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the prognostic impact of DM is still controversial.9–11 Several 
studies reported that DM was independently associated with 
increased mortality in CHF patients with IHD but not in those 
without it.9,10 In contrast, it was also reported that IHD was not 
the major prognostic factor in diabetic CHF patients.11 Also, 
diabetic nephropathy, usually defined as the presence of micro-
albuminuria (30–300 mg/g urinary albumin:creatinine ratio 
[UACR]), has been reported as an important complication of 
DM.12 The prognostic impact of DM, however, remains unclear 
in CHF patients complicated by IHD and/or nephropathy.

In the present study, we thus examined the prognostic 
impact of DM with a special reference to IHD and nephropa-
thy in CHF patients registered in the Chronic Heart failure 
Analysis and Registry in the Tohoku district 2 (CHART-2) 
Study.7,13–15

iabetes mellitus (DM) causes long-term complications, 
including microvascular (diabetic nephropathy, neu-
ropathy and retinopathy)1,2 and macrovascular com-

plications,3 with resultant cardiovascular disease, stroke and 
peripheral arterial disease. The Framingham Heart Study showed 
that DM increases the risk of cardiovascular diseases such as 
acute myocardial infarction (AMI) and chronic heart failure 
(CHF).4,5 Indeed, DM is a major health problem worldwide, 
including in patients with CHF.6,7

Editorial p 1689

In the general population, DM patients without ischemic heart 
disease (IHD) carry a lifetime risk of cardiovascular death as 
high as IHD patients without DM.8 In CHF patients, however, 
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Background:  It is unclear whether the prognostic impact of diabetes mellitus (DM) in chronic heart failure (CHF) is 
influenced by ischemic heart disease (IHD) and/or nephropathy.

Methods and Results:  We enrolled 4,065 consecutive patients with stage C/D CHF (mean age, 69.0 years; 68.7% 
male) in the CHART-2 Study (n=10,219). We defined DM as current history of DM treatment or HbA1c ≥6.5% 
(National Glycohemoglobin Standardization Program [NGSP]), and nephropathy as urine albumin:creatinine ratio 
≥30 mg/g or urine dipstick test ≥(±) at enrollment. Impacts of DM and nephropathy on the composite of death, myo-
cardial infarction, stroke, and HF admission were examined. Among the 4,065 patients, 1,448 (35.6%) had DM, while 
IHD and nephropathy were also noted in 1,644 (40.4%) and in 1,549 (38.1%), respectively. During the median follow-
up of 2.88 years, 1,025 (25.2%) reached the composite endpoint. On multivariate Cox regression, DM was signifi-
cantly associated with the composite endpoint in all patients (HR, 1.17; P=0.02), and in those with IHD (HR, 1.38; 
P=0.004), but not in those without IHD (HR, 1.12; P=0.22; P for interaction=0.12). Furthermore, when the patients 
were stratified by nephropathy, DM was associated with worse prognosis only in the IHD patients with nephropathy.

Conclusions:  The prognostic impact of DM was more evident in patients with IHD than in those without IHD, par-
ticularly when complicated with nephropathy.    (Circ J  2015; 79: 1764 – 1772)
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The study protocol was approved by the local ethics com-
mittee in the 24 participating hospitals and written informed 
consent was obtained from all patients. HF was diagnosed by 
experienced cardiologists using the criteria of the Framingham 
Heart Study.17 IHD was defined by the presence of significant 
coronary artery disease with either organic stenosis requiring 
revascularization or vasospastic angina documented on elec-
trocardiography or angiography. Hemoglobin A1c (HbA1c) was 
evaluated at the time of enrollment. We defined DM as history 
of anti-diabetic treatment and/or HbA1c ≥6.5% (National 
Glycohemoglobin Standardization Program [NGSP]). Estimated 
glomerular filtration rate (eGFR, ml/min/1.73 m2) was calcu-
lated using the modified modification of diet in renal disease 
equation with the Japanese coefficient18 at the time of enroll-
ment. All data and events have been surveyed, and will con-

