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Life expectancy among HIV-positive patients in Rwanda:
a retrospective observational cohort study

Sabin Nsanzimana, Eric Remera, Steve Kanters, Keith Chan, Jamie | Forrest, Nathan Ford, Jeanine Condo, Agnes Binagwaho, Edward J Mills

Summary

Background Rwanda has achieved substantial progress in scaling up of antiretroviral therapy. We aimed to assess the
effect of increased access to antiretroviral therapy on life expectancy among HIV-positive patients in two distinct
periods of lower and higher antiretroviral therapy coverage (1997-2007 and 2008-11).

Methods In a retrospective observational cohort study, we collected clinical and demographic data for all HIV-positive
patients enrolled in care at 110 health facilities across all five provinces of Rwanda. We included patients aged 15 years
or older with a known enrolment date between 1997 and 2014. We constructed abridged life tables from age-specific
mortality rates and life expectancy stratified by sex, CD4 cell count, and WHO disease stage at enrolment in care and

initiation of antiretroviral therapy.

Findings We included 72 061 patients in this study, contributing 213 983 person-years of follow-up. The crude mortality
rate was 33-4 deaths per 1000 person-years (95% CI 32.7-34.2). Life expectancy for the overall cohort was
25-6 additional years (95% CI 25-1-26-1) at 20 years of age and 23 -3 additional years (95% CI 22-9-23-7) at 35 years
of age. Life expectancy at 20 years of age in the period of 1997-2007 was 20 -4 additional years (95% CI 19-5-21-3); for
the period of 2008-11, life expectancy had increased to 25-6 additional years (95% CI 24-8-26-4). Individuals
enrolling in care with CD4 cell counts of 500 cells per pL or more, and with WHO disease stage I, had the highest life

expectancies.

Interpretation This study adds to the growing body of evidence showing the benefit to HIV-positive patients of early

enrolment in care and initiation of antiretroviral therapy.

Funding Bill & Melinda Gates Foundation.

Copyright © Nsanzimana et al. Open Access article distributed under the terms of CC BY-NC-SA.

Introduction

Before the global scale-up of antiretroviral therapy, data
from many regions of the world consistently showed a
strong negative association between adult HIV
prevalence and life expectancy.! Because access to
antiretroviral therapy has greatly improved in many
regions of the world, this negative association is
dwindling. Reductions in morbidity and mortality
associated with antiretroviral therapy have translated into
increased life expectancy and decreased years of life
lost.** A collaborative cohort analysis by the Antiretroviral
Therapy Cohort Collaboration’ showed that patients in
Europe and North America who started antiretroviral
therapy at age 20 years between 2003 and 2005 could
expect to live an additional 49 years after initiation of
antiretroviral therapy, an overall increase in life
expectancy of 81% since 1996. Findings from a similar
analysis of data from Uganda showed that a 20-year-old
individual starting antiretroviral therapy was projected
an additional 26 years, increasing according to CD4
status at antiretroviral therapy initiation.’

Rwanda has recently made remarkable progress in
expansion of access to antiretroviral therapy.* The country
was recently singled out by the UN as one of the few to
have achieved near-universal access to treatment in 2012,

www.thelancet.com/lancetgh Vol 3 March 2015

according to previous eligibility criteria for antiretroviral
therapy (ie, 350 CD4 cells per pL or less).” Rwanda first
achieved universal coverage in 2008, with 80% of HIV-
positive patients receiving antiretroviral therapy under a
CD#4 eligibility criterion of 200 cells per pL or less, and
then again in 2010, a year after the guidelines changed
the eligibility criteria to 350 cells per pL or less. The
government is now working to implement a new strategy
to both raise the CD4 threshold for antiretroviral therapy
initiation to 500 cells per pL or less and provide
immediate antiretroviral therapy for key populations,
including pregnant women through option B+ (in which
all pregnant and breastfeeding women are eligible for
lifelong antiretroviral therapy irrespective of CD4 cell
count), HIV-positive patients with comorbidities, men
who have sex with men, and female sex workers.*’

This achievement makes the investigation of the effect
of HIV treatment scale-up on life expectancy among
HIV-positive patients in Rwanda particularly interesting.
Two distinct periods of antiretroviral therapy
coverage can be retrospectively assessed: lower coverage
(1997-2007), and higher coverage (2008 onwards). In an
observational cohort study we aimed to evaluate life
expectancy of HIV-positive people in Rwanda, first by
constructing life tables among HIV-positive Rwandans
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enrolled in care, and second by comparing these results
across the two periods of lower and higher coverage of

antiretroviral therapy.

