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ABSTRACT

Background. Persons with chronic kidney disease (CKD) are at increased risk of adverse events, early mortality and multimorbidity. A
detailed overview of adverse event types and rates from a large CKD cohort under regular nephrological care is missing. We generated
an interactive tool to enable exploration of adverse events and their combinations in the prospective, observational German CKD
(GCKD) study.

Methods. The GCKD study enrolled 5217 participants under regular nephrological care with an estimated glomerular filtration rate
of 30-60 or >60 mL/min/1.73 m? and an overt proteinuria. Cardiovascular, cerebrovascular and peripheral vascular, kidney, infection,
and cancer events, as well as deaths were adjudicated following a standard operation procedure. We summarized these time-to-event
data points for exploration in interactive graphs within an R shiny app. Multivariable adjusted Cox models for time to first event were
fitted. Cumulative incidence functions, Kaplan-Meier curves and intersection plots were used to display main adverse events and
their combinations by sex and CKD etiology.

Results. Over a median of 6.5 years, 10271 events occurred in 2947 participants (56.5%), of which 680 participants (13.0%) died. The
new publicly available interactive platform enables readers to scrutinize adverse events and their combinations as well as mortality
trends as a gateway to better understand multimorbidity in CKD: incident rates per 1000 patient-years varied by event type, CKD
etiology and baseline characteristics. Incidence rates for the most frequent events and their recurrence were 113.6 (cardiovascular),
75.0 (kidney) and 66.0 (infection). Participants with presumed diabetic kidney disease and men were more prone to experiencing
events.

Conclusion. This comprehensive explorative tool to visualize adverse events (https://www.gckd.org/studienhintergrund/
previous-study-results/event-analysis/), their combination, mortality and multimorbidity among persons with CKD may serve as
a valuable resourec for patient care, identification of high-risk groups, health services and public health policy planning.
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KEY LEARNING POINTS

What was known:

early mortality.

specific research questions.

This study adds:

6.5 years of follow-up.

standing multimorbidity in CKD.

Potential impact:

ing and management.

¢ Individuals diagnosed with chronic kidney disease (CKD) are at increased risk of developing a plethora of adverse outcomes and
e Interactive data visualization can play a critical role for a better understanding of large datasets by allowing users to explore

e Interactive tools to explore adverse events and their combinations as well as mortality and multimorbidity in CKD are missing.

* Extensive comorbidity analysis in a large cohort of 5217 participants of whom 56.5% experienced at least one event after
e A publicly available resource to interactively explore 10 271 adverse events by baseline characteristics as a gateway to under-

¢ The highest rates per 1000 patient-years were 113.6 (cardiovascular), 75.0 (kidney) and 66.0 (infection), with event distributions
showing differential patterns stratified by underlying CKD etiology and sex.

e High risks for cardiovascular, kidney and infection events in persons with CKD require better strategies for prevention.

e The interactive tool can be used for hypothesis generation, to identify knowledge gaps that need to be addressed in future
projects and to highlight potential intersections for collaborative efforts with other studies.

 Differences in event patterns by underlying primary cause of CKD and sex, motivate efforts to apply a more personalized screen-

INTRODUCTION

Chronic kidney disease (CKD) is a global health problem with an
increasing prevalence in both low- and high-income countries
[1-5]. Demographic changes with rising proportions of elderly peo-
ple, prone to CKD, are posing a challenge for healthcare systems.
The annual number of deaths from kidney failure (KF) is 1.2 mil-
lion, with an additional 1.4 million deaths due to cardiovascular
disease (CVD) attributed to CKD. Thus, 4.6% of all deaths are due
to CKD, making it the 12" leading cause of death [1].

