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Prediction of Cardiovascular Disease Risk Using Framingham
and Data on Adverse Effect of Antiretroviral Drugs Risk
Equation in Relation to Lipodystrophy in HIV Patients on Highly
Active Antiretroviral Therapy
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Background: In the era of high active antiretroviral therapy (HAART), with increasing survival of HIV patients, cardiovascular risk has emerged
as a leading health issue. Aims: This study aims to predict the 10-year cardiovascular disease risk in HIV patients using the Framingham risk
score and its modification for HIV-infected patients on HAART, that is, the data on adverse effect of antiretroviral drugs (DAD) prediction
equation. Setting and Design: This is a case control study. Materials and Methods: The present study included 320 subjects (220 HIV
infected cases and 100 age, sex and body mass index matched HIV noninfected healthy controls) and was conducted in a tertiary care centre
in western Rajasthan. All the patients were subjected to a detailed clinical history, complete physical examination and evaluation of laboratory
parameters. We calculated Framingham risk score and DAD prediction equation for these patients and compared these scores between
patients on HAART with lipodystrophy, those without lipodystrophy, HAART naive and healthy controls. Statistical Analysis: Unpaired
t-test was used and statistical analysis was performed using SPSS version 20. Results: In our study, 46.67% patients on HAART developed
lipodystrophy, of which 17.72% had moderate-to-high risk of cardiovascular risk according to Framingham risk score, which is significantly
higher than in patients without lipodystrophy and controls (3.3% and 6%, respectively). Similar high risk was also seen with DAD score.
The various risk factors also showed a positive correlation with duration of HAART. Conclusion: Our study emphasizes the need for early
recognition of cardiovascular risk in HIV-infected patients on HAART, especially in those with lipodystrophy and advocates effective use of
risk calculators in these patients.
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Furthermore, there is still need to identify and evaluate
HIV-specific cardiovascular disease risk factors and to refine
existing cardiovascular disease prediction equation and to
develop new HIV-specific cardiovascular disease prediction
calculators for adults, adolescents, and children. Hence, we

INTRODUCTION

As longevity is increasing in HIV-infected individuals, after
introduction of highly active antiretroviral therapy (HAART),
the risk of cardiovascular disease is emerging as a leading health
issue.l Multiple potential risk factors contribute to cardiovascular

disease in HIV-infected individuals which include HIV infection ;
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itself (due to its proatherogenic lipid profile: low high-density
lipoprotein [HDL] and elevated low-density lipoprotein [LDL]
particles and triglyceride [TG] levels),””! metabolic syndrome
associated with HIV, lipodystrophy syndrome, antiretroviral
agents, and duration of intake of these drugs, CD4 counts, viral
load, weight, age, and gender.?!
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conducted a study to predict the 10-year cardiovascular disease
risk in HIV patients using the Framingham risk score, and its
modification for HIV-infected patients on HAART, that is, the
data on adverse effect of antiretroviral drugs (DAD) prediction
equation, by measuring the fat redistribution in HIV-infected
patients in age group of 18—44 years."

To emphasize the importance of the above statement, we
would also compare the cardiovascular disease risk calculated
using the Framingham risk score with the results of DAD
prediction equation, so that the future research priorities can
be identified.

MareriaLs AND METHODS

The present study was multicentric, case—control study
conducted in a tertiary care center in Western Rajasthan in 1-year
duration. The study population comprised 320 participants,
170 HIV patients on HAART for >6 months and 50 HAART
naive patients (case) and 100 healthy individuals aged between
18 and 44 years who were age, sex, and body mass index (BMI)
matched with the study group (control).

Ethical approval was taken from medical college ethics
committee. Participants were briefed about the nature of study
and written consent was obtained from them. HIV patients with
the evidence of clinical sign of active AIDS in the 3 months
before study or on HAART for <6 months or those who had
changed drugs in <6 weeks were excluded from the study.
Patients with diabetes, coronary artery disease, hypertension,
dyslipidemia or those exposed to drugs such as statins,
testosterone, and estrogen or substance abuser, except alcohol
and cigarette, and pregnant females were also excluded from
the study. Same exclusion criteria were applied for selecting
the control group.

