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Mild anemia is frequent and associated with
micro- and macroangiopathies in patients with

type 2 diabetes mellitus
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ABSTRACT

Aims/Introduction: The present study investigated the frequency of mild anemia, which is not an indication of intensive therapy
using drugs, in Japanese patients with type 2 diabetes mellitus and the association of mild anemia with diabetic complications.
Materials and Methods: This is a cross-sectional study of 1189 patients with type 2 diabetes mellitus. Anemia was defined as a
hemoglobin level <13.5 g/dL in men and <12.0 g/dL in women. The patients with anemia were divided into two groups: () grade 1
anemia with a hemoglobin level >11.0 g/dL; and (i) grade 2 anemia with a hemoglobin level <11.0 g/dL.

Results: The prevalence of anemia increased with the progression of the stage of diabetic nephropathy and chronic kidney disease.
The frequencies of diabetic micro- and macroangiopathies increased with the progression of anemia among 798 patients without
anemia, 300 with grade 1 anemia and 91 with grade 2 anemia. Both grade 1 and grade 2 anemia were associated with diabetic
micro- and macroangiopathies. They remained independently associated with diabetic retinopathy, coronary heart disease and
peripheral arterial disease after adjustment by age, sex, body mass index, use of angiotensin Il receptor blocker, estimated glomerular

filtration rate and stage of diabetic nephropathy.

Conclusions: Mild anemia is frequent and associated with micro- and macroangiopathies in patients with type 2 diabetes mellitus.
It is important to carry out intensive examinations for the detection of diabetic micro- and macroangiopathies in addition to
evaluating the causes of anemia when mild anemia is found in patients with diabetes mellitus. (J Diabetes Invest, doi: 10.1111/

j-2040-1124.2010.00060.%, 2010)
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INTRODUCTION

Chronic anemia is common in diabetic patients' ">, Although
the definition of anemia differs among studies, the rate of anemia
ranges from 14 to 17% and 8-66% in patients with type 1 and
type 2 diabetes mellitus, respectively'™'®. Several mechanisms
have been discussed in diabetes mellitus-associated anemia and
an association of anemia with the progression of diabetic
nephropathy is reported' >, Vitamin deficiencies, such as
folate and B,,, are relatively unusual and the major causes of
anemia are thought to be iron and erythropoietin (EPO) deficien-
cies, and hyporesponsiveness to the actions of EPO™17,

Anemia is also recognized as an independent risk factor for
hospitalization as a result of heart failure, because it exacerbates
the cardiac ischemia results of decreased supply or increased
demand for oxygen, such as in patients with underlying coronary
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heart disease, left ventricular hypertrophy or arrhythmia. Fur-
thermore, anemia is accompanied by cardiovascular events’ %,
mortality'® and mortality after acute myocardial infarction'® in
patients with diabetes mellitus.

The correction of anemia is usually carried out with an iron
supplement or erythropoiesis stimulating agents (ESA). The
target level of hemoglobin is recommended to be 11.0-12.0 g/dL
and not to exceed 13.0 g/dL in the guidelines by National
Kidney Foundation (NKF), European Renal Association-Euro-
pean Dialysis and Transplantation Association (ERA-EDTA)
and National Institute for Health'®*°. Therefore, patients with
mild anemia who have a hemoglobin level >11.0 g/dL are not
indicated for intensive treatments using drugs in the clinical
routine.

No study has yet determined whether mild anemia is associ-
ated with cardiovascular events in patients with type 2 diabetes
mellitus. The present study investigated the frequency of mild
anemia in Japanese patients with type 2 diabetes mellitus and
the association of mild anemia with diabetic micro- and macro-
angiopathies.
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MATERIALS AND METHODS

A cross-sectional study was carried out in a population of 1189
patients diagnosed with type 2 diabetes mellitus under consecu-
tive evaluations of urinalysis, hemoglobin and serum creatinine
levels attending the Department of Diabetes, Metabolism and
Kidney Diseases of Edogawa Hospital, Tokyo, Japan, between
April 2008 and March 2009. Patients with end-stage renal dis-
ease receiving maintenance dialysis were excluded from the
study. Subjects who underwent physical health examinations
were also entered into the study as normal controls (age-
matched 112 men and 99 women). They did not have a history
of diabetes mellitus, hypertension, hyperlipidemia, chronic kid-
ney disease (CKD), myocardial infarction and/or cerebral infarc-
tion. They were confirmed to show no proteinuria or glucosuria
with normal liver and kidney functions according to the find-
ings of urine and blood examinations.

