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Abstract:

Background: No previous study examined whether statins affect lymphocyte cytokine release in patients with isolated hypertriglyc-
eridemia.
Methods: The study included 46 patients with elevated triglyceride levels and peripheral artery stenosis, randomly assigned to re-
ceive simvastatin or placebo. Plasma lipids, glucose homeostasis markers, plasma C-reactive protein and lymphocyte cytokine
release were measured at baseline and at the end of the treatment.
Results: Ninety-day simvastatin treatment reduced lymphocyte release of TNF-a, interleukin-2 and interferon-g, which was accom-
panied by a decrease in plasma C-reactive protein.
Conclusion: The obtained results suggest that statins produce lymphocyte-suppressing and systemic anti-inflammatory effects in
patients with isolated hypertriglyceridemia.
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Abbreviations: CRP – C-reactive protein, ELISA – enzyme-linked
immunosorbent assay, HDL – high density lipoproteins, HMG-
CoA – 3-hydroxy-3-methylglutaryl coenzyme A, HOMA-IR –
the homeostatic model assessment – insulin resistance, hsCRP
– high sensitivity C-reactive protein, LDL – low density lipo-
proteins, TNF-a – tumor necrosis factor-a

Introduction

Large clinical trials have demonstrated that 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors, or statins, markedly reduce morbidity and
mortality when used in the primary and secondary
prevention of cardiovascular diseases [14, 16]. The
benefits of statin therapy in cardiovascular diseases

can be explained not only by the lipid-lowering poten-
tial of statins but also by nonlipid-related mechanisms
(so-called “pleiotropic effects”), which include regu-
lation of the growth and migration of smooth muscle
cells, improvement of the functioning of vascular en-
dothelium, as well as the inhibitory effect on coagula-
tion, fibrinolysis and platelet activities [2, 20]. We
have observed that one of the targets for statin action
are lymphocytes, cells playing an important role in
the pathogenesis of atherosclerosis and the develop-
ment of its complications [4, 19]. Apart from patients
with isolated hypercholesterolemia [10, 11], lympho-
cyte-suppressing effects of HMG-CoA reductase in-
hibitors were observed in patients with mixed dyslipi-
demia [8], impaired fasting glucose [9] and overt dia-
betes [6]. However, no previous study examined
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whether statin affects lymphocyte cytokine release in
patients with selectively elevated plasma triglyc-
erides. Hypertriglyceridemia is associated with an in-
creased risk of the earlier development and acceler-
ated progression of atherosclerosis-related disorders
[3, 17]. A meta-analysis of the results of 21 studies
showed that each 90 mg/dl increase in plasma triglyc-
erides was associated with a 32% increase in coronary
artery disease events in men and a 76% increase in
coronary artery disease events in women [1]. In our
recent study [7], bezafibrate effectively and lipid-in-
dependently inhibited lymphocyte cytokine release in
patients with isolated hypertriglyceridemia, and there-
fore, we decided to investigate whether similar effects
are produced by HMG-CoA reductase inhibitors.

Materials and Methods

The patients with lower extremity arterial stenosis
were eligible for the study if they were between 30
and 70 years old, had a family history of coronary ar-
tery disease (but personally did not suffer from this
disorder), and met the following criteria of isolated
hypertriglyceridemia: triglyceride levels between 200
and 500 mg/dl, total cholesterol less than 200 mg/dl
and LDL cholesterol less than 130 mg/dl. These pa-
tients (n = 46) were randomly assigned to receive sim-
vastatin (40 mg daily, n = 23), or placebo (n = 23).
The exclusion criteria were as follows: any form of
coronary artery disease, stroke within 6 months pre-
ceding the study, symptomatic congestive heart fail-
ure, diabetes, moderate or severe arterial hypertension
(ESC/ESH grade 2 or 3), any acute and chronic in-
flammatory processes, autoimmune disorders, thyroid
diseases, chronic pancreatitis, impaired renal or he-
patic function, nephrotic syndrome, liver and biliary
tract diseases, body mass index above 35 kg/m2, treat-
ment with any hypolipemic agents within 3 months,
concomitant treatment with other drugs known either
to affect plasma lipid levels or to interact with statins,
and poor patient compliance.

