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Abstract: The aim was to detect and compare metabolic syndrome and sub clinical atherosclerosis in HIV patients on
ART/ not on ART and normal population.This one year study was done among 100 HIV patients on ART and 100 HIV
patients who were not on ART and 200 control subjects. Metabolic syndrome was diagnosed according to the guidelines
from the 2001 National Cholesterol Education Program ATP Ill. Sub clinical atherosclerosis was detected by carotid
colour Doppler studies. Metabolic syndrome was found in 15(7.5%) control subjects (group A), 19(19%) HIV cases who
were not on ART (group B) and 21(21%) HIV cases on ART (group C). In metabolic syndrome positive persons; BMI
was greater in controls (29.82 + 3.86kg/m2) than HIV cases (23.18 + 3.41kg/m2 in group B and 22.08 + 2.44kg/m2 in
group C) (P<0.05). Waist circumference in control group (98.20 +9.06cm) was significantly greater than HIV patients
who were on ART (89.23+4.70cm) or without ART (89.74+4.09cm) (P < 0.001). But Waist circumference not differ
significantly among HIV cases of both groups (P>0.05). SBP was significantly greater in the control group (128.40 +
8.36mm of Hg) as compared with the HIV groups (P <0.05). HIV positive patients on ART had more SBP (125.23
+8.87mm of Hg) than group B (119.58 +10.34 mm of Hg) (P <0.05). In HIV groups FBG were significantly more than
the control group (P <0.05). But value not differ significantly among HIV cases (P>0.05). Triglycerides level were
significantly increased in HIV cases than the control group (P<0.001) and also significantly higher in HIV group on ART
than without ART (P<0.05). HDL was significantly decreased in HIV cases than healthy controls (p <0.05) and in HIV
group on ART than without ART (P<0.05). There were no significant difference between all three groups in carotid
intima thickness (P >0.05). In conclusion: Compared with controls, HIV patients had a greater frequency of impaired
fasting glucose, plasma triglycerides and HDL. Metabolic syndrome might be associated with increased chances of
increased carotid intima thickness.
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INTRODUCTION

Human immunodeficiency virus (HIV) was
first discovered in 1981. AIDS case in India was
detected in 1986 and since then HIV infection has been
in all states and union territories.

Highly active anti retroviral therapy (HAART)
was introduced in 1996. HAART has resulted in
sustained reductions of morbidity and mortality
associated with HIV infection. Unfortunately, HAART
has also been associated with metabolic complications
that may increase patient’s risk of cardiovascular
disease [2].

For the past 10 years, the association between
HIV, HAART and metabolic disorders and/or
cardiovascular disease (CVD) has been a major focus of
research. Studies of HIV-infected persons have revealed
a high prevalence of metabolic syndrome among
patients receiving HAART [3].The metabolic effects of
HAART in contributing to increased risk of premature

and accelerated atherosclerosis in HIV infection are
recognized [4].Metabolic syndrome doubles coronary
heart disease mortality, after adjustment for age, sex,
cholesterol level, physical activity, and smoking [4].

Persons with metabolic syndrome have a faster
rate of progression of carotid and coronary
atherosclerosis and, hence, have an increased risk of
cardiovascular morbidity and mortality
[5].Measurement of carotid artery intima-media
thickness  (IMT) with  high-resolution  B-mode
ultrasound is a well accepted, non invasive method of
assessing atherosclerosis and tracking its progression
[5]. Carotid IMT measurements correlate well with
pathological measurements and are potent predictors of
myocardial infarction and stroke, even after adjustment
for other risk factors. [5] Progression of carotid IMT
can be measured reliably over time and has been used
as an end point in clinical trials in which treatment
reduced both carotid IMT progression and
cardiovascular events.
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The studies in developed countries show an
increase prevalence of metabolic syndrome in HIV
infected individuals. However there is very limited data
in the literature documenting the association between
carotid atherosclerosis and metabolic syndrome in HIV-
infected patients. Further in the Indian population we
are observing that the patients of HIV are much
emaciated. This observation coupled with the paucity of
studies in the Indian population has promoted us to
undertake this study.

