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ABSTRACT
Objectives: Mortality has declined in people with HIV
infection, subsequent to the improved access to
antiretroviral therapy (ART). We assessed the incidence
and determinants of mortality among patients with
HIV-1 infection who were started on ART in a referral
treatment centre for HIV infection in Yaounde,
Cameroon.
Design: Cohort study with baseline assessment
between 2007 and 2008, and follow-up during 5 years
until June 2012.
Setting: The accredited HIV treatment centre of the
Yaounde Jamot Hospital in the capital city of Cameroon.
Participants: People living with HIV infection who
started ART between 2007 and 2008 at the study centre.
Outcome measures: All-cause mortality over time;
accelerated failure time models used to relate baseline
characteristics to mortality occurrence during follow-up.
Results: Of the 1444 patients included, 827 (53.7%)
were men, and the median age (25–75th centiles) was
38 (31–45) years. The median duration of follow-up
was 14.1 (1.1–46.4) months, during which 235 deaths
were recorded (cumulative incidence rate: 16.3%),
including 208 (88.5%) during the first year of follow-up.
Baseline predictors of mortality were male gender
(adjusted HR 2.15 (95% CI 1.34 to 3.45)), active
tuberculosis (2.35 (1.40 to 3.92)), WHO stages III–IV of
the disease (3.63 (1.29 to 10.24)), low weight (1.03
(1.01 to 1.05)/kg), low CD4 count (1.04 (1.01 to 1.07)/
10/mm3 lower CD4) and low haemoglobin levels (1.12
(1.00 to 1.26)/g/dL lower).
Conclusions: Mortality rate among patients with HIV is
very high within the first year of starting ART in this
centre. Early start of the treatment at a less advanced
stage of the disease, and favourable levels of CD4
could reduce early mortality, but would have to be
tested.

INTRODUCTION
HIV infection is a major global health
problem. Sub-Saharan Africa (SSA), with

about 68% of the global population with HIV,
is the most affected region in the world.1

HIV-related mortality appears to be higher in
developing countries than in developed coun-
tries.2 Hopefully, mortality rates are declining
with the improved access to antiretroviral
therapy (ART),3 while explaining factors for
the residual deaths seem to vary significantly
across populations. Studies in SSA have found
that mortality rate is particularly high during
the first year of starting ART,4 with male sex,
cachexia, advanced stage of the disease, low
CD4 count, anaemia, high viral load at
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baseline and poor adherence to treatments being the
main determinants of mortality.5–8

In Cameroon, about 105 000 people living with HIV
(PLHIV) infection were on ART by the end of the year
2011.9 A study conducted in 2006 in a rural unit for HIV
treatment in the northern part of the country found a
mortality rate of 20.2/100 person-years among patients
with HIV receiving ART.10 This figure, however, has not
been updated since 2007, the year of introduction of
free access to ART in the country. Thus, the aim of this
study was to determine the mortality rate and determi-
nants among patients with HIV-1 infection started on
ART in a reference treatment centre in Cameroon.

PARTICIPANTS AND METHODS
Study setting and participants
The study was conducted in the accredited HIV treat-
ment centre (ATC) of the Yaounde Jamot Hospital
(YJH) in the capital city of Cameroon. The study setting
has been described in details previously.11 12 In brief,
YJH is the referral centre for tuberculosis and chest dis-
eases for the capital city (Yaounde) and surrounding
areas. It has an ATC that provides care to PLHIV. As of
June 2011, a total of 2250 PLHIV were followed in the
centre. Patients received at the ATC between January
2007 and December 2008, aged 18 years and above, who
were started on ART were included in the study.
During the study period, PLHIV were started on ART

in the presence of a CD4 count below 200/mm3 or
superimposed conditions other than tuberculosis, com-
patible with the WHO stage IV of disease severity.13

