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ABSTRACT 

Background. Diabetes mellitus ( DM ) and chronic kidney disease ( CKD ) are well-known cardiovascular and mortality risk 
factors. To what extent they act in an additive manner and whether the etiology of CKD modifies the risk is uncertain. 
Methods. The multicenter, prospective, observational German Chronic Kidney Disease study comprises 5217 
participants ( 1868 with DM ) with a baseline mean estimated glomerular filtration rate of 30–60 mL/min/1.73 m 

2 and/or 
proteinuria > 0.5 g/day. We categorized patients whose CKD was caused by cardiovascular or metabolic diseases 
( CKDcvm ) with and without DM, as opposed to genuine CKD ( CKDgen ) with and without DM. Recorded outcomes were 
first events of non-cardiovascular and cardiovascular death, 4-point major adverse cardiovascular events ( 4-point MACE ) 
and hospitalization for heart failure ( HHF ) . 
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Results. During the 6.5-year follow-up 603 ( 12% ) non-cardiovascular and 209 ( 4% ) cardiovascular deaths, 645 ( 12% ) 
4-point MACE, and 398 ( 8% ) HHF were observed, most frequently in patients with DM having CKDcvm. DM increased the 
risk of non-cardiovascular [hazard ratio ( HR ) 1.92; 95% confidence interval ( CI ) 1.59–2.32] and cardiovascular ( HR 2.25; 
95% CI 1.62–3.12 ) deaths, 4-point MACE ( HR 1.93; 95% CI 1.62–2.31 ) and HHF ( HR 1.87; 95% CI 1.48–2.36 ) . Mortality risks 
were elevated by DM to a similar extent in CKDcvm and CKDgen, but for HHF in CKDcvm only ( HR 2.07; 95% CI 1.55–2.77 ) . 
In patients with DM, CKDcvm ( versus CKDgen ) only increased the risk for HHF ( HR 1.93; 95% CI 1.15–3.22 ) . 
Conclusions. DM contributes to cardiovascular and mortality excess risk in patients with moderate to severe CKD in 

both, CKDcvm and CKDgen. Patients with DM and CKDcvm are particularly susceptible to HHF. 

LAY SUMMARY 

Chronic kidney disease ( CKD ) and diabetes mellitus ( DM ) are frequent comorbidities. DM increases both 

cardiovascular and mortality risk, however the level of additional risk in patients with preexisting CKD is 
controversial. In this large multicenter, prospective, observational study of patients with moderate to severe CKD, DM 

doubled the cardiovascular and non-cardiovascular mortality risk, and furthermore increased the risk for major 
adverse cardiac events and symptomatic heart failure requiring hospitalization. The additional risk of DM on 

investigated mortality endpoints in CKD patients is similar to that in patients without CKD according to previously 
published data. Moreover, diabetic patients with CKD due to cardiovascular and/or metabolic causes ( e.g. diabetes or 
hypertension-related CKD ) were particularly susceptible for hospitalization for heart failure. 

GRAPHICAL ABSTRACT 

Keywords: cardiometabolic kidney disease, cardiovascular risk, chronic kidney disease, diabetes mellitus, diabetic kidney 
disease 
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NTRODUCTION 

nvironmental and demographic changes have led to an in- 
reasing number of patients with diabetes mellitus ( DM ) [ 1 ]. In
arallel, the global prevalence of patients with chronic kidney 
isease ( CKD ) is also rising, with estimates among adults cur-
ently already at 10%–13% [ 2 ]. Diabetic kidney disease ( DKD ) , i.e.
KD caused by DM, represents one of the main complications
f DM and is currently the leading cause of kidney failure [ 3 –5 ].
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atients with CKD are more likely to develop concomitant car- 
iovascular diseases ( 65% versus 32% ) [ 6 ] and have a doubled 
ortality risk [ 7 ]. Likewise, adults with DM have an up to 6-fold 

ncreased relative risk for cardiovascular-associated morbidity 
nd the death rates attributed to cardiovascular disease are up 
o 2.6-times higher [ 8 –11 ]. DM complicated by CKD was found to 
e associated with higher rates of myocardial infarction ( MI ) and 
ll-cause mortality compared with DM alone [ 12 ]. In contrast, no 
ignificant affection of the all-cause mortality could be detected 
hen CKD patients with DM were compared with CKD patients 
ith equal estimated glomerular filtration rate ( eGFR ) or albu- 
inuria without DM [ 13 ]. It remains uncertain to what extent 
KD and DM confer additive risks for cardiovascular disease, as 
hey are frequent comorbidities. 

