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Abstract

Purpose To investigate potential gender- and age-specific changes over time in vision-related quality of life (VRQoL) on a
population-based level. Further, factors associated with changes in VRQoL will be explored.

Methods The Gutenberg Health Study is a population-based, prospective, observational, single-center cohort study in Ger-
many. VRQoL was quantified at baseline and 5-year follow-up using the visual function scale (VES) and socio-emotional
scale (SES-VRQoL). VFS and SES-VRQoL are calculated using the “National Eye Institute 25-Item Visual Functioning
Questionnaire” (NEI-VFQ-25). Both scales range from 0 to 100, O corresponds to the sum that would be achieved if a par-
ticipant had answered all items with the worst performance, and 100 corresponds to the sum of all items answered with the
best possible performance. Distance-corrected visual acuity was measured in both eyes. Univariable and multivariable linear
regression analyses were conducted to identify ophthalmic and sociodemographic predictors of VRQoL.

Results A total of 10,152 participants (mean age 54.2 years; 49.2% female) were included in the analysis. The mean visual
functioning decreased from 89.6 (IQR: 81.3, 95.1) at baseline to 85.9 (IQR: 79.2, 92.6) at 5-year follow-up in the VFS
(p <0.001). Participants' socio-emotional well-being remained the same from baseline to 5-year follow-up in the SES-
VRQoL. In multivariable linear regression analysis, older age (0.03, p=0.002) and female gender (-1.00, p <0.001) were
associated with a VFS change. Higher baseline socioeconomic status was associated with a slightly positive increase in
VES (0.07, p=0.001). Deterioration of visual acuity in the better and worse-seeing eye was associated with negative VFS
change over 5 years (better-seeing eye: -5.41, p <0.001, worse-seeing eye: -7.35, p <0.001). Baseline socioeconomic status
was associated with SES-VRQoL change (0.06, p <0.001). The negative change in visual acuity showed an association with
negative SES-VRQoL in the better (-4.15, p <0.001) and worse-seeing eye (-3.75, p <0.001). Stratification of the regression
models by age and gender showed greater reductions in VFS scores with visual acuity changes in participants aged 65 years
or older and a more pronounced decrease in female participants over 5 years.

Conclusions This study demonstrated an association between visual acuity change and change in VRQoL over 5 years, with
a greater decrease in female participants and participants aged 65 years or older. The better-seeing eye and the worse-seeing
eye both had an impact on changes in VRQoL.

Key messages

What is known

e Previous studies have predominantly used cross-sectional designs to investigate the correlation between visual acuity and
vision-related quality of life, with limited insights into how visual acuity changes over time affect vision-related quality
of life in a large cohort.

What is new

e This study demonstrates that visual acuity changes significantly impact VRQoL over a 5-year period, with a notable
decrease observed in female participants and those aged 65 years or older.

e Analysis reveals both the better-seeing and worse-seeing eye contribute to changes in VRQoL, highlighting the necessity
of comprehensive visual assessments in both eyes for a more accurate understanding of VRQoL outcomes.

Extended author information available on the last page of the article
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Introduction

Subjective perception of difficulties due to vision and their
impact on daily life activities are important when assessing
the burden of ophthalmic diseases. Patient-reported out-
comes analyzing vision-related functioning and quality of
life are gaining importance in evaluating therapeutic inter-
ventions and are included as primary outcomes in clinical
studies. Vision-related quality of life (VRQoL) describes
how vision affects the life of a person and their satisfaction
with vision ability [1].

To date, VRQoL has been mostly examined in cross-sec-
tional studies. These cross-sectional studies showed worse
VRQoL in the presence of visual impairment (VI) compared
to no VI [1-3]. Several studies have demonstrated that loss
of visual functioning and VI is associated with a decline in
VRQoL [3-5]. VI can lead to emotional or physical diffi-
culties resulting in limitations in social life [6]. In addition,
higher age and lower socioeconomic status is associated
with lower VRQoL [7, 8].

