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Background: The effectiveness of the South African gov-
ernment’s expanding antiretroviral treatment program is
unknown. Observational studies of treatment effective-
ness are prone to selection bias, rarely compare patients
receiving antiretroviral treatment with similar patients
not receiving antiretroviral treatment, and underesti-
mate mortality rates unless patients are actively fol-
lowed up.

Methods: We followed up 14 267 patients in the Public
Sector Anti-Retroviral Treatment project in Free State, South
Africa, for up to 20 months after enrollment. A total of 3619
patients received highly active triple antiretroviral treat-
ment (HAART) for up to 19 months (median, 6 months;
interquartile range, 3-9 months) after enrollment. Pa-
tients’ clinical data were linked with the national mortal-
ity register. Marginal structural regression models ad-
justed for baseline and time-varying covariates.

Results: Of 4570 patients followed up for at least 1 year,
53.2% died. Eighty-seven percent of patients who died

had not received HAART. HAART was associated with
lower mortality (hazard ratio, 0.14; 95% confidence in-
terval [CI], 0.11-0.18) and with the presence of tuber-
culosis (hazard ratio, 0.61; 95% CI, 0.46-0.81) after ad-
justing for age, sex, weight, clinic, district, CD4 cell count,
cotrimoxazole therapy, tuberculosis at baseline, and pre-
vious antiretroviral therapy. Cotrimoxazole therapy was
associated with lower mortality (hazard ratio, 0.37; 95%
CI, 0.32-0.42). Each month of HAART was associated with
an increase in CD4 cell count of 15.1 cells/µL (95% CI,
14.7-15.5 cells/µL) and with an increase in body weight
of 602 g (95% CI, 548-658 g).

Conclusions: HAART provided through these South Afri-
can government health services seems as effective as that
provided in high-income countries. Delays starting
HAART contributed to high mortality rates. Faster ex-
pansion and timely commencement of HAART are needed.
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M ORE THAN 5 MILLION
South Africans are in-
fected with human im-
munodeficiency virus
(HIV).1 In sub-Sa-

haran Africa, antiretroviral treatment cov-
erage was estimated to be 23% among those
with advanced infection in 2006.2 Efforts to
expand highly active triple antiretroviral
treatment (HAART) provision in Africa may
be slowed by concerns that HAART will be
less effective because of inadequate health
services and poor treatment adherence. It
is unethical to estimate HAART effective-
ness using randomized placebo-controlled
trials, but cohort studies3,4 can potentially
provide valid estimates. Studies5-10 in de-
veloping countries describe improved out-
comes among patient cohorts receiving
HAART. To our knowledge, no studies have
compared patients receiving HAART with
similar patients not receiving HAART, as

performed in cohort studies11,12 from Eu-
rope and the United States. Descriptions of
changes in outcomes among patients re-
ceiving HAART probably underestimate
HAART effectiveness because, without treat-
ment, health outcomes tend to deteriorate.
Concurrent or historical comparisons of
treated and untreated patients are likely to
be biased because treatments tend to be se-
lected according to patients’ health status.
However, with successive observations of
changes in individuals, it is possible to ad-
just for these selection biases, as has re-
cently been performed for European and
United States cohorts.9-14

Following South African national
policy,15 the Free State provincial health
department established its Comprehen-
sive Care, Management and Treatment of
HIV and AIDS Program, which includes
provision of HAART. This study esti-
mates the effects of HAART on mortality,
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tuberculosis, CD4 cell counts, and body weight, in ad-
dition to the effects of cotrimoxazole prophylaxis on mor-
tality in this program.

METHODS

THE TREATMENT PROGRAM

The study had a cohort design with repeated measures. The study
population comprised all persons with HIV infection at least 16
years old and enrolled in the Comprehensive Care, Manage-
ment and Treatment of HIV and AIDS Program from commence-
ment (May 3, 2004) until December 31, 2005. Patients with at
least 2 recorded program contacts were included in our study.

