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AbsTrACT
Introduction The advent of antiretroviral therapy (ART) 
has dramatically slowed down the progression of HIV. This 
study assesses the disparities in survival, life expectancy 
and determinants of survival among HIV-infected people 
receiving ART.
Methods Using data from one of Nepal’s largest 
population-based retrospective cohort studies (in 
Kathmandu, Nepal), we followed a total of 3191 HIV-
infected people aged 15 years and older who received ART 
over the period of 2004–2015. We created abridged life 
tables with age-specific survival rates and life expectancy, 
stratified by sex, ethnicity, CD4 cell counts and the WHO-
classified clinical stage at initiation of ART.
results HIV-infected people who initiated ART with a CD4 
cell count of >200 cells/cm3 at 15 years had 27.4 (22.3 
to 32.6) years of additional life. People at WHO-classified 
clinical stage I and 15 years of age who initiated ART had 
23.1 (16.6 to 29.7) years of additional life. Life expectancy 
increased alongside the CD4 cell count and decreased 
as clinical stages progressed upward. The study cohort 
contributed 8484.8 person years, with an overall survival 
rate of 3.3 per 100 person years (95% CI 3.0 to 3.7).
Conclusions There are disparities in survival among HIV-
infected people in Nepal. The survival payback of ART is 
proven; however, late diagnosis or the health system as a 
whole will affect the control and treatment of the illness. 
This study offers evidence of the benefits of enrolling early 
in care in general and ART in particular.

InTroduCTIon
Mortality and morbidity rates have decreased 
and life expectancy has increased with the 
scale-up of antiretroviral therapy (ART).1 2 
Remarkable progress in the life expectancy of 
HIV-infected populations has been reported 
among developed countries after the initia-
tion of ART.3–5 However, very few studies find 
the same effect of ART on life expectancy in 
resource-limited countries.2 6–8

It is important to estimate the life expec-
tancy of HIV-infected people to monitor the 
progress of available ART; to observe the 
social, economic and demographic impacts of 
HIV; to estimate costs of HIV care; to inform 
people when treatment needs to begin; 
and to estimate other family settlements 
(manage assets for spouse or children).3 9 
This is important to policy makers and service 
providers who seek to improve the outcomes 
of HIV-infected people and are interested 
in reducing disparities in their survival and 
life expectancy through ART.10 Life expec-
tancy among HIV-infected populations varies 
considerably by gender, age and ethnicity, 
and between developed and resource-limited 
countries.11 12 Literature related to life expec-
tancy among HIV-infected people receiving 
ART is not available in Nepal. Estimates of the 

Key questions

What is already known?
 ► Mortality and morbidity decreased and life expec-
tancy increased with the scale-up of antiretroviral 
therapy.

What are the new findings?
 ► Life expectancy varied by sex, CD4 cell count and 
clinical stage, and that access to antiretroviral ther-
apy greatly improved life expectancy, particularly 
among patients with high baseline CD4 cell count.

 ► Early diagnosis and treatment are the major chal-
lenges to reduce survival disparities among HIV-
infected people in low-income and middle-income 
countries.

What do the new findings imply?
 ► Improvements in the quality of care and compre-
hensive strategies and plans for early detection and 
treatment for patients with HIV are needed.
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life expectancy and survival rates of HIV-infected people 
in Nepal can inform the development of good-quality 
healthcare and reduce preventable mortality in the 
context of freely available treatment in Nepal. We aim to 
estimate the life expectancy of HIV-infected people who 
received ART in Nepal, disaggregated by age, gender, 
ethnicity, CD4 cell count and the WHO clinical stage on 
initiating ART.

