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Abstract
Background: Plasma triglyceride (TG) levels are known to confer an 
increased risk of vascular disease in healthy populations, but data in high-
risk patients are scarce. In this study we evaluated the risk on recurrent 
vascular events conferred by increased plasma TG levels in patients with 
various clinical manifestations of vascular disease. Objective: To assess 
the Plasma triglyceride levels increase the risk for recurrent 
Cardiovascular Disease Independent of High-Density Lipoprotein 
Cholesterol Level.
Methods: This study was done in the Department of Cardiology, Com-
munity Based Medical College & Hospital, Bangladesh during July 2017 
to June 2020. A Meta-analysis of Population Based prospective Studies of 
5731 patients with clinically manifest vascular disease. Results: First new 
vascular events (myocardial infarction, ischemic stroke, vascular death) 
occurred in 782 subjects during a median follow-up of 4.9 years (interquartile 
range 2.5–8.1 years). Patients in the highest plasma TG quintile (> 2.24 
mmol/L) had a higher risk for recurrent vascular events (HR 1.45; 95%CI 
1.13–1.86) compared with the lowest plasma TG quintile (b0.97 mmol/L) 
after adjustments for age, gender, body mass index, smoking, lipid-lowering 
medication and low-density lipoprotein-cholesterol. The increased risk 
associated with increasing plasma TG levels was irrespective of the 
presence of type 2 diabetes (T2DM), but only present in patients without 
the metabolic syndrome. Furthermore, the increased risk was particular-ly 
present in patients with coronary artery disease (CAD) (HR 1.45; 95%CI 
1.02–2.08) and was not modified by other lipid levels (p-value for 
interaction >0.05). Plasma TG still contributed to vascular risk when other 
lipid levels were at target level.
Conclusions: Higher plasma TG levels are associated with increased risk for 
recurrent vascular events, in par-ticular in CAD patients. This increased risk 
is independent of the presence of T2DM and the use of lipid-lowering 
medication and is not modified by other lipid levels.
Keywords: Triglycerides, Lipoproteins, Vascular disease, Secondary 
prevention.
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1 INTRODUCTION

Patients with clinical manifestations of vas-
cular diseases are at high risk for new vas-
cular events, and due to improved medical

treatment and an aging population, their number
is increasing. Although these patients are treated
intensively for cardiovascular risk factors, they are
still at considerable risk for a recurrent vascular
event. Due to an increasing prevalence of obesity and
obesity-related insulin resistance, the number of in-
dividuals with hypertriglyceridemia is rising (1) (2)
. Elevated plasma triglyceride (TG) levels lead to an
atherogenic lipoprotein phenotype consisting of high
plasma TG levels, low high-density lipoprotein cho-
lesterol (HDL-C) levels and small dense low-density
lipoprotein (HDL) particles (3). Therefore, hyper-
triglyceridemia could contribute to the re-sidual risk
and it would be important to assess the risk asso-
ciated with plasma TG levels on recurrent vascular
events in these high-risk patients against a back-
ground of well treated risk factors, including wide-
spread use of statin therapy. Plasma TG level has
been shown to be an independent risk factor for vas-
cular events in healthy populations (4) (5) and in tri-
als with pa-tients with coronary artery disease (6) (7)
. However, drugs lowering plasma TG levels have
not clearly proven to be effective in preventing vas-
cular events (8) (9) . Therefore TG levels are not
defined as a treatment target in current guidelines,
although a TG level of b1.7 mmol/L is propagated as
desirable (10) (11). Instead, high density lipoprotein-
cholesterol is advocated as a treatment target in
patients with hypertriglyceridemia, as also includes
TG-rich VHDL-particles (10) (11) . However, it is
unclear whether plasma TG levels by itself still add
to the risk associated with higher HDL-C levels. In
the present study the risk of plasma TG levels for
recurrent vascu-lar events in patients with different
manifestations of arterial vascular disease was de-
termined. Furthermore, it was evaluated whether this
as-sociation was present irrespective of the presence
of type 2 diabetes (T2DM) or the metabolic syn-
drome, the use of lipid-loweringmedica-tion, and the
location of vascular disease. Finally, modification of
the ef-fect of plasma TG levels on vascular events
by the level of several other lipoproteins HDL-C

and total cholesterol (TC)/HDL-C ratio) was inves-
tigated. (12) (13)

