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Background: Anemia is associated with various poor clinical outcomes in chronic kidney disease patients. The aim of this study 
was to investigate the relationship between anemia and the initiation degree and time of dialysis in type 2 diabetic nephropathy 
patients.
Methods: This observational retrospective study included 130 type 2 diabetic nephropathy patients in Korea. The existence of 
anemia, the degree and time of dialysis initiation were reviewed. Clinical characteristics and variables were also compared. 
Results: The levels of hemoglobin and serum creatinine were significantly correlated with the dialysis initiation (P<0.05) during 
the 10-year follow-up period. Patients with anemia showed rapid decline of renal function, causing significantly more dialysis 
initiation (54.1% vs. 5.4%, P<0.05) compare to the patients without anemia. Average time to initiate dialysis in patients with ane-
mia was 45.1 months (range, 8.0 to 115.8 months), which was significantly faster than that (68.3 months [range, 23.3 to 108.8 
months]) in patients without anemia (P<0.01). The risk to dialysis initiation was significantly increased in patients with anemia 
compared to the patients without anemia (adjusted hazard ratio, 8.1; 95% confidence interval, 2.4 to 27.0; P<0.05).
Conclusion: Anemia is associated with rapid decline of renal dysfunction and faster initiation of dialysis in diabetic nephropathy 
patients. Therefore, clinicians should pay an earlier attention to anemia during the management of diabetes.
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INTRODUCTION

Diabetes, a globally common metabolic disease, has many com-
plications. Of various complications, diabetic nephropathy in-
creased over time is associated with mortality and morbidity in 
diabetes [1]. Diabetic nephropathy, previously reported to be 
the leading cause of chronic kidney disease (CKD) in patients 
starting renal replacement therapy [2], is also associated with 
increased cardiovascular mortality in diabetes [3]. Hyperten-
sion, proteinuria, dyslipidemia, age, gender, and serum creati-
nine (Cr) level have been identified as important risk factors 
that predict progression of kidney disease [4].
 Diabetes affects the hematological system in various ways 

[5]. Among them, diabetes related anemia has been observed 
in diabetic nephropathy patients at advanced stage [6]. Fur-
thermore, anemia might be associated with poor clinical out-
comes in CKD patients with or without diabetes. There are left 
ventricular hypertrophy, increased cardiovascular mortality, 
more rapid loss of kidney function, increased hospitalization, 
and poor quality of life [7]. However, anemia in patients with 
diabetes is unrecognized, undetected and untreated in every-
day clinical practice [8].
 Anemia, associated with a more rapid decline in glomerular 
filtration rate (GFR), is considered to be a major risk factor for 
progression of renal disease in non-dialysis CKD patients [9]. 
Previously, anemia affected over two-thirds (68%) of CKD pa-
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tients starting dialysis. From sub-analysis of the reduction of 
end points in NIIDM with the angiotensin II antagonist lorsar-
tan (RENAAL) study, hemoglobin (Hb) level was an indepen-
dent risk factor that predicting renal outcomes [7]. However, 
no study has reported the relationship between anemia and the 
dialysis initiation time in patients with diabetic nephropathy. 
Therefore, the aim of this study was to investigate the potential 
association of anemia with progressive diabetic nephropathy 
requiring dialysis. We also determined whether there was a 
difference between the initiation time of dialysis in diabetic 
patients with anemia and that without anemia.

METHODS

This study was a retrospectively designed observational study 
at single center. From January 2000 to September 2002, a total 
of 3,120 diabetic patients visited the Chonbuk National Uni-
versity Hospital, South Korea. Of them, 1,711 patients were 
screened for microalbuminuria, and 475 patients were diag-
nosed with diabetic nephropathy. Patients who had related fac-
tors for anemia such as malnutrition (n=15), alcohol abuse 
(n=35), bleeding (n=28), hematological disease (n=18), or 
any malignancy (n=31) were excluded from this study. Pa-
tients who did not agree to participate in this study were also 
excluded (n=161). Therefore, 187 patients were enrolled in 
this study, with 57 patients excluded during the study follow-
up because of follow-up loss (n=37), or having another disease 
which affected anemia such as cancer or other hematological 
diseases (n=4), or giving transfusion (n=9), or pregnancy 
(n=3) or medicating some vitamins (n=4). However, patients 
who had chronic illness anemia were included. Patient who 
showed improved renal function during follow-up period were 
continued in this study. Therefore, a total 130 of patients were 
enrolled in this study (Fig. 1). Their medical records and labo-
ratory examinations were reviewed for 10 years from the time 
of enrollment. Patients were divided into two groups based on 
the existence of anemia. Demographic information and im-
portant medical histories were reviewed by medical records, 
including age, sex, race, duration of diabetes, smoking habit, 
body mass index, blood pressure, medications, glycosylated 
hemoglobin (HbA1c), Hb, low density lipoprotein (LDL), Cr, 
GFR, and albumin to creatinine ratio (ACR). GFR was calcu-
lated using the simplified Modification of Diet in Renal Dis-
ease formula. A written informed consent was obtained from 
all the patients. Studies were approved by the Chonbuk Na-