MATERIAL AND METHODS

Thisprospective and cross sectional study was
done in department of medicine, SMS medical college
and hospital, Jaipurfrom November 2010 to August
2011. In this study metabolic syndrome and sub clinical
atherosclerosis was assessed and compared in HIV
patients on ART/ not on ART and normal population.

We included 100 HIV patients on ART and
100 HIV patients who were not on ART. In control
population, 200 subjects were taken who were age and
sex matched. The subjects were randomly selected from
indoor and outdoor (ART clinic, medical outdoor)
department of SMS medical college and hospital and
their consent taken.All subjects were above 18 years
old. All HIV cases had HIV infection for more than six
months. ART included in this study werelst line
therapy —NRTI+NNRTI; and 2nd line therapy or
alternative therapy which included protease inhibitors
alone or protease inhibitors combined with 1st line
therapy. Patients who had any evidence of coronary
artery disease, hypertension, diabetes mellitus,
pregnancy, atherosclerosis (cause other than HIV) or
metabolic syndrome (cause other than HIV) were
excluded from the study.

HIV results were obtained by three type rapid
method for detection of antibodies to HIV-1 & HIV-2
in serum/plasma[SD-bioline-(immonochromatography),
Preekshak -(immunofiltration) and Combaids -solid
phase immunosorbentassay (SPIA) in immuno-dot test
format]. CD4 assay was done by flow cytometer -the
BD FACS caliber system. Blood investigations results
were obtained from central laboratory of SMS hospital
after 12 hours fasting.

Metabolic syndrome was diagnosed according
to the guidelines from the 2001 National Cholesterol
Education Program Adult Treatment Panel (ATP Il1I).
According to ATP 1ll, any three of the following traits
in the same individual meet the criteria for the
metabolic syndrome [6].Abdominal obesity: a waist
circumference over 102 cm (40 in) in men and over 88
cm (35 inches) in women., serum triglycerides 150
mg/dl or above, HDL cholesterol40mg/dl or lower in
men and 50mg/dl or lower in women, blood pressure of
130/85mm of mercury column or more, fasting blood

glucose of 110 mg/dl or above.Blood pressure
measurements were taken in right arm sitting after 10
minutes of rest with mercury sphygmomanometer.Waist
circumference was taken at maximum diameter at hips.

Sub clinical atherosclerosis was detected by
colour Doppler studies of carotid vessels.The patients
were examined by ultrasonography of carotid vessels
using latest generation power colourdoppler with 7.5
MHz probes. The patients were placed in a supine
position for at least 10 minutes in a comfortable room
for acclimatization.The common carotid, its bifurcation
and at least the first 2 cm of the internal and external
carotid vessels were examined bilaterally in the short
and long axis using strong magnification; this helped
correctly distinguish the real lumen from plaques,
which were markedly hypo echoic with power
colourdoppler methods.Pathological findings were
defined as the presence of plaques (focal echogenic
structure with anIMT>0.9mm [7].

Statistical analysis

Continuous variables were expressed as mean
+ sd. Pairs of groups were compared using student’s 't'
test for a normally distributed continuous distribution.
ANNOVA test was applied to compare more than two
samples. Statistical significance was set at p <
0.05. Microsoft Excel and SPSS 20.0 for Windows
were used for data storage and analysis.

RESULTS

400 persons were included in our study.100
were HIV positive on ART (group C), 100 were HIV
positive without ART (group B) and 200 were control
healthy subjects (group A).

Metabolic syndrome was found in 15(7.5%)
healthy control subjects, 19(19%) HIV cases who were
not on ART and 21(21%) HIV cases on ART.

