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Background and aim: Chronic kidney disease (CKD) is frequent in type 2 diabetes mellitus
(T2DM), and therapeutic management of diabetes is more challenging in patients with renal
impairment (RI). The place of metformin is of particular interest since most scientific societies
now recommend using half the dosage in moderate RI and abstaining from use in severe RI,
while the classic contraindication with RI has not been removed from the label. This study
aimed to assess the therapeutic management, in particular the use of metformin, of T2DM
patients with CKD in real life.

Methods: This was a French cross-sectional observational study: 3,704 patients with T2DM
diagnosed for over 1 year and pharmacologically treated were recruited in two cohorts (two-
thirds were considered to have renal disease [CKD patients] and one-third were not [non-CKD
patients]) by 968 physicians (81% general practitioners) in 2012.

Results: CKD versus non-CKD patients were significantly older with longer diabetes history,
more diabetic complications, and less strict glycemic control (mean glycated hemoglobin [HbA | ]
7.5% versus 7.1%; 25% of CKD patients had HbA  =8% versus 15% of non-CKD patients).
Fifteen percent of CKD patients had severe RI, and 66% moderate RI. Therapeutic manage-
ment of T2DM was clearly distinct in CKD, with less use of metformin (62% versus 86%) but
at similar mean daily doses (~2 g/d). Of patients with severe RI, 33% were still treated with
metformin, at similar doses. For other oral anti-diabetics, a distinct pattern of use was seen
across renal function (RF): use of sulfonylureas (32%, 31%, and 20% in normal RE, moderate
RI, and severe RI, respectively) and DPP4-i (dipeptidyl peptidase-4 inhibitors) (41%, 36%, and
25%, respectively) decreased with RF, while that of glinides increased (8%, 14%, and 18%,
respectively). CKD patients were more frequently treated with insulin (40% versus 16% of
non-CKD patients), and use of insulin increased with deterioration of RF (19%, 39%, and 61%
of patients with normal RF, moderate RI, and severe RI, respectively). Treatment was modified
at the end of the study-visit in 34% of CKD patients, primarily to stop or reduce metformin.
However, metformin was stopped in only 40% of the severe RI patients.

Conclusion: Despite a fairly good detection of CKD in patients with T2DM, RI was
insufficiently taken into account for adjusting anti-diabetic treatment.

Keywords: therapeutic management, metformin, sulfonylureas, renal disease, type 2 diabetes

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic progressive disease, dramatically
increasing worldwide, with about 371 million patients in 2012, thus presenting a
major health care burden.! T2DM is also the leading cause of chronic kidney disease
(CKD)? even where it is not related to histologic diabetic nephropathy.* Complications
of T2DM, especially end-stage renal disease (ESRD), account for the largest portion of
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the cost of the disease.* The prevalence of CKD in T2DM
patients is estimated to be 25%-40% worldwide’” and was
almost 30% in France in the 2007 ENTRED survey (the
Echantillon National Témoin REprésentatif des personnes
Diabétiques, a large cross-sectional survey of adults with
diabetes conducted to monitor the health status of diabetic
patients in France), likely underestimated because of inad-
equate screening.® Renal impairment (RI) may often go unde-
tected,” which is a concern for two reasons: firstly, patients
without a documented diagnosis of RI are more likely to
progress to ESRD compared with those who are diagnosed,
and secondly, patients may be prescribed inappropriate drugs
or dosages.' Monitoring of renal function (RF) should be
done by calculating the estimated glomerular filtration rate
(eGFR), with two main techniques in widespread use: the
Cockcroft-Gault (CG) formula, which gives creatinine
clearance but has strong limitations in diabetes and should
therefore be avoided, and the Modification of Diet in Renal
Disease (MDRD) formula, which gives eGFR."" MDRD
tends to underestimate eGFR at higher levels, but performs
better at lower eGFRs (<60 mL/min per 1.73 m?). Latest
recommendations propose using the recent Chronic Kidney
Disease — Epidemiology Collaboration (CKD-EPI) equation,
which generally results in a lower prevalence of CKD and a
more accurate assessment of prognosis.'?

Improving glucose control slows progression of neph-
ropathy in people with diabetes,'* even if the ideal glycemic
target remains elusive, in the absence of interventional
trials of intensive glucose control in patients with CKD."
Current guidelines® thus recommend aiming for good gly-
cemic control while balancing benefit/risk — in particular,
the risk of severe hypoglycemia'® — and feasibility with the
available therapeutic options. RI impacts the therapeutic
management of T2DM and limits the use of certain oral
anti-diabetic drugs (OADs) due to drug contraindications,
need for dose adjustments and/or regular monitoring, specific
pharmacokinetic considerations, and the high risk and more
severe consequences of hypoglycemia.!%!"1517 The place
of metformin is of particular interest since most scientific
societies now recommend using half the dosage for eGFR
between 60 and 30 mL/min per 1.73 m? and abstaining from
using under 30 mL/min per 1.73 m2,'>181 while the classic
absolute contraindication with RI has not been removed from
the official label.

This study aimed to assess, in real life, the therapeutic
management of T2DM patients with and without CKD by
general practitioners (GPs) and by diabetologists (DBs) in
France, and to evaluate how RF is monitored and taken into

account for treatment decisions. In addition, we looked at
differences between real-life practices and prescriptions
versus theoretical knowledge.

Materials and methods

The OREDIA study (Observation of patients with REnal
disease and DIAbetes) was a multicentric, cross-sectional
observational study conducted in France between June 1,
2012 and January 28, 2013. A total of 15,582 physicians
nationwide (GPs and DBs) were invited to participate;
1,000 accepted and 968 (813 GPs and 155 DBs) were
active in recruiting patients. Each participating physician
had to include the first two consecutive outpatients with
T2DM who were considered to have “renal disease” (CKD
patients) and the first patient who was considered by the
physician not to (non-CKD patients). No specified defini-
tion of “renal disease” was provided to the physicians.
Patients included in the study were adults diagnosed with
T2DM more than 1 year ago and treated with OAD = insulin
or insulin alone, in addition to lifestyle management. Of
note, in 2012, thiazolidinediones were no longer available
on the French market and thus were not included here.
Patients with any form of secondary diabetes and patients
already included in an interventional clinical trial or who
had participated in one in the last 3 months could not be
included.

Regardless of their inclusion in the CKD or non-CKD
cohorts by the physicians, we further classified patients
by their actual eGFR status (MDRD formula, on the
basis of serum creatinine collected in the data form), in
normal RF (eGFR =60 mL/min per 1.73 m?), moderate
RI (eGFR 30-60 mL/min per 1.73 m?), and severe RI
(eGFR <30 mL/min per 1.73 m?).

