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Abstract:

Background: Itis estimated that about 2.5 million people are living with HIV infection in India. Although antiretroviral
drugs have been able to reduce the mortality, these drugs have serious side effects one of which is lipodystrophy syndrome.
Most of the drugs used in HAART viz, protease inhibitors, stavudine and nevirapine are associated with lipodystrophy.
Hence we conducted this study to assess the prevalence of lipodystrophy in HIV infected children on HAART and its
associated risk factors.

Materials and methods: A cross sectional study was conducted on 80 HIV infected children aged 2-18 years of age who
were on stavudine based HAART for 22 years. These children were assessed for presence of lipodystrophy, its metabolic
complications and associated risk factors.

Results: Lipodystrophy was observed in 33.7% of children with lipoatrophy being the commonest subtype followed by
lipohypertrophy. Older age, increased duration of treatment and dyslipidaemia were found to be associated in patients with
lipodystrophy than those without. On further multivariate analysis of independent risk factors only increased duration of
treatment was significantly associated with lipodystrophy. No association was found with insulin resistance.

Conclusion: We observed that lipodystrophy is a common finding in HIV patients treated with HAART for long

duration.
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Introduction

HIV infection is increasingly becoming a prominent
cause of morbidity and mortality with an estimated
2.5 million people living with HIV in India @.
Antiretroviral drugs have dramatically improved the
quality of life and increased the life expectancy but
morphological and metabolic complications of the
drugs have threatened to short live this achievement.
The term Lipodystrophy syndrome was first used to
describe morphological complications of these drugs
in HIV infected adults. Lipodystrophy syndrome
encompasses fat redistribution, defined as fat wasting
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of extremities/ face or buttocks, fat accumulation
in abdomen or dorsocervical spine (buffalo hump)
and metabolic complications associated with it-
dyslipidaemia, insulin resistance®.

The mechanism responsible for this syndrome remains
unclear.Ithasbeenproposedthatantiretroviraldrugssuch
as protease inhibitors (PI) and/ or nucleoside analogues
(stavudine) could contribute to the development of
such clinical and metabolic abnormalities * & 13-2% 2835,
Various risk factors have been found to be associated
with the development of lipodystrophy like older age
and increasing duration of treatment ¢,

Studies have reported complications associated
with lipodystrophy syndrome viz cardiovascular
complications © and diabetes mellitus type 2 later in
life. The impact of fat redistribution and its associated
metabolic complications on HIV infected children
is therefore of obvious concern to paediatricians.
Various studies have been done worldwide but Indian
data is very sparse. Hence we conducted this study
to assess the prevalence of fat redistribution and its
associated risk factors in our tertiary care centre.
Materials and methods
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A cross sectional study was conducted over a one
year period from November 2010 - November 2011
at a tertiary care centre in northern India. Eighty
HIV infected children 2-18 years of age who were
on Highly Active Antiretroviral Therapy (HAART)
for a period of minimum 2 years and who were
willing to give an informed consent were included in
the study. Those who had serious or life threatening
complications of HIV (active tuberculosis, systemic
fungal infections, cerebral toxoplasmosis), unwilling
to give consent, known diabetic, children on steroids
or lipid lowering drugs and those with congenital
(SHORT syndrome, Dunnigan syndrome, Kobberling
syndrome) or acquired (rheumatoid arthritis, SLLE)
causes of lipodystrophy were excluded. Approval
was taken from the institutional ethical committee.
Using the formula for descriptive study (Z*XpXxq)/
d?) with the estimated prevalence of Fat redistribution
in HIV infected patients (p) = 26%, precision error
of estimation (d) = 0.10, and alpha = 0.05, a sample
size of at least 75 cases was needed to estimate the
prevalence

A detailed history including age, sex, duration
of treatment, route of transmission was taken. WHO
clinical stage and CD4 count® at the time of enrolment
for HAART were documented from the patient’s
clinical records. They were examined for signs of fat
redistribution according to the criteria mentioned
below. Weight and height were measured and BMI
calculated. To study the metabolic complications
fasting blood samples were collected for lipid
profile (serum cholesterol, triglyceride, Low Density
Lipoprotein (LDL), Very Low Density Lipoprotein
(VLDL) levels), glucose and insulin levels.. HOMA-IR
(Homeostasis model assessment of insulin resistance)
was calculated as a measure of insulin resistance.

