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Abstract

Background: Studies of antiretroviral therapy (ART) programs in Africa have shown high initial
mortality. Factors contributing to this high mortality are poorly described. The aim of the present
study was to assess mortality and to identify predictors of mortality in HIV-infected patients

starting ART in a rural hospital in Tanzania.

Methods: This was a cohort study of 320 treatment-naive adults who started ART between
October 2003 and November 2006. Reliable CD4 cell counts were not available, thus ART
initiation was based on clinical criteria in accordance with WHO and Tanzanian guidelines. Kaplan-
Meier models were used to estimate mortality and Cox proportional hazards models to identify

predictors of mortality.

Results: Patients were followed for a median of 10.9 months (IQR 2.9—19.5). Overall, 95 patients
died, among whom 59 died within 3 months of starting ART. Estimated mortality was 19.2, 29.0
and 40.7% at 3, 12 and 36 months, respectively. Independent predictors of mortality were severe
anemia (hemoglobin <8 g/dL; adjusted hazard ratio [AHR] 9.20; 95% CI 2.05—41.3), moderate
anemia (hemoglobin 8-9.9 g/dL; AHR 7.50; 95% CI 1.77-31.9), thrombocytopenia (platelet count
<150 x 10%L; AHR 2.30; 95% CI 1.33-3.99) and severe malnutrition (body mass index <16 kg/mZ;
AHR 2.12; 95% Cl 1.06—4.24). Estimated one year mortality was 55.2% in patients with severe

anemia, compared to 3.7% in patients without anemia (P < 0.001).

Conclusion: Mortality was found to be high, with the majority of deaths occurring within 3
months of starting ART. Anemia, thrombocytopenia and severe malnutrition were strong
independent predictors of mortality. A prognostic model based on hemoglobin level appears to be

a useful tool for initial risk assessment in resource-limited settings.
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Background

The introduction of highly active antiretroviral therapy in
1996 dramatically improved the prognosis for HIV-
infected patients in the industrialized world [1,2]. Until
recently, however, access to treatment has been severely
limited in developing countries, where the majority of
people with HIV/AIDS live [3]. In 2002, the World Health
Organization (WHO) issued guidelines for scaling up
antiretroviral therapy (ART) in resource-limited settings,
followed by revisions in 2003 and 2006 advocating earlier
initiation of treatment [4-6]. By December 2006, two mil-
lion people in low- and middle-income countries were
receiving ART, but this was still only 28% of those esti-
mated to be in urgent need of it [7].

Few studies have examined the effect of ART in rural
Africa, and experiences from Europe and North America
are not necessarily applicable to such settings. However,
early reports from ART programs in resource-limited set-
tings have been promising, with virological efficacy com-
parable to industrialized countries [3]. Nevertheless,
mortality has been high, particularly the first months after
initiating ART [8-15], and factors contributing to this high
mortality are poorly understood.

A better knowledge of prognostic factors would allow
closer follow-up and more targeted interventions in high-
risk patients, thus reducing excess mortality. The aim of
the present study was to assess mortality and to identify
predictors of mortality in HIV-infected patients starting
ART in a rural African hospital.

Methods

Study setting and participants

Tanzania is a low-income country in East Africa with 38.3
million inhabitants and estimated adult HIV prevalence at
6.5% [7]. Life expectancy at birth is 46.5 years, which is
estimated to be ten years lower than it would have been
without the HIV epidemic [16]. Haydom Lutheran Hospi-
tal is a 400-bed hospital in Manyara region owned by the
Evangelical Lutheran Church of Tanzania. It is the main
health care provider to a rural population of about 260
000 people, and available services include a modern radi-
ology department with ultrasonography and computer
tomography, a fairly well equipped laboratory with
microscopy, bacteriology and biochemistry, as well as
standard surgical and obstetrical services. According to a
recent population-based survey, adult HIV prevalence in
the area is 1.8% [17]. In 2002, the hospital launched a
comprehensive HIV prevention and intervention program
with emphasis on voluntary counseling and testing (VCT)
through outreach services and antenatal clinics. An HIV
Care and Treatment Centre was established adjacent to
the hospital, and from October 2003 ART was provided
free of charge to eligible HIV-infected patients. Most of the
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patients enrolled were detected through VCT services in
the villages or were hospitalized patients tested on clinical
suspicion. Clinical officers, under supervision of a physi-
cian, were responsible for medical follow-up of patients.
On-site training was provided by HIV specialists from col-
laborating institutions in Norway. All patients received
pre-treatment counselling, and peer-support groups were
set up in the major villages. A community home-based
care network was established to follow-up adherence and
trace missing patients.