Methods
Subjects and Inclusion Criteria
Details of the design, purpose, and basic characteristics 
of the CHART-2 Study have been described previously 
(NCT00418041).7,13–15 Briefly, the CHART-2 Study was started 
in October 2006 and we successfully enrolled 10,219 consecu-
tive patients with stage B/C/D heart failure according to the 
ACCF/AHA guideline,16 or those with coronary artery disease 
by the end of March 2010. Among them, we examined 4,733 
consecutive CHF patients with stage C/D CHF in the present 
study. We excluded 37 patients on hemodialysis, 382 without 
UACR or urine dipstick test (UDT) data, and 223 without suf-
ficient data. Finally, we included 4,065 patients with stage 
C/D CHF in the present study (Figure S1).

Table 1.  Baseline Patient Characteristics

All patients  
(n=4,065)

DM
P-value

(+) (n=1,448) (−) (n=2,617)

Age (years) 69.0±12.8 68.3±11.3 69.0±12.8 0.10 

Male (%) 68.7 72.0 66.8   0.001

History of admission for HF (%) 51.6 52.9 50.9 0.43

Ischemic heart disease (%) 40.4 51.0 34.6 <0.001

Comorbidities (%)

    Hypertension 78.2 83.8 75.1 <0.001

    Hyperuricemia 45.8 46.1 45.6 0.77

    Atrial fibrillation 33.6 30.6 35.2   0.003

    Cerebrovascular disease 17.7 20.2 16.4   0.003

Clinical status

    NYHA class 3–4 (%) 11.1 11.0 11.1 0.97

    BMI (kg/m2) 23.4±3.8　　 24.5±3.9　　 23.4±3.8　　 <0.001

    SBP (mmHg) 126±19　　 128±19　　 126±19　　   0.001

    DBP (mmHg) 72±12 72±12 72±12 0.75

    Heart rate (beats/min) 72±15 73±14 72±15 0.13

Laboratory data

    LVEF (%) 57.5±15.3 56.3±15.5 57.5±15.3 0.02

    LVDd (mm) 52.0±9.4　　 52.3±9.1　　 51.9±9.4　　 0.19

    Hemoglobin (g/dl) 13.2±2.2　　 13.2±2.2　　 13.2±2.2　　 0.88

    BUN (mg/dl) 19.3±8.8　　 20.5±11.7 19.3±8.8　　 <0.001

    Serum sodium (mEq/L) 141±2.8　　 141±2.9　 141±2.8　　 <0.001

    Serum potassium (mEq/L) 4.3±0.4 4.4±0.4 4.3±0.4   0.003

    eGFR (ml/min/1.73 m2) 62.4±24.2 60.5±21.3 62.3±24.2 0.01

    HbA1c (%) 5.8±0.4 7.0±1.1 5.8±0.4 <0.001

    Nephropathy (%) 38.1 47.4 32.9 <0.001

    BNP (pg/ml) 100 (41–229) 98 (39–220) 101 (42–233) 0.65

Medications (%)

    RAS inhibitors 73.2 73.5 73.1 0.77

    β-blockers 50.0 54.6 47.5 <0.001

    Aldosterone antagonists 24.6 24.6 24.6 1.00

    Loop diuretics 46.7 48.8 45.6 0.05 

    Statins 38.6 47.4 33.7 <0.001

    Anti-diabetic drugs 15.6 43.8 – –

    Insulin   4.1 11.5 – –

Outcome (%)

