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Background

Large Western population-based studies have reported that prevalence rates for visual 
impairment and blindness range from 0.6 to 2.1% and from 0.1 to 0.9%, respectively1 
and that the prevalence of visual impairment increases rapidly after the age of 65, and 
blindness after the age of 85 years1,2. It is estimated that between 2005 and 2020 the 
number of Dutch visually impaired adults will increase by 18.7% from approximately 
298,000 persons in 2005 to 354,000 persons in 20203. This increase is mainly 
due to aging of the population. In Western countries, the most common causes of 
visual impairment (which includes low vision and blindness) are age-related macular 
degeneration, cataract, diabetic retinopathy and glaucoma. For visually impaired 
persons, low-vision rehabilitation is an important treatment option4.
 Especially when cure is not expected (as in visually impaired patients with 
irreversible eye conditions) it is nowadays widely accepted that any treatment choice 
should also take into account the patient’s quality of life, which covers physical, 
psychological and social functioning. In addition to quality of life in general, the 
patient’s subjective perception in terms of vision-related quality of life is increasingly 
recognized as a meaningful representation of the patient’s visual disability before and 
after medical treatment or rehabilitation5,6. Over the years, many vision-related quality 
of life questionnaires have been developed5,7,8. In this thesis, three vision-related 
quality of life questionnaires are evaluated within item response models, namely 
the Vision-related quality of life Core Measure (VCM1), the Low Vision Quality Of Life 
questionnaire (LVQOL) and the National Eye Institute - Visual Function Questionnaire 
(NEI-VFQ-25). In item response theory it is assumed that items on questionnaires 
measure an ‘underlying’ construct9. The concept of vision-related quality of life is 
perceived as an underlying construct since it cannot be directly measured, in contrast 
to measures such as a person’s height or weight. In addition, a brief comment is given 
concerning a review article on vision-related quality of life questionnaires for patients 
with age-related macular degeneration.
 Next, we describe the longitudinal outcomes of low-vision rehabilitation of 
older patients (N=296; mean age 78 years at baseline) who were referred to 
monodisciplinary or multidisciplinary low-vision rehabilitation services in the 
Netherlands. In addition to the relatively short-term effects (5-month and 1-year 
follow-up), it was considered important to gain insight into the long-term effects (4 
to 5 years follow-up). This enabled us to understand how patients experience their 
quality of life when most of them had stopped attending low-vision rehabilitation 
services some time ago. Baseline measurements took place between July 2000 and 
January 2003. To investigate the long-term outcomes of rehabilitation, an additional 
measurement cycle was performed between July 2005 and January 2007. A multilevel 
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item response model was investigated to describe the longitudinal outcomes of low-
vision rehabilitation. In addition, a summary of a review regarding evidence-based 
low-vision rehabilitation outcomes in terms of quality of life is described.
 Finally, apart from common eye conditions that cause low vision and blindness, 
many older patients also suffer from other (chronic) conditions. Moreover, co-
morbidity is considered to be a major threat to quality of life10,11. Insight into those 
combinations that lead patients to experience a worse quality of life is important for 
the individual care of patients, as well as for public health purposes11. It is known, 
however, that older patients may have problems recalling co-existing conditions 
when asked about this in a clinical or research setting. In the Netherlands, the general 
practitioner (GP) usually has an up-to-date and complete record of the patient’s 
medical status. Therefore, co-morbidity reports from visually impaired patients were 
compared with reports from their GP. In addition, we explored which co-existing 
conditions and patient characteristics led to an increased vulnerability or to a decline 
in terms of health-related quality of life in these patients.
The objectives of this thesis were threefold: 

To assess the psychometric quality of vision-related quality of life questionnaires;1. 
To measure the longitudinal outcomes of low-vision rehabilitation in a visually 2. 
impaired older patient population;
To investigate co-morbidity of older visually impaired patients and its relation to 3. 
health-related quality of life.

The following sections present a summary of the results for these topics, and discusses 
some methodological considerations and implications and recommendations for 
research and practice. This chapter ends with some general conclusions.
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Psychometric quality of vision-related quality of life 
questionnaires

This section presents a summary and discussion of the concept of vision-related 
quality of life, the questionnaires used, and the psychometric quality of these 
questionnaires as assessed with item response models.

Summary of the results
In the past decades many vision-related quality of life or visual functioning 
questionnaires have been developed5,7,8. In this thesis, the psychometric quality of the 
Dutch versions of the VCM1, the LVQOL and the NEI-VFQ-25 was further investigated 
using methods from item response theory. Table 1 shows the methods used to assess 
the psychometric quality of the questionnaires, including the software used. 

Table 1. Methods and software used to assess the psychometric quality of the questionnaires

Psychometric properties VCM1 and LVQOL NEI-VFQ-25

Exploratory factor analyses (rotation) Polychoric correlations (promax) Polychoric correlations (promax)

-  Software -  Mplus -  Mplus

Item response model Graded response model Partial credit model

-  Software -  gllamm (Stata)

-  MULTILOG

-  RUMM2020

Item-test S–X2-test Item-trait interaction (χ2)

-  Software -  SAS -  RUMM2020

DIF analyses Likelihood Ratio (G2) ANOVA

-  Software -  IRTLRDIF -  RUMM2020

Precision Item & test information Person-item distribution

-  Software -  MULTILOG -  RUMM2020

Reliability Index of person separation Index of person separation

-  Software -  MULTILOG -  RUMM2020

Table 2 lists the psychometric properties of the three Dutch questionnaires, i.e. 
dimensionality, local (in)dependence, monotonicity, differential item functioning 
(DIF), precision and reliability, as well as the items that were deleted (see Chapter 1 
for an explanation of these terms). The psychometric quality is described separately 
for the questionnaires, including additional information from other studies. 
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Table 2. State-of-the-art of the Dutch VCM1, LVQOL and NEI-VFQ-25 assessed with item response 

models

Psychometric properties VCM1 LVQOL NEI-VFQ-25

Dimensionality 1 dimension 4 dimensions 4 dimensions

  -Dimensions (final number of items) VRQOL (10) Basic aspects (5) Near activities (5)

Mobility (4) Distance activities & mobility (8)

Adjustment (4) Mental health & dependency (6)

Reading & fine work (7) Pain & discomfort (3)

  -Eigenvalues† 6.3 12.9; 2.1; 1.2; 1.0 5.3; 3.3; 1.9; 1.4

  -Explained variance† 63% 75% 54%

Local dependence (suspected) Item 9 None Item 4, 19

Monotonicity: item misfit None None Item 19, 21

Differential item functioning (DIF)§:

  -Gender None Item 1, 12, 24 Item 14

  -Age group None None Item 10, 12, 19

  -Independent living n.a. n.a. Item 14

  -Co-morbidity n.a. n.a. None

  -Educational level n.a. n.a. None

  -Eye condition None Item 19 n.a.

  -Visual acuity None Item 3, 7 n.a.

  -Functional vision score n.a. n.a. None

  -Time onset visual impairment n.a. n.a. Item 8, 11, 19

  -Rehabilitation type None None n.a.

  -Administration type Item 9, 10 Item 1 n.a.

  -Population type Item 6, 9, 10 n.a. n.a.

  -Time (item invariance not assumed) Item 2, 4, 6, 9, 10 Item 10, 14, 18, 19, 20 n.a.

Precision

  -Item information (highest/lowest) Item 4/item 1 n.a. n.a.

  -Test information (highest) VRQOL Reading & fine work n.a.

