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Chapter 1

INTRODUCTION

Since the beginning of this century life-expectancy has increased by several decades. In
1990 newborn boys and girls in the Netherlands had a life-expectancy of 73 and 78 years
respectively, compared to 51 years for boys and 53 years for girls bors in 1910.! The
consequences are twofold, Firstly, with stable birthrates the elderly become an ever-larger
proportion of the population.® Secondly with the improvement of health care which can
prevent premature death, the number of elderly people with chronic disease and disability
steadily grows. Liitle is known about the burden of this on the health care system and on
society as a whole. In a few countries some aspects of chronic disease and disability have
been studied.** ,

From 1986 to 1988 the Netherlands Central Bureau of Statistics studied physical
disability in the Dutch population. Disability was defined as difficulties in some activities
of daily living as a result of some underlying impairment® At present no data are
available on disability in the population at large, regardiess of its cause,

Disability can result from a wide array of organ impairments. A major organ of interest
is the locomotor apparatus and more specifically the lower limbs. Locomotor disability is
then defined as the amount of difficullty a person experiences when walking, climbing
stairs, rising from a chair or bed or otherwise.

In 1990 the Rotterdam Study started as a population survey in people 55 years and older
in one district of the city of Rofterdam. This study is primarily designed as a prospective
follow-up study on the occurrence and risk factors of chronic disease and disability in a
cohort of 10,275 people.! This thesis presenis the prevalence of disability and the relation
with putative risk factors in the first 5,034 participants to the study. Special attention is
paid to the relationship between musculoskeletal signs and symptoms and locomotor
disability.

In the second chapter a review is given on the concepts, the indices and the measure-
ment of disability and its relation with osteoarthritis. The chapter is concluded with the
hypotheses which underlie the study. The third chapter presents an extensive description
of the Rotterdam Study population and the ascertainment of locomotor impairment and
disability. The fourth chapter describes the prevalence estimates, the association of
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disability with joint complaints, radiological osteoarthritis and the findings of physical
examination of the hips and knees. In the fifth chapter the influence of non-response and
other forms of cohort-reduction on prevalence estimates and associative measures are
presented, The resulis of a comparison between self-assessed and physician-assessed
disability is described.

Finally the thesis is concluded with a general discussion and suggestions for future

research,
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IMPAIRMENT AND DISABILITY






2.1 CONCEPTS AND THEIR MUTUAL INTERRELATION

2,1,1 International Classification of Impairments, Disabilitics and Handicaps

The classical medical mode! of disease is concerned with the etiology, pathology,
manifestations and prognosis of disease. Most medical research focuses on one or more of
these four subjects. The International Classification of Disease (ICD) is also based on the
pathway: eliology — pathology -+ manifestation (= symptoms and signs).! In
epidemiology research is concerned with the occurrence of disease, and with the determi-
nants of its distribution, such as risk factors and prognostic factors.

The ultimate goal of most medical research is to prevent disease, or if this is not
possible, to provide or develop optimal treatment once disease has developed. Much has
been achieved in preventive medicine; in the developed countries infant and childhood
mortality has decreased impressively since the beginning of this century, most major
infectious diseases can be prevented or cured. As a result of improved health care
premature death by cardiovascular disease can be prevented, and cancer-research made
major progress in the knowledge of etiology and pathology and hence more and more
oncologic diseases can be successfully treated,

A consequence of this vast improvement of medical knowledge is that life-expectancy
has been increased by tenths of years since 1900. More people reach old or even very old
age. However, this has its drawbacks as well: increasingly more people reach old age
with chronic, incurable disease or with major disabilities.>** The medical profession is
becoming aware of its responsibility for the results of this improved health care. It no
longer suffices to prevent premature death; future goals in medical research have to be
concerned with the consequences of disease, especially of chronic disease, in addition to
the classical themes of etiology, pathology, prognosis and therapy.

What are the consequences of disease? The principal events in the development of
illness are as follows. Firstly, something abnormal occurs within the individual. The
etiology gives rise to pathology, which manifests itself in symptoms and signs, Secondly,
the person becomes aware of such an occurrence: the disease manifestations are referred
to as clinical disease. The person’s illness heralds recognition of /mpairment. Thirdly, the
performance or behaviour of the individual may be altered as a result of this awareness.
These experiences represent disabilities, which reflect the consequences of impairments in
terms of functiopal performance and activity by the individual, And lastly, either the
awareness of disease itself, or the altered behaviour or performance to which this gives
rise, may place the individual at a disadvantage relative to others. This plane reflects the
response of society to the individual's experience, and is called kandicap, the disadvan-
tages resulting from impairment and disability,
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The International Classification of Impairments, Disabilitics, and Handicaps (ICIDH) was
developed in 1980 on initiative of the World Health Organisation.® The authors developed
a classification system which contains three distinct and independent classifications, each
relating to a different plane of experience consequent upon disease. The concepts can be
linked in the following manner:

Disease or Disorder — Impairment — Disability » Handicap
4 4

At any stage interruption can occur. Thus, one can be impaired without being disabled,
and disabled without being handicapped. The definitions of the different planes are given
below,

Impairment: any loss or abnormality of psychological, physiological, or anatomical
structure or function. It is more inclusive than disorders in that it also covers losses. It is
characterized by losses or abmormalities that may be temporary or permanent, and it
includes the existence or occurrence of an anomaly, defect, a loss in a limb, organ,
tissue, or other structure of the body, including the systems of mental function. Both
ascribed and achieved status are included. Impairment <loes not necessarily indicate that
disease is present or that the individual should be regarded as sick.

Disabifity; any restriction or lack (resulting from an impairment) of ability to perform
an activity in the manner or within the range considered normal for a huoman being, It is
concerned with compound or integrated activities of the person or of the body as a whole.
Disability is characterized by excesses or deficiencies of customarily expected behaviour
or activity; these may be temporary or permanent, reversible or irreversible, and
progressive or regressive. It takes form as the individual becomes aware of a change in
his identity, By concentrating on activities, disabitity is concerned with what happens in a
relatively neutral way; to say that someone has a disability is to preserve neutrality; to say
that someone is disabled, as if this were an adequate description of that individual, is to
risk being dismissive and invoking stigma.

The structure of these two classifications resemble that of the International Classifica-
tion of Diseases (ICD) in that they are hierarchical and exhaustive. Impairments resemble
disease terms in the ICD in that they are best conceived as threshold phenomena.
Whereas, disabilities reftect failures in accomplishments so that a gradation in perform-
ance is to be anticipated.

Handicap: a disadvantage for a given individual, resulting from an impairment or a
disability that limits or prevents the fulfilment of a role that is normal (depending on age,
sex, and social and cultural factors) for that individual. The important features of this
concept are: first, some value is attached to departure from a structural, functional, or
performance norm, either by the individual himself or by his peers; second, the valvation
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is dependent on cultural norms; and last, the valuation is usually to the disadvantage of
the affected individual,

The structute of the handicap classification is different from the ICP. The items are not
classified according to individuals or their attributes but rather according to the circum-
stances in which disabled people are likely to find themselves. The scheme is not
exhaustive and is restricted fo key social roles,

2.1.,2 Operationalisation of the concepfts

It is the merit of Dr P.H.N. Wood that by developing the ICIDH the concepts of
impairment and disability were clarified. The ICIDH offered the theoretical backbone for
rescarch on disability; it is however not suitable for use as a measurement-instrument,
The operationalisation of the concepts introduced in this chapter has led to a large
quantity of measurement-fools, Some are restricted to specific disease categories, others
aim at covering aspects of disability, irrespective of its origin. Examples of the first are
the Barthel index,®’ used in neurology, and the Steinbrocker Functional Index®, used in
rhenmatology. An example of the second is the index used in the Framingham Disability
Study.>? Another distinction is that some indices only cover disabilities, whiie others
incorporate handicaps as well. Examples of the latter are health-status measures like the
Sickness Impact Profile and the Nottingham Health Profile, ¢

2.1.3  Ascertainment of disability in the Rotterdam Study
To describe the prevalence of disability as defined by the ICIDH several possibilities
exist. The ICIDH disability classification consists of nine categories; they are listed in
Appendix A. Each category consists of several subcategories and each subcategory is
defined by several items. For example: the category of Iocomotor disabilities is com-
posed of three subcategories: ambulation disabilities, confining disabilities and other
locomotor disabilities. Each subcategory consists of two to six items. By assessing the
prevalence of disability in all 10 items of the locomotor category, and taking into account
that a person can have a disability in several items it is possible to estimate three types of
disability: i.e. first the prevalence of disability in an item (for example walking disabil-
ity), second the prevalence of disability in the subcategory (for example ambulation
disability) and third the prevalence of locomotor disability as a whole, Which measure is
chosen depends on the goal and type of study.

In the Rotterdam Study'’ locomolor disability was defined as proposed by the ICIDH
and composed of the relevant items from the ambulation subeategory, i.e. walking,
climbing stairs, getting in and out of bed and a car, bending, and rising from a chair,
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Apart from ambulation we assessed upper limb disability and disability defined as a
compouind index based on difficulties in lower and upper limb functions.

To assess disability in the Rotferdam Study the Stanford Health Assessment Question-
naire (HAQ)'®® was used. The HAQ measures disability in 8 components (dressing and
grooming, rising, hygiene, reach, eating, walking, grip and activity), each of which
consists of two to four questions beginning with: "are you able to ...". Each question is
answered by one of four possible answers with score 0 = without difficulty, 1 = with
difficulty, 2 = with much difficulty, and 3 = unable to do. The highest score on any
question within a component is the score for that component. The six questions of the
HAQ which refer to lower Hmb function are used as separate indices of disability;
together they constitute the lower limb disability index in our study.
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2.2 REVIEW OF SOME DISABILITY-INDICES USED IN RHEUMATOLOGY

2.2.1 Introduction

In rheumatology many instruments to assess disability have been developed throughout the
past 40 years. The toels fall into three categories. Firstly there are measures based on
clinical judgement of the observer. Secondly there are measures based on observed
performance and lastly there are self-reported assessments.

In addition to these broad categories of disability indices, a variety of health status
measures have been developed. They include disability as one of a number of dimensions
aimed at assessing the impact of arthritis on the patient’s quality of live. The choice of a
disability index should be based on the following considerations, Its measurement
properties should be well described. The instrument should be valid (it must make
biological sense), reproducible (has low variation between different observers), sensitive
(it can detect the smallest clinicalty important change) and simple (it is easy to perform).
These criteria implicitly require good precision and specification of datacollection, Apart
from measurement properties, the choice of an instrument depends on the context in
which it will be used.

In epidemiologic research in the general population one shouid use an instrument that,
apart from its validity, reliability and sensitivity, is short and easy to use. Furthermore,
as disease in the general population generally is less severe than in patients from hospital
or oufpatient clinics, the instrument should have high discriminative power: it should
detect even the smallest difference in ability to perform various activities.

2,2,2 Measures based on clinical judgement of the observer

These measures are among the ofdest indices that attempted to measure disabitity. The
Steinbrocker functional index is an example of this category; its grades are also referred
to as ARA-functional-classes.! It is a highly subjective measure with arbitrary grades
(table 2,2.2.a.), Is advantage is that it is quick and easy to use. A major disadvantage is
its very crude grading, In other words: it has very little precision. The Steinbrocker
functional index is developed for use in patients with rheumatoid arthritis, It has been
used in other rheumatologic disease like osteoarthritis, but as could be expected, a large
proportion of patients with osteoarthritis were classified as either grade I or 11,
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Table 2.2.2.a. Disability measure based on clinical judgement of the observer: Steinbrocker Functional
Index® (1949)

Grade Definition Description
I Fit for all activities Complete ability to carry out all usual duties without handicap
I Moderate restriction Adequate for normal activities, despite handicap or limited motion at one
ot more joints
O Marked restriction Limited only to self-care and little or none of the duties of normal
occupation

IV Confined to chair or bed  Incapacitated, largely or wholly bedridden or confined to wheelchair or
no self-care

Some researchers have used the Katz’ Index of ADL to assess disability in muscu-
toskeletal disease,® This index was devefoped and based on observations of a large
number of activities performed by a group of patients with fracture of the hip. It ranks
patients according to adequacy of performance in six functions (table 2.2.2.b).

Table 2.2.2.b. Disability measure based on clinical judgement of the cbserver: Katz Index of ADL? (1963)

Function  Description (0 = indepeadent, I = dependent)

Bathing: 0 = assistance in [ part I = assistance > 1 part

Dressing: 0 = assistance in tying shoes I = does not dress selfl or remains partly undressed

Toiteting: 0 = independent toilet use 1 = uses bedpan or receives assistance in using toilet

Transfer: O = independently infout bed/chair 1 = assistance or does not perform transfers

Continence: 0 = entirely self-controlled 1 = (partial}incontinence or control by enemas, catheters

Feeding: 0 = gets food to mouth 1 = assistance in feeding or parenteral feeding

A = independent in all E = dependent in D + toilet

B = independent in all but one F = dependent in E + transfer

C = dependent in bathing + one other G = dependent in ali

D = dependent in C + dressing other = dependemt in > 2 functions but not classifiable
inC, D, E, E,

Again this is an index which is easy to use, Its sensitivity however is low; there must be a
rather high leve! of disability to reach a score on this index. Its usefulness in patients with
osteoarthritis is very limited.
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2.2.3 Measures based on observed performance

The Keitel functional test is an example of a measure based on observed performance (see
table 2.2.3.a). The functional capacity of the extremities and the vertebral column is
examined by 24 exactly prescribed exercises, which the patient has to perform and which
are judged on well-defined rating scale categories.™ Its disadvantage is that it is very time

conswning,

Table 2.2.3.a Disability measures based on observed performance; Keitel-Index* (1971)

Test item Score Test item Score
Lower timb: Upper limb:
rise from resting position 0-24,6 tip of thumb touches hypothenar 0 -3
spreading legs in resting position 0-2 bending of 2nd - 5th finger 4x0-2
rising from chair 0-24,6 wrist volar flexion 1-3
stand on tiptoes 0-2 wrist dorsal flexion 1-3
stand on heels 0-2 forearm supination 0-2
kaee flexion 0-2 forearm pronation 0-2
standing with heel on opposite knee 0-2 elbow fexion 0-2
standing on one¢ leg 0-2 both hands behind the neck 0-3
standing with foot on close-by chair 0-2
standing with heet on chair, knee extended 0-2
walking 30 m in corridor 0-6
walking 10 steps upstairs 0-3 Score 0 = test performed fully and without
walking 10 steps downstairs 0-3 difficulty

Another approach has been developed by Ekdahl et al in their "tests for muscle func-
tion".® This test measures three different types of fower extremity muscle function, i.e.
muscle strength, endurance and balance/coordination (table 2.2.3.b). Again these tests
take a lot of time to carry out, and are therefore not suitable for use in epidemiologic

research in the general population,
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Table 2.2.3.b Disability measures based on observed performance: Ekdahl muscle-function test® {(1989)

Muscle funcrion Test item Score
Muscle strength rising from a chair (height 45 cm) without hand support 0-2
stepping up 30 em without hand support 0-2
bending knees 90° with back against wall 0-2
Endurance lying on back knees bent,feet flat, lifting buttoeks 0-2
lying on back, lifting extended feg rapidly 0-2
lying on side, lifting extended upper leg rapidiy 0-2
Batance/coordination  standing on one leg, eyes open 0-2
standing on one leg, eyes closed 0-2
walking on a line 0-2
flexing arm and opposite leg rapidly, alternating left/right 0-2

Score 0 = test performed at maximal level

2.2.4  Health status measures

In rheunatologic research the Stanford Health Assessment Questionnaire (HAQ) and the
Arthritis Impact Measurement Scale (AIMS) are the most commonly used health status
measures (tables 2.2.4.a and 2.2.4.b). Both measures were developed in the late 1970s
and first published in 1980, Apart from functional disability, the HAQ measures pain,
drug side effects and economic costs; the AIMS assesses psychological status, social
activity and pain as well as physical function.”

Stanford Health Assessment Questionnaire

The Stanford Health Assessment Questionnaire (JIAQ) is based on the fact that a patient
with arthritis desires not only to be alive, but also to be free of pain, to function nor-
mally, to experience minimal treatment toxicity and to be financially solvent, On this
basis a five-dimensional health status measure was develeped, including death, discom-
fort, disability, drug side effects and dollar cost,®?

In the first stage of its development 100 questions related to the above mentioned
dimensions were presented to patients with arthritis by a nurse-assessor.® After evaluation
of the results redundant questions were eliminated and a self-administered format with the
5 principal dimensions, broken into several components with an expticit hierarchy, was
constructed,
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Table 2,2.4.a. Health Status Measures: Stanford Health Assessment Questionnaire (HAQ)**!* (1080)

Disability Arte you able to:
Dressing and grooming Eating
get clothes out of closet/drawers? cut your meat?
dress yourself including closures? lift a full cup to your mouth?
shampoo your hair? open a new milk carton?
Rising Walking
stand up from armless straight chair? walk outdoors on flat ground?
gel in and out of bed? climb up stairs?
Hygiene Activity
wash and dry your entire body? run errands and shop?
use the bathtub or take a shower? gel in and out of a car?
turn taps on and off? use public transport? (Duich HAQ)
get on and off the toilet? do chores like vacuuming/gardening?
Reach Grip
comb your hair? open car doors?
reach/get down 1 kg sugar above head? use pen or pencil?
bend down/pick up clothing from floor? open jars which have been previously
opened?
Question score: 0 = no difficulty, | = with little difficulty,

2 = with much difficulty, 3 = unable to do
dependency on equipment or physical assistance adjusts a lower score to 2

Component score: highest score for any question within a component
Disability index: sum of component scores divided by the total number of components
answered

if

nong; 3 = severe

Discomfort Pain-severity: ©0-3;0
1 1 = better, 2 = same, 3 = worse

3
Pain-trend: -3

Drug toxicity adverse effects from drugs and treatment;
0-3; 0 = none; 3 = severe

Dollar costs  A.Medical and surgical costs for the year
B. Social cost: change in employment and income, need to hire domestic help, cost of
transportalion

Functional disability was measured by 9 components {dressing and grooming, rising,
cating, walking, hygiene, reach, grip, outside activity and sexual activity), each of which
consisted of one or more questions beginning with: "are you able to ...". Each question is
answered by one of four possible answers with score 0 = without difficulty, 1 = with
difficulty, 2 = with some help from another person or with a device (in later versions:
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with much difficulty) and 3 = unable to do. The highest score on any question within a
component is the score for that component. The disability index is calculated by adding
the component-scores and dividing the sum by the total number of components answered.
The component on sexval activity was dropped after the first validation study, because of
low response. The latest version of the HAQ, which has been widely used since its final
development stage in 1982, consists of 20 questions grouped in 8 components,”

The index of discomfort is a score for the severity of pain during the last week (0 =
none, 1 = slight, 2 = moderate and 3 = severe pain) and the trend in pain with 1 =
better, 2 = the same and 3 = worse. Drug toxicity is assessed by asking for the severity
of side effects with 0 = none to 3 = severe side effects. The validity of the drug toxicity
index was assessed in a separate validation study.'®

In the cost section a distinction is made between medical and social costs, In the
medical component the medical and surgical costs for the year are calculated; i.e. dollar
costs for medication, X-rays, surgery, paramedical visits, devices, laboratory tests,
physician visits and hospital admittance, In the social cost section the dollar costs of
changes in employment, need to hire domestic help and transportation as well as income,
are calculated.

