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Abstract

Objectives: Predictors of chronic kidney disease (CKD) amongst HIV-positive persons are well
established, but insights into the prognosis after CKD including the role of modifiable risk factors are

limited.
Design: Prospective cohort study

Methods: D:A:D participants developing CKD (confirmed, >3 months apart, eGFR<60mL/min/1.73
m®or 25% eGFR decrease when eGFR<60) were followed to incident serious clinical events (SCE);
end stage renal (ESRD) and liver disease, cardiovascular disease (CVD), AIDS- and non-AIDS
defining malignancies (NADM), other AIDS or death, 6 months after last visit or 02.01.2016. Poisson

regression models considered associations between SCE and modifiable risk factors.

Results: During 2.7 (IQR 1.1-5.1) years median follow-up 595 persons with CKD (24.1%) developed
a SCE (incidence rate 68.9/1000 PYFU [95%CI 63.4-74.4]) with 8.3% [6.9-9.0] estimated to
experience any SCE at one year. The most common SCE was death (12.7%), followed by NADM
(5.8%), CVD (5.6%), other AIDS (5.0%) and ESRD (2.9%). Crude SCE ratios were significantly
higher in those with vs. without CKD, strongest for ESRD (65.9 [43.8-100.9]) and death (4.8 [4.3-
5.3]). Smoking was consistently associated with all CKD-related SCE. Diabetes predicted CVD,
NADM and death, while dyslipidaemia was only significantly associated with CVD. Poor HIV-status
predicted other AIDS and death, eGFR<30mL/min/1.73m” predicted CVD and death and low BMI

predicted other AIDS and death.

Conclusion: In an era where many HIV-positive persons require less monitoring due to efficient
antiretroviral treatment, persons with CKD carry a high burden of SCE. Several potentially modifiable

risk factors play a central role for CKD-related morbidity and mortality.

Keywords: HIV, chronic kidney disease, CKD, renal, prognosis, modifiable risk factors, serious

clinical events
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Introduction

As chronic kidney disease (CKD) has become increasingly common in the ageing community
of people living with HIV (PLWH) considerable efforts have gone into uncovering potential

]

predictors!™. As such it is now commonly accepted that HIV-related factors (such as

immunosuppression), co-infections, traditional renal risk factors (such as diabetes and

hypertension) and drug toxicities play a central role for incident CKD in PLWHP%,

Meanwhile, our insights into the more general morbidity burden after acquiring CKD in
PLWH and the associated modifiable risk factors are still relatively limited™ ''**!. In a prior
D:A:D analysis we showed that up to 23% of PLWH have the potential to improve kidney
function after moderate CKD (stages G3+), while 65% stabilised at their current estimated
glomerular filtration rate (eGFR) level and 12% continued to progress over the next 36
months!'® '), However, that analysis focused exclusively on eGFR-defined outcomes. Large
population studies in the general HIV-negative population suggest that individuals with
advanced and end-stage CKD (stages G4+) have a particularly poor prognosis with high
morbidity and mortality[lg’ ¥l Studies on outcomes after CKD stage G3+ are somewhat
scarcer, likely because more moderate CKD levels remain undiagnosed and are associated
with lower rates of adverse outcomes than more advanced CKD. Larger studies with longer
follow-up times are therefore required to reliably study the natural history of disease

progression in this group!"> **!1.

Related to the significantly improved health of PLWH, the majority of stable PLWH on
antiretroviral treatment (ART) are only seen in clinical care once or twice annually. The
increasing CKD incidence in PLWH, however makes it imperative to better understand the
consequences of CKD in order to assist clinical identification of those at highest risk of

severe morbidity and mortality. Identification of key factors driving CKD-related morbidity
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will further improve our understanding of the disease mechanistic and where to focus

. . 22
1ntervent10ns[ ].

Using the large D:A:D (Data collection on Adverse events of Anti-HIV Drugs) cohort the
aim of this analysis is to investigate the disease spectrum and the prognosis after a diagnosis
of CKD stage G3+ in PLWH with focus on the incidence of serious clinical events (SCE) and

the role of modifiable risk factors.
Methods
Study population

The D:A:D study is a large observational cohort collaboration initiated in 1999 based on a
request from the European Medicines Agency (EMA) to study adverse drug effects of ART
and comorbidities in PLWH, details have been published previously. From the 11
contributing cohorts in Europe, the United States and Australia, more than 49,000 HIV-1-
positive persons were under prospective follow-up. Data on clinical events were reported on
designated event forms and include cardiovascular disease (CVD), end-stage renal and liver
discase (ESRD and ESLD), cancers and fatal cases (for details see
https://www.chip.dk/Studies/DAD/Study-Documents). Events were collected in real-time
during routine clinical care, centrally validated against predefined algorithms, regularly
monitored and reviewed by external experts. In addition, electronic data were collected at
enrolment and at every six months thereafter on demographics, detailed records of ART and
other key HIV-variables including HIV viral load (VL), CD4 counts, AIDS events and viral
hepatitis. In addition, CVD related risk factors (such as familiar disposition, hypertension,
diabetes, dyslipidemia and smoking) and treatment (such as antihypertensives and anti-
platelets) were captured. Finally, data on selected common laboratory biomarkers (such as

hemoglobin, renal and liver function markers) was systematically collected.
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Endpoint definitions and statistical analyses

The SCE included were centrally validated CVD (myocardial infarction, stroke, invasive
cardiovascular procedures), ESRD, ESLD, AIDS defining malignancies (ADM), non-AIDS
defining malignancies (NADM), other AIDS events (excluding malignancies) and death from

any cause.

