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Abstract

Introduction: Despite increasing focus on test and treat strategies for people living with HIV (PLHIV), many continue to enrol
late in care and initiate antiretroviral therapy (ART) when they have advanced HIV disease.

Methods: \We analyzed PLHIV >15 years of age starting ART in Ethiopia, Kenya, Mozambique and Tanzania from 2005 to
2015 based on CD4+ groups at ART initiation (=200, 100 to 199, 50 to 99 and <50 cells/mm?) to examine attrition (loss to
follow-up (LTF) and death) using Kaplan-Meier estimators and Cox proportional hazards models. LTF was defined as no clinic
visit >6 months; deaths were ascertained from medical records.

Results and discussion: A total of 305,443 PLHIV were included in the analysis: 118,580 (38.8%) CD4+ >200, 91,788
(30.1%) CD4+ 100 to 199, 44,029 (14.4%) CD4+ 50 to 99 and 51,046 (16.7%) CD4+ <50 cells/mm?>. At 12 months after
ART initiation, attrition for those with CD4+ >200, 100 to 199, 50 to 99 and <50 cells/mm?® was 21.3% (95% CI 21.1 to
21.6), 21.8% (95% CI 21.6 to 22.1), 27.3% (95% Cl 26.9 to 27.7) and 33.6% (95% Cl 33.2 to 34.0) respectively. In multivari-
able models, compared to PLHIV with CD4+ >200 cells/mm?®, those with CD4+ 50 to 99 cells/mm® had 29% increased risk of
attrition (adjusted hazard ratio (AHR) 1.29, 95% C| 1.27 to 1.32) and those with <50 cells/mm?® had 56% increased risk of
attrition (AHR 1.56, 95% Cl 1.53 to 1.58). Men had higher attrition compared to women across all CD4+ groups and overall
were 28% more likely to experience attrition (AHR 1.28, 95% Cl 1.26 to 1.29). Even after ART initiation, PLHIV with advanced
disease had notably inferior outcomes with substantial gradient within the low CD4+ strata highlighting the need for targeted
interventions for these populations.

Conclusions: Greater efforts, including the identification of effective differentiated service delivery models, are needed to

ensure that all PLHIV starting treatment can garner the benefits from ART and achieve favourable outcomes.
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1 | INTRODUCTION

In 2015, World Health Organization (WHO) guidelines recom-
mended treatment for all persons living with HIV (PLHIV) [1]
in order to maximize the benefits of treatment for individuals
with HIV and to prevent transmission to others [2-4]. By the
end of 2017, 80% of all low- and middle-income countries and
94% of “fast track” countries (those accounting for 90% of
new HIV infections globally), had adopted “treat all” strategies
[5]. However, many PLHIV, particularly those in resource lim-
ited settings (RLS), continue to enrol in HIV care and initiate
treatment when they have advanced HIV disease, [6,7]
defined by WHO as CD4+ cell count of <200 cells/mm?. Initi-
ation of antiretroviral therapy (ART) at advanced HIV disease
is associated with poor treatment outcomes, including high
rates of mortality and loss to follow-up (LTF) [8-10]. For this
reason, in 2017, WHO issued guidelines for the management

of patients with advanced HIV disease, including rapid ART ini-
tiation within seven days and same-day initiation for those
with no contraindications for treatment initiation [11].

Although previous analyses have shown that patients with
CD4+ <200 cells/mm?®, have higher risk of LTF and mortality,
there have been few examinations of patient outcomes for
individuals within this group, which represents up to half of all
patients enrolling in care in some countries [7]. Thus, there is
a need to understand which patients with CD4+ <200 cells/
mm® are at most risk of poor outcomes. This information
could be used to inform programmes and interventions,
including developing differentiated service delivery (DSD)
models, shaped to meet the needs of those most at risk.
We report findings from an analysis of routinely collected data
from four countries in sub-Saharan Africa to measure out-
comes among patients based on their immunologic status at
the time of ART initiation.
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2 | METHODS

We conducted a retrospective analysis of de-identified patient
data from health facilities in Ethiopia, Kenya, Mozambique and
Tanzania. All health facilities received support from ICAP at
Columbia University (ICAP) and offered a standard package of
services, including HIV testing, pre-ART and ART care, includ-
ing prevention and treatment for opportunistic infections, as
per each country’s national guidelines. ICAP received funding
for this work from the President’s Emergency Plan For AIDS
Relief through the United States Centers for Disease Control
and Prevention (CDC). For these analyses, only de-identified
routinely collected data were used and investigators had no
access to identifiable patient information. Ethics and adminis-
trative approvals were obtained in each of the four countries
as well as from the Columbia University Medical Center insti-
tutional review board and the Associate Director of Science
Office at the CDC.

The study population included all adult patients >15 years
of age who enrolled in care from 1 January 2005 through 31
December 2014 and started ART as of 31 December 2015.
Patients who reported prior ART and those whose ART initia-
tion date was <6 months prior to the date when data collec-
tion ended at their health facility were excluded. Medical
record data collected during routine clinic visits were entered
into on-site electronic databases by trained data capturers
(ICAP supported data quality efforts at facilities). CD4+ cell
count (CD4+) and WHO stage at ART initiation included mea-
sures recorded up to three months prior and one month after
the start of treatment. Loss to follow-up (LTF) after ART initi-
ation was defined as not having a clinic visit for >6 months.
Data on deaths and transfers out of facilities were ascertained
from facility records. Time to LTF or death was calculated
from the date of ART initiation to the date of death (if avail-
able) or the last visit date. Patients were divided into groups
based on CD4+ cell count at ART initiation: CD4+ >200, 100
to 199, 50 to 99 and <50 cells/mm?®. Patients missing CD4+
cell count at ART initiation were excluded from the analyses.

