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Abstract

Introduction

Patients with diabetes mellitus type 2 (DM2) are at high risk for micro- and macrovascular
disease. Here, we explore the degree of traditional risk factor control in the baseline visit of a
cohort of DM2 outpatients.

Methods

DIACORE (DIAbetes COhoRtE) is a prospective cohort study of 3000 adult DM2 outpa-
tients. Here, we present results from the baseline visit. Sociodemographic and anthropomet-
ric variables, cardiovascular risk factors, comorbidities and medication were assessed by
interview and medical exams. Serum-creatinine based estimated glomerular filtration rate
(eGFRcrea) and urinary albumin-creatinine ratio (UACR) were determined for classification
of chronic kidney disease (CKD). The proportion of patients with adequate control of tradi-
tional risk factors (blood pressure<140/90mmHg, HbA1¢c<7.5%, LDL<100mg/dl) was calcu-
lated in 2892 patients with non-missing data in 9 relevant variables within each KDIGO 2012
CKD class.

Results

In the analyzed baseline data (n = 2892, 60.2% men), mean (standard deviation) values for
age, DM2 duration and HbA1c were 65.3 (9.3) years, 10.3 (8.4) years and 6.9% (1.1)
respectively. Of these 2892 patients, 18.7% had CKD stage 3 or higher, 25.7% had
UACR>30mg/g. Adequate blood pressure, HbA1c and LDL control was achieved in 55.7%,
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78.5% and 34.4%, respectively. In 16.4% of patients (473), all three risk factors were below
recommended targets. The proportion of adequate risk factor control was similar across
KDIGO eGFRcrea classes. Adequate blood pressure and HbA1c control were significantly
associated with lower UACR category without and with controlling for other risk factors
(p<0.0001, p =0.0002, respectively).

Conclusion

In our study of patients with diabetes mellitus type 2, we observed a low level of risk factor
control indicating potential for risk reduction.

Introduction

Prevalence of diabetes mellitus type 2 (DM2) is increasing worldwide and is already a major
global public health issue [1, 2]. Patients with DM2 have an increased risk for micro- and
macrovascular diseases such as coronary heart disease, peripheral arterial disease, retinopathy,
chronic kidney disease (CKD) and end-stage renal disease (ESRD). Indeed, in every third
patient with renal replacement therapy, diabetic nephropathy is claimed to be the underlying
cause, making it the single most frequent cause of ESRD [3-5]. Similarly, DM2 patients have
an up to four-fold risk of developing coronary heart disease and a significantly increased risk
for cardiovascular mortality [6].

Micro- and macrovascular complications in DM2 patients have been linked to cardiovascular
risk factors, specifically the degree of hypertension, glucose control, dyslipidemia and tobacco
consumption. Pharmaceutical and behavioral management strategies for optimal control of these
factors have been developed in interventional studies, leading to a reduction of micro- and macro-
vascular end points [7-20]. However, significant risk for these end points remains, suggesting
other components such as limited adherence to therapies and thus risk factor control.

Cohort studies of the general population such as the KORA, Framingham Heart and SHIP
studies are well-suited to generate hypotheses on disease mechanisms in general populations,
owing to the combination of high sample size, standardized protocols and thus comparability
with other cohort studies. However, the number of DM2 patients in these cohorts is usually
limited since less than 10% of the general population is affected by DM2. Accordingly, preva-
lence estimates of cardiovascular risk factors and their complications in the DM2 subpopula-
tion may not be reliable.

We thus established the DIAbetes COhoRtE study (DIACORE) [21], a cohort study of 3000
patients with DM2. The recruitment strategy was designed to obtain a cohort of outpatients
with DM2 in Germany that is exposed to diabetes care in real-life conditions. In order to deter-
mine whether risk factor control bears the potential for improving care of patients with diabe-
tes, we analyzed the degree of control of pharmacologically modifiable traditional risk factors
(blood pressure, HbAlc, LDL) in the cross-sectional baseline data of DIACORE overall and by
CKD subgroups.

Methods
Study design

The DIAbetes CohoRtE (DIACORE) is a two-center observational cohort study of outpatients
with prevalent diabetes mellitus type 2 (DM2) with planned long term prospective follow-up
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of at least 10 years. Its design and protocol have been described in detail previously [21]. The
study and its protocol have been approved by the participating Universities’ Ethics Commit-
tees and is in accordance with the Declaration of Helsinki. The study is registered at the Ger-
man Registry of Clinical Trials (DRKS00010498) and at the International Clinical Trials
Registry Platform of the World Health Organisation. Here, we present data from the baseline
visit of DIACORE.

Inclusion and exclusion criteria

Inclusion criteria at baseline were age > 18 years, prevalent DM2 and Caucasian descent.
DM2 was defined as the use of blood glucose lowering medication, fasting glucose values >
126mg/dl,a 2-hour glucose measure > 200mg/dl in the oral glucose tolerance test or HbAlc >
6,5% (> 48mmol/mol). Exclusion criteria at baseline were chronic renal replacement therapy,
active malignancy in the last 5 years (2 years for basalioma or prostate carcinoma), autoim-
mune disease with possible kidney involvement, haemochromatosis, known pancreatoprivic
diabetes, type 1 diabetes mellitus, acute infection, HIV or chronic virus hepatitis.

Study examinations

At each visit including the baseline visit reported here, a core phenotyping protocol is per-
formed that includes a standardized interview using an electronic case report form (eCRF;
MEDEORA GmbH, Kéln, Germany), a physical examination, the determination of standard
laboratory parameters from serum, urine and whole blood in a central laboratory and bio-
banking of biomaterials.

In the interview, information is obtained on sociodemographic and lifestyle factors, cardio-
vascular risk factors and cardiovascular as well as renal comorbidities. Further, information on
prescribed and over-the-counter medication is obtained.

In the physical examination, we obtained measurements of blood pressure, pulse, body
weight and height, and waist and hip circumference, using methods and instruments as
described previously [21]. The mean of the second and third of three blood pressure measure-
ments obtained after a five minute rest is defined as the mean blood pressure value for each
patient. Hypertension was defined as the use of at least one blood pressure lowering medica-
tion or the presence of mean systolic >140 mmHg or diastolic blood pressure >90 mmHg.
Samples of spot urine, lithium-heparin-anticoagulated serum, EDTA-anticoagulated whole
blood and sodium fluoride anticoagulated whole blood were shipped by overnight express at
4°C to a central laboratory for measurement of a standard laboratory panel, as described previ-
ously [21]. One serum sample per patient was frozen at -20°C and shipped on dry ice for mea-
surement of serum insulin. S1 Table provides details on the assays and analyzers used for each
parameter determined. Additional samples of serum, spot urine and plasma were aliquoted
and stored at -80°C for future use in research projects. Further, EDTA-anticoagulated whole
blood was drawn and stored at -20°C for future DNA isolation.