Clinical and biological data were collected during the
unique study visit on a specific data form collecting informa-
tion on: sociodemographic data, clinical data (disease history,
comorbidities, diabetes complications, cardiovascular [CV]
risk factors, and concomitant therapies), available biological
data including urinary albumin excretion rate (UAER) (no
test was required by the protocol in this observational study),
and current anti-diabetic treatments. In addition, physicians
were asked whether they had adapted anti-diabetic treatment
at the end of the study visit.

After recording patients’ data and returning all their
patients’ data completion forms, physicians received a gen-
eral questionnaire about their knowledge and usual practices
in monitoring and managing patients with T2DM and renal
disease.

submit your manuscript

342

Dove

Vascular Health and Risk Management 2014:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Management of patients with type 2 diabetes and renal disease

Assessments

This study aimed to describe the therapeutic management
in patients with T2DM considered by the participating
physicians with and without CKD and to assess the impact
of CKD on patients’ treatment. The primary assessment was
to evaluate the percentage of patients receiving metformin in
patients considered by the physician with and without CKD
(without protocol-specific definition) and, as a second step,
according to their actual eGFR status.

Secondary objectives were to describe RF monitoring and
overall management of T2DM (other OADs and insulin) in
patients with/without CKD when included by GPs and by
DBs, as well as drugs for CV risk management.

Statistical analyses
Quantitative or continuous variables were described by mean
and standard deviation and, in some cases, median and range.
Qualitative variables were described by absolute frequency
and percentage per modality. Quantitative variables were com-
pared between groups by Student’s t-tests in case of normal
distribution and Wilcoxon—-Mann—Whitney test otherwise.
Qualitative variables were compared between groups using
the Pearson chi-squared test when all theoretical sample sizes
were >5 and the Fisher exact test when <<5. All tests were
adjusted with a significance level of 5%. All the analyses were
performed on the overall population of patients analyzed (with
CKD and non-CKD cohorts) and in those included by GPs
and by DBs. Missing data were not replaced. The analyzed
population was defined as all patients who fulfilled all inclu-
sion criteria with no major protocol deviations.

Sample size was set to guarantee sufficient accuracy (£5%)
of the proportion of patients receiving a treatment by met-
formin in the subgroup of patients with eGFR <30 mL/min

per 1.73 m?, which is the main endpoint of the study. All
statistical analyses were performed using SAS 8.2 software
(SAS Institute, Cary, NC, USA).

Ethics

This observational study was conducted in accordance with
the rules of the French Order of Physicians and Good Prac-
tices for Epidemiological Studies. Candidates for inclusion
were provided with full information about the study in writ-
ing. All data processing was carried out in compliance with
French Information Technology and Privacy Law.

Results
Demographic and disease
characteristics of the diabetic

population in the two cohorts

Of the 3,734 patients recruited, 3,704 patients were kept for
the analysis, in two cohorts: two-thirds who were considered
by the physician to have renal disease (CKD patients) and
one-third who were considered by the physician not to (non-
CKD patients) (Figure 1).

CKD versus non-CKD patients were significantly older
(mean age of 71 versus 63 years; with 40% of the CKD
versus 15% of the non-CKD patients being =75 years), had
longer diabetes history (mean duration of 13 versus 9 years;
with 38% of the CKD versus 18% of the non-CKD patients
having =15 years of disease duration) but similar sex-ratio
(62% male) and body mass index (BMI; 29.3 kg/m?). CV risk
factors were highly prevalent overall (98% and 90% in the CKD
and non-CKD cohorts, respectively) driven by hypertension
(91% and 71%) and dyslipidemia (79% and 65%). Diabetic
complications were more prevalent in CKD patients (84%
versus 29%) driven by nephropathy (71% versus 5%), CV

3,734 patients recruited

30 patients excluded

A\ 4

= Age missing, n=4
= History of T2DM <1 year, n=7
= No anti-diabetic treatment, n=10

3,704 patients analyzed:
2,472 CKD
1,232 non-CKD

No serum creatinine or eGFR, n=9

—

3,009 patients recruited by GPs:
2,008 CKD
1,001 non-CKD

675 patients recruited by DBs:

231 non-CKD

464 CKD

Figure | Patient disposition.

Abbreviations: CKD, chronic kidney disease; DB, diabetologist; eGFR, estimated glomerular filtration rate; GP, general practitioner; T2DM, type 2 diabetes mellitus.
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disease (40% versus 17%), and retinopathy (20% versus 8%).
Mean eGFR was 49 and 90 mL/min per 1.73 m? in the CKD
and non-CKD cohorts, respectively. Glycemic control was
less strict in the CKD population, which had a mean glycated
hemoglobin (HbA ) of 7.5% versus 7.1% in the non-CKD;
25% of the CKD patients had an HbA  =8% versus 15% of
the non-CKD patients. Demographic characteristics are pre-
sented in Table 1 in more detail, by specialty (GP and DB).

For both cohorts, patients included by DB versus GP were
significantly older, had longer diabetes history, more micro-
and macrovascular complications, and the prevalence of all
CV risk factors was higher (Table 1).

Assessment of RF
Recent creatinine levels (<1 year) were available in all
patients (mean of 144 and 80 umol/L, in the CKD and

Table | Demographic and disease characteristics in the two cohorts (CKD and non-CKD), according to physicians

Characteristic

GPs (N=3,009)

Diabetologists (N=695)