MeTHods
study design and participants
In a retrospective observational cohort study, we used 
data from the government-run Sukraraj Tropical and 
Infectious Disease Hospital (STIDH), Kathmandu 
District. This hospital has the largest ART centre in Nepal 
and is part of the National Centre for AIDS and STD 
Control,13 which develops policies and strategies related 
to HIV/AIDS and develops ART within the country. The 
national ART programme in Nepal comprises bimonthly 
follow-up visits from the medical team in support of 
ART treatment, the treatment of comorbidities, and 
estimation of the CD4 cell count every 6 months, viral 
load measurement 1 year after the initiation of ART, 
and other care and support. Demographic and clinical 
records on ART enrolment and vital or mortality records 
during follow-up sessions were obtained from electronic 
records, the ART register and individual chart records. 
People from around the country come to this centre for 
HIV diagnosis, care, support and treatment services. This 
centre has provided multidisciplinary services related 
to HIV/AIDS since 200414 and started recording data 
prospectively that year.

In this study, we included a total of 3191 eligible 
HIV-infected adults who received ART between 2 
February 2004 and 29 March 2015; who had a record of 
follow-ups (patients were excluded who started ART and 
then did not return for the first follow-up scheduled in 
1 month); and who were aged 15 years or older at enrol-
ment into ART. All the people who tested HIV-positive 
were monitored through their subsequent registration in 
the pre-ART register, ART register and individual chart 
records.

The routinely maintained individual data from the 
Ministry of Health, STIDH and ART centre, Nepal, were 
used for analysis in this study.

Patient and public involvement statement
There was patient or public involvement in this study. 
However, we used secondary data from patient records.

Procedures
The data were collected from standard medical record 
registers, which include details on all confirmed HIV-pos-
itive clients who visit the ART centre. The registra-
tion number in the ART register was used to track the 
patient’s HIV care and ART record files. Survival time was 
calculated in months using the date ART was started until 
date of death, 3-month absence, transfer out or other 

means of exit from the study, transfer to another health 
facility, failure to follow up, or death. All clinical, ART 
and mortality-related data were verified from individual 
records and ART registers at the ART centre. All deaths 
related to HIV were considered as mortality. Individuals 
who missed three consecutive monthly visits for general 
health check-ups and collection of ART drugs were 
considered as lost to follow-up. The demographic charac-
teristics included in the study were sex (male and female), 
age (5-year categories for ages 15–59 years and ≥60 years 
for the life expectancy table), ethnicity (coded as non-in-
digenous and indigenous) and residence (valley: people 
who came from the surrounding districts of the study 
area, namely Kathmandu, Bhaktapur and Lalitpur; hill: 
mountainous areas; terai: plain or lowland areas—hill 
and terai regions are rural areas from the valley region). 
Clinical variables at the initiation of ART included CD4 
cell counts (categorised as ≤50, >50–100, >100–200, >200 
cells/cm3), WHO clinical stages (I, II, III, IV), and dura-
tion between HIV diagnosis and initiation of ART.

statistical analysis
Survival rates were expressed as the number of deaths 
per 100 person years. Survival probability was stratified 
by sex, age, residence, ethnicity, baseline CD4 cell counts 
and WHO-classified clinical stage.

Survival time was calculated in months using the date 
ART was started until the date of death, 3-month absence, 
transfer out or other means of exit from the study. Cumu-
lative mortality and survival probability were estimated 
using the Kaplan-Meier model, and survival curves were 
compared using p values. The Kaplan-Meier method 
presents survival distribution with graphical presenta-
tion, product limit calculations and survival probabilities. 
The log-rank test was used to compare survival functions. 
Distribution-free methods were applied for statistical 
comparison.

The proportional hazard assumption was used to 
assess the assumption for independent variables fit in 
the model. Cox proportional hazard models were used 
to calculate the hazard of mortality with a 95% CI. We 
used both univariate and multiple Cox regression anal-
yses for unadjusted and adjusted HRs. Sex, age, ethnicity, 
residence, CD4 cell count, WHO-classified clinical stage, 
and duration between diagnosis and ART initiation 
were adjusted for the analysis. A global test was used to 
assess the violation of assumptions with any variable in 
the adjusted model. Because of very low level of missing 
covariate data, we used listwise deletion.

