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Abstract
Aims The aim of the present study was to evaluate, by means of a meta-analysis approach, whether new available data, 
appeared on qualified literature, can support the effectiveness of an association of HbA1c variability with the risk of macro- 
and/or micro-vascular complications in type 2 diabetes mellitus (T2DM).
Methods The meta-analysis was conducted according to PRISMA Statement guidelines and considered published studies 
on T2DM, presenting HbA1c variability as standard deviation (SD) or its derived coefficient of variation (CV). Literature 
search was performed on PubMed in the time range 2015–July 2022, with no restrictions of language.
Results Twenty-three selected studies fulfilled the aims of the present investigation. Overall, the analysis of the risk as 
hazard ratios (HR) indicated a significant association between the HbA1c variability, expressed either as SD or CV, and the 
complications, except for neuropathy. Macro-vascular complications were all significantly associated with HbA1c variability, 
with HR 1.40 (95%CI 1.31–1.50, p < 0.0001) for stroke, 1.30 (95%CI 1.25–1.36, p < 0.0001) for transient ischaemic attack/
coronary heart disease/myocardial infarction, and 1.32 (95%CI 1.13–1.56, p = 0.0007) for peripheral arterial disease. Micro-
vascular complications yielded HR 1.29 (95%CI 1.22–1.36, p < 0.0001) for nephropathy, 1.03 (95%CI 0.99–1.08, p = 0.14) for 
neuropathy, and 1.15 (95%CI 1.08–1.24, p < 0.0001) for retinopathy. For all-cause mortality, HR was 1.33 (95%CI 1.27–1.39, 
p < 0.0001), and for cardiovascular mortality 1.25 (95%CI 1.17–1.34, p < 0.0001).
Conclusions Our meta-analysis on HbA1c variability performed on the most recent published data since 2015 indicates 
positive association between HbA1c variability and macro-/micro-vascular complications, as well as mortality events, in 
T2DM, suggesting that this long-term glycaemic parameter merits further attention as a predictive, independent risk factor 
for T2DM population.

Keywords HbA1c variability · Type 2 diabetes mellitus · Macro-vascular and micro-vascular complications · Meta-analysis

Introduction

Glycated haemoglobin (HbA1c) is a biomarker with 
central role in the diagnosis and follow-up of patients with 
diabetes mellitus, although not a perfect one [1]. Since first 
discovery of HbA1c in the late 1960s, its use as marker 
of glycaemic control has gradually increased over the 

course of the last four decades [2]. American Diabetes 
Association (ADA) recommends HbA1c determination 
in patients with diabetes mellitus on therapy in order to 
monitor the glycometabolic status in the medium–long 
term and thus reduce the risk of vascular complications 
[3]. Previous large-scale clinical trials, such as the UKPDS 
(United Kingdom Prospective Diabetes Study) and 
ADVANCE (Action in Diabetes and Vascular Disease: 
Preterax and Diamicron-MR controlled evaluation), 
have reported a significant reduction in mortality and 
cardiovascular complications by tighter glycaemic control, 
excluded patients with major comorbidities [4–6]. Studies 
showed that even slight elevations of HbA1c concentration 
in blood correlated with an increased cardiovascular 
risk [7, 8]. However, there is evidence for increased 
mortality risk for patients in both extremes of HbA1c, 
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so that the 2008 Action to Control Cardiovascular Risk 
in Diabetes (ACCORD) trial was ended prematurely due 
to significantly higher mortality reported in the intensive 
glycaemic control group [9].

Research has been exploring other parameters that can 
offer more accurate and individualized disease monitoring. 
Glycaemic variability can be measured over the short term 
with continue glucose monitoring (CGM) of interstitial 
glucose levels both within-day and between-day, and it can 
also be assessed over the long term (months to years) by 
the oscillation of fasting plasma glucose or HbA1c levels. 
Long-term glycaemic variability is most commonly assessed 
by HbA1c variability [10], which can be used as a predictor 
for complications and mortality, inasmuch increased HbA1c 
variability has been associated with diabetic complications 
in various organ systems, in addition to all-cause and 
cardiovascular mortality [10–12]. However, the clinical 
association between long-term glycaemic variability and 
diabetes complications is difficult to establish because of 
heterogeneity among studies, including their design and the 
different metrics used to assess the glycaemic variability.

Traditional measures of HbA1c variability can include 
the standard deviation (SD) and its derived coefficient of 

variation (CV), the latter calculated as SD divided by the 
mean [13]. However, neither SD nor CV of HbA1c can be 
easily interpreted in clinical practice, and moreover, they 
only reflect the dispersion of the measurements around a 
single value (the mean) not considering the order of the 
measurements obtained [13]. Bonke et al. [14] argued that 
SD has two main problems. First, the length of time between 
measurements is ignored, leading to potentially misleading 
conclusions when HbA1c measurements are widely spaced. 
Second, with only a small number of measurements per 
patient, the validity and interpretation of the standard 
deviation, even with correction, are limited.

The systematic review and meta-analysis provided by 
Gorst et al. [15] have suggested that HbA1c variability is 
positively associated with the risk of micro- and macro-
vascular complications in type 1 diabetes mellitus (T1DM) 
and type 2 diabetes mellitus (T2DM) patients, independently 
of the HbA1c level. The study was based on the analysis 
of 20 published reports in a ten-year time interval between 
2004 and 2014. Authors, however, highlighted that most 
studies were retrospective, therefore lacking adjustment for 
confounders, and inconsistency was found in the definition 
of HbA1c variability. They suggested that further studies 

Fig. 1  Flowchart of study selection

Acta Diabetologica (2023) 60:721–738 722



 

1 3

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f t
he

 st
ud

ie
s c

on
si

de
re

d 
in

 th
e 

m
et

a-
an

al
ys

is
. S

tu
di

es
 a

re
 p

re
se

nt
ed

 in
 c

hr
on

ol
og

ic
al

 o
rd

er
 o

f p
ub

lic
at

io
n

St
ud

y
Ty

pe
 o

f s
tu

dy
; t

im
e 

in
te

rv
al

 c
on

si
de

re
d;

 
co

un
try

Sa
m

pl
e 

si
ze

 (n
)

A
ge

 o
f p

at
ie

nt
s 

(m
ea

n ±
 S

D
, o

r m
ed

ia
n 

&
 ra

ng
e)

