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Abstract

Chupanit P, Muktabhant B and Schelp FP.

Prevalence and factors associated with non-high density lipoprotein cholesterol among
Thai adults in Khon Kaen Province of Northeastern Thailand

J Pub Health Dev.2017;15(1):49-61

The presence of elevated non-high density lipoprotein cholesterol (non-HDL-C) is considered to indicate
a risk for cardiovascular diseases. The purpose of this study was to determine the prevalence of high
non-HDL-C level and to explore factors associated with non-HDL-C among northeastern Thai adults. A cross-
sectional study was carried out among 444 Thai adults aged 35 to 60 years living in Khon Kaen Province,
Northeastern Thailand. A cluster random sampling was used to select subjects. The lipid blood parameters
measured were total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C).
The level of non-HDL-C was calculated by subtracting HDL-C from TC. The Pearson’s correlation was
used to examine the correlation between non-HDL-C levels with metabolic risk factors and multiple logistic
regressions were used to define factors associated with non-HDL-C.

The results showed that the mean age of the participants was 49.1 years and that 70.5% of the participants
were women. The proportion of participants with high non-HDL-C (= 160 mg/dL) was 40.1%. Non-HDL-C
level was positively correlated with metabolic risk factors including waist circumference, systolic and diastolic
blood pressure, triglyceride, and LDL-C level. Multiple logistic regression showed that high non-HDL-C
were significantly correlated with increasing age (Adj.OR = 2.15, 95% CI = 1.42 — 3.25), high body mass
index (Adj.OR = 1.98, 95% CI =1.33 — 2.96), and abdominal obesity (Adj.OR = 1.93, 95% CI =1.28 — 2.90).

These findings confirm that obesity is commonly associated with the risk indicator of high non-HDL-
C. Further research is needed to find effective prevention programmes for reducing obesity and increasing
healthy lifestyles.

Keywords: non-high density lipoprotein cholesterol, prevalence, factors, Thai adults, Northeastern
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Introduction

Dyslipidemia is associated with a major risk of
cardiovascular diseases (CVDs)'. A high prevalence
and inadequate management of dyslipidemia has been
reported””. The prevalence of dyslipidemia differs by
gender, ethnicity and geographic region. Recently
it was suggested that non-high density lipoprotein
cholesterol (non-HDL-C) is a more valid indicator
for the risk of CVDs than low-density lipoprotein
cholesterol (LDL-C)*°. Non-HDL-C represents all
atherogenic lipoprotein particles, consisting of small
dense LDL-C, very low-density lipoprotein choles-
terol (VLDL-C), intermediate-density lipoprotein
cholesterol (IDL-C), and lipoprotein (a) as well as
chylomicrons remnants’. Non-HDL-C can be easily
assessed without further costs simply by subtracting
high density lipoprotein cholesterol (HDL-C) from
total cholesterol (TC) levels.

The Thai National Health Examination Survey IV
in 2009 reported a high prevalence of dyslipidemia
within the Thai population, especially in the north
and northeast regions, with a high prevalence of
low HDL-C (47.1%), elevated triglyceride (38.6%),
and elevated non-HDL-C (32.6%)’. In addition, a
retrospective cohort study with patients after an
acute myocardial infarction (AMI) indicated that high
non-HDL-C was associated with long-term major
adverse cardiovascular events’. Recent studies showed
that non-HDL-C levels varied according to sex, age,
ethnicity, and obesity status measured by the body
mass index (BMI) and waist circumference (WC)*".
In Thailand, blood lipid levels including high
non-HDL-C levels differed significantly according

to sex, living in urban or rural areas, and between

geographic regions”"'. However, very few studies were
conducted to evaluate factors correlated with high
non-HDL-C in Thai adults. The working hypothesis
of this study assumed that age, sex, physical
activity, obesity status, smoking status, and family
history are associated with high non HDL-C in Thai
adults. The aim of this investigation was to determine
the prevalence of high non-HDL-C level and to
explore factors associated with high non-HDL-C among
a randomly selected group of Thai adults from one

district from the northeastern province Khon Kaen.

