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Anxiety levels moderate

the association between visual
acuity and health-related quality
of life in chronic eye disease
patients

Hugo Senra’?*, Laura Hernandez-Moreno?, Natacha Moreno* & Anténio Filipe Macedo®**

The current study examines the potential moderating effect of depression and anxiety on the
relationship between visual acuity and health-related quality of life in patients with chronic eye
diseases. Of the 71 patients, 37 (52%) were female and 34 (48%) were male, age (mean + SD) was

69 +12 years. A significant multivariate regression model was found for patients’ health-related
quality of life (EQ-5D-5L index) (R?=0.43, p<0.001), in which visual acuity (logMAR) (p <0.001),
anxiety (HADS-A) (p=0.007), and age of diagnosis (p = 0.04) were independently associated with
health-related quality of life (EQ-5D-5L). The moderation model for anxiety (R2=0.47, F=5.91,
p<0.001) revealed a significant interaction of visual acuity and levels of anxiety in relation to health-
related quality of life. Conditional effects analysis suggested that higher logMAR values (which
indicate more vision loss) were associated with lower EQ-5D-5L index (indicating worse health-related
quality of life), this relationship being stronger (even more negative), when levels of anxiety are high.
Clinical and rehabilitation services providing care for chronic eye disease patients should include
regular checks for patients’ levels of anxiety, even in patients who still have preserved visual acuity, to
help preventing a synergistic source of long-term poor quality of life and disability.

Most cases of visual impairment (65%) and blindness (82%) worldwide occur in people aged 50 years and older’.
Age-related eye diseases are the leading cause of vision impairment worldwide', such as age-related macular
degeneration (AMD), and diabetic retinopathy (DR). Living with DR or AMD can be very challenging for
patients, as these conditions cause irreversible and progressive vision loss and visual impairment'->.

Chronic eye diseases, including AMD and DR, are associated with increased risk for mental health prob-
lems, particularly depression which is likely to affect 1.59 times more eye disease patients than healthy controls
(OR 1.59; 95% CI 1.40-1.81)*. Among eye disease patients, depression has an estimated prevalence of 25%, as
shown in two meta-analysis*’. Anxiety is also highly prevalent in eye disease patients, with a previous systematic
review suggesting a prevalence rate ranging from 9.6 to 30% among AMD patients®. A large 5-year longitudinal
study evaluated 7584 older adults with self-reported vision impairment and estimated a prevalence of symp-
toms of depression of 31.2% (95% CI 27.0-35.6%), and a prevalence of symptoms of anxiety of 27.2% (95%
CI 23.7-30.9%)’. The comorbidity of symptoms of depression and anxiety and eye diseases is deemed to be
multifactorial®~*!. Main factors underlying depression in eye disease patients include reduced distance and near
vision'?, co-morbidities'?, vision-related disability”'*'*, burden of care related to regular hospital visits to receive
medical treatments (e.g. anti-VEGF treatment for neovascular AMD)®, uncertainty about the prognosis®, fear of
going blind in the future®, poor self-esteem!?, and poor perceived social support!.

Chronic eye diseases, such as AMD and DR, have been associated with an increased risk for deterioration in
patients’ quality of life'®2!. A recent systematic review highlighted a consistent association between vision impair-
ment, eye diseases (age-related macular degeneration, glaucoma, diabetic retinopathy), and reduced quality
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of life??. According to the literature, the main factors contributing to a deterioration in patients’ quality of life
included reduced visual acuity'®'%-21%, vision-related disability'®**, dual sensory impairment (sight and hear-
ing loss)*, and other comorbid chronic conditions, including multimorbidity (e.g. diabetes, stroke, rheumatoid
arthritis)**?*¥. Among these factors, reduced visual acuity was found to be the main responsible factor for poor
quality of life in patients with chronic eye diseases'®~>"*. Progressive vision loss is likely to negatively interfere
with daily life activities affecting domains such as reading, mobility, and independence!”'#?%*_ Other factors
potentially affecting patients’ quality of life include economic status and education level*”?’.

