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Abstract

Background: The treatment for diabetic macular edema (DME) has revolutionized during the last 15 years after the
introduction of intravitreal anti-VEGF agents. The aim of the current study is to evaluate the real-world visual out-
comes of diabetic macular edema (DME) treatment in patients with type 1 diabetes (T1D) in long-term follow-up.

Methods: A real-world, descriptive, population-based cohort and follow-up of all patients with T1D and DME in
2006-2020 in 34 communities of the Northern Ostrobothnia Hospital District. The main outcome measures included
age, gender, duration of T1D at the onset of DME, stage of retinopathy, treatment of DME (observation, laser, intravit-
real treatments, combination), and visual outcomes.

Results: A total of 304 eyes of 206 T1D patients with DME were included. 75% (n=155) had non-proliferative dia-
betic retinopathy during the onset of DME. 15% of the cases were observed, 33% had macular laser, 41% intravitreal
anti-VEGF and 12% combination of laser and intravitreal injections. Patients in anti-VEGF and in combination groups
gained 4.9 and 5.5 ETDRS letters after the initial DME episode (p<0.001 and p<0.001), and the long-term visual
improvements were 4.1 and 5.1 ETDRS letters (p<0.001 and p<0.001), respectively. In observation and laser groups
the initial gain of 0.1 (p>0.90) and loss of 0.4 ETDRS letter (p=0.61), respectively, was noted. After the follow-up, a 3.7
ETDRS letter decrease was documented in the observation group (p>0.90) and a 1.1 (p=0.14) ETDRS letter decline in
the laser group of patients. At the beginning of treatment, eyes subjected to anti-VEGF alone or in combination with
laser had lower visual acuity compared to eyes subjected to observation or macular laser. The average of a 6.1+4.8
anti-VEGF injections were needed to dry DME. Visual impairment due to DME decreased from 2.4% to 1.0% during the
15-year period.

Conclusions: Anti-VEGF alone or in combination with macular laser seems to be beneficial in terms of visual out-
comes and treatment stability in T1D patients with central DME.

Moreover, satisfying long-term visual outcomes were achieved with anti-VEGF treatment in a real-world setting.
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Background

A recent study has estimated a 0.5% national prevalence
of type 1 diabetes (T1D) among adults in the US, which
accounted for 5.6% of all diagnosed diabetes [1]. The
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meta-analysis [2]. A 4-12% prevalence of diabetic macu-
lar edema (DME) in patients with T1D has been reported
[3].

The number of visual impairment due to DR has
decreased during the past decades despite the increasing
number of diabetes cases [4, 5]. More effective screen-
ing for DR, the development of the non-invasive optical
coherence tomography (OCT) in the diagnosis of DME,
introduction of intravitreal administration of anti-vascu-
lar endothelial growth factor (anti-VEGF) agents, as well
as improvements in the management of diabetes, have
been the key factors in the reduction of visual impair-
ment [6, 7]. Lately, DME rather than PDR has been the
increasingly common cause of visual impairment [5].

Anti-VEGF agents are currently widely used in treat-
ment of DME and considered the first-line treatment in
clinically significant DME [8]. Despite the great number
of previous studies evaluating anti-VEGF treatment in
DME during the last decade, there are, to our knowledge,
no studies reporting long-term real-world DME treat-
ment outcomes solely in patients with T1D. It has been
established that the clinical features and risk factors for
DME might vary in patients with T1D from patients with
T2D [9].

The aim of the current descriptive population-based
cohort and follow-up of all patients with T1D and DME
is to evaluate DME outcomes in a real-world setting and
to explore the effect of the choice of treatment (observa-
tion, laser, intravitreal anti-VEGF or combination of laser
and anti-VEGF) on long-term visual outcomes. Also,
the number of intravitreal injections needed to treat
DME, and the rate of DME-related visual impairment are
studied.

