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ABSTRACT 
Background 
Type 2 diabetes mellitus (T2DM) accounts for more than 90% of all diagnosed cases of diabetes. Earlier reports 
described an independent association of haematological indices, such as red blood cells (RBCs), haemoglobin 
(Hb), hematocrit (Hct), mean corpuscular haemoglobin (MCV), platelet count (Plt), and white blood cell count 
(WBC) with the risk of occurrence of T2DM.

Objectives 
To evaluate the relationship between T2DM and red cell indices.

Patients and Methods
The current cross-sectional study recruited 400 patients with T2DM who were referred to the Diabetic Center 
in Sulaimani city, Northern Iraq, from November 2018 to March 2019 and 200 healthy blood donors who 
donated from March to April 2019 to the Sulaimani Blood Bank Center. The required data were collected from 
both groups, and relevant haematological tests and biochemical analyses were performed. 

Results
Anemia was found in 8% of the patients giving higher rates among the females. Normocytic anaemia was 
observed in (82.8%) of the patients. Half of the patients had a high level of RBC counts, which correlates 
significantly with high HbA1c (p=0.005). The prevalence of pre-diabetic and diabetes was 15.5% among 
healthy blood donors. Patients with T2DM and donation experience showed lower HbA1c levels than those 
without blood donation (p<0.05). 

Conclusion
Normocytic anaemia is the most common type in patients with T2DM. Patients with a high level of RBC count 
might be worth screening for T2DM. A high frequency of pre-diabetic and diabetic among asymptomatic 
healthy blood donors was observed.

Keywords: Type 2 diabetes mellitus, Red blood cell indices, Red blood cell count, Glycosylated 
haemoglobin. 
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INTRODUCTION 
Type 2 diabetes mellitus (T2DM) or non-insulin-
dependent diabetes mellitus constitutes around 90-
95% of all diagnosed cases of diabetes (1). It is a 
chronic disease caused by inherited or acquired insulin 
production deficiency or an insufficient response to 
secreted insulin by resistant body cells (2). The crucial 
risk factors for T2DM are older age, obesity, family 
history, physical inactivity, and history of gestational 
diabetes. Instantly, uncontrolled hyperglycemia plays 
a significant role in developing cardiovascular disease 
and microvascular complications (3). T2DM can be 
appropriately diagnosed using various techniques such 
as fasting blood sugar (FBS), random blood sugar 
(RBS), and glycosylated haemoglobin (HbA1c) level (4). 

A high incidence of anaemia is observed in 
poorly controlled T2DM cases. The occurrence of 
haematological complications can be assessed by 
observing the haematological parameters through a 
complete blood count (CBC). For instance, the platelet 
count is related to HbA1c level and microvascular 
complications such as retinopathy (5, 6). Furthermore, 
earlier studies reported higher mean platelet volume 
in the diabetic patients compared to the control group, 
particularly in patients with retinopathy compared to 
those without retinopathy (7, 8). 

Moreover, epidemiological studies have indicated a 
close relationship between WBC count and components 
of metabolic syndrome. It was observed that the WBC 
is a reliable predictor of endothelial dysfunction and 
inflammation in T2DM (9, 10). A recent study reported 
increased RBC aggregation and more significant 
vascular complications in T2DM (11).

The current study was designed to determine the 
relationship between T2DM and red blood cell indices 
in a cohort of patients with T2DM in Sulaimani city, 
northern Iraq. 

PATIENTS AND METHODS
The present cross-sectional study was carried out from 
November 2018 to March 2019 in the Diabetic Center 
in Sulaimani, Northern Iraq. The study was conducted 
following the Sulaimani Directorate of Health (approval 
number 16/1). Informed consent was collected from 
all patients. Four hundred (200 males and females) 
T2DM patients aged 15-82 years were recruited. In 
contrast, the control group included 200 healthy male 
individuals aged 15-64 years with no history of T2DM. 
The control group were healthy voluntary blood donors 

collected from the Sulaimani Blood Bank Center from 
March to April 2019. A special questionnaire was 
prepared to collect data such as family history, age, 
gender, smoking status, the experience of a donation, 
and duration of the disease. 

The blood samples were obtained by a well-trained 
phlebotomist under aseptic conditions using a standard 
technique. 

Approximately 5 mL of venous blood from each 
participant was collected into K3 EDTA anticoagulant 
tubes, mixed thoroughly and used to determine the 
types of anaemia and measure the haematological 
parameters.