Mean age of subjects having metabolic
syndrome in HIV positive on ART was 36.76+6.51
years,in HIV positive without ART 38.00+10.04years
and in control group 38.53+6.99years.HIV positive
groups on ART had no significant age difference then
other groups (P >0.05). There was no statistically
significant difference in mean age among the studied
groups(P>0.05).

Alcohol had effect on metabolic syndrome. In
HIV positive on ART having metabolic syndrome
alcoholic habit was seen in 15 (71.43%) subjects, as
compared to HIV cases not on ART8 (42.11%) and
control subjects7 (46.67%). We did not found any
statistically significant difference for alcohol habits
among the studied groups (P>0.05). So alcohol habit
did not confound our study.
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Table No.1 - Characteristics of study subjects having metabolic syndrome

Group-A Group-B Group-C
Healthy control HIV positive without | HIV positive on P value
n (%) ART n(%) ART n (%)
N 200 100 100
Metabolic syndrome 15 (7.5%) 19(19%) 21 (21%)
Age of subjects having 38.53 + 6.9 38.00 +10.04 36.76+651 | >0.05NS
metabolic syndrome (yrs)
Alcohol 7 (46.67) 8(42.11) 15 (71.43) >0.05 NS
Smoker 14 (93.33) 18 (94.74) 17 (80.95) >0.05 NS
Mean BMI (kg/m?) 20.82 + 3.86 23.18 + 3.41 22.08 +2.44 P;?QOE’
Under
Weight <18.5 0 (0.00) 1(5.26) 1(4.76)
BMI Normal 1(6.67) 15 (78.95) 18 (85.72)
Pre obese BMI #25—
20.9 kg/m? 8(53.34) 2 (10.53) 2 (9.52)
Obese BMI >30 Kg/m? 6 (40.00) 1 (5.26) 0 (0.00)
Waist circumference(cm) 98.20 +9.06 89.74 +4.09 89.23 +4.70 >0.05 NS
SBP(mm of Hg) 128.40+8.36 119.58 +10.34 125.23 +8.87
FBG(mg/dl) 103.2 + 12.28 113.11 +10.03 114.86 +17.57 P<S(i).905
TG(mg/d) 158.71 + 13.43 211,53 + 81.96 297.29 + 133.07 P;?QOS
HDL (mg/dl) 41,67 +4.42 41.42 +9.88 39,33 +7.30 P<S?§°5
Carotid intima Rt 0.86 + 0.07 0.88 +0.07 0.86 +0.19 >0.05 NS
thickness (mm) Lt 0.90 + 0.09 0.89 + 0.07 0.85 +0.20 >0.05 NS

Table No. 2 - Parameters in various groups of metabolic syndrome.

Parameter Group B Group-C P-value
Duration of HIV 2,63 +0.53 3.27+0.79 >0.05
(years) NS
CD 4 (cells/mm?) 335.42+180.51 290.95+221.17 g 3505

Table No.-3- Correlation between components of metabolic syndrome and CD4 among various groups.

r-value P-value Significance

FBG Group -B -0.183 >0.05 NS

Group-C +0.007 >0.05 NS

Group -B -0.200 > .05 NS
HDL

Group-C -0.090 > .05 NS
TG Group -B -0.118 > 0.05 NS

Group-C +0.198 > 0.05 NS
WC Group -B +0.043 > 0.05 NS

Group-C +0.190 >0.05 NS
SBP Group -B +0.187 >0.05 NS

Group-C +0.241 >0.05 NS
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Smoking has direct impact on metabolic
syndrome. Smoking habits were more common in
healthy control persons 14 (93.33%) as compared to
HIV positive groups(18, 94.74% in group B, 17,
80.95% in group C). But there was no statistically
significant difference exist for smoking habits among
the studied groups (P>0.05). So smoking did not
confound our study.

In metabolic syndrome positive persons;BMI
was greater in healthy control persons (29.82+
3.86kg/m?) than HIV positive groups (23.18+
3.41kg/m? in group B and 22.08 + 2.44kg/m? in group
C) (P<0.05). BMI was not different statistically among
group B and group C subjects (P>0.05).

