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INTRODUCTION 

Diabetes Mellitus (DM) is a universal disease with great 

metabolic consequences. Chronic complications 

including nephropathy, neuropathy and macrovascular 

complications affect a significant proportion of patients 

with DM leading to tremendous morbidity and mortality. 

Anemia causing deficient supply of oxygen to tissues 
compounds the above effects when associated with DM 

causing earlier onset and more severe complications.[1-4] 

Anemic patients have more cardiovascular complications 

and earlier onset of nephropathy compared to patients 

without anemia. On the other hand, DM increases the 

severity of anemia in certain groups of patients with 

renal failure.[5] These effects underscore the importance 

of addressing the interaction between anemia and DM 

for their optimal management and care. The prevalence 

of anemia in patients with diabetes mellitus reaches up to 

47% in some studies in developing countries.[6-9] Such 

findings indicate the need to screen patients with 

diabetes mellitus for anemia and importantly to evaluate 

the causes of anemia for the aim of proper management. 

Such an approach will help to decrease the morbidity and 

mortality of patients with diabetes mellitus.[10] The 

pathogenesis of anemia in patients with DM are 

multifactorial which include systemic inflammation, 
autonomic neuropathy causing efferent sympathetic 

denervation of the kidney with loss of appropriate 

erythropoietin production, damage to the renal 

interstitium, inhibition of erythropoietin release, 

erythropoietin resistance and even genetic 

predisposition.[11,12] Chronic renal insufficiency, which is 

a common complication of type 2 DM is a frequent cause 

of anemia.[13] Nutritional deficiencies of iron, folic acid 

and B12 are more likely to be important causes in 

developing countries in which poverty is prevalent. 

Metformin, the most recommended antidiabetic therapy 
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ABSTRACT 
Background and aims. The data on the patten and causes of anemia in patients with Diabetes Mellitus in 

developing countries including Yemen is scarce. The aim of this study was to determine the pattern and causes of 

anemia in a group of patients with type 2 DM evaluated in Sana'a, Yemen. Methods: The study was a prospective 

descriptive and analytical cross-sectional study which recruited all patients with type 2 DM evaluated between 

March 2016 and March 2o17 at Al-Jomhori Teaching Hospital in Sana'a, Yemen. Results: 324 (141 males and 183 

females) patients were included in the study. The mean age ±SD was 53±12 years. 77 (23.8%) patients (32 males 

and 45 females) had anemia. Significantly higher number of anemic patients had renal insufficiency i.e. eGFR <60 

ml/min/1.73 m² (32.5% vs. 14.6%) and uncontrolled DM i.e. FBS <7.0 mmol/L (37.7% vs. 28.7%). Anemic 
patients were significantly older (mean age 55.58±11.37 vs. 52.27±12.05 years) with longer duration of DM (mean 

duration 71.23±84.08 vs. 48.87±63.43 months) and with lower eGFR (69.07±24.72 vs. 82.51±22.99 

ml/min/1.73m²). Hb level showed significantly negative correlation with age, duration of DM and creatinine and 

positive correlation with the eGFR. 24 patients had iron deficiency anemia, 27 patients had CKD, 21 patients had 

inflammatory disorders and five patients had megaloblastic anemia. Anemic patients with renal insufficiency 

(eGFR <60 ml/min/1.73 m²) were older, had higher HbA1c (uncontrolled DM) and also had lower MCV and 

MCH. Conclusion: Anemic patients were older, with longer duration of DM, and were more frequently to have 

uncontrolled DM and renal impairment. Nutritional anemia including iron deficiency and megaloblastic anemia 

were common causes of anemia. 
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for patients with type 2 DM is also implicated to 

decrease the absorption of vitamin B12 causing 

megaloblastic anemia.[14] Although the pathogenesis of 

anemia in patients with type 2 DM has received 

particular interest in the literature, emphasis on the 

causes of anemia in these patients particularly in 
developing countries is lacking. 

