National Cholesterol Treatment Guidelines in Korean Population

- Setting-up the cutpoints for high blood cholesterol -

National Cholesterol Treatment Guidelines are different according to race and
country, and change year by year, because the distribution of lipid and lipoprotein
levels are different by genetic background, dietary habit and life style. So it is
mandatory to set-up the national cholesterol treatment guidelines based on the
epidemiologic results. To establish the cutpoints for hypercholesterolemia spe-
cific to the Korean population, we selected the laboratories, whose inaccuracies
of cholesterol measurement were less than 5%, in the external laboratory quality
assessment survey, and performed epidemiological survey on the distribution
of cholesterol levels, and other risk factors of coronary heart disease(CHD). As
a result, prevalence of CHD risk factors was very high in hypertension(28.0%)
and relatively low in diabetes(2.8%). Smokers were 42.6% of total subjects.
Thirteen percent of subjects had a family member(s) who was suffering from
or had of hypertension, stroke, and heart diseases. The average cholesterol
level of a Korean was 187mg/dL, which was about 25mg/dL lower than that
of United States. The 75th percentile of total cholesterol was 210mg/dL and
90th percentile 235mg/dL. The cutpoint for borderline-high cholesterol levels
provide a major guideline for initiation of dietary and exercise therapy. We
propose the cutpoint for borderline-high cholesterol levels as 200 instead of
210mg/dL to initiate more active dietary and exercise therapy, and we also
propose the temporary cutpoint for high blood cholesterol levels as 240mg/dL
instead of 235mg/dL, which is a reasonable cutpoint considering medical
insurance policy of the country. In conclusion, we suggest the cutpoints for
borderline-high and high serum cholesterol levels as 200 and 240mg/dL,
respectively. (JKMS 1997 ; 12:17~22)
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INTRODUCTION

Atherosclerosis of the coronary arteries is the most
severe form of atherosclerosis and is one of the major
causes of eatly mortality and motbidity. In Western
countries such as Gteat Britain, coronaty heart disease
(CHD) is the leading cause of adult death. The death
rate of ischemic heart diseases in Kotean males was 1.8
pet 100,000 population and 1.0 in females in 1981,
which increased in 5.2 folds to 9.4 in male, 6.2 folds
to 6.2 in female in 1991 (1). These are closely related
to the increase of cholesterol levels duting the specified
interval. Rapid inctease of ischemic heatt disease in Kotea
seemns to be the major threatening factor in national
heath. Eatly detection and management of CHD risk
factors, especially hypercholesterolemia, are emerging as
majot task for national health care.
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In 1985, NIH Consensus Development Conference
Statement stratified cholesterol into moderate-tisk and
high-risk categoties according to age-related 75th and
90th percentiles for the United States (US) population
(2). In 1988, The Expert Panel of the US National
Cholesterol Education Program (NCEP) proposed a
classification of hypercholesterolemia based on total and
LDL cholesterol values, unrelated to age. Total choles-
terol was defined as 'desirable' (<200mg/dL), 'bordetline-
high'(200-239mg/dL) and 'high'(=>240mg/dL) (3). These
cutpoints are somewhat atbitrary. The 240mg/dL cut-
point for total serum cholesterol is a level at which CHD
risk is almost double that at 200mg/dL, and is rising
steeply. In 1993, the Second Repott of the Expert Panel
on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel II or ATP
I) presented the NCEP's updated recommendations for
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cholesterol management (4, ). The report contained new
features that distinguish it from the first. These included
the following : Increased emphasis on CHD risk status
as a guide to type and intensity of cholesterol-lowering
therapy, more attention to high-density lipoproteins
(HDL) as a CHD risk factor, increased emphasis on
weight loss and physical activity as components of the
dietaty therapy of high blood cholesterol.

