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ABSTRACT
Background: Anemia is a common but often overlooked complication of Type 2 diabetes mellitus
(T2DM). Although it is frequently associated with diabetic nephropathy, anemia may also occur in
patients with normal renal function due to chronic inflammation, impaired erythropoietin response,
nutritional deficiencies, and oxidative stress. Early detection of anemia in such patients may help
reduce morbidity and improve overall disease management.
Aim: To determine the prevalence of anemia among patients with Type 2 diabetes mellitus without
renal dysfunction and to evaluate its association with glycemic control as assessed by glycated
hemoglobin (HbAlc).
Materials and Methods: This prospective observational study was conducted in the Department of
General Medicine, Maharishi Markandeshwar Institute of Medical Sciences and Research
(MMIMSR), Mullana, Haryana, from November 2024 to November 2025. A total of 100 adult
patients with Type 2 diabetes mellitus and normal renal function were enrolled. Demographic details,
clinical characteristics, laboratory investigations, and glycemic parameters were recorded. Anemia
was diagnosed according to World Health Organization criteria. Statistical analysis was performed
using SPSS version 25.0. A p-value <0.05 was considered statistically significant.
Results: The prevalence of anemia was 36%, with mild anemia being the most common subtype
(55.6%). Higher HbAlc levels showed a significant association with anemia (p=0.01). Increasing age
(p=0.03), female gender (p=0.04), lower socioeconomic status (p=0.04), hypertension (p=0.03),
sedentary lifestyle (p=0.04), elevated fasting blood glucose (p=0.03), and elevated postprandial blood
glucose (p=0.02) were also significantly associated with anemia. Patients with anemia had
significantly lower hemoglobin, MCV, MCH, MCHC, serum ferritin, serum iron, transferrin
saturation, vitamin B12, folic acid, albumin, and HDL cholesterol compared with non-anemic patients
(p<0.05), while renal function remained normal.
Conclusion: Anemia is a frequent complication in patients with Type 2 diabetes mellitus even in the
absence of renal dysfunction and is significantly associated with poor glycemic control. Routine
screening for anemia and timely evaluation of hematological and nutritional parameters should be
incorporated into the standard care of patients with Type 2 diabetes mellitus to enable early
intervention and improve clinical outcomes.
Keywords: Type 2 diabetes mellitus; Anemia; Glycated hemoglobin (HbAlc); Renal dysfunction;
Glycemic control; Hemoglobin; Iron profile.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic disorders
worldwide and has emerged as a major public health challenge due to its rapidly increasing
prevalence and long-term complications. Persistent hyperglycemia resulting from insulin
resistance and progressive P-cell dysfunction contributes to damage of multiple organ
systems, leading to significant morbidity and mortality. According to recent global estimates,
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more than 500 million adults are living with diabetes, with Type 2 diabetes accounting for
nearly 90-95% of all cases. India bears a substantial proportion of this burden and is
recognized as one of the countries with the largest diabetic population, making early
identification and management of diabetes-related complications a healthcare priority.[1,2]
Anemia is an often overlooked but clinically important complication of diabetes mellitus.
Although it is traditionally associated with diabetic nephropathy and chronic kidney disease,
increasing evidence suggests that anemia may develop even in diabetic patients with
preserved renal function. The underlying mechanisms are multifactorial and include chronic
low-grade inflammation, functional iron deficiency, impaired erythropoietin response despite
normal renal function, oxidative stress, autonomic neuropathy affecting erythropoietin
production, nutritional deficiencies, and shortened erythrocyte survival. These mechanisms
may contribute to reduced hemoglobin levels long before the onset of overt renal impairment,
highlighting the need for early recognition of anemia in patients with Type 2 diabetes.[3,4]
The coexistence of anemia and diabetes has important clinical implications. Reduced oxygen-
carrying capacity resulting from anemia aggravates tissue hypoxia, thereby accelerating
endothelial dysfunction and worsening diabetic microvascular and macrovascular
complications. Patients with anemia often experience fatigue, reduced exercise tolerance,
impaired cognitive function, diminished quality of life, and an increased risk of
cardiovascular events. Furthermore, anemia has been associated with faster progression of
diabetic retinopathy, neuropathy, cardiovascular disease, and subsequent renal dysfunction.
Therefore, identifying anemia before the development of diabetic kidney disease may provide
an opportunity for earlier intervention and improved long-term outcomes.[5,6]

