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Abstract  
The aim of this thesis was to describe and evaluate visual acuity, macular edema and patient-
reported outcomes (PRO) following anti-VEGF treatment of diabetic macular edema (DME) 
patients in a real-world setting. Using a longitudinal study design, a cohort of DME patients 
was followed from baseline to 1 year after treatment start. Data were collected from two eye 
clinics at two county hospitals. Social background characteristics, medical data and PRO were 
measured before treatment initiation, at four month and after 1 year. A total of 57 patients 
completed the study. Mean age was 69 years and the sample was equally distributed regarding 
sex. At baseline, the patients described their general health as low. One year after treatment 
initiation, 30 patients had improved visual acuity and 27 patients had no improvement in 
visual acuity. The patients whose visual acuity improved reported an improvement in several 
subscales in patient-reported outcome measures (PROM), which was in contrast to the group 
that experienced a decline in visual acuity, where there was no improvement in PROM. Out-
comes from the study can be useful for developing and providing relevant information and 
support to patients undergoing this treatment.  

 
 
  



 

List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals.  

 
I Granström, T., Forsman, H., Leksell, J., Jani, S., Modher 

Raghib, A., Granstam, E. (2015) Visual functioning and health-
related quality of life in diabetic patients about to undergo anti-
vascular endothelial growth factor treatment for sight-
threatening macular edema. Journal of Diabetes and Its Com-
plications, 29(8), 1183-1190.    
   

II Granström, T., Forsman, H., Lindholm Olinder, A., Gkretsis, 
D., Eriksson, J. W, Granstam, E. Leksell, J., (2016) Patient-
reported outcomes and visual acuity in patients after 12 months 
of anti-VEGF-treatment for sight-threatening diabetic macular 
edema. In manus  

Reprint was made with permission from the publisher for study I. 
  



 

  



 

Contents 

Introduction ..................................................................................................... 7 
Diabetes mellitus ........................................................................................ 7 

Diabetic retinopathy and macular edema ............................................... 7 
Treatment for diabetic macular edema ....................................................... 8 

Laser treatment ...................................................................................... 8 
Anti-vascular endothelial growth factor treatment ................................ 8 

Patient-reported outcomes .......................................................................... 9 
Quality of life ....................................................................................... 10 
Health-related quality of life ................................................................ 10 

Patient-reported outcome measures .......................................................... 10 
National Eye Institute Visual Function Questionnaire-25 questions ... 11 
The Short Form-36 Health Survey ...................................................... 11 

Rationale ....................................................................................................... 13 

Aims .............................................................................................................. 14 
Overall aim ............................................................................................... 14 
Specific aims ............................................................................................ 14 

Materials and methods .................................................................................. 15 
Setting for paper I and II .......................................................................... 15 

Study design, participants and procedure for paper I .......................... 15 
Study design, participants and procedure paper II ............................... 16 
Analyses study I ................................................................................... 16 
Analyses paper II ................................................................................. 17 

Ethical considerations for study I and study II ......................................... 18 

Results ........................................................................................................... 19 
Vision-related outcomes study I and II .................................................... 19 
Patient-reported outcomes study I and II ................................................. 23 

Discussion ..................................................................................................... 26 
Methodological considerations................................................................. 29 

Study I and study II.............................................................................. 29 

Conclusions ................................................................................................... 31 

References ..................................................................................................... 32 



 

Abbreviations 

 
BSE Better seeing eye 

DM Diabetes Mellitus 

DME Diabetic Macular Edema 

DR Diabetic retinopathy 

ETDRS Early Treatment Diabetic Retinopathy Study  

HbA1c Glycated hemoglobin 

HRQoL Health-Related Quality of Life 

logMAR logarithm of the Minimum Angel of Resolution 

NEI VFQ-25 
National Eye Institute Visual Function Questionnaire - 25 
questions 

OCT Optical coherence tomography 

PRO Patient Reported Outcomes 

PROM Patient Reported Outcome Measures 

QoL Quality of Life 

SF-36 The Short Form (36) Health Survey 

VEGF Vascular Endothelial Growth Factor 

WSE Worse seeing eye 

 



 7

Introduction 

Many chronic diseases can have an adverse impact on a patient’s daily life, 
although there are treatments available that can have clinically positive out-
comes. Therefore, it is important to determine the patient’s perception of 
their disease and how it affects their daily life and function.  
 
Diabetes mellitus (DM) is a disease that can lead to vision loss, which is the 
most feared complication (De Leo, Hickey, Meneghel, & Cantor, 1999; 
Watkins, 2003). In 2011, a new treatment for sight-threatening diabetic mac-
ular edema (DME) was approved and we initiated a project to describe and 
evaluate visual acuity, macular edema and patient-reported outcomes (PRO) 
in a real-world setting. 

Diabetes mellitus 
Diabetes Mellitus is a glucose metabolism disorder characterized by high 
levels of blood glucose and the most common is DM type 2 (Nathan & 
Group, 2014). DM affects an increasing number of people worldwide 
(Antonetti, Klein, & Gardner, 2012) and in 2014, the global prevalence of 
DM was estimated to be 9 % of the adult population (WHO, 2014). This 
figure is expected to rise significantly in coming years (Wild, Roglic, Green, 
Sicree, & King, 2004). Consequently, the incidence of vision loss and blind-
ness associated with DM is also expected to increase. 

Diabetic retinopathy and macular edema 
Diabetes Mellitus can cause microvascular changes in the eye, known as 
diabetic retinopathy (DR) (Cheung & Wong, 2008; Coyne et al., 2004), 
which can lead to permanent vision loss and blindness (Bourne et al., 2014; 
Klein, Knudtson, Lee, Gangnon, & Klein, 2008; Okamoto, Okamoto, 
Hiraoka, & Oshika, 2014). DR is the most common complication arising 
from DM (Antonetti et al., 2012; Bandello, Parodi, Lanzetta, & 
Loewenstein, 2010; Cheung, Mitchell, & Wong, 2010; Klein, Lee, Gangnon, 
& Klein, 2010). Epidemiologic studies have shown the effects hyperglyce-
mia hypertension, and dyslipidemia on the incidence and progression of 
diabetic retinopathy and clinically significant macular edema (Antonetti et 
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al., 2012; Nathan & Group, 2014; UKPDS, 1991; UKPDS & Group, 1998). 
Regular screening of DM patients can detect early sight threatening changes 
in the retina and treatment at this stage can help to limit subsequent vision 
loss (Olafsdottir et al., 2016). 
 
Diabetic macular edema is a form of DR. DME is characterized by progres-
sive retinal thickening that may ultimately affect the central macula, leading 
to deterioration of visual acuity (Bandello et al., 2010; Lang, 2012). More 
than 21 million people worldwide are affected by DME (Yau et al., 2012) 
and are at risk of suffering vision loss or blindness. Given the incidence of 
DME, a treatment that prevents deterioration of, stabilizes or improves visu-
al acuity would have a significant global benefit. 

Treatment for diabetic macular edema 
Laser treatment 
Since 1985, laser treatment has been the standard treatment for DME. Laser 
treatment was shown to reduce the risk of severe vision loss and can achieve 
a reduction in moderate vision loss by approximately 50 % (ETDRS, 1985). 
However, relatively few patients experience significant improvement in vis-
ual acuity after laser treatment and any improvement occurs slowly (Beck, 
Edwards, Aiello, & Bressler, 2009; Elman, Aiello, Beck, & Bressler, 2010; 
ETDRS, 1985; Mitchell et al., 2011). Laser treatment can be administered at 
an outpatient eye-clinic with no special preparations are required prior to the 
treatment and the patient can be discharged immediately afterwards. For 
many years, laser was the only treatment option available for DME, but 
since 2011, another treatment has become available (Mitchell et al., 2011).  

Anti-vascular endothelial growth factor treatment 
Studies have demonstrated that anti-vascular endothelial growth factor 
(VEGF) treatment is more effective at improving visual acuity in DME pa-
tients when compared with laser treatment (Bandello, Berchicci, La Spina, 
Parodi, & Iacono, 2012; Ollendorf, Daniel, Jennifer, & Steven, 2013; 
Stefanini, Badaró, Falabella, & Koss, 2014) and has become the standard 
treatment for DME in recent years (Stewart, 2014). In 2010, it was reported 
that repeated intravitreal administration of a VEGF inhibitor, ranibizumab, 
reduced DME and improved visual acuity (Massin et al., 2010). Additional 
studies using ranibizumab or other anti-VEGF agents have reported similar 
findings (Brown et al., 2013; DRCRnet, 2015; Elman et al., 2010; Elman et 
al., 2012; Lang, Berta, Eldem, & Simader, 2013; Mitchell et al., 2011; Ngu-
yen et al., 2012).  
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Intravitreal anti-VEGF is administered as an injection into the vitreous cavi-
ty of the eye. Treatment is initiated as monthly injections and when the cen-
tral macular edema measured with OCT and visual acuity measured with 
ETDRS is stable, the patient can receive further injections when needed. The 
injection is given under sterile conditions in an operating theater under topi-
cal local anesthesia. This treatment regimen can be disadvantageous as it 
requires repeated visits to the eye clinic and patients may experience concern 
for the injections.   
 
To our knowledge, there are few studies that examine the treatment outcome 
of anti-VEGF for DME in a real-world setting. Both the RESTORE study 
group (Mitchell, Bressler, Tolley, Gallagher, et al., 2013) and the Cochrane 
collaboration (Virgili, Parravano, Menchini, & Evans, 2014) also observed 
the need for studies in a real-world setting.  

Patient-reported outcomes 
The aim of using PRO is to obtain a report directly from the patient regard-
ing their health (Deshpande, Rajan, Sudeepthi, & Abdul Nazir, 2011). Al-
lowing the patient to report about their disease and treatment is a central 
aspect of the health care system and should be a key consideration in DM 
health care (Reaney, Black, & Gwaltney, 2014). PRO are an important way 
of enabling patients to report about their health (Cappelleri, Joseph, & An-
drew, 2014) or the impact of treatment or disease (Fairclough, 2004). PRO 
add another dimension of knowledge to the health care system and this is 
important when evaluating or developing new treatments (Weldring & 
Smith, 2013). 
 
The patient’s own reports can be emphasized if disease-specific measures 
are used in studies about visual impairment (Margolis, Coyne, Kennedy-
Martin, & Baker, 2002; Massof & Rubin, 2001; Pesudovs, Burr, Harley, & 
Elliott, 2007; Rothman, Beltran, Cappelleri, Lipscomb, & Teschendorf, 
2007). Several questionnaires have been developed to measure the impact of 
visual impairment related to DR and Quality of Life (QoL) (Sharma, Oliver-
Fernandez, Liu, Buchholz, & Walt, 2005), such as the Visual Function In-
dex, a vision-specific instrument (Linder, Chang, Scott, & et al., 1999) and 
the Retinopathy Dependent Quality of Life, a condition-specific question-
naire (Brose & Bradley, 2010). 
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Quality of life  
WHO defines QoL as “the individual’s perception of their position in life in 
the context of the culture and value systems in which they live and in relation 
to their goals, expectations, standards and concerns” (WHOQOL Group, 
1997). There are many ways of defining QoL (Felce & Perry, 1995), as it is 
regarded as a broad multidimensional concept that includes subjective evalu-
ations of both positive and negative aspects of life (WHOQOL Group, 
1998). Having a chronic disease that may lead to vision loss can place a high 
burden on the individual patient and this can affect their QoL (Clarke, Si-
mon, Cull, & Holman, 2006).  

