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Abstract:

Background: Anemia is a common problem in type 2 diabetes mellitus (DM).  The prevalence of anemia in mod-

erate renal impairment (glomerular filtration rate; GFR 15-59 mL/min/1.73m2) was found predominantly among 

patients coexisting with type 2 DM compared with no type 2 DM.  Related studies reported several factors such 

as diabetic retinopathy (DR), diabetic nephropathy (DN), erythropoietin resistance, obesity, metformin use and 

hyperglycemia associated with anemia.  Identifying risk factors related to anemia may improve patient outcomes.  

Objectives: The study aimed to determine the risk factors associated with anemia in type 2 DM coexisting with 

moderate renal impairment.  Material and Methods:  Medical records of diabetic patients visiting the HRH 

Princess Maha Chakri Sirindhorn Medical Center from 2009-2014 were gathered and reviewed as a retrospective 

cross-sectional study. Anemia was defined as hemoglobin (Hb) less than 13 g/dL among males and 12 g/dL 

among females.  Results: From 699 medical records, 120 participants (17.7%) with moderate renal impairment 

were included in the study.  Sixty-five (54.2%) of 120 patients had anemia.  The median age of patients was 62.3 

years (43-86).  The complications of type 2 DM included DN 92 (76.7%) and DR 15 (12.5%). Mean Hb was 12.4 g/

dL (8.9-17.6) and mean GFR was 48.5 mL/min/1.73m2 (15.6-59.9).  Females (p = 0.001), and DR (p = 0.05) were risk 

factors associated with anemia, after multivariate analysis.  Conclusion: Anemia was found in 54.2% of diabetic 

cases. Females and DR were risk factors associated with anemia in type 2 DM with moderate renal function. 

Keywords :	 l Anemia in diabetes mellitus  l Anemia of chronic inflammation  l Diabetes mellitus type 2

				    l Renal impairment
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นิพนธต์น้ฉบบั

ปจัจยัเสีย่งต่อภาวะโลหติจางในผูป่้วยโรคเบาหวานชนิดที่ 2 ที่มีค่าการท�ำงานของ
ไตเสือ่มปานกลาง
นิศา  มะเครอืส ี  ธนยา  ศิรปิณุย ์  รชัพร  ทวรุีจจนะ และ สุภาพ  มะเครอืสี

บทคดัย่อ

ความเป็นมา ภาวะโลหติจางเป็นภาวะทีพ่บบอ่ยในผูป่้วยเบาหวานชนิดที ่2 โดยพบวา่ความชกุของภาวะโลหติจางในผูป่้วยทีม่ค่ีาการ

ท�ำงานขอ งไตปานกลาง (GFR 15-59 mL/min/1.73m2) สูงถา้มโีรคเบาหวานร่วมดว้ย พบวา่มหีลายปจัจยัทีเ่ป็นสาเหตทุีท่ �ำใหเ้กดิ

ภาวะโลหิตจาง ไดแ้ก่ ภาวะแทรกซอ้นทางตาในเบาหวาน (Diabetic retinopathy) ภาวะแทรกซอ้นทางไตในเบาหวาน (Diabetic 

nephropathy) ภาวะด้ือต่ออรีีโทรพอยอตีนิ (erythropoietin)  ภาวะอว้น และภาวะน�ำ้ตาลทีสู่งในผูป่้วยทีเ่ป็นโรคเบาหวาน ดงันัน้

การศึกษาเพือ่หาปจัจยัทีม่ผีลต่อภาวะโลหติจางในผูป่้วยกลุม่น้ีซึง่จะท�ำใหผ้ลลพัธข์องการรกัษาดีขึ้น  วตัถุประสงค ์เพือ่ศึกษาปจัจยัที ่

มคีวามเสีย่งต่อภาวะโลหติจางในผูป่้วยเบาหวานชนิดที ่2 ทีม่ค่ีาการท�ำงานของไตปานกลาง  วธิกีาร เป็นการศึกษายอ้นหลงัแบบภาค

ตดัขวาง โดยทบทวนจากเวชระเบยีนของผูป่้วยนอกทีไ่ดร้บัการวนิิจฉยัเป็นโรคเบาหวานทีเ่ขา้รบัการรกัษาในศูนยก์ารแพทยส์มเด็จพระ

เทพรตันราชสดุาฯ สยามบรมราชกมุารีรหวา่งปี 2552 ถงึปี 2557  จะไดร้บัการวนิิจฉยัวา่มภีาวะโลหติจางเมือ่มรีะดบัฮโีมโกลบนินอ้ย