Creatinine was collected systematically in D:A:D from 2004. We calculated creatinine
clearance, used as an eGFR surrogate, as in earlier D:A:D analyses, using the Cockcroft-

[25. 261 " A5 several specific cohorts

Gault (CG) equation[24], standardized for body surface area
in D:A:D are prohibited from collecting ethnicity information the CG equation was used

rather than an equation including ethnicity.

CKD was defined as confirmed, >3 months apart, eGFR <60 mL/min/ 1.73m? or a 25%
decrease in eGFR when baseline ¢GFR <60 mL/min/1.73m* ! *"). For our main analysis of
SCE after CKD, participants were followed from time of CKD diagnosis to incident SCE, 6
months after last visit or February 1st, 2016, whichever occurred first. While participants
could experience several different types of incident SCE after CKD, recurrences of the same
specific subtype of SCE were excluded from this analysis (e.g. someone with a prior MI
could not progress to another MI but could progress to a different CVD event, such as a

stroke). A separate analysis was performed for each of the SCE.

For perspectives, in a purely descriptive analysis, we followed participants from first eGFR to
SCE and stratified follow-up time according to CKD status and compared crude rates of SCE
between those with/without CKD. As the baseline, study population and follow-up are
defined differently in this subanalysis SCE rates will not be directly comparable to those of

the primary analysis.
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Adjusted Poisson regression models considered associations between individual SCE and
potential modifiable risk factors. Factors included in multivariable analysis were decided a
priori based on the factors associated with CKD and each of the SCE in previous D:A:D

(7. 11 23] These included demographics (gender, age, ethnic origin, cohort),

renal analyses
HIV-related factors (HIV acquisition risk, CD4 count, prior AIDS and viral hepatitis co-
infection) and more traditional risk factors (familial disposition to CVD, hypertension,
dyslipidaemia, BMI and eGFR <30 mL/min/1.73m?). We further defined poor HIV-status as
CD4 count <350 cells/uL or VL >10000 copies/mL, good HIV-status as CD4 >500 cells/uL.
and VL<400 copies/mL; and Intermediate status as all other combinations. We also included
adjustment for any prior and time-updated specific SCE. We did not include ART in our
models as we have previously shown that specific antiretrovirals which are known to be
nephrotoxic, are often actively switched once an individual’s eGFR starts to decline but
before they reach the threshold for CKD, meaning post-CKD analyses will be highly
confounded by indication for ART and difficult to interpret™® '), Potential risk factors were
fitted as time-updated variables when subjected to change over time (e.g. age) otherwise as
time-fixed (baseline) values (e.g. ethnic origin). Interactions were considered between poor
HIV status, smoking, diabetes and low BMI.To address which potentially modifiable risk
factors have the strongest impact on the prognosis after CKD we calculated the population
attributable risk fraction (PAF) for the key identified risk factors in the multivariate model
(only those with PAF >5% presented). PAF expresses the proportion of events that would not

have occurred had that risk factor not been present and considers both the strengths of the

associations and the incidence rate of the risk factor.

Data from the general population suggest that ESRD and death are competing outcomes in

people with CKD *1. To test for competing risk between the individual SCE after CKD we
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conducted a sensitivity analysis in which we removed all persons with more than one SCE

during follow-up.

All statistical analyses were carried out using SAS version 9.3 (Cary, North Carolina,

USA).

Results
Baseline characteristics

We included 2,467 persons with CKD contributing 8,636 person-years of follow-up (PYFU)
in the analysis. Of these 2,231 (90.4%) had CKD defined by confirmed eGFR <60
mL/min/1.73m* & 236 persons (9.6%) by 25% eGFR decline. Persons with CKD were
predominantly white (50.6%) males (77.2%) with a median age of 60 years (interquartile
range, IQR, 52-67 years), table 1. Current smoking was reported in 33.6%, while 16.1% had
diabetes, 20.6% hypertension, 59.2% dyslipidaemia and 10.1% a low BMI (<18 Kg/m?). An
eGFR<30 mL/min/1.73m* was prevalent in 6.3% while 49.3% and 26.9% had good (CD4
>500 cells/uL and VL<400) and poor (<350 cells/uL or VL >10000 copies/mL) HIV-status
respectively. As many as 47.9% had experienced any prior SCE, most commonly an (non-

malignant) AIDS event.
Rates of SCE

During a median follow-up time of 2.7 years (IQR 1.1-5.1 years) 595 (24.1%) of the 2,467
persons with CKD experienced 826 SCE (incidence rate, IR, 68.9/1,000 PYFU [95%
confidence interval, CI, 63.4-74.4]), supplementary figure 1, http:/links.lww.com/QAD/B521.
The most common individual SCE was death (IR 32.2/1,000 PYFU [28.6-35.8]), followed by

NADM (IR 15.2/1,000 PYFU [12.7-17.7]), CVD (IR 14.6/1,000 PYFU [12.1-17.0]) and
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other AIDS events (IR 13.0/1,000 PYFU [10.7-15.3]). There were relatively few incident

ESRD, ESLD and ADM events after CKD with the follow-up time available.

