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Abstract

Background: Diabetes mellitus (DM) has a high prevalence worldwide. Anaemia is one of
the most common conditions seen in diabetic patients which is the leading cause of morbidity
in these patients. It leads to various complications, including microvascular and
macrovascular complications. The nephropathy may undermine the renal production of
erythropoietin, positively contributing to an increased anemia framework. The inflammatory
situation created by kidney disease also interferes with intestinal iron absorption. Therefore,
diabetic patients with kidney disease have higher risk for developing anemia.

Aim : The aim of this work was to determine the prevalence and various types of anemia in
patients with type 2 DM.

Methods : After obtaining informed written consent, all diabetics as well as control
individuals were subjected to detail history, clinical examination, and investigations as
follows: fasting blood glucose, postprandial blood glucose, glycated hemoglobin, complete
blood count, peripheral smear for type of anemia, reticulocyte count and renal function test,
creatinine clearance, urine examination, alouminuria, and stool examination through routine
and microscopic fecal occult blood test.

Results : The prevalence of anemia among our studied patients with type 2 DM was 65%,
with significant increase compared with the control group (10%). Diabetics had microcytic
hypochromic anemia among 55%, whereas 44.6% had normocytic normochromic anemia.
There was a significant negative correlation between hemoglobin level and degree of
albuminuria and a significant positive correlation between hemoglobin level and creatinine
clearance.

Conclusion : Anemia is a common finding in patients with type 2 DM when compared with
the general population. Hence in diabetic patients, it would be desirable to evaluate the
hemoglobin levels often, even when the renal parameters are within the normal limits, for
better quality of life.
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Introduction
Anaemia is a common haematological finding in DM patients [1] It is an important global
public health problem, affecting the lives of more than 2 billion people globally, accounting
for about 30% of the world's population.Haematological changes in red blood cells (RBCs),
white blood cells (WBCs), and the coagulation factors are shown to be directly associated
with DM.5, 6 Chronic hyperglycemia, hyperosmolarity, and increased levels of advanced
glycation end-products affect the RBCs [2].Diabetes mellitus (DM) has a high prevalence
worldwide [3]. Anaemia is common but often overlooked in diabetes mellitus (DM)
patients.It leads to various complications when poorly controlled,such as nephropathy,
neuropathy, and retinopathy as well as several metabolic disorders.Type 2 diabetes affects
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7% of the population [4]. Epidemiological data showed that in 2010 there were 285 million
people affected with the disease in the world, and it is estimated that in the year of 2030, we
will have ~440 million diabetes cases [5].Anemia is defined as a reduction of the total
circulating red cell mass below reference limits. It reduces the oxygen- carrying capacity of
the blood, leading to tissue hypoxia [6]. It is associated with increased perinatal mortality,
immune incompetence, impaired mental development, and decreased performance at work
[7]. It is a key indicator of chronic kidney disease and an important cardiovascular risk factor
[8]. It is said to be highly prevalent affecting developing and developed countries, causing
public health problem [9].Hyperglycemia has a direct relationship with the development of an
inflammatory condition showed by the increased expression of proinflammatory cytokines
such as interleukin (IL)- 6 and tumor necrosis factor- a. Studies show that the longer the
duration of the disease and/or loss of glycemic control, the higher inflammatory process [10].
It should also be noted that, owing to the development of DM, nephropathy may arise, which
further undermines the renal production of erythropoietin, positively contributing to an
increased anemia framework [11]. The inflammatory situation created by kidney disease also
interferes with intestinal iron absorption and mobilization of inventories [12]. Therefore,
diabetic patients with kidney disease have higher risk for developing anemia [13]. Patients
with diabetes also have nutritional deficiencies for cyanocobalamin, folate, and iron, which
may result in different types of anemia. Metformin may interfere with cyanocobalamin
absorption, resulting in vitamin B12- deficiency anemia [14]. Because of the fact that both
anemia and type 2 diabetes share similar symptoms like pale skin, chest pain, numbness or
coldness in the extremities, shortness of breath, and headache [15], anemia remains
unidentified in most diabetic patients. Hence, it is important to identify anemia in diabetic
patients.

Materials and Method :

This Prospective study was carried out on 100 patients with type 2 DM attending Inpatient
and outpatient department of General Medicine, CAIMS, Karimnagar, and 100 individuals
as control group. This study was conducted over a period of 1 year after obtaining informed
written consent from the patients approved by Institutional ethical committee.

Inclusion criteria :

= Type 2 diabetics, good controlled DM [glycated hemoglobin (HbAlc)

= Patients on sulfonylureas and metformin were included.

= Anemic patients, with hemoglobin levels less than 13 g/dl for male and less than 12 g/dl
for female,

Exclusion criteria_:

e Patients with type 1 diabeties,

e Gestational diabetics,

e patients on ACE inhibitors, hematinics, liver disease, and malignancy.

