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Introduction

Lipoatrophy in human immunodeficiency virus 
(HIV) infected patients is a medical term which 
is used for loss of subcutaneous body fat in the face 
and extremity region1,2. A wide range of lipoatrophy 
prevalence in different studies is a result of subjective 
criteria including personal evaluation of examinees, 
evaluation of physicians, and a variety of methods and 

measurement techniques3. Despite numerous studies, 
objective criteria for the diagnosis of lipoatrophy have 
not yet been established4,5.

The pathogenesis of lipoatrophy within the HIV 
associated lipodystrophy seems to be multifactorial and 
includes antiretroviral therapy (ART) duration and 
drugs used, HIV infection itself, immune response of 
patients, hepatitis C virus coinfection, environmental 
factors (nutrition, physical activity level, smoking), 
as well as genetic and other risk factors (age, gender, 
ethnicity, initial total body fat content). Different 
clinical trials demonstrated the contribution of the 
choice and duration of ART to be the key risk factors 
in the development of body fat changes4,6. Nucleoside 
reverse transcriptase inhibitors (NRTI), especially 
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SUMMARY – The aim of this study was to characterize and compare changes in subcutaneous 
fat in the malar, brachial and crural region in a cohort of HIV-infected patients taking antiretroviral 
therapy. This prospective longitudinal study included 77 patients who were selected from the initial 
cohort evaluated in 2007 and 2008. We examined reversibility of lipoatrophy measured by ultrasound 
over at least five-year period and factors related to its reversibility. All 46 patients who used stavudine 
switched from stavudine to another combination. Of 58 patients on zidovudine, 16 (28%) were on a 
zidovudine based regimen at the second follow up. There was evidence for subcutaneous fat increase 
in the malar area (p<0.001) and no increase in the brachial and crural areas. Patients who were 
smokers and had poor adherence to the Mediterranean diet had a thinner malar area at the follow up 
measurement (p=0.030) and smaller increase in subcutaneous malar fat compared to others (p=0.040). 
Our study suggested that modest increase of subcutaneous fat in malar area coincided with stopping 
stavudine and fewer usage of zidovudine. Lifestyle with non-adherence to the Mediterranean diet and 
smoking were associated with a smaller increase in subcutaneous malar fat.
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thymidine analogs (stavudine and zidovudine) and 
didanosine are connected with lipoatrophy7,8.

Facial and peripheral lipoatrophy is disfiguring, 
has a negative impact on the patient quality of life, 
and may reduce adherence to ART resulting in 
treatment failure9,10. Lipoatrophy identification has 
great influence on HIV infection treatment and 
leads to reevaluation of appropriate time for therapy 
introduction (in particular delay of therapy), as well 
as various modifications in therapy, i.e., switching or 
discontinuing therapy11. 

Ultrasound (US) imaging has the advantage of low 
cost, wide availability, repeatability, safety, and has been 
utilized in quantitative estimation of subcutaneous fat 
loss with encouraging results12. A US investigation 
of lipoatrophy was performed at Dr Fran Mihaljević 
University Hospital for Infectious Diseases (UHID) 
in Zagreb in 2007 and 2008. Our findings suggested 
that US had a potential utility for objectively ruling out 
lipoatrophy in HIV-infected and ART-treated patients2.

The aim of this study was to characterize and 
compare changes in subcutaneous fat over at least five-
year follow up in the malar, brachial and crural region 
by US, in a cohort of HIV-infected patients taking 
ART, who had been evaluated at the UHID, Zagreb, 
in 2007 and 2008.

Material and Methods

Study design

We conducted a prospective longitudinal study to 
compare the reversibility of lipoatrophy measured by 
US over at least five-year period and examined factors 
related to this reversibility.

Study population

Patients were selected from the initial cohort 
evaluated in 2007 and 2008. The US examination took 
place during a routine follow up visit at the UHID, 
Zagreb. Out of the initial cohort of 151 individuals 
seen in the 2007-2008 period, 77 (51%) completed the 
second US examination. 

The study was approved by the UHID Ethics 
Committee (March 22, 2013; No. 01-255-1-2013) 
and all patients provided written informed consent 
prior to enrolment.

All human research procedures were done in 
accordance with the World Medical Association 
Declaration of Helsinki 201313.