Methods
This work was carried out at the Oulu University Hos-
pital. The study followed the tenets of the Declara-
tion of Helsinki and it was conducted with the approval
of the Oulu University Hospital Research Committee
(175/2016). Involvement of patients or the public in the
design, or conduct, or reporting, or dissemination plans
of the current research was not appropriate. A writ-
ten informed consent was obtained from the participants.
This retrospective population-based cohort study was
performed on all adult patients with T1D, who presented
at the Oulu University Hospital with DME between June
1, 2006 and Dec 31, 2020. All cases of DME observed or
treated by laser, intravitreal anti-VEGF or corticosteroid
injections or vitrectomy in the Northern Ostrobothnia
Hospital District were included in the study. The hospi-
tal’s electronic patient database was used to search for
the T1D patients with DME by using the ICD-10 (Inter-
national Classification of Diseases) diagnosis codes for
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diabetic maculopathy (H36.1) and T1D (E10.3). Opti-
cal coherence tomography (OCT) was used to demon-
strate the intra- or subretinal fluid in the macula, and a
central retinal thickness of > 300 um was considered as
clinically significant macular edema. Demographic data
was collected and included parameters for age, gender,
age at the diabetes onset, duration of the diabetes at the
onset of both DR and DME, stage of DR during the onset
of DME, treatment of DR and DME (observation, laser,
intravitreal treatments, vitrectomy) and the time of the
follow-up. The best corrected visual acuity (BCVA) was
evaluated by the Snellen chart during the DME treat-
ment and follow-up. The BCVA results were converted
to ETDRS (Early Treatment of Diabetic Retinopathy
Study) letters to calculate visual outcomes. The severity
of DR was based on the 5-scale classification system by
Finnish Current Care Guidelines of Diabetic Retinopa-
thy [10]. For the use of laser or intravitreal treatment, the
current protocols, and guidelines of DME treatment were
adhered to [8, 10]. As a rule, the patients with an extrafo-
veal macular edema located > 500 um from the central
fovea were either observed or subjected to macular laser
depending on the location and amount of intraretinal or
subretinal fluid. Patients with a central macular edema
within 500 pm from the fovea were primarily subjected
to intravitreal anti-VEGF treatment. The patients were
subjected to combination treatment with anti-VEGF
and macular laser in cases of subsequent central and
extrafoveal edema. The recurrence of DME was consid-
ered if there was no intraretinal or subretinal fluid in the
macular OCT between the separate episodes of DME. In
Finland, bevacizumab is commonly used as the first-line
intravitreal drug for DME.

SPSS (IBM Statistical Analysis) version 27.0 was used
for the statistical analysis of the data. Summary statis-
tics are presented as mean with standard deviation (SD)
unless otherwise stated. Linear mixed model (LLM) was
used to compare the change in vision from baseline to
the end of follow-up, where the patient and the eye were
set as random effect factors to handle intra- and inter-
individual correlation, and sex, age and time from the
diagnosis of T1D as adjusting factors. Mean change with
a 95% confidence interval is presented as the result of
LLM. Two-tailed p-values <0.05 are considered as statis-
tically significant.

Results

A total of 206 patients (304 eyes) with T1D and DME
were included in the population-based study cohort,
out of which 121 (59%) were males. The average age at
the time of diagnosis of T1D was 23.41.16.5 years (range
1-79 years). The duration of diabetes at the diagnosis of
any DR was 16.41:9.7 years (range 0-53 years) and that
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of DME 24.01:11.9 years (range 0-53 years). The average
age of the patients at the onset of DME was 47.41:14.4
years (range 18-85 years). 155 patients (75%) had non-
proliferative DR (NPDR) during the time of diagnosis
of DME and only 51 patients (25%) had developed pro-
liferative diabetic retinopathy (PDR). During the study
period, there were 304 initial episodes of DME in 206
patients with T1D. Including the recurrences, a total of
456 episodes of DME in 304 eyes were noted. The aver-
age follow-up time of a single patient was 65145 months
(range 4-236 months). 18 patients deceased (9%) during
the 15-year study period. The demographics are pre-
sented in Table 1.