The study protocol was approved by the Bioethical
Committee of the Medical University of Silesia and
informed consent was obtained from all participants
before enrollment. Simvastatin or placebo were ad-
ministered once daily at bedtime for 90 days and no
changes in medication dosage were allowed through-
out the study. Treatment safety was monitored at entry

and then fortnightly throughout the study. Overt myo-
pathy, elevated levels of aminotransferases (> 3 times
the upper limit of normal) and of creatine kinase (> 10
times the upper limit of normal) were considered an
indication for withdrawal of treatment. Compliance
was monitored during each visit by tablet count and
was regarded as satisfactory if the number of tablets
taken by a patient ranged from 90 to 110%.

Laboratory investigations were performed at base-
line and at the end of the treatment. Venous blood
samples were drawn from antecubital vein, after
a 12-h overnight fast, in a quiet temperature con-
trolled room (24–25°C) between 8.00 and 9.00 a.m.
(to avoid possible circadian fluctuations in the pa-
rameters studied). To minimize analytical errors, all
measurements were carried out in duplicate. Plasma
lipids, glucose, and insulin were assayed by routine
laboratory techniques (bioMerieux France; Beckman,
Palo Alto, CA; Linco Research Inc, St Charles, MO;
Bayer Ames Technicon, Tarrytown, NY, USA). LDL
cholesterol levels were measured directly. Fasting
plasma glucose and insulin levels were used to calcu-
late the homeostatic model assessment – insulin resis-
tance (HOMA-IR) index [fasting serum glucose
(mg/dl) × fasting insulin level (µU/ml)/405]. Plasma
levels of CRP were measured using a high-sensitivity
monoclonal antibody assay (hsCRP) (MP Biomedi-
cals, Orangeburg, NY, USA). Cultures of phyto-
hemagglutinin-stimulated T cells were conducted in
triplicate as described previously [11]. Lymphocyte
release of TNF-a, interferon-g and interleukin-2 was
measured using commercial ELISA kits (R&D,
McKinley Place N.E. Minneapolis, MN, USA)
according to the manufacturer’s instructions.The
minimum detectable levels for hsCRP, TNF-a, in-
terferon-g and interleukin-2 were 0.1 ng/ml, 4.4 pg/
ml, 15 pg/ml and 8 pg/ml, respectively.

The Kolmogorov-Smirnov test was used as the first
statistical analysis approach to verify data distribution
normality. Because of skewed distributions, values for
the HOMA-IR, hsCRP and cytokines were natural-log
transformed to meet the assumptions of parametric
tests. Both groups were compared by t-tests for inde-
pendent samples. The differences between baseline
and post-treatment values within the same treatment
group were compared with the Student’s paired t-test.
Kendall’s t test was used to evaluate the relationship
between metabolic variables and inflammatory me-
diators. A p-value less than 0.05 was considered sig-
nificant.
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Results

Both groups were similar with regard to age, sex,
weight, medical background and clinical characteris-
tics. The mean values of plasma lipids, glucose,
HOMA-IR, plasma hsCRP and lymphocyte cytokine
release were all comparable between the study groups
(Tab. 1).

One patient was withdrawn from the study because
of simvastatin-induced myalgia, while another patient
receiving placebo left the study due to non-
compliance with the study protocol. No significant
adverse effects were observed in the remaining pa-
tients, and there were no other discontinuations due to
adverse events during the study course.