Health-related quality of life 
Health-related QoL (HRQoL) focuses on the individual’s experience of psy-
chological well-being, physical capacity and ability for social activities in 
relation to their perceived health. HRQoL is defined as the functional impact 
of a disease or its treatment (ISOQOL, 2016), and there are several defini-
tions of HRQoL (Guyatt, Feeny, & Patrick, 1993). Since the 1980s, there has 
been a debate on finding a consensus regarding which aspects should be 
included under HRQoL (McHorney, 1999). It is important to measure 
HRQoL with regards to the patient’s own reports of the burden of their ill-
ness or disease (Guyatt et al., 1993). Maintaining normal blood glucose lev-
els is the goal of DM treatment but it is important that it is not done at the 
expense of a patient’s HRQoL.  

Patient-reported outcome measures  
Patient reported outcome measures (PROM) are used to assess a patient’s 
daily life,  symptoms, functional status and their experiences of care (Black, 
2013; Calvert et al., 2013). This can assist the health care system to provide 
relevant and adequate information to patients undergoing treatment. It is also 
important to determine what support the patient needs from the health care 
system. Choosing the most relevant PROM should be given the same im-
portance as choosing medical outcomes when planning a study (McKenna, 
2011). 
 
Generic instruments are designed to be applicable across all diseases or con-
ditions, different medical interventions and different population groups (Pat-
rick & Deyo, 1989). Disease-specific instruments are designed to be more 
sensitive to disease and treatment-related changes (Wiebe, Guyatt, Weaver, 
Matijevic, & Sidwell, 2003). There are DM-specific (Bradley et al., 1999; 
Chen et al., 2010) and vision-specific PROM (Brose & Bradley, 2010; Lam-
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oureux et al., 2007). A recently developed new form of PRO is item banking, 
which includes a list of items from many other PRO in the same item bank 
(Pesudovs, 2010). This may provide a more accurate way to measure the 
impact of DR (Fenwick et al., 2011). In this study, we chose a vision-
specific PROM, the National Eye Institute Visual Function Questionnaire-25 
questions (NEI VFQ-25) and a generic PROM, the Short Form-36 Health 
Survey (SF-36). 

National Eye Institute Visual Function Questionnaire-25 
questions  
The NEI VFQ-25 is the most widely used instrument to measure patient-
reported visual function and has been used in previous studies of treatments 
for DR (Gabrielian, Hariprasad, Jager, Green, & Mieler, 2010; Loftus, Sul-
tan, Pleil, & Macugen Study, 2011; Mangione et al., 2001). The question-
naire has been validated for Swedish-speaking patients (Eriksson et al., 
2008). The questionnaire consists of 25 questions divided into 11 vision-
related subscales, including general vision, ocular pain, near activities, dis-
tance activities, social functioning, mental health, role difficulties, depend-
ency, driving, color vision, and peripheral vision. The questionnaire also 
includes a single item measuring general health and a composite score calcu-
lation (Mangione et al., 1998; Mangione et al., 2001). The subscale scores 
are 0–100, where a higher score indicates better visual function (Mangione, 
2000). 
 
In some studies, the NEI VFQ-25 is described as measuring HRQoL (Var-
ma, Wu, Chong, Azen, & Hays, 2006), while in other studies it is described 
as a measure of vision-related QoL (Gabrielian et al., 2010; Okamoto et al., 
2014; Papageorgiou, Hardiess, Schaeffel, & Wiethoelter, 2007), vision-
related function (Bressler et al., 2014) and visual function (Mitchell, Bress-
ler, Tolley, & et al., 2013). In this study, we chose to use the term ‘visual 
function’ according to the manual for the NEI VFQ-25 (Mangione et al., 
2001). 

The Short Form-36 Health Survey 
The SF-36 is a generic, patient-reported survey of HRQoL (Maruish, 2011), 
that was constructed to measure health status in the Medical Outcomes Study 
(Ware & Sherbourne, 1992). The questionnaire measures eight dimensions 
of HRQoL, including physical function, role functioning bodily pain, general 
health, vitality, social function, role functioning and mental health. The SF-
36 has been validated and translated into Swedish (Sullivan, Karlsson, & 
Ware, 1995) and was designed for self-administration (Ware & Sherbourne, 
1992). SF-36 have been used within diabetes area as for example among 
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patients with DM type 2 with obese from a gender perspective 
(Svenningsson, Marklund, Attvall, & Gedda, 2011), in relation to different 
diets (Guldbrand, Lindström, Dizdar, & Bunjaku, 2014) and bariatric surgery 
(Wu, Enoch, Andrea, Simon, & Wing-Yee, 2015). 
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Rationale 

The results of previous large randomized control trials have shown that anti-
VEGF treatment has a clinically positive effect on DME, indicated by im-
provement in visual acuity and a decrease in macular edema. It is now im-
portant to describe the effect of anti-VEGF treatment in a real-world setting 
in Swedish clinical practice. It is also important to measure PRO to develop 
and provide relevant information and support for these patients. 
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Aims 

Overall aim 
The aim of this thesis was to describe and evaluate visual acuity, macular 
edema and PRO in relation to anti-VEGF treatment among patients with 
DME in a real-world setting.  

Specific aims  
Paper I 
The aim of this study was to describe visual acuity, macular edema and PRO 
among patients with DME about to undergo anti-VEGF treatment. 
 
Paper II 
The aim of this study was to evaluate visual acuity, macular edema and PRO 
of anti-VEGF treatment among patients with DME at 12 months after treat-
ment start.    
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Materials and methods 

Setting for paper I and II 
A longitudinal cohort study design was employed, which followed a group 
of DME patients at baseline, 4 months to 1 year. Data were collected from 
two eye clinics at two county hospitals in Sweden from May 2012 to Febru-
ary 2015. All patients about to undergo anti-VEGF treatment with ranibi-
zumab for sight-threatening DME who met the inclusion criteria were asked 
about participation in the study by an ophthalmologist. Criteria for inclusion 
were an age over 18 years, having no cognitive impairments and the ability 
to speak or understand the Swedish language without an interpreter.  

Study design, participants and procedure for paper I 
The first paper in this thesis presents basline data. Sixty-five patients were 
asked to participate in the study. Two patients declined to participate and 
four withdrew a short time after inclusion, leaving a total of 59 patients who 
completed the study I. All patients at the two eye clinics were assessed by an 
ophthalmologist and if they were found to be suitable to receive anti-VEGF 
treatment, they were informed about the study by the ophthalmologist at the 
clinic. The patients received written and oral information about the study. 
They also received information that participation in the study was voluntary 
and not linked to the treatment. All patients signed the consent form to con-
firm their enrollment in the study. PROMs were assessed using the vision-
specific NEI VFQ-25 and the generic SF-36.  
 
Social background characteristics were collected from the patients by inter-
view. DM-related data such as type of DM, glycated hemoglobin (HbA1c 
level), duration and treatment form were collected. The International Federa-
tion of Clinical Chemistry (IFCC) reference method has been adopted in 
Sweden and the HbA1c values were reported according to the IFCC standard 
(mmol/mol) (Jeppsson et al., 2002; Lilja, Jansson, Alvarsson, & Aldrimer, 
2013). Medical data including blood pressure and other medical treatments 
were obtained from electronic medical records at baseline. All patients un-
derwent eye examinations and filled in the two questionnaires at baseline 
before the first injection, after four months and after 1 year.   
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Visual acuity was measured according to the Early Treatment Diabetic Reti-
nopathy Study (ETDRS) letter chart at a distance of 2 meters or using a 
Snellen chart at 5 meters. ETDRS visual acuity (number of letters) was 
measured with the eyes planned for anti-VEGF treatment (Holladay, 1997). 
The ETDRS is a landmark study that defined the standardization of eye 
charts and visual acuity testing, resulting in the development of the ETDRS 
charts (ETDRS, 1985). 
 
The degree of DR was categorized based on the worse eye as mild, moder-
ate, severe, or proliferative (Wilkinson et al., 2003) The macular edema was 
defined according to the ETDRS (ETDRS, 1985). Measurement of retinal 
thickness by optical coherence tomography (OCT) was performed (Topcon 
Corporation, Tokyo, Japan). 
 
Visual impairment was categorized into three groups based on the patient’s 
better-seeing eye: normal vision logarithm of minimum angle of resolution 
(logMAR) ≤ 0.10; mild visual impairment logMAR 0.20–0.50; moder-
ate/severe visual impairment logMAR ≥ 0.60. 

Study design, participants and procedure paper II 
All patients from study I were followed up at 4 month and 1 year after injec-
tion start. The anti-VEGF treatment started with three injections, once a 
month and after the third initial injection the patient was examined frequent-
ly, initially once a month. In conjunction with the examination, the ophthal-
mologist decided if the patient would get an additional injection or come 
back for an examination the following month. When steady state was 
reached regarding the macular edema, the examinations were conducted less 
frequently.  

 
Of the 59 patients, one patient withdrew after 4 months and one patient was 
diagnosed with secondary neovascular glaucoma and vitreous hemorrhage 
and was therefore excluded. Consequently, 57 patients completed study II. 

Analyses study I  
After verifying that the patient groups from the two eye clinics were equiva-
lent regarding sociodemographic and medical characteristics, the patients 
were handled as one single cohort. Analyses were conducted on one treated 
eye per patient and the eye with the worst visual acuity was excluded in case 
a patient received anti-VEGF treatment in both eyes. Descriptive statistics 
were used for presenting patient demographics and characteristics. A p value 
˂ 0.05 was considered statistically significant. SPSS (version 22, SPSS Inc., 
Chicago, IL, USA) was used for statistical analyses 
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Regarding the NEI VFQ-25, we calculated the scale conversions and sub-
scale scores with 11 vision-related constructs plus additional single-item 
general health questions according to the manual (Mangione, 2000). The 
results from the SF-36 were obtained from the licensed software program 
(Maruish, 2011). For the subscales in the SF-36 and the NEI VFQ-25 mean 
scores, standard deviation (SD) and range were calculated.  
 

We divided the cohort into subgroups according to visual impairment, de-
gree of retinopathy and if treatment was planned for the better- or worse-
seeing eye. An analysis of variance (ANOVA) was then performed to exam-
ine if there were any differences between the subgroups in relation to the 
NEI VFQ-25 and the SF-36. To examine differences between subgroups 
regarding visual impairment and treated eye in relation to the NEI VFQ-25 
subscales, Tukey’s post hoc test was used.   

Analyses paper II 
In the first step we analyzed the total cohort. In the next step the cohort was 
divided into two subgroups; one group with patients with improved visual 
acuity and one group that showed no improvement in visual acuity. An im-
provement of ≤ 5 ETDRS letters was considered clinically significant (Klein, 
Moss, Klein, Gutierrez, & Mangione, 2001). Analyses were conducted with 
one treated eye per patient as described in study I. 
 
Changes in PROM in relation to the two patient subgroups were analyzed. 
The statistics and calculations for the NEI VFQ-25 and the SF-36 were per-
formed as in study I. To identify if there were any changes over time in self-
reported visual function (NEI VFQ-25) and self-reported HRQoL (SF-36), 
we used a paired t-test. Differences in HbA1c levels, OCT and ETDRS were 
assessed using Student’s t-test. 
 
The analyses showed the same pattern regarding ETDRS and OCT at 4 
months as well as in 12 months follow up. Therefore we decided to present 
the result from 1 year follow up. 
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Ethical considerations for study I and study II 
Ethical approval was obtained from the regional ethics committee in Uppsala 
(No. 2011/264) and the clinical directors of the eye clinics and was conduct-
ed in accordance with the tenets of the 
Declaration of Helsinki (Helsinki, 2016) All patients obtained verbal and 
written information before they signed the consent form. The patients were 
informed that participation in the study was voluntary and that all data were 
to be kept confidential and untraceable. The patients were given a code 
number and the code key was kept in a safe place at the eye clinic. The ques-
tionnaires were labeled with the code numbers. If the patients felt they need-
ed to discuss the study, the consulting ophthalmologist was available to meet 
the patient on a regular basis at the eye clinic.     
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Results 

Vision-related outcomes study I and II 
A total of 59 patients were enrolled in study I and patient characteristics are 
shown in Table 1. Mean age was 68.5 years and the sample was equally dis-
tributed regarding gender. Fifty-six percent of the patients had completed 
elementary school, 61 % were cohabitating and 66 % were retired. Type 2 
DM was the most common type of DM and approximately 70 % of the pa-
tients had two or more DM-related complications.  
 