Chi square tests were used to compare the characteristics
associated with having CD4+ cell count at ART initiation
among all patients who started treatment. Survival analyses
using Kaplan-Meier estimators were used to calculate LTF,
death and a combined attrition endpoint of LTF or death. Cox
proportional hazard models adjusted for age, sex, country, year
of ART and intrasite clustering were generated to compare
attrition rates between patients based on immunologic status
at ART initiation. The attrition endpoint was selected for mod-
elling as mortality is under ascertained and deaths may have
been classified as LTF. Statistical analyses were performed
using SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and Stata 12
(StataCorp., College Station, TX, USA).

3 | RESULTS AND DISCUSSION

A total of 884,049 PLHIV were enrolled in HIV care at 350
health facilities in the four countries between 2005 and 2014.
Among all PLHIV enrolled in care, 476,807 (53.9%) ever
started ART through 2015 and 335,269 (70.3%) had a CD4+
cell count at the time of ART initiation. Among all PLHIV who
started ART, men were somewhat more likely to have CD4+

cell count at treatment initiation compared to women (72.8%
vs. 69.0%, p < 0.0001), as were patients 30 years and older
compared to those 15 to 29 vyears (71.4% vs. 68.0%,
p < 0.0001) and PLHIV with WHO clinical Stage 1 or 2 com-
pared to those with 3 or 4 (75.7% vs. 72.3%, p < 0.001). For
this analysis, 29,826 (8.9%) PLHIV were excluded because
they started ART <6 months before the end of data collection
at their health facility.

Among 305,443 PLHIV included in the analysis, 118,580
(38.8%) had a CD4+ >200 cells/mm?® at ART initiation (median
of 285 cells/mm?®, interquartile range: 237 to 349 cells/mm?)
and the remaining 186,863 (61.2%) PLHIV had low CD4+
(<200 cells/mm®) at ART initiation; 91,788 (30.1%) had CD4+
100 to 199, 44,029 (14.4%) had CD4+ 50 to 99 cells/mm?
and 51,046 (16.7%) had CD4+ <50 cells/mm?® (Table 1). Over
time, the proportion of PLHIV starting ART with
CD4 < 200 cells/mm® decreased from 76.8% of adult PLHIV
starting ART (with CD4+ cell count measured) in the period
2005 to 2006 to 38.2% in 2013 to 2015.

At 12 months after ART initiation, 21.3% (95% CI 21.1 to
21.6) of PLHIV with CD4+ >200 cells/mm?® had been LTF or
had died compared to 21.8% (95% Cl 21.6 to 22.1) among
those with CD4+ 100 to 199 cells/mm?, 27.3% (95% Cl 26.9
to 27.7) among those with CD4+ 50 to 99 cells/mm® and
33.6% (95% Cl 332 to 340) among those with CD4+
<50 cells/mm?® (Table 2). In multivariable models, compared to
PLHIV with CD4+ >200 cells/mm?, those with CD4+ 100 to
199 cells/mm® had 9% increased risk of attrition (adjusted
hazard ratio (AHR) 1.09, 95% CI 1.07 to 1.11), those with
CD4+ 50 to 99 cells/mm® had 29% increased risk of attrition
(AHR 1.29, 95% CI 1.27 to 1.32) and PLHIV with CD4+
<50 cells/mm?® had 56% increased risk (AHR 1.56, 95% ClI
1.53 to 1.58) (Figure 1a, Table 3). Women had significantly
lower attrition compared to men at all time points and across
all CD4+ cell groups (log rank p < 0.0001) (Figure 1b); overall
men were 28% more likely to experience attrition compared
to women in multivariable models (AHR 1.28, 95% Cl| 1.26 to
1.29) (Table 3). Attrition also significantly increased over time
in adjusted models with patient enrolled in later years more
likely to experience attrition (Table 3).

In this large cohort of PLHIV enrolled in HIV care across
four countries between 2005 and 2014, more than half
(53.9%) started ART and among those with CD4+ cell count
at treatment initiation, 60% had advanced HIV disease. Within
the group of patients with low CD4+ cell count (<200 cells/
mm?®), we observed significant differences in the combined
attrition endpoint of LTF and mortality. Patients with CD4+
cell count =200 cells/mm® and those with CD4 100 to
199 cells/mm?® had similar outcomes, with roughly 20% experi-
encing LTF or death by 12 months after ART initiation,
whereas among those with CD4+ cell count of 50 to 100 and
CD4+ <50 cells/mm?®, attrition ranged from 27% to 34%.
PLHIV with the most advanced disease (CD4+ <50 cells/mm?®)
had a 56% increased risk of LTF or death compared to those
with CD4+ =200 cells/mm®. Men were also more likely to
experience attrition compared to women regardless of
immunologic status.

While the proportion of PLHIV starting ART with advanced
disease has declined in recent years, they remain a significant
portion of all patients enrolling in care and starting treatment
in reports from across sub Saharan Africa [6,7,12]. A


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full
https://doi.org/10.1002/jia2.25210

Teasdale CA et al. Journal of the International AIDS Society 2018, 21:€25210
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full | https://doi.org/10.1002/jia2.25210

Table 1. Characteristics at ART initiation among adults with HIV who initiated treatment and had CD4+ cell count in Ethiopia,
Kenya, Mozambique and Tanzania 2005 to 2015 (N = 305,443)

All
N (%)
305,443 (100.0)

CD4+ count at ART initiation

>200
N (%)
118,580 (38.8)

100 to 199
N (%)
91,788 (30.1)

50 to 99
N (%)
44,029 (14.4)

<50
N (%)
51,046 (16.7)

