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Abstract: The Mulao ethnic group is an isolated minority in China. Little is known about the prevalence of dyslipid-
emia and its risk factors in this population. The aim of this study was to detect the difference in serum lipid levels
and the risk factors in the Mulao and Han ethnic groups. A cross-sectional study of dyslipidemia was conducted in
1055 unrelated subjects of Mulao and 969 participants of Han ethnic groups. Serum total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C) and apolipoprotein (Apo) B levels were higher but the high-density lipoprotein
cholesterol (HDL-C) and ApoA1l levels, and the ApoA1/ApoB ratio were lower in Mulao than in Han (P < 0.05-0.001).
The prevalence of hypercholesterolemia and hyperlipidemia was also higher in Mulao than in Han (43.98% vs.
36.84% and 52.23% vs. 45.51%, P < 0.01; respectively). The effects of sex, age, body mass index (BMI), hyperten-
sion, alcohol consumption, and cigarette smoking on serum lipid levels were different between the Mulao and Han
populations. The prevalence of hyperlipidemia was positively correlated with BMI, hypertension and the intakes of
total energy and total fat in Han, whereas it was positively associated with age, alcohol consumption, BMI, systolic
blood pressure, diastolic blood pressure, and the intakes of total energy and total fat in Mulao (P < 0.05-0.001). The
difference in the serum lipid levels and the prevalence of hyperlipidemia between the two ethnic groups might result
from the combined effects of different education level, BMI, hypertension, diet, lifestyle, and genetic background.
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Introduction

Dyslipidemia is a common health problem in
China, with rising prevalence in recent decades.
It is well known that high levels of total choles-
terol (TC), triglyceride (TG), low-density lipopro-
tein cholesterol (LDL-C), and apolipoprotein
(Apo) B, and low levels of high-density lipopro-
tein cholesterol (HDL-C) and ApoAl are corre-
lated with the progression of atherosclerosis
and a higher incidence of coronary artery dis-
ease [1-5]. Serum lipid levels and the preva-
lence of dyslipidemia are determined by multi-
ple environmental factors such as diet [6-8],
lifestyle [8], physical inactivity [9, 10], and ge-
netic factors [11]. In addition, there may be an
ethnic difference in the prevalence of dyslipid-
emia[7, 12, 13].

There are 56 nationalities in China. Han is the
largest group and Mulao is one of the 55 minori-
ties with a population of 216,257 in 2010.
Historical data can trace the history of Mulao
minority back to the Jin Dynasty (AD 265-420).
Mulao ethnic group is a relatively conservative
and isolated minority, and the genetic relation-
ship between Mulao ethnic group and other
minorities in Guangxi was much closer than
that between Mulao and Han or Uighur nation-
ality [14]. In several previous studies, we have
shown that the genetic polymorphisms of so-
me lipid metabolism-related genes in the Mu-
lao population were different from those in
Han Chinese [15-19]. To the best of our kno-
wledge, however, the serum lipid profiles and
the prevalence of dyslipidemia in this isolat-
ed population have not been reported previ-
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ously. Therefore, the present study was under-
taken to compare the differences in serum lipid
levels and their risk factors in the Chinese
Mulao and Han populations from the same
area.

Material and methods
Participants

A total of 1055 unrelated subjects of Mulao
nationality and 969 participants of Han nation-
ality were included in this study. They were ran-
domly selected from our previous stratified ran-
domized samples [15-19]. There were 504
males (47.77%) and 551 females (52.23%) in
Mulao, and 450 men (46.44%) and 519 women
(53.56%) in Han. All subjects were rural agricul-
tural workers from the same area. The age of
the subjects ranged from 15 to 93 (mean 54.89
+ 14.97) years in Mulao, and 16 to 92 (mean
54.43 £ 13.97) years in Han. Ages less than 40
years were 162 (15.36%) people in Mulao and
139 (14.34%) persons in Han; 40-49 years
were 218 (20.66%) people in Mulao and 214
(22.08%) persons in Han; 50-59 years were
221 (20.95%) people in Mulao and 213
(21.98%) persons in Han; 60-69 years were
252 (23.89%) people in Mulao and 239
(24.66%) persons in Han; and 70 years and
over were 202 (19.15%) people in Mulao and
164 (16.92%) persons in Han. The participants
with a history or evidence of hepatic, renal, thy-
roid diseases, and heart attack or myocardial
infarction, stroke, congestive heart failure, dia-
betes mellitus or fasting blood glucose > 7.0
mmol/L determined by glucose meter have
been excluded. They were not taking medica-
tions known to affect serum lipid levels (lipid-
lowering drugs such as statins or fibrates, beta-
blockers, diuretics, or hormones). The present
study was approved by the Ethics Committee of
the First Affiliated Hospital, Guangxi Medical
University. Informed consent was obtained from
all subjects.

