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Background

 

Combination therapy including pro-
tease inhibitors has been shown to be effective in
treating adults infected with human immunodeficien-
cy virus type 1 (HIV-1), but there are only limited data
regarding the treatment of children and adolescents.

 

Methods

 

A cohort of 1028 HIV-1–infected children
and adolescents, from birth through 20 years of age,
who were enrolled in research clinics in the United
States before 1996 was followed prospectively through
1999. We used proportional-hazards regression mod-
els to estimate the effect on mortality of combination
therapy including protease inhibitors.

 

Results

 

Seven percent of the subjects were receiv-
ing combination therapy including protease inhibi-
tors in 1996; by 1999, 73 percent were receiving such
therapy. In univariate analyses, a higher base-line per-
centage of lymphocytes that were CD4-positive, a
higher weight for age, a higher height for age, black
race, Hispanic ethnic background, younger age, and
perinatally acquired infection were associated with a
longer median time to the initiation of this type of
therapy (P<0.001). After adjustment for covariates, the
differences among racial and ethnic groups in the time
to initiation were not statistically significant. Mortality
declined from 5.3 percent in 1996 to 2.1 percent in 1997,
0.9 percent in 1998, and 0.7 percent in 1999 (P for trend
<0.001). There were reductions in mortality in all sub-
groups defined according to age, sex, percentage of
CD4+ lymphocytes, educational level of the parent
or guardian, and race or ethnic background. In adjust-
ed analyses, the initiation of combination therapy in-
cluding protease inhibitors was independently asso-
ciated with reduced mortality (hazard ratio for death,
0.33; 95 percent confidence interval, 0.19 to 0.58;
P<0.001). 

 

Conclusions

 

The use of combination therapy in-
cluding protease inhibitors has markedly reduced mor-
tality among children and adolescents infected with
HIV-1. (N Engl J Med 2001;345:1522-8.)
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HE combination of human immunodefi-
ciency virus (HIV)–specific protease inhib-
itors with nucleoside reverse-transcriptase
inhibitors, nonnucleoside reverse-transcrip-

tase inhibitors, or both has been demonstrated in
adults to slow the progression of HIV type 1 (HIV-1)
disease dramatically and to lower mortality.

 

1,2

 

 Recent
studies provide some evidence of the efficacy and safe-
ty of these regimens in children and adolescents,

 

3-6

T

 

but there is only limited evidence of reductions in
mortality and morbidity.

 

7,8

 

 Current guidelines for the
treatment of HIV infection in both adults and chil-
dren recommend combination therapy including pro-
tease inhibitors.

 

9,10

 

We undertook the present study to estimate the ef-
fect of combination therapy including protease inhib-
itors on mortality among children and adolescents in-
fected with HIV-1 and to identify any differences
according to age, sex, socioeconomic status, or ethnic
background in the time of initiation of this therapy.

Research involving adults who are infected with
HIV-1 has found excess mortality among ethnic and
racial minorities, including black and Hispanic pop-
ulations,

 

11,12

 

 as well as evidence of lower rates of use
of essential health services

 

13

 

 and delayed initiation of
antiretroviral therapy.

 

14

 

 Possible explanations for these
associations include differences in the severity of ill-
ness, socioeconomic factors,

 

15

 

 and differences in the
practice patterns of physicians and clinics. Patients
treated at clinics with more experience in treating HIV
disease may have better outcomes

 

16

 

 because their cli-
nicians may initiate new therapies earlier, and adher-
ence to combination therapies may vary from site to
site.

 

17,18

 

 Limited access to therapies could also be a
consequence of discrimination on the basis of age, sex,
socioeconomic status, or ethnic or racial background.

It is probable that the children and adolescents who
are the first to begin combination therapy including
protease inhibitors are those who are the most severe-
ly ill, as is the case with adults.

 

19

 

 We attempted to
control for this type of confounding by indication

 

20,21

 

by using measures of the severity of illness before
the initiation of therapy.

