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Abstract
Objectives  This study aimed to determine the prevalence 
of anaemia among patients with type 2 diabetes mellitus 
(T2DM) and chronic kidney disease (CKD) at primary care 
settings and its associated factors.
Design, setting and participants  This cross-sectional 
study involved 808 adult patients with T2DM and CKD 
who were recruited via systematic sampling from 20 
public primary care clinics in Peninsular Malaysia. Their 
sociodemographic, clinical and biomedical profiles were 
collected through interviews, examination of medical 
records and blood testing.
Results  The prevalence of anaemia was 31.7% 
(256/808). The anaemia was mainly mild (61.5%) and 
normocytic normochromic (58.7%). About 88.7% of the 
patients with anaemia were not known to have anaemia 
prior to the study. Among 36 patients with documented 
history of anaemia, 80.6% were still anaemic, and only a 
half received iron therapy. Multivariate regression analysis 
showed that women (adjusted odd ratio (AOR): 1.57, 
95% CI: 1.12 to 2.21, p=0.009) and those with older age 
(AOR: 1.04, 95% CI: 1.01 to 1.06, p<0.001), CKD stage 3a 
(AOR: 2.47; 95% CI: 1.25 to 4.87, p=0.009), CKD stage 3b 
(AOR: 4.36; 95% CI: 2.14 to 8.85, p<0.001), CKD stage 4 
(AOR: 10.12; 95% CI: 4.36 to 23.47, p<0.001), CKD stage 
5 (AOR: 10.80; 95% CI: 3.32 to 35.11, p<0.001) and foot 
complication (AOR 3.12, 95% CI: 1.51 to 6.46, p=0.002) 
were more likely to have anaemia. Having higher body 
mass index (AOR 0.95, 95% CI: 0.92 to 0.99, p=0.012) and 
higher diastolic blood pressure (AOR 0.97, 95% CI: 0.95 to 
0.99, p<0.001) were associated with lower odds to have 
anaemia.
Conclusion  Anaemia among patients with T2DM and 
CKD in primary care was common, and the majority was 
unrecognised. Inadequate treatment of anaemia was 
also prevalent. Therefore, screening of anaemia should 
be incorporated into the routine assessment of diabetic 
complications particularly for those with significant associated 
factors. It is hoped that such strategy could lead to early 
treatment and hence improve their overall care.
Trial registration number  NMRR-15-660-24324.

Introduction 
Chronic kidney disease (CKD) is common 
among patients with type 2 diabetes mellitus 

(T2DM). It is defined when there is an irre-
versible loss of kidney function for at least 
3 months.1 The estimated glomerular filtra-
tion rate (eGFR) and evidence of kidney 
damage have been used to diagnose CKD, 
which can be divided into five stages based 
on the National Kidney Foundation-Kidney 
Disease Outcomes Quality Initiative staging.1 
The estimated prevalence of diabetic 
nephropathy worldwide ranges between 26% 
and 58%.2–10 However, the prevalence appears 
lower in Malaysia as it ranges between 7.8% 
and 34.9%.11–15 This wide range of prevalence 
may be due to difference in study settings 
and definition used for diabetic nephrop-
athy. Nevertheless, data from the National 
Diabetes Registry Malaysia in 2012 involving 
657 839 registered patients with T2DM from 
government health facilities including hospi-
tals and primary care clinics showed a preva-
lence of 7.8%.14 

Strengths and limitations of this study

►► This was the first nationwide study to examine the 
prevalence of anaemia among patients with type 2 
diabetes mellitus (T2DM) and chronic kidney disease 
(CKD) involving a large sample from multicentres in 
Malaysian primary care setting.

►► The findings help to identify those who require sim-
ple anaemia screening using full blood count and 
this potentially cost-saving approach of screening 
may improve the care of such patients.

►► The findings could also provide a groundwork for fu-
ture studies as previous studies on anaemia among 
patients with T2DM and CKD are still limited.

►► Unfortunately in this study, the actual aetiology of 
the anaemia was not determined thus the anaemia 
may be caused by causes other than renal anaemia. 