Median CD4 count at
ART (IQR)
Country

Ethiopia (73 sites) 71,601 (23.4)
Kenya (125 sites) 91,980 (30.1)
Mozambique (67 93,541 (30.6)
sites)
Tanzania (85 sites) 48,321 (15.8)
Sex
Female 195,062 (63.9)
Male 110,381 (36.1)
Age at enrolment in HIV care
Median (IQR) 34.5 (280 to 42.0)
15 to 19 7650 (2.5)
0to 29 86,595 (28.4)
30 to 39 114,317 (37.4)
40 to 49 63,747 (20.9)
50+ 33,134 (10.8)
Point of entry for care
VCT 109,535 (35.9)
PMTCT 18,401 (6.0)
TB/HIV 8674 (2.8)
Inpatient 15,358 (5.0)
Qutpatient 48,289 (15.8)
Other 80,566 (26.4)
Unknown 24,620 (8.1)
WHO stage at ART
| 42,395 (17.3)
Il 64,645 (26.3)
11 114,107 (46.5)
Y 24,432 (9.9)
Missing WHO stage at 59,864 (19.6)
ART
Year of enrolment in HIV care
2005 to 2006 44,334 (14.5)
2007 to 2008 85,214 (27.9)
2009 to 2010 83,188 (27.2)
2011 to 2012 61,322 (20.1)
2012 to 2014 31,385 (10.3)
Year initiated ART
2005 to 2006 33,122 (10.8)
2007 to 2008 75,350 (24.7)
2009 to 2010 80,906 (26.5)
2011 to 2012 71,257 (23.3)
2012 to 2014 43,614 (14.3)
2015 1194 (0.4)

164 (78 to 255)

285 (237 to 349)

20,296 (17.1)
39,151 (33.0)
40,256 (33.9)

18,877 (15.9)

82,223 (69.3)
36,357 (30.7)

33.2
4247 (3
37,506

(270 to 41.6)
(3.
3
41,350 (3
(1
(1

6)

22,380

1.
4.
8.
13,097 (11.

6)
9)
9)
0)

21,768 (23
25,641 (27 1)
39,790 (42.1)

7280 (7.

(

7)
24,101 (20.3)

12,956 (10.9)
27,542 (23.2)
33,152 (28.0)
27,741 (23.4)

(14.5)

17,189 (14.5

7690
20,937
29,153
33,115
26,721

964

177)
24.6)
27.9)

(6.5
(
(
(
(22.5)
©.8)

151 (125 to 17¢)

26,109 (28.4)
24,108 (26.3)
27,550 (30)

14,021 (15.3)

58,267 (63.5)
33,521 (36.5)

350
1694
24,741

(284 to 42.2)
(1.
2
34,710 (3
(2
(1

8)

20,080

7.0
7.8
19
10,563 (11.5

)
)
)
)

34,409 (3
4316
2469

(37.5)

(

(
4276 (

(

(

(

4.
2.
4.
14,981 (1

23,920 (2
7417 (8.1)

)

5
)
)
)
3
1)

7.
7
7
7

6.

6.
1

12,993
22,072

(17.5)
(
33,277 (
(8.
(

29.7)

44.8)
5933 (8.0)
17,5138 (19.1)

15,165 (
28,640 (31.2
24863 (27.1
16,252 (17.7
6868 (7.5)

16.5)
2)
)
)

11,370 (12.

26,656

26,139 (28.
0.

(1
(2
(
19,016 (2
(@
©

4
9.0

5
7
8472 (9.2)

135 (0.1)

75 (62 to 87)

13,303 (30.2)
11,701 (26.6)
12,424 (28.2)

6601 (15.0)

25,819 (58.6)
18,210 (41.4)

350
707
11,112

(29.0 to 42.0)
(L.
(2
17,531 (3
(2
(1

6)

9907

5.2)
9.8)
2.5)
4772 (10.8)

3877 (10.9
8569 (24.0
19,003 (53.2
4282 (12.0
8298 (18.8

6386
13,138 (2
11,864

8696

3898

6.
9.

20 (7 to 35)

11,893 (23.3)
17,020 (33.3)
13,311 (26.1)

8822 (17.3)

28,753 (56.3)
22,293 (43.7)

35.0 (29.0 to 41.7)
1002 (2.0)

13,236 (25.9)

20,726 (40.6)

11,380 (22.3)

(9.

4702 (9.2)

17451 (3
1158
1956

(34.2)

(2.3)

(3.8)
3721 (7.3)

(

(

(

4.
2.3
38
7.3
9116 (17.9)

13,508 (26.5)
4136 (8.1)

3757 (9.

8363 (20.4)
22,037 (53.6)
6937 (16.9)
9952 (19.5)

1)

8755 (17.2)
15,328 (30.0)
13,587 (26.6)

9470 (18.6)

3906 (7.7)

7676 (15
14,619 (28
13,750 (26.9
10,430 (20.4

4523 (8.9)

81(0.1)

15.0
.6

)
)
)
)

ART, antiretroviral therapy; IQR, interquartile range; WHO, World Health Organization.
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Table 2. Estimates of LTF, death and combined attrition (LTF and death) among adult PLHIV initiating antiretroviral therapy in
Ethiopia, Kenya, Mozambique and Tanzania 2004 to 2015 (N = 305,443)