 

METHODS

 

Subjects and Study Design

 

The Pediatric AIDS Clinical Trials Group Protocol 219 (PACTG
219) study is a prospective cohort study designed to assess the
long-term effects of prenatal and neonatal exposure to antiretro-
viral drugs in clinical trials

 

22

 

 and the late effects of antiretroviral
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treatment in children infected with HIV-1. All children and adoles-
cents enrolled in PACTG perinatal or treatment trials were eligible
for enrollment. The study was approved by the institutional review
board at each participating institution. Written informed consent
was obtained from the subject or the parent or legal guardian for
those below the legal age. The study population for these analyses
included 1028 children and adolescents infected with HIV-1 who
had been enrolled in PACTG 219 before January 1, 1996, and
who had not died or been lost to follow-up before that date.

 

Clinical and Laboratory Data

 

The medical history was obtained, a physical examination was
performed, the height and weight were measured, and data on
lymphocyte subpopulations were collected at base line and every
6 months for children less than 24 months of age and yearly for
children 24 months old or older. We defined the base-line CD4+
lymphocyte count as the last measurement obtained on or before
December 31, 1995. CD4+ lymphocyte counts had been obtained
for study participants beginning in mid-1995. HIV-1 RNA data
were not collected and were not part of routine clinical care until
after the beginning of the study period.

 

Growth

 

Height and weight measurements were converted to age- and
sex-adjusted z scores with the use of international growth stand-
ards.

 

23

 

 A z score of 0 corresponds to the 50th percentile, and a
z score of ¡1.0 indicates 1 SD below the mean.

 

Medication Use

 

At each study visit, data were collected concerning any antiret-
roviral medications used since the last visit. (Information on the
precise dates of the initiation of medications and any changes in the
use of medications was not collected.) This information was sup-
plemented with more precise information concerning the dates of
initiation of the medications used in PACTG clinical trials (for 19
percent of the subjects). In instances in which precise dates were
not available and we only knew that initiation occurred sometime
between two visits, we calculated regressions predicting survival un-
der the conservative assumption that combination therapy including
protease inhibitors began at the time of the earlier visit. For 31 chil-
dren and adolescents in whom combination therapy including
protease inhibitors was initiated before 1996, we used January 1,
1996, as the date of initiation; this date approximates the date of
the first evaluation of protease inhibitors in children. In predicting
the median time to the initiation of combination therapy including
protease inhibitors, we used the midpoint between the two visit
dates as the dependent variable if a precise date was unavailable.

We created four categories of antiretroviral therapy: nucleoside
reverse-transcriptase inhibitors alone; nonnucleoside reverse-trans-
criptase inhibitors but no protease inhibitors; one or more protease
inhibitors with nucleoside reverse-transcriptase inhibitors, nonnu-
cleoside reverse-transcriptase inhibitors, or both; and no antiretro-
viral therapy.

 

Outcome Measures

 

The primary outcome was death during the interval between
January 1, 1996, and December 31, 1999. The time from base
line to the initiation of combination therapy including protease
inhibitors was a secondary end point.

 

Other Variables

 

The number of years of schooling completed by a parent or
guardian was used as an indicator of socioeconomic status. Race
or ethnic background was categorized as non-Hispanic white, non-
Hispanic black, Hispanic, or other. Because there were few subjects
who were classified as other, they were grouped with the non-His-
panic white subjects. Each participating site was classified accord-
ing to the total number of children and adolescents enrolled in
the study cohort, and quartiles were defined.

 

Statistical Analysis

 

We analyzed the time to death and the time to the initiation of
combination therapy including protease inhibitors. For the first
analysis, the data for subjects who were still alive were censored at
the date of the last follow-up visit. We estimated the distribution
of survival times with use of the Kaplan–Meier method. Compar-
isons among survival curves were made by means of the log-rank
test. Proportional-hazards regression models were used to evaluate
the association between the risk of death and other variables.

 

24

 

 All
P values are two-tailed.