Methods
Study design and subjects

This was a cross-sectional study of Thai adults
aged 35 — 60 years living in Nam Phong District,
Khon Kaen Province, in the northeast of Thailand.
Nam Phong , a semi-urban district, is located about
43 km north of the Khon Kaen municipality. A
two-stage cluster random sampling was conducted
to select study participants. At the first stage, simple
random sampling was used to choose 50 villages from
12 sub-districts. At the second stage, the subjects were
recruited from those villages based on a probability
proportional to size sampling method. Individuals
under lipid-lowering therapy and suffering from
cardiovascular disease or other serious health condi-
tions were excluded. A total of 444 individuals were
included into this investigation. The study protocol
was approved by the Ethical Committee for human
research at the Khon Kaen University (HE552143).
Participants willingly signed a consent form before

enrolment into the study.
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Data collection

Demographic variables such as age, gender,
physical activity, smoking status, and family history
of diabetes mellitus (DM), hypertension (HT), or
dyslipidemia for a first-degree relative were recorded.
Anthropometric measurements included weight, height,
and WC. The BMI was calculated by weight in
kilograms divided by height squared in meters. WC
was measured in the horizontal plane midway between
the lower lib margin and the iliac crest. Abdominal
obesity was defined as WC 90 ¢cm and more for men
and 80 cm and more for women. Blood pressure (BP)
was measured two times by using a standardized
automatic blood pressure device after the participant
rested for at least 5 minutes. Physical activity (PA)
was assessed by using the Global Physical Activity
Questionnaire (GPAQ) and PA was categorized as low,
moderate, or vigorous level according to the guidelines'.

Blood specimens were drawn after an overnight
fasting, and all specimens were analyzed by a central
laboratory at the Faculty of Medicine, Srinagarind
Hospital, Khon Kaen University to determine levels
of total cholesterol (TC), triglyceride (TG), and
HDL-C. TC, TG and HDL-C were measured by using
an automatic analyzer (Roche Diagnostics, Mannheim,
Germany). An estimation of LDL-C level was calculated
by using the Friedewald formula based on TG =
400 mg/dL. Non-HDL-C was calculated by total
cholesterol minus HDL-C. The cutoff point for high
non-HDL-C was defined as non-HDL-C = 160 mg/
dL according to The National Cholesterol Education
Program Adult Treatment Panel III (the NCEP ATP
I11) guidelines". Fasting blood glucose (FBG) was
measured and categorized as impaired FBG (= 100

mg/dL).

Statistical analysis

All statistical analyses were performed using
software Stata version 13 (Stata Corp, College
Station, TX, USA). For baseline characteristics, the
categorical variables were summarized in numbers and
percentages and the continuous variables as means
and standard deviations.

The Pearson correlation coefficient was used
to assess the linear correlation of non-HDL-C with
metabolic risk factors. Statistical significance was set
as p-value < 0.05. Non-HDL-C levels were classified
to the dependent binary variables. The Chi-square
was performed to evaluate the association between
potential related factors with non-HDL-C. To control
confounding factors, variables significant at the p
< 0.25 (two-sided) level from the Chi-square test
were included in a multiple logistic regression using
backward elimination. Statistical significance in the
multiple logistic regressions was set at p < 0.05. The
magnitude of association was presented in the form of

odds ratios and 95% confidence intervals (95% CI).

Results

The baseline characteristics for all participants are
shown in Tablel. The mean age of the participants
was 49.1 + 6.4 years: 38.1% were aged 35 —47 years,
and 61.9% were aged 48 — 60 years. The majority
were women (70.5%). The proportions of obesity and
abdominal obesity were moderately high (46.2% and
53.2%, respectively). Over half of the participants
had a vigorous level of physical activity (53.6%),
almost 20% were smokers, and 45.9% reported that
they had a first-degree family member with a history

of diabetes mellitus, hypertension, or dyslipidemia.
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Table 1 Distribution of the 444 participants by baseline characteristics

Characteristics Number (%) Mean (SD) Median (QD)

Gender
Men 131 (29.5) - -
Women 313 (70.5) - -

Age 49.1 (6.4) 50 (5)
35 — 47 yrs 169 (38.1) - -

48 — 60 yrs 275 (61.9) - -

Blood pressure (mmHg)

Systolic BP - 127.7 (17.6) 124.5 (11.6)
Diastolic BP - 75.8 (9.8) 753 (6)

BMI (kg/m’) 25.1 (4.0) 24.6 (2.6)
BMI < 25 kg/m’ 239 (53.8) -

BMI > 25 kg/m’ 205 (46.2) -

Waist circumference (cm.) 84.3 (10.4) 843 (7.9)
Normal 208 (46.9) - -
Abdominal obesity 236 (53.2) - -

Physical activity
Low 95 (21.4) - -
Moderate 111 (25.0) - -
Vigorous 238 (53.6) - -

Smoking status
No 360 (81.1) - -
Yes 84 (18.9) - -

Family history of DM, HT, or

dyslipidemia
No 240 (54.1) - -
Yes 204 (45.9) - -

The prevalence of individuals with high non-  38.5% for high TG, 41.2% for high LDL-C, and 61.3%
HDL-C was 40% (Table 2). The proportions in terms  for low HDL-C. Impaired fasting blood glucose was
of other lipid parameters were 43.7% for high TC, found for 10% of the participants.
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Table 2 Lipid profiles and fasting blood glucose of the 444 participants

