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ORIGINAL INVESTIGATION
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Abstract 

Background:  To evaluate the characteristics of type 2 diabetes (T2DM) patients with or without chronic kidney 
disease (CKD) in Germany.

Methods:  Using combined DPV/DIVE registry data, the analysis included patients with T2DM at least ≥ 18 years 
old who had an estimated glomerular filtration rate (eGFR) value available. CKD was defined as an eGFR < 60 mL/
min/1.73 m2 or eGFR ≥ 60 mL/min/1.73 m2 and albuminuria (≥ 30 mg/g). Median values of the most recent treatment 
year per patient are reported.

Results:  Among 343,675 patients with T2DM 171,930 had CKD. Patients with CKD had a median eGFR of 48.9 mL/
min/1.73 m2 and 51.2% had a urinary albumin level ≥ 30 mg/g. They were older, had a longer diabetes duration and 
a higher proportion was females compared to patients without CKD (all p < 0.001). More than half of CKD patients 
(53.5%) were receiving long-acting insulin-based therapy versus around 39.1% of those without (p < 0.001). CKD 
patients also had a higher rate of hypertension (79.4% vs 72.0%; p < 0.001). The most common antihypertensive drugs 
among CKD patients were renin-angiotensin-aldosteron system inhibitors (angiotensin converting enzyme inhibi-
tors 33.8%, angiotensin receptor blockers 14.2%) and diuretics (40.2%). CKD patients had a higher rate of dyslipidemia 
(88.4% vs 86.3%) with higher triglyceride levels (157.9 vs 151.0 mg/dL) and lower HDL-C levels (men: 40.0 vs 42.0 mg/
dL; women: 46.4 vs 50.0 mg/dL) (all p < 0.001) and a higher rate of hyperkalemia (> 5.5 mmol/L: 3.7% vs. 1.0%). Comor-
bidities were more common among CKD patients (p < 0.001).

Conclusion:  The results illustrate the prevalence and morbidity burden associated with diabetic kidney disease in 
patients with T2DM in Germany. The data call for more attention to the presence of chronic kidney disease in patients 
with diabetes, should trigger intensified risk factor control up and beyond the control of blood glucose and HbA1c 
in these patients. They may also serve as a trigger for future investigations into this patient population asking for new 
treatment options to be developed.
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Background
The prevalence of chronic kidney disease (CKD) has 
increased in recent decades alongside an increase in dia-
betes and hypertension, the main drivers of CKD [1]. 
Kidney disease attributable to diabetes mellitus (diabetic 
kidney disease; DKD) is one of the most common com-
plications of diabetes and affects approximately 40% of 
patients with type 2 diabetes (T2DM) [2, 3]. It can ulti-
mately lead to end-stage renal disease and is associated 
with an increased risk of cardiovascular disease and 
death [4–6]. Moreover, people with diabetes can also 
develop CKD due to etiologies other than diabetes and 
some may have a combination of DKD and non-diabetic 
CKD [7]. The prevalence of T2DM is increasing world-
wide [8, 9] and consequently diabetes-associated CKD is 
a major contributor to the global burden of disease [4].

The prevalence of diabetes and CKD and associated 
healthcare costs vary between different regions of the 
world [2, 8, 10], and it is therefore important to under-
stand the epidemiology of diabetes-associated CKD 
and patient characteristics within specific regions and/
or countries. In Germany it is estimated that up to 10% 
of people have been diagnosed with T2DM [11–14] 
and approximately 40% of individuals with T2DM have 
comorbid CKD [15].

The aim of the current study was to evaluate the epide-
miology of T2DM-associated CKD in Germany and com-
pare the characteristics of patients with or without CKD, 
using data from the Diabetes-Patienten-Verlaufsdoku-
mentation (DPV) and DIabetes Versorgungs-Evaluation 
(DIVE) registries.

Methods
Study design and data sources
This analysis used combined data from the DPV and 
DIVE registries [16–19]. Their design has been described 
previously. In short, the DPV initiative collects data on 
patients with diabetes mellitus from centers predomi-
nantly in Germany and Austria [18–20]. Data are col-
lected every 6  months using DPV software and the 
anonymized data are sent to the University of Ulm for 
aggregation into the database. The DPV initiative, which 
was established in 1995, was approved by the ethics com-
mittee of the University of Ulm, and data collection was 
approved by local review boards.

The DIVE registry was established in Germany in 2011 
[16, 17, 21]. Consecutive patients with diabetes mellitus, 
regardless of their disease stage, were enrolled from cent-
ers across the country, and continue to be followed up. 
Data are entered into an online database using DIAMAX 
(Axaris, Ulm, Germany) or DPV software. The protocol 
was approved by the ethics committee of the Medical 

School of Hannover, and all patients included in the 
DIVE registry provided written informed consent.

A total of 394 centers were included in the present 
analysis (382 Germany, 11 Austria, 1 Luxemburg). 
Patients were sampled in March 2018 (DPV) and May 
2018 (DIVE). and included in the current analysis if 
they had type-2 diabetes mellitus (T2DM), were at least 
18 years old, registered between 2000 and 2017 and had 
an estimated glomerular filtration rate (eGFR) value cal-
culated according to the modification of diet in renal dis-
ease formula (MDRD) available.

