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Abstract
Background—Prognostic models have been developed for HIV-1 infected patients who start
combination antiretroviral therapy (ART) in high-income countries, but not for patients treated in
sub-Saharan Africa.

Methods—We included 10,331 adult patients who started ART between 2004 and 2007 in ART
scale-up programmes in Côte d’Ivoire, South Africa and Malawi. Data were analysed by intention-
to-continue-treatment, ignoring treatment changes and interruptions. We used Weibull survival
models to construct two prognostic models: one that included baseline CD4 count and one that did
not, since in many African settings CD4 count is not routinely measured.

Findings—During the first year after starting ART, 912 (8.2%) patients died. Baseline CD4 cell
count (adjusted hazard ratio 0.21 [95% CI 0.17–0.27] comparing ≥200 with <25 cells/μL), WHO
clinical stage (3.45 [2.43–4.90] comparing stages III/IV with I/II), body weight (0.23 [0.18–0.30]
comparing ≥60 with <45kg) and anaemia (0.27 [0.20–0.36] comparing none with severe) were
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strongly associated with mortality. Other independent risk factors were low total lymphocyte
count, advanced age and male sex. The CD4 model included CD4 count, clinical stage, body
weight, age and sex (160 risk strata). In the alternative model CD4 count was replaced by total
lymphocyte count and degree of anaemia (288 risk strata). With the CD4 model the probability of
death ranged from 0.9% (95% CI 0.6–1.4) in patients in the lowest risk stratum to 53% (44–62) in
patients in the highest risk stratum. The corresponding probabilities for the total lymphocyte/
haemoglobin model were 0.9% (0.5–1.4) and 60% (48–71).

Interpretation—Prognostic models based on the CD4 cell count, or total lymphocytes and
haemoglobin provide similarly strong discrimination in predicting early mortality in patients
starting ART in sub-Saharan Africa. These models are useful for counselling patients, planning
health services and predicting outcomes at the population level.

Introduction
It is of obvious importance to HIV-1 infected patients and clinicians to know the likely
prognosis when starting combination antiretroviral therapy (ART). Such information is also
important for planning health service provision and to inform treatment guidelines. In
industrialised countries the prognosis of patients starting ART has been modelled
extensively.1–3 For example, a prognostic model developed by a collaboration of
prospective studies from Europe and North America showed that the risk of death depended
on CD4 count, HIV-1 viral load, clinical stage, history of injection drug use and age.1;2

ART has been scaled up in sub-Saharan Africa since 2004. The Word Health Organization
(WHO) estimates that by the end of 2008, between 2.7 and 3.1 million patients had started
ART in this region.4 In resource-limited settings mortality is higher than in industrialised
countries, particularly in the first year of ART,5;6 but no prognostic models are currently
available for sub-Saharan Africa. The CD4 cell count and HIV-1 viral load are important
prognostic factors both in untreated patients and in patients on ART, but in many clinics in
sub-Saharan Africa neither CD4 counts nor viral load are routinely available. In these
settings WHO recommends using clinical stage, or clinical stage in conjunction with total
lymphocyte counts (TLC), to assess eligibility for ART.7 Studies in high-income settings
have also found haemoglobin to be an important predictor of mortality in patients starting
ART,8;9 as did a small study in Durban, South Africa.10

We identified risk factors for death in patients starting ART in four large scale-up
programmes in sub-Saharan Africa and developed two prognostic models, one including the
CD4 count and an alternative model where CD4 count was replaced by TLC and
haemoglobin.