Vision-related baseline data showed that 25 % of the patients had prolifera-
tive DR and 25 % severe DR. The remaining patients had normal or mild 
DR. For 61 % of the patients, the treatment was planned for the worse-seeing 
eye and almost 70 % of the patients had received previous laser treatment. 
Mean visual acuity measured with ETDRS was 63.9 (± 13.2) and mean cen-
tral retinal thickness was 396 (± 129) µm. 
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Table 1 Characteristics of the patients at baseline

Variable Mean ± SD Range n 

Age, years 68.5 (±10.0) 45-86 59 

     45-60   11 

     61-70   23 

     71-80   18 

     >80   7 

Gender (male/female)   30/29

Education level    

     Elementary school   33 

     Middle school   18 

     University   8 

Marital status   56 

     Cohabiting (married)   36 

     Living alone (divorced/widow/widower)   20 

Employment    

     Retired   39 

     Working   16 

     Unemployed/sick leave   4 

Type of diabetes    

     Type 1   5 

     Type 2   54 

HbA1c (mmol/mol) 68 (±16) 39-120 56 

Duration of diabetes (years) 17 (± 10) 0-49 59 

Lenght 167 (± 9) 150-186  

Weight 83 (± 24) 47-159  

Systolic blood pressure 151 (± 24) 100-240  

Diastolic blood pressure 82 (± 11) 60-110  

Diabetes treatment   59 

     Insulin/insulin pump (22/1)   23 

     Tablets    14 

     Insulin and tablets    22 

Other medical treatment    

     Blood preassure treatment   48 

     Lipid treatment   36 

     Anticoagulantia   36 

     Hemodialysis   1 

Number of late complications    

     1   19 

     2   28 

     ≥3   12 

 
 
A total 57 patients completed the 1-year follow-up and patient characteristics 
are shown in Table 1. The result for the total cohort showed a significant 
improvement in visual acuity and a significant decrease in retinal swelling 
(Table 3). We found that 30 patients had improved their ETDRS scores by 
more than five letters and 27 patients had not improved their ETDRS score.  
The distribution regarding number of injections was unequal though the me-
dian were comparable. In the group of patients who showed no improvement 
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in visual acuity, there was a larger proportion that had insulin treatment. The 
median number of injections during the study period was five (Table 2). 
 
At 1-year follow-up, the two subgroups had similar visual acuity, although 
the mean improvement was 12 letters for the group with improved visual 
acuity and the mean decrease was 2 letters for the patients with non-
improved visual acuity (Table 3).  
 
Among those with no improvement we found 8 patients that showed a sig-
nificant reduction of their visual acuity (≥ 5 letters ETDRS). What distin-
guishes these patients from the others was that they had a higher mean age 
and had the largest increase in HbA1c levels, although it was not statistically 
significant (Table 4). One patient developed multiple diseases during the 
follow-up, whilst another patient fell and developed subdural bleeding dur-
ing a visit. Two other patients suffered from relapsing macular edema caus-
ing deterioration and were subsequently treated with intravitreal steroid im-
plants.  
 
At 4 month follow up the result showed an improvement of ETDRS and a 
decrease of OCT (data not shown). The result remained to one year follow 
up. We choose to only present the result from 1 year follow up.  
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Table 2 Characteristics of the patients at 1-year follow-up 

  
Total patient 

sample 
(n = 58)

*
 

Improved 
ETDRS (n = 30) 

Unimproved 
ETDRS (n=27) 

  n n n 

Female/Male 29/29 16/14 13/14 

Age                               (median, range)   68 (45–86) 69 (45–86) 68 (49–83) 

Type of diabetes        

Type 1 5 2 3 

Type 2 53 28 24 

Diabetes treatment       

OAD (Oral antidiabetic agents) 14 8 6 

Insulin 21 9 15 

OAD and insulin 22 12 9 

Number of visit          (median, range) 14 (10–19) 14 (11–19) 14 (10–19) 

Number of injections(median, range) 5 (1–10) 5 (3–10) 5 (2–8) 

1–2 2 0 2 

3–4 16 6 10 

5–6 27 18 9 

7–8 12 5 6 

9–10 1 1 0 

Laser treatments        

0 44 21 22 

1 9 6 3 

2 5 3 2 

Visual Impairment baseline       

Normal 26 11 14 

Mild 23 13 10 

Moderate/severe 6 4 2 

Visual Impairment at 1 year       

Normal 26 13 12 

Mild 25 13 12 

Moderate/severe 5 3 2 

 
* One patient was diagnosed with secondary neovascular glaucoma and vitreous hemorrhage and was 
excluded. 
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Table 3 Change from baseline to 12 months 

    Total sample 
Improved 

ETDRS 
Unimproved 

ETDRS 

Variables   Mean SD Mean SD Mean SD 

HbA1c Baseline 67 16 64 14 73 18 

  1 year 64 17 63 14 65 20 

OCT Baseline 403 122 428 136 373 98 

  1 year 282 83 276 68 289 99 

ETDRS Baseline 65.0 12.1 60.7 13.1 69.9 8.8 

  1 year  70.2 11.1 72.1 11.2 68.0 10.7 

 
Table 4 Characteristics of patients with decreased visual acuity (n = 8) 

Variables   Mean SD 

HbA1c Baseline 79 26 

  1 year 53 4 

OCT Baseline 390 141 

  1 year 275 63 

ETDRS Baseline 68.6 11.8 

  1 year  59.5 12.7 

Patient-reported outcomes study I and II 
At baseline, the data from the NEI VFQ-25 and the SF-36 showed that the 
patients described their general health as low. The result from the NEI VFQ-
25 showed that the patients had reported the highest subscales for dependen-
cy, color vision and social functioning. Given that the patients’ experience of 
their social functioning was positive, they described themselves as relatively 
independent in their daily life. The result from the SF-36 showed that the 
subscale mental health received the highest score (Table 5). 
 
At 1-year follow-up, the result for the total cohort showed significant im-
provement for the NEI VFQ-25 subscales general health, general vision, 
near activities, distance activities and composite score. When we divided the 
cohort into patients with improved visual acuity and patients with no im-
provement in visual acuity, we demonstrated that it was in the group of pa-
tients with improved visual acuity that change had occurred. They had im-
proved significantly for the subscales general health, general vision, near 
activities and distance activities. This is in contrast to the group who experi-
enced no improvement in visual acuity, where there was no improvement in 
the NEI VFQ-25 scores (Table 6). For the SF-36, there was no significant 
change in any of the subgroups.  
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Table 5 Scores for the NEI VFQ-25 and the SF-36 at baseline 

Subscales Mean ± SD missing

NEI VFQ-25 questionnaire

General health 35.65 22.04 5

General vision  60.71 18.28 3

Ocular pain 84.21 20.80 2

Near activities 66.23 21.56 2

Distance activities 73.54 24.62 2

Social functioning 87.50 19.66 2

Mental health 76.54 20.87 2

Role difficulties 78.07 25.14 2

Dependency 93.48 18.12 4

Driving 72.02 37.02 17

Color vision 91.18 19.41 3

Peripheral vision 77.68 21.16 3

Composite score 78.12 16.72 2

SF-36 questionnaire

Physical functioning 67.42 27.15 0

Role physical 71.30 34.10 5

Bodily pain 70.16 29.55 2

General Health 56.55 22.14 2

Vitality 61.40 20.46 6

Social functioning 84.15 22.80 3

Role emotional 88.73 22.32 5

Mental health 77.45 17.11 2
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Discussion 

The results from this real-world study showed that overall, the cohort expe-
rienced a significant improvement in visual acuity (≥ 5 ETDRS letters) 1 
year after starting anti-VEGF treatment for DME. The result is comparable 
with (Mitchell et al., 2011) which presented a similar improvement. We 
choose to present the result regarding OCT, ETDRS and PROMs from base-
line and 1 year follow-up as the result only showed a slight improvement 
between 4 months and 1 year. Regarding OCT similar findings was reported 
(Holm, Schroeder, & Lövestam Adrian, 2015). 
 
When the cohort was divided into patients with improved visual acuity and 
patients with no improvement in visual acuity, the results showed that ap-
proximately 50 % of the included patients had a clinically significant im-
provement in their visual acuity after 1 year. This also highlights a notable 
discrepancy between this study and previous randomized controlled trials 
(Massin et al., 2010; Mitchell et al., 2011; Nguyen et al., 2010), where the 
cohort has not been divided into two subgroups. It is also important to note 
that this group had better visual acuity at baseline and consequently did not 
have the same potential for improvement. 
 
A previous study have emphasized the importance of examining vision-
related outcomes of anti-VEGF treatment for DME in a real-world setting 
(Virgili et al., 2014). The cohort in this study had a higher mean age com-
pared with other studies (Brown et al., 2013; Korobelnik et al., 2014; Mitch-
ell et al., 2011). Baseline visual acuity for the total cohort was higher than 
some studies   (Korobelnik et al., 2014; Nguyen et al., 2012) but in line with 
the RESTORE study (Mitchell et al., 2011). This may indicate that the base-
line level of visual acuity is of importance for the treatment outcome.  
 
The retinal thickness for the total cohort was lower than in other studies 
(Massin et al., 2010; Nguyen et al., 2012), whilst the subgroup with no im-
provement in visual acuity also had less macular swelling than what has 
been observed elsewhere (Massin et al., 2010; Mitchell et al., 2011; Nguyen 
et al., 2012). At 1-year follow-up, the two subgroups had similar levels of 
macular swelling.  
 
At baseline, our study cohort had similar HbA1c levels as described in some 
studies (Brown et al., 2013; Korobelnik et al., 2014; Nguyen et al., 2012) but 
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higher levels than others (Matsuda et al., 2014). When the cohort was divid-
ed into the two subgroups, we found that the group with no improvement in 
visual acuity had higher baseline level of HbA1c. At 1-year follow-up, the 
two subgroups had similar HbA1c levels. This may indicate that HbA1c 

levels at baseline could influence the treatment outcome, which is consistent 
with the results of another real-world study (Matsuda et al., 2014). In con-
trast, a previous study found that HbA1c levels at baseline did not affect 
treatment outcomes (Bansal, Bansal, Khurana, Wieland, & Wang, 2015). 
Furthermore, we found eight patients who experienced a deterioration of 
their visual acuity after 1 year. What distinguishes these patients was that 
their HbA1c levels had decreased during the follow-up period, though the 
decrease was not significant.  
 
The cohort in this study exhibited low general health before starting the anti 
VEGF-treatment (Granström et al., 2015), lower than in other studies 
(Bressler et al., 2014; Mitchell, Bressler, Tolley, Gallagher, et al., 2013; 
Turkoglu et al., 2015). At baseline, there were no differences for the patients 
whose visual acuity improved and those for whom it did not. Knowing that 
these patients demonstrated low general health is important as it can enable 
the health care system to develop and provide relevant support and infor-
mation. After one year, the patients who improved their visual acuity also 
improved the score for several key subscales of the NEI VFQ-25 which is in 
line with other (Mitchell et al., 2015). These patients experienced an im-
proved general health, better visual acuity and found it easier to observe 
objects at near and far distances. It can be assumed that this is useful for 
patients in their everyday life. The patients in this study did not improve the 
composite score which has been demonstrated in another study (Bressler et 
al., 2014).  
 