A sample of patients with rheumatoid arthritis was given the questionnaire and was
subsequently tested for the ability to perform the various tasks of the questionnaire.® The
questionnaire and test agreed exactly on 59% of the responses and were within | point
difference 93% of the time. Following the development of the HAQ several validation
studies were carried out, The index proved to be valid and reliable for patients with
rheumnatoid arthritis as well as for patients with ostecarthritis’ As was anticipated,
patients with osteoarthritis had a lower score {(experienced less disability) and showed
little change of function in a period of 2 years, compared to patients with rheumatoid
arthritis. In a study among 400 rheumatoid arthritis patients the HAQ was associated with
increasing age, female sex, unmarried status, family income and disease duration."* There
was a strong association with joint count, grip strength, pain and erythrocyte sedimen-
tation rate. The functional disability index was not influenced by the presence of one or
more comorbid conditions, With a mean follow-up of 3.1 years the disability index
explained changes in inpatient and outpatient charges as well as days hospitalised and
outpatient physician visits (all variables increased stepwise as the disability index
classification changed from O - | to > 2). The index explained more of the variance in
utilization variables than joint count, erythrocyte sedimentation rate, pain or grip.

Patients needed less than 5 minutes to complete the disability index of the HAQ;
experienced researchers needed 15 seconds and inexperienced omes 22 seconds to
calculate the disability index.



Review Disability Indices 29

The HAQ was developed in the United States and has since been used in several
countries, The British were the first to adapt the HAQ to their situation: they added
questions concerning getting in and out of bed, climbing stairs, getting in and out of a car
and doing chores such as vacuuming, housework or light gardening.'” The Dutch version
is roughly the same as the British version but added a question about the use of public
transport, because this item was thought to be particularly relevant to the Dutch situ-
ation,”? Valdidation of this Dutch version has been carried out in several studies with
rheumatoid arthyitis patients.™® The Swedish only made textual adjustments to the British
version,'” Vatidated Spanish and Portuguese version of the HAQ are available as well %"
The Dutch and Swedish validation studies investigated the relationship between the self-
administered questionnaire and tests of the various tasks. In the Dutch study the question-
maire and test agreed exactly for 65% of the responses and coincided by a difference of
one point in 95% of the items. A tendency was observed to under-reporting by rheuma-
toid arthritis patients. There was a strong positive correlation between the questionnaire
and the test of 0.95 in the Dutch study and 0,71 in the Swedish study,'>"7

In 1983 a modified version of the HAQ (MHAQ) was presented.”® In this format one
item from each component of the disability index was presented to the patient with three
types of questions (see Appendix B). The patients were asked not only fo rate the amount
of difficulty in performing the tasks, but also how satisfied they were with their ability to
perform the task, if there was a change in difficulty compared to 6 month ago and if they
needed help to perform the task. Satisfaction proved to be most highly correlated with
difficulty; but change and help were also highly significantly correlated with difficulty.

Arthritis Impact Measurement Scales

The Arthritis Impact Measurement Scales (AIMS) were constructed by building on two
previously tested health status measures: Bush's Index of Well-Being? and the Rand
Health Insurance Study batteries.” Items for the mobifity, physical activity, and social
activity scales were taken directly from the Rand batteries; social role activities were
taken from the Index of Well-Being. A more specific activities of daily living scale was
added. Dexterity items were added to assess upper extremity limitations. Modifications of
the Rand anxiety and depression scales were inciuded to measure psychological aspects.
Finally pain items were added,”® The 9 scales contain 4 - 7 questions each; every item has
2 - 6 possible responses. The item responses are summed by group to produce scale
scores and then brought to a normal standard of 0 - 10, In the first validation study 55
health status items in @ scale groups were presented to 104 patients from a rheumatology
practice,™ Patients needed about 20 minutes to complete the questionnaire and there were
no majotr comprehension problems. In a scalogram analysis, using Guttman coefficients of
reproducibility and scalability’ 9 questions were dropped because of low scale-item
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correlations. After these deletions all scales, except for social activity, met accepted
criteria for Guttman-format scales. In an analysis of validity Pearson correlations of the
scales with age, patients perception of general health and discase activity, as well as
doctor’s report of functional activity, disease activity and joint count, were assessed. The
performance-oriented scales correlated with age; all 9 scales were correlated with patients
estimate of general health and disease activity. When the psychological scales were
excluded there was a 76% agreement between scale scores and physician’s report of
functional activity, disease activity and joint count,?

Table 2.2.4.b. Health Status Measures: Arihritis Impact Measurement Scates (AIMS)P-5.3 (1080)

Physical Function Psychological status
Mobility Pain
4 most or all of the day in bed/chair 4 how often severe pain from arthritis
3 able to use public transportation 3 description arthritis pain
2 need assistance in travelling 2 how long morning stiffness
1 stay indoors most or all of the day 1 how often pain in = 2 jolnts
Physical activity Social activity
5 unable to walk unless assisted 4 how often telephone with friends
4 trouble climbing stairs 3 how often friends to your home
3 trouble walking long distance 2 how often get together socially with friends
2 trouble bending, lifting, stooping I how often visited friends at their homes

i

limited in running, lifting heavy objects, strenuous sports

Activities of daily living

4 help to use toilei Depression
3 able to move around 6 how often felt that others would be better
2 help to dress off if you were dead

Dexterity

5
4
3
2

1 help to take a bath 5 how often so down that nothing could cheer up
4 how often felt downhearted/blue
easily write with pen/pencil 3 how often felt that nothing turned out right
easily tum a key in a lock 2 how much of the time in low spirits
easily button articles of clothing 1 how much of the time enjoyed things you do
easily tie a pair of shoes Anxiety
casily open a jar of food 6 how much of the time felt tense

1

Household Activities

7

— g L B Lh O

5 how much bothered by nervousness
able to take all own medicine 4 how often difficulty in trying to calm down
able to use telephone 3 how much of the time able to relax
able to handle own money 2 how much of the time fet calm and peaceful
able to prepate own meals 1 how much of the time felt relaxed and free
able to do own laundry of tension
able 1o shop for groceries/clothes
able o do own housework

Score:  each item has 2-6 possible responses; item responses are summed by group and then brought to &

normal standard of 0 to 10,
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A larger validation study reported on the results of 336 patients with rheumatoid arthritis,
108 with osteoarthritls, 57 with systemic lupus erythematosus, 34 with seronegative
variatts and 61 other patients including soft-tissue rheumatism and crystal-associated
arthropathy.” The questionnaire contained the same 45 items (9 were dropped in the First
study, 1 question concerning sexual activity was dropped at this stage because of low
response). The social role scale was renamed household activities. Al 9 scales proved to
be significantly correlated with ARA functional class and recent disease activity assessed
by the subject’s physician, although the correlation with functional class was higher.
Analysis of subgroups of patients with rheumatoid arthritis and osteoarthritis showed
simifar results, The stability of the scales over a 6-month period was tested in 85 patients
with rheumatoid arthritis: the average change was 0.14 on a scale from 0 to 10 with the
physical scales showing the greatest tendency to decline over time.?

The AIMS was translated in Duich in 1989 and proved to be valid and reliable for use
in Dutch rheumatoid arthritis patients,?

In 1991 the AIMS was adapted for use in elderly respondents.”” In this so-called GERI-
AIMS 438 respondents 60 years of age and older, and nof identified as having arthritis
prior to enrolment, received the questions in a interview format, Each item of the first 5
scales (the physical function scales) received 2 scores: a generic question first asked to
determine whether the respondent had any difficulty performing the particular activity; if
the answer was affirmative the score was 1 and was followed by the question whether the
disability was caused by arthritis; again a score of 1 was assigned to those who gave a
positive answer. The method of constructing a scale score remained the same. Because
respondents in a pilot study objected to the number and perceived repetitiveness of
questions on the anxiety and depression scales these scales were reduced from 6 to 3
questions. In this population 90% of the respondents had a rheumatologist confirmed
diagnosis of osteoarthritis, 36% had ostecoporosis or hip fractures, 13% soft tissue
rheumatism and 3% rheumatoid arthritis, Of those with osteoarthritis 60% were mildly
impaired and 22% moderately; in contrast: 42% of the participants with rheumatoid
arthritis were moderately impaired. There was an expected high prevalence of comor-
bidity in all participating patients: 68% had poor vision, 48% had cardiovascular
problems (hyperiension not included), 46% had hypertension and 29% suffered from
chronic neuromuscutar conditions. On average there were 3.4 chronic conditions per
respondent. The relative prevalence of impairment by dimension was similar for the
generic and arthritis-specific scores. More than half of the total amount of disability was
related to arthritis, Correlations of functional class and joint count with the arthritis-
specific scores were higher than with the generic scores. There was a strong relationship
between functional class in respondents with osteoarthritis of the hip or knee and arthritis-
specific scores on the mobitity and physical activity scales.
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In conclusion, the Stanford Health Assessment Questionnzire as well as the Arthritis
Impact Measurement Scales are reproducible and yield similar results when repeated at
different times under similar circumstances. Many validation studies of the AIMS and
HAQ have been carried out and showed good validity, reproducibiiity and sensitivity. The
HAQ performed somewhat better; possibly because it is much shorter and easier to
administer.9-10.13.14,2J.25,28-37

Ideally a ncw measurcment tool is compared with a gold standard to determine criterion
validity, Since no gold standard exists in rheumatologic disability research, comparisons
are generally made between similar measures of the same concept. The dimensions of the
HAQ and the AIMS were compared to each other; correlations of the same dimensions
ranged between 0.64 and 0.91, indicating that the two questionnaires are measuring
similar concepts. Interdimension correlations range between 0.19 and 0.43, suggesting
that the other scales do provide separate information.” Both the HAQ and the AIMS are
tested for their refationship with more traditional endpoints, like joint count, grip sirength
and morning stiffness. There were significant correlations of the HAQ as well as the
AIMS with these endpoints®.

Sensitivity to clinically meaningful change is an important criterion which ultimately
determines the usefulness of any outcome measure. The AIMSL? and HAQY* have both
been used in randomized clinical trials where pain and function showed significant
improvement in treatment groups over controls in a six to 24 month time period. Changes
in disability and pain have been significantly correlated with changes in traditional
measures. >

Apart from its use in rheumatology the HAQ has proved to be useful in other fields of
medical research. In the context of this thesis it is noteworthy that the HAQ has been
used in large population surveys like the National Health and Nutrition Examination
Survey (NHANES-I) and Natiopal Health and Nufrition Examination Survey-I
Epidemiologic Follow-up Study (NHEFS).>*® More recently the HAQ was successfully
used in a survey among 1,694 men and women aged over 55 registered at a general
practice in Bristol, Great Britain,*** The HAQ proved to be useful in a questionnaire
format in a study of patients with rheumatoid arthritis, osteoarthritis and gout from a
general practice in the inner city of Glasgow, Scotland ¥



Review Disability Indices 33

REFERENCES

k.

10,

12.

13,

14,

15.

16.

Steinbrocker O, Traeger CH, Batterman RC. Therapeutic criteria in rheumatotd arthritis. JAMA
1949;140:659-62,

Katz 8, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of iliness in the aged. The Index
of ADL: a standardized measure of biological and psychesocial function, JAMA 1963:185:914-9,

Keite] W, Hoffmann H, Weber G, Ermittlung der prozentualen Functionsminderung der Gelenke
durch einen Bewegungsfunktionstest in der Rheumatologie. Disch Gesundheitsw 1971;26:1901-3,

Eberl DR, Fasching V, Rahifs V, Schleyer I, Wolf R. Repeatability and objectivity of various
measurements in rireumatoid arthritis, A comparative study, Arthritis Rheum 1976;19:1278-86.

Jette AM, Branch LG. Musculoskeletal impairment among the non- institutionatized aged. Int Rehabil
Med 1984;6:157-61.

Ekdaht C, Andersson SI, Svensson B. Muscle function of the lower extremities in rheumatoid anhritis
and osteoarthritis. A descriptive siudy of patients in a primary health care district. J Clin Epidemiol
1089:42:947-54.

Thompson PW. Functional outcome in rheumatold arthritis. Br ] Rheumatol 1988;27(Suppl 1):37-43,

Fries JF, Spitz PW, Kraines RG Holam HR. Measurement of patient outcome in arthritis, Arthritis
Rheum 1980;23:137-45.

Fries JF, Spitz PW, Young DY. The dimensions of health cutcomes: the health assessment question-
naire, disability and pain scales. J Rheumatol 1982:9:789-93,

Fries JB, Spitz 8W, Williams CA, Bloch DA, Singh G, Hubert HB. A toxicity index for comparison
of side effects among different drugs. Arthritis Rheum 1990;33:121-30,

Wolfe F, Kleinhcksel SM, Cathey MA, Hawley DJ, Spitz PW, Fries JE. The clinical value of the
Stanford Health Assessment Questionnaire Functional Disability Index in patients with rheumatoid
arthritis, J Rheumatol 1988;15:1480-8,

Kirwan JR, Reeback J§. Using a modificd Stanford Health Assessment Questionnaire to assess
disability in UK patients with rheumatoid arthritis., Ann Rheum Dis 1983;42:219-20.

Siegert CEH, Vieming LJ, Vandenbroucke JP, Cats A, Measurement of disability in Dutch rheuvma-
toid arthritis patients. Clin Rheumatol 1984;3:305-9,

Bijlsma JWJ, Oude Heuvel CHB, Zaalberg A. Development and validation of the Dutch questionnaire
capacities of dily life (VDF) for patients with rheumatoid arthritis. J Rehabil Sci 1990;3:71-4.

Bijlsma JWI, Huiskes CIAE, Kraaimaat FW, van der Veen MJ, Huber-Bruning O. Relation between
patients’ own health assessment and clinical and [aboratory findings in rheumatoid arthritis. J
Rheumatol 1991;18:650-3.

van der Heide A, Jacobs JWG, van Albada-Kuipers GA, Kraaimaat FW, Geenen R, Bijlsma IWJ,
Physical disability and psychological well being in recent onset rheumatoid arthritis. J Rheumatol
1994;21:28-32.



34

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28,

29,

0.

3L

32,

Impairment and Disability

Ekdahl C, Eberhardt K, Andersson SI, Svensson B. Assessing disability in patients with rheumatofd
arthritis, Use of a Swedish version of the Stanford Health Assessment Questionnaire. Scan J
Rheumatol 1988;17:263-71.

Bsteve-Vioves 1, Batlle-Gualda E, Reig A. Spanish version of the Health Assessment Questionnaire:
reliability, validity and transcultural equivalency. J Rheumatol 1993;20:2116-22,

Ferraz. MB, Oliveira LM, Araujo PMP, Atra E, Tugwell P, Crosscultural reliability of the physical
ability dimension of the Health Assessment Questionnaire. J Rhewmatol 1990;17:813-7,

Pincus T, Summey JA, Soraci SA, Wallston KA, Hummon NP, Assessment of patient satisfaction in
activities of daily living using a modified Stanford Health Assessment Questionnaire, Arthritis Rheum
1983;26:1346-53.

Patrick DL, Bush JW, Chen MM, Toward an operational definition of heaith. J Health Soc Behav
1973;14:6-23.

Brook RH, Ware JE, Davies-Avery A, Stewart AL, Donald CA, Rodgers WH, Williams KN, Stewart
AL. Overview of adult health status measures fielded in Rand's Health Insurance Study. Med Care
1979;17(Suppl 9):1-131,

Meenan RF, Gertman PM, Mason JH, Measuring health status in arthritis: the arthritis impact
measure scales, Arthritis Rheum 198(;23:146-52.

Guttman LA. A basis for scaling quantitative data. Am Sociol Rev 1944;9:139- 50

Meenan RF, Gertman PM, Mason JH, Dunaif R. The arthritis impact measurement scales, Further
investigations of a health status measure. Arthritis Rheum 1982;25:1048-53.

Taal E, Jacobs JW, Seydel ER, Wiegman O, Rasker JJ. Evaluation of the Dutch Arthritis Impact
Measurement Scales (DUTCH-AIMS) in patients with rheumatoid arthritis, Br J Rheumatol 1989;28:
487-91.

Hughes SL, Edelman P, Chang RW, Singer RH, Schuette P. The GERI-AIMS.Reliability and validity
of the Anhritis Impact Measurement Scales adapted for elderly respondents. Arthritis Rheum
1991;34:856-65.

$pitz PW, Fries JF. The present and future of comprehensive outcome measures for rheumatic
diseases. Clin Rheumatol 1987;6(Suppl 2)105-11

Brown JH, Kazis LE, Spitz PW, Geriman P, Fries JF, Meenan RE. The dimensions of health
outcomes: a cross-validated examination of health status measurement, Am J Public Health 1984;74:
159-61,

Meenan RE, The AIMS appreach to health status measurement: conceptual background and measure-
ment properties, J Rheumatol 1982;9:785-8

Meenan RF, Anderson JJ, Kazis LE. Outcome assessment in clinical frials, evidence for the sensitivity
of a health status measure, Arthritis Rheum 1984;27:1344-52.

The Auranofin Cooperating Group, Sensitivity to change of health status measures in a clinical trial of
auranofin in RA, Arthritis Rheum 1985;28:528 (abstract)



33.

34,

35.

36.

31,

38,

38,

40,

41,

Review Disability Indices 35

Liang MH, Larson MG, Cullen KE, Schwartz JA. Comparative measurement efficiency and
sensitivity of five health status instruments for arthritis research. Arthritis Rheum 1985;28:542-7.

Liang MH, Cullen K, Larson M. In search of a more petfect mouseirap (health status of quality of
life instruments). J Rheumatol 1982;9:775-9.

Bombardier C, Ware J, Russell IJ. Auranofin therapy and quality of life in patients with rheumatoid
arthritis. Results of a multicenter trial. Am J Med 1986;81:565-78.

Borg G, Allander E, Lund B. Auranofin improves the outcome in early rheumatoid arthritis. Results
from a 2-year, double blind, placebo controfled study, J Rheumatol 1988;15:1747-54,

VanderHeide DM, VanRiel PL, VandePutte LB. Sensitivity of a Duich Health Assessment Question-
naire in a trial comparing hydroxychloroquine vs sulphasalazine. Scand J Rheumatol 1990;19:407-12.

