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Background/Aims: We analyzed chronological changes in hemoglobin according 
to renal function changes over a 5-year follow-up period.
Methods: We enrolled 5,266 adults with a glomerular filtration rate (GFR) ≥ 60 
mL/min/1.73 m2 at an initial examination at a routine health check-up; a fol-
low-up examination was conducted 5 years later. We categorized the subjects ac-
cording to GFR ratio (groups 1, 2, and 3, defined as GFRratio ≥ 1.00, 0.75 to 0.99, 
and < 0.75, respectively).
Results: The mean hemoglobin level in subjects with a GFR of 60 to 74 was higher 
than in those with a GFR of 75 to 89 or ≥ 90 mL/min/1.73 m2 at the initial exam-
ination (all p < 0.001). Among females and males, the frequencies of increased 
hemoglobin were 46.8% and 40.6% in the GFRratio group 1, 52.4% and 46.1% in 
group 2, and 59.6% and 52.5% in group 3 over the 5-year period, respectively (all 
p < 0.001). With multiple logistic regression, group 3 showed 1.594-fold (95% con-
fidence interval [CI], 1.127 to 2.225) and 1.353-fold (95% CI, 1.000 to 1.830) higher 
likelihoods of increased hemoglobin over the 5-year follow-up period in females 
and males, respectively. The estimated difference in hemoglobin level was high-
est in group 3 in both genders. These findings were more evident in subgroups 
without metabolic syndrome, diabetes mellitus, hypertension, or GFR less than 
90 mL/min/1.73 m2.
Conclusions: Among a population with GFR ≥ 60 mL/min/1.73 m2, a mild de-
crease in GFR over a 5-year follow-up period was associated with an increase in 
hemoglobin levels.
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INTRODUCTION

Patients with advanced chronic kidney disease (CKD) 
show decreased hemoglobin levels, primarily because 
of reduced renal production of erythropoietin (EPO). 
The National Health and Nutrition Examinational 
Survey III in the United States reported that the prev-

alence of anemia was increased in subjects with a glo-
merular filtration rate (GFR) < 60 mL/min/1.73 m2 [1]. 
A cohort study including subjects who had stages 3 to 
5 CKD determined that the estimated GFR threshold 
level to detect complications was 44 mL/min/1.73 m2 [2]. 
However, few studies have investigated changes in he-
moglobin concentration and erythropoiesis with mild 
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renal dysfunction.
Here, the study goals were to examine the effects of 

a mild decrease in GFR on the erythropoiesis response 
and to determine how GFR levels were related to 
changes in hemoglobin. We have previously reported 
that the hemoglobin concentration was slightly, but 
significantly, increased by small declines in GFR and 
by the presence of cardio-renal risk factors, such as 
hypertension (HTN), diabetes mellitus (DM), and met-
abolic syndrome, which are related to atherosclerosis 
in early CKD stages [3]. When GFR starts to decrease, 
the macula densa cells respond to the reduced luminal 
delivery of chloride, leading to the release of renin, 
and angiotensin II is activated by its release [4]. Angio-
tensin II increases oxygen consumption and decreases 
the oxygen supply by constricting the vasa recta [5]. As 
a result, renin-angiotensin system (RAS) activation, 
due to the decreased GFR, leads to a shortage of oxy-
gen in the kidney.

Cardio-renal risk factors are related to atherosclero-
sis and renal dysfunction [6]. Atherosclerosis increases 
oxygen consumption in inf lammatory cells and de-
creases oxygen diffusion to tissues, because of the ef-
fects of plaque in thickening blood vessel walls [7] and 
in inducing tissue hypoxia [8,9]. The red blood cell 
(RBC) number varies according to the decline in GFR 
and the presence of metabolic syndrome in subjects 
with GFR > 50 mL/min/1.73 m2. Subjects with lower 
RBC numbers showed a higher risk of all-cause mor-
tality during 40 months of mean follow-up in a gener-
al population [10].

Based on these findings, we previously postulated 
that the elevation of hemoglobin and RBC number 
with mild renal dysfunction is not an incidental phe-
nomenon and that it has clinical significance in sub-
jects with early stage CKD and/or the presence of car-
dio-renal risk factors [3]. However, our previous report 
was based on cross-sectional data and did not show 
chronological changes in hemoglobin according to 
changes in renal function.

