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Abstract
Aims/hypothesis Microvascular complications are a common
feature of diabetes but additional research is needed regarding
diabetic nephropathy endpoints in type 1 and type 2 diabetes.
Methods We compared 277 type 1 diabetes patients with 942
type 2 diabetes patients, with clinical proteinuria and no end-
stage renal disease (ESRD) at baseline, prospectively

followed for death, ESRD and decline in estimated glomerular
filtration rate (eGFR, all available measures).
Results The incidence rate of death was 67.0 (95% CI 59.2,
74.8) vs 24.6 (95% CI, 19.0, 30.2) per 1,000 patient-years, in
type 2 diabetes and type 1 diabetes, respectively. Unadjusted
risk for death was greater for type 2 diabetes patients (HR
3.423; 95% CI, 2.501, 4.683; p<0.0001), but the difference
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did not persist after adjustment for age (HRage-adj 0.859; 95%
CI 0.581, 1.269; p=0.445). The incidence rate of ESRD was
18.4 (95%CI 14.2, 22.5) vs 47.1 (95%CI 38.4, 55.9) per 1,000
patient-years, in type 2 diabetes and type 1 diabetes, res-
pectively. Unadjusted risk for ESRD was lower in type 2 dia-
betes (HR 0.399; 95% CI 0.287, 0.554; p<0.0001), but the
difference did not persist after adjustment for sex, age and base-
line serum creatinine (HRadj 0.989; 95% CI 0.597, 1.639;
p=0.965). In a mixed linear model, eGFR decline was not
significantly different in type 2 vs type 1 diabetes (difference
in slope −0.19 [0.28] ml min−1 1.73 m−2 year−1; p=0.512).
Conclusions/interpretation In diabetic nephropathy, once
baseline risk factors were taken into account the risk for death,
ESRD and renal function decline did not significantly differ
between type 1 diabetes and type 2 diabetes.

Keywords Death . Diabetic complications . Diabetic
nephropathy .Renal functiondecline .Type1diabetes .Type2
diabetes

Abbreviations
CKD Chronic kidney disease
CKD-EPI Chronic Kidney Disease Epidemiology

Collaboration
DIABHYCAR Non-insulin-dependent diabetes hyperten-

sion, microalbuminuria or proteinuria,
cardiovascular events, and ramipril

eGFR Estimated glomerular filtration rate
ESRD End-stage renal disease
GENEDIAB Genes nephropathy and diabetes
GENESIS Genes nephropathy and sib-pair study
IQR Interquartile range
SURDIAGENE Survival diabetes and genetics
UAC Urinary albumin concentration

Introduction

Diabetes is a chronic condition, the incidence of which is
rapidly rising throughout the world. While this increase is
particularly well known for type 2 diabetes, it has also been
noted for type 1 diabetes. In both forms of the disease, the
common feature is chronic hyperglycaemia, leading to micro-
vascular complications [1]. The presence of microvascular
disease is the key element defining the blood glucose thresh-
old for diabetes [1]. Renal complications represent a major
turning point in the lives of people with diabetes. In type 1
diabetes, the presence of diabetic nephropathy is associated
with increased mortality risk, while non-nephropathic individ-
uals have a more favourable life expectancy [2, 3]. Similarly,
in type 2 diabetes, nephropathy is associated with increased
cardiovascular mortality and morbidity [4, 5]. Moreover,

diabetic kidney disease is considered to be the leading cause
of end-stage renal disease (ESRD) in westernised countries,
including the USA (www.usrds.org, accessed 22 September
2015).

Although the classification of type 1 and 2 diabetes can be
difficult, and is sometimes the subject of debate [6], the con-
sequences of the type of diabetes on renal complications are
poorly established. In the pathophysiological relationship be-
tween diabetes and its complications, type 1 diabetes mainly
involves glucose injury, while renal disease in type 2 diabetes
is generally considered more heterogeneous, including factors
other than glucose such as lipids, inflammation or blood pres-
sure. The pattern of renal decline according to the type of
diabetes has not been adequately studied and refers primarily
to a single highly referenced paper, published more than
25 years ago [7].