Documentation
For the current analysis, data regarding age, gender, body 
mass index (BMI), blood pressure, dyslipidemia, type of 
healthcare provider (office-based/hospital-based), renal 
parameters, antidiabetic and antihypertensive drug 
treatment and current comorbidities were collected. 
For each patient data of the most recent treatment 
year in the period 2000–2017 was aggregated (median 
2013) and analyzed. CKD was defined as eGFR < 60 mL/
min/1.73  m2 or eGFR ≥ 60  mL/min/1.73  m2 and albu-
minuria (≥ 30 mg/g) [22, 23]. Hypertension was defined 
as blood pressure (BP) levels above 140  mmHg systolic 
(SBP) or 90  mmHg diastolic (DBP) or receiving antihy-
pertensive drugs. Dyslipidemia was defined as total cho-
lesterol ≥ 200  mg/dL and/or LDL-C ≥ 160  mg/dL and/
or HDL-C < 40  mg/dL and/or triglycerides ≥ 150  mg/dL 
or receiving lipid-lowering drugs. Coronary artery dis-
ease was defined as prior myocardial infarction or angina 
pectoris.

eGFR was calculated according to the MDRD formula: 
175 × creatinine [mg/dL] − 1.154 × age [years] − 0.203  
× 0.742 [if female] [24].

Statistics
Data from all patients were combined and analyzed as 
a single data set. Categorical variables are presented 
as percentages. Continuous variables are presented as 
medians with first and third quartiles (Q1, Q3). T2DM 
patients with CKD were compared to T2DM patients 
without CKD. Unadjusted comparisons were conducted 
using a Chi squared or Kruskal–Wallis test. The false 
discovery rate method was used to correct p-values for 
multiple testing. A p-value < 0.05 was considered statis-
tically significant. We also conducted analyses stratified 
by comorbidity. Statistical analysis was performed using 
SAS version 9.4.

Results
The analysis population comprised 343,675 patients 
with T2DM, aged ≥ 18 years, for whom data to compute 
the GFR-MDRD value were available (Fig.  1), of whom 
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171,930 had CKD and 171,745 did not have CKD. A total 
of 108,366 patients were classified as being at low risk, 
64,773 patients at moderate risk, 36,117 patients at high 
and 31,254 patients at very high risk (Fig. 2).

General characteristics
Patient characteristics are summarized in Table 1 for the 
overall study population and for patients with or without 
CKD. T2DM patients with CKD were more likely than 
those without CKD to be treated by a hospital-based phy-
sician (68.5% vs 59.7%, p < 0.001), were older than those 
without CKD (median 74.5 vs 65.5 years, p < 0.001), had 
a longer median duration of diabetes (10.3 vs 7.2  years, 
p < 0.001), and were more likely to be female (52.4% vs 
42.0%, p < 0.001).

Patients with CKD had a higher rate of hyperten-
sion (79.4% vs 72.0%, p < 0.001), they were more likely 
to be receiving antihypertensive drugs (62.6% vs 20.7%, 
p < 0.001) and their median BP value was (slightly) lower 
than those for patients without CKD (Table  1). Both 
groups had evidence of high levels of diabetic dyslipi-
demia, with elevated triglyceride levels and low HDL-C 
levels; median values were significantly worse in patients 
with CKD than in those without CKD (triglycerides: 
157.9 vs 151.0 mg/dL; HDL-C in men: 40.0 vs 42.0 mg/dL; 
HDL-C in women: 46.4 vs 50.0 mg/dL; both p < 0.001). As 

would be expected, patients with CKD had significantly 
worse values for parameters reflecting kidney function/
damage than those without CKD. The rate of hyper-
kalemia (> 5.5 mmol/L) was 3.7% versus 1.0% (p < 0.001).

Patient characteristics for the whole study population 
(i.e. irrespective of CKD status) stratified by region of 
Germany (north, south, west, east) are summarized in 
Additional file 1: Table S1.

Drug treatment
Antidiabetic and antihypertensive drug treatments 
received by T2DM patients with or without CKD are 
summarized in Table  2. With respect to antidiabetic 
treatment, patients with CKD were more likely than 
those without CKD to be prescribed glinides (3.9% vs 
3.0%, p < 0.001) and insulin (short-acting insulin: 51.4% vs 
36.7%; long-acting insulin 53.5% vs 39.1%; both p < 0.001). 
All other drug classes were more common in those with-
out CKD, most notably metformin (28.6% vs 47.2%). 
Patients with CKD were less likely than those without 
CKD to be receiving ≥ 2 antidiabetic drugs (15.0% vs 
21.0%, p < 0.001).

Consistent with the higher rate of hypertension 
seen among T2DM patients with CKD, patients with 
CKD were more likely than those without CKD to 
be receiving antihypertensive drugs (p < 0.001 for all 

Fig. 1  Patient flow chart. GFR glomerular filtration rate, MDRD modification of diet in renal disease formula, T2DM type 2 diabetes mellitus
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classes) and to be receiving ≥ 2 drugs (49.2% vs 33.6%, 
p < 0.001). The most common antihypertensive drugs 
prescribed to patients with CKD were renin–angioten-
sin–aldosterone system (RAAS) blockers (comprising 
angiotensin converting enzyme [ACE] inhibitors 33.8% 
and angiotensin receptor blockers [ARBs] 14.2%), fol-
lowed by diuretics (40.2%) and beta-blockers (36.7%). 
The most common drugs among patients without CKD 
were also RAAS blockers (comprising ACE inhibitors 
28.6% and ARBs 10.3%), followed by beta-blockers 
(25.8%) and diuretics (23.1%).