Patients fulfilling these criteria were referred to the ATC
for treatment inception and follow-up. A medical file
was created under the supervision of the attending phys-
ician and included sociodemographic, clinical and bio-
logical data of the patient. Files of eligible patients were
presented at weekly meetings during which the appro-
priate treatment regimen was decided. First-line treat-
ment regimens included two nucleoside reverse
transcriptase inhibitors (zidovudine, lamivudine, tenofo-
vir) and one non-nucleoside reverse transcriptase inhibi-
tor (nevirapine or efavirenz). Second-line regimens
comprised two nucleoside reverse transcriptase inhibi-
tors (zidovudine, didanosine, lamivudine, tenofovir) and
a protease inhibitor (indinavir, lopinavir/ritonavir).
These regimens were all dispensed to patients free of
charge and they were all started on prophylactic treat-
ment with co-trimoxazole. All patients had an inter-
action session with trained psychosocial advisors to
improve adherence to prescribed therapies.
Patients registered at YJH’s ATC are seen on a monthly

basis for prescription renewal. For those on a regimen
comprising zidovudine (AZT) and/or nevirapine (NVP),
haemoglobin (AZT) and/or liver transaminase (NVP)
levels are monitored at 2 weeks from starting treatment.
A biological profile is requested every 6 months, compris-
ing a CD4 count, full blood count, liver transaminases

and creatine (only for patients receiving tenofovir), and
results are recorded in the clinical files.

Outcome
During the study period, patients who failed to report
for consultation for three consecutive months were
traced by community liaison agents using the contact
details on the file. All-cause mortality was considered for
all deceased patients at any time after starting ART.
Time-to-death (in months) was the interval from the
start of ART to date of death (or date of the last
recorded visit when the date of death was unknown).
Loss-to-follow-up (defaulter) was defined as a patient
who failed to return for consultation for three consecu-
tive months and was unsuccessfully traced by liaison
agents.14 Transfer was considered for patients who at any
time were definitively transferred to receive care in
another centre. The follow-up for all patients was until
June 2012, death, transfer and loss-to-follow-up, which-
ever came first.

Data collection
For the purpose of this study, patients with HIV started
on ART during the study period were identified via anti-
retroviral treatment registries. All patients with HIV-1
infection, aged 18 years and above, who were started on
ART during this period were included in the study, and
followed until June 2012. The study was approved by the
regulatory board of YJH.
The following data were retrieved in the medical files

of eligible patients: sex, baseline age (in years), resi-
dence (urban vs rural), weight in kg, presence of oppor-
tunistic infection, CD4 count (in cells/mm3),
haemoglobin levels in g/dL, total lymphocytes and
platelet counts, antiretroviral regimens; outcome (death,
loss-to-follow-up, transfer out, still alive and followed up)
and estimated time to outcome occurrence in months.
The duration of follow-up for patients still actively fol-
lowed up was censored in June 2012.

Statistical analysis
Data analysis used SPSS V.17.0 (SPSS Inc, Chicago,
Illinois, USA) and SAS/STAT V.9.1 for Windows (SAS
Institute Inc, Cary, North Carolina, USA). Results are
presented as count and percentages, mean and SD or
median and 25–75th centiles. The χ² test, Student t test
and their non-parametric equivalents were used to
compare the baseline characteristics. The Kaplan-Meier
estimator and accelerated failure time models, imple-
mented with the use of LIFETEST and LIFEREG proce-
dures of SAS, were used to investigate the baseline
characteristics associated with mortality during the first
60 months of follow-up (corresponding to the observed
duration of follow-up for >95% of participants).
Candidate predictors included age (in years), gender
(male vs female), residency (rural vs urban), active
tuberculosis, WHO stages of the disease (III–IV vs I–II),
weight (in kg), platelet count (per 1000), CD4 count
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(per 10/mm3), haemoglobin level (in g/dL) and ART
regimen (AZT vs no AZT). Candidate predictors were
tested one at a time in a basic model that included
gender and age as covariates. Then significant predictors
(based on a p value <0.10) were entered together in a
multivariable model, and significant ones kept in the
final model alongside age and gender. The reference
category (or direction of continuous predictors) was
always rearranged as appropriate to identify levels asso-
ciated with increased mortality risk. A p value <0.05 was
used to characterise statistically significant results.