 Such as haemoglobin (Hb), (Hct), (MCV), (MCH), 
(MCHC), (RBC), and red blood cell distribution width 
(RDW) using an electronic particle counter (Medtronic 
M-series, Sweden). Also, HbA1c was measured through 
Accent 200 HbA1c Cormany, Poland. Then, vacuum 
tubes containing clot activator were used to collect the 
serum to measure FBS, RBS, and creatinine using an 
automatic analyser (Cobas c311, Roche Diagnostics, 
Germany). 

Statistical analysis

The collected data were expressed as mean ± standard 
deviation for all normally distributed continuous 
variables and median with interquartile range for 
abnormally distributed variables using the Statistical 
Package of the Social Sciences (SPSS version 25.0). 
The level of statistical significance was set at p < 
0.05. Moreover, Pearson’s correlation coefficient was 
utilised in normality to test univariate correlation with 
RBC. Finally, Spearman’s correlation coefficient was 
employed to test the correlation between the abnormally 
distributed variables. 

RESULTS
According to the data collected from the patients with 
T2DM, it was seen that their mean age was 55.8 ±10.8 
years; most of them (75.5%) were adults aged 25-64 
years, followed by the seniors aged ≥ 65 (23.5%) while 
only four patients (1.0%) were < 25 years. About their 
family history of diabetes, more than half of the patients 
(52.5%) had a positive history. Concerning the disease 
duration, the mean duration was 8.1 ± 5.9 years with a 
minimum of 5 years and a maximum of 30 years. Most 
of the diabetic patients (74%) had been suffering for ≤ 
10 years, (24.5%) for 11-20 years, and (1.5%) for ≥ 21 
years (Table 1). 
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Regarding the patients’ biochemical analysis, the 
results revealed that their mean FBS was 192.8 ± 79.3 
mg/dL with 82.5% of them having FBS ≥126 mg/dL 
(diabetes level) and 15.3% had 100-125 mg/dL (pre-
diabetes level) while 2.2% of the patients had a normal 
FBS of <100 mg/dL (well-controlled diabetic patients). 
Their mean HbA1c was 9.04 ± 2.03%, with 95.3% of 
them having HbA1c level of ≥6.5% (diabetes level), 
(Table 2). 

Our results showed that most of the patients, 83.2% had 
an average level of Hb. A high level of Hb was found 
in 8.8%, while only 8% had a low Hb level (anaemic). 
Further, it was shown that anaemia was significantly 
more prevalent among the females than the males 
(p=0.00). We observed that 85%, 13%, and 2% of the 
males and 81.5%, 4.5%, and 14% of the females had 
average, high, and low Hb levels, respectively, (Table 
3).

Normocytic anaemia (MCV of 80 - 96 fl) was most 
frequently observed in our patients (82.8%), followed 
by microcytic (MCV< 80 fl) in 16% and macrocytic 
(MCV> 96 fl) in 1.3% of the patients.

Moreover, the serum creatinine was normal (0.4-1.2 mg/
dL) in most of the cases (97.3%), while the remaining 
(2.7%) of the issues with high creatinine levels were not 
anaemic. Therefore, we excluded renal impairment as a 
cause of anaemia in our patients with T2DM.

In diabetic patients with a current or past history of 
smoking, our results revealed a significant difference in 
RBC counts between the males and females (p=0.00). 
However, there was no critical relationship between 
their smoking status and different RBC counts (Table 
4). In addition, the results showed that 140 patients with 
T2DM had a history of blood donation (35%). The mean 
HbA1c was significantly lower in the diabetic patients 
who donated blood than those who did not contribute 
(p=0.02).

The present study showed that 203 (50.8%) patients had 
a high RBC count. These patients with high RBC count 

had a history of diabetes for ≤ 10 years. There was a 
significant relationship between the T2DM patients’ 
HbA1c and different RBC counts. The HbA1c was 
significantly higher in patients with a high RBC count 
(p=0.005), (Table 5). 

This finding became even more apparent when patients 
with low RBC count were included in the standard 
RBC count group (p<0.001) (Table 6). Furthermore, 
the results revealed a significant relationship between 
RBC count and FBS. Patients with a high RBC count 
had a higher level of FBS (p=0.00) (Table 7). 

Concerning the data collected from the donors, it was 
observed that their mean age was 36.7 ±9.2 years (18 - 
64 years). Most of the subjects (93%) were aged 25 to 64 
years. Their HbA1c was normal in most cases (84.5%), 
with a mean of 5.23 ±1.06 % ranging from 2.1% to 
11.5%. At the same time, 15.5% had high HbA1c. 