Reliability

  -Cronbach alpha(s)* 0.92 0.93; 0.84; 0.82; 0.90 n.a.

  -Index of person separation* 0.93 0.91; 0.94; 0.86; 0.83 0.83; 0.75; 0.66; 0.66

Omitted items None Item 1, 5, 24, 25 Item 15, 16, 16a

VRQOL: vision-related quality of life; n.a. not assessed; † Eigenvalues and explained variance for the LVQOL without item 5 
and 25; for the NEI-VFQ-25 without item 15, 16 and 16a; § underlined DIF items: non-uniform DIF; other DIF items: uniform 
DIF; * respectively for the dimensions.
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Vision-related quality of life Core Measure (VCM1)
The purpose of the study described in chapter 2 was to investigate the psychometric 
quality of the VCM1 in a visually impaired patient population using an item response 
theory approach. In addition, it was established whether the VCM1 was able to screen 
for problems related to vision loss in the community. 
 Dimensionality was investigated on the baseline measurements of the longitudinal 
study among visually impaired older patients (mean age 78 years; see also chapter 
6). The VCM1 consisted of one dimension, which is in accordance with an earlier 
study12. Local independence of the items was also investigated. Item 9 ‘Inability to do 
preferred activities’ was suspected but, although it was previously recommended to 
omit this item13, the residual co-variation with other items was initially not considered 
a problem. 
 Monotonicity was investigated; all items showed fit to the graded response 
model, including item 9. In contrast, when analysis with a Rasch rating scale model 
was performed on the VCM1 completed by patients from a low-vision clinic and a 
cataract surgery waiting-list, a lack of item fit to the Rasch model was found when 
both populations were taken together12. This difference in results might be due to 
the different models used. Rasch models are considered to be stricter and more 
parsimonious, because in the unrestricted graded response model (which we used) 
the discrimination parameter is allowed to vary between items. However, less 
constrained models often give a more accurate reflection of the data9. An indication 
of construct validity was obtained with analyses of differential item functioning (DIF). 
No interference was found between item responses of patients on the relevant group 
variables listed in Table 2. This indicates that the VCM1 can be applied to relatively 
heterogeneous groups of visually impaired patients. However, DIF was found on item 
9 ‘Inability to do preferred activities’ and 10 ‘Life interference’ between administration 
type subgroups, i.e. patient self-reports versus patients who were assisted by proxy 
(often a relative or spouse); however, because the maximum difference in expected 
scores was not large, no items were omitted. After the psychometric quality in the 
patient sample had been evaluated, we explored whether the item estimates of the 
VCM1 could be generalized to persons with vision loss from the community-based 
sample of the Longitudinal Aging Study Amsterdam (LASA). DIF was present on item 
6 ‘Safety at home’, and again on items 9 and 10; on item 6 the expected score was 
almost one point lower for the community-based sample at higher disability levels. 
Therefore, it was concluded that the VCM1 is not instantly appropriate for screening 
in the community because the DIF items might threaten the construct validity of the 
VCM1. Furthermore, in chapter 6 it emerged that a possible limitation is that the VCM1 
seems less appropriate for measuring the effects of low-vision rehabilitation. It was 
found that, across different follow-up time points, some items had DIF. This implies 
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that change could not be accurately measured in visually-disabled patients using this 
questionnaire14. De Boer et al. also found responsiveness and reproducibility to be 
only moderate. Furthermore, in the study of Lamoureux et al. DIF was present on a 
number of items between the low-vision and cataract samples, which could not be 
resolved12. They did not report, however, which items had DIF or how large differences 
between scores should be in order to be considered a problem. However, they decided 
to fit the model for both populations separately.
 The precision of the items and the test (VCM1) was investigated with item and 
test information curves. We found that the VCM1 covered the whole disability 
continuum of the visually-impaired older patient population. Some items, (e.g. item 4 
‘Depression’) were more informative and precise across the disability continuum. Item 
1 ‘Embarrassment’ was the least precise (especially at the lower levels of disability), 
but the overall precision of VCM1 items was acceptable. Finally, the reliability of the 
questionnaire was satisfactory, with an index of person separation of 0.93 reflecting 
acceptable person fit to the model. Satisfactory internal consistency of the VCM1 was 
also reported in another study, with a similar explained variance of >60%15.
 The psychometric quality of the VCM1 seemed satisfactory based on item fit 
to the graded response model and most differential item functioning outcomes. 
However, DIF analyses showed that the VCM1 was problematic between subgroups 
with different types of administration. Anchoring and deleting items, or collapsing 
response categories, did not substantially improve the psychometric quality of 
the VCM1. Therefore, the VCM1 was kept intact. In future, when using the VCM1 as 
a disability measure or screening tool, item parameters of differentially functioning 
items might need to be modeled. Moreover, responses on the VCM1 of persons in 
the LASA sample with a visual acuity of the best-eye of <0.5 were investigated. This 
visual acuity measure may not have been the best criterion for assessing screening 
properties. Bearing in mind uncertain construct validity reported in earlier studies 
and in this thesis, future use of the VCM1 should be considered with caution.

Low Vision Quality Of Life questionnaire (LVQOL)
The purpose of the study described in chapter 3 was to re-evaluate the psychometric 
quality of the LVQOL using an item response theory model. 
 Dimensionality was investigated on the baseline measurements of the same 
group of visually impaired older patients (see also chapter 6). After omission of item 5 
‘Problems reading street name signs’ and item 25 ‘Problems in performing household 
tasks’ because of low factor loadings and confusing interpretation of factors, the 
final solution of the LVQOL consisted of four dimensions: “Basic aspects”, “Mobility”, 
“Adjustment” and “Reading and fine work”. However, compared to the final factor 
solution according to the original LVQOL by Wolffsohn et al.16, the Chinese version 



