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ABSTRACT

To systematically review the epidemiology of
early worsening of diabetic retinopathy (EWDR)
after substantial improvements in glycaemic
control and evaluate characteristics including
risk factors. This systematic review was regis-
tered with PROSPERO (CRD42020158252). An
electronic literature search was performed
according to PRISMA guidelines using MED-
LINE, EMBASE, PubMed, Web of Science,

Scopus and Cochrane databases and manual
reference for the articles published until 2020.
Published full-text English language articles
that report data on diabetic retinopathy in
people with diabetes experiencing a rapid, sub-
stantial decrease in HbA1c after going through
intensive therapy were included. All articles
were screened, data were extracted and
methodological quality was evaluated by two
independent reviewers using a priori criteria. A
total of 346 articles were identified after the
removal of duplicates. Data were extracted from
19 full-text articles with a total of 15,588 par-
ticipants. Included studies varied considerably
in terms of patient selection, timing and
method of assessing the eye and retinopathy
classification. EWDR was reported to occur in a
wide range of prevalences; 3.3–47% of partici-
pants within 3–84 months after intensification
of glycaemic control. Risk factors for EWDR
included long duration of diabetes, long-term
uncontrolled hyperglycemia, amplitude of and
baseline retinopathy severity in both type 1 and
type 2 diabetes. The occurrence of EWDR and
progression of retinopathy were found to have
an association with the amplitude of HbA1c
reduction. EWDR has been described in a pro-
portion of people with intensification of gly-
caemic control. However, the prevalence
remains unclear because of methodological
differences in the identified studies. Future
interventional studies should report
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retinopathy and visual outcomes using stan-
dardized protocols.

Keywords: Diabetes mellitus; Diabetic
retinopathy; Early worsening of retinopathy;
Intensive treatment

Key Summary Points

Why carry out this systematic review?

The aim is to review the epidemiology of
early worsening of diabetic retinopathy
(EWDR) after substantial improvements in
glycaemic control.

What was learned from this systematic review?

The occurrence of EWDR and progression
of retinopathy were found to have an
association with the amplitude of HbA1c
reduction.

INTRODUCTION

Diabetic retinopathy (DR) is the leading cause of
vision loss in the working-age population in
most industrialised countries [1, 2]. Globally,
the number of people with diabetes was esti-
mated to be 463 million in 2019 [1, 3–5] and
this is expected to rise to more than 700 million
by 2045 [3]. Amongst people with diabetes in
the UK, the prevalence of DR and sight-threat-
ening DR is estimated to be 32.4% and 3.4%,
respectively [6].

Modifiable risk factors for DR development
and progression include poor glycaemic con-
trol, hypertension and dyslipidaemia [2, 7]. The
relationship between glycaemic control and DR
is complex, which is also mirrored in other
microvascular complications such as diabetic
foot disease [8] with a positive relationship with
glycaemic variability. Diminished or absent
glycaemic autoregulation or short falls of insu-
lin availability are hypothesized to be the etio-
logical factors for this glycaemic instability

(variableness). It has been shown that if the
patients with diabetes have exposure to inter-
mittent high plasma glucose levels, they are
more likely to have detrimental consequences
compared to the patients who have exposure to
constant high plasma glucose levels [9]. HbA1c
variability is also associated with risk of DR
requiring laser treatment in type 1 diabetes [10].

The average HbA1c in the UK is suboptimal
and has been reported as 66 mmol/mol (8.2%)
in type 1 diabetes [11] and 58 mmol/mol (7.5%)
or lower in type 2 diabetes [12]. Good metabolic
control and near-normalization of plasma glu-
cose levels form the foundations of the man-
agement of diabetes mellitus and have been
found to be effective in preventing microvas-
cular complications including vision loss due to
DR [13, 14]. National Institute for Health and
Care Excellence (NICE) guidelines advise to aim
for a target HbA1c level of 48 mmol/mol (6.5%)
or lower in people with type 1 diabetes and
53 mmol/mol (7%) or lower in people with
type 2 diabetes to minimise the risk of long-
term vascular complications [12, 15]. Deterio-
ration of DR upon initiation of intensive gly-
caemic control was first described in type 1
diabetes in the 1980s [16] and has been referred
to as early worsening of diabetic retinopathy
(EWDR). More recently, there have been reports
of EWDR with intensification of glycaemic
control with glucagon-like peptide 1 (GLP-1)
receptor analogue therapy [17]. Although
EWDR had temporary and limited impact in
some patients, severe retinal damage occurred
in others who had to receive laser treatment
eventually. The mechanisms of EWDR are yet to
be elucidated. Alterations in growth hormone,
IGF-1 (insulin-like growth factor 1) axis and
vascular endothelial growth factor (VEGF) sec-
ondary to rapid glycaemic improvement in the
presence of hypoxia are thought to play a piv-
otal role [18]. Given that glycaemic control
remains suboptimal in a large proportion of
individuals with the subsequent aim to improve
this to near normoglycaemic levels, a substan-
tial number are at risk of EWDR.

Our aim was to systematically review the
published literature on the epidemiology and
characteristics of EWDR and determine its
incidence and any risk factors.
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METHODS

Search Strategy

This systematic review was conducted in
accordance with PRISMA guidelines [19] (pro-
tocol registered with PROSPERO:
CRD42020158252). Electronic searches with
methodological input from a medical librarian
were performed to identify articles reporting the
incidence of EWDR in the following databases:
MEDLINE (access via OVID), EMBASE (access via
OVID), PubMed, Web of Science, Scopus and
Cochrane databases. An a priori search strategy
was followed. Searches were restricted to those
of English language from database inception to
January 2020. Two investigators (HA and JB)
independently conducted database searches.
Combinations of pre-specified search terms
were used (Table 1). Results from the databases
were merged using Mendeley software to facili-
tate the removal of duplicates. Reference lists of
identified studies, review articles and systematic
reviews were manually reviewed to identify any
additional studies. No funding or sponsorship
was received for this study or publication of this
article. The inclusion and exclusion criteria for
selected studies are shown in Table 2.

The two authors independently screened the
titles and abstracts identified by the searches
according to eligibility criteria (Table 2). Full-
text articles were retrieved where studies
appeared to be eligible from abstract screening;
if there was any doubt regarding the eligibility
of any given study, the paper was included for
critique of the full text. Two authors (HA and
JB) independently assessed the full-text articles,
with the involvement of a senior author (PB) in
the event of disagreement. The process of
screening and selection for inclusion was
recorded using a PRISMA flowchart (Fig. 1).

Data Extraction

Data were extracted for the following fields:
name of first author and study, year of publi-
cation, country, type of study and setting, par-
ticipant characteristics including clinical and
demographic data, and study results such as

sample sizes, number of participants with
worsening/progression of retinopathy. Extrac-
ted data were reviewed by a senior author (PB)
to ensure accuracy. Data were extracted for
cohorts that did not experience a rapid sub-
stantial reduction in HbA1c. Intensive therapy
was defined [20] as a reduction of HbA1c of
11 mmol/L, 198 mg/dl (1%), or greater with
pharmacotherapy (insulin or GLP-1 receptor
agonist) and maintenance over a 6-month per-
iod. EWDR [21] was defined as development of
new DR, worsening of DR grades in either eye,
development of maculopathy as defined by
each study or need for commencement of
treatment for retinopathy or maculopathy
including intravitreal anti-VEGF, laser and vit-
rectomy over the same period of time.

