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Background and Purpose: Arthritis is a major cause of disability with a sizable
impact on health-related quality of life (HRQoL) in older adults, especially among older
non-Hispanic white subjects. The purpose of this study is to examine the relation between
arthritis and its effects on the physical function, disability, and health-related quality of
life, over time, among older Mexican-Americans, the fastest growing subset of the older
population. Design: A six-year prospective cohort study (2000 to 2006). Setting: Five
Southwestern states: Texas, New Mexico, Colorado, Arizona, and California.
Participants: A population-based sample of 621 non-institutionalized Mexican-
Americans aged 65 or older from wave four of the Hispanic Established Population for
Epidemiologic Studies of the Elderly (Hispanic EPESE). Measurements: Included
sociodemographic variables, self-reported of: arthritis, pain on weight-bearing, activities
of daily living (ADL), instrumental activities of daily living (IADL), physical and mental
HRQoL, medical conditions, cognitive function and depressive symptoms. Lower and
upper extremity muscles strength, lower body function test and body mass index (BMI)
were also obtained. General linear mixed models and generalized estimating equations
(GEE) were used to examine the time effect on: 1) each stage of the disablement process
and 2) physical and mental HRQoL over three points of time (2000-2001, 2001-2002,
and 2006). This study conforms to STROBE (STrengthening the Reporting of

Vi



OBservational studies in Epidemiology) guidelines for cohort studies. Results: The
results indicate 1) a significant association between arthritis and greater impairment (pain
and poor muscle strength), functional limitation, disability (ADL and IADL), and
physical HRQoL across time; and 2) a significant association between impairment,
functional limitation, and IADL limitation with physical and mental HRQoL across time.
Conclusions: In older Mexican-Americans, arthritis is a highly prevalent medical
condition which significantly impacts physical function, daily activities, and physical
HRQoL over time. In this cohort, impairment, functional limitation, and disability were
associated with poorer physical and mental HRQoL. These findings could guide efforts in
reaching the goals of the National Arthritis Action Plan, as well as the Healthy People
2010 initiative goals of increasing quality of life and eliminating health disparities in this

segment of the older U.S. population.
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1.0 INTRODUCTION

The purpose of this study was to examine the relation between arthritis and its
effects on the physical function, disability, and health-related quality of life in a sample
of older Mexican-Americans. This chapter is composed of the following sections:
rationale, purpose, significance, specific aims and operational definitions for key study

terms.

1.1 RATIONALE

It has been estimated that about 67 million adults will have self-reported doctor-
diagnosed arthritis by the year 2030, 50% of them older adults [1]. Arthritis is a general
medical condition meaning inflammation of a joint [2]. Arthritis comprises over 100
different diseases and conditions [3].

This general medical condition is a major and growing public health problem,
prevalent among older adults, with a sizeable impact on both physical and mental health-
related quality of life of those affected [4-6]. Arthritis is also the most common cause of
disability in the United States (US) [7, 8]. Thus, the medical and economic effects of
arthritis on public health are of great concern to policy makers, researchers and clinicians
[9]. Nevertheless, for many older adults and their families, the function limitation,
disability, and quality of life may be of greater importance than the symptoms of arthritis
itself.

The seven most common chronic health problems among the older population are

arthritis, hypertension, heart disease, diabetes, respiratory diseases, stroke, and cancer



[10]. In the US, arthritis is one of the most commaonly reported chronic conditions,
affecting about 47% of older adults, followed by hypertension at 41%, and heart disease
at 31% [11]. Moreover, the prevalence of arthritis is projected to increase by 40% over
the next 25 years [12].

Economically, arthritis was responsible for $81 billion in direct medical costs in
2003, up from $51.1 billion in 1997 [13]. Moreover, each year, arthritis is responsible for
about 750,000 hospitalizations [14] and 36 million outpatient visits [15]. Finally, the
estimated total cost attributed to arthritis was $128 billion, equal to 1.2% of the 2003 US
gross domestic product [13].

Anrthritis affects older Hispanics more than any other racial or ethnic group [16].
The adjusted prevalence of arthritis is 52% in older Hispanics, 47% in older non-Hispanic
blacks, and 32% in older non-Hispanic whites, according to data from the Asset and
Health Dynamic Survey Among the Oldest Old (AHEAD) [16]. Interestingly, Fontaine et

al. (2007) [17] indicates that Hispanic origin is one important arthritis risk factor.

1.2 PURPOSE
The objective of this investigation was to examine the association between

arthritis and its effects on the physical function, disability, and health-related quality of
life in a sample of older Mexican-Americans over three points in time (i.e., 2000-2001,
2001-2002, and 2006).

Physical function was determined by using impairment and functional limitation.
Impairment was assessed using two major variables: the presence of pain on weight-
bearing and lower and upper extremity muscle strength (weakness). Functional limitation

was determined using lower body limitation.



Disability was assessed using two self-assessments measures, the activities of
daily living (ADLs) and instrumental activities of daily living (IADLSs) scales. Lastly,
health-related quality of life (HRQoL) was measured using the 36-item Short Form (SF-

36).

1.3 SIGNIFICANCE OF THE STUDY
Given that the risk of developing arthritis increases with age, it is expected to

impose a greater burden on the American individual, society and health care system as
the average population grows older. Therefore, there is an urgent need for a planned and
coordinated strategy for establishing evidence-based multidisciplinary programs that
expand the number of arthritis specialists (e.g., medicine, nursing, surgery, physical
rehabilitation, and mental health) and increase availability of public health interventions
to improve health-related quality of life through lifestyle changes and disease self-
management [9].

Globally, the World Health Organization (WHO) and the World Bank designated
the years 2000 to 2010 as the Bone and Joint Decade to enhance awareness,
understanding and research of musculoskeletal disorders, including arthritis. The purpose
of the decade is to improve health-related quality of life for people with bone and joint
diseases and injuries worldwide [18-21].

In the US, the Healthy People 2010 initiative, for the first time included arthritis
as a key focus area [22]. The Department of Health and Human Services (DHHS) started
the Healthy People 2010 initiative in 2000 to achieve two major goals [22]: to increase
years and quality of healthy life and to eliminate disparities in health between racial and

ethnic groups [22]. Arthritis, as a key focus area in this initiative, has been addressed by

3



eight specific objectives [23]. These objectives are 1) Reduce the mean level of joint
pain, 2) Reduce activity limitations, 3) Reduce personal care limitations, 4) Increase
health care provider counseling for weight and physical activity, 5) Reduce the effect on
employment, 6) Eliminate racial disparities in total knee replacements, 7) Increase the
proportion of those seeing a health care provider for joint symptoms, and 8) Increase the
proportion of those receiving arthritis education [23].

Likewise, the National Arthritis Action Plan: A Public Health Strategy (NAAP)
was developed in 1999 to reduce the burden of arthritis [24-26]. The three organizations
which led development of this plan were the Arthritis Foundation, the Centers for Disease
Control and Prevention (CDC), and the Association of State and Territorial Health
Officials [24-27].

Not surprisingly, studies using the Medical Outcome Survey Short Form-36 (SF-
36) [4, 28] or the CDC measure show significantly poorer HRQoL in older adults with
arthritis than in older adults without arthritis [5, 6, 29-31].

Unfortunately, little is known about the effect of arthritis on physical function,
disability, and health-related quality of life in older Mexican-Americans, a rapidly
increasing population that suffers high rates of arthritis. Findings from the current study
will provide valuable information for the Healthy People 2010 initiative, the National
Arthritis Action Plan, policy makers, researchers, and clinicians regarding the impact of

arthritis on physical function, disability, and HRQoL.

1.4  SPECIFIC AIMS

The specific aims and related hypotheses of this investigation were:



141 Aiml
The first aim was to examine the association between arthritis and stages of the

disablement process (impairment, functional limitation, and disability) over three points

of time (2000-2001, 2001-2002, and 2006) among older Mexican-Americans.

1.4.1.1 Hypothesis 1.a
Arthritis would be associated with greater impairment.

1.4.1.2 Hypothesis 1.b
Avrthritis would be associated with greater functional limitation.

1.4.1.3 Hypothesis 1.c
Acrthritis would be associated with greater disability.

142 Aim2
The second aim was to examine the association between arthritis and stages of the

disablement process (impairment, functional limitation, and disability) on the physical
HRQoL over three points of time (2000-2001, 2001-2002, and 2006) among older

Mexican-Americans.

1.4.2.1 Hypothesis 2.a
Arthritis would be associated with poorer physical HRQoL.

1.4.2.2 Hypothesis 2.b
Greater impairment would be associated with poorer physical HRQoL.

1.4.2.3 Hypothesis 2.c
Greater functional limitation would be associated with poorer physical HRQoL.

1.4.2.4 Hypothesis 2.d
Greater disability would be associated with poorer physical HRQoL.

143 Aim3
The third aim was to examine the association between arthritis and stages of the

disablement process (impairment, functional limitation, and disability) on mental



HRQoL over three points of time (2000-2001, 2001-2002, and 2006) among older

Mexican-Americans.

1.4.3.1 Hypothesis 3.a
Arthritis would be associated with poorer mental HRQoL.

1.4.3.2 Hypothesis 3.b
Greater impairment would be associated with poorer mental HRQoL.

1.4.3.3 Hypothesis 3.c
Greater functional limitation would be associated with poorer mental HRQoL.

1.4.3.4 Hypothesis 3.d
Greater disability would be associated with poorer mental HRQoL.

1.5 DEFINITIONS OF THE KEY TERMS
[) Arthritis: A doctor-diagnosed arthritis.

I1) Disability: Experiencing difficulty doing activities in any domain of life due to a
health or physical problem.

[11) Functional limitation: Restrictions in performing fundamental physical actions
used in daily life by one's age-sex group.

IV) Impairment: Lower and/or upper extremity muscle strength, and feeling a pain
during standing and walking.

V) Health related quality of life (HRQoL): A person’s or group's perceived physical

and mental health.



2.0 REVIEW OF RELATED LITERATURE

This chapter reviews salient literature and is composed of four sections: older
population and health status, arthritis, disability, and health-related quality of life. It
begins with an overview of the epidemiology of aging in the US with a focus on
Hispanic-related issues. The second section presents an overview of arthritis, focusing on
the two most important types that affect older adults: rheumatoid arthritis (RA) and
osteoarthritis (OA). Finally, disability and health-related quality of life (as impacted by

arthritis) are discussed.

2.1 OLDER POPULATION AND HEALTH STATUS IN THE UNITED
STATES

This section briefly discusses the aging issue in the US and its diversity. Then, it
examines health status for older Hispanics from four angles: life expectancy, mortality,

chronic diseases and disability.

2.1.1 Older Population
Generally, the US is relatively young compared with other developed countries

[32]. The US has a lower proportion of adults aged 65 or older than that of most countries
in Western Europe [32]. However, the proportion of the US population aged 65 or older
is growing rapidly [33]. The 2000 US Census counted about 35 million people aged 65
years or older, which represents roughly one in eight Americans [34]. By 2030, it has
been estimated that the number of Americans aged 65 or older will double to about 71

million, equating to roughly one in five Americans [33, 35].



The older population in the United States has become more racially and ethnically
diverse in recent years, and this trend is expected to continue [36]. In 2003, 83% of older
adults in the United States were non-Hispanic white, 8% were non-Hispanic black, 6%
were Hispanic, and 3% were Asian [32]. However, by 2030, the face of older adults in
the United States will be changed significantly: only 72% of this population will be non-
Hispanic white, 11% will be Hispanic, 10% will be black, and 5% will be Asian [32].

The Hispanic population increased 58% from 1990-2000 as compared to 3% for
non-Hispanic whites [35]. The older Hispanic population (65 years or older) is also
increasing at a rate double that of the non-Hispanic white population, and is projected to
reach 15 million by 2050 [37]. Approximately two thirds of the Hispanic population is

Mexican-American, roughly 67% [38, 39].

2.1.2 Health Status
In general, older Americans are healthier than in the past, with lower rates of

disability. Yet, a significant proportion suffers from health problems and chronic disease,
and causes of death have not changed dramatically; this is especially true in racial and
ethnic minorities [32, 33, 40].

Data from the 2004 National Health Interview Survey (NHIS) showed that 39%
of non-Hispanic white adults aged 65 years or older reported very good or excellent
health, as compared with 24% of non-Hispanic blacks and 29% of Hispanics [33, 41].
However, the health status among Hispanics and older Hispanics seems paradoxical,
given the population’s relatively low socioeconomic status [39, 42]. In the following
sections, health status is briefly discussed from four angles: life expectancy, mortality,

chronic diseases and disability.



2.1.2.1 Life Expectancy
Life expectancy is defined as the average number of years of life remaining at a

given age. Life expectancy at birth and age 65 are the two measures used widely in
epidemiological studies. Overall, life expectancy at birth has continued to improve over
time [43]. For instance, it increased from 47.3 years in 1900 to 68.2 years in 1950 and to
76.9 years in 2000 [40].

By gender, it increased from 46 to 75 years for men and from 48 to 80 years for
women, over the period 1900 to 2004, which is nearly 30 years' gain over the century.
Women tend to live longer than men, but the gap has decreased recently [40, 41].
Likewise, life expectancy at age 65 also increased during this period. Among men, life
expectancy at age 65 rose from 12 to 17 years and among women, from 12 to 20 years.

However, data shows that life expectancy at birth is disparate between races
(particularly white and black persons); it has, however, narrowed since 1990. For the
Hispanic population, life expectancy also improved for men by 4.2% and for women by

1.8% , in recent years [40].

