmHg diastolic or both or self-
reported antihyperiensive medication during the past weck.

Electrocardiograms {ECG)

Standard supine 12-lead ECG were recorded using ECG equip-
ment fulfilling the recommendations of the American Heart
Association for technical specifications.

All ECG records {25 mm/sccond) were mounted and meas-
ured manually by five cardiovascular and intensive care unis
nurses. They were trained in the recognition of ECG wave form
and in the measurement of amplitudes and intervals, based on
the Minnesota Classification of the ECG for population studies.'!
The first 500 ECG records were used for training. Differences in
measuremnent were repeatedly discussed and clarified in groups.
They were not asked to code the ECG. The measurements of all
ECG records were separately entered into a computer by two
assistants and the results compared. The criteria modified from
the Minnesota code 1.1, 1.2, 4.1 and 5.1!! were used to detect
abnormalities and were applied to all leads except a VR: {1) Q
duration of #0.03 second, {2} $-T-J segment depression =2 mm,
(3) T wave amplitude negative 5 mm.

The ECG screcned initially as abnormal {referred to as M-
ischaemic) were duplicated and distributed o five experienced
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cardiologists (each with >10 years clinical practice). Based on
the pattern reading, they were asked to assess the tracings
twice with at least a 7-day interval between each reading. They
were blinded with regard to the subject’s age and sex and
were required to categorize each record as showing either: (1)
Ischaemic heart disease: when the abnormalities in the ST
segment and/or T wave were suggestive. {2} Myocardial infarc-
tion: indicated by the presence of a pathological Q wave. (3)
Uncertain: when uncenainty exists as 1o diagnosis of ischaemic
heart disease or myocardial infarction. (4) Others: none of the
preceding three,

The final diagnosis rested on the pattern of disagreement:
If there was intra-observer disagreement, the diagnostic pairs
between 1 and 3, or 1 and 4 would be treated as diagnosis 1 and
the diagnostic pairs of 2 and 3, or 2 and 4 would be treated as
diagnosis 2. For inter-observer disagreement, the agreement of
at least three cardiologisis was accepted as final. Myocardial
infarction and ischaemic heart disease were considered as CHD.
The ECG from subjects with chest pain or history of myocardial
infarction as obtained from the modified chest pain question-
naire were analysed separately as part of a study 10 evaluate the
modification of the questionnaire. For the same reason, we did
not use the result of the questionnaire as a crtena for CHD. As
will be seen, this group turned out to be similar with regard to
CHD to the main group.

Statistics

To allow comparison with reports from the other developing
countries, |2 prevalence rate of CHD, mean values and the pro-
portion of the major cardiovascular risk factors for the total
sample population (age ®30 years} and 35-59 years old sub-
group were calculated. Age-standardization was pcrformed
using the world standard population,'3 The Kappa statistic for
multiple rating per subject was used for inter-observer agree-
ment.'# The prevalence rate ratios of having CHD from ECG
given a specific risk factor was also estimated.!® Chi-squared as
well as Fisher exact probability statistics were applied where
appropriate. All P-values were two sided.

Results

Among the 17 provinces surveyed there were 5881 houscholds
and 23 884 family members. In all 8791 were 30 years
(43.5% male) and all had a 12-lead surface ECG. The response
rates for each cardiovascular risk factor assessment varied from
95% 10 99%. The distribution ratio of respondents by urban
over rural areas was 0.6. According to the Minnesota coding
criteria, 323 subjecis were initially screened as M-ischaemic
{probablc myocardial infarction or ischaemic heart discase) and
82 cascs (25.4% of the M-ischaemic) were finally diagnosed
with CHD by the cardiologists (Kappa = 0.46) {95% CI: 0.42-
0.49). Table 1 shows the unadjusted and age-standardized level
of major risk factors and the proportion of population with high
risk levels,

Table 2 shows the age- and sex-adjusted and age-standardized
prevalence rate of CHD as determined by the ECG. Older sub-
jects had higher rates for both sexes (P < 0.001). Males had a
lower overall CHD rate than females but the difference did no1
attain significance (P = 0.94). The age-specific rate differences
between both sexes were insignificant (P > 0.05), except in the
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Table 1 Unadjusied and age-standardized level of major risk faciors and proportion of populanon with high risk levels®

Male (N = 3822)

Female (N = 4969)

