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Impact of Protease Inhibitor Substitution With Efavirenz in HIV-Infected
Children: Results of the First Pediatric Switch Study

Grace McComsey, MD*; Nasreen Bhumbra, MD‡; Jen-Fu Ma§; Mobeen Rathore, MD�; and
Ana Alvarez, MD�

ABSTRACT. Objective. Simplification of antiretrovi-
ral regimen in human immunodeficiency virus (HIV)-
infected children has not yet been investigated. In gen-
eral, children have a more difficult time maintaining
viral suppression because of many factors, including fre-
quent nonadherence and less availability of antiretrovi-
rals in palatable forms. In addition, many serious meta-
bolic complications have emerged in HIV-infected adults
and are believed to be attributable to antiretroviral ther-
apy. Some of these complications—hypercholesterol-
emia, hypertriglyceridemia, and insulin resistance—are
believed to be the result of the use of protease inhibitor
(PI) therapy, whereas the cause of others, such as lipo-
dystrophy, remains undetermined. Recent reports under-
line that children experience long-term metabolic abnor-
malities in the same manner that adults do, and perhaps
these consequences are even more worrisome in children
secondary to long-term expected survival. We report here
the results of the first open-label PI-switch study in
HIV-infected children.

Methods. Seventeen children, 24 to 160 months of age
(median: 120), were enrolled into the study. All were
receiving a stable PI-containing antiretroviral regimen
that containing 2 to 3 nucleoside analogue reverse tran-
scriptase inhibitors (NRTIs) in addition to 1 to 2 PIs for a
median duration of 21 months (range: 5–50) before study
entry. All children had HIV-1 RNA <400 copies/mL at
screening; their baseline plasma HIV-1 RNA level had
been <400 copies/mL for a median of 13 months (range:
4–55) before study entry. All patients were naı̈ve to non-
nucleoside reverse transcriptase inhibitor therapy. Their
protease inhibitor(s) was switched to efavirenz while
their NRTI therapy was maintained.

Results. All children were heavily pretreated; 88% of
the patients had previous NRTIs, and 41% had previous
PI use. The most common PI at study entry was nelfina-
vir (47%), followed by ritonavir (29%), then amprenavir
(18%); only 1 was on saquinavir/ritonavir. At study entry,
the duration of previous antiretroviral therapy was be-
tween 21 and 123 months (median: 88). All patients com-
pleted the 48-week study. No acquired immunodefi-
ciency syndrome–defining events occurred. There were
no rashes and no changes in liver transaminases. Mild,

transient insomnia and dizziness each occurred in 1
child. Two other subjects (6 and 8 years old) experienced
unusual vivid dreams, mostly pleasant, which decreased
in intensity and frequency after the first 12 weeks of the
study. One subject, a 10-year-old girl, had an episode of
generalized seizure at week 6; study drugs were not
interrupted, and seizure never recurred. The patient had
a strong family history of epilepsy, although she had
never experienced previous seizures. No anticonvulsants
were given. Sixteen of 17 patients had HIV-1 RNA levels
of <50 copies/mL (1 HIV-1 RNA was 61 copies/mL) at
week 48. The mean CD4% remained stable initially from
a mean of 35.1% (�2.8%) at baseline to 36.8% (�5%) at
week 24, but increased to 38% (�6%) at week 48. Fasting
triglycerides decreased from a mean of 126 mg/dL (�50)
at baseline to 86 mg/dL (�45) at week 24 and to 94 mg/dL
(�38) at week 48. At study entry, 12 (71%) of 17 children
had triglyceride levels greater than the 95th percentile for
age, race, and gender, compared with only 6 (35%) of 17
at week 48. Fasting cholesterol levels decreased from a
mean of 203 mg/dL (�50) at baseline to 173 mg/dL (�31)
at week 24 and to 174 mg/dL (�27) at week 48. At study
entry, 5 (29%) of 17 children had cholesterol levels greater
than the 95th percentile for age, race, and gender, com-
pared with only 1 (6%) of 17 at week 48. The decrease in
low-density lipoprotein cholesterol was also significant,
from a mean baseline of 124 mg/dL (�42) to 100 mg/dL
(�28) at week 24 and to 105 mg/dL (�20) at week 48.
High-density lipoprotein (HDL) cholesterol did not
change significantly, but the changes in cholesterol:HDL
ratio, a better marker of atherogenic risk, significantly
decreased from a mean baseline of 3.8 (�0.8) to 3.2 (�0.7)
at week 24 and to 3 (�0.6) at week 48. Detailed dietary
history revealed no significant changes during the study.
In addition, none of the patients initiated therapy with
lipid-lowering agents. There were no significant changes
in insulin or C-peptide throughout the study period. In
addition, anthropometric measurements that included
mid-thigh and mid-arm circumferences, triceps and thigh
skinfolds, and waist:hip ratio were stable throughout the
study period. For bioelectrical impedance measurements,
lean body mass increased from a mean baseline of 32.1 lb
(�9.3) to 35.7 lb (�11.4) at week 24 and to 36.5 lb (�11.5)
at week 48. Bioelectrical impedance measurements of fat
content were unchanged throughout the study period.