When compared with patients who demonstrated no improvement in visual 
acuity following treatment, those in whom visual acuity did not improve 
presented with poorer general vision and difficulties performing near activi-
ties at baseline. Composite scores were stable from baseline to 1 year and 
were similar in the two subgroups. The composite score was higher than in 
other studies at baseline (Bressler et al., 2014; Turkoglu et al., 2015).  
 
When the cohort was divided into two subgroups, it revealed that the group 
with no-improvement in visual acuity had no significant improvement in any 
of the subscales. Consequently, only 50 % of the patients had significantly 
improved their visual acuity after 1 year.  
 

Further studies  
Further research is needed to examine what factors affect the treatment out-
comes, given that approximately half of the patients showed no improvement 
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in their visual acuity after anti-VEGF treatment for DME. This must be fur-
ther investigated so that patients do not need to undergo an injection regimen 
without achieving a clinically positive outcome, which is disruptive for the 
patient and a waste of health care resources. Thus, it is also important to 
determine the patients’ experience of the treatment and their visual impair-
ment due to DME.  
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Methodological considerations 
Study I and study II 
The strength of this study was that the participants were patients who visited 
eye clinics for an examination in a real-world setting. When planning the 
study we estimated to include approximately 50 patients per eye-clinic. It 
was difficult to obtain the number of participants when the numbers of pa-
tients who were considered for anti-VEGF treatment and met the inclusion 
criteria was lower than expected. There were no major differences in base-
line data in this cohort compared with other studies, so it is possible to con-
sider the result as a representative patient group in the real world. 
 
Requests for participation in the study were sought from patients upon a 
regular visit to the eye clinic, where they received information about the 
anti-VEGF treatment. In some instances, the patients promptly responded to 
the surveys. In some cases, this could have led to stress for the patient, but 
staff at the clinic checked the questionnaire and ensured the patient was not 
at any imminent risk for misunderstanding. The patients had the opportunity 
to ask questions at the clinic and the response rate was good at baseline. The 
cohort was consecutively selected based upon the inclusion criteria’s. It was 
not ethically viable to include a control group when anti-VEGF treatment 
was available.  
 
At follow-up, the questionnaires were sent by post to the patients who would 
then post the completed questionnaire back. One advantage of this procedure 
was that the patient was able to answer questions when it suited them. How-
ever, the disadvantage of this approach is that it is easier to forget to answer 
the questions and return the questionnaires. A reminder with new question-
naires was sent to the patients after a couple of weeks if needed. There were 
no resources available to answer the questionnaires in a phone interview 
with the patients for the 1-year follow-up.  
 
In this study, there were numerous missing answers (n=17) for the NEI 
VFQ-25 subscale driving, however it is a known problem depending on the 
construct of the question. The NEI VFQ-25 has shown validity and reliabil-
ity for measuring patients with DME (Lloyd, Loftus, Turner, Lai, & Pleil, 
2013) and has demonstrated sensitivity to change over time in this study. 
The external validity was good as only a few patients ended their participa-
tion in the study. The generic SF-36 did not show any significant changes in 
any of the subscales between baseline and 1-year after treatment start. The 
SF-36 is widely used in other studies, but in our cohort it did not show any 
changes.   
 
We can conclude that the general health subscale in the NEI VFQ-25 
showed sensitivity over time and the SF-36 did not. It might indicate that a 
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question about general health in a vision context, as in the NEI VFQ-25, may 
lead to different responses than for the same question in a general context 
such as in SF-36. This may explain why the NEI VFQ-25 showed changes 
over time but the SF-36 did not.  
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Conclusions 

 This study was conducted in a real-world setting and showed that 
visual acuity was improved and retinal thickness was reduced in ap-
proximately 50 % of patients who received anti-VEGF treatment for 
DME.  

 At baseline the cohort reported low general health. 
 The PROM showed that the patients with improved visual acuity re-

ported improved general health at 1-year follow-up.  
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Purpose: To examine patient-reported outcome (PRO) in a selected group of Swedish patients about to receive
anti-vascular endothelial growth factor (VEGF) treatment for diabetic macular edema (DME).
Material and methods: In this cross-sectional study, 59 patients with diabetes mellitus, who regularly visited
the outpatient eye-clinics, were included. Sociodemographic and clinical data were collected and the patients
completed PRO measures before starting anti-VEGF treatment. PRO measures assessed eye-specific outcomes
(NEI-VFQ-25) and generic health-related quality of life (SF-36).
Results: The participants consisted of 30 men and 29 women (mean age, 68.5 years); 54 (92%) patients had
type 2 diabetes; 5 (9%) patients hadmoderate or severe visual impairment; 28 (47%) were classified as having
mild visual impairment. Some of the patients reported overall problems in their daily lives, such as with social
relationships, as well as problems with impaired sight as a result of reduced distance vision.
Conclusions: Further studies are needed to investigate PRO factors related to low perceived general health in
this patient population. It is important to increase our understanding of such underlying mechanisms to
promote improvements in the quality of patient care.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Diabetesmellitus is a lifelongdiseaseaffectingan increasingnumberof
people worldwide (International Diabetes Federation, n.d.). Diabetes is
generally divided into type 1 and type 2 diabetes mellitus: the former is
characterized by beta cell destruction, the latter by insulin resistance and
impaired beta cell function. The common denominator is high blood
glucose (DCCT and EDIC: The Diabetes Control and Complications Trial
and Follow-up Study; Stratton, Kohner, Aldington, & Turner, 2001). Late
complications of diabetes include macrovascular and microvascular
disease. Diabetic microvascular complications in the eye – retinopathy –
occur in both type 1 and type 2 diabetes, and they affect the blood vessels
of the retina (DCCT and EDIC: The Diabetes Control and Complications

Trial and Follow-up Study; Lutty, 2013; Stratton et al., 2001; UK
Prospective Diabetes Study (UKPDS), 1991). Diabetic microvascular
disease of the macula may induce macular edema, which can severely
reduce visual acuity. The prevalence of diabetic macular edema (DME)
ranges from 2.1% to 7.5% in different patient populations (Heintz, 2012;
Hirai, Knudtson, Klein, & Klein, 2008; Raymond et al., 2009; Varma et al.,
2014); diabetic retinopathy is a major cause of severely impaired vision
and blindness globally (Bourne et al., 2014). Among DME patients, visual
impairment is regarded as the most feared late diabetic complication
(Janzen Claude, Hadjistavropoulos, & Friesen, 2014). In recent years,
patient-reported outcomemeasures have acquired greater importance in
capturingpatients’ thoughts and feelings.Among thedimensions included
in patient-reported outcome measures are quality of life, health-related
quality of life, and visual function (Denniston, Kyte, Calvert, & Burr, 2014;
Leksell, Wikblad, & Sandberg, 2005; Weldring & Smith, 2013; Wikblad,
Smide, & Leksell, 2014).

As defined in the Early Treatment Diabetic Retinopathy Study
(ETDRS), (Photocoagulation fordiabeticmacular edema:EarlyTreatment
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Diabetic Retinopathy Study Report number 1. Early Treatment Diabetic
Retinopathy Study research group, 1985) clinically significant DME is
sight threatening and requires treatment. Fig. 1 shows a fundus and
optical coherence tomography (OCT) with moderate DME compared
with a healthy fundus andmacular OCT. Laser therapywas established in
1985 and has been shown to reduce the risk of severe vision loss by 50%
(Photocoagulation for diabetic macular edema: Early Treatment Diabetic
Retinopathy Study Report number 1. Early Treatment Diabetic Retinop-
athy Study research group, 1985). However, improvement in visual
acuity by laser treatment is limited (Beck et al., 2009). In 2010, itwasfirst
reported that repeated intravitreal administration of ranibizumab, an
inhibitor of vascular endothelial growth factor (VEGF), reduces macular
edemaand improves visual acuity inpatientswith visual impairment as a
result of DME (Massin et al., 2010). Other studies using ranibizumab
(Elman, Elman, Aiello, Beck, & Bressler, 2010; Mitchell et al., 2011;
Nguyen et al., 2012) and another inhibitor of VEGF, aflibercept (Do,
Nguyen, Boyer, & Schmidt-Erfurth, 2012), have reported similarfindings.
A strong association between visual acuity and patient-reported visual
function independent of the severity of retinopathy and other compli-
cations has been found in diabetic patients (Gonder et al., 2014; Hirai,
Tielsch, Klein, & Klein, 2011; Klein, Moss, Klein, Gutierrez, & Mangione,
2001; Trento et al., 2013; Tsilimbaris, Kontadakis, Tsika, Papageorgiou, &
Charoniti, 2013). The improvement in visual acuity inducedby anti-VEGF
treatment for DME observed in pivotal clinical trials has been found to be
associated with enhanced visual function measured with the National
Eye Institute Visual Function Questionnaire-25 (NEI VFQ-25) (Bressler et
al., 2014; Korobelnik et al., 2014; Mitchell, Bressler, Tolley, et al., 2013),
especially if the better-seeing eye has been treated (Bressler et al., 2014;
Mitchell et al., 2013).

In Sweden, intravitreal administration of anti-VEGF drugs for
sight-threatening DME is now part of routine clinical care. Previously,
health-related quality of life and visual function were investigated in
Swedishdiabeticpatientsparticipating ina screeningprogramfordiabetic
retinopathy (Heintz,Wirehn, Peebo, Rosenqvist, & Levin, 2012). However,
information is limited about patient-reportedhealth-related quality of life
and visual function in patients with DME about to undergo intravitreal
anti-VEGF treatment for visual impairment.

1.1. Aims of this cross-sectional study

• To describe visual function (NEI VFQ-25) and patient-reported
health-related quality of life (36-item short-form health survey

[SF-36]) in a cohort of Swedish diabetic patients about to
undergo anti-VEGF treatment for visual impairment due to DME
in routine clinical care.

• To explore the relationship between patient-reported visual
function and health-related quality of life with regard to visual
impairment, degree of retinopathy, and whether treatment was
planned for the better- or worse-seeing eye.

• To analyze the correlation between the two different objective
measurements of visual acuity.

2. Methods

2.1. Subjects

This study enrolled participants with diabetes of either sex aged
18 years or older who were about to receive treatment with
ranibizumab (Lucentis) for visual impairment due to DME. The
patients had to be Swedish speaking and have the cognitive ability to
complete the surveys and participate in an interview. Enrollment took
place from May 2012 to February 2014 at two county hospitals in
Sweden. We excluded patients who had previously been treated with
intravitreal anti-VEGF for DME. All patients who met the inclusion
criteria were asked about study participation.

2.2. Ethical considerations

This study was approved by the Regional Ethical Review Board in
Uppsala, Sweden, andwas conducted in accordancewith the tenets of the
Declaration of Helsinki. The participants obtained written and verbal
information related to the study. All the participants gave their written
informed consent. The data were labeled using code numbers and were
handled with respect for the participants’ privacy and integrity.

2.3. Clinical assessment

Social background characteristics, including age, weight, sex, level of
education, marital status, and information about employment or
retirement status, were collected from all patients by interview. Data
about the duration of diabetes, diabetes treatment, and late diabetic
complications were obtained from medical records. Late complications
included retinopathy, nephropathy, neuropathy, and macrovascular
disease (previous stroke, transitory ischemic attack, or myocardial

Fig. 1. Left: male individual, aged 67 years, moderate diabetic retinopathy and diabetes macular edema in the right eye; visual acuity ETDRS 70, corresponding to logMAR 0.4. Right:
healthy fundus and macular OCT in 51-year-old female individual.
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infarction). Blood pressure was measured, and glycosylated hemoglobin
(Lilja et al., 2013) level was obtained from electronic patient records. The
patients also specified their number of late diabetic complications.

