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Abstract

Objective    Anemia is a common public health concern in patients with type 2 diabetes worldwide. This
study aimed to identify the prevalence of anemia among patients with diabetes.

Methods    Electronic databases, including PubMed, Scopus, Web of Sciences, and Google Scholar, were
searched  systematically  for  studies  published  between 2010  and  2021.  After  removing  duplicates  and
inappropriate  reports,  the  remaining  manuscripts  were  reviewed  and  appraised  using  theNewcastle-
Ottawa  Scale  (NOS)  tool.  A  random-effects  model  was  used  to  calculate  the  pooled  estimates  of  the
extracted data using Stata version 17. Heterogeneity of the studies was assessed using the Q statistic.

Results    A total of 51 articles containing information on 26,485 patients with diabetes were included in
this  study.  The articles were mainly from Asia (58.82%) and Africa (35.29%).  The overall  prevalence of
anemia was 35.45% (95% CI:  30.30–40.76),  with no evidence of  heterogeneity by sex.  Among the two
continents with the highest number of studies, the prevalence of anemia in patients with diabetes was
significantly higher in Asia [40.02; 95% CI: 32.72–47.54] compared to Africa [28.46; 95% CI: 21.90–35.50]
(P for heterogeneity = 0.029). Moreover, there has been an increasing trend in the prevalence of anemia
in  patients  with  diabetes  over  time,  from  [15.28;  95% CI:  9.83–22.21]  in  2012  to  [40.70;  95% CI:
10.21–75.93] in 2022.

Conclusion    Globally,  approximately  4  in  10  patients  with  diabetes  suffer  from  anemia.  Therefore,
routine anemia screening and control programs every 3 months might be useful in improving the quality
of life of these patients.
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INTRODUCTION

A nemia is a condition in which the number
of red blood cells (RBC) decreases, leading
to  a  decrease  in  oxygen-carrying

capacity[1].  This  significantly  impacts  human  health,
economic  conditions,  and  social  well-being[2].  It  is  a
common  public  health  issue  that  affects  most
countries[3].  Approximately  1.62  billion  people
(24.8% of  the  world's  population)  currently  suffer
from anemia[4].

The  International  Diabetes  Federation  (IDF)
estimates  that  more  than  463  million  people
worldwide  suffer  from  diabetes  mellitus[5].  Diabetes
Mellitus  is  a  metabolic  disorder  classified into types
1  and  2,  with  type  2  diabetes  being  the  most
common  type,  affecting  approximately  422  million
adults  globally[6].  The burden of  type 2 diabetes has
increased  in  the  Eastern  Mediterranean  and  North
African  countries,  including  Iran[6].  According  to
previous  studies,  the  prevalence  of  type  2  diabetes
in  Iran  will  be  around  6.8% until  2025[7].  In  Africa,
studies  have  shown  that  3.9% (19.4  million  adults)
have  undiagnosed  diabetes[5].  A  meta-analysis
conducted  in  African  countries  in  2021  reported  a
prevalence  of  anemia  of  approximately  35% in
individuals  with  diabetes  mellitus  and  56% in  a
population with diabetic foot syndrome[8].

Anemia in patients with diabetes may be caused
by  various  factors,  including  chronic  inflammation,
drug  use  (including  metformin),  nutritional
deficiencies,  kidney  diseases,  high  blood  pressure,
hormonal  changes[9,10],  and  autoimmune  diseases
(especially  in  patients  with  type  1  diabetes)[11,12].
These  factors  accelerate  diabetes-related
complications  and  increase  the  risk  of  anemia  in
diabetic patients[9,13].

The increase in anemia in patients with diabetes
is  associated  with  a  significant  financial  burden  for
treatment  and hospitalization,  increasing  the  risk  of
retinopathy,  neuropathy,  vascular  diseases,  heart
diseases, and ultimately dementia[14-18]. Studies have
shown  that  the  prevalence  of  anemia  in  diabetic
patients  with  nephropathy  or  renal  disorder  is  2–3
times  higher  than  those  without  diabetes[19-22].
Anemia  negatively  affects  patients’ quality  of
life[21,23-25] and contributes to the increase in diabetes
cases worldwide[17,26].

Diabetes reduces patients’ quality of life,  and its
complications  often  lead  to  physical  problems.  The
occurrence  of  anemia  in  patients  with  diabetes  can
accelerate  the  progression  of  complications,
including  cardiovascular  diseases,  which  are

common  in  this  group[18].  Therefore,  early  diagnosis
and  treatment  of  anemia  in  patients  with  diabetes
can  reduce  morbidity  and  mortality  and  improve
their  quality  of  life[18].  The  prevalence  of  anemia  in
patients  with  diabetes  mellitus  varies  in  different
studies.  In  2021,  a  meta-analysis  conducted  in
Lebanon  reported  that  the  prevalence  of  severe
anemia  in  patients  with  diabetes  with  diabetic  foot
ulcers  was  73%[17].  Approximately  1.6  billion  people
suffer  from  anemia  worldwide,  with  women  being
the  most  affected[27].  In  Iran,  approximately  2% of
the  general  population  and  7.3% of  the  population
aged  >  30  years  have  diabetes.  Lifestyle  behaviors,
such  as  nutrition,  physical  activity,  job  type,  stress
level,  and  obesity/overweight  status,  could  play  an
essential  role  in  preventing  increases  in  the  blood
sugar index and better control of diabetes[28].

There  have  been  reports  on  the  global
prevalence  of  anemia  in  patients  with  diabetes
mellitus  globally[8].  However,  no  comprehensive
studies  have  been  conducted  in  this  regard.  Only  a
few  studies  conducted  over  shorter  periods  have
reported  varying  outcomes  or  similar  risks,  and  no
consensus has been reached. Furthermore, different
studies  have  reported  various  estimates  of  the
prevalence  of  anemia  in  patients  with  diabetes
mellitus,  ranging  from  4.7% to  32.1%[8].  Therefore,
the  current  study  aimed  to  investigate  the
prevalence  of  anemia  in  patients  with  diabetes
mellitus  worldwide  using  data  obtained  from
published studies. 