Conclusion. This is the first study in children to eval-
uate the substitution of PI in a virologically successful
regimen with efavirenz, a potent once-daily nonnucleo-
side reverse transcriptase inhibitor therapy. We were
able to show significant improvement in fasting total
cholesterol, low-density lipoprotein cholesterol, triglyc-
erides, and, more important, the cholesterol:HDL ratio. In
addition, switching to an efavirenz-containing regimen
was well tolerated and successfully maintained virologic
suppression in all HIV-infected children in this study.
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This study should encourage large randomized trials to
investigate simplification strategies in HIV-infected
children. Pediatrics 2003;111:e275–e281. URL: http://www.
pediatrics.org/cgi/content/full/111/3/e275; HIV, AIDS, sim-
plification, lipodystrophy, switch studies, metabolic compli-
cations.

ABBREVIATIONS. HAART, highly active antiretroviral therapy;
HIV, human immunodeficiency virus; PI, protease inhibitor;
NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nu-
cleoside analogue reverse transcriptase inhibitor; BIA, bioelectrical
impedance; LDL, low-density lipoprotein; HDL, high-density li-
poprotein.

The advent of highly active antiretroviral ther-
apy (HAART) has led to significant improve-
ment in mortality and morbidity of human

immunodeficiency virus (HIV)-infected individuals.1
Recently, many serious metabolic complications
have emerged and are believed to be attributable to
antiretroviral therapy.2,3 The most common meta-
bolic abnormalities encountered are hypercholester-
olemia, hypertriglyceridemia, and insulin resistance.
Other abnormalities include peripheral fat wasting,
visceral fat accumulation, and hypertension. After
much debate in the past few years on the causes of
these complications, the spotlight remains on the
protease inhibitors (PIs) as being the main culprit in
most of these abnormalities, mainly the dyslipi-
demias and insulin resistance. Even a short-course
administration of these agents to HIV-uninfected
healthy volunteers has led to significant dyslipi-
demias and insulin resistance.4,5

Simplification strategy has been investigated in
HIV-infected adults.6–10 Patients who have been
treated successfully with PIs may choose to switch
to nonnucleoside reverse transcriptase inhibitor
(NNRTI)- or exclusive nucleoside analogue reverse
transcriptase inhibitor (NRTI)-based regimens to de-
crease short-term side effects, to prevent or reverse
long-term toxicity, or to simplify therapy and im-
prove adherence and quality of life.9–11 In general,
children have a more difficult time maintaining viral
suppression because of many factors, including fre-
quent nonadherence and less availability of antiret-
rovirals in palatable forms. Recent reports underline
that children experience long-term metabolic abnor-
malities in the same manner that adults do,12–17 and
perhaps these consequences are even more worri-
some in children secondary to long-term expected
survival. We report here the results of the first open-
label PI-switch study in HIV-infected children. The
objectives of this study were to evaluate the virologic
and immunologic effect of PI substitution with efa-
virenz in HIV-infected children, the metabolic
changes associated with this substitution, and the
safety and tolerability of efavirenz in this population.

