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Introduction

The main topics addressed in this thesis are: the psychometric quality of vision-related 
quality of life questionnaires; the longitudinal outcomes of low-vision rehabilitation; 
and co-morbidity and health-related quality of life of older visually impaired patients. 
Presented below is some general information about the prevalence of people with a 
visual impairment, the definition of low vision and blindness, and the eye conditions 
that mainly cause low vision or blindness in older patients.

Prevalence and def inition of low vision and blindness
In 1999, the Global Initiative for the Elimination of Avoidable Blindness, also known 
as “Vision 2020: the Right to Sight”, was launched1. Since then many prevalence 
studies have been carried out or have been updated, with the aim to investigate the 
number of people from different parts of the world with (avoidable) blindness and low 
vision. The idea behind this World Health Organization (WHO) initiative is to eliminate 
avoidable blindness before the year 2020 by providing information, by screening and, 
for example, by more efficient cooperation between those involved in eye care1,2. 
 In a meta-analysis on large population-based studies in the USA, the Caribbean, 
Australia and Western Europe, prevalence rates for visual impairment and blindness 
were reported to range from 0.6 to 2.1% and from 0.1 to 0.9%, respectively3. In 
prevalence studies, different definitions of visual impairment (which includes low 
vision and blindness) are used; this in turn limits comparability. However, in many 
studies, including the work in this thesis, the definition of the WHO is often reported. 
The WHO defines low vision as the best corrected visual acuity in the better eye <0.3 
but >0.05, and/or visual field <20° around the fixation point; blindness is defined as 
the best corrected visual acuity in the better eye <0.05 and/or visual field <10° around 
the fixation point4. In the USA and Australia, low vision is defined as a best corrected 
visual acuity <0.5, which is primarily based on the required visual acuity for driving5. 
 In developed countries, low vision and blindness are strongly associated with 
increasing age and the causes are determined by age6. Comparative studies have 
shown that the prevalence of visual impairment increases rapidly after the age of 65 
and blindness after the age of 85 years3,7. In a prognostic study on the prevalence of 
low vision and blindness in the Netherlands between 2005 and 2020, the prevalence 
(when applying the WHO criteria) of visual impairment is expected to increase from 
1.01 to 1.19% and blindness to increase from 0.40 to 0.43%8. Furthermore, it is 
estimated that the number of visually impaired adults in the Netherlands between 
2005 and 2020 will increase by 18.7% from approximately 298,000 persons in 2005 
to 354,000 persons in 2020. However, it should be noted that the latter estimation 
was based on visual acuity data assessed on the available correction, instead of the 
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best correction; this was done to be able to additionally estimate low vision caused 
by refractive errors. In 2020, approximately 94% of those visually impaired persons 
will be aged 50 years or older; a population increase in the Netherlands from 16.3 to 
16.8 million persons was taken into account. In 2005, almost 80% of blind persons 
and almost 70% of persons with low vision was female. Others have reported similar 
differences in prevalence rates between males and females, also when corrected for 
age3,9,10. 
 A limitation of prevalence studies is that they are often based on visual acuity 
data. Visual acuity is, however, only a part of visual disability, i.e. visual fields or 
contrast sensitivity are often not taken into account. Moreover, problems with visual 
field loss or contrast sensitivity may also only be a part of the disability experienced 
by patients. This makes it difficult to estimate the future demand for ophthalmic 
consultations or rehabilitation services11. 

Main causes of low vision and blindness
In industrialized countries, the most common causes of visual impairment are age-
related macular degeneration, cataract, diabetic retinopathy and glaucoma. Age-
related macular degeneration is an eye disease that gradually destroys central vision 
due to degeneration of the pigment epithelium and the photoreceptors in and around 
the macula lutea (also called the fovea), which is the center of the retina. The dry 
or atrophic form affects about 80% of macular degeneration patients. There is also 
a wet or exudative form in which new blood vessels start to grow which may cause 
leakage underneath the retina and finally lead to scarring of the retina. The wet form 
affects about 10% of the patients and another 10% has a mixture of both dry and wet 
macular degeneration. The fovea is responsible for being able to see details and for 
color vision. Macular degeneration makes it difficult to read or to do other visually 
demanding tasks because of a gradual loss of central vision, which progresses 
to severe low vision and blindness. Medical treatment is generally possible for the 
wet form but not for the dry or atrophic form of macular degeneration12; these latter 
patients mainly rely on low-vision rehabilitation.
 Cataract in the older patient is an eye condition which blocks or diffuses light which 
enters the eye, caused by gradual opacification of the aging lens. Blurred vision, glare 
and haloes are early symptoms of cataract which worsen with the maturing of the 
cataract13. Extracting the cataract and implanting an artificial lens is beneficial for 
improving visual acuity in many cataract patients14; however, this is not always the 
case for patients with additional eye conditions15. 
 Diabetic retinopathy is a complication of diabetes mellitus. Prolonged periods 
of high blood sugar levels damage the small blood vessels in the retina, which may 
cause hemorrhages and induce proliferative processes. This may lead to growth of 
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new or abnormal blood vessels, protein exudates on the retina, edema of the retina 
and possibly retinal detachment, leading to large ‘blind spots’ and eventually to 
severe vision loss or blindness15. 
 In glaucoma part of the optic nerve is slowly destroyed by an increased pressure 
inside the eye. Other causes are poor blood supply to the vital optic nerve fibers, 
a weakness in the structure, or weak general health of the nerve fibers. Peripheral 
vision is usually affected, first causing a gradual visual field loss, as well as a 
decrease in contrast and light sensitivity. Treatment of glaucoma is aimed at stopping 
further damage to the optic nerve, for example by using medication that lowers eye 
pressure16,17. 
 Finally, a refractive error is a common cause of vision loss; however, this is not 
considered to be an eye disease. A refractive error refers to a state in which the optical 
system of the non-accommodating eye fails to bring parallel rays of light to focus on 
the fovea. Myopia and hyperopia are states of refractive error in which the optical 
system of the eye brings parallel rays of light, anterior or posterior to the fovea, into 
focus causing a blurred vision. Refractive error can be relieved in most cases by 
spectacles, contact lenses, or refractive surgery18.    
 In the study of Limburg (2007), age-related macular degeneration was reported 
to be the most common cause of blindness in the Netherlands in 2005, followed by 
cataract8. Others have reported similar findings3,6,7,19. Low vision was in most cases 
caused by cataract, refractive errors, macular degeneration or diabetic retinopathy. 
It was estimated that 56% of the causes of visual impairment could be treated (i.e. 
refractive errors and cataract) or possibly avoided by timely treatment and monitoring, 
i.e. about half of the glaucoma and diabetic retinopathy cases. Others reported similar 
results6,9,18,20. It was concluded that unless there is an increase in medical treatment 
options for macular degeneration by 2020, the distribution of eye conditions causing 
low vision or blindness will probably not alter8. Since a cure is basically lacking for 
persons with macular degeneration or for those with other causes of vision loss 
(except cataract), most of them will rely on low-vision rehabilitation as an important 
treatment option20.