The initial eye examination included measurement of best-cor-
rected visual acuity with the ETDRS or Snellen chart, slit-lamp
examination of the anterior segment, intraocular pressure measure-
ment, fundus biomicroscopy, andmeasurement of retinal thickness by
OCT (Topcon Corporation, Tokyo, Japan).

We performed grading of diabetic retinopathy with indirect ophthal-
moscopy as follows: mild non-proliferative diabetic retinopathy (NPDR);
moderate NPDR; severe NPDR; or proliferative diabetic retinopathy
(Wilkinsonet al., 2003). Clinically, significant diabeticmacular edemawas
defined according to ETDRS (Photocoagulation for diabetic macular
edema: Early Treatment Diabetic Retinopathy Study Report number 1.
Early Treatment Diabetic Retinopathy Study research group, 1985). Based
on the patient’s better-seeing eye, visual impairmentwas categorized into
three groups: normal vision logarithm of minimum angle of resolution
(logMAR) ≤0.10; mild visual impairment logMAR 0.20–0.50; and
moderate/severe visual impairment logMAR≥0.60. Thedegreeof diabetes
retinopathy was categorized based on the worse-seeing eye as mild/
moderate, severe, or proliferative.

All the patients received two questionnaires – NEI VFQ-25 and
SF-36 – at baseline. The patients could choose either to answer the
questionnaires at the clinic or to take them home, answer them there,
and return the completed forms by mail to the clinic.

2.4. Questionnaires

The eye-specific questionnaire, NEI VFQ-25, reflects the respondent’s
self-reported visual function in subscales: general health; general vision;
ocular pain; near activities; distance activities; driving; color vision;
peripheral vision and social functioning; role difficulties; and dependency
(Mangione et al., 2001; Mangione et al., 1998). The instrument has been
validated for Swedish-speaking patients in the EMGT-study (Eriksson,
Sjöstrand, & Kroksmark, 2008). We employed the manual for scoring
(Mangione, 2000). The subscale scores were 0–100, where a higher NEI
VFQ-25 score indicates better visual functioning.

The SF-36 (Maruish) measures eight dimensions of health-related
quality of life: physical function; role functioning (physical limita-
tions); bodily pain; general health; vitality; social function; role
functioning (emotional limitations); andmental health. The SF-36 has
been validated and translated into Swedish (Sullivan, Karlsson, &
Ware, 1995). This survey was designed for self-administration (Ware
& Sherbourne, 1992).

2.5. Methods for measuring visual acuity

We measured visual acuity either according to the ETDRS using the
ETDRS letter chart at a distance of 2 m or using the Snellen chart at 5 m.
ETDRS visual acuity (number of letters) was measured with the eyes
planned for anti-VEGF treatment.Wemeasured visual acuity for the other
eyes using the Snellen chart. Snellen values were converted to logMAR
with the formula logMAR = –log (decimal acuity) (Holladay, 1997).

2.6. Data analysis

SPSS (version 22, SPSS Inc., Chicago, IL, USA) was used for statistical
analyses. We followed themanual for NEI VFQ-25 in calculating the scale
conversions and subscale scoreswith 11 vision-related constructs plus an
additional single-item general health question. The driving subscale had a
high rate ofmissing data (17/59, 29%), andwe calculated the results for 42
patients, according to themanual (Mangione, 2000). A p value b0.05 was
considered statistically significant. After verifying that they were
equivalent, we merged the patients from the two eye clinics into a
single cohort.

Mean scores, standard deviation (SD), and range were calculated
for the subscales in SF-36 and NEI VFQ-25. We used analysis of
variance (ANOVA) to examine the relationship between NEI VFQ 25
and SF-36 with regard to visual impairment, degree of retinopathy,
and whether treatment was planned for the better- or worse-seeing
eye. We employed the Spearman correlation analysis to analyze the
correlation between ETDRS and logMAR values. Tukey’s post hoc test
was used to determine subgroup differences.

3. Results

3.1. Study subjects

We enrolled 63 patients in this study. Two patients declined
participation, and four patients discontinued participation after
inclusion. In all, 59 patients completed the study.

3.2. Patient demographics and characteristics

Sociodemographics and clinical characteristics of the included partic-
ipants appear in Table 1. The study sample was equally distributed
regarding sex. The mean age was 68.5 (±10.0) years. Over half the
participants had completed elementary school, and eight had attained
university-level education.Mostof theparticipants (64%)were cohabiting.
The majority of participants (66%) had retired. Of the patients, 54 (92%)
had type 2diabetes. Regarding late diabetic complications, includingDME,
40 (68%) patients had two or more late complications (Table 1).

Table 1
Sociodemographics and clinical characteristics of the subjects.

Variable Mean ± SD range N

Age, years 68.5 (±10.0) 45–86 59
45–60 11
61–70 23
71–80 18
N80 7

Gender 59
Male/female 30/29

Education level 59
Elementary school 33
Middle school 18
University 8

Marital status 56
Cohabiting (married) 36
Living alone (divorced/widow/widower) 20

Employment 59
Retired 39
Working 16
Unemployed/sick leave 4

Type of diabetes 59
Type 1 5
Type 2 54

Hba1C (mmol/mol) 67.68 (±15.91) 39–120 56
Duration of diabetes 17 (±10) 0–49 59
Length 167 (±9.29) 150–186
Weight 83 (±24) 47–159
Systolic blood pressure 151 (±24) 100–240
Diastolic blood pressure 82 (±11) 60–110
Diabetes treatment 59

Insulin/insulin pump (22/1) 23
Tablets 14
Insulin and tablets 22

Other medical treatment 59
Blood pressure treatment 48
Lipid treatment 36
Anticoagulantia 36
Hemodialysis 1

Number of diabetes late complications 59
1 19
2 28
≥3 12
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Over 50% of the patients had mild or moderate diabetic retinopathy. In
61% of the patients, treatment was planned for the worse-seeing eye
(WSE) (Table 2).

The mean ETDRS score in the eye planned for treatment was 63.9 ±
13.2; it was 73.3 ± 12.8 in the eye for which no treatment was planned.
Almost 30% of the patients had previously undergone treatment with
panretinal laser photocoagulation in the eye planned for DME treatment.
Over 60% of patients had previously received laser treatment for DME in
the eye planned for treatment (Table 3).

3.3. Visual function (NEI VFQ-25) in the cohort with DME

With NEI VFQ-25, the subjects showed the lowest score for the
subscale of general health (mean 35.65 ± 22.04) and the highest for
dependency (mean 93.48 ± 18.12) (Table 4).

3.4. Self-reported health-relatedquality of life (SF-36) in the cohortwithDME

For SF-36, the subjects gave the lowest score in the subscale of
general health (mean 56.55 ± 22.14) and the highest for the subscale
of role emotional (mean 88.73 ± 22.32) (Table 4).

3.5. Subgroup analysis regarding visual functioning and health-related
quality of life (NEI VFQ-25 and SF-36)

3.5.1. Degree of visual impairment
With the NEI VFQ-25, significant relationships were found

between the degree of visual impairment and number of subscales
(Table 5). Tukey’s post hoc tests demonstrated a significant difference
between the participants with normal vision compared with
participants that were moderate or severe in eight of the subscales.

For SF-36, ANOVA showed no significant differences in degree of
visual impairment, level of retinopathy, or which eye was planned for
treatment in any of the SF-36 domains (data not shown).

3.5.2. Planned treatment
Regarding which eye was planned for treatment, we found a

significant relationship for NEI VFQ-25 and the subscales of general
vision, social functioning, role difficulties, and driving. Table 5
indicates that the participants for whom treatment was planned for
the better-seeing eye (BSE) rated significantly lower than participants
in whom treatment was planned for the WSE (post-hoc Tukey).

3.5.3. Level of retinopathy
The level of retinopathy showed no significant relation to any of

the NEI VFQ-25 subscales (data not shown).

3.6. Analysis of correlation between two objective measurements of
visual acuity

The Spearman correlation between ETDRS and Snellen logMAR values
showed a significant negative correlation (r = −0.98, p = 0.000).

4. Discussion

This study found that diabetic patients with visual impairment as a
result of DME about to undergo anti-VEGF treatment had a very low score
for the VFQ-25 subscale of general health. Although the majority of the
patients also have undergone laser treatment, they scored low general
health as pointed out in a previous study (Turkoglu et al., 2015).

In most of the VFQ-25 subscales, patients with moderate or severe
visual impairment had lower scores than patients with normal vision.
Furthermore, our results indicate that patients for whom treatment

Table 2
Eye history and eye planned for treatment.

Retinopathy degree (worse seeing eye) 58⁎

Mild/moderate 29
Severe 15
Proliferative 14

Visual impairment 59
Normal 26
Mild 28
Moderate/severe 5

Eye planned for treatment 59
Better seeing eye 10
Worse seeing eye 36
Neither better nor worse seeing eye 7
Both eyes 6
Able to drive/able to read 44/57

⁎ One patient was not possible to rate.

Table 3
Eye history.

Eye planned for treatment Eye not planned for treatment

Mean ± SD range N Mean ± SD range N

Visual acuity (ETDRS) 63.9 (±13.2) 21–84 65 73.3 (±12.8) 59–85 4
Visual acuity (logMar) 0.44 (±0.26) 0.05–1.30 65 0.26 (±0.35) 0–1.30 50
Central retinal thickness (OCT) 396 (±129) 183–836 61 277 (±61) 194–480 40
Preavious panretinal laser
photocoagulation 19 11
Preavious laser for DME 40 23
Irisrubeosis 1 0
Glaucoma 3 4
Previous cataract surgery 21 14

Table 4
Scores for each subscale of NEI VFQ-25 and SF-36.

Subscale Mean SD Range Missing

NEI VFQ-25 questionnaire
General health 35.65 22.04 0–100 5
General vision 60.71 18.28 10–100 3
Ocular pain 84.21 20.80 25–100 2
Near activities 66.23 21.56 25–100 2
Distance activities 73.54 24.62 0–100 2
Social functioning 87.50 19.66 12.5–100 2
Mental health 76.54 20.87 0–100 2
Role difficulties 78.07 25.14 0–100 2
Dependency 93.48 18.12 0–100 4
Driving 72.02 37.02 0–100 17
Color vision 91.18 19.41 6–100 3
Peripheral vision 77.68 21.16 25–100 3
Composite score 78.12 16.72 18.60–97.61 2

SF-36 questionnaire
Physical functioning 67.42 27.15 5–100 0
Role Physical 71.30 34.10 0–100 5
Bodily pain 70.16 29.55 0–100 2
General Health 56.55 22.14 5–97 2
Vitality 61.40 20.46 12.5–100 6
Social functioning 84.15 22.80 12.5–100 3
Role emotional 88.73 22.32 0–100 5
Mental health 77.45 17.11 30–100 2
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Table 5
ANOVA and post hoc analysis for NEI VFQ-25 with regard to degree of visual impairment and planned treatment.

