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B Abstract

In Asian populations, diabetes mellitus is increasing and has
become an important health problem in recent decades.
Cardiovascular disease (CVD) is one of the most important
complications and the most common cause of death in dia-
betic patients. Among the risk factors of CVD, elevated low-
density lipoprotein cholesterol has been a major concern.
Studies suggested that serum triglyceride may also play a
role in predicting CVD in patients with type 2 diabetes melli-
tus, but the association is still debated. In this review, we
summarized published studies focusing on the relationship
between serum triglyceride and CVD disease in Asian dia-
betic patients. Ten studies conducted in six different Asian
countries (three from Hong Kong, two from Taiwan, tow
from Japan, one from Indonesia, one from South India, and
one from South Korea) were summarized and discussed.
CVD was subdivided into coronary heart disease, stroke,

and peripheral arterial disease. Of the ten studies analyzed,
one focused on CVD, five on coronary heart disease, three
on stroke, three on peripheral arterial disease, and one on
mortality from CVD. Studies from Hong Kong, Taiwan, and
Japan suggested that triglyceride is a significant and inde-
pendent risk factor for coronary heart disease, but not a sig-
nificant risk factor for stroke (studies conducted in Japan
and South Korea) or peripheral arterial disease (studies
conducted in Taiwan, Indonesia, and South India). Although
serum triglyceride may be a significant risk factor for coro-
nary heart disease in Asian diabetic patients, clinical trials
evaluating whether lowering triglycerides using fibrates can
reduce the risk of coronary heart disease in these patients
need to be initiated.

Keywords: Asian populations - cardiovascular disease -
coronary heart disease - fibrates - triglyceride - type 2 diabe-
tes

1. Introduction

#ype 2 diabetes mellitus (T2DM) is now a
: global health problem with more than 60% of
; global diabetes appearing in the Asian popu-
Iatlon [1]. According to the prediction of the Inter-
national Diabetes Federation, the number of
T2DM cases in Western Pacific and Southeast Asia
will increase to more than 179,000,000 by 2025 [1].
In Western countries, cardiovascular disease
(CVD), including coronary heart disease (CHD),
cerebral vascular disease, and other peripheral ar-
terial disease (PAD), is a major complication and
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cause of mortality in patients with diabetes. In
Taiwan, diabetic patients suffer from an overall
63% higher risk of mortality than the general
population, and CVD remains the major cause of
death in these patients [2]. The incidence of type 2
diabetes has been on the rise over the past decades
in Taiwan. The optimal cutoff value for body mass
index in the development of common chronic dis-
eases including diabetes, hypertension, and dyslip-
idemia in Taiwan is approximately 23 kg/m’. This
is much lower than the currently recommended
cutoff value of 30 kg/m’ for obesity defined by the
World Health Organization [3, 4].
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Abbreviations:

ACCORD - Action to Control Cardiovascular Risk in Diabe-
tes

Apo C-111 - apolipoprotein C3

CHD - coronary heart disease

ClI - confidence interval

CVD - cardiovascular disease

FIELD - Fenofibrate Intervention and Event Lowering in
Diabetes

HDL-C - high-density lipoprotein cholesterol

LDL - low-density lipoprotein

LDL-C - low-density lipoprotein cholesterol

NCEP-ATP 111 - National Cholesterol Education Program
Adult Treatment Panel 111

PAD - peripheral artery disease

sd-LDL-C - small-dense low-density lipoprotein cholesterol
T2DM - type 2 diabetes mellitus

TG - triglyceride

TRL - triglyceride-rich lipoprotein

VLDL - very low-density lipoprotein

The prevalence of CVD in the Asian diabetes
population was known to be lower than in Cauca-
sians [5, 6]. In the early 1970s, renal failure and
stroke were the leading causes of death in diabetic
patients in China, Japan, and Pima India, com-
pared with ischemic heart disease in Caucasian
patients [6]. However, with continuing globaliza-
tion, diet and lifestyle have changed rapidly in de-
veloping countries in Asia in recent decades [1]. In
a report from the Asia Pacific Cohort Studies Col-
laboration, the relative effect of diabetes on the
risks of CVD in Asian populations is about the
same as for Caucasians [7]. In a recent question-
naire survey of 18,385 diabetics in Japan, the fre-
guency of cause of death from CAD and cere-
brovascular disease (10.2% and 9.8%, respectively)
were similarly higher than from renal failure
(6.8%) [8].