Epidemiological survey

The survey was carried out using internationally
standardized methods. Information on demo-
graphics, diet, intake of alcoholic beverages,
and cigarette smoking was collected with stan-
dardized questionnaires. Dietary intake was
assessed by the single 24-h dietary recall
method. All subjects were requested to main-

10689

tain their usual diet before testing [20]. The
intakes of macronutrients from the ingredients
were calculated by using the 2002 Chinese
Food Composition Table [21]. Physical activity
was ascertained with the use of a modified ver-
sion of the Harvard Alumni Physical Activity
Questionnaire [22]. The alcohol information
included questions about the number of grams
of rice wine, wine, beer, or liquorconsumed dur-
ing the preceding 12 months. Current smoking
was defined as more than one cigarette per
day. Participants who reported having smok-
ed > 100 cigarettes during their lifetime were
classified as current smokers if they currently
smoked and former smokers if they did not.
Body height, weight, waist circumference were
measured, and body mass index (BMI, kg/m?)
were calculated. Sitting blood pressure was
measured three times with the use of a mercu-
ry sphygmomanometer after the subject rest-
ed for 5 minutes, and the average of the three
measurements was used for the blood pres-
sure levels. Systolic blood pressure was deter-
mined by the first Korotkoff sound, and diastol-
ic blood pressure by the fifth Korotkoff sound.
Body weight was measured using a portable
balance scale. Height was measured using a
portable steel measuring device. Waist circum-
ference was measured with a nonstretchable
measuring tape.

Biochemical analysis

Venous blood samples were obtained from all
subjects after an overnight fast. Serum levels
of TC, TG, HDL-C, and LDL-C were determined
enzymatically using commercially available kits
(RANDOX Laboratories Ltd., Ardmore, Diamond
Road, Crumlin Co. Antrim, United Kingdom,
BT29 4QY; or Daiichi Pure Chemicals Co., Ltd.,
Tokyo, Japan), respectively. Serum ApoAl and
ApoB levels were measured by an immunoturbi-
dimetric assay (RANDOX Laboratories Ltd.). All
determinations were performed with an au-
toanalyzer (Type 7170A; Hitachi Ltd., Tokyo,
Japan) in our Clinical Science Experiment
Center [15-19].

Diagnostic criteria

The normal values of serum TC, TG, HDL-C, LDL-
C, ApoA1l, ApoB, and the ratio of ApoAl to ApoB
in our Clinical Science Experiment Center we-
re 3.10-5.17, 0.56-1.70, 1.16-1.42, 2.70-3.10
mmol/L, 1.20-1.60, 0.80-1.05 g/L, and 1.00-
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Table 1. Comparison of the general characteristics, serum lipid levels and the prevalence of hyperlip-

idemia between the Mulao and Han populations

Characteristics Mulao (n = 1055) Han (n = 969) t (x?) P
Age (years) 54.89+14.97 54.43+13.97 0.713 0.476
Male/female 504/551 450/519 0.360 0.548
Education level (years) 4.62+3.57 6.48+3.73 11.461 0.000
Physical activity (h/week) 46.63+8.62 44.82+7.68 4.971 0.000
Height (cm) 155.33+8.11 153.27+8.27 5.655 0.000
Weight (kg) 53.3319.59 52.60+8.84 1.776 0.076
Body mass index (kg/m?) 23.03+3.16 22.33+2.94 5.147 0.000
> 24 kg/m? [n (%)] 266 (25.21) 230 (23.74) 0.596 0.440
Waist circumference (cm) 76.95+8.91 75.08+8.01 4.950 0.000
Alcohol consumption [n (%)] 258 (24.46) 377 (38.91) 48.991 0.000
Cigarette smoking [n (%)] 271 (25.69) 302 (31.17) 7471 0.006
Energy (kJ/day) 9023.28+402.63 8924.62+388.45 5.601 0.000
Carbohydrate (g/day) 424.23+22.68 394.61+16.32 33.467 0.000
Protein (g/day) 52.86+6.27 48.63+7.28 14.037 0.000
Total fat (g/day) 30.26+3.64 24.68+4.65 30.187 0.000
Dietary cholesterol (mg/day) 202.65+90.53 168.58+98.49 8.109 0.000
Prevalence of hypertension [n (%)] 421 (39.91) 314 (32.40) 12.287 0.001
Total cholesterol (TC, mmol/I) 5.06+1.15 4.92+0.97 2.947 0.003
TC > 5.17 mmol/I [n (%)] 464 (43.98) 357 (36.84) 10.677 0.001
Triglyceride (TG, mmol/I) 1.41+1.10 1.34+0.98 1.507 0.132
TG > 1.70 mmol/I [n (%)] 236 (22.37) 186 (19.20) 3.085 0.079
HDL-C (mmol/I) 1.75+0.45 1.91+0.47 7.823 0.000
HDL-C < 1.16 mmol/I [n (%)] 73 (6.92) 32(3.30) 13.435 0.000
LDL-C (mmol/I) 2.98+0.88 2.73+0.79 6.704 0.000
LDL-C > 3.10 mmol/I [n (%)] 435 (41.23) 268 (27.66) 41.058 0.000
Apolipoprotein A1 (ApoAl, g/l) 1.33+0.40 1.42+0.22 6.196 0.000
ApoAl < 1.20 g/l [n (%)] 270 (25.59) 133 (13.73) 44.604 0.000
Apolipoprotein B (ApoB, g/l) 1.01+0.58 0.91+0.22 5.044 0.000
ApoB > 1.05 g/I [n (%)] 230 (21.80) 220 (22.70) 0.238 0.626
ApoAl/ApoB 1.57+0.90 1.64+0.50 2.137 0.033
ApoA1/ApoB < 1.00 [n (%)] 193 (18.29) 39 (4.03) 101.333 0.000
Prevalence of hyperlipidemia [n (%)] 551 (52.23) 441 (45.51) 9.118 0.003

