
Introduction 
As the prevalence of obesity has increased

over the past 20 years, the difficulties faced by

overweight patients and their health care practi-
tioners have become apparent [1]. In the year of
2006, about 56.4% of U.S. adults had a BMI of
25 or higher. Of these, 19.8% were considered
obese, a 61% increase in obesity since 1991 up
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Abstract
Background: obesity is directly related to dyslipidemia which contributes signif-

icantly to the risk of coronary heart disease, a major cardiovascular disease and a se-
rious health problem. The aim of this study was to compare the effects of low calorie
diet and those of lovastatin on serum lipoproteins, apo B, homocysteine, and total an-
tioxidant capacity (TAC) in hyperlipidemic obese patients.

Methods: In a randomized clinical trial, 41 obese patients were stratified by BMI,
serum triglyceride (TG) and total cholesterol (TC) and randomly allocated to one of
these groups: 1- Lovastatin tablet (40mg) 2-1200 calorie diet per day according to the
therapeutic lifestyle change (TLC) dietary pattern for 8 weeks. Serum lipoprotein,
apo B, homocysteine, and TAC were measured enzymatically, immunoturbidometri-
cally, via EIA, and colorimetrically respectively.

Results: There were a significant decrease in mean of the serum TC (P=0.0001),
LDL- c(p=0.0001), TG/HDL-c(p=0.03), apoB (p=0.0001) and significant increase
in TAC (p=0.0001) in diet group at the end of the study compare to lovastatin group.
TC, LDL-c, TG, LDL-c/HDL-c , TC/HDL-c , TG/HDL-c, homocysteine and apo B
showed significant decrease but TAC showed significant increase in the diet group at
the end of the  study compared to beginning values (p=0.0001, p=0.0001, p=0.0001,
p=0.001, p=0.0001, p=0.0001, p=0.0001, p=0.0001 and p=0.002, respectively). But
in the  lovastatin group only TC, LDL-C, TG, LDL-c/HDL-c, TC/HDL-c and apo B
had significant decrease at the end of the study compared to beginning values
(P=0.0001, P=0.0001, P=0.0001, P=0.01, P=0.02, P=0.002, respectively)

Conclusion:  The study revealed that when compared to levostation 1200 kcal di-
et according to TLC dietary pattern had more beneficial effects on serum lipopro-
teins, apo B, homocysteine and TAC, so it may decrease CVD risk factors and mor-
tality in hyperlipidemic obese patients. 
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to 2006 [2]. In the year of 2006 more than 115
million persons in developing countries were
obese (BMI>30). In the same year prevalence
of over weight (BMI=25-29.9) and obesity
(BMI>30), according to a nationwide survey in
Iran was 32% (men), 32.4% (women) and 10.9%
(men), 24.5% (women) respectively [2] The
economic burden of obesity was 70 billion dol-
lar in 2004 in U.S.A at it was associated with
23% (95% confidence interval [CI], 10%-34%)
of health plan health care charges and 27%
(95% [CI], 10%-37%) of national health care
charges.The total economic cost of obesity rep-
resented 2.2% of total health care cost in Cana-
da [3]. Obesity is associated with increased risk
of cardiovascular disease (CVD), type 2 dia-
betes mellitus, hypertension, cancer and os-
teoarthritis [4-7].

It has been shown that, for obese people, par-
ticularly those with abdominal obesity, there is
an increased prevalence of dyslipidemia, mani-
fested by increased fasting plasma triglyceride
(TG) and decreased HDL-c [5] which is con-
comitant with increase of apo B-100 and small
dense LDL and permeability of these particles
in artery intima which leads to increasing
plaque, atheroma formation and atherosclerosis
[8,9]. The mainstay of treatment for obesity is
dietary-induced weight loss [10,11]. American
Diabetes Association (ADA), American Heart
Association (AHA) and National Health, Lung
and Blood Institute (NHLBI) recommend that
weight loss is best accomplished by following a
low-calorie diet with   30% of energy from fat
[11-15]. Dansinger reported that low calorie di-
et can improve a number of risk factor for a ath-
erosclerosis, including serum total cholesterol
(TC) and TG levels [13]. However, according
to Parenti and Redmon studies, its effect on
HDL-c, apo A-I and apo B are controversial
[16,17]. Samaha reported decrease of TG, TC
and LDL-c in hyperlipidemic obese persons
due to a low caloric diet [18]. 