กวา่ 13 g/dL  ในผูช้าย และนอ้ยกวา่ 12 g/dL ในผูห้ญงิ  ผลการศึกษา จากการทบทวนเวชระเบยีนของผูป่้วยทัง้หมด 699 ราย พบ

ผูป่้วยทีเ่ป็นเบาหวานทีม่ค่ีาไตเสือ่มปานกลางทัง้หมด 120 คน คิดเป็นรอ้ยละ 17.7 โดยมภีาวะโลหติจางอยู่ทีร่อ้ยละ 54.2 ส�ำหรบัค่า

มธัยฐานของอายผูุป่้วยคือ 62.3 ปี (ช่วง 43-86 ปี) มผูีป่้วย 92 ราย คิดเป็นรอ้ยละ 76.7 มภีาวะแทรกซอ้นทางไตจากเบาหวาน และมี

ผูป่้วย 15 ราย คิดเป็นรอ้ยละ 12.5 มภีาวะแทรกซอ้นทางตาจากเบาหวาน  ส�ำหรบัค่าเฉลีย่ฮโีมโกลบนิคือ 12.4 g/dL ค่าเฉลีย่การก

รองของไตอยู่ที ่48.5 mL/min/1.73m2 (ช่วง 15.6-59.9). จากการวเิคราะหท์างพหตุวัแปรพบวา่ปจัจยัเสีย่งต่อภาวะโลหติจางคือ เพศ

หญงิโดย (p = 0.001) และ ภาวะแทรกซอ้นเบาหวานทางตา (p = 0.05 )  สรุป ภาวะโลหติจางในผูป่้วยเบาหวานชนิดที ่2 ทีม่ค่ีาการ

ท�ำงานของไตปานกลางอยู่ทีร่อ้ยละ 54.2 โดยพบวา่เพศหญงิ และ ภาวะแทรกซอ้นทางตาเบาหวานเป็นปจัจยัเสีย่งต่อภาวะโลหติจาง

ค�ำส �ำคญั :	l ภาวะโลหติจางในเบาหวาน  l ภาวะโลหติจางจากการอกัเสบเร้ือรงั  l เบาหวานชนิดที ่2

			   l ภาวการณท์�ำงานของไตเสือ่ม

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2565;32:139-48.
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Introduction

Anemia is a common problem in chronic kidney 

disease (CKD) especially with declining glomerular 

filtration rate (GFR) less than 60 mL/min/1.73m2.  Patients  

with diabetes mellitus (DM) and moderate renal 

impairment experience anemia more than patients with 

CKD without comorbid DM.  A related study reported 

the prevalence of anemia in moderate renal impairment  

between diabetic and nondiabetic cases reporting 

22.2 vs. 7.9%, respectively1.  However, when GFR was 

less than 30 mL/min/1.73m2, no difference was found 

regarding prevalence between DM and no DM (52.4 vs. 

50%)1.  In the advanced stages of renal disease, anemia 

was associated with declining renal function, but could 

not explain absolutely that anemia involves moderate 

renal impairment. 

Several studies have found many factors associat-

ed with anemia involving moderate renal impairment 

such as decreased GFR2, microvascular complications 

including diabetic retinopathy (DR), diabetic neuropathy, 

and diabetic nephropathy (DN)3-8, decreased androgen 

hormone among males3, erythropoietin resistance3, al-

buminuria4,9-10, hyperglycemia11-12, obesity and insulin 

resistance12 causing chronic inflammation affecting 

erythropoietin production and resulting in anemia The 

American Society of Diabetes Association and Thai 

guidelines do not recommend hemoglobin testing in 

newly diagnosed DM.  Generally, patients with dia-

betes are tested for anemia when presenting anemic 

symptoms.  Thus, early diagnosis and management can 

help prevent further complications. 

The study aimed to identify the factors associated 

with anemia in type 2 DM coexisting moderate renal 

impairment. 

Materials and Methods

Study Population

A retrospective chart review was conducted from 

2009 to 2014 as a cross-sectional study.  Patients with 

type 2 DM and moderate renal impairment (GFR 15-59 

mL/min/1.73m2), not receiving erythropoietin and normal 

MCV (80-99 fL) were included in our study.  Patients 

coexisting with both acquired and inherited hemolytic 

anemia, severe cardiovascular disease, severe peripheral 

vascular disease, blood donation or blood loss within 

three months, active cancer or cancer receiving treat-

ment, surgery within one month, chronic inflammatory 

disease such as rheumatoid arthritis, systemic lupus 

erythematous, history of gastrointestinal bleeding within 

six months, megaloblastic anemia or bone marrow 

disease were excluded from the study.  The study was 

approved by the ethics committee of Srinakharinwirot 

University (EC 175/58E).