Method

All diabetics as well as control individuals were subjected to detail history, clinical
examination and investigations as following

(2) Blood sugar levels (fasting blood glucose and postprandial blood glucose) and HbAlc

(2) Complete blood count

(3) Peripheral smear for type of anemia

(4) Reticulocyte count
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(5) Renal function test

(6) Creatinine clearance (ml/min) was calculated using the Cockcroft-Gault equation [(140 —
age)xweight (kg)/serum creatinine (mg/dl)x72]x0.85 (if female)

(7) Urine examination and albuminuria by nephelometry using first urine samples in the
morning

(8) Stool examination: routine and microscopic fecal occult blood test.

Statistical analysis:

Interpretation and analysis of data obtained were carried out using standard tests of
significance. The difference of mean between anemic and nonanemic diabetic patients was
evaluated by unpaired Student’s t- test. Finally, correlation between the level of hemoglobin
and index of renal damage (albumin—creatinine ratio) was assessed by Pearson’s correlation.
Statistical software of SPSS, version 25 and Microsoft Excel 2016 were used to analyze the
data.

Observation and Results

Our study showed following results

1.The prevalence of anaemia is significantly increased in patients with type 2 diabetes
mallitus as compared to the control group.

2.Diabetic patients had microcytic hypochromic anemia among 55.4%, whereas 44.6% had
normocytic normochromic anemia.

3. None of them had a macrocytic type of anemia.

4. There was a significant negative correlation between creatinine clearance and prevalence
of anemia in patients with type 2 DM. The prevalence of anemia was 100% in patients with
creatinine clearance less than 30 ml/min.

5. As the level of albuminuria increased, the prevalence of anemia also increased.

6.There was a significant negative correlation between hemoglobin level and albuminuria and
a significant positive correlation between hemoglobin level and creatinine clearance.

The Table 1 shows significant increase in the number of anemic patients and level of HbAlc
in diabetic patients versus control group.

Table 1 :Demographic and other parameter between cases and controls

Variables Case (n=100) Control (n=100) p value
Age 50.33+5.5 50.21+6.3 >0.05
Gender (male/female) 64/36 63/37 >0.05
Number of anemics 65 10 <0.05
HbAlc 6.5+0.43 5.4+0.79 <0.05
Hemoglobin (g/dl) 9.84+1.8 13.1+1.4 <0.05
Serum creatinine (mg%) 0.96+0.032 0.9+0.55 >0.05
Table 2 : Distribution of anaemia in the study population
Anaemia Males(%) | Females(%) | Total(%)
Present 44(67.74%) | 21(32.3%) 65(100%)
Absent 23(65.7%) | 12(34.3%) 35(100%)
Total 67(67%) 33(33%) 100(100%)

Table 2 shows percentage of anemia in type 2 DM. Overall, 65% of all patients were anemic
and 35% of all patients were found to be nonanemic.
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Figure 1: Percentage of Morphological Types of anaemia in type 2 diabetes mellitus

Figure 1 shows classification of anemia in patients with type 2 DM. Diabetic patients had
microcytic hypochromic anemia among 55%, whereas 45% had normocytic normochromic
anemia. None of them had a macrocytic type of anemia.

Table 3 : Creatinine clearance in

atients with type 2 diabetes mellitus

Creatinine clearance (ml/min) | <30 (%) 31-60 61-90 >90 P value
Anaemic (n=65) 8(100%) | 33(91.7%) | 22(53.7%) | 2(13.3%) | <0.05
Non-Anaemic (n=35) 0 3(8.3%) 19(46.3%) | 13(86.7%) | <0.05
Total (n=200) 8(8%) 36(36%) 41(41%) | 15(15%) | <0.05

Table 3 shows there was a significant negative correlation between creatinine clearance and
prevalence of anemia in patients with type 2 DM. The prevalence of anemia was 100% in
patients with creatinine clearance less than 30 ml/min.

Table 4 : Relation of number of anemic patients with albuminuria

Albuminuria (mg/day) Anemic patients(%) | Nonanemic patients(%) | P- value
<30 (n=18) 4(22.4%) 16(88.9%) <0.05
30-300 (n=37) 16(43.2%) 21(56.8%) <0.05
>300 (n=45) 45(100%) 0 <0.05

Table 4 shows a significant positive correlation between number of anemic patients and
degree of albuminuria. As the level of albuminuria increased, the prevalence of anemia also

increased.