We used serum creatinine measured with an IDMS traceable assay (Creaplus Tina-quant,
Roche) to estimate glomerular filtration rate (eGFRcrea) using the CKD-EPI 2009 formula
[22]. Serum cystatin C measured with the Cystatin C Tina Quant assay was used to estimate
glomerular filtration rate (GFR) with the CKD-EPI 2012 formula (eGFRcys) [23]. Urinary
albumin creatinine ratio (UACR) was determined from urinary creatinine and albumin mea-
surements from spot midstream urine. The lower limit of detection of the assay for albumin in
urine was 3 mg/l. Following common practice in the CKD Prognosis Consortium, values were
set to 3mg/L in individuals with urine albumin <3mg/L [24].
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Patients were classified into five eGFRcrea and three UACR categories according to the
KDIGO 2012 definition [25]. For descriptive statistics, we subdivided the G3 eGFRcrea cate-
gory into category G3a (eGFRcrea 45-59 ml/min/1.73m?) and G3b (eGFRcrea 30-44 ml/min/
1.73m?). We defined chronic kidney disease (CKD) as eGFRcrea < 60 ml/min/ 1.73m? [25]
and diabetes-associated kidney disease (DKD) as UACR > 30mg/g, irrespective of eGFRcrea
[25]. Adequate control of pharmacologically modifiable vascular risk factors was defined as
LDL < 100mg/dL, HbAlc < 7.5%, or systolic blood pressure < 140 mmHg and diastolic
blood pressure < 90mmHg [26, 27, 28].

Cardiovascular and renal events were validated by obtaining the corresponding physician
report where possible. Thus, validated cardiovascular and renal events are a subset of all
patient-reported events. In this manuscript, we report only medically validated events.
“Macrovascular comorbidity” is defined as the composite of myocardial infarction, myocardial
intervention (percutaneous coronary angioplasty with or without stent application), coronary
bypass-operation, peripheral arterial intervention or bypass-operation, amputation, stroke or
intervention or operation of the carotid artery. “Microvascular comorbidity” is defined as the
composite of the presence of DKD or retinal laser therapy for diabetic retinopathy.

Statistical analysis

We did not impute missing data in variables. To obtain consistency in numbers across analy-
ses, we limited the analysis of control of cardiovascular risk factors to individuals with non-
missing data in a set of 9 key variables (age, gender, diabetes duration, blood pressure, body
mass index, HbAlc, LDL, eGFRcrea and UACR).

Descriptive statistics of continuous variables are expressed as mean + standard deviation
for normally distributed variables or median [25% interquartile range] for variables with non-
normal distribution, for categorical variables as relative frequencies (%). Comparisons between
groups were performed with a t-test or by ANOVA for continuous variables and with Pear-
son’s ) test for categorical variables. Statistical significance was defined as p<0.05.

For risk factors showing an increasing or decreasing trend of adequate control across
UACR or eGFRcrea categories, we tested the proportion of adequate risk factor control by
KDIGO UACR or eGFRcea category (UACR: <30mg/g = 0; 30-300mg/g = 1; >300mg/g = 2;
eGFRcrea: >90 ml/min/1.73m? = 1; 60-89 ml/min/1.73m? = 2, 30-59 ml/min/1.73m* = 3; 15-
29 ml/min/1.73m” = 4; <15 ml/min/1.73m? = 5). For this, we used ordinal logistic regression
with three models of adjustments: (i) a univariable model without any adjustment, (ii) a model
1 adjusting for age, sex, and diabetes duration, and (iii) a model 2 additionally adjusting for
eGFRcrea (or InUACR), BMI, waist-hip-ratio, smoking status (ever smoker = 1; never
smoker = 2), and HbAIc (for the analysis of adequacy of blood pressure and lipid control) or
systolic and diastolic blood pressure (for the analysis of HbAlc or lipid control) or LDL (for
the analysis of adequacy of blood pressure and HbAlc control).

All computations were performed in JMP Version 8.0.2 (SAS Institute).

Results
DIACORE study sample overview

Patient recruitment at the baseline visit (Visit 1) was performed from 2/2010 through 8/2014
in two University based study centers in Germany through direct written or spoken invitation
to participate, press articles, flyers or public presentations (S1 Fig). For recruiting in the
Regensburg region, 22,932 written invitations were mailed, mostly flanked by press releases in
local media: 16,882 written invitations were sent by mail by 5 medical insurance companies,
1,700 invitations were sent by 2 diabetologists, 400 invitations were sent by the Bavarian
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Diabetes Patient Group (“Diabetikerbund Bayern”) and 3,950 invitations were sent to patients
who had previously received inpatient treatment at the University Hospital Regensburg’s
Internal Medicine Departments 1 and 2 (Cardiology, Endocrinology, Gastroenterology, Hepa-
tology, Nephrology, Pulmonology). Further, 10 general practitioners advertised the DIACORE
study by presenting study flyers in their waiting room and by actively inviting the patients to
participate. For recruiting in the Mannheim region, 2,000 patients with DM2 were invited to
enroll by a DIACORE study nurse in a diabetologist doctor’s office in the city of Speyer (Dres.
Segiet, Gleixner and Bode). Overall, 4226 patients contacted DIACORE (including those
directly asked in the Speyer diabetology office), of which 1226 did not fulfill the inclusion crite-
ria or had at least one exclusion criterion. Thus, a total of 3000 patients were included in the
DIACORE study. S2 Table provides details of how patients were recruited into DIACORE.

The use of diabetologists, urologists and nephrologists by patients in DIACORE differed by
discipline: overall, 1586 (52.9%) patients reported being in regular care of a diabetologist.
While 57.9% (1737) of participants had previously consulted a urologist (n = 1171, 65.0% of all
men; n = 566, 47.2% of all women), only 13% (389) had ever consulted a nephrologist (n =
215, 11.9% of all men, n = 174, 14.5% of all women). In patients with CKD this proportion was
higher: 16.2% (n = 100) and 26.2% (n = 34) of patients with micro- and macroalbuminuria
respectively and 23.8% (n = 135) with eGFR <60 ml/min/1.72m” had consulted a
nephrologist.

For the following cross-sectional analyses of cardiovascular risk factors and risk factor con-
trol by medication in DM patients and its link to kidney function, we restricted the analyzed
sample to the 2892 DIACORE participants with data available for age, gender, diabetes dura-
tion, BMI, blood pressure, LDL, HbAlc, eGFRcrea and UACR at the baseline visit. The ana-
lyzed sample included 1740 (60%) men, with mean age (+standard deviation, SD) of 65.3+9.3
years, mean diabetes duration 10.3+8.4 years (median 8.3, 25% IQR 4.1-14.5; range 0 to 57.7
years) and mean HbAlc of 6.9%+1.1 (median 6.6%, 25% IQR 6.2%-7.4%, range 4.2%-16.7%;
Table 1). The majority of patients were in disease management programs (76.9%). A full
description of baseline values of variables and distributions for all 3000 DIACORE participants
is given in S3 and S4 Tables, showing good comparability between the full study sample and
the 2892 patients analysed here.

