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Lipid profiles in the Isfahan
population: an Isfahan cardiovascular
disease risk factor survey, 1994
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ABSTRACT A population-based study was conducted in 1994 in Isfahan to define the prevalence of various
types of hyperlipidaemia and the mean concentrations of serum total cholastaral, triglycerides, low-density
lipopratein cholesterol and high-density lipoprotein (HDL) cholesteral. In all, 2200 people were randomly
chosen and classified into five age groups (20-70 years). The data were obtained by questionnaires and
anthropometric measurements and serum lipids and fasting blood sugar were measured, The prevalence of
Nypertipidaemia was higher in women than men. Muitiple linear regression showed only HDL cholesterol
and triglycerides to be associated with body mass index. The most prevalent lipid abnormality was HDL
cholesterol. Diet modification and physical activity should ba encouraged to reduce hyperlipidaemia.

Bilan lipidique dans la population d'lspahan: étude des facteurs de risque cardiovasculaire i Ispa-
han, 1994

RESUME Une étuda dans la population a été réalisée & Ispahan on 1994 en vue de définir la prévaience
des divers types d'hyperlipidémie et ies concentrations moyennes de cholestérol sérique total, des trigly-
cérides, des lipoprotsines de basse densité, de cholestérol et de cholestéro! de haute densité (HDL}. Au
total, 2200 personnes ont été choisies au hasard st classées en cing groupes d'age (20-70 ans). Les
données ont été obtenues au moyen de questicnnaires et par des mesures anthropométriques, et fes
lipides sériques ainsi que la glycémie & jeun ont été mesurés. La prévalence de 'hyperlipidémie était plus
élevée chez les femmes que chez les hommes. L'analyse par régression linéaire multiple a montré que le
HDL cholestérol et les triglycérides seulement étaient associés a l'indice de masse corporelle. L'anomalie
lipidique la plus courante était le HDL cholestérol. Une modification de I'alimentation et I'activité physique
doivent étre encouragées afin de réduire I'hyperlipidémie.
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Introduction

Nowadays, one of the most common and
fatal diseases in the world is cardiovascular
disease. Hyperlipidaemia is one of its re-
versible major risk factors [1].

According to a study conducted on
patients with myocardial infarction (MI) in
Isfahan Cardiovascular Research Centre,
hyperlipidaemia is the second most
important risk factor [2]. The prevalence of
all types of hyperlipidaemia was higher in
the children of Isfahan [3]. According to
research conducted in the United States of
America, 7 million people (4 million men
and 3 million women) have hyperlipidaemia
[4]. Coronary artery disease and its conse-
quences may increase by two- to ten-fold
as a result of hypercholesternlaemia, which
has a mortality rate of up to 31% in males
and 24% in females [4]). A direct relation-
ship between serum total cholesterol
(T.Cho) and coronary artery disease has
been shown in many studies [5]. Results of
a previous study carried out in Isfahan indi-
cated the prevalence of hyperlipidaemia to
be 34% in women and 25% in men who
died because of myocardial infarction
(based on their medical files) (Sarraf-Zade-
gan N et al., unpublished data). The per-
centage was 32.5% for women and 23.2%
for men among patients hospitalized be-
cause of myocardial infarction. Our study
was carried ont to identify the situation in
relation to hyperlipidaemia in the urban
population of Isfahan in order to help put in
place preventive programmes for cardio-
vascular disease.

Subjects and methods

A descriptive population-based study was
carried out and 2315 people [1263 (45%)
women and 1052 (55%) men] from 1.5 mil-