Unadjusted Age-siandardization Unadjusted Age-standardization

Tulglfho_]t;;!cro[ (mmol/l) ) 48 4.8 .50 51

o R _ oSy R
Sys_lo!ic blood pressure (mmHg) ~ 1178 117.8 117.0 177
e (17.2-1184) (H6.5-1176) N
Diastolic blood pressure (mmHg) L 76.9 ) 75.8 75.8

T ' (76.5-77.4) F754761)
Body mass index (kg/m?) D a7 217 © 230 " 223
' B (»21.6;—:21.8)- ‘(_22.3-:}'3-.;).:. s
F@sl‘ing_bloo_d sugar {mmol/l) 4.8 4.8 4‘_9 50
s 5 | B . p - _(4.H,9) A(4‘9h5'0) . o
Hypertension (%) (#160/95 = amihypertenslve) 63 6.3 77 . 81
Srl‘;okin-g (‘X::) . 65.2 ’ 65.1 8.4 §.5
Diabetes mellitus (%) (7.8 mmoll) 24 24 36 37
Obesi:l'y:(ée}‘ (>25 kg/m?) _ 15.4 15.2 z?:q 9 2?.2
Hypercholesterolaemia {#6.2 mmol/l) 12.4 12.2 16.7 16.9
2 The numbers represent mean and {95% confidence Hmit).
Table 2 Age-sex adjusted and age-sex standardized prevalence rate of coronary heart disease as determined by elecirocardiogram (/1000)
Male? Female Male versus female Total

Age groupb N rate N rate 95% CI N rate
30-34 651 4.6 900 2.2 —0.004, lll.]OB _l??[ 3.2
3544 1165 0.8+ 1531 6.5 | -0.010,-0.001 2696 41
45-54 867 81 1048 3.8 -0.003,0.011 1915 5.7
55-64 676_ l3,_3 ] 854 9.4 -0.907, 0015 . 15}0 1!_,1
65-74 337_ 238 43_9 31.8 —0.031, 0‘0_1 S 776 28..3
*75 126 47.6 197 40.6 -0.039, 0.053 323 433
Total 3822 89 4969 92 -0.004,0.004 8791 91
Age-standardized rate 9.2 10.7 9.9

# Compared to female in each group. all were not different at £ > 0.05 with Fisher exact probability and 32 tests. except the age group 3544 {*P = 0.03).

b Age group comparisons using 2 for near rend, P < 0.001

3544 year age group where the rate was significantly lower in
males (P = 0.03). Age standardization raised the prevalence rate
slightly.

The prevalence rate ratios of having electrocardiographic
CHD for each major cardiovascular risk lactor are shown in
Table 3. The ratios tended to be greater than one but none of
them reached statistical significance.

From the chest pain questionnaires, 5.3% had a history com-
patible with anginal pain and possible myocardial infarction.
Among those with angina, 1.1% had ECG showing CHD as com-
pared 1o 0.9% of those without angina, while 1.5% of subjects
with possible infarction and 0.9% of those without had CHD on
ECG respectively.

Discussion

The data reported are a cross-sectional survey of the prevalence
rate of CHD and major cardiovascular risk factors among the

Thai population as it undergoes epidemiclogical transition.
Thailand is becoming more affluent through industrialization,
lifestyles are changing and life expectancy at birth has long been
over 60 years for both sexes.!® Therefore, comparison of these
data with the previous survey done in a small community in the
central part of Thailand® is difficult, especially in view of the
differences in time and diagnostic methods. Also, the criteria for
CHD in the present survey were determined by a preset level
of agreement among cardiologists instead of on one opinion.
Lastly we did not include subjects with complainis of anginal
pain or history of previous myocardial infarction. As it turned
out, this last group had similar distribution of CHD based on
ECG.

In comparison with different countries and ethnic groups, the
present Thai population shows a much lower rate of electro-
cardiographic CHD than many developed countries, 718 some
Indian poputations'?2% as well as other ethnic groups.'? Ljle
reported the prevalence of total CHD as the combination of both
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Table 3 The prevalence rate ratios of having electrocardiographic coronary heart disease (CHD) with each major cardiovascular risk factor

{adjusted for age)

Male Female
CHD CHD FRR? CHD CHD PRR?
with risk without risk {95% Cl) with risk without risk (95% ClI}
Smoking 25/2465 111317 1.5 {0.7-3.0) 6/414 40/4508 1.4 (0.5-3 5)
Ryperiension "41237 " 3213548 13(0.4-3.7) 71376 3974547 1.1 (0.4-3.0)
Diabetes mellitus 3/89 " 3373696 2.8 (0.8-95) 2179 4414744 1.0 (0.2-4.2)
Obeslty 6/572 30/3138 1.3 (0.5-3.0) 1211347 3073486 12 (06-2.3)
Hypercholesterolacnia 71447 283186 L7 (-0.7—4,0) ’ 7/‘?8& ) 3713927 0.7 (0.3-1 7}

* PRR = prevalence rate ratios; all P values were >0.05.