Davis MA, Edinger WH, Neuhaus JM, Mallon KP. Knee ostecarthritis and physical functioning:
evidence from the NHANES I Epidemiologic Follow-up Study. J Rheumatol 1991;18:591-8,

McAlindon TE, Cooper C, Kirwan JR, Dieppe PA. Knee pain and disability in the community. Br J
Rheumatol 1992;31:189-92,

McAlindon TE, Cooper C, Kirwan JR,Pieppe PA, Delerminants of disability in ostecarthrilis of the
knee. Ann Rheum Dis 1993,52:258-62.

Sullivan FM, Eagers RC, Lynch K, Barber JH, Assessment of disability caused by rheumatic diseases
in general practice. Ann Rheum Dis 1987;46:598-600.






2.3 REVIEW OF THE LITERATURE ON THE RELATIONSHIP BETWEEN
OSTEOARTHRITIS AND DISABILITY

2.3,1 Introduction

In this paragraph a review of the literature on disability studies in several western
countries is given. Disability is studied in populations as well as in patients visiting
hospitals or oufpatient clinics. Furthermore some, studies focus on the level of disability
in the population, while others investigate relationships between a certain disease or
impairment and disability. As this thesis is concerned with disability in an ageing
popuiation and especially in the members of the general population with signs or
symptoms of the hip or knee, this review is restricted to shidies concerned with {osteo)ar-
thritis in the elderly population. The results mentioned in the review are also depicted in
the tables 2.3.2 and 2.3.3.

Most studies did not use the definition of disability as proposed by the International
Classification of Impairments, Disabilities, Handicaps (ICIDH),' which was discussed in
the previous paragraphs. Instead different aspects of disability, like difficulty in walking,
and climbing stairs, are described. Sometimes disability is defined as some crude ouicome
measure like “activity restriction in general". Other studies use aggregate measores of
disability in basic activities of daily living {ADL}, tike walking, bending and rising from
a chair or instrumental activities of daily living (JADL), like shopping, doing household
chores or gardening. Because of this wide variety of disability definitions it is not easy to
compare different studies. This review focuses on disability in functions of the lower
limbs, and restricts itself to studies which reported some measure of disability in these
functions. The section starts with the studies in which crude measures are used, followed
by the surveys on the different functions, like walking and climbing stairs.

The articles used for this review were selected with the support of MEDLINE from the
literature published between 1981 and 1994. In addition, references from articles on
disability in general were selected,

2.3.2 Disability as a general measure

Table 2.3.2. gives a summary of the data referred to in this paragraph. The National
Health and Interview Survey (NHIS) is an ongoing population-survey of a large proba-
bility-sample of the United States population. Several diseases and disease-related factors
are being studied, Osteoarthritis is defined as an ICD-code for osteoarthritis based on self
reported arthritis symptoms. During the 1976 NHIS 18% of people, age 18 years and
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older with osteoarthritis, were unable to perform their usual activities. This figure was
8% in the age-and-sex-matched control subjects. Of the osteoarthritis-patients 39% were
limited in the amount or kind of their major activity (controls: 14%), and 14% of the
respondenis with osteoarthritis were Hmited in activitics outside their major one (controls:
8%).2

In the 1984-1986 NHIS, limitation of any kind in general activities was found in 79%
of persons with osteoarthritis, and complete limitation in the major activity was reported
in 25% of the osteoarthritis group. Limitations of any kind in activitics of daily living
were present in 25% of people with osteoarthritis.” Unfortunately, the definitions of
disability in these studies are not completely identical (see table 2.3.2), but it seems
reasonable to conclude with the authors that in this 10 years timespan, disability caused
by musculoskeletal diseases increased, suggesting a rising burden of disability due to
osteoarthritis,

In the 1978 NHIS-study disability was defined as limitation in the kind or amount of work
(or household) resulting from a chronic health condition or impairment for at least 3
months, Osteoarthritis was defined as physician diagnosed osteoarthritis and perceived
pain or swelling in fewer than four joints and fewer than two symmetrical joint pairs.
Disability was reported in 71.4% of the males with osteoarthritis. In men with
osteoarthritis of one knee the prevaience of disability was 74.3% and in men with
ostecarthritis of one hip 75.1%; 9.4% of the men without arthritis indicated disability.
The percentage of men working outdoors was 66.7% for those with osteoarthritis, and
89.4% for men without arthritis.

Among women with osteoarthritis disability was reported in 66.9%. The prevalence of
disability was 70.2% for women with one osteoarthritic knee, and 51.2% for women with
one osteoarthritic hip; 9.9% of the women without arthritis reported disability. The
percentage of women with osteoarthritis working outdoors was 35.5%, and of those
without arthritis 61.6%.

In this study individuals with osteoarthritis were older, had lower formal education
level, more comorbidity and were more likely to be divorced, widowed or separated than
people without arthritis. Women with osteoarthritis annually earned only 30.2% of what
the average women without arthritis earned. The earnings gap however, is only for
28.4% explained by arthritis; age accounts for 45.3%, education level for 11.8%,
comorbidity for 8.3%, marital status differences for 5.1% and region of residence, a
surrogate for the cost of living, for 1.1% of the earnings gap.*
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Table 2.3.2 Disability as a general measure

Population Disability Coruaent
76 NHIS % rtestricted activity
age:= 18 yr usual major outside major OA = ICD<ode for osteoarthritis
n = 113,000 0A 18 39 14 based on seif-reported symptoms
Ref.2. Contr 8 14 8
% restricted activity

’84-'86 NHIS general major ADL
Ref.3. CA 79 25 25
*78 NHIS % disabled % not working disabled = limited in kind/amount of
age: 18-65 yr men Wwomen men  women (house)work resulting from disease
n = 5,652 0A 71.4 66.9 333 645 lasting = 3 months.
Ref.4. Knee OA 74.3 70.2 414 3589 OA = physician diagnosed CA and pain

Hip CA 75.1 51.2 284 764 or swelling in < 4 joints, including

Contr 9.4 9.9 106 384 < 2 symmetrical pairs.

% QA: men: 2.5  women: 4.2
*83-85 Framingham % disabled OR disabled = dependent on help in at
age: 6393 yr alROA =2 375 1.3 (not significant) least 1 of 7 ADL’s. -
n = 1,416 Symptoms 46.2 1.9 alt ROA = 2 = Kellgren = 2 +/- pain
Ref.6. Contr 29.8 1 Symptoms = pain in/around knee =
1 month in past year.

"92 Bristol % disabled
age = 55yr men women disabled = HAQ-scorz > 0.
n=1,69%4 No pain 18 25 Pain = in/around knee most days = 1
Ref.7. Pain 46 67 month in past year.
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In the 1983-1985 Framingham OA Study two lower extremity functions and five complex
functional tasks were studied in 1,416 people 63 to 93 years of age. The lower extremity
functions included walking a mile and stairclimbing; the functional tasks were house-
keeping, heavy home chores, cooking, grocery shopping and carrying bundles, The tasks
were recorded as able or unable to do without help.

Symptoms were defined as pain in or around the knee lasting for at least a month within
the previous year. Osteoarthritis was defined as knee symptoms with osteophytes on X-
rays or narrowing of joint space and osteophytes on X-rays with infrequent symptoms,
After comorbidity adjustment osteoarthritis of the knee was as often associated with
disability as heart disease, congestive heart lailure and chronic obstructive pulmonary
disease, i.e. in 4 tasks.’

When ’arthritis’ was defined as all radiographic grades greater than or equal to two (i.e.
at least ostcophytes), regardiess of the presence of symptoms, and dependence upon
human assistance in one or more of the seven functional activities (ADL) combined into a
single disability variable, 37.5% of the elders with ’arthritis’ were dependent in one or
more ADL compared to 29,8% of their peers without ’arthritis’. The odds ratio {OR) for
dependence after controlling for age and sex were not significantly higher: OR = 1.25
(95% CI 0.97-1.60). A definition of osteoarthritis based only upon symptoms resuited in
46.2% of patients disabled in at least one ADL. The odds for dependency were signifi-
cantly farger: OR = 1.85 (95% CI 1.30-2.65).%

In a recent study among 677 men and 1017 women aged 55 years and older registered at
a general practice in North-West Bristol (GB) the participants were asked if they had had
pain in or around a knee on most days for at least a month during the last year. Disability
was defined as a score > O on the Stanford Health Assessment Questionnaire (HHAQ).
Knee pain was common: 20.1% of men and 27.6% of women had had knee pain for at
least one menth during the past year. The prevalence of disabilify was higher in women
than in men, and in subjects with knee pain than those without, The frequency of reported
disability rose in both sexes with age.”
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2.3.3 Disability in various functions

In table 2.3.3, the data of the studies on disability in separate functions are summarized.
In the United States the 1982-1984 National Health and Nutrition Examination Survey-I
Epidemiologic Follow-up Study (NHEFS) of the 1971-1975 first National Health and
Nutrition Examination Survey (NHANES-I) offered the possibility to study the relation-
ship between radiological osteoarthritis of the knee at baseline and disability at follow-up.®
Radiological ostecarthritis at baseline was defined as grade two or more on the Kellgren
scale.'® Disability at follow-up was measured using the HAQ, extended with guestions
concerning preparation of food, walking from one room to another, carrying bundles and
doing heavy chores. Scores on the 26 questions ranged from 0 = no difficulty to 3 =
unable to do. Disability in a task was defined as a score larger than 0. Of the participants
who were 45-74 years of age and had radiological osteoarthritis of the knee at baseline
men had more problems with 10 and women with 15 of the 26 activities at follow-up
eight to ten years later.

The odds ratios for difficulty in walking with knee radiological osteoarthritis at baseline
were 2.4 for men, and 2.8 for women. The odds for difficulty in climbing stairs were 3.1
for men and 4.8 for women (table 2.3.3). The odds for difficulty in rising from a chair
were 3.2 in men and 4.7 in women.

Linear regression analysis to assess the association of radiographic severity and severity
of difficulty was conducted for women only. Women with radiological osteoarthritis grade
3 and 4 had higher disability-scores than those with radiological osteoarthritis grade 2.
Women with knee pain, regardiess of whether they had radiological osteoarthritis, had
higher scores than those without radiological osteoarthritis or pain. Women with sympto-
matic knee radiological osteoarthritis had higher scores than those with asymptomatic
knee radiclogical osteoarthritis,’®

In persons 55-74 years of age at baseline (1971-1975), the odds ratios for difficulty in
walking, and rising from a chair at follow-up (1982-1984) in people with and without
radiological ostecarthritis of the knee, and with or without pain were estimated. As can be
seen in table 2.3.3 the odds for disability increases with the presence of radiological
osteoarthritis and is especially higher for those with knee pain''2, Unfortunately, the
definition of radiological osteoarthritis in this analysis differed from the previous one,
which is the most commonly used definition of radiological eosteoarthritis. Radiological
osteoarthritis in the latter study included the large proportion of people with radiological
osteoarthritis grade one, i.e. doubtful radiological osteoarthritis,



Table 2.3.3 Disability in various functions

Population Disability Comment
*82-84 NHEFS walking climbing stairs ROA = Kellgren grade = 2
age: 45-74(°71-75) men women men women % knee ROA men women
n = 2,844 % OR % OR % OR % OR 45-54 23 36
Ref.9. Knee-ROA 29.1 24 432 28 208 3.1 372 4.4 55-64 40 7.2
No Knee-ROA 14,6 1 2121 80 1 109 1 65-74 84 179
’§2-°84 NHEFS walking rising from chair ROA+ = Kaee Kellgren grade 14
age: 55-74(°71-715)} men women men women % ROA grade =1 grade =2
n = 2,385 % OR % OR % OR % OR Hen women IS0 WOmeD
Ref.11,12. ROA+/pain+ 35.7 3.3 66.7 8.6 353 34 60.8 5.9 5564yr 83 108 41 73

*83-85 Framingham
age: 63-69 yr

n = 1416

Ref.6.

*92 Bristol
age = 35 yr
n = 159
Ref.8.

ROA+/pain- 26.7 2,7 303 2.1 28.9 23 36.7 1.8
ROA-/pain+ 19.3 2.8 327 2.8 238 2.8 383 24

ROA-/pain- 142 1 188 1 165 1 2221
OR walking climbing stairs  housekeeping
al ROA = 2 1.7 2.7 1.1 (not significant)
as ROA = 3 2.0 3.0 1.8
SROA = 2 2.9 3.8 1.9
Symptoms 2.6 3.7 1.8 (not significant)

lower limb disability
% OR
mer  women
No kpee pain  38.9 15.1 Knee pain 1.7
Knee pain 44.1 389 Muscle strength 0.84/kgf increase

63-74yr 11.6 249 83 18.0
grade 0 grade =2
% pain 9.9 19.0 47.0 40.1

Knee ROA-/sympioms-: 62.9%
asymptomatic knee-ROA2:  15.1%
all knee-ROA =2:; 32.5%
asympt knee-ROA =3: 10.7%
symptomatic knee-ROA=2: 7.3%

knee-symptoms: 11.2%

knee-ROA <2 + sympioms: 4.0%

disabled = HAQ-score > 0.
pain = in/around knee most days = 1
month in past year.

(%

Kngrqosiq puv sty pduly
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Elders with mild radiological osteoarthritis (Kellgren grade 2 = osteophytes) and
infrequent knee pain in the 1983-1985 Framingham OA Study had no significantly
elevated risk for dependence in any of seven functional activities. Elders with
asymptomatic, moderate to marked osteoarthritis (Kellgren grade = 3 = at least joint
space narrowing) were at increased risk for dependence in four tasks. The odds ratios in
persons with radiological osteoarthritis grade 3 and 4 were approximately 2 to 3 times
higher for climbing stairs, walking a mile, housekeeping and carrying bundies. Elders
with radiological osteoarthritis grade = 2 accompanied by frequent pain had significantly
increased odds of dependence in two tasks, These persons have odds ratios of approxi-
mately 3 and 4 for stairclimbing, and walking a mile. There were smal! nonsignificantly
increased relative risks for cooking and shopping.%'* The odds ratios for dependence in
three functional activities of the various arthritis definitions are shown in table 2.3.3.

To evalvate the influence of radiographic severity, quadriceps strength, knee pain, age
and gender on functional ability respondents with knee pain and an equal number of
conirols were invited for further investigations. The HAQ-componenis rising, walking and
activity were taken fogether as a 'lower limb score’. There was a significant independent
association between lower limb disability and quadriceps strength (Odds Ratio = 0.84 per
kgf increase), knee pain (Odds Ratio = 1.67) and age (Odds Ratio = 1.06 per year
increase). Radiographic osteoarthritis of the knee was not independently associated with
disability.®

2.3.4 Summary

Disability in the activities of daily living among people aged over 55 years in western
societies are reported to vary between 8 and 61 percent, depending on the definition used
and whether or not the subjects suffered from musculoskeletal signs and symptoms, Of
the factors which could be associated with disability in tire lower limb activities koee
symptoms are the most frequently studied. Knee pain was found to be a strong predictor
of present and future disability in all studies. The contribution of radiological
osteoarthritis of the knee differed between the studies, A large part of the variation
between the reviewed studies can be explained by the use of different definitions of
osteoarthritis, The studies which used Kellgren-grade I as cutoff-point for osteoarthritis
concluded that ostecarthritis alone did not increase the odds for disability substantially, If
knee pain was added to the definition of osteoarthritis the odds are significantly increased.
Data on the association of hip complaints with disability are lacking, Some researchers
reported that they are currently studying this factor.



44

Impairment and Disability

REFERENCES

10,

11.

13.

World Health Organisation, Infernational Classification of Impairments, Disabilities, and Handicap. A
manual of classification relating to the consequences of disease. World Health Organisation 1980,
Reprint 1989.

Kramer JS, Yelin EH, Epstein WV, Social and economic impacts of four musculoskeletal conditions.
A study using national community-based data, Arthritis Rheum 1983;26:901-7.

Yelin EH, Felis WR. Rising prevalence of activily limitation due to musculoskeletal conditions in the
United States. Arthritis Rheum 1989;32(Suppl): 8101,

Pincus T, Mitchell JM, Burkhauser RV. Substantial work disability and earnings losses in individuals
less than age 65 with ostcoarthritis: comparisons. with rheumatoid arthritis, J Clin Epidemiol
1989;42:449-57.

Guecione AA, Felson DT, Anderson JI. Disability in the elderly: the risks assoclated with knee
osteoarthritis (OA) vs. other diseases, Arthritis Rheum 1991;43(Suppl):534.

Guccione AA, Felson DT, Anderson JJ, Defining arthritis and measuring functional status in elders:
methodological issues in the study of disease and physical disabitity. Am J Public Health 1990;80:945-

9.

McAlindon TE, Cooper C, Kirwan IR, Dieppe PA, Knee pain and disability in the community. Br J
Rheunatol [992;31:189-92,

McAtindon TE, Cooper C, Kirwan JR,Dieppe PA. Determinants of disability in osteoarthritis of the
knee. Ann Rheum Dis 1993;52:258-62,

Davis MA, Btinger WH, Neuhaus JM, Mallon KP. Knee osteoarihritis and physical functioning:
evidence from the NHANES [ Epidemiologic Follow-up Study. J Rheumatol 1991;18:591-8.

Kellgren JH, Jeffrey MR, Ball J, eds. The epidemiology of chronic rheumatism, Yolume il: Atlas of
standard radiographs of arthritls. Oxford: Blackwel Scientific Publications, 1963.

Hochberg MC, Lawrence RC, Everett DF, Cornoni-Huntley J. Epidemiologic Associations of pain in
osteoarthritis of the knee: data from the National Health and Nutrition Examination Survey and the
National Health and Nutrition Examination-I Epidemiologic Follow-up Survey; Sem in Arthritis
Rheum 1989;18 (Suppl):4-9.

Lawrence RC, Everett DF, Hochberg MC, Arthritis in; Health status and well-being of the elderly.
National and Nutrition Examination Survey-1 Epidemiologic Follow-up Study. Cormeni-Huntley §,
Huntley RH, Feldman JJ eds. New York Oxford, Oxford University Press 1990 pg 136-51.

Guccione AA, Felson DT, Anderson JJ. The association of knee ostecarthritis (OA), pain and physical
disability in elders; the Framingham QA Study; Arthritis Rheum 1989;32(Suppl): 585,



2.4 PROBLEMS AND HYPOTHESES

2.4.1 Problems
The importance of studying disability in ofd age has been demonstrated. But, as has been
pointed out in paragraph 2.3.1, there are definitional as well as classification issues to be

considered,

Definition

The first issue in research of disability in old age is the definition of disability, In the past
two decades many definitions based on several measurement tools have been used. It
would be appropriate to reach consensus in this field of research, not only to avoid
ongeing discussions on this topic, but also to altow for comparison between studies within
and between countries. Unfortunately the International Classification of Impairments,
Disabilities, and Handicaps (ICIDH) is by itself not suitable for use as a measuring
instrument. On the other hand it offers a thorough and systematical enumeration of
possible disabilities.