Measurements

We used the same US methodology that had been 
used in the first study of lipoatrophy at UHID in 
2007-2008, according to the technique described by 
Martinez et al.2,12. All measurements were performed 
by the same experienced radiologist at the same visit. 
US measurements of subcutaneous fat tissue thickness 
were performed in three anatomic regions, i.e., malar 
(over the right malar bone), brachial (approximately 10 
cm above the right elbow), and crural (approximately 
6 cm above the right lateral malleolus) without 
pressing the US probe upon the underlying skin. A 
Siemens Sonoline G50 machine (Siemens Medical 
Solition, Malvern, PA, USA) in B mode was used. 
The measurements were done in supine position using 
a linear array probe (10 MHz and 42 mm) from the 
skin-fat (excluding skin) to fat-muscle interfaces where 
electronic calipers were positioned. All measurements 
were taken in triplicate for each anatomic site and then 
averaged. The values were expressed in millimeters12.

Weight was measured with a standard physician’s 
office scale, rounded to the nearest 0.1 kg. Height 
was measured with a wall-mounted stadiometer and 
rounded to the nearest 0.1 cm.

A 14-point food-item questionnaire developed 
by Babio et al.14 was used to assess adherence to the 
traditional Mediterranean diet. A score less than 5 was 
considered as poor adherence to the Mediterranean 
diet. Additional data including medication history for 
each patient were extracted from medical records.

We determined plasma HIV viral load with 
commercially available assays (COBAS Amplicor 
HIV-1 Monitor Test, version 1.5 [Roche Diagnostic 
Systems, Basel, Switzerland], Abbott RealTime HIV-
1 [Abbott Molecular, Inc., Des Plaines, IL, USA] 
and Roche Cobas TaqMan HIV-1 Version 2.0). We 
measured absolute CD4 T-cell counts (cells/mm3) 
using Flow Count Fluorospheres (Beckman Coulter, 
Fullerton, CA, USA). Four-color flow cytometry was 
performed using a Cytomics FC500 flow cytometer 
(Beckman Coulter).

Statistical analysis

The primary outcome variables were change in the 
subcutaneous fat thickness in the malar, brachial and 
crural region. The following explanatory variables for 
the association of subcutaneous malar fat thickness 
differences between two measurements were examined: 



age, sex, type of diet (better versus worse adherence to 
the Mediterranean diet), and smoking. Descriptive 
statistics was used for all variables analyzed. The 
correlation of fat tissue thickness differences between 
the two measurements according to sex, adherence to 
the Mediterranean diet and smoking was tested by 
Student’s t-test if the condition of homogeneity of 
the variance was met. If this condition was not met, 
the nonparametric Mann Whitney test was used. 
The correlation of fat tissue thickness differences 
between the two measurements with age and age 
difference between the two measurements was tested 
by Pearson’s correlation coefficient and its significance. 
The Wilcoxon signed-rank test was used to compare 
measurements at two time points. In all statistical 
tests, statistical significance was set at p<0.05. 

The analysis was done using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA) and StatSoft, Inc. 
(2007) and STATISTICA (data analysis software 
system) version 8.0 (TIBCO Software Inc., Palo Alto, 
CA, USA).

Results

Main characteristics of study patients

A total of 77 subjects completed the study. There 
were 51 (79%) men and 16 (21%) women. The main 
characteristics of study patients are presented in Table 
1. The majority of subjects were men (79%). Median 
age at the time of HIV diagnosis confirmation was 38.1 
years and median duration of HIV infection at the first 
visit was approximately 5 years. The patient median 
age at the first visit was 43.4 years and at the second 
visit 50.4 years, with median time between the first 
and second visit of almost 7 years. The most frequent 
way of HIV infection transmission was unprotected 
sex between men (51%), followed by heterosexual sex 
(43%), and a small proportion of transmission by drug 
injection (3%) or an unknown way (4%).

Subcutaneous fat tissue changes

Comparison of subcutaneous fat tissue thickness in 
the malar, brachial and crural region measured by US 
at two time points is displayed in Figure 1.

There was a statistically significant increase in 
the median value of malar subcutaneous fat in the 
patients measured at the follow up visit (p<0.001), 
while the increase was not statistically significant in 
the brachial region (p=0.498). In the crural region, 

subcutaneous fat was thinner at the follow up visit, 
however, the difference was not statistically significant 
(p=0.068).