Patients were considered eligible for ART if they were in
WHO stage IV irrespective of CD4 cell count, WHO stage
III with CD4 < 350 cells/pL, or had CD4 < 200 cells/uL
regardless of clinical stage, in accordance with WHO and
Tanzanian guidelines [5,18]. However, since CD4 cell
counts measured by manual techniques were observed to
be unreliable, ART initiation was based solely on clinical
criteria (WHO stage III and IV) in most patients. In addi-
tion, ART was offered to HIV-infected pregnant and lactat-
ing women to prevent vertical transmission.

The present study is a prospective, observational cohort
study of treatment-naive patients aged 15 years or older
who started ART in Haydom Lutheran Hospital between
October 3, 2003, and November 5, 2006. Women who
were pregnant at the time of ART initiation were excluded
from the study, as were lactating mothers in WHO stage |
or I, who started ART exclusively to prevent vertical trans-
mission. Follow-up data was collected through May 5,
2007. Patients gave written consent to participate in the
study. Ethical approval was obtained from the Medical
Research Coordinating Committee of the National Insti-
tute for Medical Research in Tanzania and Regional Com-
mittee for Medical Research Ethics in Norway.

Treatment, monitoring and endpoints

First-line treatment comprised stavudine (d4T) or zidovu-
dine (ZDV), combined with lamivudine (3TC), and either
nevirapine (NVP) or efavirenz (EFV). Regimen choice was
subject to availability, with use of a generic fixed-dose
combination of d4T, 3TC and NVP whenever possible.
Second-line treatment in case of treatment failure was not
available until December 2006. Patients with CD4 < 200
cells/uL or WHO stage III or IV disease were given co-tri-
moxazole prophylaxis 960 mg thrice weekly or 480 mg
daily. After the initial 2 weeks of daily drug administra-
tion, antiretroviral drugs were dispensed on a monthly
basis.

A standardized form was used for the baseline evaluation,
which included socio-demographic information, medical
history, physical examination, and laboratory investiga-
tions. Clinical staging was performed using the 2003 revi-
sion of the WHO clinical staging system [5]. Routine
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clinical follow-up was scheduled every 3 months. HIV
infection was established using 2 different rapid antibody
tests. Standard hematology was measured using Sysmex
KX-21 Hematology Analyzer (Sysmex Corp., Kobe,
Japan).

The most recent laboratory results before starting ART
were generally used as baseline values. In a minority of
patients who lacked pre-treatment laboratory tests, how-
ever, results obtained within one month of ART initiation
were used. If two values were obtained within a month,
the mean was employed. Body mass index (BMI, weight in
kilograms divided by height in meters squared) was used
to assess nutritional status. Body weight was measured at
each clinic visit using the same manual scale, and height
was measured using a stadiometer mounted on the scale.
Established cutoff values for BMI were used [19]: normal
(BMI > 18.5 kg/m?), mild malnutrition (BMI 17-18.4 kg/
m?), moderate malnutrition (BMI 16-16.9 kg/m?2), and
severe malnutrition (BMI < 16 kg/m?). Anemia was
defined as a hemoglobin level of <12 g/dL for women and
<13 g/dL for men [20], and was classified as mild (hemo-
globin 10-11.9 g/dL for women and 10-12.9 g/dL for
men), moderate (hemoglobin 8-9.9 g/dL) or severe
(hemoglobin < 8 g/dL). Lymphopenia was defined as a
total lymphocyte count (TLC) of <1.2 x 10°/L [4], and we
employed an additional cutpoint at 0.6 x 10%/L to assess
severe lymphopenia. Thrombocytopenia was defined as
platelet count <150 x 10°/L [21].

The main endpoint in our study was death from all causes.
Deaths were registered from hospital records or reported
through home visitors. Other outcomes were also
recorded, including patients who self-stopped treatment,
were transferred to another health facility or were lost to
follow-up. Patients who missed appointments for more
than 3 months and could not be traced by the home visi-
tor, were regarded lost to follow-up.

Statistical analysis

Patients were excluded from the study if sex, age or WHO
stage was not recorded. Date of death was registered by
home visitors; however, in 7 patients with only month
and year recorded we used the 1stof that month, and in 2
patients with unknown death date we used the last follow-
up visit. For subjects who self-stopped treatment, were
transferred out or were lost to follow-up, the date of their
last follow-up visit was used as the censoring date. Finally,
individuals alive and on ART were censored at May 5,
2007.

Kaplan-Meier models were used to estimate survival after
ART initiation, and log rank tests to compare survival
curves. Cox proportional hazards models were used to
identify independent predictors of mortality and calculate
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hazard ratios. Multicollinearity was excluded using Spear-
man's correlation coefficient with a cutoff at 0.7. We per-
formed univariable Cox regression analysis for the
following baseline variables: sex, age, tribe, religion, edu-
cation level, ART start year, WHO stage, BMI, hemo-
globin, TLC, platelet count, hepatitis B, syphilis and active
tuberculosis (TB). CD4 cell counts were omitted since the
results were observed to be inaccurate. Baseline variables
significant at P < 0.05 level in univariable analysis were
included in the final multivariable model. We used SPSS
version 14.0 software (SPSS Inc., Chicago, IL, USA) to
analyze the data. All tests were two-sided and level of sig-
nificance was set at P < 0.05.