Study participants were then subjected to questionnaire which
included medical history, health behavior questionnaire,
assessment of medication use, with complete physical
examination and laboratory data collection. BMI was calculated
as weight (kg) divided by height squared (m?) and individuals
were defined as underweight (<18.5), normal (18.5-24.9),
overweight (25-29.9), and obese (>30). Lipodystrophy
was defined on basis of body fat distribution which was
scored as absent (0), present (1), or severe (2) with regard
to increased neck fat (anterior or posterior), predominantly
dorsocervical fat pad or buffalo hump, increased trunk or chest
fat (lipohypertrophy), facial fat loss, and decreased arm and
leg fat (lipoatrophy).[) Blood pressure (BP) was measured
using an automated sphygmomanometer, with the patient in the
sitting position before the blood test. Same methods were used
to estimate the value in both cases and controls to maximize
comparability between the groups.

HAART was defined by the Department of Health and
Human Services guidelines as follows: (1) >2 nucleoside
reverse-transcriptase inhibitors (NRTIs) in combination
with at least 1 protease inhibitor (PI) or 1 nonnucleoside

reverse-transcriptase inhibitor; (2) 1 NRTI in combination
with at least 1 protease inhibitor and at least 1 nonnucleoside
reverse-transcriptase inhibitor; (3) a regimen containing
ritonavir and saquinavir in combination with 1 NRTI and no
non-NRTTIs; or (4) an abacavir or tenofovir containing regimen
of 3 NRTIs in the absence of both protease inhibitors and
non-NRTIs, except for the 3-NRTI regimens consisting of
abacavir, tenofovir and lamivudine or didanosine, tenofovir,
and lamivudine.!”

The blood sample was collected in the morning after at least 8 h
of fasting. Individual were subjected to baseline investigations
including hemogram, fasting and postprandial blood sugar,
fasting total lipid profile including total cholesterol (TC), HDL,
TG estimated by enzymatic methods in a Cobas Mira automatic
analyzer and glucose estimated by oxidase method and CD4
counts was also done in HIV-infected patients.

Fasting plasma glucose >126 mg/dL (fasting is defined as no
calorie intake for 8 h) or 2 h plasma glucose >200 mg/dL on
oral glucose tolerance test taken for the diagnosis of diabetes
mellitus.®® Elevated levels for cholesterol fractions and
triglycerides were defined by ATP 1l guideline as TG>200 mg/dL,
HDL <40 mg/dL, and LDL >160 mg/dL."!

A total of 220 patients of HIV were examined during
the study period. Of these, 79 patients on HAART had
lipodystrophy (Group A), 91 patients who were on HAART
did not develop lipodystrophy (Group B). A total of 50 HIV
patients were HAART naive (Group C), and 100 controls were
taken (Group D).

Framingham risk score which is based on age, gender, TC,
HDL cholesterol, smoking, and BP levels was calculated in
study groups and controls.l'” DAD score is used to determine
the prevalence cardiovascular disease risk among HIV-infected
persons and to investigate any association between such
risk factors, stage of HIV disease, and use of antiretroviral
therapies (ARTs).['!] On the basis of both these scores,
participants were categorized as mild, moderate, and severe
cardiovascular disease risk.

Baseline demographic data in the 4 groups were descriptively
summarized. Continuous variables were expressed as
mean + standard deviation and mean + standard error.
Categorical variables were presented as percentages. Unpaired
t-test was used for calculating statistical significances of the
results. Pearson correlation coefficient (r) in linear regression
model was used to evaluate the relationship between increasing
duration of HAART and various risk factors [Figure 1].
Significance was defined as P < 0.05 for all statistical tests,
which were performed using SPSS version 20 (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp).