METHODS

The  systematic  review  has  been  registered  on
PROSPERO under  ID  number  CRD42023388047,  and
this  article  is  the  result  of  a  research  project
approved  by  the  ethics  committee  of  the  Iran
University of Medical Sciences (ID number IR. IUMS.
REC.1401.827). 

Diagnosis

To diagnose anemia,  your healthcare provider  is
likely  to  ask  you  about  your  medical  and  family
histories,  perform  physical  exams,  and  order  blood
tests.  Tests  might  include:  1)  Complete  blood count
(CBC). CBC is used to count the number of blood cells
in a blood sample. For anemia, the test measures the
number  of  red  blood  cells  in  the  blood,  called
hematocrit,  and  the  hemoglobin  level  in  the  blood.
Typical  adult  hemoglobin  values  are  14–18  g/dL  for
men  and  12–16  g/dL  for  women.  Typical  adult
hematocrit  values  vary  among  different  medical
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practices. However, they are generally between 40%
and 52% for men and 35% and 47% for women. 2) A
test to show the size and shape of red blood cells. It
considers the size, shape, and color of the red blood
cells. 

Searching Strategy

This  meta-analysis  included  studies  conducted
from 2010 to 2021. The study population included all
studies  that  analyzed  samples  from  patients  with
diabetes mellitus and anemia. Authentic English and
Farsi  electronic  resources  were  used  to  extract
information.  Reliable  English  and  Persian  databases
such  as  PubMed,  Scopus,  Web  of  Sciences,  Google
Scholar,  Magiran,  and  SID  were  searched.  The
following  search  strategy  was  used  to  search
national  and  international  data  banks:  (“Anemia”)
and  (“Diabetes  Mellitus”)  using  the  OR  operator  to
connect synonyms, and the AND operator was used
to  combine  the  results  obtained  from  the  OR
operator. The search strategy for each database was
consistent  with  the  database’s  search  strategy
(Supplementary  Table  S1,  available  in  www.
besjournal.com).

After  completing  the  search  and  removing
duplicates, the articles were imported into EndNote.
All articles were first evaluated based on their titles,
then  based  on  their  abstracts,  and  finally,  the  full
texts  of  the  relevant  studies  were  evaluated  and
entered into the quality review stage. The study was
conducted  in  a  transparent  and  unbiased  manner,
and  all  articles  were  carefully  evaluated  and
presented  without  bias.  We  made  every  effort  to
obtain  the  full  texts  of  the  relevant  articles  and
carefully  evaluated  them.  All  articles  used  in  this
study  were  appropriately  referenced  to  ensure  the
credibility of the scientific materials. 

Inclusion/Exclusion Criteria

This  review  included  observational  and  primary
studies  that  examined  the  prevalence  of  anemia  in
patients  with  diabetes.  Studies  that  followed  the
World  Health  Organization’s  (WHO)  definition  of
anemia  to  determine  its  prevalence  were  also
included.  Primary  studies  written  in  Farsi  or  English
were  eligible  for  inclusion.  Additionally,  the
reference lists of related primary and review articles
were  scanned  to  identify  relevant  studies.  Studies
that  did  not  report  anemia  prevalence  according
to  the  World  Health  Organization  cutoff  for  anemia
were  excluded.  In  this  study,  anemia  was �defined
using  the  WHO  definition  of  hemoglobin  levels
< 11 g/dL. 

Data Extraction

In the next step, researchers used the Newcastle-
Ottawa  Scale  (NOS)  tool,  a  standard  checklist  to
evaluate  the  quality  of  the  observational  studies,
including  cross-sectional,  case-control,  and  cohort
studies.  The  criteria  used  to  measure  bias  included
sample  size  calculations,  information  bias,  and
selection bias. Information from studies that met the
necessary quality criteria was extracted and entered
into  a  prepared  electronic  form.  The  extracted
information  generally  included  the  name  of  the
article’s  main  author,  year  of  publication,  study
location,  quality  assessment  score,  type  of  study,
sample size, and main findings of the article.

To  prepare  the  data  and  information  for  the
meta-analysis,  all  steps  (search,  selection,  quality
assessment,  extraction,  and  homogenization  of
results)  were  carried  out  independently  by  two
researchers.  In  case  of  any  disagreement  between
the two researchers, a third researcher was involved
in resolving the issue through discussions.

To ensure the correct selection of articles related
to the prevalence of anemia in patients with diabetes
mellitus  worldwide  in  accordance  with  the  inclusion
criteria,  two  researchers  (MFG  and  NA)  were
independently  responsible  for  the  article  selection
process. Initially, all articles related to the prevalence
of  anemia  in  patients  with  diabetes  worldwide  were
collected,  and  articles  that  contained  relevant
keywords in  their  titles  or  abstracts  were included in
the  initial  list,  whereas  unrelated  articles  were
removed.  Finally,  only  articles  that  investigated  the
prevalence  of  anemia  in  individuals  with  diabetes
mellitus worldwide were included in this  study.  After
selecting  the  studies,  the  required  variables,  such  as
the study type,  sample size,  number of  patients  with
diabetes with anemia, demographic characteristics of
the study participants, and the time and place of the
study were extracted.

Implementation limitations of the plan and their
reduction  methods  were:  1)  Abstracts  and
summaries  of  articles  presented  at  international
conferences  and  meetings  were  excluded;
2)  Interventional  studies  or  those  focused  solely  on
clinical  status  were  excluded;  3)  Only  primary
research  studies  were  included;  review  articles  and
secondary  studies  were  excluded.  4)  If  the  required
information was not available in the selected article,
the study was excluded. 