Several recent studies have reported that the prevalence of anemia among individuals with
Type 2 diabetes ranges from approximately 20% to 40%, even in the absence of advanced
kidney disease. Poor glycemic control, increasing age, longer duration of diabetes, female
sex, chronic inflammation, and nutritional deficiencies have consistently been identified as
important predictors of anemia. In particular, elevated glycated hemoglobin (HbAlc) levels
have been linked to a higher likelihood of anemia, suggesting that persistent hyperglycemia
may directly influence erythropoiesis through inflammatory pathways, oxidative stress, and
metabolic disturbances independent of renal dysfunction.[7,8]

The diagnosis of anemia is based on hemoglobin thresholds recommended by the World
Health Organization, which defines anemia as hemoglobin levels below 13 g/dL in men and
below 12 g/dL in non-pregnant women. Early screening for anemia in diabetic patients has
gained increasing attention because timely diagnosis and appropriate management may
improve functional status, reduce hospitalization, delay complications, and enhance overall
quality of life. Despite these observations, anemia remains underdiagnosed in many diabetic
patients who do not have evidence of renal insufficiency, resulting in delayed treatment and
poorer clinical outcomes.[9]

Considering the growing burden of diabetes and the limited Indian data focusing specifically
on anemia in patients with preserved renal function, the present study was undertaken to
determine the prevalence of anemia among patients with Type 2 diabetes mellitus without
renal dysfunction and to evaluate its association with glycemic control as assessed by HbAlc.
Identifying this association may facilitate earlier screening strategies and contribute to
comprehensive diabetes management aimed at preventing future complications.[10]

The primary aim of this study was to determine the prevalence of anemia among patients
with Type 2 diabetes mellitus who had normal renal function, thereby evaluating the burden
of anemia independent of renal insufficiency. Additionally, the study aimed to assess the
association between anemia and glycemic control, as measured by glycated hemoglobin
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(HbA1lc) levels, to determine whether poor glycemic control is associated with an increased
occurrence of anemia in diabetic patients without evidence of renal impairment.

MATERIALS AND METHODS
Study Design: Prospective observational study.

Study Population: Adult patients (>18 years) with Type 2 diabetes mellitus and normal renal
function attending the Outpatient Department (OPD) or admitted to the Inpatient Department
(IPD) of the Department of General Medicine, Maharishi Markandeshwar Institute of
Medical Sciences and Research (MMIMSR), Mullana, Ambala, Haryana, who fulfilled the
eligibility criteria and provided written informed consent.

Sample Size: A total of 100 patients with Type 2 diabetes mellitus and normal renal function
were included in the study.

Study Duration: One year (November 2024 to November 2025).

Study Place: Department of General Medicine, Maharishi Markandeshwar Institute of
Medical Sciences and Research (MMIMSR), Mullana, Ambala, Haryana.

Inclusion Criteria:
e Patients diagnosed with Type 2 diabetes mellitus.
e Age>18 years.
e Patients with normal renal function.
e Patients willing to provide written informed consent.

Exclusion Criteria:
e Patients with Type 1 diabetes mellitus, Type C diabetes mellitus, or gestational
diabetes mellitus.
Patients receiving ACE inhibitors.
Patients receiving hematinic therapy.
Patients with liver disease.
Patients with malignancy.
Pregnant women.
Patients with Type 2 diabetes mellitus associated with renal insufficiency or diabetic
nephropathy.

Statistical Analysis

The collected data were entered into Microsoft Excel and analyzed using the Statistical
Package for the Social Sciences (SPSS) software, version 25.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were expressed as mean * standard deviation (SD), while
categorical variables were presented as frequency and percentage. The normality of
continuous data was assessed before analysis. Comparisons between two groups were
performed using the independent Student's t-test for continuous variables, whereas
associations between categorical variables were evaluated using the Chi-square test or
Fisher's exact test, wherever appropriate. A p-value of less than 0.05 was considered
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statistically significant. The results were presented in the form of tables and charts for
appropriate interpretation.

RESULT
Table 1. Sociodemographic Characteristics of the Study Population
Variable Category n (%)
18-30 6 (6.0)
31-40 14 (14.0)
41-50 26 (26.0)
Age (years) 51-60 28 (28.0)
61-70 18 (18.0)
>70 8 (8.0)
Male 54 (54.0)
Gender Female 46 (46.0)
. Urban 57 (57.0)
Residence Rural 43 (43.0)

Government employee | 11 (11.0)
Private employee 20 (20.0)
Business/Self-employed | 14 (14.0)

Occupation Farmer 11 (11.0)
Homemaker 24 (24.0)
Retired 13 (13.0)

Laborer 7(7.0)

Upper 6 (6.0)
Upper middle 22 (22.0)
Socioeconomic status Lower middle 38 (38.0)
Upper lower 26 (26.0)

Lower 8 (8.0)