Combination therapy including protease inhibitors was initiated
in most subjects during the study period (1996 through 1999),
but there was no random assignment of subjects to the various types
of drug therapy. A major threat to the accuracy of estimates of
effectiveness is the likely selection of subjects with more severe
illness for the early initiation of combination therapy including
protease inhibitors. To control for such confounding by indica-
tion,

 

20,21

 

 we used proportional-hazards regression models to esti-
mate the effect of combination therapy including protease inhib-
itors on mortality, with simultaneous control for measures of the
severity of illness before the initiation of therapy. The use of com-
bination therapy including protease inhibitors was treated as a time-
varying covariate. Indicators of the severity of illness include the
log CD4+ lymphocyte counts and weight-for-age and height-for-
age z scores. We used the log CD4+ lymphocyte counts in regres-
sion analyses (in which we controlled for age) because they pre-
dicted mortality better than did the percentage of lymphocytes that
were CD4-positive. Descriptive data concerning the percentage
of CD4+ lymphocytes (less than 15 percent or at least 15 percent)
are provided for purposes of comparison.

 

25

 

 This measure has been
shown to vary less with age than does the log CD4+ lymphocyte
count.

 

26

 

In proportional-hazards regression models, indicators of the se-
verity of illness were treated as time-dependent covariates until the
visit when combination therapy including protease inhibitors was
initiated. At that point, the updated measure of the severity of ill-
ness was fixed and remained constant for any subsequent visits.
Thus, we did not control for time-varying log CD4+ lymphocyte
counts or weight-for-age or height-for-age z scores after the ini-
tiation of combination therapy including protease inhibitors; we
took this approach in order to avoid the overcontrol that might re-
sult, given the hypothesized effects of such combination therapy
on subsequent log CD4+ lymphocyte counts and growth. To test
for a linear trend in mortality that was independent of the initiation
of combination therapy including protease inhibitors and other co-
variates, we pooled repeated observations.

 

27

 

Other covariates in the regression models included the ethnic
background (with non-Hispanic white as the reference category),
perinatal or nonperinatal infection, sex, age at base line, education-
al level of the parent or guardian (one of three levels, with comple-
tion of high school as the reference category), and the number of
subjects enrolled in the study at the same site (one of three cate-
gories). For the analyses of the time to the initiation of combination
therapy including protease inhibitors, we used proportional-haz-
ards regression models in which we controlled for the base-line
covariates.

 

RESULTS

 

Participation and Follow-up

 

A total of 1028 children and adolescents (defined
in this study as from birth to 20 years of age at the
beginning of the study) met the eligibility criteria;
89 percent of these subjects remained in the study
through December 31, 1999. We compared the base-
line characteristics of the 11 percent who were lost
to follow-up with those of the remaining subjects
and found no differences in measures of the severity
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of illness (percentage of CD4+ lymphocytes, weight
for age, or height for age) and no differences in terms
of sex, race or ethnic group, or the educational level
of the parent or guardian. There was greater loss to
follow-up among subjects 13 to 20 years of age than
among those younger than 13 (P=0.003) and among
subjects who were not infected perinatally than among
those who were (P=0.02). There was also evidence
of greater loss to follow-up at the sites with fewer
subjects enrolled in the study (P=0.003).

Half the subjects were female, 17 percent were non-
Hispanic white, 47 percent were non-Hispanic black,
and 35 percent were Hispanic (Table 1). At base line,
small percentages of the subjects were younger than
2 years old (4 percent) or older than 12 years old
(9 percent), and in one third the percentage of CD4+
lymphocytes was lower than 15 percent. Data on base-
line medication use indicate that 86 percent of the
subjects were receiving only nucleoside reverse-trans-
criptase inhibitors, 9 percent were receiving nonnu-
cleoside reverse-transcriptase inhibitors, 3 percent were
receiving no antiretroviral medications, and none were
receiving combination therapy including protease in-
hibitors.