Obesity was one of the important components
of metabolic syndrome. Obese 6 (40%) and pre obese 8
(53.34%) were more common in healthy control
persons while in HIV groups maximum patients either
were of normal weight or underweight.

Waist circumference in control group with
metabolic syndrome had mean value (98.20£9.06cm).
This was significantly greater than HIV patients who
were on ART(89.23+4.70cm) or without ART
(89.74+4.09cm) (P <0.001). But Waist circumference
not differ significantly among HIV cases of both groups
(P>0.05).

SBP was significantly greater in the control
group(128.40+ 8.36mm of Hg) as compared with the
HIV groups (P<0.05). HIV positive patients on ART
had more SBP (125.23+8.87mm of Hg) than those who
were not on ART (119.58+10.34mm of Hg) (P<0.05).

In HIV groups either on ART or not ART
fasting blood glucose value were significantly more
than the control group (P<0.05). But fasting blood
glucose value not differ significantly among HIV cases
taking ART or not taking ART (P>0.05).

Lipid profile abnormalities were most
commonly observed in both HIV groups either on ART
or without ART. The abnormalities were increased
triglycerides and decreased HDL level. Triglycerides
level were significantly increased in HIV cases than the
control group (P<0.001).Triglycerides level were also
significantly higher in HIV group on ART than cases of
HIV without ART (P<0.05).

HDL was significantly decreased inHIV cases
than healthy controls (p <0.05). HDL level were also
significantly lower in HIV group on ART than cases of
HIV without ART (P<0.05).

We observed that in control population group
A out of 15persons having metabolic syndrome, 9
persons were having right carotid intima thickness
>0.9mm and 12 persons had left carotid intima

thickness > 0.9mm. In group B HIV positive without
ART, out of 19patients of metabolic syndrome, 15
patients had right carotid intima thickness >0.9mm and
13 patients had left carotid intima thickness > 0.9mm.
In group C HIV positive on ART, out of 21 patients of
metabolic syndrome there were 15 patients had right
carotid intima thickness > 0.9mm and 15 patients had
left carotid intima thickness > 0.9mm. The mean value
of carotid intima thickness on right side was 0.86+
0.07mm in group A subjects, 0.88 + 0.07mm in group B
cases and 0.86+ 0.19mm in group C cases. The mean
value of carotid intima thickness on left side was 0.90+
0.09mm in group A subjects, 0.89+ 0.07mm in group B
cases and 0.85+ 0.20mm in group C cases.

There were no significant difference between
all the three groups carotid intima thickness, either right
or left in all metabolic syndrome patients (P >0.05).

Duration of HIV positivity and CD4 count (Table 2)
In our study we observed that the average
duration in both groups either on ART or not ART for
metabolic syndrome is more than 2 years. Also there
was no significant difference between both the
groupsfor the duration of the illness (P >0.05).

Though CD4 counts were less in HIV positive
group on ART (290.95+221.17) then not on ART
(335.42+180.51) but metabolic syndrome and CD4 cell
count had no significant difference in both HIV positive
groups (P >0.05).

Correlation between components of metabolic
syndrome and CD4 (Table 3)

In our study; we did not found significant
correlation between fasting blood sugar and CD4count,
HDL and CD4 count, TG and CD4 count, waist
circumference and CD4 count and systolic blood
pressure and CD4 count of all HIV cases who had
metabolic syndrome (p>0.05).

DISCUSSION
Prevalence of Metabolic Syndrome

In our study metabolic syndrome was found in
21/100 (21%) patients who wereHIVpositive taking
ART, 19/100 (19%) HIV positive patients were not
taking ART and 15/200 (7.5%) normal healthy subjects.

