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Background. Effective antiretroviral therapy (ART) has substantially reduced acquired immunodeficiency syndrome (AIDS)- 
related deaths, shifting the focus to non-AIDS conditions in people living with human immunodeficiency virus (HIV) (PLWH). We 
examined mortality trends and predictors of AIDS- and non-AIDS mortality in the Population HIV Cohort from Catalonia and 
Balearic Islands (PISCIS) cohort of PLWH from 1998 to 2020.

Methods. We used a modified Coding Causes of Death in HIV protocol, which has been widely adopted by various HIV cohorts 
to classify mortality causes. We applied standardized mortality rates (SMR) to compare with the general population and used 
competing risks models to determine AIDS-related and non-AIDS-related mortality predictors.

Results. Among 30 394 PLWH (81.5% male, median age at death 47.3), crude mortality was 14.2 per 1000 person-years. All-cause 
standardized mortality rates dropped from 9.6 (95% confidence interval [CI], 8.45–10.90) in 1998 through 2003 to 3.33 (95% CI, 3.14– 
3.53) in 2015 through 2020, P for trend = .0001. Major causes were AIDS, non-AIDS cancers, cardiovascular disease, AIDS-defining 
cancers, viral hepatitis, and nonhepatitis liver disease. Predictors for AIDS-related mortality included being aged ≥40 years, not being 
a man who have sex with men, history of AIDS-defining illnesses, CD4 < 200 cells/µL,  ≥2 comorbidities, and nonreceipt of ART. 
Non-AIDS mortality increased with age, injection drug use, heterosexual men, socioeconomic deprivation, CD4 200 to 349 cells/µL, 
nonreceipt of ART, and comorbidities, but migrants had lower risk (adjusted hazard risk, 0.69 [95% CI, .57–.83]).

Conclusions. Mortality rates among PLWH have significantly decreased over the past 2 decades, with a notable shift toward non– 
AIDS-related causes. Continuous monitoring and effective management of these non-AIDS conditions are essential to enhance overall 
health outcomes.
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Despite the notable progress made in reducing morbidity and 
mortality of people living with human immunodeficiency virus 

(HIV) (PLWH), the global impact of the virus remains significant. 
The introduction of safe, tolerable, and efficacious antiretroviral 
therapy (ART) [1, 2], coupled with strategies such as test-and-treat 
and universal ART initiation [3], and the development of 
direct-acting antivirals for hepatitis C virus (HCV) [4], have trans
formed the landscape of HIV care making the life expectancy of 
PLWH similar to the general population [5]. These advancements 
have averted nearly 21 million acquired immunodeficiency syn
drome (AIDS)-related deaths between 1996 and 2022 [6] and 
changed the patterns in the causes of mortality in this population.

Yet, in 2022 alone, an estimated 630 000 (480 000–880 000) 
AIDS-related deaths occurred globally [6]. Increased mortality 
among PLWH has been associated with older age at serocon
version, longer duration of HIV infection, ART failure, subop
timal adherence to treatment, late diagnosis, and HIV-related 
risk behaviors such as injection drug use [7–9].
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In Spain, HIV remains a key challenge for health authorities 
despite the wide availability and accessibility to ART. It is es
timated that there are approximately 150 000 PLWH in the 
country representing about 0.4% of the general population 
[6]. A total of 2786 new diagnoses were reported to the 
Spanish System of Information on New Diagnoses of HIV 
Infection as of June 2022, which represents an incidence 
rate of 5.89 per 100 000 inhabitants [10]. Compared with oth
er Western European countries, these figures are higher. A 
study from Spain reported that between 1999–2003 and 
2014–2018, overall mortality among PLWH decreased from 
33.5 to 20.7 per 1000 person-years, with AIDS-related deaths 
dropping from 64% to 35%, although HIV-related mortality 
remained about 7 times higher than in the general population 
during 2018 [11]. Aside the relatively smaller sample size 
of the study, the description of causes of death was not 
exhaustive [11].

Monitoring the evolution of causes of mortality among 
PLWH capacitates strategic planning and implementation of 
interventions that enhance patient care, improve management 
of comorbid conditions, and prevent avoidable deaths. 
Although several HIV cohorts have described the mortality 
rates over time, the changes in the patterns of mortality causes 
and the contribution of AIDS- and non-AIDS conditions to 
HIV mortality are inadequately described with limited infor
mation on potential differential predictors of AIDS-related 
and non–AIDS-related mortality.

We described the mortality rates, changing patterns, and 
causes of death among PLWH in Catalonia and the Balearic 
Islands, Spain. We additionally investigated the predictors of 
AIDS-related and non–AIDS-related mortality.

METHODS

Study Design, Participants, and Data Sources

We conducted a retrospective cohort study using the 
Population HIV Cohort from Catalonia and Balearic Islands 
(PISCIS), Spain, from 1998 to 2020. The cohort design has 
been described elsewhere [12]. Briefly, PISCIS is a multicenter, 
prospective, observational study that has continuously enrolled 
individuals aged ≥16 years living with HIV who receive care at 
17 collaborating hospitals in Catalonia and 2 in the Balearic 
Islands since its inception in 1998. We restricted the current 
analyses to participants who were in clinical follow-up during 
the study period (with at least 1 visit within a 12-month period) 
to avoid the competing risk of loss to follow-up.