METHODS

Patients
Children were enrolled in the study when they fulfilled the

following criteria: HIV-1 infection as confirmed by enzyme-linked
immunosorbent assays and Western blot. In addition, all children
younger than 18 months had to have documentation of 2 positive
HIV-1 polymerase chain reaction assays. Other inclusion criteria

were age 1 to 18 years, plasma HIV-1 RNA of �400 copies/mL for
at least 4 consecutive months, receiving a stable PI-containing
antiretroviral regimen for at least 6 months before study entry,
and no previous NNRTI therapy. Patients with known opportu-
nistic infections must have had no acute symptoms of infection
within the last month before study entry and must have been
receiving a stable approved antimicrobial therapy. Written in-
formed consent was obtained from each patient’s legal guardian
before enrollment. This study was approved by the Institutional
Review Boards at the University Hospitals of Cleveland (Cleve-
land, OH), the Medical College of Ohio (Toledo, OH), and the
University of Florida Health Science Center (Jacksonville, FL).

Trial Design and Treatment
This was a prospective, open-label, multicenter trial. At study

entry, the PIs were switched to efavirenz, at weight-dependent
doses, as recommended by the manufacturer. Patients were main-
tained on their preentry NRTIs throughout the duration of the
study. Efavirenz was provided by Dupont Pharmaceuticals (Wil-
mington, DE) in a form of 200-, 100-, and 50-mg capsules. Parents
of children younger than 5 years were informed to open the
capsules and mix the content very well in grape jelly.

Clinical Endpoints and Laboratory Measurements
Evaluations were performed at baseline and at weeks 2, 6, 12,

18, 24, 32, 40, and 48. At each evaluation, patients underwent a
complete medical history and a physical examination that in-
cluded weight, height, and blood pressure measurements. Labo-
ratory evaluations included serum glucose, blood chemistries,
complete blood counts, creatine kinase, total bilirubin, aspartate
transaminase, amylase (and, if elevated, lipase), flow cytometric
measurements of CD4 and CD8, and HIV-1 RNA using the ultra-
sensitive assay (linear range 50–75 000 copies/mL). In addition,
metabolic evaluations were obtained at study entry and every 12
weeks thereafter. These included C-peptide, insulin, complete
lipid profile, and bioelectrical impedance (BIA) and anthropomet-
ric measurements, including mid-thigh and mid-arm circumfer-
ences, triceps and thigh skinfolds, and waist:hip ratio. All these
metabolic evaluations were obtained after at least 8 hours of
fasting.

Statistical Methods
Mean change from baseline for clinical laboratory evaluations

were assessed for statistical significance using a 2-sided paired t
test. Quantitative data were expressed in terms of means (�stan-
dard deviation) unless otherwise specified. Qualitative variables
were expressed as percentages. P � .05 was considered statisti-
cally significant.

RESULTS

Patients’ Characteristics
Seventeen children, age 24 to 160 months (median:

120), were enrolled into the study. Fifty-nine percent
(10 of 17) were girls, 88% (15 of 17) were black, and
12% (2 of 17) were white. All children acquired HIV
by vertical transmission. All were receiving a stable
PI-containing antiretroviral regimen for a median
duration of 21 months (range: 5–50) before study
entry. All children had HIV-1 RNA �400 copies/mL
at screening; their baseline plasma HIV-1 RNA level
had been �400 copies/mL for a median of 13 months
(range: 4–55). In 1 child, repeat HIV-1 RNA at study
entry was 1441 copies/mL. The median CD4% was
35% (range: 31–42) at study entry. The median
CD4% nadir (before the initiation of any antiretrovi-
rals) was 21% (range: 0–42), and the median pre-
HAART HIV-1 RNA was 15 395 copies/mL (range:
1066 to �750 000). All children were heavily pre-
treated, but they had never received any NNRTI
therapy. The most common PI at study entry was
nelfinavir (47%), followed by ritonavir (29%), then
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amprenavir (18%); only 1 was on saquinavir/ritona-
vir at study entry. The cumulative duration of pre-
vious antiretroviral therapy (before study entry) was
between 21 and 123 months (median: 88); 88% of the
patients had previous NRTIs and 41% had previous
PI use (before the entry antiretroviral regimen). Ta-
bles 1 and 2 summarize the baseline characteristics of
all 17 patients. At study entry, their PIs were
switched to efavirenz while their NRTIs were main-
tained.

Clinical Evaluations
All patients completed the 48-week study. One

child, a 24-month-old girl, was unable to swallow the
intact capsule of efavirenz. Therefore, for this child,
the efavirenz capsule was opened and mixed with
grape jelly. No acquired immunodeficiency syn-
drome–defining events occurred. Mild, transient in-
somnia for the initial 4 weeks of the study occurred
in a 10-year-old child; another 10-year-old described
transient dizziness at week 2. Two other subjects (6
and 8 years old) experienced unusual vivid dreams,
mostly pleasant, which decreased in intensity and
frequency after the first 12 weeks of the study but
persisted throughout the study period. One subject, a
10-year-old girl, had an episode of generalized sei-
zure at week 6; study drugs were not interrupted,
and seizure never recurred. The patient had a strong
family history of epilepsy, although she had never
experienced previous seizures. No anticonvulsants
were given.

The efavirenz-containing regimen was associated
with improvement of the children’s quality of life as
assessed by parents’ self-report, as well as improve-
ment in adherence, as judged by the number of
missed doses (evaluations done in 10 patients only;
mean of 1% missed doses vs 16% at study entry).

Clinical and laboratory results are shown in Table
3. Systolic and diastolic blood pressure remained
stable throughout the study period. Body weight
remained stable at week 24, from a mean of 41.4 kg
(�18.2) at baseline to 43.1 kg (�18) at week 24 (P �
.05), but increased significantly at week 48 to 45.3 kg
(�18.5; P � .001). Height steadily increased through-
out the study period, from a mean baseline of 135.2
cm (�20) to 137.7 cm (�19) at week 24 (P � .001) and
to 140.8 cm (�18.4) at week 48 (P � .001). Body mass
index did not significantly change after 48 weeks.

Laboratory Evaluations
At week 48, 16 of 17 patients had HIV-1 RNA

levels of �50 copies/mL; 1 patient had HIV-1 RNA
of 61 copies/mL at week 48. The mean CD4% re-
mained stable initially from a mean of 35.1% (�2.8)
at baseline to 36.8% (�5) at week 24 (P � .05) but
increased to 38% (�6) at week 48 (P � .03). Because
the absolute CD4 cell count is age dependent, the
CD4 changes on study are shown only as changes in
CD4%, rather than in absolute CD4 cell count. Liver
and pancreatic enzymes did not change significantly.

Fasting triglycerides (Fig 1) decreased from a mean
of 126 mg/dL (�50) at baseline to 86 mg/dL (�45) at
week 24 (P � .05) and to 94 mg/dL (�38) at week 48
(P � .05). We used data generated from studies in- T
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volving �13 000 healthy children to assess better the
significance of the lipid levels on our patients.18 At
study entry, 12 (71%) of 17 children had triglyceride
levels greater than the 95th percentile for age, race,
and gender, compared with only 6 (35%) of 17 at
week 48. All 5 children who entered the study with
triglyceride levels within normal limits for age, race,
and gender maintained it at week 48.