►► Since this study did not include patients from the 
private primary care clinics and those in the east of 
Malaysia (Sabah and Sarawak), the prevalence of 
anaemia may be underestimated.
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CKD has been associated with anaemia, cardiovas-
cular disease, bone metabolism abnormalities, meta-
bolic acidosis and malnourishments. Among these, renal 
anaemia has been increasingly studied over the past 
few years due to high all-cause mortality and cardiovas-
cular morbidity associated with renal anaemia, as well 
as availability of erythropoiesis stimulating agents (ESA) 
for treating renal anaemia.16 17 In addition, anaemia has 
also been found to be a significant independent factor 
for progression of nephropathy to end stage renal failure 
among patients with T2DM.18 Overall, renal anaemia 
carries significant burden to the sufferers as well as the 
healthcare system that bears the cost of care for patients 
with T2DM and CKD.

According to the Kidney Disease: Improving Global 
Outcomes (KDIGO) Anemia Work Group, anaemia 
in CKD is when haemoglobin (Hb) level  <13 g/dL for 
men and <12 g/dL for women.19 It is caused by multiple 
pathophysiological mechanisms which include erythro-
poietin deficiency, nutritional deficiencies (iron, folate 
and B12), pro-inflammatory condition and poor response 
to erythropoietin that results in erythropoiesis suppres-
sion.16 20 Prevalence of anaemia has been found to be 
higher among CKD patients with T2DM compared with 
those without T2DM.4 21 Among patients with T2DM, the 
prevalence of anaemia increases as their renal function 
deteriorates.4–7 9 22 In the UK, a population-based study 
involving 234 patients with T2DM showed 5%, 16%, 23% 
and 46% of those with CKD stage 1, 2, 3 and 4/5, respec-
tively, had anaemia.22

Factors that were shown to be associated with anaemia 
among patients with T2DM include older age, worsening 
renal function (ie, lower eGFR, higher albuminuria and 
raised urine-albumin creatinine ratio), cardiovascular 
disease (stroke or ischaemic heart disease), peripheral 
vascular disease, lower weight or body mass index (BMI), 
lower diastolic blood pressure (DBP), longer duration of 
T2DM and not using ACE inhibitor.2 4 7 9 23 24 However, 
there are inconsistent findings with regard to the associ-
ation between gender and anaemia among patients with 
T2DM and CKD. Anaemia was significantly associated 
with women in studies done in Australia2 and the UK4 
but a study in Hong Kong found its significant association 
with men.9

Currently, screening for anaemia among these 
patients at the public primary care settings in Malaysia 
is not the standard of practice. Full blood count (FBC) 
would only be performed if clinically indicated. Due to 
financial limitation, asymptomatic patients and those 
without overt bleeding problems and constitutional or 
alarming symptoms would be normally prescribed with 
iron supplements. If there is no improvement with this 
therapy, they will then be subjected to further investiga-
tions to ascertain the aetiology of the anaemia. To our 
knowledge, there is no published national study to deter-
mine the prevalence of anaemia among patients with 
T2DM and CKD in Malaysia. Thus, the burden of this 
problem remains unknown. Therefore, this study aimed 

to determine the prevalence of anaemia among patients 
with T2DM and CKD who received care from the public 
primary care clinics in Peninsular Malaysia. Its associated 
factors were also examined as the findings could help the 
healthcare providers in identifying patients at higher risk 
for anaemia, thus screening of anaemia could be targeted 
to these patients.

Methods
This was a cross-sectional observational study conducted 
at 20 government primary care clinics in Peninsular 
Malaysia which have resident Family Medicine Special-
ists. Fifteen clinics were selected using simple random 
sampling but five clinics were purposely chosen because 
they were managed by the researchers of this study. On 
average, there were 1000–3000 patients with T2DM regis-
tered at these clinics who stayed within 30 km radius from 
the respective clinics.

Study participants
Through systematic sampling, every third patient who 
attended for a follow-up visit during the data collection 
period (October to December 2015) was screened for 
their eligibility to be included in this study. The inclu-
sion criteria were patients with T2DM aged 18 years old 
or more who had established CKD stage 1 to 5 and were 
able to understand either Malay or English language. 
Patients who were pregnant or had a recent delivery 
within previous 3 months or those with psychiatric illness 
or known anaemia secondary to any blood disorder such 
as thalassaemia were excluded from this study. Eligible 
patients were invited to participate in the study by research 
assistants in the respective clinics. A maximum of eight 
patients recruited daily from each clinic and the recruit-
ment process stopped once 50 patients were sampled. The 
minimum targeted sample size for this study was 1000 with 
a design effect of 2.0 which was sufficed to give 4% preci-
sion from the expected prevalence of anaemia of 30%. 
All patients who agreed to participate were interviewed 
for their socio-demographic profiles and medical histo-
ries by the respective research assistants. Subsequently, 
their clinical and biomedical profiles were collected from 
their medical records. Blood taking for renal profiles or 
FBC was done if there was no recent result within the past 
6 months. Patients with anaemia  found through this study 
were treated according to the recommended practice and 
referred to the nephrologist when indicated. 