Mortality data were sourced from the collaborating hospitals 
within the PISCIS cohort. Clinicians routinely report causes of 
death as part of the cohort’s surveillance protocol. To ensure 
the accuracy and completeness of the mortality data, we con
ducted triangulation with data obtained from 2 external sourc
es: the National Institute of Statistics and the Data Analytics 

Program for Health Research and Innovation in Catalonia 
(PADRIS).

Mortality data for the general population of Spain stratified 
by sex and age were obtained from the National Institute of 
Statistics [13] by year of death.

Categorization of Causes of Death

We used a modified Coding Causes of Death in HIV (CoDe) 
protocol [14] to classify causes of death independently by 2 
clinicians using the International Classification of Diseases, 
9th and 10th revisions (ICD-9 and ICD-10). A third clinician 
was invited to resolve disputes when necessary. The CoDe 
protocol leverage both death certificates and clinical markers 
and has been widely adopted by various HIV cohorts to clas
sify causes of death [14]. We grouped causes of death under 
17 categories based on the CoDe protocol and further classi
fied them into AIDS-related and non–AIDS-related causes. 
The 17 categories of causes of death are listed in Supplementary 
Table 1.

Statistical Analysis

We used descriptive statistics to summarize baseline character
istics and outcomes. Follow-up time was from 1 January 1998, 
or at cohort entry until death or 31 December 2020, whichever 
came first.

We calculated crude all-cause mortality rates across epide
miological and clinical groups over time. Crude mortality rates 
(CMRs) were determined by dividing the total number of 
deaths by the total number of person-years of follow-up and 
multiplying by 1000 to obtain rates per 1000 person-years.

To compare the mortality in PLWH versus the general pop
ulation, we calculated standardized mortality ratios (SMRs) 
according to the predefined calendar periods (1998–2003, 
2004–2008, 2009–2014, 2015–2020), stratified by sex. We cal
culated 95% confidence intervals (CIs) using Poisson distribu
tion. We chose calendar years based on the evolving 
epidemiology of the HIV epidemic in Catalonia over the years: 
1998 through 2003 represents the early years of combined ART; 
in 2004 through 2009, infection through injected drug use 
peaked and subsequently from 2010 men who have sex with 
men (MSM) became the most common route of transmission; 
in 2015, second-generation direct-acting antivirals for the 
treatment of HCV and immediate ART initiation became wide
ly implemented. Counts were used to quantify the proportions 
of mortality causes over time.

To assess the associations between potential risk factors and 
mortality from AIDS-related or non-AIDS causes, we used un
adjusted and adjusted competing risk models providing hazard 
ratios with 95% CI. The multivariable analysis was adjusted for 
sex at birth, age at cohort entry, country of origin, HIV trans
mission risk group, socioeconomic deprivation, HIV viral load 
and CD4 cell count at cohort entry, calendar year of HIV 
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diagnosis, reception of ART, history of AIDS-defining illness, 
and comorbidities. We checked collinearity by calculating var
iance inflation factors in the covariate list in the primary adjust
ed model.

In secondary analyses, we performed multivariate imputation 
by chained equations to account for missing data on CD4 cell 
count, HIV RNA viral load, country of origin, and socioeconomic 
status to examine differences in CMRs (Supplementary Table 2). 
Statistical significance was set at a P value of <.05 (2-sided). We 
did all analyses in R (version 4.1.3).

Ethics Declaration

The PISCIS cohort study received ethical approval from the 
Ethics Committee of the Germans Trias i Pujol University 
Hospital, Badalona, Spain (EO-11-108). Patient-level informa
tion obtained from PADRIS was anonymized and deidentified 
before the analyses. This study adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology guidelines 
for transparent and accurate reporting of observational studies. 
The planning, conduct, and reporting of the study were carried 
out in accordance with the principles outlined in the 
Declaration of Helsinki, as revised in 2013.

RESULTS

From 1 January 1998 to 31 December 2020, our cohort includ
ed 30 394 PLWH, contributing to a cumulative follow-up time 
of 288 780 person-years. The median follow-up period per in
dividual was 8.7 years (interquartile range [IQR]: 3.6–14.4). A 
description of baseline cohort characteristics is provided in 
Table 1.

At cohort entry, the median age of the overall cohort was 
35.2 years (IQR: 29.3–42.0), which increased to 46.3 years 
(IQR: 38.2–54.7) at the time of death or last contact. Most of 
cohort participants were male (81.5%) and of Spanish origin 
(59.6%). The predominant HIV transmission risk group was 
MSM, accounting for 46.4% of the cohort, followed by people 
who inject drugs (PWID) at 18.6%. Among patients who 
died, the median time interval from HIV diagnosis to death 
was 11.2 years (IQR: 4.8–18.3). At cohort entry, participants 
had a median CD4 cell count of 383.5 cells/µL (IQR: 198.0– 
598.0), with 7.8% of those with viral load measurements having 
a detectable HIV RNA viral load. A majority (88.3%) was re
ceiving ART at the time of death or last contact, and 62.9% 
of PLWH in our cohort presented no comorbidities at baseline 
(Table 1). The characteristics of deaths in the cohort according 
to calendar periods are presented in Supplementary Table 3.