Dyslipidemia is a major risk factor for CVD [9].
In patients with T2DM, dyslipidemia is character-
ized by high serum triglyceride (TG), low high-
density lipoprotein cholesterol (HDL-C), and in-
creased small-dense low-density lipoprotein cho-
lesterol (sd-LDL-C) [10]. Serum TG is considered a
risk factor for CVD in the general population and
in diabetic patients, especially for those with high
non-HDL-C [11, 12]. Studies conducted in Taiwan
have also suggested that triglyceride is associated
with hypertension in patients with T2DM and may
also be associated with the progression of albu-
minuria [13, 14]. Indeed, in the Asian population,
hypertriglyceridemia may be more important than
LDL-C as a risk factor for CVD in diabetic patients
and non-diabetic patients [15-17]. In this article,
we review the role of TG in CVD in patients with
T2DM in Asian populations.
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2. Literature search

We searched MEDLINE (Ovid) using the terms
“diabetes mellitus” or “type2 diabetes” and other
relevant keywords, including “cardiovascular dis-
ease”, “coronary heart disease”, “stroke”, “triglyc-
erides”, and “triacylglycerol”’. Separate queries
were performed for the countries of the South-East
Asian region and the Western Pacific region, as de-
fined by the International Diabetes Federation
(Table 1) [18, 19]. The South-East Asian region
included Bangladesh, India, Maldives, Mauritius,
Nepal, and Sri Lanka. The Western Pacific region
included Australia, Cambodia, China, Fiji, Indone-
sia, Japan, Macao China, Malaysia, Mongolia,
Nauru, New Zealand, Papua New Guinea, Philip-
pines, Samoa, Singapore, South Korea, Taiwan,
Thailand, Tonga, Vanuatu, and Vietnam. The que-
ries were limited to English articles. The publica-
tion year was not limited. We excluded studies
from Australia and New Zealand because these
populations are largely Caucasian.

Publications on type 1 diabetes and studies
simply comparing serum TG levels in controls and
disease groups without multivariate analysis were
also excluded. We abstracted the following infor-
mation to a fixed protocol:

- Ethnicity

- Year of publication

- Name of the first author

- Recruitment period

- Follow-up duration

- Age

- Total case number

- Cardiovascular outcome

- Case number of cardiovascular outcome

- Average serum TG level in the disease group

- Hazard ratio

- Odds ratio or relative risk for total choles-
terol, TG, HDL-C and LDL-C

- Variables adjusted in the modeling

3. Findings

We initially found 41 studies in fifteen different
countries in the South-East Asian and Western
Pacific regions. Among them, 14 studies were con-
sidered relevant to the topic. We further excluded
4 papers due to the lack of multivariate analysis
[20-23]. As a result, a total of ten papers were in-
cluded in the analysis, and the numbers of papers
per country are shown in Table 1 (three from
Hong Kong, two from Japan, two from Taiwan, one
from South India, one from Indonesia, and one
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from South Korea). The abstracted data from the
10 studies are listed in Tables 2 and 3 according
to the fixed protocol. In these ten studies, five fo-
cused on CHD, three on stroke, three on PAD, one
on CVD, and one on CVD related mortality [15, 16,
24-31]. The findings on the association of TG and
CVD are discussed as follows.

3.1 Triglyceride and coronary heart disease

In four studies, increased serum TG level was
an independent risk factor for CHD (Tables 2 and
3). TG appeared to play a more important role in
the development of CHD than LDL-C, HDL-C, or
total cholesterol [15, 16, 24, 29], and was more ob-
vious in female than male patients in two studies
[24, 29]. The only study that did not indicate a role
for TG in CHD was conducted in South India [30].
This study recruited only subjects who had diabe-
tes for more than 25 years. Therefore, the study
had limitations, and the findings cannot be gener-
alized as applicable to the average diabetic pa-
tient.

3.2 Triglyceride and stroke

In three studies referring to stroke, none of the
following were found to be significant risk factors:
total cholesterol, HDL-C, or LDL-C. As for TG, the
results were equivocal. In one study in Hong Kong,
the relative risk (95% confidence interval, Cl) was
1.43 (1.06-1.92) in males and was 1.35 (1.11-1.62)
in females (Table 2) [29]. However, in studies
from Japanese and South Koreans, TG was not a
significant risk factor for stroke [15, 31].