 

Yemen is a developing poor country which is currently 

further burdened by war and siege. It has a population of 

thirty millions and is located at the southern corner of 

Arabian Peninsula and its capital city Sana'a is one of the 

oldest cities since ancient times. The overall prevalence 

of type 2 DM in Yemen is approximately 4.6 % (7.4% in 

males and 2% in females.[15] Although anemia is a major 

health problem in the Yemeni population, the prevalence 

as well as the causes of anemia in Yemeni patients with 

DM are not known.[16] The aim of this study was to 
determine the pattern and causes of anemia in a group of 

patients with type 2 DM evaluated in Sana'a, Yemen. 

 

Patients and Methods 

The study was conducted at the Department of Medicine 

and Hematology Unit of Al-Jomhori Teaching Hospital 

in the capital city, Sana'a, Yemen. The study was a 

prospective descriptive and analytical cross-sectional 

study which recruited all patients with type 2 DM who 

attended the internal medicine-hematology clinic 

between March 2016 and March 2o17. Exclusions were 
patients with type 1 DM, pregnant patients with DM, 

drug induced DM and patients with MODY. A total 

number of 324 patients (141 males and 183 females) 

with type 2 DM were evaluated during this period. The 

data regarding age, sex, duration of diabetes, weight, 

height, metformin use and hypertension were obtained 

during the initial visit. BMI for each patient was 

calculated according to the formula, weight (kg)/ height 

(m)², and patients were categorized into underweight 

when BMI < 18.5 kg/m², healthy weight when BMI 18.5- 

25, overweight when BMI ≥25-30, obese when BMI ≥ 

30-40 and extreme obesity when BMI ≥40 kg/m². During 
the initial visit at the specialized internal medicine and 

hematology clinic, every patient underwent screening for 

anemia in addition to other biochemical tests including 

FBS, HbA1c, creatinine and lipid profile. Blood samples 

(EDTA and clotted) were obtained from each patient. A 

complete blood count (CBC) was performed on fresh 

blood using the Automated Hematology Analayzer KX-

21N (Symex Corporation, Kobe, Japan). Quantitive 

assessment of HbA1c was performed by High 

Performance Liquid Chromatography (HLPC). Serum 

creatinine, FBS, lipid profile and other related laboratory 
data were measured using standard laboratory 

methods.[17] The glomerular filtration rate (eGFR) was 

Calculated using the CKD-EPI formula.[18,19] Whenever a 

patient was found to have anemia, he or she was 

subjected to intensive evaluation to diagnose the cause of 

anemia including when indicated evaluation of serum 

ferritin, vitamin B12 and Folic acid by ElISA and bone 

marrow examination. When suspected, other specialized 

tests were performed to evaluate systemic inflammatory 

disorders including C-RP, ESR, RF and ANA. Screening 

for infectious diseases including HIV testing were 

performed based on the clinical context. Further 

specialized tests were performed to specifically diagnose 

the cause including imaging studies and histopathology 
to diagnose malignant disorders. The study was approved 

by the Ethical Committee of the Faculty of Medicine and 

Health Sciences of Sana’a University. 

 

Definitions 
Anemia was defined according to WHO criteria i.e. a 

female patient was considered anemic if the Hb level was 

< 12 g/dl and a male patient was considered anemic if the 

Hb level < 13 g/dl.[20] Anemia was further subclassified 

into three categories, severe anemia when the Hb level 

was < 8.0 g/dl, moderate anemia when the Hb was 

between 8.0 and 11 g/dl and mild anemia when Hb ≥ 11 
g/dl. The anemia was further categorized into microcytic 