Cholesterol-lowering therapy with 3-hy-
droxy-3-methylglutaryl coenzyme A (HMG-

COA) reductase inhibitors or statin (because of
favorable effects on serum lipoproteins) has been
established as an effective method of reducing
death and myocardial infarction among patients
with CAD [19-21]. 

However, a significant number of patients re-
ceiving statin therapy continue to have high
residual risk [22]. A wide gap still exists be-
tween the numerous scientific publications
demonstrating the beneficial effects of statins
and the low rate of implementing the guidelines
in practice [23]. On the other hand, statins have
some side effects (e.g. myopathy, peripheral
neuropathy, lupus, tendinopthy and pancreati-
tis) [24,25]. Furthermore, statins do not sub-
stantially lower homocysteine levels as an inde-
pendent risk factor for CVD [26-28] and no
consistent evidence shows that statins overall
have a benefical effect on serum antioxidant ca-
pacity [28-31]. However, low calorie diets do
not cause the side effects statins do, but the  ef-
fects of these diets on homocysteine and antiox-
idant capacity on human being is not clear [32-
34]. In person with BMI of 30 and above, re-
gardless of the drug used or category of risk, the
therapeutic lifestyle changes underpin all treat-
ment [34]. So we had no bias toward low calorie
diet in this study.

The purpose of this study was, therefore, a
comparison between the effects of low calorie
diet and those of lovastatin on serum lipopro-
teins, apo B, homocysteine and total antioxi-
dant capacity (TAC) in hyperlipidemic obese
persons.

Method
Participants
Forty-four, nonsmoking, healthy obese men

were recruited from the Endocrine Research
Center (ERC) of Iran University of Medical
Sciences in Tehran, Iran from May to Novem-
ber, 2006. All subjects completed a comprehen-
sive medical examination and routine blood
tests. Persons were informed of their rights as
volunteers in this study and signed approved
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consent forms. The procedures followed in this
study were maintained in accordance with the
Helsinki Declaration and the study was ap-
proved by the institutional review board of Iran
University of Medical Sciences Health System.
Participants received no monetary incentive.
Inclusion criteria were an age of 18 to 55 years
and a BMI of at least 25, desire to lose weight,
and elevated lipid levels (total cholesterol level
> 200 mg/dl, LDL-C level 160 mg/dl and
triglyceride level 200-400 mg/dl). Exclusion
criteria were chronic diseases (i.e., heart dis-
ease, cancer, diabetes, hepatic, kidney and thy-
roid disease), taken antihypertensive drugs,
multivitamin or nutrient supplements, lipid
lowering medications, antibiotics, or sex hor-
mone treatment, pregnancy or breast feeding,
use of any weight loss diet or diet pills in the last
6 months and base-line ketonuria. 

Study design  
A randomized clinical trial of parallel design

was used to compare the effects of low-calorie
diet with those of lovastatin on serum lipopro-
teins, apo B, homocysteine and TAC in hyper-
lipidemic obese people. During a 3- week time
period, subjects continued their usual diet and
then were stratified by sex, serum TC and TG
and randomly assigned to one of two groups for
8 weeks: 1- lovastatin tablet with a dose of 40
mg/day, with no change in dietary intake and
physical activity 2- A low calorie (1200 kcal)
diet according to the therapeutic lifestyle change
(TLC) dietary pattern [35], an enhanced  Na-
tional Cholesterol Education Program (NCEP)
step II diet [35], with emphasis on lipid guide-
lines and portions with approximately 55 per-
cent of calories from carbohydrate, 30 percent
from fat (saturated fat less than 7%, polyunsatu-
rated fat up to 10% and monounsaturated fat up
to 20% of total calories) and 15 percent from
protein. The daily dietary pattern consisted of  4
servings of bread and cereals, 3 servings of
fruits, 4 servings of vegetables, 2 servings of
low fat milk and dairy 3 servings of fats and

oils, 6 oz of lean meat and legumes and less then
3 egg per week. No specific exercise program
was recommended. In addition, subjects had an
initial 1-2h of nutrition education by the re-
search dietitians who used the exchange lists
for meal planning for 2003 of ADA to imple-
ment each subject's individual macronutrient
patterns. Subjects were specifically instructed
to restrict exchange-list choices to low- saturat-
ed- fat items (eg, selecting only from nonfat or
low fat dairy, monounsaturated and polyunsat-
urated fat, and very lean to lean protein food
lists) and totally daily serving throughout each
day to ensure consumption of prescribed serv-
ing from each food group. Subjects prepared
their own food and kept detailed food records to
enhance compliance and to enable monitoring.

