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ABSTRACT

Objectives This study aimed to assess whether an excess
mortality related to kidney and other urinary tract diseases
exists among Italian people with AIDS (PWA), as compared
with the general population without AIDS (non-PWA).
Design Population-based, retrospective cohort study.
Setting and participants We conducted a nationwide
study including 9481 Italian PWA, aged 1574 years,
reported to the National AIDS Registry between 2006 and
2018.

Methods Vital status and causes of death were retrieved
by record linkage with the National Register of Causes of
Death up to 2018. Excess mortality for PWA versus non-
PWA was estimated through sex-standardised and age-
standardised mortality ratios (SMRs) with corresponding
95% Cls.

Results Among 2613 deceased PWA, 262 (10.0%)
reported at least one urinary tract disease at death,
including 254 (9.7%) non-cancer diseases—mostly renal
failures (225 cases, 8.6%)—and 9 cancers (0.3%). The
overall SMR for non-cancer urinary tract diseases was
15.3 (95% Cl 13.4 to 17.3) with statistically significant
SMRs for acute (SMR=22.3, 95% CI 18.0 to 27.4), chronic
(SMR=8.4, 95% Cl 6.0 to 11.3), and unspecified renal
failure (SMR=13.8, 95% Cl 11.2 to 16.8). No statistically
significant excess mortality was detected for urinary tract
cancers (SMR=1.7, 95% Cl 0.8 to 3.3). The SMRs were
particularly elevated among PWA aged <50 years, injecting
drug users, or those with the first HIV-positive test >6
months before AIDS diagnosis.

Conclusions The excess mortality related to non-

cancer kidney and other urinary tract diseases reported
among PWA highlights the importance of implementing
the recommendation for screening, diagnosis and
management of such conditions among this population.

INTRODUCTION

In developed countries, the cohort of people
living with HIV is ageing, as a consequence of
the longer life expectancy granted by highly
active antiretroviral treatment (HAART).!
Concurrently, the burden of disease
not directly related to HIV/AIDS in this

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The high sensitivity of the validated record-linkage
procedure limited the number of losses to follow-up.

= The completeness of data sources with full cover-
age of the Italian population allowed robust com-
parisons between people with AIDS (PWA) and the
general population.

= The use of multiple cause of death data allowed to
identify diseases that, otherwise, would have been
hidden by the use of the underlying cause-of-death
among people with HIV/AIDS.

= Interpretation of study findings should take into ac-
count the absence of data on HIV-infected people
without AIDS.

= The lack of information about some risk factors for
kidney diseases (eg, hepatic viral infections, alcohol
abuse) did not allow to disentangle their effect on
the mortality of PWA.

population is growing. Specifically, the contri-
bution of non-infectious diseases (including
cancers, cardiovascular, liver and kidney
diseases) to the mortality of HIV-infected
patients is becoming noteworthy.*”"

Kidney diseases are clinically significant
non-infectious comorbidities among people
living with HIV due to their high morbidity
and mortality."* '° The constellation of HIV-
associated nephropathies has been described
in detail by Cohen et al.'® A recent large study
has shown increased risks of hospitalisation
for several kidney diseases among people
with HIV as compared with the general popu-
lation.'” Nevertheless, a lesser amount of
evidence has been accumulated on the role
of kidney diseases on the mortality of HIV-
infected individuals as compared with the
general population. Whiteside e al’ reported
a more than double relative risk of death
among HIV-positive people as compared with
the general US population as of 2011. To the
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Figure 1

best of our knowledge, no other investigation has yet
focused on this topic.

In order to further explore whether AIDS is associated
with an excess mortality associated with kidney and other
urinary tract diseases, we compared the mortality patterns
of Italian people with AIDS (PWA) versus the Italian
population without AIDS (non-PWA).

MATERIALS AND METHODS

We conducted a nationwide, population-based, retro-
spective cohort study. This study is part of an ongoing
investigation on the mortality burden of Italian PWA'
that was included in the Italian National Statistical Plan,
after clearance by the Italian Data Protection Authority.
The study is based on the availability of two registries
with nationwide coverage: (1) the National AIDS Registry
(RAIDS)—to which all people newly diagnosed with AIDS
in Italy must be reported by law; and (2) the National
Register of Causes of Death (RCoD)—to which all death
certificates issued in Italy must be referred by law."”

