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Abstract
Aims/hypothesis The use of HbA1c for the diagnosis of diabe-
tes is now widely advocated despite caveats to its use.
Anaemia is cited as a major confounder to this use; however,
the effect of erythrocyte indices and to what degree anaemia
influences HbA1c levels is not known.
Methods A systematic electronic database search of
MEDLINE, EMBASE, the Cumulative Index to Nursing &
Allied Health Literature (CINAHL) and the Cochrane Library
was conducted for relevant articles published between January
1990 and May 2014. Included studies had at least one mea-
surement of HbA1c and glucose, and a least one index of
haematinic deficiency, involving non-pregnant adults, not
known to have diabetes.
Results A total of 12 articles from 544 were included. The
majority of studies focused on iron deficiency anaemia
(IDA) and, in general, demonstrated that the presence of iron
deficiency with or without anaemia led to an increase in
HbA1c values compared with controls, with no concomitant

rise in glucose indices. Data on the effects of other indices of
erythrocyte abnormalities on HbA1c are limited but show a
possible decrease in HbA1c values with non-iron deficiency
forms of anaemia.
Conclusions/interpretation HbA1c is likely to be affected by
iron deficiency and IDA with a spurious increase in HbA1c

values; conversely, non-IDA may lead to a decreased HbA1c

value. This may lead to confusion when diagnosing diabetes
using HbA1c. This review clearly identifies the need for more
evidence, especially in identifying the types and degrees of
anaemia likely to have significant impact on the reliability of
HbA1c.
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Introduction

The traditional role of HbA1c analysis has been for assessing
glycaemic control in patients with diabetes. The results of sem-
inal studies [1, 2] demonstrated that early, intensive glycaemic
control could significantly reduce the risk of a range of
diabetes-related complications, and permitted the establish-
ment of precise HbA1c target values for treatment goals [3].

More recently, there has been a move towards the use of
HbA1c for the diagnosis of type 2 diabetes. The WHO and the
ADA have both advocated the use of HbA1c for diagnosing
type 2 diabetes, at a value of 6.5% (48 mmol/mol) [4, 5].

Further to the recommendations of the WHO, the UK is-
sued an expert position statement on the application of these
recommendations in clinical practice in the UK [6]. One key
factor thought to be a confounder in the use of HbA1c is an
altered erythrocyte lifespan, in particular due to anaemia. The
WHO defines anaemia in adults as 120 g/l Hb in non-pregnant
women and 130 g/l in men [7]. It is widely purported that
haemolytic anaemia can lead to decreased HbA1c values due
to reduced erythrocyte lifespan, and iron deficiency anaemia
(IDA) may result in increased HbA1c values due to an elon-
gation of the erythrocyte lifespan. However, it is not known to
what degree alterations in erythrocyte indices affect HbA1c

values especially around the diagnostic cut point of 6.5%
(48 mmol/mol) or the degree of abnormality severity required
to result in a significant change. With approximately 29% of
non-pregnant women worldwide having anaemia in 2011 [8],
this translates to a significant number of people where the use
of HbA1c for diagnosis of diabetes may be precluded.

Since the publication of the recommendations, there has
been a demand for clarity on this topic. The key questions
asked are: ‘At what level of anaemia should I not use HbA1c

for diagnosis?’ and ‘Should I routinely screen patients for
anaemia when using HbA1c for diagnosis and if so, what test
should I use?’

This systematic review aims to address the above ques-
tions by assessing the available evidence on the impact of
abnormalities of erythrocyte indices and anaemia, on
HbA1c levels around the diagnostic cut off point of 6.5%
(48 mmol/mol).

Methods

This systematic review is registered on Prospero (registration
no. CRD42013005251). Approval of an ethics committee was
not required.

Study identification

An electronic database search for relevant articles published
between January 1990 and May 2014 was conducted using

the following databases: MEDLINE, EMBASE, Cumulative
Index to Nursing & Allied Health Literature (CINAHL) and
The Cochrane Library.

The search was carried out using a combination of key-
words and MESH terms or EMtree terms depending on the
particular database (see Electronic Supplementary Material
[ESM] Methods for details).

In general, the search strategy consisted of: (1) HbA1c/
glycated haemoglobin; (2) iron deficiency; (3) folate, B12
deficiency; and (4) anaemia.

Study selection

Results from all searches were combined and duplicates
were removed. Two investigators (EE and GS) evaluated
the title and abstract of each reference identified by the
search. Inclusion criteria are fully detailed in Table 1;
for inclusion, all studies required at least one HbA1c

value with fasting plasma glucose (FPG) or OGTT
values and erythrocyte and/or iron indices measured.
This was to ensure that any changes in HbA1c value
were due to changes in the erythrocytes and not due
to changes in glycaemia. Any that were clearly irrele-
vant were removed and the full texts of remaining arti-
cles were retrieved. Upon further scrutiny of the full
texts, those that did not meet the inclusion criteria were
subsequently excluded. The reference lists of included
articles were reviewed in order to identify any further
articles of relevance to the subject area, and that met
the inclusion criteria.

Data extraction

Two investigators extracted the results from each article
using a data extraction form based on the pre-defined study
inclusion criteria (Table 1). Any disagreement regarding
study selection was resolved by means of consensus, involv-
ing a third investigator, according to a-priori agreed criteria.
The main categories extracted included: author, year, title,
study overview, patient characteristics, definition of diabetes,
definition of anaemia and key conclusions, as detailed in
Table 2 and ESM Table 2.

Quality assessment of included articles

The methodological quality of each study was indepen-
dently rated by two investigators (EE and GS—who were
not blinded to author, journal or institution) according to
the Scottish Intercollegiate Guidelines Network (SIGN)
criteria [9]. Quality assessment was not used as an exclu-
sion criterion, though articles conducted to high standards
in minimising the risk of confounding were noted (ESM
Table 1).
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Data analysis

Variation within study designs, and heterogeneity of results,
meant that the data was unsuitable for meta-analy
sis. Instead, the existing analyses described in the included
articles were extracted and reported in a systematic format,
as a narrative synthesis of the main outcomes and results of
each study. In line with current recommendations [10, 11], the
HbA1c units in the main text have been converted to SI units
using the master equation.

Results

The electronic database searches identified 451 potentially
relevant, unique articles. Titles/abstracts of the 451 articles
were reviewed and 408 were excluded based on evaluation
of the title and/or abstract. The remaining 43 full text articles
were reviewed, 31 were excluded upon further reading. The
residual 12 were approved and quality assessed using the
SIGN criteria. The main reasons for exclusion were irrelevant
or incomplete data when compared with the inclusion criteria.
No additional articles were identified through review of the
reference lists (see Fig. 1 for flow chart).

Narrative analysis of included studies

Cross-sectional studies in patients with and without
diabetes Kim et al [12] investigated the influence of iron
deficiency on HbA1c distribution among adults who were
not known to have diabetes, over 7 years of the National
Health and Nutrition Examination Survey (NHANES). Of
the 6,666 female participants, 13.7% had iron deficiency and

30% of these had IDA. A much lower proportion of males
(1.6%) had iron deficiency and 33% of these had IDA. When
HbA1c values in women were adjusted for age and ethnicity,
the difference between iron deficient and non-iron deficient
became significant (5.33% vs 5.27% [35 mmol/mol vs
34 mmol/mol], p=0.002). The authors found that iron defi-
ciency in women of reproductive age was associated with a
shift in HbA1c from <5.5% to 5.5–6.0% (<37 mmol/mol to
37–42 mmol/mol), although no association was found at
higher levels, possibly owing to the lower number of partici-
pants in those groups. After adjusting for age and ethnicity, the
authors concluded that HbA1c was higher in iron-deficient
individuals and was likely to result in an upward shift of
HbA1c distributions.

Ford et al [13] evaluated 1999–2002 NHANES data sets but
included analysis of both IDA and non-IDA in participants both
with and without diabetes. They found that non-diabetic partic-
ipants with low Hb but normal iron levels had lower HbA1c

values (5.16% [33 mmol/mol]) than those with normal Hb and
normal iron levels (5.31% [35 mmol/mol], p<0.001). In con-
trast, those with normal Hb but low iron values had borderline
higher HbA1c values than normal participants (5.39% [35mmol/
mol], p=0.061). In addition, in all participants without diabetes,
the HbA1c values increased with increasing Hb levels ranging
from a mean HbA1c of 5.18% (33 mmol/mol) at Hb <100 g/l
through to 5.50% (37mmol/mol) with Hb >170 g/l. The authors
advocate caution when interpreting HbA1c values near diagnos-
tic cut points when Hb levels are high or low. The study was
limited by low numbers of iron deficiency and/or anaemia cases
and few severe cases but the authors suggest that the likely
impact of haemoglobin concentration on HbA1c values was an
approximate change of HbA1c 0.2% (2.2 mmol/mol), between
the extremes of Hb levels.

Table 1 Inclusion criteria for the systematic review

Inclusion criteria Description

Population All non-pregnant adults (≥18 years), without known diabetes (HbA1c should not be used for diagnosis of diabetes in children
or pregnancy). Participants should have at least one measurement of HbA1c and measure of glucose, as well as at least one
index of anaemia or haematinic deficiency. A range of definitions of anaemia were used in the studies detailed in this
review, with some basing the diagnosis on Hb levels and others refining this further based on indices such as MCV, MCH,
ferritin and TSAT levels.

