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Summary:

Background—Life expectancy (LE) of persons with HIV (PWH) starting antiretroviral therapy 

(ART) has increased substantially over the last 25 years. Most previous studies were based on 

the first years after starting ART when mortality is highest, whereas many PWH have been 

successfully treated for many years and require up-to-date data on prognosis. We aimed to 

estimate LE among adult PWH after one year on ART in Europe and North America, from 2015 

onwards.

Methods—We used data from the Antiretroviral Therapy Cohort Collaboration and the UK 

Collaborative HIV Cohort Study, totalling 20 European/North American cohorts of PWH on ART. 

Included PWH started ART from 1996–2014, when aged ≥16, and had been on ART for ≥1 year 

by 2015 or started ART 2015–2019 and survived ≥1 year. Associations of demographic/clinical 

characteristics with mortality were estimated using Poisson models. Estimated expected remaining 

LE for men and women, stratified by variables associated with mortality, was calculated and 

compared to a corresponding multi-country general population.

Findings—There were 5,780 deaths post-2015 among 206,891 PWH. For females, the 

standardised remaining years of LE at age 40 for those starting ART 1996–2014 was 35.8 (95% 

confidence interval: 35.2–36.4), versus 39.0 (38.5–39.5) for those starting post-2015 (general 

population: 45.8 years). For males, corresponding figures were 34.5 (33.8–35.2) and 37.0 (36.5–

37.6) years respectively (general population: 40.7 years). Among females and males starting ART 

1996–2014, remaining LE at age 40 was 19.4 (18.2–20.5) and 18.2 (17.1–19.4) years respectively 

for those with CD4 count 0–49 cells/μL at follow-up start, rising to 40.2 (39.7–40.6) and 38.0 

(37.5–38.5) years respectively for those with CD4 count ≥500 cells/μL. Corresponding figures 

for females and males starting ART post-2015 were 24.9 (23.9–25.9) and 23.7 (22.7–24.8) years, 

rising to 42.0 (41.7–42.3) and 39.2 (38.7–39.7) years, respectively.

Interpretation—For PWH on ART with high CD4 counts who survived to 2015 or started ART 

after 2015, LE was only a few years lower than in the general population, regardless of when ART 

was started. However, for those with low CD4 counts in 2015, estimates of remaining LE were 

substantially lower than in the general population, emphasising the continuing importance of early 

diagnosis and sustained treatment.

Funding—US National Institute on Alcohol Abuse and Alcoholism. UK Medical Research 

Council.

Introduction

The life expectancy of persons with HIV (PWH) starting antiretroviral therapy (ART) has 

increased over the last two decades(1, 2), over which period the side effect profiles of ART 

regimens, drug-efficacy, comorbidity care, and time to virological suppression have steadily 

improved(3). Previous analyses of life expectancy were mainly based on mortality rates 

during the first few years after starting ART(4), which may not correspond to mortality 

rates after several years on ART if HIV infection has a long-term impact on health despite 
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successful treatment. Individuals treated with ART for many years want to know their life 

expectancy in the era of modern ART.

Consistent with updated treatment guidelines and as recommended by the World Health 

Organization, in recent years PWH are starting ART earlier and with higher CD4 counts(5). 

Longer times between infection and effective treatment lead to lower CD4 counts at the time 

of starting ART and worse outcomes for some years after starting ART(6). Therefore, time 

from diagnosis to starting combination ART, nadir CD4 cell count and peak CD8 count as 

well as their rate of recovery after starting ART may all influence subsequent morbidity 

and mortality. Treatment in the early ART era used less-effective drugs than are now 

available(3), and treatment with mono- or dual-nucleoside reverse transcriptase inhibitor 

(NRTI) therapy before receipt of combination ART may have induced drug resistance, 

limiting future treatment options(7). Receipt of drugs with severe metabolic side-effects, 

such as stavudine (d4T)(8) and azidothymidine/zidovudine (AZT)(9), may have had long 

term effects.

Aiming to provide life expectancy estimates for treated PWH in the current ART-era, 

particularly those on long-term ART, we used follow-up from 2015 onwards to estimate 

life expectancy of PWH in Europe and North America who started ART during the early 

years of ART, conditional on survival to 2015, and in those who started ART from 2015 

onwards. We also examined associations of markers of delayed or unsuccessful treatment 

with subsequent mortality.

