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Abstract
Few studies have compared hospitalisations before and after antiretroviral therapy (ART)
initiation in the same patients. We analysed the cost of hospitalisations among 3,906 adult patients
in two South African hospitals, 30% of whom initiated ART. Hospitalisations were 50% and 40%
more frequent and 1.5 and 2.6 times more costly at a CD4 cell count <100 cells/mm3 when
compared to 200–350 cells/mm3 in the pre-ART and ART period, respectively. Mean inpatient
cost per patient year was USD 117 (95% confidence interval, CI, 85–158) for patients on ART and
USD 72 (95% CI, 56–89) for pre-ART patients. Raising ART eligibility thresholds could avoid
the high cost of hospitalisation before and immediately after ART initiation.
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INTRODUCTION
Worldwide, the introduction of antiretroviral therapy (ART) has resulted in a large decrease
in hospital admissions amongst HIV-positive patients. Analyses from seven North American
and European countries showed a decrease in frequency, average length of hospital stay, and
cost per stay of between 32% and 77% in patients on ART compared to those not on
ART[1–9]. The reduction in cost due to decreased need for inpatient care has been used to
make the economic case for public-sector provision of ART in many high-income
countries[10–18]. Initiating ART at low CD4 cell counts, however, has been strongly
associated with high inpatient costs[3,4]. Data from low- and middle-income countries show
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that a significant number of HIV-infected patients on ART still require hospitalisation,
especially those initiating at low CD4 counts [19–23].

Few studies have measured rates of hospitalisation in a single cohort both before and after
ART initiation to evaluate the effect of treatment on hospital admissions[10,17,22,24,25].
South Africa, a middle-income country, started its public-sector ART programme in 2004.
Though several studies have examined the programme’s cost and cost-
effectiveness[19,20,22–30], only a handful have included a description of inpatient cost in
patients on and off ART in the public sector[20,24,26,27]. None of these studies controlled
for patients’ CD4 count, making it hard to compare studies across cohorts with different
levels of disease severity.

To establish whether ART reduces hospitalisations while controlling for the patients’ CD4
counts, we compared hospitalisation rates and costs in a South African cohort of HIV-
positive patients before and after ART initiation stratified by patients’ current CD4 count.

METHODS
We analysed data from an adult HIV cohort study[31–33] conducted from July 2003 to
October 2010 at Chris Hani Baragwanath Hospital, a large, urban, tertiary hospital in
Soweto in Gauteng Province, and Tintswalo Hospital, a rural hospital in Mpumalanga
Province. Patients were recruited after testing HIV positive in the same hospital and were
provided with pre-ART HIV care (regular clinic visits for CD4 count monitoring and nurse-
led care for opportunistic infections) and initiated on ART once diagnosed with WHO stage
4 disease or a CD4 count <200 cells/mm3[34,35]. Recruiting at HIV testing allowed us to
include a sizable group of patients who were followed up until they became ART eligible
and then were started on ART and continued to be followed up. Eligible patients for this
analysis were ≥18 years old with at least one follow-up visit and one CD4 count after
enrollment into the study. Participants were interviewed about their demographic and
socioeconomic characteristics and medical history at baseline and about admission and
discharge dates of hospitalisations and reasons for admission both at baseline and at follow-
up visits four to seven months apart. CD4 counts were collected at enrollment and up to six-
monthly thereafter.

Patient baseline characteristics were summarised using descriptive statistics. Hospital
admissions occurring during pre-ART and ART periods were stratified by most recent CD4
count in the same six-month time period as the admission. For this we divided person-time
for each subject into 6-month periods, starting at enrollment into the study for pre-ART
person-time and the date of treatment initiation for person-time on ART. For each 6-month
period a patient contributed one observation indicating whether hospitalisation occurred in
this period, as well as a current CD4 cell count, which was the first CD4 cell count within
that period of observation. For missing CD4 count data (30.2%), we created 25 randomly
imputed datasets each for the pre-ART and the ART populations, with missing values
modeled on existing data (hospitalisation, site, square root of available CD4 counts and time
from either enrollment or ART initiation), and took the mean of the imputed CD4 counts for
each missing observation[36]. We estimated incident rate ratios (IRR) of hospitalisation
stratified by CD4 counts in the same six-month period.

We estimated the cost of hospitalisations from the health care provider perspective using
cohort data on length of stay and the 2008 cost per patient-day equivalent (PDE) of the
hospitals’ districts[37]. The cost per PDE is a proxy of cost per inpatient-day and is
collected by all public-sector hospitals in South Africa, dividing total hospital expenditure
during a financial year by the total number of hospital visits[38]. The cost per PDE for

Meyer-Rath et al. Page 2

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Baragwanath Hospital was USD 164.19, and the cost per PDE for Tintswalo Hospital was
USD 176.29. All costs are presented in 2009 USD using the 2009 average currency
conversion rate of 1 USD=7.11 ZAR.