This study aims to describe the impact of DM on the in- 
reased risk of cardiovascular disease and mortality observed 
n patients with moderate to severe CKD [ 14 ]. In order to elu- 
idate the influence of the etiology of CKD, further analyses 
ere performed separately for patients whose leading causes 
f CKD are cardiovascular or metabolic disorders including di- 
betes ( CKDcvm ) as opposed to genuine causes of CKD such as 
utoimmune or genetic diseases ( CKDgen ) . 

ATERIALS AND METHODS 

tudy population and design 

he German Chronic Kidney Disease ( GCKD ) study is a prospec- 
ive, multicenter, observational cohort study of participants with 
oderate to severe CKD. The study design and baseline were 
escribed previously [ 14 , 15 ]. Local ethics committees approved 
he study and registered in the national registry of clinical stud- 
es ( DRKS 00003971 ) . Written informed consent was obtained 
rom all participants. Briefly, the study included 5217 partici- 
ants under regular nephrological care aged 18–74 years with 
n eGFR of 30–60 mL/min/1.73 m 

2 ( according to the 4-variable 
odification of Diet in Renal Disease formula ) and/or protein- 
ria > 0.5 g/day ( or equivalent measures ) . Main exclusion criteria 
ere non-Caucasian ethnicity, the presence of active malignant 
isease, New York Heart Association IV stage heart failure, and 
 history of organ transplantation. 

In a structured baseline interview ( 2010–12 ) , each patient pro- 
ided details regarding concomitant diseases, previous cardio- 
ascular events and any medications. The participants’ nephrol- 
gists added detailed information on the medical history. DM 

as defined according to American Diabetes Association crite- 
ia when a hemoglobin A1c ( HbA1c ) > 6.5% was present and/or 
f a patient received antidiabetic medication [ 16 ]. 

Regular follow-up visits were conducted to assess prede- 
ned incidents and events that occurred over time. For the cur- 
ent analysis data extraction from the main database was per- 
ormed in February 2021. To this point, 311 ( 5.9% ) participants 
ad left the study, and 188 participants ( 2.3% ) had been lost to 
ollow-up. 

utcomes and definitions 

he clinical endpoints were ( i ) non-cardiovascular death; 
 ii ) cardiovascular death ( including death following MI or coro- 
ary heart disease, decompensated heart failure, death follow- 
ng cerebrovascular or peripheral vascular events, sudden car- 
iac death, or death following valvular heart disease ) ; ( iii ) 4- 
oint major adverse cardiovascular events ( 4-point MACE; in- 
luding non-fatal MI, stroke, non-fatal peripheral artery disease 
vents ) ; and ( iv ) hospitalization for heart failure ( HHF ) . End- 
oints were regarded as competing risk events; the time to the 
rst event was considered. 
The primary cause of kidney disease was determined by 

onsultation with the treating physician or by kidney biopsy, if 
vailable. We stratified participants according to the etiology of 
heir kidney disease into two groups. A first group comprised 
articipants with CKD clearly not induced by cardiovascular 
r metabolic disorders, with diagnoses including assured pri- 
ary glomerulopathy ( n = 978 ) , autoimmune systemic disease 

 n = 418 ) , interstitial nephropathy ( n = 225 ) , hereditary kidney 
isease ( n = 215 ) , single kidney ( n = 137 ) , CKD following acute
idney injury ( n = 127 ) , or postrenal/obstructive nephropathy 
 n = 65 ) ( CKDgen ) . A second group of participants with car- 
iovascular or metabolic causes of CKD like DM or arterial 
ypertension included all participants with DKD or vascular 
idney disease ( including nephrosclerosis, renal artery stenosis 
r kidney infarction, all associated with arterial hypertension ) 
s the leading causes of CKD ( CKDcvm ) . Participants with un- 
etermined nephropathy in which the treating physician noted 
hat, while they may not be the leading causes, DM and/or 
ypertension were likely to have largely contributed to this 
ondition were also stratified as CKDcvm. Both CKDgen and 
KDcvm included participants with and without DM, resulting 
n four subgroups that were analyzed separately ( Fig. 1 ) . We 
hose to focus on this clinical compound classification due to 
 low rate of kidney biopsies of patients with CKDcvm ( 6% ) ; of
ote, DM can induce vascular damage even at its early stages 
nd also in the absence of proteinuria [ 17 ]. Participants for 
hom the leading cause of kidney disease remained unclear 
ere excluded from this analysis ( n = 470; 9% ) . 