ResuLts

In the present study, we included 220 HIV-infected patients
out of which 170 patients were on HAART and 50 patients
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were HAART naive. We also took 100 age- and BMI-matched
healthy controls. Lipodystrophy was found in 79 (46.47%)
patients out of 170 patients who were on HAART. In our study,
none of the HAART naive patients developed lipodystrophy.
The mean value of TC (236 +52.88), TG (282.19 £ 119.68) and
LDL (121.44 +29.86) was significantly (P < 0.005) higher in
Group A (HAART with LD) as compared to Group B (HAART
without LD), Group C (HAART naive) and control group,
while not showing significant difference between Group B
and Group C. Significant results are summarized in tables
and subjected to independent #-test, and P value is calculated
which is highly significant [Tables 1-5].

Framingham risk score which is based on age, gender, TC,
HDL cholesterol, smoking, and BP levels was calculated in
study groups and controls. In our study, 14 (17.72%) patients
in Group A had moderate-to-high cardiovascular disease risk
by Framingham risk score as compared to only 3 (3.3%) in
Group B, 2 (4%) in Group C, and 3 (3%) in control group.
This observation shows odds ratio of 6.318 and statistically
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Figure 1: Positive correlation between duration of high active antiretroviral
therapy and the lipid abnormalities (a) Pearson corelation = 0.481
(b) Pearson corelation = 0.533 (c) Pearson corelation = 0.234
(d) Pearson corelation = 0.369

significant (P < 0.005) cardiovascular disease risk in patients
on HAART with lipodystrophy (Group A) as compared to
patients on HAART without lipodystrophy (Group B), and
when compared to controls (Group D) odds ratio is 6.96
and P value is 0.0031, while the risk of cardiovascular
disease between Group B and Group C was not statically
significant [Table 6].

DAD score is used to determine the cardiovascular disease risk
among HIV-infected persons and to investigate any association
between such risk factors, stage of HIV disease, and use of
ARTs. This score calculated in HIV patients on HAART
shows, 42 (53.20%) patients of Group A had moderate-to-high
cardiovascular disease risk, while 21 (23.10%) out of
91 patients of Group B had moderate-to-high cardiovascular
disease risk. It indicates significant positive correlation
between lipodystrophy and cardiovascular risk in HIV patients
on HAART, odds ratio is 3.78 and P value 0.0001 [Table 7].

Discussion

In our study, 220 patients of HIV and 100 age- and
BMI-matched healthy controls from a tertiary care center in
Western Rajasthan were enrolled in 1-year duration. Of these
220 patients, 170 were on HAART, out of which 157 (92.4%)
patients were on 2NRTI+ INNRTI regimen and 13 (7.6%) were
on 2NRTTI+ PI, that is, 100% were exposed to NRTT (stavudine,
lamivudine, and zidovudine), 92.4% to NNRTI (Efavirenz,
Nevarepine) and 7.6% to PI (ritonavir-boosted lopinavir and
atazanavir). In DAD™! study, 13% were treatment naive,
36% had received NNRTI which was less in comparison to
the present study and 87% had received NRTI and 72% had
received PI which is almost 10 times that of our study. This
suggests relatively lesser use of PI-based regimes in this part
of India.

In the present study, the mean duration of exposure to various
categories of HAART was 3.68 years and the average duration
of exposure to HAART in patients with lipodystrophy
is >3 years. Our findings are similar to two studies, one by
Hadigan et al.,'”! in which the mean duration of HAART

Table 1: Comparative analysis of various groups

Variable HAART with LD (Group A) HAART without LD (Group B)  HAART naive (Group C)  Healthy control (Group D)
(n=179) (n=91) (n=50) (n=100)
Age 35.066.41 31.7446.33 31.94+7.39 34.27+5.44
BMI 19.40£1.86 21.18+1.67 21.07£1.72 21.02+1.63
Duration of HAART 3.4241.42 1.41+0.52 NA NA
CD-4 count 597.91=185.24 562.22+200.15 602.24+265.59 NA
FBS 102.53+102.62 97.55+22.00 94.92+20.16 101.87+23.24
TC 236.05+52.88 189.35+24.92 181.84+11.01 178.15+21.31
TG 282.19+119.68 152.79+56.87 145.62+26.82 150.47+28.77
HDL 30.75+5.99 37.2044.52 35.74+4.43 37.88+3.98
LDL 121.44+29.86 106.05+22.47 108.64+15.70 96.51+13.54
TC: HDL 8.01+£2.54 5.22+1.25 5.19+£0.88 4.79+1.02

