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Abstract
Background: All	chronic	kidney	diseases	in	diabetic	patients	are	not	diabetic	kidney	
diseases. The objective was to compare the clinical characteristics, survival and access 
to transplantation in diabetic patients starting dialysis and classified either as diabetic 
kidney	disease	(DKD)	or	non-	diabetic	kidney	disease	in	diabetic	patients	(NDKD).
Methods: We	used	the	nationwide	French	REIN	registry	to	analyse	baseline	clinical	
characteristics at dialysis inception and outcomes defined as kidney transplantation, 
deaths and their causes. The probability of death or transplantation was analysed 
using a multivariate Cox model and the Fine and Gray competing for risk model (sdHT).
Results: We included 65,136 patients from January 2009 to December 2015 with a 
median follow- up of 31 months. The cumulative incidence of kidney transplantation 
over	eight	years	was	46.9%	(44.8–	48.9)	in	non-	diabetic	patients	(ND),	higher	than	the	
19.3%	(17.5–	21.2)	in	the	DKD	group	and	22.2%	(18.4–	26.7)	in	the	NDKD	group.	The	
risk	of	death	was	significantly	higher	in	the	NDKD	group	than	in	the	DKD	group,	even	
after	accounting	for	the	competing	risk	of	transplantation	(NDKD/sdHR	1.22;	95%CI	
1.18–	1.27;	p < 0.005 vs. DKD/sdHR 1.12; 95%CI 1.08– 1.16; p < 0.005 with adjust-
ment for age, sex, major adverse cardiovascular events, cancer and chronic respira-
tory	failure,	compared	to	ND).
Conclusions: In diabetic patients starting dialysis, patients in the DKD group had re-
duced	access	to	kidney	transplantation.	NDKD	patients	had	a	higher	risk	of	mortality	
than	DKD.	The	distinction	between	DKD	and	NDKD	should	be	accounted	for	in	the	
plan of care of diabetic patients starting dialysis.
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1  |  INTRODUC TION

Worldwide, the number of subjects with diabetes has doubled in 
the last 20 years, reaching 415 million adults in 2015.1 Diabetes, 
primarily type 2 diabetes, is currently the leading cause of end- 
stage kidney disease (ESKD) worldwide, with significant variability 
across countries.2 However, in patients with diabetes and chronic 
kidney disease, the underlying cause of kidney damage is rarely 
known	with	confidence.	Ageing	and	comorbidities,	particularly	hy-
pertension, obesity and congestive heart failure, also contribute 
to the risk of chronic kidney disease,3 and the coexistence of two 
types of nephropathy is not uncommon. Besides, the clinical mani-
festations of kidney disease in people with diabetes have changed 
over time, with an increasing prevalence of reduced estimated 
glomerular filtration (eGFR) rate with low- grade albuminuria.4 In 
the	National	Health	and	Nutrition	Examination	Survey	(NHANES),	
only 24% of the total prevalence of chronic kidney disease in peo-
ple with diabetes was attributable to diabetes after considering 
age, gender and ethnicity.5

In France, diabetes was diagnosed in 40% of incident dialysis 
patients but stated as the cause of ESKD in 21.4% (54% of type 2 
diabetic patients).6,7 These paradoxical findings suggest two dis-
tinct entities, namely diabetes as comorbidity superimposed on an-
other nephropathy (non- diabetic kidney disease in diabetic patient, 
NDKD)	 and	 true	DKD	 related	 to	 long-	standing	 diabetes	 and	poor	
metabolic control.

Survival among dialysis patients with diabetes is lower than the 
survival of non- diabetic dialysis patients, in part due to a higher 
number of comorbidities.6,8 It was suggested that patients with 
DKD could have more extensive vascular disease in the kidneys and 
elsewhere	than	NDKD	patients,	which	would	affect	their	prognosis.	
However, only scarce data are available and reported outcomes have 
been conflicting.9,10

The objective of our study was to analyse the clinical charac-
teristics, survival and access to transplantation in diabetic patients 
starting	dialysis	and	classified	either	as	DKD	or	NDKD	by	their	ne-
phrologist and by comparison with non- diabetic patients.

2  |  PATIENTS AND METHODS

This	 observational	 cohort	 study	 relied	 on	 the	 nationwide	 REIN	
registry, which includes all ESKD patients on kidney replace-
ment therapy (KRT)— either dialysis or transplantation— living in 
France.7,11 The details of its organizational principles and quality 
control have been described elsewhere.7 The study was nested 
in	 the	REIN	 registry	 approved	by	 the	CCTIRS,	 the	CNIL	and	 the	
Scientific	Council	of	the	Agence	de	Biomedecine.	All	patients	gave	
their informed consent.