All CD4 < 50
Six months Twelve months Six months Twelve months
Est. 95% CI Est. 95% CI Est. 95% ClI Est. 95% CI
Loss to follow-up
Overall 154 15.2 to 15.5 20.3 20.1 to 204 20.1 19.7 to 20.5 254 250 to 258
Female 14.4 14.3 to 14.6 19.1 18.9 to 19.3 19.2 18.8 to 19.7 243 23.8 to 24.9
Male 171 168 to 17.3 224 22.1to 22.6 21.2 20.7 to 21.8 26.8 262 to 274
Country
Ethiopia 12.3 120 to 12.5 17.6 17.3to 17.9 18.6 17.9 to 194 251 24.2 to 25.9
Kenya 14.4 14.2 to 14.7 18.7 184 to 18.9 183 17.7 to 18.9 23.1 224 to 238
Mozambique 19.9 19.7 to 20.2 25.6 253 to 25.9 247 240 to 255 30.3 29.5to 311
Tanzania 12.9 12.6 to 13.2 16.7 163 to 17.0 185 17.7 to 194 22.6 21.7 to 23.6
Age at enrolment (years)
15to 19 23.7 227 to 24.7 30.3 292 to 314 21.5 19.0 to 24.3 27.7 24.9 to 30.8
20 to 29 181 178 to 18.3 23.9 23.6 to 24.2 21.9 21.2 to 22.7 28.3 27510292
30 to 39 14.5 14.3 to 14.7 19.3 19.1to 19.6 19.7 19.1 to 20.3 24.9 243 to 25.6
40 to 49 133 13.0 to 13.6 17.3 170 to 17.6 19.0 183 to 19.8 234 22.6 to 24.3
50+ 134 130 to 13.8 174 16.9 to 17.8 19.0 17.9 to 20.2 234 222 to 248
Death
Overall 4.3 42 to 4.4 51 50to 5.2 9.4 9.1to 9.7 10.9 10.6 to 11.2
Female 34 34 to0 35 4.1 40 to 4.2 8.3 7.9 to 8.6 9.5 9.1to0 9.9
Male 58 56 to 5.9 6.9 6.7to 7.1 10.9 10.5to0 11.3 12.7 122 to 13.2
Country
Ethiopia 4.4 4.2 to 4.5 53 51to 55 9.6 9.1to 10.2 114 10.8 to 12.1
Kenya 2.5 24 t0 2.6 3.1 30to 32 58 55to 6.2 7.0 6.6to 74
Mozambique 4.3 42 to 4.4 52 51to 54 9.5 9.0 to 10.1 111 10.5 to 11.7
Tanzania 7.3 71t07.6 85 8.2to0 87 15.5 14.7 to 16.3 17.2 163 to 18.1
Age at enrolment (years)
15to 19 35 3.0 to 3.9 4.3 38 to 4.8 85 6.8 to 10.6 9.9 80to 122
20 to 29 37 3.6 to 38 44 43 to 4.6 8.5 8.0 to 9.0 100 9.5 to 10.6
30to 39 4.4 42 to 4.5 52 50to 5.3 9.4 90 to 9.9 11.0 10.5 to 11.5
40 to 49 4.6 44 to 4.8 5.6 54to 5.7 9.6 9.1to 10.2 11.0 104 to 11.7
50+ 50 48to 5.3 6.1 58 to 6.3 115 10.6 to 12.5 128 11.8 to 13.9
Attrition
Overall 190 18.9 to 19.2 24.4 242 to 24.5 27.7 27.3 to 28.1 33.6 332 to 34.0
Female 174 172 to 17.6 22.5 22.3to 22.7 26.0 25.5to0 265 31.6 31.1to0 322
Male 21.9 21.7 to 22.2 27.8 27.5to 281 30.0 29.3 to 30.6 36.2 35.6 to 36.9
Country
Ethiopia 16.1 158 to 164 220 21.6 to 22.3 26.5 257 to 27.3 33.7 32.8 to 34.5
Kenya 16.6 164 to 16.9 21.2 20.9 to 21.5 232 22.6 to 23.9 28.6 27.9 to 29.3
Mozambique 234 23.1to 237 29.6 293 t0 29.9 320 31.3 to 32.9 38.2 37.3 to 39.0
Tanzania 19.3 19.0 to 19.7 238 234 to 24.2 314 304 to 324 36.1 35.1to0 37.2
Age at enrolment (years)
15 to 19 264 254 to 274 333 32.2 to 344 28.3 255t0 31.2 350 320 to 38.1
20 to 29 211 20.8 to 214 27.3 270 to 27.6 28.7 27.9 to 29.5 35.6 34.8 to 36.5
30 to 39 183 18.1 to 18.5 23.6 23.3t0 238 274 26.7 to 280 33.3 32.6 to 33.9
40 to 49 17.3 170 to 17.6 220 21.6t0 22.3 27.0 262 to 278 320 31.1to 32.9
50+ 178 174 to 18.2 224 220 to 22.9 28.5 272 t0 298 334 320 to 34.8