tatistical analysis 

aseline characteristics are stated using means ± standard de- 
iation ( SD ) for normally distributed variables, and median val- 
es with interquartile ranges for variables that are non-normally 
istributed. Categorical variables are presented as frequency dis- 
ributions with percentages. 

Multivariable Cox proportional hazards models were used 
o examine the adjusted risk associated with DM both for the 
otal cohort and separately for participants diagnosed with 
KDcvm and CKDgen. These models were also used to as- 
ess the effects of CKDcvm on the aforementioned clinical 
ndpoints in participants with DM at baseline. Estimates ob- 
ained from Cox regression models are presented as cause- 
pecific hazard ratios ( HRs ) with 95% confidence intervals ( CIs ) .
djustment was made for gender ( reference: female ) , age ( in 
ears ) , eGFR ( mL/min/1.73 m²) , urinary albumin/creatinine ra- 
io ( UACR; per 10 mg/g creatinine ) , low-density lipoprotein 
 LDL, mg/dL ) , systolic and diastolic blood pressure ( mmHg ) ,
revious cardiovascular disease ( reference: no ) , active smok- 
ng ( reference: no ) , body mass index ( BMI; kg/m²) , C-reactive 
rotein ( CRP; per 10 mg/L ) and cardiovascular/metabolic kid- 
ey disease ( CKDcvm ) ( reference: CKDgen ) . HbA1c ( % ) was only 
ncluded when throughout patients with DM were analyzed.
s most participants ( 88% ) received inhibitors of the renin–
ngiotensin system ( RASi ) we refrained from using RASi as 
ovariable [ 14 ]. 

Censoring was performed at the time of the last follow-up 
isit for participants who did not complete the total 6.5-year 
ollow-up period ( e.g. participants who left the study because 
hey did not want to participate in any more follow-up visits,
r were lost to follow-up ) . The hazard estimates obtained from 
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Total GCKD cohort
N=5217

Cardiovascular/metabolic
kidney disease (CKDcvm)

n=2582 (49%)

Diabetic kidney disease
n=760 (41%)

Vascular kidney disease
including nephrosclerosis

n=334 (18%) 

Presumed hypertensive 
and/or diabetic kidney
disease; n=367 (20%)

Genuine CKD (CKDgen)
n=322 (18%) 

Vascular kidney disease
including nephrosclerosis

n=886 (27%)

Presumed hypertensive
kidney disease;

n=255 (7%)

Genuine CKD (CKDgen)
n=1843 (56%)

CKDcvm
without DM

n=1121

CKDcvm
with DM
n=1461

Diabetes mellitus
n=1868 (36%)

No diabetes mellitus
n=3349 (64%)

Figure 1: Distribution of the study cohort participants including those with and without DM and stratified by cardiovascular/metabolic versus genuine leading causes 
of CKD ( CKDcvm versus CKDgen ) . CKDgen included primary glomerulopathy ( 45% ) , autoimmune systemic disease ( 19% ) , interstitial nephropathy ( 10% ) , hereditary 

kidney disease ( 10% ) , single kidney ( 6% ) , CKD following acute kidney injury ( 6% ) or postrenal/obstructive nephropathy ( 3% ) . In 470 participants ( 9% ) including 85 with 
DM ( 18% ) and 385 without DM ( 82% ) , the cause of kidney disease remained unknown leading to exclusion from further analysis. 
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ur models were cause-specific, as participants were censored 
t death if the latter event was not included in the definition
f the outcome of interest. Statistical analyses were performed 
ith SAS 9.4 Copyright © 2002–2012 by SAS Institute Inc., Cary,
C, USA. 

