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Survival among people with HIV and their families in Denmark
1995-2021: a nationwide population-based cohort study
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Summary

Background Survival among people with HIV (PWH) has vastly improved globally over the last few decades but
remains lower than among the general population. We aimed to estimate time trends of survival among PWH and
their families from 1995 to 2021.

Methods We conducted a registry-based, nationwide, population-based, matched cohort study. We included all
Danish-born PWH from 1995 to 2021 who had been on antiretroviral therapy for 90 days, did not report
intravenous drug use, and were not co-infected with hepatitis C (n = 4168). We matched population controls from
the general population 10:1 to PWH by date of birth and sex (n = 41,680). For family cohorts, we identified
siblings, mothers, and fathers of PWH and population controls. From Kaplan-Meier tables with age as time scale,
we estimated survival from age 25. We compared PWH with population controls and families of PWH with
families of population controls to calculate mortality rate ratios adjusted for sex, age, comorbidities, and education
(aMRR).

Findings The median age of death among PWH increased from 27.5 years in 1995-1997 to 73.9 years (2010-2014),
but thereafter survival increased only marginally. From 2015 to 2021, mortality was increased among PWH (aMRR
1.87 (95% CI: 1.65-2.11)) and siblings (aMRR: 1.25 (95% CI: 1.07—1.47)), mothers (aMRR: 1.30 (95% CI: 1.17-1.43)),
and fathers (aMRR: 1.15 (95% CI: 1.03-1.29)) of PWH compared to their respective control cohorts. Mortality among
siblings of PWH who reported heterosexual route of HIV transmission (aMRR: 1.51 (95% CI: 1.16-1.96)) was higher
than for siblings of PWH who reported men who have sex with men as route of HIV transmission (aMRR 1.19 (95%
CI: 0.98-1.46)).

Interpretation Survival among PWH improved substantially until 2010, after which it increased only marginally. This
may partly be due to social and behavioural factors as PWH families also had higher mortality.
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Research in context

Evidence before this study

We searched PubMed until February 1, 2024 for studies with
the following MeSH-terms ((“HIV Infections” [Mesh]) AND
“Denmark” [Mesh]) AND ((((((“Survival Analysis” [Mesh]) OR
“Survival Rate” [Mesh]) OR “Mortality” [Mesh]) OR “Life
Expectancy” [Mesh]) OR “Cohort Studies” [Majr:NoExp]) OR
“Epidemiologic Studies” [Mesh]).

Studies have shown that survival among persons living with
HIV in Denmark has improved over time from 1995 to 2015,
from the initial introduction of highly active antiretroviral
therapy through to changes in treatment initiation and
regimens over the past several decades. Despite this
improvement, survival among people with HIV has remained
lower than that of the general population.

Added value of this study
In this study, we conducted a nationwide, population-based
cohort study using the Danish HIV Cohort Study as well as

Introduction

Over the past several decades, there have been vast
improvements in life expectancy among people living
with HIV (PWH) worldwide.' Though mortality among
PWH is still higher than that of the general population,?
recent improvements in survival can largely be attrib-
uted to effective and widely available antiretroviral
therapy (ART). However, the discrepancy between the
life expectancies of PWH and the general population
persists.’

Similar trends have been observed in Denmark. The
Danish HIV Cohort Study (DHCS) is a nationwide,
prospective cohort of all PWH connected to care in
Denmark since 1995* and has previously been used to
investigate survival among PWH compared to popula-
tion controls from 1995 through 2015.°¢ With each
passing period during this timeframe, survival among
PWH continued to improve and move closer to that of
population controls. Additionally, the median expected
age of death for a 25-year-old PWH across the same time
period increased from 35 to 74 years, though this
improvement was still below the median age of death
among population controls at 80 years.