3.3 Triglyceride and peripheral arterial dis-
ease

For PAD, the conclusions were consistent. In
studies conducted in Taiwan, Indonesia, and South
India, neither total cholesterol, HDL-C, LDL-C,
nor TG were associated with PAD in multivariate
regression models (Tables 2 and 3) [26, 27, 30].

3.4 Triglyceride and cardiovascular disease

In a recent study in Hong Kong, low HDL-C,
and high LDL-C were significant predictors for
CVD (including CHD and stroke), but TG was not
a significant risk factor [25]. In contrast, another
study from Hong Kong showed that increased lev-
els of TG were the only significant predictor for
cardiovascular mortality [28].

www.The-RDS.org

Table 1. Number of studies in different countries of the South-East
Asian and the Western Pacific region (excluding Australia and New
Zealand)

South-East Asia Number of pub- Western Pacific Number of pub-
lished papers  region lished papers

o

Cambodia
China
Fiji

Bangladesh
India
Maldives
Indonesia

Nepal

0
1
0

Mauritius 0
0 Japan
0

Sri Lanka Macao, China
Malaysia
Mongolia

Nauru

O O O O O N kP O W

Papua new
Guinea
Philippines

Samoa
Singapore
South Korea
Taiwan
Thailand
Tonga

Vannatu

O O O O N B O O o

Vietnam

4. Discussion

4.1 Triglyceride and cardiovascular disease in
a non-diabetic population

Unlike LDL-C, which is well-established as a
major predictor for CVD in global populations, the
independent relationship of TG on predicting CVD
has long been controversial [11]. Although some
studies do not favor hypertriglyceridemia as an in-
dependent risk factor for CVD, two recent meta-
analysis studies have suggested that TG is inde-
pendently associated with myocardial infection,
CHD, CVD and CVD death [12, 32-34]. There is
one meta-analysis study focusing on the Asia Pa-
cific region. This study analyzed the results from
25 cohort studies in six countries including Japan,
China, Taiwan, Thailand, South Korea, and Sin-
gapore. The results supported serum TG as a bet-
ter predictor than total cholesterol, HDL-C, and
LDL-C for CHD mortality and CVD mortality [35].
Another Japanese cohort study also showed an in-
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Table 2. Findings from clinical studies on the association between triglyceride and cardiovascular disease in Chinese patients with diabetes

Parameter Chinese population (Hong Kong) Chinese population (Taiwan)
Year 2003 2005 2010 2006 2007
Reference Ko et al. [29] Chan et al. [28] Ting et al. [25] Tseng et al. [16] Tseng [27]
Recruitment 1994-1998 1996 1996-2005 1995-1998 NA

period

Study design Cross-sectional Cohort Cohort Cross-sectional Cross-sectional

(follow-up: 4.6 yr)

(follow-up: 4.9 yr)

Age M: 56 (13)" M: 55 (13)" Non-CVD: 54 (21)° Non-CHD: 61 (12)" M: 62 (11)"
F: 56 (13)" F: 53 (15)" CVD: 64 (16)° CHD: 66 (10)" F: 64 (10)"
Subjects (n) M: 1370 M: 220 M: 2094 M:542 M: 268
F: 1963 F: 297 F: 2427 F: 608 F: 342
CV outcome CHD and stroke CVD mortality CVD (CHD and CHD PAD
stroke)
CVevents (n) CHD: 164 15 M: 196 424 M: 23
Stroke: 136 F: 175 F:38
TG level in 175 (144)" NA 124 (89)° 5.04 (0.57)° NA
disease group
(mg/dl)
Findings from multivariable-adjusted regression
Total choles- CHD: NS NS NA NS NS
terol Stroke: NS
TG NS RR: 2.96 (1.00-8.87)'  CHD: M:NS; F: OR:1.38(1.04-1.83)* NS
RR=1.23 (1.02-1.49)*
Stroke: M: RR=1.43
(1.06-1.92)" F:
RR=1.35 (1.11-1.62)"
HDL-C CHD: NS NS HR: 0.59 (0.42-0.82)° NS NS
Stroke: NS per 1 mmol/I
increase
LDL-C CHD: NS NS HR:1.36 (1.08-1.71)" NS NS
Stroke: NS (>3 mmol/l vs. <3
mmol/I)
Variables Age, BMI, WHR, BP, Age, diabetes dura- Age, smoking, diabe-  Age, sex, smoking, M: age, BMI, SBP
adjusted fasting PG, HbAlc, tion, and TG signifi- tes duration, HbAlc, medication, BMI, significant variables.