2 METHODS

This study was done in the Department of Cardi-
ology, Community Based Medical College & Hos-
pital, Bangladesh during July 2017 to June 2020.
A Meta-analysis of Population Based prospective
Studies of 5731 patients with clinically manifest
vascular disease. For the present study, data were
used from the Second Manifestations of ARTerial
disease (SMART) cohort. This is a Meta-analysis
of Population Based prospective Studies, designed
to establish the presence of concomitant arterial dis-
eases and risk factors for atherosclerosis in patients
with known arterial disease or a cardiovascular risk
factor, who were newly referred to the Department
of Cardiology, Community Based Medical College
& Hospital, Bangladesh. All patients gave written
informed consent hospital approved the study. Af-
ter informed consent, patients underwent a vascular
screening protocol including a health questionnaire,
laboratorymeasurements and physical ex-amination.
For these analyses, TG was log transformed to have
a normal distribution and used as a continuous vari-
able. In order to test for interaction, i.e. whether
the relation between plasma TG levels and vascular
events was modified by HDL-C category, we in-
cluded these interaction terms in the Cox model. If
the p-value of the interaction term was b0.05, effect-
modification was considered present. Analyses were
performed using the statistical package Predictive
Analytics Soft-Ware (PASW) Statistics 19. For all
analyses, P-Value <0.05 was considered significant.
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Baseline characteristics of the study population ac-
cording to quin-tiles of plasma TG are presented 
in (Table 1). The prevalence of the met-abolic syn-
drome increases from 14% in quintile 1 to 80% in 
quintile 5. With increasing quintiles of plasma TG, 
the proportion of current smokers increased, paral-
leled by an increase in the incidence of peripheral 
artery disease. During a median follow-up of 4.9 
years (interquartile range 2.5–8.1 years), 782 first 
new vascular events occurred. Overall, 193 (non- 
)fatal ischemic strokes, 451 (non-)fatal myocardial 
infarctions and 473 vascular deaths occurred. As 
shown in (Table 2), the risk of vascular events 
increased across quintiles of plasma TG and was 
45% higher in the highest quintile (HR 1.45; 95%CI 
1.13–1.86) compared to the lowest quintile (model 
2 for the combined endpoint. P for trend across 
quintiles was 0.002. The risk for ischemic stroke 
was 47% higher in the highest TG quintile (HR 
1.47; 95%CI 0.89–2.42) compared to the lowest 
TG quin-tile, the risk for myocardial infarction 56%
higher (HR 1.56; 95%CI 1.11–2.18) and the risk for 
vascular death 48% higher (HR 1.48; 95%CI 1.07–
2.05). Additional adjustment for HDL-C (model 3), 
considerably weakened the effect of plasma TG on 
all vascular endpoints (HR for all vascular events: 
1.22; 95%CI 0.93–1.60, highest quintile compared 
to lowest quintile). Additional adjustment for HDL-
C instead of HDL-C in model 2 only slightly atten-
uated the effect of plas-ma TG on vascular events 
(data not shown). In patients without T2DM (n = 
4774), plasma TG in the highest quintile increased 
the risk (HR 1.47; 95%CI 1.11–1.96) for all vascular 
events compared plasma TG in the lowest quintile. 
In patients with T2DM (n = 957), the risk for all 
vascular events was only slightly higher in quintile 
5 compared to quintile 1 (HR 1.11; 95%CI 0.65–
1.91), and the association between plasma TG and 
vascular events seemed slightly u-shaped. When an-
alyzed continuously, the HR for all vascular events 
was similar for both groups (HR1.17; 95%CI 0.86–
1.58 in T2DM vs. HR 1.23; 95%CI 1.04–1.46) and p 
for interaction was 0.894. Plasma TG did increase 
the risk for all vascular events in patients without 
the metabolic syndrome (HR 1.29; 95%CI 1.00–
1.66, p = 0.047 for log-TG), but not in patients 
with the meta-bolic syndrome (HR 0.94; 95%CI 
0.74–1.18, p = 0.584 for log-TG); p for interaction 
by the metabolic syndrome was 0.051. Plasma TG

 levels and risk of new vascular events according to 
the localization of vascular disease In patients with 
coronary artery disease, increasing levels of TG were 
most clearly associated with increased risk of new 
vascular events (Table 3).

Table 1: Baseline characteristics of the study pop-
ulation according to quintiles of plasma triglyc-
erides (TG).

Continuous variables are shown as mean ± standard
deviation.
aCalculated with Friedewald formula up to plasma
TG 9 mmol/L
bOnly measured from July 2003 onwards
cPatients could be classified in more than 1 vascular
disease category
Compared to quintile 1, the risk of new vascular
events was increased with 45% in quintile 5 (HR
1.45; 95%CI 1.02–2.08). P for trend across quintiles
was 0.027. After adjustment for HDL-C (model 3),
higher TG levels the increase in risk did not reach
statistical significance anymore (HR 1.34; 95%CI
0.92–1.96). In patients with cerebrovascular disease
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the risk in quintile 5 was slightly increased compared
to quintile 1, although this was not statistically sig-
nificant. Moreover, there was no clear trend across
quintiles (p for trend 0.315). In peripheral artery dis-
ease/AAA there was no relation between TG plasma
levels and risk of future vascular events.