The numerous administrative and health-related
registers in Denmark allow for individual-level linkage
of data regarding education and comorbidities.” In
addition to surveilling the health outcomes among
PWH, the DHCS has also previously been used to
investigate various health outcomes among siblings of
PWH, including excess mortality® and mental illness.’

administrative and health registers, which enabled us to
include people with HIV (PWH) and population controls as
well as family members to both PWH and population
controls. Our results demonstrated that the increase in
survival among PWH has plateaved in recent years with
minimal improvement since 2010. Additionally, survival
among family members of PWH was also lower than that of
family members of population controls. The observed increase
in mortality among PWH and their families cannot be
explained by differences in education and comorbidity.

Implications of all the available evidence

Recent findings have shown that survival among PWH
remains lower than that of the general population. Our
findings in this study indicate that factors other than HIV
impact survival among PWH and their families, which should
be further investigated and addressed.

This study includes siblings, mothers, and fathers of
PWH in the DHCS and population controls to further
investigate trends in survival among family members of
PWH compared to family members of the general
population. We hypothesise that familial factors influ-
ence the increased mortality among PWH, which would
be reflected in increased mortality among family of
PWH as well.

Survival of PWH remains a topic of significant public
health interest, as does the investigation into factors that
can predict and influence life expectancy as PWH live
longer. This study aims to update the survival estimates
among PWH in Denmark through 2021 and compare
them with the general population as well as siblings,
mothers, and fathers of both PWH and population
controls.

Methods
We performed a nationwide, population-based, matched
cohort study using family cohorts as described
previously.®

Setting

Denmark had a population of 5.2-5.8 million during the
years of this study with an estimated prevalence of HIV-
infection of 0.11%.' In Denmark, medical care is pro-
vided free of charge to all residents. All residents of
Denmark are assigned an individual and unique ten
digit personal identification number at birth or upon
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immigration.” This is used to track individuals through
the Danish health and administrative registers.

Data sources

The DHCS is a complete record of all PWH 16 years of
age and older receiving care at one of the eight HIV
centres in Denmark since January 1, 1995* and includes
data regarding demographics as well as other informa-
tion related to HIV infection and care. Enrolment is
ongoing and participants are included in the cohort
upon their first visit to an HIV treatment centre.

The Danish Civil Registration System is a national
register containing information on all residents of
Denmark, including date of birth, vital status, date of
migration, date of death, place of residence, and familial
relationships, among others."

The National Patient Registry was established in
1977 and collects information on all hospital admissions
in Denmark.”” Data from outpatient and emergency
department visits were added in 1995. For each hospital
contact, the National Patient Registry registers dates of
admission and discharge and up to 20 discharge di-
agnoses according to the International Classification of
Diseases, 8th revision (ICD-8) through 1993 and the
tenth version (ICD-10) from 1994 onwards assigned by
the attending physician.

The Danish educational registers hold information
on the highest attained education.”

Study cohorts

We included all Danish-born PWH from the DHCS who
did not report intravenous drug use as the route of HIV
transmission, who were not positive for hepatitis C vi-
rus, and who initiated ART before November 1, 2021.
To determine whether additional factors unrelated to
injection drug use may contribute to excess mortality
among PWH and their families, we excluded in-
dividuals who reported intravenous drug use as the
route of HIV transmission and PWH with hepatitis C
infection, as hepatitis C infection is closely related to
injection drug use in PWH of Danish origin.* Date of
study inclusion was January 1, 1995, the 25th birthdate,
the date of immigration (to account for Danish-born
PWH living abroad) or 90 days after ART initiation,
whichever came last (the first 90 days were excluded to
account for mortality known to occur shortly after
diagnosis and initiation of ART). Using the linkage be-
tween the DHCS and the Civil Registration System, we
constructed a control cohort, which included ten
Danish-born population controls per PWH, who were
matched on date of birth and sex and who were alive and
residing in Denmark at the date of study inclusion of the
PWH they were matched to. Furthermore, we identified
siblings, mothers, and fathers of both PWH and popu-
lation controls, who were alive and residing in Denmark
at the date of study inclusion of the PWH or population
control to whom they had a familial link. Population
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controls as well as siblings, mothers, and fathers of both
controls and PWH were assigned the same date of study
inclusion as their corresponding PWH.