Table 5 : Relation of albuminuria with creatinine clearance and hemoglobin level

Albuminuria (mg) fnz‘?frm;‘e clearance | 1o moglobin level (mg/dl) | P-value
<30 (n=18) 105+11.4 12.5+3.4

30-300 (n=37) | 75.45+115 11.9+2.7 <0.05
>300 (n=45) 50.61+13.0 9.08+3.1
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Table 6 shows the relation of albuminuria and creatinine clearance with hemoglobin level.
There was a significant negative correlation between hemoglobin level and albuminuria and a
significant positive correlation between hemoglobin level and creatinine clearance.

Discussion

In this study, of 100 patients, 65% were anemic and 35% were nonanemic versus 10%
anemic individuals in the control group. In contrast, a study conducted by Kaushik et al. [16]
showed 63% were anemic and 37% were nonanemic. In another study conducted by
Ezenwaka et al. [17], 46.45% were anemic and 53.54% were nonanemic. Andrews and
Arredondo [26] determined the presence of anemia in type 2 diabetic patients as well as
evaluating the expression of genes related to inflammation and immune response. Chronic
disease, such as DM, is accompanied by mild- to- moderate anemia, often called anemia of
inflammation or infection or anemia of chronic disease (ACD) [18]. The results in few
studies found that diabetic patients with anemia exhibit increased expression of
proinflammatory cytokines as compared with patients with only diabetes. In an anemic
patient, an increase in IL- 6 production, as well as B cell activity was confirmed which
reinforced the association between IL- 6 production and anti erythropoietic action [19].
Moreover, the diabetic and anemic patients had high levels of C- reactive protein and ferritin
ultrasensible; however, these diabetic and anemic patients had low iron contents, showing
that ferritin increases were associated with chronic inflammatory processes present in
diabetes [20].

In this study, of anemic patients 45 % had normocytic normochromic anemia, characterized
as ACD [21]. ACD is a mild- to- moderate anemia shortening the survival of red blood cells
(~80 days instead of 120 days normal) [22]. This phenomenon is attributed to hyperactivity
state mononuclear phagocyte system, triggered by the infectious, inflammatory, or neoplastic
process, leading to the early removal of circulating red blood cells [23]. Inadequate bone
marrow response observed is basically owing to inappropriately low secretion of
erythropoietin, decreased bone marrow response to erythropoietin, and decreased
erythropoiesis consequent to lower supply of iron to bone marrow [24]. In our study, 55%
had microcytic hypochromic anemia. The higher prevalence of microcytic hypochromic
anemia in DM was probably owing to malnutrition, iron deficiency, poverty, and increased
frequency of pregnancy in females [16]. In this study, there was a significant negative
correlation between creatinine clearance and prevalence of anemia in patients with type 2
DM. The prevalence of anemia in patients with creatinine clearance less than 30 ml/min was
100%, whereas prevalence of anemia in cases with creatinine clearance more than 90 ml/min
was only 13.3%. These findings were supported by Kaushik et al. [16], who showed that
patients with type 2 DM with clearance less than 30 ml/min were 100% anemic, whereas
prevalence of anemia in 16 cases with creatinine clearance more than 90 ml/min was only
18.75%. In our study, there was a significant positive correlation between the number of
anemic patients and degree of albuminuria. As the level of albuminuria increased, the
prevalence of anemia increased. In patients with normoalbuminuria, 22.2% of diabetic
patients were anemia, whereas in patients with microalbuminuria, the prevalence of anemia
was 43.2% of diabetic patients, and in patients with macroalbuminuria, the prevalence of
anemia was 100% of diabetic patients. The study conducted by Kaushik et al. [16] reported
that as the level of albuminuria increased, the prevalence of anemia increased. Often, chronic
diseases, such as DM, are accompanied by mild-to-moderate anemia, often called anemia of
inflammation or infection or anemia of chronic disease [25].
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Conclusion

Anemia is a common finding in patients with type 2 DM when compared with the general
population. Hence in diabetic patients, it would be desirable to evaluate the hemoglobin
levels often, even when the renal parameters are within the normal limits, for better quality of
life.

Acknowledgement : None

Conflict of Interest : None

Funding : None

References :

1.

2.

3.

10.

11.

12.

13.

14.

15.

Thomas MC. Anemia in diabetes: marker or mediator of microvascular disease? Nat Clin
Pract Nephrol. 2007; 3: 20- 30.Crossref CAS PubMed Web of Science®Google Scholar
Schmid-Schénbein H, Volger E. Red-cell aggregation and red-cell deformability in
diabetes. Diabetes. 1976; 25: 897- 902.CAS PubMed Web of Science®Google Scholar
Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the
prevalence of diabetes for 2011 and 2030. Diabetes Research and Clinical Practice
2011;94:311-21.

Pereira PF, Alfenas Rde C, Araujo RM. Does breastfeeding influence the risk of
developing diabetes mellitus in children? A review of current evidence. J Pediatr (Rio J)
2014; 90:7-15.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2011
and 2030. Diabetes Res Clin Pract 2010; 87:4-14.