Methods

Cohort collaboration

We used data from the Antiretroviral Therapy Cohort Collaboration (ART-CC), which 

combines data from multiple European and North American cohorts of PWH(10), and 

from the UK Collaborative HIV Cohort (UK CHIC) Study(11). In total 20 cohorts, which 

are listed in the supplementary materials, were included. Data were extracted from each 

cohort and sent to the ART-CC data centre in Bristol to be cleaned and combined. Ethics 

committees or institutional review boards approved the 20 individual cohorts, which each 

used standardised data collection methods, and regular follow-up of participants who had 

consented to be included. Cohorts gathered information on mortality through linkage with 

vital statistics agencies and hospitals or physician report, and active clinical follow-up of 

participants.

Included PWH were aged ≥16 years when starting combination ART and had: (a) started 

combination ART during 1996–2014 and were still on combination ART in 2015, having 

survived for at least a year on ART; or (b) started combination ART during 2015–2019 and 

survived for at least a year on ART. 2015 was chosen for stratification between these two 

groups because in that year treatment guidelines changed to recommend ART for all PWH 

regardless of CD4 count. Our definition of combination ART includes different numbers 

and varieties of ART drugs, but excludes mono- or dual-NRTI regimens, which were used 

prior to the modern ART era. For PWH who started combination ART during 1996–2014, 

follow-up started on the later of 01/01/2015 and one year after ART start (for those who 
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started ART during 2014). For PWH who started combination ART during 2015–2019, 

follow-up started one year after they started ART. Follow-up ended at the earliest of death, 

loss-to-follow-up, or administrative censoring.

The variables included in analyses, which were decided a priori through consultation with 

HIV clinicians and representatives of groups of PWH, were: (a) Combination ART start year 
group (1996–99, 2000–04, 2005–09, 2010–14, and 2015–19); (b) Demographic variables: 
age category, sex at birth, and mode of HIV acquisition (men having sex with men [MSM], 

injecting drug use [IDU], heterosexual sex, other/unknown); (c) Characteristics measured at 
start of follow-up (2015 or afterwards): AIDS status, hepatitis C virus (HCV) RNA status, 

CD4 count (cells/μL) category, CD8 count (cells/μL) category, and viral load (copies/mL) 

category; and (d) Characteristics measured before start of follow-up: exposure to ART drugs 

with more side effects pre-follow-up start (Zidovudine, Stavudine, Zalcitabine, Didanosine, 

and Indinavir), mono/dual-NRTI regimen exposure pre-follow-up start, pre-combination-

ART start CD4 count nadir, pre-combination-ART start CD8 count peak, nadir CD4 count 

between combination-ART start and 2015, peak CD8 count between combination-ART 

start and 2015, CD4 count 1-year after combination-ART start, CD8 count 1-year after 

combination-ART start, and viral load 1-year after combination-ART start. Some variables 

were sometimes unavailable for individual PWH or cohorts. Frequencies of missing data 

were tabulated. Data for 20 PWH who were reported to have died but had unknown date of 

death were excluded from analyses.

Statistical analyses

Poisson regression models were used to estimate mortality rate ratios (MRRs) after the 

start of follow-up: (1) for each variable adjusting only for cohort and age; (2) for 

combination ART start year group and additionally adjusting for characteristics at the 

start of follow-up, as well as sex and transmission group; and (3) additionally adjusting 

for characteristics measured during earlier years. Regression models included indicator 

variables for categories corresponding to missing or unknown values. The variables that 

had the strongest associations with mortality were selected, together with age and sex, for 

inclusion in life expectancy calculations.

Life expectancy from age 40 was estimated for various sex-stratified population groups, with 

the expected age at death then calculated from this. In brief, for each combination ART start 

year group, mortality rates in 5-year age bands (up to 80–84, and then ≥85) were calculated 

from Poisson model coefficients and then entered into a life table to produce estimated 

expected remaining years of life for each age group. The variables selected for inclusion 

in the life expectancy calculations were chosen through assessment of the magnitude of 

associations and consideration of what data are commonly available across cohorts, as well 

as to PWH and their clinicians. The methods for estimating life expectancy are described 

in more detail in the supplementary materials (supplementary tables 1 and 2). The same 

methods were used to estimate life expectancy from age 20, for comparison with previous 

literature.