Each week, subjects returned to the ERC for
a weight check and a 15-20 min visit with the
study dietitian to review their food records.
Compliance with the assigned diet was as-
sessed at weekly follow-up visits by evaluation
of each food record for accuracy of macronutri-
ent estimation and compliance with prescribed
total calorie and macronutrient composition;
this procedure used both exchange lists for
meal planning and food processor software. As-
sessment of  ease of adherence  were rated on a
scale of 1 to 10, in which 1 represented least and
10 represented complete ease of adherence.  All
persons in lovastatin group were assessed at
weekly follow- up visits and compliance to lo-
vastatin was based on the number of packets re-
turned at the week 8 visit.

Data collection and measurement  
Anthropometry data included measurement

of height, waist circumference (WC) (using sta-
diometer) and weight (using a balance scale)
was obtained at the beginning and end of the
study. WC was the distance around the smallest
area below the rib cage and above the umbilicus
[35]. Dietary intake was monitored by the same
dietitian throughout the study and subjects were
asked to complete a 24 hour diet recall ques-
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tionnaire in the beginning, forth and eighth
week as well as a lifestyle questionnaire (e.g.
physical activity, income, etc) at the beginning
and end of the 8th week of intervention. Sub-
jects were required to provide venous blood
samples after fasting overnight (for 12-14 h) at
the beginning and end of intervention. All sam-
ples were collected while the subject rested in a
supine position for 10 minutes. Serum lipopro-
teins were assayed with a cobas MIRAanalyzer
(Roche Diagnostic, Basel, Switzerland). TC
and TG levels were measured enzymatically
with the triacylglycerol GPO-PAP-cholesterol
CHOD-PP kit (MAN Co, Iran). Serum HDL-
Cholesterol was determined enzymatically us-
ing the CHOD-PAP kit after precipitation of the
chylomicrons, VLDL and LDL with phospho-
tungstic acid and mg+2. Serum LDL-choles-
terol was determined enzymatically using the
CHOD-PAP kit after precipitation of LDL with
heparin and sodium citrates and then by utiliz-
ing the following formula: LDL-cholesterol=
total cholesterol- cholesterol in the supernatant.
Apo B, homocysteine, and TAC were measured
by immunoturbidometry (Pars Azmon Kit,
Iran), EIA (Randox kit, Great Britain) and col-
orimetry [36], respectively.

The within-assay CV (%) for these assays
(n=10) were 0.8, 0.8 , 0.85, 1.2, 1.2, 1.2, 0.8 for
TC, HDL-c, TG, Apo B, ApoA- I, TAC, and ho-
mocysteine respectively, and the between- as-
say CV (%) (n=10) were 0.9, 0.9, 0.95, 1.4, 1.4,
1.4 and 0.95 respectively.

The standard supplied with the kit was used
for calibration. A 2 point calibration was used
every 2 days, with charge of reagent lot/ bottle
or as indicated by quality control procedures.
The sensitivity was 0.5 mg/dl, the precision was
based on reported CV (%), and the accuracy
was based on dilution and recovery test.

Statistical analyses 
This study was designed with 90% power,

with 2- sided a=0.05 (type I error), to detect a
5% difference in weight loss between the 2

group. On the basis of SDs observed in the cur-
rent study, the number of subjects needed to
treat to detect this difference was 16/group.
Given an anticipated dropout rate of 25 percent,
we set the enrollment target at 20 subjects.

All data were expressed by means   SD. The
level of significance was chosen P<0.05. Statis-
tical analyses were performed with PC SPSS
13.0. Normal distribution of the variables was
checked by Kolmogorov Smirnov Test; stu-
dent's t test was used  to test whether the differ-
ences between the mean values of the items
studied in both groups were significant. Differ-
ences in the same participants before and after
10 weeks of intervention were evaluated by
paired t-test. Diet records were analyzed by us-
ing Food Processor II software. ANOVA was
employed to compare the means in different in-
tervals of 24-hour diet recall questionnaires and
also the values of within-assay and between-as-
say of measurement. For qualitative variables
(e.g. education, occupation, income, etc.), a chi
square test was used. There was no missing data
because all of persons ended the study success-
fully except 3 people who were ruled out.