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC > 5.17 mmol/I, hypercholesterolae-
mia; TG > 1.70 mmol/I, hypertriacylglycerolaemia.

2.50, respectively. The individuals with TC >
5.17 mmol/L and/or TG > 1.70 mmol/L should
be defined as hyperlipidemic [15-19]. Hyper-
tension was defined as an average systolic
pressure of 140 mmHg or greater and/or an
average diastolic pressure of 90 mmHg or
greater, and/or self-reported pharmacological
treatment for hypertension within the 2 weeks
prior to the interview [23]. Normal weight, over-
weight and obesity were defined as a BMI < 24,
24 to 28, and > 28 kg/m?, respectively [15-19,
23].
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Statistical analysis

The measurement data are presented as mean
+ SD. All analyses were performed with SPSS
11.5 (SPSS Inc., Chicago, lllinois). Differences
in mean values were assessed using analy-
sis of covariance (ANCOVA) and the Student’s
unpaired t test. Sex, age, BMI, hypertension,
alcohol consumption, cigarette smoking were
included in the statistical models as covariates.
The enumeration data were expressed as per-
centage. The difference of percentage was
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Table 2. Effects of sex, BMI, hypertension, alcohol consumption, cigarette smoking, and age on se-
rum lipid levels between the Mulao and Han populations

Characteristics N TC TG HDL-C LDL-C ApoAl ApoB ApoAl/
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (g/L) (g/L) ApoB
Mulao
Male 504 5.07+1.09 1.49+1.04 1.73+0.48 2.91+0.85 1.34+0.41 1.04+0.60 1.50+0.62
Female 551 5.03+1.18 1.25+0.69° 1.76+0.40 3.03+0.88*° 1.32+0.38 0.97+0.49° 1.56+0.63

BMI<24 (kg/m?) 789 4.99+1.13 1.27+0.80 1.80+0.45 2.92+0.86 1.35+0.41 0.96+0.52 1.60+0.64
BMI > 24 (kg/m?) 266 5.21+1.14° 1.65+1.04° 1.60+0.38° 3.14+0.89° 1.30+0.35 1.12+0.60° 1.34+0.52°
Normotensive 634 4.93+1.09 1.28+0.83° 1.75+0.43 2.90+0.84 1.32+0.38 0.96+0.53 1.57+0.65

Hypertensive 421 5.22+1.19° 1.50+0.95 1.75+0.46 3.08+0.91° 1.36+0.41 1.05+0.56° 1.47+0.59°
Nondrinker 797 5.02+1.14 1.31+0.79 1.72+0.42 3.02+0.86 1.30+0.38 0.99+0.54 1.51+0.61
Drinker 258 5.12+1.14 1.56+1.12° 1.82+0.49° 2.85+0.89° 1.44+0.43° 1.03+0.55 1.60+0.662
Nonsmoker 784 5.04+1.16 1.35+0.85 1.75+0.43 3.01+0.88 1.33+0.38 0.99+0.53 1.53+0.62
Smoker 271 5.05+1.09 1.42+0.99° 1.74+0.48° 2.88+0.85° 1.35+0.42° 1.02+0.57 1.53+0.65
Age < 40 162 4.57+1.03 1.22+0.86 1.72+0.49 2.60+0.76 1.24+0.44 0.90+0.57 1.62+0.70
40-49 218 4.92+1.29 1.48+1.08 1.70+0.47 2.86+0.92 1.34+0.43 1.05+0.66 1.57+0.74
50-59 221 5.28+1.10 1.48+0.93 1.74+0.42 3.18+0.89 1.38+0.36 0.99+0.43 1.53+0.55
60-69 252 5.12+1.09 1.31+0.79 1.79+0.44 3.04+0.81  1.37+0.37 1.04+0.53 1.50+0.57
=70 202 5.22+1.03 1.32+0.68 1.76+0.40 3.09+0.84 1.30+0.38 0.99+0.49 1.45+0.56
Ffor 5 age groups - 11.972 3.476 1.368 13.394 3.944 2.352 2.062
P for 5 age groups - 0.000 0.008 0.243 0.000 0.003 0.052 0.084
Han
Male 450 4.93+0.95* 1.44+1.15 1.91+0.52* 2.70+0.80* 1.43+0.24* 0.92+0.22* 1.65+0.55*
Female 519 4.92+0.98 1.26+0.78" 1.90+0.43* 2.76+0.79* 1.40+0.20*¢ 0.90+0.22" 1.64+0.45