During the 23 years of observation, 4102 PLWH (13.5%) 
died representing an all-cause CMR of 14.4 per 1000 person- 
years (95% CI, 13.9–14.8) (Table 1). Notably, we observed a de
cline in overall all-cause SMRs. The SMR was 9.60 (95% CI, 
8.45–10.90) per 1000 person-years in 1998–2003 and declined 

to 7.92 (7.39–8.49) in 2004–2008, further to 5.55 (5.23–5.88) 
in 2009–2014. In 2015–2020, the SMR was 3.33 (95% CI, 
3.14–3.53) per 1000 person-years, P for trend <.0001. The 
SMRs across the calendar years studied were consistently high
er in women compared with men (Table 2).

The cause of death could not be classified or was unknown 
for 288 (7.0%) of 4102 deaths. The key causes of death were 
AIDS accounting for 1115 deaths (including 213 AIDS- 
defining cancers), non-AIDS cancers (705 deaths), and cardio
vascular disease (CVD; 377 deaths). Viral hepatitis accounted 
for 209 of deaths, and noncancer nonhepatitis liver disease ac
counted for 208 deaths. Lung cancers (33.7%) and liver cancers 
(15.6%) were the highest causes of non-AIDS cancer mortality, 
whereas non-Hodgkin lymphoma (59.3%) and Kaposi sarcoma 
(18.6%) were the highest causes of AIDS-defining cancers 
(Supplementary Figure 1).

There was a significant reduction in the proportion of 
AIDS-related mortality, declining from 38.5% during the peri
od of 1998 through 2003 to 9.8% during 2015 through 2020 
(P < .0001). A similar decline was observed for AIDS-defining 
cancers, decreasing from 7.9% in 1998–2003 to 3.4% in 2015– 
2020 (P < .0001). In contrast, non–AIDS-related cancers in
creased, rising from 8.1% in 1998 through 2003 to 22.1% in 
2015 through 2020 (P < .0001). Similarly, mortality attributed 
to CVD, surged from 6.1% during 1998 through 2003 to 13.5% 
in 2015 through 2020 (P < .0001). The median ages of PLWH 
who died from cancers and CVD increased across the calendar 
periods (Supplementary Table 1). Deaths attributable to viral 
hepatitis (hepatitis B and C viruses) remained relatively steady 
during the study period. Specifically, the proportion of hepatitis- 
related mortality stood at 4.7% in 1998 through 2003, increased 
to 5.5% in 2004 through 2008, reached 5.7% in 2009 through 
2014, and decreased to 4.6% in 2015 through 2020 (P = .763) 
(Figures 1 and 2, Supplementary Table 4). The causes of death 
by years is depicted in Supplementary Figure 2, Supplementary 
Table 5. We further classified causes of death according to years 
since enrollment into the cohort in Supplementary Figure 3.

Age 40 years and older was associated with a significant in
crease in AIDS-related mortality. Compared with MSM, we ob
served an increased AIDS mortality risk among PWID 
(adjusted hazard risk, 2.77 [95% CI, 1.97–3.90]), male hetero
sexuals (1.66 [1.19–2.31]), and women infected through sex 
(1.75 [1.01–3.03]). The risk of AIDS-related mortality was 
higher among PLWH with CD4 < 200 cells/µL (1.53 [1.16– 
2.02]), those with a history of an AIDS-defining illness (4.22 
[3.35–5.32]), and those with 2 comorbidities (1.38 [1.02–1.98]) 
compared with those without comorbidities. Nonreception of 
ART elevated the risk of AIDS-defining illness by 7-fold (7.60 
[5.76–10.04]) (Table 3).

Expectedly, the risk of non–AIDS-related mortality in
creased with age. Compared with MSM, we found an elevated 
risk of non-AIDS mortality among PWID (adjusted hazard 
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Table 1. Cohort Characteristics at Baseline and Crude Mortality Rates

Overall Cohort, N (%) Dead, N (%) P Value PY (×1000) CMR per 1000 PY (95% CI)

Age at cohort entry (y) … … <.0001 … …

16–29 8501 (28.0) 614 (15.0) … 83 133.4 7.39 (7.37–7.40)

30–39 12 412 (40.8) 1631 (39.8) … 123 179.6 13.24 (13.22–13.26)

40–49 6533 (21.5) 1089 (26.6) … 58 541.6 18.60 (18.57–18.64)

50–64 2548 (8.4) 564 (13.8) … 21 064.7 26.77 (26.70–26.84)

≥ 65 400 (1.3) 204 (5.0) … 2861.4 71.29 (70.98–71.60)

Age at cohort entry, median (IQR), y 35.2 (29.3–42.0) 38.2 (32.9–47.0) <.0001 … …