Methods
Patients and cohorts

The present analysis included four large scale-up cohorts in sub-Saharan Africa that
participate in the International epidemiological Databases to Evaluate AIDS (IeDEA):
Gugulethu11 and Khayelitsha12 in Cape Town, South Africa, Lighthouse13 in Lilongwe,
Malawi, and CEPREF (Centre de Prise en Charge de Recherches et de Formation)14 in
Abidjan, Côte d’Ivoire. These programmes were chosen for their systematic efforts to trace
patients lost to follow-up and ascertain deaths. Eligible patients were antiretroviral naïve
before starting triple ART, aged 16 years and over, had a date of starting ART and a baseline
CD4 count within the 6 months prior to treatment as well as sex and age recorded. Patients
started ART between January 2004 and March 2007 and had at least one year of potential
follow-up. In all sites patients with a CD4 count of <200cells/μL (irrespective of clinical
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stage) or WHO stage IV (irrespective of CD4 count) were eligible for ART. In Côte d’Ivoire
and Malawi, but not in the Republic of South Africa, patients with WHO stage III disease
and a CD4 count <350 cells/μL were also eligible for ART, in line with WHO guidelines.7
At all sites institutional review boards approved the collection of data for research.

Follow-up and ascertainment of deaths
The outcome was death from all causes in the first year of ART. Patients generally attended
clinics monthly to obtain drug supplies, although scheduled medical check-ups were less
frequent, typically 3-monthly during the first year of ART. The majority of deaths were
reported by family members or hospital wards. Patients who did not return to the clinic were
traced. In CEPREF patients who missed two successive visits were traced by social workers
who telephoned patients or relatives, did home visits and read the newspaper obituaries. In
Gugulethu patients were allocated a therapeutic counselor living in the same community
who visited patients at home, providing ongoing counseling and adherence support. In
Khayelitsha, patients lost to follow-up who could not be contacted telephonically were
visited at home by a clinic nurse where possible, and additional information on vital status
was available through linkage to the South African death registry. The Lighthouse clinic
also used community support to trace patients, and additional efforts were made to trace all
patients lost to follow-up from 2004 to March 2006 using visits to patients’ homes.

Statistical methods
Data were analysed by intention-to-continue-treatment, ignoring treatment changes and
interruptions, using Kaplan-Meier curves and survival models based on the Weibull
distribution. Time was measured from the date of starting ART to the earliest of: date of
death; last follow-up visit; or one year of ART. The follow-up time of patients known to
have transferred to another facility in the first year was censored at the last visit. Patients
who were lost to follow-up in the first year were excluded from main analyses but included
in a sensitivity analysis, with follow-up time censored at the last visit. A patient was
considered lost to follow-up if the last visit was recorded during the first year of ART and
the patient had at least six months of additional potential follow-up until the closing date of
the database (defined as the most recent follow-up recorded in the database). Data on WHO
disease stage, weight, haemoglobin and TLC were not available for all patients. We used
multiple imputation to account for missing data.15 The main analysis was based on all
patients using 25 imputed datasets. Further details of the imputation procedure are given in
the Webappendix. In sensitivity analyses we included patients who had no missing data in
any of the variables required for a particular analysis (complete case analysis). We used
Stata Version 10 (Stata Corp., College Station, TX, USA) for all analyses and expressed
results as hazard ratios (HR) with 95% confidence intervals (CIs).

Development and assessment of prognostic models
The development of the model followed methods used previously.1;2;16 We examined
Kaplan-Meier survival curves for each prognostic factor in pre-specified categories: age
(16–29, 30–39, 40–49, ≥50 years), sex, CD4 count, (<25, 25–49, 50–99, 100–199, ≥200
cells/μL) WHO disease stage (III or IV, I or II), weight (<45, 45–49, 50–59, ≥ 60 kg),
anaemia (severe [haemoglobin <8 g/dl]; moderate [males 8– <11 g/dl, females 8– <10 g/dl];
mild [males 11–<13 g/dl, females 10–<12 g/dl]; none [males ≥13 g/dl, females ≥12 g/dl])
and TLC (<800, 800–1199, ≥1200 cells/μL). Weibull proportional hazards models were
then used to explore crude and adjusted associations with mortality. Models were fitted on
the pooled data with no modelling of cohort effect. We used spline smoothing of the
baseline hazard that included indicators for the strata with the worse prognosis to model
their steeper mortality in the first three months of treatment.17 Prognostic factors were
considered for inclusion if the t statistic associated with their coefficient was >2.5 in the
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multivariable Weibull model. We considered different combinations of variables to develop
a model that included CD4 count, and a second model where CD4 count was replaced by
other variables.