200

chapter 11

by Zou et al.17 and the confirmatory factor analysis by de Boer et al.13, there was a 
(slightly) different item-spread. This may have been caused by cultural differences17 
or the choice of psychometric techniques. Furthermore, local independence could 
be assumed for all items. Monotonicity was investigated; all items showed fit to the 
graded response model.
 An indication of construct validity was obtained with DIF analyses. DIF was found 
on five items between subgroups of gender, visual acuity, administration modes 
and eye conditions (Table 2). Two items were omitted: one because the maximum 
difference between expected scores exceeded one point (item 24 ‘Using tools’ from 
the “Reading and fine work” dimension), and another because DIF was found on 
multiple relevant background variables (item 1 ‘Vision in general’ from “Adjustment”). 
With regard to DIF over time, this was assessed again for the two dimensions after 
removal of both items. Initially, the factor loadings of the three “Reading small print” 
items of the “Reading and fine work” dimension were very high (>0.92), compared 
to the other items (between 0.53 and 0.79), which may have indicated another 
construct. However, a five factor solution was not found. In addition, the “Reading 
small print” items were probably very sensitive to the statement in the questionnaire 
about administering the questionnaire ‘... as if you were using your glasses or low-
vision aids’. Or, as was suggested by Stelmack et al.18, the items may have been more 
sensitive to change because of the reading aids which were received by many patients. 
The mixture of items on the “Reading and fine work” dimension (consisting of the 
“Reading small print” subdimension and the “Visual (motor) skills” subdimension), 
may have confounded the outcome of low-vision rehabilitation if the rehabilitation 
program mostly consisted of enhancement of reading skills instead of visual (motor) 
skills. Items on the subdimension “Reading small print” improved more than items on 
the “Visual (motor) skills” subdimension. Therefore, no improvement was found on 
the entire “Reading and fine work” dimension after low-vision rehabilitation. Probably 
because almost everyone received reading aids, the three “Reading small print” items 
were interpreted as being easier after low-vision rehabilitation. 
 Furthermore, after omitting item 24 ‘Using tools’, the assumption of item parameter 
invariance across time points could still not be maintained for the “Reading and fine 
work” dimension. Consequently, for longitudinal assessment of outcomes, dividing 
the dimension in two subdimensions “Reading small print” and “Visual (motor) 
skills” is probably still indicated. However, item fit is inappropriate for the “Reading 
small print” subdimension. In contrast, after omitting item 1 ‘Vision in general’, item 
invariance was assured on the short and long-term time points for the “Adjustment” 
dimension, indicating that the outcome on this dimension can be appropriately 
assessed. 
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 In chapter 3, the precision of the dimensions of the LVQOL was further explored 
with test information curves. Test information showed full coverage of the disability 
continuum. The “Reading and fine work” and “Mobility” dimensions were most 
informative for differentiating among patients’ disability levels in terms of vision-
related quality of life. This result is in accordance with studies reporting that visual 
ability is a composite variable with at least two sources of variability: the first 
dimension had most impact on responses to items related to reading and visual 
motor tasks, and the second dimension was described by mobility items19,20. For the 
LVQOL, the “Mobility” dimension was the first factor and “Reading and fine work” 
the second factor. The third factor was “Adjustment”, which is in line with a study on 
the factor structure of the Impact of Vision Impairment questionnaire (IVI), where an 
“Emotional well-being” dimension was found in addition to a mobility and a reading 
dimension21. 
 Finally, the reliability of the questionnaire was satisfactory, with indices of 
person separation between 0.83 and 0.94, representing good person-fit. The internal 
consistency was also shown to be satisfactory, with adequate Cronbach alphas. The 
dimensions of the LVQOL accounted for 75% of the total variance. 
 The adapted LVQOL with 21 items seems highly appropriate for use in 
heterogeneous populations of visually impaired patients. However, the “Reading and 
fine work” dimension needs further assessment in relation to DIF over time  (item 
invariance) in outcome studies.

National Eye Institute - Visual Function Questionnaire–25 (NEI-VFQ-25) 
The purpose of the study described in chapter 4 was to obtain the factor structure of 
the Dutch version of the NEI-VFQ-25 and interval scales using a partial credit model.
 Dimensionality was investigated on the baseline measurements of a population 
of 129 visually impaired adults (mean age 42 years) who were participating in an 
inpatient low-vision rehabilitation facility. It was previously suggested that the NEI-
VFQ probably did not consist of more than four factors22. Similarly, after omitting 
the ‘Driving’ items 15, 16 and 16a because of ceiling effects and missing values, 
this suggestion was confirmed because the factor analysis in this study indicated 
four factors: “Near activities”, “Distance activities & mobility”, “Mental health & 
dependency”, and “Pain & discomfort”. In some studies the driving items were kept 
in the original NEI-VFQ-25 because driving was perceived as being highly valued, 
and persons may seek eye care due to problems with driving23. In a severely visually 
impaired population, i.e. the adult working-age population described in chapter 4, 
these items were less relevant. In the Netherlands (and other countries) driving with 
a best corrected visual acuity <0.5 is prohibited by law. The driving items were also 
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omitted in the Chinese and Japanese NEI-VFQ-25 studies24,25 and were found to be 
problematic in the French version of the NEI–VFQ-2526.
 Local independence was not investigated as such; however, item 19 (“How much 
pain or discomfort in or around your eyes keeps you from doing what you’d like to 
be doing?”) had a high correlation with item 4 (“How much pain or discomfort have 
you had in and around your eyes?”; r=0.65), which may indicate local dependence for 
these items. 
 Monotonicity was explored with separate analyses on each factor, where 
goodness-of-fit with the χ2 item-trait interaction statistics and step thresholds were 
examined. Most items showed some degree of disordering. After collapsing response 
categories, all items showed ordered thresholds. The “Near activities” dimension 
showed excellent fit, the “Distance activities & mobility” and the “Mental health & 
dependency” good fit, and the “Pain & discomfort” dimensions had a significant 
item-trait interaction that indicated misfit to the model. Item 21 ‘Feel frustrated’ of 
“Mental health & dependency” and item 19 ‘Pain in or around the eyes’ of “Pain & 
discomfort” were identified as misfitting items. Addition of other items, or using the 
longer version of the NEI-VFQ, may improve the fit to the model.
 An indication of construct validity was obtained with DIF analyses. Items 8 
‘Reading street signs’, 10 ‘Noticing objects off to the side’, 11 ‘Seeing how people 
react’, 12 ‘Picking and matching clothes’, 14 ‘Going out’ and 19 ‘Pain in or around the 
eyes’ had DIF. Item 12 was an item with almost equal loadings on “Near activities” and 
“Distance activities & mobility”. It might be an option to delete items that show DIF. 
For example, item 19 was a misfitting item that was suspected of local dependence 
and had DIF on two relevant group variables. However, this may be a too rigorous 
decision based on the small sample size (N=129), and items with DIF do not always 
produce poor measurements27. Also, the magnitude of DIF was not assessed, and the 
weak to moderate correlations between the four subscales (|r|=0.01 to 0.42) indicate 
that the scales measure different aspects of quality of life. 
 Finally, the reliability of the questionnaire was satisfactory for the “Near activities” 
dimension, but unsatisfactory for the “Distance activities & mobility”, “Mental health 
& dependency” and “Pain & discomfort” dimensions because of indices of person 
separation <0.80. The dimensions of the NEI-VFQ-25 accounted for 54% of the total 
variance. Internal consistency was also assessed in other studies, but was based on 
different factor structures23-26,28,29.
 In conclusion, the results of the current study suggest that modifications of the 
original NEI-VFQ-25 structure are needed when using the questionnaire in a sample 
of working-age visually impaired adults. It would be interesting to investigate the 
psychometric quality of the Dutch version of the NEI-VFQ-25 in an older visually 
impaired population using item response models. The studies of Massof and 
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Fletcher22 and Stelmack et al.30 showed that item location order in the elderly differed 
from that in the working age population described in chapter 4. Furthermore, the 
study by Stelmack et al. reported that the four items of the NEI-VFQ-25 sensitive to 
change after rehabilitation were probably related to the rehabilitation or low-vision 
aids received by most of the patients30. At this stage, the Dutch questionnaire 
could be improved by collapsing response categories, removal of items with poor fit 
statistics and DIF items, and by adding meaningful items to the dimensions or using 
the supplemental items. Until these deficiencies are addressed, NEI-VFQ-25 scores 
and results from outcome studies must be interpreted with caution. Similar warnings 
have been published earlier24,25,29,30.

