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Abstract  

Background:  Recently, it has been demonstrated that  
anemia may be an etiological factor in development of micro-
vascular complication in type 2 D.M. patients.  

Objective:  Evaluation of the relation between anemia and  
microvascular complications in patients with type 2 diabetes  
mellitus.  

Methods:  100 patients were included in the study. They  
were selected from wards of Internal Medicine Department  
and Outpatient Endocrinology Clinic in Tanta University  
Hospital during the period from February 2016 to August  
2016. They divided into two groups, Group (I): 50 patients  
DM type 2 without anemia. Group (II): 50 patients DM type  
2 with anemia (Hb level >10gm/dl). Inclusion criteria: Patients  
diagnosed to have type 2DM, anemia with (Hb level >10gm/dl)  

in Group (II). Exclusion criteria: Type 1 DM or other types  
of diabetes, patients with obvious cause of anemia e.g. hemo-
lytic anemia, aplastic anemia, acute blood loss, severe infection,  
collagen disease. Chronic illness e.g. severely impaired liver  
functions (AST or ALT more than 2 upper limit of normal),  
end stage renal disease. All patients were subjected to: History  
taking after providing a written informed consent. Full clinical  
examination including; anthropometric parameters {weight,  
height, Body Mass Index (BMI)}. Upon recruitment, all  
patients underwent comprehensive assessment of diabetes-
related microvascular complications as following: Diabetic  
Retinopathy (DR) was assessed by professional ophthalmol-
ogists, diabetic nephropathy was assessed according to 24hr  

albumin collection in urine. Diabetic peripheral neuropathy  
was diagnosed by: The presence of typical symptoms and  
compatible finding from neurological examination or. History  
of treatment for neuropathy. Laboratory investigations includ-
ing: Fasting and 2 hour post prandial blood glucose. HbA1C,  

complete blood count, blood urea, serum creatinine and  
estimated glomerular filtration rate. 24 hour collection of  
urine albumin liver function tests. Erythrocyte Sedimentation  

rate (ESR). C Reactive Protein (CRP) complete iron profile  

and abdomino-pelvic ultrasound.  

Results: Comparison between the 2 studied groups showed  
that 24% of Group I (DM without anemia) had neuropat hy  
while 100% of Group II (DM with anemia) had neuropathy  
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with statistical significance (p-value <0.001). Also comparison  
between the 2 studied groups showed that 26% of Group I  
had retinopathy while 100% of Group II had retinopathy with  
statistical significance (p-value <0.001). The mean of 24hr  
ALB which represent diabetic nephropathy in Group I was  
(25.10±4.10mg/24hr) while the mean of it in Group II was  
(349.26±87.67mg/24hr). The mean 24hr ALB in Group II was  
higher than Group I with statistical significance ( p-value  
<0.001).  

Conclusion:  Our finding suggests that microvascular  
complications (diabetic neuropathy, diabetic nephropathy and  
diabetic retinopathy) were common with anemic patients than  

the non anemic patients. So we can conclude that anemia may  

be an etiological factor in development of microvascular  
complication in type 2 D.M. patients.  

Key Words:  Anemia – Microvascular complications – Type 2  
Diabetes mellitus.  

Introduction  

DIABETES  is not a single homogeneous disease  
but composed of many diseases with hyperglycemia  
as a common feature. Four factors have, historically,  

been used to identify this diversity: The age at  
onset, the severity of the disease; i.e. degree of  
loss of beta cell function, the degree of insulin  
resistance and the presence of diabetes-associated  
autoantibodies [1] .  

Diabetes is a major cause of morbidity and  
mortality, though these outcomes are not due to  
the immediate effects of the disorder, they develop  
as a result of chronic diabetes mellitus. These  
include diseases of large blood vessels (macro  
vascular disease) and small blood vessels (micro  
vascular disease) [1] . Prevalence of micro vascular  
complications among newly diagnosed patients  
with DM ranges from 5% to 35% [2-5] .  

Anemia is one of the complications of DM,  
particularly in those with overt nephropathy or  
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renal impairment. Almost 7% of outpatients with  

DM have a Hb level of less than 11g/dl [6,7] .  

Chronic anemia results in tissue hypoxia, which  

is known to play a key role in diabetes associated  

organ damage. Recent reports have suggested that  
anemia is one of the risk factors for progression  
to End-Stage Renal Disease (ESRD) in patients  

with chronic kidney disease, with or without dia-
betes [8] .  