The fit of models were compared using the Akaike information criterion (AIC), which
penalises model complexity. We used a system of internal-external cross-validation that fits
the model on three cohorts and tests predictions in the fourth cohort, rotating round the left
out cohort.18 We used the D statistic (averaged across imputed datasets) to assess prognostic
separation.19 We calculated the D statistic for the model fitted on the three cohorts and
applied to the fourth cohort (Dtest). We also calculated the D statistic in the left out cohort
after re-estimating the model coefficients on that cohort (Dr). The difference Dr − Dtest is a
measure of the degradation in fit when the model is applied to independent data. We
favoured models with low AIC, high Dtest and small Dr − Dtest. We assessed the
discrimination of the final models using Harrell’s concordance (C) statistic16 and calculated
the R2 measure of explained variation for survival models.19 Calibration was assessed by
comparing Kaplan-Meier curves of observed mortality with curves estimated from the
models.

Role of the funding source
Our funders had no involvement in the design of the study; the collection, analysis and
interpretation of data; the writing of the report; or the decision to submit the paper for
publication.

Results
The four cohorts included 11,153 eligible patients with 9,908 person years of follow-up
within one year of starting ART. Table 1 shows numbers of patients, years of follow-up and
outcomes at one year after starting ART by cohort and overall. There were 912 (8.2%)
deaths within one year, 822 (7.4%) patients were lost to follow-up and 539 (4.8%) were
transferred to other facilities. The median CD4 count at ART initiation was 111 cells/μL
(interquartile range [IQR] 48–179) for all patients, 117 cells/μL (55–180) in those alive at
one year, 50 cells/μL (16–124) in those who died, 98 cells/μL (35–186) in those lost to
follow-up and 119 cells/μL (50–201) in those who transferred out. Of note, patients with
CD4 counts >200 cells/μL were more likely to be in an advanced clinical stage (1575/1962,
80%) than patients with counts between 100 and 199 cells/μL (3088/4093, 75%). Data were
missing in 345 (3%) patients for WHO clinical stage, 4691 (42%) for haemoglobin, 2328
(21%) for body weight and 4476 (60%) patients for TLC. A total of 10,331 (93%) patients
remained in care during the first year.

The estimated cumulative percentage of patients remaining in care who died within one year
of starting ART was 8.9% (95% CI 8.4–9.5). Estimated mortality was lower (8.4%, 95% CI
7.9–8.9) when patients lost to follow-up were included. Figure 1 shows the Kaplan-Meier
survival estimates by each of the prognostic factors examined. Patients who were male, aged
≥40 years, and patients with advanced disease had worse survival. CD4 count, weight,
categories of anaemia and TLC were all prognostic with a graded relation with mortality.

Table 2 shows crude and mutually adjusted HR with 95% CI from Weibull models using
multiple imputation of missing values. The crude HR comparing HIV-1 RNA >5 log copies/
ml with <4 log copies/ml was 2.34 (95% CI 1.69 to 3.24), but was markedly attenuated on
adjustment to 1.30 (0.94 to 1.79), and viral load was not considered further. There was some
indication that patients aged ≥50 years had worse survival than those aged 40–49 years, but
there were few patients in the former age group and dichotomising age at 40 rather than 50
years resulted in models with better properties.
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We found little evidence of between-cohort heterogeneity in either covariate effects or
baseline hazard and therefore fitted a model across all cohorts using the internal-external
cross-validation system. Also, baseline survival (adjusted for covariates) from the complete
case analyses were consistent with those from the analyses of imputed datasets. The first of
the two final prognostic models included CD4 count, age, gender, WHO clinical stage and
body weight (“CD4 model”). In the alternative model CD4 count was replaced by TLC and
haemoglobin (“TLC/Hb model”). Table 3 shows the categories of prognostic variables and
corresponding HR for the two models. We combined mild and no anaemia categories
because there were few deaths in patients with no anaemia. Associations were consistent
across models based on all patients and imputed datasets, the subgroup of patients with
complete data, and including or excluding patients lost to follow-up (Webtable 1). Statistics
for the CD4 and TLC/Hb models were 0.730 and 0.721 (C statistic), 1.30 and 1.26 (D
statistic) and 28.8% and 27.5% (R2), respectively.