Psychometric quality of  vision-related quality  
of life questionnaires

This section describes the concept of vision-related quality of life and the 
questionnaires used for its assessment. Information is also given about item 
response theory; some of these models were used to analyze the data from the 
questionnaires. 
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Vision-related quality of life questionnaires
The concept of quality of life is similar to the WHO definition of health as “a state 
of complete physical, mental and social well-being, and not merely the absence of 
disease or infirmity”21. Especially when a cure is not expected (as in many chronic 
diseases), it is nowadays widely accepted that any treatment choice should take the 
patient’s quality of life (which reflects physical, psychological and social functioning) 
into account. Due to the irreversible nature of the eye conditions of visually impaired 
older patients, it is important to also take into account their quality of life, as well 
as offering the best available medical care. Apart from quality of life in general, the 
visually impaired 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 rehabilitation22,23. 
 Basically, there are two types of self-report health-related quality of life 
questionnaires: 1) generic questionnaires, such as the widely used SF-36 or the 
Euroqol (this thesis), intended for use both in general population surveys and 
in studies on patients with diverse health conditions; and 2) condition-specific 
questionnaires developed for use among specific patient populations21, such as 
patients with macular degeneration or diabetic retinopathy. Vision-related quality 
of life questionnaires were developed because they enable to evaluate what is 
important to patients with respect to their vision. These questionnaires consist of 
items that largely reflect the disability suffered by the patient in daily life24-28. Most 
vision-related quality of life questionnaires have been developed and validated 
among patient populations in hospitals or low-vision rehabilitation centers24,25,29. 
Some questionnaires were designed to measure the outcome of a specific medical 
treatment, e.g. cataract surgery30, or a rehabilitation program for persons with 
irreversible visual impairments, e.g. age-related macular degeneration29.
 In 2004, a systematic review was published by de Boer et al. which described more 
than 30 vision-related quality of life questionnaires24; they also reported criteria for 
assessing or choosing a questionnaire. Based on these criteria, the latter authors 
chose two questionnaires for use in their rehabilitation outcome study, namely the 
Low Vision Quality of Life Questionnaire (LVQOL) and the Vision-related quality of life 
Core Measure (VCM1)31. In this thesis, our study on longitudinal outcomes explored the 
same patient population as described by de Boer et al; the same two questionnaires 
were administered again, but this time with a mean (post-baseline) follow-up time of 
4.4 years. Recently, Finger and colleagues (2008) reported on vision-related quality of 
life questionnaires specifically for patients with age-related macular degeneration29; 
we present some additional information following their publication.
 Furthermore, in this thesis, three Dutch versions of vision-related quality of life 
questionnaires are evaluated with item response models: the VCM1, the LVQOL, 
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and the National Eye Institute–Visual Function Questionnaire–25 (NEI-VFQ-25). The 
VCM1 was originally developed by Frost et al.32. A large item pool was generated from 
interviews with patients, consultations with professionals, and the literature. The 
VCM1 was translated by Nijkamp and colleagues into Dutch33. The content of the VCM1 
probably relates best to the psychological component of quality of life, because most 
of the items are about feelings and perceptions associated with visual disability. 
 The LVQOL was originally developed by Wolffsohn et al. to measure outcomes 
of low-vision rehabilitation services, particularly for patients with various eye 
conditions34,35. Previously developed questionnaires from the literature were used to 
generate a large item pool, which was further assessed by a multidisciplinary team 
and low vision patients to define the content of the questionnaire. De Boer et al. 
translated the LVQOL into Dutch36. The LVQOL has been translated and validated in 
Chinese37 and in Thai38. In two separate studies, de Boer et al. validated the LVQOL 
and the VCM1 in the same visually impaired patient population36,39; the previous 
LVQOL studies used methods from classical test theory.
 Some relevant studies on the psychometric properties of the NEI-VFQ-25 and 
other questionnaires were recently reported by Finger et al.29. The initial version of 
the NEI-VFQ was designed to capture the influence of vision on multiple dimensions 
of health-related quality of life40,41. Focus group discussions were conducted with 
persons with different eye conditions to generate an item pool, whilst defining the 
content of the questionnaire. However, because a shorter version was required for 
research and clinical settings, the NEI-VFQ-25 was developed42. This latter version 
has been investigated in patient samples with various eye conditions, and in low-
vision rehabilitation and community samples. In addition to the Dutch validation study 
described in this thesis, the NEI-VFQ-25 has been translated and its psychometric 
quality investigated in other languages, including Japanese43, Chinese44, Turkish45, 
Greek46, French47, Spanish48, and others. The recent Greek and Chinese studies 
performed Rasch analyses to explore the psychometric properties of the NEI-
VFQ-2544,46. In addition to the studies reported by Finger et al.29, NEI-VFQ versions in 
the English language have been assessed either with classical test methods49, Rasch 
analyses25,50, or using the graded response model for rating scales25.

Item response theory
Unlike finite measures such as a person’s height or weight, the concept of vision-
related quality of life cannot be directly measured. In item response theory it is 
assumed that items on questionnaires measure an ‘underlying’ or ‘latent’ construct51. 
In this thesis the underlying construct is called ‘vision-related quality of life’, which 
is presented on an ability-disability continuum. Since these concepts are difficult to 
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measure, it is important to discuss the validity and reliability of the questionnaires 
that purport to measure the underlying construct. 
 De Boer et al. have validated the questionnaires used in the present thesis, 
i.e. the LVQOL and the VCM136,39. These latter studies were based on classical test 
theory, in which sum-scores are used to express the outcome measure. Modeling 
sum-scores is appropriate if the scores are highly reliable (e.g. if based on a large 
number of correlated items) and well validated. Furthermore, there should be enough 
variation, the distribution should be more or less normal, and no data should be 
missing52. In the example given below (see box), the sum-score for the patient would 
be 9 on this fictitious dimension of the LVQOL. In classical test theory, each item 
contributes equally to the final score of the construct that is measured, irrespective 
of how much an item correlates with the underlying construct53. However, de Boer et 
al. (and others) recommend to re-evaluate vision-related quality of life questionnaires 
with item response theory (or related models) and to describe outcomes using these 
models24,28. 

Example of a patient expressing his or her disability on three items of the LVQOL 
How many problems do you have with:         none  moderate   great can not perform