Ethical approval was granted by review boards of the University of the Witwatersrand and
Boston University.

RESULTS
Patient characteristics

Of 3,906 patients in our analysis, 140 (3.6%) initiated ART prior to enrollment into the
study and 913 (23.4%) initiated ART after being enrolled. Overall patients were
predominately female (76.6%) with a median age of 33 years (inter-quartile range, IQR, 28–
39). Pre-ART patients had a median CD4 count of 269 cells/mm3 (IQR 136–442) at study
enrollment, while ART patients had a median CD4 count of 154 cells/mm3 (IQR 91–239) at
study enrollment which declined to a median CD4 count of 117 cells/mm3 (IQR 57–183) at
treatment initiation. Median time in pre-ART care prior to initiation onto ART was 7.0
months (IQR 1.5–15.9). Patients on treatment were predominately (71%) treated with
stavudine, lamivudine and efavirenz, the most common first-line regimen in South Africa
until 2010.

Frequency of hospitalisations
Among the 3,906 patients, 534 hospitalisations occurred during a median follow-up of 13.1
months (IQR 6.3–28.2). 344 (64%) hospitalisations were in pre-ART patients, while 190
(36%) occurred after ART initiation (Table 1). Most patients had a single admission;
however, 28 patients in the pre-ART period and 19 patients in the ART period had more
than one admission, with a maximum of 5 and 4 admissions per patient in the pre-ART and
ART period, respectively. The leading reasons for admission in patients not on ART were
pulmonary tuberculosis (TB) (15.1%), Pneumocystis jirovecii pneumonia (6.4%), and
trauma (5.5%); in patients on ART they were pulmonary TB (15.2%), Pneumocystis
jirovecii pneumonia (7.9%), and headache of any kind (6.8%). The incidence of
hospitalisations related to pulmonary TB was 0.74 and 1.0 per 100 patient years in the pre-
ART and ART period, respectively; the incidence of admissions for extrapulmonary TB was
0.13 and 0.3 per 100 patient years, respectively. During the first 6 months on ART, the
incidence of admissions for pulmonary TB was, at 2.8 per 100 patient years, almost 3 times
as high, pointing at the possibility of immune constitution syndrome.

As current CD4 count increased, the rate of hospitalisation decreased. Hospitalisation rates
were highest for patients with CD4 counts ≤100 cells/mm3. Patients with a CD4 count of
>350 cells/mm3 had a reduction in the rate of hospitalisation compared with patients with a
CD4 count of <100 cells/mm3 of 70% pre-ART, and of 80% under ART (pre-ART IRR 0.3,
95%CI: 0.2–0.5; ART IRR 0.2, 95% CI: 0.1–0.3). Hospitalisation rates were higher for ART
patients than pre-ART patients in all CD4 strata, with most of this difference being driven
by the rural cohort, a much smaller population. When removing events unlikely to be HIV
related (trauma and accidents; 43 events in the pre-ART period and 6 in the ART period),
events in patients initiating ART with a CD4 cell count above 200 cells/mm3, and all events
in the first 3 months after ART initiation, the average rates of hospitalisation in the pre-ART
and ART cohorts did not change, and the effect was still significant (Table 2A–2C).

Cost of hospitalisations
Mean length of stay (LOS) per hospitalisation was 8.7 days (95% confidence interval, CI,
7.5–9.9) for pre-ART patients and 10.1 days (8.4–11.8) for ART patients and decreased with
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increasing CD4 count in both populations (Table 1). Mean LOS was slightly higher amongst
ART vs. pre-ART patients in all CD4 strata except at >350 cells/mm3 and was higher in the
rural clinic, regardless of ART status. As a result, the inpatient cost per patient year was
higher for ART patients in every stratum, and higher in the rural than in the urban site in
almost all strata, partly due to the higher rural cost per PDE. The resulting mean inpatient
cost per patient year for ART patients was 63% higher than for pre-ART patients (USD 117
vs. 72). Regardless of treatment status, hospital stays were longest and most costly in
patients with a CD4 count <100 cells/mm3, with mean inpatient cost per patient year being 4
times higher at <100 cells/mm3 than at >350 cells/mm3 in the pre-ART period, and 9 times
higher in the ART period. Figure 1A shows inpatient cost as a function of CD4 count over
the lifetime of a representative patient, extrapolated from the mean inpatient cost per CD4
cell count stratum found in our analysis.