Overall 1997-2007 2008-11
Number of patients 72061 38546 33515
Age, years 35(28-42) 36 (29-43) 34 (27-42)
15-19 2028 (2-8%) 808 (2:1%) 1220 (3-6%)
20-24 7173 (10-0%) 2925 (7-6%) 4248 (127%)
25-29 12146 (16:9%) 5909 (15-3%) 6237 (18-6%)
30-34 13898 (193%) 7767 (20-1%) 6131 (18-3%)
35-39 12939 (18-0%) 7537 (19-6%) 5402 (16:1%)
40-44 9559 (13:3%) 5788 (15-0%) 3771 (11:3%)
45-49 6763 (9-4%) 3920 (10-2%) 2843 (8:5%)
50-54 3892 (5-4%) 2072 (5-4%) 1820 (5-4%)
55-59 1908 (2:6%) 969 (2:5%) 939 (2-8%)
60-64 874 (1-2%) 429 (1-1%) 445 (1:3%)
265 881 (12%) 422 (11%) 459 (1-4%)
Sex
Men 26055 (36-2%) 12953 (33-6%) 13102 (39-1%)
Women 46006 (63-8%) 25593 (66-4%) 20413 (60-9%)
Marriage status
Married or living with partner 34508 (47-9%) 16547 (42-9%) 17961 (53-6%)
Divorced or widowed 16065 (22-3%) 9632 (25-0%) 6433 (19-2%)
Single 8021 (11-1%) 2787 (7-2%) 5234 (15-6%)
Other or unknown 13467 (18:7%) 9580 (24-9%) 3887 (11-6%)
Mode of diagnosis
Voluntary counselling and testing 45897 (63-7%) 25508 (66-2%) 20389 (60-8%)
Prevention of mother-to-child 12 880 (17-9%) 6557 (17-0%) 6323 (18:9%)
transmission
Provider-initiated testing or 13284 (18-4%) 6481 (16-8%) 6803 (20-3%)

other

(D4 cell count at linkage

394 (210-636)

348 (183-606)

436 (253-663)

( (
<50 cells per pL 3181 (4-4%) 1979 (5-1%) 1202 (3-6%)
50-99 cells per pL. 3987 (5-5%) 2510 (6:5%) 1477 (4-4%)
100-199 cells per pL 9645 (13-4%) 6112 (15-9%) 3533 (10-5%)
200-349 cells per uL 15170 (21-1%) 8493 (22:0%) 6677 (19-9%)
350-499 cells per plL 12406 (17-2%) 6074 (15-8%) 6332 (18-9%)
>500 cells per pL 27005 (37-5%) 12922 (33-5%) 14083 (42-0%)
Unknown 667 (0-9%) 456 (1-2%) 211 (0-6%)
WHO disease stage
| 34281 (47-6%) 14798 (38-4%) 19483 (58-1%)
I 18113 (25:1%) 10514 (27-3%) 7599 (22:7%)
i 15525 (21-5%) 10486 (27-2%) 5039 (15-0%)
v 1721 (2-4%) 1068 (2-8%) 653 (1-9%)
Unknown 2421 (3-4%) 1680 (4-4%) 741 (2-2%)
Tuberculosis status at baseline
Negative 53675 (74:5%) 26239 (68-1%) 27436 (81-9%)
Positive 12265 (17-0%) 7077 (18-4%) 5188 (15-5%)
Unknown 6121 (8:5%) 5230 (13-6%) 891 (2:7%)
Cumulative loss to follow-up
Still in follow-up 65027 (90-2%) 34392 (89-2%) 30635 (91-4%)
Lost to follow-up 7034 (9-8%) 4154 (10-8%) 2880 (8-6%)

(Table 1 continues on next page)
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Methods

Study design and participants

In an observational cohort study, we used data from the
Rwanda Biomedical Center, which oversees surveillance
of HIV/AIDS and scale-up of antiretroviral therapy
within the country. The national treatment programme
in Rwanda consists of monthly follow-up visits with
health-care professionals for treatment pickup, CD4
measurements every 6 months, and annual viral load
monitoring, beginning 1 year after antiretroviral therapy
initiation. This study used data from the IQ Charts
database, an electronic medical record system that
captures demographic and clinical characteristics at
enrolment and longitudinal HIV-specific clinical factors
and vital statistics. This database began collecting data
prospectively in 2004 and includes data obtained
retrospectively for 1997-2003. The IQ Charts database
covers 110 health facilities across all five provinces of
Rwanda, providing a nationally representative sample of
25% of facilities providing antiretroviral therapy over the
study period.

For this study, we included all patients within these
110 health facilities aged 15 years or older with a known
enrolment date, follow-up time (ie, did not enter and exit
the programme on the same day), and who enrolled in
care between 1997 and 2011. We defined enrolment in
care as a patient having received a positive test result and
subsequently registered for the first time in the
monitoring and surveillance database. At enrolment a
patient could be retained in the pre-antiretroviral therapy
phase or begin antiretroviral therapy if clinically
indicated. The IQ Charts database includes
87613 patients. As of 2013, roughly 176000 Rwandans
were retained in the national HIV care programme.
Selection within this database is based on health facility
rather than individuals. Large health facilities and rural
health facilities have slightly higher probabilities of
inclusion, but how this factor affects patient
characteristics is unknown.

The routinely collected programme data analysed for
this study are maintained by the Rwanda Biomedical
Centre, Division of HIV/AIDS, STIs and Other Blood
Borne Infections; the ethical procedures for the collection
of these data are governed by the Medical Research
Council of Rwanda. Secondary analyses of routinely
collected data are exempt from ethics approval when led
by the Rwanda Biomedical Centre.