Prabhakaran et al. [13] recently reported
prevalence of metabolic syndrome in general population
as 24.6% from Delhi while Gupta et al. [12] reported
31% prevalence in Jaipur and Ramachandran et al.[11]
reported 41% in Chennai. In CURES[10] the prevalence
of metabolic syndrome was 25.8%.

Compared to the Indian studies of metabolic
syndrome in general population our study has low
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prevalence of metabolic syndrome in all the three
groups but MS was more frequent in HIV-infected
patients than control group in our study. Our findings
support earlier studies by Signe W. Worm et al.[14]
DAD study who also demonstrated increased
prevalence of the metabolic syndrome in HIV positive
patients with or without ART than the control group.
Previous studies of HIV-infected persons also revealed
a high prevalence of metabolic syndrome among
patients receiving HAART [3,8].A Spanish study
demonstrated MS prevalence in HIV at 17%, while a
US study described a prevalence of 26% [9].

Metabolic Syndrome

In our study, out of 15 subjects in group A,
11(73.33%)subjects have 3 components of metabolic
syndrome, 4 (26.67%) subjects have 4 components of
metabolic syndrome. In group B out of 19, 17 (89.47%)
patients had 3 components of metabolic syndrome, 2
(10.53%) patients had 4 components of metabolic
syndrome. In group C out of 21, 15 (71.53%) patients
had 3 components of metabolic syndrome, 6 (28.57%)
patients have 4 components of metabolic syndrome.

In the Spanish study, of the total 710 study
patients (both ART-treated and -naive), one criteria of
metabolic syndrome was fulfilled by 69.3%, two by
35.8%, three by 17%, four by 4.5%, and all five criteria
were seen only in one patient [3].

Obese (40.00%) and pre obese (53.33%) were
more common in healthy control subject in keeping
with the lean fat Indian phenotype with central
obesity[16].In HIV groups maximum patients were
either of normal weight or underweight.HIV-infected
patients had a significantly = smaller  waist
circumferencecompared with the subjects from the
control.The main difference in metabolic syndrome
components in the present study as compared with other
studies (with HIV-infected or uninfected subjects) was
the low prevalence of abdominal obesity.In a population
with a higher prevalence of obesity, such as in the
United States, the effects of HAART-related
lipodystrophy could be more evident on subcutaneous
fat, leading to the significant difference between HIV-
positive subjects and controls found by Mondyet
al.[17]. However this was not observed in our study.

Fasting blood glucose values were high in
12/19 patients without ART, in 16/21 patients on ART
suggests a high proportion of patients with
dysglycemia.In HIV groups either on ART or not,
fasting blood glucose value were significantly more
thanthe control group (p value <0.05).A recent study
also reported a high prevalence of diabetes in men
receiving HAART [18].

In our study SBP was significantly greater in
control group than HIV groups. HIV positive on ART

had more SBP than who were not on ART (P value
<0.05). DBP had no significant relationship in all the
three groups (P value >0.05).It signifies that ART and
HIV itself increase systolic blood pressure in both
groups.

Lipid Profile Abnormality

In our study, hypertriglyceridemia and low
HDL cholesterol were the most observed parameter,
whereas in the Spanish study, hypertriglyceridemia was
the most commonly recognized. Despite this difference,
the dyslipidemia observed in our patients is concordant
with HIV associated dyslipidemia which is a confirmed
risk factor for macrovasculardisease [19].

In our study we found that presence of high
triglyceride levels, a low HDL level, hypertension and
hyperglycemia carried a significantly more likely
association with metabolic syndrome than waist
circumference in HIV groups.

Cd4 Counts—Haart and Duration of HIV

Lower CD4 cell count and increased viral load
is associated with metabolic syndrome or increased
cardiovascular risk [8].

In our study CD4 cell count had no significant
relationship with metabolic syndrome in both HIV
positive groups (P value is >.05) however CD4 counts
were less in HIV positive group on ART then not on
ART. This may be because of selection bias because
HIV positive patients without ART already have CD4
counts more than HIV positive patients on ART.