Health care was provided through 13 assessment clinics, 4
treatment sites, and 3 combined assessment and treatment sites
that were located in all 5 districts of the province. After testing
HIV positive at any Free State clinic, patients were referred to
nurse-run assessment sites. Patients with World Health Orga-
nization (WHO) stage 4 AIDS or a CD4 cell count of 200 cells/µL
or less were referred to a physician at a treatment site for pos-
sible initiation of HAART. For patients with active tuberculo-
sis or other serious opportunistic infections, HAART was de-
ferred until they were clinically stable or until the intensive phase
of tuberculosis treatment was completed. Of patients receiv-
ing HAART, 68.3% started treatment with stavudine, lamivu-
dine, and efavirenz, and 29.7% started treatment with stavu-
dine, lamivudine, and nevirapine. Cotrimoxazole prophylaxis
was indicated if the CD4 cell count was 200 cells/µL or less or
if WHO stage 3 or 4 disease was present.16

DATA COLLECTION

Patients receiving HAART were monitored monthly at clinic vis-
its and quarterly by a hospital physician. The CD4 cell counts were
supposed to be measured at enrollment and every 6 months there-
after if receiving HAART or if the CD4 cell count was less than

500 cells/µL, or every 12 months if the CD4 cell count was at least
500 cells/µL. In practice, the median intervals between CD4 cell
count measurements were 146 days (interquartile range [IQR],
72-228 days) among patients with initial CD4 cell counts of 200
cells/µL or less and 186 days (IQR, 117-226 days) among others.
A total of 5162 patients had CD4 cell count measurements at base-
line and subsequently at least once. A total of 8335 patients had
weight measurements at baseline and subsequently at least once.
The relative frequencies of CD4 cell count and weight measure-
ments are shown in Figure1 and Figure2. Viral load and WHO
stage were not recorded for untreated patients.

Patient information was written on paper forms by clini-
cians, entered into the province’s computer system by trained
data capturers, and downloaded to a central database every week.
Data quality was monitored continually using 29 quality con-
trol routines.

We included patient data from the time of enrollment until
December 31, 2005. Longitudinal data were arranged into
monthly records. If there was more than 1 measurement per
month, the mean monthly value was used. Patients were as-
sumed to continue receiving HAART or cotrimoxazole therapy
once started. Missing CD4 cell count and weight measure-
ments, including baseline values, were imputed using mul-
tiple imputation by chained equations17 based on age, sex,
months of HAART, months of follow-up, current tuberculosis
status, baseline and current CD4 cell counts and weights, and
baseline and current HAART and cotrimoxazole therapy. Mor-
tality was tracked until December 31, 2005, by electronically
linking program data with the national death register, using na-
tional identity numbers that were available for 84.1% of pa-
tients. The national death register is estimated to capture more
than 90% of adult deaths in South Africa.18 We linked these data
at 9 months and at 17 months after December 31, 2005. We
also identified deaths recorded in medical records. The re-
corded deaths were as follows: 80.1% in the population regis-
ter only, 4.2% in medical records only, and 15.7% in both.
Ninety-eight percent of registered deaths were identified within
9 months of December 31, 2005, and 1.8% were identified
afterward.

300

400

200

100

0

–100
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time, mo

M
ea

n 
Di

ffe
re

nc
e 

Fr
om

 B
as

el
in

e 
CD

4 
Ce

ll 
Co

un
t, 

Ce
lls

/µ
L

Figure 1. Changes in CD4 cell counts over time as percentages of baseline
CD4 cell counts. For patients who received highly active triple antiretroviral
treatment (HAART) (squares), time is months since commencement of
therapy. The dashed line is a fitted regression line for these patients. For
patients who did not receive HAART (circles), time is months since
enrollment in the program. The areas of squares and circles are proportional
to the numbers of observations each month.
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Figure 2. Changes in weight over time as percentages of baseline weights.
For patients who received highly active triple antiretroviral treatment
(HAART) (squares), time is months since commencement of therapy. The
dashed line is a fitted regression line for these patients. For patients who did
not receive HAART (circles), time is months since enrollment in the program.
The areas of squares and circles are proportional to the numbers of
observations each month.
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Tuberculosis diagnoses were made according to national guide-
lines.19 Pulmonary tuberculosis was primarily diagnosed by ex-
amining sputum smears. Only a physician could diagnose extra-
pulmonary or smear-negative pulmonary tuberculosis, taking into
account other clinical or radiologic information.