Quality Assessment

To assess possible biases in the studies, the NOS
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checklist[29] was  used  to  evaluate  quality.  Two
researchers (MFG and NA) independently conducted
the  evaluations.  Any  disagreements  between  the
researchers  were  resolved  through  discussion  or
with  the  guidance  of  respected  professors  and
research  teams.  If  the  information  necessary  to
assess  possible  bias  in  the  study  was  not  available,
the  author  of  the  article  was  contacted.  Finally,  the
studies were scored according to the table provided
in Supplementary  Figure  S1,  available  in  www.
besjournal.com. 

The WHO Diagnostic Criteria for Anemia

The WHO defines anemia as a blood hemoglobin
level  of  <  7.7  mmol/L� (13  g/dL)  in  men  and
7.4  mmol/L  (12  g/dL)  in  women.  Typically,  the
evaluation  of  the  cause  of  anemia  includes  CBC,
peripheral smear, reticulocyte count, and serum iron
indices. 

Heterogeneity Assessment and Statistical Analysis

All meta-analyses were conducted using random
models.  Heterogeneity  between  studies  was
reported  in  the  meta-analysis  using  the  chi-square,

I2,  and  Tau2  tests.  Subgroup  analyses  were  also
performed based on publication year, continent, age
group,  medications,  disease  control  status,  and
disease  duration.  Publication  bias  was  calculated
using  Egger’s  and  Begg’s  tests.  The  meta-analysis
was  performed  using  STATA  17  software  at  a
significance level of 05. 

RESULTS
 

Search and Selection

After conducting an initial search of the relevant
databases,  27,283  articles  were  retrieved.  Of  these,
606  were  selected  for  further  screening  based  on
their  titles.  The  abstracts  of  these  articles  were
reviewed,  and  88  that  did  not  contain  the  desired
information  were  excluded.  The  remaining  234
articles  underwent  a  full-text  assessment  for
eligibility.  Of  these,  146  were  subjected  to
qualitative evaluation using the NOS checklist.  After
this  critical  evaluation,  51  articles,  including  26,485
patients with diabetes, were included. A flowchart of
the study selection is shown in Figure 1. 
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Figure 1. PRISMA flow diagram of the included studies.
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Study Characteristics

Baseline  characteristics  of  the  included  studies
we  identified  51  articles  related  to  the  study
objectives  (Figure  1),  of  which  31  (59%)  were
conducted  in  Asia,  17  (35%)  in  Africa,  two  (4%)  in
America,  and  one  (2%)  in  Europe.  Ethiopia,  India,
and  Pakistan  had  the  highest  number  of  studies
among  the  countries  analyzed  (Supplementary
Table S2, available in www.besjournal.com).

Table 1 presents the meta-analysis results of the
pooled  prevalence  of  anemia  in  patients  with
diabetes  and  its  subgroups  by  year,  continent,  age,
and sex. The pooled prevalence of anemia across all
samples was 35.45 (95% CI:  30.30–40.76) (Figure 2),
with  an  effect  size  of  35.0  (95% CI:  29.85–40.32)
excluding  the  study  by  Trevest  et  al.[24],  with
approximately  similar  estimates  of  36.18  (95% CI:
29.77–42.83)  for  men  and  36.52  (95% CI:
29.31–44.04)  for  women.  Owing  to  the  limited
number of studies conducted in Europe and the US,
it  was  not  possible  to  estimate  their  effect  size
accurately.  However,  in  Asia  and  Africa  (Figures  3
and 4),  the  prevalence  of  anemia  in  patients  with
diabetes was significantly higher in Asia (40.02, 95%
CI:  32.72–47.54)  than  in  Africa  (28.46;  95% CI:
21.90–35.50)  (P for  heterogeneity  =  0.029).  This
difference  was  more  pronounced  in  Asian  men  and
women than in their African counterparts, with Asian
women showing a larger effect  size than Asian men
(44.54,  95% CI:  39.43–49.44 vs. 29.85,  95% CI:
23.17–37.35). The trend of reporting the prevalence
of  anemia  in  patients  with  diabetes  has  increased
over  time  in  recent  years.  However,  many  factors
may  have  influenced  these  changes  and  their
distribution.

Table  2 shows  the  indicators  related  to  patients
with diabetes. The prevalence of anemia was higher
in  insulin  recipients  than  in  metformin  recipients
(46.97% vs. 43.59%). Patients with diabetes and poor
diabetes  control  had a  higher  prevalence of  anemia
(31.96%,  95% CI:  20.82%–44.24%).  The  pooled
prevalence  of  anemia  was  also  higher  in  patients
with  longer  disease  duration.  The  effect  size  was
estimated to be 46.93% in patients with > 10 years of
illness,  36.71% in  those  with  5–10  years  of  illness,
and 21.62% in those with < 5 years of illness.

In Table  1,  although  the  values  of  some
subgroups  are  reported  despite  the  limited  number
of studies, only subgroups with at least three pooled
studies  reported  the  prevalence  of  anemia  in  other
strata to determine the size of their effect.

Publication  bias  and  sensitivity  analysis  were

performed  using  Begg's  and  Egger's  tests.
Publication  bias  was  not  observed  for  indicators
related  to  diabetes  (metformin,  insulin,  poor  and
good  control,  and  duration; P >  0.05)  but  was
observed  in  the  sex  subgroup  (P <  0.05).  The  small
number  of  studies  in  some  subgroups  and  the
context  of  the  present  review  affected  the
publication  bias.  In  any  case,  the  prevalence  is
positive,  and  the  lack  of  studies  with  negative
prevalence  can  cause  errors  in  estimating
prevalence.  Furthermore,  the  single  group  used  in
this  review  affected  the  values.  Sensitivity  analysis
indicated  that  the  results  were  not  influenced  by  a
single  study  and  did  not  alter  the  direction  of
estimation  (Figure  5, Table  1). Figure  6 shows  the
prevalence  of  the  pooled  effect  size  according  to
year. 