'Under what circumstances and at what level of blood
cholesterol should dietary or drug treatment be started?'
or 'setting-up cutpoints to differentiate normal and high
blood cholesterol' are most important issues in establish-
ing the national cholesterol treatment guidelines. As
accurate statistics of CHD incidence has not been avail-
able and no prospective epidemiological study of the
relationship between CHD and hypercholesterolemia has
been reported in Kotea, patients have been treated
accotding to US NCEP guidelines. But due to the
difference in CHD mottality rate, distribution of cho-
lesterol levels, dietary habits, and genetic background
between Koteans and Westerners, it is not apptoptiate
to use US NCEP guidelines in Kotean population.

To establish the cutpoints for high blood cholesterol
specific to the Kotean population, we selected the
laboratories which had inaccuracies of less than 5% on
the external laboratory quality assessment survey. And
epidemiological survey on the distribution of cholestetol
levels and other CHD risk factors in those laboratoties
selected was done. We propose the cutoff value of
hypetcholesterolemia in the Kotean population based on
the above data, which can be used as a basis for
establishing the future Kotrean National Cholestetol
Treatment Guidelines.

MATERIALS AND METHODS

1. Quality control and standardization of the clinical

laboratory

With survey program of the Korean Association of
Quality Assurance for Clinical Pathology, we twice sent
the sutvey matetials for cholesterol measurement to 1600
laboratoties nationwide. At each sutvey, we made 16
batches of quality control matetials and randomly chose
and sent 2 of them to each laboratory.

Inaccuracy of cholesterol measutement was calculated
with formula desctibed below ;

Measured value - Designated value

Inaccuracy =
Designated value
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2. Survey for Korean cholesterol level and CHD
risk factors

1) Subjects

Included in the study were 987,820 who took a
routine health check in 1994. Data of whole group was
compated with those from the laboratories with
inaccuracy within 5%, which amounted to 588,082.

2) Methods

Analysis of CHD risk factots were done through the
questionnaire, physical examinations and blood tests of
parametets including sex, age, body weight, height, total
cholesterol, hypertension, diabetes and family histoty for
hypertension, stroke and heart diseases. Hypertension
was defined as systolic ptessure over 140mmHg or dias-
tolic pressure 90mmHg and diabetes was defined as
fasting blood sugat over 140mg/dL or positivity of utine
glucose stick test.

Serum total cholesterol were determined by a cho-
lesterol oxidase enzymatic method, triglyceride by a
glycerol oxidase enzymatic method and HDL cholesterol
by precipitation.

We calculated mean, standatrd deviation, Sth, 10th,
25th, 50ch, 75th, 90th and 95th percentile value of each
lipid parameter using the SAS (Statistical Analysis
System) program.

RESULTS

1. Distribution of laboratories according to the in-
accuracies of cholesterol measurement
Inaccuracy distribution among 1477 clinical labora-

toties are listed in Table 1. We selected the laboratoties

with an inaccuracy of less than 5% (54.23%) to sutvey
the Kotean cholesterol levels and CHD risk factots.

2. Survey for Korean cholesterol levels and CHD
risk factors
Analysis of total cholesterol level distribution was done
in two groups. One consisted of 987,820 subjects who
took a the routine health check in 1994, and the other
consisted of the subjects checked by the laboratoties with

Table 1. Distribution of laboratories according to their cholesterol
measurement inaccuracy

Cholesterol inaccuracy

<3% 293 (19.84)
3-5% 508 (34.39)
510% 518 (35.07)
>10% 158 (10.70)

No. of Laboratories(%)
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Table 2. Mean, S.D. and selected percentiles of serum cholesterol levels by age and sex in whole subjects