1. Reading labels (e.g. on a medicine bottle) 0 1 2 3 4 5

2. Reading large print 0 1 2 3 4 5

3. Writing  0 1 2 3 4 5

 Other interesting examples of how to use item response theory models for 
health outcomes are also available54-56. There are some important advantages of 
using item response models. First, it supports construct validity in the sense that 
the meaningfulness of the measurement can be directly assessed. Fit to an item 
response model is empirical evidence that the observed responses can be explained 
by an underlying structure. Second, item response models support the handling 
of missing data and the use of incomplete item administration designs. Third, the 
models account for measurement error. Unreliability suppresses the correlation 
between measurements. Particularly when using questionnaires with only a few 
items, the correlations amongst sum-scores may be attenuated. Finally, a fourth 
advantage is the handling of floor and ceiling effects. Quality of life data often show a 
skewed distribution. In an item response model one is essentially free to specify the 
distribution of the underlying construct. Inferences are unbiased if the assumptions 
of the item response model are correct52.  
 The basis of item response theory is the item (category) response curve. This 
curve models the relationship between a person’s response to an item and their level 
on the underlying construct that is measured by the questionnaire. For items with 
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dichotomous response categories the two-parameter logistic model is often applied; 
this model yields an item response curve that is described by the location or item 
difficulty (β) and slope or discrimination (α) parameters55.
 Other models include the one-parameter logistic model (Rasch model), which 
assumes that all items have equal discriminating ability but differ in item difficulty. 
The two-parameter model allows the discrimination parameter to be different between 
items53. Models for items with polytomous response categories differ slightly in 
their parameterization, but all models essentially include the specification of item 
difficulties and a discrimination parameter55. For questionnaires with polytomous 
response categories, a model that is often used is a generalization of the two-
parameter model, i.e. the graded response model53; this model is used in chapters 
2 and 3 to evaluate the VCM1 and LVQOL. The graded response model has different 
discrimination and item difficulty parameters for every item57-59. To estimate the 
item difficulty parameters, the item response scale is conceptualized as a series of 5 
(the number of response categories on the LVQOL for a given item minus 1) response 
dichotomies: (a) category 0 versus categories 1, 2, 3, 4 and 5 (β1); (b) categories 0 
and 1 versus 2, 3, 4 and 5 (β2), etc.57,60. The graded response model implies using 
logits of cumulative probabilities61,62, because of the cumulated probabilities of the 
response dichotomies that are compared. Hence, the item difficulty parameters in the 
graded response model represent the point along the item response curve at which 
the probability of a positive response in one (or more) of the response categories is 
50%. Some models, such as the generalized partial credit model, compare adjacent 
categories to estimate parameters, e.g. category 0 versus 1; category 1 versus 2, etc.
 In Figure 1, the fictitious item difficulty parameters of item 1 are β1=-1.5; β2=-0.5; 
β3=0; β4=1; β5=2, and in Figure 2 of item 2: β1=-1; β2=-0.6; β3=0; β4=1; β5=1.5. The 
larger the item difficulty parameter, the more of the underlying construct (also called 
person parameter or disability, represented by theta: ϑ) a respondent must have 
to endorse that response category. In Figure 1, it can be seen that a Patient A with 
a disability (ϑ) of 0.5 has about a 28% probability of endorsing item 1 in response 
category 4 (great problems) or higher. Patient B with a disability (ϑ) of 3.5 has about 
a 95% probability of endorsing item 1 in response category 5 (can not perform), 
compared to the lower response categories. 
 In general, the item parameters in the graded response model dictate the shape 
and location of the item cumulative probability curves (Figure 1 and 2) and the category 
response curves (Figure 3 and 4, numbered 0 to 5). The discrimination parameter 
represents the slope of the item response curve at the value of the item difficulty 
parameter, and indicates the extent to which the item is related to the underlying 
construct (similar to a “factor loading”). A steeper slope (i.e. a higher discrimination 
parameter) indicates a closer relationship to the underlying construct and is therefore 
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Figure 1. Item cumulative probability curves for item 1 ‘Reading labels’

Figure 2. Item cumulative probability curves for item 2 ‘Reading large print’
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Figure 3. Category response curves for item 1 ‘Reading labels’

Figure 4. Category response curves for item 2 ‘Reading large print’
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a more discriminating item51,53,55. In Figure 2 it can be seen that the slope of item 
2 ‘Reading large print’ is less steep (α=1) than the slope of item 1 ‘Reading labels’ 
(α=2; Figure 1): The proportion of people responding in the positive direction changes 
relatively rapidly on item 1 as disability (ϑ) increases, compared to item 2. Therefore, 
item 1 is a more discriminating item. Moreover, the higher the slope parameter (Figure 
1), the steeper the category response curves (Figure 3), compared with Figures 2 and 
4. The item difficulty parameters (βij) determine the location of the item cumulative 
probability curves (Figure 1 and 2) and where each of the category response curves 
for the middle response options peaks (Figure 3 and 4), i.e. they peak in the middle 
of two neighboring item difficulty parameters (β)51. Category response curves are 
low (e.g. Figure 3, category 2) when neighboring item difficulty parameters are close 
together.  
 In Figure 1 and 2 can be seen that Patient A has a higher probability of responding 
positively to response category 4 (many problems) or higher of item 2, than of item 
1, indicating that more of the underlying construct is needed for patients to endorse 
this response category or higher. In contrast, Patient B has a higher probability 
of responding positively to response category 5 (can not perform) versus lower 
categories of item 2, than of item 1. In item response models with equal discrimination 
parameters, a hierarchy in item difficulty parameters is obtained. This is not possible 
in the unrestricted graded response model.
 Furthermore, item response theory is based on some important assumptions. For 
example, the scale is unidimensional, meaning that the items tap on only one underlying 
construct; and the items display local independence, meaning that the probability 
of answering any item in the positive direction is unrelated to the probability of any 
other item being answered positively on that underlying construct for persons with 
the same amount of the underlying construct. Only then is it possible to predict the 
performance of a person accurately, i.e. the person’s parameter or disability (ϑ)51,55. 
Items may present local dependence when they have similar content. To prepare for 
item response theory analyses, these two assumptions should be checked. Moreover, 
it is assumed that the item response curves increase monotonically. Applications of 
item response theory implicitly assume that the model is correct; that is, the item 
response model should reflect the data accurately. Although a certain amount of 
misfit is inherent to every model, considerable misfit should be avoided. Item fit can 
be examined by comparing model predictions (expectations) and observed data55. 
By using item tests, decisions can be made as to whether it is necessary to omit any 
items. In this thesis, we used two item goodness of fit statistics known as the S–X2 
test by Orlando et al. (2003)63 and Björner et al. (2005)64. 
 In addition to assessing item fit, differential item functioning should be 
investigated54. Analysis of differential item functioning allows to examine the 
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relationship between item responses and another variable, such as demographic 
variables (gender or age group), depending on the underlying construct65. A large 
proportion of differentially functioning items in a questionnaire is a severe threat to 
its construct validity and thus to the ability to draw conclusions based on the test 
scores66. Furthermore, assessing differential item functioning gives an indication of 
whether the items are appropriate for different subgroups within populations and 
the generalizability for using these items in other populations. Several options are 
available regarding how to interpret and handle a differentially functioning item. 
These options will be discussed in the chapters on the psychometric properties of 
vision-related quality of life questionnaires. 
 An important characteristic of item response theory models is that reliability, or 
measurement precision, is described as a continuous function conditional on values of 
ϑ, the measured underlying construct. Precision is often depicted by item information 
curves (see chapters 2 and 3). These curves indicate the range over ϑ, where an item 
is best at discriminating between individuals55. The inverse of the square root of the 
information function is equivalent to the standard error (SE) of ϑ54. In addition, the 
reliability coefficient can be calculated for ϑ, which reflects the persons fitting the 
data (index of subject separation)67.

Longitudinal outcomes of low-vision rehabilitation

This section presents an overview of the low-vision rehabilitation system in the 
Netherlands and the criteria for referral to these services. In addition, the rationale is 
described for using a multilevel item response model to analyze the longitudinal low-
vision rehabilitation outcomes.