lipid profile, albuminu-
ria

cant variables in
stepwise regression.
Other variables: gen-
der, SBP, DBP,
HbALlc, lipid profile,
smoking, creatinine,
albuminuria, previous
macrovascular com-
plication

urine albumin, use of
statins, fibrates, gli-
clazide and rosiglita-
zone, years of enrol-
ment

FPG, HbAlc, SBP,
DBP, TC, HDL-C,
LDL-C

F: age, uric acid, in-
sulin therapy signifi-
cant variables in step-
wise regression).
Other variables: dia-
betes duration, TG,
ApoB

Legend: * Mean (standard deviation). > median (interquartile range). * Ln(TG) shown as mean (SD). * 95% confidence interval. Abbreviations:
BMI - body mass index, CHD - coronary heart disease, CVD - cardiovascular disease, DBP — diastolic blood pressure, F — female, FPG - fast-
ing plasma glucose, HDL-C — high-density lipoprotein cholesterol, HR — hazard ratio, LDL-C — low-density lipoprotein cholesterol, M — male,
NA - not available, NS - not significant, OR — odds ratio, PAD — peripheral arterial disease, RR — relative risk, SBP — systolic blood pressure,
SD - standard deviation, TC - total cholesterol, TG - triglycerides. References [16, 25, 27-29].
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Table 3. Findings from clinical studies on the association between triglyceride and cardiovascular disease in diabetic subjects from the Asian-

Pacific region

Parameter Japanese Indonesia South India South Korea

Year 2011 2012 2010 1996 1989

Reference Sone et al. [15] Sone et al. [24] Kuswardhani et al. Mohan et al. [30] Kim et al. [31]
[25]

Recruitment 1995-1996 1995-1996 NA 1992-1995 1983-1987

period

Study design Cohort Cohort Cross-sectional Cross-sectional Cross-sectional

(follow-up: 7.8 yr)

(follow-up: 8 yr)

Age M: 58 (7)" M: 58 (7)" Non-PAD: 65 (4)" NA (but all patients Stroke: 63(9)"
F:59 (7)" F:59 (7)" PAD: 71 (6)' with diabetes
duration >25 yr)
Subjects (n) M: 940 M: 940 80 M:505 416
F: 831 F: 831 F: 221
CV outcome CHD and stroke CHD PAD CHD and PAD Ischemic stroke
CVevents (n) CHD: 109 M: 70 40 CHD: 238 M: 114
Stroke: 85 F: 45 PAD: 112 F: 94
TG level in 124 (71)} M:119.9 (81)° 128 (59)" NA 181 (89)’
disease group F: 129 (45)°
(mg/dl)
Findings from multivariable-adjusted regression
Total choles- NA M: HR=1.57 (1.25- NS CHD: NS Log likelihood: -201.9
terol 1.99)* per 1 SD PAD: NS
F: HR=1.58 (1.20-
2.06)" per 1 SD
TG CHD: HR =1.54 (1.22- M: HR=1.42 (1.08- NS CHD: NS NS
1.94)* per 1 SD 1.85)* per 1 SD PAD: NS
Stroke: NS F: HR=1.72 (1.21-
2.43)" per 1 SD
HDL-C CHD: NS M: HR=1.47 (1.09- NS CHD: NS NS
Stroke: NS 1.98)* per 1 SD PAD: NS
F: NS
LDL-C CHD: HR: 1.49 (1.25- M: HR=1.59 (1.28- NS CHD: NS NS
1.78)* per 1 SD 1.98)* per 1 SD PAD: NS
Stroke: NS F: HR=1.41 (1.06-
1.86)" per 1 SD
Variables Gender, age, diabetes Age, diabetes dura- Age was the only sig-  Fasting plasma glu- Previous ischemic
adjusted duration, BMI, SBP, tion, BMI, SBP, nificant variable in cose, postprandial stroke, hypertension,

HbAlc, LDL-C, HDL-
C, TG, smoking, alco-
hol

HbAlc, smoking and
alcohol intake

stepwise regression.
Other variables: waist
circumference, TG,
lying DBP, homocys-
tein

plasma glucose,
HbAlc, TC, LDL-C,
HDL-C, TG, SBP,
DBP, age, diabetes
duration, BMI, serum
creatinine

TC were significant
variables in stepwise
regression. Other
variables: duration of
diabetes, CHD, car-
diac arrhythmia, TG,
HDL-C

Legend: ' Mean (standard deviation). > median (interquartile range). ° Ln(TG) shown as mean (SD). * 95% confidence interval. Abbreviations:

BMI - body mass index, CHD - coronary heart disease, CVD - cardiovascular disease, DBP - diastolic blood pressure, F — female, FPG - fast-
ing plasma glucose, HDL-C — high-density lipoprotein cholesterol, HR — hazard ratio, LDL-C — low-density lipoprotein cholesterol, M — male,
NA - not available, NS - not significant, OR — odds ratio, PAD - peripheral arterial disease, RR — relative risk, SBP — systolic blood pressure,
SD - standard deviation, TC — total cholesterol, TG - triglycerides. References [16, 25, 27-29].
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dependent relationship between hypertriglyc-
eridemia and ischemic stroke and myocardial in-
farction [36]. In contrast to studies in Western
populations, hypertriglyceridemia appeared to be
more important than LDL-C for CVD in Asians.

4.2 Triglyceride and cardiovascular disease in
diabetic patients

Hypertriglyceridemia, low HDL-C, and in-
creased sd-LDL-C are typical presentations of
dyslipidemia in patients with T2DM. The patho-
genesis of hyperlipidemia is characterized by in-
creased very low density lipoprotein (VLDL) pro-
duction and defective removal of chylomicrons and
its remnants [11]. In the United Kingdom Prospec-
tive Diabetes Study, LDL-C was the strongest pre-
dictor for CVD, and hypertriglyceridemia was not
a predictor [37]. In contrast, in other case-control
studies, the results were conflicting [9, 38, 39]. In
one study, hypertriglyceridemia was an independ-
ent risk factor for CVD only in the high non-HDL-
C group [12].

Since the pattern of dyslipidemia and its asso-
ciation with CVD may differ between diabetic and
non-diabetic subjects, and studies conducted in
Asian diabetic patients are rare, we reviewed the
role of hypertriglyceridemia for CVD in diabetic
patients in the South-East Asian and Western Pa-
cific regions (excluding Australia and New Zea-
land). We found that the serum TG level is a major
and independent risk factor for CHD in most stud-
ies except the one conducted in South India (Table
2). However, the results in the study from South
India could not be applied to the general diabetic
population because it recruited only patients who
had diabetes for more than 25 years. In our re-
view, serum LDL-C is not a predictor nor is it as
good as TG for predicting CHD. The reason may be
that the level of LDL-C cannot represent the
amount of all real atherogenic lipoproteins in dia-
betic patients [40]. Besides, in studies from Japan
and Hong Kong, the association between TG and
CHD is stronger in female diabetics. The reason
for such a gender difference has yet to be clarified.
In patients with stroke, the role of TG is equivocal.
Systolic blood pressure is a leading predictor of
stroke in Western or Asian populations [15, 31,
41]. Thus, when compared with blood pressure, the
influence of TG may be concealed.

PAD is common in diabetic patients [42-44]. In
our review, hypertriglyceridemia was not an inde-
pendent risk factor on PAD in multivariate analy-
sis. However, the role of hypertriglyceridemia in
the development of PAD remains controversial. In

Rev Diabet Stud (2013) 10:101-109

some case-control studies conducted in Asian,
there were significant differences in the serum TG
levels between disease and control groups [21, 22],
although in another study conducted in Taiwanese
diabetic patients, TG was not a significant risk
factor for PAD, assessed by both univariate and
multivariate analysis [43]. As a result, hyper-
triglyceridemia may not be a significant risk factor
for PAD.

Two studies in Hong Kong focused on CVD
events and CVD mortality, with contradictory re-
sults. In 2005, Chan et al. showed that hyper-
triglyceridemia is the only a predictor for cardio-
vascular mortality and the relative risk (95% Cl) is
2.97 (1.00-8.77) (Table 2) [28]. In contrast, Ting et
al. (2010) showed that low HDL-C and high LDL-C
were risk factors for cardiovascular events, includ-
ing ischemic heart disease and stroke, and that
hypertriglyceridemia was not a significant predic-
tor of CVD events and mortality (Table 2) [25].
However, in this study, CVD was not divide into
subgroups. As we know, the prevalence of hemor-
rhagic stroke is higher in Asian populations and
hypertension is a major risk factor leading to hem-
orrhagic stroke [45]. Therefore, the effect of TG
may be attenuated in this population. Further ex-
ploration is needed to clarify the evolution of TG
and LDL-C as risk factors for CVD in the Asian
population.