Procedures

We measured follow-up time in two ways: first, as time
from enrolment into care to study exit due to end of study
period, death, loss to follow-up, or transfer out to facilities
not participating in IQ chart surveillance; and second, as
time from antiretroviral therapy initiation to study exit.
Mortality data were ascertained in health facilities and
through home follow-ups. For the purpose of this
analysis, loss to follow-up was defined as missing three
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consecutive months of health-care appointments and
treatment pickups. Unsupervised treatment interruptions
were not accounted for and were not classified as loss to
follow-up at start of the treatment interruption. The
demographic variables we used in this analysis included
sex, age (categorised in 5-year categories for 15-64 years,
and =65 years), and marital status. Clinical variables at
enrolment included CD4 cell count status (<50, 50-99,
100-199, 200-349, 350499, and =500 cells per pL) and
WHO disease stage (I, II, III, IV, and not reported), and
route of diagnosis. We chose CD4 cell count categories
based on levels known to be associated with increased
risk of acquiring opportunistic infections, and levels used
for antiretroviral therapy guidelines during the past
decade. Route of diagnosis included voluntary counselling
and testing, through prevention of mother-to-child
transmission services, and through other means (such as
provider-initiated testing and counselling, which began in
2010, hospital admissions, and testing through
comorbidities). Finally, we divided the study population
into two periods, 1997-2007 and 2008-11, to account for
changes in antiretroviral therapy guidelines that have
taken place in Rwanda.

Statistical analysis

We assessed whether mortality differed between the
two periods specified. Mortality rates were expressed as
number of deaths per 1000 person-years and stratified by
age category, sex, and baseline CD4 cell count and WHO
disease stage.

We constructed abridged life tables from age-specific
mortality rates using methods established by Chiang.®
Life expectancy estimated from this type of life table is
viewed as depicting the lifetime mortality experience of a
single cohort of people who are subject to the mortality
schedules on which the table is constructed. Therefore,
life expectancy at an exact age is an indicator measuring
the average number of additional years that will be lived
by a person after that age, according to the age-specific
mortality rates for all deaths during the study period.
Because a very large population and number of deaths
are needed to overcome variations in mortality when
constructing a complete life table by single years, we
used abridged life tables by aggregated age groups, which
describe the effect of mortality on a sample of people if
they were subjected to the mortality rates in the observed
calendar periods.” Complete details about these methods
are provided in the appendix. Life expectancy was
reported by age group and stratified by sex, CD4 cell
count, and WHO disease stage at enrolment in care.

Central to the estimation of life expectancy through life
tables is the estimation of mortality rates. Loss to follow-
up is known to account for a proportion of mortality
among patients enrolled into care throughout sub-
Saharan Africa.® At present, no studies tracing
individuals lost to follow-up among the general HIV-
positive population of Rwanda have been reported.
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Overall 1997-2007 2008-11

(Continued from previous page)
Death after enrolment

No 68144 (94-6%) 35918 (93-2%) 32226 (96-2%)

Yes 3917 (5-4%) 2628 (6:8%) 1289 (3-8%)
Years of follow-up 26 (1-2-4-5) 4-4 (2-1-5-6) 1.8 (0-9-2-8)
Antiretroviral therapy initiated during follow-up

No 30968 (43-0%) 14092 (36-6%) 16 876 (50-4%)

Yes 41093 (57-0%) 24454 (63-4%) 16639 (49-6%)
Years since starting antiretroviral 2:6 (1-2-4-3) 3-9(1-9-53) 1.6 (0-8-2'5)

therapy

Data are n (%) or median (IQR).

Table 1: Baseline characteristics of patients included in study, stratified by period of antiretroviral

therapy coverage (1997-2007 and 2008-11)

Approaches have been put forward to adjust for
misclassification of mortality as loss to follow-up, but
such approaches are based on estimates derived outside
of Rwanda and exclusively among patients who had
started antiretroviral therapy." By contrast, a substantial
number of people lost to follow-up in our study were
young and healthy. Just under half (46-2%) of all patients
lost to follow-up could be classified as at high risk of
mortality because they met at least one of the following
conditions: CD4 count less than 200 cells per pL, positive
tuberculosis screen, WHO disease stage of III or IV, age
50 years or older, or an unreported tuberculosis screen or
WHO disease stage. We estimated propensity scores for
mortality using logistic regression with all available
demographic and clinical variables. Individuals with the
highest 46-2% propensities for mortality were recorded
as deaths. In this manner, we avoided equally distributing
the additional 46-2% of deaths through loss to follow-up
among young and old or healthy and sick individuals.
These mortality corrections for loss to follow-up were
done separately for both time of enrolment and time of
antiretroviral therapy initiation to study exit and used
throughout the analyses. A sensitivity analysis with no
adjustments for loss to follow-up is included in the
appendix.

We also adjusted known underestimates of mortality in
the oldest age group (age =65 years). Occasionally, the
unbounded nature of the category led to selection bias.
The distribution of age among people living with HIV/
AIDS and aged 65 years or older tends to be lower than
the distribution of age among the general population
within this age category, which in turn can lead to biased
estimates of mortality. Within each stratified life
expectancy analysis, we adjusted the mortality rate in the
healthiest stratum with the lowest mortality rate to be
equal to that of the general population for the 65 years
and older age category and added the resulting constant
to all other strata. No adjustments were made if the
mortality rate for the 65 years and older age category was
greater than in the general population.