In the present study, we developed a database with 
follow-up findings in the same population as in our 
previous study [3]. We analyzed factors related to 
changes in hemoglobin and the effects of progression 
of renal dysfunction, as measured by estimated GFR, 
on hemoglobin changes over a 5-year follow-up period 

in subjects with GFR ≥ 60 mL/min/1.73 m2.

METHODS

Subjects
The study subjects were 5,266 adults, aged 20 or older, 
with an estimated GFR ≥ 60 mL/min/1.73 m2 at the 
initial examination, who had had a voluntary routine 
health check-up at three hospitals affiliated with Seoul 
National University College of Medicine from 2003 
to 2009 as an initial examination and underwent a 
follow-up examination at 5 years after the initial ex-
amination. The subjects answered questions about 
smoking and drinking habits, medical history of renal 
disease, DM, HTN, angina pectoris, acute myocardial 
infarction and self-medication for DM, HTN, or coro-
nary arterial disease prior to the examination.

This study was conducted in accordance with the 
Declaration of Helsinki. It was approved by the Seoul 
National University Bundang Hospital Institutional 
Review Board (H‑1003-095-104).

Measurements and definitions
The subjects arrived at the hospitals after an overnight 
fast of at least 12 hours, completed the questionnaires, 
and underwent blood and urine tests. Serum creati-
nine was measured by the Jaffe reaction with an au-
tomatic analyzer (TBA-200FR, Toshiba, Tokyo, Japan) 
in the three hospitals. Serum creatinine levels were 
calibrated to an assay traceable to isotope dilution 
mass spectrometry (IDMS; Roche Diagnostics, Mann-
heim, Germany). The GFR was calculated using the 
Modification of Diet in Renal Disease (MDRD) study 
equation [11]. Proteinuria was determined by a urine 
dipstick test, using an automated Clinitek Atlas urine 
analyzer (Siemens Healthcare Diagnostics, Deerfield, 
IL, USA). Complete blood cell counts, including RBC 
number, hemoglobin, hematocrit, mean corpuscular 
volume, mean corpuscular hemoglobin, and mean 
corpuscular hemoglobin concentration were measured 
and calculated using a Sysmex XE-2100 Hematology 
analyzer (Sysmex Co., Kobe, Japan).

HTN was defined as systolic blood pressure of ≥ 140 
mmHg, diastolic blood pressure of ≥ 90 mmHg or 
greater, a self-reported history of HTN, or use of anti-
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hypertensive medications. DM was defined as a fasting 
glucose of ≥ 126 mg/dL, HbA1c of ≥ 6.5%, a self-report-
ed history of DM, or use of hypoglycemic agents. A 
history of coronary artery disease was defined as a 
self-reported history of angina or acute myocardial in-
farction. Body mass index (BMI) was calculated based 
on weight and height (weight/height2, kg/m2). The 
components of metabolic syndrome were defined ac-
cording to the National Cholesterol Education Pro-
gram Adult Treatment Panel III [12]. Anemia was de-
fined as hemoglobin below 13 g/dL in males and below 
12 g/dL in females, according to the World Health Or-
ganization criteria [13].

We calculated the following: GFR ratio (GFRratio), 
defined as the GFR level at the follow-up examination 
divided by the level at the initial examination, hemo-
globin ratio (HbRatio), defined as the hemoglobin level 
at the follow-up examination divided by the level at 
the initial examination, and the difference in hemo-
globin, defined as the hemoglobin level at initial ex-
amination subtracted from the level at the follow-up 
examination. We classified subjects according to the 
following variables: GFR groups as GFR ≥ 90, 75–89, 
and 60–74 mL/min/1.73 m2, GFRratio groups as GFR-
ratio ≥ 1.00, 0.75 to 0.99, and < 0.75, and HbRatio 
groups as HbRatio < 1.00 and ≥ 1.00.

Statistical analyses
All analyses were performed using the SPSS version 
18.0 (IBM Co., Armonk, NY, USA) and were conducted 
separately by gender. Data are presented as means ± 
standard deviations for continuous variables and as 
proportions for categorical variables. Differences in 
continuous variables were analyzed by one-way analy-
sis of variance (ANOVA) or Student t test according to 
the number of subgroups, and by Pearson chi-square 
test for categorical variables. We determined the sig-
nif icance of changes in continuous variables at the 
follow‑up examination versus the initial examination 
using a paired Student t test. We analyzed indepen-
dent factors related to the increase in hemoglobin 
during the follow-up period (HbRatio ≥ 1.00) by multi-
ple logistic regression analysis. Analysis of covariance 
(ANCOVA) was used to estimate the mean hemoglobin 
level at the follow-up examination after adjusting for 
independent factors related to the change in hemoglo-

bin during the follow-up period. A p < 0.05 was consid-
ered to indicate statistical significance.