when the MCV was < 80 fl, normocytic when the MCV 

was between 80 and 95 fl and macrocytic when the MCV 

was ≥ 95 fl.[21] The causes of anemia were categorized 

into four categories, iron deficiency anemia, anemia due 

to chronic kidney disease (CKD), anemia due to systemic 

inflammation and megaloblastic anemia. A patient was 

considered to have iron deficiency anemia when he or 

she had microcytic anemia associated with low serum 

ferritin (<30 ng/ml in males and postmenopausal females 

or <6 ng/ml in premenopausal females) and does not fit 
to the other categories. A patient was considered to have 

megaloblastic anemia if he or she had anemia associated 

with low serum folic acid (< 2.0 ng/ml) and or low serum 

vitamin B12 (<191 pg/ml). A patient was considered to 

have anemia due to CKD if the anemia was associated 

with eGFR < 60 ml/min/1.73 m². If in addition the 

patient had low serum ferritin, low serum folic acid or 

low serum B12 he or she was considered to have CKD 

associated with iron deficiency anemia or megaloblastic 

anemia according to the deficient vitamin. The anemia 

due to systemic inflammation included patients with 

collagenous diseases, autoimmune diseases, 
inflammatory bowel disease, infectious diseases and 

anemia due to malignant diseases. Based on the CKD 

staging from The National Kidney Foundation Kidney 

Disease Improving Global Outcomes (KDIGO) 2012 

guidelines, eGFR values were categorised into five 

categories, I, II, III, VI and V when the eGFR ≥ 90, 60-

90, 30-60, 15-30 and <15 ml/min/1.73 m² 

respectively.[22] The patient was considered to have 

controlled DM when the FBS < 126 mg/dl and or HbA1c 

< 7.0%. The patient was considered to have dyslipidemia 

when the low density lipoprotein (LDL) was > 130 mg/dl 
and or Triglyceride level > 170 mg/dl. 

 

Statistical analysis: The data were collected, tabulated 

and compiled in a computer database. SPSS version 21 

was used to analyze data. Frequencies and percentages 

were used to describe categorical data. Unpaired 

Independent Samples T test was used to evaluate the 

comparison between anemic and non-anemic patients 
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regarding the means of Hb, creatinine, eGFR, weight, 

height, BMI, FBS, HbA1c and duration of Diabetes 

mellitus. It was also used to compare the mean values of 

clinical and laboratory parameters of anemic patients 

with DM according to gender and according to kidney 

function. Chi squared test was used to compare patients 
with anemia and without anemia regarding sex, 

hypertension, obesity, dyslipidemia, metformin use and 

categories of eGFR, BMI, FBS, HbA1c and duration of 

DM. It was also used to test the distribution of the causes 

of anemia in patients with DM in relation to the 

categories of sex, age, Hb categories (anemia severity), 

MCV and eGFR categories. Spearman's correlation test 

was used to correlate Hb level with age, weight, BMI, 

creatinine, eGFR, FBS, HbA1c and duration of DM. The 

significance level was considered at p < 0.05. 

 

RESULTS 
A total number of 324 (141 males and 183 females) 

patients were included in the study. The mean age ±SD 

was 53±12 years. 77 patients (32 males and 45 females) 

out of the 324 patients had anemia i.e 23.8%. Table 1 

shows the characteristics of anemic and non-anemic 

patients with type 2 DM. There were significant 

differences regarding FBS, eGFR, dyslipidemia and 

duration of DM (Higher number of anemic patients had 

longer duration of DM, significant renal insufficiency 

and uncontrolled DM but lower dyslipidemia). Table 2 

shows the comparison regarding the mean values of 
cliniclal and laboratory data. There were significant 

differences regarding the mean vlaues of age, duration of 

DM, eGFR and creatinine (anemic patients were older 

with longer duration of DM and had higher serum 

creatinine and lower eGFR values). Table 3 shows the 

correlation between Hb level and the parameters of age, 

weight, BMI, FBS, creatinine, HBA1c, duration of DM 

and eGFR. There was significant negative correlation 

with age, duration of DM and creatinine i.e. the lower the 

Hb the older the patient, the longer the duration of DM 

and the higher the serum creatinine. There was positive 

correlation with the eGFR i.e. the lower the Hb the lower 
the eGFR. There was no significant correlation with FBS 

and HbA1c. Out of the 77 patients who had anemia, 32 

patients (41.6%) were males and 45 patients (58.4%) 

were females. Table 4 shows gender differences of the 

mean values of clinical and laboratory parameters of 

Yemeni anemic patients with type 2 DM. Female 

patients with anemia were significantly younger and 

shorter, had significantly higher HbA1c, significantly 

higher BMI and higher Hb than male anemic patients. 