The RAIDS includes data on people diagnosed with
AIDS according to the 1993 revised European defini-
tionQO; that is, it does not include HIV-positive individuals
without an AIDS-defining disease. In particular, RAIDS
includes demographic information on date of AIDS
diagnosis, sex, age at diagnosis, date and place of birth,
and residence at diagnosis; conversely, date of death is
not mandatorily updated. The RCoD includes both the
underlying cause of death (ie, the disease or injury which
initiated the train of events leading directly to death) and
the multiple cause of death (MCoD) data (ie, all diseases
that the certifying physician considered relevant to death
and thus are listed on the death certificate), according to
the International Classification of Diseases 10th revision
(ICD-10).

We defined as ‘late testers’ individuals whose AIDS
diagnosis was made <6 months from first HIV-positive
testing, and as ‘early testers’ those whose AIDS diagnosis
was made >6 months from first HIV-positive testing.

Flow chart of the (A) PWA and (B) non-PWA deaths. PWA, people with AIDS.

Record linkage

In order to retrieve the information on the causes of
death of PWA, a record-linkage procedure was performed
between the RAIDS and RCoD for the period 2006-2018.
The record linkage was carried out using a semiauto-
mated software application that was previously designed
and validated in Italy, as described in detail elsewhere.?!
This software application guarantees anonymity through
a blinded procedure that was shown to have an elevated
sensitivity (>95%).%* Briefly, the deterministic record-
linkage procedure uses name, surname and date of birth
as matching criteria, but name and surnames are blinded
to the operator and encrypted in the output database.
The automatic procedure tolerates common spelling
errors in names/surnames and dates, thus producing
both correctly (true positives) and incorrectly matched
records (false positives). The false positives are then
manually excluded by comparing the other variables
present in both the original databases (eg, sex, place of
birth). We excluded from the study the PWA from Trento
and Bolzano (n=4), as these two provinces do not provide
names and surnames to the RCoD. In order to reduce
selection bias, we also excluded non-Italian citizens
(n=3873), as their names/surnames are more frequently
reported with complex spelling errors and they have a
higher probability of dying abroad and, thus, they are not
reported to the RCoD.

At the end of the record-linkage procedure, ‘PWA
deaths’ were defined as the correctly matched records
between RAIDS and RCoD, whereas, ‘non-PWA deaths’
were defined as the records in RCoD that were not linked
to the RAIDS (ie, deaths of people without AIDS in the
general population). From this latter group, we excluded
records reporting any HIV/AIDS-mention in the death
certificate (ie, ICD-10 codes B20-B24), in order to also
avoid the inclusion of HIV-infected people among ‘non-
PWA deaths’. For this study we restricted the analyses to
PWA between 15 and 74 years of age at AIDS diagnosis
and at death. We excluded PWA with a follow-up less than
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Table 1 Distribution of 9481 Italian people with AIDS (PWA)
and of 2613 PWA who died between the ages of 15 and 74
years, by selected characteristics, Italy, 2006-2018

Total PWA  PWA deaths*
N=9481 N=2613

Characteristics No. (%) No. % died
Follow-up (years)

Median (IQR) 5.4 (1.6-9.4) 0.6 (0.2-2.7)

Total person years 53205 5143
Sex

Male 7696 (81.2) 2117 27.5

Female 1785(18.8) 496 27.8
Age at AIDS diagnosis (years)

15-39 2544 (26.8) 436 171

40-49 3753 (39.6) 1077 28.7

50-59 2167 (22.9) 705 32.5

60-74 1017 (10.7) 395 38.8
Calendar year at AIDS diagnosis

2006-2009 3894 (41.1) 1367 35.1

2010-2013 2855 (30.1) 795 27.8

2014-2018 2732 (28.8) 451 16.5
HIV transmission mode

Heterosexual intercourse 3621 (38.2) 888 24.5

MSM 2745 (28.9) 528 19.2

IDU 2215 (23.4) 950 42.9

Other/undetermined 900 (9.5) 247 27.4
Timing of first HIV+testingt

Early testers (>6 months)f 3452 (39.8) 1235 35.8

Late testers (<6 months)§ 5232 (60.2) 1133 21.7

*Up to 31 December 2018.

TThe sum does not add up to the total because of missing values.
FPWA whose AIDS diagnosis was made>6 months from first
HIV+testing.

§PWA whose AIDS diagnosis was made<6 months from first
HIV+testing.

IDU, injecting drug use; MSM, men having sex with men.

1 month from AIDS diagnosis (n=441) as the day of AIDS
diagnosis was frequently missing and AIDS could have
been diagnosed as a consequence of death. Thus, the
final study population consisted of 9481 PWA, 2613 ‘PWA
deaths’ (figure 1A). The comparison group consisted of 1
990 082 ‘non-PWA deaths’ (figure 1B).