The systematic use of blockers of the renin–angiotensin–
aldosterone system, the launching of short-acting and long-
acting insulin analogues promoting enhanced glucose control
and new techniques for statistical analysis have led us to re-
consider occurrences of end-stage complications in type 1 and
type 2 diabetes. In addition, decline in renal function is emerg-
ing as an important outcome [8, 9]. Given the existence of
modern therapies, analysis of contemporaneous data on the
rates of renal function decline in diabetes could help to design
trials and anticipate needs for renal replacement strategy. In
the context of the international effort to evaluate the genetic
factors involved in diabetic nephropathy, it is important to
determine whether data generated from type 2 diabetes pa-
tients can be used for type 1 diabetes and vice versa.

We have consequently examined the relationship between,
on the one hand, type of diabetes and ESRD/mortality risk
and, on the other hand, renal function decline, using several
cohorts, totalling more than 1,200 patients with diabetic ne-
phropathy, defined clinically by established proteinuria.

Methods

Patients

Individuals of Europid ethnicity with type 1 diabetes were
recruited on the occasion of the GENEDIAB (genes nephrop-
athy and diabetes) and GENESIS (genes nephropathy and sib-
pair study) studies [10, 11]. All type 1 diabetes patients attend-
ing diabetes clinics were invited to be included in the
GENEDIAB study, provided they had severe diabetic retinop-
athy (proliferative or severe non-proliferative requiring
panphotocoagulation), regardless of their nephropathy status.
All type 1 diabetes patients with retinopathy and diabetes du-
ration longer than 15 years were invited to be included in the
GENESIS study. All consecutive non-duplicate type 1 diabe-
tes patients in Corbeil-Essonnes, Nantes, Paris Saint-Louis,
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Poitiers and Toulouse were recruited for an observational
study.

A secondary selection was applied among included pa-
tients: all patients diagnosed with proteinuria with or without
renal failure were followed for risk of renal function decline,
ESRD and mortality, on the occasion of the JDRF Diabetic
Nephropathy Collaborative Research Initiative (see Acknowl-
edgements). All of these cohorts were hospital based.

Individuals of Europid ethnicity with type 2 diabetes and
who had proteinuria were selected from two independent co-
horts—SURDIAGENE (survival diabetes and genetics) and
DIABHYCAR (non-insulin-dependent diabetes, hyperten-
sion, microalbuminuria or proteinuria, cardiovascular events,
and ramipril)—for which an adjudication committee reviewed
study outcomes.

SURDIAGENE participants were consecutively recruited
at Poitiers University Hospital as part of an inception cohort,
performed at the Poitiers University Hospital. Organisation of
follow-up regarding renal outcomes has been described previ-
ously [12]. Briefly, all type 2 diabetes patients attending the
Poitiers diabetes clinic were invited to take part in a follow-up
observational study. Non-inclusion criteria were evidence of
non-diabetic renal disease (according to the investigator’s
opinion) and residing outside the Poitou Charentes region.

The design and results of the DIABHYCAR study have
been reported previously [13, 14]. The participants of the cur-
rent analysis were people with type 2 diabetes on oral medi-
cation, aged ≥50 years, with serum creatinine ≤150 μmol/l
and two consecutive urine samples with albumin concentra-
tion ≥20 mg/l, followed by their general practitioner. This was
a double-blind, parallel, 4 year design, evaluating a low dose
of ramipril (1.25 mg/day) compared with placebo, with a pri-
mary endpoint combining the occurrence of cardiovascular
and renal events (end-stage renal failure).

All participants in this research signed an informed
consent form. Ethics committees approved the designs
of all the different studies. Clinical variables collected
at baseline included age, age at diabetes onset, blood
pressure and smoking status.

Definition of diabetes

Diabetes classification was made using American Diabetes
Association diagnostic criteria, as defined in 1997. Type 1
diabetes was defined as age at diabetes onset before 35 years
(GENESIS/GENEDIAB) or 40 years (all five other cohorts)
and a definitive requirement for insulin treatment less than
1 year following diagnosis. Type 2 diabetes was defined by
age at diabetes onset older than 40 years, absence of
ketoacidosis and glycaemic control without insulin treatment
for at least 2 years after diagnosis. Patients with clinical sus-
picion of secondary diabetes were excluded.

Definition of diabetic nephropathy

We focused on type 1 diabetes patients with proteinuria, de-
fined as urinary albumin excretion rate higher than 300
mg/24 h on two out of three consecutive sterile urine collections.