RESULTS

Hemoglobin level at the initial examination accord-
ing to GFR group
The mean hemoglobin level in subjects with GFRs of 
60 to 74 mL/min/1.73 m2 was highest among the three 
GFR groups. In females and males, mean hemoglobin 
levels were 13.14 ± 1.12 and 15.39 ± 1.01 g/dL in subjects 
with GFR ≥ 90 mL/min/1.73 m2, 13.43 ± 1.00 and 15.53 ± 
0.97 g/dL in GFR 74 to 89 mL/min/1.73 m2, and 13.50 ± 
1.06 and 15.57 ± 1.09 g/dL in GFR 60 to 74 mL/min/1.73 
m2, respectively (all p < 0.001 by ANOVA). In each GFR 
group, the hemoglobin level was lowest in subjects 
without metabolic syndrome components versus sub-
jects with metabolic syndrome and increased with in-
creasing numbers of metabolic syndrome components 
in both genders (Fig. 1). These results were similar to 
those in our previous report [6].

Clinical characteristics of the GFRratio group
Of the 5,266 identified subjects, 59.0% (3,107 persons) 
were males. There was no difference in BMI or body 
weight at the initial examination or the follow-up 
examination according to GFRratio group in either 
gender. In females, group 3 (GFRratio < 0.75) showed 
older age, lower frequency of current smoking, higher 
levels of fasting glucose, triglycerides, and GFR, and 
lower levels of cholesterol, HDL-cholesterol, albu-
min, creatinine, uric acid, and hemoglobin (Table 1). 
In males, group 3 showed older age, lower frequency 
of current smoking, higher frequency of DM, higher 
levels of fasting glucose, and GFR, and lower levels of 
cholesterol, albumin, creatinine, uric acid, and hemo-
globin (Table 1). The frequency of anemia in group 3 
was highest in both females (p = 0.009) and males (p = 
0.019) (Table 1). 

Variables in the initial examination related to in-
creased hemoglobin ratio
We performed multiple logistic regression with vari-
ables showing differences in the HbRatio groups and 
identified independent factors related to the increase 
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in hemoglobin. In females, the relative risks for in-
creased hemoglobin were 0.279 (95% confidence inter-
val [CI], 0.177 to 0.438) for albumin (g/dL), 0.996 (95% 
CI, 0.993 to 0.999) for cholesterol (mg/dL), 0.463 (95% 
CI, 0.413 to 0.520) for hemoglobin (g/dL), and 0.727 
(95% CI, 0.577 to 0.916) for proteinuria by a dipstick 
trace test. In males, the relative risks were 0.961 (95% 
CI, 0.953 to 0.969) for age (years), 0.223 (95% CI, 0.153 to 
0.325) for albumin (g/dL), 0.997 (95% CI, 0.995 to 1.000) 
for cholesterol (mg/dL), 0.994 (95% CI, 0.989 to 0.999) 
for glucose (mg/dL), 0.565 (95% CI, 0.518 to 616) for he-
moglobin (g/dL), and 0.827 (95% CI, 0.688 to 0.994) for 
proteinuria by a dipstick trace test.

Progression in renal dysfunction is associated with 
increased hemoglobin over a 5-year follow-up period
In females and males, the frequencies of increased 
hemoglobin were 46.8% and 40.6% in GFRratio group 
1, 52.4% and 46.1% in group 2, and 59.6% and 52.5% 
in group 3, respectively (all p < 0.001) (Fig. 2). With 
multiple logistic regression, group 3 showed 1.594-fold 
(95% CI, 1.127 to 2.225) and 1.353-fold (95% CI, 1.000 
to 1.830) higher likelihoods of increased hemoglobin 
over the 5-year follow-up period in females and males, 
respectively (Table 2). We estimated the mean HbRatio 
during the follow-up period using ANCOVA, adjust-

ed with factors related to HbRatio (Fig. 3). The mean 
HbRatios for females and males were 1.018 (95% CI, 
1.009 to 1.028) and 0.995 (95% CI, 0.989 to 1.001) in 
group 3, 1.007 (95% CI, 1.002 to 1.013) and 0.991 (95% 
CI, 0.988 to 0.993) in group 2, and 0.996 (95% CI, 0.987 
to 1.004) and 0.981 (95% CI, 0.976 to 0.985) in group 1, 
respectively. The estimated mean difference in hemo-
globin was also highest in group 3 in both genders (Fig. 
3).