Patient and public involvement
No patient involved.

Statistical analysis

The excess mortality risks related to selected diseases
were estimated by means of sex-standardised and age-
standardised mortality ratios (SMRs), with the corre-
sponding 95% CIs calculated using the exact Poisson
method. SMRs were computed by dividing the observed
number of ‘PWA deaths’ reporting specific diseases at

death—among MCoD—to the expected number of ‘PWA
deaths’. The latter number was estimated by multiplying
the sex-specific and age-specific person years at risk of
death among PWA by the sex-specific and age-specific
mortality rates among ‘non-PWA deaths’. The person
years among PWA were calculated by summing up the
years from the date of AIDS diagnosis to the date of
death, or to 31 December 2018, whichever came first;
those diagnosed with AIDS before 75 years of age who
died subsequently were censored at the date of their 75th
birthday. Sex-specific and age-specific person years took
account of the age change during the follow-up period
(ie, each PWA can contribute person time in different age
groups). Sex-specific and age-specific mortality rates were
computed by dividing the number of ‘non-PWA deaths’
reporting the same specific diseases at death—among
MCoD—to the average resident Italian population in the
same calendar period, of same sex and quinquennium of
age (from 15-19-year age group to 70-74-year age group,
excluding Trento and Bolzano provinces and foreign
citizens), as a proxy of person years at risk of death
among non-PWA. The detailed calculation of the SMRs is
provided in online supplemental table 1.

RESULTS

The 9481 Italian PWA aged 15-74 years and diagnosed
during 2006-2018 were followed up for a total of 53205
person years, with a median follow-up time of 5.4 years
(IQR 1.6-9.4 years) (table 1).

Overall, 2613 PWA (27.6%) died between 15 and
74 years of age during the study period; the follow-up
time had a median of 0.6 years (IQR 0.2-2.7 years) and
was right tailed. The main HIV transmission mode was
heterosexual intercourse (38.2%), and the majority of
PWA (60.2%) consisted of ‘late testers’ (i.e. <6 months
between the first HIV+testingand AIDS diagnosis). The
proportion of deaths among PWA was approximately 28%
in both sexes, increased with age at AIDS diagnosis up
to 38.8% among those aged 60-74 years, and was higher
(42.9%) among injecting drug users (IDUs), and among
‘early testers’ (35.8%).

Table 2 shows the observed number of death certificates
reporting urinary tract diseases among PWA, the expected
number of deaths, and the corresponding SMRs.

Overall, 262 (10.0% out of 2613) of PWA death certifi-
cates reported at least one urinary tract disease (table 2).
Among these, urinary tract cancers were mentioned in
just 9 cases (0.3%), whereas 254 (9.7%) were non-cancer
diseases, mostly including renal failure (225 cases, 8.6%).
When considering all urinary tract conditions, a 12.5-fold
excess mortality was found among PWA as compared
with non-PWA (95% CI 11.0 to 14.1) (table 2). Statisti-
cally significant excess risk of death emerged for all non-
cancer urinary tract diseases (SMR=15.3, 95% CI 13.4 to
17.3), including glomerular diseases (SMR=44.8, 95% CI
20.5 to 85.0), renal tubulointerstitial diseases (SMR=22.2,
95%CI 8.9 to 45.8), acute (SMR=22.3, 95% CI 18.0 to
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Table 2 Standardised mortality ratios and corresponding 95% Cls according to selected causes of death reported in death
certificates of people with AIDS (PWA), versus people without HIV/AIDS, Italy, 15-74-year PWA, 2006-2018

Causes of death (ICD-10 codes)*

PWA deaths

(N=2613)

Observed no. of deaths (%) Expected no. of deaths SMR (95% CI)

Urinary tract diseases (C64-C68, D09.0, D30.3, D41.4, NOO-N39) 262 (10.0)
Urinary tract cancers (C64-C68, D09.0, D30.3, D41.4)t

Kidney (C64)
Bladder (C67, D09.0, D30.3, D41.4)

Urinary tract non-cancer diseases (NOO-N39)

Glomerular diseases (NOO-NO08)
Tubulointerstitial diseases (N10-N16)
Renal failure (N17-N19)

Acute (N17)

Chronic (N18)

Unspecified (N19)

Other urinary tract non-cancer diseases (N20-N39)

9(0.3)
5(0.2)
3(0.1)
254 (9.7)
9(0.3)

7 (0.3)
225 (8.6)
92 (3.5)
42 (1.6)
101 (3.9)
29 (1.1)