Etiologies, comorbidities and progression patterns differ
markedly among persons with CKD, resulting in a differential risk
to develop comorbid conditions such as CVD [6] and subsequent
mortality [7]. Cardiovascular (CV) mortality has been reported
to be up to 60% higher in persons with CKD compared with the
general population [8]. Other well-known adverse events for per-
sons with CKD are initiation of kidney replacement therapy (KRT)
[9], acute kidney injury (AKI) [10] and an increased risk of some
types of cancer [11]. The high prevalence of multimorbidity in
persons with CKD [12] leads to poorer outcomes and an increased
use of healthcare services [8, 9]. Most healthcare services are not
adequately designed to meet the challenges of multimorbidity
[10], but are generally focused on individual diseases [13-15].
Monitoring persons with CKD will help to identify those at higher
risk of (multi)morbidity and mortality, which is important given
the need for combined management approaches.

Despite the awareness of CKD-related (multi)morbidity and
mortality [8], the underlying data has often been generated from
population-based studies and registries [16]. Evidence from large
cohorts of persons with CKD under regular nephrological care is
scarce [17, 18]. Thus, the aims of the present study were to (i) col-
lect and evaluate such data over a period of 6.5 years from the
German Chronic Kidney Disease (GCKD) study [19], and (ii) de-
velop a publicly available tool to interactively explore all collected
adverse events by baseline characteristics. Such data may have
important implications for clinicians, health services and pub-
lic health policy planning. Moreover, the resulting interactive tool
provides an opportunity for hypothesis generation about causes

of multimorbidity in CKD, and possibly optimal strategies for
prevention.

MATERIALS AND METHODS

Study design and population

The GCKD study, a prospective cohort study of 5217 persons with
CKD [19], was previously described with regard to study popu-
lation and design [19, 20]. Briefly, adult persons with CKD under
standard nephrological care who provided written informed con-
sent were recruited from 2010 to 2012 from nephrological out-
patient centers. Main inclusion criteria comprised an estimated
glomerular filtration rate (eGFR) between 30 and 60 mL/min/1.73
m? or an eGFR >60 mL/min/1.73 m? in combination with “overt”
albuminuria/proteinuria. The GCKD study has been registered
in the national registry for clinical studies (DRKS 00003971) and
was approved by the local ethics committees of participating
centers [19].

At baseline and at in-person visits, serum and urine was col-
lected in a standardized fashion and transported frozen to a cen-
tral biobank for storage at —-80°C [22]. Trained and certified per-
sonnel followed standardized measurements of baseline variables
(Supplementary Method 1), and used questionnaires to systemat-
ically collect information on demographic and clinical data annu-
ally. For this project, event data for the first 6.5 years since baseline
(data freeze: March 2021) was available.

Event adjudication

All events are continuously adjudicated from hospital dis-
charge letters, nephrologist out-patient letters and death
certificates by trained physicians (Supplementary Method 2;
Supplementary data, Fig. S1) following a standard operating
procedure (Supplementary Method 3) using a standardized
adjudication catalog (Supplementary data, Table S1). The com-
prehensive adjudication catalog focuses on occurrence of events
and comprises eight main event groups (event category “A-H"):
CV (“A”), cerebrovascular (“B”), peripheral arterial occlusive
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disease (“C"), microangiopathy in diabetes (“D”), kidney (‘E”),
death (“F"), cancer (“G") and hospitalization due to infection
(“H"). Within these categories, events are further classified into
subcategories with up to five levels, allowing specification of
events as detailed as possible (e.g. “E1a” kidney injury with kidney
replacement therapy), resulting in a total of 229 event categories
and codes. Within the CV event category, three codes technically
not classifying as events were excluded from all analyses: (i)
hospital admission to exclude either myocardial infarction (“A7”)
or (ii) coronary heart disease (CHD, “A8"), and (iii) no CHD or
CHD progression detectable by coronary angiography (‘A9a”,
“A9c”). Additionally, events belonging to the category microan-
giopathy in diabetes (“D”) were not included in all analyses
of this project due to partial unavailability of information for
adjudication.