2.1.2.2 Mortality
Improved medical and prevention services have significantly increased the life

expectancy in the US during the past century. However, they also have produced a major
shift in the leading causes of death for all age groups, including older adults, from
infectious diseases and acute illnesses to chronic diseases and degenerative illnesses.
According to the 2002-2004 National Center for Health Statistics report, age-adjusted
death rates per 100,000 were the lowest among Hispanics (613.9), followed by whites
(820.3) and blacks (1,059.7) [40]. Mortality rates among Hispanics based on census and

vital statistics data are questionable because these rates might be underestimated [39].



The top three causes of death for US adults aged 65 or older were heart disease
(32% of all deaths), cancer (22%), and stroke (8%). These accounted for 61% of all
deaths in this age group. Moreover, smoking, poor diet, and physical inactivity were
found to be the root causes of approximately 35% of US deaths. These behaviors often
underlie the development of the nation’s leading chronic disease killers among older

adults, including heart disease, cancer, stroke, and diabetes.

2.1.2.3 Chronic Conditions
The seven most common chronic health problems in the older population are

arthritis, hypertension, heart disease, diabetes, respiratory diseases, stroke and cancer
[10]. Currently, about 80% of older Americans are living with at least one chronic
condition and 50% have at least two [33].

There are differences in the literature in reporting chronic diseases prevalence
among Hispanics in particular. However, findings from Hispanic Established Population
for Epidemiologic Studies of the Elderly (EPESE) provide the most accurate rates for this
segment of population [39, 42].

According to the National Vital Statistics System, the Hispanic population aged
65 or over has the highest prevalence rate of heart disease (32.4%) as compared to blacks
(32.0%) or whites (31.8%) [33]. Similarly, arthritis prevalence is higher among older

Hispanic compared to other ethnic groups, as discussed previously [16].

2.1.2.4 Disability
Several instruments have been developed for use in assessing disability among

older adults. The most common measures are activities of daily living (ADLs) and
instrumental activities of daily living (IADL). For example, the National Health Interview

Survey (NHIS) has measured ADL and IADL limitations since 1982 [44].
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In addition, the 2000 census counted 49.7 million people with disability. For those
aged 65 or older, disability rates among people who reported only one race were 40% for
non-Hispanic Whites, 53% for Blacks, and 58% for American Indians or Alaska Natives
[45]. However, the rate for Hispanics was 49%, and for individuals who reported two or
more races, it was 52% [45]. Approximately half of severe disabilities in older adults
occur chronically and progressively while the other half occur catastrophically [11, 46].
Fried et al. (1994) [47] reported that 90% of disability results from chronic disease such
as arthritis and other musculoskeletal conditions. Generally, advances in medical care as
well as changes in socioeconomic factors in the last 25 years have decreased the

disability prevalence rates significantly among older Americans [48].

2.2 ARTHRITIS
Acrthritis conditions are major causes of disability and among the most common

chronic disease problems in the US, with 21.6% (46.4 million) of US adults affected [1,
49]. There is evidence that arthritis and other rheumatic conditions are of a growing
health concern, primarily because the 65 and older segment of the US population is
growing relatively faster than the rest [3, 12, 49, 50].

It has been estimated that about 67 million adults will have self-reported doctor-
diagnosed arthritis by the year 2030, 50% of them older adults [1]. Arthritis is a general
medical condition meaning inflammation of a joint [2]. Arthritis comprises over 100
different diseases and conditions [3]. All forms of arthritis share certain symptoms such
as sore, stiff, inflamed, and painful joints [51]. However, the various forms of arthritis are

quite different from each other in terms of etiology, manifestation, diagnosis, prognosis,
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and treatment. The most common forms of arthritis in the elderly are rheumatoid arthritis
and osteoarthritis [52].

2.2.1 Most Common Types of Arthritis in Elderly

2.2.1.1 Rheumatoid arthritis (RA)
Rheumatoid arthritis is a chronic, multisystem inflammatory autoimmune disease

of unknown etiology [51]. There were about 1.3 million US adults suffering from RA in
2005, down from an estimated 2.1 million in 1995 [49]. It is proposed that this disease
progresses in three stages [51, 53, 54].

The first stage is swelling of the synovial lining, causing pain, warmth, stiffness,
redness and swelling around the joint. The second stage is the rapid division and growth
of cells, or pannus, which causes the synovium to thicken. In the third stage, the inflamed
cells release enzymes that may digest bone and cartilage, often causing the involved joint
to lose its shape and alignment, promoting more pain and loss of movement [51, 53, 54].

Initially RA affects the hands, wrists and feet; it may later involve any synovial
joint such as the knee, ankle, hip, elbow, and shoulder [55]. The most common joints
affected by RA are shown in Figure 2.1.

This disease clearly shortens one’s survival by 5-10 years [56] and produces a
significant disability [55, 56]. It can lead to long-term joint damage, which results in

chronic pain, then functional limitation and disability [54].
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Figure 2.1 Joint distribution in RA (right) and OA (left). Adapted from Koopman and Moreland

(2005)

2.2.1.2 Osteoarthritis (OA)
Osteoarthritis (OA) is one of the oldest recognized and most common forms of

arthritis [12, 49]. The current comprehensive definition of OA is “morphologic,
biochemical, molecular, and biomechanical changes of both cells and matrix which lead
to softening, fibrillation, ulceration, and loss of articular cartilage, sclerosis, eburnation of
subchondral bone, osteophytes, and subchondral cysts” [57]. Globally, OA is known by
several names, such as degenerative joint disease, ostoarthrosis, hypertrophic arthritis,
and degenerative arthritis [58]. In terms of prevalence, OA affected nearly 27 million
Americans aged 25-74 years in 2005, up from an estimated 21 million in 1995 [59].

Osteoarthritis is classified as primary, idiopathic, or secondary. Idiopathic means
that the OA occurs without clear underlying predisposing factors. When OA occurs

following a systemic pathogenic factor, it is called secondary OA [60]. Generally, the
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point of onset of OA is undetectable; however, pathology (radiological changes) and
symptoms are used as markers of the disease [60].

Osteoarthritis is simply characterized by a deterioration of articular cartilage and
formation of new bone at the joint surfaces. The most common OA joint involvement is
shown in Figure 2.1. The main symptom of OA is pain, often leading to mobility
limitation and stiffness [60, 61]. This pain is commonly described as a sharp ache or a
burning sensation in the associated muscles and tendons. In some cases, OA can cause
crepitus which occurs when the affected joint is moved or touched, and in some cases is
associated with tendon-related muscle spasms and contractions [60]. OA is occasionally
associated with acute or subacute inflammation, most commonly in erosive

(inflammatory) OA of the hands, but it may occur in other peripheral joints [60].

2.2.2 Measurements (Arthritis Case Definition)
In most public health surveys such as the National Health and Nutrition

Examination Survey (NHANES), arthritis is measured as a self reported condition [49,
62-64]. For example, the NHANES survey asked subjects directly about their condition,
"Have you ever had, or has a doctor ever told you that you have, arthritis or
rheumatism?”” and “Have you EVER been told by a doctor or other health professional
that you have some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia?”
[59]. Similarly, in some population-based epidemiologic studies such as the ongoing
Hispanic Established Population for the Epidemiological Study of the Elderly (H-EPESE)
survey, assessed self-reported arthritis was studied by asking if subjects “had ever been
told by a doctor that they had arthritis or rheumatism” [65]. In another prospective

longitudinal study, The Health and Retirement Study (HRS), arthritis was measured
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according to self-report by "Have you ever had, or has a doctor ever told you that you
have, arthritis or rheumatism?" [66]. Additionally, the Health, Well-Being, and Aging in
Latin America and the Caribbean Study (SABE) studies assessed self-reported arthritis
by asking if subjects “had ever been told by a doctor or nurse that they have arthritis,
rheumatism, or osteoarthritis” [67].

However, self-reported measures of arthritis may or may not correspond to the
diagnostic criteria for rneumatological conditions such as the criteria of the American
College of Rheumatology for RA or OA [49]. Despite that, “self-reported doctor-
diagnosed arthritis” provides the most credible estimate of overall arthritis prevalence,

with acceptable sensitivity and specificity for surveillance purposes [49].

2.2.3 Risk Factors
Several factors have been associated with developing arthritis. Some, called

‘nonmodifiable risk factors’, cannot be changed. Others, called ‘modifiable risk factors’,
can be modified. Nonmodifiable risk factors are older age, female gender, and genetic
predisposition [68]. Previous joint injuries, infections, depressive symptoms, increased

body weight, and certain occupations are known as modifiable risk factors.

2.2.3.1 A- Nonmodifiable Risk Factors
A.l. Age:

The incidence and prevalence of arthritis increases with age [66]. Since
longitudinal studies are needed to determine incidence rates, incidence has been studied
less often than prevalence. Because relatively few new cases occur even in large
populations, estimates of incidence are often imprecise [66]. Findings from the Alameda
County Study, a longitudinal population based study, indicated that increasing age is a

significant risk factor for incident self-reported arthritis [69]. The odds ratio (OR) was
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2.00 (95% Cl= 1.40-2.85) for subjects aged 45-49 and increased to 3.13 (95% Cl=2.32—
4.22) for subjects 50 years or over [69].

Recently, the 2003—-2005 National Health Interview Survey (NHIS) reported
arthritis prevalence for those aged 18-44 years at 8%, 45-64 years at 29%, and 65 years
or older at 50% [12, 49], as shown in Figure 2.2. This supports the notion that arthritis is
associated with age, as the data show a 50% greater likelihood of arthritis for those aged
65 years or older [49]. This is supported by other studies as well, showing that arthritis is
a highly prevalent chronic condition in older adults, especially in persons aged 65 years

or older [70-72].
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Figure 2.2 Percent of those with doctor-diagnosed arthritis, by age group, National Health

Interview Survey, United States, 2003-2005
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A.2. Gender:

According to most epidemiological studies, arthritis is more common in women.
For example, in the current NHIS data, the age-adjusted arthritis prevalence was higher
for women than for men (24% versus 18%) (Figure 2.3) [12, 16, 49]. In a longitudinal
study of 7,447 older participants aged 70 years or older, the Asset and Health Dynamic
Survey Among the Oldest Old (AHEAD), the prevalence of self-reported arthritis was
greater in women (31%) than in men (23%) [16].

In a separate study of 2,873 Mexican-Americans aged 65 or older, prevalence of
arthritis was 50% in women compared to 29% in men [65]. In explaining the difference,
some studies have suggested that the female sex hormone estrogen can influence both the
incidence and progression of certain types of arthritis [73]. However, oral contraceptive

use has been shown to reduce the risk of RA [74, 75].
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Figure 2.3 Percent of doctor-diagnosed arthritis, by gender, National Health Interview Survey,

United States, 2003—2005
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A.3. Race and Ethnicity:

Racial/ethnic differences have been documented in the prevalence of arthritis [8].
To examine racial/ethnic differences in arthritis prevalence, CDC analyzed data from the
2003-2005 National Health Interview Survey (NHIS) [1, 49]. The study showed that age-
adjusted arthritis prevalence was similar for non-Hispanic whites and African Americans,
22%, and was lower in Hispanics, 16.5% (Figure 2.4) [1, 49].

However, data from AHEAD showed that arthritis affects minority groups more
than whites. The prevalence of arthritis was 25% in non-Hispanic whites, 40% in non-
Hispanic blacks, and 44% in Hispanics [16]. Despite the existence of ethnic and racial
disparities [76], it is not yet clear if race and ethnicity is highly affected by arthritis in the
current literature. Therefore, prospective longitudinal studies with larger samples are

needed to understand this issue and to assess potential causal roles [76].
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Figure 2.4 Percent of doctor-diagnosed arthritis, by race/ethnicity, National Health Interview

Survey, United States, 2003—-2005
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A.4. Genetics:

Genetics characteristics are considered another nonmodifiable risk factor for
arthritis. Particular genes are associated with a higher risk of some types of arthritis, such
as RA, ankylosing spondylitis, systemic lupus erythematous (SLE), and osteoarthritis [68,
77]. For example, in a meta-analysis of 10 studies, Han et al. (2005) [78] found that the
CTLA-4 gene exon-1 +49A/G polymorphism is a risk factor for RA in Asians, but not
Europeans.

Furthermore, in a family-based analyses of 844 simplex families from four ethnic
groups (Caucasian, Asian, Hispanic and African American), a haplotype containing the
PD1.3A allele was significantly associated with SLE among Caucasian families (P=
0.01). For Hispanic families, two novel single-nucleotide polymorphisms (SNPs) were
significantly associated with SLE risk [79]. In terms of osteoarthritis, a twin study
revealed that genetic factors account for about 50% of cases of OA in the hands and hips
but less in the knees [80].

A.5. Socioeconomic Status (SES):

Socioeconomic disparities are associated with arthritis [81, 82]. In the general
population, the rate of arthritis is higher among persons with low education and with low
income [83]. For example, data from the recent NHIS indicated that subjects with
arthritis were more likely to have less than a high school education (age-adjusted) (23.2%
versus 21.2%), Figure 2.5 [12].

Additionally, analyses from the Canadian Community Health Survey (>15 years,
N =127,513) found that low income and low education were positively associated with

reporting arthritis [83]. Recently, in Australia, the risk of arthritis was found to be
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associated with lower income, according to data from the Victorian Population Health
Survey (N = 7,500) [84]. A Danish case-control study of 515 patients with RA found that
low level of education was significantly associated with risk of RA [85]. In older adults,

Dunlop et al. [16] found high prevalence of arthritis strongly associated with lower

income, less education and less wealth.
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Figure 2.5 Percent of doctor-diagnosed arthritis, by education level, National Health Interview

Survey, United States, 2003—-2005

2.2.3.2 B- Modifiable Risk Factors

B.1. Overweight and Obesity:

Many studies have found increased body weight associated with increased risk of
arthritis, up to twice that in normal weight adults [86-88]. Data from NHIS 2003-2005
indicated that persons who are overweight or obese report more doctor-diagnosed

arthritis than thinner people [12]. Age-adjusted prevalence was 16.3% in under/normal
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weight subjects, 21.7% in overweight subjects, and 30.6% in obese subjects (Figure 2.6)
[12].

