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Abstract This is an 8-year cohort study of 24 HIV-infected
patients aged 5–17 years to assess body composition and
metabolic changes after switching from lamivudine + stav-
udine (d4T) + protease inhibitors (PI) to lamivudine +
tenofovir (TDF) + efavirenz (EFV). Body composition (du-
al-energy X-ray absorptiometry) and cholesterol, high-
density lipoprotein (HDL) cholesterol, low-density lipopro-
tein (LDL) cholesterol, triglycerides, glucose and insulin
were measured annually. Linear mixed models and general-
ized linear mixed models were used to evaluate time
changes of the outcome of interest. Body mass index in-
creased linearly by 0.3 kg/m2/year (p<0.001); waist circum-
ference increased non-linearly from 68 to 74 cm (p=0.004
for the linear term and p=0.04 for the quadratic term).
Percent body fat, percent trunk fat and percent bone mineral
content increased linearly by 0.6 %/year (p=0.005),
1.2 %/year (p<0.001) and 0.02 %/year (p=0.04), respec-
tively. Percent arm fat remained stable (p=0.5), and percent

leg fat decreased linearly by 1.2 %/year (p<0.001). The
probability of low HDL was 0.2 % at baseline and remained
stable during the study. The probability of high triglycerides
was 3 % at baseline and increased linearly to become 11 %
at the 8th year of follow-up (p=ns). The probability of high
glucose was 1 % for the whole study duration. Conclusions:
patients, after switching from d4T to TDF and from PI to
EFV, show most of the changes in anthropometry and body
composition associated with normal growth and no frankly
pathological change in metabolic parameters.
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Introduction

The degree to which body composition and metabolic abnor-
malities occur in HIV-infected paediatric patients is still a
matter of debate. The lipodystrophy syndrome (LS), charac-
terized by altered body fat distribution and metabolic distur-
bances, has been associated with antiretroviral (ARV)
treatment in HIV-infected children [2, 7, 8, 32]. A recent
cross-sectional study reported lower values of body mass
index (BMI) and body fat in HIV-infected children as com-
pared to control children [14]. Another cross-sectional study
of HIV-infected children with extensive ARV treatment
reported lower height, weight and limb fat as compared to
controls [1]. The same study reported also a high frequency of
lipid and glucose abnormalities among subjects treated with
protease inhibitors (PI) [1]. A recent multicenter study showed
that LS was present in nearly half of HIV-infected children
with long-term ARV [8]. LS was associated with the use of
stavudine (d4T) and ritonavir (RTV), white ethnicity and BMI
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[26]. Several adult studies reported the beneficial effect of
switching from thymidine nucleoside to abacavir (ABC) or
tenofovir (TDF) on peripheral lipoatrophy [5, 15, 18, 24]. In
our study of HIV-infected lipoatrophic children, replacing d4T
with TDF and PI with efavirenz (EFV) for 1.8 years was
associated with a restoration of physiological fat accrual and
better lipid profile [36, 37].

Perinatally HIV-infected patients have lower bone mass
as compared to healthy peers [23]. Use of PIs is associated
with lower bone mass [25, 33, 41], and the same is true for
d4T, especially when used in association with RTV [41].
Some studies reported a decrease in bone mass after
switching to a TDF-containing regimen [11, 30, 33], while
other studies did not report any detrimental effect on skeletal
health [6, 13, 38].

The aim of the present study was to describe the long-
term (8-year) changes in growth, fat content and distribu-
tion, bone mass and metabolic parameters occurring in a
series of 24 HIV-infected children who were switched from
d4T to TDF and from PI to EFV.

Materials and methods

Study design

This is an 8-year cohort study of 24 HIV-infected Caucasian
children and adolescents. At baseline, all enrolled patients
were switched from d4T to TDF and from PI to EFV. We
have previously reported data on these patients at 1.8 years
after the switch [37]. The enrolment of patients began on
April 2004, and it was completed by the end of November
2004. Anthropometry, body composition, immunological
function and laboratory parameters were evaluated annually
for eight consecutive years. Anthropometry and body com-
position measurements were always performed on the same
day. The study was approved by the ethical committee of the
Luigi Sacco Hospital, and informed consent was obtained
from the legal guardians of the patients or the patients
themselves if 18 years and older.