Statistical analyses

Participants without an event were censored at the end of the ob-
servation period (6.5 years; Supplementary data, Fig. S2), or ear-
lier in case of early study termination (N = 547), defined as loss to
follow-up or drop-out based on a last known alive date. For each
participant, this date was set to the latest available date of any
follow-up visit, creatinine measurement, event or hospitalization
discharge date.

Descriptive analyses

All events were analyzed descriptively. Graphical representations
are made accessible via an R shiny app application at https:
//wwrw.gckd.org/studienhintergrund/previous-study-results/
event-analysis/ and can be explored in an interactive manner us-
ing any modern web browser (Supplementary Method 4). Regular
updates will be made, as the study progresses and prospective
data (anonymized) from later follow-up visits becomes available.
Incidence rates (IRs) were calculated for main event categories
by dividing the sum of events per category by the total duration
of observation both for first events only as well as for all events.
For the latter, one participant may contribute multiple events
of different and/or the same category (recurrent events) to the
results.

Cox proportional hazard analyses

For all Cox proportional hazard analyses endpoints of interest
were defined. Endpoints can be made up of several events of in-
terest. Endpoints were coded as 0 for censored, 1 for events of in-
terest, and 2 for the competing event.

The proportional hazard analyses were restricted to the follow-
ing main endpoints defined as: kidney failure (KF: transplantation
or dialysis or death due to foregoing of dialysis: Ela, Elb, F7),
myocardial infarction (composite of myocardial infarction, fatal
myocardial infarction, fatal coronary artery disease or sudden
cardiac death: Al, Fla, F1b, Fic) and all-cause mortality (F).
Cause-specific Cox proportional hazard analyses for time to
first event were carried out with death from other causes as a
competing event. All proportional hazard analyses were adjusted
for center, age, sex, body mass index, systolic blood pressure,
prevalent diabetes, prevalent CVD, eGFR, log urine albumin-
creatinine ratio [log(UACR)], smoking, log C-reactive protein
[log(CRP)], cholesterol and a composite comorbidity variable
(Supplementary Method 1). Additionally, competing event and
subdistribution analyses were carried out to evaluate potential
indirect effects [21]. As no remarkable differences between the
cause-specific and the subdistribution hazard ratios (HRs) were

found, only the former are presented throughout this manuscript.
Proportional hazard assumptions were checked with Schoenfeld’s
residuals. No major deviations were identified (data not shown).
No formal statistical significance threshold was applied to the de-
scriptive analyses. For illustrative purposes, cumulative incidence
functions for KF and myocardial infarction were displayed by
sex as well as G and A risk classification according to the Kidney
Disease Improving Global Outcomes (KDIGO) organization [1],
and Kaplan-Meier survival estimates for all-cause mortality
by sex and presumed primary cause of kidney disease (DKD:
diabetic kidney disease; PGD: primary glomerular disease, HKD:
hypertensive kidney disease; MISC: miscellaneous).

RESULTS

After a median follow-up period of 6.5 years (Q1: 6.5, Q3: 6.5) a
total of 10 271 events were observed in 2947 persons (56.5%) and
2270 persons (43.5%) were censored without an event at the end of
the study period or earlier (N = 547; Supplementary data, Fig. S2).
In general, older persons, men, persons with lower eGFR and per-
sons with higher UACR at baseline were more likely to experience
an event (Supplementary data, Table S2). Compared with the
three other primary cause of kidney disease groups, incidence
rates per 1000 patient-years including recurrent events of any
type were 1.6-2.6 times higher in the DKD group and this tendency
was mainly the same when restricting to cardiovascular (code:
“A") and kidney (code: “E”) events (Supplementary data, Table S3).
Generally, incidence rates were lowest in the PGD group with few
exceptions (code: “E”), yet persons in this group were younger
on average. One ubiquitous observation was that men were
more likely to experience events than women with only a few
exceptions (some infections “H1b” or AKI “E3a2”) where they were
at comparable risk (Supplementary data, Table S4). Comparing
Kaplan-Meier survival estimates by sex and by primary cause of
kidney disease confirmed the risk factor male sex and the vulner-
ability of the DKD group (Fig. 1). The numbers presented so far in-
cluded microangiopathy in diabetes (code: “D”), but this category
was excluded in the remainder of the manuscript. Furthermore,
we provide a publicly available detailed interactive platform
for exploring all events in the GCKD study: https://www.gckd.
org/studienhintergrund/previous-study-results/event-analysis/.
A landing page was established giving background details and
explanatory hints of how to use the interactive tool. The user
will be able to explore all events interactively overall and by sub-
groups of certain baseline characteristics. Exploration of the data
was facilitated by barplots and treemaps (Supplementary data,
Fig. S3).