Lack of independent effects of HAART on
metabolic syndrome, support the notion that the
traditional risk  factors (i.e., hypertension,
hyperglycemia, and dyslipidemia) may be important
than HAART related factors for the prediction of
metabolic syndrome and cardiovascular disease risk.

Stavudine use may also contribute to
hypertriglyceridemiaand  numerous  studies  have
implicated PIs as important risk factors for
cardiovascular disease [20]. The individual contribution
of drugs could not be assessed in our study due to
inadequate number of patients, though 5 out of 21
patients on PI’S based regimes had metabolic
syndrome, where as in alternative regimen 2 out of16
patients had metabolic syndrome.These findings
suggest that patients on protease inhibitors in our ART-
treated group had greater effect on metabolic syndrome.

In current study, no significant notable
difference was observed between ART-treated and
without ART treated patients, in the duration of disease.
However, this bias cannot be fully eliminated as it may
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be unethical to hold therapy in patients whose CD4
counts fall to recommended levels to commence
therapy.

Carotid Intima Thickness-Subclinical
Atherosclerosis and Cardiovascular Risk

In our study we observed that in control
population group A out of 15 persons having metabolic
syndrome, 9 persons were having right carotid intima
thickness >0.9mm and 12 persons had left carotid
intima thickness > 0.9mm. In group B HIV positive
without ART, out of 19 patients of metabolic syndrome,
15 patients had right carotid intima thickness >0.9mm
and 13 patients had left carotid intima thickness >
0.9mm. In group C HIV positive on ART, out of 21
patients of metabolic syndrome there were 15 patients
had right carotid intima thickness > 0.9mm and 15
patients had left carotid intima thickness > 0.9mm.

These finding suggest that metabolic syndrome is
associated with subclinical atherosclerosis.

HIV infection itself is associated with an
increased  cardiovascular  risk, probably as a
consequence of the activation of inflammatory
pathways.HIV can directly activate endothelial cells,
changing their phenotype from anti to prothrombotic
[21], so increased carotid intima thickness.

Limitations

In the present study, the association between
individual antiretroviral drug exposure and the
metabolic syndrome was not evaluated. The use of
specific anti-retroviral over a long period of time may
have had long lasting, irreversible metabolic effects that
were not captured in this analysis.

By using fasting glucose values alone for
diagnosis rather than prospective follow up we
underestimated prevalence of insulin resistance the
contribution of diabetes mellitus to the risk of the
metabolic syndrome among the study subjects.

As we used waist circumference as a
component of the metabolic syndrome, this may have
resulted in over estimated effects compared with BMI
because BMI includes total fat mass.

CONCLUSIONS AND SUMMARY

The prevalence of metabolic syndrome and its
components is more in ART treated 21% (21/100) than
untreated HIV-positive patients 19 %( 19/100) as
compared with the general population 7.5 %( 15/200).

Healthy subjects with metabolic syndrome had
carotid intima thickness in subclinical atherosclerosis
range in (13/15)86.67%, in HIV patients without ART
(16/19)84.21% had carotid intima thickness in
subclinical atherosclerosis range and in HIV patients on
ART (18/21)85.71% had carotid intima thickness in

subclinical atherosclerosis range. These findings
suggest that metabolic syndrome might be associated
with increased chances of increased carotid intima
thickness.

Compared with controls, HIV-infected patients
had a greater prevalence of the impaired fasting
glucose, increased plasma triglycerides, and reduced
high-density lipoprotein cholesterol components.

Despite the limitation of the small number of
patients in our study, there is an increase in metabolic
syndrome in patients on ART in India. However, in
metabolic syndrome risk-prone Indian population, the
additional burden conferred by ART/ HIV-induced
metabolic syndrome needs to be evaluated at a large
scale involving greater numbers of patients and
multicentre trials, If proven, this will have implications
on future drug policies for HIV-infected patients.
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