The study used the method developed by Chiang15 for 
abridged life tables, created from age-specific survival 
rates. Chiang’s15 life table estimates the life expectancy 
of a particular cohort of people and indicates the average 
number of additional years that they will live after that 
age. The life expectancy table was stratified by sex, 
ethnicity, WHO-classified clinical stage and CD4 cell 
count, and presented by age group.
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Table 1 Background and clinical characteristics

Characteristics
Total
N=3191 (%)

Death
n=344 (%)

Others
n=2847 (%)

Mortality rate per 100 
person years at risk 
(95% CI)

Gender

  Male 1986 (62.2) 244 (70.9) 1742 (61.2) 4.0 (3.4 to 4.5)

  Female 1205 (37.8) 100 (29.1) 1105 (38.8) 2.4 (1.9 to 3.9)

Ethnicity

  Non-indigenous 1396 (43.7) 143 (41.6) 1253 (44) 3.2 (2.6 to 3.8)

  Indigenous 1795 (56.3) 201 (58.4) 1594 (56) 3.5 (3.0 to 4.1)

Age at ART initiation, 
median (IQR)

36 (32–42) 37 (32–43) 36 (32–42)

 ≤36 years 1597 (50) 170 (49.4) 1427 (50.1) 3.6 (3.1 to 4.2)

 >36 years 1594 (50) 174 (50.6) 1420 (49.9) 3.1 (2.7 to 3.7)

Residence

  Valley 916 (28.7) 122 (35.5) 794 (27.9) 3.1 (2.5 to 3.7)

  Hill 1280 (40.1) 126 (36.6) 1154 (40.5) 3.2 (2.6 to 3.8)

  Terai 995 (31.2) 96 (27.9) 899 (31.6) 4.2 (3.3 to 5.3)

Clinical stage

  Stage I 750 (23.5) 42 (12.2) 708 (24.9) 1.8 (1.3 to 2.5)

  Stage II 845 (26.5) 39 (11.3) 806 (28.3) 1.3 (0.9 to 1.9)

  Stage III 1086 (34.0) 123 (35.8) 963 (33.8) 3.7 (3.1 to 4.5)

  Stage IV 510 (16.0) 140 (40.7) 370 (13) 10.2 (8.4 to 12.3)

CD4 cell count (cells/
cm3),* median (IQR)

132 (64–201) 85 (41–140) 139 (70–208)

 ≤50 523 (18.4) 91 (28.7) 432 (17.1) 6.0 (4.7 to 7.5)

  51–100 570 (20.0) 93 (29.3) 477 (18.9) 5.2 (4.1 to 6.6)

  101–200 1033 (36.3) 103 (32.5) 930 (36.8) 2.8 (2.2 to 3.4)

 >200 721 (25.3) 30 (9.5) 691 (27.3) 1.1 (0.8 to 1.7)

Duration of ART 
initiation, median (IQR)

21 (1–54) 3 (1–13.2) 24 (2–58)

 ≤3 months 956 (30) 184 (53.5) 772 (27.1) 311.9 (261.6 to 372.0)

 >3–6 months 174 (5.5) 40 (11.6) 134 (4.7) 55.9 (41.0 to 76.2)

 >6–12 months 239 (7.5) 30 (8.7) 209 (7.3) 16.2 (11.3 to 23.1)

 >12–24 months 395 (12.4) 36 (10.5) 359 (12.6) 5.6 (4.0 to 7.8)

 >24 months 1427 (44.7) 54 (15.7) 1373 (48.2) 0.7 (0.5 to 0.9)

*Missing, overall cohort period: 8484.8 person years; mortality rate per 100 person years (95% CI) 3.3 (3.0 to 3.7). P value obtained from χ2 
test for categorical variables and Wilcoxon signed-rank for continuous variables.
ART, antiretroviral therapy.

Fundamental to the assessment of life expectancy 
throughout these life tables is the evaluation of survival 
rates. We removed data on people lost to follow-up to 
calculate life expectancy as a sensitivity analysis (online 
supplementary table 1).

P values <0.05 were considered statistically significant, 
and all significance tests were two-sided. Analyses were 
prepared with R and Microsoft Excel.

resulTs
In this analysis, a total of 3191 eligible ART recipients were 
included, out of whom 344 (10.8%) died, 397 (12.4%) did 

not follow up, 1053 (33.0%) were transferred out to other 
ART centres and 1397 (43.8%) were alive as of 29 March 
2015.