Low-vision rehabilitation services in the Netherlands  
In most studies described in this thesis, patients were referred to low-vision 
rehabilitation services by their ophthalmologist. The longitudinal outcomes of these 
Dutch rehabilitation centers have been observed. Obviously, rehabilitation was 
not always available. In the 19th century several local initiatives were established, 
but these were mostly aimed at blind children or children with multiple handicaps. 
Although no real rehabilitation was available, in the blind institutions some education 
was given. In 1843 the first institution for adults was founded in Amsterdam. Blind 
adults were taught skills in order to make money and survive (e.g. to make reed 
baskets or doormats). Over the years, these local initiatives increasingly started to 
cooperate. 
 Nowadays, in the Netherlands there are two main types of rehabilitation: 
monodisciplinary low-vision rehabilitation (provided by optometrists), and 
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multidisciplinary low-vision rehabilitation (provided by regional centers). The main 
goal of low-vision rehabilitation services is to enhance ability with the patient’s 
remaining vision. Care provided by both services is financed by the Exceptional 
Medical Expenses Act (known as the Algemene Wet Bijzondere Ziektekosten; AWBZ). 
Ophthalmologists, general practitioners or other physicians can refer patients to low-
vision rehabilitation services. Patients are also allowed to contact these services on 
their own behalf. Nowadays, visually impaired patients and their ophthalmologists 
seem to be more aware of the possibilities for rehabilitation. In modern society 
with its rapidly changing demands, people with mild vision loss (i.e. visual acuity 
between 0.3 and 0.5) increasingly ask for low-vision aids or for a referral to low-vision 
rehabilitation. In 2004, an evidence-based guideline for referral of visually impaired 
persons to low-vision services was developed68-70. Several recommendations were 
made, including recommendations as to what type of patient is eligible for referral. 
These were a visual acuity <0.5; or, a reading acuity <0.25; or, visual field defects <30° 
of fixation; or, other severe field defects, e.g. hemianopsia; and, relevant vision-
related problems in daily life which cannot be addressed by interventions in standard 
ophthalmic practice, and which can potentially be solved by visual rehabilitation. 
Recommendations were also made about which patients need low-vision aids or 
training for complex aids (e.g. telescope systems), and how/what to communicate to 
patients (e.g. the diagnosis, delivery of ‘bad news’, or presence of Charles Bonnet 
syndrome). Other recommendations concerned written information to be given to 
patients; communication with general practitioners and other clinicians involved in 
referrals; and referral of patients to other sub-specialties. In addition, a follow-up 
consultation and/or a second opinion were recommended in specific situations. 
 Optometrists, who provide monodisciplinary services, usually work for commercial 
firms which are based either in hospitals or in the community. The optometrists in 
hospitals mainly treat patients who are referred by ophthalmologists. An optometrist 
assesses a patient’s visual functioning and the problems a patient experiences in 
daily life. Taking this into account, the patients are informed which low-vision aids 
might be suitable and receive instruction on their use. Optometrists mainly prescribe 
optical aids, such as various types of magnifiers, telescope systems and closed-
circuit television systems (CCTV). A CCTV provides the largest possible magnification. 
Optometrists refer their patients to multidisciplinary services in case of complex 
needs, in addition to visual impairment problems. Optometrists in the Netherlands 
are not permitted to prescribe drugs or perform invasive interventions. 
 Multidisciplinary services have regional outpatient centers in various Dutch cities; 
these services offer several options for the patient. All patients receive a general 
intake consultation to assess their rehabilitation needs. Patients are then screened 
by a low-vision specialist or optometrist for visual acuity, visual field, contrast 
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sensitivity, lighting problems, etc. If more rehabilitation needs are revealed then 
more possibilities are available (e.g. occupational therapy, visit to a psychologist or 
social worker). In addition to the above-mentioned services, training in Activities of 
Daily Living (ADL) and mobility, and advice on adaptations in the home environment, 
are offered by occupational therapists. Also, some multidisciplinary centers offer 
individual or group counseling, art and music groups, computer training, etc.  
 Until recently, there were three organizations with outpatient regional centers: 
Visio, Sensis and Bartiméus. However, to better cope with current demands and be 
more effective, the organizational structures were adapted. In 2008, the boards of 
Visio, Sensis and De Brink merged to become the Visio-Sensis-De Brink Group. The 
organizations also offer inpatient facilities, e.g. for adults with multiple handicaps, 
or schools for children. De Brink is an example of an inpatient institution for (young) 
adults and children with multiple handicaps, including visual or other sensory 
impairments and mental disabilities. Inpatient facilities providing, for example, job 
training,  ADL/mobility training or recreational activities are found in Visio-Het Loo Erf 
(merged in 2002) and Bartiméus (with a facility previously known as Sonneheerdt; 
merged in 2006). One of the studies in this thesis was conducted among adult 
patients from Visio-Het Loo Erf. In addition, a few nursing homes for visually impaired 
elderly work together with, or are part of, these organizations.
 In addition to rehabilitation, other types of low-vision support include network 
organizations such as Viziris, which has member organizations concerned with 
visually impaired persons: i.e. organizations for patients with macular disease, 
glaucoma, retinal disease, visual impairments in general, for parents with visually 
impaired children, or for persons with guide dogs. Other organizations that are 
not a member of Viziris, such as the Diabetes organization, aim to help patients 
with diabetic retinopathy. These patient organizations, using either professionals 
or (visually impaired) volunteers, provide patients with practical information and 
support. Many ophthalmology departments have information/brochures about how to 
contact these patient organizations. Finally, several funds are available that provide 
financial assistance to visually impaired individuals with specific needs that are not 
covered by regular health insurance.

Applying longitudinal item response theory modeling
One of the main goals of this thesis is to investigate the longitudinal outcomes of mono- 
and multidisciplinary low-vision rehabilitation services. To assess the effects of low-
vision rehabilitation, classical measures are often used, such as a T-test (or repeated 
measures ANOVA). With a T-test, the statistical longitudinal problem is reduced to 
a cross-sectional problem. T-tests are not suitable for analysis of the relationship 
between the development of two continuous variables, or to simultaneously compare 