Data from the Victorian Population Health Survey (N = 7,500), found that a
higher body mass index (BMI) was independently associated with arthritis [84]. Analyses
of a longitudinal study of 1985 subjects found obesity significantly associated with 23-
year incidence of osteoarthritis of the hands among subjects disease free at baseline [89].
Also, it has been reported that there is a weak relationship between increased body
weight and hip OA, as compared to the knee OA. Being overweight was found to be a
factor significantly associated with bilateral OA in hip joint, but not significantly
associated with unilateral affected joint [90].

Furthermore, weight loss may decrease the risk of arthritis and improve
symptoms [91]. For example, Felson et al. (1992) [92] examined women who
participated in the Framingham knee osteoarthritis study (from 1983 to 1985) and
revealed that a weight loss of 11.2 pounds over a 10-year period decreased the likelihood

of developing knee OA by more than 50% (OR= 0.46; 95% CI| = 0.24 to 0.86).
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Figure 2.6 Percent of doctor-diagnosed arthritis, by BMI status, National Health Interview

Survey, United States, 20032005

B.2. Occupational Factors:

Occupational factors are associated with arthritis. Occupations that require
repetitious tasks increase the risk for osteoarthritis because these movements overwork
specific joints and fatigue joint-protecting muscles [90]. Data from the Framingham study
suggest that such job activities are associated with 15-30% of cases of OA in men [93].

Other occupational activities that include standing, climbing stairs, walking on
uneven ground and sitting have been conflictingly linked to osteoarthritis risk [94].
However, in a recent systematic review by Jensen (2008) [95] of 19 studies, the author
found limited evidence for a relation between hip OA and construction workers and no
evidence linking stair or ladder climbing to hip OA[95].

B.3. Previous Joints Trauma:

Several epidemiological studies examine the relationship between joint injuries in

young adults and risk for later arthritis, especially OA. In a longitudinal study by Gelber
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et al. (2000) [96], 1321 former medical students were surveyed and their injury status
recorded at baseline. The researchers found that 36 years' prior joint injury increased
significantly the risk of OA at that site of injury (OR =5.17; 95% CI= 3.07-8.71).

Similarly, higher rates of OA have been found in athletes in a variety of sports
[97, 98]. For instance, in a recent case-control study, Thelin et al. (2006) [99] studied 825
cases of x-ray-verified knee OA for athletes who were matched with 825 controls from
the general population. They found that playing soccer and ice hockey were significantly
associated with knee OA (OR= 1.52; 95% CIl= 1.04-2.20) and (OR= 2.06; 95% CI=
1.21-3.50), respectively [99].

B.4. Diet and Nutrition:

While dietary factors have been found to be an important RA risk factor [100],
research suggests that changes in diet and nutrition can decrease the instance of RA [101,
102]. In a prospective cohort of 57,053 subjects, Pedersen et al. (2005) [100] found no
association between intake of foods or dietary supplements (such as long chain fatty
acids, olive oil, vitamins A, E, C, and D, zinc, selenium, iron, and meat) on RA
development [100], while the extreme (undernutrition) was found to be a risk factor for
disability in RA patients [103]. Vitamin intake has been found to significantly affect OA
progression; in the longitudinal Framingham knee OA cohort study [104], a 3-fold
reduction in risk of OA progression was observed for persons in the middle and highest
tertile of vitamin C intake, compared to those whose intake was in the lowest tertile [104].

As discussed earlier, the Healthy People 2010 initiative has eight objectives under

the arthritis focus area (focus area 2) [23]. Additionally, Healthy People 2010 has targets
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subjects with arthritis by two additional objectives; however, these two objective are
under the nutrition focus area (focus area 19) [105].

B.5. Depression:

Most studies have shown that arthritis is strongly associated with depression
[106]. In a study of 188 older women with RA (N = 87) and OA (N = 101), Zautra and
Smith [107] found that depression was associated with pain in both groups, but strongly
in RA [107]. Findings from the Health and Retirement Survey (HRS) indicated that
arthritis is strongly associated with major depression (attributable risk = 18.1%) in older
adults [108]. Finally, a longitudinal study (with a 20 year follow-up) has shown that, as
observed in a group of 1149 women and 964 men, depressive symptoms increase the risk
of self-reported arthritis (OR= 1.53; 95% Cl=1.12-2.10) [69].

However, this relationship of arthritis and depression is poorly understood,
because, in general, depressive symptoms are associated with pain and disability, the two

main symptoms of arthritis [109].

2.2.4 Consequences of Arthritis
In older adults, arthritis is usually associated with ancillary medical conditions,

high health-care cost, substantial activity limitation, work disability, and reduced quality
of life. Arthritis is also a risk factor for other comorbid conditions [110-113]. Not only
are there direct costs of this disease (i.e., hospital and pharmaceutical costs), but also
there are substantial indirect costs [114-116]. In the following two sub-sections, specific

risk factors and medical condition attributed to arthritis are discussed.

2.2.4.1 Arthritis as a Risk Factor
Several studies have found that arthritis is associated with developing other

medical conditions [112, 117-120]. For example, patients with arthritis are at high risk of
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developing hypertension, diabetes mellitus, hypercholesterolemia, pulmonary,
cardiological, or digestive diseases [112, 117-120]. A cross-sectional study was
conducted by Wolfe et al. [121] to determine whether the risk for cardiovascular and/or
cerebrovascular disease (CCVD) is higher in patients with RA or OA. From a sample of
11,572 arthritic patients (9,093 with RA; 2,479 with OA), risk of multiple cardiovascular
events (i.e., myocardial infarction (MI), congestive heart failure (CHF), and stroke) was

significantly increased only in patients with RA [121].

2.2.4.2 Arthritis and Economic
In 2003, direct costs attributable to arthritis and other rheumatic conditions

(AORC) were around $80.8 billion, as measured by: inpatient and outpatient care,
prescription drugs, and residual (i.e., home health care, vision aids, dental visits, and
medical devices) [114]. The average per-person direct costs were $1,752, with the highest
cost services for ambulatory care ($914), followed by emergency department and
inpatient services ($352), prescriptions ($338), and other costs ($146) [114].

Total indirect costs attributable to AORC were about $47.0 billion; average per-
person lost earnings were $1,590, as measured among 29.5 million working-age adults
[114]. National overall costs (direct and indirect) totaled $128 billion, equal to 1.2% of
US GDP in 2003 [114]. Among states/areas, total costs attributable to AORC ranged
from $225.5 million (District of Columbia) to $12.1 billion in California. New York and
Texas had the next highest total costs at $8.7 billion [114].

An estimated 36.5 million medical visits were due to AORC in 1997, as realized
in physician office visits (89%), acute care hospital outpatient services (7%), and
emergency departments (4%) as reported by the National Ambulatory Medical Care

Survey (NAMCYS) and the National Hospital Ambulatory Medical Care Survey
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(NHAMCS) [15]. In addition, the 1997 National Hospital Discharge Survey reported

744,000 hospitalizations due to AORC [14].

2.3 DISABILITY
The first Disability sub-section compares and contrasts two important disability

models: the Disablement Process Model (DPM) and the Enabling-Disabling Model
(EDM). Subsequently, the association between arthritis and disability is reviewed in the

second sub-section.

2.3.1 Two Important Disability Models
Several conceptual schemes have informed discussion regarding disability

research, most prominently the Disablement Process Model (DPM) and the Enabling-
Disabling Model (EDM) [122, 123]. Both models were developed in the US during the
1990s. The DPM [124] is a sociomedical model developed by two researchers, Dr. Lois
Verbrugge, a demographer at the University of Michigan, and Dr. Alan Jette, a physical
therapist from Boston University.

The DPM was disseminated and published in 1994 by the journal Social Science
and Medicine. In 1997, the Institute of Medicine (IOM) introduced the enabling-disabling
model (EDM) [125] in the book Enabling America, Assessing the Role of Rehabilitation
Science and Engineering. The EDM is a modified version of a previous model published
by IOM in 1991 [126].

DPM is similar to EDM in that it treats disability as a continuum of components,
rather than an absolute case; this stems from both models’ adaptation of Dr. Saad Nagi’s
disability model [127]. In 1965, Nagi identified four basic components of the disability

process: 1) pathology, 2) impairment, 3) functional limitation, and 4) disability. Since
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then, most contributions have identified the same components. Consequently, DPM and
EDM are alike in expanding and elaborating these components and are used in both
research and clinical practice [127]. Each model has a different perspective from which to
describe disability and its pathway.

The main pathway of DPM starts with pathology (Figure 2.7) and its
consequences — impairment, functional limitation, and disability — incorporating three
fundamental characteristics: 1) Epidemiological risk factors such as behavior,
demographic, lifestyle, and biological attributes; 2) Intra-individual factors such as
lifestyle and behavior changes, psychosocial attributes and coping, and activity
accommodations that might affect functional limitation; and, 3) Extra-individual factors
such as medical care and rehabilitation, medication and other therapeutic regimens,
external support, physical, and social environment [124, 127].

Conversely, the IOM model (Figure 2.8) starts with a state of “no disabling
condition”, followed by pathology, impairment, and functional limitation [125, 127].
Most importantly, it includes bidirectional arrows to depict the concept of disabling
factors (moving from left to right) or enabling factors (moving from right to left). Lastly,
it illustrates how quality of life and transitional factors (biological, life style and
behavior, and three dimensions of environment) interact. Ultimately, the IOM model does
not include disability, as in the previous model [125, 127]. Instead, the IOM committee
treated disability as a product of the individual’s interaction with his/her environment; as

such, it is not inherent to the individual [125, 127].
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As a result of the difference in general structure, each model has different definitions for
each component. First, as indicated in Table 1.2, the terms of pathology, according to the
Verbrugge and Jette model of disability (DPM), refers very specifically to biochemical
and physiological abnormalities detected and medically labeled as a disease, injury,
congenital, or developmental condition. In their perspective, medical diagnoses are
required to satisfy clinical significance [124]; undiagnosed pathologies would not be
included in this version of the concept [124]. Unlike DPM, the EDM model views
pathology as interruption or interference of normal bodily processes or structures that
need to be addressed early-on if they are to prevent disability [125].

‘Impairments’ (the second component in the disability pathway), is defined by
DPM as “dysfunctions and significant structural abnormalities in specific body systems”.
The term ‘significant’ is used to indicate the consequential effects of the abnormality,
specifically, that it can affect one’s social, mental, or physical functioning [124]. The
authors also specify that impairment can occur in primary and secondary locales,
immediately or delayed. Impairments are identified via medical procedures, including
exams, laboratory tests, imaging, medical histories and symptom reports. The data
collection method in DPM, however, via self-report, is questionable [124].

EDM describes impairment as “loss and/or abnormality of mental, emotional,
physiological, or anatomical structure or function: includes all losses or abnormalities,
not just those attributable to active pathology; also includes pain” [125]. Moreover, the
severity of impairment is affected by many factors such as the condition, tissues and

organs affected, and extent of damage [125].
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Each model also defines ‘functional limitation’ differently, where DPM regards it
as “restrictions in performing fundamental physical and mental actions used in daily life
by one's age-sex group” [124]; Verbrugge and Jette emphasized this point, stating that
these are "generic actions (required) in many specific circumstances”. The authors
exemplify the physical and mental actions required for an individual to interact with the
social and physical environment, including overall mobility; discrete motions and
strengths; trouble seeing, hearing, or communicating; and other general examples [124].
Data collection can be done through self-reports or proxy reports [124]. In contrast
‘functional limitation’ is briefly addressed in the IOM model, stating that the term
describes “restriction or lack of ability to perform an action or activity in the manner or
within the range considered normal that results from impairment” [125].

Finally, DPM defined ‘disability’ as “experiencing difficulty doing activities in
any domain of life due to a health or physical problem” [124]. Likewise, EDM defined it
as “inability or limitation in performing socially defined activities and roles expected of

individuals within a social and physical environment” [125].
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Table 2.1 Names and Definitions of Components of the Two Disability Models

First Second Third Fourth
Component Component Component Component
DPM(1994) . Functional o
Pathology Impairment limitation Disability
Biochemical & Dysfunctions Restrictions in  Experiencing
physiological and significant  performing difficulty doing
abnormalities  structural fundamental activities in
that are abnormalities in physical and any domain of
detected and  specific body mental actions life due to a
medically systems used in daily health or
labeled as life by one's physical
disease, age-sex group problem
injury, or
congenital or
developmental
conditions
EDM(1997) . Functional L
Pathology Impairment limitation Disability
Interruption or Loss and/or Restriction or Inability or
interference of abnormality of lack of ability limitation in
normal bodily mental, to perform an  performing
processes or emotional, action or socially
structures physiological, or activity in the  defined
anatomical manner or activities and
structure or within the roles expected
function: range of individuals
includes all considered within a social
losses or normal that and physical
abnormalities, results from environment
not just those impairment

attributable to
active
pathology; also
includes pain

31



2.3.2 Arthritis and Disability
Data from the National Health Interview Survey (NHIS) for 2003 — 2005 showed

that 41% (19 million) of the 46 million adults with arthritis reported limitations in their
normal activities because arthritis [12]. In 2002, 21% of US adults had doctor-diagnosed
arthritis, where more than one third of them had activity limitations attributable to
arthritis. Of those working-age (aged 18-64) adults with arthritis, one third also had
arthritis-attributable work limitations (AAWL) [128].

