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The authors’ objective was to describe the distribution of serum lipids and the prevalence of
dyslipidaemia using US lipid-lowering guidelines in an adult Thai population. Fasting serum lipids were
measured in a population-based survey that included 5305 rural and urban Thai adults aged 35 years. The
US National Cholesterol Education Program (NCEP) guidelines were used to determine the eligibility of
each individual for lipid-lowering therapy. Compared with urban residents, rural residents had lower mean
levels of total cholesterol (men: 4.80 vs 5.54 mmol/L, women: 5.18 vs 5.71 mmol/L, both p < 0.001) and high
density lipoprotein cholesterol (men: 1.06 vs 1.19 mmol/L, women: 1.13 vs 1.34 mmol/L, both p < 0.001). Mean
triglyceride levels were higher in rural compared to urban populations, for both men (2.15 vs 1.88 mmol/L,
p = 0.001) and women (1.73 vs 1.51 mmol/L, p = 0.01). Direct application of the NCEP guidelines identified
up to 37% of the adult population (or 10 million adult Thais) as eligible for lipid-lowering drug therapy,
which is an unfeasibly high proportion of the population. Urgent strategies are required to prevent increasing
levels of dyslipidaemia in Thailand, as well as to develop and promulgate treatment guidelines that incorpo-
rate locally-relevant risk prediction functions.
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Thailand is a country in the midst of an epide-
miologic transition. Coronary heart disease has been
the leading cause of death in Thailand since 1989, and
mortality rates from coronary disease continue to rise.
In 1998 cardiovascular diseases accounted for about
17% of the estimated 318 000 deaths in Thailand®.
The likely reasons for the emergence of chronic non-
communicable diseases are many, but include the
marked, ongoing aging and urbanisation of the Thai
population®?,

Serum lipids are important determinants of
cardiovascular risk. Behaviours associated with
urbanisation, such as increased saturated fat consump-
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tion and decreased physical activity have been well
described, and are associated with adverse changes in
the lipid profile®®. The importance of lipids and the
benefits of cholesterol lowering have been acknow-
ledged in a number of different treatment recommen-
dations, including the recent third report of the US
National Cholesterol Education Program-Adult Treat-
ment Panel (NCEP-ATP I11)?. In the absence of local
guidelines, US recommendations are frequently used
by physicians in Thailand to guide drug management
in their patients. Whether this practice is appropriate
and/or affordable is unclear.

The International Collaborative Study of
Cardiovascular Diseases in Asia (InterASIA) was
designed to provide reliable estimates of the prevalence
of cardiovascular risk factors, including serum lipids,
in a representative sample of the adult Thai and Chi-

J Med Assoc Thai Vol. 88 No.9 2005



nese populations aged 35 years and over. In the
present report the authors’ describe the population
distribution of serum lipid values in Thailand, with a
particular emphasis on rural and urban differences.
The authors’ further investigated the implications of
current “Western” lipid-lowering treatment recommen-
dations for the prevention of cardiovascular diseases
when applied to Thailand.

Material and Method

The design of the InterASIA study has been
described in detail elsewhere®. Briefly, the present
study utilised a complex sample survey design based
on random sampling of individuals within represen-
tative enumeration districts (ED) in undeveloped,
developing and developed rural regions, and slum and
non-slum urban regions of Thailand. Each ED was
based on city blocks and villages, in urban and rural
areas respectively. Within each ED, and using local
government registers of households, the population
aged 35 years and over was stratified into eight demo-
graphic groups, defined by age (35-44, 45-54, 55-64 and
> 65 years) and sex. Individuals were then sampled at
random from each demographic group with the goal of
recruiting a similar number of participants from each,
but selecting no more than one individual from any
household. All participants provided written, informed
consent.

Data collection and measurements

Trained study staff administered a structured
questionnaire, performed a brief physical examination
and collected a fasting blood sample from each partici-
pant. The questionnaire sought information about
basic socio-demographic variables, cardiovascular risk
factors, history of cardiovascular diseases, current
treatments, and behavioural characteristics. The physi-
cal examination included three measurements of blood
pressure, and a standard anthropometric assessment
(height, weight, waist and hip circumference).