Fat redistribution or lipodystrophy was
assessed by physical examination and divided into
lipoatrophy, lipohypertrophy and combined subtype.
Lipoatrophy was considered when sunken cheeks
with prominent zygomatic arch or thin extremities
with prominent veins were present with or without
buttock atrophy. Lipohypertrophy was considered
when increased abdominal girth or fat accumulation
‘buffalo hump’ was present. They were considered to
have fat redistribution if they had one or more signs.
One was classed into combined subtype if one had
any sign each of lipoatrophy and lipohypertrophy®.

Dyslipidaemia was defined as the presence
of either hypercholestrolaemia (serum cholesterol =
200mg/dl) or high LDL (serum LDIL =130mg/dl)
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ot hypertriglyceridaemia (serum triglyceride=150mg/
dl). Serum cholesterol, triglyceride and LDL were
measured using the enzymatic colorimetric method
using Olympus AU400 @. Insulin resistance was
measured using HOMA-IR which was calculated
using the formula HOMA-IR = (fasting glucose (mg/
dl) x insulin pnU/dl) / 405. Value of greater than 3.1

@9 Glucose was

was considered as insulin resistance
measured using GOD-POD method on Olympus
AU400. Insulin was measured using ELISA.
Statistical analysis

Statistical analysis was performed by the SPSS program
for Windows, version 17.0. Normally distributed data
are presented as mean * SD. Categorical variables
are presented as absolute numbers and percentage.
Data were checked for normality before statistical
analysis using Shaipro Wilk test. Normally distributed
continuous variables were compared using student’s
t test. The Mann Whitney U test was used for
those variables that were not normally distributed.
Categorical variables were analyzed using the chi
square test. Multivariate Logistic Regression analysis
was also used to assess the presence of risk factors
with Lipodystrophy. For all statistical tests, a p value
less than 0.05 was taken to indicate a significant
difference.

Results

A total of 80 HIV infected children with 2 years and
more of HAART treatment were recruited. Of these
02 (75.5%) were boys. The mean age of the study
population was 10.8 £ 3.39 (3-18 years). The median
time since HAART was first initiated was 4.75 * 1.49
(2-7 years) and all patients were on stavudine based
HAART (stavudine, lamivudine and nevirapine).
Majority of patients had acquired the infection
through vertical transmission (n=68, 85%) followed
by blood transfusion (n=7, 8.8%) and intravenous
injection (n=5, 6.2%). At the time of initiation of
HAART, majority of patients had presented with
loose stools (n=26, 32.5%) followed by asymptomatic
(n=23, 28.75%), and rest as cough, skin lesions and
lymphadenopathy. Majority of patients (n=42, 52.5%)
were in stage III at the time of initiation of HAART
while (n=25, 31.2%) were in stage I and (n=10, 12.5%)
and (n=3, 3.8%) were in stage II and IV respectively.

In our population of 80 children, lipodystrophy was
observed in 27 children with a prevalence of 33.7%.
All three forms of fat redistribution was observed of
which lipoatrophy was commonest (n=18, 66.6%)
followed by lipohypertrophy (n=3, 11.1%) and
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combined subtype (n=6, 22.2%). As shown in Tablel,
age and duration of treatment was significantly higher

in lipodystrophic group than non lipodystrophic
patients.

Table 1.General characteristics and laboratory parameters of patients with and without lipodystrophy.

Lipodystrophy (n=27) [ Non lipodystrophy(n=>53) | P value
mean®SD / %(n) meantSD / %(n)

Age 12.48%3.17 9.98%3.157 0.00T*
Sex (Male) 70.37% (19) [ 81.1% (43) 10.27
male: female 19:8 43:10
HAART duration 5.92%0.916 4.264%1.482 <0.00T
WHO stage
I 29.6% 8) 32.1% 17) | 0.306
11 22.2% (6) 7.5% “)
111 44.4% (12) | 56.6% (30)
1Y 3.7% 1) 3.8% 2
CD4 count