Combination of events

The 2933 persons with events in any main category either ex-
perienced events in just one category (N = 1314) or in more
than one category (N = 1619, Fig. 2). Persons only experienc-
ing events in one category mainly experienced cardiovascu-
lar, kidney or infection events. In total, 787 participants ex-
perienced events in two event categories (66% men) and 467
(67% men) in three event categories. Among the 467 persons
with events in three event categories, the combination of in-
fection, cardiovascular and kidney events was more than three
times as common as any other combination (N = 154 vs
44). Most frequent intersections of two or more event cate-
gories included either one of kidney, cardiovascular or infection
events.
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Figure 1: Kaplan-Meier survival curve for all-cause mortality by sex and primary cause of kidney disease. Solid lines represent male (m) participants,
dashed lines female (f) participants. Green: DKD as presumed primary cause of kidney disease; blue: HKD as presumed primary cause of kidney
disease; red: PGD as presumed primary kidney disease; black: MISC = any other primary cause of kidney disease. Men diagnosed with DKD had the
highest risk of death; women with DKD had a similar risk of death as men with HKD. Men with PGD were at similar risk of death as women with either

HKD or MISC. Women with PGD had the lowest risk of death.

Associations of baseline characteristics with
kidney failure, myocardial infarction and
all-cause mortality

At the end of the follow-up period, 340 persons (6.8%) experienced
a myocardial infarction, 478 persons (9.6%) experienced KF and
637 persons (12.8%) died in the complete case cohort of 4989 par-
ticipants. Overall, adjusted time-to-event analyses with the three
main endpoints KF, myocardial infarction and all-cause mortality
confirmed most trends observed in the baseline characteristics
by event status (Supplementary data, Tables S5-S7). Higher age,
male sex, lower eGFR and higher UACR were strongly associated
with KF and a 10 mL/min/1.73 m? decrease in eGFR was associ-
ated with a doubling in risk for developing KF after adjusting for
other baseline characteristics [HR 2.03, 95% confidence interval
(CI) 1.86-2.21, Supplementary data, Table S6]. CKD can be clas-
sified by GFR and UACR into G (GFR categories) and A (albumin-
uria categories) categories. The grid that arises thereby reflects the
risk of CKD progression for patients defined by a placing within
the grid. The grid has a differential colouring (green to red) to sig-
nify low (green, e.g. G1/A1) vs. high (red, e.g. G5/A3) risk for CKD
progression. When looking at unadjusted cumulative incidence
functions (CIF) for KF by sex and G/A risk classification, where a
higher classification in G and/or A corresponds to a higher CIF
of KF (Fig. 3A and B), men were also more likely to reach KF. Ad-
ditionally, the CIF of a man was generally higher than that of a
woman where the CIF of a man in CKD stage G1/G2 was, for ex-

ample, comparable to a woman in G3a. An even greater distinction
of persons at high risk for KF compared with the rest of the pop-
ulation was observed when participants were classified into G/A
risk categories of CKD progression (Fig. 3C). Here, men had higher
CIFs in any of these four categories and women categorized into
medium-high risk (“orange”) were at similar risk for KF as men
categorized into medium increased risk (“yellow”).

