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ABSTRACT 

Aim: To determine the incidence of anemia in 
type-2 diabetic patients with normal renal function 
and assess the association of other factors re- 
lated to diabetes with the risk of anemia. Meth- 
ods: The study group comprised 72 patients 
with type-2 diabetes. Patients were divided into 
groups according to glycemic control, gender 
and age. Serum creatinine, hematocrit, hemo- 
globin concentration, blood glucose and glycated 
hemoglobin (HbA1c) of subjects were measured. 
The presence of anemia was defined by a he- 
moglobin level < 13.0 g/dL in men and <12.0 g/dL 
in women. Normal renal function (i.e. absence of 
renal impairment) was defined as serum creatinine 
level < 1.5 mg/dL. Results: 15.3% of the patients 
had anemia. The odds of developing anemia was 
higher in patients with poorly controlled diabetes 
(HbA1c > 7.5%) compared to those with controlled 
diabetes (≤7.5%) and in patients of age ≥ 60 yrs 
compared to those of age < 60 yrs (p < 0.05). The 
odds of anemia was similar in males and females 
(p = 0.26). Conclusion: This study indicated that 
poor glycemic control and old age are associated 
with the incidence of anemia in type-2 diabetics 
with normal renal function. Our findings suggest 
that treatment criteria for diabetes should in- 
clude routine hematological tests and take into 
consideration the inevitable consequences of 
ageing, and poor glycemic control.  
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1. INTRODUCTION 

Anemia is the most common blood disorder and a 
common finding in patients with diabetes [1]. It is also 
considered as a key indicator of chronic kidney disease 
and an important cardiovascular risk factor [2,3]. Previous 
studies have shown that the incidence of anemia in 
diabetic patients is mostly associated with the presence 
of renal insufficiency. Thus, patients with diabetes have 
a greater degree of anemia for their level of renal impair- 
ment than non-diabetic patients presenting with other 
causes of renal failure [1-5]. Factors suggested as the 
reason for the earlier onset of anemia in patients with 
diabetes, include severe symptomatic autonomic neuro- 
pathy, causing efferent sympathetic denervation of the 
kidney and loss of appropriate erythropoietin; damage to 
the renal interstitium; systemic inflammation; and in- 
hibition of erythropoietin release [6]. 

In spite of the plethora of reports on the presence of 
anemia in diabetic patients with renal insufficiency, 
limited study [7] exists on the incidence of anemia in 
diabetics prior to the evidence of renal impairment. This 
may explain why most diabetic patients with normal re- 
nal function are rarely tested for anemia. The need for 
more studies on incidence of anemia in diabetic patients 
prior to renal impairment has therefore become impera- 
tive, in order to increase the level of awareness and un- 
derstanding of anemia amongst diabetic patients. In addi- 
tion, it is not certain whether hemorheological effects of 
other risk factors related to diabetes mellitus may con- 
tribute to the greater incidence of anemia usually ob- 
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served in diabetic patients irrespective of renal condition. 
We believe such knowledge may help patients ascertain 
the impact of anemia on their quality of life, and lead to 
opportunities for developing interventions to optimize 
outcomes in diabetic patients. 

In the present study therefore, we aimed at demon- 
strating the incidence and risk of anemia in type-2 dia- 
betic patients with normal renal function. In addition, the 
incidence and risk of anemia in these patients were as- 
sessed according to gender, age, and glycemic control 
statuses. 

2. METHODS 

2.1. Subjects 

This cross sectional study comprised 72 type-2 diabetic 
patients with normal renal functions recruited from diabetes 
clinics of the University of Benin Teaching Hospital, 
Benin city and Igbinedion University Teaching Hospital, 
Okada, all in Edo state, Nigeria. Diabetes was diagnosed 
by participant’s self-report, and glycated hemoglobin 
values > 6.5%. The diabetic patients were divided into 
groups according to: 1) glycemic control [patients with 
controlled diabetes (n = 32) and those with poorly 
controlled diabetes (n = 40)]; 2) gender (males, n = 34; 
females, n = 38); 3) age groups (<60 yrs, n = 57; ≥60 yrs, 
n = 15). The controlled diabetic group comprised those 
whose glycated hemoglobin concentration (HbA1c) was 
≤7.5%. The poorly controlled diabetic comprised those 
whose HbA1c level was >7.5%. Group designation, 
patients’ demographics, and clinical features are listed in 
Table 1. 