Methodological considerations and future research
Researchers seem to have improved the field of health assessment by applying 
methods from item response theory to their questionnaire development and 
psychometric evaluation; some of these methods were developed even in the early 
20th century. Interesting examples on how to use item response models for health 
outcomes are available31-33, and application should become easier when more user-
friendly versions of the software become available. 
 In this thesis, the recommendation by de Boer et al. and others to reevaluate vision-
related quality of life questionnaires with item response theory or related models, and 
to describe outcomes with these models, was successfully followed7,34. This does not 
mean, however, that the work on the Dutch versions of the VCM1, the LVQOL and the 
NEI-VFQ-25 is finished. The psychometric quality of the three questionnaires is not yet 
perfect and some areas of psychometric evaluation still need to be addressed.
 When using the VCM1 in future studies, it is recommended to use one administration 
type, or to model separate item parameters when patients are assisted by proxy35. The 
VCM1 can be used to screen for vision-related problems in the community. However, 
when planning to simultaneously take into account generalizability to other patient 
populations, item parameters of three VCM1 items also need to be modeled. The 
screening purposes of the VCM1 need to be further assessed, for example by relating 
VCM1 scores to stenopeic visual acuity (e.g. to explore refractive error) or questions 
on recognizing persons at a certain distance and reading performance, which are 
available in the LASA study. It would be interesting to compare vision-related quality 
of life in the LASA community-based population with earlier studies from the UK where 
the response category >2 ‘More than a little concern’ was taken as the impairment 
threshold36,37. 
 The adapted LVQOL with 21 items seems highly appropriate for use in 
heterogeneous populations of visually impaired patients. However, the “Reading 
and fine work” dimension needs further assessment related to DIF over time (item 
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invariance) in outcome studies. On this dimension, the “Reading small print” items 
seemed more sensitive to change than the other items. The factor structure should 
also be confirmed in future studies. 
 Given the relatively small sample in the NEI-VFQ-25 study, the generalizability of 
the findings should be further investigated. The newly developed factor structure 
should be validated, and the original factor structure should be invalidated in new 
studies using confirmatory factor analysis. The addition of new items relevant to the 
factors could further improve the discrimination and validity level. However, before 
recommending a definite change in the response format of the NEI-VFQ-25, the 
findings should be confirmed in additional studies among different visual impairment 
conditions and different demographic conditions. The NEI-VFQ-25 also needs further 
testing in construct validity and responsiveness. These recommendations are in line 
with criteria developed to assess the psychometric quality of health assessment 
questionnaires38,39. However, these proposed criteria are mostly based on evaluation 
of questionnaires using classical or Rasch models and need to be adapted for other 
item response models. 
 Another concern is the assessment of the magnitude and ‘clinical’ significance 
of DIF, and the decision to delete items based on this measurement property. A 
consequence of deleting a differentially functioning item is that the psychometric 
quality of the underlying construct improves. In chapters 2 and 3, the magnitude 
of differential item functioning for polytomous items was presented as a maximum 
difference in expected scores between the relevant subgroups on which DIF was 
tested. The magnitude of when the maximum difference in expected scores is still 
acceptable may depend on the questionnaire and the number of its response options, 
and needs further discussion. Assessing DIF remains important because previously 
reported ‘real’ differences in disability between subgroups might have been an 
artifact of the measurement process, i.e. they might have only reflected a difference 
in item interpretation by these subgroups.
 Chapter 5 addresses psychometric information and studies dealing with 
questionnaires for age-related macular degeneration and visually impaired patients, 
in addition to the recent review by Finger et al. on quality of life questionnaires 
for age-related macular degeneration patients8. Eight studies were discussed 
with psychometric information of six vision-specific questionnaires, including 
the questionnaires used in this thesis (chapters 2, 3 and 4) which were filled in by 
visually impaired patient populations, including patients with age-related macular 
degeneration. When more information on the psychometric quality of vision-related 
quality of life questionnaires obtained from item response models becomes available, 
it may be necessary to review these questionnaires using criteria suitable for these 
models.
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 Finally, for low-vision rehabilitation outcomes we may need to first decide which 
rehabilitation goals need to be addressed and then select the items or dimensions 
of vision-related quality of life which one wants to evaluate. A promising approach 
is the Activity Inventory20,40, which was recently translated into Dutch and has been 
tested in a low-vision population. The Activity Inventory was designed to measure 
rehabilitation needs before rehabilitation and evaluate outcome afterwards using the 
same questionnaire. However, global vision-related quality of life outcomes such as 
the VCM1, the LVQOL and the NEI-VFQ will still serve the purpose of assessing what is 
important to patients concerning their visual disability experienced in daily life.

Longitudinal outcomes of low-vision rehabilitation

This thesis describes the longitudinal observational outcomes of low-vision 
rehabilitation of 296 older patients who were referred to monodisciplinary or 
multidisciplinary low-vision rehabilitation services in the Netherlands. In addition 
to the relatively short-term effects (5-month and 1-year follow-up; chapter 6), it was 
considered important to gain insight into the long-term effects (i.e. at 4.4-year follow-
up; chapter 7). This allowed us to understand how patients experience their quality of 
life, specifically with regard to vision-related issues. Most patients in the long-term 
study had had no contact with the rehabilitation services for a relatively long period 
of time. 
 Taking into account the lack of item invariance over time on the VCM1 and the 
“Reading and fine work” dimension of the LVQOL, the focus of the vision-related 
quality of life outcomes is on the LVQOL dimensions “Basic aspects”, “Mobility”, 
“Adjustment” and the two subdimensions “Reading small print” and “Visual (motor) 
skills”. Table 3 shows the direction of the adjusted average group vision-related quality 
of life effects for the two low-vision rehabilitation types at three follow-up time points. 
Only the average short and long-term outcomes of the adjusted model are described 
(chapter 7) because they are considered more accurate than the unadjusted model 
(chapter 6). In addition to significant average group effects, individual effects are 
summarized when present in more than 10% of our study population. Furthermore, 
the evidence-based outcomes described in chapter 8 are briefly discussed.

Summary of the results
For patients who went to the optometric service the direction of the long-term effect 
was detrimental on all LVQOL dimensions, with exception of the “Reading small print” 
dimension which improved. However, these results were not statistically significant. 
Significant detrimental individual long-term effects were seen on the “Basic aspects” 
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(13%), “Adjustment” (11%) and “Visual (motor) skills” (22%) dimensions, and 
significant long-term improvement on the “Reading small print” subdimension (19%).
 For patients who went to the multidisciplinary service, significant beneficial 
5-month and 1-year effects were found on “Reading small print”. Significant 
detrimental average short-term effects were found at 1-year follow-up on the “Visual 
(motor) skills” subdimension. Significant detrimental long-term average effects were 
found on the “Basic aspects”, “Mobility” and “Visual (motor) skills” dimensions. 
Significant detrimental individual long-term effects were found for multidisciplinary 
service patients on the “Basic aspects” (14%), “Mobility” (14%), “Adjustment” (10%), 
“Reading small print” (12%) and “Visual (motor) skills” (30%) dimensions. 
 Finally, gender was associated with the “Basic aspects” and “Mobility” 
dimensions, and education level (in years) with the “Adjustment” dimension. Men, 
and patients with a higher education level, were inclined to give a more positive 
response on those dimensions than, respectively, women and those with a lower 
education level. LogMAR visual acuity and health status were associated with all 
LVQOL (sub)dimensions. Patients with greater vision loss and a worse health status 
were inclined to give a more negative response. 

   
Table 3. Direction of adjusted average group vision-related quality of life effects of two low-vision 

rehabilitation types

BA MOB ADJ RSP VMS

Optometric 5 month 0 0 0 0 0

service 1 year 0 0 0 0 0

4.4 years 0 0 0 0 0

Multidisciplinary 5 month 0 0 0 + 0

service 1 year 0 0 0 + −

4.4 years − − 0 0 −

BA: Basic aspects; MOB: Mobility; ADJ: Adjustment; RSP: Reading small print; VMS: Visual (motor) skills; 0: no significant 
effect; + significant improvement; − significant deterioration (p<0.05).