Cholesterol levels (Fig 2) decreased from a mean of
203 mg/dL (�50) at baseline to 173 mg/dL (�31) at
week 24 (P � .05) and to 174 mg/dL (�27) at week 48
(P � .05). At study entry, 5 (29%) of 17 children had
cholesterol levels greater than the 95th percentile for
age, race, and gender, compared with only 1 (6%) of
17 at week 48. Similar to the triglycerides results, all
12 children who entered the study with cholesterol
levels within normal limits for age, race, and gender
maintained it at week 48.

The decrease in low-density lipoprotein (LDL)
cholesterol was also significant, from a mean base-
line of 124 mg/dL (�42) to 100 mg/dL (�28) at week
24 (P � .05) and to 105 mg/dL (�20) at week 48 (P �
.05). High-density lipoprotein (HDL) cholesterol did
not change significantly, but the changes in choles-
terol:HDL ratio, a better marker of atherogenic risk,19

significantly decreased from a mean baseline of 3.8
(�0.8) to 3.2 (�0.7) at week 24 (P � .05) and to 3
(�0.6) at week 48 (P � .001). Detailed dietary history
revealed no significant changes during study. In ad-
dition, none of the patients initiated therapy with
lipid-lowering agents.

There were no significant changes in insulin or
C-peptide throughout the study period. In addition,
anthropometric measurements that included mid-
thigh and mid-arm circumferences, triceps and thigh
skinfolds, and waist:hip ratio were stable throughout
the study period. For BIA measurements, lean body
mass (Fig 3) increased from a mean baseline of 32.1 lb
(�9.3) to 35.7 lb (�11.4) at week 24 (P � .05) and to
36.5 lb (�11.5) at week 48 (P � .001). BIA measure-
ments of fat content were unchanged throughout the
study period.

DISCUSSION
To the best of our knowledge, this is the first study

in children to evaluate the substitution of PI in a
virologically successful regimen with efavirenz, a
potent once-daily NNRTI.

Efavirenz has several pharmacodynamic charac-
teristics that makes it more tolerant of occasional
breaches in compliance: a long half-life of 40 to 55
hours, coupled with a high (20–30�) ratio of free
drug plasma trough levels to the IC90 for wild-type
virus.20 In this study, we were able to show mainte-
nance of virologic suppression in all children who
enrolled into this simplification trial, in which the PI
was switched to efavirenz. This was likely related in
part to improved convenience and, thereby, adher-
ence. This is consistent with several studies of HIV-
infected adults who had a good virologic control at
the time they were enrolled into the simplification
study.6 The accumulated weight of evidence from
European and American studies suggests that a
switch to a simplified regimen, replacing a PI withT

A
B

L
E

2.
B

as
el

in
e

C
ha

ra
ct

er
is

ti
cs

of
St

ud
y

Pa
rt

ic
ip

an
ts

Pa
ti

en
t

H
IV

R
N

A
at

St
ud

y
E

nt
ry

A
ST

(U
/

L
)

C
ho

le
st

er
ol

(m
g/

d
L

)
H

D
L

(m
g/

d
L

)
L

D
L

(m
g/

d
L

)
T

G
(m

g/
d

L
)

G
lu

co
se

(m
g/

d
L

)
In

su
lin

(I
U

/
m

L
)

C
-P

ep
ti

d
e

(n
g/

m
L

)
B

M
I

(k
g/

cm
2 )

W
-H

M
A

C
(c

m
)

T
ri

ce
ps

SF
(m

m
)

M
T

C
(c

m
)

T
hi

gh
SF

(m
m

)
Fa

t
(l

b)
Fa

t
%

L
B

M
(l

b)
L

B
M

(%
)

1
32

0
29

14
1

49
75

81
74

7.
9

1.
1

19
.1

6
0.

86
22

15
39

.5
15

2.
7

4
31

.1
43

2
�

50
25

13
4

43
.2

70
84

77
10

.5
1.