Studies with eye disease patients have used patient-reported outcome measures to assess patients” quality of
life, including vision-related quality of life measures to address disease-specific domains of quality of life (e.g.
Vision Function Questionnaire 25), and health-related quality of life measures to address more general domains
of quality of life (e.g. EQ-5D-5L)'¢-22>282% The regular assessment of patients’ quality of life, together with visual
acuity, is key for vision rehabilitation services and eye clinics providing care for chronic eye disease patients®*!.
The ultimate goal of vision rehabilitation is to reduce the negative impact of vision loss by improving visual abil-
ity, i.e., the ability to perform tasks that rely on vision, which is deemed to improve patients vision-related and
health-related quality of life>*3!,

Health-related quality of life in eye disease patients is also associated with adaptation to vision loss which
can vary across patients with similar levels of visual impairment®. Main factors playing a role in the adaptation
to vision loss include coping strategies, vision rehabilitation, and mental health, particularly depression and
anxiety*. Perceived social support might also play an important role for patents’ coping with vision loss. A recent
study conducted with patients with AMD and DR found perceived social support to be independently associated
with levels of anxiety and depression, irrespective of patients’ level of visual acuity'’.

Some factors are, therefore, expected to have a potential moderating effect on the relationship between visual
acuity and health-related quality of life in eye disease patients. It is known that mental health problems can be
highly comorbid in eye disease patients*”, and that they are likely to deteriorate patients” health-related quality
of life, as depression is in itself an important source of disability****. However, it is still not clear whether mental
health outcomes such as symptoms of depression and anxiety can moderate the relationship between visual acu-
ity and health-related quality of life in eye disease patients. There is extensive and robust literature highlighting
a direct and significant association between visual acuity / visual impairment and reduced quality of life in eye
disease patients'é~?!, but still very limited evidence on which factors can moderate this relationship.

With the current study we want to examine potential factors moderating the relationship between visual
acuity and health-related quality of life in patients with AMD and DR. We expect that lower visual acuity will be
significantly associated with poorer health-related quality of life, being this relationship stronger when levels of
depression or anxiety are higher. We therefore expect levels of depression or anxiety to moderate the relationship
between visual acuity and health-related quality of life, with a potential synergistic effect on that relationship.

Methods

Ethics statement. The current study is part of an ongoing clinical trial, which has started in March 2017
(registration number: ISRCTN10894889), addressing the cost-effectiveness of a basic vision rehabilitation ser-
vice in Portugal. Ethical clearance was granted by the Ethics Committee for Life Sciences and Health of the
University of Minho (approval number SECVS 147/2016), and by the Hospital Santa Maria Maior’s ethics com-
mittee. The study is registered by the Portuguese data protection authority, with the approval number 7012/2017.
All experiments were performed in accordance with relevant guidelines and regulations, and in accordance with
the Declaration of Helsinki. Informed consent was obtained from all participants of this study.

Sample. Eye disease patients attending outpatient appointments at the department of ophthalmology of
Hospital Santa Maria Maior E.P.E (Barcelos, Portugal) were invited to attend in-person interviews. Inclusion cri-
teria: primary diagnosis and cause of vision problem DR or AMD; 18 years or older; and living in the community
(not any type of assisted living). The exclusion criteria were: cognitive impairment based on scores of mini-men-
tal state examination; communication problems due to, for example, hearing impairment or inability to speak
Portuguese; unable to read due to low level of education. For those accepting to take part, demographic and
clinic information data including age, gender, educational level, employment status, age of diagnosis and comor-
bidities was collected. At the time of data collection for this study, none of our patients had started the vision
rehabilitation programme. More details on the current study design are available in a previous publication®.

Measures. Presenting distance visual acuity was measured monocularly with ETDRS charts (Early Treat-
ment Diabetic Retinopathy Study), and a letter-by-letter scoring was employed®®¥. Presenting distance visual
acuity was assessed in a dim light room using an internally illuminated cabinet, model 2425E (Precision Vision,
IL, USA). Testing distance was adjusted according to the severity of vision loss. ETDRS charts consists of rows
of letters, each row comprises 5 letters and white space between letters are equivalent to a letter, each letter cor-
responds to 0.02 units of acuity and, because of that, letter-by letter scoring can be used. The variable “Visual
Acuity” included in our statistical models represents the patients’ presenting distance visual acuity in the better
eye, which was measured in logMAR. In this scale, lower values indicate better visual acuity, and higher values
indicate worse visual acuity. We adopted the World Health Organization criteria for moderate or severe vision
impairment which requires distance visual acuity to be worse than 6/18 (0.477 logMAR)*.