lion people in Isfahan were requested to
participate between February and October
1994, Isfahan is a large, homogeneous city
with less immigration than Teheran and
other big cities; it is at an intermediate eco-
nomic level. The poptilation of the city was
divided into 40 equal clusters and all partic-
ipants were randomly chosen by a two-
stage cluster sampling method. The
number of participants was calculated at
the 5% level of significance with a power
of 80% with an estimated standard
deviation of 26.5 (based on a pilot study).
A participation rate of 95% was
achieved. The participants were aged 19—
70 years and were classified into five age
groups (< 30, 30—, 40—, 50—, 60-70 years).
For all participants, standard question-
naires on personal characteristics, previous
history of major risk factors, smoking,
physical activity and drug use were com-
pleted during home interviews. Alcohol
consumption was not considered in this
study because it is forbidden by Islam. Di-
etary habits were recorded using the 24-
hour recall method. People with secondary
causes of hyperlipidaemia were excluded.
Anthropometric measurements were taken
by trained medical students in the clinics of
Isfahan Cardiovascular Research Centre.
To measure the level of T.Cho, triglyc-
erides (TG), high-density lipoprotein cho-
lesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C), all partic-
ipants were asked to fast for 12-14 hours.
The blood specimens were analysed for
T.Cho and TG by an enzymatic mcthod us-
ing an Elan 2000 autoanalyser. HDL-C was
determined by the same enzymatic method
for scrum T.Cho following a heparin-man-
ganese precipitation procedure [6]. LDL-C
was calculated according to Friedewald
formula [7], when TG was < 400 mg/dL.
Body mass index (BMI) as an index for
obesity was calculated by measuring height
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and weight in light clothes and without
shoes. Participants were considered to
have diabetes mellitus if they had two fast-
ing blood sugar measurements = 140 mg/
dL or they had a history of diabetes mellitus
[8]. Blood pressure was measured by the
WHO standardized method using a random
zero sphygmomanometer [9]. For cigarette
smoking, participants were classified as ex-
smokers, current smokers and non-smok-
ers; smokers were classified as mild,
moderate or heavy smokers according to
the number of cigarettes per day (mild: 1-
10 cigarettes/day; moderate: 11-20 ciga-
rettes/day; heavy: > 20 cigarettes/day).
Physical activity was categorized as seden-
tary (< 500 kcal), light activity (500-999.9
kcal), moderate (1000-1999.9 kcal) and
vigorous ( 2 2000 kcal) [10].

Statistical analyses

SPSS was used to analyse the data.
Multiple linear regression analysis of
serum lipids in relation to BMI and age was
performed. The mean values of all factors
were compared using unpaired Student’s
t-test and ANOVA. Yates corrected §? tests
were used to compare the frequencies
respectively. A P-value of less than 0.05
was considered significant.

Results

The distribution of the participants by age
group is presented in Table 1. The mean,
standard deviation and 25th, 50th and 75th
percentiles for each serum lipid based on
different age groups for men and women
are shown in Table 2. Mean T.Cho in-
creased with age in women (P = 0.00) and
men (P = 0.00) separately. LDL-C showed
a similar increase with age in women. In
spite of higher LDL-C levels in women
compared with men, their serum TG levels

were lower than men except in the 60-70-
year-old age group. In the 40—49 year-old
age group, the mean value of serum TG
peaked in men.

The sex-specific distribution of serum
lipids is presented in Table 3. T.Cho
2 300 mg/dL was seen in 6.7% of women
and 4.5% of men, which was statistically
significant (P = 0.036). LDL-C > 160 mg/
dL was more prevalent in women than in
men (40.5% versus 23.5%) and the differ-
ence was significant (P = 0.000). In the
studied population 51.8% had HDL-
C <35 mg/dL and it was significantly more
common in men (57.6%) than in women
(47.0%). According to the data in Table 3,
the prevalence of TG 2 200 mg/dL. was
significantly higher in men than women.

In men, the most prevalent type of com-
bined hyperlipidaemia was high TG and
low HDL-C, followed by T.Cho = 240 mg/
dL and LDL-C 2 160 mg/dL or HDL-C <
35 mg/dL. In women it was T.Cho 2 240
mg/dL and LDL-C = 160 mg/dL or HDL-C
< 35 mg/dL followed by elevated T.Cho
and LDL-C.

For both sexes, the age-specific preva-
lence of increased T.Cho, LDL-C and TG
and decrease in HDL-C are shown in Fig-
ures 1 and 2.