To be included in the study all patients had to be 18 
years of age or older and without renal insufficiency 
(serum creatinine level of <1.5 mg/dL). Exclusion criteria 
included those who had history of unstable cardiovascu- 
lar and peripheral diseases; those with chronic illnesses; 
those with recent blood loss or donated blood recently; 
those who have hemolytic anemia or genetic differences 
in the hemoglobin molecule (hemoglobinopathy) such as 

sickle-cell disease and other systemic disorders that 
could result in anemia. Blood were collected from the 
subjects after obtaining permission from the hospital 
authority, and under aseptic conditions using fresh nee- 
dles and syringes and sterile containers. Blood samples 
were collected into floride oxalate and EDTA bottles for 
serum creatinine, hematocrit, hemoglobin concentration, 
fasting blood glucose (FBG), and glycated hemoglobin 
measurements respectively. The presence of anemia was 
defined by a hemoglobin level < 13.0 g/dL in men and 
<12.0 g/dL in women based on definition of World 
Health Organization (WHO) [8]. Fasting blood glucose 
was estimated using the glucose oxidase method (Ran-
dox, United Kingdom). Glycated hemoglobin A1C was 
assessed by ion exchange chromatography method 
(DIALAB, Gieselhaft, Germany). The Research and 
Ethics Committees of the two institutions approved the 
study and all the subjects gave their written informed 
consent prior to the study.  

2.2. Statistical Analysis 

Descriptive data are presented as means and standard 
deviations (SD). Data analysis between two groups was 
compared using two-tailed independent sample t-test. 
Two-tailed Pearson’s partial correlation coefficient was 
used to determine age-adjusted correlations between 
variables. Logistic regression analysis was used for the 
analysis of associations between anemia and independent 
variables. All statistics were done using SPSS for Win- 
dows (Version 16.0). Significance was set at p < 0.05.  

3. RESULTS 

Demographic and clinical characteristics of patients 
are as shown in Table 1. Mean hemoglobin values were 
significantly higher in persons with controlled diabetes 
compared to persons with poorly controlled diabetes (p < 
0.001) and in patients of age < 60 yrs compared to those 
who are ≥60 yrs (p < 0.05). Significantly higher 
hematocrit was noted in diabetic males and in patients 

 
Table 1. Demographic and clinical characteristics of subjects. 

 
All Diabetics 

(n = 144) 
Poorly Controlled Diabetes (n = 80) 

vs. Controlled Diabetes (n = 64) 
Diabetic Males (n = 68) 

vs. Diabetic Females (n = 76)
Diabetics ≥ 60 yrs (n = 30) 

vs. Diabetics < 60 yrs (n = 114)

Age (yrs) 48.8 ± 9.09 48.5 ± 9.02 vs. 49.2 ± 9.22 49.2 ± 10.32 vs. 48.3 ± 7.86 59.4 ± 5.55 vs. 45.6 ± 7.44*** 

HbA1c (%) 11.7 ± 5.77 15.1 ± 5.85*** vs. 7.5 ± 0.52 10.2 ± 4.65 vs. 13.0 ± 6.35* 13.4 ± 7.01 vs. 11.3 ± 5.40 

FBG (mg/dl) 167.6 ± 48.18 185.7 ± 53.02*** vs. 145.0 ± 28.49 160.8 ± 37.27 vs. 173.7 ± 55.72 175.5 ± 65.56 vs. 165.5 ± 43.23

SCr (mg/dl) 0.95 ± 0.29 1.02 ± 0.27* vs. 0.87 ± 0.28 0.93 ± 0.28 vs. 0.97 ± 0.29 1.0 ± 0.24 vs. 0.9 ± 0.30 

Hemoglobin (g/dl) 13.1 ± 1.02 12.7 ± 0.75 vs. 13.7 ± 1.09*** 13.4 ± 0.91 vs. 12.9 ± 1.07 12.4 ± 0.82 vs. 13.2 ± 1.15* 

Hematocrit (%) 39.6 ± 3.09 38.6 ± 2.88 vs. 40.9 ± 2.82*** 40.4 ± 3.01* vs. 38.9 ± 2.98 39.0 ± 4.21 vs. 39.4 ± 3.22 

Abbreviations: HbA1c = Glycated hemoglobin concentration; FGB = fasting blood glucose; SCr = Serum creatinine; *p < 0.05; **p < 0.01; ***p < 0.001. Data 
are mean ± standard deviation. 
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with controlled diabetes compared to females and those 
with poorly controlled diabetes (p < 0.001 and p < 0.05) 
respectively. On the other hand, mean hemoglobin in- 
dicated no gender differences and hematocrit indicated 
no age differences. Eleven of the 72 diabetic patients 
presented with anemia representing 15.3% incidence of 
anemia (Figure 1). 25% (n =10) of the patients with 
poorly controlled diabetes; 3.1% (n = 1) of those with 
controlled diabetes; 20.6% (n = 7) of the diabetic men; 
10.5% (n = 4) of the diabetic women; 35.7% (n = 5) of 
the older patients of age ≥ 60 yrs and 10.3% (n = 6) of 
patients of age < 60 yrs, were anemic. 