G
en

de
r 

(M
al

e 
%

)

In
cl

us
io

n 
cr

ite
ria

M
ea

su
re

 
of

 H
bA

1c
 

va
ria

bi
lit

y

M
et

ho
do

lo
gi

ca
l n

ot
es

Ev
al

ua
te

d 
co

m
pl

ic
at

io
ns

Ta
ka

o 
et

 a
l.,

 2
01

5 
[2

5]
Re

tro
sp

ec
tiv

e 
stu

dy
; 

Ja
n 

19
95

–D
ec

 1
99

6;
63

2
56

 ±
 9

82
Pa

tie
nt

s w
ith

 T
2D

M
 

w
ho

 fi
rs

t v
is

ite
d 

th
e 

ou
tp

at
ie

nt
 c

lin
ic

C
V

H
R

 fr
om

 m
ul

tiv
ar

ia
te

 
an

al
ys

is
 u

si
ng

 C
ox

 
pr

op
or

tio
na

l h
az

ar
d 

m
od

el
s

A
ny

 C
V

D
 e

ve
nt

Pr
en

tic
e 

et
 a

l.,
 2

01
6 

[2
6]

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
 fr

om
 

ve
te

ra
ns

’ h
ea

lth
 

ad
m

in
ist

ra
tio

n;
 

20
00

–2
00

9;
 U

SA

50
 8

61
66

 ±
 9

98
In

di
vi

du
al

s w
ith

 
T2

D
M

SD
; C

V
H

R
 fr

om
 C

ox
 

pr
op

or
tio

na
l h

az
ar

ds
 

m
od

el
s

A
ll-

ca
us

e 
m

or
ta

lit
y

Ta
ke

no
uc

hi
 e

t a
l.,

 
20

16
 [2

7]
Pr

os
pe

ct
iv

e 
co

ho
rt 

stu
dy

; 2
00

4–
20

05
; 

Ja
pa

n

16
2

62
 ±

 10
55

Pa
tie

nt
s w

ith
 T

2D
M

 
an

d 
pr

es
er

ve
d 

ki
dn

ey
 

fu
nc

tio
n

C
V

H
R

 fr
om

 C
ox

 
pr

op
or

tio
na

l h
az

ar
d 

re
gr

es
si

on
 m

od
el

s

D
ia

be
tic

 n
ep

hr
op

at
hy

, 
de

te
rio

ra
tio

n 
of

 
ch

ro
ni

c 
ki

dn
ey

 d
is

ea
se

W
an

 e
t a

l.,
 2

01
6 

[2
8]

Po
pu

la
tio

n-
ba

se
d 

re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
; A

ug
 2

00
8–

D
ec

 2
00

9;
 H

on
g 

K
on

g

91
,8

66
63

 ±
 11

44
Pa

tie
nt

s a
ge

d 
18

 y
ea

rs
 

or
 a

bo
ve

, c
lin

ic
al

ly
 

di
ag

no
se

d 
w

ith
 

T2
D

M
 w

ith
ou

t p
rio

r 
hi

sto
ry

 o
f C

V
D

SD
; C

V
H

R
 fr

om
 m

ul
tiv

ar
ia

bl
e 

C
ox

 p
ro

po
rti

on
al

 
ha

za
rd

s r
eg

re
ss

io
n

C
V

D
 a

nd
 a

ll-
ca

us
e 

m
or

ta
lit

y

D
or

aj
oo

 e
t a

l.,
 2

01
7 

[2
9]

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
; 2

01
0–

20
14

; 
Si

ng
ap

or
e

71
6

56
 ±

 13
52

Pa
tie

nt
s w

ith
 T

2D
M

 
at

te
nd

in
g 

ou
tp

at
ie

nt
 

di
ab

et
es

 c
en

tre

C
V

O
R

 fr
om

 m
ul

tiv
ar

ia
te

 
lo

gi
sti

c 
re

gr
es

si
on

D
ia

be
tic

 n
ep

hr
op

at
hy

Fo
o 

et
 a

l.,
 2

01
7 

[3
0]

Re
tro

sp
ec

tiv
e 

ca
se

–
co

nt
ro

l s
tu

dy
; 

20
12

–2
01

3;
 S

ou
th

 
Si

ng
ap

or
e

17
2 +

 17
2

61
 +

 11
75

Pa
tie

nt
s w

ith
 T

2D
M

 
w

ho
 h

ad
 u

nd
er

go
ne

 
re

tin
al

 sc
re

en
in

g 
at

 a
 

pu
bl

ic
 p

rim
ar

y 
ca

re
 

cl
in

ic

SD
O

R
 fr

om
 se

x-
ad

ju
ste

d 
lo

gi
sti

c 
re

gr
es

si
on

 
an

al
ys

is
, 2

 m
od

el
s

D
ia

be
tic

 re
tin

op
at

hy

Ju
n 

et
 a

l.,
 2

01
7 

[3
1]

Re
tro

sp
ec

tiv
e 

lo
ng

itu
di

na
l s

tu
dy

; 
Se

pt
 2

01
1–

M
ar

ch
 

20
17

; S
ou

th
 K

or
ea

49
8

59
 ±

 10
60

Pa
tie

nt
s w

ith
 

T2
D

M
 w

ith
ou

t 
ca

rd
io

va
sc

ul
ar

 
au

to
no

m
ic

 
ne

ur
op

at
hy

 (C
A

N
)

SD
; C

V
O

R
 fr

om
 m

ul
tiv

ar
ia

te
 

lo
gi

sti
c 

re
gr

es
si

on
 

an
al

ys
is

, 3
 m

od
el

s

C
ar

di
ov

as
cu

la
r 

au
to

no
m

ic
 n

eu
ro

pa
th

y

Le
e 

M
.Y

. e
t a

l.,
 2

01
7 

[3
2]

Lo
ng

itu
di

na
l s

tu
dy

 
on

 th
e 

K
ao

hs
iu

ng
 

M
ed

ic
al

 U
ni

ve
rs

ity
 

re
se

ar
ch

 d
at

ab
as

e;
 