Although chronic kidney disease-induced ane-
mia is more prevalent in patients with Diabetes  

Mellitus (DM), anemia is a common finding prior  
to manifestation of kidney disease. In presence of  

some risk factors at the time of diagnosing DM,  

microvascular complications must be consid-
ered [9] .  

Patients and Methods  

100 patients were included in the study. They  
were selected from wards of Internal Medicine  

Department and Outpatient Endocrinology Clinic  

in Tanta University Hospital during the period  
from February 2016 to August 2016.  

The patients were divided into two groups:  
- Group (I): 50 patients DM type 2 without anemia.  

- Group (II): 50 patients DM type 2 with anemia  

(Hb level >10gm/dl).  

Inclusion criteria:  

- Patients diagnosed to have type 2 DM.  

- Anemia with (Hb level > 10gm/dl) in Group II.  

Exclusion criteria:  
- Type 1 DM or other types of diabetes.  

- Patients with obvious cause of anemia e.g. hemo-
lytic anemia, aplastic anemia, acute blood loss.  

- Severe infections.  

- Collagen diseases.  

- Chronic illness e.g. severely impaired liver func-
tions (AST or ALT more than 2 upper limit of  
normal), end stage renal disease.  

All patients were subjected to:  

• History taking after providing a written informed  
consent.  

• Full clinical examination including.  

Anthropometric parameters [weight, height,  

Body Mass Index (BMI)] upon recruitment, all  
patients underwent comprehensive assessment of  

diabetes-related microvascular complications as  

following:  
• Diabetic Retinopathy (DR) was assessed by pro-

fessional ophthalmologists.  

• Diabetic nephropathy was assessed according to  

24hrs albumin collection in urine.  

• Diabetic peripheral neuropathy was diagnosed  

by:  
1- The presence of typical symptoms and com-

patible finding from neurological examination.  

2- History of treatment for neuropathy.  

Laboratory investigations including:  
- Fasting and 2 hour post prandial blood glucose. 

- HbA1C%.  

- Complete blood count.  

- Blood urea, serum creatinine and estimated  

glomerular filtration rate.  

- 24 hour collection of urine proteins.  

- Lipid profile: Total cholesterol, Low Density  

Lipoprotein (LDL), High Density Lipoprotein  
(HDL) and triglycerides.  

- Liver function tests (ALT, AST, T Bil, and S Alb).  

- Erythrocyte Sedimentation Rate (ESR).  

- C Reactive Protein (CRP).  

- Complete iron profile (serum ferritin, transferrin  

saturation, total iron binding capacity, serum  

iron).  

Radiological finding:  
- Abdomino-pelvic ultrasound.  

Results  

Comparison between the 2 studied groups  
showed that 24% of Group I (DM without anemia)  

had neuropathy while 100% of Group II (DM with  
anemia) had neuropathy with statistical significance  

(p-value <0.001) as shown in (Table 1).  

Also comparison between the 2 studied groups  
showed that 26% of Group I had retinopathy while  

100% of Group II had retinopathy with statis-
tical significance (p-value <0.001) as shown in  
(Table 1).  

The mean of 24hr ALB which represent diabetic  
nephropathy in Group I was (25.10±4.10mg/24hr)  
while the mean of it in Group II was (349.26±87.67  
mg/24hr).  
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Group I  Group II  

t  p  
Group I  

n=50  
Group II  

n=50  

26.117*  <0.001*  180.0-500.0  
349.26±87.67  
390.0  

10.0-29.0  
25.10±4.10  
26.0  

24hrALB  
(mg/24hr):  

Min.-Max.  
Mean ±  SD.  
Median  

p  CBC  Test of  
Sig  

Group I  
n=50  

Group II  
n=50  

t=  
36.874*  

<0.001 *  8.90-9.90  
9.45±0.31  
9.50  

12.50-15.0  
13.67±0.75  
13.50  

Hb (g/dl):  
Min.-Max.  
Mean ±  SD.  
Median  

The mean 24hr ALB in Group II was higher  
than Group I with statistical significance (p-value  
<0.001*) as shown in (Table 2).  

The mean of Hb level in Group I was (13.67 ±  
0.75g/dl) while the mean of it in Group II was  
(9.45±0.31 g/dl).  

The mean Hb level in Group I was significantly  
higher than Group II (p-value <0.001*) as shown  
in (Table 3).  

This study showed negative correlation with  
statistical significance between hemoglobin level  
and duration of diabetes in Group II as shown in  
Fig. (2).  

Roc curve showed Hb level as prognosis for  
development of microvascular complications with  
sensitivity 72.46% and specificity 100% as shown  
in Fig. (3).  