Table 1 Distribution of the studled sample In

each age group by sex

Age group (years) Females Males
<30 13t 222
30— 241 241
40- 340 204
50- 276 181
60-70 212 152
Total 1200 1000
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Table 2 Mean, standard deviation and some percentiles of serum lipida by age and sex, lsfahan

1994

Age Females Males P-value®
group Mean (s) Percentile Mean (s) Percentile

(years) 25th 50th 75th 25th 50th  75th

Total cholesterol (mg/dL)

20- 213.2(45.3) 1785 2005 2427 198.1(455) 1620 2010 2280 0072
330 207.0(42.0) 1782 2020 2365 208.6(41.5) 1820 2000 2250 0782
40~ 2228(41.9) 1930 2480 2500 224.4(61.3) 1907 211.0 2487  0.829
50~ 2442(436) 2135 2400 2680 225.7(44.6) 1980 2220 2495 0016
60-70 252.5(42.3) 2275 2850 2815 2250{49.1) 1880 2200 2580  0.003
Total 220.2(459) 1970 2270 2600 2156(49.8) 1840 2120 2415  0.000
Pvalue® 0.000 0.003

Low-density lipoprotein cholesterol (mg/dL)

20- 1465(37.8) 1175 1480 1696 1269(41.2) 974 1272 1548  0.017
30- 135.8(36.7) 1098 1346 1602 128.7(36.3) 1068 1318 1488 0.184
40- 147.8(36.8) 1242 1420 1678 137.7(47.1) 1078 1322 1576 0.109
50- 162.0{38.6} 1360 1560 1876 142.3(36.2) 1188 139.2 1655 0.003
6070 170.9(37.2) 1470 1708 1978 146.8(48.1) 1160 1498 1791 0.007
Total 153.0(39.2) 1258 1504 1790 1357(42.3) 1078 1346 1585  0.000
P-value® 0.000 0.219

High-density lipoprotein cholesterol (mg/dL)

20- 39.7 (8.6 345 380 455 35.4(7.0) 310 340 387 0.013
30- 35.9(6.4) 312 350 390 33.8(8.3) 290 330 380 013
40— 35.3(7.9) 310 335 390 33.5(7.0) 300 330 378 0.260
50— 36.3(7.3) 320 350 400 357(129) 300 340 392 0.743
60-70 35.8 (6.0) 325 350 400 34.2 (8.6) 310 MO0 3WO 0976
Total 39.1(7.3) 312 350 402 34.5(8.6) 300 380 38O 0.000
P-value® 0439 0.440

Triglycerides (mg/dL)

20~ 138.2(85.2) 825 1260 1715 173.7(965) 1095 1430 2100 0.032
30- 183.0(98.4) 1112 1610 2482 235.2(1294) 1450 189.0 3020 0.006
40— 215.9(130.5) 1340 1810 2485 275.1(218.6) 1437 2310 3375 0048
50~ 230.9(1125) 1500 2120 2800 256.3(146.2) 1547 2320 2942 0319
B0-70 238.4(124.9) 1455 2060 3075 220.8(1355) 1372 1830 2880 0737
Total 209.4(119.0) 1258 1800 2542 234.0(154.2) 1357 1935 2875 0025
P-value® 0.000 0.005

P-value of t-test between men and women
bP.value of ANOVA test between age groups of the given sex
s = standard deviation
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Table 3 Distribution of lipid levels by sex, 1sfahan 1994

Serum lipid Females (n="1200) Males (n=1000) P-value
No % No %
T.Cho (mg/dL)
<200 340 28.3 401 40.1
200-400 476 a7 407 401 0.000
250-299.9 304 253 153 15.3
2300 a0 6.7 45 45
LOL-C (mg/dL)
<13 347 289 454 454
131-159.9 367 306 n 311 0.000
z160 486 40.5 235 23.5
HDL-C {mg/dL}
<35 564 47.0 576 578
35-49.9 5084 487 77 377 0.000
250 52 43 47 4.7
TG (mg/dL)
<200 680 56.7 522 52.2
200400 443 36.9 364 364 0.000
>400 77 6.4 114 114
T.Choz=240 and
HDL-C < 35 (mg/dL) 226 18.8 135 135 0.001
T.Choz240 and
LDL-C = 160 (mg/dL) 395 32.9 186 186 0.000
T.Cho =240 and
L DL-C =160 and
HDL.-C < 35 (mg/dL) 179 14.9 90 9.0 Q.000
T.Choz240and
LDL-Cz1800r
HOL-C < 35 {mg/dL) 449 7.4 238 238 0.000
TG=200and
HOL-C « 35 (mgydL) 610 0.5 261 25.1 0.002

T.Che = total cholesterol; LDL-C = low-tsnsity lipoprotein cholesterol; HDL-C = High-density lipoprotein

cholesterol; TG = triglycerides

Mean lipid values classified into three
subgroups of BMI are given in Table 4. Se-
rum levels of T.Cho and TG increased and
HDL-C decreased from the lowest to the
highest BMI subgroup in women
(P£0.01).