Study population

The recruitment of patients was performed at the Pediatric
Clinic of the Luigi Sacco Hospital (Milan University, Milan,
Italy). Inclusion criteria were: (1) vertical HIV infection; (2)
treatment with HAARTcontaining d4T, lamivudine and PI; (3)
HIV RNA levels <50 cp/mL for at least 48 weeks before the
study; (4) HIV RNA levels <50 cp/mL on two random de-
terminations in the month prior to the study. Exclusion criteria
were: (1) presence of AIDS-defining condition in the 48 weeks
before the study and (2) previous treatment with non-
nucleoside reverse transcriptase inhibitors (NNRTIs) or TDF.

Anthropometry

Body weight and height were measured following inter-
national guidelines [17]. Waist circumference was mea-
sured at the midpoint between the last rib and the iliac
crest. High waist circumference was defined as a waist
≥90th percentile for age and gender using European–
American growth charts [9, 40]. BMI was calculated as
weight (in kilogram)/height (in metre)2. Standard devia-
tion scores (SDS) of BMI were calculated using Italian
growth charts [4]. Anthropometric measurements were
performed by the same physician (SS) for the whole
duration of the study. Pubertal status was evaluated by
the same physician (SS) using Tanner’s criteria [35].

Body composition

Total (without head) and appendicular (arms, legs and trunk)
body composition was measured by the same physician
(SM) using a dual-energy X-ray absorptiometry (DXA)
scanner equipped with version 12 of paediatric software
(Lunar Prodigy, GE-Lunar Radiation Corporation, WI,
USA). The DXA scanner was calibrated daily following
the manufacturer’s directions. The three-compartment
DXA model separates body mass into lean tissue mass
(LTM), fat mass (FM) and bone mineral content (BMC)
[28]. The precision of the DXA scanner in children as
measured in our laboratory is 1.5 % for BMC, 0.7 % for
FM and 0.9 % for LTM. We calculated percent body fat
(PBF) as FM/body mass, percent arm fat (PAF) as arm fat
(both arms)/FM, percent leg fat (PLF) as leg fat (both
legs)/FM, percent trunk fat (PTF) as trunk fat/FM and per-
cent bone mass (PBM) as BMC/body mass.

Immunological function

Total and percent CD4 T cells were measured in fresh blood
samples using single-platform flow cytometry (Cytotron
Absolute Cytometer, Ortho Cytometry, NJ, USA) and
Immunocount II software (UK NEQAS, Watford, UK).
CD4 T cells were identified using two combinations of
directly labelled monoclonal antibodies (CD3/CD19/CD16
and CD3/CD4/CD8). HIV RNA was measured with the
Quantiplex bDNA assay version 3.0 (Bayer Diagnostics,
MA, USA) with a lower limit of detection of 50 cp/mL until
2009 and one of 37 cp/mL thereafter.

Laboratory measurements

Fasting serum cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, tri-
glycerides and glucose were measured using standard labo-
ratory methods. Low HDL cholesterol was defined as HDL
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<40 mg/dL in subjects aged less than 16 years and as HDL
<40 and <50 mg/dL, respectively, in males and females aged
16 years or more [40]. High triglycerides were defined as
triglycerides ≥150 mg/dL [39]. High glucose was defined as
fasting glucose ≥100 mg/dL [40]. Fasting serum insulin was
measured using a chemoluminescence immunometric assay
(Immunolite 2000, Medical Systems, Genoa, Italy). The
homeostasis model assessment (HOMA) was used as surro-
gate marker of insulin resistance [39].