Cardiovascular risk factors and comorbidities

A high proportion of the 2892 analysed DIACORE participants exhibited cardiovascular risk
factors. 1575 (54.5%) were obese, 2539 (87.8%) patients had hypertension, 1659 (57.4%) were
current or former smokers, 623 (21.5%) had HbA1c>7.5%, and LDL was above 100mg/dl in
1897 (65.6%). Further detail on cardiovascular risk factors for the analyzed DIACORE partici-
pants is provided in Table 1, showing comparable data to the full DIACORE study of 3000
patients (S3 Table).

We also observed a substantial degree of micro- and macrovascular comorbidities
(Table 2). While only 109 (3.8%) patients reported previous laser therapy for diabetic retinop-
athy, DKD, defined as UACR>30mg/g, was observed in 743 (25.7%) patients, and 1068
(36.9%) had CKD according to KDIGO 2012 (Fig 1). Of the patients with eGFRcrea >60 ml/
min/1.73m? 1824 (63.1%) did not have elevated UACR and thus did not fulfill the KDIGO def-
inition criteria of CKD. The distribution of patients across the KDIGO 2012 eGFRcrea and
UACR categories is shown in Fig 1. The gender-specific distribution of patients across
KDIGO 2012 categories is shown in S2 Fig. Reduced kidney function (eGFRcrea<60 ml/min/
1.73m?) was associated with DKD in a minority of patients: while a total of 543 (18.8%) had an
eGFRcrea of <60ml/min/1.73m?, only 218 (7.5%) patients had an eGFRcrea of <60ml/min/
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Table 1. Clinical characteristics and cardiovascular risk factors of the analysed 2892 DIACORE participants.

n

Male

Age, years

Diabetes duration, years §

Disease management program, n (%)
Cardiovascular risk factors

HbAlc, %$

HbAIc, mmol/mol §

HbAlc < 7.5%, n (%) §

Glucose in patients fasting >12 h*, mg/dl §
Glucose in nonfasting patients$, mg/dl §
Systolic blood pressure / diastolic blood pressure, nmHg
Blood pressure <140/90 mmHg, n (%)
BMI, kg/m?

WHR

HDL, mg/dl

LDL, mg/dl

LDL < 100 mg/dl, n (%)

Never-smokers, n (%)

Current smokers, n (%)

Former smokers, n (%)

Values provided are mean+SD if not stated otherwise.
§ median (IQR).

* 1608 patients (55.6%) were fasting > 12h. $ 940 (32.5%) were nonfasting.

Total

2892

1740 (60.2%)
65.319.3

8.3 (4.1-14.6)
2225 (76.9%)

6.6 (6.2-7.4)

49 (44-57)

2269 (78.5%)

122 (103.1-147.7)
115 (94.8-154.3)
139.0+18.2 / 76.5+10.5
1610 (55.7%)
31.445.7
0.96+0.09
52.9+15.3
117.9+36.9

995 (34.4%)

1233 (42.6%)

358 (12.4%)

1301 (45.0%)

A total of 108 (3.6%) of the full cohort sample of 3000 DIACORE patients had missing data for at least one of the
following variables: BMI (n = 15), LDL (n = 7), blood pressure (n = 2), eGFR (n = 7), HbAlc (n = 8) or UACR

(n = 87). None had missing data for age, sex or diabetes duration.

https://doi.org/10.1371/journal.pone.0213157.t001

1.73m* and UACR>30mg/g and 147 (5.1%) had a very high risk of progression of CKD

according to KDIGO guidelines ([25], Fig 1, Table 2). The frequency of CKD in the full data
set of 3000 DIACORE patients was comparable (S4 Table).

Overall, 24.8% (718) of the 2892 analyzed patients had at least one of the following: previous
myocardial infarction, stroke, operative/percutaneous coronary or carotid intervention, revas-
cularization or amputation of lower extremities. Table 2 provides more detail for each of the
macrovascular comorbidities.

Medication

The majority of patients reported taking several prescription drugs: overall, the 2892 DIA-
CORE patients were regularly taking a mean of 6.4+3.4 prescription drugs (median = 6; 25%
IQR 4-9; range: 0-21), and only 35 (1.2%) of patients reported taking no prescription drug. In
addition, a total of 1450 (50.1%) patients reported taking at least one “on demand” medication
(mean 0.73, median = 0; 25%; IQR 0-1; range 0-7).

We further analysed treatment modalities for diabetes, hypertension and hyperlipoprotei-
nemia to assess patterns potentially affecting degree of risk factor control.

A total of 2537 (87.7%) of patients reported using glucose lowering medication. The spectrum of
diabetes treatment modalities was diverse (Table 3), with 1540 (53.3%) using only oral antidiabetic
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medication, 365 (12.6%) only insulin, 61 (2.1%) other injectable antidiabetic drugs (GLP-1 receptor
agonists) and 577 (20.0%) taking combinations of oral and injectable drugs. Among the 2162
patients under oral antidiabetic medication, most reported using a biguanide (n = 1862, 86.1%).
Table 3 provides further details on the use of different oral glucose lowering medication.

Non-use of glucose lowering treatment was not limited to patients with HbA1c<6.5%: of
1179 (40.8%) patients with an HbA1c<6.5%, 262 (22.2%) were not on glucose lowering drugs.
Of the 1090 (37.7%) patients with an HbA1c of 6.5-7.5% and the 623 (21.5%) patients with an
HbA1c>7.5%, 69 (6.3%) and 24 (3.9%) did not use glucose lowering drugs respectively.

A total of 2342 (81.0%) of patients reported taking at least one antihypertensive drug, indi-
cating a high level of at least some treatment of hypertension (Table 3). Of 1282 (44.3%)
patients with blood pressure levels at or above 140 mmHg systolic or 90 mmHg diastolic, 197
(15.4%) were without blood pressure lowering medication and 286 (22.3%), 338 (26.4%), 278
(21.79%) and 183 (14.3%) had 1, 2, 3 or at least four blood pressure lowering drugs respec-
tively. In patients taking at least one blood pressure lowering medication, the mean blood pres-

sure was 140/76 mmHg.

In contrast, only 1364 (47.2%) patients reported taking a lipid lowering medication. Of the
1914 (66.27%) patients with LDL >100mg/dl, 1254 (65.5%) were without statin. In patients
taking a statin, mean LDL was 102.3 + 31.2 mg/dl (range: 17.0-244.0 mg/dl), with 649 (47.6%)

having an LDL >100mg/dl.

Medication use in the full sample of 3000 DIACORE patients was similar (S5 Table).

Table 2. Kidney function, micro- and macrovascular morbidity in the analysed 2892 DIACORE participants. For

continuous variables, mean+SD and median (IQR) are provided.

Kidney function and albuminuria

Serum creatinine, mg/dl

Serum cystatin C, mg/dl

eGFRcrea CKD-EPI, ml/min/1.73m”

eGFRcys CKD-EPI, ml/min/1.73m?