We included all adults (> 20 years) starting KRT from January 
2009 to December 2015, except for type 1 diabetic patients and 
pre- emptive transplants. The following clinical data were ex-
tracted from the registry at initiation of dialysis: age, sex, body 

mass index (BMI), serum albumin, haemoglobin, estimated GFR at 
dialysis inception, diabetes status, cause of kidney disease coded 
as a primary or secondary cause, kidney biopsy, major adverse 
cardiovascular	events	(MACE)	(defined	as	at	least	one	among	the	
following cardiovascular comorbidities: coronary artery disease, 
congestive heart failure, arrhythmia, abdominal aortic aneurysm, 
peripheral arterial disease, stroke), disabilities (amputation, hemi-
plegia or paraplegia, severe impairment of vision, behavioural 
disorder), smoking status chronic respiratory failure, cancer, liver 
disease, other transplants than kidneys (heart- lung, heart, lung, 
liver, bone or stem cell), HIV status, setting of the first dialysis 
(emergency, on catheter, or in the ICU), dialysis modality (haemodi-
alysis or peritoneal dialysis), previous treatments (erythropoiesis- 
stimulating	agent	 (ESA),	 insulin),	 time	between	 fistula	placement	
and initiation of haemodialysis and number of consultation by a 
nephrologist before inception of dialysis.

From 2009 to the end of 2016, the following outcomes were col-
lected: kidney transplantation, waiting time before kidney transplan-
tation, death and causes of death. The follow- up was a maximum of 
8 years and at least one year for the last patient included.

DKD	was	differentiated	from	NDKD	using	the	primary	diagno-
ses and secondary diagnoses of nephropathy. If one of these two 
diagnoses was classified as DKD, then the diagnosis of DKD was re-
tained,	as	opposed	to	NDKD.	Non-	diabetic	patients	were	classified	
as	‘ND’.

2.1  |  Statistics

First,	 we	 compared	 the	 three	 discrete	 groups:	 non-	diabetic	 (ND),	
diabetic kidney disease (DKD) and non- diabetic kidney disease in 
diabetic	patients	(NDKD).	Characteristics	at	the	initiation	of	dialysis	
and during the follow- up were compared with the Student's test or 
the Chi2 test as appropriate. Logistic regression was performed to 
adjust for age and sex. The difference was considered significant for 
a p- value < 0.05.

Outcomes were studied by plotting the Kaplan- Meier survival 
curves	of	the	three	groups.	A	log	rank	test	was	performed	to	com-
pare curves over an eight- year follow- up. The cumulative incidence 
of specific causes of death was analysed with a subdistribution haz-
ard (sdHT) Fine and Gray's model to account for the competing risks 
between various causes of death. The effect of CRD on the spe-
cific causes of death was analysed with an adjusted (cause- specific) 
Cox proportional hazard regression (csHR) censored at other cause 
of death,12	adjusted	for	the	variables	of	confusion	(age,	sex,	MACE,	
cancer, chronic respiratory failure) which were independent predic-
tors	of	mortality	in	the	REIN	cohort.7

The relationship between the characteristics at the initiation of 
dialysis and the probability of transplantation in the two DKD and 
NDKD	groups	was	analysed	by	a	multivariate	Cox	model	(backward	
selection of determinants with a p < 0.20 in the univariate analysis).

Statistics	were	performed	with	STATA	v14	software	(Statacorp	
LLC).
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3  |  RESULTS

Of	 a	 cohort	 of	 70,540	 patients	 starting	 KRT	 between	 2009	 and	
2015, we excluded 851 patients under 20 years old, 1,629 patients 
with type 1 diabetes and 2,318 pre- emptive transplants (flowchart 
Figure S1). The remaining 65,136 patients included 38,669 in the 
‘non-	diabetic’	 (ND)	 group,	 16,342	 in	 the	 ‘DKD’	 group	 and	 10,125	
in	 the	 ‘NDKD’	 group,	 or	 59.4%,	 24.1%	 and	 15.5%	 of	 the	 cohort,	
respectively.

The	mean	 age	was	 67	 years	 in	 the	ND	 group,	 71	 in	 the	DKD	
group	and	73	in	the	NDKD	group	(p < 0.05 after adjustment for gen-
der) (Table 1).	The	history	of	MACE	was	48%	in	the	ND	group	versus	
72%	in	the	DKD	group	and	70%	in	the	NDKD	group	(p < 0.05). There 
was	a	slight	albeit	significant	difference	between	DKD	and	NDKD	
for	coronary	artery	disease	(37%	versus	35%),	arrhythmias	(25%	ver-
sus 30%), peripheral arterial disease (34% versus 28%), abdominal 
aortic aneurysms (2% versus 5%, p < 0.05), but not for congestive 
heart	failure	and	stroke.	There	was	7%	of	cancer	in	the	DKD	group	
versus	12%	in	the	NDKD	group	(p < 0.05). There were more liver dis-
eases	and	more	‘other	transplants	than	kidney’	in	the	NDKD	group	
compared to the DKD group 6% versus 4.5%, (p < 0.05) and 2.1% vs. 
0.5%, (p < 0.05), respectively.