See Online for appendix
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Figure 1: Median CD4 cell count at enrolment in care by year of enrolment
2004 contains all pre-2003 participants because of a small number of enrollees.
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Number  Person- Deaths per 1000
of deaths years person-years
(95% C1)
Overall 7153 213983-4 33-4(327-34-2)
Period of antiretroviral therapy coverage*
1997-2007 3872 94129-6 411(39-8-42:5)
2008-11 2201 588143  37:4(35:9-39-0)
Sex
Men 3335 72500-0 460 (44-5-47-6)
Women 3818 1414835 27-0 (26-1-27-9)
(D4 cell count at enrolment (cells per L)
<50 889 89867 98:9(92:5-105-6)
50-99 690 129740 53-2(49-3-57-3)
100-199 1204 326606  36-9(34-8-39-0)
200-349 1438 475215 303(287-319)
350-499 1063 351932 302(284-3211)
=500 1791 744940 24-0 (22-9-25-2)
WHO Disease Stage
| 1380 95758-9 14-4 (13-7-15-2)
1 1562 57876:0  27-0(257-28-4)
[ 2683 519871  51:6(497-53-6)
Y 513 5088:6  100-8 (92:3-109:9)
*In view of the difference in possible follow-up times, we restricted this variable to
mortality within the first 36 months to reduce survival bias.
Table 2: Crude mortality rates among HIV-positive patients

Potential years of life lost up to the age of 65 years, was
used to assess the effect of HIV on premature mortality.
The potential years of life lost estimates the average years
a person or group would have lived if they had not died
prematurely. We calculated these values by multiplying
the total number of deaths in each 5-year age group by
the average number of years remaining in that age group,
up to age 65 years. Potential years of life lost were
expressed per 1000 people for ages 14-64 years.® We

stratified values by sex, WHO disease stage, and CD4 cell
count at enrolment.

All significance tests were two sided, and p values of
less than 0-05 were classified as statistically significant.
All analyses were done with SAS software, version 9.3,
R version 3.02, and Microsoft Excel 2013.

Role of the funding source

The funders had no role in the design and conduct of the
study; in the collection, management, analysis, and
interpretation of the data; or in the preparation, review,
or approval of the report. The corresponding author had
full access to all of the data in the study and takes
responsibility for the integrity of the data, the accuracy of
the data analysis, and the final decision to submit for
publication.

Results

Our analyses were based on 72061 patients from the
IQ Charts database aged 15 years or older who enrolled
in care in Rwanda between 1997 and 2011, contributing a
total of 213983 person-years of follow-up. Table 1 shows
baseline characteristics for patients who enrolled in care
overall and in two periods of antiretroviral therapy access
in Rwanda. Median CD4 cell count at enrolment
increased from 348 cells per pL (IQR 183-606) in the
period 1997-2007 to 436 cells per pL (IQR 253-663) in the
period 2008-11, resulting from a growth in capacity to
deliver better care for people living with HIV. Similarly,
median CD4 cell count at time of enrolment in care by
year of enrolment showed an increase between the two
periods (figure 1). Cumulative loss to follow-up was low
(7034 individuals, 9-8%).

For the overall cohort, the crude mortality rate was
33-4 deaths per 1000 person-years (95% CI 32-7-34-2)
and the potential years of life lost was 851-2 years per
1000 people (95% CI 847-3-855-1). Mortality rates are
presented in table 2. For both periods, we restricted
mortality analyses to the first 3 years of follow-up to
reduce survivor bias (risk of mortality decreases over
time in care, so unequal follow-up would bias
comparisons). The 3 year mortality rate was significantly
decreased in the period of 2008-11 (37-4 deaths per
1000 person-years, vs 41-1 deaths per 1000 person-years
in 1997-2007, p<0-0001), after national guidelines for
antiretroviral therapy in Rwanda raised CD4 cell count
thresholds from 200 cells per pL. Women had a lower
mortality rate than men, at 27-0 deaths per 1000 person-
years (95% CI 26-1-27-9) compared with 46 -0 deaths per
1000 person-years (95% CI 44.5-47-6), respectively.
Similarly, potential years of life lost was less for women
than men (2325-4 vs 28849 years per 1000 people). The
mortality rate and potential years of life lost decreased
substantially with increasing baseline CD4 cell count
status. For patients with a baseline CD4 cell count less
than 50 cells per pL, the mortality rate was 98-9 deaths
per 1000 person-years (95% CI 92-5-105-6). For patients
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with CD4 cell counts of 50-99 cells per pL, it was
53-2 deaths per 1000 person-years (95% CI 49-3-57-3).
Mortality consistently decreased through to patients with
CD4 cell counts of 500 cells per pL or higher, with an
estimated mortality rate of 24-0 deaths per 1000 person-
years (95% CI 22.9-25-2) in these patients (table 2).
Similarly, the potential years of life lost among patients
with a baseline CD4 cell count status less than 50 cells
per pL was much higher (7015-9 per 1000 people) than in
those with a baseline CD4 cell count of 500 cells per pL or
higher (16936 per 1000 people).