DISCUSSION

Anemia  negatively  impacts  the  quality  of  life  of
individuals,  particularly  adults  with  diabetes,  and  is
associated  with  all-cause  mortality[30].  In  this
systematic review and meta-analysis, we analyzed 51
eligible  studies  published  between  2010  and  2021
involving  26,485  participants  worldwide  to
determine  the  prevalence  of  anemia  in  adults  with
diabetes  worldwide.  According  to  previous  reports,
the  prevalence  of  anemia  in  adults  with  diabetes  is
36%[8]. Our study found that the pooled estimate for
the prevalence of anemia in adults with diabetes was
35.45% [95% CI: 30.30–40.76], comparable to recent
research[8,31].  Our  results  indicated  that  the
prevalence  of  anemia  in  patients  with  diabetes  was
similar  in  males  and  females.  Overall,  our  study
highlights  the  significant  prevalence  of  anemia  in
adults  with  diabetes  and  underscores  the  need  for
effective  screening  and  management  strategies  to
improve  their  quality  of  life  and  reduce  the  risk  of
all-cause mortality.

In  our  study,  the  prevalence  of  anemia  in  men
was  36.52%,  consistent  with  other  studies[32-34].
Similarly,  the  prevalence  of  anemia  in  women  was
36.18%,  also  consistent  with  various  studies[35-37].
The  prevalence  of  anemia  in  individuals  with
diabetes  was  34.2% in  our  study,  while  it  was
reported  to  be  21.9% in  Brazil  and  59.2% in
England[24,38,39].  Subgroup  analysis  revealed  a  higher
prevalence  of  anemia  in  Asian  women  with  type  2
diabetes than in Asian men and in Asia compared to
Africa.  These  findings  are  supported  by  previous
studies[35],  although  some  studies  have  reported  a
higher  prevalence  of  anemia  in  diabetic  men[40,41].
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Table 1. The overall and subgroup prevalence of anemia in diabetes mellitus

Group Number of studies Pooled ES (95% CI)
Heterogeneity Publication bias (P-value)
I2 (%) P-value Begg’s Egger’s

Total
Total 51 35.45 (30.30–40.76) 98.68 0.001
without (Trevest) 50 35.0 (29.85–40.32) 98.69 0.001
Subgroup analysis Year of publication

0.01 0.001

2012 1 15.28 (9.83–22.21) − −
2013 2 15.70 (12.96–18.64) − −
2014 4 46.48 (29.02–64.39) 95.57 0.001
2015 5 38.97 (26.85–51.83) 97.81 0.001
2016 2 35.30 (32.09–38.58) − −
2017 2 26.19 (24.60–27.82) − −
2018 9 46.43 (30.34–62.90) 99.27 0.001
2019 3 29.80 (23.53–36.48) − −
2020 9 23.97 (16.36–32.52) 95.22 0.001
2021 10 38.28 (21.41–56.73) 99.15 0.001
2022 4 40.70 (10.21–75.93) 99.37 0.001

Continent
Africa 18 28.46 (21.90–35.50) 96.15 0.001
Asia 30 40.02 (32.72–47.54) 98.90 0.001
America 2 12.47 (11.60–13.38) − −
Europe 1 59.13 (49.57–68.21) − −

Age category, years
< 56 28 39.43 (31.92–47.19) 97.13 0.001
≥ 56 23 30.82 (24.22–37.83) 99.07 0.001

Male
Total 34 36.18 (29.77–42.83) 96.37 0.001

0.005 0.001

Year of publication
2014 4 43.32 (27.49–59.87) 89.78 0.001
2015 3 37.58 (14.87–63.54) − −
2018 5 52.42 (34.44–70.08) 94.09 0.001
2019 3 33.11 (22.96–44.10) − −
2020 4 26.57 (11.41–45.21) 93.95 0.001
2021 10 39.13 (21.95–57.79) 98.06 0.001

Continent
Africa 14 29.83 (21.9–38.40) 93.27 0.001
Asia 18 39.43 (29.85–49.44) 97.45 0.001

Female
Total 32 36.52 (29.31−44.04) 97.17 0.001

0.02 0.003

Year of publication
2015 3 48.17 (19.89−77.09) − −
2018 5 56.33 (33.44−77.93) 95.32 0.001
2019 3 24.15 (19.01−29.68) − −
2020 4 34.56 (24.73−45.09) 79.54 0.001
2021 10 37.58 (20.05−56.95) 98.61 0.001

Continent
Africa 14 26.21 (18.25−35.01) 94.23 < 0.001
Asia 17 44.54 (33.28−56.08) 98.08 0.002

　　Note. ES, effect size.
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The higher prevalence of anemia in women could be
attributed to physiological factors such as menstrual
cycles  and  childbirth,  as  well  as  nutritional  and  sex
inequalities,  particularly  in  low- and  middle-income
countries.

Our  study  also  identified  several  risk  factors
associated  with  anemia  in  type  2  diabetes  patients,

including the type of treatment received (metformin
or  insulin  injection),  duration  of  diabetes,  and
hemoglobin  A1c  (HbA1c)  levels.  In  line  with  our
findings,  other  studies  have  also  identified  the  type
of  treatment  as  a  determining  factor  in  anemia
development  in  diabetic  individuals[15,42].  Our  study
further revealed that the duration of diabetes is also
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Figure 2. Pooled prevalence anemia in patients with diabetes.
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an effective factor in anemia prevalence, with type 2
diabetes  lasting  for  more  than  five  years.  Age,
medication  use,  and  control  of  blood  sugar  levels
also  play  significant  roles  in  the  development  of
anemia[40,43,44].

The  results  of  our  study  indicated  a  higher
prevalence of  anemia  among patients  with  a  longer
duration  of  diabetes.  Specifically,  the  prevalence  of
anemia  was  46.93% in  patients  with  diabetes  for
more  than  10  years,  36.71% in  those  with  diabetes
for  5–10  years,  and  21.62% in  those  with  diabetes
for  less  than  5  years.  These  findings  are  consistent
with  those  of  a  study  conducted  by  Fiseha  and
Kebede[33,45],  who  reported  a  similar  association
between  diabetes  duration  and  anemia  prevalence.