20
09

–2
01

5;
 T

ai
w

an

82
59

62
 ±

 12
52

Pa
tie

nt
s w

ith
 T

2D
M

SD
H

R
 fr

om
 C

ox
 

pr
op

or
tio

na
l h

az
ar

d 
re

gr
es

si
on

 a
na

ly
si

s, 
un

iv
ar

ia
te

 a
nd

 
m

ul
tiv

ar
ia

te
 m

od
el

s

M
ul

tip
le

 c
ar

di
ov

as
cu

la
r 

ev
en

ts

Ta
ka

o 
et

 a
l.,

 2
01

7 
[3

3]
Re

tro
sp

ec
tiv

e 
ob

se
rv

at
io

na
l c

oh
or

t 
stu

dy
; 1

99
5–

20
12

; 
Ja

pa
n

83
2

55
 ±

 10
82

Pa
tie

nt
s w

ith
 T

2D
M

 
at

te
nd

in
g 

ou
tp

at
ie

nt
 

cl
in

ic

C
V

H
R

 fr
om

 m
ul

tiv
ar

ia
te

 
an

al
ys

es
 u

si
ng

 C
ox

 
pr

op
or

tio
na

l h
az

ar
d 

m
od

el
s

N
ep

hr
op

at
hy

 a
nd

 
re

tin
op

at
hy

Acta Diabetologica (2023) 60:721–738 723



 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
Ty

pe
 o

f s
tu

dy
; t

im
e 

in
te

rv
al

 c
on

si
de

re
d;

 
co

un
try

Sa
m

pl
e 

si
ze

 (n
)

A
ge

 o
f p

at
ie

nt
s 

(m
ea

n ±
 S

D
, o

r m
ed

ia
n 

&
 ra

ng
e)

G
en

de
r 

(M
al

e 
%

)

In
cl

us
io

n 
cr

ite
ria

M
ea

su
re

 
of

 H
bA

1c
 

va
ria

bi
lit

y

M
et

ho
do

lo
gi

ca
l n

ot
es

Ev
al

ua
te

d 
co

m
pl

ic
at

io
ns

C
ar

do
so

 e
t a

l.,
 2

01
8 

[3
4]

Pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy
, n

es
te

d 
w

ith
in

 
Th

e 
R

io
 d

e 
Ja

ne
iro

 
ty

pe
 2

 d
ia

be
te

s 
co

ho
rt 

stu
dy

; A
ug

 
20

04
–D

ec
 2

00
8 

re
-e

va
lu

at
ed

 a
nn

ua
lly

 
un

til
 D

ec
 2

01
6;

 
B

ra
zi

l

65
4

60
 ±

 10
38

A
du

lt 
ty

pe
 T

2D
M

 
in

di
vi

du
al

 u
p 

to
 8

0 
ye

ar
s o

ld
 

w
ith

 e
ith

er
 a

ny
 

m
ic

ro
-v

as
cu

la
r 

(r
et

in
op

at
hy

, 
ne

ph
ro

pa
th

y 
or

 
ne

ur
op

at
hy

) o
r 

m
ac

ro
-v

as
cu

la
r 

(c
or

on
ar

y,
 

ce
re

br
ov

as
cu

la
r 

or
 p

er
ip

he
ra

l 
ar

te
ry

 d
is

ea
se

) 
co

m
pl

ic
at

io
n

SD
; C

V
C

ox
 su

rv
iv

al
 a

na
ly

se
s 

w
ith

 d
iff

er
en

t 
m

od
el

s f
or

 H
R

 
de

te
rm

in
at

io
n

M
ic

ro
- a

nd
 

m
ac

ro
-v

as
cu

la
r 

co
m

pl
ic

at
io

ns
, a

nd
 

al
l-c

au
se

 m
or

ta
lit

y

Su
 e

t a
l.,

 2
01

8 
[1

2]
C

ro
ss

-s
ec

tio
na

l 
ob

se
rv

at
io

na
l s

tu
dy

; 
Fe

b 
20

11
–D

ec
 2

01
6;

 
C

hi
na

56
3

56
 ±

 10
53

Pa
tie

nt
s w

ith
 T

2D
M

C
V

O
dd

s r
at

io
s w

ith
 5

 
m

od
el

s
D

ia
be

tic
 n

eu
ro

pa
th

y

Zh
ou

 e
t a

l.,
 2

01
8 

[3
5]

Re
tro

sp
ec

tiv
e 

stu
dy

 
ba

se
d 

on
 v

et
er

an
s 

aff
ai

rs
 d

ia
be

te
s t

ria
l 

(V
A

D
T)

; –
; U

SA

1 
79

1
60

97
M

ili
ta

ry
 v

et
er

an
s w

ith
 

su
bo

pt
im

al
 re

sp
on

se
 

to
 th

er
ap

y 
fo

r T
2D

M

C
V

H
R

 fr
om

 C
ox

 
pr

op
or

tio
na

l h
az

ar
d 

m
od

el
s

C
ar

di
ov

as
cu

la
r d

is
ea

se
 

(C
V

D
)

C
rit

ch
le

y 
et

 a
l.,

 2
01

9 
[3

6]
Re

tro
sp

ec
tiv

e 
m

at
ch

ed
 

co
ho

rt 
stu

dy
 b

as
ed

 
on

 E
ng

lis
h 

pr
im

ar
y 

ca
re

 d
at

ab
as

e 
(C

lin
ic

al
 P

ra
ct

ic
e 

Re
se

ar
ch

 D
at

al
in

k,
 

C
PR

D
); 

20
06

–2
00

9;
 

U
K

58
 8

32
68

 ±
 11

55
Pa

tie
nt

s w
ho

 w
er

e 
id

en
tifi

ed
 a

s h
av

in
g 

T2
D

M

C
V

H
R

 fr
om

 C
ox

 
re

gr
es

si
on

A
ll-

ca
us

e 
m

or
ta

lit
y,

 
ca

rd
io

va
sc

ul
ar

 (C
V

D
) 

m
or

ta
lit

y

C
er

ie
llo

 e
t a

l.,
 2

02
0 

[3
7]

EM
PA

-R
EG

 
O

U
TC

O
M

E;
 2

01
0–

20
13

; E
ur

op
e,

 N
or

th
 

A
m

er
ic

a,
 A

si
a

70
34

63
.1

72
Pa

tie
nt

s w
ith

 T
2D

M
, 

ra
nd

om
iz

ed
 to

 
re

ce
iv

e 
pl

ac
eb

o 
or

 
em

pa
gl

ifl
oz

in

SD
; C

V
H

R
 fr

om
 C

ox
 

pr
op

or
tio

na
l h

az
ar

d 
m

od
el

s

C
ar

di
ov

as
cu

la
r (

C
V

D
) 

m
or

ta
lit

y

Sc
ot

t e
t a

l.,
 2

02
0 

[3
8]