    Composite endpoints 25.2 27.1 24.1 0.04

Continuous data given as mean ± SD, or median (IQR). BMI, body mass index; BNP, brain natriuretic peptide; BUN, 
blood urea nitrogen; CVD, cerebrovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, 
estimated glomerular filtration rate; HF, heart failure; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular 
ejection fraction; NYHA, New York Heart Association; RAS, renin-angiotensin system; SBP, systolic blood pressure.
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with IHD and those without IHD. We utilized Kaplan-Meier 
curves and Cox proportional hazard models to compare the risk 
for composite endpoint of DM with regard to IHD or nephrop-
athy. We constructed the Cox proportional hazard models 
adjusted by the following covariates that could potentially 
influence outcome: age, sex, NYHA class, systolic blood pres-
sure, heart rate, hyperlipidemia, hyperuricemia, body mass index 
(BMI), serum hemoglobin, eGFR, blood urea nitrogen (BUN), 
serum sodium, atrial fibrillation, left ventricular ejection frac-
tion (LVEF), history of HF admission and cerebrovascular 
disease, and medications (renin-angiotensin system [RAS] inhib-
itors, β-blockers, aldosterone antagonists and statins). Com-
parison of categorical variables between the 2 groups was done 
using chi-squared test. Continuous variables are described as 
mean ± SD and discrete data as %. Brain natriuretic peptide 
(BNP) is described as median (IQR) because of the skewness 
of the distribution. Statistical analysis was performed using 
SPSS Statistics 21.0 (SPSS, Chicago, IL, USA) and R 3.1.2.20 
Statistical significance was defined as 2-sided P<0.05.

tinue to be surveyed at least once a year until the end of March 
2018.7,13–15

Microalbuminuria
Albuminuria was evaluated quantitatively using UACR or qual-
itatively on UDT.12 Urine samples were collected at outpatient 
clinics or during hospitalization but before discharge. Urine 
albumin was measured in a central laboratory (SRL, Tokyo, 
Japan) to calculate UACR. UDT was performed in each hos-
pital, and we defined positive UDT for microalbuminuria as 
≥trace.19

Outcomes
The primary outcome of the present study was the composite 
endpoint of death, AMI, HF admission and stroke. Mode of 
death was determined by the attending physician at each insti-
tution and was confirmed by one independent physician who 
was a member of the Tohoku Heart Failure Association.7

Statistical Analysis
Statistical analysis was performed for the total group, those 

Table 2.  Baseline Patient Characteristics vs. Presence of IHD

IHD
P-value

Non-IHD
P-value

(+) DM (n=738) (−) DM (n=906) (+) DM (n=710) (−) DM (n=1,711)

Age (years) 69.0±10.3 70.2±11.1 0.04 67.8±12.1 68.5±13.7 0.18

Male (%) 79.5 79.1 0.85 64.1 60.3 0.09

History of admission for HF (%) 45.7 39.0 0.01 60.5 57.3 0.28

Comorbidities (%)