CKD Non-CKD CKD Non-CKD
(N=2,008) (N=1,001) (N=464) (N=231)
Age (years, mean £ SD) 70.7+10.1%* 63.5£10.4 72.0+9.7%* 62.949.7
Sex (% male) 63.3 60.6 58.8 55.7
BMI (kg/m?, mean * SD) 29.245.2 28.8+5.2 30.4+5.3 29.845.3
Duration of T2DM (years, mean + SD) 11.8+7.4% 8.316.0 17.549.5% 12.348.1
HbA, (%, mean * SD) 7.4+1.0% 7.1£0.9 7.8+1.3* 7.3%1.1
<7.0%, % of patients 36.8 523 239 44.2
7.0%—7.5%, % of patients 23.6 229 213 18.6
7.5%—8%, % of patients 16.9 1.6 19.8 15.2
=8%, % of patients 227 13.1 34.9 22.1
At least one complication, % of patients 82.1%* 27.3 93.5% 354
Microvascular 74.9 14.7 89.0 229
Retinopathy 18.3* 74 28.4%* 1.7
Nephropathy 67.9% 4.5 84.5% 48
Neuropathy 13.7% 5.0 30.4* 1.3
Macrovascular 38.0% 16.5 49.4* 19.5
Coronary heart disease 22.7% 10.0 32.3*% 13.4
Cerebrovascular disease 7.3% 32 10.6* 1.7
Lower limb arteriopathy 15.9% 5.2 20.7* 74
Symptomatic heart failure 13.3* 2.3 7.8*% 0.4
At least one CV risk factor, % of patients 97.5% 89.3 99.4* 90.8
Hypertension 90.6* 71.5 94.6* 71.0
Dyslipidemia 77.7% 64.4 86.9* 68.8
Sedentary lifestyle 48.4* 31.7 50.9* 329
Management of CV risk
Number of co-medications,** mean = SD 4.6£2.7% 29422 5.5+2.7* 32424
Lipid-lowering drugs, % of patients 76.0*% 62.4 84.1% 67.1
Antiplatelet therapies, % of patients 60.9*% 39.2 60.3* 372
Antihypertensive treatments, % of patients 90.2% 71.4 94.4* 69.3
=3 antihypertensive drugs, % of patients 32.3*% 15.6 45.7% 225
One/two RAAS blockers, % of patients 72.4/3% 58.6/1.3 75/6* 59.7/0.4
eGFR (mL/min per 1.73 m?, mean + SD) 49.4£22.8% 88.3+25.9 45.94£22.5% 91.2+23.8
<30, % of patients 14.2 0.5 17.2 0.0
30-60, % of patients 65.8 8.7 67.5 35
=60, % of patients 20.0 90.8 15.3 96.5
UAER, % of patients
Microalbuminuria 53.4* 12.1 39.7% 7.9
Macroalbuminuria 27 4% 35 35.1% 1.5
Specialists’ involvement, % of patients
Diabetologist 48.1* 26.0 100.0 100.0
Nephrologist 36.4* 24 47.6* 1.7
Cardiologist 75.9* 61.7 80.0%* 69.3

Notes: *P-value <0.05 for the comparison CKD versus non-CKD; **je, associated treatments for CV risk management, except anti-diabetic treatments.
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; GP, general practitioner; HbAw
glycated hemoglobin; RAAS, renin angiotensin aldosterone system; SD, standard deviation; T2DM, type 2 diabetes mellitus; UAER, urinary albumin excretion rate.
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non-CKD patients, respectively) and results for eGFR/
creatinine clearance in 82%. The CG formula was more
frequently used by GPs than DBs (38% versus 18%) and the
MDRD formula more frequently used by DBs than GPs (75%
versus 52%). The use of the CKD-EPI formula was extremely
marginal (less than 1%). Overall, 70% of patients had been
screened for proteinuria within the past year.

Most CKD/non-CKD patients were correctly classified
when taking into account both their actual eGFR status and
their UAER, by all physicians. When classified by their actual
eGFR status, 96% of patients with moderate RI and 99% of
those with severe RI were included in the CKD cohort. Only
about 19% of CKD patients had normal RF, 66% of them had
moderate RI (versus 8% of non-CKD), and 15% had severe
RI (versus 0.4% of non-CKD patients). Among the CKD
patients who had normal RF, the vast majority (82%) had an
abnormal UAER and thus were correctly classified. Overall,
79% of CKD patients (versus 14% of non-CKD patients) had
abnormal UAER, 50% had microalbuminuria (versus 11%)

and 29% had proteinuria (versus 3%).

Therapeutic management of T2DM
in the CKD and non-CKD cohorts

Therapeutic management of T2DM was clearly distinct in
the two cohorts, with significantly less use of metformin in
CKD patients (61.7% versus 86.4%; P<<0.001) but without
any reduction in mean daily doses (~2 g/d). The duration of
metformin use was longer in the CKD cohort, in line with the
mean disease history (9.4+6.5 versus 7.215.3 years). There
was also less use of dipeptidyl peptidase-4 inhibitors (DPP4-
i) in the CKD cohort (35.6% versus 45.3%; P<<0.001), while
patients were much more frequently treated with insulin
(40.3% versus 16.2% of non-CKD; P<<0.001) and twice
more often with glinides (14.2% versus 7.1%; P<<0.001).
In contrast, sulfonylureas (SUs) use was basically the same
regardless of the cohort: 30.1% and 31.3% in CKD and non-
CKD, respectively.

Overall, anti-diabetic therapy was based on oral agents
alone in 83.8% of the non-CKD patients (38% as a single
agent and 45% as dual therapy) and in 59.7% of CKD patients
(36% as a single agent and 49% as dual therapy).

Therapeutic management of T2DM

by eGFR status

Similar observations were found when considering the
pattern of use of anti-diabetics across RF. Overall, with
increasing degree of renal insufficiency, the use of metformin,
SUs, and DPP4-i decreased, while that of glinides and

insulin increased. Metformin was used by 86% of patients
with normal RF, and 63% and 33% of those with moder-
ate and severe RI, respectively. Of note, in the population
with severe RI, the mean daily dose of metformin however
remained the same at 2 g. Furthermore, proportions of
patients treated with metformin still receiving doses >2 g/d
and doses =3 g/d were fairly similar across RF: 25% and
22% in severe RI, 31% and 20% in moderate RI, and 31%
and 19% in normal RF, respectively. SU use decreased with
RF (32%, 31%, and 20% in normal RE, moderate RI, and
severe RI, respectively) as did the use of DPP4-i (41%, 36%,
and 25%, respectively), while that of glinides (8%, 14%,
and 18%, respectively) and of insulin (19%, 39%, and 61%,
respectively) clearly increased. Alpha-glucosidase inhibitors
were the only anti-diabetics which were used consistently in
about 5% of patients regardless of RF. Use of anti-diabetics
according to the degree of renal alteration is presented by
specialty (GPs and DBs) in Figure 2.

Management of the CV risk

In line with the high prevalence of associated CV risk fac-
tors, most patients received concomitant therapies, even
more so in the CKD cohort (92% and 72% of non-CKD
patients, respectively): the mean number of co-medications
was 4.812.7 in the CKD cohort and 3.0%2.2 in the non-CKD
cohort (P<<0.01), primarily represented by antihypertensive
drugs (91.0% and 71.0%) followed by lipid lowering agents
(77.5% and 63.3%) and antiplatelet agents (51.2% and
29.9%). Overall, 51.2% of the CKD patients and 29.9% of
the non-CKD patients received a combination of the three
(antihypertensive + lipid-lowering + antiplatelet agents).
The number of antihypertensive drugs was also higher in
CKD patients, with 35% of the patients receiving at least
a triple antihypertensive therapy (versus 17% of non-CKD
patients); among the 1,069 patients overall (in both cohorts)
treated with three antihypertensive drugs, the combination
of'a renin angiotensin aldosterone system (RAAS) blocker +
diuretic + calcium-channel blocker represented 44.8% of the
cases. The management of CV risk factors by DBs and by
GPs is detailed in Table 1.