BMI<24 (kg/m?) 739 4.81+0.93" 1.22+0.85 1.95+0.47* 2.65+0.75* 1.43+0.22® 0.88+0.21* 1.71+0.51*
BMI > 24 (kg/m?) 230 5.28+0.98° 1.75+1.22° 1.78+0.46°* 3.00+0.85° 1.38+0.19%¥ 1.01+0.23% 1.44+0.36%
Normotensive 655 4.81+0.93* 1.24+0.91 1.92+0.45* 2.68+0.75* 1.41+0.21* 0.90+£0.21 1.65+0.43*

Hypertensive 314 5.15+1.01° 1.56+1.07° 1.89+0.51* 2.85+0.86°* 1.42+0.24" 0.95+0.24*¥ 1.63+0.61*
Nondrinker 592 4.93+0.99 1.27+0.87 1.84+0.42* 2.82+0.81* 1.39+0.21* 0.90+0.22* 1.64+0.46*
Drinker 377 4.91+0.93 1.45+1.11° 2.02+0.53°* 2.60+0.74°* 1.46+0.22° 0.94+0.21°>* 1.65+0.55
Nonsmoker 667 4.93+0.97* 1.28+0.82 1.90+0.44* 2.77+0.77* 1.41+0.21* 0.91+0.22* 1.63+0.44Y
Smoker 302 4.91+0.96 1.49+1.25° 1.93+0.54* 2.64+0.84* 1.44+0.24* 0.92+0.23" 1.68+0.60"
Age < 40 139 5.05+1.02* 1.49+1.09¢ 1.72+0.43 2.89+0.89" 1.29+0.21 0.88+0.21  1.55+0.46
40-49 214 4.87+1.03 1.49+1.13 1.87+0.47* 2.69+0.79* 1.39+0.19 0.92+0.23" 1.60+0.44
50-59 213 4.89+0.95* 1.22+0.84 1.99+0.52° 2.68+0.79* 1.45+0.22* 0.93+0.24 1.66+0.51*
60-69 239 4.97+0.93 1.21+0.81 1.97+0.45* 2.77+0.77* 1.46+0.22* 0.91+0.21* 1.69+0.56*
=70 164 4.85+0.90 1.38+0.99 1.91+0.45* 2.68+0.72* 1.45+0.21* 0.91+0.21* 1.68+0.48*
Ffor 5 age groups - 1.131 4.143 8.543 2.221 17.874 0.945 2.729
P for 5 age groups - 0.341 0.002 0.000 0.065 0.000 0.437 0.028

TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoprotein
A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1l to apolipoprotein B; BMI, body mass index; 2P < 0.05, °P < 0.01 and °P <
0.001 in comparison with male, BMI < 24 (kg/m?), normotensive, nondrinker, or nonsmoker of the same ethnic group; *P < 0.05, *P < 0.01 and P
< 0.001 in comparison with the same subgroup of the Mulao population.

tested by the Chi-square test. In order to evalu-
ate the risk factors for hyperlipidemia, uncondi-
tional logistic regression analysis was also per-
formed in combined population of Mulao and
Han, Mulao, and Han; respectively. The back-
ward multiple logistic regression method was
used to select the risk factors significantly
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associated with hyperlipidemia. Total intake of
each nutrient was summed over all foods con-
sumed. The Matlab5.0 software was used for
processing these procedures by the method of
multiplication of matrix [24]. A P value of less
than 0.05 was considered statistically signifi-
cant.
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Table 3. Effects of sex, BMI, hypertension, alcohol consumption, cigarette smoking, and age on the
prevalence of dyslipidemia between the Mulao and Han populations [n (%)]

