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Abstract
Aim  The incidence of cardiovascular and renal events was investigated in patients with type 2 diabetes who were classified 
according to anemia and the components of dialysis-independent chronic kidney disease (CKD) in a prospective observa-
tional study.
Methods  A population of 778 Japanese patients with type 2 diabetes was prospectively analyzed for 4 years. The outcomes 
were the incidence of cardiovascular events and renal events.
Results  In all subjects, the incidence of cardiovascular and renal events was found to be 5% and 11%, respectively. Even after 
adjusting for a reduced estimated glomerular filtration rate (eGFR <60 mL/min/1.73 m2), the incidence of cardiovascular 
events was significantly higher (hazard ratio [HR]: 5.73) in patients with anemia and albuminuria than in those without 
anemia and albuminuria. The incidence of renal events was significantly higher in patients with no anemia and albuminuria 
(HR: 2.93) and further in those with anemia and albuminuria (HR: 7.56) than in those without anemia and albuminuria even 
after adjusting for a reduced eGFR.
Conclusion  Anemia combined with albuminuria is a risk factor for vascular events in patients with type 2 diabetes, regard-
less of the eGFR.
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Introduction

Anemia is closely related to chronic kidney disease (CKD), 
cardiovascular disease, and heart failure [1–5]. Because 
these pathological conditions affect each other, inducing 
the formation of a vicious cycle, the concept of cardio-renal 
anemia (CRA) syndrome has been proposed [6].

Cardiovascular disease and end-stage kidney disease 
(ESKD) are major complications in patients with diabe-
tes mellitus. Anemia is reportedly found more frequently 
in patients with diabetes than in the general population or 

non-diabetic CKD patients [7–13]. We previously reported 
that the frequency of anemia was significantly higher in 
patients with type 2 diabetes than in subjects who had under-
gone a health checkup and that anemia was found in more 
than half of patients with advanced diabetic nephropathy 
[14, 15]. Furthermore, even mild anemia that was not indi-
cated for treatment was independently associated with dia-
betic microangiopathies and macroangiopathies based on a 
cross-sectional study of 1189 patients with type 2 diabetes 
[15].

While anemia reportedly increases the risk of cardio-
vascular events and death, independent of the presence of 
CKD [16–18], cardiovascular events, mortality, and ESKD 
are generally increased in dialysis-independent diabetic 
patients when anemia and CKD are both present [2, 3, 9, 
12–14]. However, no study has investigated the influence of 
anemia on diabetic vascular events from the perspective of 
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its combination with albuminuria, an item considered in the 
diagnosis of CKD.

We, therefore, assessed the incidence of cardiovascular 
and renal events through a prospective observational study 
of dialysis-independent patients with type 2 diabetes clas-
sified according to anemia and the components of CKD. 
Our findings are expected to be useful as real-world data 
for assessing the risk of diabetic angiopathy in patients with 
albuminuria and a preserved estimated glomerular filtration 
rate (eGFR).

Materials and methods

Study population and outcomes

Initially, 788 dialysis-independent patients with type 2 dia-
betes who were registered for a previous cross-sectional 
study [19] were prospectively observed. All patients were 
evaluated for the eGFR, urinary albumin-to-creatinine ratio 
(uACR) in random spot urine samples, and diabetic mac-
roangiopathies in the Department of Diabetes, Metabolism 
and Kidney Disease of Edogawa Hospital between August 
and November 2014.

Subjects with malignant diseases who were currently 
under treatment were excluded from the study. After addi-
tionally excluding the subjects receiving sodium-glucose 
cotransporter 2 (SGLT2) inhibitors (n=9) and glucagon-
like peptide-1 (GLP-1) receptor agonists (n=1), which are 
considered to affect the cardiovascular and renal prognosis 
[20–23], we analyzed 778 patients who had been prospec-
tively observed for the present cohort.

We continuously treated the study subjects for 4 years 
until the end of 2018 or death. The outcomes of the present 
study were the incidence of cardiovascular events (cardio-
vascular death, nonfatal myocardial infarction, heart failure 
or nonfatal stroke) and renal events (ESKD or a decline in 
the eGFR by ≥30% from the start of observation).