Table 2. Clinical Characteristics, Glycaemic Status and Lifestyle Factors
Variable Category n (%)
<Syears | 38(38.0)
Duration of diabetes | 5-10 years | 34 (34.0)
>10 years | 28 (28.0)
Normal | 28 (28.0)
BMI Overweight | 38 (38.0)
Obese 34 (34.0)
<7% 24 (24.0)

HbAlc 7-8.5% | 38(38.0)
>8.5% | 38 (38.0)
FBS (mg/dL) <126 | 12(12.0)

126-150 | 28 (28.0)
151-200 | 36 (36.0)
>200 24 (24.0)
<180 18 (18.0)
PPBS (mg/dL) 180-250 | 42 (42.0)
>250 40 (40.0)
Sedentary | 38 (38.0)
Moderate | 42 (42.0)

Physical activity
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Active | 20 (20.0)

. Yes 26 (26.0)
Smoking No | 74 (74.0)
Yes 22 (22.0)

Alcohol No 78 (78.0)

Table 3. Comorbidities and Glycaemic Profile

Part A. Comorbidities

Comorbidity n (%)
Hypertension 42 (42.0)
Dyslipidaemia 34 (34.0)
Obesity 34 (34.0)
Coronary artery disease | 12 (12.0)
Hypothyroidism 10 (10.0)
No comorbidity 18 (18.0)
Family history of diabetes | 44 (44.0)

Part B. Glycaemic Parameters

Parameter | Mean £ SD | Minimum | Maximum
HbAlc (%) 84+1.6 6.2 12.4
FBS (mg/dL) | 158.6+42.3 92 286
PPBS (mg/dL) | 228.4 + 58.7 132 378
Table 4. Laboratory Profile of the Study Population
Parameter Mean £ SD
Haemoglobin (g/dL) 11.8+1.7
Mean Corpuscular Volume (MCYV, fL) 85.6+9.4
Mean Corpuscular Haemoglobin (MCH, pg) 28.1+3.6
Mean Corpuscular Haemoglobin Concentration (MCHC, g/dL) | 32.6 +2.3
Serum Ferritin (ng/mL) 92.4+34.8
Serum Iron (pg/dL) 68.3£21.6
Total Iron-Binding Capacity (TIBC, pg/dL) 332.8+48.5
Transferrin Saturation (%) 21.8+7.6
Vitamin B12 (pg/mL) 312.6 + 108.4
Folic Acid (ng/mL) 6.8+2.4
Serum Creatinine (mg/dL) 0.86 £0.19
Total Protein (g/dL) 6.8 +0.7
Albumin (g/dL) 39+0.5
Total Bilirubin (mg/dL) 0.82£0.26
Aspartate Aminotransferase (AST/SGOT, U/L) 284+ 11.2
Alanine Aminotransferase (ALT/SGPT, U/L) 32.7+14.5
Triglycerides (mg/dL) 176.8 £ 62.3
High-Density Lipoprotein (HDL, mg/dL) 41.2+8.6
Low-Density Lipoprotein (LDL, mg/dL) 122.4+34.5
Very Low-Density Lipoprotein (VLDL, mg/dL) 356124
Total Cholesterol (mg/dL) 198.6 +42.8

Table 5. Prevalence, Severity, Symptoms and Clinical Signs of Anaemia

A. Anaemia Status
| Status | n (%) |
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Anaemia

36 (36.0)

No anaemia

64 (64.0)

B. Severity

Severity

n (%)

Mild

20 (55.6)

Moderate

12 (33.3)

Severe

4 (11.1)

C. Symptoms

Symptom

n (%)

Fatigue

28 (77.8)

Easy fatigability

20 (55.6)

Dyspnea

16 (44.4)

Dizziness

14 (38.9)

Palpitations

12 (33.3)

Headache

10 (27.8)

Loss of concentration

9 (25.0)

Cold intolerance

8(22.2)

D. Clinical Signs

Sign n (%)
Pallor 30(83.3)
Tachycardia 14 (38.9)
Pedal edema 6 (16.7)
Glossitis 5(13.9)
Angular cheilitis | 4 (11.1)

Koilonychia 3(8.3)

Jaundice 1(2.8)

Table 6. Association Between Sociodemographic Variables and Anemia (n = 100)