21.0
5.2
2.3
2.5
16.6
0.2
0.3
15.2
4.1
5.0
7.3
1.8

12.5 (11.0 to 14.1)
1.7 (0.8 t0 3.3)
2.2 (0.7 to 5.1)

1.2 (0.2 to 3.5)
15.3 (13.4 t0 17.3)
44.8 (20.5 to 85.0)
22.2 (8.9 to 45.8)
14.8 (12.9 to 16.8)
22.3 (18.0 to 27.4)
8.4 (6.0t0 11.3)
13.8 (11.2 to 16.8)
16.2 (10.8 to0 23.2)

*Using the multiple cause of death data (ie, each death certificate can report more than one cause), the sums can exceed the total. Causes of death
reported in the same death certificate within the same ICD-10 group were counted only once.

Tlt includes one case of malignant neoplasm of other and unspecified urinary organs (ICD-10 code: C68).

ICD-10, International Classification of Diseases 10th revision; SMR, standardised mortality ratio.

27.4), chronic (SMR=8.4,95% CI 6.0 to 11.3), and unspec-
ified renal failure (SMR=13.8, 95% CI 11.2 to 16.8), and
other urinary diseases (SMR=16.2, 95% CI 10.8 to 23.2).
Considering all urinary tract cancers combined, a slightly
elevated, though not statistically significant, excess
mortality was found among PWA (SMR=1.7, 95% CI 0.8
to 3.3), and this seemed mainly driven by kidney cancers
(SMR=2.2, 95% CI 0.7 to 5.1). When considering strata
of PWA (online supplemental table 2), the SMRs were
particularly elevated among PWA who died at a younger
age (figure 2A) and particularly among women: among
PWA aged 15-49 years, SMRs were 64.7 (95% CI 41.9 to
95.5) in women and 36.8 (95% CI 29.2 to 45.7) in men;

A AGE AT DEATH

B HIV TRANSMISSION MODE

among those aged 50-74 years, SMRs were 11.4 (95% CI
6.5 to 18.5) in women and 8.2 (95% CI 6.9 t0 9.7) in men
(data not shown). Furthermore, particularly elevated
SMRs emerged among IDUs (figure 2B), and among
‘early testers’ (figure 2C).

When analysing the coexisting presence of urinary
tract diseases and other conditions in death certificates,
we found elevated frequencies of circulatory system
diseases (27.5%), viral hepatitis (22.5%), AIDS-defining
cancers (22.1%), non-AIDS-defining cancers (12.2%)
and diabetes mellitus (6.5%) (table 3).

C TIMING OF FIRST HIV+ TESTING®

Urinary tract diseases 1A E=] A oy O
Urinary tract cancers A g —F—e—0r—
Urinary tract non-cancer diseases 'Y F& - PYRLS]
Glomerular diseases A= [ER = s Er =07
. I b
Tubulointerstitial diseases [ —a— b te—=O—
Acute renal failure Laq A L O oo
Chronic renal failure Ay 2 " PP e
Unspecified renal failure [ [ e O [P o]
T T T : :
N N N
I N N & \0@ o © &> ,\QQQ o ® S '\QQQ
SMR (95% Cl) SMR (95% ClI) SMR (95% Cl)

A 15-49 years A 50-74 years

O Injecting drug use

W Sexual intercourse O  Early testers ® Late testers

Figure 2 Standardised mortality ratios (SMR) and corresponding 95% Cls according to selected causes of death reported
in death certificates of people with AIDS (PWA), as compared with people without HIV/AIDS, by age at death (A), mode of
HIV transmission (B), and timing of first HIV+testing (C). ltaly, 15-74-year PWA, 2006-2018. *Early testers’: PWA whose AIDS
diagnosis was made >6 months from first HIV+testing. ‘Late testers’: PWA whose AIDS diagnosis was made <6 months from

first HIV+testing. °No observed cases among PWA.
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Table 3 Leading causes of death recorded together with
urinary conditions in death certificates of people with AIDS
(PWA), Italy, 15-74-year PWA, 2006-2018

PWA with urinary conditions
in death certificates

(N=262)
Causes of death (ICD-10 codes) No. (%)
Circulatory system diseases (100-199)* 72 (27.5)
Hypertension (I110-115) 5(5.7)
Ischaemic heart diseases (120-125) 13 (5.0)
Other forms of heart disease (130-152)* 31 (11.8)
Cerebrovascular diseases (160-169) 16 (6.1)
Diabetes mellitus (E10-E14) 17 (6.5)
Viral hepatitis (B15-B19) 59 (22.5)
Cancers other than urinary tract (C00-C63, 89 (34.0)
C69-C99)t
AIDS-defining 58 (22.1)
Kaposi’s sarcoma (C46) 19 (7.3)
Non-Hodgkin’s lymphoma (C82-C85, 40 (15.3)
C96)
Non-AIDS-definingt 32 (12.2)

*Except 146 (ie, cardiac arrest).
TExcept C77-80 (ie, secondary malignant neoplasms or unspecified cancers).
ICD-10, International Classification of Diseases 10th revision.