HAART: High active anti-retroviral therapy, LD: Lipodystrophy, BMI: Body mass index, FBS: Fasting blood sugar, TC: Total cholesterol, TG:
Triglycerides, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, NA: Not available
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Table 2: Comparison between HIV patients on high active anti-retroviral therapy with and without lipodystrophy

Lipid profile Group n Mean=SD Independent f-test P

TC HAART with LD (Group A) 79 236.05+52.88 7.520 <0.0001
HAART without LD (Group B) 91 189.35+24.92

TG HAART with LD (Group A) 79 282.19+119.67 9.191 <0.0001
HAART without LD (Group B) 91 152.79+56.87

LDL HAART with LD (Group A) 79 121.4430+29.86 3.824 <0.0001
HAART without LD (Group B) 91 106.0549+22.47

HAART: High active anti-retroviral therapy, LD: Lipodystrophy, TC: Total cholesterol, TG: Triglycerides, LDL: Low-density lipoprotein, SD Standard

deviation

Table 3: Comparison between HIV patients on high active anti-retroviral therapy with lipodystrophy and high active

anti-retroviral therapy naive

Lipid Profile Group n Mean=SD Independent f-test P

TC HAART with LD (Group A) 79 236.05+52.878 7.142 0.0001
HAART naive HIV patients (Group C) 50 181.84+11.007

TG HAART with LD (Group A) 79 282.19+119.678 7.933 0.000
HAART naive HIV patients (Group C) 50 145.62+26.821

LDL HAART with LD (Group A) 79 121.4430+29.86497 2.794 0.006
HAART naive HIV patients (Group C) 50 108.6400+15.69708

HAART: High active anti-retroviral therapy, LD: Lipodystrophy, TC: Total cholesterol, TG: Triglycerides, LDL: Low-density lipoprotein, SD Standard

deviation

Table 4: Comparison between HIV patients on high active anti-retroviral therapy without lipodystrophy and high active

anti-retroviral therapy naive

Lipid Profile Group n Mean+SD Independent f-test P

TC HAART without LD (Group B) 91 189.35+24.924 2.023 0.045
HAART naive HIV patients (Group C) 50 181.84+11.007

TG HAART without LD (Group B) 91 152.79+56.874 0.841 0.402
HAART naive HIV patients (Group C) 50 145.62+26.821

LDL HAART without LD (Group B) 91 106.0549+22.47140 —0.722 0.472
HAART naive HIV patients (Group C) 50 108.6400+15.69708

HAART: High active anti-retroviral therapy, LD: Lipodystrophy, TC: Total cholesterol, TG: Triglycerides, LDL: Low-density lipoprotein, SD Standard

deviation

Table 5: Comparison hetween HIV patients on high active anti-retroviral therapy with lipodystrophy and healthy controls

Group n Mean+SD Independent {-test P
HAART with LD (Group A) 79 236.05+52.88 9.977 <0.0001
Healthy controls (Group D) 100 178.15+21.31

HAART with LD (Group A) 79 282.19+119.68 10.631 <0.0001
Healthy controls (Group D) 100 150.47+28.77

HAART with LD (Group A) 79 121.44+29.86 7.440 <0.0001
Healthy controls (Group D) 100 96.51+13.54

HAART: High active anti-retroviral therapy, LD: Lipodystrophy, SD: Standard deviation

was 3 years, and the CREATE-1"¥ study which also had
similar duration of exposure to HAART and development of
lipodystrophy.

Out of 79 patients who developed lipodystrophy, 72.2% had
lipohypertrophy and 27.8% had lipoatrophy. The present
study had this higher prevalence of lipohypertrophy as also
seen in a similar study by Safrin and Grunfeld!'* and Tien
and Grunfeld.!'”!