Variable Category Ane(zf)zl)a, n No Ag)zr;na, n Vzﬁue
18-30 1(16.7) 5(83.3)
31-40 3(21.4) 11 (78.6)
41-50 7 (26.9) 19 (73.1)
Age (years) 51-60 12 (42.9) 16 (57.1) 0.03
61-70 9 (50.0) 9 (50.0)
>70 4 (50.0) 4 (50.0)
Male 16 (29.6) 38 (70.4)
Gender Female 20 (43.5) 26 (56.5) 0.04
Government Employee 3(27.3) 8 (72.7)
Private Employee 6 (30.0) 14 (70.0)
Business/Self-employed 5(35.7) 9 (64.3)
Occupation Farmer 4(36.4) 7 (63.6) 0.42
Homemaker 11 (45.8) 13 (54.2)
Retired 5(38.5) 8 (61.5)
Laborer 2 (28.6) 5(71.4)
. Urban 18 (31.6) 39 (68.4)
Residence Rural 18 (41.9) 25 (58.1) 0.28
Socioeconomic Upper 1(16.7) 5(83.3) 0.04
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Status

Upper Middle 6 (27.3) 16 (72.7)
Lower Middle 14 (36.8) 24 (63.2)
Upper Lower 11 (42.3) 15 (57.7)

Lower 4 (50.0) 4 (50.0)

Table 7. Association Between Clinical Variables and Anemia Among the Study

Population
. Anemia, n . o P-
Variable Category (%) No Anemia, n (%) value
Family History of Present 20 (455) 24 (545) 0.04
Diabetes Absent 16 (28.6) 40 (71.4) '
) Present 20 (47.6) 22 (52.4)
Hypertension 0.03
Absent 16 (27.6) 42 (72.4)
L. ) Present 15 (44.1) 19 (55.9)
Dyslipidemia 0.19
Absent 21 (31.8) 45 (68.2)
<7.0% 4 (16.7) 20 (83.3)
HbAlc Category 7.0-8.5% 12 (31.6) 26 (68.4) 0.01
>8.5% 20 (52.6) 18 (47.4)
<126 2 (16.7) 10 (83.3)
Fasting Blood Sugar 126-150 8 (28.6) 20 (71.4) 0.03
(mg/dL) 151-200 14 (38.9) 22 (61.1) '
>200 12 (50.0) 12 (50.0)
) <180 3(16.7) 15 (83.3)
Post-Prandial Blood 180-250 14 (33.3) 28 (66.7) 0.02
Sugar (mg/dL)
>250 19 (47.5) 21 (52.5)
. Smokers 12 (46.2) 14 (53.8)
Smoking Status 0.18
Non-smokers 24 (32.4) 50 (67.6)
. Alcohol Consumers 10 (45.5) 12 (54.5)
Alcohol Consumption 0.26
Non-alcohol Consumers 26 (33.3) 52 (66.7)
Sedentary 18 (47.4) 20 (52.6)
Physical Activity Level Moderate 12 (28.6) 30(71.4) 0.04
Active 6 (30.0) 14 (70.0)

Table 8. Comparison of Laboratory Parameters Between Patients with and Without

Anemia

Anemia (n = Non-anemia
Parameter 36) (n = 64) P-value
Mean = SD Mean = SD
Hemoglobin (g/dL) 9.8+1.2 129+1.1 <0.001
Mean Corpuscular Volume (MCV, fL) 82.4 £8.6 87.6+£9.2 0.02
Mean Corpuscular Hemoglobin (MCH, pg) 26.8 £3.1 28.8£3.2 0.03
Mean Corpuscular Hemoglobin Concentration (MCHC, g/dL) 31.8+2.2 33.1+£2.0 0.04
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Serum Ferritin (ng/mL) 64.8 £28.4 108.6 +32.6 0.001
Serum Iron (pg/dL) 542+ 18.6 75.8+19.8 0.002

Total Iron-Binding Capacity (TIBC, pg/dL) 358.6 +42.8 318.2+44.6 0.01
Transferrin Saturation (%) 17.6 £5.8 24.4+6.6 0.003

Vitamin B12 (pg/mL) 268.4 +94.2 336.2+102.4 0.02

Folic Acid (ng/mL) 5.8+1.9 74+23 0.03

Serum Creatinine (mg/dL) 0.88+0.17 0.85+0.20 0.32

Total Protein (g/dL) 6.6 +0.6 6.9=+0.7 0.08

Albumin (g/dL) 3.7£04 4.0+0.5 0.04

Total Bilirubin (mg/dL) 0.84 +0.28 0.80+0.25 0.42

Aspartate Aminotransferase (AST/SGOT, U/L) 30.8+12.2 27.1+10.6 0.18
Alanine Aminotransferase (ALT/SGPT, U/L) 34.6+13.8 31.6£15.0 0.25
Triglycerides (mg/dL) 186.2 + 66.4 171.4+58.2 0.28
High-Density Lipoprotein (HDL, mg/dL) 384+7.6 42.8+8.6 0.04
Low-Density Lipoprotein (LDL, mg/dL) 128.2 + 36.6 119.1+334 0.21
Very Low-Density Lipoprotein (VLDL, mg/dL) 37.2+13.2 344+11.8 0.31
Total Cholesterol (mg/dL) 204.8+44.6 195.2+41.2 0.29