Similarly, Theiset al. (2007) [129] used the 2002 NHIS data to estimate the
prevalence of AAWL, finding that, of those aged 18-64 with arthritis, AAWL was noted
in 30% of cases [129]. The prevalence of AAWL was highest among people ages 45-64
years (10.2%), women (6.3%), non-Hispanic blacks (7.7%), those with less than a high
school education (8.6%), and those with an annual household income <$20,000 (12.6%)
[129]. Notably, AAWL significantly increased among people with arthritis-attributable
activity limitations (OR=9.1; 95%CI= 7.1-11.6) [129]. Data from the 2003 Behavioral
Risk Factor Surveillance System (BRFSS) showed that, among working-age (aged 18-64)
persons in all US states, AAWL was high, ranging from 3.4 - 15% of adults with arthritis

[128].

2.4 HEALTH-RELATED QUALITY OF LIFE
This section reviews the definitions of the two parts of ‘health-related quality of

life’: quality of life and health. While there are many definitions for quality of life (QoL),
this study refers to a person’s assessment of ‘satisfaction with life’ [130, 131]. For
example, Post et al. (1999) [132] in a systematic review found that ‘quality of life’ has

been used synonymously with: health status, physical functioning, perceived health

32



status, subjective health, health perceptions, symptoms, need satisfaction, individual
cognition, functional disability, psychiatric disturbance, and well-being. Vetter [133]
suggested that health and quality of life are inherently interrelated, thus giving rise to the
concept of health-related quality of life (HRQoL). Therefore, quality of life is the
umbrella for health.

According to the World Health Organization (WHO), quality of life is an
“individual’s perception of their position in life in the context of the culture and value
systems in which they live and in relation to their goals, expectations, standards and
concerns” [134]. Health is generally defined as “a state of complete physical, mental, and
social well-being and not merely the absence of disease or infirmity” [135]. Lastly, the
CDC (2000) [136] defined HRQoL as “an individual’s or group’s perceived physical and
mental health over time”. In 1993, CDC developed a 4-item Healthy Days Core Module

as a tool for public health surveillance of HRQoL [136].

2.4.1 Arthritisand HRQoL
Findings from several studies indicate that subjects with arthritis have poorer

HRQoL than those without arthritis [5, 30]. Mili et al. (20003) [5] compared subjects
from the general population in 15 states and Puerto Rico with and without arthritis using
the CDC HRQOL model. They found that subjects with arthritis were three times more
likely to report their general health as “fair’ to ‘poor’ and averaged more physical, mental,
and overall unhealthy days than participants without arthritis [5].

In a separate study, Dominick et al. (2004) [30] examined the CDC HRQoL
modules using the Medicare data on 41,467 older adults from Pennsylvania with and

without arthritis [30]. This study found that subjects with OA and RA had poorer HRQoL
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than those without arthritis [30]. Also, the CDC's HRQoL modules could distinguish
those with and without arthritis as well as between different types of arthritis (OA and
RA) in older adults [30].

Likewise, using the SF-36 measure, the general populations of eight countries,
including the US, were assessed to study the impact of common chronic conditions on
HRQoL [28]. This large study found that arthritis impacted HRQoL the most, for the

entire population of the countries studied [28].
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3.0 METHODS

This chapter is organized into four main sections. The first describes the conceptual
model used to guide each analysis. The second discusses the research design and sample
of the current study, including characteristics of the studied population and data
collection methods. The third describes research variables and measurements. Finally, the

last address data management and analysis.

3.1 THE STUDY CONCEPTUAL MODEL
In the present study, the disablement process model was modified by adding

physical and mental components of the health-related quality of life to arrive at an overall
outcome (Figure 3.1). As discussed in the previous chapter, the concept of quality of life
has been used as a core element of the Institute of Medicine (IOM) disability model
(Figure 2.8) [125]. Thus, HRQoL was incorporated into this study’s conceptual model.
Health-related quality of life is assessed using the Medical Outcomes Study (MOS) 36-
Item Short-Form Health Survey (SF-36) [137]. SF-36 is the most widely used generic
measure of HRQoL for chronic diseases [138], orthopedic conditions [139], and most
importantly, for arthritis [140].

As shown in Figure 3.1, the first element, pathology, was operationally defined
here as self-reported physician diagnosis of arthritis. The second element, impairment,
was represented by self-reported pain on weight-bearing along with reduced lower and
upper body muscle strength (performance-based measures). The third element, functional
limitation, was addressed through lower body limitation, chosen because it is a more
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significant factor in predicting future disability than upper body limitation [141-146].
This component of the model was assessed using the short physical performance battery
(SPPB) which includes three tasks: standing balance, walking speed, and repeated chair
stands [147]. Finally, the fourth component, disability, assessed having difficulty in doing
any activity of daily living (ADL) (e.g., bathing, grooming, dressing, eating) [148] or
instrumental ADL (IADL) (e.g., driving, shopping, preparing meals, handling money)
[149].

Potential risk factors for arthritis were organized into one box, external to the
main disablement pathway. This approach, unlike the original model, facilitates an
understanding of the impact of arthritis. The three independent boxes as described in the
DPM are: predisposing risk factors, intra-individual factors, and extra-individual factors
[122, 124]. In the current investigation, arthritis risks factors were classified as non-
modifiable and modifiable factors. The non-modifiable risk factors included age, sex,
level of education, and nativity. The modifiable risk factors were represented by language
of interview, body mass index (BMI), depressive symptoms, low cognitive status, and
medical conditions (heart attack, stroke, hypertension, diabetes, osteoporosis and cancer).
These factors are thought to mediate or moderate the relations among pathology,
impairment, functional limitation, and disability [122, 124] as well as the physical and

mental components of the HRQoL [144].
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Figure 3.1 The Conceptual Model for the Current Investigation; adapted from Verbrugge and Jette (1994) and I0OM (1997)
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3.2 RESEARCH DESIGN AND SAMPLE
Data from the Hispanic Established Population for the Epidemiological Study of

the Elderly (EPESE) were analyzed longitudinally to evaluate the association between
arthritis and physical function, disability, and health related quality of life among older

Mexican-Americans.

3.2.1 Description of the Hispanic EPESE Study
The Hispanic EPESE is an ongoing population-based study of 3050 non-

institualized Mexican-Americans aged 65 or over at baseline (1993-1994) in five
southwestern states (Arizona, California, Colorado, New Mexico, and Texas). Six waves
of data have been collected (1993-1994, 1995-1996, 1998-1999, 2000-2001, 2004-2005,
and 2006-2007) to accomplish this task.

To generalize findings to approximately 500,000 Mexican-Americans aged 65
or older, subjects were selected according to a multistage area probability cluster sample
that involved 1) selection of counties, 2) census tracts (a small census based geographical
area), and 3) households. In the first stage, counties were selected if at least 6.6% of the
county population was of Mexican-American ethnicity. In the second stage, census tracts
were selected with a probability proportional to the size of their older Mexican-American
population, using counts from the 1990 US census; there were 206 census tracts in the
analyzed sample. In the third stage, census blocks (very small area units within census
tracts) were selected at random to obtain at least 400 households within each census tract.
These households were screened to identify subjects in the target population of older
Mexican-Americans. The sample and its characteristics have been described thoroughly

elsewhere [150-152]. Generally, the Hispanic EPESE research design was closely modeled
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after the design of prior EPESE studies (New Haven, East Boston, North Carolina, and
rural lowa) [153] and includes many of the EPESE instruments used repeatedly as
standard measures in studies of older adults.

Bilingual interviewers (Spanish and English) who conducted all interviews were
trained by the project staff and employed by Harris Interactive, Inc. (formerly Louis
Harris and Associates). Interviews were conducted in the home of the respondent or
their proxy. The baseline and first follow-up interview lasted approximately 90 minutes,

with the second, third, and fourth interviews each lasting approximately 60 minutes.

3.2.2 The disablement Process Study (A Sub-Sample)
After Wave 3 data collection, a list of respondents covered by Medicare (N=

1598) was created. This represented approximately 81% of the sample at Wave 3.
Respondents who had Medicare coverage were chosen for the disablement process study
in order to link the sub-study data with Medicare claims data. A random sample of

800 subjects was selected with the goal of conducting at least 500 interviews. This was
exceeded, as 621 subjected were interviewed in Wave one (2000-2001) (see Figure 3.2).
In the second wave (2001-2002), 551 interviews were completed. Finally, 359 subjects

were re-interviewed in 2006.
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1993/94

Wave 1
N= 3050

Hispanic EPESE Study

1995/96 1998/99 2000/01
Wave 2 .| Wave 3 Wave 4
| N=2438 | N=1980 | N=1682
2000/01 2001/02 2006
Wave 1 | Wave 2 .| Wave 3
N= 621 | N=551 | N=359

Disablement Process Study

Figure 3.2 The Roots of the disablement Process Study

3.2.3 Study Population
Data employed was from the baseline of the disablement process study, Wave 2,

and Wave 3 (Figure 3.2). At baseline (2000-2001) 621 subjects had completed in-home

face to face interviews in either Spanish or English at the subject’s preference. Proxy

interviews were not included due to the physical nature of some of the measurements. In

Wave 2 (2001-2002), 549 subjects were re-interviewed in person and 2 by proxy; 48

refused to be interviewed or were lost in the follow-up, and 22 were confirmed dead

through either the National Death Index (NDI) or reports from relatives. In Wave 3

(2006), 359 subjects were re-interviewed in person, and 39 by proxy; 47 refused to be

interviewed or were lost in the follow-up and 121 were confirmed dead (Figure 3.3).
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Wave 1 Total sample
(2000-01) N=621
Deaths
N=22 (3.54%)
Lost to follow-up/refused
N=48 (7.73%)
v
Wave 2 Total sample +——» | Proxy/ assistant proxy
(2001-02) N=549 N=2 (0.32%)
Deaths
N=121 (19.5%)
Lost to follow-up/refused
N=30 (4.8%)
v
Wave 3 Total sample Proxy/ assistant proxy
(2006) N=359 N=39 (6.3%)

Figure 3.3 Status of the sample at baseline and follow-up.

3.3 RESEARCH VARIABLES AND MEASUREMENTS

3.3.1 The Four Elements of the Disablement Process Model

3.3.1.1 Pathology
A prior physician diagnosis of arthritis was assessed with the question: “Has a

doctor ever told you that you have arthritis or rheumatism?” Similar questions have been

used in other national surveys [154, 155]. Moreover, such a question is thought to
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provide the most credible estimate of overall arthritis prevalence, with acceptable

sensitivity and specificity, mainly for longitudinal epidemiological studies [49].

3.3.1.2 Impairment
There are two main variables under the impairment element. The first

variable is ‘pain on weight-bearing’; the second is ‘muscle strength’. The latter

was measured by two different instruments, depending upon the joint and

movement to be measured.

A. Pain on weight-bearing was assessed with the question; “In the past month,
did you notice any pain or discomfort when you stood or walked?”

B. For large muscle groups, muscle strength was measured using the Nicholas
Manual Muscle Tester (NMMT). NMMT is used mainly for large muscle
groups of the lower and upper extremities. The peak force (in kilograms)
required to break an isometric contraction (break test) is measured as the
examiner applies pressure against the subject with the NMMT. A load cell in
the device provides digital output ranging from 0.0 to 199.9 kg (equivalent to
approximately 440 Ib), with higher scores indicating greater muscle strength.
A previous study has shown that NMMT is a reliable and valid measure in
older subjects [156]. The five positions tested using the NMMT are:

1- Kbnee extension.

2- Hip flexion.

3- Hip abduction.

4- Shoulder abductionl at 0 degree.

5- Shoulder abduction 2 at 90 degree.

42



C. For handgrip strength, the Jamar Hydraulic Dynamometer was used. In a
sitting position with his elbow resting on the table and palm facing up, a
subject was instructed to squeeze the handgrip as hard as he/she could while
receiving verbal encouragement. This test of dynamometrical grip strength
test is reliable, valid, and easy to administer for older subjects [157-160].

For the current study, two ‘muscles strength’ variables were generated to
be used in the analyses related to Aim 1: lower extremity muscle strength (knee
extension, and two hip readings) and upper extremity muscle strength (two
shoulder readings and grip strength). Furthermore, for Aims 2 and 3, all five
muscle strength readings were combined into one variable called ‘total body
muscle strength’ in order to avoid a collinearity issue between lower and upper

extremity muscle strength.

3.3.1.3 Functional Limitation
Because it can be problematical to separate functional limitations from

disability, Verbrugge and Jette [124] suggested that investigators need to clarify

their conceptual intent clearly. Therefore, in this study functional limitation was

addressed through three lower body tests by using the Short Physical Performance

Battery (SPPB) [147, 161]. The SPPB tests three functions:

A. Standing balance consists of side-by-side, semi-tandem, tandem and full-
tandem standing. Subjects progress to the next standing condition after
holding the previous stand for 10 seconds. Standing balance score ranges from
0 to 4, with 0 reflecting no standing balance completed and 4 indicating full-

tandem standing for the full 10 seconds.
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B. Walking speed entailed walking across a small room (8-foot walk), timed to
the nearest second. Scores were divided into quartiles ranging from 0 to 4,
with 0 reflecting an incomplete walk and 1— 4 indicating quartiles dependent
on completion times (higher score indicating faster completion).

C. The time for repeated chair-stands (5 in total) was estimated to the nearest
tenth of a second. This was done after the subject stood once from a sitting
position with arms folded across the chest. These scores were also divided
into quartiles, where 0 reflected no chair stands completed and 1-4 reflecting
quartiles related to completion time (higher score indicating faster
completion).