DISCUSSION

This nationwide, population-based study found an excess
of mortality among Italian PWA, as compared with non-
PWA, related to non-cancer urinary tract diseases, in
particular, acute, chronic and unspecified renal failures.
Conversely, no excess death risk was detected for urinary
tract cancers. Nonetheless, an indication of possible
higher mortality emerged for kidney cancer, although our
study did not have sufficient statistical power to detect a
significant SMR due to the very low number of observed
events (n=b).

The pattern of kidney diseases among people with
HIV has changed after the introduction of HAART, both
in the USA and Europe, shifting from infection-related
(such as the HIV-associated nephropathy) to chronic
comorbidities and nephrotoxicity associated with HAART

se.” Indeed, the prolonged exposure to HAART and
other medical therapies for HIV-related infections can
lead to a wide variety of nephrotoxic effects.'* Although
HAART has changed the natural course of HIV-associated
nephropathy, reducing the risk of end-stage renal disease,
some antiretroviral regimens have been associated with
the development of acute and chronic kidney diseases.** **

In this study, we could not directly evaluate the contri-
bution of HAART to the onset of kidney diseases, as infor-
mation on treatments following AIDS diagnosis was not
available in the RAIDS. To this regard, it should be noted
that in Italy, thanks to the presence of a universal health-
care system, all HIV-positive individuals who present
for treatment have complimentary access to HAART.
However, our cohort of PWA mostly consisted of people
with a short time interval between the first HIV-positive

test and AIDS diagnosis (ie, late testers) who, probably,
had never been treated with HAART. Indeed, in the strati-
fied analyses, we found particularly elevated SMRs among
‘early testers’ who, conversely, almost certainly underwent
HAART and could have been affected by the nephrotoxic
effects of antiviral treatments.”’

Our findings reflect the increased incidence of kidney
diseases among HIV-infected people compared with
non-HIV-infected.'” An observational nationwide French
study reported a 1.5-fold higher prevalence of kidney
diseases among hospitalised people with HIV than in the
general population, with an increasing trend over time."”
The main cause of hospitalisation was acute kidney injury
(25%), which in that study included also unspecified
renal failure.

Chronic kidney disease has been indicated as one of
the most relevant non-communicable disease affecting
people with HIV, reporting also an increasing preva-
lence." Chronic kidney disease has been shown to be
often related to not only non-infectious comorbidities,
particularly diabetes mellitus and hypertension, but also
hepatitis C.'* This study found that circulatory system
diseases and viral hepatitis were present as coexisting
conditions with kidney diseases in half the PWA death
certificates stating urinary conditions, while diabetes
mellitus was less frequent. In a previous paper, we have
already shown an excess mortality related to diabetes and
circulatory system diseases, including hypertension,'® and
viral hepatitis'® among Italian PWA.

Unhealthy lifestyles, including smoking, drugs and
alcohol abuse, and sexually-acquired viral infections
(such as HBV and HCV), are more common among
HIV-infected individuals than among the general popula-
tion.?® Therefore, they can be partly responsible for the
excess mortality related to urinary tract diseases reported
in our investigation, especially among PWA who acquired
HIV via injecting drug use, who are also generally affected
by other comorbidities. However, we could not analyse
the contribution of these factors, as they are available
neither in RAIDS, nor in RCoD database. Further, the
higher SMR found among people aged 15-49 years, as
compared with the older age group, may be attributable
to the high proportion of IDUs (39%) among 106 PWA
deceased for urinary diseases at a younger age, or it may
merely be a numerical effect related to the very low death
rates among non-PWA in this age group.

Regarding urinary cancers, previous investigations
have suggested that the risk of kidney cancer, particu-
larly renal cell carcinoma, is modestly high among HIV-
infected individuals and that its incidence may increase
over time.”” Although limited data are available on
bladder cancer among HIV-infected people, the risk of
this cancer appears to be lower in HIV-infected subjects
compared with the general population and this is some-
what surprising given the high rate of smokers in this
population.”” In line with other recent studies®™’ and
with our previous investigation conducted on non-AIDS-
defining cancers”” no augmented risks were observed for
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bladder or kidney cancers. Nevertheless, to draw firm
conclusions, a larger number of cases are needed.