Comorbidities
The rates of all comorbidities—stroke, retinopathy, cor-
onary artery disease (including myocardial infarction), 
peripheral artery disease and diabetic foot complica-
tions (including amputations)—were significantly higher 
among T2DM patients with CKD compared to those 
without CKD (all p < 0.001); Table 3.

Patient characteristics stratified by comorbidity for 
the overall study population are summarized in Table 4. 
The majority of patients with comorbidities were being 
treated by hospital-based physicians, with the high-
est rates seen for patients with prior stroke (74.7%) 

Normal* Micro-

albuminuria*

Macro-

albuminuria*

eGFR 

(ml/min/1.73m2)

<30 mg/g 30-300 mg/g >300 mg/g

1 Normal >90 36.496 

(15.2%)

12.201 (5.1%) 1.331 (0.6%)

2 Mild 

limita�on 

60-89 71.870 

(29.9%)

21.187 (8.8%) 3.013 (1.3%)

3a Mildly to 

moderately 

decreased 

45-59 31.385

(13.1%)

10.173

(4.2%)

2.304

(1.0%)

3b Moderately 

to severely 

decreased 

30-44 21.600

(9.0%)

7.819

(3.3%)

2.297

(1.0%)

4 Severe 

limita�on 

15-29 9.673 (4.0%) 3.944 (1.6%) 1.757 (0.7%)

5 Kidney

failure 

<15 1.861 (0.8%) 792 (0.3%) 807 (0.3%)

Fig. 2  Prevalence of chronic kidney disease by GFR and albuminuria (based on [22]). Green, low risk (if no other markers of kidney disease, no CKD); 
yellow, moderately increased risk; orange, high risk; red, very high risk. *240.510 patients with information on eGFR category and albuminuria, data 
are presented as absolute numbers (percent of 240.510). n = 103.165 with missing values on microalbuminuria and/or macroalbuminuria
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Table 1  Patient characteristics (overall study population and according to presence/absence of CKD)

Median (Q1; Q3) or percent (%)

AntiHT antihypertensive, BP blood pressure, CKD chronic kidney disease, eGFR estimated glomerular filtration rate, HDL-C high-density lipoprotein cholesterol, LDL-C 
low-density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, T2DM type 2 diabetes mellitus
a  Defined as either systolic BP ≥ 140 mmHg OR diastolic BP ≥ 90 mmHg OR on antihypertensive drug treatment
B  defined as eGFR < 60 mL/min/1.73 m2 OR eGFR ≥ 60 mL/min/1.73 m2 and albuminuria (≥ 30 mg/g)

n Total T2DM T2DM + CKDb T2DM − CKDb p-value

(n = 343,675) (n = 171,930) (n = 171,745)

Healthcare provider

 Office based in % 343,675 35.9 31.5 40.3 < 0.001

 Hospital based in % 343,675 64.1 68.5 59.7 < 0.001

Age in years 343,675 70.3 (60.4; 78.0) 74.5 (66.2;80.7) 65.5 (56.2; 74.1) < 0.001

Female gender in % 343,675 47.2 52.4 42.0 < 0.001

Weight in kg 321,929 85.5 (74.0; 100.0) 84.7 (73.0; 98.3) 87.0 (75.0; 101.0) < 0.001

Body mass index in kg/m2 314,804 29.9 (26.3; 34.4) 29.9 (26.3; 34.4) 29.9 (26.4; 34.4) 0.027

Blood pressure

 Systolic BP in mmHg 330,285 132.5 (121.0; 145.0) 132.5 (120.0; 145.0) 132.5 (122.0; 144.0) 0.007

  Systolic BP ≥ 140 mmHg in % 330,285 41.5 41.7 41.4 < 0.001

 Diastolic BP in mmHg 329,769 80.0 (70.0; 81.0) 78.0 (70.0; 80.0) 80.0 (70.0; 83.0) < 0.001

  Diastolic BP ≥ 90 mmHg in % 329,769 14.0 12.2 15.9 < 0.001

 AntiHT drug treatment in % 343,675 56.7 62.6 20.7 < 0.001

 Hypertensiona in % 335,762 75.7 79.4 72.0 < 0.001

Dyslipidemia 285,009 87.4 88.4 86.3 < 0.001

 LDL-C in mg/dL 236,106 108.3 (83.0, 137.0) 105.0 (79.3; 135.0) 112.1 (86.8; 139.2) < 0.001

 TC in mg/dL 263,462 185.6 (154.7; 218.5) 181.8 (150.8; 216.0) 189.0 (159.0; 220.4) < 0.001

 TG in mg/dL 254,288 155.0 (110.0; 223.7) 157.9 (113.0; 228.1) 151.0 (107.0; 219.3) < 0.001