On the other hand, there were no significant differences 

regarding the mean values of weight, FBS, duration of 
DM, creatinine and eGFR. Table 5 shows distribution of 

the causes of anemia. 24 patients had iron deficiency 

anemia, 27 patients had CKD, 21 patients had 

inflammatory disorders (two patients with rheumatoid 

arthritis, two patients with inflammatory bowel disease, 

three patients with thyroiditis, one patient with HIV 

associated with HCV inection, two with HBV associated 

chronic liver disease, one patient with pneumonia, one 

patient with myelofibrosis, one patient with 

myelodysplastic syndrome, one patient with 

hepatocellular carcinoma and seven patients with chronic 
lymphocytic leukemia (CLL), one of them associated 

with pneumonia and one associated with renal 

insuffficiency) and five patients had megaloblastic 

anemia (three patients due to folic acid deficiency and 

two patients due to vitamin B12 deficiency). Two of 

these patients had non-macrocytic red blood cells due to 

associated low serum ferritin and were categorized with 

megaloblastic anemia. The two patients who had anemia 

due to vitamin B 12 deficiency were using metformin. 

Two additional patients with CLL had no anemia. Iron 

deficiency anemia was more common in females 

particularly young females and showed dominant 
microcytic anemia and mild renal insufficiency i.e. eGFR 

60-90 ml/min/1.73 m². One of these patients had low 

serum ferritin and normocytic rather than microcytic red 

blood cells but did not fit to any of the other categories 

and was categorized with iron deficiency anemia. Six 

patients with CKD and microcytic anemia had low serum 

ferritin and were considered to have CKD associated iron 

deficiency anemia. Three patients with CKD had 

macrocytic anemia, which was confirmed to be due to 

associated folic acid deficiency. In addition, microcytic 

anemia was also frequent in patients with inflammatory 
diseases who had also normal to high serum ferritin (a 

picture of anemia of chronic disease). Table 6 shows the 

mean clinical and laboratory values of anemic patients 

according to kidney function. Anemic patients with renal 

insufficiency (eGFR <60 ml/min/1.73 m²) were older, 

had higher HbA1c (uncontrolled DM) and had lower 

MCV and MCH. 
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Table 1: Characteristics of Yemeni Patients with type 2 Diabetes Mellitus and the differences between anemic 

and non-anemic patients. 

 

 

 

 

 

 

 

P value 

Non-anemic 

patients 

No=247(%) 

Anemic patients 

No=77(%) 

All patients 

No=324(%) 
Variable 

 

0.691 

 

 

109 (44.1%) 

138 (55.9%) 

 

32 (41.6%) 

45 (58.4%) 

 

141 (43.5%) 

183 (56.5%) 

Sex category 

Male 

Female 

 

 

0.256 

 

 

 

192 (77.7%) 

55 (22.3%) 

 

 

55 (71.4%) 

22 (28.6%) 

 

 

247 (76.2%) 

77 (23.8%) 

Age category 

(years) 

<60 

>60 

 

 

 

 

0.002 

 

 
 

99 (40.1%) 

113 (45.8%) 

30 (12.1%) 

3 (1.2%) 

2 (0.8%) 

 
 

15 (19.5%) 

38 (49.3%) 

19 (24.7%) 

4 (5.2%) 

1 (1.3%) 

 
 

114 (35.2%) 

151 (46.6%) 

49 (15.1%) 