Results

Baseline characteristics

Of 779 patients enrolled into HIV care between October
3, 2003, and November 5, 2006, 320 treatment-naive
non-pregnant adults who started ART were included in
the present study. The cohort profile is presented in figure
1. Among 334 adults who had not started ART at censor-
ing, 123 (36.8%) were lost to follow-up, 90 (26.9%) did
not meet clinical criteria for starting ART, 56 (16.8%) died
before ART initiation, 27 (8.1%) were transferred to
another health facility, and the remaining 38 (11.4%)
were still waiting to start treatment.

Patients on ART were followed for a median of 10.9
months (interquartile range 2.9-19.6). Summary statis-
tics of baseline characteristics are given in table 1. Of the
320 patients included, 223 (69.7%) were women and
median age was 35 years (interquartile range 30-43).
There were 104 patients (32.5%) who started ART in the
initial years 2003-04, 117 (36.6%) started in 2005, and
99 (30.9%) in 2006. Initial ART regimen was d4T/3TC/
NVP in 168 patients (52.5%), d4T/3TC/EFV in 58
(18.1%), ZDV/3TC/NVP in 53 (16.6%), ZDV/3TC/EFV in
24 (7.5%), ZDV/3TC/tenofovir in one (0.3%) and miss-
ing in 15 patients (4.7%). Seventy-three patients received
anti-TB treatment at inclusion or started after inclusion.
Mean BMI was 17.6 kg/m? (standard deviation [SD] 3.1),
mean hemoglobin 10.1 g/dL (SD 2.1), mean TLC 1.4 x
102/L (SD 0.8) and mean platelet count 266 x 10%/L (SD
131).

At ART initiation, 210 patients (65.6%) had clinical AIDS
(WHO stage IV). For comparison, 401 (51.5%) of 779
had dinical AIDS at enrollment into the HIV program.
The most common WHO stage IV conditions among
patients who started ART were: wasting syndrome
(89.0%), oesophageal candidiasis (13.3%), extrapulmo-
nary TB (5.2%) and Kaposi's sarcoma (4.8%).

Page 3 of 10

(page number not for citation purposes)



BMC Infectious Diseases 2008, 8:52

779 individuals in
HIV care

http://www.biomedcentral.com/1471-2334/8/52

58 children <15 years
18 ART-experienced

A

703 ART-naive
HIV-infected adults

A

334 not on ART
46 pregnant or PMTCT

3 with incomplete data

\

320 adults who
started ART before
November 5, 2006,
were included in the
study

Figure |

Profile of the study cohort, Haydom Lutheran Hospital, Tanzania (October 2003—November 2006).

Survival analysis

Overall, 95 patients (29.7%) died during the follow-up
period, among whom 59 died within 3 months of starting
ART. Thirty-five patients (10.9%) were transferred to
another health facility, 31 (9.7%) were lost to follow-up
and 7 (2.2%) self-stopped treatment. Estimated mortality
was 19.2, 24.5, 29.0, 35.2 and 40.7% at 3, 6, 12, 24 and
36 months, respectively.

In univariable analysis male sex, ART start year, WHO
stage IV, severe malnutrition, anemia, lymphopenia and
thrombocytopenia were all associated with progression to
death. No such associations were found for age, tribe, reli-
gion, education level, hepatitis B, syphilis or active TB. As
described in table 1, certain baseline values were missing
in 29 patients; hence, there were 291 patients in the final
Cox model. In multivariable analysis significant predic-
tors of mortality were severe and moderate anemia,
thrombocytopenia and severe malnutrition (Table 2). The
hazard of death was significantly reduced in those starting

ART in calendar year 2006 compared with the initial
period 2003-04.

Mortality increased with decreasing hemoglobin. Esti-
mated one year mortality was 3.7% in patients without
anemia, 20.0% in mild anemia, 37.6% in moderate ane-
mia and 55.2% in severe anemia (log rank test, P < 0.001,
Figure 2). The majority of deaths occurred early, and the
corresponding 3 months mortality was 3.7, 8.1, 26.9 and
40.4%, respectively (log rank test, P < 0.001). A similar
trend was observed with decreasing BMI. Estimated one
year mortality was 13.7% in patients with normal nutri-
tional status, 21.0% in mild to moderate malnutrition,
and 46.8% in severe malnutrition (log rank test, P <
0.001, Figure 3).