At one year after CKD 8.3% [6.9-9.0] were estimated to have developed any SCE, increasing
t0 29.3% [26.9-31.4] at five years, figure 1. The one- and five-year death rates were estimated
at 4.0% [3.2-4.7%] and 15.3% (13.5-17.1%) respectively. Of the 313 deaths after CKD the
most common underlying cause was NADM (23.0%) and CVD (20.1%). Death with renal
failure as the underlying cause accounted for less than 5%, supplementary figure 2,

http://links.lww.com/QAD/B521.
Modifiable Risk factors

In the following we focus on the risk factor profiles for the four most commonly occurring
SCEs after CKD; CVD, NADM, Other AIDS events and death. There was inadequate power
to conduct robust adjusted analyses for ESRD, ESLD and ADM after a CKD diagnosis. In
four separate models, also adjusted for prior SCE, we found current smoking to be an
independent risk factor for all SCE considered, figure 2. Besides smoking, the risk profiles
differed amongst the individual SCE. Diabetes was strongly associated with an increased
incidence of CVD, NADM and death, while dyslipidaemia was only significantly associated
with CVD. Poor HIV-status (CD4 count <350 cells/uL or VL >10000 copies/mL) was
significantly associated with other AIDS events and death. Having an eGFR<30
mL/min/1.73m’ predicted higher rates of CVD and death. Finally, a low BMI (<18 Kg/m?)
was significantly associated with higher rates of other AIDS and death. We did not find
evidence of an interaction between poor HIV-status, current smoking, low BMI and diabetes
for CVD, NADM, other AIDS events or death (all p>0.1). Neither hypertension nor high

BMI reached statistical significance for any of the CKD-related SCE.
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The corresponding PAFs for key factors associated with each of the SCE were calculated,
figure 3. Had people not been current smokers between 6.1% and 11.0% of the individual
SCEs after CKD may not have occurred. Likewise, a diagnosis of diabetes contributed
between 6.4% and 11.5% of all CVD and death events after CKD. A striking 34.9% of deaths
and 13.5% of other AIDS events in persons with CKD may have been avoided with optimal
HIV-status. An eGFR<30 mL/min/ 1.73m? attributed to 7-13% of all deaths, and finally,
between 9.9-19.3% of deaths and CVD could potentially have been avoided by reducing

dyslipidaemia.
Subanalyses

Our findings were consistent after removal of those with competing events (data not shown),
suggesting in this population of PLWH with more moderate levels of CKD and with the

relatively short median follow-up competing risks did not play a major role.

To address the possibility of surveillance bias after CKD we tested if the median number of
eGFR and CD4 count measurements differed in the observation period before and after CKD.
If anything there were slightly fewer eGFR meaurements (median 2.2/year [1.8-3.0] before
and 2.1/year [1.4-3.1] after CKD) and CD4 counts (median 2.6/year [2.0-3.3.] before and

2.4/year [1.6-3.0] after CKD) after CKD.
Rates of SCE according to CKD status

Having established that PLWH and CKD have a high burden of SCE and which individual
factors contribute to each of these, we wished to put these observations into a broader
perspective by comparing rates of SCE in PLWH with and without CKD. In this descriptive
analysis we included 34,116 PLWH contributing 272,424 PYFU without CKD and 2,460

persons with CKD contributing 7,328 PYFU. During a median follow-up of 8.8 (IQR 5.8-
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10.8) years for those without CKD 18.5% (n=6,300) experienced any SCE (IR 23.0/1000
PYFU [22.4-23.6]). In comparison those with CKD were followed for a median of 2.1 (IQR
0.4-4.9) years, during which 18.9% had any incident SCE (IR 63.7/1000 PYFU [57.9-69.5]).
When comparing the crude IR ratios for individual SCE types amongst PLWH with and
without CKD, except for ADM, the SCE rate ratios were considerably higher in those with
CKD (all SCE 2.7 [2.5-3.4]), but strongest for ESRD (65.9 [43.8-100.9]) and death (4.8 [4.3-

5.4)), figure 4.

Discussion

In this analysis of a large heterogenous cohort we found that individuals living with both HIV
and moderate CKD have a high burden of SCE, with almost one in three experiencing a SCE
within five years of their CKD diagnosis. The most common SCE was death with a five-year
CKD-related mortality rate exceeding 15%. The rates of SCE were further almost three times
higher in those with CKD vs without CKD. Several potentially modifiable risk factors
strongly predicted post-CKD SCE. Our findings suggest more intensified monitoring and

interventions targeted towards these modifiable risk factors in those with CKD is warranted.

Role of modifiable risk factors in the prognosis following CKD

The rates of prior SCE were high in those with CKD with over half having experienced an
event at baseline, most commonly an (non-malignant) AIDS event, suggesting a possible
contribution to the development of CKD. Our data also suggest the SCE rates are already
increased relatively shortly after the CKD diagnosis. These findings raise the question about

the underlying mechanistics driving SCE after CKD.