Simvastatin administered to hypertriglyceridemic
patients reduced total and LDL cholesterol, tended to
reduce triglycerides and to increase HDL cholesterol,
and did not affect plasma glucose or HOMA-IR.
Moreover, simvastatin inhibited lymphocyte release
of TNF-a, interleukin-2 and interferon-g (Tab. 2), as
well as decreased plasma levels of hsCRP. In placebo-

treated patients, lipid profile, plasma glucose,
HOMA-IR, plasma hsCRP and lymphocyte cytokine
release remained at the similar levels throughout the
study. Simvastatin was superior to placebo in the ex-
tent of the reduction in plasma levels of total choles-
terol, LDL cholesterol and hsCRP, as well as in the
magnitude of the reduction in lymphocyte cytokine
release.

At entry, there were relationships between plasma
hsCRP and lymphocyte cytokine release (r values be-
tween 0.49 and 0.56, p < 0.001). Apart from the asso-
ciation between triglycerides and TNF-a release (r =
0.46, p < 0.01), baseline plasma lipids and glucose ho-
meostasis markers did not correlate with baseline
hsCRP and lymphocyte secretory function. Simvasta-
tin-induced changes in hsCRP correlated with its ac-
tion on lymphocyte release of TNF-a (r = 0.53, p <
0.001), interleukin-2 (r = 0.56, p < 0.001) and inter-
feron-g (r = 0.58, p < 0.001). The reduction in hsCRP
and lymphocyte cytokine release was unrelated to the
degree of lipid profile improvement and to simvasta-
tin action on glucose metabolism markers.

Discussion

This study revealed that simvastatin treatment of pa-
tients with isolated hypertriglyceridemia is associated
with an inhibitory effect on lymphocyte secretory
function. Taking into account the association between
high plasma levels of TNF-a, interferon-g and
interleukin-2 and the increased risk of cardiovascular
events [15, 18], simvastatin-induced decrease in lym-
phocyte cytokine release may lead to a reduction in
morbidity and mortality related to cardiovascular dis-
eases. Interestingly, the same dose of simvastatin as in
our study administered to at risk patients reduced the
number of cardiovascular events in the Heart Protec-
tion Study [5], which is to date the largest study inves-
tigating statin use in the prevention of cardiovascular
disease.

Lymphocyte-suppressing effects of simvastatin
correlated with its impact on plasma levels of hsCRP,
considered a highly sensitive marker of low-grade
vascular inflammation and a protein directly involved
atherogenesis [13]. This systemic anti-inflammatory
effect of simvastatin, observed previously in patients
suffering from different clinical entities [12] but de-
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Tab. 1. Baseline characteristics of patients1

Placebo Simvastatin

Number of patients 22 22

Age [years; mean (SD)] 48 (4) 49 (5)

Women [%] 41 45

Body mass index [kg/m2; mean (SD)] 28.1 (2.7) 28.3 (2.4)

Waist circumference [cm; mean (SD)] 102 (7) 104 (7)

Smokers [%] 27 32

Mild hypertension [%] 32 32

Total cholesterol [mg/dl; mean (SD)] 167 (16) 170 (17)

LDL cholesterol [mg/dl; mean (SD)] 97 (9) 99 (10)

HDL cholesterol [mg/dl; mean (SD)] 47 (5) 47 (4)

Triglycerides [mg/dl; mean (SD)] 283(36) 291 (37)

Fasting glucose [mg/dl; mean (SD)] 89 (4) 90 (3)

HOMA-IR [mean (SD)] 2.3 (0.5) 2.2 (0.4)

hsCRP [mg/l; mean (SD)] 1.8 (0.4) 2.0 (0.4)

TNF-a release [pg/ml; mean (SD)] 298 (35) 289 (34)

Interferon-g release [ng/ml; mean (SD)] 42.1 (7.3) 46.1 (6.9)

Interleukin-2 release [ng/ml; mean (SD)] 4.8 (0.7) 4.9 (0.6)

1 Only data of 44 individuals who completed the study were included
in the final analyses



scribed for the first time in patients with isolated hy-
pertriglyceridemia, may constitute one of the effector
pathways affected by statin action on lymphocyte se-
cretory function, and may be associated with the car-
diovascular benefits of HMG-CoA reductase inhibitor
therapy in this group of patients.