Symptoms of anxiety and depression were assessed using the Hospital Anxiety and Depression Scale®. Hos-
pital Anxiety and Depression Scale is a self-assessment questionnaire, comprising 2 subscales evaluating levels
of depression and levels of anxiety with 7-items each. Each subscale generates scores between 0 and 21, a score
of 8 or above indicates the presence of clinically significant levels of anxiety or depression.
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Perceived social support was assessed with the Portuguese version of Multidimensional Scale of Perceived
Social Support*. This scale has 12 questions that are divided into 3 subcategories (family, friends and significant
others) with 4 questions each. The higher the score, the better is the perceived social support.

Health-related quality of life was assessed using the EQ-5D-5L. This instrument was developed by the EuroQol
group?!. This instrument assessed 5 dimensions of quality of life, including mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. Each dimension has five possible levels of response: no problems, slight,
moderate, severe or unable to undertake the particular action. A standardized value set is obtained from the 5
dimensions, with higher scores indicating better quality of life.

Demographic and clinical data were collected using a questionnaire and via patients’ medical records.

Data analysis. In the current study, we aimed to run regression models, with a maximum of 10 predictors
included in a single model, namely, presenting distance visual acuity, anxiety, depression, perceived social sup-
port, age of diagnosis (up to 1 year; more than 1 year), comorbidities (up to 1 vs 2 or more), employment status
(full time work vs retirement), education level (<9 years vs>9 years of education), age, and gender (male vs
female), as these variables are potential factors of health-related quality of life for eye disease patients*”?. Cri-
teria for categorizing clinical variables included: recent vs non-recent diagnosis (age of diagnosis); presence or
absence of multimorbidity (2 or more conditions for comorbidities). G-Power software*? was used to compute
the minimum sample size required for a multiple regression model including 10 predictors. With type I error
rate (alpha) set at 0.05 (two-tailed), and aiming to a power of 0.95, an effect size of 0.5, and a critic F of 2.03, a
minimum of 59 participants is required.

Data analysis was performed with SPSS (IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM
Corp). Demographic (age, gender, education, employment status) and clinical-related variables (diagnosis, age
of diagnosis, comorbidities, visual acuity, depression, anxiety, perceived social support) were summarized for
the whole sample. Depression and anxiety variables were square root transformed to reduce right skewness
and meet the assumption of normal distribution of residuals for the regression models included in our study.
Mann-Whitney-U test was used to investigate differences in quality of life scores for gender, education, group
(presence or absence of vision impairment), comorbidities, and diagnostic type (age-related macular degenera-
tion, or diabetic retinopathy).

Multivariate regression analysis was run to identify independent factors of health-related quality of life within
our sample, considering findings from previous studies'®2"*?, The regression model included the 10 predictors
mentioned above. Regression diagnostics were conducted and no outliers were detected. Model’s variance infla-
tion factor values ranged between 1.10 and 3.30, and the tolerance ranged between 0.28 and 0.87, indicating no
collinearity among predictors. Assumptions of normality for residuals and homogeneity of variance were met.

Stepwise moderation models were performed to assess whether depression and anxiety were significant mod-
erators of the relationship between presenting distance visual acuity in the better seeing eye (using a continuous
acuity logMAR scale) and health-related quality of life (EQ-5D-5L index). For each model predicting patients’
health-related quality of life, we assessed the predictive effect of visual acuity, under the effect of a primary
moderator, depression or anxiety, and controlling for potential confounders such as age, gender, education level,
employment status, age of diagnosis and number of comorbidities. Highest order unconditional interaction effect
was assessed to investigate whether anxiety or depression (W) were significant moderators of the relationship
between visual acuity (X) and health-related quality of life (Y). The conditional effects were examined in both
models, in which the moderation of Xs effect (visual acuity) on Y (health-related quality of life) by W (depres-
sion / anxiety) is tested, while controlling for age (C1), gender (C2), education level (C3), employment status
(C4), age of diagnosis (C5), and number of comorbidities (C6), as given in the following equation and in Fig. 1.

Y =iy + b1 X + by W + b3XW + byC1 + bsC2 + bgC3 + b;C4 + bgC5 + byC6 + ey

X and W variables were mean centred for all moderation models. All variables included in the moderation
models were continuous, except for gender, education level, employment status, age of diagnosis, and number
of comorbidities.