The coefficients for regression of
T.Cho, LDL-C, HDL-C and TG on BMI

controlied for age were statistically signifi-
cant (the results are not shown).

The prevalence of increased T.Cho,
LDL-C and TG and HDL-C < 35 mg/dL for
BMI 2= 25 kg/m?® between men and women
differed significantly (P < 0.004), and ex-
cept for hypertriglyceridaemia the differ-
ences in prevalence hetween men and
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women with BMI <25 kg/m® were signifi-
cant (P < 0.05) (Table 5).

Multiple regression analyses were ap-
plied for serum lipids as a dependent vari-
able and age, sex, BMI, fasting blood sugar
(FBS), smoking and physical activity as
independent variables (Table 6). Age, sex
and FBS significantly affected the Ievcls of
the serum lipids. In addition, BMI had a sig-

--LDL cholestero! {females)
#LDL cholesterol (males)
60 | = Total cholesterol (females)
- Total cholestarol (males)

Prevalsnce (%)

0
0 20-29 30-3% 40-49 50-50 60-70 80
Age (years)

Figure 1 Prevalence of total cholesterol of
2 240 mg/dL and LDL-cholasternol
2 160 mg/dL by age and sex, Isfahan 1994

= B0
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e - -# Triglyceride (males)

#HDL cholesterol (females)}
+ HDL cholesterol (males)

0
0  20-29 30-29 40-49 50-59 B0-70 80
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Figure 2 Prevalenca of triglyceride of
& 200 mg/dL and HDL-cholesterol
< 35 mg/dL by age and sex, Isfahan 1994

nificant effect on the serum levels of HDL-
C and TG

Discussion

The prevalence of different types of hyper-
lipidaemia was higher in women than in
men. The mean levels of T.Cho, LDL-C
and TG increased with increasing BMI lev-
els in women. A relative decrease has been
seen in the mean of those lipids in the BMI
level > 30 kg/m? due to the low frequency
of men within this range of BMI [1/].

According to our results, the mean val-
ue of T.Cho increased with age in both sex-
¢s, cxcept for women in the age group 30—<
40 years. Higher levels of T.Cho in the age
group 20—< 30 years in women can be
cxplaincd by the higher dietary cholesterol
intake in this age group (Boshtam M, Rafiei
M, Sarraf-Zadegan N, unpublished data).
Dicts rich in saturated fats and dietary cho-
lestero]l and low physical activity that pre-
disposes people to obesity tend to raise
scrum lipids levels { 12—/4]. Cur pupulation
uses saturated fats and foods high in cho-
lesterol extensively and does not have an
adequate level of physical activity [17],
which explains the trend observed in the
present study.

The rate of increase in (he mean con-
centration of T.Cho varies considerably be-
tween different populations. This variation
may d¢pend more upon environmental
factors, diet in particular, than on some in-
herent biological characteristics [/5]). Simi-
lar results to vurs have been found in
Canadians [/6].

Mean T.Cho is generally lower in wom-
cu than men until the age of 50 years and
above. Women have the menopause at
around this age and it is believed that
changes in serum T.Cho at this time may be
due partly to the decrease in estrogen and
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Table 4 Mean value of serum lipids by subgroups of body mass index (BMI) for both

sexes, Istahan 1994

Serum lipid BMI (kg/m?)* Females Males P-value®*
{mg/dL) Mean (s} Mean (s)
Total cholesterot <25 217.7 (45.4) 206.2 {46.4) 0.001
25-299 230.5 (45.5) 289.1(187.1) 0.146
230 256.0 (138.4) 272.9(152.5) 0.002
P-value® 0.001 0.002
HDL-cholesterol <25 37.2(8.1) 35.1(7.3) 0.001
25-29.9 35.7 (6.5) 33.5(8.1) 0.001
230 35.7(74) 36.2(15.3) 0.860
P-value® 0.010 0327
LDL-cholesteroi <25 147.2 (38.3) 134.5 (42.8) 0.000
25299 153.8 (39.7} 137.1 (42.1) 0.000
=30 159.2 (37.7) 133.6(41.7) 0.000
P-value® 0.288 0.711
Trigiycetides <25 173.6(116.0) 179.8 (97.0} 0528
25299 208.2 (101.5) 255.3 (53.7) 0.000
230 240.9(43.2) 219.1 (42.6) 0.470
P-value® 0.001 0.000