 

Initiation of Combination Therapy Including Protease 
Inhibitors

 

In 1996 — the year that combination therapy in-
cluding protease inhibitors first became available —
the rate of reported use in this cohort was low (7 per-
cent). The rate increased to 34 percent in 1997 and
to 64 percent in 1998. By 1999, among the subjects
who had not died or been lost to follow-up, the rate
was 73 percent. In 1999, an additional 24 percent
were receiving only nucleoside reverse-transcriptase
inhibitors, and 3 percent were receiving combination
therapy including nonnucleoside reverse-transcriptase
inhibitors and nucleoside reverse-transcriptase inhibi-
tors. All the subjects were receiving some kind of an-
tiretroviral medication in 1999.

By the end of the study period, 33 percent of the
cohort had never received combination therapy in-
cluding protease inhibitors, 38 percent had received
combination therapy including one protease inhibi-
tor, 17 percent had received two protease inhibitors
(not necessarily concurrently), and 11 percent had
received three or more protease inhibitors (not nec-
essarily concurrently). Because some subjects died or
were lost to follow-up, the interval during which a
subject could receive protease inhibitors varied.

Of the 688 subjects for whom the initiation of
combination therapy including protease inhibitors
was reported, 67 percent reported receiving nelfina-
vir, 59 percent reported receiving ritonavir, 20 percent
reported receiving saquinavir, 18 percent reported re-
ceiving indinavir, and 6 percent reported receiving
amprenavir. Among those subjects in whom combi-
nation therapy including protease inhibitors was ini-

tiated, only 4.8 percent had discontinued this ther-
apy by the end of 1999.

We compared the end-of-study characteristics (in
1999, or in 1998 for those who did not have a fol-
low-up visit in 1999) of the subjects who had never
received combination therapy including protease in-
hibitors with the characteristics of the subjects who
had received such therapy. The subjects who had never
received this type of therapy were younger than those
who had received it (mean, 9.6 years vs. 10.2 years;
P=0.04), were taller (mean height-for-age z score,
–0.4 vs. –1.0; P<0.001), weighed more (mean

 

*Eleven patients were missing CD4+ lymphocyte data on or before De-
cember 31, 1995.

†A z score of 0 corresponds to the 50th percentile, and a z score of ¡1.0
indicates 1 SD below the mean.
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C

 

HARACTERISTIC

 

V

 

ALUE

 

no. of subjects (%)

 

Age
0–1 yr
2–5 yr
6–12 yr
13–20 yr

46 (4)
392 (38)
494 (48)
96 (9)

Sex
Female
Male

512 (50)
516 (50)

Probable time of infection
Perinatal
Nonperinatal
Unknown or missing

901 (88)
74 (7)
53 (5)

Educational level of parent or guardian
Less than high school
Completion of high school
More than high school
Other, unknown, or missing

316 (31)
310 (30)
322 (31)
80 (8)

Race or ethnic group
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

176 (17)
479 (47)
358 (35)
15 (1)

Antiviral medication use at base line
Nucleoside reverse-transcriptase inhibitors
Combination therapy including nonnucleo-

side reverse-transcriptase inhibitors
Combination therapy including protease

inhibitors
No antiretroviral medications
Unknown

886 (86)
89 (9)

0 

28 (3)
25 (2)

Percentage of CD4+ lymphocytes*
<15
»15

330 (32)
687 (67)

 

median (interquartile range)

 

CD4+ lymphocyte count (/mm

 

3

 

) 519 (189 to 900)
22 (10 to 31)

¡0.89 (¡1.72 to ¡0.11)
¡0.46 (¡1.23 to ¡0.33)

20 (13 to 30)

Percentage of CD4+ lymphocytes
Height-for-age z score†
Weight-for-age z score†
No. of study subjects at site
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weight-for-age z score, 0.1 vs. –0.4; P<0.001), and
had higher percentages of CD4+ lymphocytes (mean,
28 percent vs. 26 percent; P=0.005).