    Hypertension 83.2 78.7 0.02 84.4 73.1 <0.001

    Hyperuricemia 40.0 41.6 0.51 52.5 47.7 0.03 

    Atrial fibrillation 16.3 15.8 0.79 45.5 45.5 1.00 

    Cerebrovascular disease 20.4 17.1 0.10 20.0 16.0 0.02 

Clinical status

    NYHA class 3–4 (%) 10.0   9.7 0.75 12.0 12.0 0.54

    BMI (kg/m2) 24.6±3.6　　 23.8±3.3   0.001 24.3±4.8　　 22.8±5.1　　 <0.001

    SBP (mmHg) 129±19　　 127±18　　 0.04 127±20　　 125±19　　 0.02

    DBP (mmHg) 72±11 73±11 0.03 73±13 72±13 0.32

    Heart rate (beats/min) 71±13 70±13 0.34 74±15 73±16 0.04

Laboratory data

    LVEF (%) 55.7±14.9 56.8±14.8 0.16 56.9±16.1 57.8±15.7 0.25

    LVDd (mm) 52.8±8.7　　 52.1±8.4　　 0.06 51.7±9.5　　 51.9±9.9　　 0.69

    Hemoglobin (g/dl) 13.3±2.2　　 13.3±2.2　　 0.41 13.2±2.1　　 13.2±2.2　　 0.88

    BUN (mg/dl) 19.9±12.0 18.4±7.4　　   0.001 21.1±11.3 19.9±9.6　　 0.01

    Serum sodium (mEq/L) 141±2.8　 141±2.7　　 <0.001 141±2.9　 141±2.9　   0.007

    Serum potassium (mEq/L) 4.4±0.4 4.3±0.4 0.71 4.4±0.5 4.3±0.5 <0.001

    eGFR (ml/min/1.73 m2) 60.5±20.7 61.5±18.8 0.08 60.2±22.1 62.7±26.6 0.01

    HbA1c (%) 7.1±1.1 5.8±0.3 <0.001 7.0±1.0 5.8±0.4 <0.001

    Nephropathy (%) 47.3 30.4 <0.001 48.0 34.8 <0.001

    BNP (pg/ml) 114 (45–246) 85 (33–191) 0.04 116 (46–256) 121 (51–258) 0.34

Medications (%)

    RAS inhibitors 69.8 73.6 0.09 77.5 72.8 0.02

    β-blockers 50.4 45.1 0.04 59.0 48.7 <0.001

    Loop diuretics 39.2 29.9 <0.001 58.7 53.9 0.03

    Statins 62.2 60.8 0.58 32.0 19.3 <0.001

    Aldosterone antagonists 17.9 16.3 0.43 31.5 29.0 0.22

    Anti-diabetic drugs 49.6 – – 37.7 – –

    Insulin 13.6 – –   9.3 – –

Continuous data given as mean ± SD, or median (IQR). IHD, ischemic heart disease. Other abbreviations as in Table 1.
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BUN, compared with non-DM non-IHD patients. Mean HbA1c 
in the DM patients was similar between patients with and with-
out IHD (7.1±1.1% vs. 7.0±1.0%, P=0.08; Figure 1A). Diabetic 
non-IHD patients, however, were less likely to have had anti-
diabetic drug treatment compared with diabetic IHD patients 
(37.7% vs. 49.6%, P<0.001; Figure 1B). Sulfonylurea, insulin 
and α-glucosidase inhibitors were frequently used in both dia-
betic IHD and diabetic non-IHD patients (Figure 1B).

Prognostic Impact of DM
During the median follow-up period of 2.88 years, the com-
posite endpoint occurred in 1,025 patients (25.2%). As com-
pared with the non-diabetic patients, the diabetic patients had 
significantly poorer prognosis (Figure 2A). Table 3 lists the 
results of multivariate Cox proportional hazard regression mod-
els for the composite endpoint. As compared with the non-
diabetic patients (reference), diabetic patients had a 1.17-fold 
higher risk for the composite endpoint (P=0.03). When the 
patients were stratified according to IHD, non-diabetic IHD 
patients had the best prognosis (Figure 2B). Compared with 
non-diabetic IHD patients (reference), diabetic IHD, non-
diabetic non-IHD, and diabetic non-IHD patients had worse 
prognosis with HR (95% confidence interval [95% CI]) of 
1.39 (1.14–1.69), 1.38 (1.12–1.71) and 1.55 (1.24–1.93), respec-
tively (Figure 2B).

Results
Baseline Characteristics
Table 1 lists the baseline patient characteristics. Mean age 
was 69.0 years and male patients accounted for 68.7%. Cause 
of CHF was classified as IHD in 40.4%, and mean LVEF and 
HbA1c were 57.5±15.3% and 5.8±0.4%, respectively. In IHD 
patients, 68.4% and 20.6% of them underwent percutaneous 
coronary intervention and coronary artery bypass grafting, 
respectively. The prevalence of DM and of nephropathy was 
35.6% and 38.1%, respectively. The patients with DM, as com-
pared with non-DM patients, were characterized by higher prev-
alence of male sex, IHD, nephropathy, history of hypertension 
and of cerebrovascular disease, and higher BMI and BUN. 
Mean HbA1c in the DM patients was 7.0±1.1%. Forty-seven 
per cent of DM patients had received anti-diabetic drug treat-
ment at the time of enrollment.