There are few patients in the oldest age groups (≥85 years), and so there is only limited 

follow-up time and few deaths in these groups. Therefore, we calculated the ratio of the 
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mortality rates comparing PWH and the general population in each of the age-groups above 

20 and then the average of these rate ratios, to produce an estimated rate ratio for PWH 

compared with the general population, separately for PWH who started ART during 1996–

2014 and 2015–2019. Only the ratios from age-groups where the mortality rates among 

PWH were higher than in the general population are included in the overall rate ratio 

calculation due to low numbers of events in some age-groups. This rate ratio was used to 

multiply the general population mortality rate in the oldest age groups (≥85 years). In the 

age-groups where the mortality rate estimates among PWH were less than in the general 

population, the general population rate was used instead. An example of this process is 

shown in supplementary tables 1 and 2.

Standardised estimates of remaining years of life at ages 40 and 20 were derived by 

weighting the life expectancy estimates in each population group by the proportion of the 

sample in that group starting ART 2015–19. This was done for each sex, as well as after 

stratification by CD4 count at follow-up start. General population comparator mortality rates 

and life expectancies were taken from mortality.org for 2015(12). Sex-specific rates were 

calculated for each country and then weighted to correspond to the countries of residence of 

the PWH in our dataset. Analyses were performed using Stata version 16.1.

Role of the funding source

The funders had no role in the collection, analysis or interpretation of data, report writing, or 

the decision to submit this study for publication.

Results

Among 206,891 included PWH, there were 5,780 deaths in 619,356 person-years of follow-

up post-2015. PWH starting combination ART in later calendar years tended to be younger, 

with lower CD4 counts and higher viral loads, at the time of follow-up start (table 1). 

A smaller proportion of those starting ART in later calendar years had received an AIDS 

diagnosis, been exposed to ART drugs with more side-effects, or been treated with mono/

dual-NRTI regimens. The median time between starting ART and the start of follow-up was 

7.8 years (IQR 3.4–13.9) for people who started ART between 1996 and 2014. For people 

who started ART between 2015 and 2019, follow-up started 1 year after treatment initiation.

In analyses adjusted for age and cohort, all the variables examined were associated with 

mortality from 2015 onwards (table 2). Compared with those who started ART in 1996–99, 

those who started ART more recently had lower mortality, with MRRs similar for those 

who started in 2010–14 (0.51: 95%CI 0.47–0.56) and in 2015–19 (0.58: 0.52–0.66). In the 

analysis additionally adjusted for sex, transmission route, and characteristics at follow-up 

start, females had lower mortality rates than males, and PWH who had acquired HIV via 

sexual contact between males had lower mortality rates than those acquiring HIV through 

other routes, particularly IDU. For most variables, MRRs were attenuated somewhat after 

additional adjustment for characteristics at follow-up start, but with similar patterns as after 

adjustment for age and cohort. However, for those starting in 2015–19 compared with 1996–

99 the MRR was reduced after adjustment: from 0.58 (95%CI: 0.52–0.66) to 0.47 (0.41–

0.53). Compared to those with CD4 counts of ≥500 cells/μL at follow-up start, lower CD4 
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counts were strongly associated with higher mortality. Those with viral loads ≥50 copies/mL 

at follow-up start had higher mortality than those with viral loads of <50 copies/mL, whilst 

PWH who had been diagnosed with AIDS by follow-up start had higher mortality rates than 

those without AIDS, and those diagnosed with chronic HCV infection at follow-up start had 

higher mortality than those without HCV. Compared to those with CD8 counts of 0–399 

cells/μL at follow-up start, those with CD8 counts of 400–799, and 800–1199 cells/μL had 

lower mortality rates, although the associations were weaker than for the characteristics at 

follow-up start.

The MRRs for demographic and ART start characteristics remained similar after 

additionally adjusting for characteristics measured before the start of follow-up. However, 

mortality rates for those starting in 2000–04, 2005–09, 2010–14 and 2015–19 were more 

similar to those starting in 1996–99 (MRRs 0.91 [95%CI: 0.84–0.98], 0.88 [0.81–0.97], 

0.88 [0.79–0.99], and 0.70 [0.58–0.84] respectively). Exposure to ART drugs with more 

side effects, mono/dual-NRTI regimens, to pre-ART start CD8 count peak, lower nadir CD4 

count between ART start and 2015, and higher viral load 1-year after ART start were all 

associated with higher mortality after adjustment for other characteristics. However, the 

associations of characteristics measured before the start of follow up with mortality were 

generally weaker than for characteristics measured at follow-up start.