Patient and public involvement
Patients with T2DM and CKD from each clinics were not 
involved in the design of the study and the recruitment of 
the participants. The results of the blood test were imme-
diately informed to the study participants and appropriate 
management based on the results was carried out by the 
attending physician. Since this was a cross-sectional study, 
their involvement was only during their clinic visit when 
they completed the self-administered questionnaire.
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Definition of variables
Anaemia was defined based on KDIGO clinical prac-
tice guideline for anaemia in CKD when Hb  <13.0 g/
dL in men and  <12.0 g/dL in women (KDIGO, 2012). 
Using eGFR and evidence of kidney damage (eg, micro-
albuminuria or proteinuria), CKD was classified into: 
stage 1: eGFR ≥90 mL/min/1.73 m2 with albuminuria or 
proteinuria, stage 2: eGFR 60–89 mL/min/1.73 m2 with 
albuminuria or proteinuria, stage 3a: eGFR 45–59 mL/
min/1.73 m2, stage 3b: eGFR 30–44 mL/min/1.73 m2, 
stage 4: eGFR 15–29 mL/min/1.73 m2 and stage 5: 
eGFR  <15 mL/min/1.73 m2. Presence of comorbidities 
and complications were determined through history 
taking or documentation in the medical records.

Statistical analysis
The statistical analysis was carried out using IBM SPSS 
Statistics V.22. All statistical analyses were performed 
at the 5% significance level. Findings were presented 
descriptively using mean (SD) and median (IQR) for 
normally and non-normally distributed continuous vari-
ables, respectively, while results of categorical variables 
were presented as frequencies (n) and percentages (%). 
Multiple logistic regression analysis with forward step-
wise method was used to identify the associated factors of 
anaemia among patients with T2DM and CKD. Interac-
tions between predictor variables and model fitness were 
also assessed.

Results
The mean (SD) age of the participants was 60.5 (9.5) 
years old (table 1). The majority of the participants were 
Malays (75.2%). Men (56.2%) were slightly more than 
women (43.8%). The median (IQR) for duration of 
diabetes and CKD were 7.0 (8.0) years and 2.0 (3.0) years, 
respectively, with median (IQR) of eGFR was 55.0 (34.0) 
ml/min/1.73 m2. More than two-thirds of the patients 
were on either ACE inhibitors or angiotensin receptor 
blockade (72.2%). There was no significant difference 
in the presence of anaemia between those who received 
this treatment and those without  (p=0.961). The most 
common comorbidities were hypertension (88.5%) and 
dyslipidaemia (82.7%) (table 2).

The prevalence of anaemia among patients with 
T2DM and CKD was 31.7% (256/808) with most of the 
anaemic patients having mild anaemia (61.5%, 166/256) 
and morphological classification of normocytic normo-
chromic anaemia (58.7%, 148/252). The mean (SD) Hb 
of all patients was 13.18 (1.81) g/dL.

The prevalence of anaemia among patients with T2DM 
and CKD 1, 2, 3a, 3b, 4 and 5 were 12.7%, 19.1%, 29.6%, 
46.4%, 68.3% and 70.0%, respectively (table 3). Table 3 
also shows that more patients had Hb <10 g/dL as stages 
of CKD increased, particularly those with CKD stage 4 
and 5. Normocytic hypochromic anaemia also appeared 
to be more common at advanced stages of CKD, whereas 

microcytic hypochromic anaemia was more common at 
earlier stages of CKD (table 3).

Majority of the patients with anaemia (88.7%, 227/256) 
had unrecognised anaemia as they were not known to 
have anaemia prior to this study (table  1). Among 36 
patients who had documented history of anaemia prior to 
the study, 80.6% (29/36) were still anaemic. Only about a 
half (15/29) of these patients received iron therapy.