Intervention The use of HbA1c for the diagnosis of diabetes or comparison of HbA1c in participants with and without anaemia or other
abnormalities of erythrocyte indices.

Comparisons HbA1c values ideally will be compared with FPG or OGTTs and values compared between participants with and without anaemia
or erythrocyte indices abnormalities. Whilst some studies may include glucose values, others only report that all participants
had values below a set point.

Outcomes Changes in HbA1c values, compared with glucose indices, with decreased haemoglobin concentration. Changes in HbA1c,
compared with glucose indices, with other erythrocyte indices.

Study design Cohort studies evaluating the association between HbA1c levels and anaemia or other erythrocyte indices with or without anaemia
were included. Case report, case–control, case series studies, letters and commentaries were excluded.

Search limits Adults (aged ≥18 years); English language; humans; publication year 1990–current. HbA1c was not widely used in routine clinical
practice and methods showed very high inter and intra-laboratory variation prior to 1990. Identification of grey literature
including unpublished data, conference reports and presentations was not attempted.

Diabetologia (2015) 58:1409–1421 1411



T
ab

le
2

D
at
a
ex
tr
ac
tio

n
fo
rm

an
d
ke
y
da
ta
fr
om

in
cl
ud
ed

st
ud
ie
s

A
ut
ho
r,

ye
ar

an
d
tit
le

n
(m

al
e)

S
tu
dy

D
ia
be
te
s,
an
ae
m
ia

or
er
yt
hr
oc
yt
e
in
di
ce
s

M
ea
n
H
b

M
ea
n
H
bA

1
c

O
th
er

ke
y
fi
nd
in
gs

C
on
cl
us
io
n

B
eh
an
,2
00
6
[2
1]

16
9
(0
)

C
om

pa
ri
so
n
of

H
bA

1c
in

pr
em

en
op
au
sa
l

(n
=
10
0)

an
d
po
st
m
en
op
au
sa
l(
n
=
69
)

w
om

en
w
ith
ou
td

ia
be
te
s.

A
ut
ho
rs
co
rr
el
at
e
H
bA

1c
to

F
PG

in
bo
th

gr
ou
ps
.T

he
y
al
so

in
tr
od
uc
e
ab
so
lu
te

A
1c
,(
to
ta
lH

b
×
H
bA

1c
)
an
d
te
st
its

co
rr
el
at
io
n
to

FP
G
in

bo
th

gr
ou
ps
.

D
ia
be
te
s
de
te
rm

in
ed

by
kn
ow

n
di
ab
et
es

or
FP

G
≥7

.0
m
m
ol
/l

(1
26

m
g/
dl
).

Pr
em

en
op
au
sa
l

13
6
g/
l

Po
st
m
en
op
au
sa
l

13
9
g/
l

(p
=
0.
00
9)

Pr
em

en
op
au
sa
l

5.
4%

Po
st
m
en
op
au
sa
l

5.
4%

,(
p
=
0.
08
1)
.

FP
G
sh
ow

ed
w
ea
k

co
rr
el
at
io
n
w
ith

H
bA

1c
va
lu
e

ov
er
al
lr

0.
25
1

(p
=
0.
00
1)
,w

hi
ch

w
as

hi
gh
er
in

po
st
m
en
op
au
sa
l

w
om

en
in
di
ca
tin
g

th
er
e
is

ha
em

od
yn
am

ic
va
ri
ab
ili
ty

th
at

re
nd
er
s
H
bA

1
c

va
lu
es

le
ss

re
lia
bl
e
in

te
rm

s
of

re
pr
es
en
tin
g

pa
st
gl
yc
ae
m
ia
in

pr
em

en
op
au
sa
l

w
om

en
.

T
hi
s
st
ud
y
su
gg
es
ts
th
at

m
en
st
ru
at
io
n
du
ri
ng

m
id
dl
e

ag
e
ca
n
ha
ve

a
si
gn
if
ic
an
t

ef
fe
ct
on

th
e
ac
cu
ra
cy

of
H
bA

1
c
an
al
ys
is
an
d
th
at

ef
fe
ct
is
nu
lli
fi
ed

af
te
r

ce
ss
at
io
n
of

m
en
st
ru
at
io
n.

T
hi
s
is
a
si
gn
if
ic
an
tf
in
di
ng

be
ca
us
e
ha
lf
of

w
om

en
w
ho

de
ve
lo
p
ty
pe

2
di
ab
et
es

do
so

du
ri
ng

th
e
pe
ri
-m

en
op
au
se
.

T
he

au
th
or
s
su
gg
es
tt
he

us
e
of

ab
so
lu
te
A
1c
in

or
de
r
to

ac
co
un
tf
or

ha
em

at
in
ic

va
ri
at
io
n.

C
ob
an

et
al
,2
00
4
[1
7]

10
0
(4
0)

St
ud
y
co
ns
is
ts
of

50
pa
tie
nt
s
w
ith

ID
A

an
d
50

he
al
th
y,
ag
e-
an
d
se
x-
m
at
ch
ed

co
nt
ro
ls
.

H
b,
PC

V
,M

C
V
,M

C
H
,f
er
ri
tin
,s
er
um

fa
st
in
g,
an
d
po
st
pr
an
di
al
gl
uc
os
e
an
d

H
bA

1c
le
ve
ls
m
ea
su
re
d.

Pa
tie
nt
s
w
ith

ID
A
w
er
e
tr
ea
te
d
w
ith

or
al

fe
rr
ou
s
su
lp
ha
te
10
0
m
g
a
da
y
fo
r

3
m
on
th
s.

ID
A
de
te
rm

in
ed

by
lo
w
fe
rr
iti
n

le
ve
ls
(<
9
ng
/m

lf
or

w
om

en
an
d
<
15

ng
/m

lf
or

m
en
)

as
so
ci
at
ed

w
ith

m
ic
ro
cy
tic

hy
po
ch
ro
m
ic
an
ae
m
ia
.

Pr
e
tr
ea
tm

en
t

10
8
±
12

g/
l

Po
st
tr
ea
tm

en
t

12
7
±
9.
6
g/
l

C
on
tr
ol
s

13
6
±
9
g/
l

Pr
e
tr
ea
tm

en
t

7.
4
±
0.
8%

Po
st
tr
ea
tm

en
t

6.
2
±
0.
6%

C
on
tr
ol
s

5.
2
±
0.
2%

In
pa
tie
nt
s
w
ith

ID
A
,

H
bA

1c
de
cr
ea
se
d

si
gn
if
ic
an
tly

af
te
r

ir
on

tr
ea
tm

en
t

(p
<
0.
00
1)
.

N
o
si
gn
if
ic
an
t

di
ff
er
en
ce

ac
ro
ss

th
e
th
re
e
gr
ou
ps

in
FP

G
or

po
st
pr
an
di
al

gl
uc
os
e.

T
hi
s
st
ud
y
su
gg
es
ts
co
rr
ec
tin
g

ir
on

de
fi
ci
en
cy

be
fo
re
m
ak
in
g

a
di
ag
no
st
ic
or

th
er
ap
eu
tic

de
ci
si
on

ba
se
d
on

H
bA

1c
.

E
l-
A
go
uz
a
et
al
,2
00
2
[1
8]

81
(N

K
)

U
ni
ve
rs
ity

st
ud
en
ts
(n
=
81
)
id
en
tif
ie
d
w
ith

m
ic
ro
cy
tic
,h
yp
oc
hr
om

ic
an
ae
m
ia
of

w
hi
ch

47
w
er
e
ir
on

de
fi
ci
en
t,
26

w
er
e

β
-t
ha
la
ss
ae
m
ia
ca
rr
ie
rs
an
d
fo
ur

ha
d

bo
th

co
nd
iti
on
s.
T
he

pa
rt
ic
ip
an
ts
w
ith

an
ae
m
ia
w
er
e
tr
ea
te
d
w
ith

or
al
fe
rr
ou
s

su
lp
ha
te
(3
25

m
g/
da
y)

fo
r
20

w
ee
ks

an
d
re
pe
at
an
al
ys
es

pe
rf
or
m
ed
.

ID
A
de
te
rm

in
ed

as
m
ic
ro
cy
tic

(<
80

fl
M
C
V
),
hy
po
ch
ro
m
ic

(<
26

pg
M
C
H
)
an
d
lo
w

fe
rr
iti
n
(u
nd
ef
in
ed
).

Pr
e
tr
ea
tm

en
t

10
9.
6
±
11
.2
g/
l

Po
st
20

w
ee
ks

tr
ea
tm
en
t

13
2
±
6.
5
g/
l

(p
<
0.
00
1)

Pr
e
tr
ea
tm

en
t

6.
15

±
0.
62
%

Po
st
20

w
ee
ks

tr
ea
tm

en
t

5.
25

±
0.
45
%

(p
<
0.
00
1)
.