Similar to KF, men were at considerably higher risk than women
for the endpoint myocardial infarction after adjusting for baseline
characteristics (HR 2.43, 95% CI 1.83-3.22, Supplementary data,
Table S5). This effect was only exceeded by prevalent CVD, a
known important risk factor for adverse CV events (HR 2.86,
95% CI 2.26-3.62, Supplementary data, Table S5). Confirming the
remarkably higher P-value for the association of higher UACR
with myocardial infarction than for the association with KF
(Supplementary data, Table S6), classification of persons into A
categories does not correspond with higher CIFs for myocardial
infarction, whereas men have a higher CIF for myocardial infarc-
tion regardless of A category (Fig. 4A-C).

For all-cause mortality, important risk factors were higher
age, prevalent comorbidities including prevalent diabetes and
male sex as well as lower eGFR and higher UACR as expected
(Supplementary data, Table S7).

In summary, persons with CKD are at a high risk for cardio-
vascular, kidney and infection events, as well as combinations of
those. Our study reveals men to be more vulnerable than women
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Figure 2: Intersection plot of main adverse event categories and their combinations after 6.5 years of follow-up. Main event categories: cardiovascular

€ «

(“A™), cerebrovascular (“B”), peripheral arterial occlusive disease (PAOD, “C”), kidney (“E"), death (“F”), cancer (“G”), infection (“H”). Plots include recurrent
events. Colored intersection plot: indicates intersection of event combinations in main event categories, e.g. 176 participants experienced a
combination of adverse kidney events and infection events until the end of the follow-up period, while a total of 787 participants experienced adverse
events in two event categories overall. Stacked barplot: number of participants in each intersection by sex. Colored barplot: number of participants
with events of a main event category is plotted. ‘Total number of participants with events in one to five event categories. Intersections with fewer than
11 participants are not shown here. In total, 11 participants had events in six event categories.

and persons with DKD to be the most vulnerable compared with
the three other primary causes of kidney disease.

DISCUSSION

In this study of 5217 persons with CKD we characterized adverse
events (N =10271), incidence rates and event combinations over a
6.5-year follow-up period. When considering the event statistics
and the individuals lost during the study’s course, a loss of ap-
proximately 10% of GCKD study participants is a positive re-
sult, especially compared with the normally expected percent-
age of persons with complete follow-up of 60-80% in compara-
ble cohort settings [23, 24]. CKD patients are known to be prone
to a plethora of adverse events including KRT, AKI, CV events
and some types of cancer [6], but a comprehensive almanac of
IRs for a great abundance of adverse events in CKD is missing.
These data do not only help in understanding multimorbidity
in CKD. For example the economic usefulness of reporting inci-
dence rates for adverse events in CKD lies in its ability to in-
form cost-effective decision-making, resource allocation and pol-
icy development [25]. Possible cost-analyses include direct costs
associated with increased healthcare utilization due to adverse
events [26] as well as indirect costs like lost productivity due
to extended hospital stays or CKD complications [27]. Adjusting
policies based on the economic impact of adverse events can
lead to more sustainable and cost-effective healthcare practices
as well as providing frameworks to achieve a population cover-
age with kidney specialists (International Society of Nephrology,
Global Kidney Disease Health Atlas, 2019; available from: https:
//www.theisn.org/focus/ckd#health-atlas). Insurance providers or
government health agencies, can use this data to negotiate drug
prices and coverage policies. In order to fully grasp and explore
all events recorded, the development of interactive plots is war-
ranted. Interactive visualization of data can play a critical role in
better understanding big data by allowing users to engage with
the data in person [28]. Users can interact with multiple facets
of the data [29]. Until now, many visualization options have re-
lied on simple, static graphs such as bar charts, which cannot re-