 

Predictors of the Initiation of Combination Therapy 
Including Protease Inhibitors

 

By 1998, combination therapy including protease
inhibitors had been initiated in more than half the
subjects. We estimated that the median time to the
initiation of such therapy was 2.0 years from Janu-
ary 1, 1996. For subjects in whom the percentage of
CD4+ lymphocytes was lower than 15, the median
time to the initiation of therapy was 1.4 years, as
compared with 2.1 years for subjects with 15 percent
or more CD4+ lymphocytes (P<0.001 by the log-
rank test) (Table 2). Among non-Hispanic black sub-
jects, the median time to initiation was 0.3 year
longer than that among non-Hispanic white subjects
(2.0 years vs. 1.7 years; P<0.001). Among Hispanic
subjects, there was a similar delay (0.3 year; P=0.005
by the log-rank test). Longer median times to initi-
ation were also found for younger subjects (P for
trend <0.001) and for those who had become infect-
ed perinatally (P<0.001).

A multivariate proportional-hazards regression
model showed that the time to the initiation of com-
bination therapy including protease inhibitors was
significantly shorter for subjects with low CD4+ lym-
phocyte counts and perinatally acquired infection (Ta-
ble 3). When we controlled for the severity of illness
and the number of study subjects at the site, the asso-
ciation of non-Hispanic black race (hazard ratio, 0.82;
P=0.06) and Hispanic ethnic background (hazard ra-
tio, 0.85; P=0.15) with a delayed initiation of combi-
nation therapy including protease inhibitors was weak-
er and was no longer statistically significant.

 

Mortality Rates and Protease-Inhibitor Therapy

 

There was substantial reduction in mortality over
time, from 5.3 percent in 1996 to 2.1 percent in
1997, 0.9 percent in 1998, and 0.7 percent in 1999
(P for trend <0.001, by the log-rank test) (Table 4).
There is evidence of reductions in mortality in all
subgroups defined according to age, sex, percentage
of CD4+ lymphocytes, educational level of the par-
ent or guardian, and race or ethnic group.

A multivariate proportional-hazards regression
model showed that the initiation of combination ther-
apy including protease inhibitors was independently
associated with a substantial reduction in mortality
(hazard ratio for death, 0.33; 95 percent confidence
interval, 0.19 to 0.58; P<0.001) (Table 5). There was
no evidence of differences in this effect according to
sex, age, percentage of CD4+ lymphocytes, educa-
tional level of the parent or guardian, or race or ethnic
group. Other variables that were independently asso-
ciated with a greater likelihood of survival were high-
er log CD4+ lymphocyte counts (P<0.001) and male

sex (P=0.06) (Table 5). The survival benefit associ-
ated with combination therapy including protease in-
hibitors also persisted (hazard ratio for death, 0.32;
95 percent confidence interval, 0.18 to 0.55; P<
0.001) after we controlled for the declining trend in
mortality over time (P for trend=0.04). In a regres-
sion analysis in which only the initiation of combina-
tion therapy including protease inhibitors was used as
a predictor (and no measures of the severity of illness
were included), the unadjusted risk of death was 0.73
(P=0.24; 95 percent confidence interval, 0.44 to

 

*P values were determined by the log-rank test.

†This category includes those who indicated they were of “other” races
or ethnic groups.

‡A z score of 0 corresponds to the 50th percentile, and a z score of ¡1.0
indicates 1 SD below the mean.
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FROM

 

 
J

 

ANUARY

 

 1, 1996,

 

TO

 

 INITIATION

P
VALUE*

years

Age at base line
0 to 1 yr
2 to 5 yr
6 to 12 yr
13 to 20 yr

2.1
2.2
1.8
1.5

<0.001

Sex
Female
Male

2.0
1.9

0.06

Probable time of infection
Perinatal
Nonperinatal
Unknown or missing

2.0
1.3
2.0

<0.001

Educational level of parent or guardian
Less than high school
Completion of high school
More than high school
Other, unknown, or missing