A	total	of	28,149	patients	died	 (43%).	 In	 the	NDKD	group,	 the	
2-	year	death	rate	was	33.9%	(32.9–	34.8)	versus	27.1%	(26.4–	27.8)	in	
the	DKD	group.	At	six	years,	there	were	62%	of	deaths	in	the	DKD	
group	 vs.	 68%	 in	 the	 NDKD	 group.	 In	 the	 Kaplan-	Meier	 survival	
curve (Figure 1),	the	difference	between	the	DKD	vs.	NDKD	curves	
was significant (p < 0.05).

The risks of death in the different groups were compared by a 
multivariate Cox model (Table S1).	After	adjusting	 for	age,	gender,	
MACE,	cancer	and	chronic	respiratory	failure,	there	was	a	10%	in-
creased	risk	of	death	in	the	NDKD	vs.	DKD	group	compared	to	non-	
diabetic	patients	(HR	1.21;	95%CI	1.17–	1.26;	p < 0.05 vs. HR 1.11; 
95%CI	1.07–	1.15;	p < 0.05, respectively). The leading causes of death 
in	DKD	and	NDKD	groups	are	summarized	in	Table	S2.

We studied the association between the clinical characteris-
tics	at	dialysis	inception	and	death	in	the	NDKD	vs	the	DKD	group	
(Table 2). The determinants the most strongly associated with 
the risk of death were: liver disease (HR 1.60; 95%CI 1.29– 1.98; 
p <	0.005),	cancer	(HR	1.57;	95%CI	1.36–	1.80;	p < 0.005), arrhyth-
mias (HR 1.34; 95%CI 1.21– 1.48; p < 0.005) and disabilities (HR 1.31; 
95%CI 1.11– 1.55; p < 0.005).

The cumulative incidence of kidney transplantation over eight 
years	 was	 46.9%	 (44.8–	48.9)	 in	 ND	 patients,	 much	 higher	 than	
the	19.3%	 (17.5–	21.2)	 in	 the	DKD	group	and	22.2%	 (18.4–	26.7)	 in	
the	NDKD	group.	The	mean	waiting	time	for	renal	transplantation	
was	3.0	±	1.7	 years	 in	 the	DKD	group	 and	2.7	±	1.6	 years	 in	 the	
NDKD	 group.	 The	 mean	 age	 at	 the	 time	 of	 transplantation	 was	
63	±	8.5	years	in	the	DKD	group,	62	±	10.4	in	the	NDKD	group	and	
52 ± 14 in non- diabetic patients (Table 3).

As	 the	 access	 to	 transplantation	 was	 marginally	 better	 in	 the	
NDKD	than	in	the	DKD	group,	we	further	studied	the	clinical	deter-
minants of renal transplantation in the two groups (Table S4). Higher 

serum albumin at inception and organ transplantation other than the 
kidney were associated with a higher probability of kidney trans-
plantation in both groups. Conversely, high BMI, first dialysis on a 
catheter, advanced age, peripheral arterial disease, cancer and dis-
ability were associated with a lower probability of transplantation in 
both	DKD	and	NDKD.	Congestive	heart	failure	decreased	the	prob-
ability	of	transplantation	in	the	NDKD	group	(HR	0.61;	95%CI	0.37–	
0.99; p <	0.05),	but	not	in	the	DKD	group.	Patients	on	insulin	in	the	
NDKD	group	had	a	 lower	chance	to	be	transplanted	than	patients	
without insulin (HR 0.61; 95%CI 0.44– 0.85; p < 0.05), a relationship 
not found in the DKD group.

Finally, Table S5	shows	the	clinical	heterogeneity	of	the	NDKD	
group and suggests at least two subgroups with different out-
comes.	Patients	in	the	NDKD	group	who	accessed	a	transplant	were	
younger and had far fewer comorbidities at inception than those 
who ultimately died.

The hazard ratio of access to renal transplantation and the risk 
of death was studied in three competing risk models: without ad-
justment (M1), with adjustment for age (M2) and with adjustment 
for	age,	gender,	MACE,	cancer	and	chronic	respiratory	failure	(M3)	
(Table 4).	 The	 risk	 of	 death	was	 significantly	 higher	 in	 the	NDKD	
group than in the DKD group, even after accounting for the compet-
ing	risk	of	transplantation	(M3)	(NDKD/sdHR	1.22;	95%CI	1.18–	1.27;	
p < 0.005 vs. DKD/sdHR 1.12; 95%CI 1.08– 1.16; p <	0.005).	Access	
to	transplantation	was	significantly	higher	in	the	NDKD	group	than	
in the DKD group, even after accounting for the competing risk of 
death	(Model	3)	(NDKD/sdHR	0.55;	95%CI	0.50–	0.60;	p < 0.005 vs. 
DKD/sdHR 0.44; 95%CI 0.41– 0.48; p < 0.005). Therefore, patients in 
the DKD group had a higher probability of remaining on dialysis (be-
fore death or transplantation) during the eight years after initiation 
of dialysis, as depicted in Figure 2.