For the life expectancy analyses, combination ART start year group was re-categorised as 

pre- or post-2015 due to due to the modest differences between the adjusted MRRs for the 

pre-2015 groups. The other variables included were HIV acquisition category, viral load at 

follow-up start, AIDS at follow-up start, and CD4 count at follow-up start. Estimated MRRs 

from the Poisson model including these variables that were used for the life expectancy 

calculations are shown in supplementary table 3.

For females, the standardised expected remaining years of life at age 40 for those starting 

ART in 1996–2014 and 2015–19 were 35.8 (35.2–36.4) and 39.0 (38.5–39.5), respectively 

(table 3 and figure 1a). For females starting ART 1996–2014 and with CD4 count 0–49 

cells/μL at follow-up start, remaining life expectancy at age 40 was 19.4 (18.2–20.5) 

years, increasing with each CD4 count category to 40.2 (39.7–40.6) years for those with 

CD4 count ≥500 cells/μL at follow-up start. Among females starting ART post-2015, life 

expectancy at age 40 increased from 24.9 (23.9–25.9) to 42.0 (41.7–42.3) years for those 

starting follow-up with CD4 counts of 0–49 and ≥500 cells/μL, respectively. The expected 

remaining years of life at age 40 for women in the comparator general population was 45.8.

For males, the standardised expected remaining years of life at age 40 for those starting 

ART in 1996–2014 and 2015–19 were 34.5 (33.8–35.2) and 37.0 (36.5–37.6), respectively 

(table 4 and figure 1b). For males starting ART 1996–2014 that had a CD4 count of 0–49 

cells/μL at follow-up start, remaining life expectancy at age 40 was 18.2 (17.1–19.4) years, 

increasing with each CD4 count category to 38.0 (37.5–38.5) years for those with a CD4 

≥500 cells/μL at follow-up start. Among males starting ART post-2015, life expectancy at 

age 40 increased from 23.7 (22.7–24.8) and 39.2 (38.7–39.7) years for those with CD4 

counts at follow-up start of 0–49 and ≥500 cells/μL, respectively. For men in the comparator 

general population, the expected remaining years of life at age 40 was 40.7.
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Females at age 20 who started ART during 1996–2014 had, on average, a remaining life 

expectancy of 52.3 (51.7–52.9) years, whilst those starting ART during 2015–19 had, on 

average, a remaining life expectancy of 56.6 (56.2–57.1) years (supplementary table 4). The 

corresponding figures were 50.8 (50.1–51.4) and 54.5 (54.0–55.1) years for males at age 20 

that started ART in 1996–2014 and 2015–19, respectively (supplementary table 5).

Discussion

Life expectancy of PWH from 2015 onwards was 5.6 and 3.8 years lower than in the 

general population for women who had started ART between 1996–2014 and 2015 onwards, 

respectively, had survived for at least one year on ART and had CD4 counts ≥500 cells/μL. 

Corresponding differences in life expectancy for men were 2.7 and 1.5 years, respectively. 

However, for PWH with lower CD4 counts one year after starting ART, estimated life 

expectancy is up to 30 years lower than in the general population. Life expectancy is lowest 

for PWH who acquired HIV through IDU and who have had prior AIDS events. PWH 

starting ART during 2015–19 had slightly higher estimated life expectancy those who started 

ART earlier. However, the differences between these groups were smaller when CD4 counts 

at start of follow up were high. Mortality rates were higher among PWH who were exposed 

to early ART drugs with more side-effects, and for other adverse characteristics before the 

start of follow-up. However, age and CD4 count at the start of follow up were those factors 

most strongly associated with mortality from 2015 onwards.

We estimated that females and males aged 20 who started ART over the period 1996–

2014 had estimated ages of death of 72.3 and 70.8 years, respectively, whilst the 

corresponding figures for females and males starting ART post-2015 were 76.6 and 74.5 

years, respectively. A meta-analysis of life-expectancies for PWH starting ART aged 20-

years with any CD4 count in high-income countries, estimated an age at death of 63.3 

years(5). However, most studies that estimated life-expectancy among PWH in North 

America and Western Europe using follow-up after the first year of ART or who started 

ART with high CD4 counts(1, 2, 13–20) estimated higher life expectancies that were similar 

to those reported here. These estimates varied by country, but were mostly between 70 and 

77 years, with higher estimates generally seen using more recent follow-up, follow-up taken 

longer after ART start, and when limiting estimates to PWH starting ART with the highest 

CD4 counts.