In the SURDIAGENE cohort, diabetic nephropathy was
established on two out of three consecutive sterile urine col-
lections considering urinary albumin-to-creatinine ratio higher
than 30 mg/mmol.

In the DIABHYCAR, selection criteria included increased
urinary albumin concentration (UAC) on two consecutive oc-
casions equal to or higher than 20 mg/l. We included patients
with diabetic nephropathy, diagnosed when UAC was above
200 mg/l.

Clinical endpoints

Our primary fatal clinical endpoint was all-cause death. Hos-
pital records were analysed for identification of the presence/
date of the endpoints; where details were missing, general
practitioners were interviewed by telephone. When no data
were present, the national death certificate registry was
consulted.

Our co-primary non-fatal clinical endpoint was ESRD as
defined by renal replacement therapy (kidney graft or dialysis
or a sustained estimated glomerular filtration rate [eGFR] be-
low 10 ml min−1 1.73 m−2). We took into account the different
time intervals between severe renal failure (below 10mlmin−1

1.73 m−2) and time of dialysis onset, which might arise from
non-medical considerations.

Our secondary outcome was the trajectory of eGFR. We
considered a linear regression to compute annual eGFR slope.
A slope of ≤−5 ml min−1 1.73 m−2 per year defined rapid renal
function decline, according to KDIGO (kidney disease im-
proving global outcomes) [15]. In type 1 diabetes, prospective
data only were considered for chronic kidney disease (CKD)
stage 1–2 patients while prospective and retrospective data
were used to build eGFR trajectories in CKD stage 3–5 pa-
tients. Only prospective data were considered for type 2 dia-
betes study participants.

Biological determinations

Type 1 diabetes Patients from the GENEDIAB and GENE-
SIS cohorts had their biological samples determined centrally
at baseline for serum creatinine, HbA1c and urinary albumin.
Patients from other cohorts of type 1 diabetes patients had
their blood and urine samples handled locally.

During follow-up, serum creatinine was determined locally
using a colorimetric method. Different kits were used accord-
ing to local practice. The patients’ records were examined and
every locally determined serum creatinine concentration was
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used to build eGFR trajectories. Only the serum creatinine
determined prior to ESRD was taken into account.

Type 2 diabetes In the SURDIAGENE cohort, urinary creat-
inine was measured on a Hitachi 911 automatic analyzer
(Roche Diagnostics, Meylan, France). Serum creatinine and
urinary albumin were measured by nephelometry on a Mod-
ular System P (Roche Diagnostics). HbA1c was determined by
an HPLC method using an ADAMS A1C HA-8160 analyzer
(Menarini, Florence, Italy) (normal values 4.0–6.0%
[20–42 mmol/mol]).

In the DIABHYCAR cohort, HbA1c was determined cen-
trally using an HPLC method (Biorad DIAMAT Analyser;
Bio-Rad, Richmond, CA, USA) with normal values ranging
from 4.0 to 5.6% (20–38 mmol/mol). Locally determined se-
rum creatinine concentrations were collected yearly, in accor-
dance with study protocol. Glomerular filtration rate was es-
timated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) 2009 creatinine equation [16].

Statistical analysis

Data were stored and analysed using SAS 9.3 (SAS Systems,
Cary, NC, USA). Continuous variables were summarised by
means and SDs or by median and interquartile range (IQR)
according to data distribution. Categorical variables were pre-
sented by frequencies and percentages. Standard univariate
statistical methods were used to compare characteristics in
type 1 vs type 2 diabetes.

Time to clinical endpoints (all-cause death or ESRD)
was plotted according to the type of diabetes with
Kaplan–Meier curves, and comparison was made using
the logrank test. Univariate and multivariate Cox pro-
portional hazard models were used to identify the effect
of key covariates. Covariates with nominal statistical
significance were used in multivariate analysis. The re-
sult was expressed as the HR and its 95% CI. The Fine
and Gray model was evaluated to analyse competing
risks of death in the ESRD risk model. The result was
expressed as the sub-HR and its 95% CI.

As no data were available to address the research question,
no formal power calculation was performed prior to the
analysis.