 HDL-C in men in mg/dL 128,099 41.0 (34.0; 50.0) 40.0 (33.0; 48.5) 42.0 (34.8; 50.3) < 0.001

 HDL-C in women in mg/dL 110,834 46.4 (37.5; 58.0) 46.4 (37.5; 57.0) 50.0 (41.0; 60.0) < 0.001

Diabetes

 Diabetes duration in years 343,675 9.0 (3.5, 15.4) 10.3 (4.9; 17.2) 7.2 (2.4; 13.4) < 0.001

  0–5 years in % 343,675 32.3 25.5 39.1 < 0.001

  6–10 years in % 343,675 22.7 22.2 23.2 < 0.001

  > 10 years in % 343,675 45.0 52.3 37.8 < 0.001

 HbA1c in % 325,058 7.1 (6.3; 8.4) 7.2 (6.3; 8.3) 7.1 (6.3; 8.4) < 0.001

  HbA1c < 6.5% 325,058 31.6 30.5 32.7 < 0.001

  HbA1c < 7.0% 325,058 46.5 45.8 47.3 < 0.001

Kidney parameters

 Potassium

  ≤ 4.8 mmol/L in % 73,615 85.4 81.8 89.8 < 0.001

  > 4.8– ≤ 5.5 mmol/L in % 73,615 12.2 14.6 9.3 < 0.001

  > 5.5– ≤ 6.0 mmol/L in % 73,615 1.6 2.4 0.7 < 0.001

  > 6.0 mmol/L in % 73,615 0.8 1.3 0.3 < 0.001

 Urinary albumin in mg/g

  Normal (< 30 mg/g) in % 240,510 71.9 48.8 100.0 < 0.0001

  Micro (≥ 30–300 mg/g) in % 240,510 22.5 40.8 0.0 < 0.001

  Macro (> 300 mg/g) in % 204,211 5.6 10.4 0.0 < 0.001

 Creatinine in mg/dL 343,513 1.0 (0.8; 1.3) 1.3 (1.0; 1.6) 0.8 (0.7; 1.0) < 0.001

 eGFR mL/min/1.73 m2 343,675 67.9 (48.9; 85.9) 48.9 (36.3; 59.0) 81.6 (71.0; 96.5) < 0.001

  < 15 343,675 1.5 3.0 0.0 < 0.001

  15 to < 30 in % 343,675 6.3 12.6 0.0 < 0.001

  30 to < 45 in % 343,675 13.0 25.9 0.0 < 0.001

  45 to < 60 in % 343,675 18.3 36.6 0.0 < 0.001

  60 to < 89 in % 343,675 40.2 14.1 66.3 < 0.001

  ≥ 90 in % 343,675 20.8 7.9 33.7 < 0.001
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CAD (69.5%) or CKD (68.5%). The proportion of female 
patients was highest for patients with CKD (52.4% vs 
36.4–46.2% for other comorbidities). Median duration 
of diabetes was slightly shorter in those with stroke, 
CAD or CKD (10.3–10.6  years) than in those with 
peripheral artery disease, foot complications or retin-
opathy (12.0–16.1  years). The rates of hypertension and 

antihypertensive drug treatment were slightly lower for 
patients with diabetic foot complications (hypertension 
79.5%; treatment 64.0%) and CKD (hypertension 79.4%; 
treatment 62.6%) than for patients with other comorbidi-
ties (hypertension 82.5–85.3%; treatment 70.0–75.4%). 
Median triglyceride level was higher in those with CKD 

Table 2  Drug treatment by class (overall study population and according to presence/absence of CKD)

Percent (%)

CKD chronic kidney disease, DPP-4 dipeptidyl peptidase-4, GLP-1 RA glucagon-like peptide-1 receptor agonist, SGLT-2 sodium–glucose co-transporter-2, T2DM type 2 
diabetes mellitus
a  Defined as eGFR < 60 mL/min/1.73 m2 OR eGFR ≥ 60 mL/min/1.73 m2 and albuminuria (≥ 30 mg/g)

Total T2DM T2DM + CKDa T2DM − CKDa p-value
(n = 343,675) (n = 171,930) (n = 171,745)

Antidiabetic drugs

 Metformin in % 37.9 28.6 47.2 < 0.001

 Sulfonylurea in % 11.4 11.2 11.7 < 0.001

 Alpha-glucosidase inhibitors in % 1.2 1.3 1.1 < 0.001

 DPP-4 inhibitors in % 14.7 14.5 14.9 0.004

 Glinides in % 3.5 3.9 3.0 < 0.001

 SGLT-2 inhibitors in % 2.6 2.0 3.2 < 0.001

 GLP-1 RA in % 3.0 2.4 3.6 < 0.001

 Glitazones in % 1.1 1.0 1.2 < 0.001

 Short-acting insulin in % 44.0 51.4 36.7 < 0.001

 Long-acting insulin in % 46.3 53.5 39.1 < 0.001

 ≥ 2 antidiabetic drugs in % 18.0 15.0 21.0 < 0.001

Antihypertensive drugs

 Angiotensin converting enzyme inhibitors in % 31.2 33.8 28.6 < 0.001

 Angiotensin receptor blockers in % 12.3 14.2 10.3 < 0.001

 Beta-blockers in % 31.3 36.7 25.8 < 0.001

 Calcium channel blockers in % 16.2 19.5 12.9 < 0.001

 Diuretics in % 31.6 40.2 23.1 < 0.001

 ≥ 2 antihypertensive drugs in % 39.9 47.3 32.5 < 0.001

Table 3  Comorbidity (overall study population and according to presence/absence of CKD)