25

general introduction

developments between different groups, or between a continuous outcome variable 
and several predictor variables71. Similarly, with repeated measures ANOVA, having 
missing observations on questionnaires or single items is problematic. In general, 
changes over time can be analyzed with more advanced techniques of longitudinal 
data analyses71,72, such as multilevel analyses, where modeling occurs at different 
levels simultaneously (within and between persons). These mixed models allow 
assessment of individual change over time. Models with a mixture of fixed effects 
(that do not vary between persons, i.e. group effects) and random effects (that do 
vary between persons) are called mixed models73. In addition, in this thesis a step 
was made beyond this advanced longitudinal analysis, because the aim was to 
describe two sides of the data matrix, i.e. to measure outcomes and to simultaneously 
investigate an explain the data: The measurement approach seeks to describe the 
performance of individual patients, whereas the explanatory approach seeks to 
relate the item responses on a questionnaire to other variables belonging to patients 
(person predictors) or pertaining to items (item predictors)73. Consequently, and also 
based on previous investigations by Pastor et al.74, the multilevel item response model 
was chosen, which is a special case of a generalized linear mixed model. The term 
‘generalized’ refers to the freedom of a transformation of the mean of the expected 
value, i.e. the link function (‘logit’ in this thesis)73. An advantage is that standard 
software can be used to implement these models, such as SAS, Stata, M-plus, R, etc. 
 The basics of item response theory are described in the previous section. The 
general idea for the multilevel item response model is that it assumes that the 
positions of persons on the underlying construct measured (i.e. vision-related quality 
of life; measured on an ability-disability continuum), change over time. However, item 
responses at different time points are also dependent61. The multilevel item response 
model allows the assessment of individual effects (in addition to the average group 
effects) at different time points. Moreover, the model allows to explore the item 
invariance assumption across occasions by assessing item by time interactions at 
different time points, which is an indication of the validity of the questionnaire. This 
enables to see whether the measured construct remains stable over time, and also 
to confirm that the items are not interpreted differently over time (response shift).  A 
generalized linear mixed model is more likely to be a valid longitudinal model in case 
of missing data75,76; this made it a highly feasible approach for the data described 
in this thesis. Particularly in the longitudinal study, at the final measurement point 
(4.4 years after baseline) many observations and data were missing. One of the 
important advantages of item response models already mentioned before is that 
these models handle missing data adequately and incomplete item administration 
designs can be used. Items that are calibrated on a common scale can be chosen for 
specific patient groups, which greatly improves the efficiency of data collection. One 
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can also effectively deal with problems specific to longitudinal research where items 
differ across waves, for example in case of missing data across time-points. In recent 
simulation study by Glas et al. it was shown that even when a considerable amount of 
data was missing, the power to detect effects was comparable to the power obtained 
when the responses of all patients to items were complete77. In the multilevel item 
response model, the item difficulty parameters (β), the person parameter (ϑ), the 
time and treatment effects, and several confounders to adequately deal with missing 
values (chapter 7), were all included in the same model. 

Co-morbidity and health-related quality of life  
of older visually impaired patients

Apart from common eye conditions that cause low vision and blindness in older 
patients3, many also suffer from other (chronic) conditions. The term co-morbidity is 
defined as “any distinct additional clinical entity that has existed or that may occur 
during the clinical course of a patient who has the index disease under study”78. The 
co-occurrence of chronic conditions, i.e. multi-morbidity, is a common phenomenon in 
older adults and is considered a major threat to the quality of life79,80. An association 
is reported between the number of conditions and quality of life, whereby a higher 
number of diseases is related to deterioration of physical functioning81-84, or social 
and psychological functioning85. The prevalence rates of several conditions, including 
having several chronic conditions at once, increase with age86. A recent Dutch study 
found that the prevalence of multi-morbidity increased from 39% to 53% for persons 
aged 55 to 64 years, and from 83% to 95% for persons older than 85 years87. It is also 
reported that multi-morbidity increases healthcare utility, medical care costs, and 
mortality81,85,88. 
 Langelaan et al. (2007) showed that different chronic conditions have a different 
impact on health-related quality of life. They concluded that having a visual impairment 
had a detrimental effect on health-related quality of life compared to e.g. diabetes 
mellitus, coronary syndrome and hearing impairments. In contrast, having a visual 
impairment had less impact on quality of life than some severe neurological (e.g. 
stroke, multiple sclerosis) and mental conditions (e.g. major depression)89. In other 
studies among visually impaired older patients, co-morbidity was often reported. 
For example, Brody et al. found that 78% of older patients reported to have at least 
one other condition in addition to age-related macular degeneration. In studies on 
co-morbidity in cataract patients and patients with diabetic retinopathy, in addition 
to diabetes, heart conditions and mostly hypertension were often diagnosed90,91. It 
is known, however, that older patients often have problems in recalling co-existing 
conditions when asked in a clinical setting. In this thesis, self-reports on co-morbidity 



27

general introduction

from visually impaired patient were compared with reports from their general 
practitioners. In the Netherlands, general practitioners usually have an individual’s 
medical history, receive results of all clinical investigations and treatments and, 
therefore, should have an up-to-date and complete record of the patient’s medical 
status. 
 Some multi-morbidity studies have investigated older adults with dual sensory 
impairments92-94. These studies concluded that the combination of a visual and 
a hearing impairment had a detrimental impact on health outcomes such as 
physical activity, social participation, depression and psychosocial functioning. 
In the Netherlands, the number of older adults with such an acquired dual sensory 
impairment was estimated to be 30,000 to 35,000 persons, and most common 
in persons aged 85 years or older95. Other (chronic) condition combinations (in 
addition to a visual impairment) may also have a detrimental impact on quality of 
life80,81. Insight into combinations which lead to a worse quality of life is important for 
individual care, as well as for public health purposes80. 
 In this thesis we investigated which co-existing conditions and patient 
characteristics lead to an increased vulnerability, or a decline in terms of health-
related quality of life, among visually impaired older patients.

Objectives and outline of the thesis

In the following chapters, most analyses were performed on an existing dataset 
constructed by M.R. de Boer and G.H.M.B. van Rens, who started the longitudinal 
study on rehabilitation outcomes in 1999. Baseline measurements took place 
between July 2000 and January 2003; follow-up measurements were performed after 
approximately 5 months and after 1 year. For this thesis, a final measurement cycle 
was performed between July 2005 and January 2007 with the aim to investigate the 
long-term outcomes of rehabilitation after about 4 to 5 years. 

The objectives of the work in this thesis are: 
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.

Psychometric quality of vision-related quality of life questionnaires
The recommendation to reevaluate vision-related quality of life questionnaires 
within item response theory models was the basis of many chapters in this thesis. 
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Chapter 2 describes the psychometric quality of the Vision-related quality of life 
Core Measure (VCM1) in the visually impaired older patient group. To assess the use 
of the questionnaire for screening, item interpretation is compared to participants 
from a community-based sample with low vision from the Longitudinal Aging 
Study Amsterdam (LASA)96. LASA is an ongoing cohort study on predictors and 
consequences of changes in autonomy and well-being in the aging population in the 
Netherlands. Data collection in LASA started in 1992-1993 and was followed by data 
collection cycles every 3 years. For this thesis, data of the fourth measurement cycle 
in 2001-2002 were used, in which visual acuity and the vision-related quality of life of 
part of the LASA sample were measured for the first time in face-to-face interviews. 
Chapter 3 presents the psychometric quality and differential item functioning of the 
Low Vision Quality of Life questionnaire (LVQOL). In chapter 4, a reevaluation of the 
National Eye Institute-Visual Functioning Questionnaire–25 (NEI-VFQ-25) is conducted 
with a partial credit model on data from a younger working-age adult population who 
were rehabilitants at Visio-Het Loo Erf (an inpatient low-vision rehabilitation service). 
Finally, chapter 5 provides a brief comment on a review article on vision-related 
quality of life questionnaires for patients with age-related macular degeneration.