Analysis of renal function decline was performed using a
mixed linear model, taking repeated longitudinal eGFR data
into account so as to model the trajectories of eGFR over time
according to type of diabetes, adjusted on several covariates.
The random errors of the mixed linear analysis we conducted
were defined as a random intercept and slope. The coefficients
were presented with their standard error. The mixed model
was applied only to individuals with at least two determina-
tions during follow-up and before ESRD (see flow chart pre-
sented in Fig. 1). To determine whether type 1 diabetes

evolves differently from type 2 diabetes over time, an interac-
tion term between time and type of diabetes was added in the
mixed model.

In all the multivariable models employed, variables with
univariate statistical significance were applied, using a back-
ward selection procedure. Statistical significance was set at
p<0.05.

Results

Baseline characteristics

For type 2 diabetes, 1,468 consecutive participants, including
232 proteinuric patients, entered the SURDIAGENE incep-
tion cohort. In the DIABHYCAR population, we restricted
our study to French participants. The population entering the
selection was made up of 20,296 participants with type 2
diabetes. Among them, 3,137 were randomised and we fo-
cused our analysis on the 710 proteinuric patients. In the pop-
ulation of type 1 diabetes patients, the whole population suit-
able for a case–control approach (with disease duration
>15 years) consisted of 1,367 participants, including the 456
nephropathic patients detailed in Fig. 1.

A total of 1,219 patients were available for analysis of the
primary endpoint, consisting of 942 with type 2 diabetes and
277 with type 1 diabetes.

Baseline clinical and biological characteristics of the
study population are summarised in Table 1 and elec-
tronic supplementary material (ESM) Tables 1 and 2.
Comparatively, patients with type 2 diabetes had a
higher BMI while those with type 1 diabetes were
younger and had longer diabetes duration. Baseline
eGFR was lower in patients with type 2 diabetes than
in those with type 1 diabetes.

Follow-up duration was longer in type 1 diabetes compared
with type 2 diabetes, in accordance with calendar year of
recruitment (type 2 diabetes: DIABHYCAR, range 1995–
1998 [median 1996]) and SURDIAGENE, range 2002–2011
[median 2004]; type 1 diabetes: range 1994–2012 [median
1995]), corresponding to a median (IQR) follow-up duration
of 56 (26) months in type 2 diabetes and 143 (106) months in
type 1 diabetes.

All-cause death

There were 358 all-cause deaths during follow-up: 285 and 73
translating to an incidence rate of 67.0 (95% CI 59.2, 74.8) vs
24.6 (95% CI 19.0, 30.2) per 1,000 patient-years, in type 2
diabetes and type 1 diabetes, respectively.

In Fig. 2 we plotted Kaplan–Meier curves for the risk of all-
cause death according to the type of diabetes. ESM Table 3

Diabetologia (2016) 59:208–216 211



summarises the different covariates associated with risk for
death.

In a Cox multivariate model, the risk for all-cause death
was significantly greater for type 2 diabetes patients (HR

3.423; 95% CI 2.501, 4.683; p<0.0001) but this difference
did not persist after adjustment for age (HRage-adj 0.859;
95% CI 0.581, 1.269; p=0.445).

Renal outcomes

ESRD During follow-up, ESRD occurred in 75 patients with
type 2 diabetes and 112 with type 1 diabetes, translating to an
incidence rate of 18.4 (95% CI 14.2, 22.5) vs 47.1 (95% CI
38.4, 55.9) per 1,000 patient-years in type 2 diabetes vs type 1
diabetes, respectively. Figure 3 describes the relationship be-
tween the type of diabetes and ESRD risk with a plotted
Kaplan–Meier curve.

Data for the univariate Cox proportional hazard model are
summarised in ESM Table 4. The crude risk for ESRD was
significantly lower in type 2 diabetes (HR 0.399; 95% CI
0.287, 0.554; p<0.0001), but the difference did not persist
after adjustment for sex, age and baseline serum creatinine
(HRadj 0.989; 95% CI 0.597, 1.639; p=0.965).

When using a competing risk model, with ESRD as prima-
ry outcome and death as competing risk, we found roughly
unchanged results with no effect of type of diabetes on risk of
ESRD (ESM Table 5).

