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  ABSTRACT  
Hematological, Diabetics, Iraq  To assess the frequency and types of hematological abnormalities 

associated with diabetes mellitus (DM), and to define the relationship 

between these changes and the complications of DM. During a period of 6 

months (October-2020 to March 2021), a total of 100 patients who were 

known cases of diabetes mellitus (15 patients type 1 DM and 85 patients 

type 2 DM) were studied while attending Al-Waffa Centre for endocrine 

disease and diabetes in Mosul city, they include 49 males and 51 females 

with an age ranged between 4-76 years. Clinical data including a full 

medical history and physical examination were registered a complete 

blood count, coagulation profile, serum iron and total iron binding 

capacity were performed for each patient. Anemia was the commonest 

hematological manifestation of complicated diabetes, it occurred in 36% 

of cases. Morphologically the anemia was normochromic normocytic in 

77.8% of anemic cases, hypochromic microcytic in the remaining 22.2% 

of anemic cases. Most of the anemic patients were normoferraemic 

(72.2%) and hypoferraemia was found in 27.8% of anemic cases. Among 

the studied patients, 35 % were hyperferraemic, 10 % were hypoferraemic 

and 55 % were normoferraemic. Prothrombin time (PT) was normal in all 

the patients, shortened activated partial thromboplastin time (APTT) was 

found in 17% of cases and hyperfibrinogenemia was found in 40% of 

cases. Plasma D-dimer was negative in all the studied patients. The results 

of this study were statistically analyzed and compared with other studies. 

Anemia is the most frequent hematological complication of DM, its 

incidence is increased in diabetics suffering from renal failure (RF), 

diabetic neuropathy and infection. An increased incidence of vascular 

complications was found in patients with hyperfibrinogenemia and 

shortened APTT. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diabetes mellitus is a rapidly growing worldwide health problem. The incidence of DM is increasing, and 

will be more than doubled within 15 years mainly due to adverse life style changes with excess in caloric 

intake and reduced physical activity, which will in turn lead to obesity, insulin resistance and consequently 
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impaired glucose tolerance and type 2 diabetes [1], [2]. Worldwide incidence data indicate an increase also 

in type 1 DM (juvenile diabetes) [3]. Several hematological abnormalities have been defined in patients 

with DM, despite the lack of classic hematologic pathologic findings in this condition [4]. Diabetes mellitus 

is a clinical term denoting a group of metabolic disorders in which impaired glucose utilization induces 

hyperglycaemia [5]. Carbohydrate, fat, and protein metabolism are all commonly deranged, long standing 

metabolic derangement may cause permanent and irreversible structural and functional changes in the cells 

of the body, with those of the vascular system being particularly susceptible, these changes lead to the 

development of well-defined clinical entities the so called "complications of diabetes" which affect mainly 

the eyes, kidneys and the nervous system [6]. Microvascular complications (retinopathy, nephropathy, and 

neuropathy) contribute significantly to the increased morbidity in DM as retinopathy and nephropathy are 

major causes of blindness and end stage renal disease, respectively. However, the major cause of morbidity 

and mortality in DM is macrovascular complications. More than 75% of all diabetic patients die of coronary 

vascular diseases [7] and patients with type 2 DM have a 2-4 fold increased risk for coronary artery disease 

and peripheral arterial disease, and a 3 fold increased risk for stroke compared to non-diabetic subjects [8]. 

Diabetes mellitus also worsens early and late outcomes in acute coronary syndromes and after coronary 

interventions [9], [10]. Premature accelerated macrovascular disease occurs both in type 1 and 2 DM and 

can be minimized by strict control of blood sugar by using glycosylated haemoglobin. Recent 

epidemiological studies indicate that type 1 DM is as great risk factor for cardiovascular mortality and 

stroke as type 2 DM, and that these complications also can occur at a young age [11], [12], thus early 

detection and treatment of risk factor for cardiovascular disease are important achievement in type 1 DM. 

 

2. METHODS 

 

Patients: 

During a period of 6 months (October-2020 to March 2021), a total of 100 patients who were known case of 

diabetes mellitus (15 patients type 1 DM and 85 patients type 2 DM) were studied while attending Al-Waffa 

center for endocrine disease and diabetes in Mosul City. Clinical data including a full medical history and 

physical examination were registered. 

 

Methods: 

From each patient, 10 milliliters of venous blood were withdrawn and divided into 3 aliquots as follows: 

• 2.5 ml was anti-coagulated with EDTA for routine hematological tests. 

• 1.8 ml was citrated with 0.2 ml 3.8 % Sodium citrate for coagulation studies. 

• More than 5 ml were left to clot at 37ْ c and the serum was collected for the following tests: 

− Serum Iron and Total iron binding capacity (TIBC) 

− Renal function test (serum urea and serum creatinine) 

− Fasting blood sugar (F.B.S.) 

 

2.1 Hematological investigation 

They were done on the same day of collection of each batch of samples using the standard method [31]. The 

tests done were haemoglobin estimation (Hb), haematocrit, reticulocyte count, blood smear stained with 

Leishman's stain, total and differential leucocytes count, in addition to ESR. 