STATISTICAL ANALYSIS

We summarized patients’ baseline characteristics, adjusting stan-
dard errors of variable estimates for clustering of estimates within
clinics within districts.20 The primary method of longitudinal
data analysis was the use of marginal structural regression mod-
els to account for time-varying covariates and for intermediate
variables and selection bias. The primary outcomes were death,
newly diagnosed tuberculosis, and changes in CD4 cell count
and weight. The primary explanatory variables for mortality were
having started HAART or cotrimoxazole therapy, and the pri-
mary explanatory variable for tuberculosis was having started
HAART. The primary explanatory variable for CD4 cell count
and weight was the number of months since HAART was started.
Baseline covariates were age, sex, district, clinic, initial weight,
initial CD4 cell count, the presence of tuberculosis, previous
antiretroviral treatment, and cotrimoxazole therapy at base-
line. Time-varying covariates were latest CD4 cell count and
weight, cotrimoxazole provision, and, for prediction of cen-
soring, HAART. Analyses were performed at the person-
month level, with multiple records per patient. Statistical analy-

ses were performed using statistical software (STATA version
9; StataCorp LP, College Station, Texas).20

Marginal structural models use probability weights to ad-
just for confounding by time-varying covariates that are also
treatment outcomes.11-14 STATA codes were adapted from those
by Fewell et al.21 Stabilized inverse probability of treatment
weights was estimated using 2 logistic regression models. The
first had HAART as outcome and baseline covariates and months
of follow-up as explanatory variables. The second had HAART
as outcome and had baseline, and time-varying covariates and
months of follow-up as explanatory variables. Stabilized in-
verse probability of censoring weights was also estimated. The
first model had censorship as outcome and had baseline co-
variates and months of follow-up as explanatory variables, while
the second model had these plus time-varying covariates. These
weights were combined to produce stabilized inverse probabil-
ity of treatment and censoring weights. For models of cotri-
moxazole effectiveness, equivalent methods were used to pro-
duce stabilized inverse probability of cotrimoxazole therapy and
censoring weights. Once a patient started HAART or cotri-
moxazole therapy, the probability of receiving treatment was
assumed to be 1, so probability weights were unaffected by sub-
sequent CD4 cell counts or weights.

The probability weights were then used in pooled logistic re-
gression models with death or tuberculosis as the outcome and
in linear regression models with current CD4 cell count or weight
as the outcome. Analyses with death as the outcome were cen-

Table 1. Characteristics of Patients at the Time of Enrollment in the Programa

Characteristic

All Patients Enrolled
in the Program

(N=14 267)

Patients With Initial CD4 Cell Count of !200 Cells/µL

P
Valueb

Never Received HAART
After Enrollment

(n=3774)

Ever Received HAART
After Enrollment

(n=3125)

Body weight, kg 55 (48-64) 53 (45-62) 55 (48-63) ".001
Age, y 35 (29-41) 35 (30-42) 36 (30-42) .55
Female sex 9320 (65.3) 2340 (62.0) 2022 (64.7) .002
Previous tuberculosisc 1791 (12.6) 673 (17.8) 993 (31.8) ".001
Active tuberculosisc 416 (2.9) 177 (4.7) 204 (6.5) .05
Previous HAART 173 (1.2) 21 (0.6) 105 (3.4) ".001
CD4 cell count, cells/µL ".001

"25 1140 (8.0) 720 (19.1) 420 (13.4)
25-49 965 (6.8) 584 (15.5) 381 (12.2)
50-99 1742 (12.2) 960 (25.4) 782 (25.0)
100-199 3042 (21.3) 1510 (40.0) 1542 (49.3)
200-349 2352 (16.5) . . . . . .
#350 2348 (16.5) . . . . . .
Unknown 2678 (18.8) . . . . . .