Percent (%)

CKD chronic kidney disease, T2DM type 2 diabetes mellitus
a  Defined as eGFR < 60 mL/min/1.73 m2 OR eGFR ≥ 60 mL/min/1.73 m2 and albuminuria (≥ 30 mg/g)

n Total T2DM T2DM + CKDa T2DM − CKDa p-value
(n = 343,675) (n = 171,930) (n = 171,745)

Prior stroke in % 343,675 7.6 9.2 6.1 < 0.001

Retinopathy in % 343,675 5.2 6.5 4.0 < 0.001

 Proliferative in % 343,675 1.9 2.5 1.3 < 0.001

Coronary artery disease in % 343,675 8.9 10.6 7.3 < 0.001

 Prior myocardial infarction in % 343,675 8.3 9.9 6.8 < 0.001

Peripheral artery disease in % 343,675 16.5 20.7 12.3 < 0.001

Diabetic foot complications in % 343,675 11.3 13.4 9.1 < 0.001

 Minor amputation in % 343,675 2.1 2.8 1.4 < 0.001

 Major amputation in % 343,675 0.9 1.2 0.7 < 0.001
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Table 4  Patient characteristics by comorbidity (overall study population)

Prior stroke Retinopathy CAD CKDb Diabetic foot 
complications

PAD

(n = 26,270) (n = 18,036) (n = 30,748) (n = 171,930) (n = 38,765) (n = 56,741)

Healthcare provider

 Office based in % 25.3 36.9 30.5 31.5 49.5 44.3

 Hospital based in % 74.7 63.1 69.5 68.5 50.5 55.7

Age in years 75.1 (67.8; 81.0) 71.1 (63.1; 78.0) 73.2 (65.4; 79.6) 74.5 (66.1; 80.7) 72.8 (64.3; 79.2) 73.9 (65.9; 80.1)

 < 65 years 18.1 29.9 23.7 22.4 26.7 22.6

 ≥ 65 years 81.9 70.1 76.3 77.6 73.3 77.4

Female gender in % 46.0 46.2 36.4 52.4 39.3 42.0

Weight in kg 82.0 (71.9; 94.8) 86.5 (75.0; 100.0) 85.0 (74.3; 98.0) 84.7 (73.0; 98.3) 88.0 (75.4; 103.0) 85.0 (74.0; 99.4)

Body mass index in 
kg/m2

29.0 (25.6; 32.9) 30.5 (26.8; 34.8) 29.4 (26.2; 33.5) 29.9 (26.3; 34.4) 30.1 (26.3; 34.6) 29.7 (26.1; 34.1)

Blood pressure

 Systolic BP in mmHg 135.0 (123.0; 146.5) 135.0 (125.0; 147.5) 130.0 (120.0; 140.0) 132.5 (120.0; 145.0) 134.0 (125.0; 145.0) 134.0 (123.0; 145.0)

  Systolic 
BP ≥ 140 mmHg 
in %

44.5 45.9 36.1 41.7 41.3 41.2

 Diastolic BP in mmHg 77.5 (70.0; 80.0) 79.0 (70.0; 80.0) 75.0 (70.0; 80.0) 78.0 (70.0; 80.0) 77.0 (70.0; 80.0) 75.5 (70.0; 80.0)

  Diastolic 
BP ≥ 90 mmHg in %

12.4 12.2 9.2 12.2 9.9 10.0

 AntiHT drug treat-
ment in %

72.5 71.0 75.4 62.6 64.0 70.0

 Hypertensiona in % 85.3 84.2 85.2 79.4 79.5 82.5

Dyslipidemia in % 90.2 87.5 91.4 88.4 85.4 87.4

 LDL-C in mg/dL 104.0 (79.0; 133.0) 104.4 (80.0; 132.0) 96.0 (73.5; 123.7) 105.0 (79.3; 135.0) 104.0 (80.0; 130.0) 104.0 (79.3; 131.5)

 TC in mg/dL 177.9 (147.0; 211.5) 182 (152.7; 214.0) 168.0 (140.0; 201.1) 181.7 (150.8; 216.0) 176.0 (147.0; 208.0) 177.9 (149.0; 211.0)

 TG in mg/dL 151.0 (109.0; 215.0) 152.0 (109.0; 217.0) 151.0 (109.0; 218.0) 157.9 (113.0; 228.1) 148.9 (105.3; 210.5) 150.6 (108.0; 215.2)

 HDL-C in men in mg/
dL

40.0 (34.0; 49.0) 42.0 (35.0; 50.3) 39.5 (33.0; 48.0) 40.0 (33.0, 48.5) 41.0 (34.6; 50.3) 41.3 (34.5; 50.3)