Figure: 1.Clinical Comorbidities and Family History in the Study Participants
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Coronary artery
disease
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Figure: 2.Distribution of Mean Laboratory Parameters in Anemia and Non-anemia Groups
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A total of 100 patients with Type 2 diabetes mellitus without renal dysfunction were included
in the study. The majority of participants belonged to the 51-60 years age group (28.0%),
followed by 41-50 years (26.0%), 61-70 years (18.0%), 31-40 years (14.0%), >70 years
(8.0%), and 18-30 years (6.0%). The study population comprised 54 (54.0%) males and 46
(46.0%) females. Regarding residence, 57 (57.0%) participants were from urban areas,
whereas 43 (43.0%) belonged to rural areas. Homemakers constituted the largest occupational
group (24.0%), followed by private employees (20.0%), business/self-employed individuals
(14.0%), retired persons (13.0%), government employees (11.0%), farmers (11.0%), and
laborers (7.0%). Based on socioeconomic status, the majority of patients belonged to the
lower middle class (38.0%), followed by the upper lower class (26.0%), upper middle class
(22.0%), lower class (8.0%), and upper class (6.0%).

Among the study participants, 38.0% had diabetes for less than 5 years, 34.0% had
diabetesfor 5-10 years, and 28.0% had diabetes for more than 10 years. Based on body mass
index, 38.0% were overweight, 34.0% were obese, and 28.0% had a normal BMI. Assessment
of glycaemic control showed that 38.0% of patients had HbAlc levels between 7.0—8.5%,
while an equal proportion (38.0%) had HbAlc >8.5%, indicating poor glycaemic control,
whereas only 24.0% had HbAlc levels below 7.0%. Fasting blood glucose levels were 151—
200 mg/dL in 36.0%, 126—150 mg/dL in 28.0%, >200 mg/dL in 24.0%, and <126 mg/dL in
12.0% of patients. Postprandial blood glucose values were 180-250 mg/dL in 42.0%, >250
mg/dL in 40.0%, and <180 mg/dL in 18.0%. Regarding lifestyle characteristics, 42.0%
reported moderate physical activity, 38.0% had a sedentary lifestyle, and 20.0% were
physically active. Smoking and alcohol consumption were reported by 26.0% and 22.0% of
participants, respectively.

Hypertension was the most common comorbidity, affecting 42 (42.0%) patients, followed by
family history of diabetes (44.0%), dyslipidaemia (34.0%), obesity (34.0%), coronary artery
disease (12.0%), and hypothyroidism (10.0%). Only 18.0% of patients had no associated
comorbid illness. The mean HbAlc of the study population was 8.4 + 1.6%, ranging from
6.2% to 12.4%. The mean fasting blood glucose was 158.6 + 42.3 mg/dL (range: 92-286
mg/dL), while the mean postprandial blood glucose was 228.4 £ 58.7 mg/dL, with values
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ranging from 132 to 378 mg/dL, reflecting overall suboptimal glycaemic control among the
participants.

The mean hemoglobin level of the study population was 11.8 + 1.7 g/dL. The average
erythrocyte indices included an MCV of 85.6 + 9.4 fL, MCH of 28.1 + 3.6 pg, and MCHC of
32.6 £ 2.3 g/dL. Iron profile analysis demonstrated a mean serum ferritin level of 92.4 & 34.8
ng/mL, serum iron of 68.3 = 21.6 ug/dL, total iron-binding capacity of 332.8 + 48.5 pg/dL,
and transferrin saturation of 21.8 + 7.6%. Mean vitamin B12 and folic acid concentrations
were 312.6 £ 108.4 pg/mL and 6.8 + 2.4 ng/mL, respectively. The average serum creatinine
level was 0.86 £ 0.19 mg/dL, confirming preserved renal function. Liver function parameters
included total protein (6.8 £ 0.7 g/dL), albumin (3.9 + 0.5 g/dL), total bilirubin (0.82 + 0.26
mg/dL), AST (28.4 £ 11.2 U/L), and ALT (32.7 £ 14.5 U/L). Lipid profile analysis revealed
mean triglycerides of 176.8 £ 62.3 mg/dL, HDL cholesterol of 41.2 + 8.6 mg/dL, LDL
cholesterol of 122.4 + 34.5 mg/dL, VLDL cholesterol of 35.6 £ 12.4 mg/dL, and total
cholesterol of 198.6 + 42.8 mg/dL.