Table 1 Search terms

Diabetes or IT-
related terms

EWDR-related terms

‘Diabetes mellitus

type 1’

‘Diabetic retinopathy’

‘Diabetes mellitus

type 2’

‘Pre-proliferative diabetic

retinopathy’

‘Intensive insulin

treatment’

‘Proliferative diabetic

retinopathy’

‘Intensive insulin

infusion treatment’

‘Worsening of diabetic

retinopathy’

‘Insulin pump therapy’ ‘Paradoxical phenomenon’

‘Rapid improvement of

blood glucose’

‘Early worsening diabetic

retinopathy’

‘Rapid blood glucose

control’

‘Retinopathy progression’

‘Large HbA1c

reductions’

‘Early retinal damage’

‘GLP-1 agonist

therapy’

‘Paradoxical early aggravation of

diabetic retinopathy’

‘Insulin pump therapy’ ‘Incidence’

‘Uncontrolled diabetes’

‘Hyperglycemia’
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Critical Appraisal

A validated critical appraisal tool developed by
Hoy et al. [22] was utilized to evaluate
methodological quality and risk of bias in the
included studies, specifically assessing the
external and internal validity. HA and JB inde-
pendently evaluated the quality of the studies,
with the involvement of PB in the event of a
disagreement and an a priori decision that the
articles were not weighted on the basis of the
risk of bias.

Primary Outcome

The primary outcome was incidence of new
worsening of retinopathy. Incidence was calcu-
lated as the number of people with new wors-
ening of retinopathy divided by the total
number of people with DR on intensive therapy
(IT) over a specified time. Methodological vari-
ables that could bias the reported incidence
were extracted: study size, population, ethnic-
ity, gender, time period of sampling method of
assessment of diabetic retinopathy. These vari-
ables were tabulated and considered as sources
of clinical heterogeneity.

Data Analysis

All selected articles were included in the sys-
tematic review. Clinical heterogeneity of the
studies was assessed by comparing study designs
and participant characteristics. The clinical
heterogeneity was deemed to be high and
therefore a reliable or useful pooled summary
incidence estimate was not calculated. There-
fore, a meta-analysis was not undertaken and a
narrative review of the studies was performed.
Data in the tables are expressed as means (± SD
or range when applicable).

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

A total of 346 articles were identified from the
electronic database and manual reference sear-
ches (Fig. 1). Titles and abstracts were screened
using the eligibility criteria and 327 articles
were excluded. Analysis of the full texts was
performed, 20 of which fulfilled the inclusion
criteria and from which data were extracted
(Tables 3 and 4). The majority of studies were
carried out in North American and European
populations. The study sample sizes ranged

Table 2 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Adults over the age of

18 years who have diabetes

mellitus either type 1 or

type 2 defined by the

World Health

Organization (WHO)

[23, 24] and American

Diabetes Association

(ADA) criteria [25]

Not an original research

manuscript

Cohorts and observational

studies displaying the

retinopathy outcomes in

patient with diabetes and

who receive intensive

therapy

Not a human study

Full-text publications Not conducted in adults

(at least 18 years of age)

Did not have a diabetes

mellitus group who

receive intensive therapy

Did not report diabetic

retinopathy

Not written in English

4 Diabetes Ther (2022) 13:1–23



from 30 to 3867 participants [26, 27]. None of
the studies included reported an appropriate
sample size calculation for DR outcomes and
some had low numbers of participants. Several
studies were hospital based and also recruited
participants from a single centre whilst others
did not detail recruitment strategies.

EWDR in Type 1 Diabetes Mellitus

Steno [26, 28], Oslo [29, 30], Kroc [31, 32],
DCCT study [33] and Klefter et al. [34] reported
EWDR in type 1 diabetes receiving intensive
therapy.

Studies Characteristics

Steno [26, 28], Oslo [29, 30], DCCT study [33]
and Kroc [31, 32] studies were prospective ran-
domised clinical trials which compared

intensive and conventional treatment (CT)
groups. Klefter et al. [34] reported a prospective
controlled study comparing two groups, the
first commencing insulin pump therapy and the
second continuing multiple daily insulin injec-
tions. Treatment regimens were pre-planned i.e.
participants were not randomized. There was a
wide variation in study sample sizes which
ranged from 30 to 1441 participants [26, 27].
The duration of follow-ups ranged from
8 months [31] to nearly 7 years but most studies
reported annually [35–37]. All the studies were
carried out in the USA and Europe and are
summarized in Table 3.

Intensive Therapy

There was no consistent definition of IT in these
studies but a reduction in HbA1c of 1.5% over
3 months [31, 38] (e.g. an HbA1c decrease from
9% to 7.5%) or more than 2% over a 6-month

Fig. 1 PRISMA flow diagram for the systematic review detailing the database searches, the number of abstracts screened
and the full texts retrieved. Created with BioRender.com

Diabetes Ther (2022) 13:1–23 5



T
ab
le
3

St
ud
ie
s
re
po
rt
in
g
re
ti
no
pa
th
y
ou
tc
om

es
in

pe
op
le
w
it
h
ty
pe

1
di
ab
et
es

w
ho

re
ce
iv
ed

in
te
ns
iv
e
gl
yc
ae
m
ic
co
nt
ro
l
re
gi
m
es

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w
-

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/w

he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

St
en
o

st
ud
y

[2
6]

D
en
m
ar
k/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

30
C
SI
I

15
M
ed

ag
e
36

(2
1–

51
)

8/
7

1
ye
ar
/

10
%

C
ol
ou
r
fu
nd

us

ph
ot
og
ra
ph
s
an
d

flu
or
es
ce
in

an
gi
og
ra
m
/r
et
in
al

fu
nc
ti
on
:
os
ci
lla
to
ry

po
te
nt
ia
l,
m
ac
ul
ar

re
co
ve
ry

ti
m
e,
an
d

po
st
er
io
r
vi
tr
eo
us

flu
or
op
ho
to
m
et
ry
/

E
ve
ry

6
m
on
th
s

N
o
as
so
ci
at
io
n

be
tw
ee
n

pr
og
re
ss
io
n
to

PD
R
an
d
H
bA

1c

de
cr
ea
se

in
fir
st

2
m
on
th
s
or

in

m
ea
n
bl
oo
d

gl
uc
os
e
du
ri
ng

fo
llo
w
-u
p

11
%

C
SI
I
E
W
D
R

de
sc
ri
be
d
as

fu
rt
he
r

co
tt
on
-w
oo
l
ex
ud
at
es
,

ha
em

or
rh
ag
es
,a
nd

‘‘r
ed

sp
ot
s’’
on

fu
nd

us

ph
ot
og
ra
ph
s
an
d

ap
pe
ar
an
ce

of
fu
rt
he
r

m
ic
ro
an
eu
ry
sm

s,

ha
em

or
rh
ag
es
,a
nd

ca
pi
lla
ry
-f
re
e
ar
ea
s
on

flu
or
es
ce
in

an
gi
og
ra
m
s

an
d
an

PD
R
fin

di
ng
s

C
T

15
M
ed

ag
e
32

(2
4–

26
)