2.0
2.0
1.9
2.0

0.76

Race or ethnic group
Non-Hispanic white†
Non-Hispanic black
Hispanic

1.7
2.0
2.0

<0.001

Base-line percentage of CD4+ lympho-
cytes

<15
»15

1.4
2.1

<0.001

Height-for-age z score‡
Less than ¡1.72
¡1.72 to ¡0.89
¡0.88 to ¡0.11
¡0.10 or higher

1.5
2.0
2.1
2.1

<0.001

Weight-for-age z score‡
Less than ¡1.23
¡1.23 to ¡0.47
¡0.46 to 0.34
0.35 or higher

1.5
2.0
2.1
2.2

<0.001

No. of study subjects at site
1 to 13
14 to 19
20 to 30
>30

1.9
2.0
1.9
2.0

0.28
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1.23). This attenuation of the benefit of the therapy
is a consequence of the lack of control for the sever-
ity of illness — in other words, of confounding by
indication. In sicker children, combination therapy
including protease inhibitors was more likely to be
initiated earlier.

DISCUSSION

Among children and adolescents, the initiation of
combination therapy including protease inhibitors is
associated with an estimated reduction of 67 percent
in the risk of death, after adjustment for potentially
confounding variables. The reduction in risk was sim-
ilar among all subjects regardless of age, sex, percent-
age of CD4+ lymphocytes, educational level of the
parent or guardian, and race or ethnic group. A sim-
ilar reduction (71 percent) was found in an Italian
study,7 although more than 20 percent of the sub-
jects in that study received no antiretroviral therapy,
as compared with only 0.1 percent in our study.

Although randomized, controlled clinical trials pro-
vide the most valid evidence of efficacy, they can lack
generalizability and may provide a limited view of the
effect of therapies on outcomes in the population at
large. Prospective cohort studies, in contrast, allow the
therapeutic effect to be assessed under usual clinical
conditions, although inadequate control can bias the
results.28

Our study has several possible limitations: inade-

*CI denotes confidence interval, and SD refers to the SD from the mean
in a normal or reference population.

†This category includes those who indicated they were of “other” races
or ethnic groups.

TABLE 3. HAZARD RATIOS FROM MULTIVARIATE PROPORTIONAL-
HAZARDS REGRESSION MODEL PREDICTING THE TIME

TO THE INITIATION OF COMBINATION THERAPY

INCLUDING PROTEASE INHIBITORS.*

CHARACTERISTIC

HAZARD OF 
INITIATION P VALUE

hazard ratio (95% CI)

Age (per yr) 0.98 (0.96–1.01) 0.18

Female sex 1.00 (0.85–1.16) 0.95

Probable time of infection
Perinatal
Nonperinatal
Unknown or missing

1.00
1.74 (1.26–2.40)
1.00 (0.71–1.41)

<0.001
0.99

Educational level of parent or guardian
Less than high school
Completion of high school
More than high school
Other, unknown, or missing

0.89 (0.73–1.09)
1.00
1.03 (0.85–1.26)
0.97 (0.72–1.31)

0.26

0.74
0.84

Race or ethnic group
Non-Hispanic white†
Non-Hispanic black
Hispanic

1.00
0.82 (0.66–1.01)
0.85 (0.68–1.06)

0.06
0.15

CD4+ lymphocyte count (per log 
increment)

0.54 (0.48–0.61) <0.001

Height-for-age z score (per 1 SD incre-
ment)

0.96 (0.87–1.04) 0.31

Weight-for-age z score (per 1 SD incre-
ment)

0.94 (0.85–1.03) 0.18

No. of study subjects at site
1 to 13
14 to 19
20 to 30
>30

1.21 (0.97–1.51)
1.00 (0.81–1.25)
1.30 (1.05–1.60)
1.00

0.10
0.98
0.02

*P values were determined by the log-rank test for trend.

†This category includes those who indicated they were of “other” races
or ethnic groups.

‡A z score of 0 corresponds to the 50th percentile, and a z score of ¡1.0
indicates 1 SD below the mean.

TABLE 4. ANNUAL MORTALITY ACCORDING TO BASE-LINE 
CHARACTERISTICS.