7 (2.2%) 

3 (0.9%) 

eGFR category 
(ml/min) 

I 

II 

III 

VI 

V 

 

 

0.001 

 

 

 

35 (14.6%) 

212 (85.4%) 

 

 

24 (32.5%) 

53 (67.5%) 

 

 

59 (18.2%) 

265 (81.8%) 

eGFR category 

(ml/min) 

<60 

>60 

0.982 

 

 

71(28.7%)32 
176(71.3%)79 

 

 

22(28.6%)9 
55(71.4%) 

 

 

93 (28.7%) 
231 (71.3%) 

Hb A1c category 

(%) 

<7 
>7 

0.858 

 

121 (49%) 

126 (51%) 

 

37 (48%) 

40 (52%) 

 

158 (48.8%) 

166 (51.2%) 

Hypertension 

Yes 

no 

0.075 

 

 

 

7 (2.8%) 

79 (32%) 

83 (33.6%) 

75 (30.4%) 

3 (1.2%) 

 

 

 

5 (6.5%) 

23 (29.9%) 

25 (32.5%) 

21 (27.2%) 

3 (3.9%) 

 

 

 

12 

102 

108 

96 

6 

Obesity (BMI 

categories) 

(kg/m²) 

BMI <18.5 

BMI 18.5-25 

BMI 25-30 

BMI >30 

BMI>40 

0.229 

 

88 (35.6%) 
159 (64.4%) 

 

35 (45.5%) 
42 (54.5%) 

 

123 (38%) 
201 (62%) 

Metformin use 

Yes 
no 

 

<0.001 

 

149 (60.3%) 

98 (39.7%) 

 

34(44.2%) 

43 (55.8%) 

 

183 

141 

Dyslipidemia 

Yes 

no 

0.020 

 

 

 

 

179 (72.5%) 

40 (16.2%) 

28 (11.3%) 

 

 

49 (63.6%) 

11 (14.3%) 

17 (22.1%) 

 

 

228 

51 

45 

Duration 

(months) 

<60 

60-120 

>120 

 

<0.001 

 

 

71 (28.7%) 

176 (71.3%) 

 

 

29 (37.7%) 

48 (62.3%) 

 

 

104 

220 

FBS category 

(mg/dl) 

<126 

>126 
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Table 2: Comparison of the mean clinical and laboratory values between Yemeni anemic and non-anemic 

patients with type 2 Diabetes Mellitus. 

 

 

Table 3: Correlation of hemoglobin level with clinical and laboratory parameters in Yemeni patients with type 2 

Diabetes mellitus. 

R p variable 

-.120 0.030 Age 

0.101 0.072 Weight 

0.018 0.754 BMI 

-0.160 0.011 Duration 

0.068 0.264 FBS 

-0.229 0.002 Creatinine 

0.103 0.221 Hb A1c 

0.292 <0.001 eGFR 

 

Table 4: Gender differences of the mean values of clinical and laboratory parameters of Yemeni anemic patients 

with type 2 Diabetes Mellitus. 

 

 

  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

P value 

Non-anemic 

patients 

No=247 

Anemic 

patients 

No=77 

All patients 

No=324 
Variable 

0.033 52.27±12.05 55.58±11.37 53±12 Age (years) 

0.666 68.62±14.62 67.77±15.86 68.4±14.9 Weight (kg) 

0.918 157.21±9.08 157.08±8.46 157.2±8.9 Height (cm) 

0.804 27.73±5.43 27.54±6.32 27.7±5.6 BMI (kg/m²) 

0.036 48.87±63.43 71.23±84.08 53.5±68.9 Duration (months) 

0.983 187.13±97.61 186.80±92.43 183.4±78.5 FBS (mg/dl) 

0.649 8.94±2.63 9.18±2.62 9.0±2.6 Hb A1c (%) 

0.001 .96±0.38 1.22±0.94 1.0±0.58 Creatinine (mg/dl) 