However, our results were not consistent with those
of  Al-Ghazaly  and  Yorke[16,46].  The  observed
discrepancy  in  the  results  could  be  attributed  to
several factors, including differences in sample sizes,
racial  and  ethnic  variations  among  the  study
populations,  and  the  presence  of  confounding
variables.

The  results  of  our  study  showed  that  the
prevalence  of  anemia  was  higher  in  insulin  users
than  in  metformin  users  (46.97% vs.  43.59%).
However,  other  studies  reported  contrasting
findings, indicating a higher prevalence of anemia in
metformin  users  than  in  insulin  users[47,48].  These
discrepancies in results may be attributed to factors
such  as  the  presence  of  co-morbidities,  differences
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Figure 3. Pooled prevalence anemia in patients with diabetes in Asia.
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in nutritional habits, and variations in socioeconomic
status among the populations studied[47-49].

Additionally,  our  study  found  that  patients  with
diabetes  with  poor  diabetes  control  had  a  higher
prevalence  of  anemia  (31.96%)  than  those  with
better  control.  This  finding  is  consistent  with  those
of  previous  research  highlighting  the  association
between  poor  diabetes  control  and  anemia[47,48].
Furthermore,  we  found  that  the  prevalence  of
anemia  was  higher  in  diabetic  patients  with  poor
diabetes  control  (31.96%)  than  in  those  with  better
diabetes control.

Anemia  in  patients  with  diabetes  has  several
clinical  implications.  For  example,  anemia  can
influence  glycemic  control  indicators,  such  as
glycated  hemoglobin  (HbA1c)[49,50].  This  causes
falsely  low  levels  of  glycosylated  hemoglobin  in
diabetic patients, which may lead to complications of
diabetes[51,52].  Additionally,  iron,  vitamin  B12,  or
folate  deficiency  anemia  can  increase  HbA1c  levels,
irrespective  of  blood  glucose  levels[53,54].
Furthermore,  anemia  may  worsen  diabetic
complications, particularly heart failure[53,55]. Patients
with  diabetes  and  anemia  tend  to  have  more
comorbidities, are hospitalized more frequently, and

have  a  higher  risk  of  death[56].  These  findings
highlight the importance of addressing anemia in the
management  of  diabetes  to  improve  patient
outcomes.

Our  findings  were  consistent  with  an  African
meta-analysis  study[8],  but  contradicted  those  of
Taderegew  and  Fiseha[33,57].  We  also  observed  that
the  prevalence  of  anemia  in  patients  with  diabetes
varied  over  time  (2010–2021)  and  has  increased
significantly  in  recent  years.  Many  factors  may
contribute  to  these  changes,  such  as  lifestyle
changes,  increased  consumption  of  fast  and
prepared  foods,  and  a  decline  in  socioeconomic
status,  particularly  in  low- and  middle-income
countries.  We  also  found  that  the  prevalence  of
anemia  in  patients  with  diabetes  was  significantly
higher  in  Asia  than  in  other  regions  of  the  world,
which  may  be  related  to  the  lifestyle  and  dietary
habits  of  the  population,  particularly  the  excessive
consumption  of  carbohydrates[54].  Our  findings  are
consistent  with  those  of  other  studies  showing  a
correlation  between  anemia  and  cultural,
socioeconomic, and income-related factors[15,58,59].

One  of  the  limitations  of  our  study  was  the
inability  to  distinguish  the  relationship  between
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Figure 4. Pooled prevalence anemia in patients with diabetes in Africa.
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variables related to anemia, such as medication use,
good  and  poor  diabetes  control,  and  diabetes
duration, specifically in men. Additionally, we did not
explore the impact of nutrition type and diet quality
in  patients  with  diabetes,  which  are  important
factors  that  can  contribute  to  the  development  of
anemia.  Furthermore,  we  acknowledge  that  blood
sugar  control,  as  indicated  by  HbA1C  levels,  is  a
critical factor in the management of diabetes and its
complications.  However,  we  did  not  specifically
investigate  the  relationship  between  HbA1C  levels,
medication  adherence,  dietary  quality,  and  the
occurrence  of  anemia  in  our  study.  We  appreciate
your  insightful  comment  that  highlights  these
important  factors.  In  future  research,  it  would  be
valuable  to  explore  the  individual  contributions  of
medication use, diabetes control, diabetes duration,
nutritional  type,  and  dietary  quality  to  the
development  of  anemia  in  both  men  and  women.
Additionally,  investigating  the  relationship  between
HbA1C levels, medication adherence, dietary quality,
and  anemia  occurrence  could  provide  further
insights  into  the  complexities  of  managing  diabetes
and its associated complications. 

CONCLUSION

This  study  provides  a  reliable  estimate  of  the
prevalence  of  anemia  in  patients  with  diabetes
mellitus  worldwide.  The  results  showed  that  the
overall prevalence of anemia in patients with type 2
diabetes was approximately 36% based on the WHO
classification,  which  places  it  at  a  medium  level  of
public health importance. The prevalence of anemia
was almost the same for men and women; however,
it  was  higher  in  Asia  than  in  Africa.  The  risk  factors
associated  with  anemia  in  patients  with  diabetes
include  the  type  of  treatment  received  (metformin
and insulin  injection),  diabetes  duration  (>  5  years),
use of multiple medications, nutritional status, stress
level, and age.

The prevalence of anemia was higher in patients
with  diabetes  who  took  insulin  than  in  those  who
took  metformin.  Therefore,  routine  screening  for
anemia  in  patients  with  type  2  diabetes  is
recommended  at  least  once  every  3  months  to
enable early diagnosis and prompt action to improve
the quality of life of patients.