Figure 2 compares survival predicted by the prognostic models with Kaplan-Meier estimates
of observed survival, for five prognostic groups defined by levels of risk, such that
approximately 20% of the deaths occur in each group. The number (%) of patients is also
shown. Each model produced well separated survival curves and a good fit to the observed
data. Figure 3 compares survival predicted by the prognostic models with corresponding
Kaplan-Meier curves separately for each cohort for a group of patients at medium risk
(female, age<40, advanced disease stage, weight 50–59 kg and CD4 100–199 cells/μL or
severe anaemia and TLC 800–1199/μL). For these patient groups the CD4 model slightly
over estimates mortality in Gugulethu and the TLC/Hb model slightly over estimates
mortality in CEPREF and Gugulethu and under estimates in Khayelitsha.

Webtable 2 shows estimates of cumulative mortality at 3, 6 and 12 months after starting
ART from the CD4 model, for 160 risk groups defined by sex, CD4 count, age, clinical
stage and weight. Webtable 3 shows estimates from the TLC/Hb model, for 288 risk groups
defined by sex, degree of anaemia, TLC, age, disease stage and weight. The CD4 model
estimates 1-year cumulative mortality ranging from 0.9% (95% CI 0.6 to 1.4) for women
aged <40 with less advanced disease, weight ≥60 kg and CD4 ≥200 cells/μL to 52.5% (43.8
to 61.7) for men aged ≥40 years with advanced disease, weight <45 kg and CD4 counts <25
cells/μL. Similarly, the TLC/Hb model estimates range from 0.9% (0.5 to 1.4) for women
aged <40 years with less advanced disease, weight ≥60 kg, TLC ≥1200 cells/μL and mild or
no anaemia to 59.6% (48.2 to 71.4) for men aged ≥40 years with advanced disease, weight
<45 kg, TLC <800 cells/μL and severe anaemia.

Sensitivity analyses in which the prognostic models were fitted using all patients, censoring
follow-up time in patients lost to follow-up produced lower estimates of cumulative
mortality than in the main analysis that excludes patients lost to follow-up, particularly in
the higher risk strata. For example, for the group at highest risk described above, 1-year
cumulative mortality was 45.8% rather than 52.5% with the CD4 model and 53.8% rather
than 59.6% with the TLC/Hb model.

Discussion
We developed two prognostic models with strong discriminatory power, one including the
CD4 count and one where CD4 count was replaced by TLC and haemoglobin. The CD4
count is the single most important prognostic factor in HIV infection, but many ART
programmes in sub-Saharan Africa do not have the resources to determine it. Our study
shows that for prognostic purposes CD4 counts can be replaced by haemoglobin and TLC.
The hazard of mortality was highest in the first three months of ART, particularly for
patients with worse prognosis. Finally, the models confirm that mortality in patients from
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sub-Saharan Africa is substantially higher than in industrialized countries. For example,
African men aged <40 years with advanced disease and a CD4 count of 50–99 cells/μL have
an estimated risk of death at one year of 9% to 33%, depending on their body weight. The
estimated mortality in such men in Europe and North America is between 2% and 4%,
depending on whether or not the patient has a history of intravenous drug use.1

We found that mortality was higher in men compared to women and therefore produced
gender-specific estimates of cumulative mortality. Women were younger and started
treatment with less advanced disease, in line with earlier analyses.20;21 This may be
explained by differences in health seeking behaviours and women’s more timely access to
ART through antenatal care. Mortality differences persisted when adjusting for age, CD4
cell count and clinical stage. Better adherence to ART in women and differences in mortality
from other causes, particularly violence, may therefore also have played a role. Gender
might not be prognostic in other settings, for example where women and men have equal
access to ART, or differences may be reversed where men are more likely to access ART,
for example in India or Latin America.20