Longitudinal outcomes of low-vision rehabilitation
In the following chapters, a special case of a generalized linear mixed model (i.e. the 
multilevel item response theory model) was investigated to describe the longitudinal 
outcomes of low-vision rehabilitation in the older visually impaired patient population. 
Results are given for the 5-month and 1-year outcomes (chapter 6) and for the 4.4-
year outcomes (chapter 7). In addition, chapter 8 presents a summary of a systematic 
review on evidence-based outcomes of low-vision rehabilitation. 

Co-morbidity of older visually impaired patients
Chapter 9 investigates levels of agreement regarding co-morbidity, as reported 
by visually impaired older patients compared with their general practitioner. 
Subsequently, chapter 10, explores a risk profile of patient characteristics and co-
existing diseases related to quality of life and its decline in our population.

General discussion and summary
Chapter 11 presents a summary of the chapters, a discussion, and a general conclusion. 
In addition, some limitations of our studies are addressed, and recommendations 
are made for future research and clinical practice. Finally, chapter 12 concludes this 
thesis with a summary in Dutch.



29

general introduction

Reference list

1.  Resnikoff S, Pascolini D, Etya’ale D, Kocur I, Pararajasegaram R, Pokharel G, Mariotti S: Global data on visual 
impairment in the year 2002. Bull WHO 2004;82:844-851.

2.  Limburg H, den Boon J, Hogeweg M, Gevers R, ten Hove G, Keunen J: Vermijdbare slechtziendheid in Nederland: het 
project ‘Vision 2020 Netherlands’ van de Wereldgezondheidsorganisatie. Ned Tijdschr Geneeskd 2005;149:577-
582.

3.  Congdon N, O’Colmain B, Klaver CC, et al., from the Eye Disease Research Prevalence Group: Causes and prevalence 
of visual impairment among adults in the United States. Arch Ophthalmol 2004;122:477-485.

4.  World Health Organization: International Statistical Classification of Diseases and Related Health Problems, Tenth 
Revision. Geneva, Switserland: World Health Organization 1992.

5.  Charman W: Visual standards for driving. Ophthal Physiol Opt 1985;5:211-220.

6.  Buch H, Vinding T, La Cour M, Appleyard M, Jensen GB, Nielsen NV: Prevalences and causes of visual impairment 
and blindness among 9980 Scandinavian adults: the Copenhagen City Eye Study. Ophthalmology 2004;111:53-61.

7.  Klaver CC, Wolfs RC, Vingerling JR, Hofman A, de Jong PT: Age-specific prevalence and causes of blindness and 
visual impairment in an older population: the Rotterdam Study. Arch Ophthalmol 1998;116:653-658.

8.  Limburg H: Epidemiologie van visuele beperkingen en een demografische verkenning. Grootebroek, Nederland; 
2007.

9.  Congdon NG, Vingerling JR, Klein BEK, et al., from the Eye Diseases Prevalence Research Group: Prevalence of 
cataract and pseudophakia/aphakia among adults in the United States. Arch Ophthalmol 2004;122:487-494.

10.  Evans J, Fletcher A, Wormald R, Siu-Woon Ng E, Stirling S, Smeeth L, Breeze E, Bulpitt C, Nunes M, Jones D et 
al.: Prevalence of visual impairment in people aged 75 years and older in Britain: results from the MRC trial of 
assessment and management of older people in the community. Br J Ophthalmol 2002;86:795-800.

11.  Massof RW: A model of the prevalence and incidence of low vision and blindness among adults in the U.S. Optom 
Vis Sci 2002;79:31-38.

12.  Amin HA, McDonald HR, Johnson RN, Schatz H: Acquired macular disease. In Duane’s Clinical Ophthalmology 
volume 3. revised edition 2004 CD-Rom version edition. Edited by Benson W. Philadelphia: Lipincot Williams & 
Wilkins; 2004.

13.  Datiles III MB, Magno BV: Cataract: clinical types. In Duane’s Clinical Ophthalmology volume 1. revised edition 
2004 CD-Rom version edition. Edited by Datiles III MB. Philadelphia: Lipincot Williams & Wilkins; 2004.

14.  Cionni RJ, Snyder ME, Osher RH: Cataract surgery. In Duane’s Clinical Ophthalmology volume 6. revised edition 
2004 CD-Rom version edition. Edited by Lichtenstein SB. Philadelphia: Lipincot Williams & Wilkins; 2004.

15.  Benson W: Diabetic Retinopathy. In Duane’s Clinical Ophthalmology volume 3. revised edition 2004 CD-Rom 
version edition. Edited by Benson W. Philadelphia: Lipincot Williams & Wilkins; 2004.

16.  Kwon YH, Caprioli J: Primary open-angle glaucoma. In Duane’s Clinical Ophthalmology volume 3. revised edition 
2004 CD-Rom version edition. Edited by Caprioli J. Philadelphia: Lipincot Williams & Wilkins; 2004.

17.  Simmons MH, Montenegro MH, Simmons RJ: Primary angle-closure glaucoma. In Duane’s Clinical Ophthalmology 
volume 3. revised edition 2004 CD-Rom version edition. Edited by Caprioli J. Philadelphia: Lipincot Williams & 
Wilkins; 2004.

18.  Kempen J, Mitchell P, Lee K, et al., from the Eye Diseases Prevalence Research Group: The prevalence of refractive 
errors among adults in the United States, Western Europe, and Australia. Arch Ophthalmol 2004;122:495-505.

19.  Taylor HR, Keeffe JE, Vu HTV, Wang JJ, Rochtchina E, Pezzullo ML, Mitchell P: Vision loss in Australia. MJA 
2005;182:565-568.

20.  Evans JR, Fletcher AE, Wormald RP: Causes of visual impairment in people aged 75 years and older in Britain: an 
add-on study to the MRC Trial of Assessment and Management of Older People in the Community. Br j Ophthalmol 
2004;88:365-370.

21.  Aaronson NK: Quality of life: what is it? How should it be measured? Oncology (Huntingt) 1988;2:69-76.



30

chapter 1

22.  Massof RW, Rubin GS: Visual function assessment questionnaires. Surv Ophthalmol 2001;45:531-548.

23.  Stelmack J: Quality of life of low-vision patients and outcomes of low-vision rehabilitation. Optom Vis Sci 
2001;78:335-342.

24.  de Boer MR, Moll AC, de Vet HCW, Terwee CB, Volker-Dieben HJM, van Rens GHMB: Psychometric properties of 
vision-related quality of life questionnaires: a systematic review. Ophthalmic Physiol Opt 2004;24:257-273.

25.  Massof RW: Application of stochastic measurement models to visual function rating scale questionnaires. 
Ophthalmic Epidemiol 2005;12:103-124.

26.  Murphy CC, Hughes EH, Frost NA, Dick AD: Quality of life and visual function in patients with intermediate uveitis. 
Br J Ophthalmol 2005;89:1161-1165.

27.  Mackenzie PJ, Chang TS, Scott IU, Linder M, Hay D, Feuer WJ, Chambers K: Assessment of vision-related function in 
patients with age-related macular degeneration. Ophthalmology 2002;109:720-729.

28.  Pesudovs K: Patient-centered measurement in ophthalmology - a paradigm shift. BMC Ophthalmology 2006;6:25.

29.  Finger R, Fleckenstein M, Holz F, Scholl H: Quality of life in age-related macular degeneration: a review of available 
vision-specific psychometric tools. Qual Life Res 2008;17:559-574.