First viral loadc d

"400 471 (3.3) 6 (0.2) 145 (4.6)
400-999 33 (0.2) 1 (0.03) 25 (0.8)
1000-9999 189 (1.3) 6 (0.2) 133 (4.3)
#10 000 1535 (10.8) 95 (2.5) 1298 (41.5)
Unknown 12 039 (84.4) 3666 (97.1) 1524 (48.8)

World Health Organization stagec d

1 450 (3.2) 108 (2.9) 249 (8.0)
2 1327 (9.3) 452 (12.0) 750 (24.0)
3 2572 (18.0) 988 (26.2) 1434 (45.9)
4 518 (3.6) 241 (6.4) 223 (7.1)
Unstaged 9400 (65.9) 1985 (52.6) 469 (15.0)

Abbreviation: HAART, highly active triple antiretroviral treatment.
aData are given as median (interquartile range) or as number (percentage).
bComparing never vs ever treated if initial CD4 cell count of 200 cells/µL or less, adjusted for clustering within clinics within districts using Pearson product

moment correlation $2 test for complex survey data for binary outcomes and using hierarchical linear regression for continuous outcomes.
cUsually assessed after enrollment and before starting HAART.
dP values not given because data were absent for most patients.
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sored at death or at December 31, 2005. Analyses with tubercu-
losis as the outcome were censored at the time of diagnosis or
the last visit. Analyses with CD4 cell count or weight as the out-
come were censored at the last time they were recorded.

The logistic regression models with death or tuberculosis
as the outcome were Cox proportional hazards regression mod-
els because subjects were removed from the population at risk
after the outcome had occurred. Odds ratios from the weighted
logistic regression models are hazard ratios in this context.11,12

Explanatory variables were baseline covariates, having started
HAART or cotrimoxazole therapy, and months since the com-
mencement of HAART (0 months if HAART had not been
started). We used Huber-White robust estimation of standard
errors for variable estimates to account for intrapatient clus-
tering of outcomes over time.20

In any regression model in which age, weight, CD4 cell count,
or months of follow-up were explanatory variables, they were mod-
eled as cubic splines with knots at the 5th, 25th, 50th, 75th, and
95th centiles of the respective variable. This was to optimize ad-
justment for confounding without assuming linear relationships
between these variables and the respective outcome.

We performed 4 secondary analyses. The first was equivalent
but unweighted pooled regression analyses for each outcome. The
explanatory variables were baseline and time-varying covariates,
months of HAART, or having started HAART or cotrimoxazole.
Second, for a more homogeneous population, we repeated the
analyses among patients with initial CD4 cell counts of 200 cells/µL
or less. Third, we repeated the analyses after imputing missing
CD4 cell counts and weights by carrying the latest measurement
forward instead of using multiple imputation. This excluded pa-
tients with missing CD4 cell counts and weights at baseline (18.4%
and 7.2%, respectively). For these analyses, we added 2 vari-
ables indicating whether the latest CD4 cell count or weight mea-
surement was the baseline measurement carried forward. Fourth,
we repeated the analyses of mortality excluding patients with-
out national identity numbers.

PERMISSION AND ETHICAL CONSENT

The Free State provincial health department gave permission
for the data to be analyzed for this study. Patients were not asked
to consent for their routine clinical information to be cap-
tured. The study protocol was approved by the research ethics
committees of the faculties of health sciences of the University
of Cape Town and the University of the Free State. Data pro-
tection procedures were strictly followed, and patient identi-
fiers were available only to health professionals or data man-
agers working in the program.