4  |  DISCUSSION

In a cohort of more than 65,000 incident dialysis patients in the 
REIN	registry,	we	examined	the	effect	of	the	diagnosis	of	DKD	vs.	
NDKD	in	diabetic	patients	on	death	and	access	to	transplantation.

Type	 2	 diabetic	 patients	were	 older	 and	 had	more	MACE	 and	
chronic respiratory failure than the non- diabetic patients, which may 
be potentially related to a higher proportion of smoker and obese. 
The combination of smoking and diabetes multiplies cardiovascular 
risk and mortality and both the onset and the progression of diabetic 
nephropathy.13 The initiation of dialysis on a central venous catheter, 
in emergency or the ICU, was more common in diabetic patients, in 
contrast to guidelines promoting the timely placement of vascular 
access at eGFR 15 ml/min and even earlier in diabetic patients.14 
The proportion of diabetic patients with a renal biopsy was dramat-
ically low and significantly worse than in non- diabetic patients. In 
our study, 62% of diabetic patients had ESKD attributed to diabetes 
which accounts for 25% of all patients starting renal replacement 
therapy. In a survey of 40 studies worldwide, the reported range was 
17	to	83%,	with	an	average	of	64%.15
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TA B L E  1 Patient	characteristics	at	the	start	of	kidney	replacement	therapy	according	to	diabetic	kidney	disease	(DKD)	or	non-	diabetic	
kidney	disease	(NDKD)	coding