With this study many of the modifiable risk factors previously shown to predict CKD

incidence in PLWH such as diabetes and HIV-status are now shown to also play an important
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role for driving CKD-related morbidity!” *. Each CKD-related SCE had a distinct risk factor
profile, as also shown for CVD, ESRD and mortality among HIV-indeterminant persons with
CKD stage G4 in the CRIC study!"®. For NADM after CKD, smoking and diabetes were the
main modifiable predictors, both of which also predicted CVD together with dyslipidaemia
and eGFR<30 mL/min/1.73m®. For fatal cases (where NADM and CVD accounted for 43%
of the underlying causes), all modifiable factors included, apart from dyslipidaemia, were
independently associated with higher incidence rates, likely reflecting the more heterogenous
pathways leading to death. As many of 35% of all deaths and 14% of other AIDS events after
CKD were directly attributed to having poor HIV-status. The higher rates of prior other AIDS
events in those with CKD and the strong association with poor HIV-status underlines the
importance of avoiding late presentation of HIV, ensuring fast initiation of effective ART and
high levels for compliance to ensure a better renal prognosism’ 3% The percentage of CVD
events and death attributable to diabetes was 6% and 11% respectively. In the general
population Hallan and colleagues also found an essential role of diabetes in CKD prognosis,
and concluded that while CKD stage G3 prevalence is similar in Norway and the US, rates of
progression to ESRD are 2.5 times higher in the US, and closely related to the higher
proportion of diabetics!?’. With a continued increasing diabetes prevalence in ageing PLWH
this trend may lead to major adverse health outcomes over time"'l. Smoking was the only
modifiable risk factor uniformly related with increased incidence of all SCE, and a potential
to have prevented up to 11% of deaths had the person not been a current smoker. A recent
large meta-analysis in the general population also found that among individuals with CKD
stage G4+ diabetes and low eGFR predicted both CVD and mortality, while smoking only
predicted mortality”®*. The high proportion of smoking PLWH and the complex interplay
between HIV and smoking in inducing inflammation and immune exhaustion may however

possibly explain the wider SCE association in PLWH than in the general population®). If we
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succeed in intervening effectively against these modifiable risks, both CKD incidence and
CKD-related prognosis in PLWH are likely to be improved. Such targeted interventions for
CVD-related modifiable risk factors including dyslipidaemia, hypertension and smoking have

proven effective in reducing CKD-related CVD risks in the general population®*'.
CKD prognostics and the SCE spectrum

The high rates of CKD-related SCE observed may also reflect CKD as a marker of a general
health deterioration. Interestingly however, the monitoring frequency (estimated by median
number of eGFR and CD4 count measurements) did not increase after a CKD diagnosis in
this population. Therefore, while we are unable to fully exclude the possibility of reverse
causality for some of the SCE (i.e. ESLD), it seems there is an additional added impact of the
CKD diagnosis itself also supported by the fact that SCE rates remained high even after
accounting for those who had experienced a prior SCE. The high SCE rates in those with vs
without CKD also suggest that CKD itself may induce a worse prognosis, perhaps by
activating additional pathogenic pathways and reflecting the inability of the kidneys to
remove waste products and maintain electrolyte and hormonal balance, the increased levels
of inflammation and the compromised immune function™. The underlying cause of CKD
stage G3+ 1is unknown and believed to be multifactorial in up to 20% of all cases in the
general German population[m. For PLWH where there are even more potential CKD risk
factors and a wide spectrum of pathologic renal manifestations it is indeed possible that
CKD-related SCE are also driven by activating several different pathways concomitantly®.
As such, the combination of HIV-status, ongoing risk factors such as smoking and CKD may
induce a state of “triple trouble” for increased inflammation, coagulation activation, oxidative
stress, accelerated atherosclerosis and ultimately increased risks of a broad spectrum of

adverse health outcomes!?!/3% 37381,
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While several studies have investigated predictors for and progression to ESRD, CVD or
mortality, few have investigated the natural history of CKD-associated morbidity burden in

PLWH more broadlyt'": #3424,

A 2014 study from EuroSIDA found an association between current eGFR level, proportion
of follow-up time spent with eGFR <60 mL/min/1.73m"> and both AIDS and non-AIDS
events, but lacked the power to look in more detail at individual SCE and the CKD diagnosis
more formally”®”). The study did however also show that time-lagging outcomes did not
change the observations, suggesting the associations are not simply explained by reverse
causality. A Kenyan study also associated moderately impaired renal function with faster
progression to AIDS, but did not find an association with mortality™, possibly due to both a
relatively short follow-up, limited study size and using a single measurement of renal
impairment likely reflecting a different underlying pathology. In the Canadian general
population rates of CVD, mortality and ESRD all increased with CKD stage, although at
considerably lower rates than those found in our analysis amongst PLWH!'"”. US national
sample data from Choi and colleagues also suggest HIV-status plays an individual role for the
CKD-related disease burden in that PLWH with CKD stage G3+ had significantly higher

mortality rates compared to HIV-negative individuals with CKD!".

For cancers, data on the association between CKD and malignancies in PLWH is limited,
albeit well described in the general population. The relation is considered multifactorial with
close relation to shared underlying risk factors for CKD and malignancies, accumulation of

toxins, oxidative stress and infections as discussed abovel>”3% 4.