ESULTS 

atient characteristics 

he GCKD study enrolled 5217 participants. Of these, 1868 ( 36% )
ere diagnosed with DM. Overall, 2582 ( 49% ) of all participants
ulfilled our criteria of CKDcvm, of whom 1461 ( 57% ) had DM. A
etailed overview of all subgroups is shown in Fig. 1 using avail-
ble data for the leading cause of CKD for 1783 participants ( 34% )
ith and 2964 ( 57% ) participants without DM ( missing data for
 = 470; 9% ) . 

Baseline characteristics of the total GCKD patient cohort and 
ach subgroup, which included participants with and without 
M and according to their leading cause of CKD, are summarized
n Table 1 . Participants with CKDcvm were predominantly male,
ad a lower eGFR and were more likely to present with cardio-
ascular disease at baseline. The UACRs reported in participants 
ith CKDcvm without DM were lower than those in the other
ubgroups. Participants with CKDgen without DM were signifi- 
antly younger ( P < .001 ) and had the highest eGFR in subgroup
omparison ( P < .001 ) . Furthermore, the frequency of renal biop-
ies was notably lower in participants with CKDcvm ( 6% ) com-
ared with CKDgen ( 55% ) , especially among participants with 
KDcvm and DM ( 4% ) . 
mpact of DM in the total cohort ( n = 5217 ) 

uring the 6.5-year follow-up, 603 participants ( 12% ) succumbed
o non-cardiovascular death and 209 ( 4% ) to cardiovascular
eath. In addition, 645 ( 12% ) participants had 4-point MACE and
98 ( 8% ) reported first admissions to a hospital for symptomatic
eart failure ( HHF ) . All endpoints occurred more frequently in
articipants with DM ( non-cardiovascular death: 20% versus 7%;
ardiovascular death: 7% versus 2%; 4-point MACE: 21% versus
%; HHF: 14% versus 4% ) . This observation held true for both par-
icipants with CKDcvm and those with CKDgen ( Table 2 ) . The
461 participants with DM and CKDcvm reached the clinical
ndpoints most frequently in 8%–22% ( Table 2 ) . 

In Cox regression analyses DM was an independent risk fac-
or for all outcomes in the total CKD cohort ( included in fi-
al model, n = 4995 ) . DM led to an approximate doubling of
he HRs ( 1.87–2.25 ) in multivariable-adjusted Cox regression 
nalyses ( Fig. 2 ; Supplementary data , Table S1 ) . For partici-
ants with CKDcvm ( included, n = 2455 ) as well as with CKD-
en ( included, n = 2088 ) , DM contributed to the increased risk
f 4-point MACE, cardiovascular and non-cardiovascular death 
 Supplementary data , Table S1 ) . Of interest, the mortality haz-
rd associated with DM was similar for both CKD subgroups,
KDcvm and CKDgen ( Fig. 2 ) . Our results also revealed that the
M-associated hazard for HHF increased about 2-fold among the
articipants with CKDcvm. 
Male gender, higher age, lower eGFR, higher UACR, lower dias-

olic blood pressure, higher CRP levels, current smoking and the
resence of cardiovascular disease at baseline were associated
ith increased HRs for all described endpoints among partici-
ants in the full study cohort ( Supplementary data , Table S1 ) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
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Table 1: Baseline characteristics of the GCKD patient cohort ( n = 5217 ) that included patients with ( n = 1868 ) and without ( n = 3349 ) DM with 
subgroups according to the leading cause of CKD and presence of DM. 

Total 
CKDgen with 

DM 

CKDgen 
without DM 

CKDcvm with 
DM 

CKDcvm 

without DM Missing ( n , % ) 

Number of patients 5217 322 1843 1461 1121 
Male gender ( n , % ) 3132 ( 60% ) 189 ( 59% ) 976 ( 53% ) 1007 ( 69% ) 697 ( 62% ) 
Age ( years ) 60 ± 12 62 ± 10 53 ± 14 65 ± 8 64 ± 9 
eGFR ( mL/min/1.73 m²) 49 ± 18 50 ± 20 54 ± 21 45 ± 15 46 ± 14 57 ( 1% ) 
Stages of CKD ( n , % ) 