Impact on the average inpatient cost per patient in the national treatment programme
We parameterised a previously published model of the cost of the South African national
ART programme[40,41] with the results of this analysis. Between financial years 2012/13
and 2016/17, the total inpatient cost of patients on ART is projected to increase from USD
85 million per year to USD 121 million (5% of total programme cost) as a result of a
planned increase in patient numbers from the current 1.7 million to 3.6 million in 2017. The
mean inpatient cost per patient year on ART, however, will decrease by 9% from USD 37 to
USD 34 as a result of a maturation of the cohort on ART and redistribution into higher CD4
counts. From 2010/11 onwards, the average annual inpatient cost of patients on ART is
lower than that of patients not on ART (Figure 1B).

DISCUSSION
Our study shows that, as in high-income countries[3,4], hospitalisations in HIV-infected
adults in South Africa are more frequent, longer, and more costly at lower CD4 counts. We
found this to be true regardless of ART status. Patients on ART were hospitalised more
often and for longer durations than pre-ART patients. This difference can be explained in
part by a higher risk of immune constitution syndrome (IRIS) in patients initiating ART at
lower CD4 counts, especially in a population with high TB co-infection rates[21,42]. The
incidence of hospitalisations related to pulmonary and extrapulmonary tuberculosis, the
opportunistic infections most frequently associated with IRIS in South Africa[21,42], was
higher in the ART than in the pre-ART cohort, and highest in the 6 months immediately
after ART initiation. Likewise, the difference in hospitalisation frequency and cost between
the pre-ART and ART populations was driven by the rural population and could at least in
part be due to a bias of physicians towards patients on ART who they have already invested
in and whose prognosis is far better.

Similar to our analysis, three of four studies of the cost of inpatient care for public-sector
patients on ART in South Africa showed an increase in inpatient care cost for patients on
ART, with a median inpatient cost per stay in 2009 USD of USD 1,769 (range 1,319 –2,080)
[19,20,27]. Our mean cost per stay of patients on ART of USD 1,642 is comparable. A study
of a private South African medical aid programme showed a dramatically increased
inpatient cost in the 6 months around ART initiation, when CD4 cell counts are at their
lowest[22]. When comparing our mean annual per patient inpatient cost of USD 110 to the
median cost of outpatient care in 2009 USD for patients on ART in South Africa from a
number of published studies, USD 1,233 (range 1,078 to 1,287)[23,28–30], inpatient care
adds about 10% to the total annual per patient cost of a patient on ART. It thus accounts for
a small but not trivial share of the total cost of caring for HIV/AIDS patients in South
Africa.
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A potential limitation of our study is the assumption that the published cost per patient-day
equivalent is a good proxy for the inpatient costs of HIV-positive patients, which could lead
to an over- or underestimation of real inpatient cost. However, a recent in-depth study of the
inpatient cost of patients on ART in a different hospital in Johannesburg has shown that cost
per PDE is very similar to total per day cost as evaluated in a bottom-up cost analysis using
the detailed review of inpatient files[19]. Secondly, since our study cohort had a higher
median CD4 count at ART initiation than most public-sector clinics in South Africa, the cost
of inpatient care for patients on ART was lower than is likely in routine care. Lastly, while
diagnoses were available for all admissions included in this study, their accuracy was
somewhat limited by the experience and expertise of the attending health care workers as
well as their access to diagnostic modalities, especially in the rural cohort.

Conclusion
Our findings provide evidence to support earlier initiation of ART in low- and middle-
income countries. We saw a decrease in hospital admission rates by 50%, and of cost by
250%, when comparing CD4 200–350 to ≤100 in the pre-ART period. Currently, allowing
patients’ CD4 counts to drop to very low levels before initiating them on ART burdens the
health system threefold: firstly through the high cost of inpatient care immediately before
and after ART initiation, then with the cost of life-long ART, and finally with the high cost
of end-of-life care once limited treatment options are exhausted. One of the benefits of
initiating patients on ART at higher CD4 counts could be avoiding the first of these costs. In
the absence of sufficient drug options to avoid the third, terminal cost, and in a situation of
decreasing international funding for ART programmes in low- and middle-income countries,
avoiding the depletion of patients’ CD4 cells and the associated high likelihood of expensive
inpatient care is one of the few options available to national ART programmes to reduce the
costs of HIV care.
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Figure 1.
Figure 1A. Schematic of development of CD4 cell count and inpatient cost per patient year
before and after ART initiation.
ART indicates antiretroviral therapy; USD, US dollars. CD4 cell count development is
modelled for a hypothetical individual, based on a summary of South African cohort
studies[38]; inpatient cost is based on the mean inpatient cost per patient year by CD4 cell
count stratum in this study.
Figure 1B. Mean inpatient cost per patient year pre-ART and on ART in the national ART
programme
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