H
bA

2
%

Pr
e
tr
ea
tm

en
t

1.
89

±
0.
45
%

Po
st
20

w
ee
ks

tr
ea
tm

en
t:

2.
19

±
0.
53
%

(p
<
0.
00
1)

H
bF

%
Pr
e

tr
ea
tm

en
t:

0.
94

±
0.
18
%

Po
st
20

w
ee
ks

tr
ea
tm

en
t:
0.
95

±
0.
17
%

(p
>
0.
05
)

7%
of

un
iv
er
si
ty

st
ud
en
ts
in

G
az
a
ha
d
ir
on

de
fi
ci
en
cy
.

H
bA

1c
fa
lls

si
gn
if
ic
an
tly

w
ith

ir
on

re
pl
ac
em

en
tt
he
ra
py

bu
tr
es
ul
ts
di
d
no
tp

la
te
au

at
20

w
ee
ks
.

T
he

au
th
or
s
al
so

de
m
on
st
ra
te

an
in
cr
ea
se

in
H
bA

2
po
st

tr
ea
tm

en
ti
nd
ic
at
in
g
th
at

di
ag
no
se
s
of

β
-t
ha
la
ss
ae
m
ia

ca
rr
ie
rs
m
ay

be
m
is
se
d
in

ir
on
-d
ef
ic
ie
nt

an
ae
m
ia
.

Fo
rd

et
al
,2
01
1
[1
3]

8,
29
6
(N

K
)

D
at
a
fr
om

th
e
N
H
A
N
E
S,

19
99
–2
00
2.

H
bA

1c
an
d
co
m
pl
et
e
bl
oo
d
co
un
tw

er
e

us
ed

to
ex
am

in
e
w
he
th
er
th
er
e
w
as

an
as
so
ci
at
io
n
be
tw
ee
n
an
ae
m
ia
an
d

H
bA

1c
an
d
w
he
th
er
as
so
ci
at
io
ns

be
tw
ee
n
co
nc
en
tr
at
io
ns

of
gl
uc
os
e

an
d
H
bA

1c
di
ff
er
ed

ac
co
rd
in
g
to

H
b
an
d
ir
on

st
at
us
.

ID
A
de
te
rm

in
ed

by
:

L
ow

H
b
(<
12
0
g/
li
n
w
om

en
ag
ed

20
-6
9,
<
11
8
g/
li
n

w
om

en
ag
ed

≥7
0,
<
13
7
g/
l

in
m
en

ag
ed

20
-4
9,
<
13
3
g/
l

in
m
en

ag
ed

50
-6
9
an
d

<
12
4
g/
li
n
m
en

≥7
0)

an
d

tw
o
or

m
or
e
ab
no
rm

al
iti
es
:

lo
w
T
SA

T
(<
15
%
),
lo
w

se
ru
m

fe
rr
iti
n
(<
26
.9
6

pm
ol
/l)

an
d
el
ev
at
ed

er
yt
hr
oc
yt
e
pr
ot
op
or
py
ri
n

(>
1.
24

μ
m
ol
/l)
.

Pr
ev
al
en
ce

of
an
ae
m
ia
in

to
ta
lc
oh
or
t:

ID
A
2.
3
±
0.
2%

N
on
-I
D
A
3.
2%

±0
.3
%

N
or
m
al
H
b
bu
t

ir
on

de
fi
ci
en
t

4.
4
±
0.
3%

N
or
m
al
H
b
an
d

no
rm

al
ir
on

90
.1
±
0.
4%

To
ta
lp

op
ul
at
io
n

m
ea
n
H
bA

1c

5.
28
%

w
ith

H
b

<
10
0
g/
lt
o

5.
72
%

w
ith

H
b
>
17
0
g/
l

T
he

ad
ju
st
ed

m
ea
n

co
nc
en
tr
at
io
ns

of
H
bA

1c
w
er
e
5.
56
%

an
d
5.
46
%

am
on
g

pa
rt
ic
ip
an
ts
w
ith

an
d
w
ith
ou
ti
ro
n

de
fi
ci
en
cy

(p
=
0.
09
5)
.

L
ow

H
b
bu
tn

or
m
al

ir
on

vs
no
rm

al
H
b

an
d
no
rm

al
ir
on

ha
d
si
gn
if
ic
an
tly

lo
w
er
H
bA

1c

(p
=
0.
00
1)

N
or
m
al
H
b
bu
tl
ow

ir
on

vs
no
rm

al
H
b
an
d
no
rm

al
ir
on

ha
d
bo
rd
er
lin
e

hi
gh
er
H
bA

1
c

(p
=
0.
06
1)

G
re
at
es
te
ff
ec
ts
ee
n

in
H
bA

1c
<
5.
0%

gr
ou
p;

al
so

hi
gh
es
t

nu
m
be
r
of

lo
w

H
b
no
rm

al
ir
on

se
en

in
th
is
gr
ou
p.

H
b
co
nc
en
tr
at
io
n
ap
pe
ar
s
to

be
po
si
tiv
el
y
co
rr
el
at
ed

w
ith

H
bA

1c
va
lu
e.

H
bA

1c
ap
pe
ar
s
hi
gh
er
in

pa
tie
nt
s
w
ith

ir
on

de
fi
ci
en
cy

an
d
si
m
ila
r
to

va
lu
es

in
pa
tie
nt
s
w
ith

no
rm

al
ir
on

an
d
no
rm

al
H
b.

T
he

au
th
or
s
su
gg
es
tc
au
tio
n

sh
ou
ld

be
ta
ke
n
w
he
n

di
ag
no
si
ng

di
ab
et
es

an
d

pr
ed
ia
be
te
s
in

pe
op
le
w
ith

a
hi
gh

or
lo
w
H
b
w
he
n
th
e

H
bA

1
c
le
ve
li
s
cl
os
e
to

th
e

6.
5%

or
5.
7%

cu
to

ff
.

1412 Diabetologia (2015) 58:1409–1421



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r,

ye
ar

an
d
tit
le

n
(m

al
e)

St
ud
y

D
ia
be
te
s,
an
ae
m
ia

or
er
yt
hr
oc
yt
e
in
di
ce
s

M
ea
n
H
b

M
ea
n
H
bA

1
c

O
th
er

ke
y
fi
nd
in
gs

C
on
cl
us
io
n

G
ra
m
-H

an
se
n
et
al
,1
99
0
[1
9]

30
(N

K
)

Te
n
pa
tie
nt
s
w
ith

ID
A
,t
en

w
ith

vi
ta
m
in

B
12

de
fi
ci
en
cy

an
ae
m
ia
an
d
te
n
he
al
th
y

co
nt
ro
ls
w
er
e
st
ud
ie
d.
H
bA

1
c,
H
b
an
d

er
yt
hr
oc
yt
e
va
ri
ab
le
s
w
er
e
m
ea
su
re
d

at
0,
3,
6
an
d
9
w
ee
ks

af
te
r
in
iti
at
io
n

of
tr
ea
tm

en
t.

E
ff
ec
to

f
ir
on

an
d
B
12

th
er
ap
y
on

H
bA

1c

ov
er
9
w
ee
ks

w
as

as
se
ss
ed
.

N
o
va
ri
ab
le
s
gi
ve
n
fo
r
di
ab
et
es
,

ID
A
or

vi
ta
m
in

B
12

de
fi
ci
en
cy
.

H
ae
m
at
in
ic
da
ta
fo
r
co
nt
ro
ls

al
so

no
tp

re
se
nt
ed
.

M
ed
ia
n
H
b

ID
A
pr
e

tr
ea
tm

en
t:

5.
1
m
m
ol
/l

B
12
A
pr
e

tr
ea
tm

en
t:

6.
1
m
m
ol
/l

C
on
tr
ol
s
no
t

pr
es
en
te
d;

as
su
m
ed

w
ith
in

qu
ot
ed

re
f

ra
ng
e
of

7.
5-
10
.4

m
m
ol
/l

ID
A
at
3
w
ee
ks
:

7.
2
m
m
ol
/l

B
12
A
at
3
w
ee
ks
:

8.
3
m
m
ol
/l

ID
A
an
d
B
12
A

at
9
w
ee
ks

no
tp

re
se
nt
ed
.

M
ed
ia
n
H
bA

1c

ID
A
pr
e
tr
ea
tm

en
t

4.
9%

B
12
A
pr
e
tr
ea
tm
en
t

5.
1%

C
on
tr
ol
s

5.
0%

ID
A
at
9
w
ee
ks

4.
6%

B
12
A
at
9
w
ee
ks

4.
8%

.

N
o
in
iti
al
si
gn
if
ic
an
t

di
ff
er
en
ce

be
tw
ee
n

th
e
ID

A
gr
ou
p
4.
9%

an
d
vi
ta
m
in

B
12

de
fi
ci
en
cy

gr
ou
p

5.
1%

(p
<
0.
4)
.

A
ft
er
3
w
ee
ks

of
th
er
ap
y,
H
bA

1c

in
ID

A
4.
3%

an
d

vi
ta
m
in

B
12

de
fi
ci
en
cy

an
ae
m
ia

4.
4%

de
cr
ea
se
d

si
gn
if
ic
an
tly

(p
<
0.
01
).

Si
gn
if
ic
an
ce

no
t

st
at
ed

at
9
w
ee
ks
.