Table 3 presents the results of the life expectancy
analyses for patients with HIV enrolled in care. Life
expectancy for the overall cohort was 25-6 years of
additional life (95% CI 25-1-26-1) at 20 years of age and
23.3 years of additional life (95% CI 22-9-23.7) at
35 years of age. Life expectancy greatly decreased with
decreasing CD4 cell count (figure 2) at enrolment and

with increasing WHO disease stage (figure 3). A patient
enrolled in care with WHO disease stage I at 20 years of
age could expect an additional 425 years of life (95% CI
41-5-43-5), by contrast with a 20-year-old patient enrolled
at WHO disease stage IV who could expect 8- 3 additional
years (95% CI 6-6-10-0). We noted a similar trend
among CD4 cell count strata at enrolment. 20-year-old
patients enrolling with a CD4 cell count of 500 cells per
pL or more could expect an additional 32-4 years of life
(95% CI 31-5-33-3), compared with 8-1 additional years
of life (95% CI 6-8-9-4) for 20-year-old patients with a
CD4 cell count of less than 50 cells per pL at enrolment.
Men had consistently shorter life expectancy than
women. Life expectancy at 20 years of age for men was
19-4 years of additional life (95% CI 18-4-20-4),
compared with women at 20 years of age who had
29-5 years of additional life (95% CI 6-8-9-4). Life
expectancy at 20 years of age in the period of 1997-2007

15-19years 20-24years 25-29years 30-34years 35-39years 40-44years 45-49years 50-54years 55-59years 60-64years =65years*
General Rwandan life 44-55 40-51 36-46 32-42 29-38 27-34 24-30 21-26 18-22 15-18 NA
expectancy (WHO,
2002-14)*
Overall 26-7 25.6 255 245 233 217 20-0 181 161 142 12:5
(25:9-27-5) (251-261)  (25-1-25:9) (241-249)  (22.9-237) (21-3-22-1) (19-6-20-4) (17-6-18:6)  (156-16:6)  (13-8-147)
Men 219 194 199 199 19-8 18:6 17-6 161 14-6 13-0 115
(205-233)  (184-20-4) (192-20-6)  (193-205)  (193-20:3) (181-191) (171-181) (155-167) (14-0-152)  (12:4-13-6)
Women 29-8 295 29-6 286 27-2 255 236 213 18-8 165 14-8
(28:6-31.0) (28:8-302) (29-0-302) (28:0-292) (26:6-27-8) (24-8-262) (22.9-243) (205-221) (180-19-6)  (15:8-17-2)
Period of antiretroviral therapy coverage
1997-2007 213 20-4 20-8 199 19-0 17-6 16-4 14-6 12.5 103 87
(19-9-22-7)  (19-5-213)  (20-2-214) (193-20-5) (18-4-19-6)  (16:9-183)  (157-171) (13-8-15-4)  (11.6-13-4) (9-5-11-1)
2008-11 272 256 242 229 21.5 19-8 187 173 162 15-0 154
(26-0-28-4)  (24-8-264) (23:5-24-9) (222-23-6)  (20-7-223)  (19-0-20-6) (17-8-19-6)  (16:3-18-3) (151-17-3)  (13:9-16-1)
(D4 at enrolment
<50 cells per pL 10-4 81 92 95 10-6 10-6 10-5 91 77 55 50
(85-123)  (6:8-94) (83-101)  (87-103)  (9:8-114)  (9-8-114)  (96-114)  (81-101)  (6:6-8-8) (43-67)
50-99 cells per pL 153 145 17-9 17-6 17-6 16-2 14-8 14-0 119 103 105
(12-1-185)  (122-16:8) (16:5-19-3) (16-5-187)  (16:5-187) (15:0-17-4) (13-5-161)  (12:6-15-4) (10-3-135)  (8:6-12:0)
100-199 cells per pL 228 205 222 228 220 20-6 184 163 139 11-6 9-8
(204-252)  (18:8-222) (211-233) (21.9-237) (212-22:8) (197-215) (17:5-193) (153-173) (12:9-14-9)  (10-7-125)
200-349 cells per pL 277 267 26-9 259 247 228 20-9 185 163 144 12.0
(256-29-8)  (254-280) (26:0278) (251-267)  (23-9-255) (21.9237) (20:0-21.8) (17-6-19-4) (154-172) (13-6-152)
350-499 cells per pL 283 276 281 273 255 237 223 20-4 187 17-8 167
(259-307)  (26:2-290) (26:9-285) (261-285)  (243-267) (224-250) (20-9-237) (18:9-21:9) (172-202)  (16:4-192)
>500 cells per ulL 331 324 315 30-1 282 259 239 21-6 193 169 145
(31-6-34-6) (31-5-333) (307-323)  (293-309)  (274-290) (251-267) (230-24-8) (207-225) (184-202)  (15:3-16-9)
WHO stage at enrolment
I 455 425 40-7 383 357 327 299 273 243 22:0 190
(441-46:9)  (415-435) (398-416) (374-392) (248-366) (37:8-336) (290-308) (2644-282) (234-227)  (213-227)
] 329 306 299 285 27-0 25.0 232 21.0 19-5 176 16-8
(311-347)  (294-31-8) (290-30-8) (27-6-29-4)  (261-27-9) (245-26:5) (222-242)  (19:9-221) (184-206) (16:5-187)
1] 16-8 155 173 183 182 173 161 14.5 123 105 89
(154-182)  (145-165) (16:6-18-0) (177-18-9) (17-6-188) (167-18)  (155-167) (13-8-152) (11.6-13-0)  (9-8-11-2)
\4 99 83 99 96 96 10-0 10-9 97 86 7-6 57
(7-6-122)  (6:6-10-0)  (87-111)  (86-106)  (86-106)  (8:9-111)  (9-6-122)  (82-112)  (69-103)  (6:0-9-2)
Table shows additional years of life (95% Cl). Life expectancy was defined as the average number of additional years that will be lived by a person after that age. General Rwandan life expectancy is presented as
the range of the time period 2002-14, covering most our study period. NA=not applicable. *95% Cls not available for age =65 years because it is not a closed interval.
Table 3: Life expectancy among HIV-positive patients enrolled in care, by age category
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Figure 3: Life expectancy (additional years of life) among HIV-positive individuals overall according to WHO
disease stage at time of enrolment