Several studies, mainly from North America and Europe,8;9;22;23 showed that anaemia in
HIV-infected patients is associated with higher rates of disease progression and death,
independently of the CD4 count and other prognostic factors. Anaemia in HIV-infection is
related to anaemia of chronic disease, infections of the bone marrow and myelosuppressive
drugs.24;25 A study in Malawi found that most non-pregnant adults admitted to hospital with
severe anaemia had HIV infection.26 The CD4 model would have been improved by
additionally including anaemia, but its applicability would have been reduced, because
haemoglobin is often not measured routinely in programmes with CD4 cell count
monitoring. Whereas haemoglobin is prognostic for mortality independent of CD4 count, the
prognostic value of TLC is explained by its correlation with CD4 count. Weight was also
prognostic independent of CD4 count: weight changes mirror levels of viral replication27

and weight is also affected by severe opportunistic infections and malignancies.28

The accuracy of prognostic models tends to decrease when they are applied to independent
data.29 We aimed to minimise this effect by choosing the model that generalised best to
cohorts omitted from the estimation procedure.18 We included data from four public sector
programmes in three countries, including two cohorts from South African townships. The
range of patients included men and women, from teenagers to elderly people. The majority
of patients had evidence of clinical disease, but all CD4 count categories were well
represented. We were interested in prognosis during the scale-up of ART and therefore
limited analyses to patients starting ART after 2004. All programmes provided ART free of
charge: a previous analysis showed that free access to treatment was associated with lower
mortality.1 We acknowledge that the programmes included in this study reflect best practice
in urban settings and are not representative for all treatment programmes in sub-Saharan
Africa. We analysed mortality from all causes and estimates for patients with less advanced
infection might not be applicable to settings that differ in terms of non-HIV related
mortality. Nevertheless, the results from these models should be applicable to many patients
treated in public scale-up clinics in sub-Saharan Africa.

Our study has several limitations. Data on haemoglobin and TLC were missing in a
substantial proportion of patients. We imputed missing data so that we could include all
patients, avoid selection bias and increase applicability.15;30 Of note, the associations with
prognostic factors from the complete-case analyses were consistent with those from the
analyses using imputed datasets. Nevertheless, the somewhat superior discrimination of the
CD4 model may be due to the inclusion of CD4 count, or because of the larger amount of
data imputed in the TLC/Hb model.
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Data on symptomatic disease, tuberculosis and other opportunistic infections were not
available, but are likely to affect prognosis.11 We used weight, rather than BMI, as many
clinics do not measure height. Also, we considered weight at the start of ART only, but
weight loss before and weight gain after ART initiation have been shown to affect
survival.28;31 Patients with CD4 count above 200 cells/μL appeared to have similar
prognosis to those with CD4 between 100 and 200 cells/μL. This result is probably
explained by confounding by indication: the WHO guidelines recommend initiating ART
below 200 CD4 cells/μL unless the patients have advanced or very advanced disease, in
whom treatment is recommended below 350 cells/μL, or irrespective of the CD4 count.7
Indeed, patients with CD4 counts above 200 cells/μL were more likely to be in an advanced
clinical stage than patients with counts between 100 and 199 cells/μL.

We excluded patients lost to follow-up in order to reduce bias due to under-ascertainment of
death. Mortality in patients lost but subsequently traced was found to be 40% to 50% in
public ART programmes in sub-Saharan Africa,32 considerably higher than the mortality of
patients remaining in care (9% at one year in this study). Previous analyses generally
censored follow-up time at the last visit in those lost to follow-up. Mortality was reduced in
a sensitivity analysis that included patients lost to follow-up because additional follow-up
time, but no deaths, was added to the data. Differences in estimated mortality, compared
with the model excluding patients lost to follow-up, were modest overall but greater in the
groups at higher risk of death. We stress that excluding patients lost to follow-up will not
have completely removed bias, because patients lost to follow-up may have died in care, i.e.
before they met the definition for loss to follow-up. Furthermore, mortality rates might have
been higher in patients whose follow-up was censored (but who did not meet criteria for loss
to follow-up) than in otherwise identical patients whose follow-up time was not censored
(“informative censoring”).