2500 not significant | 48.1% (13) | 35.8% (19) ]0.288
350-499 mild | 7.4% (2) |22.6% (12) ] 0.090 0.377
200-349 advanced | 18.5% BG) | 11.3% (0) 0.690
=199 severe 25.9% (7) | 30.2% (16)
Insulin resistance
HOMA-IR= 3.1 14.8% “) 5.7% (0) 0.121
Cholesterol = 200mg/ | 33.3% ©) 5.7% 3 0.002%*
dl
LDL= 130mg/dI 29.6% ®) 9.4% 5) 0.021%*
TG=150mg/dl 25.9% ©) 5.7% 3) 0.026%*

*p <0.001, #p<0.05

Similarly hypercholesterolaemia, high LDL levels
and hypertriglyceridaemia were present in significant
number of patients with lipodystrophy than those
without. Presence of lipodystrophy did not show any
association with insulin resistance, particular gender
or WHO clinical stage and immune status of the
patient.

To explore further, univariate analysis of the
association of risk factors in different subgroups of
fat redistribution viz, lipoatrophy, lipohypertrophy and
combined subtype were done. As shown in table 2,
significant association was found between lipoatrophy
and increasing duration of treatment (p value-<0.001)
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and hypertriglyceridaemia (p value-0.026). Combined
subtype was significantly associated with increasing
age (p- 0.005), hypercholestrolaemia (p- 0.041) and
high LDL levels (p- 0.0006). Lipohypertrophy was
observed in those with longer duration of treatment
but was not statistically significant.

Multivariate analysis was performed to further test
the independent effects of wvariables shown to be
univariably associated with the development of fat
redistribution. Only increasing duration of treatment
(OR = 2.935, 95%CI - 1.576-5.465 (p value- 0.001))
was found to be significantly associated with presence
of lipodystrophy.
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Table2. Univariate analysis of subgroups of lipodystrophy.

Variable lipoatrophy (n=18) P value Lipohypertrophy (n= 3) P Combined (n=06) P value
mean * SD / % (n) mean + SD / % (n) value mean + SD / % (n)
Present Absent Present Absent Present Absent
Age 11.94 £3.28 10.50 £3.34 [ 0.109 11.67 £32T | 10.79 £ | 0.661 1450 £2.26 | 10.53 £3.26 | 0.005™
3.38
Sex  (male) 72.2%(13) 79% (49) 0.542 66.7% (2) 77.9% (60) | 0.540 66.7% (4) 78.4% (58) 0.413
M:F 2.5:1 3.5:1 2:1 3.5:1 2:1 4:1
Duration 5.8910.83 452 F1.55 <0.00T" 6.33 £ 1.15 4.7 + 1 0.082 583 £ 1.17 4741154 1 0.094
1.52
ITnsulin 33.3% (1) 11.7% (9) 0.334 33.3% (1) 11.7% (9) 0.334 33.3% (2) 10.8% (8) 0.761
resistance
>3.1
Cholesterol 27.8% (5) 11.3% (7) 0.085 33.3% (1) 14.3% (11) | 0.390 50% (3) 12.2% (9) 0.04T™
> 200mg/dl
DL > 22.2% (4) 14.5% (9) 0.475 0% 16.9% (13) | 1.000 66.7% (4) 12.2% (9) 0.006™
130mg/dl
TG = 27.8% (5) 8.1% (5) 0.026™ 0% 13%(10) 1.000 33.3% (2) 10.8% (8) 0.T61
150mg/dl

LDL- low density lipoprotein, TG- triglyceride level, M-male, F- female
*p<0.001, ** p<0.05

Discussion

The introduction of HAART as the treatment
strategy for HIV has improved the life span of these
patients but at the cost of certain fat redistribution
abnormalities and its metabolic complications. The
long term concern raised by these abnormalities
includes cardiovascular complications and diabetes
mellitus later in life © and also dectreasing adherence
to therapy ®¥. Out of the various antiretroviral drugs
used protease inhibitors (PI) especially indinavir has
been extensively studied as the cause of lipodystrophy.
The focus is now shifting towards nucleoside reverse
transcriptase inhibitors (NRTT) and non nucleoside
reverse transcriptase inhibitors (NNRTI) especially
stavudine and nevirapine respectively as these drugs
are commonly used in developing countries @ * 1.
Unlike in developed countries where patients receive
PI based regimens, our patients were treated with
stavudine, lamivudine and nevirapine. Since these
changes start appearing within 1 year of treatment and
become more apparent in the 2™ year of treatment
® 19 hence we included those patients who were on
treatment for more than 2 years.