LTF, loss to follow-up; PLHIV, people living with HIV.
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CD4 50 to 99 CD4 100 to 199 CD4 > 200
Six months Twelve months Six months Twelve months Six months Twelve months
Est. 95% Cl Est. 95% Cl Est. 95% CI Est. 95% CI Est. 95% Cl Est. 95% Cl
16.7 164 to 17.1 216  212to0 220 135 133 to 13.7 18.3 18.0 to 18.5 144 14.2 to 14.6 19.2 190 to 194
15.5 15.1to 160  20.2 19.7 to 20.7 12.6 12.3 to 12.9 170 16.7 to 174 138 13.6 to 14.1 185 18.2 to 18.7
18.5 17.9 to 19.1 236  230to 243 15.1 14.7 to 15.5 20.5 20.0 to 20.9 158 154 to 161 209 205to 214
14.7 14.1 to 15.3 20.3 19.6 to 21.0 10.6 10.2 to 11.0 15.7 152 to 16.1 9.3 8.9 to 9.8 14.3 138 to 14.8
16.1 154 to 16.8 20.0 19.2 to 20.7 13.6 13.2 to 14.0 17.8 17.3 to 18.3 12.8 12.5to 132 17.0 16.6to 174
20.7 200 to 21.5 262  254t0 270 17.0 16.6 to 17.5 225 220 to 231 20.1 19.7 to 20.5 261 257 to 26.6
14.4 13.5to 15.3 18.3 17.3t0 19.3 11.7 11.1to 12.3 15.5 14.9 to 16.2 10.8 104 to 11.3 14.4 13.9 to 14.9
20.8 17.9 to 24.1 267 235t0303 200 18.1t0 220 268 247 t0 291 262 248to 275 329 314to 344
18.5 178 to 19.3 242  234to 251 16.1 157 to 16.6 219 21.3to 224 17.9 17510183 236 232to24.1
16.6 160to 17.1 214  208to 221 12.7 124 to 131 174 170to0 17.8 12.8 12.5to 13.1 175 17.1t0 17.9
15.6 14.9 to 164 19.8 19.0 to 20.6 11.3 10.9 to 11.8 154 14.8 to 15.9 112 108 to 11.7 15.1 14.6 to 15.6
14.8 13.8 to 15.9 19.2 18.1 to 204 13.1 12.4 to 13.7 17.1 164 to 17.9 11.3 10.8 to 11.9 14.8 14.2 to 15.5
6.0 58 to 6.3 7.2 70to 7.5 3.6 34 to 3.7 43 42 to 45 2.1 20to 22 2.6 25t0 2.7
51 48 to 54 6.2 59 to 6.5 3.0 28to 3.1 3.6 35t0 38 1.6 1.5t0 1.7 2.0 1.9to 2.1
7.3 6.9 to 7.7 8.7 8.3t0 9.2 4.6 43to0 4.8 55 53to 58 3.1 2.9t0 33 3.9 37to41
6.1 57 to 6.5 7.3 68to07.8 33 3.1to 3.6 40 38to 4.3 1.7 1.5to 1.9 2.2 20to 24
39 3.5t04.3 48 44 t0 5.3 2.3 2.1to 25 28 2.6 t0 30 0.9 0.8 to 1.0 12 1.1to0 1.3
6.1 57 to 6.6 74 6.9t07.9 37 35t0 3.9 4.6 43to0 4.8 25 23t0 26 32 30to 34
9.3 8.6 to 10.1 10.7 100 to 11.6 5.9 55to0 6.3 7.0 6.6to7.5 41 38to 4.4 4.8 451t0 52
57 4.1to 80 7.1 52 to 9.6 3.6 28 to 4.7 4.2 33to54 1.8 1.4 to 2.3 24 1.9 to 3.0
54 50to 5.9 6.6 61to7.1 3.3 30to 35 39 37to42 1.9 1.7 t0 20 22 2.1to 24
6.0 56 to 64 7.1 6.7to7.5 35 3.3t0 38 42 40 to 444 1.9 1.8to0 2.1 24 23to 26
6.4 59 to 6.9 7.8 7.3to 84 37 34 t0 3.9 45 42 t0 48 2.2 20to 24 2.9 2.7to03.1
6.7 60to 7.5 7.9 7.2t0 88 4.1 3.7 to 45 53 4.9t058 30 2.7 to 34 3.7 34to41
218 214 t0 222 273  269to27.7 16.6 164 to 168 218 21.6 to 22.1 16.2 160to 164 213 211to 216
19.9 194 t0 204 252  24.6to 257 15.2 14.9 to 15.5 20.1 19.8 to 204 152 150to 155 201 19.8 to 204
24.5 239 to 25.2 304  29.7to 311 19.0 18.6 to 19.5 24.9 24.5 to 254 184 180to 188 240 23.6to 245
19.9 19.2 to 20.6 261 254 to 26.9 13.6 13.2 to 14.0 191 18.6 to 19.6 10.9 104 to 11.3 16.2 15.7 to 16.7
194 18.7 to 20.1 239  231to 247 15.6 151to 16.1  20.1 19.6 to 20.6 137 13.3 to 14.0 18.0 17.6 to 18.3
25.6 249 to 264 317 309to326 201 19.6t0 20,6 26.1 256to 266 221 217to225 285 28.0 to 28.9
224 214 to 23.5 272  26.1to 283 16.9 163 to 17.5 215 20.8 to 22.2 145 14.0 to 150 18.6 180 to 19.2
254 22.3 to 28.8 319 285to 357 229 209to250 300 278t0323 275 26.2 to 28.9 34.5 33.1 to 36.1
230 222 to 23.8 292  283to30.1 18.9 184 to 194 250 244 to 255 19.4 190to 19.8 253 249to 258
21.6 210to 222 271  2641t0 278 15.8 154 to 162 209 20.5 to 21.3 145 14.1 to 14.8 19.5 19.1 to 19.9
211 20.3 to 21.9 261  252t0 270 14.6 14.1to 151 19.2 18.6 to 19.7 132 12.8 to 13.7 17.6 17.1to 18.1
20.6 19.5t0 21.8 257  244+t0 270 16.6 159to 174 216 20.8 to 224 14.0 134 to 14.6 18.0 174 to 18.7



http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full
https://doi.org/10.1002/jia2.25210

Teasdale CA et al. Journal of the International AIDS Society 2018, 21:€25210

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full | https://doi.org/10.1002/jia2.25210

0.20
Il

0.10

0.00
1

12
Months on ART

CD4 <50 — — — CD4 50-99 — —-CD4 100-199 -~

24

+ CD4 z 200

24

Months on ART

— Female CD4 <50

Female CD4 50-99
- Male CD4 <50 == == = = Male CD4 50-99

Female CD4 100-199 Female CD4 = 200
""""" Male CD4 100-19¢ — — — — Male CD4 > 200

Figures 1. (a) Attrition (loss to follow-up and death) among adults based on CD4 cell count at ART initiation in Ethiopia, Kenya, Mozambique and
Tanzania 2005 to 2015 (N = 305,443). (b) Attrition among adults by sex and CD4+ cell count at ART initiation. ART, antiretroviral therapy.

retrospective analysis of almost 700,00 adults across 10 coun-
tries also showed a decline in advanced disease status at ART
initiation but in several countries, up to 20% of patients con-
tinue to start treatment with CD4 < 100 copies/mm?®[13]
Recent data from the Population-based HIV Impact Assess-
ments in Malawi, Zambia and Zimbabwe indicate that among
previously undiagnosed adults identified as HIV-positive
through these surveys, 45% to 50% had CD4+ <350 cells/
mm®, with men being significantly more likely to have CD4+
cell count below this threshold compared to women [14].
These data highlight the ongoing challenge that many coun-
tries face in identifying all those with HIV infection and the
magnitude of the continuing problem of late enrolment in care
and advanced disease at initiation of ART.