The prevalence of anemia among patients with Type 2 diabetes mellitus without renal
dysfunction was 36.0% (36/100), whereas 64.0% of participants were non-anemic. Among
the anemic patients, 20 (55.6%) had mild anemia, 12 (33.3%) had moderate anemia, and 4
(11.1%) had severe anemia. Fatigue was the most frequently reported symptom (77.8%),
followed by easy fatigability (55.6%), dyspnea (44.4%), dizziness (38.9%), palpitations
(33.3%), headache (27.8%), loss of concentration (25.0%), and cold intolerance (22.2%).
Clinical examination showed pallor in 83.3% of anemic patients, making it the commonest
physical finding. Other clinical signs included tachycardia (38.9%), pedal edema (16.7%),
glossitis (13.9%), angular cheilitis (11.1%), koilonychia (8.3%), and jaundice (2.8%).

A statistically significant association was observed between age and anemia (p = 0.03). The
prevalence of anemia increased progressively with advancing age, rising from 16.7% among
individuals aged 18-30 years to 50.0% among those aged above 60 years. Gender also
showed a significant association (p = 0.04), with anemia being more common among females
(43.5%) than males (29.6%). No significant association was observed between occupation
and anemia (p = 0.42), although homemakers demonstrated the highest prevalence (45.8%).
Residence was not significantly associated with anemia (p = 0.28), despite a slightly higher
prevalence in rural residents (41.9%) than urban residents (31.6%). Socioeconomic status
demonstrated a significant association (p = 0.04), with anemia becoming progressively more
common among lower socioeconomic groups, reaching 50.0% in the lower socioeconomic
category.

Patients with a family history of diabetes had a significantly higher prevalence of anemia
(45.5%) compared with those without a family history (28.6%; p = 0.04). Similarly, anemia
was significantly more frequent among patients with hypertension (47.6%) than among
normotensive individuals (27.6%; p = 0.03). Dyslipidaemia was not significantly associated
with anemia (p = 0.19). A highly significant relationship was observed between glycaemic
control and anemia (HbAlc, p = 0.01). The prevalence of anemia increased from 16.7% in
patients with HbAlc <7.0% to 31.6% in those with HbAlc between 7.0-8.5%, and further to
52.6% among patients with HbAlc >8.5%. Fasting blood glucose was also significantly
associated with anemia (p = 0.03), with prevalence increasing from 16.7% in patients with
fasting glucose below 126 mg/dL to 50.0% among those with values above 200 mg/dL.
Likewise, postprandial blood glucose demonstrated a significant association (p = 0.02), with
anemia observed in 47.5% of patients having postprandial glucose levels above 250 mg/dL.
Smoking (p = 0.18) and alcohol consumption (p = 0.26) were not significantly associated
with anemia. However, sedentary physical activity was significantly associated with anemia
(47.4%; p = 0.04) compared with moderate and active lifestyles.
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Patients with anemia had significantly lower mean hemoglobin levels (9.8 + 1.2 g/dL)
compared with non-anemic patients (12.9 £ 1.1 g/dL; p <0.001). Erythrocyte indices
including MCV (82.4 £8.6 vs. 87.6 £ 9.2 fL; p = 0.02), MCH (26.8 = 3.1 vs. 28.8 £ 3.2 pg; p
= 0.03), and MCHC (31.8 + 2.2 vs. 33.1 £ 2.0 g/dL; p = 0.04) were significantly lower
among anemic patients. Iron profile parameters also differed significantly, with lower serum
ferritin (64.8 £ 28.4 vs. 108.6 + 32.6 ng/mL; p = 0.001), serum iron (54.2 + 18.6 vs. 75.8 £
19.8 pg/dL; p = 0.002), transferrin saturation (17.6 £ 5.8% vs. 24.4 £ 6.6%; p = 0.003), and
higher TIBC (358.6 £42.8 vs. 318.2 £ 44.6 ng/dL; p = 0.01) among anemic patients. Vitamin
B12 (268.4 = 94.2 vs. 336.2 £ 102.4 pg/mL; p = 0.02) and folic acid (5.8 £ 1.9 vs. 7.4 £2.3
ng/mL; p = 0.03) levels were also significantly lower in the anemic group. Serum creatinine,
total protein, bilirubin, AST, ALT, triglycerides, LDL cholesterol, VLDL cholesterol, and total
cholesterol showed no statistically significant differences between the two groups (p >0.05).
However, albumin (3.7 = 0.4 vs. 4.0 = 0.5 g/dL; p = 0.04) and HDL cholesterol (38.4 + 7.6
vs. 42.8 £ 8.6 mg/dL; p = 0.04) were significantly lower among patients with anemia.
Overall, the laboratory findings indicate that anemia in Type 2 diabetes mellitus without renal
dysfunction was associated with poorer hematological and iron status, while renal function
remained preserved.