Table 4 showed the results of the multivariate regres-
sion analysis. Women (adjusted odd ratio (AOR): 1.56, 
95% CI: 1.12 to 2.21, p=0.009) and those with older age 
(AOR: 1.04, 95% CI: 1.01 to 1.06, p<0.001), CKD stage 3a 
(AOR: 2.47; 95% CI: 1.25 to 4.87, p=0.009), CKD stage 3b 
(AOR: 4.36; 95% CI: 2.14 to 8.85, p<0.001), CKD stage 4 
(AOR: 10.12; 95% CI: 4.36 to 23.47, p<0.001), CKD stage 
5 (AOR: 10.80; 95% CI: 3.32 to 35.11, p<0.001) and foot 
complication (AOR 3.12, 95% CI: 1.51 to 6.46, p=0.002) 
were more likely to have anaemia. Having higher BMI 
(AOR 0.95, 95% CI: 0.92 to 0.99, p=0.012) and higher 
DBP (AOR 0.97, 95% CI: 0.95 to 0.99, p<0.001) were asso-
ciated with lower odds to have anaemia.

Discussion
Overall, patients with T2DM and CKD in this study were 
slightly different than general patients with diabetes from 
the national studies in Malaysia.12 13 15 25 Unlike our study 
which recruited patients from primary care clinics only, 
the previous Malaysian studies mostly include patients 
from the tertiary centres. Therefore the study popula-
tions were different in terms of gender, ethnicity, dura-
tion of diabetes and severity of disease.12 14 25 Men were 
slightly more than women in our study, whereas women 
were predominant in the other national studies. The 
Malays appear to be substantially more represented and 
this finding is consistent with Chew et al.13 In this latter 
study, poor renal function was found to be more common 
among the Malays than the other ethnics.13 Our partic-
ipants also had longer duration of diabetes than the 
general patients with diabetes. This is expected since 
nephropathy is more common as diabetes progresses and 
substantial proportion of patients with T2DM in Malaysia 
are on long term follow-up at primary care clinics.

In this study, the prevalence of anaemia among 
patients with T2DM and CKD at primary care clinics was 
31.7%. This prevalence was lower than another local 
study (39.4%) by Thambiah et al which was done among 
165 patients with T2DM and CKD at the endocrine clinic 
of a tertiary hospital in Putrajaya, the federal administra-
tive centre of Malaysia.26 The difference in the prevalence 
may be because of the difference in the study sites. Higher 
prevalence of anaemia was also found in studies done at 
tertiary centres worldwide that ranged between 39.0% 
and 58.0%.4 5 7 9 Nevertheless, the prevalence of anaemia 
in the current study was almost similar with a study 
done in 11 European countries (34.0%) involving 1205 
patients with T2DM and CKD who were recruited from 
primary, secondary and tertiary settings.8 This European 
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Table 1  Bivariate analysis of the participants’ demographic and clinical characteristics with anaemia status

Characteristics

Overall With anaemia Without anaemia

P value*
n (%) or mean (SD) 
or median (IQR)

n (%) or mean (SD) 
or median (IQR)

n (%) or mean (SD) 
or median (IQR)

Age (years) (n=808)

 � Mean (SD) 60.5 (9.5) 63.9 (9.1) 58.9 (9.2) <0.001†

 � <60 378 (46.8) 87 (23.0) 291 (77.0)

 � ≥60 430 (53.2) 169 (39.3) 261 (60.7)

Gender (n=808)

 � Man 454 (56.2) 129 (28.4) 325 (71.6) 0.024‡

 � Woman 354 (43.8) 127 (35.9) 227 (64.1)

Race (n=808)

 � Malay 608 (75.2) 193 (31.7) 415 (68.3) 0.949‡

 � Non-Malay 200 (24.8) 63 (31.5) 137 (68.5)

Body mass index (kg/m²) (n=805)

 � Mean (SD) 28.4 (4.8) 27.4 (5.0) 28.8 (4.7) <0.001†

 � Underweight or normal (≤22.9) 94 (11.7) 53 (56.4) 41 (43.6)

 � Overweight (23.0–27.4) 277 (34.4) 80 (28.9) 197 (71.1)

 � Obese (≥27.5) 434 (53.9) 121 (27.9) 313 (72.1)

Duration of T2DM (years) (n=807)

 � Median (IQR) 7.0 (8.0) 9.0 (9.0) 7.0 (8.0) <0.001§

 � <5 231 (28.6) 49 (21.2) 182 (78.8)