veal particular facets of the underlying data being presented and
thus limit the user’s understanding of the demonstrated data [28].
Visualization methods that can show multiple data elements at
the same time allow the reader to better identify patterns or to
focus on their own areas of interest. Interactive plots have be-
come widely popular during the COVID-19 pandemic (e.g. https://
www.euromomo.eu/graphs-and-maps) for tracking and prevent-
ing kidney disease in the USA (https://nccd.cdc.gov/ckd/) motivat-
ing the implementation of such plots for the GCKD study. Due to
its interactive nature with many options, this tool may be addi-
tionally valuable in the future for comparing and validating new
findings, including from other countries and populations with dif-
ferent demographic structures. The use of a standard program-
ming language as well as software packages in the interactive
tool can serve as a basis for other projects in this research field.
Researchers and healthcare professionals outside Germany may
not only find the data from the GCKD study valuable for further
research and collaboration, but the availability of a comprehen-
sive and well-documented dataset may facilitate secondary anal-
yses, validation studies and the development of predictive models,
leading to advancements in the understanding and management
of CKD globally.

In the GCKD study, older individuals, men and those with lower
eGFR and/or higher UACR were more likely to experience an event,
aligning with findings from similar studies in CKD patients like
the German branch of the Chronic Kidney Disease Outcomes and
Practice Patterns (CKDopps) Study [30] and the Chronic Renal In-
sufficiency Cohort (CRIC) study [31]. CKDopps recruited patients
between 2013 and 2016 with data available until 2018, differing
notably from the GCKD study in terms of older age, lower eGFR
and higher comorbidity load. In CRIC, patients were recruited be-
tween 2003 and 2008, sharing some criteria with the GCKD study
but representing a multi-ethnic cohort and excluding certain kid-
ney diseases, as well as analyzing only participants with an eGFR
of <30 mL/min per 1.73 m? over a median follow-up of 5.5 years.
Nonetheless, cumulative incidence for KF, one of CKDopps main
outcomes, was higher for participants with higher albuminuria,
lower eGFR, male sex and higher age [30]. In the CRIC study
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Figure 3: Cumulative incidence function for kidney failure by sex for KDIGO eGFR and/or UACR categories. Panel (A) by eGFR categories (G1-5), panel
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proteinuria was highest for participants developing KF as a first
event, participants developing a CV event were older and men
were also more prone to develop events developing a CVD event
and men were also more prone to develop events [31].

In the GCKD study, participants diagnosed with DKD had sig-
nificantly higher incidence rates (1.6-2.6 times) per 1000 patient-
years compared with the other primary causes of kidney disease.
This is in line with trends observed in the literature [30]. Addition-
ally, all-cause mortality was highest for DKD in the GCKD study,
particularly among men, while women had a lower mortality rate.
These findings align with the fact that diabetes-related CKD is
among the top four leading causes of death in Germany [4]. Itis a
well-known fact that men in the general population have a higher
risk of mortality than women [32, 33]. However, data from dialy-
sis patients are inconsistent, with some authors reporting atten-
uation of this fact [34-36] and others observing similar mortality
rates in the general population [37]. A recent meta-analysis of car-
diovascular mortality in CKD patients came to the conclusion that
estimated risks were higher for men than women [38], which is in
line with our findings.

When examining IRs, the GCKD study revealed a lower death
rate (unadjusted IR 22.4 per 1000 patient-years) among CKD pa-
tients than a Korean study (unadjusted IR 134 per 1000 patient-
years [39]). However, direct comparability is constrained by sig-
nificant differences in study populations and because IRs are un-
adjusted. Notably, the Korean study focused on incident CKD us-
ing ICD codes. This is similar to potential discrepancies in the
higher mortality rates in CKD patients in the USA (source: https:
//nccd.cde.gov/CKD/). Future studies should focus on IRs adjusted
for age and population characteristics. This may help mitigate the

impact of confounding factors, making the comparison more ro-
bust. Furthermore, adjusting for population density could help to
account for the differences in the underlying population struc-
tures. Making use of the international Network of Chronic Kid-
ney Disease cohort studies a meta-analysis of IRs between studies
could shed further light on incidence rates also for other adverse
events [40].