Analysis by physicians: management

of patients included by GPs versus

those included by DBs

When patients were included by a GP, 48.1% of the patients
in the CKD cohort and 26.0% of those in the non-CKD
cohort were also followed by a DB. Less than half of the
CKD patients had ever seen a nephrologist (47.6% of those
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A GPs
100%
90%
80% /
70% —
0% / == Metformin
o .\ / ~{i= Sulfonylureas
)\ P —#— Glinides
40% r'd =3é= Alpha-glucosidase inhibitors
30% —%ﬂ ~¥=— DPP4 inhibitors
20% \ \. =@ Insulin
10% = — ﬂ
0%
<30 30-60 >60
eGFR (mL/min/1.73 m?)
B Diabetologists
100%
90%
80% ‘\ /
70% /
0% \ / == Metformin
x == Sulfonylureas
50% —#— Glinides
40% /% == Alpha-glucosidase inhibitors
30% == DPP4 inhibitors
20% - \ =@ Insulin
10% el ey
0% S
<30 30-60 >60

eGFR (mL/min/1.73 m?)

Figure 2 Therapeutic management of T2DM, by eGFR status and physician type. (A) Patients included by GPs. (B) Patients included by diabetologists.
Abbreviations: DPP4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GP, general practitioner; T2DM, type 2 diabetes mellitus.

included by DBs and 36.4% of those included by GPs), while
cardiologists were largely involved (almost 80% of patients
in both cases had seen a cardiologist) (Table 1).

T2DM therapeutic management of patients included
by DBs significantly differed to that of patients included
by GPs: “DB patients” with CKD received less metformin
(42.2% versus 66.1% of “GP patients”), slightly less SU
(26.1% versus 31.0% of “GP patients”) and less DPP4-i
(24.6% versus 38.1%), but considerably more insulin (67.7%
versus 34.0% of “GP patients”) and more glinides (23.5%
versus 12.1% of “GP patients”). In patients included by DBs,
SUs were prescribed almost half as much for patients with
CKD than for those without (26.1% versus 40.7%), while no

such difference was seen among patients included by GPs
(with SUs used in 31.0% and 29.2% of CKD and non-CKD
patients, respectively). The mean daily dose of metformin did
not differ significantly among patients included by GPs and
DBs (mean daily dose =2 g/d; one-third had a dose >2 g/d,
and 20% a dose of 3 g/d).

Adaptation of anti-diabetic therapy with the degree of
RI was more pronounced in patients included by DBs than
in those included by GPs but followed the same trends:
in the population with severe RI, a higher proportion of
patients were receiving insulin (87.5% versus 54.0% of
patients included by GPs) and a much smaller propor-
tion were receiving metformin (16.3% versus 37.1% of
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patients included by GPs) and SUs (6.3% versus 23.4%).
DBs tended to use more glinides in this severe RI popu-
lation (23.8%) than GPs (16.2%). Use of anti-diabetics
according to RF is presented by specialty (GPs and DBs)
in Figure 2.

Adaptation of anti-diabetic therapy
at the end of the visit

Overall, treatment was modified at the end of the visit in
about 34% of CKD patients, primarily to stop or reduce
metformin. In the subgroup of patients with severe RI
(eGFR <30 mL/min per 1.73 m?), metformin was reduced/
stopped in only 40% of the patients, and significantly less
often for patients included by GPs (about 33%) than for those
included by DBs (85%). In this same group of patients with
severe RI, SUs were stopped in only 19% of the patients

A Metformin
[7)
-
c
2
E=]
©
o
u—
o
ES
<30 30-60 >60
B Maintained with same dosage
Maintained with decreased dosage
m Stopped

B Metformin

90

80

70
[}
t 60
2
<§. 50
w 40
(<]
2 30

20

10 +

0 4

30-60

<30 =60

eGFR (mL/min/1.73 m?)

<30
eGFR (mL/min/1.73 m?)

included by GPs but in 60% of those included by DBs
(Figure 3).

Theoretical knowledge (based on

the physician questionnaire on renal
monitoring and their own prescribing
practices)

Based on the general questionnaire, physicians declared
monitoring RF at least once a year in their diabetic patients,
mostly by eGFR, using the MDRD formula by DBs (92.1%
versus 67.4% of GPs; P<<0.001) and the CG formula by
GPs (60.2% versus 32.5% of DBs; P<<0.001). Less than 5%
declared using plasma creatinine levels only. Of the physi-
cians, 68.8% (65.3% of GPs and 86.1% of DBs) declared
assessing UAER once a year.

SuU

79.8
74.6

66.2

251

% of patients

<30 30-60 >60
B Maintained with same dosage
Maintained with dosage changed

W Stopped

SuU

80
70
60
50
40
30

% of patients

20
10
0

30-60

>60

Figure 3 Adaptation of anti-diabetic treatment at the end of the visit. (A) Adaptation of metformin and SU for patients included by GPs. (B) Adaptation of metformin and

SU for patients included by DBs.

Abbreviations: DB, diabetologist; eGFR, estimated glomerular filtration rate; GP, general practitioner; SU, sulfonylurea.
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Both GPs and DBs declared decreasing metformin doses
at an equivalent mean threshold of 54+11 mL/min per 1.73 m?
and stopping its use at 35+12 and 337 mL/min per 1.73 m?,
respectively. For the overall cohort of CKD patients, GPs
declared using SUs (24%) slightly more often than DBs (21%),
whereas DBs declared using insulin (44%) more than GPs (29%;
P<0.001). In patients with severe RI, GPs declared using pri-
marily insulin (61%) followed by DPP4-i (30%) and, to a lesser
extent, glinides (11%) or SUs (10%), while DBs, who also
declared using mostly insulin (64%), were much more inclined
to prescribe glinides (37%) and much less SUs (2%).

Discussion

Patients considered with or without CKD by the physicians,
without any protocol pre-specified criteria, were mostly
entered in the proper cohort and thus accurately classified in
our study. However, despite this relatively good diagnosis of
CKD, our data show that RF was not sufficiently taken into
account for anti-diabetic treatment adjustments in T2DM,
especially for metformin. Nonetheless, theoretical knowledge
about the advisable adjustments existed.