Results
Forty-one of forty-four randomly assigned

obese hyperlipidemic participants completed
the study. 3 persons could not adhere to the
group meeting schedule and were not included
in analyses. Baseline characteristics of the par-
ticipants confirmed that they were well
matched for inclusion criteria (age: 44.1 ± 4.9 in
diet group versus to 45.9 ± 5.6 in lovastatin
group). Finally 8 men and 13 women in diet
group versus to 7 men and 13 women in lovas-
tatin group completed the study. Therefore
there was no significant difference in these
variables between two groups at the baseline. 

Participants in diet group sustained a mean
adherence level of at least 8 to 10,which ap-
peared to delineate a clinically meaningful ad-
herence level and had a excellent compli-
ance(>90%) for lovastatin tablets. The results
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revealed that there were significant differences
in weight and BMI between the two groups af-
ter intervention (P=0.02 and P=0.01, respec-
tively) as well as in diet group after intervention
compared to baseline values (P=0.01 and
P=0.02 respectively) (Table 1). The expected
potential confounders to the results of the study
included age, body size and composition. None
of these characteristics at baseline were signifi-
cantly different between the two groups. Quali-
tative variables (e.g. education, physical activi-
ty, etc.) measured by valid questionnaire showed
no significant difference between the two
group. There was also no significant difference
in dietary intake of the participants in lovastatin
group during the study and also within-assay,
between-assay had no significant difference.

There were, however, significant decrease in
LDL-c, TC, TG/HDL-c and apoB but signifi-
cant increase in TAC after intervention in diet
group compare to lovastatin group (p=0.0001,
p=0.0001, p=0.03, p=0.0001 and p=0.0001, re-
spectively) (Table 2). LDL-c TC, TG, LDL-
c/HDL-c, TC/HDL-c and apoB showed signifi-
cant decrease in diet and also in lovastatin
groups at the end of the study compared to base-
line values (p=0.0001 and p=0.0001, p=0.0001,
p=0.001, p=0.0001, p= 0.0001 and p=0.0001,
respectively in the diet group and p=0.0001,
p=0001, p=0.0001, p=0.01, p=0.02 and p=
0.002, respectively in the lovastatin group)
(Table 2).

Only in the diet group, there was a significant
decrease in TG/HDL-c (P=0.0001), homocys-
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teine (P=0.0001) and an increase in TAC
(P=0.002) after intervention compared to base-
line values (Table 2). 

Discussion
The results of this randomized clinical trial

demonstrate that in forty-one hyperlipidemic
obese participants the low calorie diet (1200
kcal) produced greater decrease in weight,
BMI, apo B, TG/HDL-c and, an increase in
TAC compared to lovastatin tablet but homo-
cysteine was decreased only in the low calorie
diet group. To our knowledge, the present study
is the first one which compared the effects of
low calorie diet with statins. The magnitude of
weight loss (14%) that we observed compares
favorably with that achieved with use of weight
loss medications approved by the U.S. Food
and Drug Administration, such as orlistat (de-
crease of about 9% at 6 months)[37] and sibu-
tramine (decrease of about 8% at 6 months)
[38]. Studies in simple obese subjects have
shown that diets providing 400, 600,  and 800
kcal/day produce similar weight losses, but the
safety of diets providing less than 800 kcal/day
is questionable [8].

In both groups, there were significant de-
creases in LDL-c and TC but lovastatin caused
more significant decrease compared to low calo-
rie diet (p=0.0001). Decrease in LDL-c and TC
due to low calorie diet, (p=0.0001) were similar
to findings of other reports [8,16,18,39,40,41],
but Mittendorfer and Yancy showed no change
and increase in LDL-c, respectively [1,5].How-
ever, Mittendorfer had shorter period of study
[5] and Yancy had utilized a low carbohydrate
diet with a high fat intake [1]. Low carbohy-
drate diet generally leads to more weight loss
compared to low fat diet [1] because of ke-
tonuria and higher thermic effect due to high
protein intake, but the greatest concern about
the low carbohydrate diet is that increase in fat
intake will have detrimental effects on serum
lipids.