Few studies have examined gender-related differences in
VRQoL in cross-sectional studies: one study found slightly
worse VRQoL in women [9]. The Gutenberg Health Study
(GHS) has previously reported gender-specific differences in
VRQoL in a cross-sectional approach with worse VRQoL in
women [3, 10]. When examining gender-related differences
in health-related quality of life (HRQoL), numerous stud-
ies consistently report lower scores for women [11-14]. A
study from the United States, which analyzed four national
datasets, found that women had worse HRQoL outcomes
compared to men, with sociodemographic and socioeco-
nomic disparities partially accounting for these differences
[13]. Similarly, another study demonstrated that women had
significantly worse HRQoL than men across all subscales,
even after adjusting for factors such as age and chronic con-
ditions [11].

However, it is unknown to date whether the course of
VRQoL over time also differs between genders. Possible
gender differences could be due to a higher prevalence of
blindness in women [15], a difference in socioeconomic sta-
tus [16] or different symptom reporting [17].

Several studies found that VRQoL decreases with age
[1, 8, 18]. Thus, it may be important to implement screen-
ing measures early to detect VI and counteract a decrease
in VRQoL early on [8]. Concerning visual acuity, both the
better-seeing and worse-seeing eye have an influence on
VRQoL: the better-seeing eye has a stronger influence and
the worse eye has a minor influence on the VRQoL, thus
the function of both eyes should also be included in clinical
decision-making processes [3].
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McKean-Cowdin et al. examined changes in visual acu-
ity and HRQoL in a population-based cohort study with
3,169 individuals in La Puente, California (age: 40 years
or older). A decreased visual acuity over 4 years was
linked to decreased visual functionality and overall well-
being [19].

Cross-sectional studies reported that individuals with
lower socioeconomic status also have worse VRQoL [20,
21]. It may be important to provide more counseling and
information to these individuals in the clinical context to
increase awareness of eye disease. It is also important to
reach this group of people in prevention programs [20,
21].

This study focuses on changes in VRQoL over time and
evaluates whether there are gender-, age- or socioeconomic-
specific differences in this regard on a population-based
level. Further, the association between the change in VRQoL
with the change in visual acuity of the better and worse-
seeing eye is evaluated.

Method
Study sample

The GHS is a population-based, prospective, observational,
single-center cohort study in the Rhine-Main-Region in
Germany. The sampling was stratified for gender, residence
(urban or rural) and age-decade. At baseline, 15,010 indi-
viduals were included (in the years 2007-2012) and 12,423
of them were re-examined after 5 years (2012-2017). The
inclusion criteria for the current analysis were the availabil-
ity of NEI-VFQ-25 (National Eye Institute Visual Function
Questionnaire) scores at baseline and at 5-year follow-up to
be able to calculate the change of VFQ-25 scores for each
study participant. This reduced the number of subjects to
10,152 participants.

Ophthalmic parameters

Objective refraction and distance-corrected visual acuity
were measured in both eyes with Humphrey Automated
Refractor/Keratometer at baseline and 5-year follow-up.
Distance corrected visual acuity was measured with built-
in Snellen charts, ranging from 20/400 to 40/20. The values
were transformed to LogMar for statistical analysis. Spheri-
cal equivalent was measured through the following calcula-
tion: spherical equivalent value plus half of the cylindrical
power [3]. A short interview was conducted before the eye
examination to assess a potential history of eye disease.
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The WHO definition of VI was used to categorize visual
acuity into no, mild, and moderate/severe vision impairment
groups.

Quality of life and socioeconomic status

Vision-related quality of life was assessed using the NEI-
VFQ-25 questionnaire [22]. The questionnaire was com-
pleted using both eyes and reading glasses if needed.
Socioeconomic status was calculated according to Lampert
and Kroll [23], this score consists of the following factors:
highest education (school/vocational training), position in
occupation, and income. With regard to occupation, partici-
pants were asked what occupation was currently held or, in
the case of unemployment/retirement, what occupation was
previously held. The survey also asked for a classification of
the occupation into an occupational group (self-employed,
academics in the liberal professions such as doctors, lawyers,
officials, employees, trainees, or assisting family members).
Regarding income, the survey asked about the households'
net monthly income. The household size was considered and
the net income was adjusted for the individual person. Status
was defined as a socioeconomic status range between 3 (low-
est) and 21 (highest) socioeconomic status [23].