Confounding factors

We identified comorbidity status from the National Pa-
tient Registry according to Charlson Comorbidity Index
(CCI) using diagnosis codes, excluding AIDS."'* We
used CCI as an ordinal variable grouped as CCI 0, 1, 2,
3, 4,5, and >6. We obtained the highest attained edu-
cation of all individuals from the Danish educational
registers, which we used as an ordinal variable stratified
as low education level (up to and including secondary
school), middle education level (bachelor’s and voca-
tional degrees) or higher education level (master’s de-
gree or higher). We determined confounding factors at
the date of HIV diagnosis of the PWH and the popu-
lation controls and at date of study inclusion for the
family members. However, when we compared survival
among siblings with population controls, we deter-
mined confounding factors for siblings at date of HIV
diagnosis of the PWH to whom the controls and sib-
lings were attached.

Statistical methods

We calculated time from the date of study inclusion
until either the date of emigration, November 1, 2021 or
the date of death, whichever came first. The outcome of
interest was time to all-cause mortality.

We used Kaplan Meier analyses to compute cumus-
lative survival and median age of death after age 25 years
with age as the time scale as previously described.”® For
PWH, analyses were stratified by the following seven
calendar periods: 1995-1996 (pre-HAART), 1997-1999
(early HAART), 2000-2004, 2005-2009, 2010-2014,
2015-2018, and 2019-2021. These periods correspond
to time periods used in previous studies*® as well as the
development and initiation of PWH on antiretroviral
therapies. For the sibling and family cohorts, the ana-
lyses were stratified into three calendar periods:
1995-2004, 2005-2014, and 2015-2021 to ensure proper
statistical power in each time period. For the sibling
cohorts, analyses continued to ages 55, 65, and 75 years
for the three time periods, respectively, and to age 85
years for the overall parent and family cohorts.

We used a Cox regression model to compute mor-
tality rate ratios (MRR) and 95% confidence intervals
with age as time scale. PWH were included in the an-
alyses at the age at which they entered the study and
exited at the age of death or censoring. We calculated
MRRs and adjusted MRRs (aMRR) in the 2015-2021
period between PWH and population controls, as well as
between siblings, mothers, and fathers of PWH and
population cohorts. We also compared mortality be-
tween families of the PWH and population controls, in
which families were defined as the combination of sib-
lings, mothers, and fathers. We stratified the Cox
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regression analyses on route of transmission (men who
have sex with men (MSM), heterosexual) for PWH and
siblings of PWH. Finally, MRRs for the sibling-, father-,
mother-, and family cohorts were adjusted for sex, age,
comorbidity, and education to compute aMRRs and 95%
confidence intervals). As the PWH and control cohorts
were matched for date of birth and sex, we only adjusted
for comorbidity and education in the analyses
comparing PWH with controls.

IRB approval

According to Danish law, registry-based studies do not
require approval from an ethics board. The study was
approved by the Danish Data Protection Agency (regis-
tration number: P-2021-446).

Role of the funding source

The funding sources played no role in the study design,
data collection, analysis, interpretation, writing of this
manuscript, or decision to submit for publication.

