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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 21 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/uL 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/uL. 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

Lancet HIV. Author manuscript; available in PMC 2023 June 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Trickey et al.

Methods

Page 4

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.

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-NRT]I 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: (@) 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); (¢) Characteristics measured at
start of follow-up (2015 or afterwards). AIDS status, hepatitis C virus (HCV) RNA status,
CD4 count (cells/uL) category, CD8 count (cells/uL) 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

Results

The funders had no role in the collection, analysis or interpretation of data, report writing, or
the decision to submit this study for publication.

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-NRT]I 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%Cl: 0.52-0.66) to 0.47 (0.41-
0.53). Compared to those with CD4 counts of =500 cells/uL at follow-up start, lower CD4

Lancet HIV. Author manuscript; available in PMC 2023 June 23.


http://mortality.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Trickey et al.

Page 7

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/uL at follow-up start, those with CD8 counts of 400-799, and 800-1199 cells/uL 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/pL 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/pL 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/L, 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/uL 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/uL 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/uL, 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/pL.
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/pL 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/uL 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/uL 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 30t 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.

Lancet HIV. Author manuscript; available in PMC 2023 June 23.

Page 14



Page 15

Trickey et al.

(%¢) 5829 (%L°T) Tv9 (%69°T) 656 (9%272) TLTT (%¥'v) 06¥T (%6°S) ¥902 0.2
(%t'6) 8TY6T (%z'9) veez (%€°9) 999¢ (%8'8) ¥08¢ (%1°21) 026€ (%z'97) 7795 69-09
(%v'22) 22295 (%6'8T) L90. (%z'6T) 0STTT (%9°92) £¥STT (%6G'%€) TSETT (%L 'vv) TT9ST 650G
(%69°2€) 26€29 (%z'L2) 0020T (%6°0€) 066.T (%€ L€) 6T29T (%8°2€) 9972T (%T°0€) LTSOT 6v-0F
(%%8°€2) 8ST6Y (%6°82) 8080T (%0¢) 677.LT (%1°22) 1856 (%6°0T) 209 (%T1°€) L20T 6€-0¢
(%L) 157T (%T°LT) 86€9 (%6'TT) 169 (%9'2) €211 (%€°0) S0T (%0) 0 6291
(s1eak) abe uels dn-mojjo4

(%6'9) 9621 (%2°8) 990 (%¢€°9) 689 (%S'9) vv8e (%2) 1622 (9%6°9) 90v2 5 UMOWUN/IBLRO
(9%2°L€) 2v08L (%69°€€) 8652T (%T've) vES6T (%T ) OVT6T (962°S¥) £90ST (%.°2€) LOYTT X8s |enxasolaieH
(%'6) €976T (%S) T69T (%t's) 9eTE (%G°2) 6¥2 (%z'€T) rey (%z°02) £70L asn Bnup Bunosfuj
(%9%) 06056 (9%.°€S) £6002 (%z'vS) 98vTE (%6°T) 8028T (%T've) 92Tt (%g°0%) LS0¥T usw yum xas Buiney usiy
anoJ uonisinboe AlH

(969'G) 92STT (%9°2) 1.6 (%9°€) 2112 (%1°3) 9222 (%v'L) 6272 (%8°0T) 88.€ anmsod YNY ADH paisaL
(%02) 2zrTy (%9°2T) 0TLY (%9°21) L2eL (%¥'12) 806 (%69°82) ¥Zv6 (%S°0€) £590T Sdlv Jold
(965°8T) 6EZ8E (%2°9T) 0809 (%z'12) 0geeT (960°€2) 1666 (%2°02) 5999 (%T°6) 29T€ umouNuN/IBLO
(%8°€) 568L (%€gv) ¥65T (%9°€) €602 (%5°€) Z2sT (%6°¢) SL2T (%0°%) TTVT ueisy
(%82) St (%e'v) 0T9T (%€€) 0g6T (%92) ¥ETIT (%6'T) 829 (%E'T) ey oluedsiH
(960°97) 991€€ (%2'9T) 8209 (%v'ST) 0968 (%2'6T) 8e€8 (962°6T) 669 (%v'6) T62€ yoelg
(966'85) 9¥8T2T  (%0°6S) 98022 (%5°95) z€8Ze (%.°1S) 0Sv2e (%€vS) LL8LT (%2'92) T0992 AUYM
Aouga

(969°'52) 0T62S (%2°02) 8¥LL (%.'T2) 16G2T (%5°62) 66.2T (965°2€) S020T (%92) T906 alewad
(%¥v2) 186€ST  (%€'62) 00262 (%¢g°82) 8¥SSY (%S°02) Zv908 (%65°29) 6€2CT (%T'v2) 29852 3JeN
(9600T) 168902  (%T'8T) 8¥¥.E (9%71°82) SYT8S (9%T12) Trrey (966°ST) ¥v62€ (966°9T) €T6YE lexol
saeak ||V -GT0Z ¥1-0T02 605002 ¥0-0002 66—966T 3|qeLIeA

Jeak 11e1s | Hy uoneuiquiod

“i paiyoads asImIaY1o ssajun 1iels dn-mojos sy Je papinoid ‘dnolf JesA 1eis | ¥ uoleuiquiod Aq HA 40 So1IsLIaoRIBYD

Author Manuscript

‘T algeL

Author Manuscript

Author Manuscript

Author Manuscript

Lancet HIV. Author manuscript; available in PMC 2023 June 23.