N Mean SD Tukey post hoc

Visual Impairment
General Health normal 25 40.00 22.82

mild 25 32.00 21.73
moderate/severe 4 31.25 23.94
Total 54 35.65 22.46

F-value, p-value 0.096, 0.411 ns
General Vision normal 25 66.4 18

mild 27 57.78 17.83
moderate/severe 4 45.00 10.00
Total 56 60.71 18.28

F-value, p-value 3.29, 0.045 ns
Ocular Pain normal 25 89.00 16.66

mild 28 82.14 22.93
moderate/severe 4 68.75 23.94
Total 57 84.21 20.80

F-value, p-value 1.972, 0.149 n
Near Activities normal 25 73.00 16.89

mild 28 63.69 22.48
moderate/severe 4 41.67 24.53
Total 57 66.23 21.57

F-value, p-value 4.53, 0.0015 0.016 normal
N moderate/severe

4.9652 57.7015

Distance Activities normal 25 82.67 15.62
mild 28 70.83 25.61
moderate/severe 4 35.42 27.53
Total 57 73.54 24.62

F-value, p-value 8.465, 0.001 0.001 normal
N moderate/severe

18.8604 75.6396

0.01 mild
N moderate/severe

7.2376 63.5957

Social Functioning normal 24 96.35 11.35
mild 28 84.38 18.20
moderate/severe 4 56.25 33.07
Total 56 87.5 19.66

F-value, p-value 10.575, 0.000 0.036 normal N mild 0.6242 23.3341
0.000 normal
N moderate/severe

18.0591 62.1493

0.008 mild
N moderate/severe

6.306 49.944

Mental Health normal 25 79 22.81
mild 28 77.46 17.29
moderate/severe 4 54.69 24.14
Total 57 76.54 20.87

F-value, p-value 2.523, 0.09 ns
Role Difficulties normal 25 85.50 16.01

mild 28 78.13 23.48
moderate/severe 4 31.25 37.50
Total 57 78.07 25.14

F-value, p-value 10.851, 0.000 0.000 normal
N moderate/severe

26.1853 82.3147

0.000 mild
N moderate/severe

19.0184 74.7316

Dependency normal 24 97.57 6.26
mild 27 92.90 17.10
moderate/severe 4 72.92 48.77
Total 55 93.48 18.12

F-value, p-value 3.496, 0.038 0.029 normal
N moderate/severe

2.0611 47.2444

Driving normal 20 88.75 9.85
mild 19 65.79 42.46
moderate/severe 3 0 0
Total 42 72.02 37.02

F-value, p-value 12.45, 0.000 0.000 normal
N moderate/severe

44.0199 133.4801

0.003 mild
N moderate/severe

20.9061 110.6728

Color Vision 24 89.8333 22.22 22.22
28 95.5357 9.75 10.21
4 68.75 37.5 37.50
56 91.1786 19.41 19.85

F-value, p-value 3.779, 0.029 0.024 mild
N moderate/severe

2.9403 50.6311

Peripheral Vision normal 24 84.38 19.24
mild 28 76.79 24.47

(continued on next page)
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Table 5 (continued)

N Mean SD Tukey post hoc

moderate/severe 4 43.75 23.94
Total 56 77.68 24.16

F-value, p-value 5.726, 0.006 0.004 normal
N moderate/severe

11.5639 69.6861

0.021 mild
N moderate/severe

4.2727 61.7987

Composite score normal 25 83.95 11.76
mild 28 77.10 15.62
moderate/severe 4 48.93 24.71
Total 57 78.13 16.92

F-value, p-value 9.86, 0.000 0.000 normal
N moderate/severe

15.8844 54.1573

0.002 mild
N moderate/severe

9.173 47.162

Planned treatment
General Health better seeing eye 9 36.11 18.16

worse seeing eye 34 36.03 24.76
neither 7 28.57 17.25
both eyes 4 43.75 12.50
Total 54 35.65 22.04

F-value, p-value 0.386, 0.763 ns
General Vision better seeing eye 9 46.67 20.00

worse seeing eye 34 64.71 17.10
neither 7 62.86 17.99
both eyes 6 56.67 15.06
Total 56 60.71 18.28

F-value, p-value 4.217, 0.010 0.004 BSE N WSE −35.4495 − .6290
Ocular Pain better seeing eye 10 73.75 26.65

worse seeing eye 34 84.56 20.19
neither 7 92.86 9.83
both eyes 6 89.58 20.03
Total 57 84.21 20.80

F-value, p-value 0.993, 0.404 Ns
Near Activities better seeing eye 10 55.83 19.27

worse seeing eye 34 70.59 21.15
neither 7 63.10 21.97
both eyes 6 62.50 25.14
Total 57 66.23 21.56

F-value, p-value 1.171, 0.330 ns
Distance Activities better seeing eye 10 65.00 26.29

worse seeing eye 34 80.02 20.94
neither 7 58.93 30.47
both eyes 6 68.06 27.72
Total 57 73.54 24.62

F-value, p-value 2.184, 0.101 ns
Social Functioning better seeing eye 10 76.25 23.16157

worse seeing eye 33 95.08 10.79795
neither 7 76.79 18.29813
both eyes 6 77.08 34.83592
Total 56 87.50 19.65613

F-value, p-value 4.809, 0.005 0.026 BSE N WSE 1.6895 35.9620
Mental Health better seeing eye 10 68.75 20.20

worse seeing eye 34 78.86 21.49
neither 7 81.25 11.41
both eyes 6 70.83 26.71
Total 57 76.54 20.87

F-value, p-value 0.759, 0.522 Ns
Role Difficulties better seeing eye 10 57.50 31.29

worse seeing eye 34 84.56 16.87
neither 7 83.93 18.70
both eyes 6 68.75 41.65
Total 57 78.07 25.15

F-value, p-value 4.191, 0.010 0.012 BSE N WSE −49.3697 −4.7480
Dependency better seeing eye 10 86.67 25.22

worse seeing eye 32 96.61 7.88
neither 7 97.61 6.30
both eyes 6 83.33 40.82
Total 55 93.48 18.12

F-value, p-value 1.686, 0.182 ns
Driving better seeing eye 7 55.36 51.97

worse seeing eye 24 88.54 10.37
neither 6 52.08 43.60094
both eyes 5 40.00 54.77226
Total 42 72.02 37.02026

F-value, p-value 5.352, 0.004 0.021 WSE N both 5.5951 91.4883
Color Vision better seeing eye 10 90.00 17.48
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was planned for the BSE scored lower on general vision, social
function, and role difficulties than patients for whom treatment was
planned for theWSE. By contrast, no differences were foundwhen the
cohort was divided into subgroups according to level of retinopathy.
This means that patients with visual impairment due to DME have
reduced general health, but the diagnosis of DME or diabetes
retinopathy in itself has no or a limited effect on general health.
Regarding health-related quality of life measured using the SF-36, we
found no differences when the sample was divided into subgroups
according to degree of visual impairment, level of retinopathy, or treated
eye. This indicates that the SF-36 may not be capable of capturing all
relevant vision-related aspects of health-related quality of life.

In this study, we recruited patients from routine clinical care at two
medium-sized county hospitals. Overall, the patient demographics,
clinical characteristics, and visual functioning in the present clinical
study were comparable with baseline characteristics in large pivotal
clinical trials with ranibizumab for DME (Bressler et al., 2014; Mitchell
et al., 2011). In the present study, we found a wide range in several
baseline variables, such as age, glycosylated hemoglobin, weight, and
blood pressure, which suggests heterogeneity among the included
patients. Our findings appear to indicate that the diabetic population
with DME in need of anti-VEGF treatment in the real-world setting is less
homogeneous with regard to background characteristics than patients
recruited in a clinical trial. The patient sample in the present study was
relatively small. However, this study provides valuable information about
patients offered treatment for DME in clinical settings.

The most unexpected result in this study was the low scoring on the
NEI VFQ-25 subscale for general health—both from a clinical viewpoint
and when compared with other similar studies (Trento et al., 2013;
Turkoglu et al., 2015) aswell as in those onpatientswith glaucoma (Kong,
Zhu,Hong,& Sun, 2014) andpatients diagnosedbefore the age of 30 years
(Hirai et al., 2011). One possible explanation is that the majority of
patients in our sample had at least one other diabetes-related complica-
tion inaddition toDME. It iswell knownthat twoormorediabetes-related
late complicationshave an impact ongeneral health (Heintz, 2012; Leksell
et al., 2005; Rubin & Peyrot, 1999; Wikblad et al., 2014). In particular,
neuropathy in combination with retinopathy may lead to a substantial
negative impact on general health. In the present study, respondents
reported that they had sensory loss, which is suggestive of neuropathy in
the hands or feet. However, one weakness with this study is the lack of a
control group, which does not allow a direct comparison with a
comparable patient cohort or sample.

VFQ-25 analysis showed that there was a relationship with visual
impairment in most of the subscales. It seems reasonable to suppose that
visual impairment affected those subscales. This is confirmation of the
fact that from the patient’s perspective, vision has a huge impact on daily
life. Furthermore, the particular eye treated played an especially significant
role for general vision, social functioning, role difficulties, and driving. For

the majority of patients in our sample, treatment was planned for the BSE
withvisual impairment. The third subgroupanalysis on level of retinopathy
found no differences among any of the subscales in the NEI VFQ-25. This
indicates that the diagnosis of diabetes retinopathy in itself has no or a
limitedeffect onapatient’s reportedoutcome in termsof visual functioning.
Heintz et al. (2012) arrived at similar results in their thesis. For that reason,
it is important that patients regularlyundergo fundusphotographybecause
even severe retinopathy can occur without symptoms.

Our analysis of the two different objective methods for measuring
visual acuity– theETDRSandSnellencharts– showedastrongcorrelation.
Measurement of visual acuity according to the ETDRS gives an accurate
value, especially if visual acuity is reduced (Falkenstein et al., 2008), but it
is more time consuming than standard acuity testing using the Snellen
chart. In real-world settings, as was the case in the present study, the
ETDRS chart is generally preferable for diagnosis and follow-upof the eyes
subject to anti-VEGF treatment.

In conclusion, this study found that patients with diabetes who were
going to undergo anti-VEGF treatment for visual impairment due to DME
gave a low rating for their general health as measured with the visual
function-specificNEIVFQ-25. It is important to increase theawarenessof this
finding among healthcare professionals dealing with this group of patients.

This study has relatively small sample size due to the number of
patients that received the treatment. But the value of the study is that it is
implemented in real-world settings, and the results of the study can
therefore be generalized for the group of Swedish patients with diabetes
about to undergo anti-VEGF treatment for sight-threatening DME.

More research isneeded toexamine theunderlying reasons for this low
score in general health. It is crucial to increase our understanding of the
underlying mechanisms so as to promote improvements in the treatment
of this group of patients. Further, it is now important to follow patient
cohorts or samples while on treatment to monitor potential changes in
SF-36 and VFQ-25 scores induced by anti-VEGF treatment for DME.
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ABSTRACT 

Aims: To examine objective visual acuity measured with ETDRS, retinal thickness (OCT), and patient 

reported outcome measurements in patients treated with anti-VEGF treatment for visual impairment 

due to DME in routine clinical care after 12 months.  

Methods: In this cross-sectional study, 58 patients (29 females and 29 males; mean age, 68 years) 

with type 1 and type 2 diabetes diagnosed with macular edema were included. Medical data and two 

questionnaires were collected; an eye-specific (NEI VFQ-25) and a generic health-related quality of 

life questionnaire (SF-36) were used after anti-VEGF treatment.  

Results: Thirty patients had significantly improved visual acuity (p-value ˂ 0.001), and 27 pa ents had 

no improved visual acuity at 12 months. Both groups had significantly (p-value ˂ 0.001), reduced 

retinal thickness (OCT). The patients with improved visual acuity had significantly improved scores for 

NEI VFQ-25 subscales including general health (p-value ˂ 0.004),, general vision (p-value - 0.001), 

near activities (p-value- 0.015), distance activities (p-value- 0.008), and composite score (p-value 

0.024), but no significant changes in scores were found in the group without improvements in visual 

acuity.  

Conclusions: The patient-reported outcome measurements improved in the total patient population. 

A high HbA1c at baseline may be a risk factor for poor treatment effects.  