Age at death or last contact, median (IQR), y 46.3 (38.2–54.7) 47.3 (40.5–54.9) <.0001 … …

Sex … … .003 … …

Male 24 755 (81.5) 3272 (79.8) … 224 858.7 14.55 (14.54–14.57)

Female 5634 (18.5) 829 (20.21) … 63 906.3 12.97 (12.94–13.00)

Missing 5 (0.02) 1 (0.02) … 15.6 64.13 (60.16–68.11)

Region of origin … … <.0001 … …

Spanish 18 124 (59.6) 3404 (83.0) … 202 162.4 16.84 (16.82–16.86)

Non-Spanish 11 525 (37.9) 496 (12.1) … 82 986.6 5.98 (5.96–5.99)

Missing 745 (2.5) 202 (4.9) … 3631.6 55.62 (55.38–55.87)

Socioeconomic deprivation … … <.0001 … …

Least socioeconomic deprivation 11 834 (38.9) 1239 (30.2) … 108 241.7 11.45 (11.43–11.47)

Mild socioeconomic deprivation 4719 (15.5) 758 (18.5) … 50 874.9 14.9 (14.87–14.93)

Moderate/severe socioeconomic deprivation 7311 (24.1) 1295 (31.6) … 78 452.9 16.51 (16.48–16.54)

Missing 6530 (21.5) 810 (19.8) … 51 211.0 15.82 (15.78–15.85)

HIV transmission route … … <.0001 … …

MSM 14 105 (46.4) 610 (14.9) … 115 933.9 5.26 (5.25–5.27)

PWID 5660 (18.6) 2002 (48.8) … 67 541.9 29.64 (29.60–29.68)

Male heterosexual 4313 (14.2) 743 (18.1) … 41 886.4 17.74 (17.70–17.78)

Women infected through sex 3832 (12.6) 344 (8.4) … 43 375.2 7.93 (7.90–7.96)

Other 918 (3.0) 130 (3.2) … 7960.9 16.33 (16.24–16.42)

Missing 1566 (5.2) 273 (6.7) … 12 082.2 22.6 (22.51–22.68)

Period of HIV diagnosis … … <.0001 … …

1981–1997 5306 (17.5) 1653 (40.3) … 72 892.1 22.68 (22.64–22.71)

1998–2003 6247 (20.6) 1442 (35.15) … 86 285.0 16.71 (16.68–16.74)

2004–2008 5890 (19.4) 633 (15.43) … 62 587.1 10.11 (10.09–10.14)

2009–2014 7239 (23.8) 300 (7.31) … 51 471.7 5.83 (5.81–5.85)

2015–2020 5712 (18.8) 74 (1.8) … 15 544.7 4.76 (4.73–4.79)

Years since HIV diagnosis, median (IQR) 10.8 (5.2–17.8) 11.2 (4.8–18.3) <.0001 … …

CD4 count at cohort entry, cells/µL … … <.0001 … …

<200 5693 (18.7) 1195 (29.1) … 53 686.1 22.26 (22.22–22.3)

200–349 4577 (15.1) 550 (13.4) … 41 012.5 13.41 (13.38–13.45)

350–499 4392 (14.5) 361 (8.8) … 38 164.2 9.46 (9.43–9.49)

≥500 7932 (26.1) 663 (16.2) … 65 372.2 10.14 (10.12–10.17)

Missing 7800 (25.7) 1333 (32.5) … 90 545.5 14.72 (14.70–14.75)

CD4 count (cells/µL), median (IQR) 383.5 (198.0–598.0) 244.0 (95.0–480.0) <.0001 … …

HIV-RNA viral load at cohort entry … … <.0001 … …

Detectable 2356 (7.8) 91 (2.2) … 9781.5 9.30 (9.24–9.36)

Undetectable 19 994 (65.8) 2574 (62.8) … 184 620.6 13.94 (13.93–13.96)

Missing 8044 (26.5) 1437 (35.0) … 94 378.4 15.23 (15.2–15.25)

History of AIDS-defining illness … … <.0001 … …

No 24 836 (81.7) 2497 (60.9) … 226 353.2 11.03 (11.02–11.05)

Yes 5558 (18.3) 1605 (39.1) … 62 427.3 25.71 (25.67–25.75)

ART at death or last contact … … <.0001 … …

Yes 26 828 (88.3) 2834 (69.1) … 269 998.7 10.50 (10.48–10.51)

No 3566 (11.7) 1268 (30.9) … 18 781.8 67.51 (67.39–67.63)

Years on ART, median (IQR) 8.0 (3.7–13.4) 6.0 (2.1–11.0) <.0001 … …

Comorbidities … … … … …

Myocardial infarction 608 (2.0) 119 (2.9) <.0001 8857.4 13.44 (13.36–13.51)

Congestive heart failure 798 (2.6) 205 (5.0) <.0001 11 189.7 18.32 (18.24–18.40)
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ratio, 3.38 [95% CI, 2.77–4.12]) and male heterosexuals (1.98 
[1.64–2.40]). Additionally, PLWH with moderate to severe so
cioeconomic deprivation (1.16 [1.01–1.34]) and those diag
nosed in 2015 through 2020 (1.53 [1.02–2.28]) had an 
elevated risk of non-AIDS mortality. CD4 cell count of 200 to 
349 cells/µL at cohort entry (1.27 [1.06–1.51]) was associated 
with a high risk but not higher or lower values. We found an 
almost 6-fold increased risk of non-AIDS mortality in PLWH 
not receiving ART (5.78 [4.82–6.92]). An increasing number 
of comorbidities was associated with an increasing risk of 
non-AIDS mortality. On the other hand, migrants experienced 
a reduced risk of non–AIDS-related mortality (0.69 [0.57– 
0.83]) (Table 3).