Statistical analysis

A descriptive analysis was conducted and stratified by gen-
der to examine potential gender differences at baseline time
point. For categorical parameters, absolute and relative fre-
quencies were computed. For continuous variables, mean
and standard deviation were calculated for approximately
normal-distributed data, otherwise median and interquartile
range. We calculated the “visual functioning scale (VFS)”
and “socioemotional scale (SES-VRQoL)”. This is relevant
to counteract limitations of the questionnaire (e.g. influenced
by multidimensionality) [24]. Scales were based on Rasch-
transformed individual-level NEI-VFQ-25 data, as used in
several other studies [25, 26]. The questionnaire is com-
posed of 25 questions and includes 12 subscales: general
health, general vision, ocular pain, near activities, distance
activities, social functioning, mental health, role difficulties,
dependency, driving, color vision, and peripheral vision.
The VFS and SES-VRQoL were calculated based on the
principal component analysis approach of Pseudovs. et al.
[24]. Both scales were then converted to a 0—100 point scale,
where O represents the sum a participant would achieve if all
items were answered with the worst possible performance,
and 100 represents the sum for the best possible perfor-
mance. This conversion to a 0—100 scale was done to ensure
comparability with other studies.

We investigated the factors associated with changes in the
VES over a five-year period. The analysis included several

independent variables, namely gender (reference: male par-
ticipants), age, baseline VFS, socioeconomic status, and
visual acuity in both the better- and worse-seeing eye. Both
univariable and multivariable linear regression models were
employed to assess how each factor is related to changes
in VFS, both individually and while controlling for other
variables.

In a separate linear regression analysis, the same inde-
pendent variables were used to examine their influence on
changes in the SES-VRQoL.

We created additional models with stratification by age
group (< 65 years versus > 65 years). Finally, the models
were calculated separated for women and men to examine
gender-related differences and additionally a gender specific
interaction analysis was conducted.

Data were processed with the statistical program R (ver-
sion: 4.0.3 (2020-10-10)).

Results

The mean age of the study population was 54.2 +10.8 years
at baseline, and 49.2% were female (Table 1). VFS was
slightly higher in men than in women at baseline (89.59 vs.
89.56).

During the 5 years, visual acuity decreased by 0.05
LogMAR in women and by 0.03 LogMAR in men. VES
decreased more in women (—1.3) than in men (-0.9;
p=0.05) (Fig. 1a). SES-VRQoL scores changed barely over
5 years for both men and women (Fig. 1b). Socioeconomic
status decreased overall by —0.19 (SD: 1.93), and decreased
significantly more for women (—0.26 (SD: 1.96) vs. —0.12
(SD: 1.90)). Over the period from baseline to the five-year
follow-up, the number of eyes with VI increased (Table S1).

Figure 2 shows the change in VFS over five years for
participants with no VI at baseline. In participants with no
VI over time, VES decreased slightly, while a change from
no VI at baseline to mild VI at a 5-year follow-up was asso-
ciated with a more significant decrease in VFS, which was
even more pronounced with a change from no VI at baseline
to moderate/severe VI over the 5 years.

Table 2 illustrates how changes in VI status over five
years influence the VFS scores of the study participants.
Specifically, it categorizes individuals based on their VI
status in the better-seeing eye at baseline and at the five-
year follow-up. The table shows how VFS scores change
depending on whether participants’ vision remained sta-
ble, improved, or worsened over this period. Participants
who consistently had no VI in the better-seeing eye over
5 years showed a slight worsening of VFS over five years
by —1.08 VFS score points. Moreover, those with no VI in
the better-seeing eye at baseline and a change to mild or
moderate VI at 5-year follow-up had decreasing VFS scores.
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Table 1 Participants’ characteristics (N=10,152, baseline) and quality of life parameters. Data from the German population-based Gutenberg

Health Study (2007-2012)