Table 2 lists the patient baseline characteristics according 
to presence of IHD and DM. Diabetic IHD patients, as com-
pared with non-diabetic IHD patients, had a higher prevalence 
of prior HF admission and hypertension and were character-
ized by higher BMI, BUN and BNP. Mean HbA1c in the dia-
betic IHD patients was 7.1±1.1%. Diabetic non-IHD patients 
were also likely to have a history of hypertension and cerebro-
vascular disease, and were characterized by higher BMI and 

Figure 1.    Distribution of (A) HbA1c and (B) anti-diabetic drug treatment in patients with diabetes mellitus (DM). α-GI, α-glucosidase 
inhibitor; IHD, ischemic heart disease; SU, sulfonylurea.
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with both DM and nephropathy, IHD patients had a significant 
and positive interaction (P for interaction=0.006) for the com-
posite endpoint (HR=2.36, P<0.001), as compared with the non-
IHD patients (HR, 1.50; P=0.001). Among the IHD patients, 
diabetic patients with nephropathy had the highest incidence 
of all-cause death, cardiovascular death, HF admission and 
stroke (Figure 4). In contrast, among the non-IHD patients, 
the incidences of all-cause death, cardiovascular death and HF 
admission were increased only when associated with nephrop-
athy but not with DM (Figure 4).

Discussion
The novel findings of the present study are that (1) among stage 
C/D CHF patients, DM is significantly associated with worse 
prognosis, especially when complicated by IHD; (2) among 
CHF patients with IHD, DM is associated with worse progno-
sis only when complicated by nephropathy; and (3) the prog-
nostic impact of DM is significantly higher in IHD patients 
than in non-IHD patients when complicated by nephropathy. 
These findings underline the clinical importance of nephropa-
thy in the management of diabetic CHF patients, especially in 
those with IHD, in real-world practice.

DM in CHF Patients
In the present study, DM was significantly associated with 
worse prognosis, especially in the patients with IHD. Although 
similar findings were reported in the subgroup analysis of the 
previous clinical trials of HF,9,10 the present study has con-
firmed these observations for the first time in a cohort study. 
The present study also found that the prognostic impact of DM 
was different between IHD and non-IHD patients. In the gen-
eral population, diabetic patients have a similar cardiovascular 
risk to those with IHD,8 but it remains controversial as to 
whether the prognostic impact of DM differs between IHD 
and non-IHD in patients with CHF.9–11 In the present study, 
diabetic patients with IHD tended to be associated with worse 
prognosis as compared with those without IHD (P for interac-
tion=0.12). Although HbA1c was similar between IHD and 

We further examined the prognostic impact of DM with 
regard to nephropathy. We found that diabetic patients had an 
increased incidence of the composite endpoint only when asso-
ciated with nephropathy (Figure 2C). The patients with nephrop-
athy had poorer prognosis regardless of the presence or absence 
of DM. Among the IHD patients, diabetic patients with nephrop-
athy had the poorest outcome (Figure 3A). On multivariate Cox 
modeling, adjusted HR (95% CI) in diabetic patients without 
nephropathy, non-diabetic patients with nephropathy and dia-
betic patients with nephropathy was 1.08 (0.78–1.49), 1.56 
(1.14–2.14) and 2.36 (1.77–3.15), respectively, as compared 
with non-diabetic patients without nephropathy (Table 4). In 
contrast, among the non-IHD patients, those with nephropathy 
had significantly poorer prognosis regardless of the presence 
or absence of DM (Figure 3B; Table 4). When complicated 

Figure 2.    Kaplan-Meier curves for the composite endpoint stratified by (A) diabetes mellitus (DM); (B) DM and ischemic heart 
disease (IHD); and (C) DM and nephropathy (neph).