> 90 mL/min/1.73 m² ( G1 ) 234 ( 5% ) 18 ( 6% ) 160 ( 9% ) 28 ( 2% ) 10 ( 0.1% ) 
60–90 mL/min/1.73 m² ( G2 ) 883 ( 17% ) 59 ( 18% ) 395 ( 21% ) 176 ( 12% ) 161 ( 14% ) 
45–59 mL/min/1.73 m² ( G3a ) 1717 ( 33% ) 98 ( 30% ) 569 ( 31% ) 483 ( 33% ) 403 ( 36% ) 
30–44 mL/min/1.73 m² ( G3b ) 1865 ( 36% ) 104 ( 32% ) 572 ( 31% ) 587 ( 40% ) 446 ( 40% ) 
< 30 mL/min/1.73 m² 461 ( 9% ) 34 ( 11% ) 135 ( 7% ) 167 ( 11% ) 91 ( 8% ) 

UACR ( mg/g creatinine ) 51 ( 382 ) 115 ( 667 ) 133 ( 657 ) 45 ( 321 ) 18 ( 107 ) 89 ( 2% ) 
Stages of CKD ( n , % ) 

< 30 mg/g creatinine ( A1 ) 2188 ( 43% ) 107 ( 33% ) 556 ( 30% ) 646 ( 44% ) 635 ( 57% ) 
30–300 mg/g creatinine ( A2 ) 1495 ( 29% ) 99 ( 31% ) 564 ( 31% ) 405 ( 28% ) 294 ( 26% ) 
> 300 mg/g creatinine ( A3 ) 1445 ( 28% ) 112 ( 35% ) 697 ( 38% ) 374 ( 26% ) 173 ( 15% ) 

Previous cardiovascular disease ( n , % ) 1591 ( 30% ) 75 ( 23% ) 258 ( 30% ) 723 ( 49% ) 419 ( 30% ) 
HbA1c ( % ) 6 ( 0.9 ) 6.7 ( 0.9 ) 5.8 ( 0.5 ) 7.2 ( 1.4 ) 5.9 ( 0.4 ) 120 ( 2% ) 
Antidiabetic treatment ( n , % ) 
Dietary 406 ( 22% ) 138 ( 43% ) 228 ( 16% ) 
Oral antidiabetic drugs 525 ( 28% ) 95 ( 30% ) 411 ( 28% ) 
Insulin 937 ( 50% ) 89 ( 28% ) 822 ( 56% ) 

BMI ( kg/m 

2 ) 29.8 ± 6 31.2 ± 6 27.6 ± 5 32.8 ± 6 29.4 ± 5.2 54 ( 1% ) 
Systolic blood pressure ( mmHg ) 139 ± 20 138 ± 20 136 ± 18 143 ± 21 142 ± 21 34 ( 1% ) 
Diastolic blood pressure ( mmHg ) 79 ± 12 79 ± 12 82 ± 11 76 ± 12 80 ± 12 34 ( 1% ) 
LDL levels ( mg/dL ) 114 ( 54 ) 115 ( 58 ) 125 ( 52 ) 99 ( 48 ) 114 ( 51 ) 67 ( 1% ) 
Statin use 2319 ( 44% ) 171 ( 53% ) 668 ( 36% ) 936 ( 64% ) 544 ( 49% ) 
Anti-aggregant use 1682 ( 32% ) 113 ( 35% ) 312 ( 17% ) 777 ( 53% ) 480 ( 43% ) 
Current smokers ( n , % ) 828 ( 16% ) 60 ( 19% ) 330 ( 18% ) 205 ( 14% ) 158 ( 14% ) 
CRP levels ( mg/L ) 2.3 ( 4 ) 2.7 ( 4.5 ) 1.7 ( 3.1 ) 3.0 ( 4.9 ) 2.4 ( 3.8 ) 55 ( 1% ) 
Renal biopsy performed ( n , % ) 1369 ( 26% ) 178 ( 55% ) 1001 ( 54% ) 60 ( 4% ) 99 ( 9% ) 

Data are presented as n ( % ) , mean ± standard deviation or median ( interquartile range ) . 
Subgroup data were missing due to indeterminable leading cause of kidney disease in 470 participants ( 9% ) , including 85 with DM ( 18% ) and 385 without DM ( 82% ) . 

Table 2: Frequency of reached cardiovascular and mortality endpoints ( first events ) for the total GCKD cohort and subgroups according to the 
leading cause of CKD and presence of DM. 