The total score was created by combining these measures with a range of

0-12, where higher scores indicate better functioning. The SPPB has shown

excellent reliability and sensitivity [143, 162]. This measure was used as a

continuous variable after normality of the distribution was examined.

3.3.1.4 Disability
Disability was assessed by means of two self-report activities of daily living

instruments:

A. Activity of daily living (ADL): subjects were asked whether they needed
assistance in performing seven ADL tasks. These questions were from the
modified version of the Katz activities of daily living scale [148]. Tasks
included walking across a small room, bathing, grooming, dressing, eating,
and transferring from bed to chair and toileting. For the analysis, ADL
limitation was dichotomized into ‘no help needed’ and ‘needed help’,

including those unable to perform one or more of the seven tasks.
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3.3.2

B. Instrumental activity of daily living (IADL): subjects were asked if they were
able to do 10 tasks. These questions were based on the Older American
Resources and Services (OARS) Instrumental Activities of Daily Living scale
[163] and the Rosow-Breslau scale [164]. The 10 tasks include using a
telephone, driving, shopping, preparing meals, performing light housework,
taking medications, handling money, doing heavy housework, walking up and
down stairs, and walking half a mile. For the analysis, IADL limitation was
dichotomized as ‘no help needed’ versus ‘needed help’ to perform one or
more of the ten IADL tasks.

The correlation between the ADL and IADL measures was high (r = 0.61)
in this population [165-167]. Therefore, both ADL and IADL variables were

tested independently to avoid collinearity issue.

Health-Related Quality of Life
The Short-Form 36-item Health Survey (SF-36) is a gold standard and

widely used measure of self-reported health-related quality of life [133, 140, 168,
169]. The SF-36 consists of 36 items and 8 domains about subjects’ physical and
mental status. The Physical Composite Scale (PCS) is calculated as a summary
scale that includes physical functioning (PF), role limitation due to physical
function (RP), bodily pain (BP), and general health (GH) scales. The Mental
Composite Scale (MCS) summary includes general mental health (MH), role
limitations due to emotional problems (RE), social functioning (SF), and vitality

(VT) ratings.
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3.3.3

1)

The PCS and MCS scores range from 0 to 100, where higher values reflect
a better health-related quality of life [170, 171]. These global scores (PCS and
MCS) provide information on the respondent’s HRQoL, summarized in just two
values, thereby offering an easier interpretation of the data and reducing the
number of statistical analyses needed. Furthermore, both the PCS and MCS have
demonstrated to have good discriminate validity for identifying differences
between clinically meaningful groups [172].

The minimum clinically important difference (MCID) for various arthritic
conditions range between 5 to 10 points for each SF-36 domain score [171], and
range between 2.5 to 5 points for PCS and MCS scores [171]. The SF-36 has been
translated into many languages including Spanish. The Spanish version of the SF-
36 is a valid measure of self-reported health status for Mexican-Americans as well
as for other Hispanic groups [169, 173]. For this study, the Cronbach's alpha for
the SF-36 ranged from 0.76 to 0.96 [169].

Covariate Variables (Risk Factors)

3.3.3.1 Sociodemographic Factors
Age: as a continuous variable.

I1) Gender: (Male=1 vs. Female=0).

[11) Marital status: married, separated, divorced, widowed, and never married

(Married=1 vs. Otherwise=0).

IV) Years of formal education: as a continuous variable.

V) Nativity: (foreign born=1 vs. US born=0).

VI) Interviewed in English: (Yes=1 vs. No (Spanish) =0).
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1)

1)

3.3.3.2 Comorbid Conditions
Body Mass Index (BMI): calculated by dividing a subject’s weight in kilograms

by his/her height in meters squared. Anthropometric measurements were collected
in the home using the methods and instructions employed in other EPESE studies
[158]. Height was measured using a tape placed against the wall; weight was
measured using a Metro 9800 measuring scale. BMI was used as a continuous
variable.

Cognitive status: measured by the 30-item Mini-Mental State Examination
(MMSE) [174]. The MMSE scale is reliable and valid to be used with the
Hispanic population and both of its versions (English and Spanish) were adopted
from the Diagnostic Interview Scale [175]. Scores on this scale have a potential
range of 0-30, with lower scores indicating poorer cognitive ability. MMSE score
was used as a dichotomized variable (<21 vs. >21), using a cut-point frequently
employed for population with low average education [176]. Subjects scoring <21
were classified as having low cognitive status.

Depressive symptoms: assessed with the Center for Epidemiological Studies
Depression (CES-D) scale [177]. The CED-D scale is a reliable and valid
instrument to be used with the Hispanic population [178]. The scale consists of 20
items that ask how often specific symptoms were experienced during the past
week; responses were scored on a 4-point scale (scored 0-3) where potential total
scores ranged from 0 to 60. Subjects who scored >16 were classified as having

high levels of depressive symptoms [177].

IV) Medical conditions: assessed by the sum of positive responses to self-reported

physician diagnoses of: heart attack, stroke, hypertension, diabetes, osteoporosis
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and cancer (range 0-6). Such self-reported medical conditions have been shown to

be reliable with medical records [179].

3.4 DATA MANAGEMENT AND ANALYSES

3.4.1 Data Management
All data from the Hispanic EPESE study and the Disablement Process sub-sample

were centrally stored at the Hispanic EPESE coordinating office, located at the
University of Texas Medical Branch at Galveston (Department of Preventive Medicine
and Community Health). Data for each wave were obtained from the Hispanic EPESE
local network drive and subsequently merged and evaluated using the Statistical Analysis
System software (SAS version 9.1.2) [180] for sample characteristics and all specific
aims.

To avoid exclusion bias, all subjects from the Disablement Process sub-sample at
baseline who remained in the sample through the 2" and 3™ follow-up interviews were
included in the analyses. Therefore, the total records for the current study were one
thousand, five hundred and twenty nine (1,529) records for 621 subjects.

However, before performing any adjusted analyses, independent-samples t-tests
and chi-square tests were computed to determine whether there were any significant
differences between the retained and dropout subjects in sociodemographic
characteristics and other variables. Table 3.1 presents baseline description of subjects
who were retained and the dropouts. Dropout subjects were older, significantly more
likely to have low cognitive status and high depressive symptoms, have poorer lower and
upper extremity muscle strength, have lower SPPB score, report any ADL and IADL

limitations; and have lower PCS and MCS scores than retained subjects.
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Table 3.1 Descriptive characteristics of retained and dropout subjects at baseline (N=621)

Total Retained Dropouts |p-value
Characteristic N=621 [N=342 55% [N=279 45%
Age (years) mean (sd) 78.1 51 [77.3 44 |79 5.8  [<.0001
Sex Women 372 599 P11 61.7 |161 57.7 0.31
Married Yes 317 51.1 (176 515 [141 505 10.82
Nativity (US born) Yes 378 60.9 (199 58.2 179 64.1 [0.13
Education (years) mean(sd) 51 3.8 [5.4 38 4.9 3.7 [0.10
English Interview Yes 108 17.4 |50 17.9 P8 17 0.75
BMI(kg/mZ) mean (sd) 28.1 53 [28.3 48 7.9 5.8 0.43
Low Cognitive Status Yes 217 35 101 295 [116 415 <.001
(MMSE < 21)
Depressive Symptoms Yes 73 117 30 8.77 43 1541 .01
(CES-D > 16)
Medical Condition mean(sd) 1.1 09 (1.1 09 p1 0.9 0.75
Arthritis Yes 350 56.4 (186 54.4 164 58.8 .27
Pain Yes 295 475 (161 47.1 [134 48 0.81
LLMS (kg) mean (sd) 29 10.7 0.1 112 274 9.8 0.002
UEMS (kg) mean (sd) 38.5 12.2 KO 12.6 (36.7 11.6 [<.001
SPPB mean (sd) 7 34 |6 31 6.3 3.6 <.0001
Any ADL limitation Yes 116 18.7 42 12.3 |74 26.5 [K.0001
Any IADL limitation Yes 284 457 (132 38.6 [152 54.4 Kk.0001
PCS mean (sd) 41.4 125 W3 12 B9.3 13 <.001
MCS mean (sd) 55.1 85 6.2 79 p3.7 8.9 <.001

MMSE= Mini-Mental State Examination; CES-D= Center for Epidemiological Studies—Depression; BMI= Body Mass
Index; LEMS = Lower Extremity Muscle Strength; UEMS = Upper Extremity Muscle Strength; SPPB= Short Physical
Performance Battery; ADL= Activities of Daily Living; IADL= Instrumental Activities of Daily Living; HRQoL=
Health-Related Quality of Life; PCS= Physical Component Summary; MCS= Mental Component Summary.
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3.4.2 Data Screening Procedures
Because the choice of statistical tests should consider the distributional

characteristics of the data, it is vital to thoroughly consider the quality of the input before
performing primary analyses related to the study’s specific Aims. The results, presented
in Tables 1-.3 in Appendix A, show the univariate descriptive statistics at each wave for
all continuous and binary (categorical) variables. For all variables, measures of central
tendency (mean, and median), measures of variability (standard deviation, coefficient of
variation, minimum and maximum values), and measures of shape (skewness and
kurtosis) were computed [181].

‘Measures of central tendency’ were used to represent the "center” of the
distribution [181]. Measures of variability provide information about the degree to which
individual scores are clustered about or deviate from the average value in a distribution
[181]. Since most hypotheses need to be tested using a liner mixed model (which
assumes multivariate normality), univariate distributions and bivariate scatter-plots were
reviewed to evaluate skewness (degree of symmetry about the mean), kurtosis (degree of
flatness or peakness of a distribution), and, for bivariate distributions, linearity. Near-zero
skewness and kurtosis values indicate symmetrical and mesokurtic distributions (normal
distribution).

All observed bivariate scatter plots appeared to satisfy the liner mixed model
assumption of linearity. Furthermore, bivariate correlations among study variables were
computed to determine degree of collinearity among them at each Wave (Appendix A,

Tables 4 to 6).
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Finally, since the PCS and MCS were the two outcome measures for Specific
Aims 2 and 3, respectively, item bias or differential item functioning (DIF) analyses need
to be conducted. As discussed previously, the SF-36 was found to be a reliable and valid
measure for HRQoL in this sample of older Mexican-Americans using three classical
tests: 1) comparing SF-36 scores with scores from a national representative sample, 2)
examining the SF-36 dimension reliability, and 3) evaluating its construct validity
through a confirmatory factor analysis using structural equation modeling (SEM) [169].

According to the literature from educational and psychological fields, DIF is
present when respondents from different groups have differing probabilities of success on
an item, after controlling for overall ability [182]. In epidemiological and clinical
research, several studies have examined the presence of potential measure bias for
general functional status measures (such as SF-36) [183-185] or specific functional status
measures (e.g., shoulder, lumbar spine, and knee joints) [186-188], with respect to age,
sex, language, and many other factors.

The three most commonly used methods to assess the DIF are: Mantel-Haenszel,
logistic regression, and item response theory (IRT) [182]. Therefore, for the current
study, a powerful method called DIFwithpar, developed by Crane and Gibbons (2006)
[189, 190], was used to perform DIF analyses. DIFwithpar employs item response theory
and ordinal logistic regression models for each item of a measure using STATA and
PARSCALE software [189]. This DIF analysis program is available for free download
from the Statistical Components Archive at Boston College [190]. For 621 older

Mexican-Americans, STATA 10 [191] was used to examine DIF related to the language
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of test administration (English vs. Spanish) in addition to age (younger than 85 vs. 85 or
older) and sex for each item in both PCS and MCS.

Tables 7 and 8 in Appendix A summarized the DIF findings for PCS and MCS,
respectively. For PCS, 5 items were identified with nonuniform DIF in respect to
language, age, and sex. For MCS, 7 items were identified with either uniform or
nonuniform DIF in respect to the same covariate factors. However, Perkins et al. (2006)
[183] found more than 15 items exhibiting DIF related to age, race, and education, by
using two large national datasets, DIF Medical Outcomes Study (MOS) and National
Survey of Functional Health Status.

In the current study, after removing those items identified as DIF, the 8 scales and
the two summary composite scores (PCS and MCS) were recalculated. Subsequently, all
longitudinal models were reanalyzed by using the new PCS and MCS as outcome
variables. The final findings were not significantly changed in terms of the associations’
direction and magnitude. Therefore, the effect of DIF rarely transferred to the scale or
summary levels. In summary, classical and modern tests demonstrated that both PCS and
MCS of the SF-36 are reasonably valid measures for physical and mental HRQoL in this

sample of older Mexican-Americans.

3.4.3 Treating Missing Data
It is common in longitudinal epidemiological studies to have some missing data

[192, 193]. That was the case in the current study (see Tables 1 to 3 in Appendix A).
Therefore, the Missing Value Analysis (MVVA) function included in the Statistical

Package for the Social Sciences software (SPSS, version 16.0) [194] was used to
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determine that the missing data was not completely at random (MCAR). This result was
confirmed by Little’s chi-square test (X2 = 159, DF = 30, P <.0001).

For the study’s three Specific Aims, two separate longitudinal methods were used
to analyze the data depending on the outcome variable level of measurement. For a
continuous outcome variable, such as lower extremity muscle strength, the liner mixed
model was used [195-198]. For binary outcomes, such as pain and disability, the
generalized estimating equations (GEE) approach was used [195, 196, 199, 200]. Both
are kinds of generalized linear models and can handle missing data better than other
statistical models such as repeated measure analysis of variance (ANOVA) or least-
squares regression (LSR) models [201].