Anemia was defined as a hemoglobin level <13.5 g/dL in men
and <12.0 g/dL in women according to the guidelines by ERA-
EDTA' and NKF*'. Anemia was divided into two groups in the
present study: (i) grade 1 anemia with a hemoglobin level >11.0 g/dL;
and (ii) grade 2 anemia with a hemoglobin level <11.0 g/dL.

The estimated glomerular filtration rate (¢GFR) was calculated
using the formula reported by Matsuo et al.>* This equation origi-
nated from the MDRD study group™, arranged for Japanese indi-
viduals, and recommended by the Japanese Society of Nephrology:

eGFR (mL/min/1.73 mz) =194 x Scr~ 1% x Age_°‘287
x 0.739 (if female).

The stages of CKD were based on the NKF K/DOQI clinical
practice guidelines®. The UAE is presented as the albumin-
to-creatinine ratio (ACR; mg/g creatinine). Diabetic nephropa-
thy (DN) was staged according to an analysis of a spot urine
sample as: DN stage I (normoalbuminuria), ACR <30 mg/g cre-
atinine; DN stage II (microalbuminuria), 30 <ACR <300 mg/g
creatinine; DN stage III (macroalbuminuria), ACR =300 mg/g
creatinine (or dipstick urinalysis revealed 2+, 3+ or 4+) and
eGFR >30 mL/min/1.73 m* DN stage IV, ACR >300 mg/g cre-
atinine (or dipstick urinalysis revealed 2+, 3+ or 4+) and eGFR
<30 mL/min/1.73 m*> *°. Individuals complicated with other
kidney diseases, such as chronic glomerulonephritis and interstitial
nephritis, were excluded from the study. Hypertension was defined
as a systolic blood pressure >140 mmHg and/or a diastolic blood
pressure 290 mmHg. Participants currently using antihyperten-
sive medications were also classified as positive for hypertension.
Hyperlipidemia was defined by serum concentrations of total
cholesterol >220 mg/dL, low-density cholesterol =140 mg/dL, or
patients already treated with lipid-lowering agents.

Diabetic retinopathy was defined as simple retinopathy or
more severe conditions judged according to the results of fundu-
scopic examinations carried out by expert ophthalmologists.
Diabetic neuropathy was diagnosed by the presence of two or
more components among clinical symptoms (bilateral spontane-
ous pain, hypoesthesia or paresthesia of the legs), absence of

ankle tendon reflexes and decreased vibration sensations using a
C128 tuning fork. Cerebrovascular disease was diagnosed by the
physicians as a history of ischemic stroke using brain computed
tomography or magnetic resonance imaging. Only patients with
symptoms were classified as having cerebrovascular disease, and
cases of silent brain infarction, transient ischemic attack or brain
hemorrhage were excluded from the study. Coronary heart dis-
ease was diagnosed according to a previous history of myocar-
dial infarction, angina pectoris, electrocardiogram abnormalities
suggesting myocardial ischemia or interventions after coronary
angiographic examination. Peripheral arterial disease was diag-
nosed by the absence of a pulse in the legs with ischemic symp-
toms, obstructive findings on ultrasonographic examination of
the lower extremities or ankle-brachial pressure index <0.9.

The hemoglobin level was measured using a Beckman/Coulter
LH750 automated processor (Beckman Coulter, Fullerton, CA,
USA).