<0.001 15.02±9.0 9.97±1.79 13.4±2.5 Hb (g/dl) 

<0.001 82.51±22.99 69.07±24.72 79.1±24.0 eGFR (ml/min) 

P value 
Female 

patients 
No=45 

Male patients 
No=32 

All anemic 

patients 
No=77 

Variable 

0.001 51.7±10.9 60.6±11.2 55.23±11.7 Age (years) 
0.521 68.7±16.8 66.2±14.6 67.8±15.9 Weight (kg) 

<0.001 152.4±4.8 164.4±7.9 157.1±8.5 Height (cm) 
0.001 29.5±6.5 24.4±4.8 27.5±6.3 BMI (kg/m²) 
0.210 59.6±85.2 89.9±80.8 71.3±84.1 Duration (months) 
0.973 186.5±89.1 187.4±100.5 186.8±92.4 FBS (mg/dl) 
0.039 9.8±2.6 7.9±2.3 9.2±2.6 Hb A1c (%) 
0.850 1.2±1.16 1.24±0.46 1.22±0.94 Creatinine (mg/dl) 
0.929 68.7±24.9 69.2±24.8 69.07±24.72 eGFR (ml/min) 
0.033 10.3±1.6 9.4±2.0 9.0± Hb (g/dl) 
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Table 5: Distribution of the causes of anemia in Yemeni patients with type 2 Diabetes Mellitus 

ªHave associated low serum ferritin 
 

Table 6: Mean values of clinical and laboratory parameters of Yemeni anemic patients with type 2 Diabetes 

Mellitus according to kidney function. 

 

 

DISCUSSION 

Patients with DM are burdened by chronic complications 

including diabetic nephropathy and cardiovascular 

morbidity and mortality.[23] Anemia is associated with 

left ventricular dysfunction and heart failure and causes 

symptoms related to decreased delivery of oxygen to 

tissues leading to further impairment of the quality of life 
of these patients. Anemia has been found to be two to 

three times more prevalent in patients with diabetes 

compared with the general population at all levels of 

GFR.[4,6,13] In developing countries type 2 diabetes 

mellitus is increasing in prevalence and anemia is a 

frequent cause of morbidity and mortality.[24,25] The 

association of anemia with type 2 DM and their 

interaction deserves evaluation to optimize the care of 

patients with DM. Our study showed a high frequency of 

anemia among patients with DM (23.8%) which is 

intermediate between the frequency seen in African 

countries (41%)[9] and the frequency seen in a Caucasian 
population (12%)[26] and similar to that seen in a Chinese 

population.[7] Our anemic patients had significantly 

longer duration of DM and also the Hb level was 

significantly negatively correlated with the duration of 

DM which indicates that Hb levels become lower with 

P value 

Megaloblastic 

anemia 

No=5(%) 

Inflammation 

No=21(%) 

CKD 

No=27(%) 

Iron deficiency 

anemia 

No=24(%) 

Variable 

 

0.072 

 

4 (80%) 

1 (20%) 

 

11 (52.4%) 

10 (47.6%) 

 

10 (37%) 

17 (63%) 

 

7(29.2%) 

17 (70.8%) 

Sex category 

Male 

Female 

0.054 

 

2 (40%) 

3 (60%) 

 

16 (76.2%) 

5 (23.8%) 

 

16 (59.3%) 

11 (40.7%) 

 

21 (87.5%) 

3 (12.5%) 

Age category (years) 

<60 

>60 

0.465 

 

0 
3 (60%) 

2 (40%) 

 

5 (23.8%) 
12 (57.1%) 

4 (19.1%) 

 

4 (14.8%) 
14 (51.9%) 

9 (33.3%) 

 

1 (4.2% 
14 (58.3%) 

9 (37.5%) 

Hb category (g/dl) 

<8 
8-11 

>11 

0.014 

 

 

1 (20%)ª 

1 (20%)ª 

3 (40%) 