However, the missing value assumption using the GEE is more restrictive than the
liner mixed model. The GEE approach assumes MCAR, while the liner mixed model is
more flexible [201]. Therefore, handling missing data inappropriately (such as using the
last observation carried forward (LOCF) method), or ignoring them (by using complete
case analysis) may bias study results, reducing power and efficiency [202, 203]. Thus, a
powerful missing data estimation technique such as the multiple imputation (MI) method
is highly recommended [204].

This method was proposed by Rubin in 1977 [205, 206] and is one of the most
attractive methods for handling missing data in multivariate analyses [207]. It is used
mainly in longitudinal studies with continuous and dichotomous outcome variables [192].
Moreover, the MI method is a sophisticated and valid method that has emerged as a

flexible alternative to other imputation methods such as regression and likelihood
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methods [193, 204, 208-210]. This method of imputation has been used recently in many
longitudinal epidemiological studies [211, 212].

For the current study, the MI method was performed to impute missing data in
conjunction with the GEE and linear mixed model methods [205, 206, 209]. Thus, SAS
software was used (using proc MI and proc MIANALY ZE) [213, 214]. The imputation
model, which included the sociodemographic variables, comorbid conditions, the
disablement process component variables, and physical and mental composite scores, was
essentially the same as the analysis model. Any missing data for any outcome variable, as
well as associated covariates, were imputed. In total, five imputed datasets were used in

the analysis [180].

3.4.4 Statistical Analyses
After conducting univariate analysis for each variable (e.g., mean, median, range)

and examining the correlation coefficients among study variables at each Wave (see
Tables 4-6 in Appendix A), a series of analyses were performed to address the study’s
Aims.

Bivariate analysis was conducted using t-test and chi square tests to test
differences at baseline by arthritis status. Moreover, Mantel-Haenszel Chi-Square test for
overall trend was computed for dichotomous outcome variables (e.g., pain, ADL). For
continuous outcome variables (e.g., PCS, MCS), ANOVA and Tukey post-hoc test were
used to find any significant difference between three group means. Longitudinal analyses
were also conducted to assess the change over time of an outcome measured repeatedly
for every subject in the study [196, 215, 216]. As stated earlier, the general linear mixed

model (mixed model) was applied to all continuous outcome variables [196, 198] and, for
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dichotomous outcome variables, generalized estimating equations (GEE) were performed
[201].

All analyses were performed using the SAS System, version 9.1.2 [180]. The SAS
System’s MIXED and GENMOD procedures were used to conduct the mixed model and
GEE, respectively, to examine the time effect on outcomes by non-time-varying (i.e.,
time-independent, between subjects) and time-varying (i.e., time-dependent, within
subjects) covariates over three points of time [196, 198, 217-219]. A significance level of
p < 0.05 was used in this study. The following sub-section describes statistical strategies

for each aim.

3.4.4.1 AIM 1:
The first aim was to examine the association between arthritis and stages of the

disablement process (impairment, functional limitation, and disability) over three points
of time (2000-2001, 2001-2002, and 2006) among older Mexican-Americans.

Hypothesis 1.a:

Arthritis would be associated with greater impairment.
The statistical analyses used to test this hypothesis were divided into three parts:
I- Arthritis would be associated with presence of pain on weight-bearing.

The GEE model was used to assess the time effect of pain by employing non-
time-varying (e.g., gender, education) and time-varying (e.g., arthritis, BMI) covariates.
Generally, the GEE model uses generalized linear methods to model longitudinal data.

However, this method is different from the likelihood method of estimation that
most generalized linear models use. The GEE model utilizes a quasi-likelihood method of
estimation [192, 200]. Generally, the GEE model is a known function of the dependent

variable’s marginal expectation and provides a linear function of one or more explanatory
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variables, each of which estimates population average regression coefficients, not
subject-specific regression coefficients [201, 217].

Two models were implemented to assess the relationship between arthritis and
pain. In Model 1, time, sociodemographic variables described in Figure 3.1 (i.e., age,
gender, marital status, education, nativity, language of interview) and arthritis were
included. In model 2, comorbid conditions (i.e., BMI, cognitive status, depressive
symptoms, and medical conditions) were added to the variables in Model I. An
interaction between arthritis and time was also entered into the model to examine whether
the odds of having pain on weight-bearing over time were greater for subjects with
arthritis.

- Arthritis would be associated with poorer performance in lower extremis muscle
strength (LEMS).

I11-  Arthritis would be associated with poorer performance in upper extremis muscle
strength (UEMS).

Mixed models were used to assess the time effect on lower and upper extremities
muscle strength over three time points by non-time-varying (e.g., gender, education) and
time-varying (e.g., medical conditions, BMI) covariates. The MIXED procedure fits a
variety of mixed linear models of data and enables the use of these fitted models to make
statistical inferences about the data [198, 201]. The mixed linear model also provides the
flexibility of modeling by examining not only the variable means, but also their variances
and covariances [198, 201]. Finally, because the mixed model uses a method called a

likelihood-based ignorable analysis, all available data is included in the analysis. This
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method differs from complete case analysis in which any observation with a missing
value is dropped from the analysis [195-198, 201].

Two models were implemented to independently assess the relationship between
arthritis and both LEMS and UEMS. In Model 1, time, sociodemographic variables (i.e.,
age, gender, marital status, education, nativity, and language of interview), and arthritis
were included. Model 2 included comorbid conditions (BMI, cognitive status, depressive
symptoms, and medical conditions) along with all variables in Model I. Moreover, an
interaction between arthritis and time was also entered into the models to examine
whether changes in LEMS or UEMS over time were lower for subjects with arthritis.

Alternative Analyses:

Since both of LEMS and UEMS are continuous outcome variables, each variable
was divided by its median, creating the categories “LEMS Higher vs. Lower score” and
“UEMS Higher vs. Lower score.” Dichotomizing the outcomes would be easier for
clinicians to interpret than using continuous outcome variables, which ranged from 6.24
kg to 96.3 kg (LEMS) and from 5.84 kg to 103.5 kg (UEMS), respectively [220]. Using
the median rather than the mean to create global categories more appropriately represents
the majority of cases, especially in skewed distribution [221, 222]. For LEMS, the
median was 28.71 kg and for UEMS it was 37.11 kg.

Consequently, two independent GEE models were used to assess the time effect
of LEMS and UEMS. ‘Higher vs. Lower score’ over time by employing non-time-
varying (e.g., gender, education) and time-varying (e.g., arthritis, BMI) covariates.
Associations in both analyses were reported using odds ratios (OR) and 95% confidence

intervals (CI).
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Hypothesis 1.b:

Arthritis would be associated with more functional limitation.

Mixed models were used to assess the effect on lower body function as measured
by SPPB over time by non-time-varying (e.g., gender, education) and time-varying (e.g.,
arthritis, BMI) covariate.

Three models were constructed to assess the relationship between arthritis and
functional limitation. In Model 1, time, sociodemographic variables, and arthritis were
included. In Model 2, comorbid conditions (BMI, cognitive status, depressive symptoms,
and medical conditions) were included along with the variables from Model I. In Model
3, impairment variables (pain, LEMS and UEMS) (Figure 3.1) were added to the
variables in Model 2. Moreover, an interaction between arthritis and time was entered
into the model to examine whether changes in SPPB score over time were lower for
subjects with arthritis.

Alternative Analysis:

SPPB scores were categorized according to cut points validated by Guralnik et al.
[147] in which scores greater than 9 were considered consistent with mild to no mobility
limitation. Dichotomizing the outcomes would be easier for clinicians to interpret than
using continuous outcome variable [220].

Consequently, the GEE model was used to assess the time effect of SPPB (mild or
no limitation vs. otherwise) over time by employing non-time-varying (e.g., gender,
education) and time-varying (e.g., arthritis, BMI) covariates. This association was

reported using OR and its 95% CI.
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Hypothesis 1.c:

Arthritis would be associated with ADL and IADL limitation.
The statistical analyses for this hypothesis were divided into two parts:

I. Arthritis would be associated with ADL limitation.

I1. Arthritis would be associated with IADL limitation.

In both cases, the GEE models were used to assesses the effect of arthritis on
disability over time by employing non-time-varying and time-varying covariates
independently. Thus, four models were used to assess the relationship between
arthritis and the two types of disability. In Model 1, time, sociodemographic
variables, and arthritis were included. In Model 2, comorbid conditions (BMI,
cognitive status, depressive symptoms, and medical conditions) were included with
the variables from Model I. In Model 3, the impairment variables (pain, LEMS and
UEMS) (Figure 3.1) were included along with the variables from Model 2. Lastly,
Model 4 included functional limitation variable (SPPB score) with the variables from
Model 3. An interaction between arthritis and time was also entered into the model to
examine whether the odds of having any ADL or IADL limitation over time were

greater for subjects with arthritis.

3.4.4.2 AIMS 2 AND 3:
AIM 2 was to examine the association between arthritis and stage of disablement

process (impairment, functional limitation, and disability) on physical HRQoL, as
measured by SF-36 Physical Component Summary (PCS) over three points of time
(2000-2001, 2001-2002, and 2006) among older Mexican-Americans.

AIM 3 was to examine the association between arthritis and stages of disablement

process (impairment, functional limitation, and disability) on mental HRQoL as

59



measured by SF-36 Mental Component Summary (MCS) over three points of time (2000-
2001, 2001-2002, and 2006) among older Mexican-Americans.

Since both outcome variables PCS and MCS are continuous, the linear mixed

model was used to test each hypothesis.
Hypothesis.a:
Arthritis would be associated with poorer physical and mental HRQoL.

Mixed models were used to assess the time effect on physical and mental HRQoL,
as measured by PCS and MCS over time by non-time-varying (e.g., gender, education)
and time-varying (e.g., medical conditions, BMI) covariates.

The same two models were used to assess the relationship between arthritis and
PCS and MCS (Model 1 and Model 2). An interaction between arthritis and time was
entered into the model to examine whether changes in PCS or MCS score over time were
lower for subjects with arthritis.

Hypothesis b:
Greater impairment (pain and total body muscle strength) would be associated with
poorer physical and mental HRQoL.

Three models were constructed to assess the relationship between impairment and
PCS and MCS. Model 1 included time, sociodemographic variables, and both impairment
variables (pain and total body muscle strength). In Model 2, comorbid conditions (BMI,
cognitive status, depressive symptoms, and medical conditions) were included along with
the variables from Model I. In Model 3, arthritis was included along with the variables
from Model 2. An interaction between pain and time was also entered into the model to

examine whether changes in PCS or MCS score over time were lower for subjects with
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pain. Another interaction between total body muscle strength quartile and time was also
added into the model to examine whether changes in PCS or MCS score over time
differed for subjects in each quartile of TBMS.

Hypothesis c:

Greater functional limitation (as measured by SPPB) would be associated with poorer
physical and mental HRQoL.

Four models were constructed to assess the relationship between functional
limitation and PCS and MCS, independently. Model 1 included time, sociodemographic
variables, and functional limitation variable (SPPB). In Model 2, comorbid conditions
were included with the variables from Model I. In Models 3 and 4, arthritis and the
impairment variables were included with the variables in Model 2, respectively. An
interaction between SPPB quartiles and time was also entered into the model to examine
whether changes in PCS or MCS score over time were different for subjects in each
quartile of SPPB.

Hypothesis 2.d:

Greater disability (as measured by ADL/IADL limitation) would be associated with
poorer physical and mental HRQoL.

Five models were conducted to assess the relationship between disability and PCS
and MCS, independently. Model 1 included time, sociodemographic variables, and ADL
or IADL variable. In Model 2, comorbid conditions were included with the variables
from Model I. In Model 3, 4, and 5, arthritis, impairment, and functional limitation
variables were included with the variables in Model 2, respectively. An interaction

between ADL or IADL limitation, independently, and time was also entered into the
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model to examine whether changes in PCS or MCS score over time were lower for
subjects with ADL or IADL limitation.

Alternative Analyses:

Since both of PCS and MCS are continuous outcome variables, each was divided
by its median by creating the categories: “PCS Higher vs. Lower score” and “MCS
Higher vs. Lower score.” As discussed earlier, dichotomized outcomes would be easier
for clinicians to interpret than continuous outcome variables [220]. Using the median to
create global rather than mean categories is more appropriately to represent the majority
of the cases, especially in skewed distribution cases [221, 222]. For PCS, the median was
42.4 and for MCS it was 57.7.

Consequently, two independent GEE models were used to assess the time effect
of PCS and MCS ‘Higher vs. Lower score’ over time by employing non-time-varying
(e.g., gender, education) and time-varying (e.g., arthritis, BMI) covariates. Associations
in both analyses were reported using OR and the 95% confidence intervals (CI).

Sensitivity Analyses for all Hypotheses in Aim 1 and 2:

In addition to the above analyses of all available observations, sensitivity analyses
were conducted with estimates obtained using complete cases (N=342). The purpose of
these analyses was to help ensure that reasonable conclusions were drawn from available
case analyses. All of the relative direction and magnitude of any estimate are summarized
in Tables in Appendix B. Finally, the residuals were inspected to ensure that any final
model was consistent with its statistical assumptions. Thus, all model assumptions were

tested and were not severely violated.
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4.0 THE IMPACT OF ARTHRITIS ON IMPAIRMENT,
FUNCTIONAL LIMITATION AND DISABILITY

The purpose of this study was to examine the impact of arthritis on physical
function, disability, and health-related quality of life over three points of time (2000-
2001, 2001-2002, and 2006) among older Mexican-Americans. This chapter is composed
of three sections: (4.1) Subject characteristics; (4.2) Results of Aim 1, comprised of a)
Relationship between arthritis and impairment, b) Relationship between arthritis and
functional limitation, c) Relationship between arthritis and disability; and (4.3) Summary

of the Results.