DISCUSSION

The present prospective observational study was undertaken to determine the prevalence of
anemia among patients with Type 2 diabetes mellitus (T2DM) without renal dysfunction and
to evaluate its association with glycaemic control. Although anemia has traditionally been
regarded as a consequence of diabetic nephropathy, recent evidence suggests that it may
develop even in patients with preserved renal function because of chronic inflammation,
oxidative stress, impaired erythropoietin response, nutritional deficiencies, and shortened
erythrocyte survival. The findings of the present study provide further evidence that anemia is
a frequent yet under-recognized complication in patients with T2DM without renal
impairment.

The sociodemographic profile of the present study showed that the majority of participants
belonged to the 51-60 years age group (28%), followed by 41-50 years (26%). Males
constituted 54% of the study population, while females accounted for 46%. Most patients
were from urban areas (57%), and the largest socioeconomic group belonged to the lower-
middle class (38%). These findings are consistent with the hospital-based cross-sectional
study conducted by Alabduljabbar et al., who reported that most patients with T2DM were
between 50 and 60 years of age and that middle-aged adults represented the largest
proportion of diabetic patients attending tertiary care centers.[11] Similarly, a study by
Bairwa et al. reported a predominance of middle-aged adults with a slight male
preponderance among patients with Type 2 diabetes in North India.[12] The predominance of
this age group may be explained by progressive insulin resistance, sedentary lifestyle,
obesity, and increasing prevalence of metabolic syndrome with advancing age. The greater
proportion of urban residents observed in the present study also reflects rapid urbanization,
dietary changes, and reduced physical activity, which have contributed substantially to the
increasing burden of diabetes in developing countries.

With regard to clinical characteristics, 38% of patients had diabetes for less than five years,
whereas 28% had disease duration exceeding ten years. Overweight and obesity were
observed in 38% and 34% of patients, respectively. Poor glycaemic control was evident, as
76% of patients had HbA 1c values above 7%. Similar observations were reported by ElSayed
et al., who demonstrated that overweight, obesity, and prolonged duration of diabetes were
major determinants of poor glycaemic control among adults with T2DM.[13] Likewise, the
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multicenter study by Khattab et al. showed that inadequate glycaemic control remains highly
prevalent despite ongoing treatment and is closely related to obesity, sedentary behaviour, and
longer disease duration.[14] These similarities emphasize that poor metabolic control
continues to be a major challenge in diabetes management and may contribute to the
development of hematological abnormalities such as anemia.

Hypertension (42%) was the most common comorbidity in the present study, followed by
dyslipidaemia (34%) and obesity (34%). The mean HbAlc was 8.4 £ 1.6%, indicating
suboptimal glycaemic control. Similar findings have been reported by Alramadan et al., who
observed hypertension and dyslipidaemia as the most frequent coexisting conditions among
patients with T2DM and noted that poor glycaemic control was associated with multiple
cardiovascular risk factors.[15] The coexistence of these comorbidities may contribute to
chronic systemic inflammation and endothelial dysfunction, thereby increasing the likelihood
of anemia even before the onset of diabetic nephropathy.

The laboratory profile demonstrated a mean hemoglobin concentration of 11.8 + 1.7 g/dL
with normal mean serum creatinine (0.86 £ 0.19 mg/dL), confirming preserved renal function
in the study population. Iron indices, vitamin B12, and folate values were generally within
acceptable ranges but showed considerable interindividual variation. Comparable findings
were reported by Gebreweld et al., who observed relatively preserved renal parameters in
diabetic patients despite the presence of reduced hemoglobin concentrations, suggesting that
mechanisms other than renal insufficiency contribute to anemia in diabetes.[16] Chronic
inflammation, functional iron deficiency, oxidative stress, and impaired erythropoietin
production have all been proposed as potential mechanisms responsible for anemia in patients
with preserved kidney function.

The most important finding of the present study was that the prevalence of anemia among
patients with Type 2 diabetes mellitus without renal dysfunction was 36%. Mild anemia
constituted the largest proportion (55.6%), followed by moderate (33.3%) and severe anemia
(11.1%). Fatigue was the most common symptom (77.8%), while pallor was the most
frequent clinical sign (83.3%). These findings are remarkably similar to those reported by
Fiseha et al., who observed anemia in approximately one-third of diabetic patients without
advanced kidney disease, with mild anemia being the predominant form.[17] Likewise,
Tadesse et al. reported that fatigue and generalized weakness were the most frequent
presenting symptoms among diabetic patients with anemia, whereas pallor remained the
commonest physical sign.[18] The predominance of mild anemia suggests that hematological
abnormalities begin early during the course of diabetes and may remain clinically unnoticed
unless actively screened.