Overall Men Women
10,152 5161 4991
Age [y], mean (SD) 54.2 (10.8) 54.5 (10.9) 53.8 (10.7)
Age categories, n (%)
35-44 2349 (23.1) 1144 (22.2) 1205 (24.1)
45-54 2863 (28.2) 1438 (27.9) 1425 (28.6)
55-64 2734 (26.9) 1386 (26.9) 1348 (27.0)
65-74 2206 (21.7) 1193 (23.1) 1013 (20.3)
Ophthalmic parameters
Visual acuity [logMar], better eye, mean (SD) 0.03 (0.09) 0.02 (0.09) 0.04 (0.09)
Visual acuity [logMar], worse eye, mean (SD) 0.11(0.22) 0.10 (0.22) 0.12 (0.22)
Spherical equivalent [diopters], right eye, mean (SD) —0.50 (2.49) —0.53 (2.42) —0.47 (2.57)
Spherical equivalent [diopters], left eye, mean (SD) —0.49 (2.50) —0.53 (2.45) —0.45 (2.55)
Glaucoma (ISGEO definition), n (%) 72 (0.9) 41 (1.0) 31(0.8)
History of eye surgery, n (%) 692 (6.8) 326 (6.3) 366 (7.3)
General health and socioeconomic status
Arterial hypertension, n (%) 4792 (47.2) 2719 (52.7) 2073 (41.6)
BMI [kg/m?], mean (SD) 27.1 (4.8) 27.7 (4.2) 26.4 (5.3)
Socioeconomic status, mean (SD) 13.5 (4.3) 14.2 (4.4) 12.7 4.1)

Vision-related quality of life
Visual functioning scale, median [IQR]
Socioemotional scale, median [IQR]

89.57 [81.30, 95.10]
100 [95.07, 100.00]

89.59 [84.02, 95.10]
100 [94.62, 100.00]

89.56 [81.25, 94.49]
100 [95.07, 100.00]

y years, SD standard deviation

Participants whose vision worsened from mild VI at base-
line to moderate/severe VI at follow-up experienced a small
improvement in VES scores (+ 0.83 points). Study partici-
pants with improvement in VI categories in the better-seeing
eye showed improvement in VFS scores. Participants who
initially had moderate/severe VI in the better-seeing eye at
baseline and an improvement to no VI at 5-year follow-up
showed an increase in VFS scores of 14.8 points (Table 2),
however, this VI change in the better-seeing eye was only
the case in 9 participants. Supplemental Fig. 1 demonstrates
the change in visual acuity (LogMAR) and the change in
the VFS over five years for the better-seeing eye (a) and the
worse-seeing eye (b). In both cases, a negative association
is evident, indicating that a decline in visual acuity corre-
sponds with a decrease in VFS. Outliers (1.31%, n=118)
were identified, showing no visual acuity decline greater
than 0.1 LogMAR in either eye over five years, a change not
considered clinically relevant [27], yet experiencing a high
deterioration in VFS of more than 15 points, which normally
corresponds with a significant decline in visual acutiy [28].
At baseline, this group reported better general health, but
a significantly worse general health status was observed at
follow-up. Additionally, the group was significantly younger,
had a higher proportion of female participants, and showed
a greater decline in SES-VRQoL (Suppl. Table 2).
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Linear regression analysis

Gender and age were associated with VFS change, with
a higher VFS reduction in female participants compared
to male participants (Table 3). Baseline socioeconomic
status was associated with change in VFS but change in
socioeconomic status was not associated with change in
VES.

The baseline visual acuity in the better-seeing and worse-
seeing eye, both were univariable positively associated with
VES change over 5 years due to collinearity with lower VFS
at baseline. In the multivariable regression model, there was
a negative association for the change of VFS with associated
with the change of visual acuity in the better- and worse-
seeing eye over 5 years.

Additionally, associations between the change of SES-
VRQoL with visual acuity (baseline/change) and socioeco-
nomic status (baseline/change) were evaluated in multivari-
able regression analysis (Table 4). Female gender and age
were not associated with the SES-VRQoL. Baseline socio-
economic status was positively associated with the change in
SES-VRQoL scores, while change in socioeconomic status
over 5 years was not associated in the multivariable model.
Baseline and changes in visual acuity were associated with
a reduction in SES-VRQoL scores over 5 years.
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Fig. 1 a Visual functioning a)
scale (VFES) at baseline and

5-year follow-up stratified by

gender and b) socioemotional

scale (SES-VRQoL) at baseline

and 5-year follow-up stratified

by gender. Data from the Ger-

man population-based Guten-
berg Health Study (2007-2017)
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We additionally stratified the regression models for
patients under 65 years of age and participants 65 years and
older in two subgroups. Regarding the change in VFS, in
both age groups, the visual acuity in the better-/worse-seeing
eye was associated with a change in VFS.