Confounding factors

Anemia was defined as a hemoglobin level <135 g/L in 
men and <120 g/L in women according to the guidelines 
established by the ERA-EDTA [24] and NKF [25]. Obese 
individuals were defined as those with a body mass index 
(BMI) ≥25 kg/m2 according to the criteria set by the Japan 
Society for the Study of Obesity [26]. A current drinker was 
defined as a person consuming >20 g ethanol equivalent/day. 
Hypertension was defined as a systolic blood pressure ≥140 
mmHg and/or a diastolic blood pressure ≥90 mmHg. Par-
ticipants currently using antihypertensive medications were 

also considered positive for hypertension. Hyper-low-density 
lipoprotein (LDL) cholesterolemia was defined as either a 
serum concentration of LDL-cholesterol ≥3.62 mmol/L (140 
mg/dL) or the current use of statins or ezetimibe. Hypo-
high-density lipoprotein (HDL) cholesterolemia was defined 
as a serum concentration of HDL-cholesterol <1.03 mmol/L 
(40 mg/dL). The eGFR was calculated using the formula 
which is recommended by the Japanese Society of Nephrol-
ogy [27]. A reduced eGFR was defined as <60 mL/min/1.73 
m2 in the present study. Albuminuria was defined as a uACR 
≥30 mg/gCr in the spot urine. CKD was defined in cases 
with albuminuria or a reduced eGFR. Hyperuricemia was 
defined by a serum uric acid level >416 μmol/L (7.0 mg/dL) 
or when patients were using urate-lowering agents. Diabetic 
retinopathy was defined as simple, pre-proliferative or pro-
liferative retinopathy based on the results of a funduscopic 
examination performed by expert ophthalmologists. Diabetic 
peripheral neuropathy was diagnosed by the presence of two 
or more components among clinical symptoms (bilateral 
spontaneous pain, hypoesthesia or paraesthesia of the legs), 
the absence of ankle tendon reflexes, and decreased vibration 
sensations using a C128 tuning fork. Cerebrovascular dis-
ease was diagnosed by physicians in cases with a history of 
ischemic stroke using brain computed tomography or mag-
netic resonance imaging. Coronary heart disease was diag-
nosed based on a history of myocardial infarction, angina 
pectoris or interventions after a coronary angiographic 
examination. Peripheral arterial disease was diagnosed by 
the absence of a pulse in the legs along with ischemic symp-
toms, obstructive findings on an ultrasonographic or angio-
graphic examination of the lower extremities or an ankle 
brachial pressure index <0.9.

Statistical analyses

All data are presented as the mean±standard deviations. 
The χ2 test was used for between-group comparisons 
of categorical variables. None of the continuous vari-
ables (age, duration of diabetes, BMI, blood pressure, 
HbA1c, eGFR, serum lipid or uric acid concentrations) 
showed a normal distribution in the Shapiro–Wilk tests, 
so Wilcoxon’s rank-sum test was used to assess the sig-
nificance of differences in the continuous variables. The 
Kaplan–Meier curves showed changes in the incidence 
of cardiovascular and renal events during the observation 
period. The log-rank test was used to assess between-
group differences in the incidence of cardiovascular or 
renal events. The risk of cardiovascular or renal events 
was determined using the univariate and multivariate 
Cox proportional hazards models. P values of <0.05 
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(two tailed) were considered to indicate statistical sig-
nificance. Data analyses were performed using the statis-
tical software package JMP version 12.2.0 (SAS Institute, 
Cary, NC, USA) and EZR version 1.42 (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which 
is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Baseline characteristics and clinical features 
associated with anemia

The clinical characteristics of the subjects at the baseline are 
shown in Table 1. A total of 39% of subjects showed anemia. 