Statistical Analysis

An analysis of variance (aNova) and the y-test were used for
between-group comparisons of continuous and categorical vari-
ables, respectively. A univariate analysis was carried out to inves-
tigate the correlations of two independent continuous variables.
The odds ratio (OR) and respective 95% confidence interval
(95% CI) were determined to examine the strength of the
relationship between anemia and the clinical parameters by a
multiple logistic regression analysis. The associations of the prev-
alence of diabetic micro- and macroangiopathies with anemia
were also evaluated by logistic regression analyses. Differences
with P < 0.05 (two-tailed) were considered to be statistically sig-
nificant. The statistical software package jmp, version 8.0 (SAS
Institute, Cary, NC, USA), was used to carry out all analyses.

RESULTS

Table 1 shows the clinical characteristics and laboratory parame-
ters of the patients included in the present study. The hemoglo-
bin level was significantly lower in the study subjects than in the
normal controls (14.5 £ 1.5 g/dL in men and 12.9 £ 1.3 g/dL in
women, P < 0.01 and P = 0.04, respectively). The frequencies of
anemia were significantly higher in the patients (37% in men
and 27% in women) than in the normal controls (17% in men
and 16% in women, P < 0.01 and P = 0.01, respectively). Indi-
viduals with grade 1 anemia were found in 15% of both men
and women in the controls.

Figure 1 shows the frequency of anemia according to the
stages of CKD and diabetic nephropathy graded by albuminuria.
Anemia increased with the progression of renal dysfunction and
diabetic nephropathy. Grade 1 anemia accounted for the major-
ity of patients in each group except for stage CKD 4 + 5 plus
DN stage III + IV.

Comparisons of the clinical features among the 798 (67%)
patients without anemia, 300 (25%) with grade 1 anemia and 91
(8%) with grade 2 anemia are shown in Table 2. The patient’s
age, the duration of diabetes mellitus, the need to receive insulin

274

Jourmnal of Diabetes Investigation Volume 1 Issue 6 December 2010

© 2010 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd



Mild anemia in type 2 diabetes mellitus

Table 1| Clinical characteristics and laboratory parameters of the
patients

Table 2 | Clinical characteristics and laboratory parameters of the diabetic
patients without and with anemia

%/Mean (SD) Number

estimated (%)

Age (years) 64 (12) 1189 (100)
Men 60 1189 (100)
Duration of diabetes mellitus (years) 10 (10) 869 (73)
Current plus past cigarette smoking 58 726 (61)
Therapeutic method 1189 (100)
Diet only/OHA/Insulin 10/58/33
Body mass index (kg/m?) 244 4.0) 1172 (99)
Hypertension 77 1189 (100)
ACEi 16 186
ARB 45 538
Hyperlipidemia 70 1189 (100)
HbA, . (%) 70 (14) 1119 (94)
Hemoglobin (g/dL) 133 (16 1189 (100)
Men 138 (1.6) 709
Women 126 (14) 480
Diabetic nephropathy 1189 (100)
Stage | 58 691
Stage Il 19 226
Stage Il + IV 23 272
Estimated GFR (mL/min/1.73 m?) 61.5 (194) 1189 (100)
CKD stage 1189 (100)
1 6 73
2 50 595
3 38 447
4+5 6 74
Diabetic retinopathy 43 801 (67)
Diabetic neuropathy 81 845 (71)
Cerebrovascular disease 15 1186 (100)
Coronary heart disease 19 1187 (100)
Peripheral arterial disease 4 1187 (100)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin I
receptor blocker; CKD, chronic kidney disease; GFR, glomerular filtration
rate; OHA, oral hypoglycemic agent.
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Figure 1 | Frequency of anemia according to the stages of chronic
kidney disease (CKD) and diabetic nephropathy (DN). Grey and open
bars indicate grade 1 and grade 2 anemia, respectively.

%/Mean (SD)

Anemia (=)  Grade 1 Grade 2 P
(n = 798) anemia anemia
(n = 300) (n=91)
Age (years) 62 (12) 68 (10) 70 (11) <001
Men 56 76 37 <001
Duration of diabetes 99 14 (11) 14 (10) <001

mellitus (years)

Current plus past 61 59 37 <001

cigarette smoking

Therapeutic method
Diet only/OHA/ 10/63/28 8/54/38 13/30/57 <001

Insulin
Body mass index 248 (4.2) 235(37) 240 4.1) <001
(kg/m?)