41 BASELINE SUBJECT CHARACTERISTICS

Baseline sociodemographic characteristics for the study sample by arthritis
condition are illustrated in Table 4.1. Of the 621 subjects at baseline, 271 (44%) were
without arthritis while 350 (56%) were arthritic. The average age for subjects without
arthritis was 77.7 years (£5.2) and for those with arthritis was 78.3 years (£5.1). For those
who reported arthritis, more were female (62%, p< 0.001). Moreover, subjects with
arthritis were more likely to have less education and a higher BMI. Finally, subjects with
arthritis were significantly more likely to report a larger number of medical conditions

than their non-arthritic counterparts.
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Table 4.1 Descriptive characteristics of subjects with and without arthritis at baseline (N=621)

Without Arthritis | With Arthritis
Characteristic N=271  44% | N=350 6% | VAl
Age (years) mean (sd)  77.79 5.2 78.3 5.1 0.22
Sex Women 139 37.4 233 62.6 | <.001
Men 132 53.0 117 47.0
Married Yes 142 44.8 175 55.2 | 0.55
No 129 42.4 175 57.6
Nativity (US born) Yes 167 44.2 211 55.8 | 0.73
No 104 42.8 139 57.2
Education (years) mean (sd) 55 3.79 4.88 3.76 | 0.04
English Interview Yes 50 46.3 58 53.7 | 0.54
No 221 43.1 292 56.9
BMI (kg/m?) mean 5d)  27.4 5.5 28.71 53 | <01
Low Cognitive Status ~ Yes 86 39.6 131 60.4 | 0.14
(*MMSE < 21)
No 185 45.8 219 54.2
Depressive Symptoms ~ Yes 25 34.3 48 65.8 | 0.08
(*CES-D > 16)
No 246 44.9 302 551
Medical Condition 0 98 53.0 87 47.0 | 0.004
1 104 42.1 143 57.9
2 0or more 69 36.5 120 63.5

* MMSE= Mini-Mental State Examination; CES-D= Center for Epidemiological Studies—Depression

Table 4.2 shows the descriptive statistics for the disablement process components
and health-related quality of life by arthritis condition at three time points. Subjects with
arthritis were more likely to be impaired (as measured by pain on weight-bearing and
muscle strength) and functionally limited (as measured by the Short Physical
Performance Battery) than subjects without arthritis at each time point. Subjects with

arthritis were also more likely to be disabled, as measured by ADL and IADL limitations.
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Finally, they had significantly lower PCS scores (physical HRQoL) at every time point.
However, no statistical differences in MCS score existed between the two groups (except
at Time 1, when subjects with arthritis reported lower mental HRQoL scores).
Nevertheless, within subject analyses revealed that, at Time 0, subjects without
arthritis had significantly more IADL limitation (34.5%) compared to Time 1 or Time 2.
At Time 1 only, subjects without arthritis had significantly more functional limitations
(SPPB mean= 7.9, SD=3.4) and better physical (PCS mean= 46.1, SD=10.8) and mental
(MCS mean=57.6, SD=6.8) HRQoL, compared to Time 0 or Time 2. At Time 2, subjects
without arthritis had significantly more ADL limitation (26.4%) than at any other point in
time. However, subjects with arthritis at Time 1 had significantly more pain on weight-
bearing (82.6%), functional limitation (SPPB mean= 6, SD=3.7), any ADL limitation
(79.3%) and any IADL limitation (75.5%) than at Time 0 or Time 2. Also, subjects with
arthritis had significantly better physical HRQoL (PCS mean= 38, SD=12.4) compared

to other points in time.

65



Table 4.2 Descriptive statistics: the disablement process components and health-related quality of life by arthritis condition and over three points of

time (2000-2001; 2001-2002; and 2006)

Time 0 (N=621)

Time 1 (N=549)

Time 2 (N=359)

NAS AS NAS AS NAS AS
(N=271) (N=350) (N=202) (N=347) (N=136) (N=223)

~ [Pain on weight-bearing Pain, n % 84% 285|211 715| 46% 17.4|218 82.6| 58% 27.4|154 72.6
E Muscle Strength LEMS (kg), mean xsd 30.8*:11.3|27.4:10.8| 29.2 :110.2|27.9 11.7| 32.3 15.2(29.8 13.4
= UEMS (kg), mean *sd 41.3*:13.2136.3:12.4| 39.4** :113.2|36.4 13.4| 39.7* 15.3(34.4 12
o
£ TBMS (kg), mean +sd 72.3* 22.6| 64 21.7| 688 212|654 23 |72.1*:29.2|64.4 22.4

Functional LimitationT SPPB, mean %sd 74"t 33|67 |35 79* | 34 6 |37]64** | 36|53 37
? ...... ADL" ...................................... AnyADLI|m|tat|onn% ............. 5 9$ e B O 24$2079279333$ soales e
§ IADL N Any IADL limitation, n % 98% 34.5(/186 65.5| 693 245|213 75.5| 83% 31.6|180 68.4
o T O N B O U NS SRS NP SO IS SO (ot NP I SURRRTY (PP P
_ Physical T PCS, mean sd 45.7*111.5| 38 i12.4| 46.1* {10.8|37.4 12.9| 41.4* 111.9(34.8 12
o
8 Mental § MCS, mean +sd 549 8.1 |55.2 88| 57.6* 6.8 558 85| 55.4 :10.1(54.2:10.8
I
NAS= Non —Arthritic subjects; AS= Arthritic subjects. TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.

* ttest p<.001 (between subjects (subjects with arthritis vs. no arthritis)); ** ttest p<.05 (between subjects); ¥ Anova p<.001 (within subject
(TimeO vs. Timel vs. Time2 for each group)); 1 Anova p<.05 (within subject) $ X2 P<.001 (between subjects); » Mantel-Haenszel X2 P<.001
(within subject); ™ Mantel-Haenszel X2 P<.05 (within subject)
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42 SPECIFIC AIM 1

The first specific aim was to examine the association between arthritis and stages
of disablement (impairment, functional limitation, and disability), over three points of

time (2000-2001, 2001-2002, and 2006) among older Mexican-Americans.

4.2.1 Hypothesis 1.a:
Hypothesis 1.a: Arthritis would be associated with greater impairment.

42.1.1Partl
I-  Arthritis would be associated with presence of pain on weight-bearing.

Table 4.3 presents the results of the GEE models for pain on weight-bearing as a
function of arthritis over time. Two models assessed the relationship between arthritis
and pain on weight-bearing. Model 1 included time, age (in years), gender (male vs.
female), marital status (married vs. otherwise), amount of formal education (in years),
nativity (foreign born vs. US born), language in which the interview was conducted
(English vs. Spanish) and arthritis (Yes vs. No). In Model 2, BMI (kg/m2), low cognitive
status (Yes vs. No), high depressive symptoms (Yes vs. No), and medical conditions
(total number) were assessed in addition to the variables from Model 1.

In Model 1, the odds ratio (OR) of having pain on weight-bearing across time and
as a function of arthritis was 3.18 (95 % Cl= 2.54-3.98). In Model 2, the odds of having
pain on weight-bearing joints across time was 2.96 (95 % Cl= 2.36-3.72). Sensitivity
analyses using estimates obtained from complete cases showed nearly the same findings
for relative direction and magnitude of the estimated relationship between arthritis and

pain (see Appendix B — Table B.1.1.1).
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Other factors, such as high BMI, high depressive symptoms, and medical
conditions, were significantly associated with pain on weight-bearing. An interaction
effect between time and arthritis on pain on weight-bearing was not significant (F=2.42,

df=2, p=0.08) (see Appendix C). Sensitivity analysis confirmed these findings.

Table 4.3 General Estimation Equations (GEE) models for impairment (pain on weight-bearing)

as a function of arthritis over three points of time

Explanatory variables Model 1 Model 2

OR 95%CI OR 95%CI
Time 1vs. Time 0 0.94 0.76 1.17 094 0.75 1.17
Time 2 vs. Time 0 154 116 2.04 136 1.01 1.82
Age 1.01 099 1.03 1.02 099 1.05
Male vs. Female 0.73 056 0.95 0.81 062 1.05
Married (Yes vs. No) 118 092 151 117 091 150
Education 0.96 0.93 0.99 0.97 0.93 1.00
Nativity (foreign born vs. US born) 0.98 0.76 1.27 096 074 125
Interviewed in English (vesvs.No) 1.20 0.86 1.66 119 0.85 1.68
Arthritis (Yes vs. No) 3.18 254 3.98 296 236 3.72
BMI (Kg/m2) 1.05 1.03 1.08
Low cognitive status (Yes vs. No) 1.08 0.85 1.39
Depressive symptoms (Yes vs. No) 176 124 250
Medical conditions (Total number) 129 113 147

BMI= Body Mass Index.
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4.2.1.2 Partll
I1: Arthritis would be associated with poorer lower extremity muscle strength

(LEMS).

Table 4.4 presents the results of the linear mixed models, each of which assessed
the relationship between arthritis and lower extremity muscle strength over three points
of time. Two models were used, as done when examining arthritis and pain (Table 4.3).

A significant negative relationship between arthritis and LEMS (Estimate= -1.28,
SE=0.61, p= 0.04) existed when using Model 1. This relationship decreased in Model 2
by 0.08 kg; in fact, after controlling for all covariates, the relationship was shown to be
not statistically significant. Model 2 showed a significant negative relationship between
arthritis and LEMS. Sensitivity analyses using estimates obtained from complete cases
showed that the significant negative relationship between arthritis and LEMS continued
in Model 2 (Estimate= -1.79, SE= 0.83, p= 0.03) (Appendix B- Table 1.1.2). Other
factors such as age, low cognitive status, and medical conditions were also negatively
associated with LEMS, while the attributes male gender, interviewed in English, and
BMI were positively associated with LEMS. There was no interaction-effect between
time and arthritis using LEMS (F= 1.44, df= 2, p=0.23). Sensitivity analysis confirmed
these findings.

Furthermore, all analyses were reevaluated (with an unadjusted GEE) with the
LEMS variable dichotomized (Higher vs. Lower score). Greater lower extremity muscle
strength was negatively associated with arthritis (OR = 0.79; 95% CI = 0.63 — 0.98) (data
not shown). Higher and lower scores were divided by the median of LEMS, 28.53 kg.
Surprisingly, this association did not remain significant after controlling for all covariates

(OR =0.98; 95% CI1 =0.76 — 1.26).
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Table 4.4 General linear mixed models estimates for impairment (lower extremity muscle strength (Kg)) as

a function of arthritis over three points of time

Explanatory variables Model 1 Model 2
B (SE) P-value | B (SE) P-value

Intercept 544 499 <.001 455 575 <.001
Time 1 vs. Time 0 -0.13 0.68 0.85 -0.48 0.70 0.49
Time 2 vs. Time 0 386 0.81 <001 |361 0.84 <.001
Age -0.37 0.06 <.001 -0.28 0.07 <.001
Male vs. Female 851 0.66 <.001 849 0.68 <.001
Married (Yes vs. No) 0.88 0.65 0.18 0.70 0.67 0.30
Education -0.04 0.08 0.63 -0.08 0.09 0.34
Nativity (foreign born vs. US born) -0.76 0.63 0.23 -0.76 0.64 0.24
Interviewed in English (vesvs.No) 2.73 086 <001 |295 0.88 <.001
Arthritis (Yes vs. No) -1.28 0.61 0.04 -1.20 0.63 0.05
BMI (Kg/m2) 0.15 0.06 0.01
Low cognitive status (Yes vs. No) -290 0.71 <.001
Depressive symptoms (Yes vs. No) -0.09 102 0.93
Medical conditions (Total number) -0.75 0.33 0.02

BMI= Body Mass Index.

4.2.1.3 Part 111

I11: Arthritis would be associated with poorer upper extremity muscle strength

(UEMS).

Table 4.5 presents the results of the linear mixed models assessing the

relationship between arthritis and UEMS over three points of time. As with previous

methods, the aforementioned models were used.

There was a significant negative relationship between arthritis and UEMS

(Estimate=-1.52, SE= 0.55, p=0.01) in Model 1. This relationship increased in Model 2

by 0.07 kg and remained statistically significant after controlling for all covariates.

Sensitivity analyses using estimates obtained from complete cases revealed that the
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relative direction and magnitude between arthritis and UEMS was similar (see Appendix
B — Table B.1.1.3).

Other factors, such as Time 1, age, and medical conditions were negatively
associated with UEMS, while attributes like male gender and BMI were positively
associated. There was no interaction effect between time and arthritis relative to UEMS
(F=0.52, df= 2, p= 0.60). Sensitivity analysis confirmed these findings.

Moreover, all analyses were reevaluated (with unadjusted GEE) with the UEMS
variable dichotomized (Higher vs. Lower score). Greater upper extremity muscle strength
was negatively associated with arthritis (OR =0.92; 95% CI = 0.56 — 0.85) (data not
shown). Higher and lower scores were divided by the median UEMS: 37.02 kg. After
controlling for all covariates, this association remained significant (OR = 0.69; 95% CI =

0.53 - 0.90).
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Table 4.5 General linear mixed models estimates for impairment (upper extremity muscle strength) as a

function of having arthritis over three points of time

Explanatory variables Model 1 Model 2
§ (SE) P-value | B (SE) P-value

Intercept 818 578 <001 |738 641 <001
Time 1 vs. Time 0 -0.94 045 0.03 -091 045 0.04
Time 2 vs. Time 0 033 0.70 0.64 1.08 0.73 0.14
Age -0.63 0.07 <.001 -0.57 0.07 <.001
Male vs. Female 16.31 0.77 <001 |16.25 0.77 <.001
Married (Yes vs. No) -049 0.72 0.49 -0.74 071 0.30
Education -0.03 0.10 0.78 -0.03 0.10 0.77

Nativity (foreign born vs. US born) -0.03  0.74 0.96 0.07 0.73 0.92
Interviewed in English (vesvs.No) 1.22 0.83 0.14 159 085 0.06

Arthritis (Yes vs. No) -1.52 055 0.01 -1.59 056 <01
BMI (Kg/m2) 020 0.06 <.01
Low cognitive status (Yes vs. No) -1.13 0.65 0.08
Depressive symptoms (Yes vs. No) -124 089 0.17
Medical conditions (Total number) -0.89 0.32 0.01

BMI= Body Mass Index.