R
an

do
m

iz
ed

 p
la

ce
bo

-
co

nt
ro

lle
d 

tri
al

 o
n 

fe
no

fib
ra

te
 (F

IE
LD

 
stu

dy
); 

m
ed

ia
n 

5y
; 6

3 
ce

nt
re

s i
n 

A
us

tra
lia

, N
ew

 
Ze

al
an

d,
 a

nd
 F

in
la

nd

97
95

50
–7

5
63

Pe
op

le
 w

ith
 T

2D
M

 
ra

nd
om

iz
ed

 to
 

20
0 

m
g 

fe
no

fib
ra

te
 

or
 p

la
ce

bo

SD
; C

V
C

ox
 p

ro
po

rti
on

al
 

ha
za

rd
s r

eg
re

ss
io

n 
an

al
ys

es
; 3

 m
od

el
s 

w
ith

 a
dj

us
tm

en
t 

fo
r p

re
-s

pe
ci

fie
d 

va
ria

bl
es

M
ic

ro
- a

nd
 

m
ac

ro
-v

as
cu

la
r 

co
m

pl
ic

at
io

ns
 a

nd
 

m
or

ta
lit

y

Acta Diabetologica (2023) 60:721–738 724



 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
Ty

pe
 o

f s
tu

dy
; t

im
e 

in
te

rv
al

 c
on

si
de

re
d;

 
co

un
try

Sa
m

pl
e 

si
ze

 (n
)

A
ge

 o
f p

at
ie

nt
s 

(m
ea

n ±
 S

D
, o

r m
ed

ia
n 

&
 ra

ng
e)

G
en

de
r 

(M
al

e 
%

)

In
cl

us
io

n 
cr

ite
ria

M
ea

su
re

 
of

 H
bA

1c
 

va
ria

bi
lit

y

M
et

ho
do

lo
gi

ca
l n

ot
es

Ev
al

ua
te

d 
co

m
pl

ic
at

io
ns

Sh
en

g 
et

 a
l.,

 2
02

0 
[1

8]
M

ul
tic

en
tre

 c
lin

ic
al

 
stu

dy
 “A

ct
io

n 
to

 C
on

tro
l 

C
ar

di
ov

as
cu

la
r 

R
is

k 
in

 D
ia

be
te

s”
 

(A
C

CO
R

D
) t

ria
l; 

3 
y;

 U
SA

, C
an

ad
a

94
83

63
 ±

 7
62

Pa
tie

nt
s w

ith
 T

2D
M

 
en

ro
lle

d 
in

 th
e 

A
ct

io
n 

to
 C

on
tro

l 
C

ar
di

ov
as

cu
la

r 
R

is
k 

in
 D

ia
be

te
s 

(A
C

CO
R

D
) t

ria
l

C
V

H
az

ar
d 

ra
tio

 (H
R

) 
fro

m
 C

ox
 re

gr
es

si
on

 
m

od
el

s

A
ll-

ca
us

e 
m

or
ta

lit
y

W
an

 e
t a

l.,
 2

02
0 

[3
9]

Pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy
; J

an
 2

00
8–

D
ec

 
20

10
; H

on
g 

K
on

g,

14
7 

81
1

45
–8

4
51

Pa
tie

nt
s w

ith
 T

2D
M

, 
w

ith
ou

t C
V

D
SD

H
R

 fr
om

 m
ul

tiv
ar

ia
bl

e 
C

ox
 p

ro
po

rti
on

al
 

ha
za

rd
 re

gr
es

si
on

s

C
ar

di
ov

as
cu

la
r d

is
ea

se
 

(C
V

D
) a

nd
 m

or
ta

lit
y 

ris
k

K
im

 e
t a

l.,
 2

02
1 

[4
0]

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
; –

; S
ou

th
 

K
or

ea

43
4

58
 ±

 10
54

Pa
tie

nt
s w

ith
 T

2D
M

C
V

H
R

 fo
rm

 C
ox

 
pr

op
or

tio
na

l h
az

ar
ds

 
re

gr
es

si
on

 a
na

ly
si

s

D
ia

be
tic

 re
tin

op
at

hy

Le
e 

S.
 e

t a
l.,

 2
02

1 
[4

1]
Si

ng
le

-c
en

tre
, 

re
tro

sp
ec

tiv
e 

ob
se

rv
at

io
na

l c
oh

or
t 

stu
dy

; J
an

 2
00

9–
M

ay
 

20
19

; H
on

g 
K

on
g

34
24

60
 ±

 20
50

Pa
tie

nt
s w

ith
 d

ia
be

te
s 

m
el

lit
us

 w
ho

 w
er

e 
pr

es
cr

ib
ed

 in
su

lin
 a

t 
ou

tp
at

ie
nt

 c
lin

ic
s

SD
; C

V
O

dd
s r

at
io

 (O
R

) a
nd

 
ha

za
rd

 ra
tio

 (H
R

) 
fo

r l
og

ist
ic

 a
nd

 C
ox

 
re

gr
es

si
on

A
ll-

ca
us

e 
m

or
ta

lit
y,

 
m

ul
tip

le
 

co
m

pl
ic

at
io

ns
 

in
cl

ud
in

g 
ca

rd
io

va
sc

ul
ar

 
m

or
ta

lit
y,

 st
ro

ke
 

an
d 

m
ic

ro
-v

as
cu

la
r 

co
m

pl
ic

at
io

ns
Sh

en
 e

t a
l.,

 2
02

1 
[4

2]
Re

tro
sp

ec
tiv

e 
co

ho
rt 

stu
dy

; J
an

 2
13

–A
pr

il 
20

18
; U

SA

29
 2

60
66

 ±
 12

46
Pa

tie
nt

s w
ith

 T
2D

M
 

of
 th

e 
Lo

ui
si

an
a 

ex
pe

rim
en

t a
ss

es
si

ng
 

di
ab

et
es

 o
ut

co
m

es
 

(L
EA

D
) c

oh
or

t 
stu

dy
; 5

9%
 w

er
e 

w
hi

te
s a

nd
 4

1%
 

A
fr

ic
an

 A
m

er
ic

an
s

SD
; C

V
H

az
ar

d 
ra

tio
 

(H
R

) f
ro

m
 C

ox
 

re
gr

es
si

on
 m

od
el

s;
 

m
ul

tiv
ar

ia
te

-a
dj

us
te

d 
H

R
s c

al
cu

la
te

d 
fo

r 
fir

st,
 se

co
nd

, t
hi

rd
 

an
d 

fo
ur

th
 q

ua
rti

le
s 

of
 H

bA
1c

 S
D

/C
V

In
ci

de
nt

 c
ar

di
ov

as
cu

la
r 

di
se

as
e

C
er

ie
llo

 e
t a

l.,
 2

02
2 

[4
3]