Antiretroviral therapy history

Out of 77 patients, stavudine was ever used in 46 
(60%), zidovudine in 58 (75%), efavirenz in 50 (65%) and 
protease inhibitor in 55 (71%) patients. Stavudine was 
used for more than 12 months in 29 (38%), zidovudine 
in 50 (65%), efavirenz in 42 (55%) and protease inhibitor 
(lopinavir) in 31 (40%) patients. All 46 patients having 
used stavudine switched from stavudine to another 
combination. The initial switch was to an abacavir 
regimen (n=21), zidovudine-based regimen (n=20) and 
other, or a regimen without any nucleoside analogs (n=5). 
The median time of taking stavudine at the second visit 
was 3564 days (Q1 to Q3 = 2881 to 3913).

Of 58 patients on zidovudine, 16 (28%) were on 
a zidovudine-based regimen at the second follow 
up. Twenty-five (60%) patients were switched to an 
abacavir-containing regimen, 8 were switched to 
a stavudine-based regimen, 7 to a tenofovir-based 
regimen, and two to other regimens. All patients 
switched to stavudine were later switched to another 
regimen. In 42 patients not on zidovudine on the 
second assessment, the median time of the drug use 
was 1964 days (Q1 to Q3 = 1041 to 3258).

Only 8 patients did not have a history of switching 
antiretrovirals. Those 8 patients had a zidovudine-
based regimen. Twenty-five patients had only a switch 
from stavudine, whereas 21 had both a zidovudine 
and stavudine switch. Twenty-one patients had a 
zidovudine switch without a stavudine switch, and 2 
patients had another type of switch (neither stavudine- 
nor zidovudine-based).

 
Subcutaneous fat tissue changes according to explanatory 
variables

There was no correlation between age (r=-0.01-
0.02) or age differences (r=-0.02-0.1) and subcutaneous 
fat thickness differences between two measurements 
in the malar, brachial and crural region. Also, gender 
had no significant impact on subcutaneous fat 
thickness differences between two measurements in 
the malar (p=0.093), brachial (p=0.356) and crural 
(p=0.221) region (Table 2). There was no correlation 
between the subcutaneous fat thickness at follow up 
measurement or subcutaneous fat thickness increase 
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Table 1. Main characteristics of 77 study patients 

Characteristic Median and Q1 to Q3 or 
frequency with percentages n

Age at HIV diagnosis (years) 38.1 (30.8 to 45.9) 77
Age at first visit (years) 43.4 (37.3 to 50.9) 77
Age at follow up visit (years) 50.4 (44.0 to 57.8) 77
Time between first and follow up measurement (days) 2554 (2484 to 2656) 77
Nadir CD4 cell count per mm3 85 (29 to 172) 77
Male gender 61 (79) 77
BMI (kg/m2) 24.2 (22.3 do 26.0) 77
Known duration of HIV infection at first visit (days) 1846 (1051 to 2971) 77
Had clinical AIDS 34 (44) 77
Transmission risk:
Men who have sex with men
Heterosexual
People who inject drugs
Unknown

39 (51)
33 (43)
2 (3)
3 (4)

77

CD4 cell count at first visit per mm3 459 (348 to 579) 77
CD4 cell count at follow up visit per mm3 637 (464 to 869) 43
<50 copies of HIV-1 RNA per mL at first visit 73 (95) 77
<200 copies of HIV-1 RNA per mL at first visit 76 (99) 77
<50 copies of HIV-1 RNA per mL at follow up visit 71 (92) 77
<200 copies of HIV-1 RNA per mL at follow up visit 74 (96) 77

Results expressed as frequencies with proportions or median with first or third quartile (Q1, Q3); BMI = body mass index; HIV = human 
immunodeficiency virus; AIDS = acquired immunodeficiency syndrome 

Table 2. Effect of gender, smoking and adherence to the Mediterranean diet on the gain/loss of subcutaneous fat (all 
patients stopped stavudine therapy)

Variable

Difference, 
malar (mm)
Median 
(Q1 to Q3)

p-value***

Difference, 
brachial (mm)
Median (Q1 to 
Q3)

p-value****

Difference, 
crural (mm)
Median 
(Q1 to Q3)

p-value**** n

Gender:

0.093 0.356 0.221 Male  2.5 
(0.6-4.8)

0.1 
(-1.7-1.3)

-0.5 
(-1.5-0.6) 61

 Female  4.1 
(3.6-6.8)

-0.55 
(-3.4-1.6)

0.3 
(-1.05-1.7) 16

Adherence to Mediterranean 
diet and smoking

0.040 0.200 0.463Current smoking and low 
adherence* 

1.5 
(0.1-3.3)

0.9 
(-0.55-2.1)

0 
(-0.8-0.65) 12

 Other** 3.7 
(1.9-6.5)

0 
(-2.5-1.3)

-0.40 
(-2.0-0.9) 47

*Low adherence to the Mediterranean diet, score less than 5; **included non-smokers with any adherence to the Mediterranean diet and 
smokers with good adherence to the Mediterranean diet; ***Student’s t-test; ****Mann Whitney test



Fig. 1. Subcutaneous fat tissue thickness in malar (A), 
brachial (B) and crural (C) region at the first and follow up 
visit measured by ultrasound. Horizontal line represents 
the median. There was a statistically significant difference 
between the two visits in the malar (p<0.001) but not in 
the brachial (p=0.498) and crural (p=0.068) region. 