FIGURE 1: Sex distribuƟon of paƟents.

Table 2 : Risk of new vascular events in quintiles
of plasma TG.

Table 3: Risk of new vascular events in quintiles
of plasma TG according to localization of vascu-
lar disease.

Patients could be classified in more than 1 vascular
disease category. Abbreviations: AAA, aneurysm of

the abdominal aorta. Further as in (Table 1.3.4).
Plasma TG levels and risk of new vascular events ac-
cording to baseline levels of HDL-C ratio. Visualizes
the risk of vascular events across plasma TG quin-
tiles according to strata for HDL-C and TC/HDL-
C ratio at baseline. The lower risk lipid stratum in
the low TG quintile served as a reference category.
This figure illustrates the results presented in (Ta-
ble 4), showing an increased risk with increasing
plasma TG-levels irrespective of other lipid levels,
and showing a contribution of plasma TG levels to
increased vascular risk even when other lipids are at
target level (Figure 2).

FIGURE 2: Risk for new vascular events for quinƟles 
of TG straƟfied for other lipoprotein measures at 
baseline. All HRs were adjusted for age, gender, 
smoking, lipid-lowering medicaƟon and BMI. In Fig. 
1c, addiƟonal adjustment was made for HDL-C. * 
pb 0.05; ** pb 0.01.

Table 4: Risk of new vascular events conferred by
plasma log-triglyceride levels, stratified for other
lipoprotein levels at baseline.

Hazard ratio (95% confidence interval), adjusted for:
Model I: age and gender. Model I lipid-lowering
medication, BMI and HDL-C (adjustment for HDL-
C only when stratified for HDL-C). Abbreviations:
TC, total cholesterol. Further as in Table 1. P b 0.05.
P b 0.01. As displayed in (Table 4), higher plasma
log-TG levels were still associated with increased
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risk of new vascular events when other lipids are at
target level. Although the increase in risk with in-
creasing plasma log-TG was statistically significant
in some strata and not in others, the overall effect was
not modified by either high or low stra-tum. When
stratified for HDL-C ratio, p for interaction was
0.472, 0.247, 0.774 and 0.151 respectively, which
implies that the risk conferred by TG is not different
regardless of other lipid levels.

4 DISCUSSION

In patients with clinically manifest vascular diseases,
high plasma TG levels increase the risk of recurrent
vascular events, particularly in patients with CAD.
This risk is independent of the presence of T2DM
and the use of lipid-lowering medication. Higher
plasma TG levels increase risk in patients with ei-
ther low (b2.5 mmol/L) or high (≥2.5 mmol/L)
HDL-C and either low (b3.3 mmol/L) or high
(≥3.3 mmol/L). Previous meta-analyses showed that
plasma TG is a risk factor for the development
of cardiovascular diseases in healthy populations,
independent of HDL-C (4) (5) . In patients with
known CAD who were treated with statins, plasma
TG levels have been shown a risk factor for recurrent
vascular events, even at low HDL-C levels (6) (7)
. The pre-sent study expands the results of previ-
ous trials to an unselected pop-ulation of patients
with CAD who are encountered in everyday clinical
practice and treated intensively with lipid-lowering
medication. However, plasma TG levels were not
associated with an increased risk for recurrent vas-
cular events in patients with CVD, PAD or AAA.
Since the different vascular disease categories were
not mutually exclusive, presence of interaction by
location of vascular disease could not be statistically
tested. The difference in vascular risk by plasma TG
between these disease categories may be partially
explained by the different metabolic profile of pa-
tients with CAD compared to patients with vascular
disease at other locations. In our study, patients with
coronary artery disease had a higher average BMI
and waist cir-cumference, but they had a lower blood
pressure and were less likely to smoke. Therefore,
vascular events in these patients may result from