The second definition issue is concerned with the meaning of the words ’old age’.
When is 2 person considered to be oid? Is there a clear cutoff? Of course not. "One is as
old as one feels” is a beloved phrase of those who feel good. A valid cutoff-point seems
to be retirement. The problem with this cutoff is that retirement-age has shified to
younger ages in the past decade, and is not the same for all countries. Furthermore, to
evaluate the prognosis, incidence and risk factors of disability in a prospective follow-up
study, people must not be to old at entry. Therefore the age of 55 seems to be a valid,
although arbitrary, age to start studies on disease and disability in old age.

Classification

Classification in general is comcerned with diagnosis. In epidemiologic research much
attention is paid to describe the outcome and determinants as accurate as possible, as the
effect of random and non-random misclassification of outcorne and determinant status can
be very large.? Misclassification can be characterized by the sensitivity and specificity of
the classification criteria. Sensitivity is the proportion of the diseased subjects who fulfil
the criteria while the complement of sensitivity is the proportion of false negative
subjects. Specificity is the proportion of the non-diseased subjects who do not fuifii the
criteria; its complement is the proportion of false positive subjects. Random or non-
differential misclassification results if inaccuracies in the classification of subjects by
outcome or determinant status occur in simifar proportions in each of the study groups.®*
The effect of non-differential misclassification of the outcome is that it increases the
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similarity between the groups with and without the determinant, so that any true associ-
ation between the determinant and outcome will be diluted or underestimated. The relative
risk will be changed towards the nulf value of one. Non-random or differential
misclassification results when the errors in the classification of individuals by determinant
or outcome are different for the study groups. Differential misclassification can result in
an over- and underestimation of an effect,

In the study on disability in old age the classification of age is no issue. On the other
hand the classification of disability can be a major problem. Many measurement tools,
which all assess some kind of disability, exist. If however the definition as proposed by
the ICIDH is used and the research is focused on disability in the general popuiation
logical restrictions towards the measurement tools are made. A disability index to be used
in the general population should be short and easy to use as well as sensitive to measure
even the smallest amount of disability, apart from the normal criferia of validity and
reliability,

As far as the locomotor disabilities are concerned the Stanford Iealth Assessment
Questionnaire as well as the Arthritis Tmpact Measorement Scales both comprise valid
*translations’ of the lecomotor disabilities category of the ICIDH 3¢

2.4.2 Hypotheses
The investigations on locomotor disability in the Rofterdam Study used the following
definitions and classification criteria.

The outcome measure in this study is locomotor disability. Locomotor disability refers
to an individual’s ability to execute distinctive activities associated with moving, both
himself and objects, from place to place. It covers ambulation disabilitics (walking,
traversing, climbing stairs, running), confining disabilities (fransfer from lying, sitting,
standing, reaching bed or chair and transport) and other locomotor disabilities {lifting).
Subjects are classified according to the amount of difficulty they experience while
execuling the above mentioned activities. Disability assessment is done by means of the
Disability Index of the Stanford Health Assessment Questionnaire (HHAQ) as well as
specific tests to evaluate the various activities. People are classified as either having a
disability (at least some difficulty with the specific task) or not.

The determinants of interest in the study of locomotor disability are joint disease, and
more specifically joint pain, morning stiffness, osteoarthritis and abnomalities on
physical examiantion of the hip and knee. Osteoarthritis is defined according to the
radiological criteria of Kellgren.” Classification is again dichotomous: osteoarthritic joints
are those with grade two or miore on the Kellgren scale, Subjects are classified according
to their most affected hip and knee, Definition and classification of these determinants are
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described extensively in chapter four.

The hypotheses of the study on locomotor disability are:

1. Locomotor disability is a major problem in the elderly general population.

2. The distribution of the prevalence of locomotor disability is influenced by educatio-
nal level, income and living situation (living alone or not alone}.

3. Locomotor disability can be largely explained by the presence of joint pain,

4. Radiological osteoarthritis of the hips or knees will have an additive effect on
locomotor disability in the presence of joint pain.

5. Locomotor disability in the elderly with radiological osteoarthritis of the hips or
knees can be largely explained by the effect of joint pain and abnormalities on
physical examination of the hip and knee.

REFERENCES

1. World Health Organisation. International Classification of Impairments, Disabilities, and Handicap. A
manual of classification relating to the consequences of disease. World Health Organisation 1980.
Reprint 1989,

2, Schowen JSAG. A twelve year follow-up study on osteoarthritis of the knee in the general population,
An epidentological study of classification criteria, risk factors and prognostic factors. Thesis Erasmus
University Medicat School Retterdam, the Netherlands, 1991,

3,  Rothman KJ, Modern epidemiology, Boston/Toronto: Little, Brown and Company; 1986 pg 84-9.

4, Hennekens CH, Buring JE, Epidemiology in medicine. Boston/Toronto: Little, Brown and Company;
1987 pg 168-70.

5. Fries JR, Spitz PW, Young DY. The dimensions of health outcores: the health assessment question-
naire, disabilily and pain scales, J Rheumatol 1982;9:789-93.

6. Meenan RF, Gertman PM, Mason JH, Dunaif R. The arthritis impact measurement scales, Further
investigations of a health status measure. Arthritis Rheum 1982;25:1048-33,

7. Kellgren JH, Jeffrey MR, Ball J, eds. The epidemiology of chronic rheumatism. Volume II: Atlas of

standard radiographs of arthritis. Oxford: Blackwell Scientific Publications, 1963,






CHAPTER 3

POPULATION AND METHODS






31 THE ROTTERDAM STUDY

3.1.1 Background

As a result of the increase in longevity during the second half of this century, the elderly
form a substantial and growing proportion of the total population in Western society.
Age-related illnesses with characteristics of chronicity, e.g. Alzheimer’s disease, visual
impairment, cardiovascular and locomotor diseases, affect large numbers of people and
have a substantial impact on the quality of life.” A delay in the onset of chronic diseases
or postponement of their sequelae will restrict the time spent with some form of disability
and may limit the otherwise inevitable reduction in quality of life. However, before
interventive action - to prevent chronic disease and subsequent disability - can be
advocated with confidence more must be known about the etiology of geriatric diseases,
especially with respect to potentially modifiable risk factors.

The Rotterdam Study focuses on the study of eticlogy by investigating the incidence and
determinants of occurrence of important chronic discases and disability. The investigation
of potentially modifiable risk factors is one of the major objectives of the Rotferdam
Study. The primary target is the improvement in quality of life by reducing morbidity in
the elderly,

The Rotterdam Study is a prospective follow-up study carried out by the Departments of
Epidemiology & Biostatistics and Ophthalmology of Erasmus University Rotterdam
Medical School, the Netherlands. All participants are extensively examined at the time of
enrolment. Three years later every respondent will be re-examined using identical
procedures.*

3.1.2 Research questions

The Rotterdam Study was developed to investigate chronic diseases which occur particu-
larly above the age of 55 years, The research questions were grouped in four disease
categories: neurogeriatric diseases, cardiovascular diseases, ophthalmologic diseases and
conditions of the musculoskeletal system: ostcoporosis and osteoarthritis. The main
research questions of each disease category are:

Neurogeriatric diseases

1. What is the incidence of dementia, specifically Alzheimer's disease, vascular dementia,
mixed dementia and other dementia’s?

2. What are risk factors for the various types of dementia?
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What is the prevalence of Parkinson’s disease among the elderly?

Cardiovascular diseases

1.

B

What are the determinants of the occurrence and progression of atherosclerotic vessel
disease and the development of cardiovascular disease, and what is the role of
disturbances in haemostatic function?

. Is progression of vascular atherosclerotic lesions in asymptomatic efderly patients a

prelude to cardiovascular events?
What is the prevalence and incidence of aneurysms of the abdominal aorta and what
are its determinants?

. Are risk factors for cardiovascular disease, in particular high blood pressure, associa-

ted with cognitive impairment in the elderly and the occurrence of lesions of white
brain matter?

. What is the importance of raised insulin levels in the development of cardiovascular

and cerebrovascular disease, and what are its determinants?

. What arc the determinants of deep venous thrombosis in the elderly, and what is the

role of genetic or acquired changes in haemostatic function?

. Is it possible to develop a risk function for vascular dementia that could be used to

design subsequent intervention studies?

. What is the association between social and economic status, social support and the

development of cardiovascular disease in the elderly?

Musculoskeletal diseases
Osteoporosis

1.

o

=

What is the incidence rate ratio and rate difference for vertebral and hip fractures in
men and women with low versus high initial bone mineral parameters?

. What are the determinants of vertebral and proximal femur fractures?
. What are the determinants of bone mineral density in elderly men and women?
. Is it possible to construct a risk function for vertebral and proximal femur fractures,

which can be used as a guide for intervention?

. What is the association between bone mineral density and vertebral crush fractures and

a history of limb fractures?

. What are the determinants of the rate of bone mineral loss at spinal and proximal

femur sites in elderly men and women?
Is the rate of bone mineral loss at one location (veriebrae) associated with that at

another (proximal femur)?

. What is the clinical significance of discrepancies i the outcome of the different bone

mineral density assessments?
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Osteoarthritis

1. What are the demographic determinants of the occurrence or progression of disability?

2. What proportion of disability is associated with clinical symptoms and physical signs
of joint complaints?

3. What is the contribution of radiographic osteoarthritis to disability?

4. What is the independent contribution of the signs and symptoms of the locomotor
system to disability?

Ophthalmologic diseases

1. What is the prevalence and incidence of age-related macular degeneration (AMD) in
the elderly?

2. What is the prevalence and incidence of glaucoma in the elderly?

3. What percentage of the aged population is visually handicapped or blind, according to
the WHO criteria?

4. Are cardiovascular (atherosclerotic vessel disease, hypertension, abnormalities in lipid
metabelism and hasmatological and coagulation disorders) and biochemical abnorma-
lities or a positive family history associated with simple glaucoma, low-tension
glaucoma or AMD?

5. Is cumulative lifetime light exposure or decreased iris or fundus pigmentation associ-
ated with AMD?

3.1.3 Population

All 3,950 men and 6,325 women aged 55 years and older and living in one district of the
city of Rotterdam on January 1, 1988 were eligible to participate in the Rotrerdam Study.
The Ommoord district of Rotterdam consists of a great number of apartment-buildings, as
well as one-family individual houses in which the majority of the participants live. Apart
from these there are six homes for the elderly in this district, in which 890 females and
224 males reside. People in these homes are supposed to be independent of personal
assistance in basic activities of daily living like eating, getting on and of the toilet and
walking, but the residents are provided with meals, domestic services and are assisted,
when needed, in taking a bath, The inhabitants are generally not bedridden, but nursing
facilities are offered if necessary (table 3.1.3).
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Table 3.1,3, Demographic data for the Ommoord district of Rotterdam by living accommodation.

INDEPENDENTLY LIVING HOMES FOR THE ELDERLY TOTAL

MEN WOMEN MEN WOMEN
Age(yrs) n % n % n % n % n %
55-59 643 173 837 154 0 00 041 1,481 4.4
60-64 779 20.9 982 18.1 1 04 3 03 1,765 17.2
65-69 777 209 960 17.7 8 36 & 07 1,751 17.1
70-74 650 174 956 17.6 8 3.6 21 24 1,635 15.9
15-79 500 134 786 14.5 37 16.5 88 99 1,411 137
80-84 253 6.8 546 10.0 69 30.8 213 23.9 1,081 145
85-89 98 2.6 306 5.6 70 31.3 305 34.3 779 1.6
90 + 26 0.7 62 L1 31 138 253 284 372 3.6
Total 3,726 100 5,435 100 224 100 850 100 10,275 100

Source: Municipal registry of Rotterdam, January 1, 1988,

The Rotterdam Study invited both types of residents to participate. The independently
living participants were invited to visit the research centre, which is located in the Health
Centre of the district. To circumvent low response in the homes for the elderly, measure-
ments were done in the home iself. The study started in 1989 with a pHot-study of 500
male and female participants randomly chosen from the total population of 10,275 people.
After evaluating the results of this pilot-study the main study started in april 1990, A flow
sheet of the Roiterdam Study is given in figure 3.1.3,

3.14 Invitation and inferview
People living in the district were eligible if they were at least 55 year of age or would
reach the age of 55 in the year they were invited. Names, addresses and dates of birth
were provided by the municipal registry. Every month a random sample of approximately
300 people was sent an invitation letter, Apart from a formal invitation to the study, a
leaflet with information on the study was enclosed. People were advised to contact the
research centre or their general physician when they doubted their eligibility. All fifteen
general physicians, practising in the district, gave full cooperation to the study.

One to two weeks after receiving the letter the potential participant was contacted by
telephone. One of nine interviewers infroduced herself and asked if the person was willing
to participate, If so she made an appointment to visit him or her at home.
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Figure 3.1.3 Flow sheet Rofterdam Study

selection from municipal registry
i
invitation letter
{
telephone call by interviewer within one week
)
appointment for home-interview
{
home-interview within two weeks
}
appeintment for first visit to research-centre
¥
first visit to research-centre within lwo weeks
)
appointment for second visit to research-centre
i
second visil to research-centre within two weeks
i
letter with resubts within four weeks

Most interviews were carried out in the four weeks following the invitation letter. A small
minority chose to be interviewed at a later stage; reasons were recent or occurring illness,
being away on holiday, etc.

The interview data were directly entered or a portable personal computer, and were
sent to the main computer of the department on the same day the interview was carried
out in order to be locally processed at the Department of Epidemiology & Biostatistics,

All but a smal! minority of the questions were of a closed format: only a few restricted
answers were possible. At the end of the interview there was a possibility to enter
additional information not asked for in the interview but considered to be important by the
participant,

The interview consisted of eight chapters (table 3.1.4). Firstly demographic variables
were checked and completed. The participants were asked to give written informed
consent to obtain when needed information from their general physician or clinical
specialist. They were offered to send the results of the study to their general physician.
The second chapter of the interview consisted of questions related to difficulties in the
activities of daily living.>®* A more detailed description of these questions will. be
presented in paragraph 3.3,1, To identify cardiovascular disease the interview contained a
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modified Rose-questionnaire.” The questions concerning joint pain and treatment of
possible joint complaints are described in paragraph 3.2.1, One chapter of the interview
was devoted to ophthalmologic disease. The fifth chapter dealt with the medical history,
including detailed information about surgeries and covering most organsystems. Depress-
ive iliness was assessed by means of 5 screening questions. Furthermore, there were
questions about smoking habits, and health care consumption. An extensive list of
questions to determine the social economic status of the participant was also part of the
interview, The interview was completed by a set of observations; the interviewer scored
the possible presence of cognitive impairment, visual or auditive impairment and
depression. Finally, the interviewer assisted the participant to fill in a form with respect
to the family history on cardiovascular, neurogeriatric, locomotor and ophthalmic
diseases.
At the end of the interview an appointment was made for a visit to the research centre.

Table 3.1.4 Chapters of home interview

Chapter Content Chapter Content
0 Demographic data 5a  Surgery
1 ADL and TADL 6 Depressive illness
2 Cardiovascular disease i Health care consumption
3 Joint complaints Smoking
4 Ophthalmic disease 8 Social Economic Status
5 Medical history 9 QObservations

3.1.5 The first visit to the research centre

The first visit to the research centre generally took place within two weeks of the
interview and lasted approximately two hours. All participants underwent the same
measurements.

The participant was asked to collect all urine between the time he/she went to bed the
preceding night and the scheduled visit and bring this together with a self-administered
questionnaire on nutritional habits'® to the research centre,

The examination in the centre started with venous bloodsampling for routine screening.
Glucose tolerance was measured by means of a non-fasting two hour glucose tolerance
test,!! Standing body height and body weight were measured with light indoor clothes and

no shoes.
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Radiological assessments included dorsopalmar X-rays of both hands and wrists,
weightbearing anteroposterior X-rays of both hips and knees and 3 lateral X-rays of the
vertebral column. A measurement of bonedensity of the lumbar vertebrae and right
femoral neck by means of Dual Energy X-ray Absorptiometry (DEXA) completed the
radiographic assessments, More detailed information on the X-rays of the hips and knees
is given in paragraph 3.2.2.

A resting standard 12-lead electrocardiogram was made. An extensive ophthalmologic
examination included measurement of ocular pressure, slit-lamp examination, visual
acuity, assessment of visual fields, examination and photography of the retina. A short
cognitive screening test (Mini Mental State Examination and Geriatric Mental Schedule)
was carried out to allow for restricted referral for more extensive cognitive testing during
the second visit to the research centre!?!?,

At the end of the first visit one of ten studyphysicians collected information concerning
psychiatric history of the participant and his/her first degree family-members. Histories of
transient ischaemic attacks, head trauma and joint compiaints were taken. The current
usage of drugs was checked, A short neurological examination was included to screen for
Parkinson's disease. The carotid arteries as well as the abdominal aorta were checked for
bruits; the distal tibiae were checked for pifting edema and ulcus cruris, Minimal waist
circumference and maximal hip circumference were measured in tenth of centimetres.
Four tests of locomotor disability and a physical examination of the joints completed the
first visit. Detailed information about the joint examination and the disability tests is given
in the paragraphs 3.3.2. and 3.2.3., respectively.

Participants were shown out by a research-assistant, who assessed the outdoor walking
speed and the difficulty by which one flight of steps were taken. More detailed informati-
on on these tests is given in paragraph 3.3.2.

3.1.6 Second visit to the research centre
At the second visit to the research centre, two weeks after the first visit, blood pressure
was measured with a random-zero sphygmomanometer, The presence of peripheral
arterial atherosclerosis was evaluated by measuring the systolic blood pressure level of the
posterior tibial artery at hoth the left and the right side using a 8 Mhz continuous wave
probe and a random-zero sphygmomanometer.

Screening for aneurysms of the abdominal aorta was done by means of a 2-D echo-
graphic measurement of abdominal aorta dimensions. Carotid ultrasonography of both left
and right carotid arteries was performed using a 7.5 Mhz linear array fransducer to
evaluate carotid ariery atherosclerosis. !5
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An extensive cognifive screening test for dementia (Camdex) was carried out by a
studyphysician if the screening at the first visit indicated possible cognitive impair-
ment.'%!” The Hamilton depression rating scale was used to assess depression. '®

The questionnaire on nutritional habits was checked by a nutritional research-assistant,
She also asked some supplementary questions,

Finally, the participant visited a studyphysician; all available study results were
presented to the participant. Whenever the studyresults were indicative of disease which
was not diagnosed before, the participant was advised to contact his/her general phy
sician, Possible questions of the participant were answered and he/she was informed about
the follow-up study, which started in September 1993, The second visit lasted five
quarters of an hour for those who did not receive the extensive cognitive screening and 2
hours for those who did.

Within four weeks of the second visit o the research centre, the participants received a
letter to thank them for their cooperation and to inform them on the abnormal results,
which were discussed at the end of the second visit, The abnormal results, which were
also sent to the gencral physician, concerned glucose tolerance, cholesterol, haemoglobin,
creatinine clearance, ECG-abnormalities, aneurysms of the abdominal aorta, never
reported transient ischemic attacks, peripheral artery disease as assessed by the blood
pressure on the tibial arteries, and cogritive impairment, In case of cognitive impairment
the general physician gave consent to refer the participanf to a neurologist at the Aca-
demic Hospital Dijkzigt of the Erasmus University. In case of aneurysm of the abdominal
aorta automatic referral to a vascular surgeon of the same hospital was realized within
days.