 � 5–10 310 (38.4) 106 (34.2) 204 (65.8)

 � >10 266 (33.0) 101 (38.0) 165 (62.0)

HbA1c (%) (n=729)

 � Median (IQR) 8.2 (3.2) 8.2 (2.9) 8.2 (3.4) 0.301§

 � ≤6.5 122 (16.7) 33 (27.0) 89 (73.0)

 �  6.6–7.0 85 (11.7) 36 (42.4) 49 (57.6)

 � 7.1–8.0 136 (18.7) 39 (28.7) 97 (71.3)

 � ≥8.1 386 (52.9) 117 (30.3) 269 (69.7)

 � Fasting blood sugar (mmol/L) (n=538)

 � Median (IQR) 7.9 (4.5) 7.4 (4.4) 8.0 (4.4) 0.007§

 � ≤4.3 23 (4.3) 16 (69.6) 7 (30.4)

 � 4.4–7.0 184 (34.2) 57 (31.0) 127 (69.0)

 � ≥7.1 331 (61.5) 94 (28.4) 237 (71.6)

Systolic blood pressure (mm Hg) (n=807)

 � Median (IQR) 140.0 (20.0) 140.0 (23.0) 140.0 (20.0) 0.433§

 � ≤135 338 (41.9) 102 (30.2) 236 (69.8)

 � ≥136 469 (58.1) 154 (32.8) 315 (67.2)

Diastolic blood pressure (mm Hg) (n=807)

 � Median (IQR) 80.0 (16.0) 77.0 (10.0) 80.0 (17.0) <0.001§

 � ≤75 298 (36.9) 124 (41.6) 174 (58.4)

 � ≥76 509 (63.1) 132 (25.9) 377 (74.1)

Known anaemia (n=808)

 � No 772 (95.5) 227 (88.7) 545 (98.7) <0.001‡ 

 � Yes 36 (4.5) 29 (11.3) 7 (1.3)

Duration of CKD (years) (n=801)

Continued
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study used the same definition of anaemia as our study.8 
Two other studies done among patients with diabetic 
nephropathy in the UK6 and Japan10 demonstrated even 
lower prevalence of anaemia compared with others in 
which both studies showed a prevalence of 26.0%.

Most of the patients with anaemia in this study had 
normocytic normochromic anaemia especially those at 
advanced stages of CKD. This morphological classifica-
tion of anaemia has been shown to be common not just 
among patients with CKD27 in general but those with 
diabetic nephropathy9 26 as well. This is due to impaired 
renal erythropoietin production and response to erythro-
poietin.28 Nevertheless, microcytic hypochromic anaemia 
was quite prevalent particularly at earlier stages of CKD 
(CKD stage 1–3). Since thalassaemia can cause this type of 
anaemia and is common in Southeast Asia like Malaysia, 
it is important to differentiate between patients with this 
illness and iron deficiency who require iron therapy.29 
Furthermore, patients with diabetes and CKD may have 
functional iron deficiency which requires replenishment 
of iron store before they could have definitive treat-
ment of persistent renal anaemia with ESA.19 28 The iron 
therapy can be initiated even at primary care setting and 
since most patients  with anaemia had mild anaemia, as 
shown by the current study and Thambiah et al,26 treat-
ment with oral therapy may be suffice.

The current study also highlights a high prevalence 
of unrecognised anaemia among patients with T2DM 
and CKD whereby 88.7% of the patients with anaemia 
were not diagnosed to have anaemia prior to this study. 
This prevalence of unrecognised anaemia is substan-
tially higher than those in the western countries, which 
was less than 25%.22 30 The finding of this current study 
suggests inadequate screening to detect anaemia among 
patients with T2DM and CKD in Malaysian government 
primary care clinics. At present, screening for anaemia is 
not regularly practised, and there is a need to review our 
management. In addition, 80.6% of the participants with 
previous history of anaemia were still anaemic at the time 
of the study whereby 51.7% of them received iron therapy 
but unable to restore normal level of Hb. About 48.3% 