Studies estimating age of death for PWH aged 20 who started ART with CD4 counts 

≥500 cells/μL included analyses by Kaiser Permanente California (74.5 years during 2008–

11(2), and 77.4 years during 2011–16(13)). Studies estimating life expectancy for PWH 

aged 20 who started ART with CD4 counts ≥350 cells/μL included a collaboration of 

Canadian cohorts (70.8 years)(19), a US collaboration (74.6 years)(20), and a study in 

British Columbia, Canada (73.1 years)(18). The highest estimate was from the Swiss HIV 

cohort study (83.9 years)(16). The UK CHIC study estimated life expectancy for PWH aged 

20 starting ART with CD4 counts of 200–350 cells/μL to be 73.4 years(21).

Studies estimating life expectancy from age 20 using follow-up not starting at ART initiation 

included a previous ART-CC analysis using follow-up data from the 2nd and 3rd years after 
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starting ART between 1996–2013 (76.0 and 73.1 for females and males, respectively)(1). 

The UK CHIC Study used follow-up from 2000–2012 from 5-years after ART start (72 

years in males and 77 in females)(14). The lowest estimate was from a study in British 

Columbia, Canada, using follow-up after 1-year on ART (68.7 years)(18). An Italian study 

estimated that a 25-year-old on ART who had immunologically recovered (high CD4 counts 

at the censoring date) would live to 75.6 years, on average(17), whilst the Danish Cohort 

Study estimated an age at death of 73.9 years for PWH aged 25 (including those not on 

ART), using follow-up between 2010 and 2015(22). Differences in estimated remaining life 

expectancy between these studies and ours could be due to differing durations on ART 

before follow-up start, differing calendar years of follow-up, differing cohort mix regarding 

modes of HIV acquisition (particularly IDU), differing background mortality rates in each 

setting, or methodological differences.

This analysis utilised a large, detailed longitudinal dataset containing data on over 200,000 

adult PWH on ART across cohorts in multiple countries in Europe and North America. 

The findings should therefore be generalisable to adults on ART in other high-income 

countries, though they may not apply to resource-limited settings, or to settings where access 

to antiretroviral therapy is restricted or costly. We were able to produce life-expectancy 

estimates for subgroups defined by sex, HIV acquisition mode, viral suppression status, 

prior AIDS events, ART start year, and CD4 count, and this study is, therefore, one of 

the most detailed analyses of life expectancy among PWH treated in the modern ART 

era. Possible limitations include that there was only limited follow up and therefore few 

deaths in the oldest age-groups. This means that estimated life expectancy depends on 

assumptions regarding mortality rate ratios comparing PWH with the general population, 

extrapolated from younger age groups. This limitation is common to all existing analyses 

of life-expectancy among PWH. Under ascertainment of deaths is also a possible limitation. 

However, over half of the included cohorts have linkage to death registries to ascertain 

deaths, whilst several others link to local death registries, and several of the remaining 

cohorts utilise procedures to track patients that have been lost to follow-up(15). We 

compared our findings with general population data from mortality.org, but characteristics 

of included PWH will differ from those in the general population regarding behaviours and 

demographics. Missing data were dealt with by including indicators for missing data in 

each variable in regression models. Although the proportions of missing data were small, 

this implies imperfect adjustment for these variables. Whilst we were able to estimate life 

expectancy, we could not estimate the quality of the remaining years of life. Previous studies 

found that PWH have proportionally fewer remaining years of life without disability than 

general population comparator groups(13). Another limitation was the lack of available data 

on variables linked to socio-economic status, such as education. Our analysis did not include 

PWH who started ART as children or adolescents – these groups are at high-risk of adverse 

events.

Whilst our analyses showed that factors related to HIV history are less important than 

current age and CD4 count, comorbidities occurring while on ART are an important 

predictor of mortality: most mortality among PWH on ART in high-income countries is 

now due to non-AIDS causes such as cancer and cardiovascular disease(23) that are more 

common among PWH than the HIV-negative population(24), and whose importance will 
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increase as the population of PWH continues to age(25). Communicable diseases such as 

HCV are also more common among PWH than the HIV-negative population, particularly 

among those who acquired HIV through IDU, although the prevalence of HCV among 

PWH is decreasing due to the availability of curative treatment(26, 27). The prevalence of 

persons with a history of IDU is decreasing in Europe(28), but not in North America(29). 