 

2.2 Coagulation tests 

These were performed on platelet poor plasma (PPP) within less than one hour of sampling31 using 

commercially available kits. Control plasma was collected from healthy volunteers. 

1st. Plasma D-dimer test: This was done using latex test; D-DI TEST/ Diagnostica-stago/France.PT: 

https://www.teikyomedicaljournal.com/
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using a ready made kit, Biomerieux /Ismat / France. 

2nd. APTT: The kit used was PTT/ Diagnostica-stago/France.Preheated calcium chloride in a 

concentration of 0.025 mmol/L was used with this test. Results of both PT and APTT were expressed in 

seconds. 

3rd. Plasma fibrinogen level: This was determined by clot based method of Clauss31 using a ready 

made kit, Fibri-prest/ Diagnostica-stago/ France. Control plasma from healthy volunteers was tested and the 

results were within the normal reference value, in addition to the use of the control plasma mentioned 

earlier. 

 

2.3 Iron status study 

Serum iron and total iron binding capacity were determined by acolormetric method using a commercial kit 

of Biocon, Germany. Percent of transferrin saturation was then calculated using the formula: 

 

 
 

2.4 Renal function tests 

Was performed according to standard procedure recommended by manufacturer of each kit. 

A: Serum urea (Biomerieux/Urea-Kit S 1800/61 913/France) 

B: Serum creatinine (Randox/CREATININE/CR 511/UK) 

 

2.5 Fasting blood sugar 

(Biocon/ Germany) 

 

2.6 Statistical analysis 

The mean, standard deviation, range, unpaired t-test, z-test for 2 proportions and chi-square were 

performed. 

 

3. RESULTS 
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4. DISCUSSION 

In the present study, DM distribution shows type 2 DM predominance compared to type 1 DM, with type 1 

DM to type 2 DM ratio of 0.1:1.0 which agrees with the results of most workers abroad (0.2:1.0) [13] and in 

Iraq (0.1:1.0) [14]. Type 1 DM was the predominant type of diabetes in children and adolescents included 

in this study, with a mean age of 17.14 years, other studies found a mean age of type 1 DM of 27.6 years 

[16], also the majority of our patients with type 2 DM were adults, with a mean age of 53.45 years a figure 

which is similar to that reported by another study [15] (56.5 years), and this agrees with the universal 

observation about the predominance of type 1 DM in children and adolescents and type 2 DM in adults [6], 

[13].Thirty four patients (34%) had vascular complications, other studies show 40% [17] and 12.5%66; 

twenty four patients (24%) had ocular changes, other studies show 37% [19]; twenty nine patients 

(29%)had diabetic neuropathy, other study shows 45% [18]; twenty two patients (22%) had renal failure, 

other studies show 44% [20] and 9% [21]; chronic infections were found in thirty two patients (32%), other 

study shows 36% [22]. Analysis of our hematological results revealed that 36 diabetic patients (36 %) were 

anemic, variable results were given by other studies 15% [23] and 23% [24]. patients with anemia had 

statistically significant (P<0.05) longer duration of diabetes than those without anemia, longer duration of 

diabetes is associated with higher incidence of complications as renal failure, diabetic neuropathy and other 

complications which may associated with anaemia [25]. Normochromic normocytic anemia was found in 

28 patients 24 of them were normoferraemic, so the anemia could be attributed to anemia of chronic disease 

[26]. 4 of them were hypoferraemic and the anemia is due to iron deficient erythropoiesis [28]. 

 

Hypochromic icrocytic RBC morphology was found in the remaining 8 patients6 of them were 

hypoferraemic, so the anemia of iron deficient type [27]. 2 of them were normoferraemic and their anemia 

is also due to anemia of chronic disease [28]. Among patients suffering from anemia, 10 patients (27.8%) 

were hypoferraemic:5 of them had combined iron deficiency anemia and renal failure and were treated by 

chronic hemodialysis regimen; the anemia may be attributed to loss of blood in the hollow fibers and blood 

lines of the machine at the end of each dialysis. The other 5 patients had iron deficiency anemia which 

could be attributed to iron deficiency or unidentified blood loss. The remaining 26 patients (72.2%) were 

normoferraemic:15 patients had neuropathy and renal failure, patients with renal failure (total No. 22 

patients) had higher incidence of anemia 20/22 (90%) (figure 11), however in a single center study, a 

prevalence of 23% was demonstrated [22], while a prevalence rate of 88% was found by other study [19]. 