In a total of 45 DME episodes (15%), the patients were
observed without treatment for DME. The patients had
macular laser treatment in 100 (33%), intravitreal anti-
VEGF in 124 (41%) and combination of laser and intra-
vitreal injections in 35 (12%) cases of DME. During the
follow-up period between the years 2006-2020, the use of
intravitreal agents has significantly increased, after estab-
lished treatment practices have become more common
after the first years of availability of these drugs.

An average baseline BCVA at the time of diagnosis
of DME was 76.91.12.5 ETDRS letters (range 15.1-95.2
ETDRS letters). At the onset of DME, five T1D patients
(2.4%) were visually impaired according to classifica-
tion of visual impairment by the World Health Organi-
zation (WHO). However, treatment of DME improved
the BCVA in several cases, and at the end of follow-up,
only two of these patients (1.0%) met the criteria of visual
impairment.

Improvements of BCVA of 4.9 (p<0.001) and 5.5
(p<0.001) ETDRS letters were documented in the anti-
VEGF and combination (anti-VEGF and laser) groups

Table 1 Characteristics of the participants

Patients, n (%) 206
DME in both eyes 98 (48)
Males 121 (59)

Follow-up time, months, mean, SD [min-max] 65.2 (44.9) [6-235]

DR severity at the onset of DME, n (%)

Mild non-proliferative 31(15)

Moderate non-proliferative 98 (47)

Severe non-proliferative 26 (13)

PDR 51(25)
Age at DM, years, mean, (SD) [min-max] 234 (16.5) [1-79]
Age at DME, years, mean, (SD) [min-max] 474 (14.4) [18-85]
Time from T1D to DR, years, mean, (SD) [min-max] 16.4 (9.7) [0-53]
Time from T1D to DME, years, mean, (SD) [min-max] 24.1(11.8) [0-59]

DME Diabetic macular edema, DR Diabetic retinopathy, PDR Proliferative diabetic
retinopathy, T1D Type 1 diabetes
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after the primary episode of DME, respectively. In addi-
tion, patients treated with either anti-VEGF agents alone
or in combination with laser, gained statistically signifi-
cant long-term improvements of 4.1 (p<0.001) and 5.1
(p<0.001) ETDRS letters, respectively. After the initial
DME, there was no significant change in BCVA in the
observation group (gain of 0.1 ETDRS letters, p>0.90)
or in the laser group (decrease of 0.4 ETDRS letters,
p=0.63). A 3.7 letter decrease was documented in the
observation group (p>0.90) and a 1.1 (p=0.14) letter
decrease in the laser group after the follow-up. The visual
outcomes of the alternative treatments of DME are pre-
sented in Table 2.

A great majority, over 99%, of the DME patients treated
with intravitreal agents, received bevacizumab as a first-
line drug. In only a single case (0.6%), aflibercept was
used as a primary choice for anti-VEGF treatment. In
15% (n=24) of the cases, the switch from bevacizumab
to aflibercept was documented during the follow-up.
An average of 6.11:4.8 injections of either anti-VEGF
drug (6.0 in anti-VEGF group and 6.5 in the combination
group, range 1-33) were needed to treat DME, and most
injections were given during the first year of treatment.
None of these patients received intravitreal corticoster-
oid or underwent vitrectomy.

In just over a third (37%) of the cases, there was only
a single episode of DME during the follow-up period
(Table 2). The recurrence of DME occurred in 91% of
the cases in the observation group, 59% of the cases in
the laser group, 65% of the cases in the anti-VEGF group
and 37% of the cases in the combination group of laser
and anti-VEGF during the average follow-up period of 65
months.