Furthermore, a cohort study with an appropriate

 

Table 2. Summary of the analysis of the indicators related to patients with diabetes

Variables Number of studies Pooled ES (95% CI)
Heterogeneity Publication bias (P-value)

I2 (%) Tau2
Begg’s Egger’s

Metformin 4 43.59 (28.75–59.03) 89.50 0.08 0.497 0.183

Insulin 6 46.97 (25.54–68.98) 96.59 0.28 0.091 0.033

Poor control 10 31.96 (20.82–44.24) 96.64 0.16 0.421 0.179

Good control 10 23.84 (17.03–31.36) 84.20 0.06 0.421 0.919

Duration < 5 (years) 13 21.62 (13.76–30.65) 94.56 0.13 0.100 0.239

Duration 5–10 (years) 13 36.71 (25.16–49.07) 95.94 0.19 0.393 0.321

Duration > 10 (years) 10 46.93 (30.35–63.85) 95.98 0.28 0.835 0.585

　　Note. ES, effect size.
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70

60

50

40

30

20

10

P
o

o
le

d
 p

re
v
a

le
n

ce
 (

%
)

0
2014 2015 2018

Years of study

Male Female

2019 20212020

Figure 6. Prevalence  of  pooled  effect  size
according to year.

Prevalence of anemia among patients with diabetes 105



sample  size  of  patients  with  type  2  diabetes  should
be conducted to determine the effects of anemia on
patients with diabetes and its determinant factors. 

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

Received: April 9, 2023;
Accepted: August 3, 2023

REFERENCES 

 Viteri  FE. A  new  concept  in  the  control  of  iron  deficiency:
community-based  preventive  supplementation  of  at-risk
groups  by  the  weekly  intake  of  iron  supplements. Biomed
Environ Sci, 1998; 11, 46−60.

1.

 Mehdi  U,  Toto  RD. Anemia,  diabetes,  and  chronic  kidney
disease. Diabetes Care, 2009; 32, 1320−6.

2.

 Balarajan Y, Ramakrishnan U, Özaltin E, et al. Anaemia in low-
income  and  middle-income  countries. Lancet, 2011; 378,
2123−35.

3.

 De Benoist B, McLean E, Egli I, et al. Worldwide prevalence of
anaemia 1993-2005; WHO global database of anaemia. World
Health Organization. 2008.

4.

 International  Diabetes  Federation.  IDF  diabetes  atlas  ninth
edition 2019. IDF. 2019.

5.

 Shirvani  T,  Javadivala  Z,  Azimi  S,  et  al. Community-based
educational interventions for prevention of type II diabetes: a
global  systematic  review  and  meta-analysis. Syst  Rev, 2021;
10, 81.

6.

 Doustmohamadian  S,  Kia  NS,  Fatahi  S. Associated  factors  of
poor  glycemic  control  in  Iranian  diabetic  patients. Koomesh,
2021; 23, 372−8.

7.

 Olum  R,  Bongomin  F,  Kaggwa  MM,  et  al. Anemia  in  diabetes
mellitus  in  Africa:  a  systematic  review  and  meta-analysis.
Diabetes Metab Syndr, 2021; 15, 102260.

8.

 Angelousi  A,  Larger  E. Anaemia,  a  common  but  often
unrecognized  risk  in  diabetic  patients:  a  review. Diabetes
Metab, 2015; 41, 18−27.

9.

 Donnelly LA, Dennis JM, Coleman RL, et al. Risk of anemia with
metformin  use  in  type  2  diabetes:  a  MASTERMIND  study.
Diabetes Care, 2020; 43, 2493−9.

10.

 Cawood TJ, Buckley U, Murray A, et al. Prevalence of anaemia
in  patients  with  diabetes  mellitus. Ir  J  Med  Sci, 2006; 175,
25−7.

11.

 Gulati  M,  Agrawal  N. Study  of  prevalence  of  anaemia  in
patients with type 2 diabetes mellitus. Scholars J Appl Med Sci,
2016; 4, 1826−9.

12.

 Rajagopal  L,  Ganesan  V,  Abdullah  SM,  et  al. Exploring  the
interrelationship  between  electrolytes,  anemia,  and
glycosylated  hemoglobin  (HbA1c)  levels  in  type  2  diabetics.
Asian J Pharm Clin Res, 2018; 11, 251−6.

13.

 ElSayed  NA,  Aleppo  G,  Aroda  VR,  et  al. 4.  Comprehensive
medical  evaluation  and  assessment  of  comorbidities:
Standards of Care in Diabetes—2023. Diabetes Care, 2023; 46,
S49−67.

14.

 Chung  JO,  Park  SY,  Cho  DH,  et  al. Anemia,  bilirubin,  and
cardiovascular  autonomic  neuropathy  in  patients  with  type  2
diabetes. Medicine, 2017; 96, e6586.

15.

 Yorke  E,  Barnes  NA,  Akpalu  J,  et  al. Predictors  of  anemia  in
Type  2  diabetes  mellitus  without  renal  disease. Niger  J  Med,

16.

2021; 30, 494−500.
 Ahmad  J,  Rafat  D. HbA1c  and  iron  deficiency:  a  review.
Diabetes Metab Syndr, 2013; 7, 118−22.

17.

 Abate A, Birhan W, Alemu A. Association of anemia and renal
function  test  among  diabetes  mellitus  patients  attending
Fenote  Selam  Hospital,  West  Gojam,  Northwest  Ethiopia:  a
cross sectional study. BMC Blood Disorders, 2013; 13, 6.

18.

 He BB,  Xu  M,  Wei  L,  et  al. Relationship  between anemia  and
chronic complications in Chinese patients with type 2 diabetes
mellitus. Arch Iran Med, 2015; 18, 277−83.

19.

 Roman RM, Lobo PI, Taylor RP, et al. Prospective study of the
immune effects of  normalizing the hemoglobin concentration
in  hemodialysis  patients  who  receive  recombinant  human
erythropoietin. J Am Soc Nephrol, 2004; 15, 1339−46.

20.

 Thambiah SC, Samsudin IN, George E, et al. Anaemia in type 2
diabetes  mellitus  (T2DM)  patients  in  Hospital  Putrajaya.
Malays J Med Health Sci, 2015; 11, 49−61.

21.

 Wright JA, Oddy MJ, Richards T. Presence and characterisation
of  anaemia  in  diabetic  foot  ulceration. Anemia, 2014; 2014,
104214.