Statistical analysis

Descriptive statistics of continuous variables are reported as
means and standard deviations or confidence intervals (CI).
Robust CIs were used to describe the continuous variables
which had been estimated from the linear mixed model
(LMM) used to evaluate time changes (see below).
Categorical variables are reported as numbers or percentages.
The changes in time of the continuous variables of interest
(BMI, waist, PBF, PAF, PLF, PTF, PBM, total CD4, percent
CD4, cholesterol, HDL, LDL, triglycerides, glucose, insulin
and HOMA) were evaluated using a LMM employing: (1) the
variable of interest (continuous) as response variable; (2) time
(continuous, years), gender (discrete: 0=female; 1=male) and
age at baseline (continuous, years) as predictors and; (3) the
patient as random effect [10, 31]. The effect of baseline age
and gender was controlled for because they are important
predictors of body composition [3]. The changes in time of
the dichotomous variables of interest (large waist, low HDL,
high triglycerides, high glucose) [39] were evaluated using a
generalized linear mixed model (GLMM) employing: (1) the
variable of interest (dichotomous) as response variable, (2)
time (continuous, years) as predictors, (3) a Bernoulli family
with a log link and (4) the patient as random effect [10, 31].
Quadratic powers of age and time were evaluated to test the
existence of non-linear relationships with continuous predic-
tors. Robust 95 % CIs were always calculated. The
LMM/GLMM is robust to missing data provided that
missingness is random (MAR) [10].

Results

Baseline measurements

The baseline and final measurements of the 24 study pa-
tients are given in Table 1. These values were obtained from
the LMM and are corrected for age at baseline and gender
and missing data.

All the patients were Caucasians. They were aged from 5
to 17 years and were equally distributed between sexes.
They had a good immune status as detected by high values
of total and percent CD4 T cells.

Changes in clinical status

Fifteen patients performed all yearly visits, four performed
all visits with the exception of the last one and five lost one
visit at the 3rd, 4th or 6th year. Because of this pattern of
missingness and the lack of a clear association with the
treatment, we assumed that data were MAR. All patients
remained clinically stable, and no AIDS-defining events
occurred during the 8-year follow-up.

Changes in anthropometry and body composition

Figure 1 plots the changes in anthropometry and body
composition that occurred during the 8-year follow-up. All
the values are corrected for age at enrolment and sex using
the LMM described under statistical analysis.

Mean (95 % CI) BMI was 18.9 (17.9 to 19.8)kg/m2

at baseline and increased linearly by 0.3 (0.2 to 0.5)
kg/m2/year (p<0.001). Waist circumference increased
non-linearly from 68 (65 to 70)cm at baseline to 74
(67 to 80)cm at 8 years of follow-up (p=0.004 for
linear term and p=0.04 for quadratic term).

PBF was 16.2 (13.4 to 19.0)% at baseline and in-
creased linearly by 0.6 (0.2 to 1.0)%/year (p=0.005);
PAF was 8.1 (7.5 to 8.6)% at baseline and remained
stable during the study (p=0.5); PLF was 42.8 (39.6 to
45.8)% at baseline and decreased linearly by 1.1 (1.5 to
0.7)%/year (p<0.001); PTF was 49.1 (46.2 to 52.1)% at
baseline and increased linearly by 1.2 (0.6 to
1.6)%/year (p<0.001); lastly, PBM was 4.1 (3.8 to
4.2)% at baseline and increased linearly by 0.02
(0.0006 to 0.05)%/year (p=0.04).

Changes in immunological function

Figure 2 plots the immunological changes that occurred
during the 8-year follow-up. (All values are corrected
for age at enrolment and sex using the GLM described
under statistical analysis). The mean number of
CD4 cells at baseline was 846 (95 % CI 739 to 953)
cells/mm3 and remained stable during the 8-year
follow-up (p=0.3). There was, however, a linear in-
crease of the percentage of CD4 T cells of 0.5 (0.2
to 0.8)%/year from the baseline value of 36 (33 to
37)% (p<0.001). HIV RNA was undetectable in all
subjects at all time points.