Meanwhile, conditions such as cytomegalovirus (CMV) infection, which are linked with 

ageing(30), are more common in among PWH(31). Therefore, treatment and prevention of 

comorbidities among PWH is particularly important when considering not just the remaining 

years of life, but the quality of these remaining years(13, 32).

Life expectancy among PWH in North America and Europe who have been on ART for 

many years is lower than, but close to, that in the general population. This finding will 

be reassuring for PWH who have been on ART for many years. Life expectancy estimates 

are useful for both patients and clinicians and can enable improved access to affordable 

life insurance policies for PWH(33). Adverse markers related to HIV history, such as very 

low CD4 counts before ART start and exposure to regimens that are no longer available 

due to their side-effects or lower effectiveness, continue to predict mortality rates much 

later on. Exposure to ART regimens with more side-effects may have caused unplanned 

treatment interruptions that lead to higher long-term mortality rates. However, associations 

of these adverse markers with mortality from 2015 onwards were modest after accounting 

for factors at the start of follow up. Age and current CD4 count remain the most important 

factors for predicting subsequent mortality, confirming the importance of ongoing adherence 

to effective modern ART regimens. Further research should focus on the quality as well 

as number of expected remaining years of life for PWH, and how these are affected by 

comorbidities that occur more commonly in PWH on ART than in the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed for studies published up to 30th March 2022 for English-language 

studies that had estimated life expectancy for persons with HIV (PWH) on antiretroviral 

therapy (ART) in Europe or North America, using the terms “life expectancy” and 

“HIV”. Several studies found that the life expectancy of PWH starting ART has increased 

over the last two decades, corresponding to increased and earlier access to ART and 

improved side effect profiles of ART regimens. These studies all used follow-up from the 

first few years after starting ART. A meta-analysis estimated an age at death of 63.3 years 

when starting ART with any CD4 count, whilst our previous analysis, using follow-up 

data on the 2nd and 3rd years after starting ART between 1996 and 2013, estimated ages 

of death of 76.0 and 73.1 for women and men aged 20, respectively. Analyses by the 

Kaiser Permanente California cohort, UK CHIC Study, the Swiss HIV Cohort Study, and 

by collaborations of North American cohorts, estimated ages at death for 20-year-olds 

using follow-up 1-year after ART initiation or among PWH starting ART with high CD4 

counts. Estimated ages at death varied from around 69 to 83, and these studies found 

that some subgroups of PWH on ART had life expectancy similar to that of the general 

population.

Added value of this study

Most previous analyses were mainly based on mortality rates calculated from or soon 

after ART start, and may therefore not be applicable to most PWH in high-income 

countries. Our study included follow-up data from 2015 (when treatment guidelines 

changed) on over 200,000 PWH from 20 cohorts in North America and Europe who 

had started ART up to 20 years previously, and investigated whether current prognosis 

was affected by markers of previous delayed or unsuccessful treatment. Various aspects 

of HIV history, such as exposure to ART regimens no longer recommended due to 

side effects, were associated with rates of mortality after 2015. However, the strongest 

associations were with age and current CD4 count. For females, the standardised 

expected remaining years of life at age 40 for those starting ART 1996–2014 were 

35.8 (95% confidence interval: 35.2–36.4), versus 39.0 (38.5–39.5) for those starting 

post-2015; general population comparator: 45.8 years. Corresponding figures for males 

were 34.5 (33.8–35.2) and 37.0 (36.5–37.6) years respectively; population comparator 

40.7 years.

Implications of all the available evidence

Life expectancy for PWH on long-term ART with high CD4 counts is estimated to 

be only a few years lower than in the general population, regardless of when ART 

was started. PWH starting ART since 2015 are estimated to have slightly higher life 

expectancy than those who started ART between 1996 and 2014. Past exposure to low 

CD4 counts and ART regimens with more side effects has less influence on prognosis 

than current CD4 counts. These results indicate the continuing importance of early and 

sustained treatment with ART.
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Figure 1: 
Remaining life expectancy at age 40 for a) females and b) males with suppressed viral 

load (<50 cells/ml) and no prior AIDS at follow-up start, stratified by CD4 count, HIV 

acquisition route, and ART start year.
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Table 2:

Estimated mortality rate ratios (with 95% CIs) among PWH treated with ART, using follow-up from 2015 

onwards*.