After stratification of the subjects according to GFR 
group, DM, HTN, metabolic syndrome, and anemia, 
we examined the relationship between GFRratio group 
and the frequency of increased hemoglobin. In the 
presence of DM, HTN, metabolic syndrome, and ane-
mia, or decreased GFR, less than 90 mL/min/1.73 m2, 
there was no correlation between GFRratio group and 
the frequency of increased hemoglobin (Table 3). The 
decrease in GFRratio correlated with the increase in 
HbRatio in subjects without DM, HTN, metabolic syn-
drome, or anemia, or with GFR ≥ 90 mL/min/1.73 m2, 
in both genders.

Changes in body weight and BMI over the 5-year 	
follow-up period

In females, there was no change in body weight or 
BMI over the 5-year follow-up period, as estimated us-
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Figure 1. Mean hemoglobin levels at each glomerular filtration rate (GFR) level according to the number of components of 
metabolic syndrome (MS) in females (A) and in males (B). With increasing numbers of MS components, mean hemoglobin 
levels tended to increase. ap < 0.05 in the group by number of MS components in each GFR level assessed by one-way analysis of 
variance. Subjects with no MS component showed lower hemoglobin levels than subjects with MS in females with GFR 75–89 
or ≥ 90, and in males with GFR 60–74, 75–89, or ≥ 90 mL/min/1.73 m2. 
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Table 1. Clinical characteristics according to level of change in serum creatinine over 5 years

Characteristic 
GFRratio groupa (female) GFRratio group (male)

Group 1
(n = 553)

Group 2
(n = 1,094)

Group 3
(n = 512)

p value
Group 1
(n = 831)

Group 2
(n = 1,838)

Group 3
(n = 438)

p value

Age, yr    52.5 ± 10.0    53.2 ± 10.9   54.3 ± 11.4    0.018  52.2 ± 9.6    52.3 ± 11.0   53.4 ± 12.3   0.123
Smoking (current), %   3.3    1.9   0.8 < 0.001 28 12.7   7.1 < 0.001
Body weight, kg  57.3 ± 7.5  57.0 ± 6.8 57.4 ± 7.3   0.521  70.8 ± 9.0  70.9 ± 9.3 70.9 ± 9.3    0.993
BMI, kg/m2  23.0 ± 2.9 22.9 ± 2.7 23.0 ± 3.0   0.725 24.4 ± 2.7  24.4 ± 2.8  24.5 ± 2.8   0.851
Hypertension, % 21.0 17.7 16.4    0.128 28.3 20.8 23.7 < 0.001
Diabetes mellitus, % 4.7   4.2  6.8    0.073 11.2   8.2  11.2    0.018
No. of metabolic syndrome 
componentsb 

   0.090

0 35.6  34.0 35.6  13.4  16.4  11.9
1 27.8  31.2 26.4 29.4 30 29.5
2 24.1 20.2 22.9 30.6 30  32.4
≥ 3 12.5  14.6 15.1 26.5 23.2 26.3