This study further highlighted the importance of using
MCoD data in evaluating the mortality of people infected
with HIV, as these data allow to disclose the contribution
to death of conditions other than directly AIDS-related
ones. In this study, out of 262 PWA deaths for whom a
urinary tract disease was reported among the MCoD,
187 (71.4%) deaths certificates stated HIV/AIDS as the
underlying cause of death, 65 (24.8%) other causes, and
only 10 (3.8%) urinary conditions (data not shown).

Among the strengths of our investigation, the use of
MCoD allowed consideration of the contribution to death
of all conditions that the certifying physician considered
relevant to the death - thus worthy of being listed on the
death certificate, overcoming the limitation deriving from
the assignment of HIV/AIDS as the underlying cause-of-
death to most people with HIV/AIDS, according to offi-
cial statistics rules.® ! Furthermore, the use of MCoD data
for both PWA and non-PWA granted the use of the same
coding rules for both groups, thus limiting information
bias. The average number of causes of death mentioned
in the death certificates of people with and without AIDS
was similar (5.3 and 4.1, respectively), considering the
additional presence of HIV/AIDS for PWA. Nevertheless,
we cannot exclude that the knowledge of AIDS could
have influenced the notification of other diseases in the
death certificate.

Additional relevant strengths of this study are the
national coverage of the Italian population for both
RAIDS and RCoD registries and the high sensitivity of the
record-linkage procedure used.”’ * However, the inclu-
sion of PWA and not all HIV-infected people represents
a limitation. Therefore, it should be stressed that our
findings cannot be extended to people at an earlier stage
of infection, as they were obtained from the RAIDS,
which does not include HIV-positive people without
AIDS-defining diseases (HIV only). Consequently, the
SMRs may be different in the case of HIV-only people
for whom the competitive role of AIDS-defining diseases
at death should be null. Finally, although it is known
that in Italy HAART therapy began in 1996, and since
2000 it was adopted in all Italian clinical centres, in the
RAIDS data on post-AIDS use of HAART are not avail-
able, which represents another important limitation. As a
consequence, the contribution of HAART to the onset of
kidney diseases could not be evaluated.

Our nationwide, population-based study showed an
excess mortality related to several types of kidney and
urinary tract diseases among Italian PWA, as compared
with the general population without HIV/AIDS. These
results highlight the importance of preventive actions,
especially among younger patients and those injecting
drugs. Moreover, it is crucial to assess the renal function
at baseline before HAART initiation and to periodically
monitor the renal function in patients with HIV. Recom-
mendations for Kkidney disease screening, diagnosis
and management specifically targeted to HIV-infected

individuals have been defined in recent years by an inter-
national panel of experts’ and they should be imple-
mented in the clinical practice.

Acknowledgements The authors thank Mrs. Luigina Mei for editorial assistance
and Mr. Stefano Boros for National AIDS Registry data management.

Contributors AZ and BS designed the study. MT performed the statistical analyses.
AZ, MT, BS and DS drafted the manuscript. VR and LP managed the National AIDS
Registry data used in this study. LF, EG, FG and MP managed data of the National
Register of Causes of Death used in this study. AZ, FT and MT performed the record
linkage between National AIDS Registry and National Registry of Causes of Death
and managed the final database. All authors revised the study results, contributed
to data interpretation, reviewed the draft of the manuscript, and approved the final
version of the manuscript. MT is responsible for the overall content as guarantor.

Funding This work was supported by the Italian Ministry of Health (Ricerca
Corrente (N/A)).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement No data are available.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Martina Taborelli http://orcid.org/0000-0002-6731-7569

REFERENCES

1 Antiretroviral Therapy Cohort Collaboration. Causes of death in
HIV-1-infected patients treated with antiretroviral therapy, 1996-
2006: collaborative analysis of 13 HIV cohort studies. Clin Infect Dis
2010;50:1387-96.

2 Helleberg M, Kronborg G, Larsen CS, et al. Causes of death among
danish HIV patients compared with population controls in the period
1995-2008. Infection 2012;40:627-34.

3 Schwarcz SK, Vu A, Hsu LC, et al. Changes in causes of death
among persons with AIDS: San Francisco, California, 1996-2011.
AIDS Patient Care STDS 2014;28:517-23.

4 Wada N, Jacobson LP, Cohen M, et al. Cause-specific mortality
among HIV-infected individuals, by CD4(+) cell count at HAART
initiation, compared with HIV-uninfected individuals. AIDS
2014;28:257-65.