Most of the published studies have patients treated
with PI based HAART and has reported 1-43%
prevalence of lipodystrophy * > 20 Our study is
one of those very few studies conducted on stavudine
based HAART especially in pediatric age group. In
our study lipodystrophy was observed in 33.7%. Few
studies on stavudine based HAART have reported a
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prevalence between 27% - 60.7 9/ 22282930, 3339 "\
found lipoatrophy as the commonest subtype similar
to others & 1220213339 whereas Aurpibul et al ©?
reported lipohypertrophy as the commonest subtype.
In our study lipodystrophy was significantly associated
with older age group and increasing duration of
treatment. However on multivariate analysis significant
association was observed only with increasing duration
of treatment. This was similar to what was reported
by Aurpibul et al®?, Kinabo et al®, Piloya et al®¥,
Innes et al®” and Griensven et al whereas Pujati et al®
did not find any association with age and duration of
therapy.

We did not observe significant association of
lipodystrophy with CD4 counts, female sex as
reported by Autpibul et al . In our experience there
was significant difference between the lipodystrophy
group and non lipodystrophy group with regard to
hypertriglyceridaemia, hypercholestrolaemia and high
LDL levels and is consistent with that reported by
Pujari et al®, Musiime et al®® and Aurpibul et al®?.
Piyola et al® did not observe any significant difference
between the two groups with regard to presence of
dyslipidaemia. Dyslipidaemia was also observed in
non lipodystrophic group which is similar to findings
of Piyola et al® and suggest that lipid metabolism
abnormalities could precede clinical lipodystrophy.
We did not observe any association of lipodystrophy
with insulin resistance.

NRTIs lead to development of lipodystrophy by
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acting on mitochondrial DNA polymerase enzyme and
leading to mtDNA depletion. Role of mitochondria in
adipocytes appear to be more complex and is directed
towards providing energy for triglyceride synthesis
and storage. Mitochondrial dysfunction in adipocytes
limits lipogenesis and lipolysis, and directs metabolism
towards oxidation while increasing basal glucose uptake.
Hence the clinical presentation of fat wasting and
absence of dyslipidaemia and insulin resistance with
NRTI based HAART ®. Despite this fact we observed
that on univariate analysis, lipoatrophy was significantly
associated with hypertriglyceridaemia. This was similar
to observation by Saint Marc et al " and Pujari etal®. In
our experience few patients also developed mixed type
of lipodystrophy which was associated with increasing
age, hypercholestrolaemia and high LDL. Our finding
is in sync with the existing literature which states that
mixed type is more observed in adolescents and it follows
a gradual and progressive course and in some patients
lipoatrophy preceeds lipoaccumulation and is associated
with lipid abnormalities like hypercholestrolaemia and

hypertriglyceridaemia®”.

The limitation of this study was the cross section
study design and limited sample size. Regional analysis
of body fat composition by various techniques like
DEXA®CL) bioelectric impedence® and measurement
of skin fold thickness® are more sensitive methods.
Due to limitation of resources, subjective method was
used to assess fat redistribution. In out tertiary centre,
HAART with stavudine, lamivudine and nevaripine
is used as the first line of treatment. However both
stavudine and nevirapine individually are known to
cause lipodystrophy so we could not say clearly which
of the drugs was responsible for lipodystrophy in our
study. Further studies are needed to study the individual
effects of these drugs.

Conclusion

Lipodystrophy was observed in 33.7% of the study
group with lipoatrophy as the commonest subtype.
Lipodystrophy was significantly associated with

treatment. However, no

W H O
clinical stage, immune status and insulin resistance.
On subgroup analysis lipoatrophy was significantly

increasing duration of
association was found with either gender,

associated with increasing duration of treatment and
hypertriglyceridaemia. We conclude that lipodystrophy
is a common finding in HIV infected children on

HAART. With increased life span thus increasing the
duration of treatment, the prevalence of lipodystrophy
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will increase in future. Regular assessment of these
children for lipodystrophy is a must for early corrective
measures. .