T
he

au
th
or
s
co
nc
lu
de

th
at
,i
n

pa
tie
nt
s
w
ith

ir
on

an
d

vi
ta
m
in

B
12

de
fi
ci
en
cy
,

H
bA

1c
is
an

im
po
rt
an
t

m
ar
ke
r
of

th
e
ch
an
ge
s
in

th
e
er
yt
hr
oc
yt
e
po
pu
la
tio
n

th
at
oc
cu
r
w
he
n
th
er
ap
y

is
in
iti
at
ed
.

T
hi
s
pa
pe
r
is
w
id
el
y
ci
te
d
by

ot
he
r
ar
tic
le
s
on

th
e
su
bj
ec
t

of
an
ae
m
ia
an
d
H
bA

1c

m
ea
su
re
m
en
t.

H
ar
di
ka
r
et
al
,2
01
2
[1
4]

24
3
(1
36
)

St
ud
y
in
cl
ud
ed

yo
un
g
ad
ul
ts
fr
om

th
e
Pu

ne
C
hi
ld
re
n’
s
St
ud
y
co
ho
rt
in

In
di
a.
T
he

au
th
or
s
in
ve
st
ig
at
ed

th
e
di
ag
no
st
ic

pe
rf
or
m
an
ce

of
H
bA

1c
ag
ai
ns
ta

st
an
da
rd

O
G
T
T,

an
d
lo
ok
ed

at
th
e

ha
em

at
ol
og
ic
al
,n
ut
ri
tio
na
la
nd

ot
he
r

fa
ct
or
s
in
fl
ue
nc
in
g
H
bA

1
c
co
nc
en
tr
at
io
n.

D
ia
be
te
s
de
te
rm

in
ed

by
O
G
T
T
W
H
O
cr
ite
ri
a.

H
bA

1
c
A
D
A
cr
ite
ri
a;

pr
ed
ia
be
te
s
5.
7–
6.
4%

);
di
ab
et
es

≥6
.5
%
.

A
na
em

ia
de
te
rm

in
ed

by
H
b
<
12
0
g/
li
n
fe
m
al
es

an
d
<
13
0
g/
li
n
m
al
es
.

M
ea
n
H
b
13
0
±
20

g/
l

Pr
ev
al
en
ce

of
an
ae
m
ia
:

A
pp
ro
x.
on
e
th
ir
d
ha
d

an
ae
m
ia
,4
3.
6%

ha
d

m
ic
ro
cy
to
si
s,
2.
5%

ha
d
m
ac
ro
cy
to
si
s.

66
.7
%

w
er
e
ir
on

de
fi
ci
en
t,
30
.8
%

w
er
e
B
12

de
fi
ci
en
t

an
d
15
.4
%

w
er
e

fo
la
te
de
fi
ci
en
t.

M
ea
n
H
bA

1c
5.
4%

,
ra
ng
e
4.
4-
6.
7%

.
O
G
T
T
sh
ow

ed
th
at

7.
8%

of
pa
rt
ic
ip
an
ts

w
er
e
pr
ed
ia
be
tic

an
d

2.
6%

w
er
e
di
ab
et
ic
.

T
he

H
bA

1c
va
lu
es

sh
ow

ed
th
at
23
.3
%

w
er
e
pr
ed
ia
be
tic

an
d

2.
6%

w
er
e
di
ab
et
ic
.

T
hi
s
in
cr
ea
se
d
to

33
%

ha
vi
ng

di
ab
et
es

or
pr
ed
ia
be
te
s
in

th
e

an
ae
m
ic
gr
ou
p.

T
he
re
w
as

hi
gh
er
pr
ev
al
en
ce

of
ir
on

de
fi
ci
en
cy

in
th
e

pa
rt
ic
ip
an
ts
cl
as
si
fi
ed

by
H
bA

1c
as

pr
ed
ia
be
tic

or
di
ab
et
ic
.S

er
um

fe
rr
iti
n

co
nc
en
tr
at
io
ns

w
er
e

si
gn
if
ic
an
tly

lo
w
er
in

pr
ed
ia
be
te
s
an
d
di
ab
et
es

co
m
pa
re
d
w
ith

th
e

no
rm

al
gr
ou
p.

T
he

au
th
or
s
su
gg
es
tt
ha
t

di
ag
no
si
ng

di
ab
et
es

an
d

pr
ed
ia
be
te
s
in

ir
on
-d
ef
ic
ie
nt

po
pu
la
tio

ns
m
ay

le
ad

to
sp
ur
io
us
ly

hi
gh

H
bA

1c

co
nc
en
tr
at
io
ns

an
d
po
te
nt
ia
l

fo
r
in
cr
ea
se
d
m
is
-d
ia
gn
os
is

of
di
ab
et
es
.

K
im

et
al
,2
01
0
[1
2]

10
,5
35

(3
86
9)

D
at
a
fr
om

th
e
N
H
A
N
E
S
19
99
–2
00
6
su
rv
ey
s.

T
he

di
st
ri
bu
tio
n
of

H
bA

1
c
va
lu
es

w
er
e

ex
am

in
ed

at
a
cu
tp

oi
nt
of

<
5.
5%

vs
≥5

.5
%

an
d
be
ca
us
e
of

th
e
re
co
m
m
en
de
d

cu
tp

oi
nt

of
<
6.
5%

vs
≥6

.5
%
.S

tu
dy

lo
ok
s
at
th
e
in
fl
ue
nc
e
of

ir
on

de
fi
ci
en
cy

on
H
bA

1
c
di
st
ri
bu
tio
n
am

on
g
ad
ul
ts

w
ith
ou
td

ia
be
te
s.

Ir
on

de
fi
ci
en
cy

de
te
rm

in
ed

by
at
le
as
tt
w
o
ab
no
rm

al
iti
es

in
cl
ud
in
g
fr
ee

er
yt
hr
oc
yt
e

pr
ot
op
or
ph
yr
in

>
1.
24

μ
m
ol
/l
er
yt
hr
oc
yt
es
,T

SA
T

<
16
%
,o
r
se
ru
m

fe
rr
iti
n

≤1
5
μ
g/
l.

ID
A
de
te
rm

in
ed

by
:a
s
ab
ov
e

w
ith

H
b
<
13
5
g/
li
n
m
en

an
d

<
12
0
g/
li
n
w
om

en
.

M
ea
n
H
b
da
ta
no
t

pr
ov
id
ed
.

Pr
ev
al
en
ce

da
ta
:

13
.7
%

(n
=
11
50
)

w
om

en
ha
d
ir
on

de
fi
ci
en
cy
,a
nd

of
th
es
e
30
%

ha
d

an
ae
m
ia
(n
=
34
5)
.

1.
6%

(n
=
75
)
m
en

ha
d
ir
on

de
fi
ci
en
cy
,

an
d
of

th
es
e
33
%

ha
d
an
ae
m
ia
(n
=
33
).

2.
3%

(n
=
12
7)

w
om

en
an
d
3.
3%

(n
=
12
5)

m
en

ha
d
an
ae
m
ia

bu
tn

ot
ir
on

de
fi
ci
en
cy
.

M
ea
n
H
bA

1c
in

w
om

en
w
ith

ir
on

de
fi
ci
en
cy

w
as

5.
31

±
0.
02
%

an
d
w
ith
ou
ti
ro
n

de
fi
ci
en
cy

5.
27

±
0.
01
%

(p
=
0.
12
7)

M
ea
n
H
bA

1c
in

m
en

w
ith

ir
on

de
fi
ci
en
cy

w
as

5.
43

±
0.
06
%

an
d
w
ith
ou
ti
ro
n

de
fi
ci
en
cy

5.
29

±
0.
02
%

(p
=
0.
03
5)
.

A
lth
ou
gh

in
w
om

en
th
e
m
ea
n
H
bA

1c

di
d
no
td

if
fe
r
be
tw
ee
n

th
e
ir
on

de
fi
ci
en
ta
nd

ir
on

su
ff
ic
ie
nt

th
er
e

w
as

an
up
w
ar
d
sh
if
t

in
di
st
ri
bu
tio
n
of

H
bA

1c
fr
om

≤5
.4
%

to
5.
5-
6.
0%

.
31
6
w
om

en
ha
d
ir
on

de
fi
ci
en
cy

an
d

H
bA

1c
≥5

.5
%

an
d

32
ha
d
ID

A
an
d

H
bA

1c
≥6

.5
%
.1
3

m
en

ha
d
ir
on

de
fi
ci
en
cy

an
d

H
bA

1c
≥5

.5
%

an
d

on
ly

12
ha
d
ID

A
an
d
H
bA

1
c
≥6

.5
%
.

T
he

au
th
or
s
co
nc
lu
de
d
th
at

ir
on

de
fi
ci
en
cy

w
as

co
m
m
on

am
on
g
w
om

en
;t
hi
s
ir
on

de
fi
ci
en
cy

w
as

no
tn

ec
es
sa
ri
ly

ac
co
m
pa
ni
ed

by
an
ae
m
ia
.

Ir
on

de
fi
ci
en
cy

in
th
e
fe
m
al
e

co
ho
rt
le
d
to

a
re
-d
is
tr
ib
ut
io
n

of
H
bA

1c
va
lu
es
.