CHARACTERISTIC ANNUAL MORTALITY P VALUE*

1996 1997 1998 1999

percent

All subjects 5.3 2.1 0.9 0.7 <0.001

Age as of Jan. 1, 1996
0 to 1 yr
2 to 5 yr
6 to 12 yr
13 to 20 yr

4.4
4.4
5.8
6.4

0.0
1.7
2.5
2.4

0.0
0.9
1.0
1.5

0.0
0.0
1.2
1.8

0.08
<0.001
<0.001

0.13
Sex

Female
Male

6.1
4.4

2.0
2.2

0.7
1.2

0.0
1.4

<0.001
0.004

Probable time of infection
Perinatal
Nonperinatal
Unknown

5.2
5.7
5.7

1.9
4.9
2.1

0.9
0.0
2.3

0.6
2.4
0.0

<0.001
0.29
0.21

Educational level of parent 
or guardian

Less than high school
Completion of high school
More than high school
Other, unknown, or missing

3.9
6.6
5.4
5.2

2.1
2.6
2.1
0.0

1.9
0.4
0.8
0.0

0.4
1.1
0.8
0.0

0.02
<0.001
<0.001

0.01
Race or ethnic group

Non-Hispanic white†
Non-Hispanic black
Hispanic

7.5
3.8
6.0

2.7
2.5
1.3

2.2
1.2
0.0

0.8
0.9
0.4

0.006
0.004

<0.001
Percentage of CD4+ lympho-

cytes
<15
»15

14.6
0.9

5.7
0.6

3.5
0.0

2.6
0.0

<0.001
0.005

Height-for-age z score‡
Less than ¡1.72
¡1.72 to ¡0.89
¡0.88 to ¡0.11
¡0.10 or higher

11.2
3.6
4.1
2.4

2.8
2.2
1.8
1.7

1.5
1.4
0.9
0.0

1.1
1.3
0.5
0.0

<0.001
0.10
0.01
0.008

Weight-for-age z score‡
Less than ¡1.23
¡1.23 to ¡0.47
¡0.46 to 0.34
0.35 or higher

12.0
3.2
2.8
3.2

3.8
1.3
1.3
2.1

1.6
1.9
0.0
0.4

0.6
1.3
0.9
0.0

<0.001
0.34
0.06
0.005

No. of study subjects at site
1 to 13
14 to 19
20 to 30
>30

7.2
5.3
4.7
4.1

3.5
1.3
1.7
2.0

0.5
2.0
0.4
0.8

0.0
0.7
0.5
1.5

<0.001
0.01
0.001
0.05

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 8, 2009 . For personal use only. No other uses without permission. 



COMBINATION THERAPY WITH PROTEASE INHIBITORS AND MORTALITY AMONG CHILDREN WITH HIV-1 INFECTION

N Engl J Med, Vol. 345, No. 21 · November 22, 2001 · www.nejm.org · 1527

quate control for confounding by indication, uncer-
tainty about the timing of the initiation of therapy,
and limited generalizability of the PACTG 219 sam-
ple. We controlled for confounding by indication by
means of proportional-hazards regression models in
which we controlled for the known indicators of the
severity of illness. One potentially important variable
for which we did not control is the HIV-1 RNA lev-
el.29,30 Although measurements of HIV-1 RNA are
currently used to help clinicians make decisions about
medication, CD4+ lymphocyte counts and percent-
ages were used more commonly when we began our
study. Recent data indicate that CD4+ lymphocyte
data for patients receiving combination therapies have
continuing prognostic value.31 Our lack of control for
the viral load before the initiation of therapy could
have led to an underestimation of the therapeutic ef-
fect, however.

Our finding, in unadjusted analyses, of differences
according to race or ethnic group in the time to the

initiation of combination therapy including protease
inhibitors could be troubling because it might reflect
the presence of barriers to access. When we controlled
for differences in the severity of illness and other co-
variates, however, the differences among racial and eth-
nic groups became statistically insignificant. Although
this result is reassuring, continued vigilance is need-
ed to ensure equitable access to treatment for HIV.