Sensitivity analysis was computed to investigate an alternative moderation model with perceived social sup-
port as a secondary moderator (having anxiety or depression as primary moderator), as previous literature
suggested that social support is independently associated with depression and anxiety in eye disease patients''.
This model tested the hypothesis that social support would moderate the moderation effect of depression or
anxiety on the relationship between visual acuity and health-related quality of life (Supplementary Figure S1).
Moderation analysis was run using the PROCESS module in SPSS*.

Results
Seventy-one patients (142 eyes) with AMD or DR participated in this study. All patients presented other medical
comorbidities with 70% of patients (N =50) presenting multimorbidity. With the exception of AMD, DR, and
diabetes, high blood pressure (N =51), musculoskeletal disorders (N =25) and cardiovascular disease (N=13)
were the most frequent comorbid health problems. Sample characteristics are presented in Table 1, and group
comparisons for patients characteristics in relation to health-related quality of life (EQ-5D-5L index) are pre-
sented in Table 2.

Multivariate regression analysis (Table 3) led to a final significant model explaining 43% of the variance in
patients” health-related quality of life (EQ-5D-5L index) (R?=0.43, p <0.001), in which visual acuity (p <0.001),
anxiety (p=0.007), and age of diagnosis (p =0.04) were independently associated with health-related quality of
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Figure 1. Moderation model for the relationship between visual acuity and quality of life, with anxiety or
depression as moderators, and age, gender, education level, employment status, age of diagnosis and number of
comorbidities as covariates.

N=71 Mean (SD)
Age 68.80 (11.96)
Age of Diagnosis (years) 3.70 (3.28)
Presenting Distance Visual Acuity (LogMar) 0.42 (0.33)
Health-related quality of life (EQ-5D-5L) 0.82 (0.20)
Anxiety (HADS-A*) 4.32(3.82)
Depression (HADS-D*) 4.41 (3.39)
Perceived social support (MSPSS) 5.29 (0.61)

Table 1. Demographic and clinical data. EQ-5D-5L EuroQol Questionnaire of health-related quality of life,
HADS Hospital Anxiety and Depression Scale, MSPSS Multidimensional Scale of Perceived Social Support.
*Raw scores.

life. Worse visual acuity, higher levels of anxiety and an older diagnosis were significantly associated with poorer
quality of life.

Two stepwise moderator models were run to examine the potential moderating effect of anxiety and depres-
sion on the relationship between visual acuity and health-related quality of life, while controlling for age, gender,
education level, employment status, number of comorbidities, and age of diagnosis (covariates in both models).
The moderation model for anxiety (R*=0.47, F=5.91, p <0.001) revealed a significant interaction of visual acuity
and levels of anxiety in relation to health-related quality of life (Tables 4, 5). Age of diagnosis was also significantly
and independently associated with health-related quality of life, with more years of diagnosis being associated
with better quality of life outcomes. Conditional effects analysis revealed a negative relationship between logMAR
values of visual acuity and the EQ-5D-5L index, which is positively moderated by HADS-A scores (levels of
anxiety). Higher logMAR values (which indicate greater vision loss) were associated with lower EQ-5D-5L index
values (indicating poorer health-related quality of life), being this relationship stronger (even more negative),
when levels of anxiety are high (Table 5, Figs. 2, 3). The moderation model for depression (R*=0.37, F=4.03,
p<0.001) revealed a non-significant interaction between visual acuity and levels of depression in relation to
health-related quality of life (Table 6).
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N=71 Frequency (%) | EQ-5D quality of life* | p value | Effect size (r)
Female 37 (52%) 30.74

Gender 0.02 0.27
Male 34 (48%) 41.72
<9 years 50 (70%) 33.48

Education 0.10 NS
>9 years 21 (30%) 42.00
Full-time work 1 (15.5%) 51.23

Employment status 0.006 | 0.32
Retirement 60 (84.5%) 33.21
No vision impairment 40 (56.3%) 44.88

Vision impairment* <0.001 |0.50
Moderate or Severe Vision Impairment | 31 (43.7%) 24.55
Upto 1 21 (29.5%) 3857

Comorbidities 0.485 | NS
2 or more 50 (70.5%) 34.92
AMD 18 (25%) 38.89

Diagnosis 0.038 |0.25
DR 53 (75%) 27.50
Up to 1 year (recent) 20 (28%) 30.43

Age of diagnosis 0.144 | NS
More than 1 year 51 (72%) 38.19

Table 2. Group comparisons for sample characteristics. AMD age-related macular degeneration, DR diabetic
retinopathy, NS Not significant. *World Health Organization criteria for moderate or severe vision impairment
which requires distance visual acuity to be worse than 6/18 or 0.477 logMAR. *Mean ranks obtained from
Mann-Whitney U test.

