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INTRODUCTION

ABSTRACT

Objective: Type 2 diabetes mellitus (DM-T2) is commonly associated with increased
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and low high-density
lipoprotein cholesterol (HDL-C) levels. Fibrates like gemfibrozil are frequently used in
diabetic patients to decrease TG and increase HDL-C levels.We compared the efficacy of
Vitamin C, an antioxidant vitamin, with gemfibrozil on serum HDL-C in diabetic patients.
Methods: Type 2 diabetic patients, referred to our out-patient clinic were randomly divided
into three groups.After | month of lifestyle and diet modifications, groups A, B,and C were
prescribed 1000 mg Vitamin C, 600 mg gemfibrozil and combination of both, respectively.
Before the study initiation and after 6™ week of drug prescription, the blood samples were
taken and analyzed for total cholesterol (Total-C), HDL-C, TG, fasting blood sugar (FBS),
and hemoglobin Alc (HbAIc) levels.

Findings: Sixty-seven patients entered, and 50 patients (I8 male, 32 female) finished
the study. Overall, serum HDL-C increased significantly from 39.8 to 45.2 mg/dL in the
participants (P = 0.001). HDL-C increased 6.3, 4.4 and 5.0 mg/dL in groups A, B and C,
respectively (related significances were 0.017, 0.022 and 0.033, respectively). Significant
decrease of serum TG and Total-C occurred in gemfibrozil and combination groups,
but not in Vitamin C group. Changes in serum HDL-C between three groups were
not significant (P = 0.963). We found a significant decrease in TG and Total-C in the
groups B and C (P < 0.05), but no significant changes of TG, Total-C, LDL-C, FBS and HbAIc
in group A (P > 0.05).

Conclusion: The results demonstrated thatVitamin C may have beneficial effects on HDL-C
in diabetic patients without significant effects on plasma glucose or other lipid parameters;
however, its role for the treatment of low HDL-C patients should be evaluated in larger
studies.
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often worsens the complications of DM such as
hypertension, atherosclerosis and microcirculatory

Type 2 diabetes mellitus (DM-T2) is a metabolic
disorder of which hyperglycemia is the hallmark;
it is also characterized by abnormalities of lipid
metabolism.!" In addition, generation of free radicals
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disorders.”® Hypertriglyceridemia often accompanied
by low high-density lipoprotein cholesterol (HDL-C)
is common in DM-T2 patients that are associated with
insulin resistance.™

Low HDL-C is an independent risk factor for
atherosclerotic cardiovascular disease.’” HDL-C also
exhibits a number of other potentially cardio-protective
properties. These include preservation of vascular
endothelial function, inhibition of platelet activation,
anticoagulant and profibrinolytic activities.'" By
protection of low-density lipoprotein cholesterol
(LDL-C) from oxidation, HDL-associated paraoxonase

- Journal of Research in Pharmacy Practice / Jul-Sep 2014 / Vol 3 / Issue 3




Siavash and Amini: Vitamin C and gemfibrozil effects on HDL-cholesterol

antioxidant enzyme activity is also cardio-protective,!'?
because it is only oxidized LDL-C that is scavenged by
macrophages and incorporated to the atherosclerotic
plaques.™!

Gemfibrozil is a widely used fibric acid derivative,
which its efficacy in the treatment of diabetic
dyslipidemia has been well-established.*'”! Commonly
prescribed fibrates are generally well-tolerated. The
most frequent side effects include upper gastrointestinal
discomfort, nausea, headache, anxiety, and skin
rash.'® Rhabdomyolysis is an unusual, but serious
adverse event in fibrate treatment.'®"”! Rhabdomyolysis
can injure the skeletal muscle or myocardium and lead
to renal failure, infections, disseminated intravascular
coagulation, and death.”

Vitamin C is the major water-soluble antioxidant
within the body. The vitamin readily donates electrons
to break the chain reaction of lipid peroxidation.
The water-soluble properties of Vitamin C allow
the scavenging of free radicals before they reach the
cellular membrane.?®! As Vitamin C is a water-soluble
vitamin, it is usually considered a safe supplement.*!