A detailed list of all assessments carried out during the two visits at the research centre
is given in Appendix C.
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3.2 ASCERTAINMENT OF LOCOMOTOR IMPATRMENTS

3.2.1 Symptoms and signs of hip and knee

During the home interview symptoms of the hips and knees were assessed for the first
time. This chapter of the interview started with the question: "Did you have any pain or
other complaints in or around your joints in the past month?" If the answer was affirm-
ative, questions about site, duration and treatment followed. Subsequently the participants
were asked whether they had had pain in their joints during the past 5 years, Again
subsidiary questions followed when the answer was yes. Finally there was a question
concerning pain ever. Appendix D gives the complete questionnaire.

At the first visit to the centre the studyphysician asked the participant about feelings of
muscle-weakness in the legs. Date and frequency of hydrops of the knees in the past five
years and type and frequency of trauma of the knees were registered. The questions about
pain in or around the joints in the past month were repeated. If the painful joints included
the hip or knee, type and frequency of pain were assessed. The participant was asked
whether he/she suffered from pain in the hips or knees when standing up after a pro-
longed period of rest (starting pain), pain at rest, pain while walking a long distance or
climbing stairs (pain on exercise), and whether he/she woke up at night because of joint
pain (night pain). For each type of pain the frequency was assessed in terms of: less then
once a month, more then once a month but not weekly, once a week, more then once a
week but not daily, daily or always, At the end the participant was asked to indicate the
fevel of pain he/she generafly experienced on a horizontal 11-point Box Scale (figure
3.2.10).¢

Figure 3.2.1. 1t-point Box Scale for joint pain during the past month

0 1 2 3 4 5 6 7 8 9 [10

no pain pain maximal

In case of knee complaints the frequency of 'locking’ and ’'giving way’ feelings in the
knee was assessed. If there had been surgery in or around the hips or knees, more
detailed information about the type of operation was collected, Appendix D contains the
complete scoring-form used to assess joint pain,
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3.2.2 Radiological osteoarthritis of the hip and knee

Weightbearing anteroposterior pelvic radiographs with both feet in 10° endorotation were
obtained at 70 KV, a focus of 1.8, and a focus-film distance of 120 cm, applying a Fuji
High Resolution G 35 x 43 cm film. Correspondingly weightbearing knee films were
made with the patellae in central position. For practical reasons the participant did not
undress. Only a minority of the pelvic radiographs could not be evaluated due to
underexposure {abdominal obesity).

Radiographic osteoarthritis (RQOA) was assessed by means of the Kellgren-grading
system in 5 grades (0 - 4}, (table 3.2.2.1). Grade 1 denotes doubtful osteoarthritis and
grades 2 to 4 are definite osteoarthritis with increasing severity. The scoring system is
roughly the same for all joints, but small differences exist. In the hips the mere existence
of osteophytes without joint space narrowing was considered doubtful ROA (grade 1). Hip
ROA grade 2 is defined as the presence of definite osteophytes and definite joint space
narrowing. The knees were classified grade two if definite osteophytes were present and
there was possible joint space narrowing.

Table 3.2.2.1. Kellgren radiologic grading system’

Grade Description
HIP
0 No osteoarihritis
1 DPoubtful possible narrowing of joint space medially and possible osteophytes around femoral
head; or osteophytes alone
Mild definite narrowing of joint space inferiorly, definite osteophytes and slight scierosis

3 Moderate  marked narrowing of joint space, definite osteophytes, some sclerosis and cyst
formation and deformity of femoral head and acetabulum
4 Severe gross loss of joint space with sclerosis and cysts, marked deformity of femoral head
and acetabulum and large osteophytes
KNEE
0 No osteoarthritis
Doubtfut doubtful narrowing of joint space or possible osteophytic lipping
Mild definite osteophytes and possible narrowing of joint space
Moderate  multiple osteophytes, definite narrowing of joint space and some sclerosis and
possible deformity of bone ends
4 Severe large osteophytes, marked narrowing of joint space, severe sclerosis and definite
deformity of bone ends

[P R

All features are scored left and right separately
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Apart from the overall Kellgren-grades, scparate scores were given {o osteophytes, joint
space narrowing, sclerosis, cysts and chondrocalcinosis, The pelvis was checked for
abnormalities, obliquity and scoliosis of the lumbar vertebral column (table 3.2.2,2).

Table 3.2,2.2, Radiographic assessments

Feature Score Feature Score
HIP KNEE

Kellgren-score grade 0 - 4 Ketlgren-score grade 0 - 4

Osteophytes nofyes Osteophyles: femur: medial/laterat  grade 0 - 3
tibia: medial/lateral grade 0 -3

Joint space marrowing grade 0 - 3 Joint space medial/laterat mm

Sclerosis nefyes Sclerosis tibia medial/lateral no/yes

Cysts: acetabulum/femur nofyes Cysts tibia medial/lateral nefyes

Chondrocalcinosis grade 0 - 3 Chondrocaleinosis medial/lateral grade 0 -3

Fractures Rofyes Fractures nefyes

Hip arthroplasty no/yes Knee arthroplasty noftotal/medialflateral

Hip fusion rofyes Knee fusion nofyes

Porosis no/fyes Porosis nofyes

PELVIS AND LUMBAL VERTEBRAE

Sacroiliitis grade 0 - 3
M Paget nofyes
Dysplasia no/yes
Scoliosis right no/yes
left no/yes
Pelvic obliquity no/right/left higher

All features are scored lefi and right separately

The radiographs were scored by two independent observers (Odding and Valkenburg),
who were blinded to all data of the participant, There was no indication of sex or age on
the X-rays. After each set of 150 radiographs the scores of the two readers were
evaluated, Whenever the Kellgren-score differed more than 1, or was O or 1 for one
reader and 2 or more for the other, the two readers met to read the X-ray together to
reach consensus. The final score for the film, was either the consensus-score or the
highest score of the two readers. A subject was considered to have ROA of the hips if the
Kellgren-score of one or both joints was larger than or equal to 2. Likewise ROA of the
knees was defined as Kellgren-score = 2 of one or both joints. Severe ROA was defined
as Kellgren-score = 3,
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3.2.3 Physical examination of the lower limbs

At the research centre the joints were examined by one of the studyphysicians (table
3.2.3). In supine position internal and external rotation of the hips, flexion of the hips and
knees, and the ligamental apparatus of the knees were tested. Restriction in range of
motion (ROM) was expressed in five grades, in which 0 means no restriction, 1 =
doubtful, 2 = mild restriction (less than 20% of the normal range of motion), 3 =
moderate restriction (20-60% restriction), 4 = severe restriction (more than 60%
restriction). The reason for this is twofold. Firstly accurate measurement of range of
motion by means of a goniometer is subject to a considerable inter-observer error and
secondly in large scale epidemiological studies of essentially normal people a fmited
amount of time is available for each of the assessments and measurements. From earlier
studies we knew that by grading ROM in rather broad categories inter-observer variation
could be minimized and reproducibility was enhanced. For practical purposes ten
physicians participated off and on in the Rotterdam Study, and they could not be kept
completely standardized over the three years time period the survey lasted. However,
much effort was put in instruction and training the physicians who for purposes of
physical examination were all initially coached and standardized by an experienced
orthopaedic surgeon. If the maximal range of motion caused pain, this was also noted.

The cruciate and collateral ligaments of the knees were tested for instability. In case of
a positive anterior drawer test, special attention was given to feft and right comparison,
The same procedure was followed with a positive lateral or medial stress test.

While sitting on the couch with the legs over the edge the participant was asked to put
the lateral ankle of one leg on top of the knee of the opposite leg, which rested on the
couch. The standard for a normat test was the healthy adult, i.e. the thigh of the upper
leg in a horizontal position. Again restrictions in motion were scored as percentages
abnormality. With the participant standing upright, barefoot and without {rousers or dress,
valgus- and varus-deformity was assessed. The physicians were instructed to draw an
imaginary line down from midway the groin through the centre of the patefla towards the
floor; if the medial maileolus was lateral of this line the participant was classified as
having a valgus-deformity (knock-knee); if the lateral malleolus was medial of the line the
knee was considered to be in a varus-position {bow-leg). Pelvic obliquity, regardless of its
cause, was tested by placing the thumps on the spinae iliacae anteriores superiores and
deciding whether the line between the thumps was in a horizontal plane. This is by no
means considered to prove a difference in length of the legs, but a rather crude way to
assess possible problems with stature. As a proxy for muscle strength and balance the
participant was asked to squat and rise again. This is also a test for hip and knee function,
Appendix D presents the complete scoring form.
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Table 3.2,3, Physical examination

Measurements

Score

HIP
Endo- and Exorotation
Flexion

BExtension
Foot-on-knee-test

KNEE
Flexion

Extension
Collateral/Cruciate
ligaments
Valgus/Varus-deformity

LOWER LIMB
Pelvic obliquity
Muscle sirength
Other

normal, doubtful, <20%, 20-60%, >60% restriction

pain on maximal range of motion

normal, restricled

normal (= flexed upper leg in horizontal plane), doubtful, <20%, 20-60%,
>60% restriciion, not possible.

pain on maximal range of motion

normal, doubtful, <20%, 20-60%, >60% restriction
pain on maximal range of motion

normal, restricted

normal, instable
left = right, left > right, right > left

no, valgus, varus

no, right higher, left higher

normal, diminished

hydrops kaee, posterior instability, paralysis, amputation, Heberden’s
nodules, rheumatoid arthritis
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3.3 ASCERTAINMENT OF LOCOMOTOR DISABILITY

3.3.1 Questionnaire

During the home interview disability was assessed by means of the Disability Index of the
Stanford Health Assessment Questionnaire (HAQ).!? The properties of this questionnaire
are described extensively in paragraph 2.2.4. The HAQ covers the full range of disabil-
ities in spine, upper and lower limb functions. It is composed of twentyfour questions in
eight categories; nine questions are concerned with activities of the upper limbs, six with
lower limb activities and nine with complex activities (table 3.3.1).>7

Table 3.3.1. Stanford Health Assessment Questionnaire (HAQ) 2,

Are you able to:

Dressing and grooming Fating
get your clothes out of closet and drawers? cut your meat?
dress yourself including handling of closures? lift a full cup to your mowth?(*)
shampoo your hair?(*) open a new milk carton?(¥)
Rising Walking
stand up from an armless straight chair?(#) walk outdoors on flat ground?(#}
get in and out of bed?(#) climb up stairs?(#)
Reach Grip
comb your hair?(*) open car doors?(*)
reach and get down 1 kg bag of sugar which use pen or pencil?(*)
is just above your head?(*} open jars which have been previously
bend down and pick up clething from floor?(#) opened?(*)
Hygiene Activity
wash and dry your entire body? run errands and shop?
use the bathtub or take a shower? get in and out of a car? (#)
turn taps on and off? (*) use public transpori? (Dutch HAQ)
get on and off the toilet? do chores like vacuuming/gardening?

(h Questions used for the Locomotor Disability Index (LDI)
(*)  Questions used for the Upper Limb Disability Index (ULDI)

Scores:
Question: 0 = without difficulty [ = with litle difficuity

2 = with much difficulty 3 = unable to do without help
Component: highest score for any question within a component
Disability Index: mean of component scores

Locomotor Disability Index;  mean of question scores on Jower limb functions (#)
Upper Limb Disability Index: mean of question scores on upper limb functions (*}

Appendix D for definitions of score 0 - 3
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All questions start with: "Are you able to", followed by the specific activity. Answers are
restricted to four alternatives: with no difficuity, with little difficulty, with much difficulty
or not able to do without personal assistance. The interviewers were instructed not to
interpret activities, but to register the answers as given by the participants. If, for
example, the participant said to have no difficulty in walking, but the interviewer did
notice some difficulty, the answer of the participant was entered. At the end of the
interview the interviewer could indicate her doubts with respect to the answers, Al
interviewers were standardized on a regular basis using written scoring instructions. The
scoring instructions for lower limb activities of the HAQ are presented in Appendix D.

The score on a question ranges from zero to three and the score for a component is
defined as the highest score on a question within that component. The Disability Index
(DI) was calculated as proposed by the authors of the HAQ; it is the mean of the eight
component scores. The Locomotor Bisability Index (LDI} was defined by us as the mean
of the scores on the six questions related to activities of the lower limbs, Likewise an
Upper Limb Disability Index (ULDI) was calculated as the mean of the nine questions
about upper limb function. Moderate disability was defined as a score larger than zero on
a single question or a component or a score larger than (.50 on the indices. The rationale
for this cutoff is that it indicates at least some difficulty in the particular activity or
component and in four out of the eight components which constitute the DI. Moderate
disability is present whenever there is at least some difficulty with three out of six
functions in the LDI and five out of nine functions in the ULDI. Severe disability was
defined as a score larger than 1 on the questions and components and larger than 1.00 on
the indices.

3.3.2 Tests of Locomotor Disability
At the research centre disability was assessed by the studyphysician who judged the
amount of difficulty in four lower limb activities, The participant was asked to sit down
on and stand up from a high armless chair (sitting hight: 45 em). While standing the
physician put down a paper towel on the floor and the participant was asked to pick it up.
Next the participant was told to sit down on a low chair with arm-rests (sitting hight: 37
cm, arm rests at 58 cm), and asked to touch with the left hand the right toes and vice
versa and finally to stand up from the chair without using the arm-rests. The scores on
these activities are identical to the HAQ-scores in the interview: ranging from 0 to 3, All
participating physicians were extensively instructed on assessment and scoring methods;
standardization procedures were carried out regularly,

At the end of the first visit to the research centre the participant was shown out by one
of the researchassistants, They took a flight of stairs of which the steps were 19 cm high,
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First the participant was asked to step on as high a step as possible, using the handrail
when needed. Next the researchassistant walked up and down the 8 steps with the
participant and assessed the amount of difficulty this caused. Again the same scoring-
system (from O for no difficulty to 3 for unable to do} was used. Finally the 30-metres-
comfortable-walking-speed was assessed outdoors. The research-assistant walked with the
pariicipant and assessed with a stopwatch in tenth of seconds the time needed to walk this
distance, When possible the participant was asked to walk the same distance again, but
now as fast as he/she could. All possible walking-aids (including the arm of the research-
assistant) were registered. Appendix D presents the scoring forms of the disability-tests.
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3.4 PARTICIPATION IN THE ROTTERDAM STUDY

3.4.1.  Response rates

In total 3,950 men and 6,325 women were invited to participate during the period
between September 1989 and July 1993, Of these, 3,726 men and 5,435 women lived
independently and 224 men and 890 women resided in the six homes for the elderly in the
study-district, Of the eligible persons 807 men (21.7%) and 1,268 women (23.3%) living
independently and 38 men (17.0%) and 179 women (20,1%) living in homes for the
elderly refused to participate. Consequently of the independently living persons 2,919
men (78.4%) and 4,167 women (76.7%) took part in the study. Of the residents of the
homes for the elderly 186 men (83.0%) and 711 women (79.9%) participated in the first
phase of the study (lable 3.4.1).

‘Fable 3.4,1. Response (¥} at interview by living-accommodation

INDEPENDENTLY LIVING LIVING IN HOMES FOR THE ELDERLY

MEN WOMEN MEN WOMEN
Age(yrs) I % n % n % I %
55-59 513 79.8 717 85.7 - - 1100
60-64 648 83.2 835 85.0 1 100 3100
65-69 647 833 759 79.0 7 81.5 6 100
70-14 515 79.2 751 78.6 6 75.0 15 71.4
75-79 360 72,0 572 72.8 28 75.7 72 81.8
80-84 172 68.0 341 62.5 57 828 177 831
85-90 51 52.0 159 52.0 61 87.1 244 80.0
90 + 13 50.0 33 532 26 839 193 76.3
Total 2,919 784 4,167 76.7 186 83.0 711 799

(*): with percentage (%) of etigible people

Response at the interview was better for women in the youngest age-groups and for men
between the ages of 60 and 70 years. A possible explanation for the lower response of the
youngest men is that they are more often employed outside the house and couid not find
time to be interviewed. Response decreased substantially above the age of 84 years, The
main reason for not responding to our invitation in this age-group was serious illness or
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*having had too many medical examinations in the recent past’.

The response to the interview in the homes for the elderly was remarkably good. This
could have been the result of the better social contact between the residents of these
homes, as opposed to the contact between the independently living people. This was
substantiated by the better response of the independently living people residing in an
apartment-building compared to that of those living in one-family houses, This emphasi-
zes the effect of mouth to mouth information. Another important determinant of the high
response-rates in the homes for the elderly was the active policy of the managing staff
and auxiliary personnel to encourage the inhabitants to take part in the study,

Of the interviewed participants 2,702 men (92.6%) and 3,792 women (91.0%) visited the
research centre and 151 men (81.2%) and 484 women (68.1%) were examined in their
home for the elderly (table 3.4.2).

Table 3.4,2, Response (*) at research-centre by Hving accommodation

INDEPENDENTLY LIVING LIVING IN HOMES FOR THE ELDERLY

MEN WOMEN MEN WOMEN
Agelyrs) n % n % n % n %
55-59 488 95.1 684 95.4 - - 1 100
60-64 622 90.0 799 95.7 1 100 2 66.7
65-69 611 944 716 94.3 7 100 5 833
70-74 475 9.2 682 90.8 5 833 15 100
75-79 327 90.8 507 88.6 21 75.0 51 T70.8
80-84 135 785 282 827 52 91.2 29 729
85-90 36 70.6 105 66.0 46 154 169 09.3
90 4+ 8 615 17 51.5 19 73.1 12 58,0
Total 2,702 92,6 3,792 91.0 151 81.2 484 68.t

(*): with percentage (%) of interviewed participants

As was expected the response to the invitation to visit the research centre was good,
once the person agreed to take part in the interview. Again non-response was mainly due
to serious iilness.
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3.4.2.  Sirategies to diminish non-response

As in all epidemiologic population surveys we realized that a high response-rate would be
important, in particular for the prevalence phase of the study. Although the design of the
Rotterdam Study primarily was based on research-questions related to incidence and risk
factors of disease and disability and hence was meant as a prospective follow-up study,
reliable prevalence-data of the cross-sectional first phase of the study were considered to
be indispensable as there were no valid estimates on the prevalence of, for instance,
Alzheimer's disease or disability in the Dutch general population of 55 years and over, In
order to avoid unnecessary non-response, several strategies were followed.

Training

First of all the inferviewers were {rained and standardized on a regular basis. Methods to
address potential participants were introduced fo them by experienced researchers. They
learned to cope with negative responses and to anticipate on common questions.

Information

The 15 general physicians of the district were already informed at the development phase
of the study. They all gave fuli cooperation to the study, and encouraged their patients to
participate in the study. Meetings between the physicians and the management team of the
Rotterdam Study were organized on a regular basis.