Regarding the participant’s haematological parameters, 
most of the subjects (81.5%) had normal Hb with a mean 
of 15.7 ±1.01. The Hct was standard in most subjects 
(72.5%) with a mean of 46.75 ±3.5. RBC count was also 
average (60.5%) with a mean of 5.66 ±3.53, (Table 8). 

Finally, regarding the duration of donation in healthy 
subjects, it was seen that 48.5% of them had donated 
for 1-3 years, 32.5% for 4-6 years, 14% for ten years 
or more, and 5% for 7-9 years, with a mean of 4.6 ±3.7 
years. Therefore, the results obtained from the healthy 
subjects indicated that 84.5% of them had normal 
HbA1c (≤5.6%), 8% had prediabetes levels of HbA1c 
(5.7-6.4%), and 7.5% had diabetes level of HbA1c 
(≥6.5%), (Table 8).

Moreover, there was no relationship between RBC 
count, Hct, and Hb with HbA1c in healthy individuals.
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Table 1. Demographics of the patients with diabetes (n=400). 

Frequency %

Age years:

  Youth (15-24 years) 4 1.0

  Adults (25-64 years) 302 75.5

  Senior (65 years and over) 94 23.5

Family History of T2DM: 210 52.5

Duration of Disease:( years)

 ≤ 10 296 74.0

 11-20 98 24.5

 ≥ 21 6 1.5

Total 400 100

Table 2. The diabetic patients’ biochemical analysis (n=400).

Frequency %

FBS: Mean ± SD (192.8 ± 79.3), Range (87.0-504.0)

Normal < 100 mg/dL 9 2.2

Pre-diabetes 100-125 mg/dL 61 15.3

Diabetes ≥126 mg/dL 330 82.5

HbA1c: Mean ± SD (9.04 ± 2.03), Range (5.2-15.5)

Normal ≤ 5.6 % 4 1.0

 Prediabetes 5.7 - 6.4 % 15 3.7

Diabetes ≥ 6.5 % 381 95.3

Total 400 100

Table 3. Haemoglobin levels in the male and female T2DM patients. 

Haemoglobin
Gender

Total P-value
Male Female

Low 4 (2.0) 28 (14.0) 32 (8.0)

0.00
Normal 170 (85.0) 163 (81.5) 333 (83.2)

High 26 (13.0) 9 (4.5) 35 (8.8)

Total 200 (100) 200 (100) 400 (100)

According to WHO classification, Normal Hb for males: is 14-16.5 g/dl. Normal Hb for 	
females: 12-16g/dl. 
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Table 4. The relationship between smoking and RBC count in T2DM patients. 

RBC count
Gender

Total P-value
Male Female

Low
Smoking

Yes 1(100.0) (0.0) 1(100.0)

0.00
 No 8(100.0) (0.0) 8(100.0)

Quit 3(100.0) (0.0) 3(100.0)

Total 12(100.0) (0.0) 12(100.0)

Normal
Smoking

Yes 23(92.0) 2(8.0) 25(100.0)

0.00
 No 49(37.7) 81(62.3) 130(100.0)

Quit 24(80.0) 6(20.0) 30(100.0)

Total 96(51.9) 89(48.1) 185(100.0)

High
Smoking

Yes 27(90.0) 3(10.0) 30(100.0)

0.00
 No 42(30.7) 95(69.3) 137(100.0)

Quit 23(63.9) 13(36.1) 36(100.0)

Total 92(45.3) 111(54.7) 203(100.0)

Total
Smoking

Yes 51(91.1) 5(8.9) 56(100.0)

0.00
 No 99(36.0) 176(64.0) 275(100.0)

Quit 50(72.5) 19(27.5) 69(100.0)

Total 200(50.0) 200(50.0) 400(100.0)
According to WHO classification, the Normal RBC count for males: is 4.5-5.5 x 1012/L. Average RBC 
 count for females: 3.8-4.8 x  1012/L. 

Table 5. Relationship between RBC levels and HbA1c in T2DM.
HbA1c

RBC No. Mean ± SD (95% CI) Minimum Maximum P-value

Low 12 9.15±2.29 (7.6904 ‒10.6096) 5.80 12.90

0.005
Normal 185 8.68±1.91 (8.4103 ‒ 8.9648) 5.20 14.70

High 203 9.35±2.06 (9.0718 ‒ 9.6447) 5.50 15.50

Total 400 9.04±2.03 (8.8426 ‒ 9.2411) 5.20 15.50

Table 6. Relationship between normal, high RBC and HbA1c in T2DM. 