N=71 Unstandardized coefficient (SE)
Visual acuity? —-0.32(0.07)*
Anxiety® —0.10 (0.04)**
Depression® 0.06 (0.04)
Social support* 0.01 (0.04)
Age of diagnosis (0 to 1 year vs> 1 year) 0.10 (0.05)**
Comorbidities (0 to 1 vs>1) —0.04 (0.05)
Employment status (Full-time work vs retirement) —0.03 (0.08)
Age? 0.00 (0.00)
Gender (E M) - 0.04 (0.04)
Education level (up to 9 years vs >9 years) 0.05 (0.05)

Table 3. Multivariate regression analysis to identify independent factors of patients” health-related quality of
life. F female, M male. *p <0.001; **p <0.05. *Continuous variables.

Sensitivity analysis showed a non-significant interaction between visual acuity and our primary moderators
(anxiety or depression) under the effect of the secondary moderator (perceived social support) (see Supplemen-
tary Table S1).

Discussion

In this study we investigated factors independently associated with health-related quality of life in eye disease
patients. In particular, we tested the hypothesis that mental health outcomes, anxiety and depression, moder-
ate the relationship between visual acuity and health-related quality of life in patients with DR and AMD. Our
findings partially corroborate this hypothesis because anxiety, but not depression, significantly and positively
moderated the relationship between visual acuity and health-related quality of life.

In our model, anxiety has a moderating and synergistic effect on the relationship between visual acuity and
health-related quality of life. When patients’ levels of anxiety are higher, the negative effect that reduced visual
acuity has on health-related quality of life is expected to be stronger. This is consistent with the current state of
the art which has highlighted the potential negative and disabling effect of comorbid mental health problems
on eye disease patients’ quality of life?"*4#°. Furthermore, previous studies have identified common factors of
mental health problems among eye disease patients, which help us to understand why anxiety levels might play a
key role in patients’ health-related quality of life. These factors include patients’ experiences of anticipatory anxi-
ety related to medical treatments and prognosis, such as the fear of going blind in the future, fear of intravitreal
injections received on a regular basis for neovascular AMD, uncertainty about disease prognosis, burden related
to regular hospital visits, and experiences of loneliness®'!. These factors tend to be recurrent among chronic
eye disease patients, and have in common their potential for increasing patients’ levels of anxiety, which would
ultimately contribute to deteriorate their health-related quality of life.
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N=71 Coefficient | SE t P

Model 1 Constant iy 0.95 0.03 28.30 | <0.001

R?=0.26, MSE=0.17

R? change=0.26 Visual acuity* (X) b, | —031 0.06 | —4.94 | <0.001

Model 2 Constant iy 1.07 0.05 20.72 | <0.001

R?=0.35, MSE=0.16 Visual acuity (X) b, -0.32 0.06 -5.34 | <0.001

2 —

R? change=0.35 Anxiety (W) b, | -0.06 002 | —298 | 0.004
Constant iy 0.82 0.02 43.53 | <0.001

Model 3 Visual acuity (X) b, | -032 0.06 | —559 | <0.001

R?=0.41, MSE=0.03

R? change= 0.06 Anxiety (W) b, | -0.06 002 | -3.16| 0.002
XwW bs -0.17 0.06 -2.70 0.009
Constant iy 0.79 0.14 5.54 | <0.001
Visual acuity (X) b, -0.29 0.06 —4.46 | <0.001
Anxiety (W) b, —-0.06 0.02 -2.67 0.009
XW bs -0.16 0.06 -2.52 0.014

Model 4 (Final Model) | Age (C1) b, | —0.04 0.04 | —0.86| 0.388

R?=0.47, MSE=0.02

R change = 0.06 Gender (C2) b, | 0.00 000 | 003 0974
Education level (C3) bs 0.04 0.05 0.88 0.380
Employment status (C4) b, | -0.01 0.07 -0.19 0.846
Age of diagnosis (C5) by 0.09 0.04 2.02 0.047
Number of comorbidities (C6) | b, | —0.03 0.04 | —0.75 | 0.453

Table 4. Stepwise moderation analysis with anxiety (W) as moderator of the relationship between visual
acuity (X) and quality of life (Y). *Presenting distance visual acuity in the better eye (logMar values);
categorical variables: gender (female; male); education level (up to 9 years of education; more than 9 years of
education); employment status (full-time work; retirement); age of diagnosis (up to 1 year; more than 1 year);
number of comorbidities (up to 1; 2 or more).