Discussion

Mortality was high in this cohort, and most of the deaths
occurred within 3 months of starting ART. Severe and
moderate anemia, thrombocytopenia and severe malnu-
trition were found to be independent predictors of mor-
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Table I: Baseline characteristics and associated mortality among 320 HIV-infected patients starting ART in Tanzania

Characteristic

Number of patients

Number of Deaths

Age (years)
15-24
25-34
3544
>45
Sex
Male
Female
Clinical stage
WHO stage I
WHO stage lll
WHO stage IV
BMI (kg/m?2)?
<lé
16-18.4
> 185
Hemoglobin (g/dL)b
<8
8-9.9
10-11.9 (10-12.9 for men)
> 12 (= 13 for men)
TLC (x 10%/L)c
<0.6
0.6—1.1
>1.2
Platelet count (% 10°/L)d
<150
> 150

26 7 (26.9%)
129 39 (30.2%)
95 30 (31.6%)
70 19 (27.1%)
97 38 (39.2%)
223 57 (25.6%)
12 1 (8.3%)

98 18 (18.4%)
210 76 (36.2%)
98 46 (46.9%)
105 23 (21.9%)
93 14 (15.1%)
49 27 (55.1%)
108 43 (39.8%)
104 21 (20.2%)
55 2 (3.6%)

30 18 (60.0%)
16 32 (27.6%)
166 42 (25.3%)
52 24 (46.2%)
261 66 (25.3%)

224 values missing (n = 296). b4 values missing (n = 316). <8 values missing (n = 312). 97 values missing (n = 313).
WHO, World Health Organization; BMI, body mass index; TLC, total lymphocyte count.

tality. The high early mortality observed in our study is in
line with other similar studies from resource-limited set-
tings [8-15]. Causes of death were not investigated in the
present study; however, in a study from South Africa wast-
ing syndrome, TB, acute bacterial infections, malignancies
and immune reconstitution disease were the major causes
of death [14]. In our cohort more than half of the patients
had clinical AIDS at enrollment into HIV care, and other
African ART programs have also reported high rates of
advanced disease [8-12,14,15]. Stigma and delay in seek-
ing health care, lack of voluntary testing and counseling
services, and health system delays in referral and ART ini-
tiation are possible explanations. Thus, priority must be
given to identify HIV-infected individuals and start treat-
ment earlier in the course of their illness, before they
develop severe opportunistic infections.

Anemia was a strong predictor of mortality in our study.
Patients with severe anemia had nearly 15 times higher
risk of dying during the first year on ART compared to
those with a normal hemoglobin level. Several studies
from Europe and North America have shown that anemia
is an independent predictor of mortality in patients on

ART, even after controlling for CD4 cell count and viral
load [22-24]. Recently, studies from developing countries
have found the same association [9,13]. Indeed, in the
largest African cohort study published to date, severe ane-
mia (hemoglobin <8 g/dL) was the strongest independent
predictor of mortality in 16 198 patients receiving ART in
Zambia [13].

It is uncertain whether the association between anemia
and mortality is causal or whether anemia is rather a
marker of progressive HIV disease. It is known that the
incidence of anemia increases with progression of HIV
infection [23]. Furthermore, anemia can be a feature of
certain opportunistic diseases, like disseminated myco-
bacterial infection and parvovirus B19 [25]. Several other
etiologic factors may be involved in the development of
HIV-associated anemia, including micronutrient deficien-
cies, immunological myelosuppression, impaired eryth-
ropoietin production and blood loss from intestinal
opportunistic disease [25]. The role of iron supplementa-
tion is controversial, as some reports have suggested
adverse effects of iron excess in HIV-infected individuals
in industrialized countries [26,27]. On the contrary,
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Table 2: Hazard ratios of mortality according to baseline variables in HIV-infected patients starting ART in Tanzania

Unadjusted Adjusted?

Baseline variables HR (95% CI) P HR (95% CI) P
Gender (male vs. female) 1.73 (1.15-2.61) 0.009 1.60 (1.00-2.57) 0.053
WHO stage (IV vs. I-l) 2.71 (1.64-4.49) <0.001 1.46 (0.81-2.65) 0.210
ART start year (vs. 2003-04)

2005 0.55 (0.35-0.87) 0.010 0.64 (0.38-1.08) 0.091

2006 0.30 (0.17-0.56) <0.001 0.40 (0.19-0.83) 0.014
BMI (vs. > 18.5 kg/m?)