. T€>547 TG>170 HOEC LDL-C ApoALl  ApoB  APOAY
Characteristics mmol/L mmol/L <1.16 >3.10 <1208/l >1.05g/L ApoB
mmol/L mmol/L <1.00
Mulao
Male 504 229 (45.44) 140 (27.78) 43(8.53) 198(39.29) 147 (29.17) 111(22.02) 92 (18.25)
Female 551 235 (42.65) 96 (17.42)° 30 (5.44)® 236 (42.83) 123(22.32)* 120 (21.78) 100 (18.15)
BMI < 24 (kg/m?) 789 328 (41.57) 138(17.49) 45(5.70) 298 (37.77) 192 (24.33) 148 (18.76) 131 (16.60)
BMI > 24 (kg/m?) 266 136 (51.13)° 98 (36.84)c 28(10.53)* 136 (51.13)° 78(29.32) 83(31.20)° 61(22.93)®
Normotensive 634 249 (39.27) 119 (18.77) 38(5.99) 237(37.38) 164 (25.87) 117 (18.45) 106 (16.72)
Hypertensive 421 215 (51.07)° 117 (27.79)° 35(8.31) 197 (46.79)° 106 (25.19) 114 (27.08)° 86 (20.43)
Nondrinker 797 343 (43.04) 159(19.95) 53 (6.65) 337 (42.28) 215(26.98) 172 (21.58) 150 (18.82)
Drinker 258 121 (46.90) 77 (29.85)° 20(7.75) 97 (37.60) 55(21.32) 59(22.87) 42(16.28)
Nonsmoker 784 344 (43.88) 171 (21.81) 47 (5.99) 335(42.73) 191(24.36) 172(21.94) 142 (18.11)
Smoker 271 120 (44.28) 65(23.99) 26(9.59)° 99 (36.53) 79(29.15) 59(21.77) 50(18.45)
Age
15-39 162 41(25.31) 30(18.52) 13(8.02) 33(20.37) 53(32.72) 20(12.35) 33(20.37)
40-49 218 92(42.20) 62(28.44) 23(10.55) 83(38.07) 53(24.31) 60 (27.52) 46 (21.10)
50-59 221 119 (53.85) 56(25.34) 14(6.33) 113(51.13) 43(19.46) 53(23.98) 29(13.12)
60-69 252 118(46.83) 51(20.24) 13(5.16) 115(45.63) 57 (22.62) 57(22.62) 44 (17.46)
>70 202 94 (46.54) 37(18.32) 10 (4.95) 90 (44.56) 64 (31.68) 41(20.30) 40 (19.80)
X2 for 5 age subgroups 33.297 9.702 7.316 41.893 13.979 13.618 6.013
P for 5 age subgroups 0.000 0.046 0.120 0.000 0.007 0.009 0.198
Han
Male 450 170 (37.78)° 99 (22.00)* 19 (4.22) 123 (27.33)* 62(13.78)* 108 (24.00) 19 (4.22)
Female 519 187 (36.03)" 87 (16.76)* 13 (2.51) 145(27.94y 71(13.68)* 112 (21.58) 20 (3.85)
BMI < 24 (kg/m?) 739 239 (32.34) 107 (14.48) 17 (2.30)* 180(24.36)> 88(11.91)* 136(18.40) 20 (2.71)
BMI > 24 (kg/m2) 230 118(51.30)° 79 (34.35)° 15 (6.52)° 88(38.26)" 45 (19.57)** 84 (36.52)° 19 (8.26)
Normotensive 655 211 (32.21) 101(15.42) 21(3.21) 156 (23.82) 84 (12.82)* 132(20.15) 20 (3.05)
Hypertensive 314 146 (46.50)° 85 (27.07)° 11(3.50y 112 (35.67)>* 49 (15.61)* 88 (28.03)> 19 (6.05)"
Nondrinker 592 220 (37.16)* 106 (17.91) 22 (3.72)¢ 188 (31.76)* 91 (15.37)* 120 (20.27) 25 (4.22)*
Drinker 377 137 (36.34) 80 (21.22)¢ 10 (2.65) 80 (21.22)** 42 (11.14)* 100 (26.53)* 14 (3.71)
Nonsmoker 667 248 (37.18) 118 (17.69) 20 (2.99) 192 (28.79) 93 (13.94) 148(22.19) 24 (3.60)
Smoker 302 109 (36.09) 68(22.52) 12(3.97) 76(25.17) 40(13.25) 72(23.84) 15 (4.97)
Age
15-39 139 64 (46.041)* 30(21.58) 10(7.19) 56 (40.29)> 48(34.53) 24 (17.27) 12 (8.63)
40-49 214 74 (34.58) 56(26.17) 7 (3.27) 57 (26.64)¢ 36 (16.82) 47 (21.96) 9 (4.21y
50-59 213 78(36.62¢ 32(15.02) 8(3.76) 50(23.47) 22(10.33) 54(25.35) 9 (4.23)
60-69 239 88(36.82) 33(13.81) 4(1.67) 69 (28.87)* 17 (7.11)* 55 (23.01) 5 (2.09)"
>70 164 53(32.32) 35(21.34) 3(1.83) 36 (21.95)* 10 (6.10)* 40 (24.39) 4(2.44)
X2 for 5 age subgroups 6.976 14.569 9.831 15.902 71.510 3.539 11.061
P for 5 age subgroups 0.137 0.006 0.043 0.003 0.000 0.472 0.026

TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoAl, apolipoprotein
A1; ApoB, apolipoprotein B; ApoA1/ApoB, the ratio of apolipoprotein A1 to apolipoprotein B; BMI, body mass index; 2P < 0.05, °P < 0.01 and °P <
0.001 in comparison with male, BMI < 24 (kg/m?), normotensive, nondrinker, or nonsmoker of the same ethnic group; *P < 0.05, YP < 0.01 and ?P <
0.001 in comparison with the same subgroup of the Mulao population.

Results
General characteristics

The general characteristics between the two
ethnic groups are shown in Table 1. The levels
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of physical activity, body height, BMI and waist
circumference; the intakes of macronutrients
such as total energy, carbohydrate, protein,
total fat and dietary cholesterol; and the preva-
lence of hypertension were higher in Mulao
than in Han (P < 0.01-0.001), whereas the lev-
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Table 4. Correlation of hyperlipidemia with demography, diet and lifestyle between the Mulao and

Han populations

Population Risk factor Zii;ﬁizz? Stae?:(j)arrd Wald  Pvalue cr)adt(ijos 95%ir(1:toe r:gglence
Mulao plus Han Ethnic group -2.380 0.086 17.065 0.000 0.788 0.615-0.920
Sex 0.218 0.920 5.645 0.018 1.243 0.823-1.245
Body mass index 0.693 0.109 40.394 0.000 1.999 1.639-2.517
Systolic blood pressure 0.309 0.120 6.618 0.010 1.363 1.116-1.951
Diastolic blood pressure 0.385 0.127 9.220 0.002 1.470 1.199-2.038
Total energy 0.577 0.146  10.362 0.001 1.325 1.264-2.338
Total fat 0.554 0.133 17913 0.000 1.678 1.121-1.742
Han Body mass index 0.844 0.159 28.214 0.000 2.325 1.694-3.169
Hypertension 0.601 0.142 17900 0.000 1.824 0.809-3.712
Total energy 0.553 0.213 7831 0.006 1.821 1.531-2.456
Total fat 0.475 0.188 9.042 0.003 1.673 1.216-2.288
Mulao Age 0.099 0.050 3.949 0.047 1.104 1.037-1.315
Alcohol consumption 0.151 0.048 10.062 0.002 1.163 0.901-1.137
Body mass index 0.584 0.152 14.843 0.000 1.794  1.358-2.460
Systolic blood pressure 0.790 0.280 7935 0.005 2.203 1.166-2.329
Diastolic blood pressure 0.522 0.232 5.061 0.024 1.685 0.985-1.959
Total energy 0.622 0.181 12,521 0.000 1.964 1.066-2.323
Total fat 0.571 0.199 9.442 0.003 1.868 1.325-2.783

els of education, and the percentage of sub-
jects who consumed alcohol or smoked ciga-
rettes were lower in Mulao than in Han (P <
0.01-0.001). There were no significant differ-
ences in age, weight, and sex structure between
the two ethnic groups (P > 0.05 for all).

Serum lipid levels and the prevalence of hyper-
lipidemia

As shown in Table 1, the levels of TC, LDL-C and
ApoB were higher but the levels of HDL-C,
ApoA1l, and the ratio of ApoAl to ApoB were
lower in Mulao than in Han (P < 0.05-0.001).
There was no significant difference in TG levels
between the two ethnic groups (P > 0.05). The
prevalence of hypercholesterolemia, hypertria-
cylglycerolemia and hyperlipidemia in Mulao
and Han was 43.98% vs. 36.84% (P < 0.01),
22.37% vs. 19.20% (P > 0.05), and 52.23% vs.
45.51% (P < 0.01); respectively. The anormal
rates of HDL-C, LDL-C, ApoAl and the ApoAl/
ApoB ratio were also higher in Mulao than in
Han (P < 0.001 for all).