Biochemical analysis was performed on
venous samples obtained after an 8-hour overnight
fast. Samples were stored immediately on ice, and centri-
fuged and separated on the day of collection. Sera were
subsequently frozen and transported on dry ice to a
central laboratory (Faculty of Medicine, Ramathibodi
Hospital, Bangkok), where they were stored at -70 C
until analysed using the Dimension RxLHM clinical
chemistry system (Dade Behring Inc, Newark, USA).
Serum total cholesterol (TC) and triglycerides (TG) were
measured using enzymatic methods, while a homo-
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genous method was used to assay high-density lipo-
protein cholesterol (HDL-C). Low-density lipoprotein
cholesterol (LDL-C) was calculated using Friedewald’s
method for those individuals with a triglyceride level
<4.4mmol/L®. The central laboratory was standardised
according to the criteria of the US Centers for Disease
Control - National Heart Lung and Blood Institute Lipid
Standardization Program®,

Defining eligibility for cholesterol-lowering treatment

After exclusion of the few participants with a
known history of myocardial infarction, stroke, heart
failure or peripheral vascular disease, the NCEP-ATP
I11 guidelines were used to identify proportions and
absolute numbers of adults aged 35 years and over in
rural and urban Thailand who would qualify for lipid
lowering drug therapy for primary prevention of
coronary heart disease. The NCEP-ATP IlI treatment
recommendations were based on risk stratification
(using the number of cardiovascular risk factors, and
amodified Framingham risk function to determine 10-
year risk of developing coronary heart disease), and
LDL-C levels (Table 1).

Statistical method

The STATA 8.0 statistical software package
(StataCorp, College Station, TX, USA) was used to
estimate population risk factor levels taking appropriate
account of the complex survey design, using weights
derived from the 2000 Thai National Census®. Esti-
mates (with standard errors) of mean levels or propor-
tions for lipid parameters and other risk factors were
calculated for each age, sex and rural/urban subgroup
in the Thai population. Comparison of risk factor levels
between population subgroups were performed using
t-tests for continuous variables (after log-transforma-
tion of triglycerides data to improve approximation to a
normal distribution), and C? tests for categorical
variables.

Results

Data from a total of 5305 participants were
collected between May and October 2000. The overall
response rate was 68%, and was higher in rural than
urban regions (81 vs 61%, p < 0.001), and among
females more than males (77 vs 57%, p < 0.001), but did
not differ significantly by age group. Adequate ques-
tionnaire, blood pressure and anthropometric data
were available from all but 53 (1%) participants, while a
usable blood sample was available for 5111 (96%) of
respondents.
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Population distribution of lipid levels

The estimated mean (SE) value of serum TC
for the entire adult Thai population was 5.03 (0.09)
mmol/L in men, and 5.35 (0.07) mmol/L in women. The
mean values for HDL-C and TC/HDL-C ratio were 1.10
(0.02) mmol/L and 4.79 (0.05) in men, and 1.20 (0.02)
mmol/L and 4.68 (0.06) in women, respectively. Among
men, the mean serum TG level was 2.07 (0.06) mmol/L,
while the corresponding value among women was 1.66
(0.06) mmol/L.

Rural-urban differences in lipids

The mean values for TC, LDL-C, HDL-C, TC/
HDL-C ratio and TG in rural and urban populations are
summarised in Table 2. For both men and women, TC
and LDL-C was lower in rural areas compared with
urban regions (both p <0.001). Serum HDL-C was also
lower in the rural population compared with urban
residents for both sexes (both, p <0.001). There was no
significant difference in TC/HDL-C ratio in rural areas
compared with urban areas for men (4.74 vs 4.89, p =
0.16), while among women a higher mean ratio was ob-
served among rural residents, although this difference
was of borderline statistical significance (4.77 vs 4.49,
p = 0.05). The estimated mean level of serum TG was
significantly greater in rural areas than in the urban
population, for men (p =0.001) and for women (p =0.01).

Variation in sex differences between the rural
and urban populations was also observed for TC,
LDL-C and the TC/HDL-C ratio (Table 2). Among rural
residents, women had significantly higher values of
TC than men (p <0.001), while there was no significant

Table 1. NCEP Ill Treatment Recommendations

difference in TC between men and women in the urban
population (p = 0.20). A similar pattern was observed
for LDL-C. Within urban regions, the TC/HDL-C ratio
was significantly greater in men compared with women
(p=0.003), however, there was no sex difference in the
ratio among rural participants (p = 0.77). In both rural
and urban regions, HDL-C was significantly higher in
women than men (p = 0.02 for rural, p <0.001 for urban).
Similarly, the mean TG value was greater in men com-
pared with women for both regions (both p < 0.001).

Other cardiovascular risk factors

Participants from rural areas had significantly
lower mean levels of systolic and diastolic blood
pressure, body mass index, and waist circumference
(all p < 0.001) (Table 3). The prevalence of diabetes
(known and newly-diagnosed) was also lower in rural
regions (p =0.02).