of them were untreated. These findings indicate inade-
quate treatment of anaemia as similarly shown by Stevens 
et al which found only 22% of their known patients with 
anaemia treated with ESA or iron therapy.8 In this current 
study, more patients with CKD stage 4 and 5 had Hb of 
less 10 g/dL, which is when ESA treatment is indicated. 
Nevertheless, iron therapy should be initiated at primary 
care clinic to replenish their iron stores before referring 
them to nephrologists for ESA treatment.1 19 28 This unde-
tected, uninvestigated and undertreated anaemia is worri-
some since it may worsen their renal function and causes 
adverse cardiovascular outcomes.28 Having a system to 
ensure screening of anaemia among at-risk patients will 
not produce favourable outcomes if anaemia is still not 
being properly managed. Since undertreated anaemia 
could be caused by many factors which include inade-
quate access to laboratory facilities, inadequate knowl-
edge among doctors, patients’ non-compliance, and cost 
of investigations and treatment, managing anaemia in 
patients with T2DM and CKD at primary health clinics 
is indeed challenging. Thus, further studies are required 
to confirm the actual causes of inadequate treatment of 
anaemia at primary care so that areas for improvement 
can be identified.

The mean Hb level of patients with T2DM and CKD in 
this study was almost similar with patients with diabetic 
nephropathy in Japan and European countries which was 
around 13 g/dL.8 10 Hence, screening for all patients with 
diabetes with CKD may not be cost effective. Neverthe-
less, this study highlights the associated factors that may 
alert the treating doctors of those who require screening 
for anaemia. These factors include increasing age, female 
gender, CKD stage 3 and above, presence of foot complica-
tion, lower BMI and lower DBP. Similarly, previous studies 
have shown significant associations of anaemia with older 
age,9 24 female gender,4 lower BMI and DBP7 as well as 
higher stage of CKD.4 9 A study done at a nephrology clinic 
in Greece by Loutradis et al also showed that anaemia 
was more prevalent among patients with diabetes and 
CKD stage 3 compared with the non-diabetic with equiv-
alent CKD stage.31 These findings were in line with the 

Characteristics

Overall With anaemia Without anaemia

P value*
n (%) or mean (SD) 
or median (IQR)

n (%) or mean (SD) 
or median (IQR)

n (%) or mean (SD) 
or median (IQR)

 � Median (IQR) 2.0 (3.0) 2.5 (3.3) 2.0 (2.0) <0.001§

Treated with ACE-i or ARB

 � No 225 (27.8) 71 (31.6) 154 (68.4) 0.961‡ 

 � Yes 583 (72.2) 185 (31.7) 398 (68.3)

*Significance p <0.05 (values in bold).
†Independent t-test.
‡Χ2 test.
§Mann-Whitney test.
ACE-i, ACE inhibitor; ARB, angiotensin II receptor blocker; CKD, chronic kidney disease; HbA1c, haemoglobin A1c; T2DM: type 2 diabetes 
mellitus.

Table 1  Continued 
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recommendations by KDIGO (2012) in which asymptom-
atic patients with CKD stage 3  should be screened for 
anaemia yearly and more often for those with CKD stage 4 
and 5.19 In view of this, anaemia screening through simple 
FBC, which is available at every government primary care 
clinics in Malaysia, can be incorporated into the recom-
mended yearly assessment of patients with diabetes but 
targeting to those with the significant factors found in this 
study. This approach could improve detection of patients 
who need further investigations and treatment without 

significant increase in the healthcare cost as the cost of 
FBC testing is low. Furthermore, the increased cost of an 
effective screening would be balanced by the reduction 
in the cost of treatment for the associated complications. 
Nevertheless, further study is still required to assess the 
cost effectiveness of such practice.

This was the first nationwide study in Malaysia to 
examine the prevalence of anaemia among patients 
with T2DM and CKD involving a large sample from 
multicentres in the public primary care setting. This 

Table 2  Bivariate analysis of the participants’ comorbidities and complications with anaemia status

Comorbidities and complications*

All (n=808)
With anaemia
(n=256)

Without anaemia
(n=552)