Table 1   Baseline characteristics 
of the cohort

DPP dipeptidyl peptidase, RAS renin–angiotensin system, eGFR estimated glomerular infiltration rate, 
LDL low-density lipoprotein, HDL high-density lipoprotein

All Anemia No anemia P
(n=778) (n=305) (n=473)

Male sex (%) 58 56 59 0.36
Age (years) 66±12 71±10 62±12 <0.01
Duration of diabetes (years) 12±10 15±11 10±9 <0.01
Smoking history (%) 35 39 32 0.06
Current drinker (%) 27 20 31 <0.01
Obesity (%) 48 35 56 <0.01
Body mass index (kg/m2) 25.3±4.3 24.1±4.2 26.0±4.3 <0.01
Medication (%)
 Insulin 23 27 20 0.04
 Metformin 33 26 38 <0.01
 Sulfonylureas 7 10 6 0.08
 DPP-4 inhibitors 27 30 26 0.23
 No antidiabetics 14 18 12 0.02
 Concomitant use of antidiabetics 38 41 36 0.19
 RAS inhibitors 54 59 51 0.03
 Calcium channel blockers 41 43 39 0.31
 Statins 59 56 61 0.24
 Antiplatelet agents 17 23 14 <0.01
 Urate-lowering agents 14 17 12 0.04

Hypertension (%) 73 80 69 <0.01
Systolic blood pressure (mmHg) 130±16 129±16 131±16 0.06
Diastolic blood pressure (mmHg) 76±11 70±12 78±11 <0.01
Hb (g/L) 132±16 118±11 142±11 <0.01
HbA1c (%) 7.5±1.3 7.4±1.2 7.5±1.4 0.88
HbA1c (mmol/mol) 58.1±14.4 57.9±13.6 58.2±14.8 0.88
eGFR (mL/min/1.73 m2) 71.2±23.7 62.2±24.9 76.9±21.1 <0.01
eGFR <60 mL/min/1.73 m2 (%) 31 47 21 <0.01
Albuminuria (%) 40 50 34 <0.01
Hyper-LDL cholesterolemia (%) 63 60 65 0.11
LDL-cholesterol (mmol/L) 2.45±0.75 2.27±0.65 2.57±0.78 <0.01
Hypo-HDL cholesterolemia (%) 18 19 18 0.64
HDL-cholesterol (mmol/L) 1.36±0.38 1.36±0.39 1.36±0.37 0.89
Hyperuricemia (%) 18 19 17 0.39
Serum uric acid (μmol/L) 306±74 299±75 310±73 0.06
Diabetic retinopathy (%) 32 45 24 <0.01
Diabetic peripheral neuropathy (%) 46 63 36 <0.01
Cerebrovascular disease (%) 12 18 9 <0.01
Coronary heart disease (%) 21 29 16 <0.01
Peripheral artery disease (%) 4 7 3 <0.01
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The patients with anemia were older and had a longer dura-
tion of diabetes than those without anemia. While the rates 
of obesity and metformin use were lower, the rates of using 
insulin, no antidiabetics, renin–angiotensin system (RAS) 
inhibitors, antiplatelet agents, and urate-lowering agents as 
well as hypertension, a reduced eGFR, albuminuria and dia-
betic microangiopathies and macroangiopathies were higher 
in the group with anemia than in the group without anemia.

Outcomes

In all subjects, the cumulative incidence of cardiovascu-
lar and renal events during the observation period was 5% 
(n=33) and 11% (n=69), respectively. The incidence of car-
diovascular events was significantly higher (P < 0.01, log-
rank test) in the group with anemia (n=20, 8%) than in the 
group without anemia (n=13, 3%) (Fig. 1A). The incidence 
of renal events was also significantly higher (P <0.01, log-
rank test) in the group with anemia (n=44, 18%) than in the 
group without anemia (n=25, 6%) (Fig. 1B). The sample 
sizes required to compare survival curves in the anemia and 
non-anemic groups calculated from these results were 269 
and 417 for the cardiovascular events and 97 and 150 for the 
renal events, respectively.

The incidence of each event is shown in Supplementary 
Table S1. According to Kaplan–Meier analyses, the incidence 
of heart failure (Supplementary Fig. S1), ESKD, and ≥30% 
decline in eGFR (Supplementary Fig. S2) were significantly 
higher in the group with anemia than in the group without 
anemia.