No of Persons Percentile
Age (year) examined Mean SD. 5th 10th 25th 50th 75th 90th 95th
Total 987820 186.6 36.3 134 144 162 184 208 234 250
Men
> 20 763696 188.7 36.4 145 145 164 186 210 235 251
20-34 188640 178.8 338 139 139 155 176 199 223 238
35-44 271241 188.4 35.7 146 146 164 186 210 234 250
45-54 201661 194.4 37.1 150 150 170 192 217 24 257
55-64 99541 196.2 373 152 152 171 194 219 243 258
65-74 2565 1979 375 153 153 173 196 221 244 259
> 75 48 207.5 388 152 152 182 203 233 254 271
Women
> 20 224124 179.6 351 130 139 156 176 200 225 242
20-34 119277 173.0 329 126 135 151 170 191 214 231
35-44 69016 179.4 322 132 141 158 177 199 221 236
45-54 27129 197.9 36.8 143 154 173 195 221 245 260
55-64 8495 215.8 389 157 169 189 214 240 263 283
> 65 207 2195 394 157 168 196 218 240 268 278
unit; mg/dL

Table 3. Mean, S.D. and selected percentiles of serum cholesteral levels by

laboratories of less than 5% inaccuracy of cholesterol measurement

age and sex in subjects which were examined in the

No of Persons Percentile
Age (year) examined Mean SD. 5th 10th 25th 50th 75th 90th 95th
Total 588082 186.6 36.2 134 144 162 184 208 234 250
Men
> 20 455546 188.7 36.3 135 145 164 186 210 235 251
20-34 111970 178.8 336 130 139 156 176 199 223 239
35-44 161224 188.5 35.6 136 146 164 186 210 234 250
45-54 120333 194.3 37.0 139 150 169 192 217 24 257
55-64 60366 196.0 372 140 152 171 194 218 243 258
65-74 1623 197.8 37.0 141 153 173 195 222 244 258
> 75 30 209.5 379 123 151 188 213 235 250 260
Women
> 20 132536 179.6 353 130 139 155 176 200 225 242
20-34 71317 173.0 329 127 135 151 170 191 214 231
35-44 40567 179.4 323 132 141 157 177 199 221 236
45-54 15520 1985 37.0 143 154 173 196 222 246 260
55-64 5014 216.9 396 157 169 190 215 24 266 285
> 65 118 219.7 389 166 171 194 215 240 268 285
unit ; mg/dL

an inaccuracy of less than 5%, which amounted to
588,082. As shown in Tables 2 and 3, total cholesterol
level distribution was vety similar between two groups.

The serum total cholesterol levels showed a rising
trend with age, and they wete higher in males until eatly
40's but in females after late 40's. The 75th percentile
of total cholesterol was 210mg/dL and 90th petcentile
235mg/dL.

Prevalence of CHD risk factors are listed in Table 4.
It was very high in hypertension (28.0%) which might
be due to the ctitetia of hypertesion (= 140/90mmHg)
by single measurement of blood ptessure, and relatively
low in diabetes (2.8%). Smokets were 42.6% of total
subjects. Thirteen percent of subjects had a family
member (s) who were suffering from or had died of
hypertension, stroke, and heart diseases.
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Table 4. Prevalence of coronary heart disease risk factors by age and sex in the Korean population.

Group No. Hypertension Diabetes Smoking CHD Family Hx
Total 588082 164772(28.0)* 16505(2.8) 250673(42.6) 77530(13.2)
Men
> 20 455546 149727(32.9) 15708(3.4) 250400(55.0) 57327(12.6)
20-34 111970 24432(21.8) 990(0.9) 68418(61.1) 11447(10.2)
35-44 161224 44103(27 4) 3571(2.2) 92074(57.1) 22329(13.8)
45-54 120333 48604(40.4) 6262(5.2) 61933(51.5) 15676(13.0)
55-64 60366 31616(52.4) 4750(7.9) 27386(45.4) 7615(12.6)
65-74 1623 957(59.0) 135(8.3) 580(35.7) 254(15.7)
> 75 30 15(50.0) 0(0.0) 9(30.0) 6(20.0)
Women
> 20 132536 15045(11.4) 797(0.6) 273(0.2) 20203(15.2)
20-34 71317 4515( 6.3) 186(0.3) 96(0.1) 8675(12.2)
35-44 40567 4239(104) 209(0.5) 62(0.2) 7753(19.1)
4554 15520 4051(26.1) 230(1.5) 72(05) 2822(18.2)
55-64 5014 2172(43.3) 168(3.4) 42(0.8) 937(1 87)
> 65 118 68(58.6) 4(3.4) 100.9) 16(13.8)
* Number (percentage)
DISCUSSION Disease (2). They agreed on answers to the following