Characteristics

Non-  diabetic DKD NDKD p

n = 38,669 
59.4% n = 16,342 25.1% n = 10,125 15.5% pa  pb  pc 

Age,	mean	±	SD 67	±	17.0 71	±	10.5 73	±	10.9 <0.005 <0.005 <0.005

Men, % 63% 61% 66% <0.005 <0.005 <0.005

BMI, mean ± SD 25 ± 5.2 29 ± 6.3 28 ± 8.3 <0.005 <0.005 <0.005

Serum	Albumin,	mean	±	SD 33.6 ± 6.6 32.8 ± 6.0 32.7	±	6.5 <0.005 <0.005 NS

Haemoglobin, mean ± SD 10.1 ± 1.8 10.1 ± 1.6 10.1 ± 1.6 <0.005 <0.05 NS

eGFR, mean ± SD 9.8 ± 8.1 10.5	±	6.7 11.4 ± 9.8 <0.005 <0.005 <0.005

Renal biopsy, % 21.5% 8% 15.5% <0.005 <0.005 <0.005

MACE 48% 72% 70% <0.005 <0.005 <0.005

MACE,	mean	±	SD 0.89 ± 1.2 1.44 ± 1.3 1.48 ± 1.3 <0.005 <0.005 NS

Ischemic heart disease, % 19% 37% 35% <0.005 <0.005 <0.005

Congestive heart failure, % 22% 33% 35% <0.005 <0.005 NS

Arrhythmia,	% 21% 25% 30% <0.005 <0.005 <0.005

Abdominal	aortic	aneurysm,	% 5% 2% 5% <0.005 <0.005 <0.005

Peripheral	arterial	disease,	% 13% 34% 28% <0.005 <0.005 <0.005

Stroke, % 9% 14% 14% <0.005 <0.005 NS

Disabilities

Disability, % 10% 20% 16% <0.005 <0.005 <0.005

Amputation,	% 0.5% 4.5% 2.5% <0.005 <0.005 <0.005

Hemiplegia or paraplegia, % 1% 2% 2% <0.005 <0.005 NS

Severe vision impairment, % 1% 7% 3% <0.005 <0.005 <0.005

Severe behavioural disorders, % 3% 3% 4% NS <0.005 <0.05

Other comorbidity

Smoking, % 39% 41% 46% <0.005 <0.005 <0.005

Chronic respiratory disease, % 11% 15% 19% <0.005 <0.005 <0.005

Cancer, % 14% 7% 12% <0.005 <0.005 <0.005

Liver disease, % 4% 4.5% 6% <0.005 <0.005 <0.005

Other transplantation than 
kidney, %

1.5% 0.5% 2.1% <0.005 <0.005 <0.005

HIV	infection	or	AIDS 1% 0.4% 0.6% <0.005 NS <0.005

Treatment

First dialysis in emergency, % 29% 31% 33% <0.005 <0.005 <0.05

First HD on catheter, % 53% 53% 59% NS <0.005 <0.005

First HD in intensive care unit, % 9% 9% 11% NS <0.005 <0.005

First	KRT	modality:	HD	Vs	PD,	% 88% 91% 90% <0.005 <0.005 <0.05

ESA	treatment,	% 46% 53% 48% <0.005 NS <0.005

Insulin treatment, % 79% 56% <0.005

Time between fistula and HD 
(month), mean ± SD

6.3 ± 15.4 5.9 ± 11.9 5.9 ± 12.5 <0.005 <0.05 NS

Number	of	visit	by	a	nephrologist,	
mean ± SD

3.9 ± 3.4 4.2 ± 3.1 3.8 ± 3.2 <0.005 NS <0.005

Abbreviations:	AIDS,	acquired	immunodeficiency	syndrome;	DKD,	diabetic	kidney	disease;	HD	and	PD,	haemodialysis	and	peritoneal	dialysis;	HIV,	
human	immunodeficiency	virus;	KRT,	kidney	replacement	therapy;	MACE,	major	adverse	cardiovascular	events;	NDKD,	non-	diabetic	kidney	disease;	
NS,	no	significance	difference;	Smoking,	current	smoker	and	ex-	smoker.
ap:	difference	between	‘non-	diabetic’	and	DKD,	adjusted	for	gender	and	age.
bp:	difference	between	‘non-	diabetic’	and	NDKD,	adjusted	for	gender	and	age.
cp:	difference	between	‘DKD’	&	NDKD,	adjusted	for	gender	and	age.
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In our study, severe vision deficits were twice as common in the 
DKD	group	as	in	the	NDKD	group,	suggesting	that	diabetic	retinop-
athy was more common in the former group. We had no information 
on albuminuria before the initiation of dialysis. Still, there was no dif-
ference	in	serum	albumin	between	DKD	and	NDKD,	and	both	values	
were only marginally lower than in non- diabetic patients. Diabetic 
nephropathy used to be responsible for nephrotic range albumin-
uria,16,17 but recent studies reported lower rates of albuminuria,18 an 
observation partly explained by the broader prescription of blockers 
of the renin- angiotensin system to delay progression.19 Insulin ther-
apy	was	more	frequently	prescribed	in	the	DKD	group	(75	vs.	50%	
in	the	NDKD	group),	suggesting	either	protracted	uncontrolled	dia-
betes or that insulin prescription may have biased the classification 
as DKD by the nephrologist. The proportion of patients receiving 
ESA	was	also	higher	in	the	DKD	group,	a	relationship	that	suggested	
erythropoietin resistance and associated with increased cardiovas-
cular mortality.20

In dialysis patients, diabetes was associated with increased mor-
tality, especially from cardiovascular causes.21 Our study confirms 
these data with a 30– 60% higher mortality risk among diabetic 
patients versus non- diabetic patients, depending on the adjust-
ment	method.	 Among	 diabetic	 persons,	 those	with	 NDKD	 had	 a	
higher risk of mortality than patients with DKD, which persisted 
after adjusting for confounders. However, when comparing the 
three groups, the survival rate dropped early and remained lower 
in	the	NDKD	group.	In	contrast,	the	survival	rate	of	DKD	diverged	
from non- diabetic patients only after the first year of follow- up. 
The	better	survival	overall	in	patients	with	DKD	versus	NDKD	was	
unexpected because our initial hypothesis was that a diagnosis of 
diabetic nephropathy would reflect a more extensive arterial dis-
ease and higher mortality. Two older studies from the same group 
compared	the	risk	of	death	in	dialysis,	according	to	DKD	and	NDKD	
diagnoses.	In	the	Dutch	NECOSAD	study,	1,853	patients	were	fol-
lowed	for	eight	years,	15%	in	the	DKD	group	and	6%	in	the	NDKD	

group.28 Compared to the non- diabetic group, mortality was higher 
in	 both	DKD	 (HR	1.9)	 and	NDKD	 (HR	2.1)	 groups	but	 similar	 be-
tween	the	diabetic	groups	(HR	1.06).	In	the	European	EDTA	data-
base (excluding France) in 15,419 patients and a 5- year follow- up,10 
the	mortality	rate	was	higher	in	the	DKD	compared	to	the	NDKD	
group after adjustment for age, sex, country, cancer, cardiovascular 
comorbidities	 (HR	 1.20;	 95%CI	 1.10–	1.30).	 The	NECOSAD	 study	
was probably underpowered to show any difference, but even in 
the second study, the proportion of diabetic patients was much 
lower than in our cohort. In our study, the proportion of DKD and 
NDKD	patients	was	similar,	but	diabetic	patients	overall	had	a	30%	
lower	mortality	than	in	the	EDTA	cohort.	These	discrepancies	may	
be related to outdated standard of care for diabetes or higher mor-
tality	rate	in	the	background	population	as	the	EDTA	cohort	mainly	
originated from northern Europe.