Results

Study population

We included 4168 PWH, of whom 3650 (88%) were
men with a median age of 42 years at study inclusion
and a total of 49,156 person-years of observation (PYR)
(Table 1). We also included 41,680 population controls
with a total of 613,307 PYR. Additionally, 5590 siblings,
3217 mothers, and 3091 fathers of PWH were included
as well as 52,491 siblings, 32,077 mothers, and 31,431
fathers of population controls with a total of 1,419,336
PYR. Regarding route of HIV transmission, 2539 (61%)
of PWH reported MSM, 1345 (32%) reported hetero-
sexual sexual contact, and 284 (7%) were categorised as
other/unknown. More PWH had a CCI above 0 than the
population controls. PWH had attained lower levels of
education than population controls, with 1659 (40%)
having achieved a low education level, 1616 (39%) with a
middle education level, and 893 (21%) were highly
educated compared to 12,928 (31%), 19,469 (47%), and
9283 (22%), respectively. Siblings of PWH were less
educated compared to siblings of population controls,
despite the median age being the same across the two
groups.

Survival of PWH compared to population controls
Among PWH, median survival from age 25 years
increased from the 1995 to 1996 period through to the
later calendar periods (Table 2). In contrast to earlier
time-periods, however, the three calendar periods from
2010 to 2021 only provided a marginal increase in sur-
vival among PWH (Table 2, Fig. 1). Age of death among
PWH in the 1995-1996 period was 27.5 (25.5-29.4)
(MRR: 79.31 (68.48-91.84)) and increased from 73.9
(69.8-77.0) (MRR: 2.31 (1.96-2.73)) in 2010-2014 to
75.8 (72.9-79.9) (MRR: 1.86 (1.55-2.21)) in 2019-2021.

In the stratified analyses, between 2015 and 2021, PWH
with heterosexual transmission had an aMRR of 2.19
(95% CI: 1.80-2.67), whereas PWH with MSM trans-
mission had an aMRR of 1.66 (95% CI: 1.40-1.98),
compared to population controls.

Survival of families of PWH and population controls
Siblings of PWH had slightly decreased survival
compared to population controls, while survival among
siblings of population controls did not differ from that
of population controls (Fig. 1, Table 2). Median survival
from age 25 years was decreased for siblings and fam-
ilies of PWH compared to siblings and families of
population controls in all time periods (Fig. 2). Addi-
tionally, while the survival of siblings and families of
population controls continued to increase over the three
time periods, survival among siblings and families of
PWH in the 2005-2015 periods more or less overlapped
with that of the 2015-2021 period (Fig. 2). Mortality in
the 2015-2021 periods was increased among siblings of
PWH compared to siblings of population controls
(aMRR: 1.25 (95% CI: 1.07-1.47)) (Table 3). Siblings of
PWH with heterosexual transmission of HIV had
higher MRR than siblings of PWH with MSM trans-
mission (aMRR: 1.51 (95% CI: 1.16-1.96) and aMRR:
1.19 (95% CI: 0.98-1.46)). Families of PWH also had
increased mortality compared to families of population
controls (aMRR: 1.24 (95% CI: 1.16-1.32)). More spe-
cifically, mothers of PWH had an aMRR of 1.30 (95%
CI: 1.17-1.43) compared to mothers of population con-
trols, whereas fathers of PWH had an aMRR of 1.15
(95% CI: 1.03-1.29) compared to fathers of population
controls. Additionally, mothers to PWH with hetero-
sexual route of transmission had a greater increase in
mortality (1.49 (1.26-1.77)) than was observed among
mothers of MSM PWH (1.22 (1.07-1.38)).

Discussion

In this registry-based, nationwide, population-based
matched cohort study, we found that while survival
among PWH improved significantly over the past
several decades and approached that of the general
population, this progress plateaued from 2010 and on-
ward. Additionally, survival rates among siblings,
mothers, and fathers of PWH were lower than that of
the siblings, mothers, and fathers of controls. Finally,
siblings of PWH who had a heterosexual route of HIV-
transmission had a higher relative mortality compared
to siblings of population controls than siblings of PWH
with MSM route of HIV transmission.