6
27

.8
8

0.
89

29
32

51
.4

31
23

.3
21

37
.6

33
3

�
50

35
19

0
43

.9
12

2
12

2
67

3.
6

0.
8

16
.0

6
0.

93
18

.6
10

34
13

1.
2

2
22

.7
38

4
�

50
36

19
0

75
.7

10
4

52
65

3.
1

1.
1

16
.5

8
0.

82
19

11
37

.7
3

9.
6

16
20

.1
34

5
�

50
42

25
0

49
.8

14
7

20
8

57
4.

9
1.

6
16

.0
2

0.
96

14
.9

5
23

4
N

D
N

D
N

D
N

D
6

�
50

27
23

8
52

.1
14

4
17

2
68

3.
7

1.
5

17
.1

7
0.

93
18

.4
8

35
2

9.
8

16
21

34
7

11
7

32
16

1
52

.8
90

91
76

5.
5

3
15

.4
3

0.
96

16
9

30
.5

11
N

D
N

D
N

D
N

D
8

�
50

27
20

1
53

10
6

20
9

64
6.

8
2.

6
20

.1
1

0.
79

25
.2

11
49

.2
N

D
24

.9
23

39
.5

36
9

�
50

29
20

1
50

.6
13

5
11

5
75

14
.4

2.
4

30
.1

4
0.

79
34

.5
24

55
45

72
.2

47
36

.7
24

10
�

50
37

22
1

70
.8

13
4

80
79

6.
5

1.
3

17
.5

9
0.

88
20

8
36

15
10

.5
18

21
.5

37
11

�
40

0
28

17
6

50
98

13
8

81
21

.1
2.

6
30

.8
6

0.
8

32
.6

32
63

.5
39

70
.4

45
38

.7
25

12
1,

44
1

33
12

3
35

68
10

0
84

9.
3

2.
3

25
.1

6
0.

95
26

.9
29

47
.7

5
27

.5
46

41
30

27
13

�
50

31
23

7
44

15
4

19
3

66
10

.7
3.

7
17

.5
9

0.
87

20
.6

7
43

.6
15

14
.1

17
29

.8
36

14
�

50
28

21
5

50
13

3
16

1
59

19
.5

2.
9

27
.4

7
1

27
.8

18
48

.7
22

48
.5

40
34

.2
28

15
�

40
0

32
20

0
67

11
7

78
96

76
.9

6.
5

28
.7

2
1

33
27

23
.5

49
28

.7
20

54
.3

38
16

�
50

25
32

3
64

23
2

13
6

70
3.

3
1.

7
16

.5
5

0.
9

19
.2

5
36

.9
6

4.
6

6
32

.4
45

17
�

50
N

A
25

9
67

18
0

62
98

13
2.

6
21

.1
2

0.
85

27
11

45
.8

11
7.

1
6

N
D

N
D

T
G

in
d

ic
at

es
tr

ig
ly

ce
ri

d
es

;B
M

I,
bo

d
y

m
as

s
in

d
ex

;W
-H

,w
ai

st
to

hi
p

ra
ti

o;
M

A
C

,m
id

-a
rm

ci
rc

um
fe

re
nc

e;
SF

,s
ki

nf
ol

d
;M

T
C

,m
id

-t
hi

gh
ci

rc
um

fe
re

nc
e;

L
B

M
,l

ea
n

bo
d

y
m

as
s;

N
D

,n
ot

d
on

e.

e278 PROTEASE INHIBITOR SWITCH TO EFAVIRENZ IN HIV-POSITIVE CHILDREN
 by on November 23, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


abacavir, efavirenz, or nevirapine, is successful in
maintaining virologic suppression in patients who
initiated their PI-based HAART without previous
mono- or dual-NRTI therapy. Remarkably in this
study, all children were able to maintain virologic
suppression, despite a history of heavy previous ex-
posure to NRTIs.