UACR, mg/g

Microvascular comorbity

Diabetes associated kidney disease

eGFRcrea <60 ml/min/1.73m? or UACR>30mg/g, n (%)
CKD stage 3 or higher (eGFRcrea<60 ml/min/1.73m?), n (%)
UACR 30-300 mg/g, n (%)

UACR>300mg/g, n (%)

Diabetic retinopathy

Previous retinal laser therapy, n (%)

Macro-vascular complications

Myocardial infarction, n (%)

Operative myocardial revascularisation, n (%)
Percutaneous coronary intervention, n (%)

Stroke, n (%)

Operative or percutaneous carotid intervention, n (%)
Revascularization lower extremities, n (%)

Amputation, n (%)

0.96+0.4; median 0.89 (0.75-1.06)
1.07+0.4; median 0.98 (0.86-1.16)
78.6+20.3; median 82.2 (66.0-93.4)
74.7+22.5; median 75.7 (59.7-91.1)
76.1+343.3; median 10.1 (4.8-31.1)
794 (27.5%)

1068 (36.9%)
543 (18.8%)
613 (21.2%)
130 (4.5%)

109 (3.8%)
718 (24.8%)
249 (8.6%)
192 (6.6%)
388 (13.4%)
189 (6.5%)
74 (2.6%)
48 (1.7%)
59 (2.0%)

A total of 108 (3.6%) of the full cohort sample of 3000 DIACORE patients had missing data for at least one of the
following variables: BMI (n = 15), LDL (n = 7), blood pressure (n = 2), eGFR (n = 7), HbAlc (n = 8) or UACR

(n = 87). None had missing data for age, sex or diabetes duration.

https://doi.org/10.1371/journal.pone.0213157.t1002
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Albuminuria Categories
A1 A2 A3 All albuminuria
categories
<30mg/g 30-300mg/g >300mg/g
2 G1 > 90 769 (26.6%) 186 (6.4%) 24 (0.8%) 979 (33.9%)
§ § G2 60-89 1055 (36.5%) 268 (9.3%) 47 (1.6%) 1370 (47.4%)
[0)
8 R G3a 45-59 229 (7.9%) 93 (3.2%) 347 (12.0%)
5 N G3b 30-44 74 (2.6%) 132 (4.6%)
S =
rE G4 15-29 60 (2.1%)
o
o G5 <15 4 (0.1%)
All eGFR categories 2149 (74.3%) 613 (21.2%) 130 (4.5%) 2892

Fig 1. Distribution of 2892 analyzed patients according to eGFRcrea and albuminuria categories according the KDIGO 2012 CKD classification [25]. Field
coloring indicates risk for progression of CKD according to the 2012 KDIGO guideline (green: low risk, yellow: moderately increased risk, orange: high risk, red: very

high risk) [25].

https://doi.org/10.1371/journal.pone.0213157.9001

Control of risk factors

S6 Table provides the distribution of cardiovascular risk factors at baseline by each of the 5
eGFR and 3 UACR categories as defined by KDIGO [25].

Table 3. Medication in the 2892 analysed DIACORE patients.

Total

Glucose lowering medication n, (%)

2537 (87.7%)

Injectable, n (%)

993 (34.3%)

Insulin, n (%)

942 (32.6%)

GLP-1 receptor agonists, n (%)

61 (2.1%)

Oral Antidiabetic medication, n (%)

2162 (74.8%)

Biguanides, n (%)

1862 (64.4%)

Sulfonylureas, n (%)

548 (18.9%)

DPP4-Inhibitor, n (%) 560 (19.4%)
Glinides, n (%) 121 (4.0%)
Alphaglukosidase-Inhibitors, n (%) 50 (1.7%)
SGLT-2-Inhibitors, n (%) 11 (0.4%)
Antihypertensive medication, n (%) 2339 (80.8%)

RAAS-Inhibitor, n (%)

1942 (67.2%)

ACE-Inhibitor, n (%)

1236 (42.7%)

Angiotensin receptor blocker, n (%) 730 (25.2%)
Renin Inhibitor, n (%) 33 (1.1%)
Calcium channel blocker, n (%) 807 (27.9%)

Beta-Blocker, n (%)

1389 (48.0%)

Diuretics, n (%)

1206 (41.7%)

Lipid-lowering medication, n (%) 1416 (49.0%)
Statin, n (%) 1364 (47.2%)
Fibrate, n (%) 66 (2.3%)

https://doi.org/10.1371/journal.pone.0213157.1003
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Opverall, the control of pharmacologically modifiable risk factors (blood pressure, HbAlc,
LDL) was not achieved in a large proportion of patients: in the 2892 analyzed DIACORE
patients, adequate control of blood pressure, HbAlc and LDL was achieved in 1610 (55.7%),
2269 (78.5%) and 995 (34.4%) respectively. In only 473 (16.4%) patients, all three risk factors
were below recommended targets. The proportions of risk factor control between the 2225
(76.9%) patients enrolled in a disease management program and those not enrolled were simi-
lar (S7 Table).

In the subset of 743 patients with DKD (25.7%, defined as UACR>30mg/g), which are at
particularly high risk of CKD progression and cardiovascular events, blood pressure and
HbAIc targets were nominally less frequently achieved (44.0% and 70.7% respectively), while
LDL goal was achieved nominally more frequently (39.4%) than in the full analysed sample of
2892 patients.

The proportion of patients with adequate blood pressure control decreased across increas-
ing (“less healthy”) KDIGO UACR categories A1-A3 (59.7%, 45.8% and 35.4%, p<0.0001, Fig
2A), Similarly, adequate HbAlc control (HbAlc <7.5%) decreased across increasing UACR
categories (81.2%, 71.5% and 66.9% Fig 2B). These associations were significant when tested
with an ordinal logistic regression model and persisted after correcting for potential confound-
ers (p = 0.0002, Table 4). When exploring the proportion of patients with adequate LDL con-
trol across UACR categories or the proportion of patients with adequate control of any of the
three drugable risk factors across eGFRcrea categories, we found no clear trend for LDL con-
trol across UACR categories or for control of any of the three examined risk factors across the
eGFRcrea categories (Fig 2C). Combining eGFRcrea categories 4 and 5 (i.e. eGFRcrea 15-29
ml/min/1.73m? and <15ml/min/1.73m?) did not substantially change the results (data not
shown).

The percentage refers to the patients within each CKD category shown in Fig 1. Field color-
ing indicates risk for progression of CKD according to the 2012 KDIGO guideline (green: low
risk, yellow: moderately increased risk, orange: high risk, red: very high risk) [25]. (A) Distri-
bution of the analysed 2892 DIACORE patients with the recommended target for blood pres-
sure (<140/90mmHg) within each KDIGO 2012 CKD category. (B) Distribution of the
analysed 2892 DIACORE patients with the recommended target for HbAlc (<58.0 mmol/
mol; <7.5%)) within each KDIGO 2012 CKD category. (C) Distribution of the analysed 2892
DIACORE patients with the recommended target for LDL (<100mg/dl) within each KDIGO
2012 CKD category.