Renal function decline We collected 4,832 serum creati-
nine determinations for 208 individuals with type 2 di-
abetes (median 27 per patient) from the SURDIAGENE

T2DM DIABHYCAR
n=3,137

Primary endpoint:
all-cause death or ESRD

n=710

Secondary endpoint:
decline of renal function analysis

n=632
(3,042 eGFR determinations)

T1DM with proteinuria 
n=456

Excluded (n=179):
- follow-up <1 month
- ESRD at baseline

Primary endpoint:
all-cause death or ESRD

n=277

Secondary endpoint:
decline of renal function analysis

n=318
(6,572 eGFR determinations)

Excluded (n=138):
- patients with a sole eGFR determination

T2DM SURDIAGENE
n=1,468

Excluded (n=1,236):
- follow-up <1 month
- ESRD at baseline
- uACR <30 mg/mmol

Primary endpoint:
all-cause death or ESRD

n=232

Secondary endpoint:
decline of renal function analysis

n=208
(4,832 eGFR determinations)

Excluded (n=1,260):
- patients with a sole eGFR determination
- uACR <30 mg/mmol

Excluded (n=2,427):
- follow-up <1 month
- ESRD at baseline
- UAC <200 mg/l

Excluded (n=2,505):
- patients with a sole eGFR determination
- UAC <200 mg/l

Fig. 1 Flow chart of study participants. T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; uACR, urinary albumin–creatinine ratio

Table 1 Baseline clinical and biological characteristics of study
participants

Variable Type 1
diabetes

Type 2
diabetes

p value

n=277 n=942

Sex, male, n (%) 163 (59) 666 (71) 0.0002

Age, years 42.1±11.5 66.3±8.7 <0.0001

Follow-up duration, months 143 (106) 56 (26) <0.0001

BMI, kg/m2 24.1±3.4 30.0±5.3 <0.0001

Active smoking, n (%) 83 (30)a 158 (19)b <0.0001

UAE, mg/24 h 516 (1,068) –

ACR, mg/mmol 112.3 (166.3)

Diabetes duration, years 26.3±9.9 16.2±8.7 <0.0001

HbA1c, % 8.9±1.8 8.0±1.7 <0.0001

HbA1c, mmol/mol 73.8±20.9 63.9±19.7 <0.0001

eGFR, ml min−1 1.73 m−2 71.9±27.3 67.6±22.4 0.0174

CKD stage, n (%) <0.0001

1 57 (21) 168 (18)

2 77 (28) 422 (45)

3 109 (38) 295 (31)

4 27 (10) 44 (5)

5 7 (3) 13 (1)

Systolic blood pressure (mmHg) 144.0±19.2 146.5±15.8 0.0578

Diastolic blood pressure (mmHg) 81.6±11.1 80.9±10.2 0.3747

Any antihypertensive drug, n (%) 230 (83) 691 (73) <0.0001

ACE-I use, n (%) 201 (73) 169 (18) <0.0001

ARB use, n (%) 17 (7) 71 (8) <0.0001

Quantitative variables are shown as mean ± SD or median (IQR)
a Data missing in 29 patients
b Data missing in 87 patients

ACE-I, ACE inhibitors; ACR, albumin–creatinine ratio; ARB, angioten-
sin receptor blockers

Table 2 Multivariate mixed linear model including random intercept
and slope

Variable Coefficient SD p value

Intercept 83.76 1.95 <0.0001

Time (years) −2.6 0.14 <0.0001

T2DM patients (reference T1DM) 28.74 1.98 <0.0001

Age (years) −0.72 0.03 <0.0001

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus
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cohort, 3,042 for 632 individuals with type 2 diabetes
(median 5 per patient) from the DIABHYCAR cohort
and 6,572 for 318 patients with type 1 diabetes (median
17 per patient). When considering the prospective ap-
proach in type 1 diabetes alone, 36 patients were ex-
cluded from the analysis.

Table 2 summarises the mixed linear model with
random intercept and slope and indicates that patients
w i t h t ype 2 d i abe t e s have an eGFR tha t i s
28.7 ml min−1 1.73 m−2 higher at baseline than that
of type 1 diabetes patients, adjusted on age. Annual
decline was not significantly different according to type
of diabetes: difference in slope −0.19±0.28 ml min−1

1.73 m−2 per year; p=0.512. When including baseline
eGFR as a random variable in the mixed linear model,
we still found no difference in trajectory according to
type of diabetes.