Progression from CKD stage G3+ to ESRD is often a gradual process and reflected in the
relatively low number of ESRD events (n=72) in our analysis with less than three years

median follow-up time after CKD. Earlier studies further suggest that age modifies the most
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likely CKD-related outcomes in a way where older individuals are more likely to die rather
than develop ESRD™Y. In this analysis we didn’t find strong evidence of such competing
risks but could be due to the relatively high median age of those with CKD and the limited
follow-up time. The close relation between CKD stage G3+ and ESRD was however evident

with a 65-times higher ESRD IR in those with vs. without CKD.
Limitations

The most important limitation to acknowledge is the relatively short follow-up after CKD
allowing us only to conclude about the intermediate-term post-CKD prognosis, although still
adequately long to show gradually increasing rates of all SCE. As the D:A:D study does not
collected proteinuria, we are unable to address any effect modification hereof and
consequently our SCE rates are conservativel'”). Due to national regulations data on ethnicity
were missing for a high proportion of participants (46% without difference between those
with and without SCE, p= 0.88), without the possibility to perform imputations as these data
were not missing randomly. Calculating PAFs based on the effect sizes in multivariate
analysis are intrinsically limited by not taking into account any potential correlations of these

[45

factors'™!. Finally, we are unable to rule out effects of unmeasured confounders such as

genetic predispositions to CKD, use of NSAID and levels of phosphate, calcium, vitamin D

and parathyroid hormone.

Conclusion

In an era where many PLWH require less monitoring due to effective and well-tolerated
ART, those living with even moderate levels of CKD have a high morbidity and mortality
burden with almost one in three developing a SCE within just five years. Our data further
suggest the modifiable risk factors smoking, dyslipidaemia, poor HIV-status, diabetes and
low BMI in addition to eGFR<30 mL/min/1.73m* play a central role for CKD-related
morbidity, and highlight the need of increased monitoring, targeted interventions and focus

on preventive measures for those living with both HIV and CKD.
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Table 1. Baseline Characteristics

a. CD4 count <350 cells/uL or VL >10000 copies/mL; b. Detection of hepatitis B virus
(HBV) surface antigen, HBV e antigen, or HBV-DNA; c. Detection of anti—hepatitis C virus
(HCV) and either detection or unknown status of HCV-RNA; d. Blood pressure >150/>100
mmHg or receipt of antihypertensive; e. Recording of a diagnosis of diabetes on a D:A:D
study event form or receipt of antidiabetics; f.Total cholesterol level >6.2 mmol/L, high-
density lipoprotein cholesterol level <0.9 mmol/L, triglyceride level >2.3 mmol/L, or receipt

of lipid-level-lowering treatment
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South Wales);M O’Sullivan (Gold Coast, Queensland), D. Nolan, G Guelfi (Perth, Western
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D. Cohn (Denver, Colorado); N. Markowitz (Detroit, Michigan); R. Arduino (Houston,
Texas); D. Mushatt (New Orleans, Louisiana); G. Friedland (New Haven, Connecticut); G.
Perez (Newark, New Jersey); E. Tedaldi (Philadelphia, Pennsylvania); E. Fisher (Richmond,
Virginia); F. Gordin (Washington, DC); L.R. Crane (Detroit, Michigan); J. Sampson

(Portland, Oregon); J. Baxter (Camden, New Jersey).

EuroSIDA (multinational)

Steering Committee: J Gatell, B Gazzard, A Horban, I Karpov, M Losso, A d’ Arminio
Monforte*, C Pedersen, M Ristola, A Phillips*, P Reiss*, JD Lundgren*, J Rockstroh
Chair: J Rockstroh

Study Co-leads: A Mocroft*, O Kirk*

Coordinating Centre Staff: O Kirk*, L Peters, C Matthews, AH Fischer, A Bojesen, D
Raben, D Kristensen, K Grenborg Laut, JF Larsen, D Podlekareva

Statistical Staff: A Mocroft*, A Phillips*, A Cozzi-Lepri, L Shepherd, A Schultze, S Amele
The multi-centre study group, EuroSIDA (national coordinators in parenthesis).
Argentina: (M Losso), M Kundro, Hospital J]M Ramos Mejia, Buenos Aires.

Austria: (B Schmied), Pulmologisches Zentrum der Stadt Wien, Vienna; R Zangerle,

Medical University Innsbruck, Innsbruck.
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Belarus: (I Karpov), A Vassilenko, Belarus State Medical University, Minsk, VM Mitsura,
Gomel State Medical University, Gomel; D Paduto, Regional AIDS Centre, Svetlogorsk.
Belgium: (N Clumeck), S De Wit*, M Delforge, Saint-Pierre Hospital, Brussels; E Florence,
Institute of Tropical Medicine, Antwerp; L Vandekerckhove, University Ziekenhuis Gent,
Gent.

Bosnia-Herzegovina: (V Hadziosmanovic), Klinicki Centar Univerziteta Sarajevo, Sarajevo.
Croatia: (J Begovac), University Hospital of Infectious Diseases, Zagreb.

Czech Republic: (L Machala), D Jilich, Faculty Hospital Bulovka, Prague; D Sedlacek,
Charles University Hospital, Plzen.