The Development of AntiRetroviral Therapy in Africa (DART) study, a randomised trial
comparing clinical monitoring with clinical plus laboratory monitoring (haematology,
biochemistry and CD4-cell counts) concluded that there was a role for routine CD4 counts
only from the second year of ART, to guide the switch to second-line treatment.33 CD4
counts may thus neither be required at the time of starting ART, nor during the first year of
ART. Furthermore, it is possible that haemoglobin and TLC could replace the CD4 count for
monitoring patients in the second year of ART, and of patients not yet eligible for ART.34

Further research is required to clarify the role of different laboratory examinations in the
scale-up of ART in resource-limited settings, including the role of the point-of-care tests for
viral load that are in development. Finally, although our study cannot determine the CD4
count when ART should be started, it is clear that the prognosis of many patients would be
improved with more timely initiation of ART. Further expansion of public health strategies
to allow earlier access to ART in sub-Saharan Africa is urgently needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier curves of probability of death in patients starting antiretroviral therapy in sub-
Saharan Africa 2004–2007, according to sex, age, baseline clinical stage, CD4 count, viral
load, weight, degree of anaemia, and total lymphocyte count.

May et al. Page 10

Lancet. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Cumulative mortality predicted from prognostic models compared to Kaplan-Meier curves
of observed mortality for five prognostic groups of patients starting antiretroviral therapy in
sub-Saharan Africa. Upper panel shows comparison with CD4 count model, lower panel
with total lymphocyte count (TLC)/haemoglobin (Hb) model.
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Figure 3.
Cumulative mortality predicted from prognostic models compared to Kaplan-Meier curves
of observed mortality for a group of patients at medium risk starting combination
antiretroviral treatment in four programmes in sub-Saharan Africa. The upper panel shows
the comparison with CD4 count model, the lower panel with total lymphocyte count/
haemoglobin (TLC/Hb) model.
Patients had the following characteristics: female, age<40, advanced disease stage, weight
50–59 kg and CD4 100–199 cells/μL or severe anaemia and TLC 800–1199/μL.
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Table 3

Adjusted hazard ratios for death used in the two prognostic models: CD4 model and total lymphocyte count/
haemoglobin (TLC/Hb) model.

CD4 model TLC/Hb model

Age ≥ 40 years (v. < 40 years)

 <40 (reference) 1 1

 ≥40 1.43 (1.23–1.66) 1.36 (1.12–1.64)

Sex

 Male (reference) 1 1

 Female 0.68 (0.58–0.79) 0.60 (0.50–0.73)

Clinical stage*

 Less advanced (reference) 1 1

 Advanced 2.72 (1.87–3.95) 2.96 (1.83–4.78)

CD4 count (cells/μL)

 <25 (reference) 1

 25–49 0.76 (0.62–0.94)

 50–99 0.46 (0.38–0.57)

 100–199 0.35 (0.28–0.42)

 ≥200 0.29 (0.22–0.38)

Weight (kg)

 <45 (reference) 1 1

 45–49 0.59 (0.48–0.72) 0.61 (0.47–0.79)

 50–59 0.40 (0.33–0.48) 0.40 (0.32–0.51)

 ≥60 0.24 (0.19–0.30) 0.25 (0.19–0.33)

Total lymphocyte count (cells/μL)

 0–799 (reference) 1

 800–1199 0.71 (0.55–0.91)

 ≥1200 0.53 (0.43–0.65)

Categories of anaemia†

 Severe (reference) 1

 Moderate 0.71 (0.56–0.91)

 Mild or none 0.47 (0.37–0.61)

Results from Weibull models adjusted for all variables shown, based on 10,331 patients remaining in care, with missing values imputed.

*
Less advanced=WHO stage I or II, advanced=WHO stage III or IV

†
Severe=haemoglobin <8 g/dL, moderate=haemoglobin 8–10 g/dL in females and 8–11 g/dL in males, mild=haemoglobin 10–12 g/dL in females

and 11–13 g/dL in males; none=haemoglobin >12 g/dL in females and >13 g/dL in males
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