T
he

sh
if
ti
n
le
ve
ls
at
th
e
hi
gh
er

en
d
of

H
bA

1
c
(6
.0
–6
.5
%
)
w
as

no
ts
ig
ni
fi
ca
nt

bu
to

nl
y
a
sm

al
l

nu
m
be
r
of

pa
rt
ic
ip
an
ts
ha
d

hi
gh
er
va
lu
es

of
H
bA

1c
(n
=
13
).

Diabetologia (2015) 58:1409–1421 1413



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r,

ye
ar

an
d
tit
le

n
(m

al
e)

St
ud
y

D
ia
be
te
s,
an
ae
m
ia

or
er
yt
hr
oc
yt
e
in
di
ce
s

M
ea
n
H
b

M
ea
n
H
bA

1
c

O
th
er

ke
y
fi
nd
in
gs

C
on
cl
us
io
n

K
og
a
et
al
,2
00
7
[2
2]

42
3
(0
)

H
bA

1c
,e
ry
th
ro
cy
te
co
un
t,
P
C
V
,H

b,
M
C
V

an
d
M
C
H
in

42
3
w
om

en
w
ith

no
rm

al
gl
uc
os
e
to
le
ra
nc
e
w
er
e
ta
ke
n.
18
0
of

th
e
pa
tie
nt
s
w
er
e
pr
em

en
op
au
sa
la
nd

th
e
ot
he
r
24
3
w
er
e
po
st
m
en
op
au
sa
l.

T
he
y
ex
am

in
ed

th
e
re
la
tio
ns
hi
p

be
tw
ee
n
H
bA

1c
an
d
er
yt
hr
oc
yt
e

in
di
ce
s
in

pr
e
an
d
po
st
m
en
op
au
sa
l

pa
rt
ic
ip
an
ts
.

A
na
em

ia
de
te
rm

in
ed

by
H
b
<
11
4
g/
l.

Im
pa
ir
ed

gl
uc
os
e
m
et
ab
ol
is
m

an
d
di
ab
et
es

di
ag
no
se
d

us
in
g
O
G
T
T
an
d

W
H
O
cr
ite
ri
a.

H
b
in

pr
em

en
op
au
sa
l

w
om

en
:1

26
g/
l

vs
po
st
m
en
op
au
sa
l:

13
0
g/
l(
p
<
0.
00
01
).

FP
G
in

pr
e-
vs

po
st
m
en
op
au
sa
l

w
om

en
:

5.
1
±
0.
3
m
m
ol
/l
an
d

5.
3
±
0.
3
m
m
ol
/l

(p
<
0.
00
01
).

H
bA

1c
in

pr
e-
vs

po
st
m
en
op
au
sa
l

w
om

en
:

4.
9
±
0.
2%

an
d

5.
1
±
0.
3%

(p
<
0.
00
01
).

E
ry
th
ro
cy
te
co
un
ts

(4
.3
0
±
0.
30

×
10

6 /
μ
l)

of
pr
em

en
op
au
sa
l

w
om

en
w
er
e
po
si
tiv
el
y

as
so
ci
at
ed

w
ith

H
bA

1c

(4
.9
±
0.
2%

),
w
he
re
as

H
b
(1
26

±
12

g/
l)
,

M
C
V
(8
9.
9
±
6.
1
fl
)

an
d
M
C
H
(2
9.
4
±
2.
7

pg
/c
el
l)
sh
ow

ed
ne
ga
tiv
e
as
so
ci
at
io
n.

In
co
nt
ra
st
,n
o

si
gn
if
ic
an
ta
ss
oc
ia
tio
n

of
an
y
in
di
ce
s
w
ith

H
bA

1c
(5
.1
±
0.
3%

)
w
as

de
te
ct
ed

in
th
e

po
st
m
en
op
au
sa
l

w
om

en
.

T
he

au
th
or
s
co
nc
lu
de
d
th
at

er
yt
hr
oc
yt
e
in
di
ce
s
ar
e

as
so
ci
at
ed

w
ith

H
bA

1c
,

in
de
pe
nd
en
tly

of
pl
as
m
a

gl
uc
os
e
le
ve
ls
,i
n

pr
em

en
op
au
sa
lw

om
en

ev
en

w
he
n
th
ey

ar
e
no
ta
na
em

ic
.

T
he

au
th
or
s
hi
gh
lig
ht

th
at
M
C
H

an
d
M
C
V
ar
e
ea
rl
y
in
di
ca
to
rs

of
ir
on

de
fi
ci
en
cy

an
d
m
ay

ch
an
ge

pr
io
r
to

a
fa
ll
in

H
b
le
ve
ls
.

T
he
y
re
co
m
m
en
d
th
is
be

co
ns
id
er
ed

w
he
n
in
te
rp
re
tin
g
H
bA

1c
in

pr
em

en
op
au
sa
lp

at
ie
nt
s
w
ith

di
ab
et
es
.

K
og
a
et
al
,2
01
0
[2
3]

10
4(
0)

St
ud
y
in
cl
ud
ed

57
pa
tie
nt
s
w
ith

no
rm

al
ir
on

st
at
e
(N

IS
),
30

w
ith

ID
S
an
d
17

w
ith

ID
A
.M

ea
su
re
m
en
ts
of

FP
G
,

er
yt
hr
oc
yt
e
co
un
t,
G
A
,H

b,
P
C
V

M
C
V
,s
er
um

ir
on
,S

TA
T
an
d
se
ru
m

fe
rr
iti
n
w
er
e
in
cl
ud
ed
.

ID
A
de
te
rm

in
ed

by
H
b
<
11
4
g/
la
nd

se
ru
m

fe
rr
iti
n

<
15

ng
/m

l.
ID

S
de
te
rm

in
ed

by
H
b
≥1
14

g/
la
nd

se
ru
m

fe
rr
iti
n

<
15

ng
/m

l.
N
IS

de
te
rm

in
ed

by
H
b
≥1
14

g/
la
nd

se
ru
m

fe
rr
iti
n

≥1
5
ng
/m

l.

N
IS

H
b
13
1
±
8
g/
l

ID
S
12
4
±
8
g/
l

ID
A
10
3
±
6
g/
l

p
<
0.
00
1
fo
r
N
IS

vs
ID

S
an
d
al
so

fo
r
ID

A
vs

N
IS

an
d
vs

ID
S.

N
IS

4.
8
±
0.
2%

ID
S
5.
0
±
0.
2%

ID
A
5.
1
±
0.
2%

p
<
0.
00
1
fo
r
N
IS

vs
ID

A
an
d
p
<
0.
05

fo
r
N
IS

vs
ID

S
.

H
bA

1c
sh
ow

ed
si
gn
if
ic
an
ti
nv
er
se

as
so
ci
at
io
n
w
ith

se
ru
m

ir
on
,T

SA
T

an
d
se
ru
m

fe
rr
iti
n.

H
bA

1c
le
ve
ls
in

ID
A

an
d
ID

S
w
er
e
sl
ig
ht
ly

bu
ts
ig
ni
fi
ca
nt
ly

hi
gh
er
th
an

N
IS

pa
rt
ic
ip
an
ts
.

T
he
re
w
er
e
no

si
gn
if
ic
an
tly

di
ff
er
en
tv

al
ue
s
of

G
A
be
tw
ee
n
gr
ou
ps
.

Se
ru
m

fe
rr
iti
n
(d
ec
re
as
ed
)

w
as

id
en
tif
ie
d
as

a
si
gn
if
ic
an
tr
is
k
fa
ct
or

fo
r
in
cr
ea
se
d
H
bA

1c
.

T
he

au
th
or
s
co
nc
lu
de
d
th
at
ir
on

m
et
ab
ol
is
m

in
di
ce
s
in
fl
ue
nc
e

H
bA

1c
le
ve
ls
,b
ut

no
ts
er
um

G
A
le
ve
ls
,i
n
pr
em

en
op
au
sa
l

w
om

en
.

T
he

au
th
or
s
st
at
e
th
at
th
ey

fo
un
d

no
ev
id
en
ce

of
ID

A
ca
us
in
g

in
cr
ea
se
d
lif
es
pa
n
of

er
yt
hr
oc
yt
es
.

Sh
an
th
ie
ta
l,
20
13

[1
6]

10
0
(3
8)

50
no
n-
di
ab
et
ic
ID

A
pa
tie
nt
s
an
d
50

he
al
th
y
ag
e
m
at
ch
ed

pa
rt
ic
ip
an
ts
.

H
b,
PC

V
M
C
V
,M

C
H
,f
er
ri
tin
,F

PG
an
d
H
bA

1c
w
er
e
an
al
ys
ed
,t
o

de
te
rm

in
e
th
e
ef
fe
ct
s
of

ID
A
on

H
bA

1c
le
ve
ls
in

no
nd
ia
be
tic
s.

A
na
em

ia
de
te
rm

in
ed

by
:H

b
<
11
0

g/
l,
fe
rr
iti
n
le
ve
ls
<
9
ng
/m

l
fo
r
w
om

en
an
d
<
15

ng
/m

l
fo
r
m
en

an
d
on

th
ei
r
pe
ri
ph
er
al

bl
oo
d
sm

ea
rs
m
os
tly

m
ic
ro
cy
tic

hy
po
ch
ro
m
ic
,

w
hi
ch

su
gg
es
ts
ID

A
.