DISCUSSION

We present a retrospective analysis spanning 23 years of data 
from a large prospective cohort of PLWH to assess the evolving 
trends in AIDS- and non–AIDS-related mortality and their 
predictors. Our findings show a changing landscape of mortal
ity among PLWH over 2 decades.

We observed a substantial decline in overall mortality among 
PLWH in Catalonia and the Balearic Islands from 1998 to 2020, 
consistent with prior studies [1, 2]. However, despite the signif
icant decline, mortality among PLWH remains more than 3 
times higher than that in the general Spanish population in 
2015 through 2020. Delays in HIV testing, linkage to care, 
and treatment initiation continue to contribute to this dispar
ity, like other European countries, highlighting the obstinate 

unmet need of universal and earlier diagnosis of occult HIV in
fection and some ongoing health disparities. Lifestyle factors 
such as smoking, alcohol consumption, and recreational drug 
use are frequently observed among PLWH and may contribute 
to higher mortality rates compared with the general population 
[15, 16]. Furthermore, the history of injection drug use among 
PLWH, particularly during the 2004 through 2009 period 
in Catalonia and Balearic Islands, is closely associated with in
creased rates of liver-related illnesses and hepatitis C infections 
[17]. These factors likely play a significant role in the 
elevated mortality rates observed among PLWH. Although 
all-cause crude mortality was slightly higher in men than 
women, the SMR contradictorily appears higher in women, 
likely because of relatively elevated mortality rates among 
younger men in the Spanish general population [13]. The 
elevated SMR in women may also stem from the higher likeli
hood of delayed diagnosis among women as reported in the 
World Health Organization European Region [18], with lower 
CD4 cell counts and an increased risk of opportunistic 
infections.

Compared with other European cohorts of PLWH, our study 
reports a lower proportion of AIDS-related deaths. The 27.2% 
AIDS-related deaths (including AIDS-defining cancers) is low
er than the reported in earlier studies in Catalonia, Spain 
(1997–2004, 40.4%) [19], Salerno, Italy (1998–2009, 40.4%) 
[20], Denmark (1995–2005, 40.4%) [21], and the 41.9% from 
16 cohorts from Europe and North America (1996–2009) 
[22]. The observed AIDS-related mortality was however similar 
to the Data collection on Adverse events of Anti-HIV Drugs 

Table 1. Continued  

Overall Cohort, N (%) Dead, N (%) P Value PY (×1000) CMR per 1000 PY (95% CI)

Peripheral vascular disease 637 (2.1) 151 (3.7) .0001 9435.4 16.00 (15.92–16.08)

Cerebrovascular disease 1072 (3.5) 237 (5.8) <.0001 14 184.1 16.71 (16.64–16.78)

Dementia 220 (0.7) 80 (2.0) <.0001 2994.2 26.72 (26.53–26.90)

Chronic pulmonary disease 4552 (15.0) 707 (17.2) <.0001 58 099.3 12.17 (12.14; 12.20)

Rheumatoid disease 165 (0.5) 18 (0.4) >.99 2137.2 8.42 (8.30–8.55)

Peptic ulcer disease 371 (1.2) 62 (1.5) .003 4731.6 13.10 (13.00–13.21)

Mild liver disease 5937 (19.5) 1324 (32.3) <.0001 79 006.5 16.76 (16.73–16.79)

Diabetes without chronic complications 1587 (5.2) 291 (7.1) <.0001 21 866.0 13.31 (13.26–13.36)

Diabetes with chronic complications 282 (0.9) 77 (1.9) <.0001 3976.0 19.37 (19.23–19.50)

Hemiplegia or paraplegia 410 (1.4) 107 (2.6) <.0001 5091.6 21.02 (20.89–21.14)

Renal disease 1977 (6.5) 268 (6.5) <.0001 24 287.8 11.03 (10.99–11.08)

Cancer (any malignancy) 2674 (8.8) 844 (20.6) <.0001 32 144.4 26.26 (26.20–26.31)

Moderate or severe liver disease 582 (1.9) 293 (7.1) <.0001 80 078.0 36.59 (36.46–36.72)

Metastatic solid tumor 566 (1.9) 339 (8.3) <.0001 7032.4 48.21 (48.04–48.37)