Page 16

Trickey et al.

(%L.2) 61855 (%T'¥2) G206 (%G°22) G66ST (%08'82) ¥zseT (%1°82) 8926 (%8'52) L006 66,001
(%€'S) ¥860T (%9'5) G60¢ (%8'v) 28Le (%9'S) 057C (%2°5) 7881 (%T°S) €LLT 66€-0
(n/s1189) unoa 8@ wess dn-mojjo4

(%8°2T) 72892 (%G°9) TEVT (%z'6) G5€S (%G'ST) €129 (%' LT) 8595 (%t'8T) LTV9 Burssin
(%9°172) 22605 (%z'2T) 7957 (%z'91) Zev6 (%TL2) 261TT (%z've) 892TT (%8'6€) 906€T 052
(%G'29) 06€62T  (%€'T8) €£50€E (%9'7.) 85€€Y (%69°28) TL6V2 (%9'8v) 8T09T (%8'TY) 065 T 0s>
(wysa1dod) 14V 150d Jeak-T peo| [eAIA

(%8'1T) 62¥¥C (%¥'LT) 5059 (%z'6) 9v€S (%z'TT) 898 (%8'TT) 5.8¢ (%TT) e8¢ Burssin
(%6°02) 80€EY (%€°€S) 29667 (%T'¥T) 818 (%T1°97) 0669 (%L'¥T) 8€8Y (%9°6) vEEE 052
(%€°29) ¥ST6ET  (%€'62) T860T (%L°91) STOVY (%2°21) €85TE (%9°€L) T€TVT (%S'6L) vvL12 05>
(Twysa1dog) peoj [eJIA Lels dn-mojjo4

(%zT) 08.72 (%L°5) 9vTe (%1°2) 2vTy (%L'¥7) €8€9 (%2z°LT) 5995 (%G'8T) v7v9 Buissiw 14V 1sod Jesk-T ¥@D
[089-0T€] O8Y [s¥8-0zv] v29 [0os2-00v] G95 [026-062] 22y [zes-ovel 02 [t26-€€2] 18€ [401] Lyv-1s0d Jesh-T yAD ueIpaln
(%G) 2820T (%G°0T) T€6E (%5'9) 06.€ (%L'2) €6TT (%71°2) 202 (%6'T) 129 Buissiw GTOZ 03 LYv-1s0d QD J1peN
[98y—G.T] aT€ [9,9-062] 691 [785-882] 8¥ [26€-0.T] €82 [see-81T] 022 [oze-96] 00z [401] sT0Z 01 1dv-1sod ¥QD J1peu uelpsiN
(%v'eT) 69922 (%5'6) 9.5¢ (%6°TT) 0769 (%2'vT) 2519 (%S°971) Gevs (%9T) 9285 Buissiw 14v-81d #QO JIpeN
[28¢-8¢T] 092 [oT5-g8T] ave [cev—o0z] 91€ [90e—GeT] Sez [0oe-06] 002 [9ee-16] 602 [401] (m/s1180) 1dv-01d ¥AD J1peu uelpaIN

[vzg—cay] €29

[tez-0ev] 158

[cos-€vv] 0T9

[808-25¥] 219

[ovs-25¥] ¥E9

[028-29v] 9¥9

[4O11unod @D uelpsiA

(%v'2T) 10252 (%c°0T) z€88 (%8'TT) £989 (%veT) LE8S (%6°€T) 9.5 (%T°€T) 685 Buissin
(%6'99) T6LLTT  (%2'TY) ETHST (%8'09) 85€SE (%.'65) 22652 (%2'65) TL96T (%¥'19) L2vTe 00G<
(%6°GT) 566¢€ (%v'6T) 0922 (%z'sT) 1688 (%71°9T) 0869 (%T1°GT) Z86¥ (%T'vT) 226V 667-05€
(%v'6) EVY6T (%2'ST) 8895 (%2'8) T€0S (%8) s5v€ (%2°2) 155¢ (%8'2) 8TLC 67€-00C
(%z°€) 0299 (%6'9) 252 (%.2) 85T (%2) 858 (%52) 918 (%52) 9.8 66T-00T
(%T) 1902 (%e) 8eTT (%5°0) 2o€ (%5°0) 802 (%9°0) ¥0Z (%9°0) 612 66-0S
(%T°T) 0E2C (%e'v) G55T (%€°0) 881 (%v°0) 18T (%v°0) ¥¥T (%S°0) 291 670
(IM/s1189) UN02 a2 1els dn-mojjo4