RESULTS
Data available
In 2007 and 2008, a total of 1444 PLHIV (including 827
women (57.3%)) were started on ART at YJH’s ATC.
Medical files were available for all of them. However,
data were missing on some characteristics for a few parti-
cipants. Analyses for those characteristics are restricted
to participants with valid data, and their number indi-
cated where relevant. Furthermore, a total of 470 partici-
pants had missing data for at least one of the candidate
predictors and were therefore excluded from the regres-
sion analysis. Compared with the excluded participants,

the 974 participants included in the regression analysis
had a similar age (38.3 vs 38.8 years, p=0.44) and mean
CD4 count (102 vs 111/mm3, p=0.06). Furthermore,
they had a similar proportion of men (42.5% vs 43.2%,
p=0.82), a similar distribution across WHO stages of
disease severity (p=0.75), a borderline higher prevalence
of active tuberculosis (31.1% vs 26.6%, p=0.04), a bor-
derline lower baseline weight (57.6 vs 59.1 kg, p=0.04)
and lower platelet count (262 000 vs 243 000/mm3,
p=0.03) and a significantly lower haemoglobin level (9.9
vs 10.4 g/dL, p<0.0001).

Baseline characteristics of the study population
The baseline demographic, clinical and biological char-
acteristics of participants are summarised in table 1. The
median age (25–75th centiles) was 38 (31–45) years
overall, 40 (34–47) years in men and 35 (30–43) years in
women, p<0.0001. In all, 85.6% of participants were
urban dwellers and about the same proportion were
started on ART at WHO stages III–IV of disease severity,
similarly among men and women (both p≥0.82, table 1).
The main opportunistic infection was tuberculosis,
which was found in 428 (29.6%) patients, and was more
frequent in men than in women (34.7% vs 27.9%,

Table 1 Demographic, clinical and biological profile of patients with HIV started on antiretroviral therapy at the Yaounde

Jamot Hospital in 2007 and 2008

Characteristics* Overall Men Women p Value

N 1444 617 827

Median age, years (25–75th centile) 38 (31–45) 40 (34–47) 35 (30–43) <0.0001

Residence, n (%) 0.98

Urban 1236 (85.6) 528 (85.6) 708 (85.6)

Rural 208 (14.4) 89 (14.4) 119 (14.4)

Tuberculosis 428 (29.6) 214 (34.7) 214 (27.9) 0.0003

Weight (kg), n (%) <0.0001

<50 308/1322 (23.3) 69/570 (12.1) 239/752 (31.8)

50–60 535/1322 (40.5) 204/570 (35.8) 331/752 (44.0)

>60, n 479/1322 (36.2) 297/570 (52.1) 182/752 (24.2)

Median (25–75th centile) 57 (50–65) 61 (54–68) 54 (47.5–60) <0.0001

WHO stage, n (%) 0.82

I and II 186/1295 (14.4) 78/553 (14.1) 108/742 (14.6)

III and IV 1109/1295 (85.6) 475/553 (85.9) 634/742 (85.4)

Platelets, ×1000/mm3 244 (180–320) 229 (173–309) 259 (190–330) 0.0005

Total lymphocytes, ×10/mm3 130 (90–190) 130 (90–201) 130 (90–190) 0.88

CD4 (/mm3), n (%) 0.21

<50 468 (32.4) 216 (30.5) 256 (30.5)

50–99 257 (17.8) 111 (18.0) 142 (17.6)

100–200 562 (38.9) 231 (37.4) 331 (40.0)

>200 157 (10.9) 59 (9.6) 98 (11.8)