To assess the representativeness of our OREDIA popula-
tion, it was of interest to compare our patients without CKD
to the general diabetic population of the French ENTRED
2007 survey®?! even though the diabetic population of
ENTRED included a significant proportion of patients with
CKD (about 30%). Patient characteristics were fairly similar
in many aspects: ENTRED participants had a mean age of 66
years (versus 63 years in non-CKD patients of OREDIA), and
the mean duration of diabetes (9 years), mean BMI (29 kg/m?),
and mean glycemic control (HbA  of 7.1%) were identical
in ENTRED and OREDIA. Of the ENTRED participants,
20.8% had coronary heart disease; of the patients in OREDIA,
17% had macrovascular complications, and 75% versus 70%,
respectively, received an antihypertensive treatment. The rate
of retinopathy was similar in both cases (8%). In populations
with CKD, data are sparser: in the small cohort described in
Bouee et al,> mean age of patients with moderate/severe RI
was 74 versus 62 for patients without RI. In another primary
care survey conducted from a GP panel in 2011 in France,
297 patients with eGFR <60 mL/min per 1.73 m? also had
similar characteristics: 75 years old on average, with a long
disease duration of 12—14 years, a mean BMI of 29 kg/m?, and
well-controlled diabetes, with a mean HbA | of 7.1%.%

Degree of glycemic control

in our population

Glycemic control was less strict in the CKD patients which,
in most cases, is expected since it is an older population

with more advanced disease and more complications and
thus a more flexible target is likely appropriate. This could
also explain why glycemic control tended to be less strict in
patients included by DBs (7.5%) versus GPs (7.1%) in view
of'the differences seen in populations. However, one-quarter
of the CKD patients had an HbA | >8%, which is certainly
not sufficient, possibly due to a mix of clinical inertia and to
increasing treatment complexity. In contrast, some patients
may have too intensive glucose control since it is probably not
beneficial to go lower than 6.5% in this particular population.
Indeed, the relationship between HbA | and outcomes in
diabetic people with CKD was recently examined in a large
Canadian registry dataset of people with diabetes and CKD
not requiring dialysis.* It showed that a higher HbA _level
was strongly and independently associated with markedly
worse clinical outcomes (increased risk of death, hospital-
ization, myocardial infarction, stroke, and ESRD) regardless
of baseline eGFR. However, the association with mortality
was U-shaped, with increases in the risk of mortality appar-
ent at HbA _levels lower than 6.5% and higher than 8.0%.*
Recent guidelines? balance the need for tight glycemic
control and the increased risk of severe hypoglycemia, with
approaches targeting near normal glycemia, and recommend
a general HbA | of ~7.0% in the CKD population. Maintain-
ing good glycemic control may require a combination of
anti-diabetic drugs, which need to be carefully adjusted to
the degree of RI.2

Use of OADs

Metformin

There are some gray zones and major inconsistencies between
the current — very restrictive — prescribing information/labels
worldwide, and evidence from the literature suggesting that
patients with mild—moderate RI gain more benefit than harm
from using metformin.>*?’ Indeed, data showing harmless
use of metformin in moderate RI has been accumulating.
The Reduction of Atherothrombosis for Continued Health
(REACH) Registry 2004 showed that metformin use was
associated with a decreased mortality in secondary preven-
tion, including in patients with moderate R1.?® In 19,691
diabetic patients with established atherothrombosis treated
with or without metformin, the adjusted hazard ratio for
2-year mortality rates was 0.76 (0.65-0.89; P<<0.01) overall,
and was 0.64 (95% confidence interval, 0.48-0.86; P=0.03)
in the subgroup of patients with an eGFR of 30-60 mL/min
per 1.73 m?.2® Other data from 51,675 patients of the Swedish
National Diabetes Register, followed for 4 years, showed that
patients with RI (¢GFR 30-45 mL/min per 1.73 m?) treated
with metformin compared with other OADs, had no increased
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risk of CV disease, all-cause mortality, or acidosis/serious
infection.? The Renal Insufficiency and Cardiovascular
Events (RIACE) Italian Multicenter Study*° (in 19 outpatient
diabetes clinics in years 2007—2008, evaluating 15,773 T2DM
patients) showed that metformin was associated with lower
CV event rates, even in elderly adults with RI.

This contradiction between current prescribing guidelines
and recent data from the literature may explain why it is
not so clear-cut for the prescribers in practice. In fact, pub-
lished evidence clearly supports the safe use of appropriate
doses of metformin in patients with chronic stable RI, and
highlights the greater risks of the alternatives, most notably
severe hypoglycemia in patients taking SUs and/or insulin,
and fluid retention in patients taking a thiazolidinedione.
However, once patients reach the stage of severe RI, all
international guidelines indicate that metformin should be
withdrawn. 0151931

In our study, use of metformin was still prominent (63%)
in patients with moderate RI, even if clearly decreased from
that in patients with normal RF (86%). Interestingly, 33% of
all patients with severe RI (eGFR <30 mL/min per 1.73 m?)
were still receiving metformin. It is worth noting that, as a
rule, the daily dose was not adjusted as would be needed in
CKD patients with declining RF. However, at the end of the
study visit, a large majority of DBs stopped the treatment in
patients with severe RI, while it was not the case with GPs
(metformin was stopped/reduced in only about one-third of
the patients included by GPs, but in 85% of those included
by DBs). This is in sharp contrast to what all physicians,
both GPs and DBs, answered in the questionnaire about their
practice, in which they declared (regardless of their specialty)
reducing the doses at a mean threshold of 54 mL/min per
1.73 m? and stopping its use at 35 or 33 mL/min per 1.73 m?.
In the RIACE Italian study in real-life conditions,* use of
agents that are not recommended in individuals with RI was
also frequent: in particular, use of metformin in moderate and
severe RI was 41.4% and 14.5%, respectively, not unlike
our findings.

SUs

Because of decreased renal neoglucogenesis, hypoglycemia
is already more common in patients with RI,* independent
of the anti-diabetic treatment. In addition, hypoglycemia
poses greater threat to patient safety in CKD, as suggested
by a large retrospective analysis of patients cared for at the
Veterans Health Administration in which hypoglycemia
was associated with excessive mortality.!” SU use sharply
increases the risk of hypoglycemia, a risk which further
rises with older age and decreasing RE.* Besides the

hypoglycemic risk, SU users, compared with metformin,
were shown to be at increased risk for decline in eGFR,
diagnosis of ESRD, or death, in a retrospective cohort of
93,577 diabetic patients with baseline normal RF from the
national Veterans Administration database.** Despite these
limitations with SUs, the ENTRED survey?® in 2007 found
that 41% of diabetic patients with an eGFR <45 mL/min
per 1.73 m? and 33% of those with eGFR <30 mL/min per
1.73 m? were still taking an SU. In the OREDIA study, in
spite of the availability since 2007 of the newer class of
DPP4-i with considerably lower hypoglycemic risk, the use
of SUs remained high, with over 20% of the patients with
severe RI (eGFR <30 mL/min per 1.73 m? ) included by
GPs still treated with SUs. Moreover, in this group of patients
with severe RI, SUs were stopped in only 19% of the patients
included by GPs (but in 60% of those included by DBs).
Similar findings were seen in the RIACE study,*® where the
use of SUs remained frequent in moderate and severe RI
(34.2% and 18.1%, respectively). Furthermore, a worrisome
finding in RIACE was that inappropriate prescription of these
agents, especially SUs, increased with age.*

Glinides

Glinides were more likely to be used by DBs than by GPs,
and their use steeply increased with declining RF.* This is not
surprising since glinides have primarily a role in the treatment
of T2DM when an oral agent is needed in case of RI.*¥ It is,
however, unclear that glinides offer any advantages over SUs
in terms of hypoglycemia, and several meta-analyses from the
literature have concluded against any hypoglycemic benefit
of this class compared with SUs.*“* Nonetheless, glinides
seem to have acquired a special place with DBs for their RI
patients, as shown here, based on a unique publication on
this field*' (an open-label study of 3-months duration which
included 66 patients with creatinine clearance <60 mL/min
per 1.73 m?).