Changes in laboratory measurements

Figure 2 plots the changes in laboratory parameters that
occurred during the 8-year follow-up. (All values are
corrected for age at enrolment and sex using the GLM
described under statistical analysis). Cholesterol was 158
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(95 % CI 152 to 163)mg/dL at baseline and increased
linearly by 2 (0.8 to 3.1) mg/dL/year (p<0.001). HDL
decreased non-linearly from 60 (55 to 64)mg/dL at baseline
to 56 (51 to 60)mg/dL at 8 years (p=0.08 for the linear term
and p=0.04 for the quadratic term). LDL increased non-
linearly from 87 (79 to 95)mg/dL at baseline to 99 (90 to
109)mg/dL at 8 years of follow-up (p=0.01 for the linear term
and p=0.01 for the quadratic term). Triglycerides were 69 (62
to 65)mg/dL at baseline and increased linearly by 4 (2 to 6)
mg/dL/year (p<0.001). Glucose decreased non-linearly from
87 (84 to 89)mg/dL at baseline to 82 (78 to 84)mg/dL at
8 years (p<0.001 for the linear term and p=0.003 for the

quadratic term). Insulin was 8 (6 to 11)μU/mL at baseline
and decreased linearly by 0.3 (0.6 to −0.4)μU/L/year (p=
0.02). HOMA was 1.8 (1.1 to 2.4)units at baseline and de-
creased linearly by 0.08 (0.14 to −0.02)units/year (p=0.009).

As estimated from the GLMM, the probability of a large
WC was 1 % at baseline, reached a maximum of 11 % at
5 years and virtually returned to the baseline level (2 %) at
the 8th year (p=0.01 for the linear term and p=0.04 for the
quadratic term). The probability of low HDL was 2 % at
baseline and remained stable during the study (p=0.9). The
probability of high triglycerides was 3 % at baseline and
increased linearly to become 11 % at the 8th year of follow-

Table 1 Measurements of the
children at the enrolment
into the study

NA not available, lt linear term
of time, qt quadratic term of time
aThe p value corresponds to the
effect of time in the linear or
generalized linear mixed models
employed for analysis (see text
and figures for details)
bValues are means and confi-
dence intervals for continuous
variables and percentages for di-
chotomous variables and were
estimated from linear or general-
ized linear mixed models
cAvailable only for subjects aged
≤20 years

Baseline 8-year follow-up p valuea

N 24 20 NA

Age (years) (50th, 25th, 75th percentiles) 12 (9, 16) 20 (17, 25) NA

Pubertal stage (Tanner) NA

Prepubertal (%) 33.3 0.0

Early pubertal (%) 66.7 0.0

Late pubertal (%) 0.0 100.0

CDC clinical stage NA

Class A+N (%) 37.5 ?

Class B+C (%) 62.5 ?

BMI (kg/m2)b 18.9 (17.9 to 19.8) 21.0 (19.8 to 22.3) <0.001

BMI (SDS)b,c −0.2 (−0.5 to 0.2) 0.6 (0.1 to 1.1) <0.001

Waist circumference (cm)b 68 (65 to 70) 74 (67 to 80) 0.004 (lt)

0.04 (qt)

Percent body fat (%)b 16.2 (13.4 to 19.0) 20.6 (17.5 to 23.7) 0.005

Percent arm fat (%)b 8.1 (7.5 to 8.6) 7.8 (6.9 to 8.6) 0.5

Percent leg fat (%)b 42.8 (39.6 to 45.8) 35.0 (31.7 to 38.2) <0.001

Percent trunk fat (%)b 49.1 (46.2 to 52.1) 57.2 (53.7 to 60.7) <0.001

Percent bone mineral content (%)b 4.1 (3.8 to 4.2) 4.2 (4.0 to 4.4) 0.04

CD4 T cellsb 846 (739 to 953) 792 (683 to 901) 0.3

Percent CD4 T cellsb 36 (33 to 37) 39 (37 to 41) <0.001

Cholesterol (mg/dL)b 158 (152 to 163) 171 (163 to 179) <0.001

HDL cholesterol (mg/dL)b 60 (55 to 64) 56 (51 to 60) p=0.08 (lt)

p=0.04 (qt)

LDL-cholesterol (mg/dL)b 87 (79 to 95) 99 (90 to 109) p=0.01

p=0.01

Triglycerides (mg/dL)b 69 (62 to 75) 97 (80 to 115) <0.001

Glucose (mg/dL)b 87 (84 to 89) 82 (78 to 84) p<0.001 (lt)

p=0.03 (qt)