Our findings confirm the existing evidence of poorer out-
comes among patients initiating ART at lower CD4+ cell count
[8,9]. However, we expand on those findings with our analyses
and demonstrate a significant gradient of risk among those
with CD4+ <200 cells/mm?® at ART initiation, with the highest
risk of poor outcomes found in those in the lowest CD4+ cell
count group (<50 cells/mm?®). A previous analysis from South
Africa examining CD4 at ART on risk of LTF found no associa-
tion between lower CD4 at treatment initiation and LTF for

patients with CD4 < 300 when unascertained deaths were
accounted for [15]. Our analysis utilized a combined endpoint
of attrition including LTF and death which may account for
the difference in our findings. Furthermore, our data also
show that outcomes were quite similar for patients with
CD4+ cell count of 100 to 199 and those with
CD4 > 200 cells/mm® at ART. This finding is interesting as
CD4+ <200 continues to be used as the “cutoff” for defining
advanced disease, but our data suggest that there is hetero-
geneity in outcomes within that group and that that a CD4+
cell count of <100 cells/mm® may be a more sensitive cutoff
for identifying PLHIV who are at high risk for poor outcomes.

We also observed significantly inferior outcomes for men
compared to women regardless of immunologic status, with
men experiencing higher rates of attrition within all CD4+ cell
count groups. This is a novel finding as most previous findings
of higher attrition among men have assumed that their worse
outcomes are due to initiation of ART at more advanced
stages of HIV disease [16,17]. Our findings show that com-
pared to women within CD4 cell count strata at ART initia-
tion, men have poorer outcomes. Further research is needed
to understand why men are more likely to be lost after ART
initiation but some reasons may include higher rates of alcohol
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Table 3. Multivariable model of the relationship between CD4 cell count at ART initiation and combine attrition (loss to follow-up
and death) among adults in Ethiopia, Kenya, Mozambique and Tanzania 2005 to 2015 (N = 305,443)

Univariable Multivariable
HR 95% ClI p-value aHR 95% ClI p-value
CD4 group at ART
<50 1.50 148 to 1.52 <0.0001 1.56 1.53 to 1.58 <0.0001
50 to 99 1.22 1.20 to 1.24 <0.0001 1.29 1.27 to 1.32 <0.0001
100 to 199 1.03 101 to 1.04 0.0002 1.09 107 to 1.11 <0.0001
>200 1 ref 1 ref
Age at enrolment
15 to 19 1.57 1.52 to 1.63 <0.0001 1.62 1.56 to 1.69 <0.0001
20 to 29 1.22 1.19 to 1.24 <0.0001 1.29 1.27 to 1.32 <0.0001
30 to 39 1.05 103 to 1.07 <0.0001 1.08 106 to 1.10 <0.0001
40 to 49 0.97 0.95 to 0.99 0.0081 0.97 0.95 to 0.99 0.0055
50+ 1 ref 1 ref
Gender
Female 1 ref 1 ref
Male 1.23 1.19 to 1.27 <0.0001 1.28 1.26 to 1.29 <0.0001
Country
Tanzania 1 ref 1 ref
Mozambique 1.35 1.32 to 1.37 <0.0001 1.33 1.31 to 1.36 <0.0001
Kenya 0.99 0.98 to 1.01 0.55 1.00 0.98 to 1.01 0.58
Ethiopia 0.84 0.82 to 0.86 <0.0001 0.81 0.79 to 0.83 <0.0001
Year of enrolment
2005 to 2006 1 ref 1 ref
2007 to 2008 1.10 108 to 1.12 <0.0001 1.11 109 to 1.13 <0.0001
2009 to 2010 112 110 to 1.14 <0.0001 1.16 1.14 to 1.18 <0.0001
2011 to 2012 1.31 1.29 to 1.34 <0.0001 1.32 1.30 to 1.35 <0.0001
2013 to 2014 141 1.37 to 1.45 <0.0001 1.38 1.35 to 1.42 <0.0001

AHR, adjusted hazard ratio; ART, antiretroviral therapy.

use and higher perceived stigma which may contribute to
worse outcomes [18-20]. We also found increasing overall
attrition over time which is in keeping with other analyses
[21-23]. This finding could reflect decreasing focus on reten-
tion as programmes scale-up services but could also be driven,
in part, by increasing availability of ART services and higher
rates of undocumented transfers between health facilities.

A wide range of differentiated ART service models (DARTS)
have been developed for stable patients on ART, but DARTS
models for patients with advanced disease and for men are
less common [24-26]. The WHO 2017 guidelines on managing
patients with advanced HIV call for rapid initiation of treat-
ment, prophylaxis and pre-emptive treatment for TB and
other opportunistic infections and adapted adherence support
[11] which may include more intensive follow-up schedules
and home-based care [27]. There are limited data on effective
DARTS models specifically targeted to men but these could
include workplace-based services, evening and weekend hours,
men-only community adherence groups, and inclusion of
income-generating activities.

Finally, our findings underscore the importance of routine
CD4+ cell count as a tool for identifying patients at high risk

for poor outcomes (although we do not advocate delaying
ART initiation while awaiting CD4 results). While scaling up
access to viral load monitoring is a priority, CD4+ cell count
testing at treatment initiation remains important in order to
identify patients who are at greatest risk for poor outcomes
and to guide tailored services.