T
he

m
ea
n
H
b

(1
06

±
14

g/
l)

le
ve
li
n
th
e
pa
tie
nt
s

w
ith

ID
A
w
as

lo
w
er
th
an

th
os
e

in
th
e
co
nt
ro
l

gr
ou
p
(1
34

±
9.
6
g/
l)

(p
<
0.
05
).

M
ea
n
H
bA

1c
(7
.6
±
0.
5%

)
le
ve
li
n
pa
tie
nt
s
w
ith

ID
A
w
as

hi
gh
er
th
an

th
os
e
in

th
e
co
nt
ro
l

gr
ou
p
(5
.5
±
0.
8%

)
(p
<
0.
00
1)
.

A
ll
ir
on

in
di
ce
s
w
er
e

lo
w
er
in

ID
A

co
m
pa
re
d
w
ith

co
nt
ro
ls
;h

ow
ev
er
,

F
PG

w
as

no
t

si
gn
if
ic
an
tly

di
ff
er
en
t.

T
he

au
th
or
s
co
nc
lu
de

th
at
H
bA

1c

is
no
ta
ff
ec
te
d
by

bl
oo
d
su
ga
r

le
ve
ls
al
on
e,
an
d
th
at
ir
on

de
fi
ci
en
cy

ha
s
a
su
bs
ta
nt
ia
l

ef
fe
ct
on

H
bA

1
c.

T
he

au
th
or
s
su
gg
es
tt
ha
ta
na
em

ia
m
ay

le
ad

to
a
sh
or
te
ne
d
ha
lf
-l
if
e

of
er
yt
hr
oc
yt
es

ra
th
er
th
an

el
on
ga
tio
n.
T
he
y
al
so

su
gg
es
t

th
at
ID

A
ch
an
ge
s
th
e
qu
at
er
na
ry

st
ru
ct
ur
e
of

H
b
le
ad
in
g
to

in
cr
ea
se
d
gl
yc
at
io
n.

1414 Diabetologia (2015) 58:1409–1421



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r,

ye
ar

an
d
tit
le

n
(m

al
e)

S
tu
dy

D
ia
be
te
s,
an
ae
m
ia

or
er
yt
hr
oc
yt
e
in
di
ce
s

M
ea
n
H
b

M
ea
n
H
bA

1
c

O
th
er

ke
y
fi
nd
in
gs

C
on
cl
us
io
n

Si
nh
a
et
al
,2
01
2
[2
0]

50
(1
6)

C
on
tr
ol
s
50

(2
9)

T
hi
s
st
ud
y
in
ve
st
ig
at
ed

th
e
ef
fe
ct
s
of

ID
A
on

H
bA

1c
le
ve
ls
an
d
w
he
th
er

tr
ea
tm

en
to

f
ID

A
in
fl
ue
nc
ed

H
bA

1
c

le
ve
ls
.5
0
pa
tie
nt
s
co
nf
ir
m
ed

to
ha
ve

ID
A
w
er
e
tr
ea
te
d
w
ith

ir
on

su
pp
le
m
en
ts
.

H
b,
M
C
H
,P

C
V
,M

C
V
an
d
M
C
H
C

at
ba
se
lin
e,
at
1
m
on
th

an
d
at
2
m
on
th
s

w
er
e
an
al
ys
ed
;t
he

co
nt
ro
ls
w
er
e
on
ly

an
al
ys
ed

on
ce
.

D
ia
be
te
s
de
te
rm

in
ed

by
-
FP

G
>
5.
6
m
m
ol
/l

M
ild

an
ae
m
ia
de
te
rm

in
ed

by
H
b
12
0-
12
9
g/
li
n
m
al
es

an
d

11
0-
11
9
g/
li
n
fe
m
al
es

M
od
er
at
e
an
ae
m
ia
de
te
rm

in
ed

by
H
b
90
-1
19

g/
li
n
m
al
es

an
d
80
-1
09

g/
li
n
fe
m
al
es
.

S
ev
er
e
an
ae
m
ia
de
te
rm

in
ed

by
H
b
<
90

g/
li
n
m
al
es

an
d

<
80

g/
li
n
fe
m
al
es
.

ID
de
te
rm

in
ed

by
pr
ed
om

in
an
tly

m
ic
ro
cy
tic

in
di
ce
s
(M

C
V
<
80

fl
)

an
d
hy
po
ch
ro
m
ic
in
di
ce
s

(M
C
H
<
26

pg
/c
el
l)
,c
on
fi
rm

ed
by

lo
w
se
ru
m

fe
rr
iti
n
(<
10

ng
/m

l
in

fe
m
al
es

an
d
<
29

ng
/m

li
n
m
al
es
).

T
he

m
ea
n
H
b
at
ba
se
lin
e

in
an
ae
m
ic
pa
tie
nt
s

(6
2
±
21

g/
l)
w
as

si
gn
if
ic
an
tly

lo
w
er

th
an

th
at
in

th
e

co
nt
ro
lg

ro
up

(1
34

±
6
g/
l)

(p
<
0.
01
).

T
he

m
ea
n
H
b
af
te
r
2

m
on
th
s
(1
25

±
10

g/
l)

w
as

si
gn
if
ic
an
tly

hi
gh
er
th
an

at
ba
se
lin
e

(p
<
0.
01
).
H
ow

ev
er
,

th
is
w
as

st
ill

lo
w
er

th
an

co
nt
ro
ls

(p
<
0.
01
).

M
ea
n
H
bA

1c
at
ba
se
lin
e

in
an
ae
m
ic
pa
tie
nt
s

(4
.6
%
)
w
as

si
gn
if
ic
an
tly

lo
w
er
th
an

th
at
in

th
e

co
nt
ro
lg

ro
up

(5
.5
%
)

(p
<
0.
05
).

M
ea
n
H
bA

1c
af
te
r
2

m
on
th
s
(5
.9
±
0.
6%

)
w
as

si
gn
if
ic
an
tly

hi
gh
er
th
an

at
ba
se
lin
e
(p
<
0.
01
).

A
si
gn
if
ic
an
ti
nc
re
as
e

w
as

ob
se
rv
ed

in
th
e

ab
so
lu
te
H
bA

1c

le
ve
ls
at
2
m
on
th
s

af
te
r
tr
ea
tm

en
t(
0.
29

g/
dl

vs
0.
73

g/
dl
,

p
<
0.
01
).

T
hi
s
st
ud
y
fo
un
d
de
cr
ea
se
d
H
bA

1
c

le
ve
ls
at
ba
se
lin
e
an
d
a
ri
se

in
H
bA

1c
w
ith

ir
on

su
pp
le
m
en
ta
tio
n;

th
es
e
re
su
lts

ar
e
in

co
m
pl
et
e
co
nt
ra
st
to

th
e

m
aj
or
ity

of
ot
he
r
st
ud
ie
s.

N
o
ex
pl
an
at
io
n
of

th
e
re
su
lts

w
as

pr
es
en
te
d.

So
n
et
al
,2
01
3
[1
5]

32
9
(1
11
)

T
hi
s
st
ud
y
ex
am

in
ed

an
ae
m
ic
in
di
vi
du
al
s

w
ho

w
er
e
dr
ug

na
iv
e
an
d
su
sp
ec
te
d
of

ha
vi
ng

di
ab
et
es

an
d
co
m
pa
re
d
w
ith

ag
e-

an
d
se
x-
m
at
ch
ed

co
nt
ro
ls
.P

ar
tic
ip
an
ts

un
de
rw

en
ta
n
O
G
T
T
an
d
H
bA

1c
va
lu
es

w
er
e
si
m
ul
ta
ne
ou
sl
y
as
se
ss
ed
.

D
ia
be
te
s
de
te
rm

in
ed

by
F
PG

≥7
.0
m
m
ol
/l
or

≥1
1.
1
m
m
ol
/l,

2
h
af
te
r
gl
uc
os
e
lo
ad

P
re
di
ab
et
es
:

F
PG

5.
6-
69

m
m
ol
/l
or

2
h
gl
uc
os
e

7.
8-
11
.0
m
m
ol
/l

A
na
em

ia
de
te
rm

in
ed

by
H
b
<
13
0
g/
l

in
m
en

an
d
<
12
0
g/
li
n
w
om

en
.

A
na
em

ic
gr
ou
p
H
b:

11
3
±
11

g/
l

C
on
tr
ol

gr
ou
p

14
2
±
13

g/
l

(p
<
0.
00
1)

In
th
e
no
rm

og
ly
ca
em

ic
gr
ou
ps

(b
y
F
PG

)
th
er
e
w
as

no
di
ff
er
en
ce

in
H
bA

1c
va
lu
es

be
tw
ee
n
an
ae
m
ic

an
d
co
nt
ro
ls
.

In
pr
ed
ia
be
te
s
gr
ou
ps
,

H
bA

1c
w
as

6.
4
±
1.
0%

vs
6.
1
±
0.
7%

in
an
ae
m
ic

vs
co
nt
ro
ls
(p
=
0.
05
).

T
he

co
m
pa
ri
so
ns

of
H
bA

1c
in

an
ae
m
ic
an
d

co
nt
ro
ls
fo
r
2
h

gl
uc
os
e
le
ve
ls

w
er
e
si
m
ila
r
bu
t

sh
ow

ed
bo
rd
er
lin
e

si
gn
if
ic
an
ce
.