Some of the apartment-buildings in the study district were specially designed for elderly
people. These houses offered the possibility to organize introductory meetings in the first
days after the formal letters of invitation for the study came in. During these meetings the
study coordinator informed the potential participants of the study. For these occasions a
special slide-show was developed.

As was stated before all inhabitants of the homes for the elderly were visited at their
homes, not only for the interview, but for the medical examinations as well, The study
was extensively discussed with the managing directors and nursing staff who cooperated
fully, Furthermore at each floor of the home, which occupied between 20 to 30 inbabi-
tants, an introductory meeting was assembled by the study coordinator.,

Service
Our interviewers offered people the possibility to be interviewed in the evening, This
would enable persons still employed outside the house to take part in the study without
having to take a morning or afternoon off.

Furthermore the elderly could use a district-bus to travel free of charge whenever they
were not able (o come to the research centre under their own power.
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Potential participants who refused to participate when addressed the first time, were
again contacted after one year, in case they might have changed their mind.

Publicity
At the beginning of the survey the local television and radio broadcasting companies

payed artention to the study. The research centre was formally opened by the Dutch
Queen-mother, Princes Juliana. Whenever appropriate, publicity was actively sought.
Atticles about the study were published in the local newspapers as well as in the informa-
tion leaflet of the districts Heaith Centre.

Results of the strategies to diminish non-response
The effect of the information meetings was large, Among the independently living people
in the apartment-buildings for the elderly the response was higher than among the people,
in the corresponding age-groups, living elsewhere. This effect is undoubtedly also present
in the homes for the elderly, although their inhabitants were, as was stated in paragraph
3.4.1 even more encouraged to participate than the independently living people.

The services of the district-bus were put to a good use. This enabled particularly the
disabled and eldest participants to visit the centre.

The response to the reminder one year later was 25%.

Nevertheless 22% of the eligible people refused to participate. About 5% of the total
eligible population refused without reason ("not interested"), but the majority of refusals
were because of iliness.
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4.1 PREVALENCE ESTIMATES OF DISABILITY

ABSTRACT

The Rotterdam Study is a prospective follow-up study on the occurrence and risk factors
of chrenic disease and disability in a Dutch general population of 55 years and over. The
prevatence of disability in 1819 men and 2817 women living independently and 82 male
and 315 female resicents of homes for the elderly was assessed by the Disability Index
(DI) of the Health Assessment Questionnaire (HAQ). For the independently living
participants overall disability was 21.9% for men and 36.0% for women; the prevalence
of locomotor disability (LL.D) was 21.9% for men and 34,8% for women; prevalence of
upper limb disability (ULD) was 4.1% in men and 10.6% in women. The corresponding
percentages for people living in homes for the elderly are DI: 84.0% in men, 96.5% in
women; LLD: 81.5% in men and 91.1% in women; ULD: 45.7% in men and 75.9% in
women. Locomotor disability was associated with female sex, increasing age, living in a
nursing home, low education and fow income,

INTRODUCTION

Since in the developed countries the elderly form an increasing proportion of the
population, the ever-swelling numbers of people suffering from chronic disease and
concomitant disability are a major problem to the health service system and a financial
constraint to the society '*. To enhance the knowledge on possible intervention strategies
the Rofterdam Study was designed to investigate occurrence and risk factors of chronic
disease and disability in the elderly®,

The Rotterdam Study offers the possibility to investigate locomotor disability, as defined
by the International Classification of Impairments, Disabilities, and Handicaps (ICIDH),
in the general population aged 55 years and over. According to the ICIDH locomotor
disability is any restriction or lack of ability to perform an activity, in this case related to
fower limb function, in the manner or within the range considered normal for a human
being, The ICIDH can be considered the theoretical framework for the development of
instruments to measure disability, The most widely used instrument to assess locomotor
disability (in a general population) is the Stanford Health Assessment Questionnaire
HAQ®.

In the study presented here the HAQ was inventoried by interview in over 5,000 people
seen in the Rofterdam Study. Estimates of the prevalence of disability as measured by the
eight components of the FIAQ are presented, as well as the prevalences of overall
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disability in upper and in lower limb function, Differences in prevalence according to
living accommodation (living independently or in a home for the elderly}, marital status,
living situation (alone or not alone), educational level and net income were assessed.

POPULATION AND METHODS

Population

The Rotterdam Study is a prospective follow-up study of the incidence and risk factors of
chronic neurological, cardiovascular, ophthalmologic and locomotor disease, in persons
aged 55 years and over in the general population, The source population of the study is
defined by all residents aged 55 years and over of the Ommoord district of Rotterdam on
January I, 1988. Eligible subjects lived either independently or in one of the six homes
for the elderly.® The study population comprised 10,275 people who were invited to
participate in the study between April 1990 and July 1993.

The present study is concerned with those participants who were examined between
April 1990 and July 1992, Of the people living independently 2,247 men and 3,433
women were invited and 1,830 men (81.4%) and 2,834 women (82.6%) took part in the
study. Because of incomplete interview-data, 11 men and 17 women had to be excluded
from the analysis. Complete data were therefore available of 1,819 men (81.0%) and
2,817 women (82.1%).

Of the six homes for the eiderly three were part of the present study. Of the 151 male
and 648 female residents, 107 men (70.9%) and 421 women (65,0%) participated. Of this
subgroup, data were not complete for 25 men and 106 women; the analysis was therefore
restricted to 82 male (54.3%) and 315 female (48.6%) residents.

Methods

The Rotterdam Study investigates various aspects of disability. In the present analysis the
prevalence of locomotor disability is estimated. Locomotor disabitity is defined according
to the International Classification of Impairments, Disabilities, and Handicaps (ICIDH)
and composed of the relevant items from the ambulation subcategory, i.e. walking,
climbing stairs, getting in and out of bed and a car, bending, and rising from a chair.’

To assess disability the Stanford Health Assessment Questionnaire (HAQ) was used,
The HAQ was part of an one-hour home interview carried out by one of nine intensively
trained interview-assistants, The HAQ measures disability in eight components (dressing
and grooming, rising, reach, hygiene, eating, walking, grip and activity), each of which
consists of two to four questions starting with: "Are you able to ...". Each question is

answered by one of four possible answers with score 0 = without difficulty, 1 = with
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difficulty, 2 = with much difficulty, and 3 = unable to do. Special attention was paid to
standardization of the scoring-system of the HAQ. The interviewers were instructed (o
score the answers given by the participant and not their own assessment of the partici-
pants ability to carry out the various tasks. The highest score on any question within a
component constitutes the score for that component.*?

The Disability Index (DI) was calcufated by adding the component-scores and dividing
the sum by the total number of components answered. Apart from the overall disability
index, the prevalence of disability in the various components and separate questions was
assessed. The Locomotor Disability Index (LDI) was constructed from the six guestions
most related to fower limb function, Likewise the Upper Limb Disability Index (ULDE
consisted of the nine questions about upper limb function.

The cutoff for moderate disabitity was 1 for the individual questions and 0.50 for the
DI, LDI and ULDL. The rationale of these cutoff-points is as follows: a score of at least 1
on one question indicates at least some difficulty in that activity; a score of at least 1 on a
component indicates at least some difficuity in at least one of the activities of the
component. A score of 0.50 on the DI indicates at least some difficulties in four out of
eight components. A score of 0.50 on the LDI refers to at least some difficulties in three
out of six functions, for the ULDI there are difficulties in at least five out of nine
functions. The cutoff for severe disability was 2 for the individual guestions, and 1.00 for
the DI, LDI and ULDI.

Data analysis

We first estimated the prevalence of disability in the eight components of the HAQ and of
the separate questions refating to upper and lower limb function, Next the overall
disability index (D1}, the locomotor disability index (L.DI) and the upper limb disability
index (ULDI) were assessed. As the overall disability index was largely determined by
the LDI and the prevalence of upper limb disability was low we restricted our further
analyses to the lower limb functions.

For the varions measures of disability the distribution according to several demographic
characteristics was studied. Education was assessed at seven levels and subsequently
categorized in three levels (i.e. primary education (10 years of schooling or less),
secondary education (11 - 15 years of schooling) and college/university education (16
years of schooling or more), Income was initially categorized in thirtcen levels of net
annual income and subsequently analyzed according to an income below or above the
median. Income could not be accurately assessed in the homes for the elderly, because the
residents did not always know their income, as it is based on a combination of private
income and social security. Marital status was classified in four groups: married,
widowed, divorced or unmarried (i.e never married). Living sifuation was assessed in
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five categories and subsequently reduced to two groups: living alone or not alone,

The data were analyzed for men and women separately. Prevalence was estimated in
ten-years age categories. Separate analyses were done for independently living people and
those fiving in homes for the elderly.

To assess the significance of the differences in disability between subgroups of the
population age-adjusted Mantel Haenszel x? statistics were calculated, Although demo-
graphic variables can not be considered to be risk factors of disability in the literaily
sense of the word for reasons of presentation we calculated age-adjusted prevalence odds
ratios for locomotor disability of the variows demographic variables using a muliiple
logistic regression model.

RESULTS

Demographic data

Some baseling characteristics of the participants of the Rotferdam Study are given in (able
4,11, Of all participants 62.2% were female, The mean age for men was lower than for
women {69.5 and 71.4 years respectively). Relatively more women lived in homes for the
elderly (10.1% versus 4.3% of the male participants) and of the participants living in
homes for the elderly 79.3% were women, More detailed demographic data are presented
in table 4.1.2, Of the independently living participants most men (83.8%) shared their
house with someone (i.e. partner or child)., Significantly more women lived alone
(43.4%). Most men were married (78.5%), but only 43.3% of the women. Of all male
participants 59.4% had at least secondary school as did 39.8% of the females. The
median net annual income was higher for men than for women.

Table 4.1.1, Some baseline characteristics of the participants of the Rotterdam Study

Men Women
Number 1901 {37.8%) 3132 (62.2%)
Age
range 350 - %46yr 550 - 9%.2yr
mean age 69.5 (& 0.2y yr T4 (£ 02)yr
Living accommodation
independent 1819 {95.7%) 2817 (89.9%)

homes for the elderly 82 (4.3%) 315 (10.1%)
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Table 4.1,2, Demographic data of the participants of the Rogterdam Siudy

INDEPENDENTLY LIVING LIVING IN HOMES FOR THE ELDERLY
Men Women Men Women

Number 819 (39.2%) 2817 (60.8%) 82 (20.7%) 315 (79.3%)
Age

range 550 - 943yr 550 - 95.6yr 65.7 -94.6yr 60.0 -99.2 yr

mean age 08.9 (+ 0.2yyr 697 (£ 0.2) yr 83.2(+ 0.7} yr 86,3 03)yr
Marital status

married 1466 (80.6%) 1341 47.6%) 26 (31.7%) 19 (6.0%)

widowed 202 (11.1%) 1018 (36.1%) 43 (52.4%) 236 (74.9%)

divorced 89 (4.9%) 205 (7.3%) 7 (8.5%) 13 (4.1%)

unmarried 62 (3.4%) 253 (9.0%) 6 (7.3%) 47 (14.9%)
Living situation

alone 236 (16.2%) 1215 (43.4%) n.a. n.a.

not alone 1571 (83.8%) 1586 (56.6%) n.a. n.a.

missing 12 6 n.a. n.a.
Educational level

primary 700 (39.9%) 1586 (58.5%) 39 {60.0%) 211 (77.9%)

secondary 877 (49.9%) 1002 (36.9%) 20 (30.8%) 49 (18.1%)

college/university 179 (10.2%) 125 (4.6%) 6 (9.2%) 11 (4.0%)

missing 63 104 17 44
Income (*)

median 16,092.44 12,620.84 .. n.a.

(*) net annual income in US $
n.a. = not applicable (see text)

Independently living people

The prevalence of moderate and severe disability for the cight components of the HAQ
in independently living people is given in tables 4.1,3.a for men and 4.1.3.b. for women.
For the different components total moderate disability varied from 7.5% to 37.7% in men
and from 16.6% to 48.8% in women. Severe disability occurred in 3.2% to 20.6% in
men and in 7.1% to 21.7% in women. The most affected components involved the lower
limb functions (walking and (outdoor) activities): they were two to five times as often
affected as upper limb functions (grip and eating), In both men and women moderate
disability rose steeply with age in all components, and except for cating reached figures
of well over 50% in women 85 years and older and over 45% in men of the correspon-
ding age.



Table 4.1.3.a. Prevalence(%) of moderate and severe disability(*) in the components and the disability indices of the HAQ in independently living men
by age.

Age group (yeass) 5564 65-74 75-84 85 4 Total
Number 635 756 385 43 1819
% % % % % % % % % (95% CI) % (95% CD)
m s m s m s m s m $
Components
Grip 25 06 7.3 28 117 5.7 465 279 7.5 (6.3- 8.7) 32 (24- 4.0
Eating 36 1.7 7.3 3.7 148 7.0 326 163 82 (6.9- 9.5 4.0 (3.1- 49
Hygiene 31 11 8.7 3.0 145 7.8 55.8 30.2 9.1 (8.4- 9.8 4.0 (3.1- 49
Dressing 65 20 12.3 4.8 153 6.5 465 233 11.7 (10.2- 13.2) 4.6 (3.6- 5.6)
Reach 146 54 17.3 6.6 27.8 11.7 55.8 419 19.5 {17.7-21.3) 8.1 (6.8- 9.4
Rising 140 2.0 258 42 387 88 62.8 279 25.3 (23.3-27.3) 5.0 @.0- 6.0)
Walking 14.8 35 30.6 82 483 17.1 86.0 58.1 30.2 (28.1-32.3) 9.6 (8.2-1L.0)
Activities 257 156 36.0 13.0 553 283 86.0 69.8 37.7 (35.5-39.9) 20.6 (18.7-22.5)
Indices
DI 11.2 3.8 20.0 7.3 36.9 15.3 79.1 55.8 21.9 (20.0- 23.8) 8.9 (7.6-10.2)
LDI 10.1 3.9 21.0 7.1 37.1 179 744 581 21.9 (20.0- 23.8) 9.5 (8.2-10.8)
ULDI 1.3 05 4.0 2.0 57 29 32.6 186 4.1 (32- 50) 2.0 (14 2.6
DI = Disability Index (*) m = moderate disability: score component: = 1:; index: = 0.50
LDI = Locomotor Disability Index s = severe disability: score component: = 2; index: = 1.00

ULDI = Upper Limb Disability Index

78
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Table 4.1.3.b. Prevalence(%) of moderate and severe disability(*} in the components and the disability indices of the HAQ in independently living
wormen by age.

EaLE i Er

Age group (years) 55-64 65-74 75-84 3+ Total
Number 947 1083 665 122 2817
% % % % % % % % % (95% CI) % (95% CI)
m 5 m s m $ m s m s
Compontents
Grip 88 26 13.6 6.0 262 147 53.3 33.6 16.6 (15.2- 18.0) 8.1 (7.i- 8.1
Eating 126 4.1 167 76 24 9.8 385 123 17.6 (16.2- 19.0) 7.1 (6.2- 8.0)
Hygiene 96 29 17.0 6.0 289 108 54.1 328 189 (17.5-20.3) 75 (6.5- 8.35)
Dressing 119 3.0 21.4 8.6 34.7 17.7 64.8 434 233 (21.7-24.9) 10.4 (9.3-11.5)
Reach 20 71 312 117 483 22.1 68.0 393 33.7 (32.0- 35.4) 13.8 (12.5- 15.1)
Rising 229 25 36.7 6.7 532 134 721 287 374 (356-39.2) 7.8 (6.8- 8.8
Walking 204 538 474  14.1 66.3 295 88.5 574 47.6 (45.8-49.4) 16.8 (15.4- 18.2)
Activities 304 8.3 46.1 18.1 71.1 374 934 713 48.8 (47.0- 50.6) 21.7 (20.2- 23.2)
Indices
DI 17.7 6.0 334 146 56.8 32.0- 86.9 358.2 36.0 (34.2- 37.8) 17.7 (16.3- 19.1)
LDI 173 6.5 334 154 53.7 31.0 79.5 574 34.8 (33.0- 36.6) 17.9 (16.5- 19.3)
UIDI 39 1.9 8.8 34 174 6.9 426 213 10.6 (9.5- 11.7) 4.5 (3.7- 5.3)
DI = Digability Index (*) m = moderate disability: score component: = 1; index: = 0.50
LDI = Locomotor Disability Index s = severe disabilizy: score component: = 2; index: = 1.00

ULDI = Upper Limb Disability Index

t8
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The prevalence of disability as expressed by the DI, derived from the 8 components of
the HAQ, is also presented in table 4.1.3 together with the Locomotor Disability Index
(LDI) and the Upper Limb Disability Index (ULDI). Although the DI was developed to
describe "overall’ disability as computed from difficulties in the back, the lower and the
upper iimb functions in about equal amount, disability in the elderly general population is
almost completely explained by locomotor disability. The prevalence of upper limb
disability as expressed by the ULDI is three to five times lower than the LDI,

Tocomotor disability was associated with below median anmual income in both men and
women (p = 0.0008 and p = 0.0312 respectively). Men with only primary education
were significantly more disabled than men with secondary education (p = 0.0014).
Women who were widowed were almost significantly more disabled than married women
(p = 0.0532). Living alone was not associated with disability (men: p = 0.7455, women:
p = 0.2413).

The age-adjusted odds ratios for LLD of demographic variables, presented in table
4.1.4, illustrate the differences in the prevalence of LLD in another way. In men and
wornen the odds for disability rose with age and decreased with increasing net annual
income. Men with only primary education were significantly more often disabled than
men with at least secondary education. Neither marital status nor living alone were
significantly associated with LLD,

Table 4.1.4. Age-adjusted odds ratios (OR) and 95% confidence intervals (between brackets) for moderate
locomotor disability of demographic variables in independently lving men and women.

Men Women
OR (95% CI) OR {(95% CI}

Age (continuous) 1.11 (1.10- 1.12) 1.10 (1.09. 1.12)
Marital Status

Married 1.0 1.0

Widowed 0.9 0.6- 1.2) 1.1 0.9- 1.4)

Divorced 0.8 04- 1.5) 1.3 0.9- 1.8)

Unmarried 1.2 ©.6- 2.2) 1.0 0.7- 1L.3)
Educational level

Primary 1.5 {1.2- 1.9 1.1 ©s LY

Secondary 1.0 1.0

High 1.1 0.7- 1D 0.8 0.5- 1.2
Living alone 1.0 0.7- L5 1.0 0.9- 1.3
Income

< median 2.0 (1.5- 2.7y 1.2 (1.0- L.5)

continuous 0.90  (0.86- 0.95) 0.96  (0.93. 0.99)




Prevalence 85

People in homes for the elderly
As the number of people living in homes for the elderly was small (82 men and 315

wommen) the results of the prevalence estimates are presented for the total group only
(table 4.1.5.).

Table 4.1.5. Prevalence(%) of moderate and severe disabifity(*) in the components and the disability
indices of the HAQ in men and women living in homes for the elderty.