Although simvastatin reduced plasma lipids, this
effect did not correlate with its lymphocyte-sup-
pressing and CRP-lowering properties. Moreover, at
entry, the only association between a metabolic vari-
able and an inflammatory mediator was a weak corre-
lation between plasma triglycerides and TNF-a. Both
these findings suggest that posttranslational protein

prenylation, which converts proteins into more hydro-
phobic molecules, important for cellular signaling
processes, differentiation and growth regulation, as
well as membrane transport [2, 20], is, at least in part,
responsible for enhanced lymphocyte secretory func-
tion in hypertriglyceridemic patients, while the inhibi-
tion of protein prenylation may contribute to statin-
induced reduction in lymphocyte cytokine release and
systemic inflammation. Interestingly, recently we
have found that bezafibrate was superior to w-3 fatty
acids in inhibiting lymphocyte secretory function and
systemic inflammation, although both treatments ef-
fectively reduced plasma triglycerides [7]. In the pres-
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Tab. 2. Effect of simvastatin on plasma lipids, glucose homeostasis markers, plasma hsCRP and lymphocyte cytokine release in patients with
isolated hypertriglyceridemia1

Variable Placebo
Mean (SD) [D%]

Simvastatin
Mean (SD) [D%]

Total cholesterol [mg/dl]
Before randomization
After 90 days of treatment

167 (16)
165 (15) [–1]

170 (17)
134 (14) [–21]***###

LDL cholesterol [mg/dl]
Before randomization
After 90 days of treatment

97 (9)
94 (9) [–3]

99 (10)
74 (8) [–25]***###

HDL cholesterol [mg/dl]
Before randomization
After 90 days of treatment

47(5)
46 (4) [–2]

47 (4)
53 (4) [13]

Triglycerides [mg/dl]
Before randomization
After 90 days of treatment

283 (36)
289 (40) [2]

291 (37)
247 (28) [–15]

Fasting glucose [mg/dl; mean (SD)]
Before randomization
After 90 days of treatment

89 (4)
90 (4) [1]

90 (3)
88 (4) [–2]

HOMA-IR [mean (SD)]
Before randomization
After 90 days of treatment

2.3 (0.5)
2.4 (0.5) [4]

2.2 (0.4)
2.2 (0.5) [0]

hsCRP [mg/l]
Before randomization
After 90 days of treatment

1.8 (0.4)
1.9 (0.3) [6]

2.0 (0.4)
1.2 (0.3) [–40]***###

TNF-a release [pg/ml]
Before randomization
After 90 days of treatment

298 (35)
305 (41) [2]

289 (34)
221 (31) [–24]**###

Interferon-g release [ng/ml]
Before randomization
After 90 days of treatment

42.1 (7.3)
46.7 (7.6) [11]

46.1 (6.9)
32.9 (6.4) [–29]*#

Interleukin-2 release [ng/ml]
Before randomization
After 90 days of treatment

4.8 (0.7)
5.2 (0.8) [8]

4.9 (0.6)
3.8 (0.5) [–22]*##

1 Only data of 44 individuals who completed the study were included in the final analyses. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. before ran-
domization; # p < 0.05, ## p < 0.01, ### p < 0.001 vs. placebo



ent study, lymphocyte-suppressing effects of simvas-
tatin were accompanied by relatively small changes in
triglycerides. The results of both studies suggest that
patients with isolated hypertriglyceridemia, who are
unresponsive or intolerant to fibrates or having con-
traindications to these drugs, may benefit from com-
bined treatment with a statin and w-3 fatty acids.

In conclusion, this study found for the first time
that any HMG-CoA reductase inhibitor reduces lym-
phocyte secretory function in patients with isolated
hypertriglyceridemia and that this action contributes
to its systemic anti-inflammatory effect. Our results
suggest that statin therapy, particularly in a combina-
tion with w-3 fatty acids, should be considered in se-
lected groups of patients with isolated hypertriglyc-
eridemia.
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