Access	to	kidney	transplantation	was	more	than	twice	as	low	
in type 2 diabetic patients compared to dialysis patients without 
diabetes, in agreement with the literature.21- 23 In DKD patients, 
cardiovascular comorbidities would be expected to hinder ac-
cess	 to	 transplantation.	 Accordingly,	 patients	 with	 disabilities	
such as peripheral arterial disease complicated by amputation 
and motor deficits secondary to stroke had reduced access to 
transplantation.	 In	 the	 NECOSAD	 study,	 33%	 of	 non-	diabetic	
patients	 received	 a	 renal	 transplant	 vs.	 17%	 in	 the	DKD	group	
and	8%	in	the	NDKD	group.	Accessibility	to	transplant	was	over-
all better in their cohort than in ours. The proportion of trans-
plant	recipients	was	higher	in	the	DKD	group	than	in	the	NDKD	
group, in contrast to our cohort.9	In	the	EDTA	study,	transplan-
tation was 36% in the non- diabetic group, vs. 13% in the DKD or 
the	NDKD	group.10 In our study, the determinants of access to 
transplantation	 in	the	NDKD	and	DKD	groups	were	partly	sim-
ilar. However, a history of non- kidney transplants was strongly 
positively	 associated	with	 kidney	 transplantation	 in	 the	NDKD	
group,	unlike	 the	DKD	group.	 In	 contrast,	NDKD	patients	with	
congestive heart failure or those treated with insulin had a re-
duced chance of transplantation. The negative effect of the insu-
lin treatment raises some questions about this association, which 
may include fear for increased risk of hypoglycaemia, the antici-
pation of diabetes more difficult to manage with glucocorticoids 
or the perception that a diabetic patient on insulin has more ex-
tensive vascular damage.

In	our	study,	patients	with	NDKD	had	both	a	higher	risk	of	death	
and more access to kidney transplantation paradoxically. Type 2 
diabetic patients have better survival after kidney transplant than 
diabetic patients staying on dialysis,24,25 resulting from selection 
bias.25	Also,	transplantation	is	a	competitive	risk	for	death	in	dialysis	
patients, a bias not adequately addressed in the Cox model.26 Using 
a competing risk model27,28 accounting for kidney transplantation, 
the	risk	of	death	was	still	higher	in	NDKD	patients	than	in	the	DKD	
group. However, after accounting for the competing risk of death, 
access	 to	 transplantation	was	 also	 higher	 in	 patients	with	NDKD.	
We	hypothesized	that	the	NDKD	group	is	heterogeneous,	including	
a subgroup of sicker patients with early mortality and another subset 

F I G U R E  1 Survival	analysis.	Comparison	of	diabetic	kidney	
disease	(DKD),	non-	diabetic	kidney	disease	(NDKD)	and	non-	
diabetic groups
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in better shape with faster access to transplantation than DKD pa-
tients.	 Accordingly,	 transplanted	 patients	 were	 16	 years	 younger	
and had fewer comorbidities, particularly congestive heart failure 

and peripheral artery disease, than the patients prone to death, and 
may represent a group of patients with primary renal diseases and 
superimposed diabetes.

TA B L E  2 Clinical	determinants	associated	with	the	probability	of	death	in	diabetic	patients	starting	dialysis.	Multivariate	analysis	with	the	
Cox model and with a competing risk model; calculation of sdHR (subdistribution hazard ratio) and csHR (cause- specific hazard ratio)

Characteristics HR CI p csHR CI p sdHR CI p

Age 1.04 1.03– 1.04 <0.001 1.04 1.03– 1.04 <0.001 1.04 1.04– 1.05 <0.001

Female gender 0.92 0.80– 
1.06

0.251 0.92 0.80– 
1.06

0.262 0.93 0.80–	1.07 0.289

BMI (body mass index) (per 1 unit) 1.02 1.01– 1.03 <0.001 1.02 1.01– 1.03 <0.001 1.02 1.02– 1.03 <0.001

Serum albumin (per g/L) 0.98 0.97–	0.99 <0.001 0.98 0.97–	0.99 <0.001 0.98 0.97–	0.99 <0.001

Haemoglobin (per g/dL) 0.99 0.96– 1.02 0.430 0.99 0.96– 1.02 0.408 0.99 0.96– 1.02 0.420

eGFR 1.01 1.00– 1.01 0.011 1.01 1.00– 1.01 0.024 1.01 1.00– 1.01 0.027

Renal biopsy 0.89 0.76–	1.03 0.107 0.89 0.77–	1.03 0.124 0.89 0.76–	1.04 0.136

MACE 1.08 0.93– 1.26 0.299 1.07 0.92– 1.25 0.397 1.09 0.93–	1.27 0.283

Ischemic heart disease 1.08 0.98– 1.20 0.137 1.09 0.98– 1.20 0.117 1.09 0.98– 1.21 0.111

Congestive heart failure 1.27 1.15– 1.41 <0.001 1.28 1.15– 1.42 <0.001 1.28 1.15– 1.42 <0.001

Arrhythmia 1.34 1.21– 1.48 <0.001 1.32 1.19–	1.47 <0.001 1.34 1.20– 1.49 <0.001

Abdominal	aortic	aneurysm 1.07 0.85– 1.35 0.566 1.07 0.85– 1.35 0.543 1.08 0.86– 
1.34

0.522

Peripheral	arterial	disease 1.27 1.15– 1.41 <0.001 1.27 1.14– 1.41 <0.001 1.30 1.17–	1.45 <0.001