 

 

11 (52.4%) 

7 (33.3%) 

3 (14.3%) 

 

 

14 (51.9%) 

10 (37%) 

3 (11.1%) 

 

 

23 (95.8%) 

1 (4.2%) 

0 

MCV category 

(fl) 

Microcytic 

Normocytic 

Macrocytic 

 

 

 

<0.001 

 

 

3 (60%) 

2 (40%) 

0 

0 

0 

 

 

6 (28.6%) 

15 (71.4%) 

0 

0 

0 

 

 

0 (19.5%) 

3 (11.1%) 

19 (70.4%) 

4 (14.8%) 

1 (3.7% 

 

 

6 (25%) 

18 (75%) 

0 

0 

0 

eGFR category 

(ml/min) 

I 

II 

III 

VI 

V 

P value 

eGFR less than 

60 (ml/min) 

No=53 

eGFR more than 

60 (ml/min) 

No=24 

All patients 

No=77 
Variable 

0.043 59.15±11.69 53.34±11.7 55.58±11.4 Age (years) 

0.478 65.8±12.8 68.51±16.9 67.8±15.9 Weight (kg) 

0.295 155.8±8.2 157.88±8.3 157.1±8.5 Height (cm) 

0.926 27.3±5.6 27.5±6.5 27.5±6.3 BMI (kg/m²) 

0.213 85.1±66.5 64.1±70.4 71.2±84.1 Duration (months) 

0.191 202.3±89.5 178.8±63.9 186.8±92.4 FBS (mg/dl) 

0.031 9.7±2.0 8.9±1.4 9.2±2.6 Hb A1c (%) 

<0.001 1.79±1.44 0.92±0.18 1.22±0.94 Creatinine (mg/dl) 

0.910 9.95±1.83 9.93±1.82 9.97±1.79 Hb (g/dl) 

0.024 81.4±9.0 76.5±9.1 78.2±10.7 MCV (fl) 

0.016 25.8±3.6 23.8.1±3.6 24.5±4.3 MCH (pg) 

0.345 201.3±113.3 223.7±123.6 217.3±131.2 MCHC g/l 

<0.001 43.3±14.2 82.2±17.5 69.07±24.72 eGFR (ml/min) 
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ongoing time and points to the need to screen patients 

with DM regularly for anemia. Such progressive 

decrease in Hb with time has been observed in another 

study in which patients were followed prospectively for a 

median of seven years and showed an ongoing, small but 

significant decrease in Hb since presentation.[11] Our 
anemic patients had significantly more frequent patients 

with poorly controlled DM as determined by one marker 

of control (FBS). This observation has been reported in 

other studies which showed a significantly increased 

FBS in the cases than in the controls.[4,27] However, in 

general most of our patients (both anemia and non-

anemic) had uncontrolled DM (71%). This poor 

glycemic control among the majority of Yemeni patients 

with DM was also reported by others.[25,28] These 

findings indicate that the quality of diabetic care in 

Yemen is not proper and calls for establishment of 

measures to improve the control of blood sugar of these 
patients. There was no significant difference regarding 

HBA1c, which is consistent with that seen by others.[29] 

Anemic patients in this study had significantly lower 

eGFR with significantly more patients with moderate to 

severe kidney insufficiency. This finding is plausible as 

CKD is a common cause of anemia due to decreased 

erythropoietin production. This finding also has been 

reported by others showing higher incidence of anemia 

in patients with diabetes and renal insufficiency.[4,27,29,4] 

However, a significant number of our patients with CKD 

had also iron deficiency anemia and folic acid deficiency 
which points to associated nutritional deficiencies, which 

is, expected considering that our country is a poor 

developing country. Even in patients with acceptable 

eGFR, iron deficiency anemia was common (24/77), 

compared to other causes of anemia, coming second to 

CKD. This is in contrast to that seen in developed 

countries in which iron indices were found to be elevated 

in patients with DM.[30] Nutritional factors need to be 

addressed as causes of anemia in patients with type 2 

DM in developing countries whether associated or not 

associated with CKD. 123 (38%) patients in our study 

were using metformin, which is a low proportion 
considering that it is highly recommended as initial 

therapy and as part of combination regimen even in 

patients with declining renal function.
[31]