Sex, BMI, hypertension, alcohol, smoking, and
age on serum lipid levels

The effects of sex, BMI, hypertension, alcohol
consumption, cigarette smoking, and age on
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serum lipid levels between Mulao and Han are
shown in Table 2. For the Mulao population, the
levels of TG and ApoB were higher but the lev-
els of LDL-C were lower in males than in females
(P < 0.05-0.001); the levels of TC, TG, LDL-C
and ApoB were higher but the levels of HDL-C
and the ratio of ApoAl to ApoB were lower in
subjects with a BMI > 24 kg/m? than in those
with a BMI < 24 kg/m? (P < 0.01-0.001); the
levels of TC, TG, LDL-C and ApoB were higher
but the ratio of ApoAl to ApoB were lower in
hypertensives than in normotensives (P < 0.01-
0.001); the levels of TG, HDL-C, ApoA1, and the
ratio of ApoAl to ApoB were higher but the lev-
els of LDL-C were lower in drinkers than in non-
drinkers (P < 0.05-0.001); the levels of TG and
ApoA1l were higher but the levels of HDL-C and
LDL-C were lower in smokers than in nonsmok-
ers (P < 0.05-0.001); the levels of TC, TG, LDL-C
and ApoA1l were influenced by age (P < 0.01 for
all), higher levels of TC and TG were found in
age of 40 to 59 years, higher levels of LDL-C
were found in age of > 50 years, and higher lev-
els of ApoAl were found in age of 40 to 69
years.

For the Han population, the levels of TG and
ApoA1l were higher in males than in females (P
< 0.05-0.01); the levels of TC, TG, LDL-C and
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ApoB were higher but the levels of HDL-C,
ApoAl and the ratio of ApoAl to ApoB were
lower in subjects with a BMI > 24 kg/m? than in
those with a BMI < 24 kg/m? (P < 0.05-0.001);
the levels of TC, TG, LDL-C and ApoB were high-
er in hypertensives than in normotensives (P <
0.01-0.001); the levels of TG, HDL-C, ApoAl
and ApoB were higher but the levels of LDL-C
were lower in drinkers than in nondrinkers (P <
0.01-0.001); the levels of TG were higher but
the levels of LDL-C were lower in smokers than
in nonsmokers (P < 0.05-0.01); the levels of TG,
HDL-C, ApoA1l, and the ratio of ApoAl to ApoB
were influenced by age (P < 0.05-0.001), higher
levels of TG were found in age of < 50 years,
higher levels of HDL-C were found in age of 50
to 69 years, higher levels of ApoAl were found
in age of > 50 years, and higher ApoAl/ApoB
ratio was found in age of > 60 years.

The effects of sex, BMI, hypertension, alcohol
consumption, cigarette smoking, and age on
the prevalence of dyslipidemia between the
two ethnic groups are shown in Table 3.

Risk factors for hyperlipidemia

Multivariate logistic regression analysis showed
that the prevalence of hyperlipidemia was posi-
tively correlated with BMI, hypertension and
the intakes of total energy and total fat in Han
(P < 0.01 for all), whereas it was positively asso-
ciated with age, alcohol consumption, BMI, sys-
tolic blood pressure, diastolic blood pressure,
and the intakes of total energy and total fat in
Mulao (P < 0.05-0.001, Table 4).

Discussion

The present study shows that the levels of TC,
LDL-C and ApoB were higher but the levels of
HDL-C and ApoAl, and the ratio of ApoAl to
ApoB were lower in Mulao than in Han (P <
0.05-0.001). There was no significant differ-
ence in TG levels between the two ethnic groups
(P > 0.05). The prevalence of hypercholesterol-
emia and hyperlipidemia, and the anormal
rates of HDL-C, LDL-C, ApoAl and the ApoAl/
ApoB ratio were also higher in Mulao than in
Han (P < 0.01 for all). These differences in
serum lipid profiles and the prevalence of dys-
lipidemia between the two ethnic groups might
result from the combined effects of different
education level, BMI, hypertension, diet, life-
style, and genetic background.
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In the present study, we showed that the edu-
cational level was significantly lower in Mulao
than in Han. A lack of public awareness and
understanding of dyslipidemia and its compli-
cations may contribute to the epidemic of
uncontrolled dyslipidemia in the Mulao popula-
tion. These results also underscore the urgent
need for developing a good cholesterol educa-
tion program to coordinate the efforts in detec-
tion, prevention, and treatment of dyslipidemia
in the rural areas of China.

The BMI level in this study was significantly
higher in Mulao than in Han. The levels of TC,
TG, LDL-C and ApoB were higher and the levels
of HDL-C and the ApoA1/ApoB ratio were lower
in the subjects with a BMI > 24 kg/m? than in
those with a BMI < 24 kg/m? in both ethnic
groups. The relationship between obesity and
dyslipidemia is well recognized. The causes of
dyslipidemia in obesity may be multifactorial
and include hepatic over production of very low
density lipoproteins (VLDL), decreased circulat-
ing TG lipolysis and impaired the acylation-stim-
ulating protein (ASP)/C3adesArg pathway, and
peripheral free fatty acid (FFA) trapping, in-
creased FFA fluxes from adipocytes to the liver
and other tissues and the formation of small
dense LDL [25].