Men Women
Number 82 315
% % % %
m s m 5
Componeils
Grip 58.0 42.0 73.7 59.0
Eating 44.4 24.7 54.1 30.6
Hygtene 69.1 53.1 85.1 74.0
Dressing 64.2 34.6 86.0 80.6
Reach 66.7 40.7 82.5 59.0
Rising 75.3 35.8 84.4 53.0
Walking 84.0 65.4 91.3 77.2
Activities 95.1 827 99.7 95.2
Indices
DI 84.0 70.4 96.5 90.5
LD 81.5 61.7 91.1 78.1
ULDi 45.7 27.2 75.9 51.1
Pl = Disability Index (*) m = moderale disability: score component: = 1; index: = 0.50
LDI = Locomotor Disability Index s = severe disability; score component: = 2; index: = 1.00

ULDI = Upper Limb Disability Index

For both sexes the age standardized prevalence of disability was significantly higher
among people living in homes for the elderly compared fo independently living people
(for men: Mantel Haenszel y* = 34.90, p < 0.000; for women Mantel Haenszel x* =
64.03, p < 0.000), Lower educational level was not significantly associated with LD

(p = 0.07 in men and 0,55 in women), but widowed men were more disabled than
martied men (p = 0.05). Net annual income could not be analyzed (see methods).
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Table 4.1.6, presents the age-adjusted odds ratios for LED of demographic variables in
these homes. In men only being widowed was significantly associated with disability. In
women the only significant predictor of LLD was age. Living in a home for the elderly as
opposed to living independently was strongly associated with LLID; the age-adjusted odds
ratios were 5.0 (95% CI: 2.7-9.2) for men and 4.8 (5% CI: 3.1-7.4) for women.

Table 4.1.6, Age-adjusted odds ratios (OR) and 95% confidence interval (between brackets) for moderate
focomotor disability of demographic variables in men and women living in homes for the elderly.

Mei Women
OR (95% CI) OR (95% CI)

Age (continuous) 0.98 (0.89- 1.07) 1.07 (1.00- [.13)
Marital Status

Married 1.0 1.0

Widowed 5.2 (I1.4- 19.6) 2.4 {0.6- 9.2)

Divorced 1.3 0.2- 8.9 0.6 ©.1- 4.0)

Unmarried 7.1 (0.4-139.4) [.6 ©.3- 7.6)
Educational level

Primary 0.2 (0.03- 2.2} 0.4 (0.08- 1.6}

Secondary I.0 1.0

High 0.3  (0.01- 58 1.2 0.05- 26.7)
DISCUSSION

The Rotterdam Study estimated that a fifth of all men and a third of ali women living
independently have at least some difficulty in at least three out of six lower limb
functions. In the homes for the elderly more than 80% of men and more than 90% of
women experience this amount of difficulty in lower Hmb functions. Female sex, living in
a home for the elderly, increasing age, low educational level and low income are the most
important demographic determinants of locomotor disability.

With regard to the interpretation of our results some points have to be discussed. The
Ommoord district of Rotterdam is a geographically defined area harbouring relatively
many elderly people, mainly because of its convenient living accommodations, The
elderly inhabitants of Ommoord comprise a stable population; people either move to ong
of the homes for the elderfy or the nursing home within the district or die. The response
of the independently living people to our study is high (81.4% in men and 82.6% in
women). People who refused to participate were generally older (especially above the age
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of 80) and more often seriously il or bedridden. If we take into account that non-response
was fargely due to illness it can be expected that our prevalence estimates are biased
towards lower levels. Response in the homes for the elderly was generally lower; 70.9%
of the male and 65.0% of the female residents participated, The main reasons for non-
response were again very old age and serious illness. The results of the study on
disability are however e¢ven more biased than by this non-response alone; 23.4% of the
male and 25.2% of the female participants were not able to answer fo the questions of the
HAQ mostly because of the presence of some cognitive impairment. The results of the
study on disability are therefore biased towards lower rates of disability. The fact that the
prevalence of locomotor disability in the residents of the homes for the elderly is much
higher than in independently living people (even at an age-adjusted basis) could not be
explained by locomotor complaints; the prevalence of concurrent pain in the hips, knees
and/or feet was even lower in the homes for the elderly. A possible explanation for this
difference could be that the prevalence of other disabling impairments like cardiovascular
and ophthalmologic diseases is much higher in these homes. In that respect the homes for
the elderly represent a natural selection of living accommodation amongst the very old:
they contain the more impaired and disabled people.

As to the question whether our results are applicable to the total Dutch population of 55
years and over we compared our demographic data with the total Dutch population. The
marital status of the male participants is comparable with that of all Duich males above
the age of 55: 11.1% versus 9.6% widowed; 4.9% versus 4.8% divorced. The marital
status of the female participants of the Rotterdam Study differed more from all Dutch
women: 36.1% widowed, compared to 34.9% of the total female population; 7.3% were
divorced versus 5.1% of all Dutch women®, Therefore the prevalence of disability in
women might be biased towards somewhat higher values, because of the over-representa-
tion of widowed women in our study. The educational level of our participants was
generally higher than in the 1993 Dutch Central Bureau of Statistics continuous Health
Interview Survey (CBS-HIS)-sample of 55-64-year-olds: among the male participants in
this age group 35.1% had primary education only (CBS-HIS 42.2%) and 50.9% had
secondary education (CBS-HIS 40.6%), Of the female participants of our study in this age
group 51,2% had primary education only (CBS-HIS 59,8%) and 43.3% had secondary
education (CBS-HIS 32.5%)". Because of the observed association between primary
education and disability our prevalence estimates for men could be biased fowards lower
levels,

Our data on the prevalence of disability applying the HAQ in a large general population
of people aged 55 years and over in the Netherfands compare well with those obtained by
the CBS-HIS in a representative sample of people aged 55 years and over', Disability in
the CBS-HIS was defined as the ability to perform 10 activities of daily Hving *with great
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difficulty’ or ’only with help’. The prevalence estimates of disability of the CBS-HIS are
shown in table 4.1.7.; our prevalence estimates of severe disability as assessed by the DI
are within the 95% confidence intervals of the CBS-HIS results. Other disability-related
studies in the Netherlands are based on pafients or measure disability after assessing some
form of impairment'?,

Table 4.1.7. summarizes some data on disability of four other studies apart from the
Rotterdam Study. The follow-up study of the National Health and Nutrition Examination
Survey-I (the NHEES) assessed disability in persons with arthritis related symptoms; their
definition of disability is identical to ours; in that they assessed disability by means of the
HAQ and used the same cutoff point.”*™ The prevalence of arthritis related disability is
generally higher in men especially in the younger age group. Women of 65-74 years of
age with arthritis more ofien experience difficultics in the selected activities of daily
living than women in an unselected population.

Table 4.1,7. Prevalence (%) of ’overall’ disability and of disability in three separate functions in five
studies

Disabllity Walking Rising Climbing
stairs

Age group 55- 65 55- 65- 75- 55. 65- 75-  55- 65- 75
(years) 64 + 64 T4 84 64 714 84 64 74 84
Men
'Rotterdam {n=1819) 3.8 [1.7 9.0 20.8 35.6 9.3 17.5 304 11.2 23.9 39.7
2CBS-HIS m=1324) 4,1-7.7 8.2-124
INHEFS (n=742) 12,9 24,5 15.3 239
*Pramingham {n=1066) 3 5 13 2 3 7
*Gitteborg (n=38) 11 26
Women
'Rotterdam (n=2317) 6.0 23.6 154 277 47.7 14,5 26,1 43.9 24,0 42.7 61.3
CBS-HIS (n=1715)  5.7-9.6 19.4-24.0
SNHEFS (n=919) 16.4 35.7 20.7 310
‘Framingham (n=1550) 4 10 28 4 5 20
SGéteborg (n=46) 9 22

! Rofterdam Study; Disabitity : % severe disability HAQ(DI) = 1.00. Functions: % moderate disability
HAQ(question) = I,

t Netherlands Central Bureau of Statistics, continuous Health Interview Survey; Disability = 95 %
confidence interval of *with great difficulty’ or *only with help’ in 10 ADL-functions'.

* '82-'84 follow-up of ’71-'75 NHANES I; Functions : % moderate disability HAQ(question} = 1 in
persons with arthritis related symptoms®,

476-*78 Framingham Disability Study; Functions: % dependency on personal assistance'®,

$ Gbteborg-study among 79-year-olds; Functions: % difficulty or inability®.
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In the Framingham Disability Study'*'® disability was assessed by a compound index
constructed form the already existing measurement instruments of Katz, Rosow and
Nagi.?®# Disability was defined as the need for personal assistance in performing the
activitics, The prevalence of disability in walking haif a mile s much higher than in our
study where the prevalence of inability to walk without help varfes in men from 0.3% and
1.8% between the ages of 55 and 85 and in women between 0.4% and 3.0% respectively.
However the prevalence of severe walking disability (i.e. score = 2) in our study was
found to be between 2.2% and 12.0% in men and between 3.2% and 17.8% in women,
As the rates for score = 2 on the HAQ compare wel! with the findings in the Framing
ham Disability Study, the discrepant findings might be due to the definition of the need
for personal assistance.

The Swedish study among the elderly in Goéteborg was mainly concerned with testing
various aspects of functional disability”. There is only one published result of interview
data concerning difficulties in mobility functions, As the number of people participating in
this study are smafl it is difficult to draw firm conclusions.

A stdy among 9,57! houscholds in the Wellington Hospital Board Area in New
Zealand resulted in a prevalence estimate of 38.9% disabled men and 45.0% disabled
women above the age of 65, Disablement was defined as either being impaired or
handicapped in 9 selfcare activities and/or ability to work and/or dependency on walking
aids and/or minor sensory difficuities and are therefore difficult to compare with other
studies.

The prevalence of disability in walking half a mile was 25% in the Branch's 1976
Massachusetts Elders survey of non-institutionalized persons of 65 years and older®,
somewhat lower than the 34% of our participants of the corresponding age. Difficulties in
rising from an armchair were more often seen in women, 28% versus 20% in men and
rose with age®®. We didn’t assess rising from an armchair, but asked for difficulties in
rising from an armless straight chair; the prevalences of disability for this function in men
and women aged 65 years and over were 23.0% and 35.2% respectively and also rose
with age. Provided that the composition of the population of the Massachusetts study does
not differ very much from ours, the differences in prevalence estimates might be
explained by the fact that rising from an armless straight chair causes more difficultics
than rising from an armchair.

OQur finding that disability is associated with gender, age and educational level are in
concordance with the Framingham data'”. The researchers of the NHANES-I study come
to the same conclusion regarding the associates of disability; there was a tendency for
widowed and divorced people to report more 'activity restriction’, but this did not reach
significance!*,
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The major characteristics contributing to greater disability in the NHEFS were older
age, less nonrecreational activity, arthritis history, less education, female sex and greater
body mass index at baseline?. Also the 1984 Supplement on Aging of the National Health
Interview Survey (NHIS) confirmed the association of gender, age and low educational
level with disability in persons aged 80 or older®, In the Finnish part of the Seven
Countries Study higher age and lower education were strong predictors for disability in
men®, Pincus proposed a hypothesis that low formal educational level is a compo
site/surrogate variable which identifies behavioral risk factors predisposing to the etiology
and poor outcomes in most chronic diseases and health status®®¥,

The association of disability with below median income can not be compared with other
studies, The Massachusetts study among the non-institutionalized aged concluded that -
active life expectancy (i.e. remaining years of independent ADL} was longer for the
nonpoor than for the poor. People were considered poor when they received their income
from Old Age Assistance or Supplemental Security Income, or had medical expenses
covered by Medicaid or other public-assistance programs®?,

The HAQ has been validated in patients with rhevmatologic disease as well as in the
general population®, The HAQ was used in other population studies prior to the Rotterdam
Study; e.g. the NHEFS in the United States” and more recently in a survey among 1,694
men and women aged over 55 registered at a general practice in Bristol, Great Britain®*,
There has been questions about a liability of the instrument to femate bias®; however, the
items of the HAQ likely to be responsible for this bias (handfunctions) do not lie in the
sections relating to lower limb function. Qur data as well as the data of the Bristol study
suggest a genuine excess of locomotor disability in women.

The conclusions of our study are that locomotor disability is a major problem for people
aged 55 years and over and even more so for people living in homes for the elderly. Of
the demographic variables age, female sex, living in a home for the elderly, low
educational level and low income were the most important determinants of locomotor
disability. ‘
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4.2 THE ASSOCIATION BETWEEN LOCOMOTOR DISABILITY
AND JOINT COMPLAINTS

ABSTRACT

In the Rotterdam Study the association between locomofor disability and joint complaints
among 1,901 men and 3,135 women aged 55 vears and over was investigated. The
prevalence of lecomotor disability (LD) as assessed by 6 questions of the Health Asses-
sment Questionnaire (HAQ) was 24.5% for men and 40.5% for women, The prevalence
of joint pain in men ranged from 0.7% for pain in the hips, knees and feet simultane-
ously, 3.7% for pain at two joint-sites, 16.0% for pain at one joint-site to 20.4% for pain
in the hips and/or knees and/or feet; the corresponding estimates for women were 1,9%,
9.0%, 23.7% and 34,.5%, respectively. The prevalence of morning stiffiess which lasted
at least half an hour was 4.9% for men and 10.4% for women. There was a strong
association between locomotor disability and joint complaints: the age-adjusted odds ratios
for disability in men ranged from 2.4 of pain at one joint-site to 8.8 of pain at all three
joints simultaneously; for women the odds ratios varied between 2.5 and 5.7, respective-
ly. The age-adjusted odds ratios of morning stiffness were 7.3 for men and 8.0 for
women,

INTRODUCTION
In the previous paragraph we reported on the prevalence of disability as evaluated by the
Stanford Health Assessment Questionnaire in an open population of 55 years and older in
a district of Rotterdam, the Netherlands (the Rotterdam Study)."* Disability as assessed by
the Disability Index (DI) of the HAQ in 1,819 men and 2,817 women living indepen-
dently occurred in 21,9% of the men and 36.0% of the women, The prevalence of
locomotor disability (LD) as expressed by the Locomotor Disability Index was 21.9% for
men and 34.8% for women. Locomotor disability therefore explained most if not all of
the disability in the general population of 55 years and over. For the 82 men and 315
women living in homes for the elderly, but still independent in most activities of daily
living, the corresponding rates were for DI: 84.0% and 96.5%, and for LD: 81,5% and
91.1% respectively, Locomotor disability was associated with female sex, increasing age,
living in a home for the elderly, low education and low income.

The present study apalyzed in the same study group of 5,033 people the association of
selfreported pain and morning stiffness in the joints of the lower limb and locomotor

disability.
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POPULATION AND METHODS

Population

The present study is concerned with those participants who took part in the study between
April 1990 and July 1992, At this stage of the study 2,398 men and 4,081 women were
invited to participate; 1,937 men (80.8%) and 3,255 women (79.8%) took part in the
study. Because of incomplete interview-data 36 men and 120 women had to be excluded
from the analysis. Complete data were therefore available of 1,901 men (79.3%) and
3,135 women (76.8%). Some baseline characteristics of the participants are given in table
4.2.1,

Table 42,1, Selected baseline characleristics of the participants of the Rotterdam Study.

Men Women

Number 1901 (37.7%) 3135 (62.23)
Age

range 550 - 946yr 55.0 - 992yr

mean age 69.5 yr 1.4 yr
Living accommodation

independent 1819 (95.7%) 2819 (89.9%)

homes for the eldely 82 4.3%) 316 (10.19%)
Methods

The analysis is focused on the association of locomotor disability with lower limb joint
pain and morning stiffness, Locomotor disability (LD) was defined according te the
ambulation subcategory of the International Classification of Impairments, Disabilities and
Handicaps (ICIDHY and assessed with the questions about walking, climbing stairs,
getling in and out of bed and a car, bending, and rising from a chair from the Stanford
Health Assessment Questionnaire (HAQ).*? An extensive description of the HAQ and the
way it was assessed has been presented in paragraph 4.1, The cutoff for moderate
disability was 1 for the separate functions and 0.5 for the Locomotor Disability Index
(LDI); the cutoff for severe disability was 2 for the separate functions and 1,0 for the
LDL

Locomotor factors assessed in the interview which could possibly be associated with
locomotor disability were joint pain and morning stiffness. Pain was assessed by asking
the participants if they suffered from pain or other complaints in their joints during the
past month and if so which joints bothered them most. For the current analyses we used
the data on pain in the joints of the lower limbs. Pain at a joint-site was defined as pain in
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the left and/or right joint. Several levels of joint pain could be distingnished, i.e. people
with pain in their hips and/or knees and/or feet (any joint-site), with pain at all three
joint-sites simuitancously (in hips, knees and feet), with pain at two joint-sites (in hips
and knees, in hips and feet, or in knees and feet), and finally pain at one joint-site (in
hips only, knees only, or feet only). Duration of morning stiffness was assessed at three
levels (less than % hour, % - 1 hour, more than 1 hour) and subsequently dichotomized
to no morning stiffness or % hour or more.

Data analysis

Data were analyzed for men and women separately, Because the inhabitants of the homes
for the elderly are considered to be independent in the activities of daily living as assessed
by means of the Locomotor Disability Endex we included them in the current analyses.

As the frequency for severe disability was low, the analyses of associations with
locomotor disability were restricted to moderate disability. Adjusted prevalence odds
ratios for locomotor disability were estimated using a multiple logistic regression model,
The odds ratios of joint pain were adjusted for age and morning stiffness, while the odds
ratios of morning stiffness were adjusted for age and the four categories of joint pain.

Age, joint pain, morning stiffness and selected demographic variables were entered
together in a multiple logistic regression model of locomotor disability to estimate
adjusted odds ratios and etiologic fractions for all independent variables. The etiologic
fraction (EF) is defined as the proportion of disabled persons which is attributable to the
determinant of interest.® The EF was calculated using the formula:

EF = p(aOR-1)/{p{aOR-1) + 1}
where p is the prevalence of the determinant in the population and aOR is the odds ratio
adjusted for age, joint complaints and demographic variables. In this analysis locomotor
disability was dichotomized at the cutoff-point of 0.50, joint pain and morning stiffness
were dichotomous variables. The reference categories for living accommodation was
independently living, for marital status; being married, for living situation: fiving not
alone, for education: primary education and for income: below median income.

RESULTS

In table 4.2.2, the prevalence of disability in the six activities most related to lower limb
function, as well as the Locomotor Disability Index (LDI) is given by sex and age. The
prevalence of moderate disability in the separate functions as well as the LDI was 1.5 to
1.8 times higher in women as compared to men, and the figures for severe disability were
1.7 to 2.2 times higher in women than in men, In each gender the prevalences of
disability in the separate functions were about the same,



Table 4.2.2. Prevalence (%) of moderate and severe disability (*) in separate lower Hmb functions by single questions and Locomotor Disability Index

(LDD) in men and women by age.