Eligibility for cholesterol-lowering treatment

After excluding 1.1% of the rural participants
and 2.0% of the urban participants with a known
history of vascular disease, the proportion and abso-
lute numbers of Thai adults aged > 35 years that would
qualify for lipid-lowering drug therapy under NCEP-
ATP I1I primary prevention guidelines are shown in
Fig. 1. Overall, under liberal “drug-optional” criteria for
LDL-C level, 37.1% of the population, or at least 10
million Thais, would be eligible for treatment. This
proportion would be greater in urban compared with
rural areas within each age group and overall (46% vs
33%; p < 0.001), although the absolute number of Thai

Clinical Risk

LDL- C threshold for
optional drug treatment**

LDL-C threshold for
recommended drug treatment

< 2 CHD risk factors* 160-189 mg/dL (4.13-4.89 mmol/L) >190 mg/dL (>4.90 mmol/L)
> 2 CHD risk factors* and - >160 mg/dL (>4.13 mmol/L)
10-year CHD risk < 10%

> 2 CHD risk factors* and >130 mg/dL (>3.36 mmol/L)
10-year CHD risk > 10-20%

10-year CHD risk > 20% 100-129 mg/dL (2.58-3.35 mmol/L) >130 mg/dL (>3.36 mmol/L)
Diabetes (CHD equivalent) 100-129 mg/dL (2.58-3.35 mmol/L) >130 mg/dL (>3.36 mmol/L)

* CHD (coronary heart disease) risk factors include age (> 45 years in men; > 55 years in women); family history of

premature CHD (male first degree relative < 55 years, female first degree relative < 65 years - in InterASIA first degree

relative of either sex < 50 years of age was recorded); current cigarette smoking; hypertension or antihypertensive therapy;

and HDL-cholesterol <40 mg/dL (1.03 mmol/L). AHDL-cholesterol level 60 mg/dL (1.55 mmol/L) is a negative risk factor
10-year risk of fatal or nonfatal myocardial infarction, based on modified Framingham risk scoring sheets - separate

functions in men and women using age, total cholesterol, current smoking status, and systolic blood pressure

** recommended target if lifestyle interventions fail - used for ‘liberal scenario’
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Fig. 1  Prevalence (A) and absolute numbers (B) of Thai
adults aged > 35 years eligible for lipid lowering
drug treatment according to NCEP I11 guidelines,
stratified by age and rural or urban residence. The
data shown reflect liberal estimates where “drug
optional” individuals would also be treated

adults eligible for aggressive lipid reduction would
be greatest in rural areas (6.2 vs 3.9 million). Under the
more conservative “drug recommended” criteria for
LDL-C, 22% of the population (27% urban vs 20%
rural; p=0.01) would qualify for treatment.

Table 4 shows the distribution of adults in
rural and urban areas, when stratified by the threshold
values of HDL-C and LDL-C used in the NCEP-ATP 111
guidelines. A greater proportion of urban than rural
residents had a LDL-C level > 130mg/dL or 3.36 mmol/L
(59 vs 36%; p < 0.001). Compared with rural areas, the
proportion of individuals with HDL-C level < 40 mg/dL
(1.03 mmol/L) in urban areas was lower (24 vs 44%; p <
0.001), while for the proportion with HDL-C level > 60
mg/dL (1.55 mmol/L), the opposite was true (18 vs 7%;
p=<0.001).
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Table 4. Proportion (SE) of rural and urban Thais aged > 35 years with LDL-cholesterol and HDL-cholesterol levels stratified according to NCEP I11 threshold

values
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Discussion

The present study provides the most com-
prehensive and reliable estimates of the population
distribution of serum lipid parameters in the adult Thai
population to date. In 1991, a population-based survey
of the Thais aged > 30 years estimated mean total
cholesterol values of 4.8 mmol/L for menand 5.1 mmol/L
for women®®, The current mean levels of 5.03 mmol/L
in men and 5.35 mmol/L in women suggest that choles-
terol levels among Thai adults have risen. These find-
ings are consistent with the substantial increases
in cholesterol observed between 1985 and 1997 in an
urban occupational cohort in Thailand®?. At a popu-
lation level, even small changes in serum cholesterol
level are likely to have important implications for the
incidence of atherothrombotic disease. In a recent
meta-analysis of cohort studies conducted in the Asia-
Pacific region, each 1 mmol/L higher level of usual total
cholesterol was associated with a 45% (95%CI 35-55%)
greater relative risk of nonfatal myocardial infarction
or coronary death®. These findings have particular
relevance for urban-dwelling Thais, who have sub-
stantially higher values of TC and LDL-C. The current
rural-urban difference in mean TC values of about 0.7
mmol/L would translate into a 25-35% higher risk of
coronary heart disease in urban populations based on
this risk factor alone.