Hypertension 75 80 88 <001
ACEi 16 15 16 097
ARB 40 54 58 <001

Hyperlipidemia 72 66 64 001

HbA . (%) 71 (14) 638 (14) 64 (08) <001

Hemoglobin (g/dL) 14.1 (1.1) 123 (0.7) 99 (09) <001

Diabetic nephropathy <001
Stage | 66 46 29
Stage Il 19 22 7
Stage Il + IV 15 32 64

Estimated GFR 66.5 (162) 560 (198) 361 (196) <001

(mL/min/1.73 m?)

CKD stage <001
1 8 3 1
2 59 38 12
3 32 49 38
4+5 1 10 40

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin I
receptor blocker; CKD, chronic kidney disease; GFR, glomerular filtration
rate; OHA, oral hypoglycemic agent.

therapy, hypertension and use of angiotensin II receptor blocker
(ARB) increased with the progression of anemia. The subjects
with a smoking history, the body mass index, HbA,. level and
eGFR decreased along with the progression of anemia.

The frequencies of diabetic micro- and macroangiopathies sig-
nificantly increased with the progression of anemia (Figure 2).

Univariate analyses showed the hemoglobin level to negatively
correlate with age (r = —0.358, P < 0.01) and the duration of
diabetes mellitus (r = —0.217, P < 0.01), whereas it positively
correlated with body mass index (r=0.156, P < 0.01) and
eGFR (r = 0.440, P < 0.01). A multiple logistic regression analy-
sis was carried out after the patients were divided into two
groups with anemia (n = 391) and without anemia (n = 798).
The following factors were entered as independent variables:
age, sex (men vs women), duration of diabetes mellitus, cigarette
smoking (current plus past smoking vs none), therapeutic
method (insulin vs diet only plus OHA), body mass index,
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Figure 2 | Frequencies of diabetic micro- and macroangiopathies among the grades of anemia in patients with type 2 diabetes mellitus. Diabetic
nephropathy includes Stage Il + lll + IV. All diabetic complications increased with the progression of anemia (P < 0.01, y*test).

hypertension (present vs absent), use of ARB (yes vs no), hyper-
lipidemia (present vs absent), eGFR and the stage of diabetic
nephropathy (DN stage II + III + IV vs DN stage I). Age (Wald
¥*-score = 11.8, OR = 14.01, 95% CI = 3.18-64.67, P < 0.01),
sex (Wald Xz-score =26.7, OR = 0.23, 95% CI = 0.13-0.40,
P < 0.01), body mass index (Wald y*-score = 8.8, OR = 0.08,
95% CI = 0.01-0.40, P < 0.01), eGFR (Wald ¥*-score = 31.6,
OR = 0.003, 95% CI = 0.000-0.023, P < 0.01) and the stage of
diabetic nephropathy (Wald y’-score = 8.5, OR = 1.9, 95%
CI = 1.25-3.18, P < 0.01) were all factors significantly associ-
ated with anemia. Age (Wald xz-score = 14.5, OR = 22.04,
95% CI = 4.61-112.39, P < 0.01), sex (Wald y*-score = 40.4,
OR =0.11, 95% CI = 0.06-0.22, P < 0.01), body mass index
(Wald y*-score = 59, OR =0.10, 95% CI = 0.01-0.60, P =
0.02), use of ARB (Wald y*-score = 40, OR =173, 95%
CI = 1.02-299, P=004), eGFR (Wald y?-score = 12.5,
OR = 0.02, 95% CI = 0.003-0.18, P < 0.01), and the stage of
diabetic nephropathy (Wald y*-score = 9.0, OR = 2.15, 95%
CI = 1.31-3.55, P < 0.01) also showed a significant association
with anemia when the study subjects were divided into two
groups with grade 1 anemia (n =300) and without anemia
(n = 798) after exclusion of grade 2 anemia.