30.  Pesudovs K, Garamendi E, Keeves JP, Elliott DB: The Activities of Daily Vision Scale for cataract surgery outcomes: 
re-evaluating validity with Rasch analysis. Invest Ophthalmol Vis Sci 2003;44:2892-2899.

31.  de Boer MR, Twisk J, Moll AC, Volker-Dieben HJM, de Vet HCW, van Rens GHMB: Outcomes of low vision services 
using optometric and multidisciplinary approaches: a non-randomized comparison. Ophthalmic Physiol Opt 
2006;26:535-544.

32.  Frost NA, Sparrow JM, Durant JS, Donovan JL, Peters TJ, Brookes ST: Development of a questionnaire for 
measurement of vision-related quality of life. Ophthalmic Epidemiol 1998;5:185-210.

33.  Nijkamp MD, Dolders MG, de Brabander J, Borne B, Hendrikse F, Nuijts RM: Effectiveness of multifocal intraocular 
lenses to correct presbyopia after cataract surgery: a randomized controlled trial. Ophthalmology 2004;111:1832-
1839.

34.  Wolffsohn JS, Cochrane AL: Design of the low vision quality-of-life questionnaire (LVQOL) and measuring the 
outcome of low-vision rehabilitation. Am J Ophthalmol 2000;130:793-802.

35.  Wolffsohn JS, Cochrane AL, Watt NA: Implementation methods for vision related quality of life questionnaires. Br J 
Ophthalmol 2000;84:1035-1040.

36.  de Boer MR, de Vet HCW, Terwee CB, Moll AC, Volker-Dieben HJM, van Rens GHMB: Changes to the subscales of two 
vision-related quality of life questionnaires are proposed. J Clin Epidemiol 2005;58:1260-1268.

37.  Zou H, Xu X, Bai L, Wolffsohn JS: Development and psychometric tests of the Chinese-version Low Vision Quality of 
Life Questionnaire. Qual Life Res 2005;14:1633-1639.

38.  Yingyong P: Evaluation of the Thai Low Vision Quality-of-Life questionnaire. J Med Assoc Thai 2007;90:2658-2661.

39.  de Boer MR, Terwee CB, de Vet HCW, Moll AC, Volker-Dieben HJM, van Rens GHMB: Evaluation of cross-sectional 
and longitudinal construct validity of two vision-related quality of life questionnaires: the LVQOL and VCM1. Qual 
Life Res 2006;15:233-248.

40.  Mangione CM, Berry S, Spritzer K, Janz NK, Klein R, Owsley C, Lee PP: Identifying the content area for the 51-item 
National Eye Institute Visual Function Questionnaire: results from focus groups with visually impaired persons. 
Arch Ophthalmol 1998;116:227-233.

41.  Mangione CM, Lee PP, Pitts J, Gutierrez P, Berry S, Hays RD: Psychometric properties of the National Eye Institute 
Visual Function Questionnaire (NEI-VFQ). NEI-VFQ Field Test Investigators. Arch Ophthalmol 1998;116:1496-1504.

42.  Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD: Development of the 25-item National Eye Institute 
Visual Function Questionnaire. Arch Ophthalmol 2001;119:1050-1058.

43.  Suzukamo Y, Oshika T, Yuzuwa M, Tokuda Y, Tomidokoro A, Oki K, Mangione CM, Green J, Fukuhara S: Psychometric 
properties of the 25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25), Japanese version. 
Health Qual Life Outcomes 2005;3:65.



31

general introduction

44.  Wang C, Chan CL, Jin H: Psychometric properties of the Chinese version of the 25-item National Eye Institute Visual 
Function Questionnaire. Optom Vis Sci 2008;85:1091-1099.

45.  Toprak A, Eser E, Guler C, Baser F, Mayali H: Cross-validation of the Turkish version of the 25-item National Eye 
Institute Visual Function Questionnaire (NEI-VFQ 25). Ophthalmic Epidemiol 2005;12:259-269.

46.  Labiris G, Katsanos A, Fanariotis M, Tsirouki T, Pefkianaki M, Chatzoulis D, Tsironi E: Psychometric properties of 
the Greek version of the NEI-VFQ 25. BMC Ophthalmol 2008;8:4.

47.  Nordmann JP, Viala M, Sullivan K, Arnould B, Berdeaux G: Psychometric Validation of the National Eye Institute 
Visual Function Questionnaire - 25 (NEI VFQ-25) French version: in a population of patients treated for ocular 
hypertension and glaucoma. Pharmacoeconomics 2004;22:197-206.

48.  Baker RS, Bazargan M, Caldéron JL, Hays RD: Psychometric performance of the National Eye Institute Visual 
Function Questionnaire in Latinos and non-Latinos. Ophthalmology 2006;113:1371.

49.  Owen C, Rudnicka A, Smeeth L, Evans J, Wormald R, Fletcher A: Is the NEI-VFQ-25 a useful tool in identifying visual 
impairment in an elderly population? BMC Ophthalmol 2006;6:24.

50.  Massof RW, Fletcher DC: Evaluation of the NEI visual functioning questionnaire as an interval measure of visual 
ability in low vision. Vision Res 2001;41:397-413.

51.  Embretson S, Reise S: Item response theory for psychologists. Mahwah, NJ: Erlbaum; 2000.

52.  van den Berg S, Glas C, Boomsma D: Variance decomposition using an IRT measurement model. Behav Genet 
2007;37:604-616.

53.  Streiner DL, Norman GR: Item response theory. In Health measurement scales: a practical guide to their 
development and use. 3rd edition. New York: Oxford University Press; 2003.

54.  Orlando Edelen M, Reeve BB: Applying item response theory (IRT) modeling to questionnaire development, 
evaluation, and refinement. Qual Life Res 2007;16:5-18.

55.  Reeve BB, Hays RD, Chang C-H, Perfetto EM: Applying item response theory to enhance health outcomes 
assessment. Qual Life Res 2007;16:1-3.

56.  Reeve BB, Hays RD, Bjorner JB, Cook KF, Crane PK, Teresi JA, Thissen D, Revicki DA, Weiss DJ, Hambleton RK et al.: 
Psychometric evaluation and calibration of health-related quality of life item banks. Plans for the Patient-Reported 
Outcomes Measurement Information System (PROMIS). Med Care 2007;45:S22-S31.

57.  Samejima F: Estimation of latent ability using response pattern of graded scores. Psychometric Monograph 
Supplement No 17: Richmond, VA: William Byrd Press 1969.

58.  Samejima F: Homogeneous case of the continuous response model. Psychometrika 1973;38:203-219.

59.  Samejima F: Acceleration model in the heterogeneous case of the general graded response model. Psychometrika 
1995;60:549-572.

60.  Fraley CR, Waller NG, Brennan KA: An item response theory analysis of self-report measures of adult attachment. J 
Personality Social Psychol 2000;78:350-365.

61.  Rijmen F, Tuerlinckx F, De Boeck P, Kuppens P: A nonlinear mixed model framework for item response theory. 
Psychol Methods 2003;8:185-205.