P value†N % n % n %

Hypertension 715 88.5 232 90.6 483 87.5 0.195‡

Dyslipidaemia 668 82.7 205 80.1 463 83.9 0.184‡

Ischaemic heart disease 83 10.3 37 14.3 46 8.3 0.008‡

Heart failure 22 2.7 13 5.1 9 1.6 0.005‡

Myocardial infarction 11 1.4 5 2.0 6 1.1 0.508§

Angina 9 1.1 4 1.6 5 0.9 0.640§

Cerebrovascular accident 36 4.5 18 7.0 18 3.3 0.016‡

Peripheral vascular disease 5 0.6 1 0.4 4 0.7 0.935§

Chronic kidney disease

 �  Stage 1 102 12.6 13 5.1 89 16.1 <0.001‡

 �  Stage 2 230 28.5 44 17.2 186 33.7

 �  Stage 3¶ 240 29.7 71 27.7 169 30.6

 �  Stage 3** 153 18.9 71 27.7 82 14.9

 �  Stage 4 63 7.8 43 16.8 20 3.6

 �  Stage 5 20 2.5 14 5.5 6 1.1

Retinopathy 151 18.7 64 25.0 87 15.8 0.002‡

Neuropathy 119 14.7 41 16.0 78 14.1 0.482‡

Erectile dysfunction (n=454) 54 11.9 18 14.0 36 11.1 0.393‡

Foot complication 41 5.1 26 10.2 15 2.7 <0.001‡

Others†† 192 23.8 71 27.7 121 21.9 0.071‡

 � Cataract 18 2.2 7 2.7 11 2.0 0.506‡

 � Osteoarthritis 17 2.1 5 2.0 12 2.2 0.839‡

 � Spine problems¶ 10 1.2 3 1.2 7 1.3 1.000§

 � Gout arthritis 46 5.7 20 7.8 26 4.7 0.077‡

 � Malignancy 14 1.7 4 1.6 10 1.8 1.000§

 � Asthma 20 2.5 4 1.6 16 2.9 0.255‡

 � Renal calculi 17 2.1 3 1.2 14 2.5 0.209‡

 � Upper gastrointestinal tract problems** 19 2.4 9 3.5 10 1.8 0.137‡

 � Thyroid problem‡‡ 12 1.5 2 0.8 10 1.8 0.416§

*Patients may have more than one comorbidity and complication.
†Significance p <0.05 (values in bold).
‡Χ2 test.
§Χ2 test with continuity correction.
¶Spondylosis, degenerative spine disease or prolapsed intervertebral disc.
**Dyspepsia, gastritis, gastro-oesophageal reflux or peptic ulcer disease.
††For comorbidities and complications entered in free text.
‡‡Hyperthroidism or hypothryroidism.
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study was able to identify those who require the simple 
FBC screening to improve the care of such patients. 
However, there are several limitations. First, this study 
did not include patients with diabetes from the private 
primary care clinics and those in the east of Malaysia. 
Therefore, the representativeness and generalisability 

of the findings may be limited. The prevalence of 
anaemia among patients with T2DM and CKD at 
primary care settings in the whole Malaysia may also be 
underestimated. It is suggested that similar study could 
be extended by including patients from the private 
primary care clinics and those from the east Malaysia 

Table 3  Median haemoglobin, prevalence of anaemia and description of anaemia according to stages of chronic kidney 
disease

Stage 1
(n=102)

Stage 2
(n=230)

Stage 3†
(n=240)

Stage 3‡
(n=153)

Stage 4
(n=63)

Stage 5
(n=20)

Haemoglobin (g/dL) (Median (IQR)) 14.0 (2.2) 13.6 (1.8) 13.4 (2.2) 12.7 (2.3) 11.2 (2.6) 11.8 (3.5)

Anaemia (NKF-KDOQI) (n (%))* 13 (12.7) 44 (19.1) 71 (29.6) 71 (46.4) 43 (68.3) 14 (70.0)

Severity of anaemia (n=256) (n (%))

 � Mild† 8 (61.5) 34 (77.3) 51 (71.8) 48 (67.6) 19 (44.2) 6 (42.9)

 � Moderate‡ 5 (38.5) 10 (22.7) 19 (26.8) 23 (32.4) 23 (53.5) 6 (42.9)

 � Severe§ 0 (0) 0 (0) 1 (1.4) 0 (0) 1 (2.3) 2 (14.3)

Classification of anaemia based on morphology (n=252) (n (%))

 � Normocytic normochromic¶ 4 (30.8) 23 (52.3) 39 (54.9) 45 (63.4) 29 (70.7) 8 (66.7)

 � Microcytic hypochromic** 6 (46.1) 10 (22.7) 18 (25.4) 15 (21.1) 5 (12.2) 1 (8.3)

 � Macrocytic†† 1 (7.7) 3 (6.8) 5 (7.0) 5 (7.0) 3 (7.3) 2 (16.7)