The laboratoty Standardization Panel for Cholesterol of
NCEP at NIH in the US recommended that inaccuracy
and imprecision of less than 5% by the year 1992 (6).
In Korea, the national average of inaccuracy was 9.1%
in 1990 and 5.95% in this study, which showed an
almost 3% improvement (7). It is vety similar to the
ovetall average of CAP Survey, which is 5.6%. But these
figures are still higher than 5% (1992), or 3% (after
1992) recommended by NCEP Laboratoty Standardiza-
tion Panel for Cholesterol (6).

The total cholesterol level distribution was very similar
between whole subjects (n1=987,820) and the subjects
(n=588,082) checked by the laboratories with an
inaccuracy of less than 5%, which proved the fact that
inaccuracies in cholesterol measurement did not affect the
distribution of total cholesterol level, when number of the
study subjects were extremely high.

Cholesterol levels in this study were lower than those
of the US. The average cholesterol level of the US was
211mg/dL and that of Kotea was 187mg/dL, which
showed about 25mg/dL of difference (Fig. 1) (8). We
applied our data to US NCEP guidelines, and got the
tesult that 67.2% were in desirable cholesterol level,
24.9% wete in botdetline high, and 7.3% were in high
(Table 5). The prevalence of hypercholesterolemia was
lower in Korea than in the US (11%) (9).

In 1984, the National Heart, Lung, and Blood
InstituteNHLBI) and NIH Office of Medical Application
of Research convened a Consensus Development Confer-
ence on Lowering Blood Cholesterol to Prevent Heart

questions :

1) Is the relationship between blood cholesterol levels
and coronary heart disease causal? 2) Will reduction of
blood cholesterol levels help prevent CHD? 3) Under
what circumstances and at what level of blood cholesterol
should dietary or drug treatment be started? 4) Should
an attempt be made to reduce the blood cholestetol
levels of the general population? 5) What research di-
rections should be pursued regarding the relationship
between blood cholesterol and CHD ?

A wealth of congruent results of genetic, experimental
pathologic, epidemiological and intervention studies gave
the answer to the first and second questions (10~12).
To the fourth question, a public health program, de-
signed to reduce cholesterol levels, including mass
screening of the general population and eatly detection
and management of hypercholesterolemic patients has
reduced the motbidity and mottality of CHD in US and
many European countries (8). To the last question, much
about lipid metabolism and about the mechanisms of the
atherosclerotic process remains unknown and under in-
vestigation.

However the third question, 'Under what circum-
stances and at what level of blood cholesterol should
dietary or drug treatment be started?’, depends on Na-
tional Cholesterol Treatment Guidelines. It is different
accotding to races and countties, and changes from year
to year, because the distribution of lipid and lipoprotein
levels ate different by genetic background, dietary habit
and life style. For example, the Japanese population, in
compatison with the US population, is characterized by
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Fig. 1. Comparison of average cholesterol levels between Korean
and American population.
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Borderline-high

208 mg/dL
(751 percentile)

234 mg/dL
(90t percentile)
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Proposed cutpoints

200: More active dietary therapy

240: Reasonable cutpoints considering insurance policy

Fig. 2. Interim cutpoints for high blood cholesterol to establish
National Cholesterol Treatment Guidlines in Korean population.