6/
9

St
en
o

st
ud
y

[2
8]

D
en
m
ar
k/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

30
C
SI
I

15
M
ed

ag
e
36

(2
1–

51
)

8/
7

2
ye
ar
s

6%
C
SI
I

PD
R
in

4
C
SI
I,
5
C
T

D
R
im

pr
ov
em

en
t
in

47
%

C
SI
I
vs

14
%

C
T

C
T

15
M
ed

ag
e
32

(2
4–

26
)

6/
9

O
slo st
ud
y

[2
9]

N
or
w
ay
/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

45
C
II

15
26

(1
8–

38
)

7/
8

1
ye
ar
/

8.
5%

2
m
on
th
s
be
fo
re

tr
ea
tm

en
t,
at

th
e

be
gi
nn

in
g
of

tr
ea
tm

en
t,
an
d
af
te
r

3,
6
an
d
12

m
on
th
s

w
it
h
in
di
re
ct

op
ht
ha
lm
os
co
py
,

co
lo
ur

ph
ot
os
,F

A

Pr
ev
io
us

D
R
,l
on
g-

te
rm

T
1D

,

fe
m
al
e
ge
nd

er

L
ar
ge
r
H
bA

1c

de
cr
ea
se
s

C
ot
to
n-
w
oo
ls
po
ts
in

ha
lf

of
IT

3.
3%

(C
II
,

n
=
7;

M
I,
n
=
8)

vs

no
ne

in
C
T
at

3
m
on
th
s

R
eg
re
ss
io
n
at

6–
12

m
on
th
s
in

al
l

ex
ce
pt

4
1.
3%

M
I

15
26

(1
9–

42
)

7/
8

C
T

15
26

(1
8–

36
)

7/
8

6 Diabetes Ther (2022) 13:1–23



T
a
b
le
3

co
n
ti
n
u
ed

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w
-

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/w

he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

O
slo st
ud
y

[3
0]

N
or
w
ay
/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

45
C
II

10
A
ft
er 41
m
on
th
s

th
e

tr
ea
tm

en
t

pr
ot
oc
ol

w
as

ch
an
ge
d

7
ye
ar
s

15
pa
ti
en
ts
w
ho

de
ve
lo
pe
d
co
tt
on
-w
oo
l

sp
ot
s
di
d
no
t
ha
ve

a

di
ff
er
en
t
re
ti
no
pa
th
y

ou
tc
om

e
at

ye
ar

7

M
I

29

C
T

6

K
ro
c

st
ud
y

[3
1]

U
SA

/

ob
se
rv
at
io
na
l

st
ud
y

70
C
SI
I

36
31
.9

±
1.
7

16
/1
9

8
m
on
th
s/

10
%

30
�
st
er
eo
sc
op
ic

ph
ot
og
ra
ph
s/

A
t
ba
se
lin

e,
4
an
d

8
m
on
th
s

B
as
el
in
e
D
R
le
ve
l,

N
o
ag
e
an
d
bl
oo
d

pr
es
su
re

as
so
ci
at
io
n

47
%

C
SI
I
vs

27
%

C
T

M
or
e
fr
eq
ue
nt

co
tt
on
-

w
oo
l
sp
ot
s
an
d

in
tr
ar
et
in
al

m
ic
ro
va
sc
ul
ar

ab
no
rm

al
it
ie
s
in

C
SI
I

vs
C
T
(P

\
0.
02
5)

C
T

34

K
ro
c

st
ud
y

[3
2]

U
SA

/

ob
se
rv
at
io
na
l

st
ud
y

47
C
SI
I

24
34
.±

1.
6

19
/1
6

2
ye
ar
s

A
t
2
ye
ar
s
th
e
de
gr
ee

of

re
ti
no
pa
th
y
in

tw
o

tr
ea
tm

en
t
gr
ou
ps

w
as

in
di
st
in
gu
is
ha
bl
e,
w
it
h

so
m
e
tr
en
d
to

le
ss
er

ov
er
al
l
de
te
ri
or
at
io
n

w
it
h
C
SI
I

C
T

23

Diabetes Ther (2022) 13:1–23 7



T
a
b
le
3

co
n
ti
n
u
ed

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w
-

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/w

he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

D
C
C
T

st
ud
y

[3
3]

U
SA

/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

14
41

PP
-I
T

34
8

27
±

7
17
8/
17
0

6.
5
ye
ar
s/

9%

Se
ve
n
fie
ld

fu
nd

us

ph
ot
og
ra
ph
s/

B
as
el
in
e,
at

3
m
on
th
s,
in

su
bg
ro
up

H
ig
he
r
ba
se
lin

e

H
bA

1c
,g
re
at
er

m
ag
ni
tu
de

of

H
bA

1c
re
du
ct
io
n

in
fir
st
6
m
on
th
s,

lo
ng
er

du
ra
ti
on

of
di
ab
et
es
,

gr
ea
te
r
se
ve
ri
ty

of

D
R

3
m
on
th
s:
E
W
D
R
in

11
%

IT
vs

3.
6%

C
T

R
eg
re
ss
io
n
at

6
m
on
th
s

in
ha
lf

13
%

of
IT

vs
7.
6%

in
C
T

R
eg
re
ss
io
n
in

51
%

an
d

55
%
,r
es
pe
ct
iv
el
y

(P
=
0.
39
)

A
t
6
m
on
th
s,
cl
in
ic
al
ly

si
gn
ifi
ca
nt

E
W
D
R
in

9
IT

vs
6
C
T

PP
- C
T

37
8

26
±

8
17
4/
20
8

SP
-I
T

36
3

27
±

7
17
1/
19
2

SP
- C
T

35
2

27
±

7
16
2/
19
0

K
le
ft
er

et
al
.

[3
4]

D
en
m
ar
k/

ob
se
rv
at
io
na
l

st
ud
y

51
C
SI
I

31
37

(1
9–

63
)

20
/1
1

1
ye
ar
/9
%

R
et
in
op
at
hy

le
ve
l,

da
rk

ad
ap
ta
ti
on

ki
ne
ti
cs
,r
et
in
al

an
d
su
bf
ov
ea
l

ch
or
oi
da
l
th
ic
kn
es
s,

m
ac
ul
ar

pe
rf
us
io
n

ve
lo
ci
ti
es
,r
et
in
al

ve
ss
el
di
am

et
er
s
at

ba
se
lin

e
an
d
af
te
r
1,

4,
16
,3

2
an
d

52
w
ee
ks

1
ye
ar

C
SI
I
re
du
ce
d

H
bA

1c
by

1.
6%

vs
0.
3%

w
it
h
C
T

C
en
tr
al
re
ti
na
l
th
ic
kn
es
s

in
cr
ea
se
d
by

1.
5%

in

C
SI
I
w
it
ho
ut

m
ac
ul
ar

oe
de
m
a.
N
o
E
W
D
R

re
po
rt
ed

C
T

20
42

(2
6–

63
)