Discussion

The duration of diabetes, poor glycemic control, high
blood pressure and proteinuria are known risk factors
when observing the development of diabetes related
complications [11]. Globally, DR has been one of the
leading causes of blindness among the working age
population and the most common complication of T1D
[12]. However, the amount of visual impairment due to
DR has decreased during the past decades [7, 13]. More
effective screening for DR and improvement in the man-
agement of both diabetes and DR have been key factors
in the reduction of visual impairment [7]. Accordingly,
DME related visual impairment was rare, and reduced
in the present study during the 15-year follow-up in the
population-based cohort of T1D patients with DME. We
might assume that the improvements in both diagnos-
tic accuracy and treatment possibilities of DME during
the past 15 years have played an important role in this
phenomenon.



Wirkkala et al. BMC Ophthalmology ~ (2022) 22:258

Table 2 Ophthalmological outcomes
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All Observation Macular laser Anti-VEGF Macular laser
N =304 N =45 N=100 N=124 and anti-VEGF
N=35
Age at DME onset**, mean (SD) 474 (14.4) 475 (16.1) 43.0(12.1) 499.(14.5) 447 (13.2)
Given anti-VEGF-injections, mean (SD%) 6.0 (4.2) 6.5 (6.5)
Visual impaired eyes, n (%)
at DME onset 22(7.2) 4(8.9) 3(3.0) 11(8.9) 4(11.4)
after the first DME 16 (5.3) 3(6.7) 4 (4.0) 7 (5.6) 2(5.7)
at the end of follow-up 7(23) 2(44) 3(3.0) 2(1.6) 0(0)
Recurrence of DME, n (%) 193 (63.5) 41 (91.1) 59 (59) 80 (64.5) 13(37.1)
BCVA , mean (SD?)
at DME onset 764 (12.5) 81.6 (8.8) 80.8 (13.1) 728 (11.1) 724(13.2)
at the end of first episode 79.7 (11.5) 80.8 (12.6) 80.7 (13.7) 789(9.9) 785 (8.9)
at the end of follow-up 789(12.2) 783(17.7) 80.2 (13.4) 783 (10.1) 78.7 (9.0)
ETDRS letters gain after first episode, mean (95% oy 29211t038 0.1(-36t03.8) 04 (-19t01.1) 4939to60) 55(29t08.1)
p-value <0.001* >0.90 061 <0.001* <0.001*
ETDRS letters gain at the end of follow-up, mean (95% Py 18(10t027) -37(74t0004) -1.1(27t004) 41(3.1t052) 51(.5t07.8)
p-value <0.001* >0.90 0.14 <0.001* <0.001*

VEGF Vascular endothelial growth factor, DME Diabetic macular edema, BCVA Best corrected visual acuity with ETDRS letters

* Statistical significance (p-value < 0.05)

" No statistical significance between groups (p = 0.38, ANOVA)
2 Standard deviation

b 95% confidence interval

Warwick et al. has reported that DME is associated
with the duration of diabetes [3]. In agreement with this,
our results showed that in T1D patients DME developed
almost 10 years later than the first signs of DR. One may
speculate that the prevalence of DME increases along
the severity of DR. However, only less than one fourth
of the study patients with DME had PDR. Previous study
has revealed a high 94% prevalence of any DR and 35%
prevalence of PDR in patients with T1D since childhood
and duration of T1D for over twenty years [14]. The T1D
patients with DME in the present study differ from this
cohort of patients with T1D since childhood, according
to older age at the onset of diabetes and the lower preva-
lence of PDR.

The treatment for DME has revolutionized during the
last 15 years after the introduction of intravitreal anti-
VEGF agents [7, 15]. Laser photocoagulation has been
the standard treatment for DME for almost three dec-
ades, but currently anti-VEGF agents are considered as
the first line treatment alternative in center-involving
DME [8]. Several large clinical trials have demonstrated
that the improvement of BCVA >15 ETDRS Iletters
has been achieved by anti-VEGF agents in 33-45% of
patients with either type 1 or type 2 diabetes [8, 16, 17].
Superior visual outcomes have been reported by ranibi-
zumab treatment compared to treatment performed by
laser, and a higher proportion of patients has gained