tional University Hospital Institutional Review Board for re-
search.
 Diabetes was diagnosed based on the American Diabetes As-
sociation guidelines, when a patient showed one of three crite-
ria on two occasions: (1) symptoms of diabetes plus casual plas-
ma glucose concentration ≥200 mg/dL (11.1 mmol/L); (2) fast-
ing plasma glucose ≥126 mg/dL (7.0 mmol/L); or (3) 2-hour 
post-prandial glucose ≥200 mg/dL. Diabetic nephropathy was 
diagnosed by two of three microalbuminuria test positive (the 
degree of urinary albumin excretion such as spot urine micro-
ACR ≥30 mg/g or 24-hour urine micro-ACR ≥30 mg/day). 
Microalbuminuria was ranged by 30 mg/g≤ACR≤300 mg/g. 
All participants had diabetic retinopathy before diagnosis of 
nephropathy. Anemia was diagnosed based on the Kidney Dis-
ease Outcomes Quality Initiative guidelines: Hb level <13.5 g/
dL in males, <12.0 g/dL in females [10].
 We compared the course of renal dysfunction at each group 
during the 10 years using Cr according to the following inter-
vals: baseline ~6 months, 6 months to 1 year, 1 to 1.5, 1.5 to 2, 
2 to 2.5, 2.5 to 3, 3 to 5, and 5 to 10 years. Cr was measured in 
patients who started dialysis until the time of dialysis. There-

74 Patients with anemia 56 Patients without anemia

3,120 Diabetic patients

1,711 Screening
for diabetic nephropathy

475 Patients with
diabetic nephropathy

187 Patients with diabetic 
nephropathy enrolled

130 Patients enrolled and
completed this study

57 Patients excluded
during study follow-up

Fig. 1. The diagram of participants in this study.
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fore, Cr was measured in a total 87 patients for 10 years. The 
initiation time of dialysis in each group was also reviewed and 
compared.

Statistical analysis
Continuous variables were described using mean±standard 
deviation or median (interquartile range [IQR]). For compari-
sons between groups, Student t-test was used for normally dis-
tributed variables and Mann-Whitney U test was used for vari-
ables with skewed distribution. With the Spearman correlation 
analysis, it was evaluated that there was a significant correlation 
between the variables and the initiation of dialysis. To evaluate 
the hazard ratio (HR) for the risk of anemia to the initiation of 
dialysis, Cox regression analysis was performed. Related factors 
(age, diabetes duration, HbA1c, blood pressure, Cr, GFR, and 
ACR) were adjusted. Statistical analysis was done using the 
SPSS version 18 (SPSS Inc., Chicago, IL, USA). Statistically sig-
nificance was considered when P value was less than 0.05.

RESULTS

Baseline characteristics of patients
Demographics of patients were summarized in Table 1. The 
mean age of the 130 patients was 62.7±11.9 years. The subjects 
consisted of 70 men (53.8%) and 60 women (46.2%). All par-
ticipants were Asian. The mean HbA1c was 7.8%±1.5%. The 
mean Hb was 11.4±2.2 mg/dL. Baseline Cr was 1.4±0.7 mg/
dL. Baseline GFR was 53.9±22.7 mL/min/1.73 m2. Baseline 
ACR was 350.2 mg/g (IQR, 30.5 to 1,700.0 mg/g). Participants 
had CKD at grade 1 (6.2%), grade 2 (37.7%), grade 3a (21.5%), 
grade 3b (19.2%), and grade 4 (15.4%). Of them, 38.5% patients 
with diabetic nephropathy were prescribed with ferrous sulfate, 
28.5% patients were prescribed with erythropoietin (EPO).
 Patients were divided into two groups: patients with anemia 
(n=74) and patients without anemia (n=56). Baseline charac-
teristics of the two groups were listed in Table 2. There was no 
significant difference in age, gender, duration of diabetes, blood 
pressure, baseline HbA1c, Cr, GFR, the grade of CKD, ACR, 
LDL, the use of angiotensin converting enzyme inhibitor or 
angiotensin receptor blocker, the use of insulin, or the use of 
antiplatelet agents between the two groups. However, there was 
significant difference in baseline Hb level. Baseline Hb was 
10.5±1.5 mg/dL in patients with anemia, which was signifi-
cantly (P<0.05) lower than that (14.3±1.4 mg/dL) in patients 
without anemia.