 � Others 2 (15.4) 8 (18.2) 9 (12.7) 6 (8.5) 4 (9.8) 1 (8.3)

Anaemia (Hb<10 g/dL) (n (%)) 1 (1.0) 1 (0.4) 6 (2.5) 8 (5.2) 13 (20.6) 6 (30.0)

*Hb <12 g/dL for women and <13 g/dL for men.
†Mild: Hb 11.0–12.9 g/dL for men and Hb 11.0–11.9 g/dL for women.
‡Moderate: Hb 8.0–10.9 g/dL.
§Severe: Hb ≤7.9 g/dL.
¶Normocytic normochromic: Mean corpuscular volume (MCV) 80–95 fL and mean corpuscular haemoglobin (MCH) ≥27 pg.
**Microcytic hypochromic: MCV <80 fL and MCH <27 pg.
††Macrocytic: MCV >95 fL.
Hb, haemoglobin; NKF-KDOQI, National Kidney Foundation-Kidney Disease Outcomes Quality Initiative. 

Table 4  Multiple logistic regression (MLR) of the participants’ characteristics with anaemia status

Variables (n=804) B Wald Adjusted OR 95% CI P value

Age (years) 0.03 10.34 1.04 1.01 to 1.06 0.001

Body mass index (kg/m2) −0.05 6.37 0.95 0.92 to 0.99 0.012

Diastolic blood pressure (mm Hg) −0.03 12.67 0.97 0.95 to 0.99 <0.001

Female (Male) 0.45 6.77 1.57 1.12 to 2.21 0.009

Stages of chronic kidney disease

 � Stage 2 (stage 1) 0.35 0.98 1.42 0.71 to 2.84 0.323

 � Stage 3a (stage 1) 0.90 6.78 2.47 1.25 to 4.87 0.009

 � Stage 3b (stage 1) 1.47 16.56 4.36 2.14 to 8.85 <0.001

 � Stage 4 (stage 1) 2.31 29.07 10.12 4.36 to 23.47 <0.001

 � Stage 5 (stage 1) 2.38 15.65 10.80 3.32 to 35.11 <0.001

Presence of foot complication (no foot 
complication)

1.14 9.44 3.12 1.51 to 6.46 0.002

MLR: Stepwise forward (likelihood ratio); 18 independent variables with p<0.25 in simple logistic regression were initially entered: age, gender, 
BMI, HbA1c, diastolic blood pressure, duration of T2DM, duration of CKD, CKD stages and presence of heart failure, ischaemic heart disease, 
cerebrovascular accident, hypertension, dyslipidaemia, retinopathy, foot complications, gouty arthritis, renal calculi and upper gastrointestinal  
(GIT) problems.
Constant: -0.289; no two-way interactions; variables were not correlated; model was fit: Hosmer and Lameshow test, p=0.539; overall correct 
percentage: 75.1%; area under receiver operating characteristic (ROC) curve: 0.759 (95% CI: 0.724, 0.795; p<0.001).
BMI, body mass index; CKD, chronic kidney disease; HbA1c, haemoglobin A1c; T2DM, type 2 diabetes mellitus.
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to verify our findings. Second, this study was not able 
to identify the aetiology of the anaemia. The possible 
causes of anaemia were postulated just based on the 
morphology classification of anaemia, however it is 
inadequate as causes of anaemia are many and are not 
necessarily due to iron deficiency or CKD only. Lastly 
the cross-sectional design of the study could not deter-
mine the direction of relationship between anaemia and 
the associated factors. Nonetheless, our findings could 
provide a groundwork for future studies on anaemia 
among patients with T2DM and CKD in general.

Conclusion
Anaemia among patients with T2DM and CKD in primary 
care setting was common and majority was unrecognised. 
Most of the patients with anaemia had mild, normocytic 
hypochromic anaemia, but substantial proportions of 
those at advanced stage of CKD had moderate to severe 
anaemia and microcytic hypochromic anaemia. Inade-
quate treatment of anaemia was also prevalent. There-
fore, screening of anaemia among patients with T2DM 
and CKD should be incorporated into the routine yearly 
assessment particularly for older age patients, women as 
well as those with CKD stage 3 and above, foot complica-
tion, lower BMI and lower DBP. It is hopeful, this will lead 
to early treatment and hence improve the overall care of 
patients with T2DM and CKD.
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