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
 o

n 
Sw

ed
is

h 
na

tio
na

l d
ia

be
te

s 
re

gi
ste

r (
N

D
R

); 
3y

 e
xp

os
ur

e +
 5y

 
lo

ng
itu

di
na

l p
ha

se
; 

Sw
ed

en

10
1 

53
3

64
 (5

2–
72

)
56

Pe
op

le
 w

ith
 T

2D
M

 
w

ith
 a

t l
ea

st 
fiv

e 
H

bA
1c

 
m

ea
su

re
m

en
ts

, i
n 

th
e 

N
D

R
 b

et
w

ee
n 

Ja
nu

ar
y 

1s
t, 

20
00

, 
an

d 
Se

pt
em

be
r 2

5t
h,

 
20

19

SD
H

az
ar

d 
ra

tio
 (H

R
) 

fro
m

 m
ul

tiv
ar

ia
te

 
C

ox
 re

gr
es

si
on

 
an

al
ys

es
, a

cc
or

di
ng

 
to

 q
ua

rti
le

s

N
on

-fa
ta

l m
yo

ca
rd

ia
l 

in
fa

rc
tio

n,
 n

on
-fa

ta
l 

str
ok

e,
 a

ll-
ca

us
e 

m
or

ta
lit

y,
 m

ul
tip

le
 

co
m

pl
ic

at
io

ns

W
u 

et
 a

l.,
 2

02
2 

[4
4]

Pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy
 fr

om
 d

ia
be

te
s 

sh
ar

ed
 c

ar
e 

pr
og

ra
m

; 
20

04
–2

01
5;

 T
ai

w
an

1 
86

9
63

 ±
 13

50
Pa

tie
nt

s w
ith

 T
2D

M
SD

H
R

 fr
om

 C
ox

 
pr

op
or

tio
na

l h
az

ar
d,

 
3 

m
od

el
s

D
ia

be
tic

 n
ep

hr
op

at
hy

, 
re

tin
op

at
hy

, a
ll-

ca
us

e 
m

or
ta

lit
y 

an
d 

C
V

D
 

m
or

ta
lit

y

Acta Diabetologica (2023) 60:721–738 725



 

1 3

on the relationship between HbA1c variability and diabetes 
complications are needed to confirm the relevance of this 
measure as a risk prediction for diabetes-related negative 
outcomes.

The aim of the present study was to evaluate, by means 
of a meta-analysis approach, whether new available data, 
appeared on qualified literature since 2015, can support the 
effectiveness of an association of HbA1c variability with 
the risk of macro- and/or micro-vascular complications in 
T2DM.

Methods

The meta-analysis was conducted according to PRISMA 
Statement guidelines [16], following the suggested checklist 
of items.

Parameters of interest for HbA1c variability

As anticipated in Introduction, traditional measures of 
HbA1c variability include the standard deviation (SD) 
and the derived coefficient of variation (CV), calculated 
as SD divided by the mean [13]. Since the number of 
HbA1c measurements can influence SD value (e.g. fewer 
measurements making the SD greater), several studies 
calculate an SD value adjusted for the number of HbA1c 
measurements, defined according to the formula: adjusted 
HbA1c SD = SD/√[n/(n − 1)] [17]. Other methods 
suggested to calculate variation independent of the mean 
(VIM), average real variability (ARV), or average successive 
variability (ASV), which is the average absolute difference 
between successive values. VIM was defined as the SD 
divided by the mean to the power x and multiplied by the 
population mean to the power x, with x derived from curve 
fitting and ARV as the average of the absolute differences 
between consecutive HbA1c measurements [18]. Recently, 
Forbes et al. [11] developed a new scale, namely the HbA1c 
variability score (HVS), indicating how frequently HbA1c 
rises or decreases by > 0.5% (5.5 mmol/mol), which is in 
line with the SD and CV of HbA1c but clinically more 
translatable. Bonke et al. [14] defined HbA1c variability 
using the difference between successive measurements.

The present meta-analysis considered published studies 
presenting SD and CV, since these parameters are the most 
commonly available indices for HbA1c variability.

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
Ty

pe
 o

f s
tu

dy
; t

im
e 

in
te

rv
al

 c
on

si
de

re
d;

 
co

un
try

Sa
m

pl
e 

si
ze

 (n
)

A
ge

 o
f p

at
ie

nt
s 

(m
ea

n ±
 S

D
, o

r m
ed

ia
n 

&
 ra

ng
e)

G
en

de
r 

(M
al

e 
%

)

In
cl

us
io

n 
cr

ite
ria

M
ea

su
re

 
of

 H
bA

1c
 

va
ria

bi
lit

y

M
et

ho
do

lo
gi

ca
l n

ot
es

Ev
al

ua
te

d 
co

m
pl

ic
at

io
ns

Ya
n 

et
 a

l.,
 2

02
2 

[4
5]

C
lin

ic
-b

as
ed

 
re

tro
sp

ec
tiv

e 
lo

ng
itu

di
na

l s
tu

dy
; 

Ju
l 1

99
9–

O
ct

 2
01

9;
 

Ja
pa

n

69
9

56
 +

 10
68

C
on

se
cu

tiv
e 

T2
D

M
 

pa
tie

nt
s a

tte
nd

in
g 

ou
tp

at
ie

nt
 c

lin
ic

C
V

H
R

 fr
om

 C
ox

 
pr

op
or

tio
na

l h
az

ar
ds

 
m

od
el

s a
dj

us
te

d 
fo

r c
of

ou
nd

er
s, 

3 
m

od
el

s

D
ia

be
tic

 n
ep

hr
op

at
hy

Acta Diabetologica (2023) 60:721–738 726



 

1 3

Data sources and searches

Literature search was performed on PubMed in the time 
range 2015–July 2022, with no restrictions of language, 
using as search terms the followings:

(HbA1c variability OR glycosylated haemoglobin 
variation OR HbA1c CV OR HbA1c SD OR HbA1c 
coefficient of variation OR HbA1c standard variation) AND 
(type 2 diabetes mellitus AND (microvascular complications 
OR macrovascular complications)).