Table (1): Comparison between the two studied groups ac-
cording to diabetic neuropathy and diabetic retin-
opathy.  

n=50  n=50  
χ 2 

 p  
No  %  No  %  

Diabetic neuropathy:  
No  38  76.0  0  0.0  61.290*  <0.001*  
Yes  12  24.0  50  100.0  

Diabetic retinopathy:  
No  37  74.0  0  0.0  58.730  <0.001 *  
Yes  13  26.0  50  100.0  

:  χ
2 
 and p-values for Chi square test for comparing between  

the two groups.  
: Statistically significant at p≤0.05.  
: DM type 2 without anemia.  
: DM type 2 with anemia.  

Table (2): Comparison between the two studied groups ac-
cording to 24hr ALB (mg/24hr).  

:  χ 2  and p-values for Chi square test for comparing between  
the two groups.  

: Statistically significant at p≤0.05.  
: DM type 2 without anemia.  
: DM type 2 with anemia.  

Table (3): Comparison between the two studied groups ac-
cording to Hb (g/dl).  

(A)  

(B)
 

Fig. (1): Fluorescein fundal angiography (A): Proliferative  
diabetic retinopathy (B) Non proliferative diabetic  
retinopathy.  
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Fig. (2): Correlation between Hb (g/dl) and duration of DM  
in each group (n=50).  
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Fig. (3): ROC curve for Hb (g/dl) to prognosis development  
of microvascular complications.  

Discussion  

Diabetes is a major cause of morbidity and  
mortality, though these outcomes are not due to  
the immediate effects of the disorder, they develop  
as a result of chronic diabetes mellitus. These  
include diseases of large blood vessels (macro  
vascular disease) and small blood vessels (micro  

vascular disease) [1] . Prevalence of micro vascular  
complications among newly diagnosed patients  
with DM ranges from 5% to 35% [2-5] .  

The aim of work was to evaluate the relation  
between anemia and microvascular complication  
in patients with type 2 diabetes mellitus. The  
present work revealed that the mean age was sig-
nificantly higher in Group II as it was (60.08 ±7.75  
years), in comparison to the mean in Group I, it  
was (51.82±2.35years) with (p-value <0.001*).  

This was partially in agreement with the results  
of study performed by Bin-Bin He et al., (2015)  
[10]  as the mean age was significantly higher in  
diabetic patients with anemia, it was (61.24± 12.06),  
in comparison to diabetic, non-anemic patients, it  
was (56.90± 12.14) with (p-value <0.001*). Also  
the study performed by Govindarajulu et al., [13] .  
there was a female predominance with no statistical  
significance.  

In this work, there was a slight female predom-
inance, it was (58%) in Group I, and (66%) in  
Group II but not reaching statistical significance  
(p-values=0.410).  

This was in agreement with the results of study  
performed by Barbieri et al., [11]  as the two groups,  
diabetic patients anemic and non-anemic had a  
female predominance with non statistical signifi-
cance (p-values=0.059).  

On the contrary, in the study performed by  
Bin-Bin He et al., [10]  there was a significant male  
predominance, they were (57.1%) in diabetic pa-
tients both; anemic and non-anemic (p -value  
<0.001 *), while in the study performed by  
Govindarajulu et al., [13]  there was a female pre-
dominance with no statistical significance.  

The mean of weight in Group II was (95.04 ±  
8.10Kg) which was significantly higher than Group  
I (p-value=0.023*).  

But other studies only documented BMI not  
the weight.  

The mean BMI of Group II was (41.70±5.65  
kg/m2), which was higher than Group I, but with  
no statistical significance (p-values=0.675), this  
was partially in agreement with the results of study  

performed by Hosseini et al., [15]  who documented  
that diabetic and anemic patients had a high BMI  
than non-anemic (BMI=28.2±3.8) with no statistical  
significance.  

This was also partially in agreement with the  
results of study performed by Bin-Bin He et al.,  
[10]  who documented that diabetic and anemic  
patients had a higher BMI than non-anemic (BMI=  
24.86±3.64), but with no statistical significance  
(p-values >0.05).  

The mean of height in Group I was (151.78 ±  
2.96cm) while the mean of height in Group II  

(diabetic and anemic) was (153.48 ±5.77cm) which  
was higher than Group I, but with no statistical  
significance (p-value=0.068).  

This was partially in agreement with the results  
of study performed by Barbieri et al., [11]  who  
documented that diabetic and anemic patients were  
slightly higher than diabetic and non-anemic with  
mean of height (161 ±8) with no statistical signifi-
cance (p-value=0.287).  