adipose tissue dysfunction and increase in plasma
TG and may be ‘fat-driven’, more than in patients
with vascular diseases at different loca-tions. In
short, these results show that in the current era of
intensive treatment of vascular risk factors, plasma
TG levels still contribute to residual risk, in particular
in patients with CAD. Higher plasma TG levels may
be seen as a marker of insulin resis-tance, as is
present in obesity, metabolic syndrome and T2DM,
condi-tions known to be associated with an increased
cardiovascular risk (14). Still, our results show that
the risk associated with plasma TG is not due to
its association with BMI, the metabolic syndrome
or T2DM. Adjustment for BMI or stratification for
T2DM did not essentially affect the vascular risk as-
sociated with high plasma TG, indicating that plasma
TG is an independent risk factor for vascular events
in patients with clinically manifest vascular disease.
Also adjustment for HOMA-IR did not change the
risk associated with plasma TG, making subclinical
insu-lin resistance as an explanation unlikely. Only
in patients with the met-abolic syndrome, the risk
associated with plasma TG seems to be absent. This
may either indicate that plasma TG level on its
own does not con-tribute risk in this metabolically
unhealthy state; or that patients with metabolic syn-
drome but still low plasma TG levels have other
comorbidities that decrease plasma TG. Also after
adjustment for HDL-C or HDL-C, high plasma TG
levels were associated with higher risk of recurrent
vascular events, in accordance with other studies in
healthy populations and statin trials (7) (15). Thus,
these results may suggest a beneficial effect of lower-
ing plasma TG in secondary prevention. However,
drugs lowering plasma TG levels, such as fibrates,
have not clearly proven to be effec-tive in preventing
vascular events (8) (9) . Therefore, triglyceride levels
are not used as treatment targets in current guide-
lines (10) (11). In-stead, NCEP ATP III guidelines
advise HDL-C as the treatment tar-get in patients
with TG>2.3mmol/L (200mg/dL). HDL-C includes
TG-rich VHDL-particles in contrast to HDL-C (10).
Data from the present study show that the risk associ-
ated with high TG levels is independent of HDL-C.
Fig. 1 shows an increased risk with TG even when
the HDL-C target has been reached, although this in-
creased risk pertains only to the highest TG quintile,
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which is a small group of the patients with HDL b3.3
mmol/L and therefore the confidence intervals are
large and include 1. However, this may still imply
that current lipid targets do not suffice in all patients
with high TG and a search for other approaches to
reduce plasma TG-associated residual risk may be
worthwhile. Apo lipoprotein B (apoB) levels may
explain the risk associated with plasma TG when
HDL-C levels are low and have been pro-posed to
estimate risk in hypertriglyceridemic patients. The
Mercury II trial showed that for patients with TG
≥2.3 mmol/L (≥200 mg/dL) only 37% of the pa-
tients reaching the HDL-C goal of 3.37 mmol/L (130
mg/dL) during statin therapy also reached the apoB
goal of 90 mg/dL (16). In the present study apoBwas
only available for 2075 patients, and consequently
we could not verify this explanation. In the present
study, the risk associated with higher plasma TG lev-
els disappeared after adjustment for HDL-C, which
is tightly correlated with plasma TG. As HDL-C
concentrations are more stable than TG concentra-
tions, the relation of HDL-C with vascular events
may be clearer. However, a part of the risk associated
with low HDL-C may actually reflect risk associated
with increased levels of VHDL remnants and small
dense HDL. The present results show a trend to-
wards an increased risk associated with higher TG
levels even if HDL-C is high. A clinical implication
of these results is the need for increased attention for
plasma TG levels, in particular in patients with CAD.
To reduce residual risk, lowering plasma HDL-C or
even HDL-C to current targets may not be sufficient.
As long as there are no TG-lowering drugs proven to
be effective in reducing vascular events, focus should
be on a strict HDL-C target. In patients with elevated
plasma TG levels (≥2.3 mmol/L=≥200 mg/dL or
even 1.7 mmol/L =≥150 mg/dL) a strict HDL-C
target (2.6 mmol/L = 100 mg/dL) could be defined
to lower the risk associated with plasma TG. We
acknowledge several limitations of the study. First,
apoB levels were only available for a small propor-
tion of patients, disabling the use in additional anal-
yses. Furthermore, only baseline lipid levels were
available. The use of lipid-lowering medication at
baseline was 64%. It is likely that during follow-up
lipid-lowering therapy was started in more patients,
influencing plasma lipid levels. (17) However, this

will probably have resulted in only small changes in
plasma TG levels. Moreover, the effect of starting
lipid-lowering therapy will most likely result in a
small underestimation of the effect of plasma TG, as
the proportion of patients with lipid-lowering ther-
apy at base-line was lowest in patients with high
plasma TG.

4.1 Conclusion

In conclusion, high plasma TG levels confer an in-
creased risk for recurrent vascular events in patients
with clinically manifest vascular disease, especially
patients with CAD. This relationship was indepen-
dent of HDL-C and use of lipid-lowering medication
and is present is at target level.
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