<16 4.17 (2.29-7.60) <0.001 2.12 (1.06-4.24) 0.034

16-18.4 1.60 (0.82-3.10) 0.168 1.27 (0.62-2.61) 0.516
Hemoglobin (vs. > 12 g/dL for women and > |3 for men)

<8 22.7 (5.40-95.7) <0.001 9.20 (2.05-41.3) 0.004

8-9.9 13.5 (3.28-55.9) <0.001 7.50 (1.77-31.9) 0.006

10—11.9 (10-12.9 for men) 6.21 (1.46-26.5) 0.014 4.03 (0.93-17.5) 0.063
TLC (vs. > 1.2 x 10%/L)

<0.6 3.58 (2.05-6.24) <0.001 1.72 (0.87-3.39) 0.117

0.6—1.1 1.10 (0.69-1.74) 0.699 0.79 (0.48-1.32) 0.371
Platelet count (<150 vs. > 150 x 10°%/L) 2.23 (1.40-3.57) 0.001 2.30 (1.33-3.99) 0.003

aCox proportional hazards model adjusted for all variables listed in the table.
HR, hazard ratio; Cl, confidence interval; ART, antiretroviral therapy; WHO, World Health Organization; BMI, body mass index; TLC, total

lymphocyte count.

recovery from anemia after erythropoietin treatment has
been associated with improved survival [23,24], but high
costs limit its use in poor countries. More recently, ART
has been shown to significantly reduce HIV-associated
anemia in developed countries [28,29]; however, this has
not yet been investigated in rural Africa. Further studies
are needed to explore possible interventions against HIV-
associated anemia in resource-limited settings, including
the role of iron supplementation.

Malnutrition was another strong, independent predictor
of mortality in our study. Estimated one year mortality
was nearly 50% among patients with severe malnutrition.
Previously, studies from industrialized countries have
shown that malnutrition in HIV infection is associated
with morbidity and mortality, even after the introduction
of highly active antiretroviral therapy in the late 1990s
[30-32]. More recently, studies from developing countries
have found that malnutrition is an independent predictor
of mortality in patients starting ART [8,12,13,33]. How-
ever, it is not clear whether targeted therapy for malnutri-
tion will result in improved survival [34]. Studies of
nutritional interventions in HIV patients are urgently
needed in developing countries, where malnutrition is
often a result of poverty and food insecurity.

We found a reduced risk of death in patients starting ART
in later calendar years compared with the initial period
2003-04. A possible explanation is that many patients
with severe AIDS were included in the initial period, as
this was the first clinic to offer ART in the area. However,

since the risk reduction persisted after controlling for clin-
ical stage, we believe that it may also be attributed to
improved skills among local staff managing HIV patients.
The decline in mortality over time supports our experi-
ence that non-physician clinicians can be trained to fol-
low-up and treat HIV-infected patients.

To our knowledge, thrombocytopenia has never previ-
ously been shown to predict mortality in African patients
on ART, although a few studies from North America have
described an increased risk of disease progression and
death [35,36]. Further research is needed to confirm our
findings. WHO stage IV was not significantly associated
with mortality in our study, in contrast to previous reports
[1,8,11-14]. However, the comparison group was almost
entirely composed of WHO stage III patients, which
would weaken the statistical effect of WHO stage IV on
mortality. Furthermore, the accuracy of clinical staging is
probably quite variable in rural Africa. It is interesting that
simple and more objective indicators identified in the
present study appear to have a better predictive ability
than clinical stage.

A prognostic model based on hemoglobin level had a
strong predictive power in our study, separating the
patients into low, low intermediate, high intermediate
and high risk groups (Figure 2). Previously, similar sur-
vival curves for hemoglobin levels have been reported in
European HIV patients, although anemia occurred less
frequently [22]. Hemoglobin is a simple and inexpensive
laboratory test, which can be performed even in rural,
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Figure 2

Kaplan-Meier survival curves according to baseline hemoglobin. Normal: >12 g/dL (>13 g/dL for men); mild anemia:
10—-11.9 g/dL (10-12.9 g/dL for men); moderate anemia: 8-9.9 g/dL; severe anemia: <8 g/dL.

basic clinics. We believe it can be used as a simple and
practical tool for initial risk assessment in the absence of
CD4 cell count and viral load. Such early prognostic infor-
mation would allow a more targeted search for opportun-
istic infections and closer follow-up in high-risk
individuals, thus reducing excess mortality. Although the
exact mortality figures from the present study can not nec-
essarily be applied to other populations, we believe the
concept of using hemoglobin level to identify patients
with a poor prognosis can be used elsewhere. This simple
prognostic model should be tested out in other African
settings to assess its generalizability.