Keywords: patient-reported measurements, diabetic macular edema, anti-VEGF treatment, visual 

function  

 

 

  



 

 

1. Introduction 

1.1. Diabetes and vision loss 

Both type 1 and type 2 diabetes mellitus are major causes of vision loss (Bourne et al., 2014; 

Okamoto et al., 2014). Diabetic retinopathy (DRP) is a general term for vascular changes that occur in 

the retina that may become sight-threatening and require treatment (ETDRS, 1985). Diabetic macular 

edema (DME) is one of the complications that affects blood vessels in the retina and causes swelling 

of the retina that can lead to vision loss (Lutty, 2013; Stratton et al., 2001; UKPDS, 1991). Vision loss 

is a major complication of diabetes (Coyne et al., 2004) that affects the patient’s quality of life 

(Fenwick, Rees, et al., 2012). Almost every patient with type 1 diabetes and more than half of the 

patients with type 2 diabetes develop some degree of DRP (Cheung et al., 2008). Many diabetic 

patients do not have regular eye examinations, although it is known that early diagnosis and 

treatment of sight-threatening retinopathy reduce the risk of blindness (Lewis et al., 2007). In 

Sweden there is a screening program for fundus screening photography among patients with 

diabetes but the number of fundus examinations has decreased in recent years (NDR, 2016). Early 

and regular screening for retinopathy is important in preventing retinopathy at an early stage 

(Olafsdottir, 2016). 

1.2. Patient reported outcome measures (PROM) 

In recent years, the relationship between patient-reported outcomes (PRO) such as visual function 

and health-related quality of life has attracted attention worldwide (Denniston et al., 2014; Leung et 

al., 2012), and it has been previously reported that visual impairment affects patient’s reported 

outcomes (Alcubierre et al., 2014; Bressler et al., 2014; Langelaan et al., 2007; Mitchell et al., 2015). 

Patients with DRP are more likely to have negative feelings about diabetes than patients without DRP 

(Rees et al., 2012). These negative feelings may have negative effects on PRO (Alcubierre et al., 2014; 

Chen et al., 2010). Vision loss due to diabetes can also affect the patient’s perception of their ability 

to function independently (Trento et al., 2013). Therefore, it is of outmost importance to target the 

early stages of DRP to inhibit its progression, to prevent the disease from reaching a level that has 

severe impacts on a patient’s quality of life (Lamoureux et al., 2010; Varma et al., 2014). Patients 

with decreased visual acuity related to DME have rated their general health as relatively low 

(Granström et al., 2015), and PRO scores have been associated with prior development of 

retinopathy and neuropathy, with decreased vision (Jacobson et al., 2013). Overall, PRO reflect the 

emotional impact of treatment and the impact of diabetes mellitus on their quality of life (Finger, 

2011). 



 

 

1.3. Effect of treatment with anti-vascular endothelial growth factor (VEGF) 

Anti-VEGF drugs have revolutionized the treatment of DME (Bandello et al., 2012; Massin et al., 

2010). Intravitreal treatment is generally initiated with monthly injections until vision is stabilized. 

Additional treatment may be given depending on reductions in visual acuity and/or increases in 

macular edema on optical coherence tomography (OCT) (Massin et al., 2010). Anti-VEGF treatment is 

capable of improving vision instead of merely stabilizing the condition (Stewart, 2014; 

Vanderkerckhove, 2015). Several studies have reported that ranibizumab improves patient-reported 

visual function (Bressler et al., 2014; Do et al., 2012; Mitchell et al., 2011; Mitchell et al., 2013; 

Nguyen et al., 2012; Turkoglu et al., 2015), which can be stabilized for long periods of time (Mitchell 

et al., 2015).  

Since 2011, intravitreal administration of anti-VEGF drugs for sight-threatening DME has been a part 

of routine clinical care in Sweden. We have previously conducted a baseline study (Granström et al., 

2015), but it is also important to study this patient group over time, between baseline to 12 months 

follow up, to examine objective visual acuity and patient-reported outcome measurements.  

Aims: 

• To describe/evaluate objective visual acuity measured with ETDRS and retinal thickness 

using optical coherence tomography (OCT).  

• To describe the progress regarding levels of glycated hemoglobin (HbA1c) and its 

association with visual acuity (ETDRS).  

• To describe the characteristics of patients with decreased visual acuity. 

• To describe/evaluate patient-reported outcomes measurements, visual functioning (NEI 

VFQ-25), and health-related quality of life (SF-36). 

2. Materials and methods 

2.1. Subjects 

This is a follow-up study. The baseline data have been previously reported (Granström et al., 2015). 

Participants were males and females over 18 years of age. All participants had visual impairments 

due to DME and received intravitreal treatment with ranibizumab (Lucentis®). Data collection started 

in May 2012 and was terminated in February 2015 at two county hospitals in Sweden. 

  



 

 

2.2. Ethical considerations 

This study was approved by the Regional Ethical Review Board of Uppsala, Sweden, and was 

conducted in accordance with the Declaration of Helsinki. All participants gave their written consent 

before study entry (Granström et al., 2015). Participants were informed that they could terminate 

their participation at any time.  

2.3. Clinical assessment 

Visual acuity was measured using either the ETDRS letter chart at a distance of 2 m, or using the 

Snellen chart at 5 m. The ETDRS letter chart (number of letters) was used for eyes planned for anti-

VEGF treatment (Photocoagulation for diabetic macular edema: Early Treatment Diabetic 

Retinopathy Study Report number 1. Early Treatment Diabetic Retinopathy Study research group, 

ETDRS 1985) The initial eye examination included measurement of best-corrected visual acuity with 

the ETDRS or Snellen chart, slit-lamp examination of the anterior segment, intraocular pressure 

measurement, fundus biomicroscopy, and measurement of retinal thickness by OCT (Topcon 

Corporation, Tokyo, Japan). 

The International Federation of Clinical Chemistry (IFCC) reference method has been adopted in 

Sweden, and the glycated hemoglobin (HbA1c) values are reported according to the IFCC standard 

(mmol/mol).  

Initially, the patients were examined once a month. When a steady state was reached in the eye, 

examinations were conducted less frequently. Additional intravitreal treatments were given at the 

physician’s discretion in cases of unstable or reduced visual acuity and/or increased edema on OCT. 

Each eye was assessed individually so that the patient could receive treatment in the better-seeing 

eye, in the worse-seeing eye, or in both eyes. Five-letters improvement in visual acuity measured 

with ETDRS was considered as clinically significant, meaning that the improvement was perceptible 

to the patient.  

All patients received two questionnaires, the National Eye Institute Visual Functioning Questionnaire 

25 (NEI VFQ-25) and the Short Form -36 Health Survey (SF-36), at baseline, 4 months, and 12 months 

after the commencement of treatment. The questionnaires were sent to the patients by mail with a 

reply envelope attached. A reminder, which included a new questionnaire, was posted after 2–3 

weeks if needed.  

  



 

 

2.4. Questionnaires 

The National Eye Institute Visual Functioning Questionnaire 25 (NEI VFQ-25) is a validated, eye-

specific questionnaire that provides a subjective perception of one’s own visual functioning 

(Mangione et al., 2001) that has been used to assess visual functioning in several studies (Hirai et al., 

2011; Mitchell et al., 2013; Bressler et al., 2014). The questionnaire has been validated for Swedish-

speaking patients (Eriksson et al., 2008). The questionnaire consists of 25 questions divided into 11 

vision-related subscales: general vision, ocular pain, near activities, distance activities, social 

functioning, mental health, role difficulties, dependency, driving, color vision, and peripheral vision. 

The questionnaire also includes a single item measuring general health and a composite score 

calculation (Mangione et al., 1998; Mangione et al., 2001). 

The Short Form-36 Health Survey (SF-36) is a patient-reported survey of health-related quality of life 

(Maruish, 2011). SF-36 measures eight parameters of health-related quality of life: physical function, 

role functioning (physical limitations), bodily pain, general health, vitality, social function, role 

functioning (emotional limitations), and mental health. The SF-36 has been validated and translated 

into Swedish (Sullivan et al., 1995).  

2.5. Data analyses  

The population was divided into two groups based on their ETDRS scores 12 months after the first 

anti-VEGF injection. One group of patients improved their ETDRS scores by more than five letters, 

which was considered clinically significant, and the other group did not improve their ETDRS scores. 

SPSS, version 22 for Windows (SPSS, Chicago, IL, USA) was used for statistical analyses. The manual 

for NEI VFQ-25 was used in calculating the scale conversions, and calculations of subscale and 

composite scores (Mangione et al., 2001). Analyses were conducted with one treated eye per patient 

and the worse-seeing eye was excluded when a patient received anti-VEGF treatment in both eyes. 

Descriptive statistics were used for presenting patient demographics and characteristics. Linear 

regression analyses were used to examine which variable contributed most to visual acuity ETDRS 

scores. The t-test was used to examine differences in mean changes over time regarding objective 

measurements involving HbA1c levels, OCT, and ETDRS scores. A t-test was also used to identify 

changes in self-rated visual functioning (NEI VFQ-25) and self-reported health-related quality of life 

(SF-36). A value of p 0.05 was considered statistically significant.  
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3. Results  

3.1. Study subjects 

As previously described, we enrolled 59 patients in this study at baseline (Granström et al., 2015). 

One patient declined participation in the study at the first follow-up at 4 months after the first 

injection. In total, 58 patients completed the study at the 1 year follow-up.  

3.2. Patient characteristics 

Table 1 shows characteristics of the total patient population. The patient sample was divided into 

two groups involving patients with improved and unimproved visual acuities. The group without 

improved ETDRS was treated with insulin to a larger extent compared with the group with 

improvements in their visual acuity [not significant (ns)]. In the group that showed an improvement 

in ETDRS scores, 24 patients received five to 10 injections, in the group without improvement, 16 

patients received the same number of injections (ns) (Table 1).  

Table 1 Characteristics of the subjects. 
 Total patient 

sample (n = 58)* 
Improved 

ETDRS (n = 30)
Unimproved 

ETDRS (n = 27) 
 

  
 n n n  

Female/Male 29/29 16/14 13/14  
Age                               (median, range) 68 (45–86) 69 (45–86) 68 (49–83)  
Type of diabetes      

Type 1 5 2 3  
Type 2 53 28 24  

Diabetes treatment     
OAD (Oral antidiabetic agents) 14 8 6  

Insulin 21 9 15  
OAD and insulin 22 12 9  

Number of visits            (median, range) 14 (10–19) 14 (11–19) 14 (10–19)  
Number of injections    (median, range)  5 (1–10) 5 (3–10) 5 (2–8)  

1–2 2 0 1  
3–4 16 6 10  
5–6 27 18 9  
7–8 12 5 7  

9–10 1 1 0  
Laser treatments      

0 44 21 22  
1 9 6 3  
2 5 3 2  

Visual Impairment baseline     
Normal 26 11 14  

Mild 23 13 10  
Moderate/severe 6 4 2  

Visual Impairment at 1 year     
Normal 26 13 12  

Mild 25 13 12  
Moderate/severe 5 3 2  

* One patient was diagnosed with secondary neovascular glaucoma and vitreous hemorrhage and was excluded. 
 
 
  



 

 

3.3. Visual acuity: ETDRS 

The visual acuity for the total patient sample was 65 ± 12.1 at baseline, and showed a significant 

improvement after 12 months. The group with improved visual acuity showed a significant change in 

mean ETDRS scores from baseline to the 12-month follow-up. The group with no improvements in 

visual acuity in ETDRS scores showed no significant change (Table 2). 

 

3.4. Retinal thickness: OCT 

The results showed a significant reduction for retinal thickness on OCT for the total patient sample 

population and for the two groups (Table 2). 