Comparative literature on IRs in CKD cohorts categorized by
etiology is limited, hindering meaningful study comparisons. A re-
cent study by Ryu et al. examined CKD outcomes based on etiol-
ogy in 2070 patients from the KoreaN cohort study for Outcome in
patients With Chronic Kidney Disease (KNOW-CKD) study over a
6-year follow-up [41]. The study found variations in eGFR decline,
with the highest decline in cystic kidney disease, followed by DKD
and HKD, while the lowest decline was observed in the PGD group.
These results contrast with the GCKD study, where the HKD group
had the lowest number reaching KF, attributed to differences in
sample sizes, and higher age, male ratio and CVD burden in the
PGD group. The Study of Heart and Renal Protection (SHARP) an-
alyzed data on CKD progression to dialysis and all-cause mortal-
ity over 6 years in a mixed-ethnicity cohort of 6245 CKD patients
[42], observing similar patterns with the highest progression rates
in cystic kidney diseases, followed by DKD and PGD, but did not
analyze HKD separately.

Evaluation of CIFs by G/A risk classification for KF by sex in the
GCKD study also showed that higher G and/or A categories cor-
responded with a higher CIF for KF for men. In population-based
cohorts, women are more likely to be diagnosed with CKD, while
the incidence of kidney replacement therapy (KRT; either dialy-
sis or transplantation) is higher in men [43]. Tvo reasons for this
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Figure 4: Cumulative incidence function for myocardial infarction by sex for KDIGO eGFR and/or UACR categories. Panel (A) by eGFR categories (G1-5),
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paradigm exist. Either the diagnosis and severity of CKD is over-
estimated using common estimation equations in women or CKD
progression is slower in women compared with men. A new GFR
estimation equation [44] might be able to address the seemingly
misclassification of women into CKD categories associated with
higher progression risk. Even though UACR is a high-risk factor
for myocardial infarction in Cox regression analyses this was not
reflected in CIFs for myocardial infarction when looking at A cate-
gories. Nonetheless, KDIGO reported on a differential relative risk
of CV mortality by higher UACR [45], but looking solely at myocar-
dial infarction might not be comparable to a hard endpoint like
CV mortality.

Strengths of our study include the large number of participants
with CKD under regular nephrological care, the standardized pro-
cedures for biomaterial collection and processing, the broad spec-
trum of events surveyed, the rigorous event adjudication includ-
ing specific event subcategories based on hard criteria, as well as
extensive quality control of the event adjudication by a commit-
tee of trained physicians. Our study also has potential limitations.
(i) The GCKD study design restricted the cohort to participants
with a limited eGFR range and to participants of European an-
cestry. Therefore, our results may not be generalizable to a wider

range of eGFR values, or other ethnicities. (ii) Nephrologist care in
Germany may not reflect the situation in CKD cohorts situated in
other countries. However, our cohort is comparable to many other
Western European countries and can be used for information on
persons with CKD of European ancestry worldwide. Because the
occurrence of genetic polymorphisms that influence kidney dis-
ease progression or drug metabolism differs by ancestry, studies
including participants with a more diverse genetic background are
an interesting line of future research.

CONCLUSION

Our data on adverse events emphasize the most frequent events
in CKD, namely cardiovascular, kidney and infection events,
and highlights the importance of managing CKD in an age-
ing population, with a focus on high-risk individual identifica-
tion like men and persons with DKD. The interactive tool de-
veloped for customized visualization of adverse events, mortal-
ity and multimorbidity in patients with CKD may prove to be
a valuable resource for patient care, evaluation of surrogate
kidney disease outcomes and for guiding public health policy
planning.
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