There are some weaknesses of our study. First, mortality
might be underestimated, since patients lost to follow-up
probably include individuals dying at home without
being reported. Although the proportion of patients lost
to follow-up in the present study (9.7%) was comparable
to other African studies [12,13], data quality would be
improved with better cohort retention. Second, the results

might be affected by selection bias towards patients with
more severe disease, since the study was conducted in a
hospital setting. Third, some patients measured baseline
hemoglobin shortly after ART initiation, which might
have led to an overestimation of the prevalence of anemia
in patients with a ZDV-based regimen. However, post-ART
hemoglobin was only employed in a small number of
patients, and it is unlikely that this has introduced any sys-
tematic bias into the study. Fourth, it is known that the
generalizability of a prognostic system can be impaired if
important independent predictors are left out [37]. We
lacked reliable CD4 cell counts and viral loads, which are
established predictors of morbidity and mortality in
patients on ART [1]. However, our results strongly suggest
that simple and available measurements can be useful
alternative prognostic markers.

The main strength of our study is that it was carried out in
a rural African hospital with use of national staff and
inclusion of all eligible patients. Most other African ART
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Figure 3

Kaplan-Meier survival curves according to baseline body mass index.

studies have been performed in urban areas [9-11,13-15],
in research settings with strict inclusion and exclusion cri-
teria [38], or with support from an international non-gov-
ernmental organization [8,10,12]. We believe that our
results better reflect the reality in a rural hospital in sub-
Saharan Africa, and thus may be applicable to other simi-
lar settings.

Conclusion

We found high mortality among patients starting ART in
this rural Tanzanian hospital, with the majority of deaths
occurring within 3 months of ART initiation. Many
patients enrolled with advanced immunodeficiency, and
priority should be given to identify HIV-infected individ-
uals and start ART earlier in the course of their illness.
Anemia, thrombocytopenia and severe malnutrition were
strong independent predictors of mortality. A simple
prognostic model based on hemoglobin level appears to
be a useful tool for initial risk assessment in resource-lim-
ited settings.

Competing interests
The author(s) declares that they have no competing inter-
ests.

Authors' contributions

AJ analyzed the data and drafted the manuscript. EN and
BJN collected the data. LS performed the statistical analy-
sis and helped to draft the manuscript. MIM participated
in the conception of the study. HEA participated in the
data collection and design of the study. SGG and JNB con-
ceived the study, and participated in its design and coor-
dination. All authors read and approved the final
manuscript.

Acknowledgements

We are indebted to all the patients participating in the study. We thank the
staff at Haydom HIV Care and Treatment Centre, and appreciate the valu-
able contributions by Linda Skeie and Bjorn Heger in quality control of data.
We are grateful to the hospital management (Oystein E Olsen and Isaack
Malleyeck) for facilitating the study, as well as Ministry of Health and the
National AIDS Control Program for supporting the HIV program in Hay-
dom. We are also grateful to the Norwegian HIV specialists who trained
the local staff, and their hospitals for support in cash and kind, especially Ull-

Page 8 of 10

(page number not for citation purposes)



BMC Infectious Diseases 2008, 8:52

eval University Hospital and Sorlandet Hospital HF. The HIV program in
Haydom Lutheran Hospital is sponsored by the Norwegian Government
through the hospital block grant of the Royal Norwegian Embassy, and the
US President's Emergency Plan for AIDS Relief (PEPFAR).

References

Egger M, May M, Chene G, Phillips AN, Ledergerber B, Dabis F, Cos-
tagliola D, d'Arminio MA, de WF, Reiss P, Lundgren ]D, Justice AC,
Staszewski S, Leport C, Hogg RS, Sabin CA, Gill M), Salzberger B,
Sterne JA: Prognosis of HIV-I-infected patients starting highly
active antiretroviral therapy: a collaborative analysis of pro-
spective studies. Lancet 2002, 360:119-129.

Mocroft A, Vella S, Benfield TL, Chiesi A, Miller V, Gargalianos P,
d'Arminio MA, Yust I, Bruun JN, Phillips AN, Lundgren JD: Changing
patterns of mortality across Europe in patients infected with
HIV-I1. EuroSIDA Study Group. Lancet 1998, 352:1725-1730.
Ivers LC, Kendrick D, Doucette K: Efficacy of antiretroviral ther-
apy programs in resource-poor settings: a meta-analysis of
the published literature. Clin Infect Dis 2005, 41:217-224.

WHO: Scaling up antiretroviral therapy in resource-limited settings. Guide-
lines for a public health approach Geneva, WHO; 2002.

WHO: Scaling up antiretroviral therapy in resource-limited settings: Treat-
ment guidelines for a public health approach. 2003 revision Geneva,
WHO; 2004.

WHO: Antiretroviral therapy for HIV infection in adults and adolescents:
Recommendations for a public health approach. 2006 revision Geneva,
WHO; 2006.

Joint United Nations Programme on HIV/AIDS (UNAIDS): Report on
the global AIDS epidemic 2006 Geneva, UNAIDS; 2006.