8/
12

C
SI
I
co
nt
in
uo
us

su
bc
ut
an
eo
us

in
su
lin

in
fu
si
on
,C

T
co
nv
en
ti
on
al
th
er
ap
y,
D
C
C
T
T
he

D
ia
be
te
s
C
on
tr
ol
an
d
C
om

pl
ic
at
io
ns

T
ri
al
,E

W
D
R
ea
rl
y
w
or
se
ni
ng

of
di
ab
et
ic
re
ti
no
pa
th
y,
IT

in
te
ns
iv
e
th
er
ap
y,
M
ed

m
ed
ia
n,

M
I
m
ul
ti
pl
e
in
je
ct
io
ns
,P

D
R
pr
ol
ife
ra
ti
ve

di
ab
et
ic
re
ti
no
pa
th
y,
E
T
D
R
S
E
ar
ly
T
re
at
m
en
t
D
ia
be
ti
c
R
et
in
op
at
hy

St
ud
y,
PP

pr
im

ar
y
pr
ev
en
ti
on
,
SP

se
co
nd

ar
y
pr
ev
en
ti
on

8 Diabetes Ther (2022) 13:1–23



T
ab
le
4

St
ud
ie
s
re
po
rt
in
g
re
ti
no
pa
th
y
ou
tc
om

es
in

pe
op
le
w
it
h
ty
pe

2
di
ab
et
es

w
ho

re
ce
iv
ed

in
te
ns
iv
e
gl
yc
ae
m
ic
co
nt
ro
l
re
gi
m
es

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/

w
he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

U
K
PD

S

[1
2,

27
,5

8]

U
K
/p
ro
sp
ec
ti
ve

ra
nd

om
iz
ed

st
ud
y

38
67

IT
27
29

53
.2

±
8.
6

44
4/
64
9

9
ye
ar
s/

7%

R
et
in
a
m
or
ph
ol
og
y/

re
ti
na
l
fu
nc
ti
on

w
it
h
os
ci
lla
to
ry

po
te
nt
ia
l,
m
ac
ul
ar

re
co
ve
ry

ti
m
e,
an
d

po
st
er
io
r
vi
tr
eo
us

flu
or
op
ho
to
m
et
ry
/

B
as
el
in
e,
3,

6,
9
ye
ar
s

D
R
in
ci
de
nc
e

as
so
ci
at
ed

w
it
h

ba
se
lin

e
pl
as
m
a

gl
uc
os
e,
gl
uc
os
e

ex
po
su
re

ov
er

6
ye
ar
s,
hi
gh

bl
oo
d

pr
es
su
re

N
o
E
W
D
R

re
po
rt
ed

C
T

11
38

53
.4

±
8.
6

43
3/
70
5

A
dr
em

(A
D
V
A
N
C
E
)

st
ud
y
[2
0]

E
ur
op
e/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

12
41

(f
ro
m

16
02

pa
ti
en
ts
)

IT
79
1

65
.6

±
6.
0

30
0/
49
1

4
ye
ar
s/

7.
5%

St
an
da
rd

re
ti
na
l

ph
ot
og
ra
ph
y

(E
T
D
R
S

C
la
ss
ifi
ca
ti
on
)/

B
as
el
in
e,
2
an
d

4
ye
ar
s

In
te
ns
iv
e
or

co
nv
en
ti
on
al

tr
ea
tm

en
t
no
t

as
so
ci
at
ed

w
it
h

de
cr
ea
se
d
in
ci
de
nc
e

or
pr
og
re
ss
io
n
of

D
R

N
o
E
W
D
R

re
po
rt
ed

C
T

81
1

65
.6

±
5.
7

34
7/
46
4

A
C
C
O
R
D

st
ud
y

[4
2,

43
]

U
SA

/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

28
56

IT
14
29

61
.6

±
6.
4

53
8/
89
1

4
ye
ar
s/

8.
2%

Fu
nd

us
ph
ot
og
ra
ph
y

of
se
ve
n
st
an
da
rd

st
er
eo
sc
op
ic
fie
ld
s,
at

ba
se
lin

e
an
d
ye
ar

4

of
fo
llo
w
-u
p

In
te
ns
iv
e
gl
yc
ae
m
ic

co
nt
ro
l:
re
du
ce
d
ri
sk

of
D
R
pr
og
re
ss
io
n

es
pe
ci
al
ly
in

ca
se
s

w
it
h
no
n-

pr
ol
ife
ra
ti
ve

D
R
at

in
cl
us
io
n

N
o
E
W
D
R

re
po
rt
ed

C
T

14
27

61
.5

±
6.
3

55
2/
87
5

V
A
D
T
st
ud
y

[4
4]

U
SA

/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

85
8
(f
ro
m

17
91
)

IT
43
3

60
±

8
16
/4
17

5
ye
ar
s/

9.
5%

Se
ve
n-
fie
ld

st
er
eo
sc
op
ic
co
lo
ur

ph
ot
og
ra
ph
s
of

th
e

re
ti
na
/B
as
el
in
e
an
d

5
ye
ar
s

D
R
in
ci
de
nc
e
re
du
ce
d

in
pa
ti
en
ts

ag
ed

\
55

ye
ar
s

w
it
h
IT

N
o
E
W
D
R

re
po
rt
ed

C
T

42
5

60
±

8
13
/4
12

Diabetes Ther (2022) 13:1–23 9



T
a
b
le
4

co
n
ti
n
u
ed

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/

w
he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

H
en
ri
cs
so
n

et
al
.[
46
]

U
SA

/

pr
os
pe
ct
iv
e

no
n-

ra
nd

om
iz
ed

cl
in
ic
al
st
ud
y

13
78

IT
33
3

3
ye
ar
s/

10
%

Fu
nd

us
ph
ot
og
ra
ph
s/

A
nn

ua
lly

H
bA

1c
le
ve
l,
pr
ev
io
us

D
R

D
R
pr
og
re
ss
io
n

(C
3
st
ag
es
):
9

2

in
th
os
e

in
it
ia
ti
ng

in
su
lin

th
er
ap
y
vs

ot
he
rs

C
T

10
45

(1
74

of w
ho
m

to in
su
lin

)

H
en
ri
cs
so
n

et
al
.[
47
]

U
SA

/

ob
se
rv
at
io
na
l

st
ud
y

45
IT

45
pa
ti
en
ts

w
it
h

ty
pe

2

di
ab
et
es

2
ye
ar
s/

9.
7%

Fu
nd

us
ph
ot
og
ra
ph
s

ba
se
lin

e
an
d
11
,3

,

6,
12

an
d

24
m
on
th
s

H
bA

1c
le
ve
l,

IG
F-
1,

an
d
he
m
os
ta
ti
c

va
ri
ab
le
s

D
R
pr
og
re
ss
io
n

23
/4
5
pa
ti
en
ts

(5
1%

)

pr
og
re
ss
ed

in

th
e
re
ti
no
pa
th
y

sc
al
e

Sh
ur
te
r
et

al
.