 HDL-C in women in 
mg/dL

46.0 (37.0; 56.1) 47.0 (38.7; 58.0) 45.0 (37.0; 55.5) 46.4 (37.5; 57.0) 48.0 (39.0; 58.5) 47.0 (38.7; 58.0)

Diabetes

 Diabetes duration in 
years

10.5 (5.2; 17.3) 16.1 (9.9; 23.7) 10.6 (5.1; 18.0) 10.3 (4.9; 17.2) 13.2 (7.5; 20.3) 12.0 (6.5; 19.4)

  0–5 years in % 24.1 10.6 24.8 25.5 15.9 18.9

  6–10 years in % 22.4 14.9 21.5 22.2 19.6 21.4

  > 10 years in % 53.4 74.5 53.7 52.3 64.5 59.7

 HbA1c in % 7.1 (6.3; 8.2) 7.5 (6.6; 8.6) 7.1 (6.3; 8.2) 7.1 (6.3; 8.3) 7.1 (6.3; 8.1) 7.0 (6.3; 8.1)

 HbA1c < 6.5% in % 31.7 21.7 32.2 30.5 30.7 32.5

 HbA1c < 7.0% in % 47.6 36.7 48.0 45.8 47.6 48.9

Kidney parameters

 Potassium in mmol/L 4.3 (3.9; 4.6) 4.4 (4.0; 4.7) 4.3 (4.0; 4.7) 4.3 (3.9; 4.7) 4.4 (4.1; 4.8) 4.3(4.0; 4.7)

  ≤ 4.8 mmol/L in % 85.4 81.9 83.2 81.8 79.9 81.6

  > 4.8–≤ 5.5 mmol/L 
in %

11.9 15.6 14.1 14.6 16.9 15.1

  > 5.5– ≤ 6.0 mmol/L 
in %

1.7 1.7 1.8 2.3 2.3 2.2

   > 6.0 mmol/L in % 1.1 0.7 0.9 1.3 0.9 1.0

 Urinary albumin in mg/g

  Normal (< 30 mg/g) 
in %

70.0 66.7 71.1 48.8 66.3 65.9



Page 8 of 12Bramlage et al. Cardiovasc Diabetol           (2019) 18:33 

compared with those with other comorbidities (157.9 vs 
148.9–152.0 mg/dL).

Drug treatment stratified by comorbidity for the over-
all study population is summarized in Additional file  2: 
Table  S2. The most noticeable differences between 
patients with CKD and those with other comorbidities 
were a lower rate of metformin use (28.6% vs 30.8–32.5%) 
and lower rate of use of ≥ 2 antidiabetic drugs in those 
with CKD or retinopathy (15.0% vs 15.6–17.6%).

Discussion
Diabetes is the leading cause of CKD worldwide, and 
despite the use of current antidiabetic and antihyperten-
sive therapies, the risk remains high [4]. The presence of 
CKD makes a substantial contribution to the socioeco-
nomic burden associated with diabetes [25, 26].

Estimates of the prevalence of T2DM in Germany 
range from 5 to 10% depending on the diagnostic crite-
ria used [11, 12, 14, 27] and it is projected to increase to 
16% by 2040 among people aged ≥ 40 years [14]. Accord-
ing to the German Health Interview and Examination 
Survey for Adults 2008–2011 (DEGS1), the prevalence 
of comorbid CKD among adults with T2DM in Germany 
is approximately 40% [15], which is in line with global 
estimates [4]. DEGS1 also showed that 2.3% of the adult 
population of Germany (i.e. more than 2 million peo-
ple) has at least moderate impairment of renal function 
(eGFR < 60  mL/min/1.73  m2), and the prevalence was 
2.25-fold higher among people with diabetes compared 

with those without diabetes [28]. Analysis of the German 
Chronic Kidney Disease (GCKD) cohort indicated that 
35% of patients with moderate CKD who are under spe-
cialist care in Germany have diabetes, and that diabetic 
nephropathy is considered the leading cause of kidney 
disease in 41% of that subgroup of patients [29]. Peo-
ple with diabetes can develop CKD not only as a conse-
quence of their diabetes, but also due to other etiologies, 
and can have a combination of diabetic kidney disease 
and non-diabetic CKD [7].

The current study analyzed DPV/DIVE data for 343,675 
adults with T2DM who had a GFR-MDRD value available 
and found a prevalence of CKD of 50.0%, which is higher 
compared with previous estimates [15]. Among T2DM 
patients with CKD included in the study, median eGFR 
was 48.9 mL/min/1.73 m2, 51.2% had micro or macroal-
buminuria and 3.7% had hyperkalemia (> 5.5 mmol/L) vs 
1% in the T2DM population without CKD. As reflected 
in Fig.  2 of the present paper, the majority of patients 
(n = 94,412) had their diagnosis being made based on 
an eGFR < 60  mg/min/1.73  m2 only. Further 37,732 had 
albuminuria ≥ 30  mg/g while having an eGFR ≥ 60  mg/
min/1.73  m2, and 33,388 patients had their diagnosis 
made based on the presence of microalbuminuria alone. 
Further markers for the identification of patients with 
chronic kidney disease in the presence of diabetes as well 
as the identification of those with diabetic kidney disease 
would be of interest, such as plasma copeptin [30] and 
prognostics markers such as symmetric and asymmetric 