Mortality rate ratio (95% confidence intervals)

Variable Adjusted for age 
and cohort

Additionally 
adjusted for 
ART start year 
group, sex, HIV 
acquisition route, 
and characteristics 
at start of follow-up

Additionally adjusted for 
characteristics measured 
before start of follow-up

Combination ART start year group

1996–1999 1 1 1

2000–2004 0.82 (0.76–0.88) 0.86 (0.80–0.93) 0.91 (0.84–0.98)

2005–2009 0.64 (0.59–0.69) 0.74 (0.69–0.80) 0.88 (0.81–0.97)

2010–2014 0.51 (0.47–0.56) 0.65 (0.60–0.71) 0.88 (0.79–0.99)

2015–2019 0.58 (0.52–0.66) 0.47 (0.41–0.53) 0.70 (0.58–0.84)

Age (years)

16–29 0.67 (0.54–0.83) 0.79 (0.63–0.98) 0.80 (0.65–0.99)

30–39 1 1 1

40–49 1.53 (1.38–1.69) 1.26 (1.14–1.40) 1.26 (1.14–1.39)

50–59 2.47 (2.24–2.72) 1.76 (1.59–1.94) 1.75 (1.58–1.94)

60–69 3.93 (3.53–4.37) 3.18 (2.85–3.55) 3.19 (2.86–3.56)

≥70 9.08 (8.11–10.16) 7.60 (6.76–8.54) 7.66 (6.81–8.61)

Sex
Male 1 1 1

Female 0.85 (0.80–0.91) 0.79 (0.73–0.85) 0.77 (0.72–0.83)

HIV acquisition-route

MSM 1 1 1

IDU 3.93 (3.65–4.24) 2.59 (2.38–2.82) 2.48 (2.28–2.71)

Heterosexual 1.22 (1.15–1.31) 1.25 (1.16–1.34) 1.24 (1.16–1.34)

Other/unknown 1.53 (1.38–1.70) 1.35 (1.21–1.50) 1.35 (1.22–1.51)

CD4 count (cells/μL) at follow-up start

0–49 7.78 (6.62–9.13) 5.54 (4.65–6.61) 4.72 (3.88–5.74)

50–99 6.43 (5.47–7.55) 4.82 (4.07–5.69) 3.91 (3.26–4.69)

100–199 4.32 (3.90–4.79) 3.35 (3.01–3.74) 2.86 (2.54–3.23)

200–349 2.50 (2.30–2.71) 2.15 (1.97–2.32) 1.92 (1.75–2.10)

350–499 1.48 (1.37–1.60) 1.40 (1.29–1.51) 1.31 (1.21–1.43)

≥500 1 1 1

Missing 2.83 (2.63–3.05) 2.04 (1.81–2.29) 2.34 (2.06–2.66)

Viral load (copies/mL) at follow-up start

<50 1 1 1

≥50 1.74 (1.61–1.87) 1.36 (1.26–1.47) 1.31 (1.21–1.42)

Missing 2.52 (2.35–2.71) 1.98 (1.79–2.20) 1.89 (1.70–2.11)

AIDS at follow-up start
No 1 1 1

Yes 2.10 (1.99–2.22) 1.64 (1.55–1.73) 1.60 (1.51–1.70)
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Mortality rate ratio (95% confidence intervals)

Variable Adjusted for age 
and cohort

Additionally 
adjusted for 
ART start year 
group, sex, HIV 
acquisition route, 
and characteristics 
at start of follow-up

Additionally adjusted for 
characteristics measured 
before start of follow-up

CD8 count (cells/μL) at follow-up start

0–399 1 1 1

400–799 0.56 (0.50–0.62) 0.78 (0.70–0.88) 0.78 (0.69–0.88)

800–1199 0.58 (0.52–0.65) 0.83 (0.74–0.94) 0.80 (0.70–0.91)

≥1200 0.77 (0.69–0.87) 1.06 (0.94–1.20) 0.96 (0.83–1.11)

Missing 0.85 (0.76–0.95) 0.65 (0.57–0.73) 0.58 (0.50–0.68)