DPP4-i
DPP4-i improve glycemic control in a glucose-dependent
manner and are associated with a low incidence of hypogly-
cemia, a distinct benefit in this RI population at high risk, and
most are now approved for use in patients with moderate or
severe RI.** Data assessing the use of these novel agents in
RI patients have been recently published, with vildagliptin*>*3
(including in severe RI* and in elderly patients*), as well as
with sitagliptin,**’ saxagliptin,*® and linagliptin.*’

In our study, while the class was largely prescribed,
especially among GPs, the potential benefit in RI did not
seem to be well recognized. Actually, there was a very clear
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trend to decreased-use of DPP4-i with declining RF, both
in patients included by GPs and DBs. This could be due, in
part, to the very recent changes in label and unavailability
for some drugs of the appropriate dosage when the study
was conducted.

In addition, a potential protective effect of DPP4-i on
diabetic kidney disease, beyond their glucose lowering
properties, has recently been suggested, with a reduction of
microalbuminuria observed on top of RAAS inhibition.>
This effect was also independent of changes in HbA  or
systolic blood pressure.® As reviewed in Haluzik et al,’' pos-
sible mechanisms include reduction of oxidative stress and
inflammation and improvement of endothelial dysfunction
in the kidney.”! This question will need further confirma-
tion in larger clinical trials (one ongoing “Efficacy, Safety
and Modification of Albuminuria in Type 2 Diabetes Subjects
With Renal Disease With Linagliptin”; NCT01792518).

Burden of treatment and use

of antihypertensive agents

Concomitant therapies for managing CV risk were highly prev-
alent, with about five co-medications on average for patients in
the CKD cohort. Antihypertensive agents were prescribed quite
intensively overall and even more so in CKD patients. Indeed, it
is well recognized that reaching blood pressure goals in hyper-
tensive patients with nephropathy usually requires combination
therapy.*? Even when patients were heavily treated, only about
half the patients taking at least three antihypertensive drugs
were receiving the NICE (National Institute for Health and
Clinical Excellence) recommended combination of an RAAS
blocker + diuretic + calcium-channel blocker.>* However, since
information regarding blood pressure control was not collected,
success of this intensive antihypertensive therapy cannot be
assessed. All classes of antihypertensive drugs can be used
in patients with T2DM, even if RAAS blockers may be pre-
ferred in the presence of nephropathy with microalbuminuria
or overt proteinuria.*” If we consider that nearly 80% of our
CKD patients had abnormal levels of proteinuria, the rate of
RAAS-blocker prescriptions is as expected (about 75% for
CKD patients, as assessed in ENTRED).® Moreover, it should
be pointed out that very few patients received a dual RAAS
blockade, which is currently not recommended in diabetes and
in nephropathy, even though it could potentially be effective
in reducing proteinuria.’>>

Limitations
The current observational study has several limitations.
The design was cross-sectional, and thus did not allow the

assessment of the impact of treatment adaptation and further
management of patients. DB investigators tended to be over-
represented in our study, which is therefore not necessarily
representative of the distribution of physicians involved in
T2DM management in France. Data were collected based on
what physicians declared, and may be subject to bias. Like
in all these studies, it is possible that the very focus on CKD
could have influenced the quality of renal monitoring for
patients included (with a relatively high frequency of UAER
measures, for example), which may not be representative of
all physicians. In addition, a patient “included” by a DB was
not necessarily “followed” by a DB but could be managed
by their GP and only occasionally seen at the study visit by
a DB, so that findings do not necessarily reflect the true dif-
ferences in practice by specialty. Moreover, no explanation
was provided on why physicians did not adapt the doses
and medications as they know would be appropriate: we are
thus left to speculate on possible reasons for this apparent
contradiction. To some extent, patients that have been known
for a very long time and are routinely seen, may be “taken
for granted” and not really reassessed. It is possible that, in
these cases, physicians simply renew the regular prescriptions
without reconsidering disease evolution.

Despite these limitations, our results were consistent
with existing data.’ In fact, another recent study looked at
this question in France? from a database based on a panel
of 1,200 GPs, and assessed the prescribing of anti-diabetic
agents in T2DM patients with CKD. Results on the man-
agement of diabetes are in line with ours: daily doses of
metformin were rather stable across degree of RI (~1.8 g/d);
21% and 33.7% of patients with severe RI were receiving
metformin and SUs, respectively. On the whole, our results,
based on a broader population, bring important insights into
the way this increasingly important population is taken care
of in real life.

Conclusion

In routine clinical practice, despite a fairly good screening of
renal complications in patients with T2DM and appropriate
knowledge of guidelines, RF was insufficiently taken into
account for adjusting anti-diabetic treatments, especially by
GPs. While the case of metformin is special, in view of the
mounting evidence suggesting its benefit, including in the
CKD population with RI, drugs exposing patients at high
hypoglycemic risk were also still heavily prescribed. This
is of particular concern, since the population of diabetic
patients with impaired RF is steadily increasing across the
world, and is largely an elderly population (both because RF
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declines with age and because of diabetic nephropathy), thus
more susceptible to the risk of severe hypoglycemia. The
benefit of lowering blood glucose would be partly offset by
such side-effects as severe hypoglycemia in this vulnerable
population.

Improved management of diabetes is clearly required in
the RI population, with careful adaptation of anti-diabetic
treatments and better use of antihypertensive agents.

Acknowledgments
The authors thank all the patients and investigators at
participating sites. This work was funded by Novartis
Pharmaceuticals Corporation.

Disclosure

A Penfornis has received fees for consultancy, advisory
boards, speaking, travel, or accommodation from Novartis,
MSD, Astra-Zeneca, and BMS. JF Blicklé has received fees
for advisory boards, conferences or clinical investigations
from BMS, Novartis, Sanofi-Aventis, Novo-Nordisk, Takeda,
Servier, and invitations to congresses or symposia from
Eli Lilly, Novo-Nordisk, Sanofi-Aventis, Novartis, BMS,
Astra-Zeneca, Servier, Janssen, MSD, Boehringer Ingelheim,
and Merck. B Fiquet, S Quéré, and S Dejager are employees
of Novartis Pharma SAS.