Denmark: G Kronborg, T Benfield, Hvidovre Hospital, Copenhagen; J Gerstoft, T
Katzenstein, Rigshospitalet, Copenhagen; NF Moller, C Pedersen, Odense University
Hospital, Odense; L Ostergaard, Skejby Hospital, Aarhus, L Wiese, Roskilde Hospital,
Roskilde; L N Nielsen, Hillerod Hospital, Hillerod.

Estonia: (K Zilmer), West-Tallinn Central Hospital, Tallinn; Jelena Smidt, Nakkusosakond
Siseklinik, Kohtla-Jarve.

Finland: (M Ristola), I Aho, Helsinki University Central Hospital, Helsinki.

France: (JP Viard), Hotel-Dieu, Paris; P-M Girard, Hospital Saint-Antoine, Paris; C
Pradier*, E Fontas, Hopital de I'Archet, Nice; C Duvivier, Hopital Necker-Enfants Malades,
Paris.

Germany: (J Rockstroh), Universitits Klinik Bonn; R Schmidt, Medizinische Hochschule
Hannover; O Degen, University Medical Center Hamburg-Eppendorf, Infectious Diseases
Unit, Hamburg; HJ Stellbrink, IPM Study Center, Hamburg; C Stefan, JW Goethe
University Hospital, Frankfurt; J Bogner, Medizinische Poliklinik, Munich; G. Fatkenheuer,

Universitdt Koln, Cologne.
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Georgia: (N Chkhartishvili) Infectious Diseases, AIDS & Clinical Immunology Research
Center, Thbilisi

Greece: (P Gargalianos), G Xylomenos, K Armenis, Athens General Hospital “G
Gennimatas™; H Sambatakou, Ippokration General Hospital, Athens.

Hungary: (J Szlavik), Szent Laslo Hospital, Budapest.

Iceland: (M Gottfredsson), Landspitali University Hospital, Reykjavik.

Ireland: (F Mulcahy), St. James's Hospital, Dublin.

Israel: (I Yust), D Turner, M Burke, Ichilov Hospital, Tel Aviv; E Shahar, G Hassoun,
Rambam Medical Center, Haifa; H Elinav, M Haouzi, Hadassah University Hospital,
Jerusalem; D Elbirt, ZM Sthoeger, AIDS Center (Neve Or), Jerusalem.

Italy: (A D’ Arminio Monforte*), Istituto Di Clinica Malattie Infettive e Tropicale, Milan; R
Esposito, I Mazeu, C Mussini, Universita Modena, Modena; F Mazzotta, A Gabbuti,
Ospedale S Maria Annunziata, Firenze; V Vullo, M Lichtner, University di Roma la
Sapienza, Rome; M Zaccarelli, A Antinori, R Acinapura, M Plazzi, Istituto Nazionale
Malattie Infettive Lazzaro Spallanzani, Rome; A Lazzarin, A Castagna, N Gianotti, Ospedale
San Raffaele, Milan; M Galli, A Ridolfo, Osp. L. Sacco, Milan.

Latvia: (B Rozentale), Infectology Centre of Latvia, Riga.

Lithuania: (V Uzdaviniene) Vilnius University Hospital Santariskiu Klinikos, Vilnius; R
Matulionyte, Center of Infectious Diseases, Vilnius University Hospital Santariskiu Klinikos,
Vilnius.

Luxembourg: (T Staub), R Hemmer, Centre Hospitalier, Luxembourg.

Netherlands: (P Reiss*), Academisch Medisch Centrum bij de Universiteit van Amsterdam,
Amsterdam.

Norway: (V Ormaasen), A Maeland, J Bruun, Ulleval Hospital, Oslo.
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Poland: (B Knysz), J Gasiorowski, M Inglot, Medical University, Wroclaw; A Horban, E
Bakowska, Centrum Diagnostyki i Terapii AIDS, Warsaw; R Flisiak, A Grzeszczuk,
Medical University, Bialystok; M Parczewski, K Maciejewska, B Aksak-Was, Medical
Univesity, Szczecin; M Beniowski, E Mularska, Osrodek Diagnostyki i Terapii AIDS,
Chorzow; T Smiatacz, M Gensing, Medical University, Gdansk; E Jablonowska, E
Malolepsza, K Wojcik, Wojewodzki Szpital Specjalistyczny, Lodz; I Mozer-Lisewska,
Poznan University of Medical Sciences, Poznan.

Portugal: (L Caldeira), Hospital Santa Maria, Lisbon; K Mansinho, Hospital de Egas Moniz,
Lisbon; F Maltez, Hospital Curry Cabral, Lisbon.

Romania: (R Radoi), C Oprea, Spitalul de Boli Infectioase si Tropicale: Dr. Victor Babes,
Bucarest.

Russia: (A Panteleev), O Panteleev, St Petersburg AIDS Centre, St Peterburg; A Yakovlev,
Medical Academy Botkin Hospital, St Petersburg; T Trofimora, Novgorod Centre for AIDS,
Novgorod, I Khromova, Centre for HIV/AIDS & and Infectious Diseases, Kaliningrad; E
Kuzovatova, Nizhny Novgorod Scientific and Research Institute of Epidemiology and
Microbiology named after Academician I.N. Blokhina, Nizhny Novogrod; E Borodulina, E
Vdoushkina, Samara State Medical University, Samara.