Systolic blood pressure, 
mmHg 

 116 ± 16        117 ± 17 116 ± 17   0.635  120 ± 15 120 ± 15  120 ± 15    0.903

Diastolic blood pressure, 
mmHg 

   71 ± 12    71 ± 12  70 ± 12   0.255  78 ± 11  78 ± 11   78 ± 11    0.768

Fasting glucose, mg/dL   92 ± 16   92 ± 14   96 ± 20 < 0.001   98 ± 22   98 ± 21  102 ± 25    0.003
Cholesterol, mg/dL 206 ± 36 201 ± 35  199 ± 36    0.004 205 ± 34 200 ± 34  198 ± 33 < 0.001
HDL-C, mg/dL   65 ± 15   62 ± 14  62 ± 14 < 0.001   54 ± 13    53 ± 12   53 ± 12    0.053
Triglyceride, mg/dL   97 ± 55 100 ± 55  105 ± 62   0.071  137 ± 76   135 ± 86  137 ± 83    0.830
Albumin, g/dL,    4.3 ± 0.2    4.3 ± 0.2   4.2 ± 0.2 < 0.001   4.4 ± 0.2    4.4 ± 0.2    4.3 ± 0.2 < 0.001
Uric acid, mg/dL    4.5 ± 0.9    4.4 ± 0.9   4.4 ± 0.9    0.003   6.2 ± 1.2    6.1 ± 1.2   6.0 ± 1.2    0.001
Hemoglobin, g/dL  13.4 ± 1.1   13.3 ± 1.0  13.0 ± 1.2 < 0.001  15.6 ± 1.0   15.5 ± 1.0  15.3 ± 1.1 < 0.001
RBC numberc   4.44 ± 0.34   4.39 ± 0.31   4.34 ± 0.30 < 0.001   5.02 ± 0.36   5.00 ± 0.35  4.92 ± 0.37 < 0.001
Anemiad 7.4   6.9 11.3     0.009   0.2  0.7   1.6    0.019
Creatininee, mg/dL    0.74 ± 0.10   0.64 ± 0.10   0.51 ± 0.11 < 0.001  0.99 ± 0.12   0.88 ± 0.12    0.74 ± 0.12 < 0.001
GFRf, mL/min/1.73 m2   84 ± 14 100 ± 19  137 ± 49 < 0.001   81 ± 12   93 ± 15  115 ± 25 < 0.001
Urine protein, dipstick 0.55    0.004

None 78.5 78.5 81 71  77.1  78.1
Trace  14.8 13.3 12.2 18.6  15.1   12.87
≥ 1+   6.8   8.2  6.9 10.5    7.8   9.1

Hematuriag   7.1  11.4 12    0.043   4.6    3.6   4.8    0.329
GFR ratio    1.15 ± 0.14    0.87 ± 0.08   0.63 ± 0.10 < 0.001    1.13 ± 0.12   0.89 ± 0.07    0.67 ± 0.08 < 0.001
FUh body weight, kg  57.2 ± 7.4  56.6 ± 7.0  56.5 ± 7.0 0.412  70.3 ± 8.7   71.1 ± 9.2   71.7 ± 9.0    0.069
FU BMI, kg/m2  22.9 ± 2.8  22.7 ± 2.8  22.5 ± 2.8 0.172  24.2 ± 2.6  24.3 ± 2.7  24.5 ± 2.6   0.359
FU creatinine, mg/dL    0.65 ± 0.09    0.71 ± 0.10  0.76 ± 0.15 < 0.001  0.89 ± 0.12   0.96 ± 0.12    1.03 ± 0.22 < 0.001
FU GFR, mL/min/1.73 m2   97 ± 19   87 ± 15   82 ± 18 < 0.001   91 ± 18   82 ± 13   77 ± 15 < 0.001
FU hemoglobin, g/dL   13.3 ± 1.0   13.3 ± 1.0 13.2 ± 1.1   0.035  15.2 ± 1.2  15.3 ± 1.1 15.2 ± 1.3   0.131
FU RBC number    4.37 ± 0.34    4.37 ± 0.32   4.36 ± 0.32   0.743    4.87 ± 0.40    4.91 ± 0.38   4.88 ± 0.44   0.015
GFR, glomerular filtration rate; BMI, body mass index; HDL-C, high density lipoprotein cholesterol; RBC, red blood cell; FU, 
follow-up. 
a�Subjects grouped by the GFR ratio at the follow-up examination divided by the level at the initial examination. Group 1, 
GFRratio ≥ 1.00; Group 2, GFRratio 0.75–0.99; Group 3, GFRratio < 0.75. 

bMetabolic syndrome defined by Adult Treatment Panel III criteria. 
cRed blood cell number: 106/μL blood. 
dAnemia is defined as hemoglobin less than 12.0 g/dL in females and less than 13.0 g/dL in males. 
eCreatinine measured by isotope dilution mass spectrometry (IDMS) traceable method. 
fGFR rate calculated by Modification of Diet in Renal Disease equation using IDMS traceable creatinine. 
gHematuria defined by RBC ≥ 5/HPF under ×400 light microscopic examination of urine. 
hAt the follow-up examination.
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ing a paired Student t test (56.7 ± 7.0 kg : 56.7 ± 7.0 kg, p 
= 0.871 for body weight; 22.7 ± 2.8 kg/m2 : 22.7 ± 2.8 kg/
m2, p = 0.561 for BMI). In males, body weight and BMI 
decreased slightly (71.1 ± 9.2 kg : 70.9 ± 9.0 kg, p < 0.001 
for body weight; 24.4 ± 2.7 kg/m2 : 24.3 ± 2.7 kg/m2, 
p = 0.046 for BMI) during the follow-up period. In 
GFRratio group 3 for males, body weight was un-
changed, but BMI decreased slightly (71.1 ± 9.3 kg : 71.1 
± 9.2 kg, p = 0.838 for body weight; 24.4 ± 2.8 kg/m2 : 