[4
8]

U
SA

/

re
tr
os
pe
ct
iv
e

ca
se

co
nt
ro
l

st
ud
y

68
IT

34
52

14
/2
0

2
ye
ar
s/

10
.7
%

IT
vs

7.
8%

C
T

45
�
re
ti
na
l

ph
ot
og
ra
ph
s/

A
nn

ua
lly

H
ig
he
r
ba
se
lin

e

H
bA

1c
,l
ar
ge
r

de
cr
ea
se

w
it
h
IT

A
t
le
as
t
on
e
st
ep

pr
og
re
ss
io
n
IT

gr
ou
p
25
/6
4

ey
es

(3
9%

),
C
T

gr
ou
p
on
ly
10

/

65
ey
es

(1
5%

)

(p
=
0.
00
25
).

Si
gh
t-

th
re
at
en
in
g

re
ti
no
pa
th
y
8

ey
es

IT
ve
rs
us

0

ey
es

C
T
,

p
=
0.
00
3

C
T

34
52

17
/1
7

10 Diabetes Ther (2022) 13:1–23



T
a
b
le
4

co
n
ti
n
u
ed

A
ut
ho

r
C
ou

nt
ry
/s
tu
dy

ty
pe

Sa
m
pl
e

si
ze

St
ud

y

gr
ou

p

G
ro
up

si
ze

M
ea
n
ag
e

(y
ea
rs

–
SD

or
ra
ng
e)

Se
x

(f
em

al
e/
m
al
e)

Fo
llo

w

up
/

ba
se
lin

e

H
bA

1c

R
et
in
op

at
hy

ev
al
ua
ti
on

ho
w
/

w
he
n

Fa
ct
or
s
as
so
ci
at
ed

w
it
h
E
W
D
R

In
ci
de
nc
e
of

E
W
D
R
(%

)

A
ru
n
et

al
.

[4
9]

U
K
/ ob
se
rv
at
io
na
l

cl
in
ic
al
st
ud
y

29
4

IT
28
4

62
±

9.
6

15
2/
13
2

5
ye
ar
s/

10
%

R
et
in
al
ph
ot
og
ra
ph
y/

A
nn

ua
lly

H
ig
he
r
ba
se
lin

e

H
bA

1c
(P

=
0.
00
2)
,

sm
al
le
r
de
cr
ea
se

in

H
bA

1c
(P

=
0.
00
7)
,

lo
ng
er

du
ra
ti
on

of

di
ab
et
es
,h

ig
he
r

H
bA

1c
at

fo
llo
w
-u
p

13
%

of
pa
ti
en
ts

ha
d
E
W
D
R

w
it
hi
n
th
e
fir
st

3
ye
ar
s
of

in
su
lin

tr
ea
tm

en
t

C
T

70
59
.4

±
12
.1

38
/3
2

SU
ST

A
IN

6

st
ud
y
[4
5]

E
ur
op
e-
U
S-

C
N
/

pr
os
pe
ct
iv
e

ra
nd

om
iz
ed

st
ud
y

32
97

G
L
P-
1

ag
on
is
t

82
6

64
.7

±
7.
2

63
5/
10
13

2
ye
ar
s/

8.
7%

Fu
nd

us
ph
ot
og
ra
ph
s/

B
as
el
in
e,
2
ye
ar
s

Pr
e-
ex
is
ti
ng

D
R
,

du
ra
ti
on

of
di
ab
et
es
,

hi
gh
er

H
bA

1c
at

ba
se
lin

e;
in
su
lin

tr
ea
tm

en
t
at

tr
ia
l

en
tr
y

D
R
pr
og
re
ss
io
n

3%
G
L
P-
1

ag
on
is
t
vs

1.
8%

pl
ac
eb
o

Pl
ac
eb
o

16
49

64
.6

±
7.
5

66
0/
98
9

C
T
co
nv
en
ti
on
al
th
er
ap
y,
D
R
di
ab
et
ic
re
ti
no
pa
th
y,
E
W
D
R
ea
rl
y
w
or
se
ni
ng

of
di
ab
et
ic
re
ti
no
pa
th
y,
IT

in
te
ns
iv
e
th
er
ap
y,
G
L
P-
1
gl
uc
ag
on
-li
ke

pe
pt
id
e
1,
PD

R
pr
ol
ife
ra
ti
ve

di
ab
et
ic
re
ti
no
pa
th
y,

E
T
D
R
S
E
ar
ly
T
re
at
m
en
t
D
ia
be
ti
c
R
et
in
op
at
hy

St
ud
y

Diabetes Ther (2022) 13:1–23 11



period [26, 38] after the commencement of
subcutaneous insulin infusion or multiple
injections of insulin were commonly reported.
The DCCT study [38] described IT as adminis-
tration of insulin at least three times by injec-
tion or an external pump. The goal was to
achieve preprandial plasma glucose concentra-
tions between 70 and 120 mg/dl (0.79 and
1.36 SI units) postprandial concentrations of
less than 180 mg/dl and HbA1c level of less than
6.5%, measured monthly. In the Oslo study
[29], participants were randomly assigned to
two different modes of intensive treatment:
either continuous subcutaneous insulin infu-
sion or multiple insulin injections. In the mul-
tiple daily injection group, rapid-acting insulin
was administered before each meal (four to six
times daily) with isophane insulin at bedtime.
The investigators did not set a target for HbA1c
reduction or level but reported that the mean
plasma glucose concentration improved sub-
stantially with the introduction of IT and
remained near normal (preprandial plasma
glucose concentrations between 70 and 120 mg/
dl and postprandial concentrations of less than
180 mg/dl) for 1 year. No such improvement
was observed in the control group. Steno study
[26] participants were randomly allocated to
either an IT group who received continuous
subcutaneous insulin infusion (CSII) aiming for
postprandial glucose values below 9 mmol/l
(162 mg/dl) and no glucosuria or to a CT group
who received two daily injections of insulin
aiming for postprandial morning plasma glu-
cose excretion below 15 mmol/l (270 mg/dl)
and 24 h urinary glucose excretion below 20 g.

Assessment of Retinopathy

Methods of assessment and classification of
retinopathy varied widely. The studies were
carried out between 1983 [26] and 2016 [34] and
utilized different modalities for the evaluation
of diabetic retinopathy with advances in tech-
nology. Follow-up intervals ranged from
3 months to annual examinations. Seven field
fundus photographs were used in the DCCT
study [38], 30� stereoscopic photographs were
analyzed in the Kroc study [32], macular and

choroidal thickness was measured with optical
coherence tomography (OCT) in one study [34]
and indirect ophthalmoscopy was performed in
the Oslo [29] and Steno studies [26]. The
majority of studies used an adaptation of the
Early Treatment Diabetic Retinopathy Study
grading system [39]. There was no external
validation of the retinopathy grading in any
study. Ophthalmological examinations were
performed at least annually, although early
evaluation was performed within the first
3 months of IT in two studies. In the Oslo study,
the participants were examined 2 months
before the randomization to be able to have a
baseline grading, and at 3, 6 and 12 months
[29]. A subgroup of the DCCT cohort was
examined at 3 months [33, 35].