Table S. Prevalence of serum cholesteral levels in the Korean population by age and sex which were examined in the laboratories of less

than 5% inaccuracy of cholesterol measurement

Desirable blood cholesterol

Borderline-high blood cholesterol High blood cholesterol

Group No. (<200mgyal) (200-239mgy/clL) (>240mg/dL)
Total 583082 304887(67.1)* 146867(25.0) 46328( 79)
> 20 465546 295680(64.9) 121192(26.6) 38674( 85)
20-34 111970 84668(75.6) 21954(19.6) 5348( 4.8)
35-44 161224 105238(65.9) 43041(26.7) 12045( 8.0)
4554 120333 70671(58.7) 36570(30.4) 13002(10.9)
5564 60366 3212(56.7) 19080(31.6) 7074(1.7)
6574 1623 e (54.9) 534 329) 208(128)
> 75 30 10333 13433 7(23.39)
Women
> 20 132536 99207(74.9) 25675(19.4) 7654( 5.8)
20-34 71317 58439(81.9) 10827(14.5) 2551( 36)
3544 40567 30659(75.6) 8197(202) 1711 42)
4554 15520 8376(54.0) 5100(329) 2044(13.2)
5564 5014 1695 338) 2001(39.9) 1318(26.9)
> 65 118 38(328) 50(43.1) 30(25.9)

* Number (percentage)

a much lower average cholesterol level and a much lower
frequency of CHD. The Finnish, on the other hand, have
a much higher average cholesterol level and a much
greater risk of CHD than do US citizens. Furthermore,
Japanese who have migrated to Hawaii and San Francisco
have higher cholesterol levels and a higher risk of CHD
than nonmigrants.

Koteans, in comparison with US population, have a
much lowet death rate of ischemic heart diseases (about
one tenth) and a 10-20mg/dL lower average cholesterol
level. So management of Korean hypercholesterolemic
patients according to the US NCEP or EAS guidelines
is not reasonable. So it is mandatory to set-up the na-
tional cholesterol treatment guidelines based on the

epidemiological results on the prevalence of CHD risk
factors including distribution of cholesterol levels in the
Korean population.

To establish the cutpoint for total serum cholesterol
specific to Kotean population, there should be judicious
and deliberate discussion among lipidologists based on
"Distribution of total serum cholesterol levels in the
Korean population” and "Prospective epidemiological sut-
vey on the relationship between serum cholesterol levels
and CHD". But there has been no prospective study to
establish the cutpoints for total serum cholesterol specific
to the Kotean population, which makes it even mote
difficult to establish the cutpoints. Some investigators
reported scattered efforts to establish the cutpoints.
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Kwon et al(13) repotted that the diagnostic sensitivity
and specificity for CHD were 25.9% and 83.0% when
the cutpoints for cholesterol was 220mg/dL. Kim et al.
(14) proposed the cutpoints for moderate and high risk
groups at 220 and 245mg/dL of serum cholesterol. But
these data were collected in the metropolitan ateas,
which estimated the cutpoints at too high levels. The
data were too small in number and too natrow in sam-
pling atea to be a tepresentative data for Kotea.

The Japanese cutpoint is 220mg/dL in a population
whose cholesterol distribution and CHD mortality ate
similar to those of Kotea.

In this survey, we petformed the external quality
assessment of the participating laboratoties nationwide to
improve the accuracy and precision of cholesterol mea-
surement and petformed large-scale nationwide analysis
of about 1 million subjects. So, we believe, this data is
reptesentative of true Kotean cholesterol status.

The 75th petcentile level of total cholesterol in the
Kotean population was 210mg/dL and 90th petcentile,
235mg/dL. Thetefore it might be reasonable to set up
the cutpoints for botdetline-high and high serum
cholesterol levels at 210 and 235 respectively. But now
a day dietary habit and life style in Kotean ate rapidly
westernized and the incidence of CHD are increasing
tendency, so more intensive dietary and exetcise therapy
to control the hyperlipidemia is needed. The cutpoint for
bordetline-high cholesterol levels provide a major guide-
line for initiation of dietary and exercise therapy, there-
fore we propose the cutpoints for bordetline-high cho-
lesterol levels at 200 instead of 210mg/dL to initiate
mote active dietaty and exetcise therapy.

The cutpoint for high cholesterol levels give a major
guideline for drug therapy. Considering that the 250
mg/dL is the level approved for drug therapy by medical
insurance so far, we propose a temporaty cutpoint for
high blood cholesterol levels as 240mg/dL which is
reasonable cutpoint considering medical insurance policy.