It is unclear why the increase in survival with cal-
endar time seemed to plateau in 2010 for PWH and
their families, after which the overall increased survival
in the general population no longer translated to PWH.
By excluding PWH with hepatitis C co-infection and
intravenous drug use as route of HIV transmission, we

www.thelancet.com Vol 43 August, 2024


http://www.thelancet.com

Articles

PWH Population Siblings of Siblings of Mothers of Mothers of Fathers of Fathers of
controls PWH population PWH population PWH population
controls controls controls
Number 4168 41,680 5590 52,491 3217 32,077 3091 31,431
Male, n (%) 3650 36,500 (88) 2937 (53) 27,224 (52) 0 0 3091 (100) 31,431 (100)
(83)
Age, years (IQR) 42 42 (34-51) 38 (31-46) 38 (31-45) 6 (59-74) 65 (58-73) 69 (61-78) 68 (61-77)
(34-51)
Route of transmission®, n (%)
MSM 2539 (61) 25,390 (61) 3604 (64) 33,592 (64) 2057 (64) 20,395 (64) 1984 (64) 20,016 (64)
Heterosexual sex 1345 (32) 13,439 (32) 1687 (30) 15,495 (30) 960 (30) 9505 (30) 914 (30) 9268 (29)
Other/unknown 284 (7) 2851 (7) 299 (5) 3404 (6) 200 (6) 2177 (7) 193 (6) 2147 (7)
Charlson comorbidity index score,
n (%)
0 35128 36,792 (88) 4996 (89) 47,257 (90) 1980 (62) 20,442 (64) 1687 (55) 17,573 (56)
(82)
1 339 (8) 2816 (7) 369 (7) 3340 (6) 427 (13) 3923 (12) 479 (15) 4692 (15)
2 255 (6) 1281 (3) 143 (3) 1297 (2) 399 (12) 3921 (12) 447 (14) 4065 (13)
3 73 (2) 400 (1) 46 (1) 367 (1) 147 (5) 1444 (5) 185 (6) 1952 (6)
4 35 (1) 148 (0) 16 (0) 90 (0) 62 (2) 555 (2) 99 (3) 965 (3)
5 10 (0) 60 (0) 6 (0) 40 (0) 6 (1) 262 (1) 47 (2) 419 (1)
>6 28(1)  183(0) 14 (0) 100 (0) 176 (5) 1530 (5) 147 (5) 1765 (6)
Education level, n (%)
Low 1659 (40) 12,928 (31) 2393 (43) 19,106 (36) 1891 (59) 18,029 (56) 1548 (50) 15,180 (48)
Middle 1616 (39) 19,469 (47) 2039 (36) 21,408 (41) 923 (29) 9583 (30) 1142 (37) 11,950 (38)
High 893 (21) 9283 (22) 1158 (21) 11,977 (23) 403 (13) 4465 (14) 401 (13) 4301 (14)
Attrition, n (%)
Emigrated 101 (2) 407 (1) 53 (9) 552 (1) 19 (1) 107 (0) 33 (1) 206 (1)
Lost to follow-up <3(0) 10 (0) <3 (0) 13 (0) <3(0) <3 (0) <3 (0) <3(0)
Observation time, PYR 49,156 613,307 77,563 745,212 29,025 313,592 20,423 233,521
Death, n (%) 10669 4684 (11) 315 (6) 2240 (4) 1599 (50) 13,931 (43) 1945 (63) 18,455 (59)
(26)
PYR: person-years of observation, PWH: people with HIV, MSM: men who have sex with men. “Route of Transmission for controls refers to the route of transmission for their matched PWH.
Table 1: Characteristics of study cohorts.

Number of deaths

MRR® (95%
Confidence Interval)

aMRR™” (95%
Confidence Interval)

Median age of death

(Years, Interquartile range)

Population group

Population controls (2015-2021) 2191
Persons with HIV
1995-1996 226
1997-1999 91
2000-2004 151
2005-2009 163
2010-2014 152
2015-2018 151
2019-2021 132
Combined 2015-2021 283
Siblings of population controls (2015-2021) 1220
Siblings of PWH (2015-2021) 175

1 (ref.)