Description of Populations of Included
Studies

The Steno [26], Kroc clinical trials [31] and
Klefter et al. [34] recruited participants who had
non-proliferative DR at baseline and excluded
participants with proliferative DR. The Oslo
study [29] and DCCT [38] primary prevention
cohort study participants did not have any DR
at the beginning of the study. The Oslo clinical
trial [29], DCCT [38] and Klefter et al. [34]
reported baseline HbA1c levels greater than
69 mmol/mol (8.5%). Steno [26] and Kroc
studies [31] reported baseline HbA1c around
10%. Tight plasma glucose control in most cases
who received IT had 11–33 mmol/mol (1–3%)
reductions in HbA1c levels at their first year of
follow-up [31, 38].

The Steno study recruited 30 participants
with insulin-dependent diabetes mellitus with
long-term hyperglycemia (type 1 diabetes,
approximately with a duration of 20 years) and
moderate non-proliferative DR [26, 28]. In
1983, IT group showed progression of DR after
1 year of treatment. The frequency of deterio-
ration was found to be highest in the IT group,
especially among the ten participants with the
best glycaemic control. Proliferative retinopa-
thy developed in three patients, two of which
had IT. Retinal function which was evaluated by
oscillatory potential, macular recovery time,

12 Diabetes Ther (2022) 13:1–23



and posterior vitreous fluorophotometry,
improved significantly with IT and deteriorated
significantly with CT. Changes in retinal func-
tion were most pronounced in participants with
the greatest and the poorest regulated glycaemic
control. At 2 years, four participants in the IT
group and five in the CT group developed pro-
liferative retinopathy [28]. However, a signifi-
cant trend was found toward more frequent
improvement of retinal morphology in the IT
group (47%) than in the CT group (13%).

In the Oslo study, 45 people with insulin-
dependent (type 1) diabetes with non-prolifer-
ative DR were randomized to receive either
continuous subcutaneous insulin infusion,
multiple insulin injections, or conventional
insulin treatment [36]. Angiogram evaluation
showed progression of retinopathy in the CT
group, transient deterioration in the continuous
infusion group, and no change in the multiple
injection group. Half the participants receiving
IT (n = 7) and multiple injections (n = 8)
developed retinal cotton-wool spots within
6 months of follow-up. These changes regressed
in all except four participants after 12 months.
The Kroc collaborative study reported 47% of
participants receiving IT worsened at 8 months
compared to the CT group, nearly 30% of which
showed worsening of DR [31].

DCCT study is the landmark trial in type 1
diabetes which provided a novel insight
regarding the frequency and the risk factors for
EWDR in IT [35]. A subgroup of participants
were reported to experience the sustained pro-
gression of retinopathy by three or more steps
on the ETDRS scale at 3 months; 11% with IT vs
3.6% with CT. At the 6-month and/or
12-month visits, progression was observed in
significantly more participants randomized to
receive IT (13.1%) than CT (7.6%). At
18 months follow-up, DR was found to be
improved in 51% of participants in the IT group
and 55% of participants in the CT group. Par-
ticipants with early worsening phenomenon
had higher HbA1c at baseline and experienced
greater reductions in HbA1c during the first
6 months of treatment compared to those
without. However, despite this initial deterio-
ration in DR, the IT group had similar or more
favourable retinopathy grading outcomes

compared with conventionally treated partici-
pants at 12 months. After 10 years, once HbA1c
levels had become comparable between the two
treatment groups, the risk of DR progression
was still significantly lower in IT compared with
CT. This beneficial effect persisted for up to
18 years [40, 41] and was termed as ‘metabolic
memory’. Clinically, the emergence of this term
suggests the need for a early aggressive treat-
ment of metabolic control and the addition of
agents which reduce cellular reactive species
and glycation in addition to normalizing glu-
cose levels in order to minimize long-term dia-
betic complications.

EWDR in Type 2 Diabetes Mellitus

The UKPDS [27], Adrem [20], ACCORD [42, 43],
VADT [44], SUSTAIN 6 [45], Henricsson et al.
[46, 47], Shurter et al. [48] and Arun et al. [49]
studies evaluated DR progression after tight
control of plasma glucose levels in type 2 dia-
betes (Table 4).

Design

Five prospective randomized clinical trial were
identified [20, 27, 42, 44, 45]. Hospital-based
clinical studies were reported by Henricsson
et al. [46, 47] and Arun et al. [49]. None of these
large randomized clinical studies evaluating the
benefits of IT on microvascular events included
early retinal evaluation. Shurter et al. evaluated
68 people with type 2 diabetes retrospectively
[48]. Randomised clinical trial of IT versus CT
was the primary methodology used
[20, 27, 43, 44].

Setting/Population

The eight studies were performed in Europe and
North America. Four studies were undertaken in
Europe [20, 27, 49], three in the USA [42, 44, 47]
and one was an international study which
recruited participants in Canada, USA and Eur-
ope [45]. The number of participants varied
between 3867 in the UKPDS [27] and 68 in a
retrospective study conducted by Shurter et al.
[48]. Study populations differed in terms of
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baseline glucose control and retinal status. The
UKPDS included newly diagnosed patients with
a low prevalence of DR at baseline [27], and the
AdRem [20], ACCORD eye study [42] and VADT
[44] all involved patients with 10-year duration
of diabetes, high vascular risk and high DR
prevalence at baseline.

Intensive Therapy

There was no precise definition of IT in these
studies and baseline HbA1c levels differed
between 53 mmol/mol (7%) and 86 mmol/mol
(10%). IT was defined as an HbA1c decrease of
more than 1.5% over a period of subcutaneous
insulin infusion or multiple daily injections of
insulin or GLP-1 receptor agonists
[20, 27, 45, 46, 48–51].

Assessment of Retinopathy

Fundus photography was used as a retinal
assessment method. ETDRS retinopathy classi-
fication was utilized in the AdRem study [20]
and the UKPDS [27]. There was no external
validation of the retinopathy grading in these
studies except the UKPDS. Participants had eye
examinations at baseline and at the end of the
follow-up period. Baseline retinopathy grading
(status) differed across these studies. Addition-
ally, these studies had different criteria to define
DR progression and need for the treatment
[20, 27, 42, 51].

Description of Populations of Included
Studies

The UKPDS included newly diagnosed partici-
pants with a low prevalence of DR at baseline
[27], whereas the AdRem [20], ACCORD eye
study [42, 43] and VADT [44] all involved par-
ticipants with approximately 10-year durations
of diabetes, high vascular risk and higher DR
prevalence at baseline. While the UKPDS
[13, 27, 52] and ACCORD eye study [42, 43]
demonstrated significant retinal mid-term ben-
efits (improved glucose control) for the inci-
dence or progression of DR in IT, the AdRem
study and VADT [20, 44] did not. In these

studies, no cases of EWDR were mentioned in
side-effects reports. DR progression was similar
to ADVANCE whose HbA1c levels decreased by
more than 5.5 mmol/mol (0.5%) at 6 months
[44]. In the ACCORD eye study, IT with HbA1c
at baseline greater than 64 mmol/mol (8%) had
similar DR progression to CT (P = 0.93), even
though IT participants at 1 year had achieved a
median HbA1c of 47 mmol/mol (6.4%) and CT
participants had a median HbA1c of
59 mmol/mol (7.5%) [42, 43].