Age group (years) 55-64 65-74 75-84 85 + Total
% % %o % % % % % % (95% CD % (95% CD)
m s m s ™ s m s m 5

Men Number 635 762 426 78 1901

Getting In/out bed 98 13 186 25 30.8 5.9 351 19.2 19.9 (18.1- 21.7) 35 (2.7- 4.3)
Rising from chair 9.3 16 179 35 347 9.9 60.3 29.5 20.5 (18.7- 22.3) 54 (44 64
Bending 126 47 164 o064 28.6 12.7 56.6 36.8 195 (17.7-21.3) 835 (72- 9.8
Gerting m/out of car 8.8 2.2 17.3 4.7 384 1438 727 46.8 21.4 (19.6-23.2) 7.8 (6.6- 9.0)
Walking 9.0 22 214 64 40.7 17.5 67.1 44.7 23.4 (21.5-25.3) 9.0 (7.7-10.3)
Climbing stairs 112 2.5 245 7.0 441 192 7%.2 50.6 26.7 (24.7-28.7) 10.0 (8.7-11.3)
LDI 10.1 3.9 217 7.5 41.8 230 744 55,1 24.5 (22.6-26.4) 11.7 (10.3- 13.1)
Women Number 950 1050 773 322 3135

Getting in/out bed 17.1 1.8 275 3.8 424 8.7 68.0 242 32.2 (30.6- 33.8) 6.5 (5.6- 7.4
Rising from chair 47 22 26,5 6.3 48.0 16.2 80.1 44.7 33.7 (32.0- 35.4) 11.4 (10.3- 12.5)
Bending 178 6.0 275 9.6 448 198 717 408 33.3 (3L.7-34.9) 14.2 (13.0- 15.4)
Getting in/out of car 17.1 4.1 320 10.1 57.0 25.8 88.2 59.6 39.3 (37.6- 41.0) 17.1 (15.8- 18.4)
Walking 157 35 280 940 51.6 22.8 852 599 35.9 (34.2- 37.6) 15.9 (14.6- 17.2)
Climbing stairs 243 5.1 43.0 11L.6 64.5 30.0 88.0 65.0 47.2 (45.5-48.9) 19.6 (18.2- 21.0)
LDI 176 6.8 33.8 158 57.8 36.0 89.1 739 40.5 (38.8-42.2) 24.0 (22.5- 25.5)
(*) m = moderate disability: score question: = 1; index: = 0.50. 95% Cl = 95% Confidence Interval

s = severe disability: score question: = 2; index: = 1.00.

96
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The prevalences of pain in the joints of the lower limbs and morning stiffness are given
in table 4.2.3. Pain in at least one joint of the lower limbs (any joint-site) was present in
one fifth of the men and in a third of the women. Of the men 16,0% had pain at one
joint-site only (most often the knee (8.6%)), 3.7% at two joint-sites (most often the hip
and knee (2.2%)) and 0.7% at all three joint-sites, Among women 23.7% suffered from
pain at one joint-site (most often the knee (12.8%)), 9.0% had pain at two joint-sites
{most often the hip and knee (5.1%)) and 1.9% at all three joint-sites. Tests for linear
trend showed no significant increase with age of the prevalence of pain in any pain-
category for women; for men there was a borderline significant increase with age of the
prevalence for joint pain anywhere (p = 0.062) and a significant increase with age for
men with pain at one joint-site (p = 0.020). Morning stiffness occurred in nearly 5% of
the men and more than 10% of the women. In women morning stiffness increased
significantly with age (p = 0.0001) from 8.7% in the age group 55-64 years to 16.8% in
women of 85 years and older. In men it increased slightly with age up to 84 years and
decreased there after (not significant).

Table 4.2.3. Prevalence (%) of locomotor complaints in men and women by age.

Age group (years) 55-64 65-74 75-84 85 + Total
% % % % % (95% CD
Men Number 635 7 426 78 1901
Joint pain
Any joint-site 18.7 20.1 22.5 25.6 20.4 (18.6-22.2)
One joint-site 14.2 15.6 18.1 23.1 16.0 (14.4-17.6)
Two joint-sites 3.8 3.8 4.0 1.3 3.7 (2.9- 4.5)
Three joint-sites 0.8 0.7 0.5 1.3 0.7 ©.3- L.1)
Morning stiffness 4.1 4.9 6.1 5.1 4.9 (3.9- 5.9)
Women Number 950 1090 773 322 3135
Joint pain
Any joint-site 32.5 37.1 33.9 335 34.5 (32.8-36.2)
One joint-site 22.4 ©25.2 23.4 227 23,7 (22,2-25.2)
Two joint-sites 8.2 9.4 9.1 9.3 9.0 (8.0-10.0)
Three joint-sites 1.9 24 1.4 1.6 1.9 (1.4- 2.4}
Morning stiffness 8.7 2.2 11.6 6.8 104 (9.3-1L.5)
Any joint-site = pain in hips and/or knees and/or feet, 95% Cl = 95%
Orne joint-site = pain in hips or knees or feet. Confidence Interval
Two joint-sites = pain in hips and knees, or hips and feet, or knees and feet

Three joint-sites = pain in hips and knees and feet.
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The prevalence of focomotor disability according to whether or not the participants had
joint complaints is shown in table 4,2,4, The prevalence of locomotor disability increased
with the number of painful joint-sites. The figures for locomotor disability were highest in
people suffering from morning stiffness, Although the prevalences of morning stiffness in
all men and wormnen were of the same order as those for pain at two joint-sites, there was
more disability in relation with morning stiffness than with pain at two joint-sites,

Table 4.2.4. Prevalence (%) of locomotor disability in men and women according to joint complaints

Men Women
Joint pain n % n %
Nowhere 1513 19.8 2052 31.2
Any joint-site 388 42.8 1083 58.1
One joint-site 304 39.5 742 53.2
Two joint-sites ! 53.5 281 68.0
Three joint-sites 13 61.5 60 T
Morning stiffness
No 1808 22.4 2808 36.2
Yes 93 64.5 327 77.1

Note that the sum of the numbers in the various strata of joint pain is higher than the total number of men and women pressnt in the
study; the stratum ‘any foint-site’ comprises peeple who are also present in one of the other categories of pain,

Table 4.2.5. shows the age-adjusted odds ratios for locomotor disability of joint pain. The
odds ratios for disability increased with the number of affected joints in both sexes, and
were somewhat higher for men than for women, albeit that both focomotor disability and
joint pain occurred significantly more often in women than in men. The odds ratios
adjusted for age and morning stiffness are of the same magnitude.
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Table 4.2.5. Odds ratios with 95% confidence intervals (between brackets) for locomotor disability of joint
pain adjusted for age and morning stiffness.

Odds Ratios adjusted for adjusted for age and
age morning sliffness

Men

Any joint-site 3.4 (26 4.4) 1 (2.3- 4.0

One joint-site 24 (1.8- 3.2 23 (1.7- 3.0

Two joint-sites 4.9 (2.9- 8.3 43 (2.5- 74

Three joint-sites 8.8 (2.6 29.%) 6.7 (1.3- 24.4)
Women

Any joint-site 4.5 (3.8 54 40 (34- 4.9

One joint-site 2.5 (2.0- 3.0 24 (2.6- 3.0)

Two joint-sites 4.7 (3.3- 63 4.0 3.0- 54)

Three joint-sites 5.7 (3.1- 10.4) 52 2.8 5.9

Table 4.2.6, gives the age-adjusted odds ratios for locomotor disability of morning stiff-
ness. Locomotor disability was strongly associated with morning stiffness and the
associations are stronger for men than for women. Adjustment for joint-pain did not
significantly change these odds ratios, Analysis of the six separate functions which
constitute the EDI showed that the odds ratios of joint pain and morning stiffness for
disability in these functions are of the same magnifude as those presented in tables 4.2.5.
and 4.2.6. (table 4.2,1.a. in Appendix E}.

Table 4.2.6, Odds ratios with 95% confidence interval (between brackets) for locomotor disability of
morning stiffness adjusted for age and joint pain.

Men Women
Qdds ratios adjusted for
Age 8.0 (4.9- 13.0) 7.3 (5.4- 9.8)
Age + Any joint-site 6.7 (4.0- 1L.0) 6.0 (44- 8.2)
Age + One joint-site 7.6 (4.7- 12.4) 7.2 (5.3- 9.7
Age + Two joint-sites 7.4 (@.5- 12,1 6.5 (4.8- 8.8)

Age + Three joint-sites 77 @3- 12.5) 7.2 (5.3- oM
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In table 4.2.7. the results of a multiple logistic regression model are presented, Signifi-
cantly increased odds for locomotor disability were observed in both men and women
suffering from joint pain and morning stiffness and living in a home for the elderly. In
women there were almost significantly increased odds ratios for locomotor disability of
being widowed or divorced. Men with a net annual income above the median were
significantly less often disabled, while in women this determinant just not reached signifi-
cance, The last column for each gender shows that the proportion of disability in the total
population attributable to joint pain ranks first, followed by morning stiffuess and living
in a home for the elderly. The various demographic variables attribute either very little or
not at all to the occurrence of locomotor disability,

Table 4.2.7. Adjusted odds raties and etiologic fractions for locomotor disability adjusted for age, joint
complaints and demographic variables.

Men Wounten

a0R  95% CI EF aOR  95% CI EF
Pain any joint-site 2.8 (2.0- 1.8 26.8 4,2 (3.4- 5.2) 53.2
Morning stiffness 4.9 27 9.0) 4.8 6.6 (4.6- 9.6) 35.8
Home for the elderly 58 (2.5- 13.6) 14.2 5.8 (5.2- 3.0) 24,9
Widowed 0.7 (0.4- 1.2) -* 1.3 (0.9- 1.8y (105 W
Divorced 0.6 (0.3- 1.4 ¥ 1.5 (0.9- 2.4) (3.7 W
Unmarried 0.8 (04 1.9 -k .1 ©71 1D (1.0 Y
Living alone 1.3 (0.3- 2.3 @7 0.8 (0.6- L) *
Secondary education 0.8 (0.6- L) - 0.9 (0.8- 1.2) A
High education 0.8 (0.5- 1.4 -* 0.8 (0.5- 1.3) -
Above median income 0.6 {0.4- 0.8) -k 0.9 07- 1.2) -
aOR = Odds ratio adjusted for all variables in the model. * a0OR < I,
95% CI = 95% Confidence interval of aOR. #: aOR not significantly higher
EF = Etiologic fraction = p(aOR-1)/{p(aOR-1} + 1}. than 1,

DISCUSSION

In a general population of Dutch people aged 55 years and over a fifth to a quarter of the
men and a third to almost half of the women reported disability in six lower limb
functions. A fifth of the men suffered from pain in at least one of the joints of the lower
limbs, while less than 1% of the men had pain in the hips, knees and feet simultancously.
A third of the women reported joint pain anywhere and almost 2% at al three joint-sites
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simultancously, Morning stiffness occurred in almost 5% of the males and more than
10% of the females.

Age, joint pain and morning stiffness were strongly and independently associated with
disability. When the odds ratios for locomotor disability of joint pain are adjusted for
morning stiffness as well as age the estimates did not change. Morning stiffness is not a
confounder of the association between locomotor disability and joint pain nor is it
associated with joint pain.

Multiple regression of locomotor disability for joint complaints together with selected
demographic variables showed that living in a home for the elderly and suffering from
morning stiffness and joint pain were the most important predictors of locomotor
disability. The etiologic fractions depict the importance of the determinants of locomotor
disability from a public health point of view. Although the odds ratios of living in a home
for the elderly and morning stiffness are higher than the odds of joint pain, the proportion
of locomotor disability attributable to joint pain is much larger. The fact that one fifth of
all men and one third of all women above the age of 55 have joint pain anywhere in their
lower limbs does mean that many people in this age group suffer from loss of ability in
carrying out the most basic activities needed to maintain an independent life. The role of
morning stiffness is more difficult to explain, This symptom originally was described as a
criterion for rheumatoid arthritis,” but showed a low sensitivity and specificity, suggesting
that the reported stiffness of the limbs was not so much arthritic in origin but had to do
more with the structures surrounding the joints. We hypothesize that in those people who
suffer from it, the stiffness after arising from bed sets off locomotor disability which is
prolenged and enhanced by the occurrence of joint pain. In people who do not suffer
from morning stiffness particuiarly joint pain at multiple sites is independently responsible
for the loss of lower limb functions,

As in all poputation-surveys there are sources of bias in our study, The response-rate of
80.8% in men and 79.8% in women is high and therefore selection-bias will be limited.
Yer people who refused to participate were generally older (especially above the age of
80) and more often seriously ill or bedridden. If we take into account that non-response
was largely due to illness it can be expected that our prevalence estimates are biased
towards lower levels. Incompleteness of data was mainly due to the fact that participants
were not able to answer to the questions of the HAQ, mostly because of the presence of
some cognitive impairment; this was particularly the case for the very old living in the
homes for the elderly, Information-bias defined as inaccuracy of data becavse the
participants did misinterpret the questions is possible but not likely to have occurred very
frequently: all data were assembled by means of an home interview and our interviewers
were trained extensively and standardized on a regular basis. The other source of
information-bias is caused by the interviewers themselves. In spite of our efforts to ensure
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standardized data-collection by instructing the interviewers to explain questions only and
avoid recording their own judgments, it is still possible that especially in the questions on
disability the assessments were influenced by the interviewers. As to the questions on
joint pain the interviewers were trained to distinguish between muscle pain and joint pain,
but especially whenever complaints of the hips were presented misclassification could
have occurred (i.e. it is not always possible for non-medical interviewers to make the
right decision whether indeed the hip joint is the origin of complaints).

The prevalence estimates of disability are in concordance with other Dutch studies as
well as international data.'™!® We previously assessed the prevalence of pain in the joints
in the 1975-1978 EPOZ-study. These results are somewhat lower than the present
findings: kneepain was present in 7.6% of the males and 17.5% of the females aged 45
and over, while this was 12.6% and 22.6% respectively, in our participants of 55 years
and over,' Pain in the hips was reported by 6.9% of the EPOZ-participants versus 13.2%
in our study.'” The reason for the differences between the two studies is that in the
EPOZ-study the questions on pain concerned pain at the time of investigation and not
during the past month, Among 1,694 men and women aged 55 vears and older and
registered at a general practice in Bristol, Great Britain the prevalence of knee pain was
20.1% in the men and 27,6% in the women and therefore substantially higher than in the
Dutch studies,'® The difference again can be explained by the way joint pain was
assessed: the British study asked for pain on most days for at least a month during the fast
year, while we asked for pain during the past month, A Finnish study assessed rheumatic
complaints in the hips and knees in people aged over 50; the prevalences were in
accordance with our findings: 13% for the hips and 12% for the knees in men and {1%
and 22% respectively in women.'® Qur finding that the prevalence of joint pain did not
rise with age is in accordance with other studies,'®

Our estimates of the odds ratios for locomotor disability of joint complaints can not be
compared with most other disability studies as they did not present measures of associati-
on. [222 The Bristol study reported a significantly higher frequency of disabitity (i.e.
HAQ score > () in subjects with knee pain than those without at all ages (p<0.05)
except in men aged over 80.' The 1983-1985 Framingham-study estimated odds ratios of
pain in the knees for at least I month during the past year, in 1,416 people aged 60 and
over, The odds for dependence on personal help in walking was 2.6 and for climbing
stairs 3.7%%, In our study the odds ratios for dependency in walking and climbing stairs
{score = 3 on the HAQ) of knee pain were 2.1 for both functions in the 4,530 men and
women aged 60 and over.

Our finding suggest that locomotor disability in an ageing population is a problem of
considerable magnitude. Although age is the major determinant, morning stiffness and
joint pain of the lower limb joints are strong determinants, independent of age.



Locomotor Complaints 103

REFERENCES

1. Odding E, Valkenburg HA, Hofman A, Grobbee DE. Prevalence of disability in a Dutch general
population of 55 years and over. Subsnilted. '

2. Hofman A, Grobbee DE, Dejong PTYM, Vandenouweland FA; Determinants of disease and disability
in the elderly: the Rotterdam Study. Eur J Epidemiol 1991;7:403-22.

3. World Health Organisation; International Classification of Impairments, Disabilities, and Handicap. A
manual of classification refating (o the consequences of disease. World Health Organisation Geneva
1980. Reprint 1989.

4, Thompson PW; Functional outcome in rheumatoid arthritis, Br J Rheumatol 1988;27(Suppl I):37-43.

5. Pries JF, Spitz PW, Kraines RG Holman HR; Measurement of patient cuicome in arthritis. Arthritis
Rheum 1980;23:137-45,

6. Fries JF, Spitz PW, Young DY; The dimensions of health outcomes: the health assessment question-
naire, disability and pain scales. J Rheumatol 1982,9:782-93,

7. Siegert CEH, Vieming LJ, Vandenbroucke IP, Cals A; Measurement of disability in Dutch rheuma-
toid arthritis patients. Clin Rheumatol 1984;3:305-9,

8. Kleinbaum DG, Kupper LL, Morgenstern H eds. Epidemiologic research. Principles and quantitative
methods. New York: Van Nostrand Reinhold, 1982:160-4, :

9. Ropes MW, Bennett GA, Cobb 8, Jacox R, Jessar RA: 1958 revision of diagnostic criteria for
rheumatoid arthritis. Bull Rheum Dis 1958;9:175-6.

16, Cunningham LS, Kelsey LK. Epidemiology of musculoskeleta! impairments and associated disability.
Am J Public Health 1984,;74:574.9.

11. Lawrence RC, Bvereit DF, Hochberg MC, Anrthritis. In: Health Status and Well- Being of the elderly.
National Health and Nutrition Examination Survey-1 Epidemiologic Follow-up Study. Comoni-Huntley
JC,Huniley RR, Fetdman JJ Eds, Oxford University Press 1990, New York Oxford. Pg 136-51.

12.  Hubert HB, Bloch DA, Fries JF. Risk factors for physical disability in an aging cohort: the NHANES
I Epidemiologic Followup Study. J Rheumatol 1993; 20:480-8.

13. Pinsky JL, Branch LG, Jette AM, Haynes SG, Feinleib M et al. Framingham Disability Study:
Relationship of disability to cardiovascular risk factors among persons free of diagnosed cardiovascu-
tar disease. Am J Epidemiol 1985;122:644 -56.

14.  Jette AM, Pinsky JL, Branch LG, Wolf PA, Feinleib M, The Framingham Disability Study: physical
disability among community-dwelling survivors of stroke. J Clin Epidemiol 1988;41:719-26.

15. Guccione AA, Felson DT, Anderson JJ. Defining arthritis and measuring functional status in elders:

methodological issues in the study of disease and physical disability. Am J Public Health 1990;80:945-
9.



104

19,

20.

21

22.

23,

24,

Disability

Schouten JSAG. A Twelve year follow-up study on osteoarthritis of the knee in the general popula-
tion. An Epidemioclogical study o