The association of dyslipidemia and hyperten-
sion is still not completely understood. In the
present study, we showed that the prevalence
of hypertension was significantly higher in
Mulao than in Han. The levels of TC, TG, LDL-C
and ApoB in both ethnic groups were higher in
hypertensives than in normotensives (P < 0.01-
0.001). These results suggest that dyslipide-
mia may share a similar pathophysiology with
hypertension [26]. The presence of dyslipid-
emia and the resulting endothelial damage and
dysfunction may play a crucial role in the devel-
opment of hypertension [27].

The intakes of total energy, total fat and dietary
cholesterol were higher in Mulao than in Han
because the people of Mulao nationality like to
eat animal offals which contain abundant satu-
rated fatty acids. Multivariate logistic regres-
sion analysis also showed that the prevalence
of hyperlipidemia was positively correlated with
the intakes of total energy and total fat in both
ethnic groups. The major dietary saturated
long-chain fatty acids such as myristic acid
(14:0) and palmitic acid (16:0) have been asso-
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ciated with deleterious effects on blood lipid
metabolism, especially due to their influence
on plasma TG, TC and LDL-C concentrations
[28].

Lifestyle factors such as alcohol consumption
and cigarette smoking have been associated
with dyslipidemia [8]. In the present study, we
also showed that the levels of TG, HDL-C and
ApoA1l in both ethnic groups were higher but
the levels of LDL-C were lower in drinkers than
in nondrinkers. The levels of TG and ApoA1l in
Mulao were higher but the levels of HDL-C and
LDL-C were lower in smokers than in nonsmok-
ers, and the levels of TG in Han were higher but
the levels of LDL-C were lower in smokers than
in nonsmokers. These discrepancies may result
from different types of beverages and ciga-
rettes. In this study, 90% of the wine drunk by
Mulao was rum or local wine (made from local
V.quinquangularis, named Vitis Louchengensis
W.T.Wang, ined), in which the alcohol content is
low. One previous study found that liquor con-
sumption was weakly positively associated with
HDL-C in men. Beer consumption in men and
wine consumption in women were also positive-
ly associated with HDL-C, but were not signifi-
cant in the fully adjusted model [29]. In con-
trast, another study showed that increased
wine consumption was more related to HDL-C
levels, whereas beer and spirits were related to
increased TG levels [30]. In addition, 95% of the
cigarettes smoked by them were natural tobac-
co leaves, which the toxin content may be dif-
ferent from the commercial cigarettes. Tobacco
smoke is a complex mixture of over 4,000
chemical constituents. There are many toxins
in cigarette smoke such as nicotine, cadmium,
carbon monoxide, and reactive oxygen species
that might contribute to the cardiovascular tox-
icity [31]. In contrast, a great deal of the wine
drunk by Han was rice wine, in which the alco-
hol content is high, and 95% of the cigarettes
smoked by them were commercially available
cigarettes.

In addition to the environmental factors, genet-
ic polymorphisms might also be involved in the
development of dyslipidemia. Intra-ethnic mar-
riages have been performed in Mulao from time
immemorial. Thus, the hereditary characteris-
tics and phenotypes of some lipid metabolism-
related genes in Mulao may be different from
those in Han. In several previous studies, we
have shown that the genetic polymorphisms of
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some lipid metabolism-related genes in the
Mulao population were different from those in
Han Chinese [15-19].

Conclusions

The present study reveals that the levels of
serum TC, LDL-C and ApoB were higher but the
levels of HDL-C, ApoAl, and the ratio of ApoAl
to ApoB were lower in Mulao than in Han. The
prevalence of hypercholesterolemia and hyper-
lipidemia was also higher in Mulao than in Han.
The effects of sex, age, BMI, hypertension,
alcohol consumption, and cigarette smoking on
serum lipid levels were different between the
Mulao and Han populations. The prevalence of
hyperlipidemia was positively correlated with
BMI, hypertension and the intakes of total ener-
gy and total fat in Han, whereas it was positi-
vely associated with age, alcohol consumption,
BMI, systolic blood pressure, diastolic blood
pressure, and the intakes of total energy and
total fat in Mulao. The difference in the serum
lipid profiles and the prevalence of hyperlipid-
emia between the Mulao and Han populations
might result from the combined effects of dif-
ferent education level, BMI, hypertension, diet,
lifestyle, and genetic background.
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