Comparison between the 2 studied groups  
showed that 24% of Group I had neuropathy while  
100% of Group II had neuropathy with statistical  
significance (p-value <0.001).  

Also comparison between the 2 studied groups  
showed that 26% of Group I had retinopathy while  
100% of Group II had retinopathy with statistical  
significance (p-value <0.001).  

The mean of 24hr ALB in urine which repre-
sents (diabetic nephropathy) in Group II was  
(349.26±87.67mg/24hr) which was significantly  
higher than Group I, (25.10±4.10mg/24hr) (p-value  
<0.001 *).  
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Comparison between the 2 studied groups  
showed that the three microvascular complications  

(diabetic neuropathy, retinopathy and nephropathy)  

were much more present and prevalent in Group  

II (DM with anemia) than Group I (DM without  

anemia) with statistical significance ( p-value  
<0.001 *).  

Regarding to diabetic retinopathy, this was  
partially in agreement with the results of study  
performed by Shikha Baisakhiya et al., [16]  who  
documented that anemia was more prevalent with  
diabetic patients who had DR with statistical sig-
nificance (p-value <0.001*).  

This was partially in agreement with the results  

of study performed by Bin-Bin He et al., (2015)  

[10]  who documented that 26.4% anemic patients  
had microvascular complications and 14.1% of  

them had no microvascular complications with  

statistical significance ( p-value <0.001*).  

Also this was in agreement with the results of  
study performed by Govindarajulu et al., [13]  who  
documented that anemic patients had microvascular  

complications more than the non anemic patients  

with statistical significance (p-value <0.05*).  

The mean FBS and 2 hours P.B.S in Group II  
were (177.98± 11.26mg/dL), (285.36 ±24.19mg/dL)  
respectively, they were significantly higher than  

in Group I, (p-value <0.001*).  

This was in agreement with the results of study  
performed by Barbieri et al., [11]  who documented  
that diabetic and anemic patients were significantly  

more hyperglycemic than diabetic and non-anemic  
patients (p-value=0.005*).  

On the contrary, Thambiah et al., [14]  document-
ed that diabetic and non anemic patients were  
significantly more hyperglycemic than diabetic  
and anemic patients (p-value=0.026*).  

The mean Hb level in Group I (13.67 ±0.75g/dl)  
was significantly higher than Group II (9.45 ±0.31  
g/dl) (p-value <0.001*).  

This was partially in agreement with the results  

of study performed by Bin-Bin He et al., [10]  who  
documented that 26.4% anemic patients had mi-
crovascular complications and 14.1% of them had  
no microvascular complications with statistical  

significance (p-value <0.001*).  

The mean blood urea and serum creatinine in  

Group II were (43.74±7.69mg/dl), (1.07 ±0.16  
mg/dl) respectively, which were significantly higher  

than in Group I bl ur (37.02±4.62mg/dl), s cr  
(0.92±0.17mg/dl ) (p-value <0.001*).  

This was in accordance with the results of study  
performed by Chellappah Thambiah et al., (2015)  
[14]  who documented that diabetic patients with  
anemia had significantly high blood urea and serum  
creatinine (p-value <0.001*).  

The mean of eGFR in Group I (81.32 ± 17.57)  
was significantly higher than Group II (64.60±  
16.19) (p-value <0.001*).  

This was in agreement with the results of study  
performed by Bin-Bin He et al., [10]  who docu-
mented that diabetic patients with anemia and  

microvascular complications had low eGFR (89.08  
±26.19 vs. 98.31±22.46) than diabetic, non anemic  
patients with no microvascular complications with  

statistical significance (p-value <0.001*).  

Also, Thambiah et al., [14] , Hosseini et al.,  
(2014) [15]  reported similar results with statistical  
significance (p-value <0.001*).  

The mean of TG, LDL and Cholesterol level  
in Group II were significantly higher than Group  
I, they were respectively in Group II (164.72 ± 15.27,  
157.12± 17.50, 243.48±34.97), and in Group I  
respectively (142.02±20.44, 151.58±21.80, 203.40±  
22.98) with (p-value <0.001*).  

The mean serum HDL in Group I (65.78 ± 13.49)  
was significantly higher than in Group II (50.06 ±  
8.97) (p-value <0.001*).  

This was partially in agreement with the results  

of study performed by Bin-Bin He et al., [10]  who  
documented that diabetic patients with anemia and  
microvascular complications had dyslipidemia  
(59.8%) with high TG, LDL, cholesterol level and  
low HDL than (44.9%) diabetic, non anemic pa-
tients with no microvascular complications with  

statistical significance (p-value <0.001*).  