References

1. HIV sentinel surveillance and HIV estimation in
India 2007- technical brief, NACO, October 2008 ac-
cessed from www. naco online.org.(12 February2012,
date last accessed).

2. Sanchez Torres AM, Munoz Muniz M, Madero R et
al. Prevalence of fat redistribution and metabolic dis-
orders in HIV infected children. European journal of
pediatrics 2005;164:271-276.

3. Buropean paediatric lipodystrophygroup.Antiretro-
viral therapy, fat redistribution and hyperlipidaemia in
HIV —infected children in Europe. AIDS 2004;18:1443-
1451.

4. WHO 2010 guidelines. Antiretroviral therapy for
HIV infection in infants and children: towards universal
access.Recommendationsfor a public health approach.
2010 revision. WorldHealth Organization, Geneva.
http://www.who.int/hiv/pub
guidelines/adult/en/index.html (18 august 2010,date
last accessed).

5.Ross AC, and McComsey GA. Cardiovascular Disease
Risk in Pediatric HIV: The Need forPopulation-Specific
Guidelines.] Acquir Immune DeficSyndr .2011;57:351-
354.

0. McComsey GA, Leonard E. Metabolic complications
of HIV therapy in children. AIDS 2004;18:1753-1768.
7. Hartman K, Verweel G, Groot R et al. Detection of
lipoatrophy in human immunodeficiency virus — 1 —in-
fected children treated with highly active antiretroviral
therapy. Pediatr infect dis | 2006;25:427-431.

8. Pujari N §, Dravid A, Naik E et al. Lipodystrophy
and dyslipidaemia among patients taking first line,
world health organization — recommended Highly Ac-
tive Antiretroviral therapy regimens in western India. |
Acquired Immune DeficSyndr 2005; 39:199-202.

9. Shlay JC, Visnegarwala I, Bartsch G etal. Body com-
position and metabolic changes in Antiretroviral-Naive
patients randomized to Didanosineand Stavudine vs.
Abacavir and Lamivudine.] Acquir Immune DeficSyndr
2005;38:147-155.

10. J-G Baril, P Junod, R LeBlanc, et al. HIV-associated
lipodystrophy syndrome: A review of clinical aspects.
Can J Infect Dis Med Microbiol 2005;16(4):233-243.
11. Saint- Marc T, Partisani M, Poizot—Martin I et al.
A syndrome of peripheral fat wasting in patients re-
ceiving long term nucleoside analog therapy. AIDS
1999;13:1659-67.

African Health sciences Vol 14 No. 2 June 2014



12. Chene G, Angelini E, Cotte L et al.Role of
Long-Term Nucleoside-AnalogueTherapy in Lipo-
dystrophy and MetabolicDisorders  in
ImmunodeficiencyVirus—Infected Patients.Clinical In-
fectious Diseases 2002:34:649-657.

13. Babl FE, Regan AM, Pelton Si. Abnormal body fat
distribution in HIV infected children on Antiretrovirals.
Lancet 1999;353:1243-1244.

14. Jaquet D, Levine M, Ortega-Rodriguez et al. Clinical
and metabolic presentation of the lipodystrophic syn-
drome in HIV — infected children. AIDS 2000;14:2123-
2128.

15. Arpadi SM, Cuff PA,Horlick MN et al. Lipodys-
trophyin HIV infected children is associated with high
viral load and low CD4 lymphocyte count and CD4
lymphocyte percentage at baseline and use of protease
inhibitors and stavudine. Journal of Acquired Immune
Deficiency Syndromes. 2001; 27:30-34.

16. Enel., Goetghebuer T, Hainaut M et al. Prevalence
of lipodystrophy in HIV infected children. A cross sec-
tional study. Eu. J. of pediatrics.2007;166:13-21.

17. Amaya RA, Kozinetz CA, Schwarzwald H et al.
Lipodystrophy syndrome in HIV infected children.
Pediatric Infectious disease journal 2002;21:405-10.