Analysis of sociodemographic variables revealed a statistically significant association
between increasing age and anemia (p = 0.03). The prevalence of anemia increased
progressively from younger adults to elderly patients. Female gender was also significantly
associated with anemia (43.5% versus 29.6% in males), while lower socioeconomic status
showed a significant association with higher anemia prevalence. Similar findings were
described by Asefa et al., who demonstrated that advanced age, female sex, and lower
socioeconomic status independently predicted anemia among adults with T2DM.[19] Elderly
patients are more likely to develop anemia because of age-related decline in bone marrow
reserve, chronic inflammation, nutritional deficiencies, and coexistence of multiple chronic
diseases. The higher prevalence among women may additionally reflect lower iron stores and
nutritional factors.

The present study demonstrated a significant relationship between anemia and several clinical
variables. Patients with hypertension showed a significantly greater prevalence of anemia
than normotensive individuals (47.6% vs. 27.6%). Similarly, patients with a family history of
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diabetes exhibited a higher prevalence of anemia. Most importantly, worsening glycaemic
control showed a strong association with anemia. The prevalence of anemia increased from
only 16.7% among patients with HbAlc below 7% to 52.6% among those with HbAlc
greater than 8.5%. Increasing fasting and postprandial blood glucose levels were also
significantly associated with anemia. These observations closely resemble those reported by
Mahmoud et al., who demonstrated that poor glycaemic control, elevated HbAlc, and
uncontrolled hyperglycaemia were independent predictors of anemia even after excluding
patients with chronic kidney disease.[20] Chronic hyperglycaemia promotes oxidative stress,
advanced glycation end-product formation, chronic inflammation, and reduced erythrocyte
survival, thereby contributing to declining hemoglobin concentrations. In contrast, smoking
and alcohol consumption did not demonstrate statistically significant associations in the
present study, suggesting that metabolic control exerts a stronger influence on anemia than
lifestyle habits alone within this patient population.

Comparison of laboratory parameters between patients with and without anemia revealed
several significant differences. Hemoglobin, MCV, MCH, and MCHC were significantly
lower in anemic patients, indicating the presence of both iron-deficient and normocytic
patterns of anemia. Serum ferritin, serum iron, transferrin saturation, vitamin B12, folic acid,
albumin, and HDL cholesterol were significantly lower among anemic individuals, whereas
total iron-binding capacity was significantly higher. Importantly, serum creatinine did not
differ significantly between the two groups, confirming that renal dysfunction was not
responsible for the observed anemia. These findings support the concept that anemia in
T2DM without renal impairment is multifactorial and may result from nutritional
deficiencies, chronic inflammation, altered iron metabolism, and impaired erythropoiesis
rather than reduced renal function alone. Similar hematological and biochemical alterations
have been reported in recent observational studies evaluating anemia in diabetic patients with
preserved kidney function.[16-20]

Overall, the findings of the present study demonstrate that anemia is highly prevalent among
patients with Type 2 diabetes mellitus despite normal renal function. Poor glycaemic control,
advancing age, female gender, hypertension, lower socioeconomic status, and adverse iron
profile were significantly associated with anemia. These findings emphasize the importance
of routine hemoglobin estimation and periodic evaluation of iron status in patients with Type
2 diabetes, irrespective of renal function. Early recognition and treatment of anemia may
improve quality of life, optimize glycaemic management, reduce cardiovascular risk, and
potentially delay the development of diabetic complications.

CONCLUSION
The present study demonstrated that anemia is a common hematological abnormality among
patients with Type 2 diabetes mellitus even in the absence of renal dysfunction, with an
overall prevalence of 36%. Most affected patients had mild anemia, indicating that the
condition often remains clinically unrecognized unless actively screened. Poor glycemic
control, reflected by higher HbAlc, fasting blood glucose, and postprandial blood glucose
levels, showed a significant association with anemia. Advancing age, female gender,
hypertension, lower socioeconomic status, and sedentary lifestyle were also significantly
associated with an increased prevalence of anemia. In addition, anemic patients exhibited
significantly lower iron stores, vitamin B12, folate, albumin, and HDL cholesterol despite
preserved renal function. These findings suggest that mechanisms other than diabetic
nephropathy contribute to the development of anemia in Type 2 diabetes mellitus. Routine
screening for anemia and appropriate evaluation of hematological and nutritional parameters
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should be incorporated into the comprehensive management of patients with Type 2 diabetes
mellitus to facilitate early diagnosis, timely intervention, and improved clinical outcomes.
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