5 Smith CJ, Ryom L, Weber R, et al. Trends in underlying causes of
death in people with HIV from 1999 to 2011 (D:A:D): a multicohort
collaboration. Lancet 2014;384:241-8.

6 Vandenhende M-A, Roussillon C, Henard S, et al. Cancer-related
causes of death among HIV-infected patients in France in 2010:
evolution since 2000. PLoS One 2015;10:e0129550.

7 Pettit AC, Giganti MJ, Ingle SM, et al. Increased non-AlDS mortality
among persons with AIDS-defining events after antiretroviral therapy
initiation. J Int AIDS Soc 2018;21:e25031.

8 Whiteside YO, Selik R, An Q, et al. Comparison of rates of death
having any death-certificate mention of heart, kidney, or liver disease

6

Taborelli M, et al. BMJ Open 2022;12:6064970. doi:10.1136/bmjopen-2022-064970

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘0z 1Mdy uo ywoo fwg uadolway/:dny wouy papeojumoq "Z2z0z Joquadaq T Uo 0/6190-220z-uadolwg/osTT 0T St paysiignd 1say :uado cNg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6731-7569
http://dx.doi.org/10.1086/652283
http://dx.doi.org/10.1007/s15010-012-0293-y
http://dx.doi.org/10.1089/apc.2014.0079
http://dx.doi.org/10.1097/QAD.0000000000000078
http://dx.doi.org/10.1016/S0140-6736(14)60604-8
http://dx.doi.org/10.1371/journal.pone.0129550
http://dx.doi.org/10.1002/jia2.25031
http://bmjopen.bmj.com/

10

11

12

13

14

15

16

among persons diagnosed with HIV infection with those in the
general US population, 2009-2011. Open AIDS J 2015;9:14-22.
Croxford S, Kitching A, Desai S, et al. Mortality and causes of death
in people diagnosed with HIV in the era of highly active antiretroviral
therapy compared with the general population: an analysis of a
national observational cohort. Lancet Public Health 2017;2:e35-46.
Zucchetto A, Virdone S, Taborelli M, et al. Non-AIDS-defining cancer
mortality: emerging patterns in the late HAART era. J Acquir Immune
Defic Syndr 2016;73:190-6.

Grande E, Zucchetto A, Suligoi B, et al. Multiple cause-of-death data
among people with AIDS in ltaly: a nationwide cross-sectional study.
Popul Health Metr 2017;15:19.

Suligoi B, Virdone S, Taborelli M, et al. Excess mortality related to
circulatory system diseases and diabetes mellitus among Italian
AIDS patients vs. non-AIDS population: a population-based cohort
study using the multiple causes-of-death approach. BMC Infect Dis
2018;18:428.

Taborelli M, Suligoi B, Toffolutti F, et al. Excess liver-related mortality
among people with AIDS compared to the general population: an
Italian nationwide cohort study using multiple causes of death. HIV
Med 2020;21:642-9.

Heron JE, Bagnis Cl, Gracey DM. Contemporary issues and new
challenges in chronic kidney disease amongst people living with HIV.
AIDS Res Ther 2020;17:11.

Nadkarni GN, Patel AA, Yacoub R, et al. The burden of dialysis-
requiring acute kidney injury among hospitalized adults with

HIV infection: a nationwide inpatient sample analysis. AIDS
2015;29:1061-6.

Cohen SD, Kopp JB, Kimmel PL. Kidney diseases associated

with human immunodeficiency virus infection. N Engl J Med
2017;377:2363-74.

Louis M, Cottenet J, Salmon-Rousseau A, et al. Prevalence and
incidence of kidney diseases leading to hospital admission in people
living with HIV in France: an observational nationwide study. BMJ
Open 2019;9:e029211.

Suligoi B, Zucchetto A, Grande E, et al. Risk factors for early
mortality after AIDS in the cART era: a population-based cohort
study in Italy. BMC Infect Dis 2015;15:229.

19

20

21

22

23

24

25

26

27

28

29

30

31

ISTAT INdS. ISTAT. multiple causes of death Rome, ltaly: Istituto
Nazionale di Statistica; 2018, 2022. Available: http://siqual.istat.it/
SlQual/visualizza.do?id=5000131 [Accessed 04 Feb 2022].
Ancelle-Park R. Expanded European AIDS case definition. Lancet
1993;341:441.

Dal Maso L, Braga C, Franceschi S. Methodology used for
"software for automated linkage in Italy" (SALI). J Biomed Inform
2001;34:387-95.