When the patients with anemia were divided into two 
groups using hemoglobin level of 110 g/L (the threshold for 
starting treatment for renal anemia in adult dialysis-inde-
pendent CKD patients [28]) as a cutoff value, the incidence 
of cardiovascular (Fig. 2A) and renal (Fig. 2B) events was 
higher in patients with severe anemia (<110 g/L) than in 
those with mild anemia (≥110 g/L). Among the components 
of cardiovascular and renal events, the degree of anemia was 
significantly associated with the incidence of heart failure 
(Supplementary Fig. S3), ESKD, and ≥30% decline in eGFR 
(Supplementary Fig. S4).

The associations between baseline characteristics and 
the incidence of cardiovascular or renal events determined 
by Cox proportional hazard models are shown in Table 2. 
Although anemia was significantly associated with the inci-
dence of cardiovascular events according to the univariate 
analysis, a reduced eGFR, albuminuria, and hyperuricemia 
were significant risk factors after a multivariate analysis. 
Anemia, a reduced eGFR, albuminuria, HbA1c, and the use 

Fig. 1   Kaplan–Meier analyses of cardiovascular (A) and renal (B) 
events in the groups with and without anemia

Fig. 2   Kaplan–Meier analyses of cardiovascular (A) and renal (B) 
events in the anemia groups with a hemoglobin level of <110 g/L, 
with anemia with a hemoglobin level of ≥110 g/L, and without ane-
mia



348	 H. Ito et al.

1 3

of calcium channel blockers were significantly associated 
with the incidence of renal events according to a multivariate 
Cox proportional hazard model.

Figure 3 shows the Kaplan–Meier analyses of the cardiovas-
cular events in the group classified by anemia and the compo-
nents of CKD. Although the incidence of cardiovascular events 

was not significantly higher in the anemia (+)/CKD (–) group 
than in the anemia (–)/CKD (–) group, this incidence was sig-
nificantly increased in the anemia (–)/CKD (+) group, and 
further increased in the anemia (+)/CKD (+) group (Fig. 3A). 
The incidence of cardiovascular events was not also elevated 
in the anemia (+)/reduced eGFR (–) group compared with the 

Table 2   Baseline characteristics associated with the incidence of cardiovascular and renal events (Cox proportional hazard model)

DPP dipeptidyl peptidase, RAS renin–angiotensin system, eGFR estimated glomerular infiltration rate, LDL low-density lipoprotein, HDL high-
density lipoprotein

Cardiovascular events Renal events

Univariate Multivariate Univariate Multivariate

HR [95% CI] P HR [95% CI] P HR [95% CI] P HR [95% CI] P

Male sex 1.31 [0.65–2.74] 0.45 1.17 [0.73–1.92] 0.51
Age (/year) 1.06 [1.02–1.10] <0.01 1.02 [0.98–1.07] 0.26 1.04 [1.02–1.06] <0.01 0.99 [0.96–1.02] 0.58
Duration of diabetes (/year) 1.00 [0.97–1.04] 0.78 1.03 [1.01–1.05] <0.01 1.00 [0.97–1.03] 0.93
Smoking history 1.05 [0.49–2.15] 0.90 1.48 [0.88–2.46] 0.14
Current drinker 0.35 [0.08–1.01] 0.05 0.74 [0.35–1.43] 0.38
Obesity 0.80 [0.39–1.60] 0.52 0.95 [0.58–1.56] 0.85
Body mass index (/kg/m2) 0.98 [0.90–1.06] 0.71 1.04 [0.98–1.09] 0.16
Medication
 Insulin 0.90 [0.36–1.97] 0.81 1.20 [0.68–2.01] 0.52
 Metformin 0.24 [0.07–0.61] <0.01 0.54 [0.15–1.49] 0.25 0.39 [0.21-0.70] <0.01 0.48 [0.22–1.06] 0.07
 Sulfonylureas 0.36 [0.02–1.67] 0.23 1.27 [0.53-2.59] 0.56
 DPP-4 inhibitors 0.95 [0.42–1.96] 0.89 0.97 [0.56–1.61] 0.91
 RAS inhibitors 2.28 [1.10–5.18] 0.03 1.33 [0.62–3.10] 0.47 2.29 [1.37–3.98] <0.01 1.08 [0.51–2.28] 0.85
 Calcium channel blockers 1.76 [0.89–3.54] 0.11 2.51 [1.55-4.14] <0.01 2.25 [1.12–4.49] 0.02
 Statins 0.85 [0.43–1.73] 0.65 1.02 [0.63-1.67] 0.95
 Antiplatelet agents 1.24 [0.50–2.71] 0.62 1.18 [0.63–2.05] 0.60
 Urate-lowering agents 3.36 [1.57–6.79] <0.01 0.34 [0.09–1.61] 0.16 2.42 [1.38–4.07] <0.01 1.21 [0.24–5.97] 0.82