Table 1 shows the background and clinical charac-
teristics of HIV-infected people who received ART. The 
overall study cohort follow-up contributed 8484.8 person 
years with a total mortality rate of 3.3 per 100 person 
years (95% CI 3.0 to 3.7) (table 1).

Figure 1 shows the overall survival probability among 
HIV-infected people receiving ART over the follow-up period 
(figure 1). Figure 2 shows the survival probability among 
gender, ethnicity, WHO clinical stages and CD4 cell count.

https://dx.doi.org/10.1136/bmjgh-2018-001319
https://dx.doi.org/10.1136/bmjgh-2018-001319
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Figure 1 Kaplan-Meier survival estimate with 95% CI. ART, 
antiretroviral therapy.

Figure 2 Statistical comparison among survival curves. ART, antiretroviral therapy.

Table 2 lists the life expectancy (additional year of life) 
among HIV-infected people after initiation of ART. The 
overall cohort’s life expectancy at 20 years of age was 7.1 
(95% CI 5.5 to 10.4) years of additional life and at 40 years 
of age was 7.5 (7.2 to 9.4) years of additional life. The life 
expectancy of men aged 20 years was 6.4 (3.3 to 9.5) years 
of additional life compared with 7.7 (3.9 to 11.5) years of 
additional life for women with the same age. Women had 
consistently longer life expectancy than men. Life expec-
tancy for indigenous people aged 20 was 6.2 (3.5 to 8.9) 
years of additional life compared with 7.9 (3.7 to 12.1) 
years of additional life for non-indigenous people at the 
same age. Indigenous people had a relatively shorter life 
expectancy than non-indigenous people. HIV-infected 
people who initiated ART with a CD4 cell count of >200 
cells/cm3 at 20 years had 22.4 (17.3 to 27.6) years of addi-
tional life compared with 1.3 (1.3 to 1.3) years of addi-
tional life for those who had CD4 cell count of ≤50 cells/
cm3 at the same age. People at WHO-classified clinical 
stage I and 20 years of age who initiated ART had 18.1 

(11.6 to 24.7) years of additional life compared with 1.2 
years of additional life for those who were WHO-classi-
fied clinical stage IV at the same age. Life expectancy 
increased alongside the CD4 cell count and decreased as 
clinical stages progressed upward.

HIV-infected women receiving ART were less likely 
(adjusted HR: 0.80; 95% CI 0.63 to 1.03) to die compared 
with HIV-infected men receiving ART, but not statisti-
cally significant. People of indigenous ethnicity were 
more likely (1.07; 0.86 to 1.34) to die compared with 
those having non-indigenous ethnicity, but not statisti-
cally significant. The risk of death among people over 
36 significantly decreased by 26% (0.74; 0.59 to 0.92), 
compared with people who were less than or equal to 
36 years of age. The risk of mortality decreased by 23% 
(0.77; 0.60 to 1.01) among people who were from the 
hilly regions and 8% (0.92; 0.70 to 1.22) among people 
who were from the terai region compared with people 
who were from the Kathmandu valley region, but not 
statistically significant. The risk of mortality was signifi-
cantly higher among people who were at WHO clinical 
stage III (1.82; 1.26 to 2.62) and stage IV (3.73; 2.58 to 
5.41) compared with people who were at clinical stage 
I. The risk of mortality was significantly lower among 
people who had a baseline CD4 cell count of 101–200 
cells/cm3 (0.71; 0.53 to 0.95) and >200 cells/cm3 (0.32; 
0.21 to 0.49), compared with people who had less than or 
equal to 50 cells/cm3 (table 3).

dIsCussIon
This study highlighted the overall survival probability 
and life expectancy experienced by HIV-infected people 
receiving ART at any WHO clinical stage and CD4 cell 
count over the period of 2004–2015. The study shows 
the disparities in survival by gender, ethnicity, age, area 
of residency, WHO clinical stage and CD4 cell count. 
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Table 3 HR of mortality among HIV-infected people receiving ART