24.3 ± 2.7 kg/m2, p = 0.032 for BMI). The BMI in group 
1 at the follow-up examination had decreased com-
pared with the initial examination, but the BMI in 
group 2 had not (24.3 ± 2.6 kg/m2 : 24.2 ± 2.6 kg/m2, p = 
0.005 for group 1; 24.4 ± 2.8 kg/m2 : 24.3 ± 2.7 kg/m2, p = 
0.838 for group 2), and the body weights of groups 1 
and 2 at the follow-up examination were decreased 
versus those at the initial examination (70.7 ± 8.9 kg : 
70.3 ± 8.7 kg, p = 0.003 for group 1; 71.1 ± 9.3 kg : 71.1 ± 9.2 
kg, p = 0.032 for group 2).

DISCUSSION

Previously, we reported that the hemoglobin concen-
tration increased slightly for subtle declines in renal 
function and in the presence of cardio-renal risk fac-
tors in subjects with GFR > 50 mL/min/1.73 m2 [6]. We 
postulated that mild renal dysfunction and the pres-
ence of cardio-renal risk factors could enhance the 
RAS and increase renal hypoxia-inducible factor (HIF) 
and/or EPO in kidneys with normal kidney function 
or in the early stage of CKD. However, our previous 
report was based on cross-sectional data and could not 
show a chronological relationship between changes in 
hemoglobin and renal function. In the present report, 
we verified the increase in hemoglobin according to 
the decrease in renal function and the presence of 
cardio-renal risk factors in 5 years of follow-up data in 
subjects with GFR ≥ 60 mL/min/1.73 m2 at the initial 
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Figure 2. Frequency of increased hemoglobin (hemoglobin 
ratio ≥ 1) over the 5-year follow-up period by gender. Group 
1, GFRratio ≥ 1.00; Group 2, GFRratio 0.75–0.99; Group 
3, GFRratio < 0.75, p < 0.001 for females and males. GFR, 
glomerular filtration rate.

Table 2. Creatinine ratio group was an independent risk factor for increased hemoglobin over the 5‑year follow-up period 

Variable B Wald RR 95% CI for RR p value

Female 

   GFRratio  6.979 0.031

   0.75–0.99 0.230 3.422  1.259  0.986–1.607 0.064

   < 0.75 0.466 6.942  1.594 1.127–2.255 0.008

Male 

   GFRratio  3.864 0.145

   0.75–0.99 0.124 1.566 1.132 0.932–1.374 0.211

   < 0.75 0.302 3.849 1.353 1.000–1.830 0.050

Multiple logistic regression analysis adjusted for age, presence of diabetes mellitus, and hypertension, systolic blood pressure 
diastolic blood pressure, levels of albumin, cholesterol, fasting glucose, triglyceride, creatinine, and urinary protein (dipstick 
test), presence of hepatitis B surface antigen and antibody, and glomerular filtration rate (GFR) ratio group.   
RR, relative risk compared to subjects with GFRratio ≥ 1.00; CI, confidence interval.
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examination. Furthermore, in the subgroup analysis, 
the presence of mild renal dysfunction and cardio-re-
nal risk factors obscured the relationship between the 
decrease in renal function and the increase in hemo-
globin.

Erythropoiesis is regulated by many growth factors, 
and EPO is required at the late colony forming unit- 
erythroid stage [14]. The production of EPO is regulat-
ed by hypoxia, anemia, or angiotensin II [15]. In a hy-
poxic state, GATA-2, which suppresses the EPO 
promoter in normoxia [16], is itself suppressed, caus-
ing the activation of HIF and inducing transcription 
of EPO [17,18]. In humans, plasma EPO concentrations 
increase exponentially when hemoglobin concentra-
tions fall below 12.5 g/dL in individuals not suffering 
from renal disease or inflammation [15]. Angiotensin 
II also stimulates erythropoiesis by increasing EPO 
production and by acting as a growth factor for my-
eloid erythrocytic progenitors [5,19]. RAS enhances 
erythropoiesis, through mainly the angiotensin II 
type 1 receptor of EPO-producing renal cells, which 

can be prevented by an angiotensin II type I receptor 
blocker [20].