The role of Vitamin C on lipid profile has been
conflicting in a number of studies.>**! Some
researches had demonstrated the protective role of
Vitamin C on HDL-C oxidation. In some studies,
it has been observed that Vitamin C increases
serum HDL-C levels. Unlike gemfibrozil, the
incremental effects of Vitamin C on serum HDL-C
are reported to be free of side effects.*s**3 As the
efficacy of Vitamin C in comparison to standard
anti-hyperlipidemic drugs was unknown, the aim
of this research was to compare, for the 1% time,
the effects of Vitamin C, gemfibrozil and their
combination on serum HDL-C in diabetic patients.

METHODS

In this prospective single blind clinical study,
type 2 diabetic patients who were referred to us
at Isfahan Endocrine and Metabolism Research
Center of Isfahan University of Medical Sciences,
Isfahan, Iran, were selected based on the following
criteria: Age 30-80 years with DM-T2, hemoglobin
Alc (HbAlc) <10%, normal renal and liver
function, triglycerides (TG) <400 mg/dL and
LDL-C <130 mg/dL. Patients with current statin,
warfarin or ursodiol therapy, recent (<4 weeks)
anti-hyperlipidemic therapy, positive history of renal
or gall stones, pregnancy, previous complications of
gemfibrozil and those with serum TG > 400 mg/dL or
LDL-C > 130 mg/dL were excluded from the study.

Two hundred and thirty-three patients were referred to
our outpatient clinic. Sixty-seven patients participated

in the study based on the above-mentioned criteria
[Figure 1]. After an educational course of diet and
lifestyle, the study design was explained, and then
written consent was obtained from the participants.
After 1 month of lifestyle and diet modifications,
the blood samples were obtained and analyzed
for HDL-C, TG, total cholesterol (Total-C), fasting
blood sugar (FBS), and HbAlc. Then the patients
were randomly divided into three groups. The first
patient selected his group from a box of mixed
letters, and the next ones regularly followed him.
Groups A, B and C were prescribed 1000 mg
Vitamin C, 600 mg gemfibrozil or their combination,
respectively. These doses were selected based on the
previous studies and are usual therapeutic doses.
In each follow-up visit, we evaluated the drug
side-effects and the patients” adherence to the protocol
by interview and also by counting remaining drugs.
After 6™ weeks the final blood samples were obtained
and analyzed for the above parameters.

Baseline data of the participants and also changes
of FBS, TG, Total-C, HDL-C, LDL-C and HbAlc
were compared between groups by ANOVA. Paired
t-test was used to compare these variables at two
steps in each group. Nonparametric variables
(like female/male ratio) were compared by appropriate
statistical methods like Chi-square. Data were
analyzed using SPSS software (SPSS, Inc., Chicago, IL,
USA), version 16.

RESULTS

During the entrance phase of the study, 233 patients
were referred to us for diabetes control. Sixty-seven
participated in this study. Seventeen were excluded
because of intolerance to gemfibrozil or diet
incompliance. Fifty patients (18 male, 32 female)
finished the study and were included in the final
analysis. Baseline data of the participants are
presented in Table 1. There was no statistically
significant difference of the baseline data of the
participants between three groups.

High-density lipoprotein cholesterol increased
in 36 (72%) patients (80% of group A, 66.7% of
group B and 66.7% of group C, P = 0.589). HDL-C
increased 6.3, 4.4 and 5.0 mg/dL in groups A, B
and C, respectively (related significances were
0.017, 0.022 and 0.033, respectively). Significant
decrease of serum TG and Total-C occurred in
gemfibrozil and combination groups, but not in
Vitamin C group [Table 2].