Table 3.  Cox Hazard Models for Composite Endpoint

HR categories All patients (n=4,065)

HR 95% CI P-value

Univariate

    (−) DM 1.00

    (+) DM 1.16 1.02–1.32 0.02

Multivariate

    (−) DM 1.00

    (+) DM 1.17 1.01–1.34 0.03

(+) IHD, (−) DM 1.00

(−) IHD, (−) DM 1.39 1.14–1.69   0.001

(+) IHD, (+) DM 1.38 1.12–1.71   0.003

(−) IHD, (+) DM 1.55 1.24–1.93 <0.001

(−) Nephropathy, (−) DM 1.00

(−) Nephropathy, (+) DM 1.14 0.94–1.38 0.20

(+) Nephropathy, (−) DM 1.67 1.42–1.97 <0.001

(+) Nephropathy, (+) DM 1.80 1.51–2.15 <0.001

CI, confidence interval; HR, hazard ratio. Other abbreviations as 
in Tables 1,2.
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compared with non-IHD patients. In general, CHF patients with 
microalbuminuria have poorer prognosis regardless of DM, 
hypertension or renal function, given that microalbuminuria is 
likely to be associated with inflammation and activation of the 
RAS and sympathetic nervous system.24 This could explain why, 
in the present study, IHD patients with both DM and nephrop-
athy had more cardiovascular events. In contrast, in the absence 
of nephropathy, DM patients had a similar prognosis to non-
DM patients. Thus, among CHF patients with IHD, DM has a 
prognostic impact only when complicated by nephropathy.

In contrast, among the non-IHD patients, nephropathy was 
significantly associated with poorer prognosis regardless of the 
presence or absence of DM. The severity of CHF, in terms of 
NYHA class and BNP level, was higher in non-IHD patients 
than in IHD patients without nephropathy. Given that micro-
albuminuria is known to reflect increased intravascular vol-
ume with resultant edema,25 it is conceivable that the presence 
of nephropathy may reflect the severity of HF and general 
condition in CHF patients without IHD.

non-IHD patients, diabetic patients with IHD were more likely 
to receive anti-diabetic drugs than those without IHD. Thus, 
the duration and severity of DM could be different between 
IHD and non-IHD patients, which may have caused the differ-
ent prognostic impact of DM between IHD and non-IHD 
patients.

Importance of Nephropathy
HbA1c concentration is widely used for routine monitoring of 
mid-term glycemic status, response to therapy and risk assess-
ment for DM complications.21 Although HbA1c reflects the 
summed glycemic level for the past several months, it frequently 
fluctuates according to glycemic level and/or anti-diabetic treat-
ment. Thus, the usefulness of HbA1c for risk stratification in 
CHF patients remains uncertain.22,23 For this reason, we inves-
tigated the possible importance of nephropathy, one of the 
important comorbidities of DM and CHF.1,2,24 When compli-
cated with both DM and nephropathy, IHD patients had sig-
nificant and positive interaction for the composite endpoint as 

Table 4.  Cox Hazard Models for Composite Endpoint vs. Presence of IHD

HR categories
CHF with IHD (n=1,785) CHF without IHD (n=2,503) P for  

interactionHR 95% CI P-value HR 95% CI P-value

(−) DM 1.00 1.00

(+) DM 1.38 1.11–1.71   0.004 1.12 0.94 –1.33 0.22 0.12

(−) Nephropathy 1.00

(+) Nephropathy 1.89 1.49–2.32 <0.001 1.52 1.29 –1.80 <0.001 0.09

(−) Nephropathy, (−) DM 1.00 1.00

(−) Nephropathy, (+) DM 1.08 0.78–1.49 0.64 1.26 0.98–1.61 0.07 0.13

(+) Nephropathy, (−) DM 1.56 1.14–2.14   0.005 1.69 1.40–2.06 <0.001 0.73

(+) Nephropathy, (+) DM 2.36 1.77–3.15 <0.001 1.50 1.18–1.91   0.001   0.006

The model was adjusted for age, sex, NYHA class, SBP, heart rate, hyperlipidemia, hyperuricemia, BMI, hemoglobin, eGFR, BUN, serum 
sodium, atrial fibrillation, LVEF, history of HF admission and cerebrovascular disease, and medication (RAS inhibitors, β-blockers, statins and 
aldosterone antagonists). CHF, chronic HF. Other abbreviations as in Tables 1–3.