References

1. International Diabetes Federation. Diabetes Atlas Update 2012. 5th ed.
Brussels, Belgium: International Diabetes Federation; 2012.

2. National Kidney Foundation. KDOQI Clinical Practice Guideline
for Diabetes and CKD: 2012 Update. A4m J Kidney Dis. 2012;60:
850-886.

3. Sharma SG, Bomback AS, Radhakrishnan J, et al. The modern spec-
trum of renal biopsy findings in patients with diabetes. Clin J Am Soc
Nephrol. 2013;8:1718-1724.

4. Joyce AT, lacoviello JM, Nag S, et al. End-stage renal disease-
associated managed care costs among patients with and without
diabetes. Diabetes Care. 2004;27:2829-2835.

5. Koro CE, Lee BH, Bowlin SJ. Antidiabetic medication use and preva-
lence of chronic kidney disease among patients with type 2 diabetes
mellitus in the United States. Clin Ther. 2009;31:2608-2617.

6. Penno G, Solini A, Bonora E, et al. Clinical significance of non-
albuminuric renal impairment in type 2 diabetes. J Hypertens.
2011;29:1802—-1809.

7. Remuzzi G, Schieppati A, Ruggenenti P. Clinical practice. Nephropathy
in patients with type 2 diabetes. N Engl J Med. 2002;346:1145-1151.

8. Assogba GF, Couchoud C, Roudier C, et al. Prevalence, screening and
treatment of chronic kidney disease in people with type 2 diabetes
in France: The ENTRED surveys (2001 and 2007). Diabetes Metab.
2012;38:558-566.

9. Meyers JL, Candrilli SD, Kovacs B. Type 2 diabetes mellitus and renal
impairment in a large outpatient electronic medical records database:
rates of diagnosis and antihyperglycemic medication dose adjustment.
Postgrad Med. 2011;123:133-143.

10. KDOQI. KDOQI Clinical Practice Guidelines and Clinical Practice
Recommendations for Diabetes and Chronic Kidney Disease. Am J
Kidney Dis. 2007;49:S12—S154.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Rigalleau V, Beauvieux MC, Gonzalez C, et al. Estimation of renal func-

tion in patients with diabetes. Diabetes Metab. 2011;37:359-366.

. Earley A, Miskulin D, Lamb EJ, Levey AS, Uhlig K. Estimating equa-

tions for glomerular filtration rate in the era of creatinine standardization:
a systematic review. Ann Intern Med. 2012;156:785-270.

. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year

follow-up of intensive glucose control in type 2 diabetes. N Engl J
Med. 2008;359:1577-1589.

. Zoungas S, Chalmers J. Diabetes: glycemic control and outcomes in

people with diabetes and CKD. Nat Rev Nephrol. 2012;8:133—134.

. Bonnet F, Gauthier E, Gin H, et al. Expert consensus on management

of diabetic patients with impairment of renal function. Diabetes Metab.
2011;37 Suppl 2:S1-S25.

. Slinin Y, Ishani A, Rector T, et al. Management of hyperglycemia,

dyslipidemia, and albuminuria in patients with diabetes and CKD:
a systematic review for a KDOQI clinical practice guideline. Am J
Kidney Dis. 2012;60:747-769.

. Moen MF, Zhan M, Hsu VD, et al. Frequency of hypoglycemia and its

significance in chronic kidney disease. Clin J Am Soc Nephrol. 2009;4:
1121-1127.

. Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the setting of mild-

to-moderate renal insufficiency. Diabetes Care. 2011;34:1431-1437.

. National Institute for Health and Clinical Excellence. Type 2 Diabetes:

the Management of Type 2 Diabetes. NICE clinical guideline 87. London:
National Institute for Health and Clinical Excellence; 2009. Available
from: http://www.nice.org.uk/nicemedia/pdf/CG87NICEGuideline.pdf.
Accessed March 21, 2014.

VIDAL information. [Summary of products characteristics: metformin].
Available from: http://www.vidal.fr/recherche/index/q:METFORMINE/.
Accessed April 15,2014.

Druet C, Bourdel-Marchasson I, Weill A, et al. [Type 2 diabetes in
France: epidemiology, trends of medical care, social and economic
burden]. Presse Med. 2013;42:830-838. French.

Bouee S, Gaudin AF, Amelineau E, Bonnet F. [Hypoglycemic treatment
in type 2 diabetes patients suffering from moderate to severe renal failure
in France. Aim of the study]. Therapie. 2013;68:19-26. French.
Grandfils N, Detournay B, Attali C, et al. Glucose lowering therapeutic
strategies for type 2 diabetic patients with chronic kidney disease in
primary care setting in france: a cross-sectional study. /nt J Endocrinol.
2013;2013:640632.

Shurraw S, Hemmelgarn B, Lin M, et al. Association between glycemic
control and adverse outcomes in people with diabetes mellitus and
chronic kidney disease: a population-based cohort study. Arch Intern
Med. 2011;171:1920-1927.

Holstein A, Stumvoll M. Contraindications can damage your health —is
metformin a case in point? Diabetologia. 2005;48:2454-2459.

Nye HJ, Herrington WG. Metformin: the safest hypoglycaemic agent in
chronic kidney disease? Nephron Clin Pract. 2011;118:¢380-c383.
Kajbaf F, Arnouts P, de BM, Lalau JD. Metformin therapy and kidney
disease: a review of guidelines and proposals for metformin withdrawal
around the world. Pharmacoepidemiol Drug Saf. 2013;22:1027-1035.
Roussel R, Travert F, Pasquet B, et al. Metformin use and mortality
among patients with diabetes and atherothrombosis. Arch Intern Med.
2010;170:1892-1899.

Ekstrom N, Schioler L, Svensson AM, et al. Effectiveness and safety of
metformin in 51 675 patients with type 2 diabetes and different levels
of renal function: a cohort study from the Swedish National Diabetes
Register. BMJ Open. 2012;2(4). pii: ¢001076.

Solini A, Penno G, Bonora E, et al. Diverging association of reduced
glomerular filtration rate and albuminuria with coronary and noncoro-
nary events in patients with type 2 diabetes: the renal insufficiency and
cardiovascular events (RIACE) Italian multicentre study. Diabetes Care.
2012;35(1):143-149.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia
in type 2 diabetes: a patient-centered approach: position statement of the
American Diabetes Association (ADA) and the European Association for
the Study of Diabetes (EASD). Diabetes Care. 2012;35:1364—-1379.