The plot of eGFR slopes according to type of diabetes is
shown in Fig. 4. When we compared patients according to
rapid decline in renal function, we found no difference accord-
ing to type of diabetes: 251/840 in type 2 vs 107/318 in type 1
diabetes patients (χ2=1.53; p=0.216).

Discussion

This study was designed to evaluate risk for all-cause death
and renal function in more than 1,200 people with diabetic
nephropathy. We particularly wished to determine whether
the risk for ESRD and the decline in renal function differed
according to the type of diabetes. Our data showed that the
crude rate of death was greater in type 2 diabetes patients
while the crude rate of ESRD was greater in type 1 diabetes
patients. Age-adjusted risk for death did not differ according
to type of diabetes, while the increased risk for ESRD in type 1
diabetes did not persist after adjustment for baseline eGFR.
Accordingly, using a multiple linear model, we found no sig-
nificant difference in renal decline according to the type of
diabetes.

Our data are in concordance with those of the UKPDS (UK
prospective diabetes study), for whom risk for death was sig-
nificantly higher than risk for ESRD in patients with type 2
diabetes and proteinuria [17] and with data from the
FinnDiane study, which found (in 592 proteinuric type 1 dia-
betes patients, followed for 10 years) a higher number of pa-
tients having reached ESRD (n=210) than those having died
(n=56) [18].

The main findings in this study are that risk for death and
annual rate of renal function decline were not significantly
different according to the type of diabetes, provided that key
variables such as age, sex and baseline serum creatinine are
taken into account, considering two complementary statistical

0

0.2

0.4

0.6

0.8

1.0

Pr
ob

ab
ili

ty
 o

f 
su

rv
iv

al

0 10 20 30 40 50 60 70 80

Time (months)
Number at risk
T1DM 277 245
T2DM DIABHYCAR 710 568
T2DM SURDIAGENE 232

263
654
194 148

221
281
109

Fig. 2 Kaplan–Meier curves showing survival from all-cause death in
the original three cohorts. Solid line, type 1 diabetes patients; dashed line,
type 2 diabetes from the DIABHYCAR cohort; dotted line, type 2 diabe-
tes from the SURDIAGENE cohort. Logrank 117, p<0.0001. T1DM,
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus

0

0.2

0.4

0.6

0.8

1.0

E
SR

D
-f

re
e 

pr
ob

ab
ili

ty
 o

f 
su

rv
iv

al

0 10 20 30 40 50 60 70 80

Time (months)

Number at risk
T1DM 277 241 211 185
T2DM DIABHYCAR 710 653 563 278
T2DM SURDIAGENE 232 184 129 88

Fig. 3 Kaplan–Meier curves showing survival without ESRD in the
three original cohorts. Solid line, type 1 diabetes patients; dashed line,
type 2 diabetes from the DIABHYCAR cohort; dotted line, type 2 diabe-
tes from the SURDIAGENE cohort. Logrank 102, p<0.0001. T1DM,
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus

Q3= -0.5
Median= -3.1
Q1= -5.9

Q3= -1.5
Median= -3.4
Q1= -6.4

eG
F

R
sl

op
e

(m
l m

in
-1

 1
.7

3 
m

-2
 pe

r 
ye

ar
)

T2DM T1DM

10

0

-10

-20

-30

-40

-50

Fig. 4 Representation of annual eGFR slopes, according to the type of
diabetes. Boxes indicate 25th and 75th percentiles, centred on the median,
and whiskers represent minimum and maximum values

Diabetologia (2016) 59:208–216 213



approaches: mixed linear model and competing risk analysis.
To the best of our knowledge, our study is the first prospective
large-scale study to comprehensively examine this question,
even though some previous small retrospective studies have
suggested the similarity in renal outcome risk according to the
type of diabetes [19, 20].

The data presented here are consistent with the data from
Hasslacher et al suggesting a similar risk for the development
of proteinuria in type 2 and type 1 diabetes, even though these
data were obtained more than 25 years ago, with different
standards of care [7].

The eGFR intercept differed between patients with type 1
and those with type 2 diabetes, suggesting that the former had
a more serious decline in eGFR at baseline. Interestingly, this
was not driven by the DIABHYCAR cohort, in which patients
were selected on the basis of mildly decreased renal function
(serum creatinine below 150 μmol/l). Comparison between
type 1 and type 2 diabetes patients from the SURDIAGENE
study produced a similar result but with a lower eGFR inter-
cept (data not shown), suggesting that the same rate of renal
function decline according to type of diabetes was not influ-
enced by selection criteria in the two cohorts of type 2 diabetes
patients. Whether or not proteinuria appears in type 1 diabetes
patients at a lower eGFR is beyond the scope of this paper but
deserves further investigation.