Considerations for low-vision rehabilitation services
Taking into account the detrimental or lack of effects on most vision-related quality of 
life dimensions has implications for both types of low-vision rehabilitation services. 
Especially patients with more vision loss and a worse health status were inclined to 
experience more visual disability during follow-up on all vision-related quality of life 
dimensions of the LVQOL. For example, by prescribing appropriate low-vision aids (e.g. 
reading aids, telescopic or filter devices) more beneficial effect on the “Basic aspects” 
(with the items watching television, seeing moving objects, tired eyes and glare) 
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might have been achieved – even though reading with low-vision aids can also be 
tiring. In addition, little evidence for the effectiveness of low-vision aids is available. 
Delivering occupational therapy in the home environment regarding light adjustment 
and watching television may have been necessary for more patients. The study 
described in chapter 8 provides evidence for improved quality of life after adjustment 
of lighting. However, in a study at the multidisciplinary rehabilitation service, it was 
found that the majority of patients overestimated their TV watching skills. Even 
with telescopic devices, shortening of the viewing distance or having larger TV sets, 
reading the subtitles remained problematic41. This dimension was associated with 
gender, with female patients experiencing more deterioration than males. Although 
there is no clear explanation for this result, it is an important indication that women 
show more disability and therefore need more attention on “Basic aspects” issues. 
 From the “Mobility” dimension (including items on night vision inside the house, 
seeing steps/curbs, depth/distance perception, getting around outdoors/crossing 
roads with traffic) a more positive outcome was also expected, probably mostly 
from multidisciplinary services. In these multidisciplinary services occupational 
therapists can provide mobility training for the patient, e.g. to a shopping center or 
family member42. Since gender was associated with “Mobility” with female patients 
showing more deterioration than males, this seems to be a subgroup that needs more 
attention. However, because women more often reported musculoskeletal conditions 
(35%) than men (12%) this may partly explain the difference in outcome or the decline 
on this dimension. 
 From optometric services it was probably less likely to find an improved 
“Adjustment” dimension than from multidisciplinary services. The prescription of 
low-vision aids, the main focus of optometric services43, is probably not enough 
to enhance psychological adjustment to vision loss. A multidisciplinary approach 
had probably been more suitable as this can offer facilities aimed directly at the 
improvement of this dimension. Advice from a psychologist, social worker or an 
occupational therapist may have been necessary for the patients to improve their 
adjustment to vision loss. This dimension includes the items visiting friends and 
family, frustration with doing tasks and being unhappy with the situation in life. Since 
patients with a lower education were inclined to have lower scores on this dimension, 
those patients may require more attention from rehabilitation services. As a group, 
patients referred to multidisciplinary rehabilitation had a significantly lower level of 
education than patients referred to the optometric service. Frustration and feelings of 
unhappiness with one’s life situation is a typical subject that could be discussed with 
a psychologist or social worker, or in group discussions with other visually impaired 
patients. Furthermore, checking whether the patient understands the eye condition, 
or if they have any recollection of the explanation given by their ophthalmologist, may 
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be an important intervention. Understanding the eye condition may help patients to 
cope with vision loss44. 
 The largest effect of the optometric service could have been expected on the 
“Reading small print” sub-dimension, with items about problems reading small print 
(e.g. labels on medicine bottles, newspapers, books and mail). For multidisciplinary 
services significant effects were also expected, because the main rehabilitation 
needs often expressed by patients are problems with reading. Lack of a long-term 
average effect on the “Reading small print” dimension may reflect that the existing 
reading aids were no longer adequate. Nevertheless, almost 1 out of 5 patients who 
went to the optometric service showed significant improvement. Although the mean 
difference between distance visual acuity values did not change significantly between 
baseline and long-term follow-up, patient’s reading acuity and its decline was not 
assessed. Therefore, no relation can be assumed between long-term visual disability 
on this dimension and a decline in distance or near acuity.
 Finally, the “Visual (motor) skills” sub-dimension (with the items reading large 
print, reading the own handwriting, finding out the time, writing and using tools) could 
have improved due to specific training from occupational therapists. Patients may 
have needed more training to improve this dimension. Since reading is considered to 
be a major need for patients, other skills (e.g. writing, or finding out the time) might 
be given less attention by low-vision rehabilitation services.
 In general, it seems that visually impaired older patients more often need to be 
referred to a multidisciplinary center by the optometric service or ophthalmologist, 
and more often need a multidisciplinary approach, than seems apparent at first. If 
this is achieved in future, the visual ability of patients might be enhanced on more 
dimensions of vision-related quality of life.