RBC No. Mean ± SD P-value

HbA1c Normal 197 8.71±1.93
<0.001

High 203 9.36±2.06

Table 7. Relationship between average, high RBC count and FBS in T2DM.

Group Statistics

RBC No. Mean ± SD P-value

FBS
Normal 194 176.853±68.5414

0.001
High 206 208.419±85.8923
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Table 8. The average healthy demographic and haematological parameters (n=200). 

Parameter Frequency %

Age; Mean ± SD (36.7 ± 9.2), Minimum (18.0), Maximum (64.0)

Youth (15-24 years) 14 7.0

Adults (25-64 years) 186 93.0

Total 200 100

HbA1c; Mean ± SD (5.23 ± 1.06), Minimum (2.1), Maximum (11.5)

Normal ≤ 5.6 % 169 84.5

Prediabetes 5.7 - 6.4 % 16 8.0

Diabetes ≥6.5 % 15 7.5

Total 200 100

Hb; Mean ± SD (15.7 ± 1.01), Minimum (13.7), Maximum (18.4)

Normal 163 81.5

High 37 18.5

Total 200 100

Hct; Mean ± SD (46.75 ± 3.5), Minimum (25.4), Maximum (56.4)

Low 1 0.5

Normal 145 72.5

High 54 27.0

Total 200 100

RBC; Mean ± SD (5.66 ± 3.53), Minimum (4.46), Maximum (5.5) 

Normal 121 60.5

High 79 39.5

Total 200 100

Donation/years; Mean ± SD (4.6 ± 3.7), Minimum (1.0), Maximum (20.0)

1 - 3 97 48.5

4 - 6 65 32.5

7 - 9 10 5.0

≥10 28 14.0

Total 200 100

* According to WHO classification, Normal Hct for males: is 40-49%. Normal Hct for females: 36-46%.
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DISCUSSION
To determine the prevalence rate of anaemia in patients 
with T2DM and assess the red cell indices in such 
patients, 400 T2DM patients and 200 healthy blood 
donors were recruited. The required data, including 
demographics and haematological parameters, were 
obtained. The results revealed that most patients were 
adults aged 25-64 years. The control donor group 
was also populated mainly by this age group. In line 
with this finding, Nguyen et al. (2012) reported that 
most cases of T2DM are seen in middle-aged (25-64) 
individuals (12).

Our results revealed that family history is one of the 
significant risk factors for the development of T2DM. 
More than half of the T2DM patients had a positive 
family history. This finding agrees with a study 
conducted by Horrigan (2007), who reported family 
history as one of the risk factors for developing T2DM 
(13). Analysis of the T2DM patients' haematological 
parameters and biochemical analysis concluded that 
FBS level was ≥126 mg/dl in most of the patients, 
which signals the presence of diabetes. This finding 
is in line with the reports of the WHO (14). It was also 
observed that the average HbA1c was ≥ 6.5% in most 
of the patients, which indicates diabetes. This finding is 
in line with the review conducted by Florkowski (2013), 
who referred to HbA1c as a reliable diagnostic test for 
diabetes (15).

The prevalence rate of anaemia in T2DM patients was 
8%, almost in agreement with the study by Bonakdaran 
et al. (2011). They studied the prevalence of anaemia 
in 1,962 patients with T2DM and reported that 19.6% 
of them had anaemia (16). The higher rate of anaemia 
in the referred study can be related to the remarkable 
difference in sample size in the two investigations. 
In addition, the Hb level was average in most of the 
patients, which is in line with the results of the study 
conducted by Yang et al. (2017) (17). 

Moreover, according to our results, the diabetic males 
and females differed significantly in their Hb level 
(low Hb level was observed in more females than 
men), revealing that anaemia was substantially more 
prevalent among the studied females than the males. 
This finding aligns with Bonakdaran et al. (2011), 
who reported that diabetic females had more anaemia 
than diabetic males. However, this difference was not 
significant in their study (16). 

Normocytic anaemia (MCV of 80 - 96 fl) was the 
most frequent anaemia in our patients. This finding 
is consistent with the study carried out by Idris et 
al. (2018), who reported that normocytic anaemia 
accounted for 58.7% of the anaemia cases in the studied 
T2DM patients (18).