18. Taylor P, Worrell C, Seth M et al. Natural history
of lipid abnormalities and fat redistribution among Hu-
man Immunodeficiency Virus infected children receiv-

Human

ing long term, protease inhibitor containing, highlyac-
tive antiretroviral therapy. Pediatrics 2004;114:235-242.
19. Beregszaszi M, Dollfus C, Levine M et al. Longi-
tudinal evaluation and risk factors of lipodystrophy
and associated metabolic changes in HIV infected chil-
dren. Journal of acquired immune deficiency syndrome
2005;40:161-168.

20. Parakh A, Dubey A P, Kumar A and Maheshwari
A. Lipodystrophy and metabolic complications of
highly active antiretroviral therapy. Indian ] Pediatr.
2009;76(10): 1017-1021.

21. Leonard EG, Mccomsey GA. Antriretroviral therapy
in Hiv infected children: the metabolic cost of improved
survival. Infect Dis Clin N Am 2005; 19:713-729.

22. Aurpibul L, Puthanakit T, Lee B et al. Lipodystro-
phy and metabolic changes in HIV infected children on
non- nucleoside reverse transcriptase inhibitor based
antiretroviral therapy. Antiviral therapy2007;12:1247-
1254.

23. Nolan D, John M, Mallal S et al. Antiretoviral thera-
py and the lipodystrophysyndrome, part 2: concepts in
aetiopathogenesis. Antiviral therapy 2001;6:145-160.

African Health sciences Vol 14 No. 2 June 2014

24. Power R, Tate HL,McGill SM, Taylor C. A qualita-
tive study of the psychosocial implications of lipodys-
trophy syndrome on HIV positive individuals. Sexual
transmit infect.2003;79:137-141.

25. Desai N, Mullen P, Mathur M et al. lipodystrophy in
pediatric HIV. Indian ] of Pediatr. 2008;75:351-354.
26. Lee B, Aurpibul L, Sirisanthana V et al. Low preva-
lence of insulin resistance among HIV infected children
receiving non nucleoside reverse transcriptase inhibitor-
based highly active antiretroviral therapy in Thailand.
HIV medicine .2009; 10:72-78.

27. Baril JG, Junod P, LeBlanc R et al. HIV associated
lipodystrophy syndrome: a review of clinical aspects.
Can J infect dis med microbial. 2005; 16 (4):233-243.
28. Kalayanasundaram AP, Jacob SM, Hemlatha S et al.
Prevalence of Lipodystrophy and Dyslipidemia among
Patients with HIV Infection on Generic ART in Rural
South India. Journal of the International Association
of Physicians in AIDS. 2012; 11: 329-334.

29. Griensven JV, Naeyer LD, Mushi T et al. High
prevalence of lipoatrophy among patientson stavudine-
containing first-line antiretroviraltherapy regimens in
Rwanda.Transactions of the Royal Society of Tropical
Medicine and Hygiene. 2007;101:793—798.

30. Sawawiboon N, Wittawatmongkol O, Phongsamart
W etal. Lipodystrophy and reversal of facial lipoatrophy
in perinatally HIV-infected children and adolescents af-
ter discontinuation of stavudine.Int | STD AIDS2012;
23: 497-501.

31. Brambilla P, Bricalli D, Sala N et al. Highly active
antiretroviral treated HIV infected children show fat
distribution changes even in absence of lipodystrophy.
AIDS. 2001, 15: 2415-2422.

32. Musiime V, Cook A, Kayiwa | et al. Anthropometric
measurements and lipid profiles to detect early lipodys-
trophy in antiretroviral therapy experienced HIV infect-
ed children in the CHAPAS-3-Trial. Antiviral Therapy.
2013;10: 3851/IMP2695

33. Kinabo GD, Sprengers M, Msuya L et al. Prevalence
of lipodystrophy in Hiv infected children in Tanzania
on highly active antiretroviral therapy. Pediatr Infect
Dis J. 2013; 32(1): 39-44.

34. Piyola T, Sabrina BK, Kekitiiwa A et al. Lipodystro-
phy among HIV infected children and adolescents on
highly active antiretroviral therapy in Uganda: a crosss
sectional study. | Int AIDS Soc. 2012;15(2): 17427.

35. Innes S, Cotton MF, Haubrich R et al. High preva-
lence of lipoatrophy in pre- pubertal south African chil-

dren on antiretroviral therapy: a cross sectional study.
BMC Pediatr. 2012; 12:183.

413