In the progression of renal dysfunction in CKD, hy-
poxia is both a potential cause and an effect of the pro-
gression [21]. The loss of postglomerular intertubular 
capillaries caused by glomerulosclerosis [22], expan-
sion of the interstitial space [23], release of proinflam-
matory and profibrotic cytokines, increased expression 
of antiangiogenic factor, and decreased expression of 
the proangiogenic factor, vascular endothelial growth 
factor [24], propagate the hypoxia in chronic renal fail-
ure. Intrarenal RAS plays an important role in renal 
autoregulation and pathophysiological developments 
in renal dysfunction [21]. When GFR starts to decrease, 
the macula densa cells respond to the reduced luminal 
delivery of chloride, leading to the release of renin and 
the activation of angiotensin II [4]. The cardio-renal 
risk factors are closely related to renal dysfunction [21] 
and increase the severity of atherosclerosis, which in-
duces hypoxia in the tissue and is caused by hypoxia 
[5,8,9].
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Figure 3. Changes in hemoglobin level measured at the initial examination and at 5 years later according to the change in 
glomerular filtration rate (GFR) during the same period by gender. (A) Hemoglobin ratio was estimated by covariate analysis 
adjusted with the factors related to the change in hemoglobin during the 5-year period, such as age, presence of diabetes 
mellitus and hypertension, systolic blood pressure, diastolic blood pressure, levels of albumin, cholesterol, fasting glucose, 
triglyceride, creatinine, and urinary protein (dipstick test), and the presence of hepatitis B surface antigen and antibody. (B) 
Difference between the last hemoglobin and the initial hemoglobin was estimated by covariate analysis adjusted for the factors 
related to the change in hemoglobin during the 5-year period. A p value indicates the differences between means estimated by 
covariate analysis. The bar in each column indicates the 95% confidence interval of estimated means. Group 1, GFRratio ≥ 1.00; 
Group 2, GFRratio 0.75–0.99; Group 3, GFRratio < 0.75.
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With regard to the regulation of EPO production 
and the pathophysiological status of CKD, questions 
remain regarding the time at which the EPO response 
commences and how it can be detected readily during 
renal functional deterioration. A few reports have dis-
cussed the change in erythropoiesis in populations 
with normal to mild derangement of renal function. 
The National Health and Nutrition Examination Sur-
vey (NHANES) III in United States [25], data from the 
Kidney Early Evaluation Program and NHANES 1999 
to 2004 [26], and data from the Atherosclerosis Risk in 
Communities Study [27] showed slight increases in he-

moglobin along with declines in GFR, as we report 
here, but none of these studies examined the relation-
ship in detail. We observed that the decrease in GFR 
was independently related to the increase in hemoglo-
bin in a population with normal or mildly decreased 
renal function. The decrease in GFR was clearly relat-
ed to the increase in hemoglobin in females and, in 
males, was related to a lesser decrease in hemoglobin. 
In males, the hemoglobin level decreases with aging. 
The difference in hemoglobin between males < 30 
years old and those ≥ 80 years old is known, 1.49 ± 0.57 
g/dL, compared with only 0.20 ± 0.29 mg/dL in fe-

Table 3. Frequency of increased hemoglobin over the 5-year follow-up period versus the initial examination in each gender 
stratified by cardio-renal risk factor 

                         Variable
Group of GFRratioa

p value
Group 1 Group 2 Group 3

Female GFR, mL/min/1.73 m2 ≥ 90  47.7  52.2  61.0 0.002

75–89  47.1  51.3 48.8 0.651

60–74  45.3  57.1 41.7 0.193

Diabetes mellitus Absence  46.9  52.8 60.8 < 0.001
Presence  46.2  43.5 42.9    0.964