Derangement in lipid and glucose metabolism has
been sparsely reported in children and adolescents
infected with HIV.12,13,15,17 Treating lipid derange-
ments has proved to be difficult even in HIV-infected
adults. The standard lipid-lowering agents, 3-hy-
droxy-3-methylglutaryl coenzyme A reductase in-
hibitors or “statins,” must be used cautiously be-
cause of the potential for serious drug–drug
interactions when used in conjunction with protease
inhibitors.21 Only limited data are available on the
use of statins in HIV-uninfected children, and to
date, no data are available on their use in HIV-
infected children. As in the adult HIV population, PI

therapy has the greatest association with dyslipide-
mia in children.12,13

In studies of HIV-infected adults, lipid abnormal-
ities have generally shown significant improvement
when the PI was switched to either abacavir or nevi-
rapine, whereas the lipid effect of the switch to efa-
virenz is more controversial.6,7,10 To date, no data are
available for HIV-infected children. We were able to
show for the first time significant improvement in fast-
ing total cholesterol, LDL cholesterol, triglycerides,
and, more important, of the cholesterol:HDL ratio with
PI switch to NNRTI. The cholesterol:HDL ratio is an
excellent predictor of future ischemic heart disease.19

The issues of both PI-induced dyslipidemias and their
management are even more problematic in the pediat-
ric population. Many children likely will require anti-
retroviral therapy for decades, and strict adherence to a
low-fat diet is difficult in this age group.

We had used fasting insulin and C-peptide as
markers of insulin resistance. Despite some pitfalls,

Fig 1. Mean fasting triglycerides, LDL cholesterol,
and cholesterol:HDL ratio.

TABLE 3. Changes in Metabolic, Immunologic, and Virologic Parameters

Parameter (Mean [� SD],
Median, Range)