The effect of anemia on the course of renal dysfunction in 
patients with diabetic nephropathy
We compared the average Cr levels in patients with diabetic 
nephropathy according to the time passage during the 10-year 
follow-up (74 patients with anemia, 56 patients without ane-
mia) (Table 2, Fig. 2). During this study, the intensity of clini-
cal cares including blood pressure, lipid, and HbA1c levels did 
not show any significant differences between the two groups 

Table 1. Baseline characteristics of type 2 diabetes patients 
with nephropathy

Characteristic Patients with type 2 diabetes 
with nephropathy (n=130)

Gender (male/female) 70/60

Age, yr 62.7±11.9

Duration of diabetes, yr 11.2±9.1

Smoker/ex-smoker/non-smoker/
   not available

19/7/85/19

Body mass index, kg/m2 22.7±3.1

Systolic blood pressure, mm Hg 149.5±17.1

Diastolic blood pressure, mm Hg 82.3±10.9

Baseline hemoglobin, mg/dL 11.4±2.2

Baseline HbA1c, % 7.8±1.5

Baseline creatinine, mg/dL 1.4±0.7

Baseline GFR, mL/min/1.73 m2 53.9±22.7

CKD grade, %

   1: GFR ≥90 8 (6.2)

   2: GFR 60–89 49 (37.7)

   3a: GFR 45–59 28 (21.5)

   3b: GFR 30–44 25 (19.2)

   4: GFR 15–29 20 (15.4)

Baseline ACR, mg/g 350.2 (30.5–1,700.0)

Microalbuminuria range, % 45 (34.6)

Baseline LDL, mg/dL 110.2±12.8

The use of ACEi or ARB, % 111 (85.4)

The use of insulin, % 45 (34.6)

The use of ferrous sulfate, % 50 (38.5)

The use of erythropoietin, % 37 (28.5)

The use of antiplatelet agents, % 76 (58.5)

Values are presented as mean±standard deviation, number (%), or 
median (interquartile range).
HbA1c, glycosylated hemoglobin; GFR, glomerular filtration rate; 
CKD, chronic kidney disease; ACR, albumin to creatinine ratio; LDL, 
low density lipoprotein; ACEi, angiotensin converting enzyme inhib-
itor; ARB, angiotensin receptor blocker. 
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(Table 2). The trend of increased Cr level was shown in the pa-
tients with anemia compared to that in patients without anemia 
(Fig. 2). Patients without anemia maintained relatively stable 
renal function compared to patients with anemia. After the 10-
year follow-up periods, Cr was 4.8±1.1 mg/dL in patients with 
anemia group, which was significantly (P<0.05) higher than 
that (1.2±0.1 mg/dL) in patients without anemia. During this 
time period, significantly more patients with anemia (54.1%) 
started dialysis compared to the patients without anemia (5.4%, 
P<0.05) (Table 2). A total of 94.6% of patients without anemia 

did not start dialysis during the 10-year follow-up period. We 
also compared the average time to initiate dialysis between the 
two groups (Table 2). Average time to initiate dialysis in pa-
tients with anemia was 45.1 months (IQR, 8.0 to 115.8 months), 
which was significantly faster than that (68.3 months [IQR, 23.3 
to 108.8 months]) in patients without anemia (P<0.01).