 Although 

metformin has been implicated to cause vitamin B12 

deficiency, there was no difference between our anemic 

and non-anemic patients regarding metformin use.[32] 

Only two of the 35 our anemic patients (5.7%) who used 

metformin developed vitamin B12 deficiency, which is 

lower than the estimated frequency of 10-30%.[33] Such 

low association also has been reported in a Malay 

population where there was no significant difference 
between anemic and non-anemic patients regarding 

metformin use and the frequency of macrocytic anemia 

was only 3.1%.[29] The severity of anemia had no relation 

to the cause of anemia which means that even patients 

with nutritional anemia (iron deficiency or folic acid 

deficiency) may present with moderate to severe anemia. 

Interestingly that seven of our anemic patients had CLL 

in addition to two other patients who had DM with CLL 

without anemia. This finding may be partly explained by 

the fact that the study was conducted in a specialist 

internal medicine and hematology clinic. However, such 

a prevalence of CLL in patients with DM in our center 

where the total prevalence of CLL patients were reported 

to be 75 patients over ten years is considered to be 
high.[34] The prevalence of CLL in patients with type 2 

DM was reported in the blood journal to be 16% (47 out 

of 291 patients) compared to only 0.7% in patients with 

type 1 DM.[35] Further clarification of the relation 

between type 2 DM and CLL warrants future 

investigation. Our patients with moderate to severe 

kidney insufficiency (eGFR < 60) were older and had 

significantly higher HbA1c compared to patients with 

normal or mild renal insufficiency (eGFR >60). These 

findings are similar to that seen in other studies.[9] The 

mean age of our anemic patients was significantly higher 

than non-anemic patients and 22 (28.6%) of our anemic 
patients were elderly which is consistent with other 

studies showing higher prevalence in the elderly.[2,9] In 

addition to being elderly, having DM and having renal 

insufficiency, anemia will further pose a great burden on 

cardiovascular reserve leading to marked fatigue, 

exercise intolerance and may precipitate myocardial 

ischemic events. Anemia has been reported to be 

associated with increased morbidity and mortality and 

can lead to cardiovascular and neurological events in old 

age.[36-38] Particular emphasis to screen and evaluate 

anemia in elderly diabetic patients should be considered 
to decrease their morbidity and mortality. Our study 

showed a few gender differences including significantly 

higher HbA1c and higher BMI among females compared 

to males which is similar to the finding seen in a sub-

Saharan African hospital and is consistent with the 

reported finding that Yemeni females with type 2 DM 

are generally more obese than males.[9,28] 

 

In conclusion, this study on anemic patients with type 2 

DM compared to non-anemic patients with type 2 DM 

showed that significantly higher number of anemic 

patients had significant renal insufficiency and 
uncontrolled DM and that the lower the Hb the older the 

patient, the longer the duration of DM, the higher the 

serum creatinine and the lower the eGFR. It showed also 

that in addition to chronic CKD, nutritional anemia is an 

important and frequent cause of anemia whether 

associated or not associated with CKD. It showed also 

that inflammatory disorders are also frequent causes of 

anemia, which need to be evaluated for, and that a 

relation between type 2 DM and CLL warrants 

investigation. 

 
We recommend that patients with type 2 DM need to be 

screened for anemia at presentation and regularly 

thereafter for example annually. When anemia is found, 

search for the cause, whether or not CKD is present, is 

essential including screening for serum ferritin, folic acid 

and vitamin B 12 particularly in developing countries. 

We also recommend further investigation of the role of 
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the type of diet as a predisposing factor for anemia in 

patients with type 2 DM. 
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