Discussion

This analysis of the baseline visit of the DIACORE study provides important insights into an
unselected outpatient DM2 collective: first, we observed the expected high prevalence of
macro- and microvascular comorbidity. Second, blood pressure, HbAlc and lipid goals were
attained in only 55.7%, 78.5% and 34.4% of patients respectively, despite a high number of pre-
scribed drugs. This indicates a large potential for reducing macro- and microvascular risk in
DM2 patients. Finally, adequate control of blood pressure and HbA1c control was significantly
associated with decreased risk for higher categories of albuminuria levels.

This analysis of the DIACORE baseline study visit provides important insights into risk fac-
tor control and micro- and macrovascular disease burden in DM2 patients typically seen in an
outpatient setting. Since we did not apply a certain level of cardiovascular risk or burden as an
inclusion criterion, DIACORE extends information gained from large randomized controlled
trials (RCT’s) performed in DM2 patients (e.g., ADVANCE, ACCORD, EMPA-REG, ALTI-
TUDE, SUSTAIN-6, VADT), which were ascertained for having a particularly high
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Albuminuria Categories

All eGFR categories

1283 (59.7%)

281 (45.8%)

A A1 A2 A3 All aIbumi_nuria
categories
<30mg/g 30-300mg/g >300mg/g
(n=2149) (n=613) (n=130)
G1 2 90 (n=979) 473 (61.5%) 84 (45.2%) 12 (50.0%) 569 (58.1%)
s G2 60-89 (n=1370) 593 (56.2%) 114 (42.5%) 15 (31.9%) 722 (52.7%)
o E
o
gﬁ G3a 45-59 (n=347) 146 (63.8%) 45 (48.4%) 196 (56.5%)
© =
g g G3b 30-44 (n=132) 52 (70.3%) 83 (62.9%)
w =
% E G4 15-29 (n=60) 38 (63.3%)
G5 <15 (n=4) 2 (50.0%)

46 (35.4%)

1610 (55.7%)

Albuminuria Categories

B A1 A2 A3 All albumi_nuria
categories
<30mg/g 30-300mg/g >300mg/g
(n=2149) (n=613) (n=130)
G1 2 90 (n=979) 596 (77.5%) 117 (62.9%) 13 (54.2%) 726 (74.2%)
oy G2 60-89 (n=1370) 896 (84.9%) 200 (74.6%) 31 (66.0%) 1127 (82.3%)
29
%"',2 G3a 45-59 (n=347) 185 (80.8%) 69 (74.2%) 273 (78.7%)
"<
2 E G3b 30-44 (n=132) 53 (71.6%) 101 (76.5%)
GE
Sl G4 15-29 (n=60) 38 (63.3%)
G5 <15 (n=4) 4 (100%)

All eGFR categories

1744 (81.2%)

438 (71.5%)

87 (66.9%)

2269 (78.5%)

Albuminuria Categories

C A1 A2 A3 All albuminuria
categories
<30mg/g 30-300mg/g >300mg/g
(n=2149) (n=613) (n=130)
"g G1 290 (n=979) 211 (27.4%) 62 (33.3%) 7 (29.2%) 280 (28.6%)
o
B
i G2 60-89 (n=1370) 336 (31.8%) 110 (41.0%) 17 (36.2%) 463 ( 33.8%)
E
E G3a 45-59 (n=347) 101 (44.1%) 45 (48.4%) 154 (44.4%)
(7]
'g G3b 30-44 (n=132) 27 (36.5%) 52 (39.4%)
jo2}
)
S G4 15-29 (n=60) 27 (45.0%)
&
% G5 <15 (n=4) 2 (50%)
All eGFR categories 685 (31.9%) 248 (40.5%) 45 (34.6%) 978 (33.8%)

Fig 2. Distribution of analyzed 2892 patients within recommended targets for traditional cardiovascular risk factors by KDIGO

2012 CKD category.

https://doi.org/10.1371/journal.pone.0213157.9g002

cardiovascular risk profile [10-12, 15, 16, 21, 29-31]. Consistent with this, we observe that
mean HbAlc in DIACORE is lower, macrovascular complications are less frequent and preva-
lence of DKD is lower than in most of the cited DM2 RCT’s. Baseline antihypertensive and
glucose lowering therapy in DIACORE and current RCT’s is largely comparable, with 79.4%,
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Table 4. Association of adequate blood pressure and HbA1c factor control with UACR categories in the 2892 ana-
lysed DIACORE patients.

Beta (SE) for higher UACR P for association with higher UACR
category category
Adequate blood pressure
control
Univariable -0.32 (0.04) | <0.0001
Model 1 -0.29 (0.05) | <0.0001
Model 2 -0.36 (0.05) | <0.0001
Adequate HbAIc control
Univariable -0.29 (0.05) | <0.0001
Model 1 -0.26 (0.05) | <0.0001
Model 2 -0.20 (0.05) | 0.0002

Independent variable: adequate blood pressure control (RR<140 and <90 mmHg = 1, RR >140 or >90mmHg = 0)
or adequate HbAlc control (HbA1c<7.5% = 1, HbA1c>7.5% = 0). Dependent variable: albuminuria category
(UACR<30mg/g: 0 [lower category]; UACR 30-300mg/g:1; UACR>300mg/g: 2 [higher category]) Shown are beta
estimates, standard errors (SE) and p-values from the ordinal logistic regression models without (univariable) and
with adjustment for potential confounders (model 1: model with additional adjustment for age, sex, diabetes
duration; model 2: model 1 additionally adjusting for eGFR, BMI, waist-hip-ratio, smoking status, HbAlc/systolic
and diastolic blood pressure).

https://doi.org/10.1371/journal.pone.0213157.t1004

84.9-86.0% and 75.1% of patients under antihypertensive therapy and 64.2%, 59.7-60% and
60.2-61% under biguanide therapy in DIACORE, ACCORD and ADVANCE respectively.
Only 1.5% of patients were under insulin treatment in the ADVANCE study versus 32.9% in
the DIACORE and 34.1-35.7% in the ACCORD study, since insulin therapy was an exclusion
criterion in ADVANCE. The use of statins differed most between the studies, with only 27.9%
of patients in the ADVANCE study taking a statin versus 61.7-62.4% in ACCORD and 46.9%
in DIACORE, with subsequent differences in LDL-control [10-12, 15].

Our study sample compares well to the German subgroup (n = 959) of the retrospective
GUIDANCE study, a cross-sectional survey of DM2 patients recruited in primary and special-
ist sites in 8 European countries [32]. There was a comparable degree of medication prescrip-
tion and risk factor control in DIACORE and the German GUIDANCE DM2 subgroup.
However, patients had more macro- and microvascular complication in the GUIDANCE
study: with 24.8% and 30.1% of patients having any macrovascular complication, and 27.5%
and 37.4% of patients having any microvascular complication in DIACORE and GUIDANCE
respectively. This difference in prevalence of microvascular events between DIACORE and
GUIDANCE may be explained through the fact that GUIDANCE includes nonpalpable tibial
or dorsal pulses as peripheral arterial disease and foot sensation abnormalities as well as blind-
ness as microvascular events. Taken together, the good comparability of DIACORE with
GUIDANCE underscores the value of DIACORE’s clinical data.