The risk of anemia to the initiation of dialysis in patients 
with diabetic nephropathy
We determined the correlation of variables to the dialysis initia-

Table 2. Clinical characteristics of patients with anemia or without anemia

Characteristic Patients with anemia (n=74) Patients without anemia (n=56) P value

Gender (male/female) 37/37 33/23 0.16

Age, yr 63.7±12.3 60.6±11.1 0.25

Duration of diabetes, yr 11.4±10.2 10.9±7.1 0.07

Systolic blood pressure, mm Hg 148.2±19.2 150.1±16.1 0.32

Diastolic blood pressure, mm Hg 81.8±11.1 82.9±9.9 0.33

Baseline hemoglobin, mg/dL 10.5±1.5 14.3±1.4 <0.05

Baseline HbA1c, % 7.8±1.5 7.9±1.3 0.66

Baseline creatinine, mg/dL 1.5±0.8 1.4±0.5 0.66

Baseline GFR, mL/min/1.73 m2 53.4±23.6 55.7±19.6 0.66

CKD grade

   1: GFR ≥90 5 (6.7) 3 (5.4) 0.75

   2: GFR 60–89 28 (37.8) 21 (37.5) 0.81

   3a: GFR 45–59 14 (18.9) 14 (25.0) 0.06

   3b: GFR 30–44 14 (18.9) 11 (19.6) 0.59

   4: GFR 15–29 11 (14.9) 9 (16.1) 0.67

Baseline ACR, mg/g 348.9 (33.7–1,700.0) 354.1 (30.5–1,650.3) 0.94

Baseline LDL, mg/dL 113.1±14.2 106.4±10.9 0.32

Microalbuminuria range, % 27 (36.5) 18 (32.1) 0.06

The use of ACEi or ARB, % 63 (85.1) 48 (85.7) 0.28

The use of insulin, % 32 (43.2) 13 (23.2) 0.06

The use of antiplatelet agents, % 48 (64.9) 28 (50.0) 0.09

Annual mean value of systolic blood pressure, mm Hg 150.1±21.2 149.1±18.9 0.41

Annual mean value of diastolic blood pressure, mm Hg 83.2±13.0 81.9±12.8 0.37

Annual mean value of LDL, mg/dL 101.1±21.0 107.8±19.7 0.12

Annual mean value of HbA1c, % 7.7±1.4 7.8±1.8 0.66

Creatinine after 10-year follow-up, mg/dL 4.8±1.1 1.2±0.1 <0.05

Person who initiate dialysis, % 40 (54.1) 3 (5.4) <0.05

The average time to initiate dialysis, mo 45.1 (8.0–115.8) 68.3 (23.3–108.8) <0.01

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
HbA1c, glycosylated hemoglobin; GFR, glomerular filtration rate; CKD, chronic kidney disease; ACR, albumin to creatinine ratio; LDL, low 
density lipoprotein; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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tion in patients with diabetic nephropathy. Baseline Hb (γ= 
–0.47, P<0.05) and Cr (γ=0.57, P<0.05) were significantly cor-
related with dialysis initiation in patients with diabetic ne-
phropathy (Table 3). During the 10-year follow-up, we studied 
the risk of anemia to the initiation of dialysis using Cox regres-
sion analysis (Table 4). Crude HR was 7.5 (95% confidence in-
terval [CI], 2.3 to 24.3; P<0.05). After adjusting by related vari-
ables (age, diabetes duration, HbA1c, blood pressure, Cr, GFR, 
and ACR), the HR was 8.1 (95% CI, 2.4 to 27.0; P<0.05).

DISCUSSION

Anemia, a well known complication in CKD patients, is associ-
ated with various poor clinical outcomes such as left ventricular 
hypertrophy, cardiovascular morbidity, more rapid loss of kid-
ney function, increased hospitalization, and poor quality of life 
[7,9,11]. In this study, anemia is associated with rapid decline of 
renal dysfunction, increased need for dialysis, and the faster 
initiation of dialysis in patients with diabetic nephropathy. 
 Anemia is common condition in CKD patients with or with-
out diabetic nephropathy. Renal anemia is associated with a 
more rapid evolution to CKD 4 to 5, and a higher risk of car-
diovascular events and hospitalization in nondialysis patients 
[9]. Previously, anemia was reported to affect annual rate of 
GFR decline in patients with diabetic nephropathy [12]. From 
the RENNAL study, Hb level was an independent risk factor 
that predicted renal outcomes including other factors such as 
proteinuria, degree of renal failure, and serum albumin [13]. In 
consistent with the RENNAL study, patients with anemia also 
showed rapid decline of renal function compared to patients 