The limited number of children and adolescents
in our study and the substantial number of different
combinations of medications whose use was report-
ed restrict our ability to address hypotheses concern-
ing specific combinations of nucleoside analogues
and protease inhibitors. Patients may be switched from
one drug regimen to another because of toxic effects
or other side effects, because of a lack of response,
or because of difficulties with adherence. Newer data
collected in PACTG 219 will provide more detail
concerning medications and their side effects, as well
as about the severity of illness.

The benefits of combination therapy including pro-
tease inhibitors in children and adolescents with HIV
include a decreased risk of death, improved growth,32

better immune function,3-6 and a marked decrease in
the incidence of infectious complications (unpub-
lished data). However, the risks of long-term therapy
in such patients necessitate increased vigilance and
consideration of the risk–benefit ratio of aggressive
antiretroviral intervention. In adults, the use of com-
bination therapies including protease inhibitors has
been associated with hyperglycemia, hyperlipidemia,
lipodystrophy,33 and bone mineral loss including os-
teonecrosis. Related complications have recently been
documented in children.34,35 Because of the effects of
current therapies on glucose and lipid metabolism,
body composition, mitochondrial function, and car-
diovascular function, we must ensure that improved
survival is not adversely affected as children who were
infected with HIV perinatally enter their second and
third decades of life. As HIV disease in children in
industrialized nations is transformed from an almost
uniformly fatal illness to a chronic condition, we must
also consider issues of sexuality and the psychosocial
challenges associated with adolescence and young
adulthood. In the face of the widespread concern
about the toxicity, side effects, and unknown long-
term consequences of the available therapies, the
data from the ongoing PACTG 219 study should be
able to provide important assessments of long-term
outcomes.

Combination therapy including protease inhibi-
tors markedly reduces mortality among children and
adolescents, just as it has among adults. Our results
support the use of combination therapies including
protease inhibitors in order to prolong the lives of
children and adolescents infected with HIV-1. The
continued prospective evaluation of children and ad-
olescents receiving these new therapies is important

*CI denotes confidence interval, and SD refers to the SD from the mean
in a normal or reference population.

†This category includes those who indicated they were of “other” races
or ethnic groups.

TABLE 5. MULTIVARIATE PROPORTIONAL-HAZARDS REGRESSION 
MODEL PREDICTING TIME TO DEATH.*

CHARACTERISTIC HAZARD OF DEATH P VALUE

hazard ratio (95% CI)

Combination therapy including pro-
tease inhibitors

0.33 (0.19–0.58) <0.001

Age (per yr) 0.95 (0.89–1.02) 0.16

Female sex 1.55 (0.98–2.45) 0.06

Probable time of infection
Perinatal
Nonperinatal
Unknown

1.00
1.09 (0.42–2.81)
0.61 (0.23–1.63)

0.86
0.33

Educational level of parent or guardian
Less than high school
Completion of high school
More than high school
Other, unknown, or missing

0.71 (0.39–1.28)
1.00
0.98 (0.57–1.68)
0.65 (0.22–1.89)

0.25

0.94
0.43

Race or ethnic group
Non-Hispanic white†
Non-Hispanic black
Hispanic

1.00
0.72 (0.40–1.28)
0.74 (0.39–1.39)

0.26
0.35

CD4+ lymphocyte count (per log 
increment)

0.25 (0.20–0.31) <0.001

Height-for-age z score (per 1 SD incre-
ment)

0.97 (0.78–1.21) 0.80

Weight-for-age z score (per 1 SD incre-
ment)

0.82 (0.61–1.10) 0.17

No. of study subjects at site
1 to 13
14 to 19
20 to 30
>30

1.18 (0.63–2.19)
1.06 (0.56–1.99)
1.12 (0.57–2.21)
1.00

0.61
0.86
0.74
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in improving our understanding of access to the ther-
apies and their effect on mortality, growth, neuro-
psychological development, other illnesses, and the
quality of life.
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