Clifford GM, Polesel J, Rickenbach M, et al. Cancer risk in the
swiss HIV cohort study: associations with immunodeficiency,
smoking, and highly active antiretroviral therapy. J Nat/ Cancer Inst
2005;97:425-32.

Mallipattu SK, Salem F, Wyatt CM. The changing epidemiology of
HIV-related chronic kidney disease in the era of antiretroviral therapy.
Kidney Int 2014;86:259-65.

Campos P, Ortiz A, Soto K. HIV and kidney diseases: 35 years of
history and consequences. Clin Kidney J 2016;9:772-81.

Scarpino M, Pinzone MR, Di Rosa M, et al. Kidney disease in HIV-
infected patients. Eur Rev Med Pharmacol Sci 2013;17:2660-7.
Hughes C. Renal adverse drug reactions. Curr Opin HIV AIDS
2021;16:303-8.

Hentrich M, Pfister D. HIV-associated urogenital malignancies. Oncol
Res Treat 2017;40:106-12.

Poizot-Martin I, Lions C, Allavena C, et al. Spectrum and incidence
trends of AIDS- and non-AIDS-defining cancers between 2010 and
2015 in the French dat'AIDS cohort. Cancer Epidemiol Biomarkers
Prev 2021;30:554-63.

Chiao EY, Coghill A, Kizub D, et al. The effect of non-AlDS-defining
cancers on people living with HIV. Lancet Oncol 2021;22:e240-53.
Horner M-J, Shiels MS, Pfeiffer RM, et al. Deaths attributable to
cancer in the US human immunodeficiency virus population during
2001-2015. Clin Infect Dis 2021;72:e224-31.

Swanepoel CR, Atta MG, D'Agati VD, et al. Kidney disease in

the setting of HIV infection: conclusions from a kidney disease:
improving global outcomes (KDIGO) controversies conference.
Kidney Int 2018;93:545-59.

Taborelli M, et al. BMJ Open 2022;12:€064970. doi:10.1136/bmjopen-2022-064970

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘0z 1Mdy uo ywoo fwg uadolway/:dny wouy papeojumoq "Z2z0z Joquadaq T Uo 0/6190-220z-uadolwg/osTT 0T St paysiignd 1say :uado cNg


http://dx.doi.org/10.2174/1874613601509010014
http://dx.doi.org/10.1016/S2468-2667(16)30020-2
http://dx.doi.org/10.1097/QAI.0000000000001033
http://dx.doi.org/10.1097/QAI.0000000000001033
http://dx.doi.org/10.1186/s12963-017-0135-3
http://dx.doi.org/10.1186/s12879-018-3336-x
http://dx.doi.org/10.1111/hiv.12937
http://dx.doi.org/10.1111/hiv.12937
http://dx.doi.org/10.1186/s12981-020-00266-3
http://dx.doi.org/10.1097/QAD.0000000000000653
http://dx.doi.org/10.1056/NEJMra1508467
http://dx.doi.org/10.1136/bmjopen-2019-029211
http://dx.doi.org/10.1136/bmjopen-2019-029211
http://dx.doi.org/10.1186/s12879-015-0960-6
http://siqual.istat.it/SIQual/visualizza.do?id=5000131
http://siqual.istat.it/SIQual/visualizza.do?id=5000131
http://dx.doi.org/10.1016/0140-6736(93)93040-8
http://dx.doi.org/10.1006/jbin.2002.1036
http://dx.doi.org/10.1093/jnci/dji072
http://dx.doi.org/10.1038/ki.2014.44
http://dx.doi.org/10.1093/ckj/sfw104
http://www.ncbi.nlm.nih.gov/pubmed/24142615
http://dx.doi.org/10.1097/COH.0000000000000703
http://dx.doi.org/10.1159/000457130
http://dx.doi.org/10.1159/000457130
http://dx.doi.org/10.1158/1055-9965.EPI-20-1045
http://dx.doi.org/10.1158/1055-9965.EPI-20-1045
http://dx.doi.org/10.1016/S1470-2045(21)00137-6
http://dx.doi.org/10.1093/cid/ciaa1016
http://dx.doi.org/10.1016/j.kint.2017.11.007
http://bmjopen.bmj.com/

	Increased kidney disease mortality among people with AIDS versus the general population: a population-­based cohort study in Italy, 2006–2018
	Abstract
	Introduction﻿﻿
	Materials and methods
	Record linkage
	Patient and public involvement
	Statistical analysis

	Results
	Discussion
	References