Insulin(μU/mL)b 8 (6 to 11) 6 (0.8 to 1.6) 0.02

HOMAb 1.8 (0.3) 1.2 (0.2) 0.009

Large waist circumference (%)b 1.0 2.0 0.01

0.04

Low HDL cholesterol (%)b 2.0 2.0 0.9

High triglycerides (%)b 3.0 11.0 0.2

High glucose (%)b 1.0 1.0 0.2
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up even if the change was not statistically significant owing
to the low number of subjects relative to events (p=0.2).

The probability of high glucose equal to 1 % for the whole
study duration (p=0.2).

Fig 1 Changes in anthropometry and body composition during the study (mixed linear regression model). BMI body mass index, PBF percent
body fat, PAF percent arm fat, PLF percent leg fat, PTF percent trunk fat, PBM percent bone mineral mass

Fig 2 Changes in immunological and laboratory parameters during the
study (mixed linear regression model). CD4 CD4 T cells, CH total
cholesterol, HDL HDL cholesterol, LDL LDL cholesterol, TG

triglycerides, GLU glucose, INS insulin, HOMA homeostasis model
assessment of insulin resistance
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Discussion

We reported the 8-year changes in anthropometry, body fat
distribution, bone mass and metabolic parameters, which
occurred in HIV-infected children after switching from
d4T to TDF and from PI to EFV.

The lipoatrophic-inducing effect of d4T has been
reported by both adult and paediatric studies. d4T-associated
lipoatrophy improves after replacement of d4T by either
ABC or zidovudine (ZDV) [21, 29]. In lipoatrophic HIV-
infected adults with extensive ARV therapy, switching from
a nucleoside reverse transcriptase inhibitor (NRTI, d4T or
ZDV) to ABC improved peripheral lipoatrophy [5].
However, limb fat mass had increased only by about 11 %
at 6 months, and it was suggested that at this rate, it might
take five or more years for limb fat mass to return to normal
[5]. A partial remission of lipoatrophy was also reported in
HIV-infected adults after switching from a thymidine ana-
logue to ABC [18]. HIV-infected children treated with d4T
have lower fat in the limbs and higher fat in the trunk [14],
and both d4T and RTV have been recently reported to be
risk factors for paediatric LS [26]. We previously reported
that lipoatrophic children have a restoration of physiological
fat accrual 1.8 years after switching from d4T to TDF and
from PI to EFV [37]. In the present study, we showed no
frankly pathological change in total and appendicular body
fatness 8 years after a switch from d4T to TDF and from PI
to EFV. It is possible that the good control of viral replica-
tion observed during the study and a generally greater
ability of HIV-infected children to recover as compared to
adults may partly explain our findings, which are based on
the longest available follow-up.

The use of TDF has been associated with a marked
reduction of bone mineral density in HIV-infected adults,
especially during the first months of treatment [12, 34].
Paediatric data are, however, conflicting. Some studies re-
port in fact a marked reduction of bone mass following
treatment with TDF [11, 30, 33]. Other studies have, how-
ever, shown that TDF has no detrimental effect on skeletal
health [6, 13, 38]. In the present study, the use of TDF was
not associated with pathological bone mass changes. We
observed that PBM increased linearly of 0.02 (0.01)%/year,
but the changes were below the error value of the technique
for bone mineral measurements. The finding further under-
lines that switching to TDF does not harm bone mineral
composition, and this may be partially dependent upon the
good immune recovery shown by our patients for the whole
study duration.