Zachariah R, Fitzgerald M, Massaquoi M, Pasulani O, Arnould L,
Makombe S, Harries AD: Risk factors for high early mortality in
patients on antiretroviral treatment in a rural district of
Malawi. AIDS 2006, 20:2355-2360.

Etard JF, Ndiaye |, Thierry-Mieg M, Gueye NF, Gueye PM, Laniece |,
Dieng AB, Diouf A, Laurent C, Mboup S, Sow PS, Delaporte E: Mor-
tality and causes of death in adults receiving highly active
antiretroviral therapy in Senegal: a 7-year cohort study. AIDS
2006, 20:1181-1189.

Coetzee D, Hildebrand K, Boulle A, Maartens G, Louis F, Labatala V,
Reuter H, Ntwana N, Goemaere E: Outcomes after two years of
providing antiretroviral treatment in Khayelitsha, South
Africa. AIDS 2004, 18:887-895.

Lawn SD, Myer L, Harling G, Orrell C, Bekker LG, Wood R: Deter-
minants of mortality and nondeath losses from an antiretro-
viral treatment service in South Africa: implications for
program evaluation. Clin Infect Dis 2006, 43:770-776.

Ferradini L, Jeannin A, Pinoges L, Izopet |, Odhiambo D, Mankhambo
L, Karungi G, Szumilin E, Balandine S, Fedida G, Carrieri MP, Spire B,
Ford N, Tassie JM, Guerin P}, Brasher C: Scaling up of highly
active antiretroviral therapy in a rural district of Malawi: an
effectiveness assessment. Lancet 2006, 367:1335-1342.

Stringer JS, Zulu |, Levy J, Stringer EM, Mwango A, Chi BH, Mtonga V,
Reid S, Cantrell RA, Bulterys M, Saag MS, Marlink RG, Mwinga A,
Ellerbrock TV, Sinkala M: Rapid scale-up of antiretroviral ther-
apy at primary care sites in Zambia: feasibility and early out-
comes. JAMA 2006, 296:782-793.

Lawn SD, Myer L, Orrell C, Bekker LG, Wood R: Early mortality
among adults accessing a community-based antiretroviral
service in South Africa: implications for programme design.
AIDS 2005, 19:2141-2148.

Wester CW, Kim S, Bussmann H, Avalos A, Ndwapi N, Peter TF,
Gaolathe T, Mujugira A, Busang L, Vanderwarker C, Cardiello P, John-
son O, Thior |, Mazonde P, Moffat H, Essex M, Marlink R: Initial
response to highly active antiretroviral therapy in HIV-1C-
infected adults in a public sector treatment program in Bot-
swana. | Acquir Inmune Defic Syndr 2005, 40:336-343.

WHO: Summary country profile for HIV/AIDS treatment
scale-up: United Republic of Tanzania. December 2005.
2007 [http://www.who.int/hiv/HIVCP_TZA.pdf].

Yahya-Malima KI, Matee MI, Evjen-Olsen B, Fylkesnes K: High
potential of escalating HIV transmission in a low prevalence
setting in rural Tanzania. BMC Public Health 2007, 7:103.
National AIDS Control Program: Guidelines for health
workers in the management of HIV/AIDS in Tanzania. Dar
es Salaam, Ministry of Health; 2004.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.
38.

http://www.biomedcentral.com/1471-2334/8/52

Ferro-Luzzi A, Sette S, Franklin M, James WP: A simplified
approach of assessing adult chronic energy deficiency. Eur |
Clin Nutr 1992, 46:173-186.

WHO: Iron Deficiency Anaemia. Assessment, Prevention,
and Control. A guide for programme managers. 2001. 2007
[http://www.who.int/nutrition/publications/en/
ida_assessment_prevention control.pdf].

Warkentin TE, Kelton JG: Thrombocytopenia due to platelet
destruction and hypersplenism. In Hematology: basic principles
and practice Edited by: Hoffman R. Philadelphia, Elsevier Churchill Liv-
ingstone; 2005:2305-2325.

Mocroft A, Kirk O, Barton SE, Dietrich M, Proenca R, Colebunders
R, Pradier C, dArminio MA, Ledergerber B, Lundgren JD: Anaemia
is an independent predictive marker for clinical prognosis in
HIV-infected patients from across Europe. EuroSIDA study
group. AIDS 1999, 13:943-950.

Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW: Epidemiology
of anemia in human immunodeficiency virus (HIV)-infected
persons: results from the multistate adult and adolescent
spectrum of HIV disease surveillance project. Blood 1998,
91:301-308.

Moore RD, Keruly JC, Chaisson RE: Anemia and survival in HIV
infection. | Acquir Inmune Defic Syndr Hum Retrovirol 1998, 19:29-33.
Semba RD, Gray GE: Pathogenesis of anemia during human
immunodeficiency virus infection. | Investig Med 2001,
49:225-239.