RESULTS

By the end of 2005, 14 267 patients were enrolled and fol-
lowed up for up to 20 months (median, 4 months; IQR,
1-9 months) after enrollment. Of these, 3619 (25.4%) re-
ceived HAART for up to 19 months (median, 6 months;
IQR, 3-9 months) after enrollment. The median number
of contacts with a physician or nurse was 24 (IQR, 17-34)
among patients who received HAART and 6 (IQR, 3-14)
among all patients. A total of 6899 patients (48.4%) had
initial CD4 cell counts of 200 cells/µL or less, and 3125 of
these (45.3%) started HAART during the study period
(Table1); 594 others had initial CD4 cell counts of greater
than 200 cells/µL and started treatment later. Among pa-
tients with initial CD4 cell counts of 200 cells/µL or less,
those who received HAART were at enrollment more likely

to be female, have received HAART previously, have cur-
rent or previous tuberculosis, and have higher initial CD4
cell count, body weight, and a more advanced WHO stage.
However, the association with sex was weak.

Two hundred eighty-eight deaths, 101 new tubercu-
losis diagnoses, and 1730 person-years were observed
among patients after commencement of HAART. There
were 2161 deaths, 863 new tuberculosis diagnoses, and
8981 person-years among patients not receiving HAART.
Therefore, the crude incidence rate ratios associated with
HAART were 0.61 (95% confidence interval [CI], 0.49-
0.75) for tuberculosis and 0.69 (95% CI, 0.61-0.78) for
death. Among patients with initial CD4 cell counts of 200
cells/µL or less, 267 deaths, 94 new tuberculosis diag-
noses, and 1607 person-years were observed after com-
mencement of HAART; 1340 deaths, 575 tuberculosis di-
agnoses, and 3811 person-years were observed among
patients not receiving HAART. Therefore, the crude in-
cidence rate ratios associated with HAART were 0.39 (95%
CI, 0.31-0.48) for tuberculosis and 0.47 (95% CI, 0.41-
0.54) for death. Of 4570 patients followed up for at least
1 year or until death, 2430 (53.2%) were known to have
died, 2105 of these (86.6%) before they received HAART
(crude odds ratio, 0.09 [95% CI, 0.07-0.10]).

After adjusting for other covariates, patients were more
likelytostartHAARTiftheyhadpreviouslyreceivedHAART,
hadreceivedcotrimoxazoletherapy,hadincreased(baseline-
adjusted)weight,orhadaninitialCD4cellcountof200cells/
µL or less (Table 2). After adjusting for other covariates,
patients were more likely to start cotrimoxazole therapy if
they were male, were older, had started HAART, had lower
CD4 cell counts, or had tuberculosis at baseline.

The dramatic effect of HAART on survival among pa-
tients with CD4 cell counts of 200 cells/µL or less is shown
in Figure 3. The hazard of death was higher if patients
were older, had lower CD4 cell counts, had decreased
(baseline-adjusted) weight, or received cotrimoxazole
therapy at baseline (Table 3). The hazard of death was
lower if they had started HAART or cotrimoxazole therapy
or had tuberculosis at baseline. In marginal structural
models that included all patients, the hazard ratios for
death were 0.14 among those receiving HAART com-
pared with those not receiving HAART and 0.37 among
those receiving cotrimoxazole therapy compared with
those not receiving cotrimoxazole therapy (Table 4).

Crude trends in CD4 cell counts and weights for pa-
tients who did or did not receive HAART are compared
in Figures 1 and 2. Marginal structural models that in-
cluded all patients (with imputed missing covariate data)
demonstrated that, for each extra month since the com-
mencement of HAART, CD4 cell counts increased by 15
cells/µL and weight increased by 602 g (Table 4).

Secondary analyses provided similar effect estimates.
However, the effects of cotrimoxazole therapy on mortal-
ity and of HAART on weight were smaller in unweighted
models than in weighted models (Table 4). In the sub-
group of patients with an initial CD4 cell count of 200
cells/µL or less, HAART had more effect on the presence
of tuberculosis (hazard ratio, 0.33 [95% CI, 0.13-0.92]),
the same effect on CD4 cell count increase per month (16
cells/µL [95% CI, 15-17 cells/µL]), and less effect on mor-
tality (hazard ratio, 0.33 [95% CI, 0.17-0.64]) and on weight
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increase per month (407 g [95% CI, 281-583 g]). Results
were insensitive to the method of imputation. When the
latest observations were carried forward instead of using

multiple imputation, the hazard ratios for death were 0.18
(95% CI, 0.14-0.24) for HAART and 0.38 (95% CI, 0.32-
0.46) for cotrimoxazole therapy in weighted models that
included all patients.