79.39 (68.55-91.94)
12.50 (10.08-15.51)
6.61 (5.58-7.83)
4.09 (3.48-4.81)
231 (1.96-2.73)
1.95 (1.65-2.3)
1.86 (1.56-2.21)
1.90 (1.68-2.16)
1.01 (0.92-1.1)
131 (1.07-1.59)

1 (ref.)

79.09 (68.28-91.61)
12.25 (9.87-15.2)
6.41 (5.41-7.6)
3.93 (3:34-4.62)
2.22 (1.88-2.63)
1.87 (1.58-2.21)
1.80 (1.51-2.14)
1.84 (1.62-2.08)
0.99 (0.90-1.08)
1.25 (1.03-1.52)

Mortality rate ratios were compared to population controls. *Adjusted for Charlson Comorbidity Index and education.

83.2 (82.9-83.6)

27.5 (25.5-29.4)
483 (42.9-55.7)
62.2 (59.6-64.4)
66.4 (63.2-68.5)
73.9 (69.8-77.0)
75.5 (73.9-78.4)
75.8 (72.9-79.9)
75.7 (74.3-77.7)
84.5 (83.5-85.2)
83.6 (78.4-84.5)

Table 2: Mortality rate ratios (MRR), adjusted MRRs (aMRR), and median age of death from age 25 years among people with HIV (PWH) for seven time
periods and their same-sex siblings and population controls and their same-sex siblings from 2015 to 2021.
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Fig. 1: Cumulative survival from age 25 years stratified by calendar period of observation for PWH and their same-sex siblings (HIV
sibling) and population controls (Control) and their same-sex siblings (Control sibling) (see Table S1 for numbers at risk and censored

individuals).

have already excluded PWH with the highest mortality,
as it has been previously reported that siblings of hep-
atitis C co-infected PWH have increased mortality
compared to siblings of PWH without hepatis C co-
infection.®* Previous studies that used the DHCS to
investigate survival of PWH included individuals with
intravenous drug use as route of HIV transmission, a
significant point of departure from our study design,
which may explain differences in survival compared to
our actual study.”® Furthermore, adjusting for comor-
bidities and education only marginally changed our risk
estimates. This suggests that neither differences in co-
morbidity nor socioeconomic status can fully explain the
differences in survival among PWH and the general
population. By including family cohorts, we were able to
demonstrate an increased mortality among families of
PWH compared to families of population controls,
which might represent certain social and behavioural
factors that are not captured by adjusting the survival
analyses for comorbidities and education. This is sup-
ported by the fact that unhealthy behaviours such as
smoking, have been reported to be more common
among PWH than the general population.”

There could be several reasons for the higher mor-
tality observed among PWH than among siblings of
PWH. We hypothesise that certain social and behav-
ioural factors are adopted across the family and might
contribute to the increase in mortality among HIV
families. These factors and the subsequent increase in
risk observed across the family may however be

especially heightened among PWH and contribute to
both the risk of HIV infection and higher mortality
observed among PWH than among HIV families.
Additionally, we hypothesise that the aforementioned
social inequality as well as behavioural and social factors
may be more widely adopted among PWH reporting
heterosexual HIV transmission and their families than
for PWH reporting MSM transmission and their fam-
ilies. A reason for this could be that MSM, a known risk
group for HIV, is a characteristic attributed on the level
of the individual rather than a shared familial lifestyle
behaviour or indicator of social inequality. This is
therefore reflected in the difference in mortality risk
when we stratified by mode of HIV transmission among
PWH and their siblings. Finally, the increase in mor-
tality among mothers and fathers of PWH compared to
mothers and fathers of population controls, respectively,
could also be attributed to behavioural and health-
related risk factors observed within the family. For
example, previous studies have found an increase in risk
of certain smoking-related comorbidities, namely lung
and head and neck cancers as well as myocardial
infarction among families to PWH,'** which is in line
with our findings of increased mortality among families
of PWH. Additionally, mothers had larger increase in
mortality related to route of infection, a trend also
observed among both PWH and siblings to PWH. The
same trend was not observed among fathers, though we
hypothesize that this was a chance finding due to less
statistical power among fathers.
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Fig. 2: Cumulative survival from age 25 years for A) siblings of PWH (solid lines) and siblings of population controls (dotted lines) and B)
families of PWH (solid lines) and families of population controls (dotted lines), stratified by calendar period of observation (see Table S2

for numbers at risk and censored individuals).