Switching from PI to NNRTI is an effective strategy for
controlling hyperlipidemia [19, 27]. A robust and sustained
reduction in LDL cholesterol and triglycerides has been
reported in HIV-infected adults after the substitution of
d4T with TDF [16]. Even if both d4T dose reduction and

switching to TDF were associated to decrease in plasma
lipids, significant changes were apparent only among the
patients who had switched from d4T to TDF [22]. The
replacement of PI with EFV was associated with a decrease
of LDL cholesterol and triglycerides [20]. Our experience
confirms that switching from d4T to TDF and from PIs with
EFV is associated with an improvement in lipid profile [36].
In the present study, the metabolic abnormalities were very
few and of doubtful clinical relevance. Waist circumference
was highest at the mid of the study, but the number of
children with high waist was similar at baseline and 8-year
visits (1 vs 2%). Low HDL and high glucose were very
uncommon (<1 %) for the whole study duration. Although
there was a trend for increasing triglycerides, the probability
of high triglycerides was only 11 % at 8 years of follow-up.

Although this study is the longest performed to date, it is
not without limitations. First, our cohort was small (n=24),
as is to be expected from a single-centre study. However, the
power to model the continuous outcome–time relationships
was substantial owing to the large number of time points.
Moreover, very few patients missed a follow-up visit, and
none was lost to follow-up. Nevertheless, due to the small
number of subjects included in the study, some metabolic
effects may have not been detected. Second, the lack of a
control group, dictated by ethical reasons as DXA exposes
to ionizing radiation, impeded us to contrast the changes in
body composition of our patients to those of control chil-
dren. The lack of a control group prevented us to correctly
evaluate the modest percentage leg fat decrease observed
during the study period.

In conclusion, replacing PI with EFV and d4T with TDF
appears to be a successful treatment option in HIV-infected
paediatric patients. Such strategy allows for continued viro-
logical suppression and maintenance of immune recovery
and is not associated with frankly pathological abnormalities
of body composition and metabolism.

Acknowledgments The authors declare that they have no conflict of
interest.

References

1. Aldrovandi GM, Lindsey JC, Jacobson DL et al (2009)
Morphologic and metabolic abnormalities in vertically HIV-
infected children and youth. AIDS 23:661–672

2. Beregszaszi M, Dollfus C, Levine M et al (2005) Longitudinal
evaluation and risk factors of lipodystrophy and associated meta-
bolic changes in HIV-infected children. J Acquir Immune Defic
Syndr 40:161–168

3. Brambilla P, Bedogni G, Heo M et al (2013) Waist circumference-
to-height ratio predicts adiposity better than body mass index in
children and adolescents. Int J Obes (London). doi:10.1038/
ijo.2013.32

1094 Eur J Pediatr (2013) 172:1089–1096

http://dx.doi.org/10.1038/ijo.2013.32
http://dx.doi.org/10.1038/ijo.2013.32


4. Cacciari E, Milani S, Balsamo A et al (2006) Italian cross-sectional
growth charts for height, weight and BMI (2 to 20 years). J
Endocrinol Invest 29:581–593

5. Carr A, Workman C, Smith DE, Mitochondrial Toxicity (MITOX)
Study Group et al (2002) Abacavir substitution for nucleoside
analogs in patients with HIV lipoatrophy: a randomized trial.
JAMA 288:207–215

6. Della Negra M, de Carvalho AP, de Aquino MZ et al (2012) A
randomized study of tenofovir disoproxil fumarate in treatment-
experienced HIV-1 infected adolescents. Pediatr Infect Dis J
31:469–473

7. Ene L, Goetghebuer T, Hainaut M, Peltier A, Toppet V, Levy J
(2007) Prevalence of lipodystrophy in HIV-infected children: a
cross-sectional study. Eur J Pediatr 166:13–21

8. European Paediatric Lipodystrophy Group (2004) Antiretroviral
therapy fat redistribution and hyperlipidaemia in HIV-infected
children in Europe. AIDS 18:1443–1451

9. Fernandez JR, Redden DT, Petroselli A, Allison DB (2004) Waist
circumference percentiles in nationally representative samples of
African-American, European-American, and Mexican-American
children and adolescents. J Pediatr 145:439–444

10. Fitzmaurice GM, Laird NM, Ware JH (2011) Applied longitudinal
analysis. Wiley, Hoboken

11. Gafni RI, Hazra R, Reynolds JC et al (2006) Tenofovir disoproxil
fumarate and an optimized background regimen of antiretroviral
agents as salvage therapy: impact on bone mineral density in HIV-
infected children. Pediatrics 118:e711–718