was 20-4 additional years (95% CI 19-5-21-3) and in the
period of 2008-11 was 25-6 additional years (95% CI
24.8-26-4). The life expectancy among individuals
enrolling in care with WHO disease stage I had estimated
projections that fell within the range of life expectancies
for the general Rwandan population during the study
period, across all age categories.

Table 4 presents the results of life expectancy following
patients starting from antiretroviral therapy initiation. Life
expectancy for the overall cohort was 29-9 years of
additional life (95% CI 29-1-30-7) at 20 years of age and
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25-6 years of additional life (95% CI 25-0-26-2) at 35 years
of age. The difference between life expectancy for
individuals in enrolled in HIV care not yet receiving
antiretroviral therapy compared with that of individuals
receiving antiretroviral therapy was greatest among
younger people (an additional 4-3 years among 20-year-
olds) and decreased to 1- 3 years among those aged 65 years
or older. We noted similar patterns in this subset for sex,
WHO disease stage, antiretroviral therapy coverage period,
and the lower CD4 categories.

The additional life expectancy estimated in the analysis
restricted to those on antiretroviral therapy was
not shared equally among the CD4 strata. Among
20-24-year -olds, the jump was 4-0 years in the lowest
CD4 category and 12-7 years in the 350499 cells per pL
group. Differences between the 350-499 cells per pL
group and the 500 cells per pL or higher group were not
statistically significant, as shown by the overlapping 95%
CIs. The life expectancy estimates were slightly lower in
the 500 cells per pL or higher group, due to a higher
propensity of linking and initiation of antiretroviral
therapy at higher CD4 for other clinical reasons, such as
opportunistic infections.

The appendix shows the estimated life expectancies
across CD4 categories when no adjustments were made
for mortality among individuals lost to follow-up. By
comparison with the main analysis, we estimated the life
expectancies to be much higher in the unadjusted
analysis. Moreover, life expectancies among the higher
CD4 categories in the unadjusted sensitivity analysis
seemed to be almost entirely accounted for by age,
whereas life expectancy among younger individuals
seemed to be flatter in the age categories of 15-35 years
when accounting for loss to follow-up. This difference
suggests that many deaths among younger patients
could be undetected because of loss to follow-up.

Discussion

Our study supports life expectancy gains for enrolment
of patients into HIV care at any CD4 cell count, as shown
by improved life expectancy between the two periods of
lower and higher coverage of antiretroviral therapy at
both time of enrolment and initiation of antiretroviral
therapy. We noted that life expectancy varied by sex, with
women having greater gains than men, and that access to
antiretroviral therapy greatly improved life expectancy,
particularly among patients with high baseline CD4
status. To our knowledge, this study is the first to assess
life expectancy among patients enrolling in care and
those initiating antiretroviral therapy in two distinct
periods, defined by antiretroviral therapy coverage and
CD4 cell count at enrolment in care and antiretroviral
therapy initiation (panel).