We tested the assumption that changes in CD4 cell
count and weight were linear over time by adding qua-
dratic and cubic time variables or by using cubic or lin-
ear splines of time, as well as by comparing R2 values of
alternative models. With CD4 cell count change mod-
els, linear time models fitted best, showing that CD4 cell
counts increased steadily for up to 19 months of HAART,
in keeping with the findings shown in Figure 1. How-
ever, weight change models that used linear splines of
months of HAART had slightly higher R2 values than lin-
ear models and showed that weight gain was greatest dur-
ing the first 11 months of HAART, in keeping with the
results shown in Figure 2.

Compared with patients with national identity num-
bers, the 16.6% without them were less likely to receive
HAART (9.5% vs 28.4%) and cotrimoxazole therapy
(36.3% vs 56.5%), were less likely to be diagnosed as hav-
ing tuberculosis (4.6% vs 7.2%) or to die (11.2% vs
18.6%), and had higher median initial CD4 cell counts
(187 cells/µL [IQR, 74-344 cells/µL] vs 159 cells/µL [IQR,
71-300 cells/µL]). However, survival analyses produced
similar results if these patients were excluded, with haz-
ard ratios for death of 0.14 (95% CI, 0.11-0.16) for HAART

Table 2. Factors Associated With Starting Highly Active Triple Antiretroviral Treatment (HAART) or Cotrimoxazole Therapya

Factor

HAART Cotrimoxazole Therapy

Hazard Ratio (95%
Confidence Interval)

Wald P
Value

Hazard Ratio (95%
Confidence Interval)

Wald P
Value

Previous antiretroviral agents 3.08 (2.30-4.13) ".001 2.65 (2.14-3.28) ".001
Started HAART from program 4.22 (3.62-4.92) ".001
Cotrimoxazole therapy at baseline 1.33 (1.20-1.49) ".001 . . . . . .
Started cotrimoxazole therapy 6.41 (5.65-7.27) ".001 . . . . . .
Baseline CD4 cell count, cells/µL ".001 ".001

0-49 1 [Reference] 1 [Reference]
50-99 1.12 (0.95-1.34) 0.92 (0.79-1.06)
100-149 1.07 (0.87-1.30) 0.85 (0.71-1.01)
150-200 1.10 (0.88-1.37) 0.81 (0.67-0.98)
%200 0.25 (0.19-0.32) 0.36 (0.30-0.44)

Latest CD4 cell count, cells/µL .27 ".001
0-49 1 [Reference] 1 [Reference]
50-99 1.08 (0.91-1.28) 1.12 (0.97-1.30)
100-149 1.16 (0.96-1.41) 1.19 (1.00-1.42)
150-200 0.99 (0.79-1.23) 1.18 (0.98-1.43)
%200 1.00 (0.79-1.26) 0.90 (0.74-1.08)

Latest weight, kg .02 .31
"40 1 [Reference] 1 [Reference]
40-59 0.94 (0.72-1.23) 1.16 (0.96-1.40)
60-80 1.16 (0.86-1.57) 1.23 (0.99-1.52)
%80 1.40 (0.91-2.15) 1.17 (0.87-1.59)

Male sex 1.08 (0.98-1.18) .11 1.21 (1.13-1.29) ".001
Age, y .38 ".001

16-19 0.94 (0.88-1.14) 0.89 (0.85-0.94)
20-29 1 [Reference] 1 [Reference]
30-50 1.03 (0.94-1.14) 1.06 (1.06-1.11)
%50 1.11 (0.96-1.29) 1.12 (1.03-1.21)

Tuberculosis at baseline 0.90 (0.75-1.09) .29 1.42 (1.21-1.66) ".001

Abbreviation: HAART, highly active triple antiretroviral treatment.
aPooled unweighted logistic regression models also adjusted for district, baseline weight, months of follow-up, and correlation of measures within clinics.