G
lu
co
se
-b
as
ed

di
st
ri
bu
tio
ns

w
er
e
no
t

si
gn
if
ic
an
tly

di
ff
er
en
tb

et
w
ee
n

an
ae
m
ic
an
d

no
n-
an
ae
m
ic

gr
ou
ps
.

St
ra
tif
yi
ng

pa
tie
nt
s
by

H
bA

1c

sh
ow

ed
an

in
cr
ea
se
d
se
ns
iti
vi
ty

in
an
ae
m
ic
gr
ou
p
bu
td

ec
re
as
ed

sp
ec
if
ic
ity
.

T
he

au
th
or
s
su
gg
es
tt
ha
ta

di
ag
no
si
s

of
D
M

by
H
bA

1c
in

an
ae
m
ia

m
ay

ha
ve

de
cr
ea
se
d
di
ag
no
st
ic

si
gn
if
ic
an
ce

bu
ta
ck
no
w
le
dg
e

th
at
st
ud
y
nu
m
be
rs
ar
e
sm

al
l

an
d
th
e
ty
pe
s
of

an
ae
m
ia
w
er
e

no
td

ef
in
ed
.

E
S
M

Ta
bl
e
2
pr
ov
id
es

a
de
ta
ile
d
ve
rs
io
n
of

th
is
ta
bl
e,
w
ith

in
cl
us
io
n
an
d
ex
cl
us
io
n
cr
ite
ri
a
an
d
du
al
re
po
rt
in
g
of

H
bA

1
c
va
lu
es

(%
an
d
m
m
ol
/m

ol
)

C
R
F
ch
ro
ni
c
re
na
lf
ai
lu
re
,D

M
di
ab
et
es

m
el
lit
us
,G

A
gl
yc
at
ed

al
bu
m
in
,I
D
ir
on

de
fi
ci
en
cy
,I
D
S
ir
on
-d
ef
ic
ie
nt

st
at
e,
IG

T
im

pa
ir
ed

gl
uc
os
e
to
le
ra
nc
e,
N
IS

no
rm

al
ir
on

st
at
e,
N
K
no
tk

no
w
n

Diabetologia (2015) 58:1409–1421 1415



Studies comparing prevalence of diabetes and prediabetes
diagnosed by glucose or HbA1c Two studies [14, 15] com-
pared the prevalence of diabetes/prediabetes determined
by glucose-based criteria and HbA1c-based criteria.
Hardikar et al [14] compared HbA1c and OGTT deter-
mined diabetes rates in a cohort of young adults in
India. The authors found that the prevalence of diabetes
or prediabetes was higher with HbA1c criteria than by
standard OGTT (25.9% vs 10.4%). Within a subgroup of
anaemic (IDA, B12 and folate deficiency) patients, the
discordance was even greater with 33% classed as predi-
abetes or diabetes by HbA1c compared with 12% by
OGTT.

Son et al [15] grouped 329 Korean participants, not pre-
viously known to have diabetes, by diabetes status accord-
ing to OGTT results. Participants were grouped as normal,
prediabetes or diabetes, HbA1c levels were then compared
in each group for both anaemic and non-anaemic partici-
pants. In the normoglycaemic group, HbA1c values were
found to be the same in both anaemic and non-anaemic
groups. In the prediabetes group, HbA1c values were found
to be higher in the anaemic group compared with controls
(p=0.05) and borderline significant in the diabetes group.
The authors acknowledge that small sample sizes and a lack
of definition of types of anaemia are confounding factors in
their study.

Studies comparing HbA1c and glucose values in patients
without diabetes, with and without IDA One study [16]
compared the HbA1c values in 50 individuals with IDA, not
previously known to have diabetes, with non-anaemic healthy

controls. This was a short article with limited description or
discussion but essentially both FPG and postprandial glucose
values were not significantly different between the IDA and
control groups. HbA1c values however were significantly
higher in the IDA group (mean 7.6±0.5% [60±5.5 mmol/
mol]) compared with the control group (5.5±0.8% [37±
8.7 mmol/mol]; p<0.001).

Studies evaluating the effects of treatment, to resolve anae-
mia, on HbA1c Four studies [17–20] evaluated HbA1c levels
in non-diabetic patients, pre and post treatment for anaemia.
Each study included patients treated with oral iron replacement
therapy, three studies [17–19] reported a significant fall in
HbA1c values after treatment with iron replacement over pe-
riods of 9–20 weeks.

Coban et al [17] saw a fall from an HbA1c of 7.2±0.8%
(55±8.7 mmol/mol) pre treatment to 6.2±0.6% (44±
6.6 mmol/mol) post 3 months treatment but this was still not
as low as the non-anaemic control group 5.2±0.2% (33±
2.2 mmol/mol); however, the iron indices had not fully normal-
ised compared with controls at that point in time either. The
same pattern was demonstrated by El-Agouza et al [18] where
patients were followed for 20 weeks and HbA1c fell steadi-
ly over that period from 6.15±0.62% to 5.25±0.45% (44±
6.8 mmol/mol to 34±4.9 mmol/mol). However, there were
no control participants included for comparison and it
would be of interest to know the point at which HbA1c

values plateaued post treatment. Similarly, a small study
(n=10) [19], showed a significant decline (p<0.01) in
HbA1c values by 3 weeks of treatment and the values
remained below baseline values after 9 weeks, despite an
upward rebound.

Interestingly, a study by Sinha et al [20] showed the con-
verse pattern of results in 50 patients with moderate to severe
IDA (mean±SD Hb, 62±1 g/l). The mean HbA1c was signif-
icantly lower in the anaemic group compared with the non-
anaemic controls (4.6±0.6% vs 5.5±0.6%; 27±6.6 mmol/mol
vs 37±6.6 mmol/mol). After 2 months of treatment for
IDA, the HbA1c values were significantly higher than the
controls raising the question of whether severe iron defi-
ciency has the same effect on glycation as more mild
anaemia.

Studies investigating the effect of menstruation on HbA1c

levels Three studies [21–23] investigated the impact of the
premenopausal state on HbA1c values. Behan [21] com-
pared Hb values in non-diabetic, non-anaemic premeno-
pausal women with postmenopausal white women. The
study found that Hb levels were significantly lower in
premenopausal women, despite no reported history of
anaemia. HbA1c values were not significantly different
between the two groups but the correlation between
HbA1c and FPG was weaker in the premenopausal group.

EMBASE n=386 MEDLINE n=135 CINAHL n=12 Cochrane n=11 

Total n=544 

Total, after 
duplicates 

removed n=451 

Full text articles 
reviewed n=43 

Exclusions based 
on title and/or 

abstract n=408 

Full text articles 
included n=12 

Exclusions based 
on full text n=31 

Fig. 1 Flow chart detailing the search strategy employed
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The author suggests that the varying effects of menstrua-
tion on iron metabolism could lead to less reliable HbA1c

and FPG correlations.
Koga [22, 23] and colleagues also looked at the effect of the

menopause on HbA1c values. The initial study identified a sig-
nificant difference in HbA1c levels between pre- and postmen-
opausal women (4.9±0.2% vs 5.1±0.3% [30±2.2 mmol/mol
vs 32±2.2 mmol/mol] p<0.0001). In premenopausal women,
mean corpuscular haemoglobin (MCH) and mean corpuscular
volume (MCV) were inversely correlated with HbA1c but this
association was not significant in postmenopausal women. The
authors suggest that every 1 pg decrease in MCH correlated
with a 0.03% (0.3 mmol/mol) increase in HbA1c value and that
erythrocyte indices influence HbA1c values in premenopausal
women in the absence of overt anaemia. Koga et al [23] also
looked at the effect of iron deficiency and IDA compared with
iron sufficiency on HbA1c and glycated albumin values in pre-
menopausal women. Iron deficiency and IDAwere both asso-
ciated with a significant increase in HbA1c levels with iron
metabolism indices being significantly negatively associated
with HbA1c. This association was not present in glycated albu-
min levels across the three iron status groups, essentially indi-
cating that iron metabolism rather than glycaemic changes in-
fluence changes in HbA1c in premenopausal women.

Studies evaluating erythrocyte indices andmarkers of iron
status All studies were reviewed for data on erythrocyte indi-
ces and markers of iron status as these provide further insight
into which adjunct tests may support the use of HbA1c for
diagnosis. Data extracted are detailed in Table 3.
Combinations of the following indices were measured: Hb,
packed cell volume (PCV), MCV, MCH, MCH concentration
(MCHC), ferritin, transferrin saturation (TSAT), reticulocytes,
red cell distribution width (RDW) and erythrocyte protopor-
phyrin. Some studies only used the values to identify or exclude
patients with iron deficiency or anaemia whereas others corre-
lated changes in erythrocyte indices with changes in HbA1c

value. Of the studies that focused on IDA, three studies com-
pared values pre and post treatment with iron replacement and
two compared values in patients with anaemia against control
participants. All studies demonstrated an increase in MCVand
MCHwith treatment or higher levels in controls compared with
anaemia patients. Two studies [14, 22] demonstrated an inverse
correlation between HbA1c and Hb, MCV and MCH levels.
Overall, the data indicate that iron deficiency, demonstrated
by low Hb, low MCV and low MCH, is associated with in-
creased HbA1c levels both with and without overt anaemia. In
addition, normal MCV and MCH with low Hb would not be
associated with increased HbA1c levels but rather a decrease in
values.