Table 3 shows the odds ratios for diabetic micro- and macro-
angiopathies with anemia by logistic regression analyses. Both
grade 1 and grade 2 anemia were significantly associated with
all diabetic micro- and macroangiopathies, except the relation-
ship between grade 2 anemia and cerebrovascular disease. Grade
1 anemia remained significantly associated with diabetic retinop-
athy, coronary heart disease and peripheral vascular disease after
adjusting for age, sex, body mass index, the duration of diabetes
mellitus, smoking, hypertension, hyperlipidemia, use of ARB,
eGFR and stage of diabetic nephropathy.

DISCUSSION

The current study showed that anemia was more frequent in
patients with type 2 diabetes than in normal controls, and that
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mild (grade 1) anemia as well as grade 2 or total (grade 1 and
grade 2) anemia were associated with the prevalence of diabetic
micro- and macroangiopathies. Although anemia is recognized
to be a risk factor for cardiovascular events’'>'*'* and diabetic
retinopathy®’, no study has so far investigated whether mild
anemia, which does not require supplement therapy using iron
or ESA, is associated with diabetic complications.

Anemia, including mild anemia, was related to many clinical
parameters in the patients with type 2 diabetes mellitus of the
present study. In particular, anemia increased with the progres-
sion of the stage of diabetic nephropathy and CKD consistent
with previous studies'">". Diabetic micro- and macroangiopa-
thies increased with the progression of anemia. The presence of
anemia remained a significant variable associated with diabetic
retinopathy, coronary heart disease and peripheral arterial dis-
ease after adjustment for age, sex, body mass index, the duration
of diabetes mellitus, smoking, hypertension, hyperlipidemia, the
use of ARB, eGFR and stage of diabetic nephropathy. Recently,
Zoppini et al.”’” reported that anemia predicts the all-cause and
cardiovascular mortality in type 2 diabetic patients, indepen-
dently of the presence of CKD, similar to the present study.

Although anemia is more frequent in women than in men in
the general population, the incidence of mild anemia was higher
in men with type 2 diabetes mellitus in the current series. This is
interesting, because the cardiovascular diseases frequently occur
in diabetic males, although the reason for the increase in male
anemia was unclear. Because the patients with macroalbuminuria
were significantly more frequently men than women in the pres-
ent study (data are not shown), this phenomenon might therefore
be dependent on the patients’ background alone. Mild anemia
might therefore be an additional marker that expresses micro-
and macrovascular damage dependent on multiple factors, such
as aging, hypertension, hyperglycemia and kidney dysfunction.

The main limitation of the current study was that the results
were obtained from a single centre and with a cross-sectional
design. These findings are inherently limited by an inability to

© 2010 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd
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Table 3 | Odds ratios for diabetic micro- and macroangiopathies with anemia by a logistic regression analysis

Grade 1 anemia Grade 2 anemia Total (grade 1 + 2) anemia
Wald x> OR (95% Cl) P Wald %> OR (95% Cl) P Wald > OR (95% Cl) P
score score score
Unadjusted
Nephropathy 335 222 (1.70-291) <001 40.2 460 (290-748) <001 591 265 (207-340) <001
Retinopathy 284 270 (1.94-3.77) <001 346 4.77 (273-867) <001 519 307 (227-4.17) <001
Neuropathy 10.1 212 (1.35-342) <001 86 401 (1.74-116) <001 166 243 (161-3.78) 001
(@YD) 153 1.98 (140-2.78) <001 04 1.22 (064-2.17) 052 118 1.76 (1.27-242) <001
CHD 22.7 220 (1.58-3.03) <001 234 321 (198-5.12) <001 334 240 (1.78-322) <001
PAD 13.7 356 (1.82-7.07) <001 276 893 (4.16-19.0) <001 233 449 (248-847) <001
Adjusted*
Retinopathy 14 193 (131-282) <001 38 197 (1.00-3.98) 0049 131 193 (135-277) <001
Neuropathy 04 8 (0.71 200) 053 28 2.56 (0.95- 900) 009 14 5(083-2.23) 023
(@YD) 08 1 2O (081-1.75) 0.36 1.7 062 (0.29-1.23) 0.19 0.2 07 (0.74-1.55) 0.72
CHD 74 64 (1.15- 234) <001 81 228 (1.29- 398) <001 106 1 74 (125-245) <001
PAD 4. 2 13 (1.02-4.52) 004 6.0 350 (1.30-9.19) 001 56 233 (1.17-4.78) <001
Adjusted**
Retinopathy 10.1 2 13 (1.34-342) <001 0.1 093 (041-2.16) 086 84 1 92 (1.24-298) <001
Neuropathy 00 02 (0.581.81) 095 13 207 (067-9.11) 0.26 0.1 0 (064-191) 0.73
[@Yp} 0.2 1 1O (067-181) 0.70 16 057 (022-131) 0.19 00 098 (060- 55) 0.89
CHD 55 1.82 (1.09-2.71) 002 22 1.70 (0.83-337) 0.14 77 88 (1.19-2.80) <001
PAD 4. 218 (1.03-6.11) 004 52 274 (1.16-827) 003 4.2 44 (1.02-6.34) 004