In addition to social and behavioural factors, the
biological effects of HIV itself also impact survival. HIV
infection has been linked to various inflammatory dis-
eases, including cardiovascular disease, cancer, and liver
and kidney disease.”** Inflammation-related conditions
have also been linked to premature aging among PWH,
who have similar comorbidities and overall health status
to those from the general population who are ten years
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older.”” Behaviour-related comorbidities, such as smok-
ing, human papilloma virus, and certain cancers, are
also more prevalent among PWH.* Fewer PWH are
dying from HIV-related factors and more from non-
communicable comorbidities, though it is not always
clear to what degree HIV and lifestyle play an underly-
ing role in these deaths.” This shift in disease burden of
HIV from a disease with high morbidity and mortality to
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Populations

Adjustment

Unadjusted MRR
(95% Confidence Interval)

Adjusted MRR
(95% Confidence Interval)

PWH versus population controls
PWH with heterosexual transmission versus population controls
PWH with MSM transmission versus population controls
Siblings of PWH versus siblings of population controls

Mothers of PWH versus mothers of population controls

Fathers of PWH versus fathers of population controls

Families” of PWH versus families® of population controls

Siblings of PWH with heterosexual transmission versus siblings of population controls

Siblings of PWH with MSM transmission versus siblings of population controls

Mothers of PWH with heterosexual transmission versus mothers of population controls

Mothers of PWH with MSM transmission versus mothers of population controls

Fathers of PWH with heterosexual transmission versus fathers of population controls

Fathers of PWH with MSM transmission versus fathers of population controls

Families® of PWH with heterosexual transmission versus families® of population controls

Families® of PWH with MSM transmission versus families® of population controls

All analyses were adjusted for CCl and education. Analyses of siblings, mothers, and fathers were also adjusted for age and sex. “Defined as siblings, mothers, and fathers.

1.92 (1.70-2.17)
2.34 (1.92-2.84)
1.66 (1.39-1.97)
1.30 (1.11-1.52)
1.53 (1.18-1.99)
1.23 (1.01-1.51)
132 (1.20-1.46)

( 1.87 (1.65-2.11)
(
(
(
(
(
(
1.49 (126-1.77
(
(
(
(
(
(
(

2.19 (1.80-2.67)
1.66 (1.40-1.98)
1.25 (1.07-1.47)
1.51 (1.16-1.96)
1.19 (0.98-1.46)
1.30 (1.17-1.43)

) 1.41 (1.19-1.67
1.22 (1.07-1.38)
1.13 (1.01-1.26) 1.15 (1.03-1.29
1.04 (0.83-1.29) 1.05 (0.84-1.31)
1.15 (1.01-1.31) 1.18 (1.04-1.34)
1.23 (1.15-1.32) 124 (1.16-132)

132 (1.18-1.49

) 1.30 (1.15-1.47)
119 (1.09-1.29)

(
(
(
(
(
( )
122 (1.07-1.38)
( )
(
(
(
(
1.20 (1.11-130)

Table 3: Mortality rate ratios (MRR) for PWH, siblings, mothers, and fathers of PWH and families of PWH versus families of population controls
stratified by route of HIV transmission and adjusted for sex, Charlson Comorbidity Index (CCl), and education level, 2015-2021.

a treatable, chronic disease will likely continue as PWH
live longer.”* Chronic health effects related to HIV
infection add an additional burden to PWH and their
survival, a burden that we would not expect to see
among their HIV-negative siblings.