Henricsson et al. reported a non-randomized
clinical trial including 1378 participants with
T2D, among whom 333 were taking insulin,
with 1045 using oral agents or diet alone at
beginning of the study [46]. Of these partici-
pants, 174 received insulin therapy during fol-
low-up. Two-fold increase of DR progression
was noted in those participants who had swit-
ched to insulin therapy from oral hypoglycemic
drugs. The main risk factors associated with DR
progression were HbA1c status and DR severity
prior to insulin therapy (P\ 0.01). Henricsson
et al. also reported another observational study
of 45 patients with type 2 diabetes who were
examined every 3 months during the first year
of insulin therapy and followed up at month 24
[47]. The group used the Wisconsin scale to be
able to grade DR on fundus photographs. They
additionally measured HbA1c, IGF-1, and some
hemostatic variables. In their study, DR pro-
gression of at least three levels (Wisconsin scale)
was found to be related to the amount of HbA1c
reduction, the duration of diabetes, but not to
IGF-1 levels.

A retrospective case control study of 68 par-
ticipants with type 2 diabetes reported EWDR
[48]. Participants who experienced a decrease of
more than 1.5% over 2 years were categorized as
IT (control group had only small HbA1c alter-
ations); 39% of the IT group showed at least one
step of progression change in retinopathy grade,
compared with the CT group who only experi-
enced minimal retinopathy change (39% vs
15%, respectively; P = 0.02). Sight-threatening
retinopathy was observed more in IT.

Data from Arun et al. [49] showed DR pro-
gression within the first 3 years of intensive
treatment with insulin of 294 participants with
type 2 diabetes (mean HbA1c of 10% at
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baseline). DR progression was defined as the
development of moderate non-proliferative DR
or higher grades of retinopathy or sight-threat-
ening maculopathy on follow-up. Administra-
tion of laser therapy was considered as
significant progression in those patients with
moderate or severe non-proliferative DR at
baseline. DR progression risk was found to be
low in participants who did not have any DR at
the baseline (2.6%); however, EWDR was
observed mostly in participants with moderate
non-proliferative DR at inclusion. The risk fac-
tors in association with early worsening and
sight-threatening retinopathy were discussed as
high baseline HbA1c levels, long duration of
uncontrolled diabetes and high mean HbA1c
levels.

The SUSTAIN clinical trial (n = 3297) studied
the efficacy and safety of semaglutide, a GLP-1
receptor analogue, for the treatment of type 2
diabetes in a high cardiovascular risk popula-
tion [45], 29.4% had pre-existing DR at baseline.
Over 2 years, semaglutide was associated with a
significant increase in the risk of DR complica-
tions compared to placebo group. Associations
for EWDR were higher baseline HbA1c, a longer
duration of diabetes and those with pre-existing
retinopathy.

Glucagon-Like Peptide (GLP)-1 Receptor
Analogue Studies

The SUSTAIN clinical trial studied cardiovascu-
lar outcomes with semaglutide (GLP-1 receptor
analogue) in participants with type 2 diabetes
and found the rate of DR complications such as
loss of vision, vitreous haemorrhage, need for
treatment were greater with semaglutide vs
placebo (P B 0.05) [45]. The incidence rate of
confirmed events was highest in participants
with HbA1c reductions greater than 1.5% with
semaglutide or placebo. DR complications
occurred less in the semaglutide group and
especially in those with historical DR compli-
cations prior to recruitment. Conversely, in the
Liraglutide Effect and Action in Diabetes: Eval-
uation of Cardiovascular Outcome Results
(LEADER) randomized trial, incidence of DR
complications was no different in type 2

diabetes with liraglutide compared to placebo
[53]. The DR outcome difference may be
attributed to the fact that the magnitude of
HbA1c reduction was greater in SUSTAIN 6
compared to LEADER. Importantly, neither of
these clinical trials was designed to evaluate DR
events. The eye events were collected from the
adverse event reports and additionally they did
not have standard ophthalmological documen-
tation and reporting in their protocols [17, 53].
EWDR may be attributed to the recruitment of
participants with advanced retinopathy, and
EWDR observed in the first 4 months of the trial
may be explained by the rapid and large HbA1c
reductions rather than direct retinal toxicity
[45]. Previous studies of GLP-1 receptor agonists
have not shown worsening of DR either in vitro
or in vivo [54].

DISCUSSION

This systematic review identified 19 publica-
tions reporting retinopathy data in people with
diabetes receiving intensive therapy (total
number of participants 15,588). Fifteen out of
19 publications reported EWDR as defined by
study specific criteria. In studies reporting
EWDR the range of incidence was 3.3–51%
(Fig. 2). Those studies reporting EW identified
the phenomenon in the time range 3–-
84 months from initiation of intensive therapy.

Reported risk factors for EWDR were dura-
tion of diabetes, baseline DR severity and long-
term uncontrolled hyperglycemia in both
type 1 and type 2 diabetes [29, 38, 49, 55]. The
occurrence of EWDR and DR progression were
found to have an association with the ampli-
tude of HbA1c reduction [29, 38, 48, 49, 55].
Additionally EWDR was found to be more
common in women than men in the Oslo study
[36]. There are conflicting reports of whether
EWDR is associated with insulin, as opposed to
other therapies for glycaemic control [56–58].
Exogenous insulin has been considered to have
a synergistic impact with the VEGF expressed by
ischemic retina and leading vascular prolifera-
tion and the worsening of diabetes retinopathy.
Included studies showed a high degree of
heterogeneity in terms of population
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characteristics, treatment regimes and timing
and method of retinopathy assessment. Defini-
tion of EWDR varied across trials which may
relate to changes in retinopathy grading, speci-
fic morphological changes or clinically relevant
patient outcomes.

The landmark DCCT [59] trial in type 1 dia-
betes reported EWDR had a greater occurrence
in IT compared to CT (P\ 0.001). At
18 months, 51% of participants receiving IT had
improvement in DR (DR regression). Baseline
HbA1c levels were higher and larger reductions
were experienced in the first 6 months in those
who had the EWDR phenomenon. However,
overall DR outcomes were better in the IT
group. Beneficial effects of intensive treatment
were observed after 10 years of follow-up with
lower DR progression in the treatment group.

There are limited data for the association
between the rapid/tight control of plasma glu-
cose levels and EWDR in participants with
type 2 diabetes because currently available ran-
domized clinical trials data only present final
DR classification at the end of the trial in IT or
CT groups [20, 27, 42]. Unfortunately the
studies included in this review did not give
information about the subtype of type 2

diabetes which would provide more clinical
translatability.