Comparison of changes of different variables between
three groups using ANOVA is presented in Table 3.
The change in HDL-C between the three groups
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Figure 1: CONSORT diagram of the study

Table 1: Baseline demographic and clinical data of participants

Variables Group A Group B Group C Total P

Sex (male/female) 6/14 6/9 6/9 18/32 0.771
Age (years) 47.45 (10.04) 52.53(8.97) 53.47 (9.95) 50.78 (9.90) 0.147
Weight (kg) 65.0 (10.8) 72.0 (9.6) 66.2 (9.5) 67.6 (10.2) 0.218
Height (cm) 159.0 (7.6) 160.6 (10.0) 157.8 (7.8) 159.1 (8.3) 0.731
BMI (kg/m?) 25.7 (4.1) 28.0 (3.6) 26.7 (4.8) 26.8 (4.2) 0.458
HbA1c (%) 6.225 (1.21) 6.373 (1.35) 6.860 (0.92) 6.460 (1.19) 0.285

Data are presented as mean (SD). BMI=Body mass index, HbA1c=Hemoglobin A1c, SD=Standard deviation. Groups: Group A=Received 1000 mg Vitamin C,

Group B=Received 600 mg gemfibrozil, Group C=Received combination of both

was not significant (P = 0.96). Similarly, we did not
observe significant differences between three groups
regarding changes in LDL-C and HbAlc (P > 0.05).
In contrast, the changes in serum TG and Total-C
between the three groups were significant (P < 0.05).
FBS increased in groups A and B, but decreased in
group C (P =0.43, 0.136 and 0.159, respectively).

DISCUSSION

In the present study, we observed significant increase
of serum HDL-C in patients who used Vitamin C,
gemfibrozil or their combination by an average of
5.3 mg/dL. This amount of HDL-C increase may have
clinical significance.!""

Type 2 diabetes mellitus is commonly associated
with dyslipidemia, which further increases the
already elevated cardiovascular risk associated
with diabetes. The classical dyslipidemia pattern
in DM-T2 is increased TG, low HDL-C levels and
structural changes in the LDL-C particles.?>*!
Thus, anti-hyperlipidemic treatment by drugs such
as gemfibrozil is a common practice in diabetic
patients with its relevant side effects.'® Results from
epidemiologic studies have demonstrated that low
blood levels of HDL-C are associated with increased
risk for heart disease. A substantial body of evidence
from major epidemiologic studies has established that
this coronary artery disease risk associated with low
HDL-C is entirely independent of plasma LDL-C,
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Table 2: Mean (SD) of measured variables before and after 6 weeks of trial

Variables Group A Group B Group C Total P
TG

Baseline 197 (70) 233 (75) 223 (90) 216 (78) 0.370

After 6 weeks 193 (123) 147 (66) 151 (67) 166 (94) 0.300
Total-C

Baseline 183 (31) 198 (17) 187 (23) 189 (25) 0.232

After 6 weeks 189 (44) 174 (35) 174 (27) 180 (37) 0.390
HDL-C

Baseline 40.3 (7.8) 411 (5.1) 38.1(7.1) 39.8(6.9) 0.469

After 6 weeks 46.6 (10.8) 455 (6.1) 43.1(8.8) 45.2(8.9) 0.540
LDL-C

Baseline 104 (19) 110 (19) 104 (17) 106 (18) 0.551

After 6 weeks 107 (32) 99 (27) 102 (21) 103 (27) 0.735
FBS

Baseline 129 (23) 130 (19) 141 (32) 133 (25) 0.335

After 6 weeks 133 (30) 149 (47) 129 (32) 137 (37) 0.305
HbA1c

Baseline 6.2 (1.2) 6.4 (1.4) 6.9 (0.9) 6.5(1.2) 0.285

After 6 weeks 6.3(0.9) 6.1(1.2) 6.6 (1.2) 6.3(1.1) 0.471

Data are presented as mean (SD). TG=Triglyceride, Total-C=Total cholesterol, HDL-C=High-density lipoprotein cholesterol, LDL-C=Low-density lipoprotein cholesterol,
FBS=Fasting blood sugar, HbA1c=Hemoglobin A1c, SD=Standard deviation. Groups: Group A=Received 1000 mg Vitamin C, Group B=Received 600 mg gemfibrozil,