In 2014, the WHO Global Health Observatory
Repository estimated life expectancy in Rwanda at age
20 years to be an additional 45 years of life, a 35% gain in
just 10 years.* Although Rwanda had almost no provision
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15-19years 20-24years 25-29years 30-34years 35-39years 40-44years 45-49years 50-54years 55-59years 60-64years =65years*
General Rwandanlife  44-55 40-51 36-46 32-42 29-38 27-34 24-30 21-26 18-22 15-18 NA
expectancy (WHO,
2002-14)*
Overall 31.9 29:9 289 27-4 256 234 213 193 17:0 14.9 13-8
(30:6-332) (291-307) (283-29:5)  (26-8-28:0) (25:0-26-2)  (22:8-24:.0)  (20.7-219)  (18:6-20-0)  (163-17:7)  (14-2-15-6)
Men 241 222 237 233 228 212 197 181 16-2 147 142
(21-8-26-4) (202-242) (226-248) (224-242) (22:0-236)  (204-22:0)  (18:9-205)  (172-190)  (152:172)  (13.7-157)
Women 357 332 318 301 28-0 256 232 20-5 17-8 151 132
(341-373) (322-342) (31:0-32:6)  (293-30-9) (272288 (247-265)  (22:3-241) (19-6-21-4)  (16-8-18-8)  (14-2-16-0)
Period of antiretroviral
therapy coverage
1997-2007 217 211 21-4 20-2 189 173 154 137 112 86 72
(193-241) (195-227) (204-22:4) (194-21.0) (181-197) (16:4-182) (14-5-163) (12-7-147) (101-123)  (75-97)
2008-11 316 28.9 272 257 238 215 197 17-8 164 152 15-4
(29:9-333) (27-8-30:0) (26:2-28-2) (247-267)  (22-8-24-8) (20-5-22.5) (18-6-20-8) (16-6-19-0) (15-1-177) (13-9-16-5)
(D4 at enrolment
<50 cells per pL 136 121 12-2 12-7 13-5 131 12.7 109 89 72 6-9
(11:0-162)  (103-13.9)  (10-9-135)  (11.6-138) (125-145)  (12:0-142)  (115-139)  (9:6-12-2) (7-4-10-4)  (5:6-8-8)
50-99 cells per pL 22:4 212 21-6 204 200 180 162 15-2 12-8 10-3 10-4
(183-26:5)  (185-23.9) (20:0-232) (191-217) (187-213) (16:7-19-3) (14-8-17-6) (13-6-16-8) (11-1-14-5) (8-6-12-0)
100-199 cells per pL 301 273 277 270 254 233 20-8 184 157 13-4 119
(273-329) (252-2944) (26:4-290) (259-281) (244-264) (223-243) (197-21-9) (17:3-19-5) (14-5-16-9)  (12:3-14:5)
200-349 cellsperpl. 384 36-1 347 326 29-8 272 24-6 223 200 177 15.8
(36:0-408) (345377) (335-359) (315337) (287-30:9) (26:0-284)  (234-258)  (211-235)  (188-212) (16:6-18:9)
350-499 cellsperyl. 433 403 380 351 317 283 254 22:6 20-0 175 154
(39-7-46-9) (37:9-427) (36:0-40-0) (33-2-370) (29:8-33-6)  (263-303) (23-4-27-4) (205-247)  (18:0-22:0)  (157-193)
2500 cells per uL 39-8 380 352 332 30-5 276 24-9 221 19-6 17-2 153
(355-441) (353-407) (327-377) (307-357) (280-33-0)  (25:0-30-2) (22:3-27'5) (19-4-24-8)  (169-223)  (14-8-197)
WHO stage at
enrolment
| 50-0 455 425 391 354 319 283 250 21-4 182 15-4
(482-51.8)  (44-0-47-0) (412-43-8) (37-8-40-4) (342-36:6) (30-6-332)  (27.0-296)  (237-263)  (202-22:6)  (17-1-193)
1] 38.0 349 329 299 273 243 211 185 159 131 114
(357-403)  (333-365) (31-8-34.0)  (28:8-31.0) (26:3-283)  (23:3-253) (20-0-22-2) (174-19-6)  (14-8-17.0)  (12:0-14-2)
1] 211 197 20-6 212 205 187 169 14-8 122 9-8 7-6
(191-231) (182-212) (197-215) (205-21.9) (19-8-212)  (18:0-194)  (162-17-6)  (141-155)  (11.5-12.9)  (9-1-10-5)
\% 12:2 102 10-8 111 10-8 113 118 109 10-2 92 82
(94-150)  (8:0-124) (93-123) (9-8-12-4) (9:6-12.0) (99-127) (10-2-13-4) (9-0-12:8) (7:9-12:5) (7:0-11-4)
Table shows additional years of life (95% Cl). Life expectancy was defined as the average number of additional years that will be lived by a person after that age. General Rwandan life expectancy is presented as
the range of the time period 2002-14, covering most our study period. NA=not applicable. *95% Cls not available for age =65 years because it is not a closed interval.
Table 4: Life expectancy among HIV-positive patients enrolled in HIV care after initiating antiretroviral therapy, by age category

for antiretroviral therapy before the financial assistance
provided by the US President’s Emergency Plan for AIDS
Relief and the Global Fund to Fight AIDS, Tuberculosis
and Malaria, the government made a specific target of
antiretroviral therapy initiation in rural settings and
among individuals infected with HIV during the
Rwandan genocide of 1994.* This early response is, partly,
responsible for the impressive coverage of antiretroviral
therapy across Rwanda, and ability of the government to
reach targets for universal access to antiretroviral therapy
(defined as >80% coverage at a CD4 cell count of >200 cells
per pL before 2009 and >350 cells per pL afterwards).
Now, with assistance from the US President’'s Emergency
Plan for AIDS Relief and the Global Fund to Fight AIDS,
Tuberculosis and Malaria, as of July, 2014, the Rwanda
Ministry of Health now advises the initiation of
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antiretroviral therapy at a CD4 threshold of 500 cells per
pL or immediate therapy to specific populations including
men who have sex with men, female sex workers, and
other high-risk populations, with the objective to reduce
mortality, reduce HIV transmission, and increase
coverage of antiretroviral therapy’