Serbia: (D Jevtovic), The Institute for Infectious and Tropical Diseases, Belgrade.
Slovenia: (J Tomazic), University Clinical Centre Ljubljana, Ljubljana.

Spain: (JM Gatell), J]M Mir6, Hospital Clinic Universitari de Barcelona, Barcelona; S
Moreno, J. M. Rodriguez, Hospital Ramon y Cajal, Madrid; B Clotet, A Jou, R Paredes, C
Tural, J Puig, [ Bravo, Hospital Germans Trias 1 Pujol, Badalona; P Domingo, M Gutierrez,
G Mateo, MA Sambeat, Hospital Sant Pau, Barcelona; JM Laporte, Hospital Universitario de

Alava, Vitoria-Gasteiz.
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Sweden: (K Falconer), A Thalme, A Sonnerborg, Karolinska University Hospital,
Stockholm; A Blaxhult, Venhidlsan-Sodersjukhuset, Stockholm; L Flamholc, Malmo
University Hospital, Malmo.

Switzerland: (A Scherrer), R Weber*, University Hospital Zurich; M Cavassini, University
Hospital Lausanne; A Calmy, University Hospital Geneva; H Furrer, University Hospital
Bern; M Battegay, University Hospital Basel; P Schmid, Cantonal Hospital St. Gallen.
Ukraine: A Kuznetsova, Kharkov State Medical University, Kharkov; G Kyselyova,
Crimean Republican AIDS centre, Simferopol; M Sluzhynska, Lviv Regional HIV/AIDS
Prevention and Control CTR, Lviv.

United Kingdom: (B Gazzard), St. Stephen's Clinic, Chelsea and Westminster Hospital,
London; AM Johnson, E Simons, S Edwards, Mortimer Market Centre, London; A Phillips*,
MA Johnson, A Mocroft*, Royal Free and University College Medical School, London
(Royal Free Campus); C Orkin, Royal London Hospital, London; J] Weber, G Scullard,
Imperial College School of Medicine at St. Mary's, London; A Clarke, Royal Sussex County

Hospital, Brighton; C Leen, Western General Hospital, Edinburgh.

The following centers have previously contributed data to EuroSIDA:
Infectious Diseases Hospital, Sofia, Bulgaria

Hopital de la Croix Rousse, Lyon, France

Hopital de la Piti¢-Salpétiére, Paris, France

Unité INSERM, Bordeaux, France

Hopital Edouard Herriot, Lyon, France

Bernhard Nocht Institut fiir Tropenmedizin, Hamburg, Germany

Ist .LK.A Hospital of Athens, Athens, Greece

Ospedale Riuniti, Divisione Malattie Infettive, Bergamo, Italy

Ospedale di Bolzano, Divisione Malattie Infettive, Bolzano, Italy
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Ospedale Cotugno, I1I Divisione Malattie Infettive, Napoli, Italy

Dérer Hospital, Bratislava, Slovakia

Hospital Carlos II1, Departamento de Enfermedades Infecciosas, Madrid, Spain
Kiev Centre for AIDS, Kiev, Ukraine

Luhansk State Medical University, Luhansk, Ukraine

Odessa Region AIDS Center, Odessa, Ukraine

HivBivus (Sweden):
Central coordination: L. Morfeldt, G. Thulin, A. Sundstrom.
Participating physicians (city): B. Akerlund (Huddinge); K. Koppel, A. Karlsson

(Stockholm); L. Flamholc, C. Hakangard (Malmo).

The ICONA Foundation (Italy):

BOARD OF DIRECTORS

A d’Arminio Monforte* (President), A Antinori, A Castagna, F Castelli, R Cauda, G Di Perri,
M Galli, R Tardino, G Ippolito, GC Marchetti, CF Perno, F von Schloesser, P Viale
SCIENTIFIC SECRETARY

A d’Arminio Monforte*, A Antinori, A Castagna, F Ceccherini-Silberstein, A Cozzi-Lepri, E
Girardi, S Lo Caputo, C Mussini, M Puoti

STEERING COMMITTEE

M Andreoni, A Ammassari, A Antinori, C Balotta, A Bandera, P Bonfanti, S Bonora, M
Borderi, A Calcagno, L Calza, MR Capobianchi, A Castagna, F Ceccherini-Silberstein, A
Cingolani, P Cinque, A Cozzi-Lepri, A d’Arminio Monforte, A De Luca, A Di Biagio, E

Girardi, N Gianotti, A Gori, G Guaraldi, G Lapadula, M Lichtner, S Lo Caputo, G Madeddu,
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F Maggiolo, G Marchetti, S Marcotullio, L Monno, C Mussini, S Nozza, M Puoti, E Quiros
Roldan, R Rossotti, S Rusconi, MM Santoro, A Saracino, M Zaccarelli.