62.  Mellenbergh GJ: Conceptual notes on models for discrete polytomous item responses. Appl Psychol Meas 
1995;19:91-100.

63.  Orlando M, Thissen D: Further examination of the performance of S-X2, an item fit index for dichotomous item 
response theory models. Appl Psychol Meas 2003;27:289-298.

64.  Bjorner J, Christensen K, Orlando M, Thissen D: Testing the fit of item response theory models for patient reported 
outcomes. International Society for Quality of Life Research meeting abstractswww isoqol org The QLR journal, 
P-151, Abstract #1676 2005.

65.  Teresi J, Fleishman J: Differential item functioning and health assessment. Qual Life Res 2007;16:33-42.

66.  Crane P, van Belle G, Larson E: Test bias in a cognitive test: differential item functioning in the CASI. Stat Med 
2004;23:241-256.



32

chapter 1

67.  Gustafsson J: The Rasch model for dichotomous items: Theory, applications and a computer program. (Internal Rep 
No 63) Institute of Education, University of Goteborg 1977.

68.  de Boer MR, Langelaan M, Jansonius NM, van Rens GHMB: Referral for rehabilitation in case of permanent visual 
handicap; guideline of the Dutch Society of Ophthalmology. Ned Tijdschr Geneeskd 2005;2:1502-1504.

69.  de Boer MR, Langelaan M, Jansonius NM, van Rens GHMB: Evidence-based guidelines on the referral of visually 
impaired persons to low vision services. Eur J Ophthalmol 2005;15:400-406.

70.  Cruysberg J, van Rens GHMB: Implementation of an evidence-based guideline for the referral of adults who are 
visually impaired in the Netherlands: potential barriers. J Visual Impairment Blindness 2007;101:226-231.

71.  Twisk J: Applied Longitudinal Data Analysis for Epidemiology: A Practical Guide. Cambridge, UK: Cambridge 
University Press; 2003.

72.  te Marvelde JM, Glas CAW, van Landeghem G, van Damme J: Application of multidimensional item response theory 
models to longitudinal data. Educat Psychol Meas 2006;66:5-34.

73.  de Boeck P, Wilson M: A framework for item response models. In Explanatory Item Response Models. A generalized 
linear and nonlinear approach. Edited by de Boeck P, Wilson M. 2004.

74.  Pastor DA, Beretvas SN: Longitudinal Rasch Modeling in the Context of Psychotherapy Outcomes Assessment. 
Appl Psychol Meas 2006;30:100-120.

75.  Molenberghs G, Thijs H, Jansen I, Beunckens C, Kenward MG, Mallinckrodt C, Carroll RJ: Analyzing incomplete 
longitudinal clinical trial data. Biostatistics 2004;5:445-464.

76.  Beunckens C, Molenberghs G, Kenward MG: Direct likelihood analysis versus simple forms of imputation for 
missing data in randomized clinical trials. Clin Trials 2005;2:379-386.

77.  Glas C, Geerlings H, van de Laar M, Taal E: Analysis of longitudinal randomized clinical trials using item response 
models. Contemp Clin Trials 2009, doi:10.1016/j.cct.2008.12.003.

78.  Feinstein AR: The pre-therapeutic classification of comorbidity in chronic diseases. J Chron Dis 1970;23:455-468.

79.  Fortin M, Dubois M, Hudon C, Soubhi H, Almirall J: Multimorbidity and quality of life: a closer look. Health Qual Life 
Outcomes 2007;5:52.

80.  Rijken M, van Kerkhof M, Dekker J, Schellevis FG: Comorbidity of chronic diseases. Effect of disease pairs on 
physical and mental functioning. Qual Life Res 2005;14:45-55.

81.  Gijsen R, Hoeymans N, Schellevis FG, Ruwaard D, Satariano WA, van den Bos GA: Causes and consequences of 
comorbidity: a review. J Clin Epidemiol 2001;54:661-674.

82.  Kriegsman DM, Deeg DJH, Stalman WA: Comorbidity of somatic chronic diseases and decline in physical 
functioning: the Longitudinal Aging Study Amsterdam. J Clin Epidemiol 2004;57:55-65.

83.  Kempen GI, Ormel J, Brilman EI, Relyveld J: Adaptive responses among Dutch elderly: the impact of eight chronic 
medical conditions on health-related quality of life. Am J Public Health 1997;87:38-44.

84.  Fortin M, Bravo G, Hudon C, Lapointe L, Almirall J, Dubois MF, Vanasse A: Relationship between multimorbidity and 
health-related quality of life of patients in primary care. Qual Life Res 2006;15:83-91.

85.  Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D: Multimorbidity and quality of life in primary care: a 
systematic review. Health Qual Life Outcomes 2004;2:51.

86.  van den Akker M, Buntinx F, Metsemakers JF, Roos S, Knottnerus JA: Multimorbidity in general practice: prevalence, 
incidence, and determinants of co-occurring chronic and recurrent diseases. J Clin Epidemiol 1998;51:367-375.

87.  Schram M, de Waal M, de Craen A, Deeg DJH, Schellevis FG: Multimorbiditeit: de nieuwe epidemie. Tijdschr 
Gezondheidswetensch 2008;86:23-25.

88.  Byles JE, D’Este C, Parkinson L, O’Connell R, Treloar C: Single index of multimorbidity did not predict multiple 
outcomes. J Clin Epidemiol 2005;58:997-1005.

89.  Langelaan M, de Boer MR, van Nispen RMA, Wouters B, Moll AC, van Rens GHMB: Impact of visual impairment on 
quality of life: a comparison with quality of life in the general population and with other conditions. Ophthalmic 
Epidemiol 2007;143:1013-1023.



33

general introduction

90.  Pham TQ, Wang JJ, Rochtchina E, Maloof A, Mitchell P: Systemic and ocular comorbidity of cataract surgical patients 
in a western Sydney public hospital. Clin Experiment Ophthalmol 2004;32:383-387.

91.  Bailey CC, Sparrow JM: Co-morbidity in patients with sight-threatening diabetic retinopathy. Eye 2001;15:719-722.

92.  Crews JE, Campbell VA: Vision impairment and hearing loss among community-dwelling older Americans: 
implications for health and functioning. Am J Public Health 2004;94:823-829.

93.  Heine C, Browning CJ: Communication and psychosocial consequences of sensory loss in older adults: overview 
and rehabilitation directions. Disabil Rehabil 2002;24:763-773.

94.  Capella-McDonnall ME: The effects of single and dual sensory loss on symptoms of depression in the elderly. Int J 
Geriatr Psychiatry 2005;20:855-861.

95.  Vaal J, Gussekloo J, de Klerk M, Frijters D, Evenhuis H, van Beek A, van Nispen RMA, Deeg DJH: Gecombineerde 
visus-en gehoorbeperking: naar schatting 30.000-35.000 55-plussers in Nederland. Ned Tijdschr Geneeskd 
2007;151:1459-1463.

96.  Deeg DJH, Knipscheer C, van Tilburg W: Autonomy and well-being in the aging population: concepts and design of 
the Longitudinal Aging Study Amsterdam. Bunnik, the Netherlands: Netherlands Institute for Gerontology; 1993.