Q1 = first quartile; Q3 = third quartile; Wilcoxon signed-rank test

between two measurements and Mediterranean diet 
score. However, patients who were smokers and had 
poor adherence to the Mediterranean diet had a 
statistically significantly thinner subcutaneous fat in 
malar region at the follow up measurement (median 
4.3 mm versus 6.8 mm; p=0.030, Mann Whitney test). 
Patients who were smokers and had poor adherence to 

the Mediterranean diet had a statistically significantly 
smaller increase in subcutaneous malar fat thickness 
compared to others (p= 0.040) (Table 2). 

Discussion

We performed US measurements of the malar, 
brachial and crural area at two time points, i.e., at 
average (median) 7-year follow up interval. There was 
evidence for increase in the subcutaneous malar and no 
increase in the brachial and crural area. This increase 
coincided with discontinuing stavudine and fewer 
patients receiving zidovudine. However, the increase 
in the malar area was modest, 3.8 mm on average over 
the 7-year period. Antiretroviral drug modifications 
were frequent in Croatia. One of the reasons were 
high toxicity rates, which also included lipoatrophy15. 
Several studies showed that switching of stavudine and 
zidovudine led to recovery of lipoatrophy. Results of 
the Trial to Assess the Regression of Hyperlactatemia 
and to Evaluate the Regression of Established 
Lipodystrophy-GlaxoSmithKline protocol ESS40010 
(TARHEEL) showed that replacing stavudine with 
abacavir or zidovudine resulted in improvement in 
stavudine-induced lipoatrophy16. Results of a ‘body 
image’ questionnaire showed that a substantial 
percentage of patients reported some or a lot of 
fat gain in the arms, legs, buttocks and face16. The 
Mitochondrial Toxicity (MITOX) Study Group 
found that switching from stavudine or zidovudine to 
abacavir for 24 weeks led to significant, albeit modest, 
objectively measured (by computer tomography) 
increases in limb fat. They also found that deficit 
in limb fat declined over time17. The Research in 
Computational Molecular Biology (RECOMB) study 
showed that switching from a zidovudine/lamivudine 
to a tenofovir/emtricitabine-based regimen led to a 
statistically significant improvement in limb fat, in 
contrast to the progressive loss of limb fat in subjects 
continuing zidovudine/lamivudine assessed by dual 
energy x-ray absorptiometry (DEXA) over a 72-week 
period18. Martinez et al. found that switching  from 
zidovudine/lamivudine to emtricitabine/tenofovir 
led to improvement in the fat-mass ratio (FMR), 
compared with progressive worsening of FMR in 
subjects receiving zidovudine/lamivudine. FMR was 
assessed by DEXA for a period of 72 weeks19. Unlike 
these studies, we did not find a significant increase of 
subcutaneous fat in the arms and legs but only in the 
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face. However, our study had a much longer follow up 
than randomized trials.

In our study, lifestyle with non-adherence to the 
Mediterranean diet and smoking were associated with 
a smaller increase in subcutaneous malar fat. There was 
no correlation between the thickness or differences in 
thickness and Mediterranean diet score by itself. This 
is in concordance with the results of the cross-sectional 
study conducted at UHID in Zagreb in 2004 and 
2005, which showed that the risk of lipoatrophy was 
lowest in patients who did not smoke and were at least 
moderately adherent to Mediterranean diet. In that 
study, there was no correlation between lipoatrophy 
and Mediterranean diet score by itself either20. There 
are not many studies that investigated the relationship 
of lipoatrophy with dietary intake and smoking 
in HIV-infected patients. An Australian cross-
sectional study did not show relationship between 
lipodystrophy and saturated fat or total fat intake in 
patients on ART. In that study, body composition 
was measured by DEXA21. Hadigan et al. found that 
HIV-infected men had similar dietary habits and did 
not differ from one another in total energy intake or 
macronutrient composition regardless of the presence 
of fat redistribution22. Forrester and Gorbach report 
that Hispanic HIV-infected men who smoke had less 
total fat, less trunk fat, and more appendicular fat than 
nonsmokers, as measured by DEXA23.