Median (25–75th centile) 99 (36.2–161) 89 (33–155) 105 (39–166) 0.02

Haemoglobin (g/dL), n (%) <0.0001

<8 235/1388 (16.9) 67/594 (11.3) 168/794 (21.2)

8–10 506/1388 (36.5) 178/594 (30.0) 328/794 (41.3)

>10 647/1388 (46.6) 349 (58.7) 298 (37.5)

Median (25–75th centile) 9.9 (8.5–11.2) 10.5 (9–12) 9.5 (8.1–10.7) <0.0001

*For all characteristics with missing values, estimates are based on the subset of participants with valid data for each relevant characteristic,
and new denominators always provided.
NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor.

Poka-Mayap V, Pefura-Yone EW, Kengne AP, et al. BMJ Open 2013;3:e003210. doi:10.1136/bmjopen-2013-003210 3

Determinants of death among patients with HIV infection



p=0.0003). The median CD4 count (25–75th centiles)
was 99 (36–161)/mm3 overall, 89 (33–155) in men and
105 (39–166) in women (p=0.02).

Follow-up and outcome
The median duration of follow-up (25–75th centiles)
was 14.4 (1.0–46.2) months overall, 9.1 (0–44.1) months
in men and 20.3 (1.3–47.3) months in women
(p<0.0001). At the final evaluation, 235 participants
(cumulative incidence rate 16.3%) were deceased, 590
(40.8%) were lost-to-follow-up, 173 (12%) had been
transferred to another centre, while 446 (30.9%) were
still under active follow-up in the centre. The median
duration of follow-up (25–75th centiles) for non-fatal
outcomes was 4.5 (0–23.8) months for defaulters, 8.2
(2.5–20.3) months for transfer out and 50.5 (45.9–56.7)
months for active follow-up cases.
Of the 235 deaths recorded, 208 (88.5%) deaths

occurred early (within the first year of ART) while 27
(11.5%) were late-occurring deaths. Overall, 54.9% of all
deaths occurred within 1 month of starting ART, 19.6%
between 1 and 3 months, 8.5% between 3 and 6 months
and 5.5% between 6 and 12 months. The cumulative sur-
vival probability from the Kaplan-Meier estimators was
84.7% (95% CI 82.7 to 86.7) at 6 months, 83.3% (81.3
to 85.4) at 12 months, 81.7% (79.5 to 83.9) at 24 months
and 79.3% (76.0 to 82.5) at 60 months of follow-up. The

survival probability from the Kaplan-Meier estimators
and the Weibull plot of the cumulative distribution func-
tion for all-cause mortality are depicted in figure 1. The
cumulative mortality rate was 16.8% (79/470) among
participants with missing data on at least one of the can-
didate predictor variables, and 16.6% (162/974) among
those with valid data, p=0.93.

Determinants of all-cause mortality
The estimated cumulative distribution function for
all-cause mortality by major subgroups is depicted in
figure 2. In sex-adjusted and age-adjusted analyses, male
sex, active tuberculosis, WHO stages III–IV of the
disease, lower weight, lower CD4 count and lower base-
line haemoglobin level were potential determinants of
all-cause mortality (table 2). In the multivariable Weibull
regression models with simultaneous adjustment for age,
sex and all the potential factors, all determinants
remained significantly associated with all-cause mortality
during follow-up (table 2). Effect estimates (HR) and
95% CIs were 2.15 (1.34 to 3.45) for male sex, 2.35 (1.40
to 3.92) for active tuberculosis, 3.63 (1.29 to 10.24) for
the WHO stages III–IV of disease severity, 1.03 (1.01 to
1.05)/kg lower weight, 1.04 (1.01 to 1.07)/10 lower
CD4/mm3 and 1.12 (1.00 to 1.26) for each g/dL lower
baseline haemoglobin (table 2).