Median (Q1; Q3) or percent (%)

Patients with multiple comorbidities possible

AntiHT antihypertensive, BP blood pressure, CAD coronary artery disease, CKD chronic kidney disease, eGFR estimated glomerular filtration rate, HDL-C high-density 
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, PAD peripheral artery disease, TC total cholesterol, TG triglycerides
a  Defined as either systolic BP ≥ 140 mmHg OR diastolic BP ≥ 90 mmHg OR on antihypertensive drug treatment
b  Defined as eGFR < 60 mL/min/1.73 m2 OR eGFR ≥ 60 mL/min/1.73 m2 and albuminuria (≥ 30 mg/g)

Table 4  (continued)

Prior stroke Retinopathy CAD CKDb Diabetic foot 
complications

PAD

(n = 26,270) (n = 18,036) (n = 30,748) (n = 171,930) (n = 38,765) (n = 56,741)

  Micro 
(≥ 30–300 mg/g) 
in %

23.1 24.9 22.5 40.8 26.4 26.5

  Macro (> 300 mg/g) 
in %

6.9 8.4 6.4 10.4 7.3 7.6

 Creatinine in mg/dL 1.1 (0.9; 1.4) 1.0 (0.8; 1.4) 1.1 (0.9; 1.4) 1.3 (1.0; 1.6) 1.1 (0.9 1.4) 1.1 (0.9; 1.5)

 eGFR mL/min/1.73 m2 59.4 (42.4; 76.8) 60.9 (42.8; 79.8) 59.6 (42.5; 76.0) 48.9 (36.3; 59.0) 61.5 (43.1; 81.1) 59.2 (41.7; 77.7)

  < 15 2.0 2.1 1.7 3.0 2.2 2.2

  15 to < 30 in % 8.8 9.3 9.0 12.6 8.5 9.4

  30 to < 45 in  % 17.8 16.6 17.6 25.9 16.7 17.9

  45 to < 60 in % 22.5 20.7 22.3 36.6 20.4 21.7

  60 to < 90 in % 35.9 35.7 37.3 14.1 36.1 35.4

  ≥ 90 in % 13.1 15.7 12.1 7.9 16.2 13.4
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dimethylarginine [31], but these were not contained in 
the present dataset.

The study compared the characteristics of T2DM 
patients with and without CKD. T2DM patients with 
CKD were significantly older, had a longer duration of 
diabetes and were more likely to be female than those 
without CKD. Older age is a recognized risk factor for 
CKD [2, 4]. CKD is generally considered to be more com-
mon among men than women [2, 4], although the United 
Kingdom Prospective Diabetes Study (UKPDS) identi-
fied female sex as a risk factor for impaired renal function 
[32]. While weight was slightly higher among patients 
with CKD in our study, there was no association of BMI 
with the level of CKD as suggested by prior research [33]. 
The current study also found that in Germany, T2DM 
patients with CKD were significantly more likely than 
those without CKD to be under the care of a hospital-
based physician.

Based on median HbA1c values, the overall level of 
glycemic control appeared to be generally acceptable, 
and comparable among patients with CKD compared 
with those without CKD (median 7.2 vs. 7.1%, p < 0.001). 
This is important as HbA1c trajectories have been asso-
ciated with renal disease progression [34]. Although a 
wide range of antidiabetic medications were prescribed 
to patients in both the CKD and non-CKD groups, it was 
notable that more than 50% of the patients with CKD 
were receiving long-acting insulins compared with < 40% 
of those without CKD. It has been reported elsewhere 
that only 31% of a general German T2DM population 
were prescribed insulin-based therapies [13]. The find-
ings of the current study are consistent with an analysis 
of the GCKD cohort, which also found that while anti-
diabetic treatment patterns for T2DM patients with 
CKD varied, more than 50% were receiving insulin-based 
therapies [35]. Similar to the current study, overall meta-
bolic control appeared satisfactory in the GCKD cohort, 
with the median HbA1c value being 7.0% [35]; however, 
it was found that use of insulin was associated with an 
increased HbA1c value > 7.0% [35].

In patients with T2DM, hypertension increases the risk 
of albuminuria, impaired renal function, end-stage renal 
disease and death [32, 36, 37]. A diagnosis of hyperten-
sion was common in the T2DM population enrolled in 
the current study and was significantly more frequent 
among those with CKD than among those without CKD. 
However, median BP values were lower in patients with 
CKD, presumably because they were more likely to be 
receiving antihypertensive medication. The most com-
mon classes of antihypertensive drugs prescribed to 
T2DM patients with CKD were RAAS blockers (ACE 
inhibitors 33.8%, angiotensin receptor blockers 14.2%), 
diuretics (40.2%) and beta-blockers (36.7%).

RAAS blockade is recommended for diabetic patients 
with hypertension, including those with CKD [38]. Treat-
ment with either an ACE inhibitor or an ARB reduces the 
progression of CKD in patients with macroalbuminuria; 
however, combining these two drug classes provides no 
additional benefit in terms of outcomes and increases the 
risk of adverse events [39–41]. Adding a mineralocor-
ticoid receptor antagonist (MRA) to an RAAS blocker 
reduces proteinuria further in patients with CKD [42, 
43], but steroidal MRAs are associated with adverse 
effects, including an increased risk of hyperkalemia [44]. 
There is no information about the use of MRA in this 
analysis, as MRA are documented as diuretics only with-
out further specification.