In conclusion, we suggest the cutpoints for borderline-
high and high serum cholesterol levels at 200 and 240
mg/dL, respectively. Lipid expetts including cardiologists,
endocrinologists, nutritionists, clinical pharmacologists
and clinical chemists should establish the national cho-
lesterol treatment guidelines based on the above cut-
points. They should also evaluate the effect of the
treatment by these guidelines to reduce the morbidity
and mortality of CHD.

Acknowledgement

This study was supported by a grant from Korean
Society of Lipidology in 1996, and a grant of the
National Health Science and Technology R & D Projects
in 1996, Ministry of Health & Welfare, RO.K.

10.

11.

12.

13.

14.

J.-Q Kim, J.-H. Song, Y.-B. Park, et al.

REFERENCES

. Lee CK. Diseases with the changes of the times : Occurrence

pattern of cardiovascular diseases with the changes of the times.
J Korean Med Assoc 1994 ; 37 : 1292-5.

. Anonymous. Consensus Conference : Lowering blood choles-

terol to prevent heart disease. JAMA 1985 ; 253 : 2080-6.

. Anonymous. National Cholesterol Education Program. Report

of the expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults. Arch Intern Med 1988 ; 148
: 36-69.

. Anonymous. National Cholesterol Education Program. Second

Report of the Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults(Adult Treatment Pane
II). Circulation 1994 ; 89 : 1333-445.

. Anonymous. Summary of the second report of the National Cho-

lesterol Education Program(NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel II). JAMA 1993 ; 269 : 3015-23.

. Anonymous. Current status of blood cholesterol measurement

in clinical laboratories in the United States : A report from the
laboratory standardization panel of the National Cholesterol
Education Program. Clin Chem 1988 ; 34 : 193-201.

. Kim JQ. Analytical goal of cholesterol measurement. Korean

J Lipidol 1991 ; 1:103-7.

. Johnson CL, Rifkind BM, Sempos CT, Carroll MD, Bachorik

PS, Briefel RR, Gordon DIJ, Burt VL, Brown CD, Lippel K,
Cleeman JI. Declining serum total cholesterol levels among US
adults: The National Health and Nutrition Examination Surveys.
JAMA 1993 ; 269 : 3002-8.

. Sempos CT, Cleeman JI, Carroll MD, Johnson CIL., Bachorik

PS, Gordon DJ, Burt VI, Briefel RR, Brown CD, Lippel K,
Ritkind BM. Prevalence of high blood cholesterol among US
adults : An update based on guidelines from the second report
of the National Cholesterol Education Program Adult Treatment
Panel. JAMA 1993 ; 269 : 3009-14.

Dawer TR. The Framingham Study. Lipid and atherosclerotic
disease. The Epidemiology of Atherosclerotic Disease. Cam-
bridge : Harvard University Press, 1980 ; I12.

Martin MJ, Hulley SB, Browner WS, Kuller LH, Wentworth
D. Serum cholesterol, blood pressure and mortality : implica-
tions from a cohort of 361,662 men. Lancet 1986 ; ii : 993.
Stamler J, Wentworth D, Neaton JD. Is relationship between
serum cholesterol and risk of premature death from coronary
heart disease continwous and graded? Findings in 356,222
primary screenees of the multiple risk factor intervention
trial(MRFIT). JAMA 1986 ; 256 : 2823-8.

Kwon SW, Kim JQ, Song JH, Cho HI, Kim SI, Tchai BS, Park
YB. The biochemical markers for coronary artery diseases in
Korean. Korean J Clin Pathol 1990; 10 : 27-38

Kim JQ, Song JH, Cho HI, Park YB, Lee HK, Tchai BS, Kim
SL. Reference(cut-off) values for serum total cholesterol among
Korean adults resident in Seoul. J Korean Med Assoc 1990 ;
33 1338-44.