All resulting articles were reviewed by two reviewers 
(R.C. and G.S.).

Selection of studies

Eligibility criteria were selected according to the PICOS 
framework [19, 20]:

• P: Population: patients (age > 18y) with diagnosis of 
T2DM;

• I: Investigated condition: measurement of HbA1c 
variability, assessed by the SD or CV;

• C: Comparison condition: logistic or Cox regression 
analysis for outcome risk prediction;

• O: Outcome: risk of adverse macro-/micro-vascular 
complications;

• S: Study type: any kinds of clinical trials (randomized 
controlled trial, cohort study, etc.).

All the articles that fulfilled the requirements were 
considered, without restriction on ages of participants (as 
long as they were adults). We excluded reviews, editorials, 
and case reports. Full articles on potentially relevant studies 
were downloaded and reviewed for inclusion.

The main adverse outcomes of interest were all-cause 
mortality, cardiovascular mortality, and both diabetes macro-
complications (stroke; TIA: transient ischaemic attack; 
CHD: coronary heart disease; MI: myocardial infarction; 
PAD: peripheral arterial disease) and micro-complications 

Fig. 2  Forest plot of data regarding all-cause mortality, random-
effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, 
according to published available reports for T2DM. [Note: Here 
and in the following figures, each included study is represented by 

a point estimate of intervention effect, completed with a horizontal 
line extending either side (indicating the 95% confidence interval, 
95%CI); the summary result is represented as a diamond at the 
bottom of each subgroup and as a final overall estimate.]
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(nephropathy, neuropathy, retinopathy). When an article 
presented more estimates of the HbA1c variability, based 
on different models, all the proposed data were considered.

Data analysis

Meta-analysis was performed using review manager 
(RevMan) [computer program] version 5.4.1 (The Cochrane 
Collaboration, 2020). Analysis was stratified according to 
the presence of data regarding HbA1c variability in terms of 
coefficient of variation (CV) or as standard deviation (SD) 
and using hazard ratios (HR) or odds ratios (OR) data, as 
made available by considered studies. Subgroup analyses 
and overall values were presented. Separate analyses of HR 
and OR were performed, due to the different nature of the 
risk parameter meaning. Analysis was performed using the 
random-effects method [21, 22]. Results are graphically 
presented as forest plots, according to inverse-variance 
approach. Data were entered into RevMan as natural 
logarithm of the risk parameter with its standard error (as 
natural logarithm). Conversion of confidence intervals (CI) 
to standard error was obtained with the formula (ln upper 
CI−ln lower CI)/(2 × 1.96).

The measure of the extent of variation (heterogeneity) 
among the effects observed in different studies was quantified 

by  Tau2. Heterogeneity was also evaluated by using I2 
statistics based on χ2 test [23] considering the following 
suggested levels of heterogeneity: 0–40% might not be 
important; 30–60% may represent moderate heterogeneity; 
50–90% may represent substantial heterogeneity; 75–100% 
may represent considerable heterogeneity. Test for overall 
effect for each group and across all subgroups was executed 
based on z-distribution and significance results provided 
[24].

Results

Figure  1 presents the flowchart of the details of study 
selection performed in this meta-analysis. Of the initial 1247 
records identified on the topic HbA1c variability in T2DM, 
after filtering for complications, 176 records were selected, 
and 35 potentially relevant studies were identified. Of these, 
following full-text screening, 23 studies fulfilled the aims 
of the present investigation and were used for quantitative 
synthesis through meta-analysis. Table 1 illustrates the 
prominent characteristics of the studies considered in the 
meta-analysis (Table S1 reports the characteristics of the 12 

Fig. 3  Forest plot of data regarding cardiovascular mortality, random-effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, 
according to published available reports for T2DM
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excluded articles, which, although containing pertinent data, 
were not usable for the present analysis).

Figures 2, 3, 4, 5, 6, 7, 8 and 9 show the results of the 
meta-analysis as forest plots for the association between 
HbA1c variability and risk (evaluated as HR) of the various 
considered outcomes in people affected by T2DM. Overall, 
the analysis of the risk indicated that an association is 
appreciable between the HbA1c variability, expressed 
either as CV or as SD, and the various outcomes. The 
association appeared as statistically significant for all 
the considered complications (Figs. 2, 3, 4, 5, 6, 7, 9), 
except for neuropathy (Fig. 8). Averaged HR for all-cause 
mortality was 1.33 (95%CI 1.27–1.39, p < 0.0001), with 
the contributing effect of both HbA1c-CV and HbA1c-SD 
(Fig. 2), also confirmed for the data regarding cardiovascular 
mortality with a total HR of 1.25 (95%CI 1.17–1.34, 

p < 0.0001) (Fig. 3). Macro-vascular complications were all 
significantly associated with HbA1c variability parameter, 
either expressed as CV or SD, with an HR of 1.40 (95%CI 
1.31–1.50, p < 0.0001) for stroke (Fig.  4), HR of 1.30 
(95%CI 1.25–1.36, p < 0.0001) for transient ischaemic 
attack/coronary heart disease/myocardial infarction (Fig. 5), 
and 1.32 (95%CI 1.13–1.56, p = 0.0007) for peripheral 
arterial disease (Fig.  6). Considering micro-vascular 
complications, HR was 1.29 (95%CI 1.22–1.36, p < 0.0001) 
for nephropathy (Fig.  7), HR 1.03 (95%CI 0.99–1.08, 
p = 0.14) for neuropathy (Fig.  8) and HR 1.15 (95%CI 
1.08–1.24, p < 0.0001) for retinopathy (Fig.  9). Since 
data coming from the studies show considerably different 
estimates of risk, the heterogeneity measure, provided in 
particular by the I2 statistics (see forest plot details in Figs. 2, 

Fig. 4  Forest plot of data regarding stroke, random-effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, according to published 
available reports for T2DM

Acta Diabetologica (2023) 60:721–738 729



 

1 3

3, 4, 5, 6, 7, 8 and 9), indicates an appreciable and significant 
variability among studies, with ranges also greater than 50%.