Kumar V, Abbas AK, Aster JC. Red blood celland bleeding disorder. In: Kumar V,
Abbas AK, Fausto N, Aster JC. Robbins and Cotran pathologic basis of disease,
professional edition e-book. Elsevier Health Sciences; 2014.

Dallman PR. Iron. In Present Knowledge in Nutrition, 6th ed., edited by M. L. Brown, ed.
Washington, DC: International Life Sciences Institute-Nutrition Foundation; 1990. p.
241-250.

Dikow R, Schwenger V, Schomig M, Ritz E. How should we manage anaemia in patients
with diabetes?. Nephrology Dialysis Transplantation 2002; 17(suppl_1):67-72.

World Health Organisation. The World Health Report: reducing risks, promoting health
life. Geneva, Switzerland: World Health Organisation;2002.

Angelousi A, Larger E. Anemia, a common but often unrecognized risk in diabetic
patients: a review. Diabetes Metab2015; 41:18-27.

Fava S, Azzopardi J, Ellard S, et al. ACE gene polymorphism as prognostic indicator in
patients with type 2 diabetes and established renal disease. Diabetes Care 2001; 24:2215—
2220.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med 2005; 352:1011-
1059.

Escorcio CSM, Silva HF, Junior GBS, Monteiro MP, Goncalves RP. Evaluation of
anemia treatment with EPO and oral and IV iron in patients with chronic kidney disease
under hemodialysis. RBSA 2010; 42:87-90.

Bolen S, Wilson L, Vassy J, Feldman L, Yeh J, Marinopoulos S, et al.Comparative
effectiveness and safety of oral diabetes medications for adults with type 2 diabetes
[Internet]. AHRQ Comp Effect Rev 2009; 2007. Report No.: 07-EHC010-EF. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK43056/. [Last accessed on 2019 Jan 01].
Betcher B. Recognizing anemia in people with diabetes. Anemia Organization; 20009.
Available at: http://www.anemia.org. [Accessed 27 December 2017]

4653


https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1002%2Fedm2.260&key=1%3ASTN%3A280%3ADyaE2s%252Fgtl2rtw%253D%253D
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1002%2Fedm2.260&key=971793
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002%2Fedm2.260&key=A1976CH57800016
https://onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1002%2Fedm2.260&key=A1976CH57800016

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 08, Issue 02, 2021

Kaushik D, Parashar R, Praveen K Study of anemia in type 2 diabetes mellitus. Int J Res
Med Sci 2018; 6:1529-1533.

Ezenwaka CE, Jones-LeCointe A, Nwagbara E, Seales D, Okali F. Anaemia and kidney
dysfunction in Caribbean type 2 diabetic patients.Cardiovascular Diabetology 2008;7:25.
Zaritsky J, Young B, Wang HJ, Westerman M, Olbina G, Nemeth E, et al. Hepcidin—a
potential novel biomarker for iron status in chronic kidney disease. Clinical Journal of the
American Society of Nephrology 2009; 4:1051-6.

McClellan WM, Jurkovitz C, Abramson J. The epidemiology, and control of anemia
among pre- ESRD patients with chronic kidney disease. Eur J Clin Invest 2005; 35 Suppl
3:58-65.

Saran R, Robinson B, Abbott KC, Agodoa LY, Albertus P, Ayanian J, et al. US renal data
system 2016 annual data report: epidemiology of kidney disease in the United States.
American Journal Of Kidney Diseases 2017;69:A7-8.

Craig KJ, Williams JD, Riley SG, Smith H, Owens DR, Worthing D, et al. Anemia and
diabetes in the absence of nephropathy. Diabetes Care 2005; 28:1118-23.

Grossman C, Dovrish Z, Koren-Morag N, Bornstein G, Leibowitz A.Diabetes mellitus
with normal renal function is associated with anaemia.Diabetes/Metabolism Research and
Reviews 2014; 30:291-6.

Deray G, Heurtier A, Grimaldi A, et al. Anemia, and diabetes. Am J Nephrol 2004;
24:522-526.

Valarmthil A, Aravind Kumar R. Prevalence of anemia among type 2 diabetes mellitus
patients in correlation with HbalC levels a prospective study. IAIM 2018; 5:21-27.

M. C. Carvalho, E. C. E. Baracat, and V. C. Sgarbieri, “Anemia ferropriva e anemia de
doenga cronica: distirbios do metabolismo de ferro,” Revista Seguranca Alimentar e
Nutricional, vol. 13, no. 2, pp. 54-63, 2006.

M. Andrews and M. Arredondo, “Ferritin levels and hepcidin mRNA expression in
peripheral mononuclear cells from anemic type 2 diabetic patients,” Biological Trace
Element Research, vol. 149, no. 1, pp. 1-4, 2012.

4654