12. Gallant JE, Staszewski S, Pozniak AL et al (2004) Efficacy and
safety of tenofovir DF vs stavudine in combination therapy in
antiretroviral-naive patients: a 3-year randomized trial. JAMA
292:191–201

13. Giacomet V, Mora S, Martelli L, Merlo M, Sciannamblo M,
Viganò A (2005) A 12-month treatment with tenofovir does not
impair bone mineral accrual in HIV-infected children. J Acquir
Immune Defic Syndr 40:448–450

14. Jacobson DL, Patel K, Siberry GK, for the Pediatric HIV/AIDS
color study et al (2011) Body fat distribution in perinatally HIV-
infected and HIV-exposed but uninfected children in the era of
highly active antiretroviral therapy: outcomes from the Pediatric
HIV/AIDS cohort study. Am J Clin Nutr 94:1485–1495

15. John M, McKinnon EJ, James IR et al (2003) Randomized, con-
trolled, 48-week study of switching stavudine and/or protease in-
hibitors to combivir/abacavir to prevent or reverse lipoatrophy in
HIV-infected patients. J Acquir Immune Defic Syndr 33:29–33

16. Llibre JM, Domingo P, Palacios R, Group L-RS et al (2006)
Sustained improvement of dyslipidaemia in HAART-treated pa-
tients replacing stavudine with tenofovir. AIDS 20:1407–1414

17 . Lohman TG, Roche AF, Mar to re l l R (eds ) (1988)
Anthropometrical standardization reference manual. Human
Kinetics Books, Champaign, pp 55–70

18. Martin A, Smith DE, Carr A, Group MTS et al (2004)
Reversibility of lipoatrophy in HIV-infected patients 2 years after
switching from a thymidine analogue to abacavir: the MITOX
Extension Study. AIDS 18:1029–1036

19. Martinez E, Garcia-Viejo MA, Blanco JL et al (2000) Impact of
switching from human immunodeficiency virus type 1 protease
inhibitors to efavirenz in successfully-treated adults with
lypodistrophy. CID 31:1266–1273

20. McComsey G, Bhumbra N, Ma JF, Rathore M, Alvarez A (2003)
Impact of protease inhibitor substitution with efavirenz in HIV-
infected children: results of the first pediatric switch study.
Pediatrics 111:e275–281

21. McComsey GA, Ward DJ, Hessenthaler SM, for the Trial to Assess
the Regression of Hyperlactatemia and to Evaluate the Regression
of Established Lipodystrophy in HIV-1-positiove Subjects
(TARHEEL; ESS40010) Study Team et al (2004) Improvement

in lipoatrophy associated with Highly Active Antiretroviral
Therapy in Human Immunodeficiency virus-infected patients
switched from stavudine to abacavir or zidovudine. The results
of the TARHEEL Study. Clin Infect Dis 38:263–270

22. Milinkovic A, Martinez E, Lopez S et al (2007) The impact of
reducing stavudine dose versus switching to tenofobir on plasma
lipids, body composition and mitochondrial function in HIV-
infected patients. Antivir Ther 12:407–415

23. Mora S, Zamproni I, Zuccotti G, Viganò A (2010) Pediatric HIV
infection and bone health: an emerging challenge. Front Biosci
(Elite Ed) 2:1265–1274

24. Moyle GJ, Sabin CA, Cartledge J, RAVE (Randomized Abacavir
versus Viread Evaluation) Group UK et al (2006) A randomized
comparative trial of tenofovir DF or abacavir as replacement for a
thymidine analogue in persons with lipoatrophy. AIDS 20:2043–
2050

25. Mulligan K, Harris DR, Emmanuel P et al (2012) Low bone mass
in behaviorally HIV-infected young men on antiretroviral therapy:
Adolescent Trials Network Study 021B. Clin Infect Dis 55:461–
468