Dyslipidemia affects at least 75% of patients with 
T2DM [45] and lipid levels are generally worse in T2DM 
patients with CKD compared with those without CKD 
[46]. The results of the current study are consistent with 
this: more than 85% of patients in both groups had dys-
lipidemia, but median triglyceride and HDL-C levels 
were significantly worse in those with CKD than those 
without CKD.

Diabetes is associated with both microvascular compli-
cations (nephropathy, retinopathy and neuropathy) and 
macrovascular complications (including atherosclerotic 
disorders and impaired cardiac function) [47]. Both dia-
betes and CKD are associated with an increased risk of 
cardiovascular disease, and the risk is particularly high in 
patients who have CKD [48]. CKD also increases the risk 
of mortality compared with T2DM patients without kid-
ney disease [48, 49]. In the current study, comorbidities, 
including stroke, coronary artery disease and peripheral 
artery disease, as well as retinopathy and diabetic foot 
complications were significantly more common in T2DM 
patients with CKD compared to those without CKD.

Statistical comparison of the characteristics of 
patients with different comorbidities was not under-
taken, but when stratified by comorbidity, there was 
a greater proportion of female patients and a higher 
median triglyceride level in the CKD subgroup com-
pared with other comorbidity subgroups. Patients with 
CKD or prior stroke were most likely to be treated by 
a hospital-based physician. Median duration of diabe-
tes was slightly shorter in patients with CKD, stroke or 
CAD compared with those with peripheral artery dis-
ease, foot complications or retinopathy. Hypertension 
and antihypertensive treatment appeared to be less 
common among patients with CKD or diabetic foot 
complications compared with those with other comor-
bidities. The rates of metformin use and use of ≥ 2 
antidiabetic drugs were lower in the CKD subgroup 
compared with other comorbidity subgroups, while 
the rate of antihypertensive drug use was lower among 
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patients with CKD or diabetic foot complications com-
pared with those with other comorbidities.

Regional differences in the prevalence and charac-
teristics of patients with T2DM have been noted in 
Germany, which are thought to relate to differences 
in the distribution of risk factors, regional deprivation 
and individual socioeconomic status [12, 27, 50]. The 
current study included a comparison of the character-
istics of the overall T2DM study population (irrespec-
tive of their CKD status) between different regions of 
Germany. Statistical comparisons were not performed, 
but some potentially interesting differences were 
noted. Although patients in the eastern region were 
most likely to be treated by a hospital-based physi-
cian, this region had the lowest rate of attainment of 
HbA1c < 7.0% (closely followed by the north). T2DM 
patients in the eastern region also had the lowest 
median eGFR, highest rate of albuminuria > 300  mg/g 
and highest rate of hyperkalemia, as well as the highest 
median triglyceride and lowest median HDL-C levels. 
The rate of hypertension was highest in the northern 
region. Such information may be useful for healthcare 
planning within different areas of the country.

The main limitation of this study is that patients 
were recruited from specialized centers that were 
participating in diabetes registries, which could bias 
the results towards patients requiring specialist care. 
In addition, the cross-sectional nature of the study 
precludes the identification of causal links between 
findings. We also were not able to establish a causal 
relationship between diabetes and CKD which would 
enable the identification of a cohort of patients with 
diabetic kidney disease. Finally, we did not verify the 
diagnosis of albuminuria on a subsequent occasion (or 
checked whether negative tests would have been posi-
tive), leaving room for variation of the true prevalence 
of patients with an eGFR ≥ 60  mL/min/1.73  m2 and 
albuminuria 30–300 mg/g. Strengths include the large 
number of participants and the routine clinical prac-
tice setting which means that the study provides evi-
dence from real-world care. No data on the ethnicity 
of patients were recorded [51].

Conclusions
In conclusion, this study describes the prevalence and 
associated morbidity burden associated with diabetic 
kidney disease in Germany. The data call for more 
attention to the presence of chronic kidney disease in 
patients with diabetes, should trigger intensified risk 
factor control up and beyond the control of blood glu-
cose and HbA1c in these patients. They may also serve 
as a trigger for future investigations into this patient 

population asking for new treatment options to be 
developed.

Additional files

Additional file 1: Table S1. Patient characteristics by region of Ger-
many (overall study population). Legend: Median (Q1; Q3) or percent 
(%). BP = blood pressure; eGFR = estimated glomerular filtration rate; 
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipo-
protein cholesterol; TC = total cholesterol; TG = triglycerides; T2DM = type 
2 diabetes mellitus.

Additional file 2: Table S2. Drug treatment by comorbidity. Legend: 
Percent (%). ‡Defined as eGFR < 60 ml/min/1.73 m2 OR eGFR ≥ 60 ml/
min/1.73 m2 and overt albuminuria. CKD = chronic kidney disease; 
DPP-4 = dipeptidyl peptidase-4; GLP-1 RA = glucagon-like peptide-1 
receptor agonist; SGLT-2 = sodium-glucose co-transporter-2.
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