Figure 1 Survival probability

from the Kaplan-Meier estimator

(upper panel) and the Weibull plot

showing the cumulative

distribution function for mortality

during the follow-up of patients

with HIV infection who started

antiretroviral treatment at the

Yaounde Jamot Hospital in 2007

and 2008.
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DISCUSSION
This study conducted in a referral centre for tubercu-
losis and HIV care in Cameroon revealed a high mortal-
ity rate among patients started on ART, with the large
majority of deaths occurring during the first year of start-
ing the treatment. Male gender, active tuberculosis,
advanced stage of the disease, low CD4 count, low
weight and low haemoglobin levels at baseline were

significant predictors of all-cause mortality during
follow-up. Accounting for these factors may help in
refining the prescription of ART and improving the
outcome of care among patients with HIV infection.
The survival probability at 1 year of follow-up after start-

ing ARTwas found to be much lower (83.3% vs 77%) in a
previous study among 1187 PLHIV infection in a rural
setting in the Northern part of Cameroon.10 This study,

Figure 2 Estimated cumulative distribution function for all-cause mortality by major subgroups among patients with HIV infection

who started antiretroviral treatment at the Yaounde Jamot Hospital in 2007 and 2008.

Table 2 Determinants of all-cause mortality among HIV-positive patients started on antiretroviral therapy (n=1444)

Age and sex adjusted Multivariable adjusted

Variable HR (95% CI) p Value HR (95% CI) p Value

Age, per year 1.01 (0.98 to 1.03) 0.56 1.01 (0.99 to 1.03) 0.37

Male sex 1.44 (0.94 to 2.11) 0.10 2.15 (1.34 to 3.45) 0.002

Rural residency 1.14 (0.62 to 2.09) 0.68 –

Active tuberculosis 1.59 (0.97 to 2.61) 0.07 2.35 (1.40 to 3.92) 0.002

WHO stages III–IV 4.57 (1.68 to 12.47) 0.004 3.63 (1.29 to 10.24) 0.02

Weight, per kg lower 1.04 (1.02 to 1.06) 0.0002 1.03 (1.01 to 1.05) 0.01

Platelet count, per 1000 lower 1.01 (0.99 to 1.03) 0.53 –

CD4 count, per 10/mm3 lower 1.06 (1.02 to 1.09) 0.003 1.04 (1.01 to 1.07) 0.02

Haemoglobin, per g/dL lower 1.14 (1.03 to 1.26) 0.02 1.12 (1.00 to 1.26) 0.05

AZT-based regimens 0.91 (0.51 to 1.62) 0.76 –

AZT, zidovudine.
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however, was conducted prior to 2007, the year of the
implementation of the programme of free access to ART
in the country, which suggests that this strategy has most
likely improved survival among PLHIV in the country. It
can also be speculated that the difference between this
previous study and our finding just reflects differences in
the level of care provided in a referral centre like ours,
and a rural centre where care can be very basic. The simi-
larities in the baseline profile of participants across the
two studies are in support of this hypothesis. For instance,
in both studies, over 85% of participants were started on
ART while at the WHO stage III or IV of disease severity,
while the pre-ARV CD4 count was lower than 50/mm3 in
over a quarter of participants at baseline. However, the
1-year survival rate in our study is within the range of
those reported in previous studies. In a recent
meta-analysis of those studies, the pooled estimated
1-year probability of death from studies conducted in
Africa was 17% (95% CI: 11% to 24%).6 15