The lack of adequate risk factor control observed in a large proportion of DIACORE
patients points to potential shortcomings in the care of patients with diabetes. Improvements
may be achieved by e.g. more stringent disease management strategies or by novel pharmaceu-
tical strategies. Specifically, recently published positive RCT’s of novel drug classes (SGLT2
inhibitors, GLP-1- receptor agonists) [33-35], not frequently used in DIACORE’s baseline
visit, will likely change the pattern of drug use in patients with diabetes. Our ongoing longitu-
dinal evaluations measuring risk factors at each 2 year follow-up visit will provide more details
on the extent of risk factor control in this patient group in the future.
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Strengths of our study include the broad scope of DM2 patients recruited into this baseline
visit. Further strengths include the assessment of key laboratory measurements in a central
facility and the medical validation of patient reported comorbidities at each study visit. How-
ever, some limitations warrant to be mentioned: first, though we were able to recruit a large
proportion of patients with DM2 identified by the insurance companies’ records, the observed
16.9% response to the mailing by insurance companies and performance of examinations at
the study site may have introduced bias through non-response of patients with limited mobil-
ity (e.g. patients not able to leave a nursing facility) or severe morbidity (e.g. patients in hospi-
tals). Second, except for determination of CKD stage, our assessment of vascular
complications is retrospective in this baseline data as presented here. However, by our strin-
gent validation of self-report with medical records, there is a large credibility in reported pro-
portions. Third, the presented data is cross-sectional and cannot yet provide insights into risk
factors or biomarkers for incident complications of DM2, and associations cannot imply cau-
sality. However, by our cohort design with 2-year follow-up visits at our study centers, taking
medical exams and blood repeatedly, we will be able to gain insights into incident diabetes-
associated complications. Thus, we will be able to compare our incidence rates of diabetes
complications with that of other prospective studies such as UKPDS [36]. Finally, since we
bio-bank blood and urine samples gathered at baseline and at each 2 year follow-up visit, we
will have a substantial resource for future research.

Summary

DIACORE represents a large cohort of DM2 patients with a significant comorbidity, for which
we present results from the baseline survey. Our findings suggest that there is a potential to
further reduce macro- and microvascular burden through better risk factor control. Given the
high comorbidity burden, further research on other disease mechanisms and risk factors is
warranted. Due to its long-term follow-up as well as prospective data collection and bio-bank-
ing, we expect DIACORE to have an impact on future diagnostic and therapeutic strategies in
DM2 patients.

Supporting information

S1 Table. Parameters determined in the DIACORE central laboratory panel at baseline.
(DOCX)

$2 Table. Source of information about DIACORE study. Shown are proportions of DIA-
CORE study participants by source of information of the DIACORE.
(DOCX)

$3 Table. Clinical characteristics of the 3000 DIACORE participants at the baseline visit.
(DOCX)

S4 Table. Comorbidities of the 3000 DIACORE participants at the baseline visit.
(DOCX)

S5 Table. Medication reported by 3000 DIACORE participants at the baseline visit.
(DOCX)

$6 Table. Clinical characteristics and risk factor values for the 2892 analyzed DIACORE
participants by KDIGO categories of eGFRcrea and UACR.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0213157 March 21,2019 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s006
https://doi.org/10.1371/journal.pone.0213157

©'PLOS|ONE

Poor risk factor control in outpatients with diabetes mellitus type 2 in Germany: The DIACORE study

S7 Table. Risk factor control in the analyzed 2892 patients stratified by participation in a
disease management program (DMP).
(DOCX)

S1 Fig. Recruitment into the DIACORE Study.
(TIFF)

S2 Fig. Distribution of male (S2A Fig) and female (S2B Fig) patients with nonmissing data
in 9 key variables according to eGFR and albuminuria categories according the KDIGO
2012 CKD classification [25]. Field coloring indicates risk for progression of CKD according
to the 2012 KDIGO guideline (green: low risk, yellow: moderately increased risk, orange: high
risk, red: very high risk) [25].

(DOCX)

Acknowledgments

We thank all participating patients of the DIACORE study. We thank the physicians and
health insurance companies supporting the DIACORE study: Axel Andreae, Gerhard Haas,
Sabine Haas, Jochen Manz, Johann Nusser, Giinther Kreisel, Gerhard Bawidamann, Frederik
Mader, Susanne Kif8kalt, Johann Hartl, Thomas Segiet, Christiane Gleixner, Christian Scholz,
Monika Schober (Chief of Supply Management, Allgemeine Ortskrankenkasse Bayern), Cor-
nelia Heinrich (Communication Manager, Allgemeine Ortskrankenkasse Bayern), Thomas
Bohnhoff (Disease Management, Techniker Krankenkasse), Thomas Heilmann (Head of Dis-
ease Management, Techniker Krankenkasse), Stefan Stern (Consulting Physician, Allgemeine
Ortskrankenkasse Bayern), Andreas Utz (Head of Department, Allgemeine Ortskrankenkasse
Bayern), Georg Zellner (Chief of Supply Management, Deutsche Angestellten Krankenkasse),
Werner Ettl (Barmer-GEK), Thomas Buck (Barmer-GEK), Rainer Bleek (IKK classic), Ulrich
Blaudzun (IKK classic). We further thank the study nurses for their expert work in performing
the study visits: Simone Neumeier, Sarah Hufnagel, Petra Jackermeier, Sabrina Obermiiller,
Christiane Ried, Ulrike Hanauer, Bérbel Sendtner, Natalia Riewe-Kerow, Claudia Strohmeier.

Author Contributions
Conceptualization: Carsten A. Boger.
Data curation: Carsten A. Boger.

Formal analysis: Myriam Rheinberger, Bettina Jung, Klaus Stark, Mathias Gorski, Iris M.
Heid, Carsten A. Boger.

Funding acquisition: Carsten A. Boger.

Investigation: Myriam Rheinberger, Bettina Jung, Carsten A. Boger.
Methodology: Bettina Jung, Iris M. Heid, Carsten A. Boger.

Project administration: Carsten A. Boger.

Supervision: Bernhard K. Krimer, Carsten A. Boger.

Writing - original draft: Myriam Rheinberger, Bettina Jung.