26. Naufil A, Cortina-Borja M, Goetghebuer T, Marczynska M,
Vigano A, Thorne C, European Paedia t r ic HIV and
Lipodystrophy Study Group in EuroCoord (2012) Body fat abnor-
mality in HIV-infected children and adolescents living in Europe:
prevalence and risk factors. J Acquir Immune Defic Syndr 59:314–
324

27. Negredo E, Ribalta J, Ferrè R, Salazar J et al (2004) Efavirenz
induces a striking and generalized increase of HDL-cholesterol in
HIV-infected patients. AIDS 18:819–821

28. Pietrobelli A, Formica C, Wang Z, Heymsfield SB (1996) Dual-
energy X-ray absorptiometry body composition model: review of
physical concepts. Am J Physiol 271:E941–951

29. Podzamczer D, Ferrer E, Sanchez P et al (2007) Less lipoathrophy
and better lipid profile with abacavir as compared to stavudine. 96-
week results of a randomized study. J Acquir Immune Defic
Syndrome 44:139–147

30. Purdy JB, Gafni RI, Reynolds JC, Zeichner S, Hazra R (2008)
Decreased bone mineral density with off-label use of tenofovir in
children and adolescents infected with human immunodeficiency
virus. J Pediatr 152:582–584

31. Rabe-Hesketh S, Skrondal A (2012) Multilevel and longitudi-
nal modeling using Stata, 3rd edn. Stata Press, College
Station

32. Sánchez Torres AM, Munoz Muniz R, Madero R, Borque C,
García-Miguel MJ, De José Gómez MI (2005) Prevalence of fat
redistribution and metabolic disorders in human immunodeficien-
cy virus-infected children. Eur J Pediatr 164:271–276

33. Schtscherbyna A, Pinheiro MF, de Mendonça LM et al (2012)
Factors associated with low bone mineral density in a Brazilian
cohort of vertically HIV-infected adolescents. Int J Infect Dis
16:e872–878

34. Stellbrink HJ, Orkin C, Arribas JR et al (2010) Comparison of
changes in bone density and turnover with abacavir-lamivudine
versus tenofovir-emtricitabine in HIV-infected adults: 48-week re-
sults from the ASSERT Study. Clin Infect Dis 51:963–972

35. Tanner JM, Whitehouse RH (1976) Clinical longitudinal standards
for height, weight, height velocity and weight velocity and stages
of puberty. Arch Dis Child 51:170–179

36. Viganò A, Aldrovandi GM, Giacomet V et al (2005) Improvement
in dyslipidaemia after switching stavudine to tenofovir and replac-
ing protease inhibitor with efavirenz in HIV-infected children.
Antivir Ther 10:917–924

37. Viganò A, Brambilla P, Cafarelli L et al (2007) Normalization of
fat accrual in lipoathrophic, HIV-infected children switched from
stavudine to tenofovir and from protease inhibitor to efavirenz.
Antivir Ther 12:297–302

Eur J Pediatr (2013) 172:1089–1096 1095



38. Viganò A, Zuccotti GV, Puzzovio M et al (2010) Tenofovir
disoproxil fumarate and bone mineral density: a 60-month longi-
tudinal study in a cohort of HIV-infected youths. Antivir Ther
(Lond) 15:1053–1058

39. Wallace TM, Levy JC, Matthews DR (2004) Use and abuse of
HOMA modeling. Diabetes Care 27:1487–95

40. Zimmet P, Alberti K, George MM et al (2007) IDF Consensus
Group. The metabolic syndrome in children and adolescents—an
IDF consensus report. Pediatric Diabetes 8:299–306

41. Zuccotti G, Viganò A, Gabiano C et al (2010) Antiretroviral
therapy and bone mineral measurements in HIV-infected youths.
Bone 46:1633–1638

1096 Eur J Pediatr (2013) 172:1089–1096


	Long-term...
	Abstract
	Introduction
	Materials and methods
	Study design
	Study population
	Anthropometry
	Body composition
	Immunological function
	Laboratory measurements
	Statistical analysis

	Results
	Baseline measurements
	Changes in clinical status
	Changes in anthropometry and body composition
	Changes in immunological function
	Changes in laboratory measurements

	Discussion
	References