The impact of changes in visual acuity on the VFS change
was higher in the older age group: a greater reduction in VFS
over 5 years due to change in visual acuity was observed for
the better- and worse-seeing eye. Baseline socioeconomic
status was only associated in the younger group, while

S5-year follow-up

change in socioeconomic status was not associated with VFS
change (Suppl. Table 3a and Suppl. Table 3b).

Moreover, we stratified the regression models for female
and male participants. Female participants showed a greater
decrease in VFS scores over 5 years associated with visual
acuity change. An association between baseline visual acu-
ity in the worse-seeing eye and change in VFS was also
related to female and male participants (Suppl. Table 4a and
Suppl. Table 4b). Furthermore, we analyzed the potential
interaction between gender and VFS change over 5 years.
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Fig.2 Change of visual func-
tioning scale (VFS) over 5 years
with no vision impairment at
baseline (better-seeing eye,
(n=9,875)). Grouped into the
follow-up vision impairment
groups of the better-seeing eye
(no (n=8,997), mild (n=283),
and moderate/severe (n=51)).
Results from the population-
based Gutenberg Health Study
(2007-2017)

Table 2 Change of NEI-
VFQ-25 visual functioning
scale (VFS) scores by
categories of vision impairment
(VI) at baseline and 5-year
follow-up (better-seeing eye) of
the German population-based
Gutenberg Health Study (GHS),
time frame of 2007-2017

Table 3 Association analysis
between gender, age, visual
acuity (in the better-/worse-
seeing eye) and socioeconomic
status with the change in the
visual functioning scale (VFS)
over 5 years. Data from the
German population-based
Gutenberg Health Study
(2007-2017)
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Change of visual functioning (VFS)

Groups of vision impairment (VI),
5-year follow-up

No VI <0.32 [LogMAR]
£ Mild VI 0.32-<0.5 [LogMAR]
Moderate/severe VI >= 0.5[LogMAR]

No vision impairment, baseline (better-seeing eye)

Better-seeing eye, 5-year follow-up

Change of VFS over 5 years No VI (n=8,997) Mild VI (n=283) Moderate/
severe VI
(n=51)

Better-seeing No VI (n=9,875) —1.08 points —5.17 points —8.96 points

eye, Baseline Mild VI (n=28) + 14.79 points —5.53 points +0.83 points

Moderate/severe VI (n=32) 4 14.76 points +4.72 points —5.45 points
VFS visual functioning scale
Univariable Multivariable

Dependent vari- B 95%-CL p-value B 95%-C1L p-value

able: Change of
VFS
Gender, female
Baseline -0.37 [-0.74-0.01] 0.05 —-1.00 [-1.35- —0.64] <0.001
Age
Baseline 0.07 [0.05-0.09] <0.001 0.03 [0.01-0.05] 0.002
VES
Baseline -0.41 [-0.43- —0.40] <0.001 —-0.45 [-0.47- —-0.43] <0.001
Socioeconomic status
Baseline —-0.01 [-0.06-0.03] 0.56 0.07 [0.03-0.11] 0.001
5-year change —-0.20 [-0.30- —0.11] <0.001 —-0.06 [-0.15-0.03] 0.22
Visual acuity, better-seeing eye
Baseline 11.30 [9.22-13.39] <0.001 -3.16 [-5.69- —0.63] 0.01
5-year change -5.97 [-7.21-4.72] <0.001 -5.41 [-6.69- —4.13] <0.001
Visual acuity, worse-seeing eye
Baseline 322 [2.38-4.05] <0.001 -3.41 [-4.52- —2.29] <0.001
5-year change —-10.88 [-12.53- —=9.23] <0.001 -7.35 [-9.18- —=5.52] <0.001

VFS Visual functioning scale; reference group for gender is male participants
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Table 4 Association analysis
between gender, age, visual

Univariable

Multivariable

acuity (in the better-/worse- Dependent vari- B
seeing eye) and socioeconomic able: Change of
status with a change in SES-VRQoL

socioemotional scale (SES-

VRQoL) over 5 years. Data Gender, female

from the German population- Baseline —0.24

based Gutenberg Health Study Age

(2007-2017) Baseline -0.01
SES-VRQoL
Baseline 0.06
Socioeconomic status
Baseline 0.06
5-year change —0.08
Visual acuity, better-seeing eye
Baseline —-0.46
5-year change -3.96
Visual acuity, worse-seeing eye
Baseline 0.70
5-year change —5.38