Group C=Received combination of both

Table 3: Changes of different variables after trial in three groups

Variables Group A Group B Group C Total P
TG -6.1(89.1) -92.6 (67.0)* -79.3(103.6)* -54.7 (94.7) 0.02
Total-C 7.9 (31.1) -24.1 (34.6)* -15.1 (18.7)* -8.8 (31.8) 0.01
HDL-C 6.3 (10.8)* 4.4 (6.6)* 5.1 (8.3)* 5.4 (8.8) 0.82
LDL-C 5.2 (26.8) -9.6 (27.2) 3.3(23.9) -1.9(26.2) 0.29
FBS 4.6 (24.6) 19.1 (45.0) -14.6 (36.5) -3.2(37.1) 0.05
HbA1c -0.1(0.7) -0.2 (0.8) -0.4(1.2) -0.2(0.9) 0.63

*Significant changes. Data are presented as mean (SD). TG=Triglyceride, Total-C=Total cholesterol, HDL-C=High-density lipoprotein cholesterol,
LDL-C=Low-density lipoprotein cholesterol, FBS=Fasting blood sugar, HbA1c=Hemoglobin A1c, SD=Standard deviation.
Groups: Group A=Received 1000 mg Vitamin C, Group B=Received 600 mg gemfibrozil, Group C=Received combination of both

other lipid parameters (TG, Total-C), and other
nonlipid risk factors.”! Epidemiologic studies have
also shown that every 1-mg/dL increase in HDL-C is
associated with a 2% decreased risk of coronary artery
disease in men and 3% decreased risk in women.[%

Vitamin C has also been shown to protect HDL-C
from lipid oxidation during reverse cholesterol
transport process.””] Reverse cholesterol transport
involves the removal of unesterified cholesterol
from extrahepatic cell membranes by HDL-C
particles, where it is esterified via lecithin-cholesterol
acyltransferase. The cholesterol esters inside the
HDL-C lipoproteins are then finally transferred back
to the liver for further processing and excretion via
the bile. It is known that HDL-C oxidation modifies
apolipoprotein A-I structure, which alters the ability of
the HDL-C lipoproteins to activate lecithin-cholesterol
acyltransferase, therefore inhibiting the esterification
and removal of extrahepatic cholesterol.?**! Vitamin C
supplementation has been shown to increase

apolipoprotein A-I concentrations significantly and
therefore preserve the reverse cholesterol transport
process.”) On the other hand, gemfibrozil increases
serum HDL by decreasing triglyceride. As the
mechanisms of Vitamin C and gemfibrozil for
increasing HDL are different, it is expected that their
combination may have added beneficial effect, a point
that was not confirmed in our study. We did not
observe any significant change in TG, Total-C, LDL-C,
FBS and HbAlc in the group A (P > 0.05), but TG and
Total-C decreased in groups B and C (P < 0.05).

As indicated before, the role of Vitamin C on lipid
profile has been conflicting in some animal and
human studies. In a study by Eteng et al. on Wistar
rats, the effect of oral administration of Vitamin C
on serum lipids was demonstrated, but there was
no effect on serum HDL-C.l Owu et al. observed
Vitamin C significantly decreases TG, LDL-C, and
Total-C but has no effect on HDL-C in diabetic rats.*!
Kim et al. reported Vitamin C has no effect on lipid
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profile.®? McRae in a meta-analysis of 13 randomized
controlled trials concluded supplementation with
at least 500 mg/dL of Vitamin C, for a minimum of
4 weeks, can result in a significant decrease in serum
LDL-C and TG concentrations. However, there was
a nonsignificant elevation of serum HDL-C.! The
important question is “why the results of these studies
are so different?” One explanation can be the
limitations of different studies regarding control
of diet quality and quantity during participation.
Even during the trial phase of one study the quality
and quantity of the food does not remain constant.
Another explanation is the frequent intervening
factors that can affect the results.**? Fixing the role
of these conflicting items and controlling them are a
difficult clinical practice.

Our study had some limitations: First, it included a
relatively short period of 6 weeks, so the effects of
long-term Vitamin C supplementation on plasma
lipoproteins were not investigated. Second, the study
evaluated serum HDL-C concentration, not long-term
cardiovascular mortality, which could be a better
clinical outcome.

We found that Vitamin C supplementation had
similar incremental effects to gemfibrozil on plasma
HDL-C, but adding it to gemfibrozil did not produced
additional benefit. We suggest larger randomized
trials for the evaluation of Vitamin C effects on
long-term cardiovascular mortality and morbidity.
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