Highest order unconditional
interaction effect (visual
acuity x anxiety) Conditional effects of visual acuity at values of anxiety (mean centred)
Lowest level (- 0.93) Moderate level (0.00) Highest level (0.93)
Moderation model (X and Y variables) R?change |F p-value | t-statistic (p-value) t-statistic (p-value) t-statistic (p-value)
Visual Acuity (logMAR Health-related Quality of B B B
values) life (EQ-5D-5L, index) .060 6.35 | 0.01 1.06 (0.11) 4.06 (<0.001)* 4.96 (<0.001)*

Table 5. Unconditional and conditional effects for the moderating effect of anxiety on the relationship
between visual acuity and health-related quality of life. Moderation model examining levels of anxiety

as a moderator of the relationship between visual acuity and quality of life (highest order unconditional
interactions). The conditional effects of visual acuity were examined at different levels of anxiety to determine
if the relationship between visual acuity and quality of life was different in patients presenting low, moderate,
or high levels of anxiety. *p-value <0.05.

Coping with vision loss has been described as an emotionally distressing and challenging process®?. Previ-
ous studies have highlighted the potential benefits of a good perceived social support!!, acceptance as a coping
strategy®?, and an effective vision rehabilitation®"-*2. Patients with an older diagnosis are therefore more likely
to have received some support for vision loss such as vision rehabilitation, which can explain why in our sample
patients with older diagnosis showed slightly better quality of life outcomes.

Previous literature has highlighted the potential long-term disabling effect of anxiety disorders*®*’. The
World Health Organization ranked anxiety disorders as the sixth largest contributor to global disability, hav-
ing accounted for 3.4% of all years lived with disability worldwide, and 4.2% in high-income countries?. It is
known that anxiety is highly prevalent among chronic eye disease patients®’, which encompasses an additional
source of disability and reduced quality of life for these patients. This is of paramount importance as previous
studies have revealed that anxiety and depression in chronic eye disease patients tend to be neglected by health
services, and consequently many patients remain untreated for their mental health and well-being needs®#5-51,

The fact that in our moderation model depression was not found to be a significant moderator of the relation-
ship between visual acuity and health-related quality of life is intriguing. This finding goes against the previous
literature suggesting that depression has an eminent negative effect on patients’ quality of life?*>?’, and that it
is in itself a potential source of long-term disability*>**. A possible explanation for this finding is the fact that
our sample size was relatively small to allow us to detect a significant effect for depression. On a larger sample
of eye disease patients, we could expect less statistical noise and the effect of depression on patients’ quality of
life to be stronger, as suggested by previous studies*>®. Another plausible hypothesis to explain these findings is
the possible indirect effect of visual acuity on depression. Recent studies have suggested that visual acuity might
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Figure 2. Results of the significant moderation model for the conditional relationship between Visual Acuity
(logMAR values) and Health-related Quality of Life (EQ-5D-5L index), moderated by anxiety (HADS-A scores).
Higher logMAR values mean worse visual acuity. The light blue regression line shows the relationship between
EQ-5D-5L index and logMAR values at 1 SD below the mean on HADS-Anxiety (- 0.93). The dark blue line
shows the relationship between EQ-5D-5L index and logMAR values at the mean on HADS-Anxiety (0.00).

The red line shows the relationship between EQ-5D-5L index and logMAR values at 1 SD above the mean on
HADS-Anxiety (0.93).
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Figure 3. Johnson-Neyman plot depicting conditional effects of visual acuity on change within health-related
quality of life at values of the moderator anxiety. The range of observed values of anxiety is [-0.93, 0.93].
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N=71 Coefficient |SE |t P

Model 1 Constant iy 0.95 0.03 28.29 | <0.001

R?=0.26, MSE=0.17

R? change=0.26 Visual acuity* (X) b, | —0.31 0.06 | —4.94 | <0.001

Model 2 Constant iy 1.02 0.05 18.77 | <0.001

R?=0.29, MSE=0.17 Visual acuity (X) b, -0.29 0.06 —4.46 | <0.001

2 -

R? change=0.29 Depression (W) b, | - 0.04 003 | —159 | 0.117
Constant iy 0.83 0.02 39.63 | <0.001