Characteristics

Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value

Gender

  Male Reference Reference

  Female 0.65 (0.51 to 0.82) <0.001 0.80 (0.63 to 1.03) 0.079

Ethnicity

  Non-indigenous Reference Reference

  Indigenous 1.10 (0.89 to 1.36) 0.381 1.07 (0.86 to 1.34) 0.538

Age

 ≤36 years Reference Reference

 >36 years 0.93 (0.75 to 1.15) 0.511 0.74 (0.59 to 0.92) 0.008

Residence

  Valley Reference Reference

  Hill 0.87 (0.67 to 1.11) 0.259 0.77 (0.60 to 1.01) 0.057

  Terai 1.11 (0.85 to 1.46) 0.428 0.92 (0.70 to 1.22) 0.565

Clinical stage

  Stage I Reference Reference

  Stage II 0.81 (0.53 to 1.26) 0.353 0.84 (0.54 to 1.31) 0.442

  Stage III 2.15 (1.51 to 3.05) <0.001 1.82 (1.26 to 2.62) 0.001

  Stage IV 5.86 (4.15 to 8.28) <0.001 3.73 (2.58 to 5.41) <0.001

CD4 cell count (cells/cm3)

 ≤50 Reference Reference

  51–100 0.94 (0.70 to 1.26) 0.675 1.06 (0.79 to 1.42) 0.685

  101–200 0.49 (0.37 to 0.65) <0.001 0.71 (0.53 to 0.95) 0.023

 >200 0.19 (0.13 to 0.29) <0.001 0.32 (0.21 to 0.49) <0.001

ART, antiretroviral therapy.

In addition, the results illustrate that life expectancy 
changed with different variables: women had greater 
life expectancy gains than men; indigenous people had 
a relatively shorter life expectancy than non-indigenous 
people; those with a higher baseline CD4 cell count 
value had greater life expectancy; and patients at a lower 
WHO-classified clinical stage on initiation of ART had 
greater life expectancy. This study is the first in Nepal 
to assess the life expectancy of HIV-infected people 
receiving ART and the disparities in their survival and 
life expectancies.

Life expectancy was greater among patients with a 
higher CD4 cell count and at a lower WHO-classified 
clinical stage when starting ART than in patients of the 
same age who had a lower CD4 cell count and were at 
a higher WHO-classified clinical stage. The majority 
(84.3%) of HIV-infected people started ART immediately 
after their diagnosis. This indicates that people come for 
diagnosis in the later stages of the infection. Late diag-
nosis and initiation of ART are common challenges in 
a resource-limited country.16 In addition, compliance 
with the ART programme after its initiation is rare in a 
low-income country, while drug resistance and immuno-
logical alteration are common.17 18 Limited ART centres 
in the country, geographical difficulties, migration and 

stigma might be the common reasons behind non-com-
pliance on the ART programme in Nepal. The govern-
ment required to expand the ART centres and education 
about the importance of ART. Health systems need to 
defeat these challenges to increase the life expectancy 
of the HIV-infected population. Early diagnosis and 
treatment would help to increase life expectancy among 
HIV-infected people. Our finding revealed that older age 
people who reported lower clinical stage and higher CD4 
cell count had better life expectancy.

Life expectancy among HIV-infected people receiving 
ART is low compared with general life expectancy 
(which is the expected age at death estimated at birth) 
in Nepal reported in the WHO 2016 report (male=69 
and female=72 years). Most of the indigenous people 
are hard-to-reach people and have low access to health 
services, and this might be a possible reason for the low 
life expectancy among HIV-infected indigenous people 
compared with non-indigenous people. Clients of sex 
workers (33%) and migrant workers (10%) were the key 
population at higher risk for HIV.19 Adverse effects of 
ART, stigma and migration might be the possible reasons 
for loss to follow-up. The overall life expectancy was 
slightly lower at 20–24 years of age, due to late initiation of 
ART, opportunistic infection and other clinical reasons. 
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In addition, this age might represent the migrant workers 
group which seeks delay in HIV care.