Boelaert JR, Weinberg GA, Weinberg ED: Altered iron metabo-
lism in HIV infection: mechanisms, possible consequences,
and proposals for management. Infect Agents Dis 1996, 5:36-46.
Savarino A, Pescarmona GP, Boelaert JR: Iron metabolism and
HIV infection: reciprocal interactions with potentially harm-
ful consequences? Cell Biochem Funct 1999, 17:279-287.

Moore RD, Forney D: Anemia in HIV-infected patients receiv-
ing highly active antiretroviral therapy. | Acquir Inmune Defic
Syndr 2002, 29:54-57.

Berhane K, Karim R, Cohen MH, Masri-Lavine L, Young M, Anastos
K, Augenbraun M, Watts DH, Levine AM: Impact of highly active
antiretroviral therapy on anemia and relationship between
anemia and survival in a large cohort of HIV-infected
women: Women's Interagency HIV Study. | Acquir Immune
Defic Syndr 2004, 37:1245-1252.

Wheeler DA, Gibert CL, Launer CA, Muurahainen N, Elion RA,
Abrams DI, Bartsch GE: Weight loss as a predictor of survival
and disease progression in HIV infection. Terry Beirn Com-
munity Programs for Clinical Research on AIDS. | Acquir
Immune Defic Syndr Hum Retrovirol 1998, 18:80-85.

Tang AM, Forrester |, Spiegelman D, Knox TA, Tchetgen E, Gorbach
SL: Weight loss and survival in HIV-positive patients in the
era of highly active antiretroviral therapy. | Acquir Inmune Defic
Syndr 2002, 31:230-236.

Paton NI, Sangeetha S, Earnest A, Bellamy R: The impact of malnu-
trition on survival and the CD4 count response in HIV-
infected patients starting antiretroviral therapy. HIV Med
2006, 7:323-330.

Severe P, Leger P, Charles M, Noel F, Bonhomme G, Bois G, George
E, Kenel-Pierre S, Wright PF, Gulick R, Johnson WD Jr., Pape JWV, Fit-
zgerald DW: Antiretroviral therapy in a thousand patients
with AIDS in Haiti. N Engl ] Med 2005, 353:2325-2334.

Wanke C: Nutrition and HIV in the international setting. Nutr
Clin Care 2005, 8:44-48.

Burbano X, Miguez MJ, Lecusay R, Rodriguez A, Ruiz P, Morales G,
Castillo G, Baum M, Shor-Posner G: Thrombocytopenia in HIV-
infected drug users in the HAART era. Platelets 2001,
12:456-461.

Sullivan PS, Hanson DL, Chu SY, Jones JL, Ciesielski CA: Surveil-
lance for thrombocytopenia in persons infected with HIV:
results from the multistate Adult and Adolescent Spectrum
of Disease Project. | Acquir Inmune Defic Syndr Hum Retrovirol 1997,
14:374-379.

Justice AC, Covinsky KE, Berlin JA: Assessing the generalizability
of prognostic information. Ann Intern Med 1999, 130:515-524.
Sow PS, Otieno LF, Bissagnene E, Kityo C, Bennink R, Clevenbergh P,
Wit FW, Waalberg E, Rinke de Wit TF, Lange JM: Implementation
of an antiretroviral access program for HIV-I-infected indi-
viduals in resource-limited settings: clinical results from 4
African countries. | Acquir Inmune Defic Syndr 2007, 44:262-267.

Page 9 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12126821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12126821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12126821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9848347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9848347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9848347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15983918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15983918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15983918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17117022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17117022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17117022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16691070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16691070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16691070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15060436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15060436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15060436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16905784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16905784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16905784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16284464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16284464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16249709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16249709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16249709
http://www.who.int/hiv/HIVCP_TZA.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17559683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17559683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17559683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1559522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1559522
http://www.who.int/nutrition/publications/en/ida_assessment_prevention_control.pdf
http://www.who.int/nutrition/publications/en/ida_assessment_prevention_control.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9414298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9414298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9414298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9732065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9732065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11352180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11352180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8789598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8789598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8789598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10587615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10587615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10587615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11782590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11782590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15385731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9593462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9593462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9593462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16945078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16945078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16945078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16319381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16319381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15850234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11798394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11798394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9111481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9111481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9111481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10075620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17146376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17146376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17146376

BMC Infectious Diseases 2008, 8:52 http://www.biomedcentral.com/1471-2334/8/52

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/8/52/prepub

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10

(page number not for citation purposes)


http://www.biomedcentral.com/1471-2334/8/52/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study setting and participants
	Treatment, monitoring and endpoints
	Statistical analysis

	Results
	Baseline characteristics
	Survival analysis

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