Total CKDgen with DM CKDgen without DM CKDcvm with DM CKDcvm without DM 

Number of patients 5217 322 1843 1461 1121 
Non-cardiovascular death ( n , % ) 603 ( 12% ) 50 ( 16% ) 87 ( 5% ) 305 ( 21% ) 112 ( 10% ) 
Cardiovascular death ( n , % ) 209 ( 4% ) 15 ( 5% ) 18 ( 1% ) 122 ( 8% ) 36 ( 3% ) 
4-point MACE ( n, % ) 645 ( 12% ) 45 ( 14% ) 101 ( 5% ) 323 ( 22% ) 125 ( 11% ) 
HHF ( n , % ) 398 ( 8% ) 18 ( 6% ) 48 ( 3% ) 231 ( 16% ) 72 ( 6% ) 

Data are presented as n ( % ) referred to each subgroup. 
Subgroup data were missing due to indeterminable leading cause of kidney disease in 470 participants ( 9% ) , including 85 with DM ( 18% ) and 385 without DM ( 82% ) . 
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mpact of the leading cause of CKD in patients with DM 

nadjusted HRs for CKDcvm versus CKDgen in participants with 
M ( n = 1783 ) were increased for all endpoints with 1.47 ( 95% CI 
.09–1.98 ) for non-cardiovascular death, 1.95 ( 95% CI 1.14–3.34 ) 
or cardiovascular death, 1.80 ( 95% CI 1.32–2.46 ) for 4-point MACE 
nd 3.22 ( 95% CI 2.00–5.21 ) for HHF. However, in multivariable 
ox regression CKDcvm was associated with an increased ad- 
usted HR only for HHF ( 1.93; 95% CI 1.15–3.22, Fig. 3 ) compared 
ith CKDgen ( included, n = 1663 ) . The etiology of CKD was not 

ound to be associated with 4-point MACE or mortality hazards 
n fully adjusted Cox regression models ( Supplementary data ,
able S2 ) . 
r
ISCUSSION 

n this GCKD cohort study with a large fraction of CKD partic- 
pants with concomitant DM ( 36% ) , cardiovascular and mortal- 
ty endpoints were reached in 4%–12%, however more often by 
articipants with DM and particularly if they had CKDcvm. This 
uggests a different cardiovascular risk of CKD patients with and 
ithout DM, which is also dependent on their etiology of CKD. 
DM led to a nearly 2-fold increased non-cardiovascular mor- 

ality risk and even higher cardiovascular mortality risk ( HR 
.3 ) in patients with moderate to severe CKD. This is astonish- 
ngly similar to the general population’s DM-related mortality 
isk ( e.g. HR for all-cause death 1.9; cause-specific cardiovascular 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad194#supplementary-data
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Non-cardiovascular death

Total cohort

Cardiovascular/metabolic CKD

Genuine CKD

1.92 (1.59–2.32)

HR (95% CI)

1.80 (1.42–2.29)

2.13 (1.46–3.11)

Cardiovascular death

Total cohort

Cardiovascular/metabolic CKD

Genuine CKD

2.25 (1.62–3.12)

2.27 (1.51–3.43)

2.67 (1.26–5.66)

4-point MACE

Total cohort

Cardiovascular/metabolic CKD

Genuine CKD

1.93 (1.62–2.31)

1.98 (1.58–2.50)

1.78 (1.22–2.59)

Hospitalization for heart failure

Total cohort

Cardiovascular/metabolic CKD

Genuine CKD

1.87 (1.48–2.36)

2.07 (1.55–2.77)

1.13 (0.63–2.02)

No diabetes mellitus Diabetes mellitus
0.5 1 2 3 4 5 6

Figure 2: HRs and 95% CIs of diabetes mellitus for four clinical endpoints: non-cardiovascular death, cardiovascular death, 4-point MACE and HHF. Data reflect outcomes 

from the total patient cohort ( n = 4995 of 5217 included in final Cox model ) , as well as those with cardiovascular/metabolic ( CKDcvm; n = 2455 of 2582 included in final 
Cox model ) and genuine leading causes of CKD ( CKDgen; n = 2088 of 2165 included in final Cox model ) . 