Hypertension 1.67 [0.74–4.47] 0.23 4.01 [1.89-10.38] <0.01 1.34 [0.37–4.78] 0.65
Systolic blood pressure (/mmHg) 1.01 [0.99–1.03] 0.52 1.03 [1.01-1.04] <0.01 1.01 [0.99–1.03] 0.65
Diastolic blood pressure (mmHg) 0.98 [0.95–1.01] 0.12 1.00 [0.98–1.02] 0.65
Anemia 2.55 [1.28–5.26] <0.01 1.23 [0.58–2.72] 0.59 3.07 [1.90–5.09] <0.01 2.27 [1.14–4.52] 0.02
Hb (/g/L) 0.98 [0.96–1.00] 0.03 0.96 [0.95–0.98] <0.01
HbA1c (/%) 0.99 [0.73–1.28] 0.97 1.27 [1.08-1.50] <0.01 1.20 [1.00–1.46] 0.06
HbA1c (/mmol/mol) 1.00 [0.97–1.02] 0.97 1.02 [1.01–1.04] <0.01
eGFR (/mL/min/1.73 m2) 0.95 [0.94–0.97] <0.01 0.97 [0.96–0.98] <0.01
eGFR <60 mL/min/1.73 m2 7.49 [3.53–17.75] <0.01 4.52 [1.80–12.60] <0.01 3.10 [1.93–5.02] <0.01 2.03 [1.01–4.08] 0.048
Albuminuria 4.33 [2.08–9.84] <0.01 2.44 [1.11–5.78] 0.03 6.20 [3.59–11.38] <0.01 4.01 [1.87–8.59] <0.01
Hyper-LDL cholesterolemia 0.72 [0.36–1.46] 0.35 0.97 [0.60–1.62] 0.91
LDL-cholesterol (/mmol/L) 1.09 [0.68–1.68] 0.70 1.02 [0.73-1.38] 0.93
Hypo-HDL cholesterolemia 1.58 [0.67–3.36] 0.28 2.93 [1.77–4.75] <0.01 1.86 [0.99–3.49] 0.05
HDL-cholesterol (/mmol/L) 0.72 [0.26–1.77] 0.50 0.22 [0.10–0.48] <0.01
Hyperuricemia 3.71 [1.83–7.37] <0.01 4.73 [1.05–15.37] 0.04 2.08 [1.21–3.45] <0.01 0.85 [0.19–3.76] 0.83
Serum uric acid (/μmol/L) 1.00 [1.00–1.01] 0.26 1.00 [1.00–1.01] 0.18
Diabetic retinopathy 2.28 [1.13–4.59] 0.03 1.21 [0.58–2.52] 0.61 2.68 [1.66–4.34] <0.01 1.30 [0.65–2.59] 0.46
Diabetic peripheral neuropathy 1.63 [0.73–3.79] 0.23 2.95 [1.71–5.31] <0.01 1.10 [0.53–2.31] 0.80
Cerebrovascular disease 0.98 [0.29–2.48] 0.96 1.69 [0.88–2.99] 0.11
Coronary heart disease 1.01 [0.40–2.19] 0.99 1.43 [0.82–2.39] 0.19
Peripheral artery disease 2.22 [0.53–6.23] 0.24 3.04 [1.34–5.98] 0.01 0.75 [0.29–1.93] 0.54
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anemia (–)/reduced eGFR (–) group (Fig. 3B). This incidence 
was significantly higher in the groups with a reduced eGFR 
than in the anemia (–)/reduced eGFR (–) group. A similar ten-
dency with regard to the incidence of cardiovascular events 
was observed when the study subjects were classified by the 
presence or absence of anemia and albuminuria (Fig. 3C). The 

clinical characteristics of the subjects at the baseline in the 
subgroups corresponding to Fig. 3A–C are shown in Supple-
mentary Tables S2, S3, and S4, respectively.