Stroke 1.02 0.90– 1.16 0.769 1.02 0.90– 1.16 0.756 1.03 0.90– 1.18 0.626

Disabilities

Disability 1.31 1.11– 1.55 0.002 1.30 1.10– 1.54 0.003 1.32 1.09– 1.60 0.005

Amputation 1.22 0.95– 1.58 0.124 1.20 0.93– 1.55 0.164 1.23 0.92– 1.66 0.166

Hemiplegia or paraplegia 0.88 0.58–	1.27 0.445 0.88 0.59– 1.32 0.542 0.88 0.55– 1.42 0.610

Severe vision impairment 0.76 0.61– 0.96 0.022 0.76 0.60– 
0.96

0.022 0.75 0.59– 0.96 0.021

Severe behavioural disorders 0.99 0.75–	
0.32

0.963 0.97 0.73–	1.29 0.854 1.00 0.73–	1.38 0.983

Other comorbidity

Smoking 1.13 1.02– 1.26 0.023 1.11 0.99– 1.24 0.066 1.12 0.99– 1.25 0.054

Chronic respiratory Disease 1.27 1.14– 1.43 <0.001 1.26 1.12– 1.42 <0.001 1.25 1.11– 1.41 <0.001

Cancer 1.57 1.36– 1.80 <0.001 1.53 1.33–	1.76 <0.001 1.58 1.35– 1.85 <0.001

Liver disease 1.60 1.29– 1.98 <0.001 1.59 1.28– 1.98 <0.001 1.64 1.31– 2.04 <0.001

Other transplantation than 
kidney

1.35 0.93– 1.95 0.113 1.63 1.12– 1.36 0.010 1.50 1.05– 2.14 0.027

HIV	infection	or	AIDS 0.38 0.09– 1.52 0.173 0.41 0.10– 1.63 0.203 0.34 0.79–	1.46 0.147

Treatment

First dialysis in emergency 1.02 0.91– 1.15 0.695 1.04 0.92–	1.17 0.510 1.05 0.92– 1.19 0.492

First HD on catheter 1.07 0.96– 1.19 0.227 1.07 0.96– 1.19 0.232 1.08 0.97–	1.21 0.160

First HD in intensive care unit 0.99 0.82– 1.19 0.924 0.97 0.81– 1.18 0.787 0.98 0.81– 1.21 0.873

First	KRT	modality:	HD	Vs	PD 1.15 0.63– 2.12 0.643 1.27 0.67–	2.39 0.467 1.28 0.67–	2.43 0.452

ESA	treatment 1.04 0.95– 1.14 0.407 1.05 0.95– 1.15 0.349 1.04 0.95– 1.15 0.391

Insulin treatment 1.08 0.97–	1.19 1.161 1.06 0.96– 1.18 0.258 1.08 0.97–	1.20 0.172

Time between fistula and HD 
(month)

1.00 1.00– 
1.00

0.827 1.00 0.99– 1.00 0.568 1.00 0.99– 1.00 0.721

Abbreviations:	AIDS,	acquired	immunodeficiency	syndrome;	DKD,	diabetic	kidney	disease;	ESA,	erythropoietin-	stimulating	agent;	HD	and	PD,	
haemodialysis	and	peritoneal	dialysis;	HIV,	human	immunodeficiency	virus;	KRT,	kidney	replacement	therapy;	MACE,	major	adverse	cardiovascular	
events;	NDKD,	non-	diabetic	kidney	disease;	smoking,	current	smoker	and	ex-	smoker.
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TA B L E  3 Outcomes	of	patients	coded	as	non-	diabetics,	diabetic	kidney	disease	(DKD)	and	non-	diabetics	kidney	disease	(NDKD):	
probability of transplantation and death

Pronostic

Non- diabetic DKD NDKD

n = 38 669 n = 16 342 n = 10 125

Death

Died after 1 year of follow- up, % (CI) 15.6% (15.2– 16.0) 15.8% (15.2– 16.4)a  21.8% (21.0– 22.6)b,c 

Died after 2 year of follow- up, % (CI) 24.7%	(24.3–	25.2) 27.1%	(26.4–	27.8)a  33.9% (32.9– 34.8)b,c 

Died after 4 year of follow- up, % (CI) 38.6% (38.1– 39.2) 47.1%	(46.2–	48.0)a  53.1% (52.0– 54.3)b,c 

Died after 6 year of follow- up, % (CI) 48.9% (48.2– 49.5) 62.3% (61.2– 63.3)a  67.8%	(66.4–	69.1)b,c 

Died after 8 year of follow- up, % (CI) 57.0%	(55.8–	58.2) 73.0%	(69.9–	76.1)a  78.1%	(76.1–	80.1b,c 

Kidney transplantation

Transplantation after 1 year of follow- up, % (CI) 6.4%	(6.1–	6.7) 1.2% (1.0– 1.3)a  1.7%	(1.5–	2.0)b,c 

Transplantation after 2 years of follow- up, % (CI) 15.7%	(15.3–	16.1) 4.0%	(3.7–	4.4)a  4.9% (4.4– 5.5)b,c 

Transplantation after 4 years of follow- up, % (CI) 31.1%	(30.4–	31.7) 10.6% (9.9– 1.1)a  12.3% (11.4– 13.3)b,c 