Predictors of mortality identified in our study were
essentially those described in existing reports.6 15 The
adverse profile of modifiable risk factors clearly suggests
that patients with HIV in our centre are started on ART
at an advanced stage of the disease. This most likely
reflects the fact that in this setting, with the exception of
screening in particular circumstances such as during
pregnancy or presurgical interventions, PLHIV mostly
get screened only when they seek medical care with clin-
ical symptoms. This is a common attitude across Africa,
and may explain the higher early mortality rate on ART
in Africa, compared with other parts of the world.6 In
addition to the advanced clinical stage of the disease on
the WHO scale at presentation, body weight, CD4 count
and haemoglobin levels were low at baseline and all sig-
nificantly associated with a high risk of mortality during
follow-up as previously reported.5 8 It is worth noting
that at the time this study was conducted, most patients
were started on ART at a CD4 count below 200/mm3.
Recent WHO recommendations favour ART initiation at
a CD4 count below 350/mm3. Their uptake may poten-
tially reduce early mortality rate as a result of many
patients starting treatment at favourable CD4 levels. The
prevalence of active tuberculosis in our study was pos-
sibly inflated by the nature of the study setting as a refer-
ral centre for tuberculosis treatment, where most
patients with both HIV and tuberculosis are more likely
to be referred for care. The resulting subsample of parti-
cipants with both conditions has possibly increased our
statistical power for uncovering baseline active tubercu-
losis as a risk factor for mortality among PLHIV started
on ART. Such an association has been inconsistently
reported in previous studies.6 10 16

Free access to ART was introduced in Cameroon in
May 2007.17 We have recently reported rates of non-
adherence to ART to be as high as 34% among patients
with HIV receiving chronic care at YJH in the era of free
access to ART.12 In the absence of any assessment of the
adherence to ART in the current study, it is difficult to

speculate on a contribution, if any, of non-adherence to
ART to the observed high mortality in our study.
However, such an effect is most likely marginal in this
setting where mortality mostly occurs early when patients
have not been exposed to ART enough to derive thera-
peutic benefits. Furthermore, the existing instruments
for measuring adherence to ART are most likely unsuit-
able for investigating premature mortality risk. The main
non-modifiable risk factor of mortality in our study was
male sex. This was not fully explained by sex differences
in the level of other risk factors. Indeed, with the excep-
tion of baseline CD4 count, which was lower in men,
other factors were equally distributed among men or
women or rather showed more favourable levels in men.
Other studies have shown that adherence to prescribed
ART was better in women than in men,18 which can
explain differing rates of mortality between men and
women started on ART.
Our study has some limitations, including the missing

data, which are expected for a study conducted on data
collected from patients’ files and when dealing with
large numbers of participants. Drop-out through losses
to follow-up potentially included deceased patients, and
may be in high proportion based on some studies.19

Therefore, the reported mortality rate in our study is
most likely underestimated. But such a bias is unlikely to
affect the associations of major risk factors with mortality
outcome as shown elsewhere.10 In the absence of any
evaluation of the adherence to ART, particularly among
early mortality survivors, we were unable to investigate a
potential effect of non-adherence to ART on mortality
risk in the current study. Our study also has major
strengths, including the large sample size, which
increased our statistical power to reliably characterise
the predictors of mortality. The mortality rate following
ART initiation, as found in our study and other pub-
lished studies, is not constant over time. It is very high in
the early months of starting the treatment, and subse-
quently drops and stabilises at a much lower rate. Many
previous studies have been based on statistical methods
that assume constant mortality rates over time such as
the person-year methods, and have quite likely gener-
ated less reliable estimates of the association of predic-
tors with mortality risk. We have attempted to address
this limitation by applying the accelerated failure time
models in our study. Unlike Cox models for instance,
regression parameter estimates from accelerated failure
time models are robust to the omitted covariates, and
are unaffected by the choice of probability distribution.
In conclusion, the mortality rate among patients with

HIV-1 infection started on ART in this setting remains
unacceptably high. Deaths occur mostly within the first
year of starting treatment and essentially among patients
with clinical and biological profiles compatible with an
advanced stage of the disease at the time when antiretro-
viral treatment is started. Strategies for early detection of
patients with HIV at the clinically asymptomatic stages,
followed by early initiation of ART, need to be developed
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and tested in this setting. Recent updates of the coun-
try’s guidelines for HIV treatment, recommending pre-
scription of ART at a CD4 count lower than 350/mm3,
have a potential for significantly reducing premature
mortality among people with HIV in this setting.
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