1.02 (0.73–1.42)

Cardiovascular death 1.26 (0.70–2.27)

4-point MACE 1.14 (0.82–1.59)

Hospitalization for heart failure 1.93 (1.15–3.22)

Genuine CKD Cardiovascular/metabolic CKD
0.5 1 2 3 4

Non-cardiovascular death

HR (95% CI)

Figure 3: HRs and 95% CIs for CKD due to cardiovascular/metabolic ( CKDcvm ) versus genuine leading causes of CKD ( CKDgen ) for four clinical endpoints: non- 
cardiovascular death, cardiovascular death, 4-point MACE and HHF in the subgroup of patients with DM who were included in the final Cox regression model ( n = 1663 
of 1868 ) . 
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ortality HRs 1.4–2.6 ) [ 10 , 11 ]. Moreover, the hazards for cardio-
ascular events ( 4-point MACE and HHF ) were nearly doubled 
nd are thus of clinical relevance. This is consistent with the re-
ults of a large meta-analysis of prospective studies in patients
ithout pre-existing vascular diseases irrespective of CKD, in 
hich DM was assessed as a risk factor for the occurrence of
ardiovascular events ( e.g. HR for non-fatal myocardial infarc- 
ion 1.8; HR for ischemic stroke 2.3 ) [ 8 ]. 

In a large population-based study the risk of ( recurrent ) MI
nd all-cause mortality was higher due to the presence of CKD
han due to DM when considering unadjusted rates [ 12 ]. Inter-
stingly, the adjusted relative rates for first MI and all-cause
ortality were similar when comparing outcomes from patients 
ith DM ( without CKD ) and CKD ( without DM ) , especially in pa-
ients with moderate or severe CKD, and highest for patients
ith both CKD and DM [ 12 ]. This supports our findings of DM
eing an independent cardiovascular- and mortality-associated 
isk factor in addition to the generally increased hazard level due
o moderate or severe CKD. Moreover, our statistical models were
onsequently adjusted for several well-known DM-related risk 
actors. Male gender, higher age, lower eGFR, higher UACR, lower
iastolic blood pressure, increased CRP levels, current smoking
nd preexisting cardiovascular disease were also confirmed as
hey were all associated with increased hazards for the investi-
ated endpoints, particularly in patients with DM [ 18 –25 ]. Higher
ystolic blood pressure and higher BMI were linked to increased
Rs with respect to some of the cardiovascular endpoints ana-
yzed in this study, depending on the individual outcome mea-
ure. Moreover, in patients with DM, a higher HbA1c was related
o all outcomes. At baseline, patients with diabetes and CKDcvm
ad the lowest LDL serum levels, most likely due to the high-
st rate of statin use ( 64% ) within the whole study population.
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his could possibly explain why LDL could not be shown to be 
n independent cardiovascular or mortality risk predictor. In ad- 
ition, the rate of anti-aggregant use at 53% in this group was 
lso the highest. 

Recent findings suggest that the etiology of kidney disease 
ay modify renal and cardiovascular risk in patients with DM 

ue to different pathomechanisms for the loss of nephron 
ass [ 26 , 27 ]. Thus, patients with DKD, whose CKD is caused by
M due to predominant glycemic damage, often show a rapid 
ecline in eGFR, whereas the eGFR of patients with CKD and DM 

ut without DKD was more stable and showed a slower decline 
 26 , 28 , 29 ]. DM in patients with CKD other than DKD is likely
o add further patterns of renal damage to those preexisting; 
owever, renal outcomes of patients with DM and CKD stage 
b and 4 but no DKD were similar to those of patients with 
on-DKD [ 29 ]. Since a reduced eGFR is a well-known cardio- 
ascular risk factor, differential progression of CKD may have a 
easurable impact on cardiovascular morbidity and mortality 

 21 , 25 , 30 ]. Variations in the severity of the accompanying organ
amage, notably those in relation to microvascular changes 
nd heart failure symptoms, are likely to be associated with 
hanges in cardiovascular risk. Our approach to identify pa- 
ients with cardiovascular or metabolic ( CKDcvm ) as opposed 
o well-described causes genuine CKD ( CKDgen ) is supported 
y various studies analyzing renal histological patterns of 
KD [ 17 , 31 , 32 ], Furthermore, our procedure is consistent with
he fact that most CKD cases worldwide are cardiometabolic 
n nature, i.e. CKD reported in individuals with diabetes, hy- 
ertension, or cardiovascular disease for whom screening is 
ecommended [ 33 ]. 