Definition

According to World Health Organization (WHO), ane-

mia is defined as hemoglobin (Hb) less than 13.0 g/dL 

among males and  less than 12.0 g/dL among females.

Baseline Data Collection

Baseline characteristics including sex, age, comor- 

bidities, complete blood count, a microvascular com-

plication of DM, creatinine and GFR were collected.

Statistical analysis

Descriptive analysis was used to test baseline charac- 

teristics.  To identify differences between groups, 

categorical factors were analyzed using the Chi-square 

test.  The student’s t-test was used to analyze continuous 

factors.  Logistic regression was used to analyze the 

risk factor for anemia and p-value less than 0.05 was 

considered statistically significant. 

Results

Baseline Characteristics

Six hundred and ninety-nine participants with a 

diagnosis of type 2 DM in the diabetic clinic from 2009 

to 2014 were reviewed. Of 120 (17.7%)  patients with 

diabetes and moderate renal impairment were included 

in our study. Altogether, 55 (45.8%) and 36 (30%) patients 

resided in Nakhon Nayok and Pathumthani, respectively 

(Table 1).  Eighty-six (71.7%), and 26 (71.7%) participants 

had reimbursement and universal coverage insurance, 

respectively (Table 1). 
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Table 1  Baseline characteristics of patients with anemia in diabetic mellitus type 2 with moderate renal 

impairment. (n = 120)

Characteristic Number of patients Rate (%)

Sex
  Male
  Female

57
63

47.5
52.5 

Primary reimbursement scheme
  Universal coverage (UC)
  Civil Servant Medical Benefit  
    Scheme (CSMBS) 
  Social Security Scheme
  Self-payment

26
86

5
3

21.7
71.7

4.2
2.5

Province
  Nakhon Nayok
  Pathumthani  
  Prachinburi
  Chachoengsao
  Bangkok
  Ayutthaya
  Others

55
36
15
4
2
2
6

45.8
30.0
12.5
3.3
1.7
1.7
5.0

Hypertension
  Yes
  No

115
5

95.8
4.2

Dyslipidemia
  Yes
  No

112
8

93.3
6.7

Heart disease
  Yes
  No

19
101

15.8
84.2

Gout
  Yes
  No

5
115

4.2
95.8

Cancer
  Yes
  No

0
120

0
100

The median age of patients was 61.91 years (range, 

43.12 to 86.21).  Fifty-seven (47.5%) patients and 63 

(53.5%) were male and female, respectively.  Patients 

with coexisting hypertension, and dyslipidemia totaled 

115 (95.8%) and 112 (93.3%), respectively, (Table 1). 

Metformin, glipizide and insulin were used to treat 68 

(56.7%), 52 (43.3%) and 37 (30.8%) patients, respectively, 

(Table 2).

In all, 89, 75, and 81 patients received lipid-lower-

ing drugs (statins), aspirin and angiotensin-converting 

enzyme inhibitor/angiotensin receptor blocker (ACEI/

ARB), respectively  (Table 2). The common antihyper-

tensive drugs were losartan (66.7%), enalapril (30.9%), 

and telmisartan (2.5%). 
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Table 2  Medication used by patients with diabetes 

mellitus type 2 (n = 120)

Medication Number of patients Rate (%)

Metformin

  Yes

  No

68

52

56.7

43.3

Glipizide

  Yes

  No

52

68

43.3

56.7

Acarbose

  Yes

  No

2

118

1.7

98.3

TZD*

  Yes

  No

1

119

0.8

99.2

Insulin

  Yes

  No

37

83

30.8

69.2

Aspirin

  Yes

  No

75

45

62.5

37.5

Statin

  Yes

  No

89

31

74.2

25.8

Fibrate

  Yes

  No

9

111

7.5

92.5

ARB/ACEI*

  Yes

  No

81

39

67.5

32.5

*TZD; thiazolodinediones, ARB/ACEI; angiotensin receptor 

blocker/angiotensin-converting-enzyme inhibitor

Of 120 participants included in the study, DN and 

DR were found among 92 (76.7%) and 15 (12.5%) patients 

(Table 3).  For vascular complications, coronary artery 

disease, cardiovascular accident and peripheral vascular 

disease were found in 12, 5, and 2 participants (Table 3). 

Microalbuminuria and macroalbuminuria were found in 

63 (68.5%), and 29 (31.5%) patients, respectively (Table 4).

Of a total of 120 participants, anemia was found in 

54.2% (Table 5).  Median Hb was 12.35 (range 8.9 to 

17.6) and median GFR was 48.5 (range 15.6 to 59.9). 