Figure 4 shows the Kaplan–Meier analyses of the renal 
events in the group classified by anemia and the components 
of CKD. The incidence of renal events was not significantly 

Fig. 3   Kaplan–Meier analyses 
of cardiovascular events in the 
group classified by anemia 
and CKD (A), eGFR (B), or 
uACR (C). The hazard ratio to 
the group without anemia and 
CKD, reduced eGFR or albu-
minuria was calculated using 
Cox proportional hazard models 
(Table 3)
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higher in any of the groups of anemia (+)/CKD (–) 
(Fig. 4A), anemia (+)/reduced eGFR (–) (Fig. 4B) or anemia 
(+)/albuminuria (–) (Fig. 4C) than in the reference group. 
The incidence of renal events was significantly increased in 
the groups with CKD, a reduced eGFR or albuminuria com-
pared with the groups of anemia (–)/CKD (–), anemia (–)/

reduced eGFR (–), and anemia (–)/albuminuria (–), respec-
tively. When anemia coexisted with these components, the 
incidence of renal events was several times higher than in 
the corresponding groups with CKD, a reduced eGFR and 
albuminuria without anemia.

Fig. 4   Kaplan–Meier analyses 
of renal events in the groups 
classified by anemia and CKD 
(A), eGFR (B), or uACR (C). 
The hazard ratio to the group 
without anemia and CKD, 
reduced eGFR or albuminu-
ria was calculated using Cox 
proportional hazard models 
(Table 3)
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Hazard ratios (HRs) of the incidence of cardiovascular or 
renal events to the reference groups according to the univari-
ate and multivariate Cox hazard models are shown in Table 3. 
Anemia was significantly associated with cardiovascular 
events when combined with CKD, a reduced eGFR or albu-
minuria. Even after adjusting for hyperuricemia and a reduced 
eGFR, this incidence was significantly higher (HR: 5.59, 95% 
CI 1.77–24.80) in the anemia (+)/albuminuria (+) group and 
tended to be higher in the anemia (+)/albuminuria (–) group 
(HR: 3.34, 95% CI 0.87–15.95, P = 0.08) than in the anemia 
(–)/albuminuria (–) group. After adjusting for calcium chan-
nel blocker use and HbA1c, the incidence of renal events was 
significantly higher in the anemia (+)/CKD (+) group than in 
the anemia (–)/CKD (–) (HR: 5.73, 95% CI 2.83–12.83) and 
anemia (–) /CKD (+) groups (HR: 3.05, 95% CI 1.68–5.77, P 
<0.01). Although the incidence of renal events did not increase 
in the anemia (–)/reduced eGFR (+) group compared to the 
anemia (–)/reduced eGFR (–) group, this incidence was sig-
nificantly higher in the anemia (+)/reduced eGFR (+) group 
than in the anemia (–)/reduced eGFR (–) (HR: 3.88, 95% CI 
2.07–7.42) and anemia (–) /reduced eGFR (+) groups (HR: 
2.89, 95% CI 1.31–7.30, P <0.01). The incidence of renal 
events was significantly increased in the anemia (–)/albumi-
nuria (+) group (HR: 2.93, 95% CI 1.30–7.02) and further 
increased in the anemia (+)/albuminuria (+) group (HR: 7.56, 
95% CI 3.64–17.33) compared to the anemia (–)/albuminu-
ria (+) group after adjusting for calcium channel blocker use, 
HbA1c, and a reduced eGFR. This incidence was also signifi-
cantly higher in the anemia (+)/albuminuria (+) group than 
in the anemia (–)/albuminuria (+) group (HR: 2.58, 95% CI 
1.38–4.99, P <0.01).

Kaplan–Meier curves for the combination of anemia and 
albuminuria with or without a reduced eGFR are shown in 
Supplementary Figs. S5 and S6. When the patients were 
grouped according to the presence or absence of a reduced 
eGFR, the incidence of cardiovascular events was significantly 
increased in the group without a reduced eGFR (Supplemen-
tary Fig. S5), while the incidence of renal events was signifi-
cantly increased in both groups (Supplementary Fig. S6).