Writing - review & editing: Thomas Segiet, Johann Nusser, Giinther Kreisel, Axel Andreae,
Jochen Manz, Gerhard Haas, Bernhard Banas, Klaus Stark, Alexander Lammert, Mathias
Gorski, Iris M. Heid, Bernhard K. Kridmer, Carsten A. Boger.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213157 March 21,2019 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213157.s009
https://doi.org/10.1371/journal.pone.0213157

® PLOS |ONE

Poor risk factor control in outpatients with diabetes mellitus type 2 in Germany: The DIACORE study

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the year 2000
and projections for 2030. Diabetes care. 2004; 27(5):1047-53. PMID: 15111519

International Diabetes Federation: Diabetes Atlas 2013. Brussels, International Diabetes Federation.
2013. Available from: https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/19-atlas-6th-
edition.html

Agrawal L, Azad N, Emanuele NV, Bahn GD, Kaufman DG, Moritz TE, et al. Observation on renal out-
comes in the Veterans Affairs Diabetes Trial. Diabetes care. 2011; 34(9):2090—4. https://doi.org/10.
2337/dc11-0175 PMID: 21775749

Van Dijk PC, Jager KJ, Stengel B, Gronhagen-Riska C, Feest TG, Briggs JD. Renal replacement ther-
apy for diabetic end-stage renal disease: data from 10 registries in Europe (1991-2000). Kidney interna-
tional. 2005; 67(4):1489-99. https://doi.org/10.1111/j.1523-1755.2005.00227.x PMID: 15780102

Locatelli F, Canaud B, Eckardt KU, Stenvinkel P, Wanner C, Zoccali C. The importance of diabetic
nephropathy in current nephrological practice. Nephrology, dialysis, transplantation: official publication
of the European Dialysis and Transplant Association—European Renal Association. 2003; 18(9):1716—
25.

Matheus AS, Tannus LR, Cobas RA, Palma CC, Negrato CA, Gomes MB. Impact of diabetes on cardio-
vascular disease: an update. International journal of hypertension. 2013; 2013:653789. https://doi.org/
10.1155/2013/653789 PMID: 23533715

UKPDS Study Group. Effect of intensive blood-glucose control with metformin on complications in over-
weight patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group.
Lancet. 1998; 352(9131):854—65. PMID: 9742977

UKPDS Study Group. Tight blood pressure control and risk of macrovascular and microvascular compli-
cations in type 2 diabetes: UKPDS 38. Bmj. 1998; 317(7160):703-13. PMID: 9732337

UKPDS Study Group. Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Pro-
spective Diabetes Study (UKPDS) Group. Lancet. 1998; 352(9131):837-53. PMID: 9742976

Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, et al. Intensive blood glucose control
and vascular outcomes in patients with type 2 diabetes. The New England journal of medicine. 2008;
358(24):2560-72. https://doi.org/10.1056/NEJM0a0802987 PMID: 18539916

Patel A, MacMahon S, Chalmers J, Neal B, Woodward M, Billot L, et al. Effects of a fixed combination of
perindopril and indapamide on macrovascular and microvascular outcomes in patients with type 2 dia-
betes mellitus (the ADVANCE trial): a randomised controlled trial. Lancet. 2007; 370(9590):829—40.
https://doi.org/10.1016/S0140-6736(07)61303-8 PMID: 17765963

Cushman WC, Evans GW, Byington RP, Goff DC Jr., Grimm RH Jr., Cutler JA, et al. Effects of intensive
blood-pressure control in type 2 diabetes mellitus. The New England journal of medicine. 2010; 362
(17):1575-85. https://doi.org/10.1056/NEJMoa1001286 PMID: 20228401

Zoungas S, Chalmers J, Neal B, Billot L, Li Q, Hirakawa Y, et al. Follow-up of Blood-Pressure Lowering
and Glucose Control in Type 2 Diabetes. The New England journal of medicine. 2014.

Hayward RA, Reaven PD, Emanuele NV, Investigators V. Follow-up of Glycemic Control and Cardio-
vascular Outcomes in Type 2 Diabetes. The New England journal of medicine. 2015; 373(10):978.
https://doi.org/10.1056/NEJMc1508386 PMID: 26332555

Gerstein HC, Miller ME, Byington RP, Goff DC Jr., Bigger JT, Buse JB, et al. Effects of intensive glucose
lowering in type 2 diabetes. The New England journal of medicine. 2008; 358(24):2545-59. https://doi.
org/10.1056/NEJM0a0802743 PMID: 18539917

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. Empagliflozin, Cardiovascular
Outcomes, and Mortality in Type 2 Diabetes. The New England journal of medicine. 2015; 373
(22):2117-28. https://doi.org/10.1056/NEJMoa1504720 PMID: 26378978

Haller H, Ito S, Izzo JL Jr., Januszewicz A, Katayama S, Menne J, et al. Olmesartan for the delay or pre-
vention of microalbuminuria in type 2 diabetes. The New England journal of medicine. 2011; 364
(10):907-17. https://doi.org/10.1056/NEJMoa1007994 PMID: 21388309

Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, et al. Cardiovascular effects of intensive
lifestyle intervention in type 2 diabetes. The New England journal of medicine. 2013; 369(2):145-54.
https://doi.org/10.1056/NEJMoa1212914 PMID: 23796131

Rheinberger M, Boger CA. [Diabetic nephropathy: new insights into diagnosis, prevention and treat-
ment]. Dtsch Med Wochenschr. 2014; 139(14):704-6. d https://doi.org/10.1055/s-0034-1369841 PMID:
24668430

Rheinberger M, Buttner R, Boger CA. [New aspects in prevention and therapy of diabetic nephropathy].
Dtsch Med Wochenschr. 2016; 141(3):186-9. https://doi.org/10.1055/s-0041-109591 PMID: 26841180

PLOS ONE | https://doi.org/10.1371/journal.pone.0213157 March 21,2019 14/15


http://www.ncbi.nlm.nih.gov/pubmed/15111519
https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/19-atlas-6th-edition.html
https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/19-atlas-6th-edition.html
https://doi.org/10.2337/dc11-0175
https://doi.org/10.2337/dc11-0175
http://www.ncbi.nlm.nih.gov/pubmed/21775749
https://doi.org/10.1111/j.1523-1755.2005.00227.x
http://www.ncbi.nlm.nih.gov/pubmed/15780102
https://doi.org/10.1155/2013/653789
https://doi.org/10.1155/2013/653789
http://www.ncbi.nlm.nih.gov/pubmed/23533715
http://www.ncbi.nlm.nih.gov/pubmed/9742977
http://www.ncbi.nlm.nih.gov/pubmed/9732337
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://doi.org/10.1056/NEJMoa0802987
http://www.ncbi.nlm.nih.gov/pubmed/18539916
https://doi.org/10.1016/S0140-6736(07)61303-8
http://www.ncbi.nlm.nih.gov/pubmed/17765963
https://doi.org/10.1056/NEJMoa1001286
http://www.ncbi.nlm.nih.gov/pubmed/20228401
https://doi.org/10.1056/NEJMc1508386
http://www.ncbi.nlm.nih.gov/pubmed/26332555
https://doi.org/10.1056/NEJMoa0802743
https://doi.org/10.1056/NEJMoa0802743
http://www.ncbi.nlm.nih.gov/pubmed/18539917
https://doi.org/10.1056/NEJMoa1504720
http://www.ncbi.nlm.nih.gov/pubmed/26378978
https://doi.org/10.1056/NEJMoa1007994
http://www.ncbi.nlm.nih.gov/pubmed/21388309
https://doi.org/10.1056/NEJMoa1212914
http://www.ncbi.nlm.nih.gov/pubmed/23796131
https://doi.org/10.1055/s-0034-1369841
http://www.ncbi.nlm.nih.gov/pubmed/24668430
https://doi.org/10.1055/s-0041-109591
http://www.ncbi.nlm.nih.gov/pubmed/26841180
https://doi.org/10.1371/journal.pone.0213157