Nepal provides free ART services, with financial assis-
tance provided by the Global Fund to Fight AIDS, Tuber-
culosis and Malaria since 2004, and ART centres are only 
available in the limited areas of the country. With the 
external financial assistance, the Health and Population 
Ministry in Nepal has expanded ART sites and recom-
mended the initiation of ART for patients with a CD4 cell 
count threshold of 500 cells/cm3 or immediately after 
diagnosis for children, pregnant women who have sex 
with infected men and female sex workers, to meet the 
90-90-90 strategy of the Joint United Nations Programme 
on HIV and AIDS to reduce mortality and transmission 
of AIDS and increase ART coverage.20 However, the 
CD4 cell count threshold for initiation of treatment is 
contentious,21–23 but perhaps no longer since the Stra-
tegic Timing of Antiretroviral Therapy (START) trial24 
and treatment as prevention initiative, and the WHO 
2016 guidelines on which Nepal’s 2017 guidelines25 are 
based. Our study highlights that HIV-infected people 
who had a higher CD4 cell count at the initiation of 
ART had a higher life expectancy. Previous studies note 
that early initiation of ART can reduce the transmission, 
coinfection and reinfection of the disease.21 26–28 The 
baseline value of the CD4 cell count provides a better 
understanding of the progression of infection or risk, 
and a simplified system is needed to encourage imme-
diate treatment.29 Nepal required to implement national 
HIV testing and treatment guidelines 2017 aggressively.25 
Further research is required to support the Nepal govern-
ment’s policy change to provide ART at an increased CD4 
threshold and their continued efforts to improve reten-
tion and testing.

This study has several strengths and limitations. One 
advantage is the large sample size (which enables more 
accurate estimates of mortality) and the inclusion of a 
varied, nationally representative HIV-infected popula-
tion with diverse levels of health. Our assessment of the 
data on time of HIV diagnosis and time of ART initiation 
after diagnosis indicates the importance of early diag-
nosis, initiation of ART and pre-ART care for HIV-in-
fected people. The study’s definition of ‘failure to follow 
up’ as 3-month consecutive absence from treatment 
might help reduce the possibility of misclassification 
bias. A maximum number of patients were transferred 
to other ART centres and loss to follow-up scenarios 
could limit the generalisability of our study outcome. 
Future survival among HIV-infected people in Nepal 
receiving ART under new guidelines should be compa-
rable with the study’s outcome. It would be helpful 
to reduce the historical bias towards new therapy and 
new treatment guidelines. ART centres are increased, 
and new HIV infections and deaths have decreased in 
Nepal.19 Through sensitivity analysis, with an adjustment 
for those who exited treatment, this study highlights 
a slightly higher life expectancy among HIV-infected 
people who received ART.

The limitation of this study is the baseline value of the 
viral load, which is important for treatment adherence 
and effectiveness, and was not available for all the HIV-in-
fected people receiving ART during the study period. We 
could not compare the life expectancy based on different 
ART threshold treatments because we collected data for 
this study prior to guidelines that recommended the 
initiation of ART at a CD4 cell count threshold of 500 
cells/cm3. The study did not consider different clinical 
markers or conditions at which HIV-infected people initi-
ated ART, other than the low CD4 cell count. Studies 
from developed countries have analysed life expectancies 
excluding the high-risk groups of HIV-infected people 
receiving ART.3 30–32 The missing values of the CD4 cell 
count might affect both the survival rate and life expec-
tancy. Abridged life table method did not allow a multi-
variable analysis of the data adjusting for duration of ART 
and CD4 cell count.

ConClusIon
Our study results have significant implications for epide-
miological and demographic modelling that could 
estimate the impact of ART on HIV-infected people in 
resource-poor settings. The early initiation of ART has 
tremendous benefits: an increase in life expectancy 
and reduction in mortality. Long-term survival can 
be expected for those who initiate ART early and with 
higher CD4 cell counts. It is therefore vital that the Nepa-
lese government make efforts to establish an innovative 
health system to provide ART at increased CD4 cell count 
thresholds, and focus on early detection, testing, sustain-
able treatment and improved retention.
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