Study Entry Week 24 Week 48

Systolic blood pressure 103 (� 11); 100, 90–120 108 (� 13), 108, 90–129 106 (� 9), 107, 90–127
Diastolic blood pressure 64 (� 7), 63, 52–80 64 (� 4), 65, 51–80 66 (� 6), 67, 55–75
Total cholesterol (mg/dL) 203 (� 50), 201, 123–323 173 (� 31), 180.5, 113–223 174 (� 27), 175, 126–217
LDL cholesterol (mg/dL) 124 (� 42), 122, 68–232 100 (� 28), 103, 51–153 105 (� 20), 102, 66–138
HDL cholesterol (mg/dL) 54 (� 11), 51, 35–76 56 (� 11), 52, 39–78 61 (� 10), 61, 42–84
Triglycerides (mg/dL) 126 (� 50), 115, 52–209 86 (�45), 71, 36–202 94 (� 38), 81, 49–172
Cholesterol: HDL ratio 3.8 (� 0.8), 3.8, 2.5–5.4 3.2 (� 0.7), 3.1, 2.2–4.6 3 (�0.6), 3, 2.2–4.2
Glucose (mg/dL) 74 (�11), 74, 57–98 84 (� 8.6), 83, 69–99 81 (� 11), 81, 59–104
Insulin (IU/mL) 13 (� 17), 8, 3–77 14 (� 16), 9, 2–60 13 (� 10), 12, 2.5–34
C-peptide (ng/mL) 2.3 (� 1.3), 2.3, 0.8–6.5 2.5 (� 2.1), 1.6, 0.7–9.2 2.8 (� 2.1), 2.6, 0.9–8.5
BMI (kg/cm2) 21.4(� 5.6), 19.2, 15.4–30.9 21.5(� 5.4), 20.2, 15.6–30.3 21.7(�5.5), 22.1, 15.1–31.9
Fat (%) 21 (� 15), 18, 1.9–47 25 (� 13), 21, 6.4–47.3 23 (� 13), 21, 5–49
Fat (lb) 27 (� 24), 18.7, 2.3–70.4 29 (� 21), 22.95, 5.2–52.3 28 (� 22), 18.6, 3.9–81.9
Lean body mass (%) 34 (� 6), 35, 24–45 34 (� 6), 34, 23.5–43 35 (� 6), 35, 22.5–46
Lean body mass (lb) 32 (� 9), 31.8, 20–54 36 (� 11), 36, 20.5–57 36 (� 11), 35.5, 21–61
Waist-to-hip 0.89 (�0.01), 0.89, 0.79–1 0.91 (�0.07), 0.89, 0.83–1.1 0.91 (�0.07), 0.89, 0.74–1
MAC (cm) 24 (� 6), 22, 14.9–34.5 24 (� 6), 24.45, 15–35.5 24 (� 6), 24.2, 16–34.5
Triceps skinfold (mm) 16 (� 10), 11, 5–32 17 (� 8), 15, 6–33 16 (� 9), 13, 4–35
Mid-thigh circumference (cm) 41(� 11), 39.5, 23–63.5 44(� 9), 45.5, 25.5–57 43 (� 9.5), 45.1, 27–58
Thigh skinfold (mm) 19 (� 15), 15, 2–49 20 (� 10), 18, 6–40 19 (� 11), 17, 5–47
CD4 % 35 (� 3), 35, 31–40 37 (� 5), 34.5, 30–48.3 38 (� 6), 37, 31–48.9
% with HIV-1 RNA �400 cps/mL 94% 100% 100%
% with HIV-1 RNA �50 cps/mL 59% 100% 94%
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these markers are widely used for this purpose, be-
cause the gold standard clamps techniques or even
oral glucose tolerance tests are very cumbersome and
impractical to use in most clinical settings. Consis-
tent improvement in insulin sensitivity was seen on
switching from PI to either NNRTI or abacavir in
HIV-infected adults. Our study participants did not
exhibit any significant abnormalities in their fasting
insulin and C peptide, despite recent reports of fre-
quent occurrence of insulin resistance in this popu-
lation.15,22,23 These parameters did not change signif-
icantly throughout the study. Similar to adult
studies, we failed to show evidence of body fat
changes, as measured by BIA and standardized an-
thropometrics, after 48 weeks of PI discontinuation.
Although we recognize that these measurements
may have been confounded by normal physical de-
velopment and growth, our observation is consistent
with data from HIV-infected adults who were
switched to efavirenz, nevirapine, or abacavir. In
general, although patients tend to report subjective
improvement in their body composition, objective
measurements have failed to show evidence of re-
versal of body fat abnormalities.6,10,24 In all of these
studies, the lack of significant objective improvement

in body composition abnormalities supports the pos-
sible role of NRTI, and not PI, in the generation of
these abnormalities.25,26 In other words, these find-
ings support the present hypothesis that antiretrovi-
ral-induced metabolic abnormalities may not be a
consequence solely of PI but possibly of NRTI-in-
duced mitochondrial dysfunction25 or even of HIV
infection itself, directly or indirectly through cyto-
kine dysregulation. We recognize the limitations of
this study, in particular the small sample size and the
open-label, single-arm design. In addition, body
composition was measured only by BIA and anthro-
pometrics, both insensitive in detecting small
changes in fat over time. This study should encour-
age large randomized trials to investigate simplifica-
tion strategies in HIV-infected children.

CONCLUSION
This is the first reported simplification or switch

study that included HIV-infected children. We were
able to show that PI substitution with efavirenz was
able to maintain virologic control successfully in a
group of HIV-infected children, despite significant
previous antiretroviral experience. At the same time,
we show a modest decrease in fasting triglyceride,

Fig 2. Mean total cholesterol and HDL cholesterol.

Fig 3. Mean waist:hip ratio and lean body mass.
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LDL cholesterol, and cholesterol:HDL ratio levels.
More important, this strategy of simplification may
be a successful way to improve adherence and qual-
ity of life of the HIV-infected pediatric population,
which experience the low availability of antiretrovi-
rals in palatable forms.
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