4.3 Pathophysiology of triglyceride in cardio-
vascular disease

Currently, TG is considered a biomarker for
CVD, although there is no strong evidence that TG
can cause atherogenesis directly [46]. Hyper-
triglyceridemia is known to be associated with in-
creased levels of prothrombotic factors, such as fi-
brinogen and plasminogen activator inhibitors,
and is related to the size and density of the LDL
particle [47, 48]. More importantly, hypertriglyc-
eridemia is associated with some atherogenic rem-
nant particles and apo C-111 [46]. In addition to sd-
LDL, triglyceride-rich lipoprotein (TRL), TRL
remnant and apo C-lll are also associated with
atherosclerosis [11]. In subjects with insulin resis-
tance, increased TG-rich VLDL and apo C-l11 for-
mation from liver are observed, along with the ex-
cretion of TRL and a resulting decrease in its rem-
nant. TRL remnant can pass through the endothe-
lial cell and be taken up by macrophages, forming
foam cells and leading to fatty streak formation.
Furthermore, postprandial TRL has been shown to
stimulate several proinflammatory genes, such as
interleukin-6, intercellular adhesion molecule-1,

Copyright © by Lab & Life Press/SBDR
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etc. [49]. Apo C-lIl is a proinflammatory and
proatherogenic protein. VLDL that have apo C-l111
can activate monocytes and endothelial cells to in-
duce tumor necrosis factor-«, interleukin-1, nu-
clear factor-xB, etc. [50]. This may explain the
findings that hypertriglyceridemia is a risk factor
for CVD in diabetes.

4.4 Evidence of triglyceride control for prevent-
ing CVD in diabetes

According to the Adult Treatment Panel 111 of
the National Cholesterol Education Program
(NCEP ATP I11), LDL-C is the primary target for
dyslipidemia control in different cardiovascular
risk categories. Although there is controversy in
the practice of lowering TG for the prevention of
CVD, NCEP ATP Il recommends using non-HDL-
C as a secondary treatment target for subjects
having serum TG > 200 mg/dl [51]. Fibrates are
useful for lowering hypertriglyceridemia. Cur-
rently, the FIELD (Fenofibrate Intervention and
Event Lowering in Diabetes) and ACCORD (Action
to Control Cardiovascular Risk in Diabetes) stud-
ies are both attempting to establish the role of TG
lowering agents in primary prevention for CVD in
diabetic patients [52, 53]. Both studies failed to
demonstrate the lowering of CVD events by lower-
ing TG. However, the subgroup analysis in the
ACCORD study showed that fibrates were impli-
cated in decreased CVD incidence in patients with
TG > 204 mg/dl and HDL-C < 34 mg/dl [54].

In 2010, Jun et al. performed a meta-analysis
including 18 trials, and reported a 10% relative
risk reduction in major CVD events for subjects
taking fibrates, especially in hypertriglyceridemia
alone or in subjects with hypertriglyceridemia and
low HDL-C [55]. The current consensus from the
American Diabetes Association also favored the
recommendation of the NCEP ATPIII to use non-
HDL-C goals for patients with TG > 200 mg/dl
[56]. In 2010, the Hong Kong Diabetes Registry
reported a prospective study about fibrate use for
preventing CHD. The hazard ratio was 0.34 with

low significance [25]. Since hypertriglyceridemia is
a major concern in Asian population, further ex-
plorations of the use of fibrates for lowering TG in
Asian diabetic subjects are needed.

5. Limitations

There are several limitations in our review.
First, the number of studies examining the rela-
tionship between TG and CVD in Asian popula-
tions is still small and studies from many coun-
tries such as Malaysia, Philippines, Thailand, Ne-
pal, etc. are still lacking. Second, the authors in
these studies used different statistical models ad-
justing for different sets of confounders; therefore
comparisons are unreliable or inaccurate. The re-
sults may be influenced by choosing different con-
founders such as HDL-C, which is highly associ-
ated with TG [11]. Third, most studies did not take
concomitant medical treatment such as statins or
fibrates into consideration and could not demon-
strate the influence of these lipid-lowering agents.
Finally, many studies are cross-sectional, and the
cause-effect relationship cannot be easily identi-
fied.

5. Conclusions

In Asian diabetic patients, the association be-
tween TG and CHD is strong, probably even
stronger than LDL-C and CHD. For stroke and
PAD, the role of hypertriglyceridemia is still con-
troversial. Further studies with larger sample size
and standard protocol are needed to clarify the role
of TG in the development of CVD among Asian
populations.
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