General recommendations
The most important goal of visual rehabilitation for older patients is to contribute 
to improvements in visual ability, to make them more independent in daily life, and 
more able to participate in society40,45. Also, considering the increasing healthcare 
costs and lack of manpower, the large group of older patients should be stimulated 
to maintain their independence and participation in society for as long as possible45. 
The results of the outcome studies show that low-vision rehabilitation services only 
partly succeeded in achieving this goal. Consequently, based on the results of the 
present study, improvements in low-vision rehabilitation services may be necessary. 
 The policy of low-vision rehabilitation centers is to deliver ‘patient-centered’ care. 
This means that rehabilitation is offered to patients when they ask for it themselves 
and is not specifically driven by the availability of care or rehabilitation ‘products’. 
Moreover, admission to care, particularly in multidisciplinary services, is limited by 
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regulations imposed by government that hamper long-term follow-up of such care. 
This seems to be in contrast with the idea that an important reason for measuring 
(health-related) quality of life, also in low-vision rehabilitation, is the growing interest 
of governments and health insurance companies in these outcome measures as 
parameters for quality of care5,6. In current practice, patients are no longer monitored 
after rehabilitation ends, because rehabilitation services do not initiate new contact 
to enquire whether there is a need for additional rehabilitation. Furthermore, low-
vision rehabilitation services may not have the capacity to monitor their (ex-)patients 
because the inflow of new patients is already substantial. However, our results 
indicate that many patients do not improve on various vision-related quality of life 
dimensions over a short or longer period of time, which may reflect the need for 
additional rehabilitation. 
 It is recommended that rehabilitation services introduce a regular ‘need for 
rehabilitation check’, for example once or twice every year. Rehabilitation services 
should at least emphasize that patients have the possibility to return to the low-
vision rehabilitation center if their problem persists or worsens, or if a new need for 
rehabilitation arises. It is also recommended to continue the discussion on the policy 
of long-term patient monitoring within rehabilitation services. Monitoring may imply 
that when individual patients are investigated again, rehabilitation services may be 
able to adjust to newly encountered needs. This may not be possible or necessary 
for every patient, but it is conceivable for vulnerable subgroups. For rehabilitation 
services, a regular patient monitor will serve as a practical tool to offer the required 
evidence to government and insurance companies concerning the efficiency of 
their services, or to adjust rehabilitation programs if the efficiency is not proven. 
This may prove to be a cost-effective approach because patients will be able to live 
independently for longer periods of time. The implications for research would be that 
having large datasets with rehabilitation outcomes may improve our understanding of 
the visual disability suffered by patients and may help identify vulnerable subgroups. 
Outcomes should preferably be measured by research institutes independently of, 
but in cooperation with the rehabilitation services in order to optimize objectivity.
 Subgroups appearing to need more attention and training are women on 
the “Basic aspects” and “Mobility” dimensions of vision-related quality of life. 
Another subgroup is the lower educated patients who may need more attention on 
“Adjustment” to vision loss, for example by explaining the eye condition again, or by 
individual or group sessions with a social worker or psychologist. Another subgroup 
to be explored is patients from non-Dutch cultural backgrounds; this group was 
beyond the scope of this study, but may need to be approached in a different way by 
rehabilitation services because of language problems and/or a lower education level 
among these groups. Generally, patients with more vision loss and a worse health 
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status need more attention. However, since there was no clear improvement on 
most vision-related quality of life dimensions, it was not yet clear for the low-vision 
rehabilitation services which needs should definitely have been addressed. The first 
need which is most often expressed is the need for reading and optical aids. These 
aids are suitable to directly improve reading skills or, more indirectly, the skills needed 
to improve other vision-related quality of life dimensions. This older patient group 
seems to need more training with, for example, these reading aids, mobility training, 
ADL training, etc. The problem is, however, that newly diagnosed patients (i.e. the 
group investigated) seem to lack an overview of what problems they will encounter in 
daily life when living with a visual disability. Until recently, low-vision rehabilitation 
centers did not have a systematic way to address these needs (it was done in a 
general fashion). The general intake is often included in the assessment of visual 
functions by the low-vision specialist or optometrists, or the assessment of needs 
is based on the limited information in the referral letter from the ophthalmologist, 
or on the assertiveness of the patient. This implies that the specific rehabilitation 
needs are not always clear from the start, but may emerge over time when the patient 
is already in the rehabilitation trajectory. It is also unclear whether patients actually 
receive the appropriate rehabilitation program, or whether they might be undertreated 
or overtreated. Too much focus on the most prominent disability, instead of the 
whole spectrum of problems, may be a threat to receiving proper treatment46. This 
may result in individual patients undergoing rehabilitation programs that were only 
partially appropriate for them47. In turn, this might imply that some of our patients 
found the road to independence and participation in society difficult to travel. 
 In 2006, the participating multidisciplinary rehabilitation service was interested 
changing their rehabilitation planning tools. They wanted to focus more directly on 
the patient’s needs and deliver a more effective and efficient visual rehabilitation. 
A good example of an extensive rehabilitation planning and evaluation instrument 
was available, i.e. the Activity Inventory which was constructed and validated in the 
USA20,40. The Activity Inventory allows to measure specific individual rehabilitation 
goals, rehabilitation priorities, and specific tasks that a patient needs to be trained in. 
Moreover, it is demand-driven, i.e. visual rehabilitation needs are investigated from 
the patient’s perspective. The questionnaire includes individual goals embracing the 
level of interest given to that goal by the patient20,40. The patient decides what type 
of rehabilitation goals are important, instead of decisions made by focusing on the 
availability of rehabilitation programs48,49. This model is highly applicable to the Dutch 
situation because it is designed to measure rehabilitation needs before rehabilitation, 
and to evaluate outcome afterwards with the same instrument. The questionnaire can 
be considered a more refined version of the International Classification of Functioning, 
Disability and Health (ICF), in the sense that also specific tasks are addressed to reach 
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individual goals. It serves as a practical tool to assess the important ICF domains, 
because the ICF does not offer a means of systematically assessing and measuring 
functional limitations and disabilities. 
 Since 2007, the department of ophthalmology of the VU University Medical Center 
Amsterdam has worked together with regional multidisciplinary centers to implement 
a Dutch Activity Inventory (D-AI). The Activity Inventory has been translated and 
extended. In accordance with the rehabilitation center, special attention was paid to 
placing the rehabilitation goals under the ICF domains at the level of Participation 
and Activities. The D-AI is now a computer adaptive system, it was tested in a pilot 
study, and then students administered the D-AI by telephone among more than 200 
patients. The results of the study are not yet available, but other multidisciplinary 
services have shown interest in implementing the D-AI as a standard rehabilitation 
planning tool (it will be the only tool validated in the Netherlands). 

Methodological considerations and future research
The aim of the work presented in this thesis is to describe the longitudinal effects 
of two low-vision rehabilitation services in terms of vision-related quality of life of 
older patients. Researchers in the field of low-vision have used different follow-up 
periods to evaluate low-vision rehabilitation in terms of vision-related quality of life in 
elderly populations, but have generally not exceeded 1 year post-rehabilitation42,50. 
Although loss to follow-up in a long-term study (e.g. up to 5 years of follow-up) in 
an older population might affect the outcome, we considered it important to know 
whether older patients would still experience some benefit a relatively long time after 
their rehabilitation had ended. Therefore, loss to follow-up was taken into account in 
the long-term model (chapter 7)51,52. 
 Mainly to cope with missing data due to loss to follow-up, the multilevel item 
response model described in chapter 6 was improved by adding confounders52. It 
was assumed that the missing data could be classified as ‘missing at random’. A non-
response process is considered missing at random if (conditional on the observed 
data) missingness is independent of the unobserved measurements51,53, i.e. vision-
related quality of life. Furthermore, it is reported that generalized linear mixed 
models (of which the multilevel item response model is a special case) are more likely 
to be valid and perform better than various imputation techniques51. Others have 
also supported the use of these direct likelihood methods to deal with incomplete 
longitudinal data54. 
 Consequently, to reduce bias, the model was adjusted for those baseline patient 
characteristics which were expected to be associated with the probability of a 
response. Simultaneously, these characteristics were informative to detect vulnerable 
subgroups, and some of the average group effects that were (not) found in the first 
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unadjusted model with two follow-up time points (chapter 6) may be partly explained 
by these confounders, i.e. vision loss, health status and, for some dimensions, gender 
and education level. 
 In general, there was a lack of improvement on the separate dimensions of vision-
related quality of life. An explanation for the lack of effects and deterioration in vision-
related quality of life might be that both visual acuity and perceived general health 
had deteriorated at follow-up42,55. Others also speculated on disease progression 
as a possible cause of decrease in visual ability after rehabilitation18. However, in 
our study between baseline and 4.4-year follow-up, on average the visual acuity of 
respondents who were still in the study at long-term follow-up did not decline. 
 Some limitations to the study design need to be addressed. Firstly, the focus on 
the rehabilitation service may not have been specific enough. It may be difficult to 
draw appropriate conclusions about the entire rehabilitation organization, without 
looking at specific programs that the patients received. For example, the fact that 
there was deterioration on the “Mobility” dimension does not indicate that mobility 
trainers are not doing a good job. It may merely indicate that rehabilitation needs were 
not investigated systematically for individual patients, so that the services may have 
been unaware of the needs of these patients. Consequently, the newly developed 
D-AI is a promising tool to improve the assessment of rehabilitation needs, which may 
result in improved visual ability of patients. However, in future it is recommended to 
assess specific rehabilitation programs rather than the entire rehabilitation service. 
When specific programs are assessed (preferably in randomized clinical trials) it will 
then be possible to adjust these programs as required; this may promote a more 
evidence-based rehabilitation system. Examples of this are the ongoing study on 
the effectiveness of a training protocol for use of closed-circuit television systems, 
or (in chapter 8) the studies described in the systematic review on the effects of low-
vision rehabilitation. Studies on the effectiveness of low-vision aids for specific tasks 
are currently lacking and deserve more attention; these will enable rehabilitation 
workers to better advise patients as to what can be expected from the low-vision aids 
prescribed. This may also serve to develop improved versions of these aids.
 Another limitation is that the outcome study described in this thesis was not 
randomized. The rationale for this was that adding a placebo or no treatment group 
would be unethical, because patients would have been withheld from low-vision 
services. This means, theoretically, that no inferences about the value of low-vision 
services can be drawn from this study. Waiting-list controlled studies have been 
proposed and have been used in a few randomized controlled studies described 
in chapter 8. Furthermore, it would have been preferable to randomly assign 
participants to either the optometric or the multidisciplinary service. Although this 
was not done the two groups differed only in the level of education; there were no 
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other significantly different characteristics between the two groups. However, other 
confounding variables that were not assessed might have influenced the results, such 
as symptoms of depression which are reported to affect rehabilitation outcomes56. 
On the other hand, cohort studies such as the observational study described in this 
thesis are more suitable for investigating prognostic factors than trials, because 
of the heterogeneous populations involved in these studies. In that case a non-
randomized design is a strength of our study, whereas participants in separate arms 
of a randomized clinical trial are usually too homogeneous. Further research into 
prognostic factors of vision-related quality of life is warranted.
 Finally, the multilevel item response model was investigated to describe 
longitudinal dependent data. The model was characterized by the graded response 
model57-59 for rating scales60. It was useful to be able to calculate estimations of 
individual change directly from the model14. These random effects were presented 
as significant individual improvement or deterioration after low-vision rehabilitation. 
Usually, research focuses on the statistical significance of average rehabilitation 
outcomes of patient groups because the overall effects are important to low-vision 
rehabilitation services in order to determine or adjust their policy. However, even a 
small advantage for a low-vision rehabilitation program, when multiplied by large 
numbers of potential patients, could translate into a benefit for many persons61. 
Moreover, in daily practice, rehabilitation workers might be more interested in which 
individual patients improved or deteriorated and less in an overall rehabilitation 
effect. There are additional advantages in using the multilevel item response model 
that we investigated. All available response schemes of patients were used, and the 
data did not necessarily have to be complete. Also, the graded response model for 
rating scales is considered to be more robust than partial credit models, due to their 
efficient use of response categories with cumulative logits62. From a practical point 
of view, implementation of item response models for longitudinal data is currently 
easier for graded response models than for partial credit models63. We consider this 
model to give an adequate representation of the available data, even though we lack 
some information due to incompleteness of our data. In our opinion the multilevel 
item response model is very useful to investigate longitudinal data and individual 
rehabilitation effects and is, therefore, recommended for future studies.
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Co-morbidity and health-related quality of life of older 
visually impaired patients