Blood samples Number (%) Mean (SD) Median (QD)
Non-HDL-C 152.7 (46.0) 148.3 (30.1)
< 160 mg/dL 266 (59.9)
> 160 mg/dL 178 (40.1)
Total cholesterol 196.6 (49.2) 193.9 (31.6)
< 200 mg/dL 250 (56.3)
> 200 mg/dL 194 (43.7)
Triglyceride 145.3 (70.0) 128.6 (44.4)
< 150 mg/dL 273 (61.5)
> 150 mg/dL 171 (38.5)
LDL-C 123.6 (42.4) 120.5 (27.4)
< 130 mg/dL 261 (58.8)
> 130 mg/dL 183 (41.2)
HDL-C 43.9 (12.2) 429 (8.2)
men > 40 mg/dL and 172 (38.7)
women = 50 mg/dL
men < 40 mg/dL and 272 (61.3)
women < 50 mg/dL
Fasting blood glucose 90.2 (25.7) 849 (7.9)
< 100 mg/dL 382 (86.0)
> 100 mg/dL 62 (14.0)

The correlations of non-HDL-C with metabolic  and diastolic BP, TG levels, and LDL-C levels, but
risk factors are shown in Table 3. Non-HDL-C was  was not significantly associated with FBG.

positively correlated with waist circumference, systolic
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Table 3 Correlations of non-HDL-C with metabolic risk factors

Factors p-value*
Waist circumference 0.1470 < 0.002
Systolic BP 0.1817 < 0.001
Diastolic BP 0.2579 < 0.001
FBG -0.0347 0.466
TG 0.3983 < 0.001
LDL-C 0.9531 < 0.001

* Pearson’s correlation coefficient

Without adjusting for covariates, statistically
significant associations with elevated non-HDL-C
levels were found for age, BMI and waist
circumference (Table 4). The age group of 48 — 60
yrs was 2.07 times more likely than the younger age

group to have an increased risk of elevated non-HDL-

C levels (95% CI: 1.38 to 3.11). The risk of having
high non-HDL-C was 1.97 times (95% CI: 1.34 to
2.89) higher for Thai adults with a BMI of 25 kg/m2
or greater than those with a BMI lower than 25 kg/
m2. Abdominal obesity increased the risk of elevated

non-HDL-C level by 1.94 times (95% CI: 1.32 to0 2.86).
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Table 4 Factors associated with non-HDL-C

Non-HDL-C
Factors Crude OR 95% CI p-value
High n (%) Normal n (%)

Age

35 — 47 yrs 50 (29.6) 119 (70.4) 1.00

48 — 60 yrs 128 (46.6) 147 (53.4) 2.07 1.38 — 3.11 < 0.001
Gender

Men 49 (37.4) 82 (62.6) 1.00

Women 129 (41.2) 184 (58.8) 1.17 0.77 - 1.78 0.455
Body mass index

BMI < 25 kg/m’ 78 (32.6) 161 (67.4) 1.00

BMI > 25 kg/m’ 100 (48.8) 105 (51.2) 1.97 1.34 — 2.89 < 0.001
Waist circumference

Normal 65 (31.7) 142 (68.3) 1.00

Abdominal obesity 113 (47.5) 124 (52.5) 1.94 1.32 — 2.86 < 0.001
Physical activity

Low 44 (46.3) 51 (53.7) 1.00

Moderate 44 (36.6) 67 (63.4) 0.76 0.44 — 1.32 0.335

Vigorous 90 (37.8) 148 (62.2) 0.70 0.44 —1.14 0.154
Smoking status

No 144 (40.0) 216 (60.0) 1.00

Yes 34 (40.5) 50 (59.5) 1.02 0.63 — 1.66 0.936
Family history of DM, HT,
or dyslipidemia

No 88 (36.7) 152 (63.3) 1.00

Yes 90 (44.1) 114 (55.9) 1.36 0.93 —2.00 0.111

The results after adjusting for potential confounders
are shown in Figure 1. The age group of 48 — 60 yrs
were significantly associated with elevated non-HDL-C
levels (adjusted OR 2.15; 95% CI = 1.42 to 3.25),
those with a BMI of > 25 kg/m’ had an approximately

two times higher risk for elevated non-HDL-C levels

than non-obese participants (adjusted OR 1.98; 95%
CI = 1.33 to 2.96), and similarly, participants with
abdominal obesity were nearly twice as likely to be
at risk for high non-HDL-C than those with a normal
waist circumference (adjusted OR 1.93; 95% CI =
1.28 to 2.90).
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Factors Adjusted Odds Ratio 95% p-value
A Confidence
Interval
Age group 2.15 —— 1.42-3.25 <0.001
(48 — 60 years)
BMI > 25 kg/m’ 1.98 — 1.33-296 <0.001
Abdominal obesity 1.93 —_— 1.28—-2.90  <0.002
Physical activity
Moderate 0.68 —&—— 0.38-1.21 0.189
Vigorous 070 ——0> 042 -1.16 0.163
Smoking status 1.07 —— 0.80—1.43 0.662
Family history 1.31 —— 0.88—1.95 0.179
0 /I/I T T T T T T T » o
0.25 033 05 1 2 3 4

Figure 1 The association between factors and high non-HDL-C after adjusting for age, physical activity, smoking status, and family

history of DM or HT or dyslipidemia.