* The number of participants in the three subgroups of BM! was 503, 669 and 28 women and 563,

422 and 15 men.

b P-vaiue of t-tast

° P-value of ANOVA test
s = standard deviation

the consequent decrease in LDL-receptor
activity [/2].

Unlike other lipids, TG levels were high-
er in men than women in all age groups ex-
cept the age group 60-70 years. This is
similar to Canadian men and women [/6].
As the serum '1'G level 1s affected by diet
more than the other lipids [/7], this result
may be due to a greater intake of carbohy-
drate in men than in women in our society
(Boshtam M, Rafiei M, Sarraf-Zadegan N,
unpublished data). As Table 2 shows, the
TG mean value increased with age in wom-
en. This increase could be a result of the
increased prevalence of obesity by age that
has been observed in our population too
[11]. The age-based trend of the serum TG

level is similar to the BMI trend found in
men in another study [18]. The mean levels
of TG decreased in the sixth decade of life
in men, probably due to the fact that elderly
men tend to have lower BMI for various
reasons, such as a lower desire for food,
lower rate of absorption, slowing down of
the anabolic processes and increased rate of
catabolism.

The mean levels of serum T.Cho and
TG in our study were greater than the
Chinese urban population, while the mean
HDL-C was lower [19]. Unlike other serum
lipids, HDL-C concentration showed an in-
verse correlation with age (Table 6).

HDL-C levels were lower in men than
women, which is similar to data from some
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Tabie 5 Prevalence of different types of hyperiipidaemia by sex according to body mass Index
{BMI), Istanan 1994

Serum lipids Both sexes Females Males Pt
No % No % No %
BMI < 25 kg/m?
TG =200 mg/dL 266 289 110 273 156 30.2 0.000
T.Choz240 mg/dL 230 254 126 313 104 201 0.985
HDL-C < 35mg/dL 441 47.7 170 422 27 524 0.000
LDL-C =180 mg/dL 289 28.4 140 34.7 119 230 0.967
BMI = 25 kg/m?
TG =200 mg/dL 715 554 407 51.1 308 638 0.131
T.Cho=240mg/dL 488 385 2 429 146 302 0.000
HDL-C < 35 mg/dL 691 53.6 391 49.0 300 62.1 0.210
LDL-C > 160 mgldL

T.Cho = total cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-dansity lipoprotein
cholesterol, TG = triglycerides
4 Excapt for HDI -cholastarol in womean and LDL-cholesterof in men, all differences batween the two BM/ lovels

were significant.
* P-value of Yates corrected y? test

population-based studies in other countries
[20,21]. This may explain why the inci-
dence of coronary heart disease is greater in
men than women and also that mortality
rates from coronary heart discase for
women lag behind those of men by about
10 years [22-24].

The mean value of blood lipids in men
aged 2564 years in our study was greater
than that reported in the Nine Provincial
Heart Health surveys [16]. The same re-
sults for serum LDL-C and TG were ob-
tained, while the mean HDL-C value in our
study was lower than the Canadian study.
These differences were also found for
women,

The prevalence of hypercholesterol-
aemia and hypertriglyceridaemia in our
study was higher than that reported in other
countries {25-28]. Hypertriglyceridaemia
can be attributed to the high carbohydrate
diet in the Isfahan population of which

bread, rice and other cereals are the main
source (Boshtam M, Rafiei M, Sarraf-
Zadegan N, unpublished data).

Our data indicate a direct significant re-
lation between T.Cho levels and saturated
fats in the diet. The LDL-C level is associ-
ated with T.Cho and therefore the high
prevalence of elevated LDL-C can be ex-
plained (Boshtam M, Rafiei M, Sarraf-
Zadegan N, unpublished data).