Insight into the prevalence of co-existing conditions is important for public health 
purposes, because co-morbidity increases utilization of health care, costs of 
medical care, and mortality. For decision-making related to medical treatment and 
rehabilitation, knowledge on specific co-existing conditions of individual patients 
is crucial. Chapter 9 reports on the co-existing conditions suffered by visually 
impaired older patients and explores whether all co-existing conditions are reported 
when asked. The aim of this study was to present the level of agreement between 
the reports on co-morbidity made by the patients and recorded by their GP. Chapter 
10 investigates which co-existing conditions and patient characteristics lead to an 
increased vulnerability or a decline in terms of health-related quality of life in this 
patient group.

Summary of the results
The study in chapter 9 shows that visually impaired older patients frequently suffer 
from one or more co-existing conditions. Although it was not intended to prove a 
relationship between eye conditions and specific co-existing conditions, the study 
revealed that musculoskeletal (28%), diabetic (25%) and heart conditions (23%) were 
most often reported by visually impaired patients. Hypertension was most often 
reported by GPs (49%) in contrast to patients (16%). For most condition categories 
there was a lack of agreement between co-morbidity reports of patients and those 
of their GP (Table 4). The agreement differed per condition, whereby patients mostly 
under-reported. Poor to fair agreement was found for psychological problems, chronic 
skin problems, gastrointestinal conditions, chronic allergies, thyroid conditions, 
hypertension, cancer, musculoskeletal conditions, hearing impairments and stroke. 
However, for diabetes, COPD/asthma and heart conditions very good to moderate 
agreement was found between the patients and the GPs. 
 The study in chapter 10 showed that patients who reported at baseline to have 
diabetes, COPD/asthma, consequences of stroke, musculoskeletal conditions, 
cancer, gastrointestinal conditions experienced a lower quality of life (measured with 
the Euroqol–5 Dimensions: EQ-5D) compared to patients who did not report those 
conditions. In addition, patients with more vision loss experienced a lower quality 
of life compared to patients with less vision loss. Visual acuity, musculoskeletal 
conditions, COPD/asthma and stroke predicted a further decline in quality of life after 
5 months. With the risk profile presented in this study it was possible to determine 
patients at risk for a relatively rapid decline in quality of life, in addition to patients 
who already experienced a low quality of life compared to, e.g., younger visually 
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impaired patients64 and older adults in the general Dutch population65. These results 
(summarized in Table 4) have implications for the ophthalmic clinic and low-vision 
rehabilitation practice. In addition to these practical implications, methodological 
considerations are discussed.

Table 4. Agreement between patient and general practitioner (GP) and conditions having a 

detrimental impact or leading to a further decline in quality of life (QOL)

Co-existing conditions/

Patient characteristics

Agreement:

Patient/GP

Effect on QOL

p<0.05

Predictor of QOL decline

p<0.05

Diabetes + −0.09 n.s.

COPD/asthma +/− −0.12 −0.09

Heart +/− n.s. n.s.

Stroke − −0.16 −0.10

Hearing impairment − n.s. n.s.

Musculoskeletal − −0.20 −0.09

Cancer − −0.18 n.s.

Hypertension −/− n.s. n.s.

Gastrointestinal −/− −0.17 n.s.

Thyroid gland −/− n.a. n.a.

Chronic allergies −/− n.a. n.a.

Chronic skin problems −/− n.a. n.a.

Psychological problems −/− n.a. n.a.

LogMAR visual acuity n.a. −0.14 −0.07

Other patient characteristics n.a. n.s. n.s.

Agreement: + (very good); +/− (moderate); − (fair); −/− (poor); n.a. not assessed; n.s. not significant;
Effect or predictor: detrimental on EQ-5D-scores (range approximately 0-1) compared to patients without the condition.

Considerations for low-vision rehabilitation services and the ophthalmic 
clinical practice
The results of the co-morbidity studies may help ophthalmologists and rehabilitation 
workers to understand that low vision and specific co-existing conditions cause 
a measurable extra burden, or even a rapid decline, in the quality of life in visually 
impaired older patients. Patients who reported to have diabetes, COPD/asthma, 
consequences of stroke, musculoskeletal conditions, cancer and gastrointestinal 
conditions, or patients with greater vision loss, experienced a lower quality of life. 
Moreover, visual acuity, musculoskeletal conditions, COPD/asthma and stroke 
predicted a further decline in quality of life after 5 months. Patients with a profile 
matching these variables can be considered target groups who may need to be 
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monitored more often. Ophthalmologists may consider referral to another sub-
specialty if the patient is currently not under treatment for the condition(s) that they 
have reported. In addition, specialized low-vision rehabilitation programs or low-
vision aids may be needed for patients with co-morbidity. Besides reading aids, 
these patients may need occupational therapy, specialized mobility training, more 
extensive training for using low-vision aids, or help from a social worker to adapt to 
their visual disability, i.e. a multidisciplinary approach. 
 With a risk profile as presented in this study, a rehabilitation intervention or a 
specific referral to another sub-specialty may be of benefit for the general health and 
vision-related quality of life of the patient. When taking these results into account, 
the involvement of ophthalmologists and low-vision rehabilitation services may serve 
to improve a patient’s general health. However, care providers should be aware that 
patients often under-report co-morbidity. Although patients are an attractive source 
of information regarding their co-morbidity, it is recommended that providers pay 
special attention to co-morbidity in visually impaired older adults when taking the 
patient’s history. Using a pre-structured format may help, or providers may ask these 
older patients about the conditions that cause an extra burden or lead to a rapid 
decline in their quality of life.
  A more complete view on the patient’s health status will then become available, 
which may influence health and rehabilitation outcomes, the rehabilitation program 
for patients, or medical decisions. With the increasing use of electronic patient 
records in the Netherlands and other countries, it should become easier to check co-
morbidity (including medication use) which should contribute to the total picture of 
co-morbidity among patients and to the safety of medical decision-making.