22.

 New  JP,  Aung  T,  Baker  PG,  et  al. The  high  prevalence  of
unrecognized  anaemia  in  patients  with  diabetes  and  chronic
kidney disease: a population-based study. Diabetic Med, 2008;
25, 564−9.

23.

 Trevest  K,  Treadway  H,  Hawkins-van  der  Cingel  G,  et  al.
Prevalence  and  determinants  of  anemia  in  older  people  with
diabetes attending an outpatient clinic: a cross-sectional audit.
Clin Diabetes, 2014; 32, 158−62.

24.

 Faghir-Gangi M, Amanollahi A, Nikbina M, Ansari-Moghaddam
A, Abdolmohamadi N. Prevalence and risk factors of anemia in
first,  second  and  third  trimesters  of  pregnancy  in  Iran:  A
systematic review and meta-analysis. Heliyon, 2023; 3.

25.

 Kim  C,  Bullard  KM,  Herman  WH,  et  al. Association  between
iron deficiency and A1C Levels among adults without diabetes
in  the  National  Health  and  Nutrition  Examination  Survey,
1999–2006. Diabetes Care, 2010; 33, 780−5.

26.

 McLean  E,  Cogswell  M,  Egli  I,  et  al. Worldwide  prevalence  of
anaemia,  WHO  vitamin  and  mineral  nutrition  information
system, 1993–2005. Public Health Nutr, 2009; 12, 444−54.

27.

 Madmoli  M. A  systematic  review  study  on  the  results  of
empowerment-based  interventions  in  diabetic  patients. Int
Res Med Health Sci, 2019; 2, 1−7.

28.

 Peterson  J,  Welch  V,  Losos  M,  et  al.  The  Newcastle-Ottawa
scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. Ottawa Hospital Research Institute. 2011, 1-
12.

29.

 Kengne  AP,  Czernichow  S,  Hamer  M,  et  al. Anaemia,
haemoglobin level and cause-specific mortality in people with
and without diabetes. PLoS One, 2012; 7, e41875.

30.

 Rathod GB, Parmar P, Rathod S, et al. Prevalence of anemia in
patients with type 2 diabetes mellitus at Gandhinagar, Gujarat,
India. Int Arch Integ Med, 2016; 3, 12−6.

31.

 Alsayegh F,  Waheedi  M,  Bayoud T,  et  al. Anemia in  diabetes:
Experience  of  a  single  treatment  center  in  Kuwait. Prim  Care
Diabetes, 2017; 11, 383−8.

32.

 Fiseha T, Adamu A, Tesfaye M, et al. Prevalence of anemia in
diabetic  adult  outpatients  in  Northeast  Ethiopia. PLoS  One,
2019; 14, e0222111.

33.

 Muhammad K, Mohsin S, Pirzada S, et al. Frequency of anemia
among  the  patients  of  type  2  diabetes  attending  outpatient
clinic of mirpurkhas, sindh. RADS J Biol Res Appl Sci, 2020; 11,
89−95.

34.

 Engidaw  MT,  Feyisa  MS. Prevalence  of  anemia  and  its
associated  factors  among  adult  diabetes  mellitus  patients  at
Debre  Tabor  General  Hospital,  Northcentral  Ethiopia.
Diabetes, Metab Syndr Obes, 2020; 13, 5017−23.

35.

106 Biomed Environ Sci, 2024; 37(1): 96-107

https://doi.org/10.2337/dc08-0779
https://doi.org/10.1016/S0140-6736(10)62304-5
https://doi.org/10.1186/s13643-021-01619-3
https://doi.org/10.52547/koomesh.23.3.372
https://doi.org/10.1016/j.dsx.2021.102260
https://doi.org/10.1016/j.diabet.2014.06.001
https://doi.org/10.1016/j.diabet.2014.06.001
https://doi.org/10.2337/dc20-1104
https://doi.org/10.1007/BF03167944
https://doi.org/10.2337/dc23-S004
https://doi.org/10.1097/MD.0000000000006586
https://doi.org/10.4103/NJM.NJM_131_21
https://doi.org/10.1016/j.dsx.2013.02.004
https://doi.org/10.1186/2052-1839-13-6
https://doi.org/10.1097/01.ASN.0000125618.27422.C7
https://doi.org/10.1111/j.1464-5491.2008.02424.x
https://doi.org/10.2337/diaclin.32.4.158
https://doi.org/10.2337/dc09-0836
https://doi.org/10.1017/S1368980008002401
https://doi.org/10.1371/journal.pone.0041875
https://doi.org/10.1016/j.pcd.2017.04.002
https://doi.org/10.1016/j.pcd.2017.04.002
https://doi.org/10.1371/journal.pone.0222111
https://doi.org/10.37962/jbas.v11i2.298
https://doi.org/10.2147/DMSO.S286365


 Manglunia  A,  Yadav  A,  Saxena  GN. Anemia  its  presence  and
severity  in  type  2  DM  and  its  relationship  with  micro  and
macro  vascular  complications. J  Med  Sci  Clin  Res, 2018; 6,
1163−74.

36.

 Tujuba  T,  Ayele  BH,  Fage  SG,  et  al. Anemia  among  adult
diabetic  patients  attending  a  general  hospital  in  eastern
ethiopia: a cross-sectional study. Diabetes, Metab Syndr Obes,
2021; 14, 467−76.

37.

 Barbieri  J,  Fontela  PC,  Winkelmann  ER,  et  al. Anemia  in
patients  with  type  2  diabetes  mellitus. Anemia, 2015; 2015,
354737.

38.

 Hosseini  MS,  Rostami  Z,  Saadat  A,  et  al. Anemia  and
microvascular  complications  in  patients  with  type  2  diabetes
mellitus. Nephrourol Mon, 2014; 6, e19976.

39.

 Arkew  M,  Yemane  T,  Mengistu  Y,  et  al. Hematological
parameters of type 2 diabetic adult  patients at Debre Berhan
Referral  Hospital,  Northeast  Ethiopia:  A  comparative  cross-
sectional study. PLoS One, 2021; 16, e0253286.