Low carbohydrate diet can have some side

effects e.g. constipation, headache, muscle
cramps, general weakness, halitosis [1]. Hence,
it can be concluded that a balanced low calorie
diet similar to the one we employed in our study
is more advantageous compared to low carbo-
hydrate or low fat diet. 

TG was decreased significantly in both
groups (p=0.0001) but HDL-c showed no sig-
nificant change in our study which was consis-
tent with other studies [1,5,18,41] although
Harder and Foster reported decrease of HDL-c
(essentially in HDL-3) because of lower intake
of fat [8,12] compared to our study (15g versus
to 40g). Also Foster et al [39] reported decrease
of HDL-c, but duration of their study was
smaller and the participants were obese but not
hyperlipidemic and distribution of dietary fat
was different compared to our study (In our
study: saturated fat was 7%, MUFA 15%, PU-
FA 10% of total daily energy intake). Increase
of HDL-c was seen in Fontana [40] and Red-
man [17] studies but in both studies, not only
physical activity and lipid lowering drugs were
used in addition to low calorie diet, but also the
duration of studies much very longer compared
to our study. The effects of statin on lipopro-
teins and apoB in other studies were similar to
our study [21-23,40]. We observed no signifi-
cant change in HDL-c in the lovastatin group
but Mass reported an increase in HDL-C al-
though in Mass study regular physical activity
was added to statin intake [42]. In our study,
however, the LDL-c/HDL-c decreased signifi-
cantly in both groups (p=0.001 and p=0.01)
which is a well-established risk factor for CAD
but TG/HDL-c has been identified as a stronger
predictor of myocardial infarction than either
the TC/HDL-c or LDL-c/HDL-c[41]. 

The TG/HDL-c significantly decreased only
in the diet group (P=0.0001) compared to the
lovastatin group. Decrease of TG/HDL-c leads
to an increase in LDL particle size and lower
formation of small dense LDL particles. Both
TG and HDL-c are major determinants of LDL
particle size, partly because of the exchange of
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TG from VLDL for cholesterol ester in LDL,
which is mediated by cholesterol ester transfer
protein (CETP) [43]. It is possible that as serum
TG/HDL-c decreases after low calorie diet,
fewer TGs are transferred to LDL by CETP re-
ducing the formation of TG-enriched LDL,
which minimizes the opportunity for lipopro-
tein lipase to convert large LDL particles to
small LDL particles [43]. Small, dense LDL
particles are associated with an increased risk
of CAD [43]. On the other hand, apoB signifi-
cantly decreased in the diet group compared to
the lovastatin group (P=0.0001) showing a de-
crease of LDL particles [5]. Therefore it seems
that, in our study CAD risk is lower in obese hy-
perlipidemic participants in the diet group com-
pared to the lovastatin group at the end of study. 

The TAC was increased in diet group com-
pare to lovastatin group in our study (P=
0.0001). Findings of Vasankari and Beltowski
about statin effects on TAC were similar to our
study [29,31]. However Passi reported decrease
of only vitamin E without affecting other an-
tioxidants [30].

With regard to the above studies, it seems that
lovastatin, compare to other statins, had less ef-
fect in decreasing TAC [29]. Homocysteine had
no significant change in our study but in the diet
group it was significantly decreased (P=0.0001).
Avnell reported decrease of homocysteine
compare to the control group but the duration of
study was longer compare to our study (one
year versus to 8 weeks). Sebestjen, Balk, Mass
and Zemen reported similar results about ef-
fects of statin on homocysteine [20,28,40,44].
In addition, Balk reported that simvastatin had
more increasing effect on homocysteine com-
pare to lovastatin [28].

From this study, it can be concluded that ac-
cording to TLC dietary pattern 1200kcal had
more benefical effect than lovastatin on the
serum TG, TG/HDL-c, apo B, hemocysteine
and TAC in hyperlipidemic obese persons, but
lovastatin had more beneficial effect on serum
TC and LDL-c, however we found no evidence

of clinically significant side effects of lovas-
tatin in this study. We suggest to examine the ef-
fects of a regimen combining diet and lovas-
tatin in future studies, because it seems this reg-
imen probably enables more patients to achieve
blood lipid goals than a statin-only regimen.
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