[vs-6€l Ly [ts—¢eel v [os-vel 2 [es-ov] o [9s-v¥] 05 [85-8v] €5 [401] abe ueipaiy
saesk IV -§T0Z ¥1-0T0C 60-5002 ¥0-000¢ 66-966T algerren

Jeak 1uels | ¥y uoneuIquwo)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2023 June 23.

in

available

Lancet HIV. Author manuscript



Page 17

"S1I0U09 J3Y10 UBY) SN 30UBISONS PUB S3IMPIGIOWOD J0 3oudferald Jaybiy e pey YoIym ‘LoyoD SIelY SUBISIBA SN Y} 104 Pap102al Jou sem uonisinboe AH 40 3poA
¥

‘abuel aj1enbigiu] 14O "s103qIyul 8seIdLIOSUR) 8S19AS BPISOBIINN | LHN “HelS 14V UOITRUIGLIOD J8)Je Jeak B WOy UsHe) aJe GT0Z Joye
10 U1 Buinels asoyl 1S|1Iym ‘GTOZ 104 parepdn-awin aJe sdnoib 1els | ¥y UoIeUIqWIOD $T0Z-24d a3 Ul 350y} J0j sonsusioeleyD A Adelay) [eIIACIRINUY 14V “PIOB 21819NU0qIY (WYNY 'SNIIA O siitedaH ADH

Trickey et al.

[osTT-T7T] 697
(%¥'2T) 6252

[sv0T-28] S9¢
(%9°T) ¥85

[z62-21] 082
(%T1°9) 8162

[evTT-v0T] LT¥
(%T°6) 2968

[68T1-6TT] 8T¥
(%¢.°GT) 8815

[szeT-v6T] €95
(%g°L€) LTOET

[401] (sAep) uoneinp | LYN-lenp/ouo
21nsodxa | 1 ¥N-]enp/ouoin

(%z'01) ¥10TC
(%6°GT) 8282¢
(%v'7) 6006
(%5'9T) 090vE
(%v's€) 052€L
[92v2-01 0
(%¥'6€) 00918

(%¥°0) ST
(%8'0) 182
(%2°0) L9
(%9°0) €€2
(%€'v) €651
[o-0lo
(%9'v) €2LT

(%9°0) €€
(%T'1) TV9
(%2°0) 2T
(%8'0) €6
(%.'8) 0805
[o-0lo
(%€'6) 20vS

(%5'T) 259
(%€'3) 2182
(%9°0) 6.2
(%T°€) 2reT
(%t'82) 6T€CT
[oze-0l0
(%¥'1€) 2S9ET

(%5'8) 6.2
(%8'L2) TL16
(%.°7) 688
(%52) 9228
(%z'2L) e8Lee
[osse-v86] £5T2
(%b€8) 18v.¢C

(%6'8%) 0L0LT
(%69°85) 89702
(%6'T2) 2€92
(%71'89) 99.€2
(%€'28) GLY0E
[cLe9-stee] 0zLy
(%5'56) Zveee

ainsodxa (AQI) Jineulpu|

ainsodxa (1gq) auisouepiq

ainsodxa (D@q) suigendfez

ainsodxa (1 Q) aulpnAelS

alnsodxa (1 7V) aulpnaopiz

[401] (sAep) sbBnup asay) uo uoneInp ueIPSA

$109449 9IS I0W UM SBNIP |4V 03 ainsodx3

(%T°L€) 98992

[tsTT-v09] O¥8
(%v'6€) 20918
[8T21-506] 0G2T
(%6°6€) ¥85C8
[0091-T9/] €211

(%9'1€) vE8TT
[2TTT-868] OZ8
(%8'26) 9299¢
[rT51-608] L2TT
(%eze) 6L02T
[T9g1-5521 00TT

(%z'v€) 6986T
[sTTT-265] 028
(%ee) LLT6T
[8zy1-99.] 9v0T
(%S'v¢) z€00T
[czo1-v6.]1 0STT

(%S€) vozsT
[osTT-009] 6E8
(%z'€2) 9800T

[9991-606] 622T
(%2°6€) ¥92LT
[2€91-26/]1 8211

(%82v) 9TTYT
[9gTT-0T9] 958
(%9°22) ey
[y181-166] SvET
(%£°05) 6699T
[9251-069] 090T

(%6'v¥) €995T
[9gzT-5¢9] 006
(%.'€2) 0828
[evoz-evTTl ¥¥ST
(%€ Lv) 01S9T
[sT91-06.] 2STT

Buissiw 14w 1s0d J1eak-T 8D

[401] Lyv-1s0d 1eak-T 8aD ueIpaN
Buissiw GTOZ 0} 14v-1sod 8D >edd

[401] 510z 01 1dv-1s0d 8aD ead uelpsin
Bussiw 14v-21d 8D ead

[H01] (nys1180) Ldv-014d 8AD >ead uelpsi

[z80T-828] ¥6.