1.00

Initial CD4 cell count !200 cells/µL, no HAART

Initial CD4 cell count !200 cells/µL, HAART
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Figure 3. Kaplan-Meier survival estimates by treatment status and by initial CD4
cell count. For patients who received highly active triple antiretroviral treatment
(HAART), time is months since commencement of therapy. For patients who
did not receive HAART, time is months since enrollment in the program.
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and 0.35 (95% CI, 0.31-0.40) for cotrimoxazole therapy
in weighted models.

COMMENT

The study provides reassurance that HAART provided
by South African public sector health services can be ef-

fective. The magnitudes of health improvements attrib-
utable to HAART are similar to estimates from dedi-
cated nongovernment organizations and research-
supported HAART services in South Africa8,9 and Haiti,6

countrywide treatment in Malawi,7 routine treatment in
Europe and the United States,11-14 and indirect compari-
sons from randomized trials.22,23 However, it is alarming
that more than half of the patients followed up for at least
1 year died and that 86.4% of those who died had not
yet started HAART. These results demonstrate that ex-
panding treatment access and avoiding delays in start-
ing treatment are urgent priorities. The Free State pro-
vincial health department has made a commitment to
expand access and to reduce waiting times, while striv-
ing to maintain the effectiveness of HAART.

This study extends the findings of other African co-
hort studies3,5,7-10 of HAART effectiveness because of the
following strengths: (1) active follow-up of survival
through data linkage with the national death register, (2)
avoidance of selection bias by adjustment for time-
varying CD4 cell counts and weights, (3) estimation of
the effect of HAART on body weight, (4) estimation of
the independent effect of cotrimoxazole therapy com-
bined with HAART, and (5) inclusion of almost all pa-
tients enrolled in a provincewide government program.

The validity of the effectiveness estimates depends on
valid and reliable measurement of all relevant confound-
ers and outcomes, as well as correct model specifica-
tion. A particular strength of this study was the succes-
sive CD4 cell count and weight measurements, which were
biologically important prognostic and outcome vari-
ables and which influenced treatment selection. These
measurements were made by routine services rather than
under research conditions, but blood analyses were per-
formed by a single national laboratory service with a single
set of quality standards for its laboratories. A compari-
son of weighted and unweighted models (Table 3) sug-
gests that unweighted models underestimated the ef-
fects of HAART on CD4 cell count and weight and the
effect of cotrimoxazole therapy on death. The study was
limited by the lack of viral loads and WHO staging for
untreated patients, but these were not used to select treat-

Table 3. Factors Associated With Deatha

Factor
Hazard Ratio (95%

Confidence Interval)
Wald P
Value

Age, y ".001
16-19 1 [Reference]
20-29 1.30 (1.16-1.45)
30-50 1.27 (1.12-1.44)
%50 1.58 (1.33-1.88)

Male sex 0.95 (0.87-1.05) .33
Previous HAART 0.71 (0.47-1.07) .11
Started HAART from program 0.20 (0.17-0.24) ".001
Started cotrimoxazole therapy 0.37 (0.33-0.41) ".001
Cotrimoxazole therapy

at baseline
1.24 (1.08-1.43) .003

Baseline CD4 cell count, cells/µL ".001
0-49 1 [Reference]
50-99 0.72 (0.61-0.84)
100-149 0.61 (0.50-0.75)
150-200 0.53 (0.42-0.66)
%200 0.35 (0.27-0.44)

Latest CD4 cell count, cells/µL ".001
0-49 1 [Reference]
50-99 0.83 (0.71-0.97)
100-149 0.75 (0.62-0.92)
150-200 0.67 (0.54-0.85)
%200 0.61 (0.48-0.76)

Latest weight, kg ".001
"45 1 [Reference]
45-54 0.65 (0.53-0.80)
55-64 0.49 (0.38-0.64)
65-80 0.50 (0.35-0.72)
%80 0.42 (0.19-0.92)

Tuberculosis at baseline 0.71 (0.56-0.90) .05
Current tuberculosis 1.14 (0.96-1.34) .14

Abbreviation: HAART, highly active triple antiretroviral treatment.
aPooled unweighted logistic regression models also adjusting for clinic,

district, baseline weight, months of follow-up, and intrapatient correlation of
outcomes.