Trickey et al. used the Antiretroviral Therapy Cohort
Collaboration and found that life expectancy for PWH
on ART after 2015 is slightly below that of the general
population.” This study utilised data from 20 different
North American and European HIV cohorts from
countries with varying healthcare systems and access to
ART and could not consider factors such as education in
their analyses due to lack of access to data regarding
socioeconomic status. Gueler et al. used the Swiss HIV
Cohort Study and found that while PWH were still
found to have shorter life expectancies compared to the
general population across all education levels, life ex-
pectancy among highly educated PWH was comparable
to that of those in the general population with low ed-
ucation levels.”” Guaraldi et al. used the Italian Collab-
orative HIV Aging Cohort and found that there was no
significant difference in life expectancy among PWH
aged 40 who had complete immune recovery and the
general population of the same age, while PWH aged 25
were found to have decreased life expectancy by five
years, despite immune recovery.”® The authors of this
study acknowledge, however, that differences in risk-
taking behaviours likely exist between Italian and
northern European PWH, which could limit the gen-
eralisability of this study to the Danish context. Lastly,
de Coninick et al. used the Swedish National HIV
Register and found that despite adherence to ART,
PWH were three times as likely to die as the general

population.” However, this study included PWH with
injection drug use as mode of HIV transmission as well
as foreign-born PWH, two factors that differ substan-
tially from our study design and could lead to differ-
ences in study population and subsequent findings.

This study does not address potential discrepancies in
survival rates among foreign-born PWH in Denmark
compared to Danish-born PWH and their family mem-
bers due to the exclusion of foreign-born PWH, which
may limit the generalisability of our findings. However,
the inclusion of only Danish-born PWH allowed for the
enrichment of the DHCS with data from various
nationwide registers as well as the linkage to siblings,
mothers, and fathers, which is not available for foreign-
born PWH. Further, it mitigated potential confounding
as differences in survival among foreign-born and
Danish-born residents likely would have influenced the
results if we had included foreign-born PWH. Another
limitation may be the use of education as the only mea-
sure of socioeconomic status, which may leave some re-
sidual confounding. Additionally, we cannot exclude the
possibility that some PWH with intravenous drug use as
route of HIV transmission reported sexual transmission
to avoid stigmatisation that exists regarding drug abuse in
Denmark. Denmark efficiently implemented universal
access to ART for all PWH, which is why our results
may not be generalisable to countries with delayed
implementation of or limited access to ART. Finally, it is
a limitation that other potential confounding factors, such
as smoking, alcohol intake and physical activity, were not
included in this study. These factors are not included in
any health registries and were therefore not available to
us at the time of the study.
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The high quality and completeness of data within the
DHCS is a strength of this study and makes the cohort a
powerful tool with which to further investigate
continued health outcomes and mortality among PWH
in Denmark. However, the most important and unique
aspect of this study is the inclusion of the family co-
horts, which allows for the investigation of social and
behavioural factors that run through generations of a
family. Additionally, the inclusion of family cohorts is
not available in most other research settings, which
makes their inclusion a unique opportunity in the
Danish context. Lastly, the highly registered nature of
data within the Danish healthcare system allowed us to
capture potential differences in socioeconomic status
(education) and overall health (CCI) between PWH,
their families and the general population.

We conclude that there has been an impressive in-
crease in survival of PWH from 1995 to 2010, but there
remains a gap in survival between PWH and the general
population, PWH and their family members, as well as
family members of PWH and family members of popu-
lation controls. These discrepancies may in part be
attributed to shared socioeconomic factors as well as so-
cial and behavioural factors within families. Future
research should continue to follow the trends in survival
among PWH and their families as well as further
investigate the potential factors contributing to decreased
relative survival compared to the general population.
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