95%-CI p-value B 95%-C1 p-value
[-0.51-0.04] 0.09 0.04 [-0.22-0.30] 0.77

[-0.02-0.01 0.31 —0.01 [-0.02-0.01] 0.31

[0.03-0.09] <0.001 —0.48 [-0.50- —0.46] <0.001
[0.03-0.09] <0.001 0.06 [0.03-0.10] <0.001
[-0.15- -0.01] 0.02 —0.03 [—0.10-0.04] 0.43

[-2.03-1.11] 0.56 -7.21 [-9.08- —5.35] <0.001
[—4.92- —3.00] <0.001 —4.15 [-5.14- -3.16 <0.001
[0.06-1.33] 0.03 —-1.41 [—2.24-0.58] <0.001
[-6.61- —4.16] <0.001 -3.75 [-5.11- =2.39] <0.001

SES-VRQoL socioemotional scale; reference category for gender is male participants

Univariable analyses showed an association between the
interaction factor of gender and 5-year change in visual acu-
ity in the better-seeing and worse-seeing eyes with respect
to change in VFS over 5 years (p <0.001), while not in the
multivariable model (Suppl. Table 5).

Discussion

This study investigated VFS and SES-VRQoL change
over 5 years and its association concerning age, gender,
changes in socioeconomic status, and changes in visual
acuity in the better- and worse-seeing eye. Participants
who improved from moderate/severe VI to no VI over the
5-year period experienced a substantial improvement in
VFS scores (4 14.76 points). Moreover, the descriptive
results demonstrated a small improvement in VFS scores
(+0.83 points) in participants whose vision worsened from
mild VI at baseline to moderate/severe VI in the better-
seeing eye at the 5-year follow-up. This finding is unex-
pected, but it may be explained by psychological adjust-
ment to VI [29]. As participants adjust to their condition
over time, their perceived quality of life may stabilize or
even improve, despite the objective worsening of their
vision. Due to the small number of participants (n=4),
this result should be interpreted with caution.

The results demonstrated that changes in visual acuity
were associated with VFS change with a higher decrease
in older participants and female participants. In general,
individuals aged 65 years or older had a smaller decline in

VFS over 5 years. This can be explained by the fact that
participants of higher age may already have had a decline
in VES in the previous years, which means that it is now
less pronounced. Higher baseline socioeconomic status led
to a slight positive change in VFS. In the multivariable
regression analysis, an association was found regarding
visual acuity: a lower baseline visual acuity leads to lower
VFS. Moreover, there was a negative association between
change in visual acuity in the better- and worse-seeing
eye with VFS change. Female participants showed a more
significant decrease in VFS scores over 5 years associated
with visual acuity change. Socioeconomic status at base-
line was positively associated with SES-VRQoL change,
but change in socioeconomic status was not associated
with SES-VRQoL change over 5 years. Visual acuity in
the better-seeing eye at baseline was accompanied by an
increase in SES-VRQoL over 5 years. Change in visual
acuity in the better- and worse-seeing eye over 5 years was
associated with change in SES-VRQoL. Age and gender
were not associated with SES-VRQoL change.

A population-based study showed a VFS value of 88.5 for
men and 88.1 for women (adjusted for age), in our study the
values are slightly higher with 89.59 for men and 89.56 for
women at baseline [30]. The findings of this study regard-
ing the change in VFS and change in visual acuity are like
those of a longitudinal study examining VFS change over
4 years. The authors reported that decreased visual acuity
is associated with decreased VRQoL [19]. The Submacular
Surgery Trials Research Group said that NEI-VFQ scores
were sensitive to changes in visual acuity (over 2 years).
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The study demonstrated that a 4-point change in the overall
NEI-VFQ score was assessed to be the minimal clinically
important difference (MCID) [31]. Several other clinical
and population-based studies demonstrated that a decrease
in visual acuity or VI leads to changes in VRQoL [1, 4, 32,
33]. In our analysis over 5 years, the change in visual acuity
of the worse-seeing eye resulted in a slightly more significant
reduction in VRQoL than that of the better-seeing eye. VFS
decreased by seven score points in the worse-seeing eye over
5 years per 1 LogMar; while in the group of persons 65 years
and older, the reduction in the worse-seeing eye was —13.24.