Number of comorbidities, median (IQR) 0 (0.0–1.0) 2.0 (1.0–3.0) <.0001 … …

Number of comorbidities … … <.0001 … …

0 12 428 (51.0) 634 (23.6) … 107 637.9 5.89 (5.88–5.90)

1 6342 (26.0) 657 (24.5) … 71 102.5 9.24 (9.22–9.26)

2 2975 (12.2) 530 (19.8) … 37 605.7 14.09 (14.06–14.13)

≥3 2646 (10.9) 861 (32.1) … 37 995.8 22.66 (22.61–22.71)

Abbreviations: ART, antiretroviral therapy, undetectable HIV-RNA was defined as ≤50 copies/mL; CI, confidence interval; CMR, crude mortality rate; IQR, interquartile range; MSM, men who 
have sex with men; PWID, people who inject drugs; PY, person-years.
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study that reported an AIDS-related mortality of 28.7% be
tween 1999 and 2011 [23]. The consistent decline in 
AIDS-related mortality across these studies underscores the 
positive impact of enhanced effectiveness and improved access 
to ART. Differences in mortality trends and the proportion of 
AIDS-related mortality among cohorts may arise from varia
tions in sociodemographic characteristics, underlying clinical 
features, access to ART, timing of ART initiation with immediate 
ART initiation being widely implemented in Spain following the 
INSIGHT Strategic Timing of AntiRetroviral Treatment trial re
sults [24], and differences in observation periods in various 
studies.

Contrary to the decline of AIDS-related mortality, our study 
revealed a steady rise in the mortality attributable to non– 
AIDS-related causes primarily driven by non-AIDS cancers 
(22.8%) and CVD (14.0%) as leading causes of death in the 
2015 through 2020 period. This finding aligns with recent re
ports indicating that non-AIDS cancers and CVD are the cur
rent leading causes of death in PLWH [25, 26]. Notably, our 
study shows that the increase in non-AIDS mortality is also a 
result of the increasing age of the PLWH emphasizing the im
portance of addressing evolving health challenges in this aging 
population. Factors such as chronic low-level inflammation in 
HIV [27], and unhealthy lifestyle behaviors, including 

Table 2. Crude and Standardized Mortality Rates by Sex in Different Calendar Periods

Overall Cohort Men Women

Period CMR ASMR 95% CI CMR ASMR 95% CI CMR ASMR 95% CI

1998–2003 17.32 9.6 8.45–10.9 18.86 7.08 6.14–8.17 13.18 13.58 10.27–17.97

2004–2008 18.87 7.92 7.39–8.49 20.64 5.96 5.52–6.44 13.8 11.27 9.6–13.22

2009–2014 14.37 5.55 5.23–5.88 14.79 4.13 3.86–4.41 13.04 8.58 7.56–9.74

2015–2020 10.93 3.33 3.14–3.53 10.62 2.5 2.34–2.67 12.15 5.02 4.44–5.68

P for trend … <.0001 … … <.0001 … … <.0001 …

Abbreviations: ASMR, age-standardized mortality rate; CI, confidence interval; CMR, crude mortality rate.

Figure 1. Causes of death among people living with HIV in Catalonia and the Balearic Islands, Spain, 1998–2020, by calendar periods. Abbreviations: CVD, cardiovascular 
disease; COVID-19, coronavirus disease 2019.
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smoking, alcohol and drug use, obesity, and physical inactivity 
could potentially contribute to the increasing mortality from 
non-AIDS causes among PLWH.

Similar to a US HIV outpatient study [28], our findings did 
not indicate significant proportional changes in deaths attribut
ed to viral hepatitis (hepatitis B virus and HCV). However, this 
contrasts with a study from British Columbia, Canada, which 
reported a significant decrease in hepatitis-related and other 
liver condition deaths between 1996 and 2012 [29]. In Spain, 
addressing the burden of viral hepatitis, especially among key 
populations like PLWH, has become increasingly crucial. 
Noteworthy initiatives encompass routine testing for hepatitis 
B and C, provision of antiviral treatments, and ongoing moni
toring of liver function and viral load [30].

The strongest predictors of both AIDS and non-AIDS mor
tality in our study were aged 65 years or older and nonreception 
of ART. Older age and associated chronic comorbidities are 
recognized as significant mortality indicators among PLWH 
and the general population. Overwhelming evidence have dem
onstrated the impact of ART in reducing morbidity and mor
tality of PLWH [1, 2] and it is further highlighted in our 
current study revealing a high mortality risk among PLWH 
not receiving ART. Despite the accessibility of ART in Spain, 

approximately 10% of PLWH in our cohort were not on ART 
at the time of death or last contact. Nonreception of ART is as
sociated with many social determinants of health that have an 
eventual impact on mortality. These include drug and alcohol 
addiction, homelessness, severe psychiatric diseases, and vio
lent behavior, among others. Investigating potential barriers 
to care and devising strategies to reengage these difficult- 
to-reach PLWH who have disengaged from care is imperative.