Serum creatinine was normal (0.4-1.2 mg/dl) in most 
of the patients; therefore, no relationship was found 
between serum creatinine and anaemia. Similarly, 
Harita et al. (2009) reported average levels of serum 
creatinine (0.6–1.1 mg/dl) in T2DM patients (19). In the 
present study, the serum creatinine level did not have 
a significant relationship with low levels of Hb. This 
finding proves that the cause of anaemia is not the level 
of serum creatinine. Unlike this finding, Jurkovitz et al. 
(2003) reported a significant association between Hb 
concentration and serum creatinine at a p-value of 0.02 
(20). This difference can be attributed to the fact that 
Jurkovitz et al. (2003) studied the correlation between 
these two factors in patients with risk of coronary 
events, while the present study focused on T2DM 
patients.

Smoking history has been introduced as a risk factor 
for developing metabolic diseases such as T2DM (21). 
However, our results showed that only 14% of the 
T2DM patients smoked. Furthermore, the association 
between smoking status and RBC count revealed that 
these variables were not significantly correlated. This 
finding is not in line with the study carried out by 
Malenica et al. (2017), who reported a rise of 10% in 
the RBC count of smokers (22).

According to the WHO, 2007, the average donation rate 
in the countries with 100% voluntary blood donation is 
3.1% population (23). However, compared to what WHO 
reported, a remarkable higher percentage of the patients 
with T2DM (35%) had experienced blood donation in 
our study. This finding can be justified because the 
dehydration rate is remarkably high in T2DM, leading 
to an increase in blood viscosity and RBC count, 
increasing the odds of diabetes development (24).

Comparing HbA1c in T2DM patients who experienced 
blood donation and those who did not donate blood 
showed that they had significantly different levels of 
HbA1c. Those who donated blood had an HbA1c level 
nearer to the normal range. This finding reveals that 
blood donation leads to a decrease in RBC count, 
resulting in increased plasma components in the whole 
blood, which finally prevents dehydration and decreases 



Hisham Arif Alrawi / JSMC, 2022 (Vol 12) No. 2

204  JSMC

blood viscosity, which in turn causes increased blood 
flow. Decreased blood hemodynamics has been known 
as one of the risk factors for the development of diabetes 
(25). 

The results also indicated a significant relationship 
between high RBC count and HbA1c. Patients with 
high RBC count significantly demonstrate higher 
HbA1c levels (p=0.005). Similarly, patients with high 
RBC counts had significantly higher FBS (p=0.001). 
This finding agrees with Sheikhpour et al. (2013), who 
reported a significant relationship between HbA1c 
and RBC count in T2DM patients (26). These findings 
are also in line with the study conducted by Jaman 
et al. (2018), who studied different haematological 
parameters in patients with T2DM (25). 

This finding is again in line with a study conducted 
by Li et al. (2015), who concluded a significant direct 
relationship between HbA1c and RBC count in patients 
with T2DM. RBC rises with an increase in the values 
of HbA1c (24). 

Moreover, a high level of RBC counts in the present 
study in (50.8%) of the patients can be a justification 
for their T2DM because, as reported by Tamariz et al. 
(2008), a high level of RBC count leads to an increased 
blood viscosity which is a risk factor for diabetes 
development (27). 

To compensate for the lack of sensitivity and specificity 
in HbA1c, the RBC count was a good marker when 
combined with HbA1c. This finding suggests that 
haematological variables might be related to the 
underlying pathological changes associated with 
diabetes mellitus. This finding aligns with those 
reported by Milosevic and Panin (2019) (28). 

Our study found that among the asymptomatic 
healthy blood donors, the prevalence of pre-diabetic 
and diabetic was 15.5%. This finding contrasts with 
earlier reports that demonstrated a 5-12% frequency of 
prediabetes and diabetes among healthy subjects (29, 30).

Furthermore, there was no relationship between RBC 
count, Hct, and Hb with HbA1c in healthy individuals. 
This finding is in line with the results reported by 
Huang et al. (2017), who revealed a non-significant 
relationship between RBC count and HbA1c in non-
diabetic individuals (31). Finally, the small sample size 
was an essential limitation of the study. Therefore, 
future studies are recommended to recruit larger study 
samples.

In conclusion, the prevalence of anaemia in our T2DM 
patients was 8%, with normocytic anaemia being the 
most common type, not related to renal insufficiency. 
Anaemia in female patients was more frequent than in 
males. In addition, we observed that high RBC counts 
significantly correlate with elevated HbA1c levels in 
our patients. Therefore, a high level of RBC count 
might be worth screening for T2DM. Finally, we notice 
a high frequency of pre-diabetic and diabetic among 
asymptomatic healthy blood donors. 
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