In the present study, lipid profiles of patients with
lipodystrophy were significantly altered in comparison
to that of patients without lipodystrophy. In patients with
lipodystrophy TC (236.05 + 52.88), TG (282.19 + 119.68),
LDL (121.44 + 29.86) in mg/dl and TC: HDL (8.01 + 2.54)
were significantly higher in comparison to the
patients without lipodystrophy, TC (189.35 + 24.92),
TG (152.79 + 56.87), LDL (106.05 + 22.47) in mg/dl,
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Table 6: Cardiovascular risk assessment in HIV patients and control by Framingham risk score

Framingham risk score HAART with LD (Group A) HAART without LD (Group B) HAART naive (Group C) Control (Group D)
(n=179) (n=91) (n=50) (n=100)

Minimal risk (<15%) 65 88 48 97

Moderate risk (>15%-<25%) 4 2 1 2

High risk (>25%) 10 1 1

HAART: High active anti-retroviral therapy, LD: Lipodystrophy

Table 7: Cardiovascular risk assessment in HIV patients
on high active anti-retroviral therapy by data on adverse
effect of antiretroviral drugs prediction equation

DAD score HAART with LD HAART without LD
(Group A) (n=79) (Group B) (n=91)

Minimal risk (<1%) 37 70

Moderate risk (>1%-<5%) 33 21

High risk (>5%) 9 0

DAD: Data on adverse effect of antiretroviral drugs, HAART: High active
anti-retroviral therapy, LD: Lipodystrophy

and TC: HDL (5.22 + 1.25), (P < 0.0001) and controls
TC(178.15+21.31), TG (150.47+28.77),LDL (96.51 £ 13.54)
inmg/dl, and TC: HDL (4.79 £ 1.02) (P <0.0001). The findings
of the study were similar to those seen in the data collection
on adverse events of anti-HIV drugs (DAD) study,”®! which
showed elevated TC (>6.2 mmol/L: 239 mg/dL) among
NNRTI + PI (OR, 5.48) with lipodystrophy compared to the
prevalence among ART-naive participants and cases without
lipodystrophy.

In the present study, on predicting the cardiovascular disease
risk using Framingham risk score it was found that, in
patients with lipodystrophy 65 (82.3%) out of 79 patients had
minimum (<15%) risk of cardiovascular disease per decade and
14 (17.72%) patients had moderate (>15-<25%) -to-high (>25%)
risk of cardiovascular disease per decade as compared to
patients without lipodystrophy having 88 (96.7%) patients with
minimal risk and 3 (3.3%) patients with moderate-to-high risk
out of a total of 91 patients. In the control group, only 6 (6%)
out of 100 cases had moderate-to-high risk of cardiovascular
disease per decade as calculated by Framingham risk score. The
finding in the present study were similar to those of Hadigan
et al.'" and CREATE-1 study!"* who too predicted a higher
risk among patients with lipodystrophy and a lower risk among
patients without lipodystrophy.

When cardiovascular disease risk was predicted using
DAD equation, it revealed that, the patients with
lipodystrophy had minimum risk (<1%) in 37 (46.8%) and
moderate (>1-<5%)-to-high (>5%) risk of cardiovascular
disease per 5 years in 42 (53.2%) out of a total number of
79 patients. Whereas, in the patients without lipodystrophy,
70 (76.9%) patients had minimal and 21 (23.1%) had moderate
risk of cardiovascular disease per 5 years out of a total number
of 91 patients. The findings were similar to CREATE-1 study
which too found increased and better predicted cardiovascular

disease risk by DAD score among cases of HIV on HAART
who develop lipodystrophy.*

In the present study, smokers were 45 (26.5%) among HIV
patients on HAART and 11 (22%) in patients not on HAART.
The present study shows smoking is increasingly prevalent
amongst HIV patients as was seen in the DAD study.?!

CoNcLusION

Our study suggests that the presence of lipodystrophy is
associated with adverse lipid profile as well as adverse
cardiovascular profile as assessed by Framingham and DAD
score. Thus patients of HIV on HAART should be screened
early for cardiovascular risk and appropriate measures
should be taken to prevent progression of this risk into
overt disease.
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