significant >10-15 ETDRS letter increase in BCVA
when treated with anti-VEGF [6]. Similarly, the BOLT
study has revealed that the number of DME patients
gaining >15 ETDRS letters was significantly greater
when treated with bevacizumab compared to macular
laser [18, 19]. In agreement with these results, DME
patients gaining the most ETDRS letters in the current
real-world study were treated with bevacizumab, and
the sustained long-term visual outcomes were achieved
with combination treatment of both anti-VEGF and
macular laser. However, previous studies have sug-
gested that DME patients with relatively good BCVA
could be observed when BCVA remains stable [20-22].
Our real-world results show, however, a slight decrease
in BCVA in the observation group of patients receiv-
ing no treatment in the long term, suggesting that the
early treatment of DME might be reasonable to main-
tain good vision. This is of particular importance when
considering the necessity of functional vision for these
working-aged, relatively young patients with T1D.
Accordingly, the benefits of early intensive treatment
with anti-VEGF has recently been shown to result in
satisfying long-term visual outcomes [23]. Even in the
cases of no BCVA improvement, anti-VEGF treatment
may improve contrast sensitivity in DME patients [20],
and thus provide the best long-time safety in maintain-
ing good visual function.
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Beyond VEGEF, the presence of inflammation is
known to affect DME pathogenesis and intravitreal
corticosteroids may be used to treat DME [8]. In our
T1D patient cohort none of the patients received
intravitreal corticosteroids. This might be explained
by the known side-effects of corticosteroids, which
include conditions such as cataract development or
possible increase in intraocular pressure [24]. Most
study patients, at the average age of 47 years, might be
assumed not to have cataract decreasing visual acuity,
and the formation of cataract might thus be attempted
to avoid by primarily using anti-VEGF drugs classified
with a more positive safety profile.

There are some limitations in our study. First, the
retrospective nature of the study might affect the
assembly of different treatment groups and thus com-
parison of the outcomes. Understandably, baseline
visual acuities varied according to the presence or
lack of central-involving edema in the participants.
In addition, there was no defined BCVA-level for the
choice of each treatment. Taking this into considera-
tion, the intra- but no intergroup analysis in the long-
term changes in BCVA were completed. Secondly,
the data of the current study did not include the IOL
status. However, the average age of the T1D patients
in the study cohort was 47.41.14.4 years, and despite
the presence of T1D formation of cataract in this age
is not common. In addition, the underlying risk fac-
tors for DME were only partly available, and a precise
data of the blood glucose levels, cholesterol and kid-
ney function were lacking. Thirdly, the current data
did not include any patients treated with intravitreal
corticosteroids and the visual outcomes of that treat-
ment cannot be concluded. We consider the inclusion
of only T1D patients with DME as part of the current
study as a strength in contrast to most studies that are
completed with patients with both type 1 and type
2 diabetes. There are significant differences in the
pathogenesis as well as risk factors for DME between
these patient groups. Combining these patient groups
might be a possible source of bias. Also, the real-world
setting and long-term follow-up of the population-
based cohort might be considered as strengths of the
present study.

In conclusion, our results suggest that treatment
of central DME by intravitreal anti-VEGF alone or in
combination with laser is beneficial in terms of visual
improvement in patients with T1D. A low rate of DME
recurrences and the beneficial effect on contrast sensi-
tivity [20, 24] highlights the importance of timely anti-
VEGF in maintaining good visual function in patients
with DME.
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Conclusions

During the past 15 years, anti-VEGF agents have become
the first-line treatment for center-involving DME after laser
photocoagulation being the golden standard treatment
for DME for almost three decades. Though the benefits of
anti-VEGF agents are well-known, the knowledge of long-
term visual prognosis of patients with T1D and DME is still
lacking.

This study reports, for the first time, long-term, real-
world DME treatment outcomes solely in patients with
T1D since the clinical features and risk factors for DME
in T1D differ from those of T2D. Anti-VEGF alone, or in
combination with macular laser, seems to improve visual
outcomes and treatment stability in T1D patients with
DME.
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