There are several strengths and limitations to this
study. Strengths include the large sample size (roughly
21% of all Rwandans infected by HIV) that was nationally
representative and included a diverse population of
patients with varying levels of health. This aspect
provided precise estimates throughout the analyses, and
allowed for granular categorisation of age. We also had a
very large number of early enrollers (enrolling at CD4
cell counts >350 cells per pL) that allowed us to project
the life expectancy gains for people enrolling in care
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Panel: Research in context

Systematic Review

We searched Medline with the terms “HIV”, “life expectancy”, and “antiretroviral therapy”
for articles published in English up to March 31, 2014. We found several observational
studies from both low-income and middle-income countries,?***® and cohort
collaborations from high-income countries.>”” We also reviewed the 2013 WHO treatment
guidelines® and the WHO Global Health Observatory Repository for Rwanda life
expectancy. The largest assessment of life expectancy in a developed setting was the
Antiretroviral Therapy Cohort Collaboration.? The study included 18 587 patients across
14 high-income country cohorts and its findings showed that, for the period 1996-99
(when less efficacious drug formulations were available, compared with those used
nowadays), a 20-year-old patient could expect to survive an additional 36-1 years; by
2003-05, when drug formulations had improved, additional life-years at 20 years of age
had risen to 49-4 years. Another assessment using US and Canadian data showed that,
among patients initiating antiretroviral therapy in 2007, a 20-year-old could expect a
further 51 years of life.” Three studies have reported on life expectancy in Africa.>**

An evaluation among antiretroviral therapy recipients in Uganda showed that a patient
initiating first-line regimens at the age of 20 years was projected to have an additional
26 years of life.? Findings from a study in South Africa showed that life expectancies of
patients with baseline CD4 counts of 200 cells per pL or more were between 70% and
86% of those in HIV-negative adults of the same age and sex, with men having a shorter
life expectancy than women.® Finally, investigators of a community-level evaluation in
rural South Africa reported that, in 2003 (the year before antiretroviral therapy became
available in the public-sector health system), adult life expectancy was 49-2 years; by
2011, adult life expectancy had increased to 60-5 years: an 11-3-year gain.’®

Interpretation

The scale-up of antiretroviral therapy has improved life expectancy for HIV-positive
patients in both low-income and high-income countries. Our results from Rwanda lend
support to life expectancy gains for patients enrolled into HIV care at any CD4 cell count,
and show near-normal life expectancy among individuals enrolled in care with high CD4
cell counts. We noted that life expectancy varied by sex, with women having greater gains
than men, and that access to antiretroviral therapy greatly improved life expectancy,
particularly among patients with high baseline CD4 cell count.

early. Moreover, our study assessed both time in HIV
care and time on antiretroviral therapy, recognising the
importance of the pre-antiretroviral therapy period in
which loss to follow-up is increased. Nonetheless, loss to
follow-up was low in this study, consistent with other
studies that have shown Rwanda to have among the
highest retention rates in sub-Saharan Africa,® and
serving to reduce the potential for misclassification bias
in this study. Finally, through adjustments to mortality
for loss to follow-up, including loss to follow-up in the
pre-antiretroviral therapy period, our study underscores
the additional strain on life expectancy experienced by
younger HIV-positive patients.

Limitations include first the absence of important
baseline variables, notably viral load, which serves as a
marker of treatment adherence but which remains limited
in Rwanda to HIV-positive patients on antiretroviral
therapy. Second, we adjusted for mortality among loss to
follow-up through propensity adjustments using a
conservative proportion of mortality (ie, a proportion that
was probably too high), which couldlead to underestimation
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of life expectancy. By contrast with a recent study from
South Africa,” we could not link our HIV cohort data with
the national death register in Rwanda. Third, we only
considered one clinical marker at a time, which would not
include individuals initiating antiretroviral therapy with
high CD4 cell counts due to opportunistic infections and
patients not initiating antiretroviral therapy despite low
CD#4 cell counts. Finally, missing values for WHO disease
stage (2421 individuals, 3-4%) might have affected the
mortality rates and life expectancy for both these variables.

Within the international community for AIDS research
and implementation there is substantial debate about the
value of CD4 cell count as a threshold for initiation of
antiretroviral therapy.®” In our study we noted that
higher CD4 status at initiation of therapy increased life
expectancy. Other study findings have shown that early
initiation of antiretroviral therapy reduces clinical events
and infectiousness, the likelihood transmission of
disease to a sexual partner, and the acquisition of
tuberculosis,”*? raising the question of whether CD4
thresholds for initiation have any value to the health of
the population. Understanding of baseline disease risk is
valuable to physicians, but in view of the substantial
challenges involved with retention of patients in pre-
antiretroviral therapy, there is growing support for a
simplified system in which patients are placed on
treatment immediately after enrolment in care.”

In summary, our study findings add to the growing
body of evidence that early enrolment and antiretroviral
therapy have several benefits that extend well beyond
immediate reductions in mortality. These findings
strongly support the Rwandan Government’s policy
change to provide antiretroviral therapy at an increased
CD4 threshold and their continued efforts to improve
retention and testing.
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