Age and sex adjusted Pearson’s correlation analysis 
indicated strong and significant negative correlations 
between glycated HbA1c and the indicator variables of 
anemia: hemoglobin concentration (r = –0.34, p < 0.01) 
and hematocrit (r = –0.30, p = 0.01). Similar trend was 
observed between fasting blood glucose and hemoglobin 
concentration (r = –0.30, p = 0.01) and hematocrit (r = 
–0.31, p < 0.01). We performed logistic regression 
analysis to evaluate the odds of developing anemia 
according to glycemic control, gender, and age statuses 
of patients. The age-adjusted logistic regression analysis 
(Table 2) revealed that patients who had poorly 
controlled diabetes were at higher risk of anemia than 
those with controlled diabetes (p < 0.05); and that the 
odds of anemia was similar between males and females 

(p = 0.26). A sex-adjusted logistic regression also in- 
dicated that patients of age ≥ 60 yrs were at greater odds 
of developing anemia compared to those of <60 yrs of 
age (p < 0.05). 

4. DISCUSSION 

In the present cross-sectional study, patients had high 
incidence of anemia (15.3%). Interestingly, the parame-
ters for diagnosing diabetes (HbA1c and FBG) had sig-
nificant, negative correlations with the indicator vari-
ables of anemia. Scanty information exists on the inci-
dence of anemia amongst diabetics without renal insuffi-
ciency in Nigeria. A previous study by Bonakdara et al. 
[9] reported that 7.2% of diabetics with normal renal 
function had anemia. The higher incidence of anemia in 
our study may be due to small number of studied sub-
jects, which was largely those who had poorly controlled 
diabetes, who may be susceptible to impaired erythro-
poietin production and release due to diabetic neuropathy 
[7,10]. In contrast, prevalences of 20% and 19.6% have 
been reported respectively in diabetics with renal insuffi-
ciency by other studies [1,9].  

It is not known whether the incidence of anemia in 
diabetic patients is dependent on hemorheological effects 
of other risk factors related to diabetes mellitus. We 
therefore evaluated the risk of anemia in the diabetic 

 

 
Figure 1. The incidence of anemia in diabetic patients according to glycemic control, gender and age 
categories. 

 
Table 2. Age-adjusted logistic regression between incidence of anemia and selected risk factors. 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Glycemic Control Status 10.3 (1.24 - 85.75); p < 0.05 10.8 (1.28 - 91.20); p < 0.05* 

Gender 2.20 (0.58 - 8.31); p = 0.24 1.04 (0.97 - 1.12); p = 0.26* 

Age Category 4.25 (1.08 - 16.67); p < 0.05 4.13 (1.03 - 16.49); p < 0.05a 

*Adjusted for age; aAdjusted for sex. 
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cohorts with regard to age, sex and glycemic control of 
the patients. Our findings indicated that patients who 
have poorly controlled diabetes were at greater risk of 
anemia than those with controlled diabetes. A previous 
study on diabetic patients with normal renal functions 
has shown that longstanding poorly controlled diabetes is 
associated with normocytic normochromic anemia [7]. 
The mechanisms behind the greater risk of anemia in 
poorly controlled diabetes than in controlled diabetes are 
not very clear. However, it has been established that dia-
betic autonomic neuropathy is a complication of poor 
glycemic control [10,11]. It is therefore thought that 
since erythropoietin production and release is regulated 
in part by autonomic nervous system, the results suggest 
that erythropoietin production could be prematurely im-
paired in patients with poor glycemic control. Other 
factors which have been reported to increase the risk of 
anemia include; systemic inflammation [12]; damage to 
renal achitecture produced by chronic hyperglycemia and 
consequent formation of advanced glyction end products 
[1,2,13]; and depressed androgen levels induced by 
diabetes [14]. It is speculated that these conditions may 
be aggravated in poorly controlled diabetes than in 
controlled diabetes. Our finding therefore suggest that a 
reduction of blood glucose levels and the targeting of 
acceptable glycated haemoglobin levels would help re-
duce the risk of anemia in the diabetic population.  

Our data also indicated greater odds of anemia in 
patients of age ≥ 60 yrs when compared to those of age < 
60 yrs. This result was expected since age is associated 
with both hemoglobin levels and anemia irrespective of 
health status [15,16]. Increased odds of anemia has also 
been found in previous studies [5,17,18] among older 
diabetic patients and consistent with the present findings. 
These findings indicate the need for proper diabetic care 
and management for diabetic senior citizens, who have 
limited food choices and are more vulnerable to iron- 
deficiency anemia. Furthermore, our data indicated no 
significant difference in the risk of anemia between 
males and females. This finding is consistent with a 
previous study [18]. However, in another study involving 
patients with moderate levels of renal defficiencies, 
gender difference in the risk of anemia has been reported 
[5]. 

In conclusion, a high incidence of anemia was ob- 
served in diabetics without renal insufficiency. Our data 
also suggested that poor glycemic control and old age are 
associated with the incidence of anemia in diabetic 
patients with normal renal function. Correction of ane-
mia may have a significant role in prevention of other 
diabetic complications, thus we recommend that treat- 
ment criteria for diabetes should include routine hema- 
tological tests and take into consideration the inevitable 
consequences of aging, and poor glycemic control, in 

order to make optimal therapeutic decisions for the treat- 
ment of diabetes mellitus in adults. 
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