Vascular Health and Risk Management 2014:10

submit your manuscript

351

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
mailto:http://www.nice.org.uk/nicemedia/pdf/CG87NICEGuideline.pdf
http://www.vidal.fr/recherche/index/q:METFORMINE/

Penfornis et al

Dove

32.

33.

34.

35.

36.

37.

38.

39.

Gerich JE, Meyer C, Woerle HJ, Stumvoll M. Renal gluconeogenesis:
its importance in human glucose homeostasis. Diabetes Care. 2001;24:
382-391.

Dejager S, Schweizer A. Incretin therapies in the management of
patients with type 2 diabetes mellitus and renal impairment. Hosp Pract
(1995).2012;40:7-21.

Hung AM, Roumie CL, Greevy RA, et al. Comparative effectiveness
of incident oral antidiabetic drugs on kidney function. Kidney Int.
2012;81:698-706.

Pornet C, Bourdel-Marchasson I, Lecomte P, et al. Trends in the quality
of care for elderly people with type 2 diabetes: the need for improve-
ments in safety and quality (the 2001 and 2007 ENTRED Surveys).
Diabetes Metab. 2011;37:152-161.

Solini A, Penno G, Bonora E, et al. Age, renal dysfunction, cardiovascu-
lar disease, and antihyperglycemic treatment in type 2 diabetes mellitus:
findings from the Renal Insufficiency and Cardiovascular Events Italian
Multicenter Study. J Am Geriatr Soc. 2013;61:1253-1261.

Johansen OE, Birkeland KI. Defining the role of repaglinide in the
management of type 2 diabetes mellitus: a review. Am J Cardiovasc
Drugs. 2007;7:319-335.

Schumacher S, Abbasi I, Weise D, et al. Single- and multiple-dose
pharmacokinetics of repaglinide in patients with type 2 diabetes and
renal impairment. Eur J Clin Pharmacol. 2001;57:147-152.

Bolen S, Feldman L, Vassy J, et al. Systematic review: comparative
effectiveness and safety of oral medications for type 2 diabetes mellitus.
Ann Intern Med. 2007;147:386-399.

44,

45.

46.

47.

48.

49.

50.

Lukashevich V, Schweizer A, Foley JE, Dickinson S, Groop PH,
Kothny W. Efficacy of vildagliptin in combination with insulin in
patients with type 2 diabetes and severe renal impairment. Vasc Health
Risk Manag. 2013;9:21-28.

Schweizer A, Dejager S. Experience with vildagliptin in
patients =75 years with type 2 diabetes and moderate or severe renal
impairment. Diabetes Ther. 2013;4:257-267.

Arjona Ferreira JC, Marre M, Barzilai N, et al. Efficacy and safety
of sitagliptin versus glipizide in patients with type 2 diabetes and
moderate-to-severe chronic renal insufficiency. Diabetes Care.2013;36:
1067-1073.

Chan JC, Scott R, Arjona Ferreira JC, et al. Safety and efficacy of sita-
gliptin in patients with type 2 diabetes and chronic renal insufficiency.
Diabetes Obes Metab. 2008;10:545-555.

Nowicki M, Rychlik I, Haller H, et al. Long-term treatment with the
dipeptidyl peptidase-4 inhibitor saxagliptin in patients with type 2 dia-
betes mellitus and renal impairment: a randomised controlled 52-week
efficacy and safety study. /nt J Clin Pract. 2011;65:1230-1239.
McGill JB, Sloan L, Newman J, et al. Long-term efficacy and safety of
linagliptin in patients with type 2 diabetes and severe renal impairment:
a 1-year, randomized, double-blind, placebo-controlled study. Diabetes
Care. 2013;36:237-244.

Groop PH, Cooper ME, Perkovic V, Emser A, Woerle HJ, von EM.
Linagliptin lowers albuminuria on top of recommended standard treat-
ment in patients with type 2 diabetes and renal dysfunction. Diabetes
Care. 2013;36:3460-3468.

40. Phung OJ, Scholle JM, Talwar M, Coleman CI. Effect of nonin- 51. Haluzik M, Frolik J, Rychlik I. Renal effects of DPP-4 inhibitors: a focus
sulin antidiabetic drugs added to metformin therapy on glycemic on microalbuminuria. /nt J Endocrinol. 2013;2013:895102.
control, weight gain, and hypoglycemia in type 2 diabetes. JAMA. 52. Mancia G, Fagard R. Guidelines for the management of hypertension
2010;303:1410-1418. and target organ damage. J Hypertens. 2013;31:2464-2465.

41. Hasslacher C. Safety and efficacy of repaglinide in type 2 diabetic =~ 53. Krause T, Lovibond K, Caulfield M, McCormack T, Williams B.
patients with and without impaired renal function. Diabetes Care. Management of hypertension: summary of NICE guidance. BMJ.
2003;26:886-891. 2011;343:d4891.

42. Kothny W, Shao Q, Groop PH, Lukashevich V. One-year safety,  54. de Zeeuw D. The end of dual therapy with renin-angiotensin-aldosterone
tolerability and efficacy of vildagliptin in patients with type 2 diabe- system blockade? N Engl J Med. 2013;369:1960-1962.
tes and moderate or severe renal impairment. Diabetes Obes Metab. 55. Detournay B, Simon D, Guillausseau PJ, et al. Chronic kidney disease
2012;14(11):1032-1039. in type 2 diabetes patients in France: prevalence, influence of glycae-

43. Lukashevich V, Schweizer A, Shao Q, Groop PH, Kothny W. Safety mic control and implications for the pharmacological management of
and efficacy of vildagliptin versus placebo in patients with type 2 dia- diabetes. Diabetes Metab. 2012;38(2):102—-112.
betes and moderate or severe renal impairment: a prospective 24-week
randomized placebo-controlled trial. Diabetes Obes Metab. 2011;13:
947-954.
Vascular Health and Risk Management Dove
Publish your work in this journal
Vascular Health and Risk Management is an international, peer-  metabolic disorders, particularly diabetes. This journal is indexed on
reviewed journal of therapeutics and risk management, focusing on ~ PubMed Central and MedLine. The manuscript management system
concise rapid reporting of clinical studies on the processes involved  is completely online and includes a very quick and fair peer-review
in the maintenance of vascular health; the monitoring, prevention and ~ system, which is all easy to use. Visit http://www.dovepress.com/
treatment of vascular disease and its sequelae; and the involvement of  testimonials.php to read real quotes from published authors.
Submit your manuscript here: http://www.dovepress.com/vascular-health-and-risk-management-journal

352 submit your manuscript Vascular Health and Risk Management 2014:10

Dove


http://www.dovepress.com/vascular-health-and-risk-management-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