Regarding HIV transmission risk groups, the higher risk of 
mortality among PWID has been widely reported [31]. The el
evated risks observed in heterosexuals are similar to findings 
from a study that assessed all-cause mortality under different 
transmission categories [32]. Furthermore, the increased risk 
of mortality among PLWH with CD4 counts <350 cells/µL at 
cohort entry highlights the urgent need to address the unac
ceptably high rates of late HIV diagnosis, given its detrimental 
health impact, including increased mortality.

Interestingly, migrants living with HIV experienced a re
duced risk of non–AIDS-related mortality. The finding, howev
er, is similar to a recent international cohort study that reported 
a non-White racial background as a predictors of lower all- 
cause mortality [33]. However, the observed lower risk may 
be influenced by residual confounding, as migrants in our 

Figure 2. Number of deaths to key AIDS-related and non-AIDS causes among people living with HIV in Catalonia and the Balearic Islands, Spain, 1998–2020. Abbre
viations: CVD, cardiovascular disease.
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Table 3. Competing Risk Models for AIDS-related and Non–AIDS-related Mortality

Non-AIDS Model 
(Univariable)

Non-AIDS Model 
(Multivariable)

AIDS Model 
(Univariable)

AIDS Model 
(Multivariable)

HR (95% CI) P Value HR (95% CI) P Value aHR (95% CI) P Value aHR (95% CI) P Value

Age at recruitment, y

16–29 (ref) 1 … 1 … 1 … 1 …

30–39 1.78 (1.59–1.99) <.0001 1.55 (1.25–1.92) <.0001 1.97 (1.67–2.32) <.0001 1.01 (.72–1.40) .973

40–49 2.74 (2.43–3.09) <.0001 2.51 (2.01–3.14) <.0001 2.50 (2.09–2.98) <.0001 1.61 (1.14–2.27) .007

50–64 4.01 (3.49–4.60) <.0001 4.22 (3.27–5.45) <.0001 3.44 (2.80–4.24) <.0001 2.26 (1.51–3.40) <.0001

≥65 10.74 (8.84–13.05) <.0001 8.92 (6.19–12.87) <.0001 9.95 (7.54–13.14) <.0001 4.27 (2.26–8.06) <.0001

Sex

Male (ref) 1 … 1 … 1 … 1 …

Female .79 (.72–.87) <.0001 .97 (.78–1.2) .765 1.06 (.93–1.21) .37 .80 (.53–1.20) .283

Region of origin

Spanish (ref) 1 … 1 … 1 … 1 …

Non-Spanish .36 (.32–.41) <.0001 .69 (.57–.83) <.0001 .36 (.3–.42) <.0001 .75 (.56–1.00) .052

HIV transmission route

MSM (ref) 1 … 1 … 1 … 1 …

PWID 5.58 (4.99–6.24) <.0001 3.38 (2.77–4.12) <.0001 5.47 (4.66–6.42) <.0001 2.77 (1.97–3.9) <.0001

Male heterosexual 3.27 (2.87–3.73) <.0001 1.98 (1.64–2.40) <.0001 3.57 (2.97–4.30) <.0001 1.66 (1.19–2.31) .003

Women infected through sex 1.35 (1.14–1.59) <.0001 1.06 (.76–1.47) .736 1.83 (1.46–2.28) <.0001 1.75 (1.01–3.03) .048

Other 2.86 (2.26–3.62) <.0001 1.31 (.85–2.02) .214 3.50 (2.55–4.8) <.0001 3.26 (1.97–5.39) <.0001

Socioeconomic deprivation

Least socioeconomic deprivation 
(ref)

1 … 1 … 1 … 1 …

Mild socioeconomic deprivation 1.26 (1.13–1.40) <.0001 .92 (.78–1.09) .327 1.34 (1.13–1.57) <.0001 .82 (.61–1.09) .167

Moderate/severe socioeconomic 
deprivation

1.45 (1.32–1.59) <.0001 1.16 (1.01–1.34) .038 1.35 (1.17–1.56) <.0001 1.00 (.79–1.27) .994

Period of HIV diagnosis

1998–2003 (ref) 1 … 1 … 1 … 1 …

2004–2008 .47 (.42–.52) <.0001 1.17 (.96–1.44) .128 .42 (.36–.49) <.0001 .95 (.68–1.33) .774

2009–2014 .29 (.25–.34) <.0001 1.15 (.89–1.48) .28 .19 (.15–.23) <.0001 .86 (.57–1.29) .471

2015–2020 .25 (.19–.33) <.0001 1.53 (1.02–2.28) .04 .09 (.06–.14) <.0001 .46 (.21–1.03) .06

CD4 count at cohort entry, cells/µL

≥500 (ref) 1 … 1 … 1 … 1 …

350–499 1.01 (.87–1.18) .861 1.05 (.86–1.28) .629 .75 (.58–.97) .026 .80 (.54–1.18) .26

200–349 1.41 (1.23–1.61) <.0001 1.27 (1.06–1.51) .009 1.12 (.90–1.40) .314 .98 (.69–1.39) .92

<200 1.78 (1.59–2.01) <.0001 1.07 (.90–1.26) .454 3.23 (2.74–3.81) <.0001 1.53 (1.16–2.02) .003