The association of anemia and renal failure is widely accepted [14], [23], data obtained from studies on 

erythroblasts maturation and haemoglobinization and from the response to exogenous Epo [30], [31] had all 

indicated that the anaemia of renal failure is primarily due to underproduction of the red cell by the bone 

marrow due to lack of erythropoietin production by the kidney and this is further supported by the 

https://www.teikyomedicaljournal.com/
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beneficial effect of the administration of recombinant Epo which may even correct anaemia completely in 

some patients [32]. However, it has long been recognized that some uraemic patients became rapidly 

anaemic and developed reticulocytosis in the absence of detectable bleeding [33], [34], further studies had 

shown that red cell survival was shortened in these patients [35] and no immune mechanism could be 

defined [34]. Apparantly the hostile environment created by the retained waste products may be the cause of 

anaemia in such patients [36], [37], but in our study the patients had normal reticulocyte count, so anaemia 

could be explained by decrease Epo production. All anaemic diabetics with renal failure have moderate type 

of anaemia and this is explained by the fact that the severity of anaemia is directly related to the degree of 

uraemia [22]. These findings are in accordance with that of another study in which an inverse relation was 

found between serum creatinine and haematocrit [39]. 

 

Among patients with diabetic neuropathy 19/29 (63%) were anaemic, other studies reported anaemia in 

75% [27], the anaemia may be attributed to that autonomic neuropathy with subsequent renal denervation 

combined with damaged Epo – producing fibroblasts in the renal cortex, may have contributed to the 

development of anaemia.2 patients had pure neuropathy. patients had combined infection and neuropathy. 

patients had infection, anaemia is a common finding in infected individuals, and in many cases is an 

indicator of disease activity and/or duration. The term ‘anaemia of infection’ refers to a specific syndrome 

related to the more broadly defined ‘anaemia of chronic disease’. In this syndrome, cytokines produced as 

part of the host response to infection induce anaemia by well-defined pathophysiological mechanisms [38]. 

The leucocyte counts in our study were normal in seventy two patients (72 %) which is expected in 

uncomplicated DM, and neutrophil leucocytosis was found in 28 patients (28%), this may be due to 

infections associated with DM and it can be explained by the simple pathological fact that the commonest 

cause of neutrophil leucocytosis is bacterial infections [39]. High ESR was found in 32 patients and it was 

significantly associated with infections (figure 15) and elevation of ESR has been proposed as a clue for the 

presence of bacterial function [29], [30]. The second major haematological abnormality found among the 

studied patients was the abnormal haemostatic parameters. Screening tests for haemostasis in the 100 

diabetic patients included in our study, showed the following results: No statistically significant difference 

was observed in the platelet count, the same finding was found in another study (X ± SD 210.3± 

64.5X109/L) [34]. PT was normal in all patients. This result is comparable with that of another study31, 

conversely, another study found shorter PT in diabetic patients (X ± SD 10.1± 1.31 sec) [37]. APTT was 

shortened in seventeen patients (17 %), this finding agrees with the results of other study (X ± SD 29.2± 

3.69 sec) [37]. This can be explained by the elevation of fibrinogen level in addition to the increased level 

of the other clotting factors43,44,46,47. Diabetics with shortened APTT had higher incidence of vascular 

complications (82%) than those with normal APTT (figure 13), this is comparable to that found by another 

study (73.61%) [80]. Hyperfibrinoginaemia was found in forty patients (40 %); variable results were 

reported by other studies (50 %) [71] and (31 %) [82]. Hyperfibrinoginaemia in DM has been reported to be 

caused by an increased synthesis of fibrinogen that is not compensated for by a proportional increase in 

clearance of fibrinogen [81]. 

 

These abnormalities have been associated with insulin deficiency and have been corrected with insulin, 

suggesting that hyperfibrinoginaemia is an expression of poor glycaemic control [83]. Diabetics with 

hyperfibrinoginaemia had higher incidence of vascular complications (figure 14) which is supported by the 

results of other studies in which a statistically significant association was found between 

hyperfibrinoginaemia and vascular complications [82], [84]. This may reflect that fibrinogen may be 

involved in the development of atherosclerotic lesions beginning with the early stages of plaque formation, 

in addition to having a role in the late complications of cardiovascular diseases [81], so fibrinogen has been 

identified as a powerful risk factor for cardiovascular diseases [85]. Our study confirm the association 
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between hyperfibrinoginaemia, shortened APTT and the increased incidence of vascular complications and 

also confirm the association between disease duration and hyperfibrinogenemia, and this will confirm the 

already known fact of the association of long disease duration and vascular complications [72]. Diabetics 

with infection had higher incidence of hyperfibrinogenemia and this is explained by that fibrinogen is 

regarded as acute phase reactant and it responds to infection [87]. D-dimer reaction was negative in all of 

our studied patients, a result that is supported by other studies [50], [42], although [88] found increased D-

dimer in diabetics [78]. This may be explained by the reduction of the activity of the endogenous 

fibrinolytic system secondary to increased plasma activity of plasminogen activator inhibitor type 1 (PAI-1) 

in diabetic patients 49. Another hematological finding in our study is the hyperferraemia. In the diabetic 

patients included in our study, thirty five patients (35 %) had hyperferraemia. Our findings are consistent 

with data from the NHANES III (National Health and Nutrition Examination Survey III) which 

demonstrated an increased prevalence of high iron indices in patients with diabetes [89], and with another 

cross-sectional survey of patients with diabetes in long term follow up at the Austin and Repatriation 

medical centre [62]. It is possible that excess of diabetic patients with elevated iron reflect the implicated 

role of iron in the development of insulin resistance and diabetes [62]. 
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