Table 4 Comparison of age-adjusted mean values and proportion of cardiovascular risk factors and prevalence raies in both sexes aged 35-39 in

Thai population and nine developing countries!?

Male Female

Thailand Nine countries® Thailand Ninc countrles?
Towal cholesterol {(mmol/l} 4.8 4.7;3.9-59 5.1 4.7; 3.9-5.9
Sys}nlic blood pressure {(mmkg) 116 128; 122-138 116 130; 121-138
Diastolic blood pressure (mmHg) g 82, 76-91 76 78; 75-90
Body mass index (kg/m2) 220 26.8: 22.9-32.9 235 27.6: 23.9-370
Fasting blood sugar (mmol/1) 4.8 5.7: 5.2-8.3 5.0 5.8:52-83
Smoking (%) 66 61; 36-82 8.9 215 1-65
Hypertension (%) " es 18:7-35 72 16: 7-33
ECG-CHD® (%) 0.6 8.0:0.8-17.3 0.6 18.7: 3.6-34.3

2 The numbers for the nine countries represent median and range.
b £CG-cHD = clectrocardiographic- CHD prevalence.

probable (Minnesota cede 1.1-1.2) and possible CHD {Minnesota
code 1.3, 4.1-4.4, 5.1-5.3 and 7.1;1) among the 15 population
groups in nine developing countries aged 35-59 years. The ratcs
varied [rom 0.8% to 16.6% among males and 3.2% 10 34.3%
among females (Table 4).

When data from the 35-59 year age groups were compared,
the age-adjusted mean values and proportion of major cardio-
vascular disease risk factors and the prevalence of total CHD in
the Thai population of both sexes, appear much lower than the
mcdian of those values found in those nine developing coun-
tries.'2 However, total cholesterol values for both sexes and
smoking rates among males in Thailand are in the higher range
of the nine countries. This lower prevalence and levels ol 1these
risk factors among the Thai population may partly explain
the low CHD rate in Thailand. Erhnic difference may play a role
in causing the variation of major coronary risk factors and CHD
prevalence rates across different pc:pula'tions.zl‘z3 The differ-
ence in diagnostic criteria on the ECG could be another reason
for the difference in prevalence. Agreement of three out of five
cardiclogists’ interpretations {by parttern reading) of the com-
puier screened ‘M-ischaemic’ group decreased the numbers of
CHD to about three-quarters. However, if the diagnostic criteria
were changed to accept agreement of at least two cardiologists,
the CHD rate will only be double which would still place Thai-
land in the lower range for these developing countries.

Several studics have shown that the prevalence rate of
primary ST-T abnormalities was significantly higher in women
than men,?*2° regardless of ethnic group. Inclusion of the
Minnesota codes 4.2-4.4, 5.2-5.3 and 7.1.1 into the diagnostic

criteria would increase the sensitivity of the diagnosis of CHD in
females more than males. This had been shown in previous
surveys including a Thai community® and the nine developing
countries.'? Although our survey shows that the rate in females
is slightly higher than that of the males, the age-specific rate is
higher in males in almost all age groups. Reducing the applic-
ability of Minnesota codes as well as using cardiologists” inter-
pretation in this survey result in a lower CHD prevalence rate in
both sexes and a decrease in the magnitude of the difference of
the rates of CHD between male and fermale,

Since 1989 it has been claimed that heart disease has been the
leading cause of death in the Thai population and ischacmic
heart disease mortality rises yearly. However, deaths from isch-
aemic heart disease contribute only 4% of the total heart dis-
ease mortality (2.4 out of 58.5 per 100 800 in 15?93),16 This is
much lower than reperted in other developing countries both in
Asia and America 2}-23:26-28

In summary, our survey at the naticnal level demonstrates that
CHD, as defined by routine ECG as well as the major cardio-
vascular risk factor levels and the prevalence (except smoking
rate and mean cholesterol level), is ranked below the medians
of those found among many developing countries.
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