The study has several strengths. The data used for the anal-
ysis we present are derived from a large cohort of PLHIV in
RLS collected during routine care offered at publicly sup-
ported facilities across four countries. The dataset also
includes a long period of follow-up allowing us to examine
changes over time. Limitation of the analysis include missing
CD4+ cell counts for almost 30% of the patients who started
treatment, who were slightly more likely to be female, younger
and to have more advanced disease. While the differences
observed in the characteristics of PLHIV with and without
CD4+ were small (less than 4%), they were statistically signifi-
cant as a result of the very large sample size of almost half a
million patients and it is unlikely that the missing data altered
the overall findings. An additional limitation is the potential for
silent or undocumented transfer of patients between facilities
which could have led to an overestimate of LTF and combined
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attrition in our analysis. Previous studies have estimated that
roughly 20% of patients who appear to have disengaged from
care are alive and receiving treatment at a different health
facility [28-32] and these findings should be considered in
relation to our estimates.

4 | CONCLUSIONS

Overall, our findings show that a significant proportion of
PLHIV in RLS continue to initiate ART with advanced HIV dis-
ease which contributes to poor outcomes, particularly for
those with very low CD4+ cell counts and among men across
all CD4+ cell count strata. Greater efforts, including the iden-
tification of DSD models, are needed to ensure that all PLHIV
starting treatment can garner the benefits from ART and
achieve favourable outcomes.

AUTHORS’ AFFILIATIONS

HCAP-Columbia University, Mailman School of Public Health, Columbia Univer-
sity, New York, NY, USA; 2Departmemt of Epidemiology, Mailman School of Pub-
lic Health Columbia University, New York, NY, USA; College of Physicians and
Surgeons, Columbia University, New York, NY, USA

COMPETING INTERESTS

None of the authors have competing interests.

AUTHORS’ CONTRIBUTIONS

WME, EJA and CAT conceptualized the analysis. CAT, KY, WME and EJA devel-
oped the analysis plan. CAT and KY conducted the data analysis. All authors
contributed to manuscript writing and review.

ACKNOWLEDGEMENTS

The authors acknowledge the contributions of the participating health facilities
and patients, as well as the Ministries of Health in each country.

FUNDING

This work was supported by the President’'s Emergency Plan for AIDS Relief
(PEPFAR) through the Centers for Disease Control and Prevention under the
terms of Cooperative Agreement Number 5U62PS223540 and 5U2GPS001537.
Its contents are solely the responsibility of the authors and do not necessarily
represent the official views of PEPFAR or the Centers for Disease Control and
Prevention.

REFERENCES

1. WHO (World Health Organization). Guidelines on when to start antiretrovi-
ral therapy and on pre-exposure prophylaxis for HIV. Geneva, Switzerland:
WHO; 2015.

2. INSIGHT START STudy Group, Lundgren JD, Babiker AG, Gordin F, Emery
S, Grund B, Sharma S, et al. Initiation of antiretroviral therapy in early asymp-
tomatic HIV infection. N Engl J Med. 2015;373(9):795-807.

3. Lifson AR, Grund B, Gardner EM, Kaplan R, Denning E, Engen N, et al.
Improved quality of life with immediate versus deferred initiation of antiretroviral
therapy in early asymptomatic HIV infection. AIDS. 2017;31(7):953-63.

4. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumara-
samy N, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N
Engl J Med. 2011;365(6):493-505.

5. WHO (World Health Organization). Treat all: policy adoption and implemen-
tation status in countries. Geneva, Switzerland: WHO; 2017.

6. Carmona S, Bor J, Nattey C, Maughan-Brown B, Maskew M, Fox MP, et al.
Persistent high burden of advanced HIV disease among patients seeking care in
South Africa’s National HIV Program: data from a Nationwide Laboratory
Cohort. Clin Infect Dis. 2018;66 Suppl_2:5111-S7.

7. 1eDEA and COHERE Cohort Collaborations. Global trends in CD4 cell count
at the start of antiretroviral therapy: collaborative study of treatment programs.
Clin Infect Dis. 2018;66(6):893-903.

8. Melaku Z, Lamb MR, Wang C, Lulseged S, Gadisa T, Ahmed S, et al.
Characteristics and outcomes of adult Ethiopian patients enrolled in HIV care
and treatment: a multi-clinic observational study. BMC Public Health. 2015;
15:462.

9. Gupta A, Nadkarni G, Yang WT, Chandrasekhar A, Gupte N, Bisson GP, et al.
Early mortality in adults initiating antiretroviral therapy (ART) in low- and mid-
dle-income countries (LMIC): a systematic review and meta-analysis. PLoS ONE.
2011;6(12):e28691.

10. Walker AS, Prendergast AJ, Mugyenyi P, Munderi P, Hakim J, Kekitiinwa A,
et al. Mortality in the year following antiretroviral therapy initiation in HIV-
infected adults and children in Uganda and Zimbabwe. Clin Infect Dis. 2012;55
(12):1707-18.

11. WHO (World Health Organization). Guidelines for managing advanced HIV
disease and rapid initiation of antiretroviral therapy. Geneva, Switzerland: WHO;
2017.

12. Gabillard D, Lewden C, Ndoye I, Moh R, Segeral O, Tonwe-Gold B, et al.
Mortality, AIDS-morbidity, and loss to follow-up by current CD4 cell count
among HIV-1-infected adults receiving antiretroviral therapy in Africa and Asia:
data from the ANRS 12222 collaboration. J Acquir Immune Defic Syndr.
2013;62(5):555-61.