Discussion

The combination of anemia and dialysis-independent CKD 
was a strong risk factor for cardiovascular and renal events 
in patients with type 2 diabetes in the current study, whereas 
only anemia was not significantly associated with these inci-
dences in the patients without CKD or components of CKD. 
It was previously reported that the incidence of cardiovas-
cular disease was increased in diabetic patients with anemia 
and CKD [2] and that the incidence of ESKD increased with 
the progression of anemia in patients with overt diabetic 
nephropathy [3]. Yamamoto et al. also reported that the 

incidence of cardiovascular disease and ESKD increased 
with the deterioration of the GFR in anemic patients with 
CKD [4]. However, there have been no reports investigating 
whether or not complication of anemia and albuminuria is 
associated with vascular events in patients with diabetes. 
To our knowledge, the present study is the first showing 
that anemia coexisting with albuminuria increases the risk 
of cardiovascular and renal events, regardless of the eGFR. 
In particular, the findings that the incidence of renal events 
was higher in the patients with anemia and albuminuria than 
in those with no anemia and albuminuria, regardless of the 
GFR, should be noted. Although the GFR is an important 
predictor of the renal prognosis in patients with type 2 dia-
betes, its impact is inferior to that of albuminuria [29, 30].

A reduced eGFR without anemia at the baseline was not 
significantly associated with renal events, and only the coexist-
ence of anemia and a reduced eGFR was a risk factor for renal 
events in the present study. Most of the anemia in this study 
was likely to have been due to renal anemia related to renal 
dysfunction. It is reported that pathological changes caused 
by nephrosclerosis or tubulointerstitial injury are frequently 
observed in patients with renal dysfunction and no albuminu-
ria and that the renal prognosis is comparatively favorable in 
such patients [31–33]. We also previously reported that subse-
quent decline in eGFR was unlikely to occur in type 2 diabetic 
patients with a reduced eGFR without albuminuria according 
to another prospective observation study [34]. In actual clinical 
practice, salt restriction guidance, strict control of blood pres-
sure, and treatment of serum lipid and urate concentrations as 
well as hyperglycemia are performed, particularly in diabetic 
patients who show a reduced eGFR. The renal function in such 
patients can be preserved, in the current era, though the above-
mentioned multidisciplinary treatment for type 2 diabetes. As 
a result, there may have been a discrepancy between the renal 
prognosis and the presence of anemia. Although our results 
did not provide direct evidence that correcting anemia will 
improve the prognosis, therapeutic interventions for hemo-
globin levels may reduce the incidence of renal events further 
when anemia is associated with albuminuria, even when the 
eGFR value is preserved. Whether the pharmacological treat-
ment of anemia improves the cardiovascular or renal prognosis 
is currently unclear, partly because target hemoglobin levels 
have not been established. Several studies reported that correc-
tion of anemia using an iron supplement and/or erythropoiesis-
stimulating agent (ESA) improved the disturbed quality of life 
(QOL), the left ventricular hypertrophy [35, 36], and renal 
prognosis [37–39] in patients with dialysis-independent CKD. 
Recently, it was reported that the oral administration of dapro-
dustat, a hypoxia-inducible factor prolyl hydroxylase (HIF-PH) 
inhibitor, remained comparable to darbepoetin alfa with regard 
to the elevation of the hemoglobin levels, the incidence of car-
diovascular events, and the progression of CKD in patients 
with dialysis-independent CKD [40]. Therefore, the further 
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accumulation of clinical trials, including the target hemoglobin 
level, is considered to be necessary for the evaluation of phar-
macological treatment of renal anemia on the cardiovascular 
and renal prognoses.

Anemia was found in 39% of the subjects in the present 
study. Although, in this study, there were no control sub-
jects with whom to compare the frequency of anemia, ane-
mia is more frequent in patients with diabetes than in non-
diabetic subjects according to previous studies [7–13]. It is 
well known that the frequency of anemia increases with the 
progression of renal impairment in patients with CKD. The 
patients with type 2 diabetes in our previous study [14, 15] 
developed anemia more frequently at all eGFR stages than 
the Japanese dialysis-independent CKD patients registered 
in a nationwide clinical database [41].