Methodological considerations and future research
Although our results should be confirmed in a future study using pre-structured co-
morbidity questionnaires, the present work has shown that visually impaired older 
patients with specific co-existing conditions and low vision experienced a lower 
quality of life, and were at higher risk of a rapid decline in quality of life. Moreover, our 
results were largely in line with those from an earlier population-based Dutch study66. 
In the co-morbidity studies described in this thesis, the reliability of co-morbidity 
assessment should be discussed and its implications still need to be explored. First, 
a possible explanation for the lack of agreement is that co-morbidity was assessed 
in two different ways. Open-ended questions, which were used, are known to result 
in lower level of reporting than more specific methods of questioning67. As expected, 
the open-ended nature of the question probably restricted patients from writing 
down all the conditions they suffered from. This may have contributed to the lower 
number of self-reported co-existing conditions compared to the GP reports. However, 
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the open-ended question method is perceived to be comparable to the way co-
morbidity is usually addressed in a clinical setting67. If patients and GPs had been 
given a comparable list of co-existing conditions, this might have provided more 
similar results. 
 Second, in our study it was observed that between baseline and follow-up the 
reports on co-morbidity were not stable. One reason for this was loss to follow-
up, and the other was that the patients did not continue to report the co-existing 
conditions that they had reported at baseline. Moreover, some patients reported 
co-existing conditions for the first time at the follow-up measurement. It is uncertain 
whether these changes in self-reports reflect a true change over time; perhaps 
patients simply failed to report these conditions at baseline, or were unaware of the 
condition, or symptoms were absent, or there were recollection problems, or perhaps 
patients considered it superfluous to report their (chronic) co-existing condition(s) 
at the second measurement. In contrast, Klabunde et al. showed that patients were 
generally able to provide reliable reports of their co-existing conditions over time68. 
 In general, asking for co-morbidity in an open-ended style may have implications 
for research in the fields of low vision rehabilitation, or epidemiological studies. Open-
ended questions are generally considered suboptimal for assessing the prevalence 
of co-existing conditions because in that case mainly the serious conditions are 
reported69. Many researchers correct their outcomes for, or predict outcomes from, 
variables such as the number of co-existing conditions, the presence of co-morbidity, 
or they try to find associations between specific co-existing conditions and eye 
conditions. The results show that asking with an open-ended question does not 
result in a complete view of the co-morbidity of visually impaired older patients. 
Fortunately, other studies do use existing co-morbidity lists, medical records or 
records from insurance companies, which seem to provide a more complete view of 
the patient’s co-morbidity and higher agreement for the majority of conditions70,71. 
Therefore, for research purposes, if medical records are not available or are 
incomplete, it is recommended to ask patients for co-morbidity with a pre-structured 
questionnaire in order to avoid this type of omission; these questionnaires are 
easier to complete by older patients because they depend less on their recollection 
ability. Other questionnaires are available which cover the severity of the co-existing 
condition and whether patients are currently treated for it72. In addition, it may 
be too time consuming and too costly (due to the personnel involved) to use the 
medical records of patients. Although medical records are considered the best way 
to collect co-morbidity information73, they may be incomplete74. The co-morbidity 
studies in this thesis did not include a thorough investigation of the nature of open-
ended questions. More research is needed to establish the reliability of open versus 
closed-ended questions administered by patients. In a recent study, however, it was 



218

chapter 11

reported that setting and registry characteristics affect the prevalence and nature of 
multi-morbidity in older adults75; these authors recommended to provide information 
at least about the setting, the conditions, the data collection method, and the time 
frame in which conditions were measured, when reporting about the size and nature 
of multi-morbidity. 
 Finally, an omission in the current study was psychiatric co-morbidity; recent 
studies have indicated that approximately one-third of older adults who are visually 
impaired suffer from (symptoms of) depression76,77. In the list of co-existing conditions 
which had to be administered by the GP, a psychiatric conditions category was not 
included; nevertheless, some patients still reported such problems. Other studies 
reported that psychiatric morbidity is not well recognized in general practice77,78, 
particularly in patients with somatic conditions79. Therefore, research into psychiatric 
morbidity seems indicated. 
 In 2009 a study will start at the VU University Medical Center, in cooperation with 
regional low-vision rehabilitation centers, with the aim to screen visually impaired 
older patients for depression and to improve referral to specialized care.
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General conclusion

One of the main themes of this thesis is the assessment of the psychometric 
quality of vision-related quality of life questionnaires in an older visually impaired 
population. The VCM1, the LVQOL and the NEI-VFQ serve the purpose of assessing 
what is important to patients concerning visual disability experienced in daily life. 
Instead of classical test theory, methods from item response theory were conducted 
on the Dutch versions of these questionnaires. Overall, the studies show that the 
questionnaires have acceptable psychometric quality and can be used in outcome or 
screening studies. However, some areas of psychometric evaluation still need to be 
addressed and some adaptations to the questionnaires may be required. 
 Another central theme was to measure the longitudinal outcomes of low-vision 
rehabilitation in optometric and multidisciplinary services. Measurement of the 
longitudinal outcomes was successfully conducted in a multilevel item response 
model, which was suitable for investigating individual effects in addition to average 
group effects. Furthermore, it has been argued that these models are more likely to be 
valid when handling missing values and are therefore recommended. Moreover, the 
results of the outcome studies show that low-vision rehabilitation services only partly 
succeeded in achieving the goal of improving vision-related quality of life, especially 
when patients had no contact with these services for a long time. Consequently, 
based on the results of the present study, improvements in low-vision rehabilitation 
services may be necessary. Focus on systematic assessment of rehabilitation needs 
and longitudinal monitoring of vulnerable subgroups of patients seems warranted. 
Evidence for specific rehabilitation programs and low-vision aids is a necessary focus 
for research in the near future.
 A third important aim was to investigate co-morbidity of older visually impaired 
patients and its relation to health-related quality of life. Patients reporting specific 
conditions such as diabetes, cancer or gastrointestinal conditions experienced a 
lower quality of life. In addition, more vision loss, musculoskeletal conditions, COPD/
asthma and stroke predicted a relatively rapid decline in quality of life 5 months after 
baseline. A rehabilitation intervention or a referral to another sub-specialty may be 
beneficial for the patient. However, care providers should be aware that patients 
often under-report co-morbidity. Although patients are an attractive source of 
information for research or clinical purposes, a pre-structured format should be used 
to assess co-morbidity. This will provide a more complete view of the patient’s health 
status, which may have a beneficial effect on medical decisions and consequently the 
patient’s general health. Finally, knowledge of the patient’s co-morbidity and general 
health may influence the content of a rehabilitation program. This is expected to be 
beneficial for rehabilitation outcomes of individual visually impaired older patients.
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