Considering the OR as measure of association between 
HbA1c variability (expressed either as CV or SD) and risk 
for each of the outcomes (Fig. 10), most of these presented 
a non-significant association (for all-cause mortality, 
cardiovascular mortality, stroke, TIA/CHD/MI, PAD, 
retinopathy), while a significant association was found 
only for two micro-complications (namely nephropathy 
and neuropathy). However, the results regarding OR for 
these two micro-complications, in particular for data 

referred to neuropathy, are characterized by a high level of 
heterogeneity  (Tau2 test and I2 statistics), which may affect 
each relative overall effect.

Fig. 5  Forest plot of data regarding transient ischaemic attack (TIA), 
coronary heart disease (CHD), myocardial infarction (MI); random-
effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, 

according to published available reports for T2DM. *including stroke 
and death; **including stroke
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Discussion

In this meta-analysis, we assessed the association and the 
potential clinical utility of HbA1c variability in T2DM, 
focusing on studies published in the last years, from 2015 
until present day. The relevance of the issue consists of 

the fact that HbA1c variability could be a potentially 
modifiable risk factor and therefore could provide 
additional information for an optimized management of 
diabetes mellitus. The present analysis suggests that HbA1c 
variability (assessed as SD or CV) is significantly associated 
with the risk (as HR) of macro-vascular complications in 

Fig. 6  Forest plot of data regarding peripheral arterial disease, random effect model. Hazard ratios (HR) for HbA1c-SD, according to published 
available reports for T2DM

Fig. 7  Forest plot of data regarding nephropathy, random-effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, according to 
published available reports for T2DM
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T2DM, therefore conditioning also all-cause mortality 
and specifically cardiovascular mortality. On the other 
side, HbA1c variability may predict a significant risk of 
micro-vascular complications only for nephropathy and 
retinopathy, while the neuropathy risk appears not relevant.

These results confirm that individualizing care on the 
basis of change in glycaemic variability can be an important 
aspect of precision medicine in diabetes managing [46], 
although such an objective might take a long time to be 
achieved. A critical point is also the choice of the optimal 
predictor parameter among those proposed for the control 

Fig. 8  Forest plot of data regarding neuropathy, random-effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, according to 
published available reports for T2DM

Fig. 9  Forest plot of data regarding retinopathy, random-effect model. Hazard ratios (HR) for HbA1c-CV and HbA1c-SD, according to 
published available reports for T2DM
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Fig. 10  Forest plot of data regarding all risk factors, random-effect 
model. Odds Ratios (OR) for HbA1c-CV and HbA1c-SD, according 
to published available reports for T2DM. TIA/CHD/MI: transient 

ischaemic attack, coronary heart disease, myocardial infarction. PAD: 
peripheral arterial disease
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of diabetes. Glycaemic variability is usually defined by the 
measurement of fluctuations of glucose or other related 
parameters of glucose homeostasis over a given interval 
of time. It can be measured over the short-term glycaemic 
variability with continuous glucose monitoring (CGM) 
of interstitial fluid glucose levels both within-day and 
between-day, and long-term glycaemic variability with 
the oscillation of fasting plasma glucose (FPG) or HbA1c 
levels over a longer period, usually months or years [38]. 
Published results suggested a role of CGM as risk factor 
for retinopathy, regardless of HbA1c [47]. Most previous 
studies of subjects with T2DM considered FPG variability 
as an indicator of glycaemic variability; however, FPG has 
a limitation in that it does not reflect postprandial glucose 
levels, which is considered important in terms of diabetes 
control. HbA1c can be better indicator in that it reflects both 
FPG and postprandial glucose levels [48]. In this review, 
we choose HbA1c variability (intended as SD and/or CV) 
as a parameter of long-term glycaemic variability. Despite 
the emerging evidence for the predictive value of HbA1c 
variability, its clinical application remains limited by the 
absence of a standardized quantification method [41].

The burden of HbA1c variability found by the present 
meta-analysis in patients affected by T2DM regarding 
vascular complications appears to have approximately the 
same weight as the main detected risk factors, such as age, 
male sex and history of hypoglycaemia [49], suggesting 
that HbA1c variability can have a greater impact on the 
development of complications than the HbA1c level per se. 
From this observation, it follows that in order to prevent 
diabetes-related complications it is advisable to consider the 
variability of HbA1c among the reference parameters for 
patient follow-up and to use hypoglycaemic therapies that 
can guarantee the greatest possible stability of this parameter 
over time. The new drugs seem to work in this direction; 
a recently concluded trial demonstrated that the sodium-
glucose co-transporter 2 (SGLT2) inhibitor empagliflozin is 
associated with a reduced HbA1c variability [37], although 
the observed reduction in cardiovascular death following 
drug treatment did not appear to be mediated by reductions 
in HbA1c variability. However, in real-world setting, HbA1c 
variability in patients receiving a stable drug therapy, such 
as sulphonylureas, often appears large and not adequate to 
indicate the effectiveness of the treatment [50, 51], therefore 
limiting any predictive role of this glycaemic parameter on 
complication development.