Several mechanisms have been proposed to explain the 
high frequency of anemia in patients with diabetes, includ-
ing erythropoietin deficiency due to sympathetic nerve dys-
function of the kidneys as a result of diabetic neuropathy, 
functional iron deficiency causing secondary to subclinical 
inflammation through increased hepcidin levels, persistent 
proteinuria resulting in transferrin and erythropoietin loss, a 
reduced erythrocyte lifespan because of advanced glycation 
end products and the frequent use of RAS inhibitors through 
the inhibition of physiologic erythropoiesis of angiotensin II 
[12, 13]. Although the cause of anemia was not evaluated in 
the present study, the active use of SGLT2 inhibitors showing 
the elevation of hemoglobin levels [22, 42] might be more 
useful for relieving anemia than ESAs or HIF-PH inhibitors, 
which are limited to the treatment of renal anemia, anemic 
patients with albuminuria and no reduced eGFR.

Because metformin use reduced the risk of diabetes-related 
endpoints in overweight patients [43], this drug has been the 
first-choice drug for the treatment of type 2 diabetes [44]. Met-
formin is also effective for improving hyperglycemia, even in 
Japanese subjects, irrespective of obesity [45]. Approximately 
one-third of the study subjects were using metformin at the 
baseline of the current study. This frequency of use may seem 
low in comparison to Western countries. When this study 
started, there were many limitations on the usage of metformin 
in the recommendations issued by the Japan Diabetes Society 
and the drug package inserts by pharmaceutical companies. 
For example, the prescription of metformin was not recom-
mended for patients with renal impairment (eGFR <45 mL/
min/1.73 m2) or elderly people, especially subjects of ≥75 
years of age. Subjects with an eGFR of <45 mL/min/1.73 m2, 
elderly people of ≥65 years of age, and those of ≥75 years of 
age accounted for 12%, 58%, and 27% of our study popula-
tion, respectively. Therefore, the prescription rate of metformin 
among type 2 diabetes patients in Japan remained around 30% 
[46, 47]. Although use of metformin appears to be protective 
against cardiovascular and renal events according to univariate 
Cox proportional hazard models, it did not remain a significant 

predictor in the multivariate analyses of the present study. It 
seems to be quite obviously related to the fact that subjects 
utilizing metformin should generally be younger, with a better 
state of health and with a better kidney function at baseline.

Several limitations associated with the present study war-
rant mention. First, the present study was unable to investi-
gate the changes in the hemoglobin level or uACR during the 
observation period. Of note, the current study demonstrated 
only the prognosis of the groups classified by the hemoglobin, 
eGFR, and uACR values at the baseline, although the clinical 
course differed among individuals depending on the treatment 
method and treatment response. Second, the measurement 
of uACR was based on a single spot urine sample obtained 
when the patients visited our department. Variability should 
be considered when confirming the CKD group with stag-
ing by uACR as it has been recommended that evaluations 
be performed in two or more samples. Third, the cause of 
anemia is unknown in this study although subjects with malig-
nant diseases under treatment were excluded from this study. 
Because serum levels of iron, ferritin, and erythropoietin were 
not evaluated, the anemia in our subjects was not necessar-
ily renal anemia. Fourth, the Kaplan–Meier analyses of the 
cardiovascular and renal events in the group classified by ane-
mia and the components of CKD did not take into account 
the baseline difference in patient characteristics between the 
groups with and without anemia. However, the similar results 
were obtained in multivariate Cox proportional hazard models 
adjusted for patient background factors; thus, it is worthwhile 
to take anemia combined with CKD into consideration.

Despite these limitations, however, we believe that this 
cohort study is useful for managing patients presenting with 
anemia among a type 2 diabetes population. It is considered 
necessary to conduct further studies to investigate whether 
anemia combined with albuminuria is a predictor of cardio-
vascular or renal events over the kidney function because the 
evidence obtained from our study alone is not sufficiently 
convincing.

Conclusion

Complication with anemia and albuminuria is a risk factor 
for cardiovascular and renal events in patients with type 2 
diabetes, regardless of the eGFR.
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