Figure 3.    Kaplan-Meier curves for the composite endpoint for diabetes mellitus (DM) and nephropathy (neph) in patients (A) with 
and (B) without ischemic heart disease (IHD).



Circulation Journal  Vol.79,  August  2015

1770 MIURA M et al.

Management of DM With Regard to Nephropathy in CHF
In the present study, the DM control status was relatively better 
than in previous studies.28,29 DM, however, was significantly 
associated with worse prognosis in CHF patients, especially in 
those with nephropathy. Reduction in HbA1c using anti-diabetic 
drugs (eg, insulin and sulfonylurea) is linked to improved renal 
function.30,31 In the present study, HbA1c control status in the 
DM CHF patients with IHD was similar to that in the intensive 
treatment groups in those previous studies.30,31 In the present 
study, however, >40% of patients had nephropathy, a signifi-
cant predictor of worsening prognosis. Thus, renal protection 
strategy should be established for diabetic CHF patients, espe-
cially when complicated by IHD. Further studies are warranted 

Reduced eGFR is an important risk factor for mortality in 
CHF patients.26 In the clinical setting, however, eGFR is calcu-
lated using age, sex and serum creatinine. Thus, GFR does not 
necessarily reflect the extent of renal damage. Indeed, according 
to the current classification of chronic kidney disease, micro-
albuminuria, a sensitive indicator of renal damage, is defined 
as a risk factor even if GFR is preserved.12 Furthermore, the 
revised classification of diabetic nephropathy was focused on 
the importance of the presence of microalbuminuria, especially 
in patients with preserved or mildly reduced GFR.27 Thus, 
nephropathy should be evaluated using albuminuria for risk 
stratification especially in patients with preserved or mildly 
reduced GFR.

Figure 4.    Incidence of cardiovascular (CV) endpoints in patients (A) with and (B) without ischemic heart disease (IHD). AMI, acute 
myocardial infarction; DM, diabetes mellitus; HF, heart failure. ξP=NS. *P<0.05.
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to examine the possible beneficial effects of new anti-diabetics 
such as dipeptidyl peptidase-4 inhibitors on both renal and 
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Study Limitations
Several limitations should be mentioned for the present study. 
First, measurement of albuminuria was performed indirectly 
using either UACR or UDT.12 It has been reported, however, 
that trace proteinuria evaluated on UDT could be a useful 
indicator of microalbuminuria in subjects at high risk for car-
diovascular disease.19 Furthermore, a recent study showed that 
trace UDT could identify microalbuminuria with a high spec-
ificity and negative predictive value.33 Thus, we consider that 
the bias of the present method, if any, would be minimal in the 
detection of microalbuminuria. Second, we did not have suf-
ficient information to explain the cause of nephropathy in each 
patient. Thus, we were unable to define nephropathy in DM 
patients as diabetic nephropathy in the present study. Third, 
we did not have sufficient information on management history 
of DM at enrollment. Thus, it remains to be elucidated whether 
the difference in the management of DM influenced the pres-
ent results. Fourth, in the present study, the data collected at 
the time of enrollment were analyzed and we did not take into 
consideration the possible changes in albuminuria during the 
follow-up period. Fifth, given that all subjects in the CHART-2 
Study were Japanese patients, caution should be taken when 
extrapolating the present findings to patients in other coun-
tries. Finally, given that the CHART-2 Study is an observa-
tional study, there might be unmeasured confounding factors 
that could have influenced the present results.

Conclusions
The prognostic impact of DM is more evident in CHF patients 
with IHD than in those without IHD, particularly when com-
plicated by nephropathy. Thus, the clinical importance of 
nephropathy should be underlined in the management of DM 
in the real-world practice of CHF, although further studies are 
needed to confirm the present results.
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