It has been shown that physical activity
can directly affect serum HDL-C [29].
Since 60.4% of our people are obese
(67.7% of women and 49.3% of men)
[18], and because obesity results in TG,
T.Cho and LDL-C increases [30-32] and
HDL-C decrease [1,33,34], this risk factor
may be one of the major reasons for a high-
er prevalence of hyperlipidaemia in women
than in men. When BMI was stratified in
two different levels, except for low HDL-C
in women and high LDL-C in men, there
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Table 6 Multiple linear regreasion analyses of each serum lipid on selected
variables, Isfahan 1994

Dependent variable Independent variable* Beta P-value
Total choltesterol Age 0.248 0.000
(mg/dL) Body mass index 0.017 0.558
Smoking 0.019 0.531
Physical activity 0.033 0.259
Fasting blood sugar 0154 0.000
Sex -0.089 0.004
R 0.124
HDL cholesterol Age -0.042 0.185
{mg/dL) Body mass index 0.105 0.001
Smoking 0.037 0.243
Physical activity 0.074 0017
Fasting blood sugar —0.082 0.009
Sex -0.113 0.001
R 0.035
LDL cholesterol Age 0.214 0.000
(mgydL) Body mass index 0.025 0.408
Smoking 0.013 0.686
Physical activity 0.011 0.714
Fasting blood sugar 0.118 0.000
Sex -0.183 0.000
R 0122
Triglycerides Age 0.139 0.000
(mg/dL} Body mass index 0.088 0.002
Smoking -0.005 0.856
Physical activity 0.030 0.309
Fasting blood sugar Q.217 0.000
Sex 0.113 0.000
I 0.101

* Units for independent variables are: age (years), BM! (kg/m?), smoking (code 0 = non-
smoker, 1 = current smoker), physical activity (code 0 = < 4 kcal/min, 1 = > 4 keal/min)

was a significant relation between BMI and
lipid levels. However, in multiple linear re-
gression, after adjusting for age, sex,
smoking, physical activity and serum FBS,
only HDL-C and TG showed a significant
association with BMI. Therefore, it is sug-
gested that diet rather than obesity has an
influence on other lipids.

In the participants with BMI < 2§
kg/m?, the prevalence of hypertriglycer-
idaemia and decreased HDL-C levels was
higher in men, while increased T.Cho and
LDL-C levels were more prevalent in wom-
en. The most prevalent type of lipid abnor-
mality seen in our study was HDL-C <33
mg/dL, while the least frequent abnormality
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was elevated T.Cho. As regards the age-
and sex-related differences, women aged
50— years and men aged 40— years had the
highest prevalence of total hyperlipidaemia.
This can be explained by the results of an-
other study performed in Isfahan (Boshtam
M, Rafiei M, Sarraf-Zadegan N, unpub-
lished data) which showed that the above-
mentioned age groups consumed more fats
in their diet. Therefore, the high intake of
fatty foods could be a reason for the high
prevalence of hyperlipidaemia in these age
groups.

Interventional actions, such as diet
modification, reinforcing the benefits of
physical activity and educating the public,
seem necessary to bring hyperlipidaemia to

an acceptable level in order to reduce this
risk factor in the Isfahan population.
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Familial hypercholesterolaemia must be treated to prevent

coronary artery disease

It Is estimated that more than 10 million people worldwide have fa-
milial hypercholesterolaemia. They constitute a unique population
at high risk for the premature development of coronary heart dis-
ease. Studies conducted prior to the availabliity of effective choles-
terol lowering drugs have Indicated that without treatment the mean
age of onset of coronary heart diseases in men with this genetic
disorder Is around the age of 40 years, whereas It occurs 10-15
years fater in women. The risk of a man with familial hypercholes-
terolaemia suffering a myocardial infarction is 5% below the age of
30 years, 50% by the age of 50 years and 85% by the age of 60
years. Corresponding values for women are less than 1% before age
30 years, 15% by age 50 years and 50% by the age 60 years.

Source: WHQO Press release WHO/62. 4 September 1998

\-

\

AL L UPRE JCCPS PRV BT P TS WUPH I P I VS EPRP P U R (P