STATISTICAL AND MONITORING TEAM

A Cozzi-Lepri, | Fanti, L Galli, P Lorenzini, A Rodano, M Shanyinde, A Tavelli
BIOLOGICAL BANK INMI

F Carletti, S Carrara, A Di Caro, S Graziano, F Petrone, G Prota, S Quartu, S Truffa
PARTICIPATING PHYSICIANS AND CENTERS

Italy A Giacometti, A Costantini, V Barocci (Ancona); G Angarano, L Monno, C Santoro
(Bari); F Maggiolo, C Suardi (Bergamo); P Viale, V Donati, G Verucchi (Bologna); F
Castelli, C Minardi, E Quiros Roldan (Brescia); T Quirino, C Abeli (Busto Arsizio); PE
Manconi, P Piano (Cagliari); B Cacopardo, B Celesia (Catania); J Vecchiet, K Falasca
(Chieti); A Pan, S Lorenzotti (Cremona); L Sighinolfi, D Segala (Ferrara); F Mazzotta, F
Vichi (Firenze); G Cassola, C Viscoli, A Alessandrini, N Bobbio, G Mazzarello (Genova); C
Mastroianni, V Belvisi (Latina); P Bonfanti, I Caramma (Lecco); A Chiodera, P Milini
(Macerata); A d’Arminio Monforte, M Galli, A Lazzarin, G Rizzardini, M Puoti, A
Castagna, G Marchetti, MC Moioli, R Piolini, AL Ridolfo, S Salpietro, C Tincati, (Milano);
C Mussini, C Puzzolante (Modena); A Gori, G Lapadula (Monza); N Abrescia, A Chirianni,
G Borgia, R Orlando, G Bonadies, F Di Martino, I Gentile, L Maddaloni (Napoli); AM
Cattelan,

S Marinello (Padova); A Cascio, C Colomba (Palermo); F Baldelli, E Schiaroli (Perugia); G
Parruti, F Sozio (Pescara); G Magnani, MA Ursitti (Reggio Emilia); M Andreoni, A Antinori,
R Cauda, A Cristaudo, V Vullo,

R Acinapura, G Baldin, M Capozzi, S Cicalini, A Cingolani, L Fontanelli Sulekova, G

Iaiani, A Latini,

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



I Mastrorosa, MM Plazzi, S Savinelli, A Vergori (Roma); M Cecchetto, F Viviani (Rovigo);
G Madeddu,

P Bagella (Sassari); A De Luca, B Rossetti (Siena); A Franco, R Fontana Del Vecchio
(Siracusa); D Francisci,

C Di Giuli (Terni); P Caramello, G Di Perri, S Bonora, GC Orofino, M Sciandra (Torino); M
Bassetti, A Londero (Udine); G Pellizzer, V Manfrin (Vicenza) G Starnini, A

Ialungo(Viterbo).

Nice HIV Cohort (France):

Central coordination: C. Pradier*, E. Fontas, K. Dollet, C. Caissotti.

Participating physicians: P. Dellamonica, E. Bernard, J. Courjon, E. Cua, F. De Salvador-
Guillouet, J.Durant, C. Etienne, S. Ferrando, V. Mondain-Miton, A. Naqvi, I. Perbost,S. Pillet

, B. Prouvost-Keller, P. Pugliese, V. Rio, K. Risso, P.M. Roger.

SHCS (Swiss HIV Cohort Study, Switzerland):

The data are gathered by the Five Swiss University Hospitals, two Cantonal Hospitals,15
affiliated hospitals and 36 private physicians (listed in http://www.shcs.ch/180-health-care-
providers).

Members of the Swiss HIV Cohort Study:

Aubert V, Battegay M, Bernasconi E, Boni J, Braun DL, Bucher HC, Calmy A, Cavassini M,
Ciuffi A, Dollenmaier G, Egger M, Elzi L, Fehr J, Fellay J, Furrer H (Chairman of the
Clinical and Laboratory Committee), Fux CA, Giinthard HF (President of the SHCS), Haerry
D (deputy of "Positive Council"), Hasse B, Hirsch HH, Hoffmann M, Hosli I, Kahlert C,
Kaiser L, Keiser O, Klimkait T, Kouyos RD, Kovari H, Ledergerber B, Martinetti G,
Martinez de Tejada B, Marzolini C, Metzner KJ, Miiller N, Nicca D, Pantaleo G, Paioni P,

Rauch A (Chairman of the Scientific Board), Rudin C (Chairman of the Mother & Child
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Substudy), Scherrer AU (Head of Data Centre), Schmid P, Speck R, Stockle M, Tarr P,

Trkola A, Vernazza P, Wandeler G, Weber R*, Yerly S.
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Figure 1. Kaplan Meier Estimation of Cumulative incidence of SCE in the Five years
After CKD

Each individual type of SCE was treated as a separate analysis of time to SCE.
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Figure 2. Adjusted Analysis of Risk Factor Profiles of SCE After CKD

alRR; adjusted incidence rate ratio. Adjusted for age, gender, ethnicity (those with missing

ethnicity were handled as an unknown category), HIV acquisition, baseline date, smoking

status, diabetes, hypertension, dyslipidaemia, eGFR, BMI, HBV and HCV status, *HIV status

(poor CD4<350/VL>10000; good CD4>500/VL<400; Intermediate all other combinations),

CD4 count, previous events (pre-baseline) and time-updated ESLD, ESRD, NADM, ADM

other AIDS and CVD (where they were not the endpoint under consideration).
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Figure 3. Population Attributable Fraction of Risk Factors for individual SCE After

CKD

The population attributable fraction (PAF, only shown for those >5%) for each of the

individual key risk factors associated with each of the individual SCE.
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Figure 4. Crude SCE Incidence Rate Ratios in PLWH with & without CKD
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