 

3.5. HbA1c 

The total patient sample as well as the two groups with improved and unimproved ETDRS had not 

significantly improved HbA1c levels; however, the HbA1c levels decreased from 73.3 to 64.8 (ns) in the 

group with no improvement in ETDRS scores (Table 2). The t-test showed that the group with 

unimproved ETDRS scores had significantly (t-value −2.239; p = 0.029) higher levels of HbA1c and 

significantly greater (t-value −2.239; p = 0.009) ETDRS scores at baseline than the group with 

improvements. 

 
Table 2 Change from baseline to 12 months.          

    Total sample Improved ETDRS Unimproved ETDRS 
Variables   Mean SD t-value p-value Mean SD t-value p-value Mean SD t-value p-value 
HbA1c Baseline 67 16 

1.312 0.195 
64 14 

0.054 0.958 
73 18 

1.710 0.103 
  1 year 64 17 63 14 65 20 
OCT Baseline 403 122 

6.524 0.001 
428 136 

5.445 0.000 
373 98 

3.886 0.001 
  1 year 282 83 276 68 289 99 
ETDRS Baseline 65.0 12.1 

-4.361 0.000 
60.7 13.1 

-9.973 0.000 
69.9 8.8 

1.727 0.096 
  1 year  70.2 11.1 72.1 11.2 68.0 10.7 
SD, standard deviation; HbA1c, glycated hemoglobin; OCT, optical coherence tomography; ETDRS, visual acuity. 

 
 
Linear regression analyses showed that the variations in visual acuity ETDRS scores could be 

independently explained by the levels of HbA1c at baseline (p= 0.015) adjusted for diabetes duration 

(r2= 0.11, p=0.048). 

3.6. Patients with clinically reduced visual acuity at 12 months 

Eight patients had clinically reduced (≥ 5 letters) visual acuity (ETDRS scores) after 12 months. The 

mean age of these patients was 72.5 years (SD, 5.4; range, 67–83), and they had a mean number of 

14 visits, with a mean number of five (range 3–8) intravitreal injections.  

  



 

 

Table 3 Characteristics of patients with decreased visual acuity (n = 8).  
Variables  Mean SD t-value p-value 
HbA1c Baseline 78.7 25.5 

2.353 0.065 
 1 year 52.7 3.8 
OCT Baseline 390.13 141.38 

2.061 0.078 
 1 year 274.88 63.20 
ETDRS Baseline 68.6 11.8 

6.799 0.000 
 1 year  59.5 12.7 

SD, standard deviation; HbA1c, glycated hemoglobin; OCT, optical coherence tomography; ETDRS, visual acuity. 

Compared with the start of treatment, five patients had a decrease of five to nine letters in their 

ETDRS scores, two patients had a decrease of 10–14 letters, and one patient lost more than 15 

letters at 12 months. The HbA1c levels showed a tendency to decrease from baseline to 1-year 

follow-up values in this group. 

One patient had decreased general health, nausea, vomiting, and difficulty breathing at the 4-month 

follow-up visit and was referred to the emergency room. This patient had renal failure, asthma, and a 

previous pulmonary embolism that was assessed as not related to the anti-VEGF-treatment for 

macular edema. Another patient fell and contracted a subdural bleeding, which required surgery. 

This patient received several laser treatments in both eyes with no improvement in visual acuity 

during the study period.  

Two other patients suffered from macular edema relapses that caused deterioration, and were 

instead treated with steroids. We could not identify any distinctive characteristic of the other 

patients that could explain the deterioration of their visual acuities. 

3.7. Patient-reported visual function: VFQ-25 

The results of the t-test showed a significant improvement in the total patient population from 

baseline to 1 year for general health (p = 0.002), general vision (p = 0.001), near activities (p = 0.015), 

and distance activities (p = 0.026). Furthermore, when the cohort was divided into two groups based 

on ETDRS changes at 12 months, the group with improved ETDRS score showed a significant 

improvement in visual acuity with additional improvements of scores for general health (p = 0.004), 

general vision (p = 0.000), near activities (p = 0.015), and distance activities (p = 0.008). The group 

with no improvements in visual acuity showed no significant improvements in the subscales (Table 

4). General vision (p = 0.004; t = −0.985) was the only subscale that showed a significant difference in 

mean change between the groups. The results did not show any significant differences whether the 

treatment was given in the better-seeing eye or worse-seeing eye (data not shown).  

  



 

 

Table 4 Change in NEI VFQ-25, baseline to 1 year. 
    Total sample Improved ETDRS Unimproved ETDRS

Subscales VFQ-25   Mean SD t-value p-value Mean SD t-value p-value Mean SD t-value p-value 
General Health  Baseline 36.70 22.02 

−3.359 .002 
37.50 24.45 

−3.186 .004 
36.36 20.01 

−1.547 .137 
 1 year 46.81 21.88 51.04 18.77 43.18 24.62 
General Vision  Baseline 61.18 18.94 

−3.485 .001 
57.69 19.04 

−4.573 .000 
65.83 18.16 

−.327 .747 
 1 year  67.84 15.01 69.23 14.12 66.67 16.33 
Ocular Pain  Baseline 84.72 20.70 

−1.801 .077 
80.36 23.92 

−1.548 .133 
90.50 15.00 

−.609 .548 
 1 year 88.89 17.11 85.27 20.43 92.50 11.97 
Near Activities Baseline 66.36 21.41 

−2.517 .015 
63.39 18.75 

−2.596 .015 
69.67 24.40 

−.868 .394 
 1 year  72.92 20.76 71.88 20.24 73.33 21.78 
Distance Activities Baseline 73.46 24.94 

−2.299 .026 
72.47 23.61 

−2.849 .008 
74.00 27.14 

−1.033 .312 
 1 year 79.55 21.59 79.76 21.48 79.17 22.57 
Social Functioning Baseline 87.26 19.99 

−1.347 .184 
86.57 17.99 

−1.140 .265 
87.50 22.53 

−.749 .461 
 1 year  89.62 18.63 89.35 16.52 89.50 21.25 
Mental Health Baseline 76.50 21.31 

−1,906 .062 
76.12 22.31 

−1.573 .127 
78.00 20.26 

−.784 .440 
 1 year 81.64 17.86 82.89 16.72 80.50 19.63 
Role Difficulties Baseline 79.40 23.18 

.643 .523 
79.91 22.40 

1.045 .305 
79.00 24.93 

.161 .873 
 1 year  78.01 21.85 76.79 19.75 78.50 24.35 
Dependency Baseline 93.43 18.62 

.818 .417 
97.22 6.54 

1.028 .314 
89.58 26.15 

.285 .779 
 1 year 90,87 21.47 92.90 20.11 88.19 23.43 
Driving Baseline 74.66 35.17 

−.269 .789 
75.69 36.25 

−.186 .855 
72.92 35.94 

−.294 .772 
 1 year  75.68 35.10 77.08 33.55 73.61 38.32 
Color Vision Baseline 91.62 19.05 

−.299 .766 
92.59 13.54 

−.700 .490 
90.24 24.11 

.046 .964 
 1 year 92.46 16.69 94.44 12.66 90.00 20.41 
Peripheral Vision Baseline 76.92 24.18 

−1.087 .282 
75.93 26.39 

−1.546 .134 
78.13 2250 

−.259 .798 
 1 year  79.92 24.90 80.56 23.34 79.42 2752 
Composite Score Baseline 78.30 16.75 

−2.115 .039 
77.27 15.74 

−2.400 .024 
79.57 18.37 

−.516 .611 
 1 year  81.17 15.91 8132 15.10 80.71 17.33 

SD, standard deviation 

3.8. SF-36 

The SF-36 subscales showed no significant improvement (data not shown). 

4. Discussion 

This study shows the results from patients receiving anti-VEGF treatment for DME in an unselected 

population in “the real-world” at two eye clinics in Sweden. Approximately 50% of the patients 

improved their visual acuity after 12 months, which is consistent with other studies (Bressler et al., 

2010; Bressler et al., 2014; Nguyen et al., 2012). The general health measured with NEI VFQ-25 

improved from baseline as seen in other studies (Bressler et al., 2014; Turkoglu et al., 2015), 

although there were low scores for baseline values (Granström et al., 2015). 

 

The total sample population had significantly improved ETDRS scores and OCT results. When the 

study sample was divided into two groups, one group with improved visual acuity and the other 

group with no improvements in visual acuity, some differences were found between the groups. The 

group with improved visual acuity comprised a larger percentage of patients with five to six 

injections, and there were fewer patients receiving insulin treatments. Before the anti-VEGF 

treatment started, this patient group had lower HbA1c levels and ETDRS scores but a higher degree of 

retinal thickness, although no statistical significance was present. 



 

 

 
Linear regression analyses showed that variations in visual acuity could be independently correlated 

with the levels of HbA1c at baseline, indicating that HbA1c levels should be considered before 

starting treatment. This is consistent with a consensus document regarding appropriate management 

of diabetic macular edema by an expert panel (Bandello et al., 2016). In a study with a smaller 

patient population, similar results to our study were reported, although the patients had higher 

HbA1c levels at baseline (Stéphan et al., 2014). It is noteworthy that our study as well as the study of 

Stéphan et al. (2014) reflect “real world” conditions. Post hoc analysis from RISE/RIDE reported that 

HbA1c levels at baseline did not affect the treatment outcomes; however, there were missing data 

regarding HbA1c levels (Bansal et al., 2015). Moreover, we found the greatest decrease in HbA1c 

levels at 1 year follow-up in the group of eight subjects that experienced worsening of ETDRS. Taken 

together, the findings suggest that a high initial HbA1c followed by a rapid drop may be associated 

with a risk for less beneficial outcomes of anti-VEGF treatment. However, additional studies are 

necessary to address this issue in more detail and to investigate the long-term implications.  

 

General health, general vision, near and distance activities, and composite score showed a significant 

difference in the group with improved visual acuity when compared with the group with no 

improvements, which showed no significant changes in any of the subscales.  

 

Within the group of patients with no improvements in visual acuity, we identified eight patients with 

decreased visual acuity. This group of patients had a higher mean age, higher HbA1c levels, and 

slightly higher OCT at baseline compared with the group with unimproved ETDRS. There was a 

decrease in HbA1c levels in these patients, although it was not significant. Previous studies have 

reported that a rapid decrease in HbA1c levels can cause damage (Shurter et al., 2013), and can affect 

subsequent anti-VEGF treatment (Matsuda et al., 2014). Although the number of patients was small 

and it was not possible to reach significant conclusions, it is nonetheless important to mention that 

additional studies are needed regarding this patient group. Perhaps closer cooperation between the 

ophthalmologists and the diabetes clinicians to achieve a slower reduction in HbA1c levels before 

starting anti-VEGF treatment for DME. It is important to examine the factors that can affect the 

outcome of treatment (Jullien et al., 2015) when an increasing number of patients are expected to 

receive this treatment.  

 

The result of the SF-36 survey showed that none of the subscales showed significant improvements 

at any time. These observations emphasize the importance of using disease-specific measurements 

for this patient group (Fenwick, Xie, et al., 2012).  



 

 

 

Regarding possible limitations of this study, it comprised a relatively small sample size, but it is 

important to emphasize that this patient group received anti-VEGF treatment for DME in a “real-

world” setting in Sweden, where it is a common treatment option. 

 

In conclusion, findings in this Scandinavian “real-world” study of long-term outcomes of anti-VEGF-

treatment showed that the patient-reported outcome measurements significantly improved in the 

total patient population. Furthermore, when the anti-VEGF treatment did not lead to an 

improvement in visual acuity, the patient-reported outcome measurements did not decrease. The 

results also indicate the role of HbA1c at baseline and the treatment effects in ETDRS scores. 

However, additional studies are needed to address the long-term effects of these parameters on 

DME. 
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