On the contrary, Barbieri et al., [11]  showed  
disagreement with our result as 46% of diabetic-
anemic patients had dyslipidemia, and 48% of  

diabetic-non anemic patients had dyslipidemia with  
no statistical significance (p-value=0.646).  

Comparison between the 2 studied groups  
showed that 34% of Group I were hypertensive  
while 78% of Group II were hypertensive with  

statistical significance (p-value <0.001*).  

This was in agreement with the results of study  
performed by Bin-Bin He et al., [10]  who docu-
mented that 63.5% of diabetic with microvascular  
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complications were hypertensive and 48.6% of  

diabetic patients with no microvascular complica-
tions were hypertensive with statistical significance  
(p-value <0.001*).  

On the contrary, Thambiah et al., [14] , docu-
mented that 30-40% of diabetic and anemic patients  

were hypertensive while 60-69% of diabetic and  

non anemic patients were hypertensive but with  
no statistical significance (p-value=0.644).  

The mean of duration of DM in Group I was  
(4.10±0.58 years) while the mean of it in Group  
II, it was (14.84 ±4.56 years).  

The mean of duration of DM in Group II was  
significantly higher than in Group I (p-value  
<0.001*).  

This was in agreement with the results of study  
performed by Hosseini et al., [15]  who documented  
that the mean of duration of DM in diabetic anemic  

patients was significantly higher than the mean of  

duration of DM in diabetic patients non anemic  

patients (p-value <0.05*).  

Comparison between the 2 studied groups  

showed that 74% of Group I did not have DR and  
26% had proliferative DR while all of Group II  

had DR with 76% non-proliferative and 24% pro-
liferative with statistical significance (p-value  
<0.001).  

This was partially in agreement with the results  

of study performed by Ranil et al., [12]  who docu-
mented that individuals with anemia were 1.80  
times more likely to develop diabetic retinopathy  
than individuals with no anemia with statistical  

significance (p-value <0.001).  

The mean HbA1C in group I (8.92 ±0.57%) was  
significantly higher than group II (8.47 ±0.54%)  
(p-value <0.001*).  

This due to the presence of anemia in Group  
II.  

Thambiah et al., [14]  showed partial agreement  
with our result, as they documented that diabetic  
and anemic patients had HbA1C (median=7.8) less  
than diabetic non anemic patients (median=7.9)  

with no statistical significance (p-value=0.791).  

Comparison between the 2 studied groups  

showed that 52% of Group I were treated with  
insulin and the others with oral hypoglycemic  

drugs while 88% of Group II were treated with  
insulin and the others with oral hypoglycemic  

drugs with statistical significance (p-value<0.001 *).  

This was because Group II patients had uncon-
trolled blood sugar and microvascular complica-
tions which needed insulin to control blood sugar  
rather than OHDs and this wasn't studied before  

in other studies.  

In Group I, there was no significant statistical  
correlation between Hb level and the following  

(diabetic neuropathy, diabetic retinopathy, type of  

retinopathy, HTN and type of treatment), also in  

Group II there was no significant statistical corre-
lation between Hb level and the following (type  
of retinopathy, HTN, CRP and type of treatment).  

This study showed negative significant corre-
lation between hemoglobin level and duration of  
diabetes in Group II.  

This study showed negative correlation but  

with no statistical significance between hemoglobin  
level and 24hr. urinary protein in both groups,  

s.creatinine in Group II, duration of diabetes in  

Group I and HbA1c in Group I.  

But Bin-Bin He et al., [10]  showed positive  
correlation with statistical significance ( p-value  
<0.001*) between anemia and microvascular com-
plications of DM (DR, DR, DPN).  

This might be due to the higher cut off value  

they took for anemia.  

This study showed significant negative corre-
lation between hemoglobin level and serum TG in  
Group I.  

This study showed negative correlation but  

with no statistical significance between hemoglobin  
level and total cholesterol in both groups, serum  
TGs in Group II, LDL in both groups.  

The ROC curve showed that Hb level had 100%  

specificity and 100% positive PV for development  
of microvascular complications. This wasn't studied  

before.  

The discrepancies between the results of this  

work and the result of the other studies may be  
attributed to differences in case selection criteria  

of patients and the smaller sample size in this study  

and the different cut off values for Hb level.  

Conclusion:  
Our finding suggests that microvascular com-

plications (diabetic neuropathy, diabetic nephrop-
athy and diabetic retinopathy) were common with  

anemic patients than the non anemic patients.  
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So we can conclude that anemia may be an  

etiological factor in development of microvascular  
complication in type 2 D.M. patients.  
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