HIV-RNA viral load at cohort entry

Undetectable (ref) 1 … 1 … 1 … 1 …

Detectable 1.28 (1.01–1.64) .044 1.35 (.97–1.87) .073 2.36 (1.56–3.58) <.0001 1.42 (.78–2.57) .247

History of AIDS-defining illness

No (ref) 1 … 1 … 1 … 1 …

Yes 1.57 (1.45–1.07) <.0001 1.15 (1.00–1.32) .054 4.89 (4.39–5.46) <.0001 4.22 (3.35–5.32) <.0001

ART at death or last contact

Yes (ref) 1 … 1 … 1 … 1 …

No 5.81 (5.34–6.32) <.0001 5.78 (4.82–6.92) <.0001 8.59 (7.68–9.60) <.0001 7.60 (5.76–10.04) <.0001

Number of comorbidities

0 (ref) 1 … 1 … 1 … 1 …

1 1.57 (1.37–1.79) <.0001 1.24 (1.03–1.50) .026 1.38 (1.15–1.66) <.0001 1.04 (.78–1.40) .78

2 2.38 (2.06–2.74) <.0001 1.56 (1.27–1.91) <.0001 1.93 (1.57–2.36) <.0001 1.38 (1.02–1.89) .039

≥3 4.25 (3.76–4.81) <.0001 2.43 (2.01–2.95) <.0001 1.92 (1.57–2.36) <.0001 1.19 (.86–1.65) .298

Abbreviations: ART, antiretroviral therapy; aHR, adjusted hazard risk; HR; unadjusted hazard risk; IQR, interquartile range; MSM, men who have sex with men; PWID, people who inject drugs; 
ref, reference group in multivariable analysis.  

Undetectable HIV-RNA was defined as ≤50 copies/mL. Model adjusted for sex, age, region of origin, socioeconomic deprivation, HIV transmission group, presence of an AIDS-defining illness, 
backbone ART, plasma HIV-RNA viral load (categorized detectable and undetectable), CD4 cell count (categorized <200, 200–349, 349–499, >500 cells/µL), and comorbidities.
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cohort tended to be younger than Spanish individuals (median 
age in years: 40 [IQR 33–48] vs 49 [IQR 41–56], P < .0001). 
Further studies are warranted to understand the mortality risks 
among migrants living with HIV.

Our study stands out because of some key strengths. First, al
though previous research has delved into determinants of all- 
cause mortality among PLWH, our investigation offers unique 
insights by identifying distinct predictors of both AIDS-related 
and non–AIDS-related mortality. Second, our study is a very 
comprehensive and extensive report on mortality within the 
PLWH population in Spain. Last, we used an internationally 
recognized and validated protocol (CoDe) for classifying mor
tality causes, making our findings more comparable with other 
large cohort studies and enhancing the reliability of findings.

However, our study had some limitations. Migrants consti
tute more than one third of the PISCIS cohort and deaths 
that occur outside of Spain are not accounted for in our analy
ses. We mitigated this limitation by excluding patients who 
were not in clinical follow-up for HIV monitoring in the past 
12 months. Second, we were unable to ascertain causes of death 
for some cases, especially in the final years of follow-up because 
of reporting delays in surveillance data and poor linking from 
incomplete identifiers. We triangulated multiple databases to 
reduce the proportion of unknown causes of death. Third, 
our data set lacks some key variables that have predicted mor
tality in other studies including alcohol use, smoking, and body 
mass index. In addition, the socioeconomic deprivation mea
sure that we used in our study is an ecological variable based 
on an individual’s place of residence. The socioeconomic dep
rivation index takes into account factors such as the proportion 
of manual workers, residents with a low education level, resi
dents with low income, rate of premature mortality, and rate 
of avoidable hospitalization of the health areas. A person’s place 
of residence may indeed not necessarily reflect their socioeco
nomic deprivation.

In conclusion, our study underscores the substantial reduc
tion in mortality rates among PLWH in Catalonia and the 
Balearic Islands, Spain, over 2 decades. Despite this, mortality 
rates remain significantly elevated compared with the general 
population, even in the recent periods. The shift from 
AIDS-related to non–AIDS-related causes of death, including 
non-AIDS cancers and CVD, is notable along the study period, 
reflecting both the access to ART and the aging of the popula
tion. Risk factors for AIDS-related mortality include age ≥40 
years, PWID, heterosexual men, women infected through sex, 
history of AIDS-defining illnesses, CD4 <200 cells/µL at cohort 
entry,  ≥2 comorbidities, and nonreceipt of ART. Non-AIDS 
mortality risk rises with age ≥30 years, PWID, heterosexual 
men, socioeconomic deprivation, HIV diagnosis in 2015 
through 2020, CD4 200 to 349 cells/µL, nonreceipt of ART, 
and ≥1 comorbidity. Migrants exhibit a reduced risk, probably 
related with their younger age. Prioritizing determinants such 

as late diagnosis is essential. Continuous mortality monitoring 
informs public health strategies for aging PLWH facing evolv
ing health challenges, highlighting the need for regular screen
ing and effective management of non–AIDS-related illnesses.
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