Other systematic reviews and meta-analyses
in type 1 and 2 diabetes have shown overall
benefit of IT. A recent Cochrane review inclu-
ded 12 clinical trials involving a total of 2230
participants with type 1 diabetes and showed
that IT when compared to CT was highly
effective in reducing the risk of developing
microvascular diabetes complications including
DR [60]. A meta-analysis of 24 studies involving
9302 participants with type 1 diabetes reported
that IT reduced DR progression by nearly 33%
[61]. A meta-analysis of studies in type 2 dia-
betes including the ACCORD, UKPDS, AdRem
and VADT studies suggested that IT was associ-
ated with a 13% of risk reduction of eye events.
This review reported a composite outcome of
requirement for pan-retinal photocoagulation
therapy, pars plana vitrectomy development of
proliferative retinopathy or progression of DR
after 5 years of follow-up (HR 0.87, 95% CI
0.76–1.00; P = 0.04). Interestingly, a lower, non-
significant rate of eye events was observed dur-
ing the first year of follow-up in the IT group.
The pooled hazard ratio (HR) for the primary
eye outcome was 0.83 (95% CI 0.57–1.20;
P = 0.323), and the annual rate of ocular events

Fig. 2 Incidence rate of early worsening of diabetic retinopathy reported in the reviewed articles
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was 0.38% vs 0.53% in the IT group and CT
groups, respectively [62].

Does Baseline DR Status Predict EWDR?

The DCCT [38] and Oslo study [29] primary
prevention cohort study participants did not
have any DR at the beginning of the study. Arun
et al. [49] reported that after initiation of insulin
treatment in type 2 diabetes, clinically signifi-
cant worsening of retinopathy over a 3-year
period was uncommon in those with no
retinopathy (2.6%) but occurred in 31.8% of
patients with any retinopathy at baseline. A
feature common to studies demonstrating pro-
gression of retinopathy is that patients having
worse initial DR grade are at highest risk after
intensification of glycemic control. The risk of
serious worsening of retinopathy after intensive
insulin therapy in patients with type 2 diabetes
may have been previously overestimated.
Patients with previous DR have a greater risk of
EWDR and irreversible lesions. In addition, the
exclusion of patients with higher grades of
retinopathy from studies may lead to underes-
timations of the true incidence of EWDR.

EWDR: Long-Term Complication
or Transient Phenomena

Our systematic review has identified evidence
that EWDR is a transient phenomenon. In the
Oslo study, retinal structural abnormalities
including cotton-wool spots regressed in all
participants who experienced a large drop of
HbA1c except four patients at 1 year [29]. In a
number of studies, EWDR was reported within
3–6 months of an intensive treatment which led
to early eye evaluation [29, 33, 38].

In the DCCT, EWDR occurred primarily in
the secondary-intervention cohort (n = 715)
(type 1 diabetes for 1–15 years with mild non-
proliferative DR (NPDR) with at least one
microaneurysm in either eye, but no more than
moderate non-proliferative DR and urinary
albumin excretion of less than 200 mg/24 h at
baseline) within 12 months of randomization
[38]. EWDR was experienced by 22% in the IT
group versus 13% in the CT group [38].

However, in most cases these fundus abnor-
malities disappeared by 18 months, and no case
of early worsening resulted in serious visual loss
[38]. Studies which did not detect EWDR
(UKPDS, ADREM, ACCORD, VADT studies
[20, 27, 42, 44]) may have missed the phe-
nomenon because their protocols lacked retinal
assessment in the early stages. It is difficult to
draw definite conclusions because of major dif-
ferences in study designs regarding timing of
retinal assessment.

Lack of Imaging Consensus

There is no widely recognized consensus for
retinopathy assessment in the context of studies
investigating the effect of intensification of
glycaemic control. Imaging modalities, tech-
niques and grading systems varied across the
included studies. This considerable hetero-
geneity in assessment of DR made the compar-
ison between studies (and meta-analysis)
difficult. Dual grading with arbitration of retinal
photographs by an accredited reading centre is
seen as the reference standard [63]. Variation in
the method of retinopathy assessment and lack
of external validation are likely to have con-
tributed to the variation in data reported.

Putative Pathogenetic Mechanisms
in EWDR

A number of mechanisms are postulated for the
development of EWDR.

The effect of the growth hormone and IGF-1
axis and its relevance in the pathophysiology of
EWDR [18] has been studied. Chantelau et al.
reported case studies and hypothesized that
increasing serum insulin as well as IGF-1 may
trigger VEGF-induced macular oedema with
reduction of visual acuity [58, 64]. Salgado et al.
[65] studied people with type 1 diabetes
reporting increased growth hormone secretion
in subjects with poor glycaemic control. After
improvement in glycaemic control [65], levels
of IGF-binding protein 1 (IGFBP-1) were
reduced and IGF-1 levels were significantly
higher. Even in adolescents with newly diag-
nosed type 1 diabetes [66], IGF-1 levels are low
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and increase rapidly with insulin treatment.
IGF-1 has a promoting effect on retinal vessel
formation through an increased expression of
VEGF in retinal microvascular endothelial cells
[67, 68]. Reactive oxygen species (ROS) increase
the production of VEGF which leads to prolif-
erative retinopathy by new vessel formation
and blood vessel leakage [69]. It is postulated
that improved glycaemic control in the pres-
ence of retinal hypoxia may lead to VEGF
upregulation [70]. Indeed, Thangarajah et al.
have shown that there is a blunted VEGF
expression and VEGF continues to increase even
after plasma glucose reduction under ischaemic
conditions [71]. The hypoxia has also been
shown to regulate the production of a number
of angiogenic factors including platelet-derived
growth factor, erythropoietin and fibroblast
growth factors [72]. These specific mechanisms
need to be studied in well-designed prospective
cohort studies and clinical trials.

LIMITATIONS AND CONCLUSIONS

This systematic review was limited to published
articles in English. There is considerable
heterogeneity in the literature reporting
retinopathy in patients receiving intensive gly-
caemic control and thus a meta-analysis was not
possible.

There have been many theories proposed to
explain EWDR, but unfortunately all are found
to be inconclusive. There are knowledge gaps
due to the lack of adequate baseline and follow-
up retinal imaging data in several large-scale
studies. Non-clinical studies might help address
the gaps and lead to stronger theories, but
suitable animal models might be limited. Not
only the magnitude of HbA1c decrease but also
the rapidness of this change is an important
issue which is worth evaluating further.

Interventional studies which include inten-
sive glycaemic control should report retinopa-
thy and visual outcomes using standardized
protocols. If possible, assessment should
include logMAR visual acuity, digital retinal
photographs graded in an accredited reading
centre and optical coherence tomography
(OCT) of the macula. Assessment should occur

at baseline and at least quarterly if identification
of EWDR is an aim of the study.

EWDR has implications in clinical practice.
Guidelines from the American Diabetes Associ-
ation suggest at least annual eye examinations
for patients with DR, while guidelines from the
Royal College of Ophthalmologists recommend
annual eye examinations for mild-to-moderate
DR and examinations every 4–6 months for
moderately severe-to-very severe DR [73, 74].
Guideline revisions may be required for patients
with DR and poor glycaemic control prior to
initiation of intensive glycaemic control. Until
more evidence becomes available, the general
goal of target HbA1c\ 59 mmol/mol (7%)
should be considered, however.

This review has identified a range of esti-
mates for incidence of EWDR and risk factors for
the condition. Intensification of glycaemic
control does lead to EWDR in a proportion of
people; however, the precise incidence remains
unclear because of methodological differences
in the reported studies. Interventional studies
should report retinopathy and visual outcomes
using standardized protocols. Whether EWDR
leads to long-term adverse visual outcomes
remains unclear and is an important priority for
future research.
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