40.

 Shaheen  ES. Prevalence  of  anemia  in  patients  with  type  2
diabetes. J Med Sci Res, 2019; 2, 114.

41.

 Gauci R, Hunter M, Bruce DG, et al. Anemia complicating type
2  diabetes:  prevalence,  risk  factors  and  prognosis. J  Diabetes
Complications, 2017; 31, 1169−74.

42.

 Arshad SA, Ara J. Anemia in diabetes–an added dilemma. Eur J
Clin Med, 2021; 2, 139−41.

43.

 Sharif A, Younus S, Baig K, et al. Prevalence and risk of anemia
in type-2 diabetic patients. Health, 2014; 6, 1415−9.

44.

 Idris I, Tohid H, Muhammad NA, et al. Anaemia among primary
care  patients  with  type  2  diabetes  mellitus  (T2DM)  and
chronic  kidney  disease  (CKD):  a  multicentred  cross-sectional
study. BMJ Open, 2018; 8, e025125.

45.

 Al-Ghazaly J, Atef Z, Al-Dubai W. Pattern and causes of anemia
in yemeni patients with type 2 diabetes mellitus. Eur J Biomed,
2019; 6, 66−74.

46.

 Johnson-Wimbley TD, Graham DY. Diagnosis and management
of  iron  deficiency  anemia  in  the  21st  century. Therap  Adv
Gastroenterol, 2011; 4, 177−84.

47.

 A  Manglunia,  A  Yadav,  G  Saxena. Anemia  its  presence  and48.

severity  in  type  2  DM  and  its  relationship  with  micro  and
macro vascular complications. J Med Sci and Clin Res, 2018; 6,
1163−74.
 Intra J, Limonta G, Cappellini F, et al. Glycosylated hemoglobin
in  subjects  affected  by  iron-deficiency  anemia. Diabetes
Metab J, 2019; 43, 539−44.

49.

 Madhu  SV,  Raj  A,  Gupta  S,  et  al. Effect  of  iron  deficiency
anemia  and  iron  supplementation  on  HbA1c  levels-
Implications for diagnosis of prediabetes and diabetes mellitus
in Asian Indians. Clin Chim Acta, 2017; 468, 225−9.

50.

 Eyth E, Naik R. Hemoglobin A1c. StatPearls Publishing. 2019.51.
 Mulpuri  N,  Bryant  A,  Shahin  D,  et  al. The  hemoglobin  wayne
variant  and  association  with  falsely  elevated  HbA1c. JCEM
Case Rep, 2023; 1, luad043.

52.

 Alzahrani BA, Salamatullah HK, Alsharm FS, et al. The effect of
different  types  of  anemia  on  HbA1c  levels  in  non-diabetics.
BMC Endocr Disord, 2023; 23, 24.

53.

 Mazumder H, Islam KF, Rahman F, et al. Prevalence of anemia
in  diabetes  mellitus  in  South  Asia:  A  systematic  review  and
meta-analysis. PLoS One, 2023; 18, e0285336.

54.

 Bansal RK, Agarwal K, Goyal M, et al. Study of iron and vitamin
b12  deficiency  anaemia  at  glycosylated  hemoglobin  level:  a
case  control  study. Indian  J  Basic  Appl  Med  Res, 2019; 8,
211−6.

55.

 Muhammed Shabeeb N, Siddiq A, Bharathi D, et al. A Study on
prevalence of type ii diabetes mellitus patients with anemia in
teaching hospital. 2021.

56.

 Taderegew MM, Gebremariam T, Tareke AA, et al. Anemia and
its associated factors among type 2 diabetes mellitus patients
attending Debre Berhan Referral Hospital, North-East Ethiopia:
a cross-sectional study. J Blood Med, 2020; 11, 47−58.

57.

 Conway  BN,  Badders  AN,  Costacou  T,  et  al. Perfluoroalkyl
substances  and  kidney  function  in  chronic  kidney  disease,
anemia,  and diabetes. Diabetes Metab Syndr Obes, 2018; 11,
707−16.

58.

 Gu  LB,  Lou  QL,  Wu  HD,  et  al. Lack  of  association  between
anemia and renal disease progression in Chinese patients with
type 2 diabetes. J Diabetes Investig, 2016; 7, 42−7.

59.

Prevalence of anemia among patients with diabetes 107

https://doi.org/10.2147/DMSO.S289298
https://doi.org/10.1371/journal.pone.0253286
https://doi.org/10.4103/JMISR.JMISR_29_19
https://doi.org/10.1016/j.jdiacomp.2017.04.002
https://doi.org/10.1016/j.jdiacomp.2017.04.002
https://doi.org/10.24018/clinicmed.2021.2.3.67
https://doi.org/10.24018/clinicmed.2021.2.3.67
https://doi.org/10.4236/health.2014.612173
https://doi.org/10.1136/bmjopen-2018-025125
https://doi.org/10.1177/1756283X11398736
https://doi.org/10.1177/1756283X11398736
https://doi.org/10.4093/dmj.2018.0072
https://doi.org/10.4093/dmj.2018.0072
https://doi.org/10.1016/j.cca.2016.10.003
https://doi.org/10.1210/jcemcr/luad043
https://doi.org/10.1210/jcemcr/luad043
https://doi.org/10.1186/s12902-023-01280-y
https://doi.org/10.1371/journal.pone.0285336
https://doi.org/10.2147/JBM.S243234
https://doi.org/10.2147/DMSO.S173809
https://doi.org/10.1111/jdi.12368

	INTRODUCTION
	METHODS
	Diagnosis
	Searching Strategy
	Inclusion/Exclusion Criteria
	Data Extraction
	Quality Assessment
	The WHO Diagnostic Criteria for Anemia
	Heterogeneity Assessment and Statistical Analysis

	RESULTS
	Search and Selection
	Study Characteristics

	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	REFERENCES