Hypertension Absence  46.5  53.6 61.9 < 0.001

Presence  48.3  46.9 47.6    0.973

Anemiab Absence  43.4  49.6 56.2 < 0.001

Presence  90.2 89.5 86.2    0.781

Metabolic syndrome c Absence  46.7  53.6 62.2 < 0.001

Presence  47.8  45.0         45.5    0.924

Male GFR, mL/min/1.73 m2 ≥ 90  34.6  48.1 55.4 < 0.001

75–89  43.7 44.7 36.6    0.583

60–74  39.4  40.9 21.4    0.354

Diabetes mellitus Absence  41.5  47.7 54.2 < 0.001

Presence  33.3  28.0 38.8 0.333

Hypertension Absence  42.3  47.7 55.1 0.001

Presence  36.6  40.2 44.2 0.391

Anemiab Absence  40.5  45.8   52.2 < 0.001

Presence  50.0  83.3 71.4 0.554

Metabolic syndromec Absence  42.4  47.4 54.2 0.002

Presence   35.9  41.5 47.8 0.099
aSubjects grouped by the glomerular filtration rate (GFR) ratio at the follow-up examination divided by the level at the initial 
examination. Group 1, GFRratio ≥ 1.00; Group 2, GFRratio 0.75–0.99; Group 3, GFRratio < 0.75.
bAnemia defined as hemoglobin less than 12.0 g/dL in females and less than 13.0 g/dL in males. 
cMetabolic syndrome defined by Adult Treatment Panel III criteria. 
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males [28-30]. Thus, the reduced effect of renal dys-
function on the increased hemoglobin in males versus 
that in females may be due to the decreased testoster-
one level during the 5-year follow-up period. The effect 
of renal dysfunction on erythropoiesis was prominent 
in a population with normal renal function (GFR ≥ 90 
mL/min/1.73 m2) and without cardio-renal risk factors. 
In our previous study, subjects with mildly decreased 
renal function (60 mL/min/1.73 m2 < GFR < 90 mL/
min/1.73 m2) and with DM, HTN, metabolic syndrome, 
or anemia showed a pre-existing increase in hemoglo-
bin level compared with subjects without at the initial 
examination [6] but showed no further increase in he-
moglobin with a greater decline in renal function, 
which is similar to the response to long-term hypoxia. 
The hypoxia-inducible factor (HIF)-1α level declines 
during long-term hypoxia, which is related to the in-
duction of the prolyl 4‑hydroxylase 3 enzyme by HIF-
1α as a functional feedback loop, limiting the hypoxic 
response [31]. The increase in the intraerythrocytic 
2,3‑bisphosphoglycerate concentration decreased the 
O2 affinity of hemoglobin, which may also affect the 
decrease in EPO in chronic hypoxia [32].

This study had several limitations. First, we used the 
change in GFR based on serum creatinine as a marker 
of renal dysfunction, as in other studies. However, the 
use of creatinine to estimate GFR has limitations be-
cause of its tubular secretion and variability in the 
within-person generation rate [33]. In this population, 
body weight, which is related to the creatinine genera-
tion rate, was unchanged in females and in GFRratio 
group 3 in males. This reduced the error related to 
creatinine generation within persons. Use of the CKD 
epidemiology collaboration (CKD-EPI) equation to es-
timate GFR has recently been recognized as the most 
accurate estimation [34]. However, estimated GFR re-
mains limited in its ability to predict true renal func-
tion, especially in an older population. Second, the 
study subjects, who were selected on the basis of data 
at the follow-up examination, showed characteristics 
different than those of the whole population that un-
derwent routine health check-ups at our institutions. 
However, the trend in hemoglobin levels according to 
the decline in GFR and the presence of cardio-renal 
risk factors at the initial examination was identical. 
Thus, the selected population was considered to be 

representative of the traits of the original population 
in terms of the relationship between changes in renal 
function and hemoglobin. Third, we could not exclude 
nonrenal causes of changes in hemoglobin level, such 
as iron-deficiency anemia or other hematological dis-
eases. We considered that the large sample size and 
generally healthy characteristics of the subjects com-
pensated for this. The proportion of anemia was < 10% 
in females and < 1% in males. Finally, we could not ex-
clude the effects on the results of any medications be-
ing taken by the subjects.

In conclusion, the degree of deterioration in renal 
function was related to the change in hemoglobin lev-
els over the 5-year follow-up period in a population 
with GFR ≥ 60 mL/min/1.73 m2. This suggests that the 
kidney responds to the insult in renal function at an 
earlier stage of renal dysfunction than thought previ-
ously. Further studies are needed to identify the 
pathophysiological mechanism underlying the re-
sponse to early renal damage and the clinical utility of 
our findings.
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