Discussion

In this study, factors strongly associated with
elevated non HDL-C levels were higher for the age
range above 47 years and obesity. Non HDL-C value
was positively correlated with various metabolic risk
factors, namely waist circumference, systolic and
diastolic BP, TG levels, and LDL-C levels.

Several population-based studies have indicated
that blood cholesterol concentration is likely to increase

15 and that is confirmed here. The results

with age
in the present study are similar to those obtained
by an epidemiologic study conducted at the Khon

Kaen Province, which found that the prevalence of

dyslipidemia increased with advancing age'®. The
association between increasing age and dyslipidemia
are controversially discussed. It was argued that
cholesterol metabolism declines in older age and
this results in high blood cholesterol concentrations.
It was also suggested that age-related obesity due to
lifestyle changes might be to blame for increasing
cholesterol levels. Lifestyle changes appear to have
arisen as a consequence of the social and economic
effects of urbanization and a more sedentary lifestyle
with an oversupply of energy intake going along with
changes in patterns of food consumption resulting in

a rapidly increasing burden of non-communicable
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diseases (NCDs)'"". However, this study was not
assessed dietary consumption of participants which it
might be associated factors with non-HDL-C.

The association of obesity with CVDs is partly
due to atherogenic dyslipidemia, for instance high TG
and low-HDL-C. The results presented here indicated
that general and abdominal obesity are associated
with the risk of elevated non HDL-C levels. This
finding is consistent with those of previous studies
which reported that in both Thai adults" and Thai
children" increasing BMIs and waist circumferences
were associated with higher lipid concentrations, but
not with HDL-C levels. In addition, a large multi-
national study of 27 different populations found that
increasing BMI was associated with high TC while
the obesity indicators, BMI and waist circumference,
were strongly associated with low HDL-C*. Non-
HDL-C can be directly calculated from HDL-C and
TC, and it is a comprehensive measure of atherogenic
lipoproteins™. Our study found a high proportion of
elevated TC (43.75%) and a high proportion of low
HDL-C (61.7%) resulting in an increasing of high
non-HDL-C (40.1%). It is known that obesity is
associated with an increase in cholesterol synthesis
and a decrease in intestinal absorption™. In particular,
abdominal obesity has been closely associated with
metabolic abnormalities. A strong relationship of
abdominal fat accumulation with hypertriglyceridemia
and reduced HDL-C has been reported”. Studies
in adults® and also in children’ have shown that
abdominal obesity is associated with the increasing
non-HDL-C levels.

Data on the prevalence of high non-HDL-C
in Thailand are scarce. This study showed that the
distribution of high non-HDL-C was higher than the

result of Thai National Health Examination Survey
IV in 2009 based on the northeast region (40.1% vs.
26.2%)’. The effect of urbanization and nutritional
transition may be related to the high prevalence
of elevated non-HDL-C level. The finding of the
InterASIA study in 2000, a survey undertaken in
five regions of Thailand, showed a high prevalence
of high TG and low HDL-C in the northeast region
of the country whereas the prevalence of high non-
HDL-C was lower than other regions™. The present
study found that non-HDL-C was associated with
cardiovascular risk factors. This is consistent with
several studies which have demonstrated the relation-
ship of non-HDL-C to adverse CVD events® *. It
may imply that non-HDL-C could be an additional
screening lipid parameter for the risk of CVDs.
Some limitations in this study need to be men-
tioned. In Thailand there are regional differences due
to dissimilar traditional and cultural backgrounds,
lifestyles as well as living conditions. This applies
to the food habits of the northeastern Thai adults
having a high consumption of carbohydrate from
glutinous rice that is not the case in the central or
southern region. Care should therefore be taken when
extrapolating our findings to the population of other
Thai regions. In addition, a cross-sectional study as
this one cannot establish the variation of the factors

under investigation over time.

Conclusions and Recommendations

The present study demonstrated a high prevalence
of elevated non-HDL-C level among Thai adults at
the Khon Kaen Province. This finding confirms that
increasing age and obesity are associated with the risk

of high non-HDL-C. However, these findings need
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to be confirmed in Thai populations living in other
regions. Further research is needed to find out an
effective prevention programme for reducing obesity

and increasing healthy lifestyles.
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