[¥15T-608] 22TT

[s60T-685] 908

[yv0o1-v98] 122

[0901-€95] 922

[9TTT-885] 2T8

[401] 1unod 8@d uelpsiy

(%¢g"Se) v2oeL (%¥ve) T282T (%2 se) Gvvoz (%S€) 06TST (%2°G€) 124TT (95°9¢) Tri2T Buissin
(%S°2T) ¥28se (%9T) 0T09 (%6°'TT) 8769 (%.°0T) GE9Y (%e'TT) 2TLE (%6°2T) 615K 0021=
(%6°6T) OVZTH (%6°6T) Lt (%69°02) GL6TT (%6°6T) 2798 (%T°6T) €0€9 (%L°6T) €289 66TT-008

saeak ||V -GT0Z ¥1-0T02 605002 ¥0-0002 66-966T 8|qelIen

Jeak 11els | ¥y uoneuiquio)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2023 June 23.

in

available

Lancet HIV. Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Trickey et al.

Page 18

Table 2:
Estimated mortality rate ratios (with 95% Cls) among PWH treated with ART, using follow-up from 2015
onwards ",
Mortality rate ratio (95% confidence intervals)
Variable Adjusted for age Additionally Additionally adjusted for
and cohort adjusted for characteristics measured
ART start year before start of follow-up
group, sex, HIV
acquisition route,
and characteristics
at start of follow-up
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)
Combination ART start year group 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)
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)
Age (years)
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)
Male 1 1 1
Sex
Female 0.85 (0.80-0.91) 0.79 (0.73-0.85) 0.77 (0.72-0.83)
MSM 1 1 1
IDU 3.93 (3.65-4.24) 2.59 (2.38-2.82) 2.48 (2.28-2.71)
HIV acquisition-route
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)
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)
CD4 count (cells/uL) at follow-up start 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)
<50 1 1 1
Viral load (copies/mL) at follow-up start =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)
No 1 1 1
AIDS at follow-up start
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)

effects pre-follow-up start

Not available ¥

1.00 (0.83-1.20)

Variable Adjusted for age Additionally Additionally adjusted for
and cohort adjusted for characteristics measured
ART start year before start of follow-up
group, sex, HIV
acquisition route,
and characteristics
at start of follow-up
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)
CD8 count (cells/uL) at follow-up start 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)
Negative 1 1 1
HCV RNA status at follow-up start 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)
No 1 1
Exposure to ART dI'UgS with more side- Yes 1.71 (161—182) 1.18 (108—129)

1.04 (0.85-1.27)

Mono/dual-NRT]I regimen exposure pre-
follow-up start

No
Yes

1
1.39 (1.30-1.48)

1
1.03 (0.96-1.11)

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

0-49
50-99
100-199
200-349
350-499
2500
Missing

1.98 (1.74-2.25)
1.88 (1.64-2.16)
1.68 (1.48-1.90)
1.28 (1.13-1.45)
1.04 (0.91-1.20)
1

1.47 (1.29-1.68)

0.83 (0.96-1.31)
0.92 (0.79-1.07)
1.00 (0.87-1.15)
1.05 (0.92-1.19)
0.98 (0.85-1.13)
1

0.96 (0.83-1.12)

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

0-399
400-799
800-1199
>1200
Missing

1
0.85 (0.73-1.00)
0.84 (0.73-0.98)
0.87 (0.75-1.00)
0.90 (0.78-1.03)

1
1.12 (0.96-1.31)
1.21 (1.03-1.41)
1.28 (1.09-1.49)
1.11 (0.94-1.30)

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

0-49
50-99
100-199
200-349
350-499
2500
Missing

4.34(3.89-4.84)
3.56 (3.17-3.99)
2.59 (2.34-2.88)
1.74 (1.57-1.93)
1.28 (1.15-1.44)
1

1.44 (1.21-1.71)

1.45 (1.24-1.69)
1.55 (1.34-1.80)
1.39 (1.21-1.58)
1.21 (1.07-1.36)
1.11 (0.98-1.25)
1

0.62 (0.51-0.76)

Peak CD8 count (cells/uL) between ART

start and 2015

0-399

Lancet HIV. Author manuscript; available in PMC 2023 June 23.
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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/pL) 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)
2500 1 1
Missing 1.71 (1.56-1.87) 1.04 (0.90-1.21)
CD8 count (cells/pL) 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 <50 1 1
start 250 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.

¥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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