Gender had no significant impact on subcutaneous 
fat thickness differences between two measurements in 
our study. Neither Grenha et al. found an association 
of gender, age and BMI with lipodystrophy24. We also 
found no correlation between age or age differences 
and subcutaneous fat thickness between two 
measurements.

Since all patients included in our study had 
discontinued treatment with stavudine, we can 
conclude that the benefits of this stopping were greater 
in patients who did not smoke and had any or good 
adherence to the Mediterranean diet because they 
had greater subcutaneous fat thickness increase in the 
malar region.

The main limitation of our study was the number 
of patients who presented for follow up measurement. 
Out of the initial cohort of 151 individuals seen on 
first examination, only 77 completed the second US 
examination. We investigated the effect of stavudine 
and zidovudine switching on subcutaneous fat tissue 
thickness differences, but it was not done in a real-

world situation. So, in some patients stavudine was 
switched to zidovudine and vice versa (patients 
switched to stavudine were later switched to another 
regimen). Hence, the exact contribution of many 
different drugs and drug combinations could not be 
assessed in a relatively small sample. Additionally, 
adherence to the Mediterranean diet and smoking 
were evaluated only at the follow up visit. Nevertheless, 
our study determined differences in the distribution 
of subcutaneous fat tissue in the same subjects over 
a long follow up time (at least five years) in a real-life 
situation and assessed these differences with certain 
risk factors.

Conclusion

In a population of HIV-infected patients highly 
treated with stavudine and zidovudine and followed 
up for at least five years by US, there was an increase 
of fat tissue in the malar area, but not in the brachial 
and crural area. These changes coincided with stopping 
stavudine use and fewer zidovudine usages. A lifestyle 
with non-adherence to the Mediterranean diet and 
smoking were associated with a smaller increase in 
subcutaneous malar fat. There was no increase in 
subcutaneous fat in the crural and brachial area. Our 
study highlighted the very slow or no reversibility of 
established lipoatrophy and underlined the possible 
contribution of smoking and non-adherence to the 
Mediterranean diet to the lack of subcutaneous fat 
gain.
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Sažetak

REVERZIBILNOST LIPOATROFIJE U HIV-om ZARAŽENIH BOLESNIKA NA ANTIRETROVIRUSNOJ 
TERAPIJI: KOHORTNA STUDIJA S ULTRAZVUČNIM PRAĆENJEM 

A. Šoštarić Zadro, K. Višković i J. Begovac

Cilj ovog istraživanja bio je okarakterizirati i usporediti promjene potkožnog masnog tkiva na licu, nadlaktici 
i potkoljenici u skupini HIV-om zaraženih bolesnika koji uzimaju antiretrovirusne lijekove. Radi se o prospektivnoj 
longitudinalnoj studiji u koju je bilo uključeno 77 bolesnika koji su odabrani iz početne kohorte koja je evaluirana 2007. 
i 2008. godine. Istraživali smo reverzibilnost lipoatrofije mjerene ultrazvukom u razdoblju od najmanje pet godina i 
čimbenike povezane s tom reverzibilnošću. Kod svih 46 bolesnika koji su uzimali stavudin on je zamijenjen nekom drugom 
kombinacijom lijekova. Od 58 bolesnika koji su uzimali zidovudin 16 (28%) ih je uzimalo kombinacije temeljene na 
zidovudinu kod kontrolnog mjerenja. Dokazan je porast potkožne masti na licu (p<0,001), dok na nadlaktici i potkoljenici 
nije bilo porasta. Bolesnici koji su bili pušači i slabo su se pridržavali mediteranske dijete imali su tanje potkožno masno 
tkivo na licu kod kontrolnog mjerenja (p=0,030), kao i manji porast potkožne masti na licu u usporedbi s ostalima 
(p=0,040). Naše istraživanje upućuje na to da se blaži porast potkožne masti na licu podudara s prestankom uzimanja 
stavudina i manjim uzimanjem zidovudina. Način života uz nepridržavanje mediteranske dijete i pušenje bio je povezan s 
manjim porastom potkožne masti na licu.

Ključne riječi: Lipoatrofija; Antiretrovirusni lijekovi; Ultrazvuk; Mediteranska dijeta
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