Model 3 Visual acuity (X) b, | -0.29 0.06 | —4.61 | <0.001

R?=0.31, MSE=0.03

R? change=0.03 Depression (W) b, | —0.04 0.02 | -1.78 0.079
XwW b, -0.12 0.08 - 159 0.116
Constant iy 0.76 0.15 4.95 | <0.001
Visual acuity (X) b, | —026 0.07 | —3.82 0.003
Depression (W) b, | —0.03 0.03 | —0.96 0.338
XwW bs -.010 0.08 -1.27 0.208

Model 4 (Final model) | Age (C1) b, 0.00 0.00 049 | 0.625

R?=0.37, MSE=0.03

R? change=0.02 Gender (C2) b, | -0.05 004 | —119| 0237
Education level (C3) by 0.05 0.05 0.93 0.356
Employment STATUS (C4) b, -0.05 0.08 -0.62 0.535
Age of Diagnosis (C5) by 0.08 0.05 1.17 0.972
Number of comorbidities (C6) | by | —0.03 0.05 | —-0.61 0.544

Table 6. Stepwise moderation analysis with depression (W) as moderator of the relationship between visual
acuity (X) and health-related quality of life (Y). *Presenting distance visual acuity in the better eye (logMar
values); categorical variables: gender (female; male); education level (up to 9 years of education; more than

9 years of education); employment status (Full-time work; retirement); age of diagnosis (up to 1 year; more
than 1 year); number of comorbidities (up to 1; 2 or more).

not be directly and significantly associated with depression, with other factors such as self-esteem, and illness
perceptions, being likely to play a more triggering role for the occurrence of depression among these patients®'*!!,
This hypothesis would explain why depression failed to moderate the relationship between visual acuity and
health-related quality of life, as in our model we did not account for the potential moderating effect of those
other factors. The absence of a significant interaction effect between visual acuity and depression on patients’
health-related quality of life might also be related to the outcome measure used to assess levels of depression, in
our study, the HADS. The HADS has been extensively used in studies with eye disease patients and is regarded
a validated measure of depression for this clinical groups**%. However, studies with patients with other chronic
medical conditions such as cancer®? and chronic obstructive pulmonary disease®® have suggested that the HADS-
D exhibits low diagnostic accuracy for depression. Further research will confirm the actual diagnostic accuracy of
HADS for eye disease patients but this hypothesis might also explain our findings for depression. Finally, future
studies will clarify the actual importance of depression as a moderator between visual acuity and health-related
quality of life, and whether other factors are of statistical importance for such a moderating model.

The main strengths of this study include: (1) a sample composed of patients with different levels of visual
acuity which allowed us to examine the potential relationship between visual acuity and quality of life outcomes;
(2) the use of robust and widely validated outcome measures, such as the EQ-5D-5L and the HADS; and (3) the
novelty of our findings, considering the paucity of studies examining potential factors of poor quality of life, and
significant moderators of the relationship between visual acuity and quality of life, among eye disease patients.
Main limitations in our study include the size of the sample and the lack of control group (people without any
eye diseases). The lack of a control group limits the extent of our findings because people without age-related
macular degeneration and diabetic retinopathy, in particular older patients, are also likely to present quality
of life problems. Additionally, we did not collect patients’ data on severity of comorbidities which would be an
important confounder to be included in our regression models. Finally, in our study the variable “visual acuity”
was assessed in relation to presenting distance visual acuity, and some previous studies have suggested that bin-
ocular visual acuity might be a better estimate of vision-related quality of life compared with monocular visual
acuity®*. The investigation of the effect binocular visual acuity on patients’ quality of life accounting for mental
health and psychosocial outcomes should therefore deserve more attention in future studies.

In summary, our study suggests that high levels of anxiety together with low levels of visual acuity can have
a potential negative synergistic effect on eye disease patients” health-related quality of life. Future studies should
clarify the actual importance of depression and other key mental health outcome for the relationship between
visual acuity and health-related quality of life. Clinical and rehabilitation services providing care for chronic
eye disease patients should include regular checks for patients’ levels of anxiety, even in patients who still have
preserved visual acuity, above the threshold of what is considered visual impairment. This will contribute to
prevent a synergistic source of long-term poor quality of life and disability, in a particularly vulnerable patient
group already affected by a chronic condition.
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