As regard neuropathy, the HbA1c variability, assessed 
in the present analysis according to data on HR (Fig. 8), 
appeared to have a lower weight as risk predictor of 
complications in T2DM, not reaching a significant threshold. 
A published meta-analysis on potential risk factor for 
diabetic peripheral neuropathy had identified several risk 
factors associated, and among these is HbA1c [52], but 

also duration of diabetes, age and diabetic retinopathy. 
Other possible risk factors for neuropathy previously 
investigated are smoking, body mass index, serum lipid 
profile, but all of these were not found as significant 
predictors by Liu et al. [52], suggesting a still incomplete 
knowledge of the pathogenesis of this micro-vascular 
complication. On the other hand, it could be hypothesized 
that short-term glycaemic variability could play a greater 
role than a long-term variability in affecting axonal 
degeneration, contributing to the development of diabetic 
peripheral neuropathy [53]. Moreover, most published data 
considering diabetic peripheral neuropathy consist of cross-
sectional studies with limited sample size [52], therefore 
affecting a low statistical power. In the present analysis, 
the association of HbA1c variability with other diabetic 
micro-complications, namely nephropathy and retinopathy, 
reached the significant threshold; this fact probably is linked 
also to the fact that the available data in the literature are 
more abundant for these two complications compared to 
neuropathy, and mostly in favour of the risk of vascular 
damage, therefore conditioning a significant overall effect. 
It must be considered, as indicated in the Methods section, 
that when an article presented more estimates of the risks 
linked to HbA1c variability, based on different mathematical 
models, all the available proposed data were considered 
for the meta-analysis, in order to have a wider view on the 
associations with risks of complications. This fact may have 
induced an appreciable effect on the statistical significance 
of the overall effect. Furthermore, it should be noticed the 
occurrence of an overall stronger HR for HbA1c variability 
linked to macro-vascular complications, compared to 
micro-vascular complications; probably, this finding could 
be related to the role of impaired glucose homeostasis on 
lipid abnormalities. In fact, it is known that people affected 
by T2DM and characterized by insulin resistance, often 
present atherogenic dyslipidaemia, which is a key causal 
factor linked to the development of atherosclerosis [54]. It 
is possible to suggest that further studies should evaluate 
the role of other factors, such as AGEs, ROS and in general 
oxidative stress, as possible determinants involved in the 
diabetic peripheral neuropathy as well as in the other micro-
vascular complications of T2DM, potentially with different 
role on pathogenicity to the target tissue.

Still regarding neuropathy, the analysis of data set 
providing estimates of HbA1c variability in terms of OR 
(Fig. 10) permitted to observe a significant overall effect. 
This fact could be related to the presence of quite large 
estimates of OR obtained through various risk models 
from two studies [12, 31]; however, the authors noticed 
that a selection bias might have occurred, linked to the 
retrospective design and the origin of patients from a 
tertiary hospital [31], or the lack of any evaluation of the 
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possible role of indices of oxidative stress, inflammation or 
endothelial dysfunction [12].

The results of the meta-analysis consider ing 
the predictive role of HbA1c on various vascular 
complications (Figs. 2, 3, 4, 5, 6, 7, 8, 9 and 10) show 
also that the risk calculated for CV and SD has a different 
power, being values for CV lower than those for SD. 
This difference depends on the mean HbA1c values and 
suggests that in people with poorly controlled diabetes 
with high mean HbA1c the CV will be low, whereas in well 
controlled patients with the same variability (expressed as 
calculated SD) the CV will be higher. It may arise the 
question if there could be a different effect of the similar 
variability calculated by SD in patients with well or poorly 
controlled diabetes on development of complications and 
whether the predictive value of high HbA1c variability is 
different in patients with differently controlled diabetes. 
The answer to this question is not univocal, since the 
published studies differ in their choice of reference point 
and thereby in the interpretation of the measure; so, 
there is a clear need to define a unique parameter for the 
variability of HbA1c, which has statistical value and is 
easily applicable in clinical practice. The difficulty in the 
definition and interpretation of HbA1c variability has been 
already noted by several authors [55, 56], and it is unclear 
which index of visit-to-visit variability of HbA1c is most 
useful for predicting the risks taken into account, or there 
may be other useful indices. In order to clarify the causal 
relationship between visit-to-visit variability of HbA1c 
and the risks, comparative studies using various indices 
should be performed.

The present meta-analysis revealed different 
performance in defining the risk associated with HbA1c 
considering either HR or OR. It should be noted that 
OR indicates the presence of an association between an 
intervention and related risk, summarizing an overall 
study, but tends to exaggerate risk; moreover, the OR is 
a static measure and does not consider rates. Conversely, 
HR considers rates and indicates how the intervention 
modifies the rate of experiencing the considered event. 
HR, generally obtained with the standard Cox regression 
method, permits to investigate the effect of one or more 
variables (covariates) on the “time-to-first-event” [57]. 
Therefore, HR gives information on a phenomenon over 
time [58] and can be considered the representation of 
instantaneous risk. Moreover, OR tends to overestimate 
the risk, if compared to HR [59]. This fact has been 
encountered in the present meta-analysis, such as for the 
above-mentioned neuropathy event. Curiously, considering 
the evaluated complications of which available data 
regarding OR linked to HbA1c variability have been 

found in the literature and therefore here considered in the 
meta-analysis, most of the associations with mortality or 
macro-vascular complications did not result as significant 
(Fig. 10). Possible influence of OR as a static measure 
might have contributed to this result, as well as the very 
limited number of available published studies.

Regarding the heterogeneity issue for HR data, the 
considered outcomes present an appreciable variability 
among studies, since the heterogeneity measure, in particular 
as I2 statistics, very often presents a significant value, 
with ranges also greater than 50%, suggesting substantial/
considerable heterogeneity [23]. Since the random-effect 
method of analysis was used, the results pertain to the mean 
effects across studies, indicating a considerable discrepancy 
among published studies. However, inspection of the data 
distribution in the forest plot suggests that the majority 
of studies, although characterized by an overall sustained 
heterogeneity, are mostly located beyond the line of null 
effect, suggesting an overall increase of the risk of the 
outcome. As already observed above, it is to be noted that 
the meta-analysis here conducted considered also different 
estimates (models) provided by the same study, therefore 
possibly contributing to enhance the data dispersion.

Concerning OR, the results for two micro-complications 
(nephropathy and neuropathy) are characterized by a relevant 
heterogeneity, as suggested by  Tau2 and I2 parameters, and 
this fact may influence the overall effect. Moreover, data 
for neuropathy are influenced greatly by the presence of 
several values coming from a single study [12] obtained 
with different models for risk estimation on the same data 
of origin, suggesting a possible major influence of the 
calculation algorithms.

Conclusion

Our meta-analysis on HbA1c variability performed on the 
most recent published data since 2015 extends the view 
of previously published study by Gorst et  al. [15] and 
confirms the positive association between HbA1c variability 
and macro-/micro-vascular complications, as well as 
mortality events, in T2DM, suggesting that this long-term 
glycaemic parameter merits further attention as a predictive, 
independent risk factor for T2DM population.
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