Approximately 90% of patients (n = 108) had GFR 30 

to 60 mL/min/1.73m2.  Twelve patients (10%) had GFR 

15 to 29 mL/min/1.73m2.  Median HbA1C at 12 to 15 

months before evaluation of CBC was 6.9 (range 4.7 to 

12.53) (Table 5).

We found factors such as sex (p = 0.004)  and DR 

(p = 0.007) were associated with anemia after univariate 

analysis as shown in Table 6.  Multivariate analyses 

found being male (p = 0.001, OR = 0.24, 95%CI: 0.10 to 

0.56), a protective factor, and DR (p = 0.005, OR 10.37, 

95%CI: 2.01 to 53.65) were risk factors to anemia, after 

adjusting for age,  gout,  acarbose, glipizide, metformin, 

statin, DN, HbA1C, and GFR, data as shown in Table 7.  

Discussion

Anemia was identified in 54.2% of patients with 

type 2 DM and coexisting moderate renal impairment, 

greater than the related study1.  A related study from 

JP and et al. reported the frequency of anemia in stage 

3 of diabetic chronic kidney disease up to 18%13, but 

a limitation was encountered in this study due to the 

smaller population.

In our study, female and diabetic retinopathy were 

risk factors affecting anemia in type 2 DM with moderate 

renal impairment similar to the study findings of Feteh, 

et al14.  However, the mechanism of diabetic retinopathy 

and anemia remain unclear.  

Traveset, et al15 reported the association of anemia 

and severe diabetic eye complications.  Anemia is a long 

term complication of DM that may contribute to retinal 

ischemia, consistent with the study results by He, et al.16  

and the Early Treatment Diabetic Retinopathy Study17 

Moreover, female was a risk factor for anemia.  This 

may be caused by iron deficiency anemia in women of 

childbearing age18.  However, this could not be explained 

in our study because the median age was 63.2 years. 



Nisa Makruasi, et al.144

J Hematol Transfus Med  Vol. 32  No. 2  April-June 2022

Table 3  Complications of diabetes mellitus type 2 (n = 120)

Complication Number of patients Rate (%)

Diabetic retinopathy

  Yes

  No

15

105

12.5

87.5
Diabetic nephropathy

  Yes

  No

92

28

76.7

23.3
Cardiovascular accident

  Yes

  No

5

115

4.2

95.8
Coronary artery disease

  Yes

  No

12

108

10

90
Peripheral arterial disease

  Yes

  No

2

118

1.7

98.3

Table 4  Types of diabetic nephropathy (n=92)

Type of diabetic nephropathy Number of patients Rate (%)

Microalbuminuria 63 68.5

Macroalbuminuria 29 31.5

Table 5 Laboratory results of patients (n=120)

Laboratory result Mean±SD Median Range

Hb (g/dL) 12.38±1.90 12.35 8.9-17.6

Hct (%) 37.87±6.56 37.65 25.2-60

MCV (fL) 85.22±4.45 84.65 80-96.2

WBC (cell/µL) 8,221.92±2829.94 7,650 3,900-20,600

Platelet (cell/µL) 270,258.83±74,993.39 273,000 144,000-547,000

GFR (mL/min/1.73m2) 46.17±10.76 48.5 15.6-59.9

Average HbA1C 7.29±1.5 6.9 4.7-12.53

GFR; glomerular filtration rate (mL/min/1.73m2)
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Table 6  Factors associated with anemia in diabetes mellitus type 2 with moderate renal impairment (n = 120) 

Characteristic No. of patients (%)
Hemoglobin (Hb)

Anemia (n = 65) No anemia (n = 55) p-value

Age
  < 60 year
  > 60 year

48 (40)
72 (60)

23 (35.4)
42 (64.6)

25 (45.5)
30 (54.5)

0.26

Sex
  Male
  Female

57 (47.5)
63 (52.5)

23 (35.4)
42 (64.6)

34 (61.8)
21 (38.2)

0.004

Hypertension
  Yes
  No

115 (95.8)
5 (4.2)

61 (93.8)
4 (6.2)

54 (98.2)
1 (1.8)

0.37

Dyslipidemia
  Yes
  No

112 (93.3)
8 (6.7)

62 (95.4)
3 (4.6)

50 (90.9)
5 (9.1)

0.47

Heart disease
  Yes
  No

19 (15.8)
101 (84.2)

12 (18.5)
53 (81.5)

7 (12.7)
48 (87.3)

0.39

Gout
  Yes
  No

5 (4.2)
115 (95.8)

1 (1.5)
64 (98.5)

4 (7.3)
51 (92.7)

0.135

Metformin
  Yes
  No

68 (56.7)
52 (43.3)