13. Auld AF, Shiraishi RW, Oboho I, Ross C, Bateganya M, Pelletier V, et al.
Trends in prevalence of advanced HIV disease at antiretroviral therapy enroll-
ment - 10 countries, 2004-2015. MMWR Morb Mortal Wkly Rep. 2017;66
(21):558-63.

14. Radin E, Birhanu S, Low A, Saito S, Sachatep K, Balachandra S, et al., edi-
tors. Late diagnosis of HIV among adults in Zimbabwe, Malawi and Zambia: risk
factors and burden from three population-based HIV impact assessments
(PHIAS). Amsterdam, The Netherlands: AIDS; 2018.

15. Grimsrud A, Cornell M, Schomaker M, Fox MP, Orrell C, Prozesky H, et al.
CD4 count at antiretroviral therapy initiation and the risk of loss to follow-up:
results from a multicentre cohort study. J Epidemiol Community Health.
2016;70(6):549-55.

16. Ochieng-Ooko V, Ochieng D, Sidle JE, Holdsworth M, Wools-Kaloustian K,
Siika AM, et al. Influence of gender on loss to follow-up in a large HIV
treatment programme in western Kenya. Bull World Health Organ. 2010;88
(9):681-8.

17. Geng EH, Nash D, Kambugu A, Zhang Y, Braitstein P, Christopoulos KA,
et al. Retention in care among HIV-infected patients in resource-limited set-
tings: emerging insights and new directions. Curr HIV/AIDS Rep. 2010;7
(4):234-44.

18. Kalichman SC, Kalichman MO, Cherry C, Hoyt G, Washington C, Grebler T,
et al. Intentional medication nonadherence because of interactive toxicity beliefs
among HIV-positive active drug users. J Acquir Immune Defic Syndr. 2015;70
(5):503-9.

19. Fitzgerald M, Collumbien M, Hosegood V. “No one can ask me ‘Why do you
take that stuff?”: men’s experiences of antiretroviral treatment in South Africa.
AIDS Care. 2010;22(3):355-60.

20. Skovdal M, Campbell C, Madanhire C, Mupambireyi Z, Nyamukapa C, Greg-
son S. Masculinity as a barrier to men’s use of HIV services in Zimbabwe. Global
Health. 2011;7:13.

21. Fox MP, Rosen S. Retention of adult patients on antiretroviral therapy in
low- and middle-income countries: systematic review and meta-analysis 2008-
2013. J Acquir Immune Defic Syndr. 2015;69(1):98-108.

22. Grimsrud A, Balkan S, Casas EC, Lujan J, Van Cutsem G, Poulet E, et al.
Outcomes of antiretroviral therapy over a 10-year period of expansion: a multi-
cohort analysis of African and Asian HIV programs. J Acquir Immune Defic
Syndr. 2014;67(2):e55-66.

23. Johnson LF, Estill J, Keiser O, Cornell M, Moolla H, Schomaker M, et al. Do
increasing rates of loss to follow-up in antiretroviral treatment programs imply
deteriorating patient retention? J Int AIDS Soc. 2014;180(12):1208-12.

24. El-Sadr WM, Rabkin M, DeCock KM. Population health and individualized
care in the global AIDS response: synergy or conflict? AIDS. 2016;30
(14):2145-8.

25. McNairy ML, Abrams EJ, Rabkin M, EI-Sadr WM. Clinical decision tools are
needed to identify HIV-positive patients at high risk for poor outcomes after ini-
tiation of antiretroviral therapy. PLoS Med. 2017;14(4):e1002278.

26. Grimsrud A, Bygrave H, Doherty M, Ehrenkranz P, Ellman T, Ferris R, et al.
Reimagining HIV service delivery: the role of differentiated care from preven-
tion to suppression. J Int AIDS Soc. 2016;19(1):21484.

27. Mfinanga S, Chanda D, Kivuyo SL, Guinness L, Bottomley C, Simms V, et al.
Cryptococcal meningitis screening and community-based early adherence


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full
https://doi.org/10.1002/jia2.25210

Teasdale CA et al. Journal of the International AIDS Society 2018, 21:€25210

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full | https://doi.org/10.1002/jia2.25210

support in people with advanced HIV infection starting antiretroviral therapy in
Tanzania and Zambia: an open-label, randomised controlled trial. Lancet.
2015;385(9983):2173-82.

28. Brinkhof MW, Boulle A, Weigel R, Messou E, Mathers C, Orrell C, et al. Mor-
tality of HIV-infected patients starting antiretroviral therapy in sub-Saharan
Africa: comparison with HIV-unrelated mortality. PLoS Med. 2009;6(4):e 1000066.
29. Wilkinson LS, Skordis-Worrall J, Ajose O, Ford N. Self-transfer and mortality
amongst adults lost to follow-up in ART programmes in low- and middle-income
countries: systematic review and meta-analysis. Trop Med Int Health. 2015;20
(3):365-79.

30. Fox MP, Bor J, Brennan AT, MaclLeod WB, Maskew M, Stevens WS, et al. Esti-
mating retention in HIV care accounting for patient transfers: a national labora-
tory cohort study in South Africa. PLoS Med. 2018;15(6):e1002589.

31. Chammartin F, Zurcher K, Keiser O, Weigel R, Chu K, Kiragga AN, et al.
Outcomes of patients lost to follow-up in African antiretroviral therapy programs:
individual patient data meta-analysis. Clin Infect Dis. 2018;67(11):1643-52.

32. Holmes CB, Sikazwe I, Sikombe K, Eshun-Wilson I, Czaicki N, Beres LK,
et al. Estimated mortality on HIV treatment among active patients and patients
lost to follow-up in 4 provinces of Zambia: findings from a multistage sampling-
based survey. PLoS Med. 2018;15(1):e1002489.


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25210/full
https://doi.org/10.1002/jia2.25210

	Outline placeholder
	tbl1
	tbl2
	tbl2
	tbl3
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib32