HCV RNA status at follow-up start

Negative 1 1 1

Positive 1.97 (1.76–2.20) 1.40 (1.25–1.56) 1.38 (1.23–1.54)

Missing 0.69 (0.63–0.75) 0.88 (0.80–0.97) 0.90 (0.82–0.99)

Exposure to ART drugs with more side-
effects pre-follow-up start

No 1 1

Yes 1.71 (1.61–1.82) 1.18 (1.08–1.29)

Not available ψ 1.00 (0.83–1.20) 1.04 (0.85–1.27)

Mono/dual-NRTI regimen exposure pre-
follow-up start

No 1 1

Yes 1.39 (1.30–1.48) 1.03 (0.96–1.11)

Pre-ART start CD4 count (cells/μL) nadir

0–49 1.98 (1.74–2.25) 0.83 (0.96–1.31)

50–99 1.88 (1.64–2.16) 0.92 (0.79–1.07)

100–199 1.68 (1.48–1.90) 1.00 (0.87–1.15)

200–349 1.28 (1.13–1.45) 1.05 (0.92–1.19)

350–499 1.04 (0.91–1.20) 0.98 (0.85–1.13)

≥500 1 1

Missing 1.47 (1.29–1.68) 0.96 (0.83–1.12)

Pre-ART start CD8 count (cells/μL) peak

0–399 1 1

400–799 0.85 (0.73–1.00) 1.12 (0.96–1.31)

800–1199 0.84 (0.73–0.98) 1.21 (1.03–1.41)

≥1200 0.87 (0.75–1.00) 1.28 (1.09–1.49)

Missing 0.90 (0.78–1.03) 1.11 (0.94–1.30)

Nadir CD4 count (cells/μL) between ART 
start and 2015

0–49 4.34 (3.89–4.84) 1.45 (1.24–1.69)

50–99 3.56 (3.17–3.99) 1.55 (1.34–1.80)

100–199 2.59 (2.34–2.88) 1.39 (1.21–1.58)

200–349 1.74 (1.57–1.93) 1.21 (1.07–1.36)

350–499 1.28 (1.15–1.44) 1.11 (0.98–1.25)

≥500 1 1

Missing 1.44 (1.21–1.71) 0.62 (0.51–0.76)

Peak CD8 count (cells/μL) between ART 
start and 2015

0–399 1 1
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Mortality rate ratio (95% confidence intervals)

Variable Adjusted for age 
and cohort

Additionally 
adjusted for 
ART start year 
group, sex, HIV 
acquisition route, 
and characteristics 
at start of follow-up

Additionally adjusted for 
characteristics measured 
before start of follow-up

400–799 0.63 (0.49–0.81) 0.86 (0.66–1.11)

800–1199 0.58 (0.45–0.74) 0.79 (0.61–1.03)

≥1200 0.79 (0.63–1.00) 0.94 (0.72–1.22)

Missing 0.64 (0.50–0.82) 0.90 (0.68–1.18)

CD4 count (cells/μL) 1-year after ART start 0–49 5.03 (4.24–5.97) 1.40 (1.14–1.71)

50–99 3.26 (2.84–3.75) 1.06 (0.90–1.26)

100–199 2.34 (2.14–2.56) 0.97 (0.86–1.09)

200–349 1.81 (1.67–1.95) 0.99 (0.90–1.09)

350–499 1.33 (1.22–1.44) 0.97 (0.89–1.06)

≥500 1 1

Missing 1.71 (1.56–1.87) 1.04 (0.90–1.21)

CD8 count (cells/μL) 1-year after ART start 0–399 1 1

400–799 0.74 (0.66–0.84) 0.93 (0.81–1.06)

800–1199 0.73 (0.65–0.83) 0.86 (0.74–1.00)

≥1200 0.83 (0.73–0.95) 0.87 (0.74–1.02)

Missing 0.85 (0.75–0.96) 0.99 (0.85–1.15)

Viral load (copies/mL) 1-year after ART 
start

<50 1 1

≥50 1.65 (1.55–1.75) 1.13 (1.06–1.20)

Missing 1.43 (1.32–1.55) 1.00 (0.87–1.13)

*
Follow-up starts on or after 01/01/2015.

ψ
Data on historic exposure to these ART drugs was not requested from UK-CHIC.

MSM: Men who have sex with men. IDU: Injecting drug use. HCV: Hepatitis C virus. NRTI: Nucleoside reverse transcriptase inhibitors
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