The higher mean HDL-C values in urban com-
pared to rural regions was unexpected, and resulted in
a lipid profile among urban populations that on the
basis of TC/HDL-C ratio was no more adverse than the
lipid profile of rural populations. Another unanticipated
observation was that of higher mean TG levels among
the rural compared with the urban populations. These
findings for lipids are discordant with the observed
higher levels in urban populations of other “metabolic
abnormalities” associated with cardiovascular disease,
such as waist circumference, blood pressure and dia-
betes. This pattern of rural-urban difference in serum
lipid profiles has been described previously in both
Thai®*1" and other developing country popula-
tions®19, However, in most studies, from both develop-
ing and developed regions of the world and including
the Chinese component of InterASIA@), rural inhabi-
tants are shown to have lower TC, higher or similar
HDL-C (and thus lower TC /HDL-C ratio) and lower TG
levels, compared with their urban counterparts:-2).
A possible explanation for the lipid profile observed
amongst the rural Thai population in the current study
relates to diet. Other data suggest that the percentage
of total dietary energy intake comprised of carbohy-
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drates is exceptionally high in certain populations of
rural Thailand, up to 80% in one study®*2. In terms of
atherosclerotic risk, the significance of the lipid profile
associated with a sustained low-fat high-carbohydrate
diet is unclear and remains an issue of considerable
controversy @30,

If the US-based NCEP-ATP Il lipid lowering
treatment guidelines were followed, about one-third of
the adult Thai population aged > 35 years would qualify
for lipid lowering drug therapy for the primary preven-
tion of coronary heart disease. The NCEP-ATP 11 guide-
lines currently identify a higher proportion of Thai than
US adults for drug treatment. Using the Third Annual
National Health and Nutrition Survey (NHANES II1 -
1988 to 1994), 25% of the US population aged > 20
years would be eligible for treatment under NCEP-ATP
I11 guidelines®). Among those aged > 65 years, this
would correspond to 39% of the US population, com-
pared with 48% of the Thai population. These findings
have major economic and resource implications for
Thailand, but also raise a more fundamental question
about the generalisability of the NCEP-ATP |11 guide-
lines to populations other than that from which it
was derived. A probable explanation for the high pro-
portion of Thais identified relates to the use of the
Framingham risk function in NCEP-ATP 11", Without
recalibration of the algorithm using local disease inci-
dence rates and risk factor prevalence data, the 10-year
absolute risk of coronary heart disease is likely to be
systematically over-estimated in the Thai popula-
tion®233), In addition, the NCEP-ATP Ill guidelines
consider aHDL-C level of <40 mg/dL (1.03 mmol/L) as
a positive risk factor, and a HDL-C level of > 60 mg/dL
(1.55 mmol/L) as a negative risk factor towards deter-
mining eligibility for lipid-lowering treatment. Among
the adult Thai population aged > 35 years, a substan-
tially higher proportion of rural than urban residents
have low HDL-C based on these criteria, while the
reverse is true for high HDL-C. This raises the possi-
bility of the inappropriate identification of some indi-
viduals for treatment on the basis of HDL levels using
these cut-points in Thailand.

One potential limitation of the presented
analyses relates to the calculation of LDL-C using
Friedewald’s equation after an overnight fast of 8 hours.
Although this fasting period has been defined by some
as the minimum required for LDL-C calculation, a 12
hour fast is generally considered ideal (as was the
procedure in NHANES-111)©%), The shorter fasting
period may have resulted in under-estimation of LDL-
C levels in InterASIA; however, this suggests that an
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even higher proportion of adult Thais may be eligible
for lipid-lowering therapy using NCEP-ATP |11 guide-
lines than the presented data indicate.

With increang urbanisation of the population,
the findings of the present study have important
implications for the future burden of atherosclerotic
diseases in Thailand, and underscore the urgent need
to develop and implement cost-effective preventive
strategies. Without detracting from the importance of
reliably identifying high-risk individuals who would
benefit the most from cardiovascular risk reduction
therapy, the current NCEP-ATP 11l recommendations
for lipid lowering therapy are unlikely to be directly
applicable to the Thai population. This does not neces-
sarily imply the need to establish new Thai-specific
cohort data, which would be costly and take years to
yield useful information. Numerous studies have
shown that existing risk functions (e.g. Framingham)
can be effectively “recalibrated” for different popula-
tions, using reliable national data on risk factor
prevalence and disease incidence®®. Such country-
specific approaches to risk prediction and subsequent
treatment protocols are essential to obtain maximum
benefit from future health resource allocation in
countries such as Thailand.
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