39 (60.0)
26 (40.0)

29 (52.7)
26 (47.3)

0.423

Glipizide
  Yes
  No

52 (43.3)
68 (56.7)

32 (49.2)
33 (50.8)

20 (36.4)
35 (63.6)

0.156

Acarbose 
  Yes
  No

2 (1.7)
118 (98.3)

0 (0)
65 (100)

2 (3.6)
53 (96.4)

0.208

TZD
  Yes
  No

1 (0.8)
119 (99.2)

1 (1.5)
64 (98.5)

0 (0)
55 (100)

1.0

Insulin
  Yes
  No

37 (30.8)
83 (69.2)

21 (32.3)
44 (67.7)

16 (29.1)
39 (70.9)

0.704

Aspirin
  Yes
  No

75 (62.5)
45 (37.5)

39 (60.0)
26 (40.0)

36 (65.5)
19 (34.5)

0.539

Statin
  Yes
  No

89 (74.2)
31 (25.8)

45 (69.2)
20 (30.8)

44 (80.0)
11 (20.0)

0.179

Fibrate
  Yes
  No

9 (7.5)
111 (92.5)

5 (7.7)
60 (92.3)

4 (7.3)
51 (92.7)

1.00
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Table 6  Factors associated with anemia in diabetes mellitus type 2 with moderate renal impairment (n = 120)  

(continue)

Characteristic No. of patients (%)
Hemoglobin (Hb)

Anemia (n = 65) No anemia (n = 55) p-value

ARB/ACEI
  Yes
  No

81 (67.5)
39 (32.5)

44 (67.7)
21 (32.3)

37 (67.3)
18 (32.7)

0.961

Diabetic nephropathy
  Yes
  No

92 (76.7)
28 (23.3)

52 (80.0)
13 (20.0)

40 (72.7)
15 (27.3)

0.348

Diabetic retinopathy
  Yes
  No

15 (12.5)
105 (87.5)

13 (20.0)
52 (80.0)

2 (3.6)
53 (96.4)

0.007

Hb A1C 
  > 6.5 
  <=6.5

76 (63.9)
43 (36.1)

37 (56.9)
28 (43.1)

39 (72.2)
15 (27.8)

0.084

GFR 
  <30 
  30-60

11 (9.2)
108 (90.8)

8 (12.3)
57 (87.7)

3 (5.6)
51 (94.4)

0.34

GFR; glomerular filtration rate (ml/min/1.73m2)

Table 7  Multivariate analysis of factor associated with anemia in diabetes mellitus type 2 with moderate renal 

impairment (n = 120)

Characteristic
Anemia

AOR 95%CI p-value

Diabetic retinopathy 10.37 2.01-53.65 0.005

Male 0.24 0.10-0.56 0.001

AOR; adjusted odds ratio.  After adjusted with age, gout, acarbose, glipizide, metformin, statin, diabetic nephropathy, 
HbA1C and GFR 

Another reason may be because the number of patients 

with anemia included significantly more women than 

men.  This could be a confounding factor, making the 

results unreliable. 

A related study found poor glycemic control was 

unrelated to anemia in type 2 DM with moderate renal 

dysfunction.  Other factors contributing to uncontrolled 

anemia in this study were receiving an ACEI19 that 

constituted one limitation of our study. 

Several studies reported the prevalence of vitamin 

B12 deficiency among patients receiving metformin, 

ranging from 5.8% to 33%20-22.  Rising age, dose and 

duration of metformin were associated risks to vitamin 

B12 deficiency23-24.  A case control study in a Chinese 

population reported that every 1 g/day of metformin could 

increase OR 2.9 (95%CI: 2.15-3.87).  Moreover, patients 

taking metformin over or equal to three years increased 

OR 2.4 (95%CI: 1.46-3.91) compared with metformin 

less than three years24.  The absorption of vitamin B12 

decreases after receiving metformin for four months (25). 

Several mechanisms of vitamin B 12 deficiency include 

alteration of small bowel motility inducing bacterial 

overgrowth and resulting in vitamin B 12 deficiency, 

inhibition or interruption of the absorption of vitamin 
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B12, changing level of intrinsic factor (IF) and interaction 

with cubulin endocytic receptor26.  However, no data of 

vitamin B 12 level were included in our study. 

Limitations of our study included a small popula-

tion, uncontrolled variable  in receiving ACE, no data 

of erythropoietin level and vitamin B 12 level, and no 

information of dose and duration of metformin among 

patients. 

Conclusion

Female and diabetic retinopathy were factors associated 

with anemia resulting in type 2 DM with moderate 

renal impairment. 
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