CHD, coronary heart disease; Cl, confidence interval; CVD, cerebrovascular disease; OR, odds ratio; PAD, peripheral arterial disease.
*Adjusted by age, sex, body mass index, use of angiotensin Il receptor blocker, estimated glomerular filtration rate and stage of diabetic nephropathy

(DN stage |, Il and lIl + IV).

**Adjusted by age, sex, body mass index, duration of diabetes mellitus, current plus past smoking, hypertension, hyperlipidemia, use of ARB,
estimated glomerular filtration rate and stage of diabetic nephropathy (DN stage |, II, and Il + IV).

eliminate causal relationships between mild anemia and diabetic
micro- and macroangiopathies. Therefore, it is impossible to
clarify whether mild anemia causes diabetic vascular complica-
tions. However, the present study was considered to be sufficient
to show that a high incidence of mild anemia in patients with
type 2 diabetes mellitus was associated with diabetic micro- and
macroangiopathies in a large number of subjects. The prospec-
tive study is necessary to investigate the incidence of diabetic
complications among the groups divided by the grade of ane-
mia. The other limitation was that anemia was evaluated using
only the hemoglobin level. The etiology could not be discussed
in the current study, because the reticulocyte count, serum iron,
ferritin, transferrin, erythropoietin and C-reactive protein con-
centrations were not measured. Furthermore, subjects with
occult malignant disease or chronic gastrointestinal bleeding
might not be completely excluded from the study. Almoznino-
Sarafian et al'®> reported anemia in diabetic patients to be
caused by multiple factors, such iron deficiency (38%), and vita-
min By, and/or folate (12%) deficiency.

The results of the present study suggest that the current clini-
cal strategy for mild anemia might be insufficient to prevent
diabetic complications, especially macroangiopathies. However,
it is doubtful whether mild anemia should be corrected using
ESA in patients with type 2 diabetes mellitus from the view-

point of the medical cost and the possibility of causing
increased hypertension. Correcting the target hemoglobin to a
level of 13.0-15.0 g/dL using epoetin beta in patients with dia-
betes and anemia does not improve the left ventricular mass
index according to echocardiographic measurements®. Further-
more, an earlier complete correction of anemia has been
reported to show no reduction in the risk for cardiovascular
events™, whereas it increased hospitalization as a result of car-
diovascular causes in the patients with CKD*. The administra-
tion of darbepoetin alpha that aimed to elevate the hemoglobin
level to 13.0 g/dL increased the onset of stroke; whereas it did
not reduce the risk of end-stage renal disease and death in 4038
patients with diabetes mellitus, CKD and anemia®'. Therefore,
it is important to carry out intensive examinations for the
detection of diabetic micro- and macroangiopathies, in addition
to the evaluation of treating some of the easily correctable
causes of anemia, such as nutritional deficiency, medications,
occult bleeding, inflammatory diseases, hemolysis, thyroid and
other disorders when mild anemia is found in patients with
type 2 diabetes mellitus.
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