Ferritin was measured in nine studies [12–14, 16–18, 20,
21, 23]. Of these, most showed an increase in ferritin levels
post treatment for anaemia and also showed that ferritin levels

were lower in iron-deficient participants compared with con-
trols. Three studies [14, 16, 23] showed that ferritin was a
negative predictor of HbA1c and one study [13] showed a
small but significant positive correlation between HbA1c and
ferritin. Generally, ferritin was utilised as a marker of iron
deficiency rather than analysed as an independent predictor
of HbA1c values; where the latter was done, the results were
mixed.

Discussion

Does anaemia affect HbA1c?

Generally, the studies investigating the effect of anaemia and
abnormalities of erythrocyte indices on HbA1c analysis are
limited to small sample groups and two studies that both
analysed the same large cross-sectional population study. It
is apparent that IDA can have a significant impact on HbA1c

values with most studies suggesting a spuriously high HbA1c

in IDA compared with other markers of glycaemia. The ex-
ception to this is the study by Sinha et al [20], which found
low values of HbA1c in severe cases of IDA that increased
with iron replacement therapy. The authors did not discuss
why their data conflicts with other studies but it may be due
to the severity of anaemia as the participants in this study had
low mean Hb levels (62 g/l); the duration of anaemia was not
given. Together, these data support the hypothesis that iron
deficiency per se may cause elevated HbA1c values, irrespec-
tive of anaemia.

Limited data indicate that non-IDAs also affect HbA1c

values to a varying degree [13, 14, 19]. Ford et al [13] showed
that in patients without diabetes, with low Hb but normal iron
levels had significantly lower HbA1c values than those with
normal iron and normal Hb (see Table 2). The difference be-
tween the non-IDA and control values was greater than was
observed between IDA and iron deficiency values and con-
trols, suggesting that HbA1c may be spuriously elevated in
iron deficiency and spuriously depressed in non-IDAs.
Ideally, any further studies would separate out iron deficiency
and non-iron deficiency cases prior to analysis as there is the
potential to null the data by combing the two pathologies in
one evaluation.

Hardikar et al [14] investigated a population where of those
with anaemia 30.8% had vitamin B12 deficiency, 15% had
folate deficiency and 30% had multiple nutrient deficiencies.
In multivariate analysis, B12 and folate were not significantly
related to HbA1c levels but this may be due to the small sam-
ple size analysed. Where mixed nutrient deficiencies are ob-
served, the combination of pathologies will lead to variable
and unpredictable effects on HbA1c levels depending on the
relative degree of each nutrient deficiency.
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To what degree do abnormalities of erythrocyte indices
affect HbA1c values?

The two evaluations of the cross-sectional NHANES data
showed that having iron deficiency or IDA increased the odds
of having an HbA1c value shift upwards from <5.5%
(<37 mmol/mol) to 5.5–5.9% (37–41 mmol/mol) [12, 13].
Hardikar et al [14] demonstrated that markers of
microchromic anaemia were associated with increased
HbA1c values and also more patients diagnosed with predia-
betes or diabetes by HbA1c compared with glucose indices. In
patients with non-IDA, there was a marked shift downwards
in apparent distribution of HbA1c results [13]. Son et al [15]
demonstrated that IDA in the patients with prediabetes defined
by glucose levels had a mean HbA1c of 6.4% vs 6.1%
(46 mmol/mol vs 43 mmol/mol) in controls; this is sufficient
to re-categorise some patients from prediabetes to diabetes in
the anaemic group.

Other studies which looked more specifically at HbA1c

levels in patients with or without anaemia showed differences
of up to 2.1% (23 mmol/mol) HbA1c increase with IDA [16]
and studies measuring HbA1c pre and post treatment for anae-
mia showed changes as large as −1.2% (−13 mmol/mol)
HbA1c post treatment [17].

What does this mean on a wider scale?

Recent data has shown a surge in the incidence and prevalence
of young onset obesity, many of whom are premenopausal
females, at increased risk of iron deficiency. There has been
a concomitant increase in HbA1c values in these participants
considered at high risk of diabetes, owing to factors such as
obesity [24]. Data from England shows that the prevalence of
prediabetes rose from 11.6% in 2003 to 35.3% in 2011 [25]
and in view of the rising prevalence of obesity, we would
anticipate to identify a larger proportion of patients, with
higher HbA1c values. If the estimated upward shift in HbA1c

values seen with iron deficiency is combined with the appar-
ent increased prevalence of prediabetes, it may result in a
significant number of patients where the combination of the
two will be sufficient to shift HbA1c values to move from a
diagnosis of prediabetes to diabetes.

Clinical use and relevance

One of the main questions still to answer is how to apply this
information to everyday clinical practice. In addition to pub-
lished guidance [4–6], we suggest the following:

1. During monitoring of people with diabetes, when glucose
and HbA1c are discordant, consider abnormalities of
erythrocyte indices.

2. When HbA1c is normal/elevated but Hb is low, do not
assume that HbA1c is falsely elevated—check eryth-
rocyte indices, in particular MCV and MCH; if low,
consider iron deficiency by TSAT or ferritin. If MCV
and MCH are not low then consider other forms of
anaemia—HbA1c may be falsely decreased in these
cases.

3. Iron deficiency, as well as IDA, may be sufficient to cause
a change in HbA1c values; this is highly relevant in wom-
en of childbearing age.

4. If abnormalities of erythrocyte indices or anaemia are
identified, consider correction of the abnormality before
using HbA1c for diagnosis or monitoring. The studies in-
cluded in this review suggest that it may take up to
6 months after treatment is initiated to normalise erythro-
cyte indices. RDW will provide an additional indicator of
normalisation of the erythrocyte population and erythro-
cyte lifespan.

Ferritin as a marker of iron status is useful if it is low but
would not rule out iron deficiency if it was found to be normal
or elevated as ferritin is an acute phase reactant and inflam-
mation may mask a true low ferritin. Raj and Rajan [26] in-
vestigated 86 patients with type 2 diabetes mellitus and dem-
onstrated that serum ferritin positively correlated with HbA1c

and was increased with increasing duration of disease, indi-
cating that poor glycaemic control can contribute to elevated
ferritin levels independent of iron status. In situations of
increased inflammation, alternative measures of iron status
such as TSAT or total iron binding capacity should be
considered.

Changes in erythrocyte lifespan even with normal
haematological indices can affect HbA1c values [27],
therefore, it is important to show that the erythrocyte
population is stable after treatment for abnormalities be-
fore using HbA1c. Erythrocyte indices including RDW
may assist with this.

Further research questions

Although it is clear that anaemia may influence HbA1c

results, further studies to identify the roles of erythrocyte
indices as appropriate adjunct analyses to identify patients
where this is an issue, are needed. Future studies should
consider the effect of erythrocyte indices rather than anae-
mia alone. In particular, studies should aim to include
sufficient participants to differentiate between the effects
of the type and severity of erythrocyte abnormalities/
anaemia on HbA1c values. This may be achieved through
a combination of population based studies and intervention
studies where changes in HbA1c values are assessed in
relation to therapy for erythrocyte abnormalities and
anaemias.
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Strengths and limitations of this study

This review is limited to a selection of small study groups and
two separate analyses of the NHANES survey data from over-
lapping time periods. The conclusions drawn are limited by a
lack of robust evidence from a significant number of the in-
cluded studies. The quality analysis of the included studies has
highlighted shortfalls and confounders in most of the cases,
which would need to be addressed in future studies—in par-
ticular, a lack of power to confer significance on many of the
findings.

Notes on standardisation of HbA1c methods

International standardisation of HbA1c was achieved in 2002
[28–30]. An International HbA1c Consensus Committee was
formed which agreed that HbA1c values should be reported
in both SI units (mmol/mol) and converted to % units via
the master equations established by the International
Federation for Clinical Chemistry and Laboratory Medicine
(IFCC) and designated comparison methods [10, 11]. All
studies reported in this review either stated that they were
aligned to the NGSP or did not state any performance infor-
mation for the HbA1c analysis. In light of this, even if there
was sufficient data for meta-analysis, it is likely that a lack
of standardisation of results would be a major confounder.
Any further studies should endeavour to ensure that all
HbA1c measurements are performed in alignment with the
IFCC and clear quality data should be provided in the
reports.

Conclusion

It is clear from the limited number of studies, many with low
participant numbers, that the subject of anaemia and HbA1c

warrants further investigation. Generally, the studies described
demonstrate that abnormalities of erythrocyte indices are a
considerable confounder in the analysis of HbA1c and there
is currently insufficient data to fully inform clinicians and
scientists on how to address this in clinical practice.
However, we have made some suggestions to facilitate its
use whilst clarity is awaited.

The key questions that are still to be answered are whether
anaemia and erythrocyte abnormalities will have a significant
impact on the diagnosis of diabetes using HbA1c in the general
population—something that is now widely performed.
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