We were able to observe elevated hazards due to DM for 4- 
oint MACE, cardiovascular and non-cardiovascular mortality in 
oth, patients with CKDcvm and with CKDgen to a similar ex- 
ent. This suggests that the leading cause of CKD does not pri- 
arily determine the risk for these endpoints, although it would 
tand to reason from a clinical perspective that long-term car- 
iovascular and/or metabolic injury, which has already led to a 
enal impairment, would increase the cardiovascular risk. Simi- 
arly, no significant differences in all-cause mortality or the inci- 
ence of cardiovascular events between patients with DKD and 
on-DKD could be observed in a Japanese multicentric, prospec- 
ive observational study [ 34 ]. 

However, regarding the endpoint of HHF, only patients with 
KDcvm but not with CKDgen were affected by the presence 
f DM. In addition, analyzing exclusively patients with DM, the 
eading cause of CKD ( CKDcvm versus CKDgen ) was an inde- 
endent risk factor for HHF. These findings can be easily un- 
erstood, as CKDcvm likely evolved in response to long-term 

iabetic, vascular and/or hypertensive damage. In this setting,
he renal–cardiac axis may be dysfunctional and thus lead to a 
igher rate of reported decompensated heart failure as an ex- 
ression of both heart and kidney failure. Thus, patients with 
oth DM and CKD will be particularly susceptible to this out- 
ome [ 35 ]. These findings are consistent with results from a vast 
ultinational cohort study of patients with DM in which car- 
iorenal disease ( diagnosed as heart failure or CKD ) was the 
ost frequent first manifestation of cardiovascular or renal dis- 
ase associated with an increased mortality risk [ 36 ]. Patients 
ith DM in general have a more than 2-fold increased risk of 
eveloping heart failure [ 37 ]. In this setting, CKD patients are at 
articular risk for developing symptoms of heart failure also re- 
ulting from volume overload due to CKD in combination with 
tructural cardiac remodeling ( i.e. hypertensive heart disease as 
ell as micro- or macrovascular damage pattern ) [ 38 ]. 
The current discussion concerning the use of combined car- 
iorenal outcomes in future clinical trials is supported by our 
ata, as the single endpoint HHF may be an equal reflection 
f both cardiac and renal damage in patients with DM [ 39 ].
ur findings may also provide an explanation for results from 

rospective outcome trials in which administration of sodium- 
lucose cotransporter 2 inhibitors reduced the risk for HHF in 
M patients, including also those with CKD [ 40 –43 ]. This may be
elated to their combined diuretic, antihypertensive, renoprotec- 
ive and metabolic actions [ 44 ]. 

trengths and limitations 

he prospective multicenter GCKD study design provides a 
ighly appropriate database of a homogenous cohort of partic- 
pants with CKD with and without DM large enough to provide 
dequate statistical power for investigating cardiovascular and 
ortality endpoints. All participants in this study were under 

outine nephrological care to limit treatment variability; mea- 
urements, questionnaires and documentation were performed 
ccording to standard operational procedures by trained person- 
el. Clinical outcomes were centrally adjudicated based on pre- 
efined criteria by review of hospital discharge letters and death 
ertificates. Information on the etiology of CKD was included in 
ur assessment of cardiovascular risk factors in the statistical 
odels. However, biopsy findings were for the most part un- 
vailable, especially in patients with suspected CKDcvm, as this 
s common clinical practice. Thus, the classification of kidney 
isease depends on the assumptions of the treating nephrolo- 
ists, which includes a degree of uncertainty. Furthermore, only 
22 patients with DM were categorized as CKDgen, reducing the 
tatistical power of our analyses concerning this subgroup. Like- 
ise, when considering baseline findings and their relationship 
o endpoints evaluated during the 6.5-year follow-up, no conclu- 
ions can be drawn regarding the role of time-dependent vari- 
bles, for example, a differential decrease in renal function. Fi- 
ally, the design of the GCKD study precludes any evaluation of 
he impact of ethnic diversity. 

ONCLUSIONS 

M is an important and independent risk factor for cardiovas- 
ular morbidity and mortality in patients diagnosed with mod- 
rate to severe CKD. The impact of DM on mortality affects pa- 
ients with CKDcvm and CKDgen to a similar extend. CKDcvm 

hould be taken into consideration as a risk factor for symp- 
omatic heart failure. 

UPPLEMENTARY MATERIAL 

upplementary data are available at ckj online. 
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