Transplantation after 6 years of follow- up, % (CI) 39.9% (39.1– 40.8) 15.7%	(14.6–	16.8)a  17.2%	(15.7–	18.8)b,c 

Transplantation after 8 years of follow- up, % (CI) 46.9% (44.8– 48.9) 19.3%	(17.5–	21.2)a  22.2%	(18.4–	26.7)b,c 

Kidney transplant listing, % 33.5% 15.4%a  14.7%b,c 

Duration before kidney transplantation (years), 
mean ± CI

2.5 ± 1.6 3.0	±	1.7a  2.7	±	1.6b,c 

Age	at	time	of	transplantation	(years),	mean	±	CI 52 ± 14.0 63 ± 8.5a  62 ± 10.4b,c 

Time before registration (years), mean ± CI 0.5 ± 1.4 1.0 ± 1.3a  0.8 ± 1.4b,c 

Note: NS:	no	significant	difference,	CI:	95%	confidence	interval.
Abbreviations:	DKD,	diabetic	kidney	disease;	NDKD,	non-	diabetic	kidney	disease.
ap	<	0.005	between	‘non-	diabetic’	and	DKD,	adjusted	for	age	and	gender.
bp	<	0.005	between	‘Non-	diabetic’	and	NDKD,	adjusted	for	age	and	gender.
cp	<	0.005	between	DKD	and	NDKD,	adjusted	for	age	and	gender.

Model 1 Model 2 Model 3

sdHR IC sdHR IC sdHR IC

Association	with	access	to	transplantation	accounting	for	the	competing	risk	of	death

Non-	diabetic	
(reference)

1.00 1.00 1.00

DKD 0.29 0.27–	0.30 0.44 0.42–	0.47 0.44 0.41– 0.48

NDKD 0.30 0.28– 0.32 0.52 0.48–	0.57 0.55 0.50– 0.60

Association	with	the	risk	of	death	accounting	for	the	competing	risk	of	transplantation

Non-	diabetic	
(reference)

1.00 1.00 1.00

DKD 1.30 1.26– 1.33 1.20 1.16– 1.23 1.12 1.08– 1.16

NDKD 1.58 1.53– 1.63 1.31 1.27–	1.35 1.22 1.18–	1.27

csHR IC csHR IC csHR IC

Association	with	the	risk	of	death	accounting	for	the	competing	risk	of	transplantation

Non-	diabetic	
(reference)

1.00 1.00 1.00

DKD 1.13 1.10– 1.16 1.12 1.09– 1.15 1.06 1.03– 1.10

NDKD 1.41 1.36– 1.45 1.25 1.21– 1.30 1.18 1.14– 1.23

Abbreviations:	DKD,	diabetic	kidney	disease;	M1,	without	adjustment;	M2,	with	adjustment	
for age; M3, M2 + adjustment for gender, major adverse cardiovascular events, cancer, chronic 
respiratory	failure;	NDKD,	non-	diabetic	kidney	disease.

TA B L E  4 Comparison	of	the	outcomes	
(death or renal transplantation) in the 
diabetic kidney disease (DKD) and non- 
diabetic	kidney	disease	(NDKD)	groups	
versus the non- diabetic group (reference 
group) with a competing risk model; 
calculation of sdHR (subdistribution 
hazard ratio) and csHR (cause- specific 
hazard ratio)



8 of 9  |     DELAUTRE ET AL.

Some limitations of our study should bear in mind. The data were 
collected at the inception of dialysis; hence, we had no information 
on the predialysis course (diabetes duration, metabolic control, hy-
pertension,	 eGFR	 decline	 rate,	 albuminuria).	 Also,	 the	 distinction	
between	DKD	and	NDKD	relied	on	nephrologist	discretion	and	was	
generally based on clinical evidence only, as indicated by the low 
rate of renal biopsy. The final diagnosis retained in the register could 
have been influenced by local coding practices or the background 
prevalence of diabetes depending on the region.

Our study has some strengths, however, relying on an exhaustive 
nationwide	 registry	and	a	 long-	term	follow-	up.	All	 items	at	 the	 in-
ception of dialysis were prespecified, and outcomes were collected 
prospectively. Finally, our analyses used extensive adjustments 
and accounted for the competitive risk between death and renal 
transplantation.

5  |  CONCLUSIONS

In	diabetic	patients	starting	dialysis,	DKD	vs.	NDKD	was	associated	
with	distinct	clinical	patterns	and	outcomes.	Patients	with	DKD	had	
more vascular complications and disabilities and reduced access to 
kidney	transplantation.	NDKD-	rated	patients	had	more	cancer,	liver	

diseases, arrhythmias and a higher risk of mortality than DKD- rated 
patients.	However,	a	subgroup	of	NDKD	patients	has	better	access	
to kidney transplantation, which was associated with an identifiable 
favourable clinical pattern. This distinction should be accounted for 
in the plan of care of diabetic patients starting dialysis.
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