Cross-sectional studies have reported an association
between older age and reduced VRQoL [8]. Our study also
indicated that in individuals 65 years of age or older, the
reduction in VFS scores due to a change in visual acuity was
higher than that in individuals aged < 65 years. In general,
the decline in VI is part of the aging process, accompanied
by several factors leading to lower visual functioning. Pro-
jection of light onto the retina changes with age: biochemical
processes alter the cornea, lens opacity, and the ability to
accommodate. Furthermore, sensory information process-
ing is impaired. For example, the number of neurons in the
ganglion cell layer of the retina and the number of rods in
parafoveal vision decrease [34]. Some studies have shown
that the typical age-related changes limit mobility and conse-
quently have a negative impact on the quality of life [35-37].

Our findings demonstrate an association between gen-
der and change in VFS. Other studies have also found that
female participants were associated with lower VRQoL
[38, 39]. There may be several reasons for this finding.
One reason could be that women generally have a higher
risk of VI in all age groups compared to men [40—42]. Ine-
qualities in diagnosing and treating ophthalmic diseases
could be an underlying reason for this. A study in Spain
showed that women are less able to pay for private services
and, thus, must wait longer for treatment [43]. Biological
differences may also be a relevant factor: sex hormones,
e.g. due to menopause, may play a role in the prevalence
of diseases in ophthalmology, such as glaucoma and age-
related macular degeneration [44]. Some mental disorders
are more common in women, like depression [45]. This
could also be a reason, as they lead to lower self-care,
making doctor visits more difficult [46].

Several cross-sectional studies have reported an associa-
tion between low socioeconomic status and lower VRQoL
[20, 47, 48]. This could be based on the fact that a higher
level of education leads to a better understanding of eye dis-
eases, earlier consultation of an ophthalmologist in case of
symptoms, and different psychological handling of a limita-
tion in vision due to a better understanding [49, 50]. Thus,
prevention programs should reach especially people with
lower socioeconomic status, which now is the opposite. This
is because people with higher educational background tend

@ Springer

to think more about their health and, therefore, attend pre-
vention programs more likely [51]. Our study also indicated
a slight improvement in VFS and SES-VRQoL scores over
5 years due to a higher socioeconomic status at baseline.
Furthermore, an association is also possible, because two
integral dimensions of the questionnaire are mental health
and social functioning; both dimensions have been associ-
ated with socioeconomic status in the past [52-54].

In a clinical setting, the NEI-VFQ-25 questionnaire
could be an appropriate method for assessing the success
of treatment and surgical interventions. Patients after cata-
ract surgery showed significant improvements of VRQoL
[55, 56].

Strengths and limitations

This study analyzed data from a large population-based
representative sample. The GHS is one of the first studies
to investigate the change in VRQoL using Rasch-trans-
formed data derived from the NEI-VFQ-25 questionnaire.
While previous studies have examined these relationships,
the added value of our research lies in its longitudinal
design in a large cohort, which tracks changes over a 5-year
period. However, our study has some limitations that need
to be considered. First, the GHS subjects mainly consist of
Caucasian origin. Therefore, the results cannot be general-
ized to other ethnicities. Second, we utilized a conventional
Rasch-based scoring method for the NEI VFQ-25 in this
study. The recently developed NEI VFQ-25C approach
by Goldstein et al. [57], which applies advanced Rasch
analysis for improved precision and comparability in a uni-
dimensional scale, could provide additional insights and
is worth considering in future studies. Unfortunately, this
approach was not feasible in our study, as not all questions
required for the NEI VFQ-25C scoring were included in
our questionnaire. Third, the number of subjects with VI in
the general population is relatively low. Thus, the results
show the change on a population-based level rather than
in a clinical setting.

Conclusion

This study supports existing research on the association
between visual acuity and VRQoL, with a more pro-
nounced decline observed in females and participants aged
65 years and older. Importantly, by employing a longitu-
dinal approach over a 5-year period, our findings add new
insights to the existing body of literature, highlighting the
significant impact of both the better-seeing and worse-
seeing eyes on changes in VRQoL.
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