Some limitations to our study must be acknowledged. We
were not able to study, as had others [7], all the patients re-
cruited in the same centre. On the other hand, as the whole
population was recruited from the same country, we achieved
a good consistency in applied clinical guidelines. A second
limitation is that while all the patients were all selected with
proteinuria at baseline, time to proteinuria onset was not
known. Since the object of consideration in this study was
time to clinical endpoints, possible modification of our find-
ings on account of past renal disease is hard to establish.
However, the analysis of renal function using mixed linear
model helps to take renal function decline into consideration
and to circumvent the question of time of onset of proteinuria.
We defined type of diabetes on a clinical basis, as previously
validated [21]. The finding that patients with type 2 vs type 1
diabetes were older and more obese can be seen as reassuring,
but classification of diabetes per se has been criticised [6].
Finally, issues regarding biological determinations in type 1
diabetes patients must be acknowledged, as serum creati-
nine was determined locally using different methods.
Although different kits were used, all of the determinations
were based on picric acid methods in patients with type 1
diabetes. Furthermore, eGFR computed with the MDRD
(modification of diet in renal disease) study equation
instead of the CKD-EPI formula produced similar results
(data not shown).

The strengths of our study were largely due to the large-
sized population of proteinuric patients and a prospective

longitudinal design. At variance with retrospective data,
which are subject to survival bias, we could consequently
perform competing risk analysis of death in addition to ESRD.
Finally, the linear model, which had not been previously avail-
able, was particularly suited to examination of the present
question.

Whether our findings can be generalised is an important
question. In type 1 diabetes, the proportion of patients with
CKD stage 4 or 5 was 2.5%, quite similar to the 2.3% found in
a population-based evaluation of French type 1 diabetes pa-
tients [22]. Regarding the representativeness of the studied
type 2 diabetes patients, general practitioners recruited those
participating in the DIABHYCAR study. This makes the
generalisability good, since about 90% of the type 2 diabetes
patients are cared for by general practitioners in mainland
France (www.invs.sante.fr/Dossiers-thematiques/maladies-
chroniques-et-traumatismes/Diabete/Etudes-Entred/Etude-
Entred-2007-2010/Resultats-epidemiologiques-principaux-d-
Entred-metropole, Accessed 22 September 2015). To enrich
this cohort with data from patients with proteinuria, we added
on those under the care of our tertiary referral centre
participating in the SURDIAGENE study [23], for whom
the standard of care is more contemporary than for those
patients included in the DIABHYCAR study. Interestingly,
the results from the hospital-based cohort (SURDIAGENE)
were close to those from the general practitioner-based clinical
trial (DIABHYCAR), while the prevalence of proteinuric
cases differed largely between hospital-based patients
(approximately 15%) and general practitioner-recruited patients
(approximately 3.5%).We consequently believe that our results
are likely to be generalisable in patients with proteinuria, even
though the replication of our results using registry- or
population-based cohorts would be of great interest.

One key question arises from our study: do our findings
establish whether any risk factor or biomarker used for type 1
diabetes can also be used for type 2 diabetes patients, and vice
versa? This remains an open question particularly for genetic
risk factors. Of note, recent genome-wide association studies
have identified some new genetic risk factors in type 1 diabe-
tes that were subsequently established in patients with type 2
diabetes [24, 25]. Furthermore, a recent report suggested a
strong concordance for gene transcripts in glomeruli (94%)
between type 1 and type 2 diabetes in murine experimental
models, while no high concordance (55%) was found for gene
transcripts in sciatic nerve [26], suggesting concordant mech-
anisms for renal complications in both types of diabetes but
not for all microvascular complications.

To conclude, our results support the hypothesis, although
clear differences exist between type 1 and type 2 diabetes in
terms of complications. Even though there is a huge difference
in unadjusted risk for ESRD and for all-cause death, renal
function decline is not significantly different in type 1 and
type 2 diabetes patients with diabetic nephropathy.
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