Table 4. Estimated Effects of Highly Active Triple Antiretroviral Treatment (HAART) and Cotrimoxazole Therapy on Outcomesa

Outcome
Explanatory

Variable
Unweighted Models,

No Covariates
Unweighted Models, Baseline
and Time-Varying Covariates

Weighted Model,
Baseline Covariates

No. of
Patients

Patients With Any Initial CD4 Cell Count
CD4 cell count, cells/µL Per additional month of HAART 14.3 (13.0-15.5) 14.2 (13.8-14.7) 15.1 (14.7-15.5) 6127b

Weight, g Per additional month of HAART 599 (540-656) 459 (415-503) 602 (548-658) 9200b

Tuberculosis HAART 2.4 (2.1-2.7) 0.69 (0.54-0.89) 0.61 (0.46-0.81) 14 267
Death HAART 0.25 (0.22-0.28) 0.15 (0.13-0.18) 0.14 (0.11-0.18) 14 267
Death Cotrimoxazole therapy 0.53 (0.49-0.58) 0.56 (0.49-0.63) 0.37 (0.32-0.42) 14 267

Patients With Initial CD4 Cell Count of !200 Cells/µL
CD4 cell count, cells/µL Per additional month of HAART 68.8 (66.8-70.8) 11.3 (10.8-11.7) 11.9 (11.4-12.5) 2891b

Weight, g Per additional month of HAART 3262 (3074-3459) 518 (467-569) 615 (558-671) 5188b

Tuberculosis HAART 1.79 (1.57-2.23) 0.69 (0.50-0.89) 0.67 (0.50-0.89) 6899
Death HAART 0.19 (0.17-0.26) 0.13 (0.10-0.15) 0.13 (0.10-0.15) 6899
Death Cotrimoxazole therapy 0.42 (0.38-0.46) 0.65 (0.56-0.74) 0.44 (0.37-0.52) 6899

aData are given as difference (95% confidence interval) for CD4 cell counts and weights and as hazard ratio (95% confidence interval) for tuberculosis and
death. Covariates are listed in the “Methods” section.

bPatients with at least 2 outcome measurements.
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ment. We assume that 90% of deaths were captured
through the national registry among the 84.1% of sub-
jects with national identity numbers.18 Some deaths may
have been missed among the 15.9% without national iden-
tity numbers. However, almost all deaths recorded in
medical records were also registered centrally, and few
deaths were registered longer than 9 months after the end
of follow-up. If death registration was more complete for
patients receiving HAART, then the effect of HAART on
mortality would be underestimated.

We may have underestimated the incidence of tuber-
culosis, especially among patients not receiving HAART
and seen less often. This is supported by the increased
tuberculosis hazard associated with HAART in the crude
analyses (Table 4). Therefore, we probably underesti-
mated the effect of HAART on tuberculosis. It was sur-
prising that tuberculosis at baseline was associated with
a lower risk of death (Table 3). This was only true for
patients who did not receive HAART. This could be due
to selection bias because the sickest patients with tuber-
culosis may have died before enrolling in the program.

We also may have underestimated treatment efficacy
by assuming that patients continued to receive HAART
or cotrimoxazole therapy once started. By the end of fol-
low-up, 3.1% of patients who had started HAART had
not attended for at least 3 months, indicating that they
had defaulted. Noncompliance would have biased the es-
timated effect on mortality more than the effects on other
outcomes because mortality was tracked even if pa-
tients defaulted, whereas other analyses were censored
at the last measurement or visit.

Our results reflect less than 2 years of follow-up among
clinics and patients selected as being most ready to pro-
vide or receive HAART, so they cannot be directly ex-
trapolated to larger-scale provision or to longer-term treat-
ment. Our findings demonstrate that South African
government health services and their patients are able to
achieve good HAART outcomes but highlight the ur-
gent need for increasing coverage and commencement
of HAART.
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