without anemia in this study. Previous reports investigated the 
renal outcome such as doubling of Cr or end-stage renal dis-
ease (ESRD) or death [7]. We studied the effect of anemia fo-
cusing to the initiation time of dialysis in patients with diabetic 
nephropathy. In this study, patients with anemia showed rapid 
decline of renal function, which need earlier renal replacement 
therapy in diabetic nephropathy. The degree of dialysis initia-
tion was also larger in patients with anemia compared to pa-
tients without anemia. Our study provided information in that 
it showed the course of diabetic nephropathy with or without 
anemia for a relatively long follow-up period.
 Previously, diabetes, hypertension, hypoalbuminemia, and 
chronic anemia were considered as predictive factors for the 
initiation of hemodialysis in CKD patients [14]. In this study, 
the presence of anemia affected the initiation of dialysis in pa-
tients with diabetic nephropathy. The adjusted HR was 8.1 dur-
ing the 10-year follow-up. In RENNAL study, they studied the 
HR to ESRD according to the quartile Hb [13]. In Hb <11.3 
group, the adjusted HR was 1.99 during a 3.4-year follow-up. 
Different HRs between our study and the RENNAL study 
could be due to different study design, and different ethnicity 
of patients. Anemia is associated with renal insufficiency. The 
exact mechanisms that anemia might influence progression of 
kidney disease are currently unknown. Some reports suggest 

Table 3. The correlation of variables to the initiation of dialysis 
in patients with type 2 diabetic nephropathy

Variable Correlation coefficient P value

Hemoglobin –0.47 <0.05

Glycosylated hemoglobin 0.11 0.23

Creatinine 0.57 <0.05

Glomerular filtration rate –0.50 0.55

Albumin to creatinine ratio 0.45 0.11

Low density lipoprotein 0.12 0.23

Table 4. The risk of anemia to the initiation of dialysis in pa-
tients with type 2 diabetic nephropathy

The risk of anemia to 
the dialysis initiation

95% Confidence 
interval P value

Hazard ratio 7.5 2.3–24.3 <0.05

Hazard ratioa 8.1 2.4–27.0 <0.05

Hazard ratio was studied by Cox regression analysis.
aAdjusted by multiple variables (age, diabetes duration, glycosylated 
hemoglobin, blood pressure, creatinine, glomerular filtration rate, al-
bumin to creatinine ratio).

Fig. 2. The changes of renal function in type 2 diabetic ne-
phropathy patients with or without anemia. X-axis: follow-up 
intervals (yr), Y-axis: Cr during each follow-up. 
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that anemia is due to hypoxia which increases oxidative stress, 
thus enhancing tissue injury [15]. Renal hypoxia is known to 
stimulate cytokines such as hypoxia inducing factor-1, which 
contributes to renal scaring [16]. Others suggest that anemia 
associates with cardiovascular system. Changes in cardiac 
function can potentially affect renal vasculature [17].
 We enrolled the diabetic nephropathy patients and divided 
them based on anemia existence (excluding macrocytic anemia 
subtype, because metformim also affect macrocytic anemia). 
There was a big difference in Hb level (14.3 mg/dL in patients 
without anemia, 10.5 mg/dL in patients with anemia) in this 
study. However, we could not find the cause of such a difference 
in Hb level in this study because this study was retrospectively 
designed study with the aim to know the effect of anemia to the 
dialysis renal outcome. Previously, patients with renal dysfunc-
tion caused anemia by various factors, such as iron or EPO de-
ficiency, hyporesponsiveness to the action of EPO, bleeding di-
athesis, hyperparathyroidism with consequent bone marrow fi-
brosis, and chronic inflammation [18]. In this study, patients 
with anemia included 54.1% of microcytic anemia and 45.9% 
of normocytic anemia. We could not check other related fac-
tors. Therefore, further studies considering other related factors 
are merited.
 There are several limitations of the current study. Firstly, it 
had a relatively small number of participants with a retrospec-
tively designed single center study. Additionally, we did not 
check the exact mechanisms of anemia to the renal outcome. 
Therefore, studies supplementing these limitations are needed 
in near future.
 In conclusion, anemia is associated with aggravation of renal 
function and increased ratio of renal replacement therapy in pa-
tients with diabetic nephropathy. In addition, the average initia-
tion time of dialysis was faster in patients with anemia compared 
to patients without anemia. Therefore, clinicians should pay an 
early attention to anemia during the management of patients 
with diabetic nephropathy. Further large scale multicenter stud-
ies are warranted to examine the clinical meanings of the rela-
tionship of anemia and initiation of dialysis in patients with type 
2 diabetic nephropathy.
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