® PLOS |ONE

Poor risk factor control in outpatients with diabetes mellitus type 2 in Germany: The DIACORE study

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Dorhofer L, Lammert A, Krane V, Gorski M, Banas B, Wanner C, et al. Study design of DIACORE (DIA-
betes COhoRtE)—a cohort study of patients with diabetes mellitus type 2. BMC Med Genet. 2013;
14:25. hitps://doi.org/10.1186/1471-2350-14-25 PMID: 23409726

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al. A new equation to esti-
mate glomerular filtration rate. Annals of internal medicine. 2009; 150(9):604—12. PMID: 19414839

Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. Estimating glomerular fil-
tration rate from serum creatinine and cystatin C. The New England journal of medicine. 2012; 367
(1):20-9. https://doi.org/10.1056/NEJMoa1114248 PMID: 22762315

Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers J, Heerspink HJ, et al. Associations of kidney
disease measures with mortality and end-stage renal disease in individuals with and without diabetes: a
meta-analysis. Lancet. 380(9854):1662—73. https://doi.org/10.1016/S0140-6736(12)61350-6 PMID:
23013602

Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco ALM, De Jong PE et al. Kidney disease:
Improving global outcomes (KDIGO) CKD work group. KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease. Kidney International Supplements. 2013 Jan 1;
3(1):1-150.

Bundesarztekammer (BAK), Kassenarztliche Bundesvereinigung (KBV), Arbeitsgemeinschaft der Wis-
senschaftlichen Medizinischen Fachgesellschaften (AWMF). Nationale VersorgungsLeitlinie Therapie
des Typ-2-Diabetes—Langfassung, 1. Auflage. Version 4. 2013. Available from: https://www.leitlinien.
de/mdb/downloads/nvl/diabetes-mellitus/dm-therapie-1aufl-vers4-lang.pdf

American Diabetes Association. Standards of Medical Care in Diabetes—2016. Diabetes care. 2016;
39(Supplement 1).

Reiner Z, Catapano AL, De Backer G, Graham |, Taskinen MR, Wiklund O, et al. ESC/EAS Guidelines
for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). European
heart journal. 2011; 32(14):1769-818. https://doi.org/10.1093/eurheartj/ehr158 PMID: 21712404

Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD, et al. Glucose control and vascu-
lar complications in veterans with type 2 diabetes. The New England journal of medicine. 2009; 360
(2):129-39. https://doi.org/10.1056/NEJM0a0808431 PMID: 19092145

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al. Semaglutide and Cardiovas-
cular Outcomes in Patients with Type 2 Diabetes. The New England journal of medicine. 2016; 375
(19):1834—44. https://doi.org/10.1056/NEJMoa1607141 PMID: 27633186

Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM, Solomon SD, et al. Cardiorenal end
points in a trial of aliskiren for type 2 diabetes. The New England journal of medicine. 2012; 367
(23):2204—13. https://doi.org/10.1056/NEJMoa1208799 PMID: 23121378

Stone MA, Charpentier G, Doggen K, Kuss O, Lindblad U, Kellner C, et al. Quality of care of people with
type 2 diabetes in eight European countries: findings from the Guideline Adherence to Enhance Care
(GUIDANCE) study. Diabetes care. 2013; 36(9):2628-38. https://doi.org/10.2337/dc12-1759 PMID:
23628621

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. Canagliflozin and Cardio-
vascular and Renal Events in Type 2 Diabetes. The New England journal of medicine. 2017; 377
(7):644-57. https://doi.org/10.1056/NEJMoa1611925 PMID: 28605608

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al. Empagliflozin and
Progression of Kidney Disease in Type 2 Diabetes. The New England journal of medicine. 2016; 375
(4):323-34. https://doi.org/10.1056/NEJMoa1515920 PMID: 27299675

Mann JFE, Orsted DD, Brown-Frandsen K, Marso SP, Poulter NR, Rasmussen S, et al. Liraglutide and
Renal Outcomes in Type 2 Diabetes. The New England journal of medicine. 2017; 377(9):839-48.
https://doi.org/10.1056/NEJMoa1616011 PMID: 28854085

Adler Al, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR, et al. Development and progression
of nephropathy in type 2 diabetes: the United Kingdom Prospective Diabetes Study (UKPDS 64). Kid-
ney international. 2003; 63(1):225-32. https://doi.org/10.1046/j.1523-1755.2003.00712.x PMID:
12472787

PLOS ONE | https://doi.org/10.1371/journal.pone.0213157 March 21,2019 15/15


https://doi.org/10.1186/1471-2350-14-25
http://www.ncbi.nlm.nih.gov/pubmed/23409726
http://www.ncbi.nlm.nih.gov/pubmed/19414839
https://doi.org/10.1056/NEJMoa1114248
http://www.ncbi.nlm.nih.gov/pubmed/22762315
https://doi.org/10.1016/S0140-6736(12)61350-6
http://www.ncbi.nlm.nih.gov/pubmed/23013602
https://www.leitlinien.de/mdb/downloads/nvl/diabetes-mellitus/dm-therapie-1aufl-vers4-lang.pdf
https://www.leitlinien.de/mdb/downloads/nvl/diabetes-mellitus/dm-therapie-1aufl-vers4-lang.pdf
https://doi.org/10.1093/eurheartj/ehr158
http://www.ncbi.nlm.nih.gov/pubmed/21712404
https://doi.org/10.1056/NEJMoa0808431
http://www.ncbi.nlm.nih.gov/pubmed/19092145
https://doi.org/10.1056/NEJMoa1607141
http://www.ncbi.nlm.nih.gov/pubmed/27633186
https://doi.org/10.1056/NEJMoa1208799
http://www.ncbi.nlm.nih.gov/pubmed/23121378
https://doi.org/10.2337/dc12-1759
http://www.ncbi.nlm.nih.gov/pubmed/23628621
https://doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/28605608
https://doi.org/10.1056/NEJMoa1515920
http://www.ncbi.nlm.nih.gov/pubmed/27299675
https://doi.org/10.1056/NEJMoa1616011
http://www.ncbi.nlm.nih.gov/pubmed/28854085
https://doi.org/10.1046/j.1523-1755.2003.00712.x
http://www.ncbi.nlm.nih.gov/pubmed/12472787
https://doi.org/10.1371/journal.pone.0213157