4.2.2 Hypothesis 1.b:
Hypothesis 1.b: Arthritis would be associated with greater functional limitation.

Table 4.6 presents the results of the linear mixed models assessing the
relationship between arthritis and functional limitation among older Mexican-Americans
as measured by the Short Physical Performance Battery (SPPB) over three points of time
(2000-2001, 2001-2002, and 2006). Three models assessed the relationship between
arthritis and SPPB. In Model 3, the impairment variables (pain and TBMS) were used in

conjunction with other covariates from Models 1 and 2.
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In Model 1, after adjusting for time, age, gender, marital status, education,
nativity, language of the interview, and arthritis, there existed a significant negative
relationship between arthritis and SPPB (Estimate=-0.57, SE=0.17, p <.01). After
adding more covariates in Models 2 and 3, the association with SPPB decreased by 0.3
and 0.17 points, respectively. However these associations remained statistically
significant in both models. Sensitivity analyses using estimates obtained from complete
cases showed approximately the same findings for the relative direction and magnitude of
the relationship between arthritis and SPPB (see Appendix B — Table B.1.2).

Other factors associated negatively with SPPB were older age, higher BMI, low
cognitive status, presence of depressive symptoms, medical conditions, and pain on
weight-bearing joints. However, high total body muscles strength (TBMS) was
significantly associated with increased SPPB score. There was a significant interaction
effect between time and arthritis on SPPB (F= 4.03, df= 2, p=0.02). Figure 4.1 shows the
adjusted mean distribution of SPPB over the three points of time by arthritis condition. In
Time 0 (2000-2001) subjects both with and without arthritis) had virtually the same
SPPB score.

For arthritic subjects, post hoc t-tests performed using the Tukey multiple
comparisons test showed a significant decrease in SPPB scores between Time 0 and Time
2, equal to 0.6 points (t-test= 2.21, p =0.03). Between subjects analysis in Time 1
revealed that the SPPB score for non-arthritic subjects was roughly 0.8 points higher than
for their non-arthritic counterparts (t-test= 3.13, p <.001). However, sensitivity analysis

did not confirm this effect (F= 2.37, df=2, p= 0.09).
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All analyses were reevaluated (with unadjusted GEE) with the SPPB variable
dichotomized into ‘mild’ or ‘no limitation' (score of 9 or greater). A negative association
between the two variables and arthritis was discovered (OR = 0.66; 95% CI = 0.52 —
0.84) (data not shown). Surprisingly, after controlling for all covariates, this association

did not remain significant (OR = 0.89; 95% CI = 0.68 — 1.17).

Table 4.6 General linear mixed models estimate for functional limitation (Short Physical Performance

Battery) as a function of arthritis over three points of time

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 195 195 <.001 206 193 <.001 174 195 <.001
Time 1 -0.17 0.14 0.23 -0.17 0.14 0.24 0.11 0.15 048
Time 2 -0.97 0.20 <.001 -0.42 0.20 0.03 -0.26 0.21 0.20
Age -0.16 0.02 <.001 -0.14 0.02 <.001 -0.12 0.02 <.001
Male 0.64 0.27 0.02 047 0.24 0.05 -0.29 0.25 0.25
Married 0.05 0.23 0.83 0.13 0.21 0.55 025 0.21 0.24
Education 0.02 0.03 0.60 0.01 0.03 0.80 <01 0.03 0.90
Nativity 0.16 0.26 0.53 0.25 0.23 0.27 031 0.22 0.15
Interviewed in English -0.24 0.26 0.37 -0.11 0.25 0.65 -0.13 0.26 0.60
Arthritis -0.57 0.17 <.01 -0.54 0.17 <01 -0.40 0.18 0.02
BMI (Kg/m2) -0.04 0.02 0.02 -0.05 0.02 0.01
Low cognitive status -0.98 0.19 <001 |[-0.81 020 <.001
Depressive symptoms -1.17 025 <001 |-0.72 0.27 0.01
Medical conditions -046 010 <001 [-0.29 010 <.01
Pain -0.73 0.17 <.001
TBMS (Kg) 0.03 <.01 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength.
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Figure 4.1 Adjusted SPPB mean and standard errors over time for Arthritic Subjects (AS) and

Non- Arthritic Subjects (NAS).

4.2.3 Hypothesis 1.c:
Hypothesis 1.c: Arthritis would be associated with greater disability.

4.2.3.1Partl
I- Arthritis would be associated with greater ADL limitation.

Table 4.7 shows the resulting GEE models for ADL limitation as a function of
arthritis over time. Four models assessed the relationship between arthritis and ADL
limitation. In Model 4, the functional limitation (SPPB score) variable was added to those
used in Models 1 through 3.

In Model 1, the odds ratio (OR) of having ADL limitation across time as a
function of arthritis was 1.86 (95 % Cl= 1.43- 2.42). In Model 2, the odds of having ADL

limitation across time was 1.67 (95 % Cl= 1.26- 2.21). Additionally, the odds of ADL
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limitation across time was 1.51 (95 % Cl= 1.05- 2.18) in Model 4. This significant
association was not confirmed by sensitivity analysis (Appendix B- Table B.1.3.1).

Other factors such as age, low cognitive status, high depressive symptoms,
presence of medical conditions, and pain on weight-bearing joints were significantly
positively associated across time with having ADL limitation. However, ‘interviewed in
English’ (vs. Spanish), ‘high TMBS’, and ‘high SPPB’ were negatively associated across
time with having ADL limitation. An interaction effect between time and arthritis on
ADL limitation was not significant (F=1.98, df= 2, p=0.13) (see Appendix C). Sensitivity

analysis confirmed these findings.

4.2.3.2 Part Il
I1- Arthritis would be associated with greater IADL disability.

Table 4.8 shows the results of GEE models for IADL limitation as a function of
arthritis over time. Four models assessed the relationship between arthritis and IADL
limitation. In Model 4, the functional limitation (SPPB score) was added to covariates
analyzed in Models 1 through 3.

In Model 1, the odds ratio (OR) of having IADL limitation across time as a
function of arthritis was 1.84 (95 % Cl=1.47- 2.31). In Model 2, the odds of having
IADL limitation across time was 1.74 (95 % Cl= 1.37- 2.20). Additionally, the odds of
having IADL limitation across time was 1.47 (95 % Cl=1.11- 1.93) in Model 4, where
impairment and functional limitation variables were added. Sensitivity analyses using
estimates obtained from complete cases showed roughly the same findings for the relative
direction and magnitude of the estimated relationship between arthritis and IADL (see

Appendix B — Table B.1.3.2).
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Other factors such as age, being interviewed in English (vs. Spanish), high BMI,

low cognitive status, high depressive symptoms, presence of medical conditions, and pain

on weight-bearing were significantly associated across time with having IADL limitation.

In contrast, high TMBS and SPPB scores were negatively associated across time with

IADL limitation. An interaction effect between time and arthritis on lADL limitation was

not significant (F= 0.11, df= 2, p=0.89) (see Appendix C). Sensitivity analysis confirmed

these findings.

Table 4.7 General Estimation Equations (GEE) models for Disability (activities of daily living

(ADL)) as a function of arthritis over three points of time

Explanatory Model 1 Model 2 Model 3 Model 4
variables

OR 95 %ClI |[OR 95%CI |OR 95%ClI |OR 959%ClI
Time 1 106 084 134|109 085 1.40|1.09 083 1.42 083 056 1.23
Time 2 194 146 256|159 116 218|166 119 231|145 095 221
Age 109 105 112|110 106 1.13|1.08 104 1.12|1.03 1.00 1.07
Male 0.72 050 104|084 058 121139 092 209|119 0.76 1.88
Married 096 069 134099 069 141|097 068 139|095 0.63 142
Education 097 093 102|100 095 104|101 096 1.06|0.98 0.93 1.03
Nativity 083 059 117086 061 121084 059 119|081 054 121
Interviewed in 078 053 1.15|0.68 0.45 1.02|0.67 043 104|057 034 0.97
English
Arthritis 1.86 143 242|167 126 221|146 109 196|151 1.05 2.18
BMI (Kg/m2) 1.03 100 106|103 1.00 1.06|1.02 098 1.06
Low Cognitive 1.81 134 246|184 135 250|152 104 221
status
Depressive 266 191 372|255 182 358 (186 120 2.89
symptoms
Medical 158 136 184|154 131 180|137 1.13 1.66
conditions
Pain 205 155 270|190 137 263
TBMS (Kg) 0.98 0.97 0.98|098 0.97 099
SPPB 0.62 0.58 0.66

OR= Odds Ratio; BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short
Physical Performance Battery.
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Table 4.8 General Estimation Equations (GEE) models for Disability (instrumental activities of

daily living (IADL)) as a function of arthritis over three points of time

Explanatory Model 1 Model 2 Model 3 Model 4
variables

OR 95%ClI |OR 95%CI |OR 95%ClI |OR 95%CI
Time 1 118 099 140|126 104 153|128 104 157|126 099 161
Time 2 284 214 377|263 194 357|291 210 4.02|3.05 213 4.36
Age 108 105 112|109 106 112|107 104 111|104 1.01 1.08
Male 049 036 0.67)|053 039 073|079 056 1.13|0.73 050 1.05
Married 102 077 135|105 079 140|103 0.77 139|107 0.78 147
Education 095 092 099|097 093 1.01|097 094 101|096 092 1.00
Nativity 0.76 056 102|073 054 099|071 052 097|067 049 0.93
Interviewed in 130 093 181|122 087 171|129 091 184|149 1.01 219
English
Arthritis 184 147 231|174 137 220|146 114 187|147 1.11 193
BMI (Kg/m2) 1.03 101 106|104 101 107|103 100 106
Low cognitive 1.79 137 233|175 133 229|148 109 201
status
Depressive 255 187 348|248 178 346|206 1.38 3.07
symptoms
Medical 1.40 121 161|132 114 153|119 1.03 1.39
conditions
Pain 214 168 274|187 144 244
TBMS (Kg) 0.98 0.97 0.99 |099 098 099
SPPB 0.76 0.73 0.80

OR= Odds Ratio; BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short
Physical Performance Battery.
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4.3 SUMMARY

This chapter started by describing the subjects’ characteristics. Also, it analyzed
all three hypotheses of Aim 1. The findings are as follows:
1- Arthritis was associated with greater impairment (pain and low upper muscle
strength).
2- Arthritis was associated with greater functional limitation (represented by SPPB
score).
3- Arthritis was associated with disability (any ADL and IADL limitations).
Analyses and findings for Aim 2 are presented in Chapter 5. A discussion of the

outcomes of this study is presented in Chapter 7.
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50 THE IMPACT OF ARTHRITIS AND THE DISABLEMENT
PROCESS ON PHYSICAL HEALTH-RELATED QUALITY OF LIFE
This chapter is composed of two main sections: (5.1) Results of Specific Aim 2,
a) the relationship between arthritis and physical HRQoL, b) the relationship between
impairment and physical HRQoL, c) the relationship between functional limitation and
physical HRQoL, and d) the relationship between disability and physical HRQoL; and

(5.2) Summary of the Results.

5.1 SPECIFIC AIM 2

To examine the association between arthritis and stages of disablement
(impairment, functional limitation, and disability) on physical HRQoL, as measured by
SF-36 Physical Component Summary (PCS) among older Mexican-Americans, over

three points of time (2000-2001, 2001-2002, and 2006).

Hypothesis 2.a:
Arthritis would be associated with poorer physical HRQoL.

Table 5.1 shows the general linear mixed model estimates for PCS score as a
function of arthritis over three time points. Two models assessed this association. Model
1 included time, arthritis, and all sociodemographic variables (age, gender, marital status,
education, nativity, and language of interview). In Model 2, comorbid conditions (BMl,
depressive symptoms, and medical conditions) were added to the variables in Model 1.
There was a negative association between arthritis and PCS (Estimate= -4.89, SE= 0.59,
p <.001) in Model 1. This relationship decreased slightly by 0.4 points in Model 2, but

remained statistically significant. Sensitivity analyses, using estimates obtained from
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complete cases, showed approximately the same findings for the relative direction and
magnitude of the estimate between arthritis and PCS (see Appendix B — Table B.2.1).
Other factors such as age, high BMI, depressive symptoms, and medical
conditions were negatively associated with PCS, while being male was positively
associated. No interaction effect between time and arthritis on PCS was found (F= 0.34,
df=2, p=0.71) (see Appendix C). Sensitivity analysis confirmed these findings.
Moreover, all analyses were reevaluated with unadjusted GEE. With the PCS
variable dichotomized (Better vs. Worse physical HRQoL) arthritis was negatively
associated with better physical HRQoL (OR = 0.45; 95% CI = 0.36 — 0.56) (data not
shown). Better and worse scores were divided by the median PCS: 42.43. After
controlling for all covariates, this association remained significant (OR = 0.49; 95% CI =

0.39 - 0.62).
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Table 5.1 General linear mixed models estimates for physical health-related quality of life (PCS)

as a function of pathology (arthritis) over three points of time

Explanatory variables Model 1 Model 2

B (SE) P-value | B (SE) P-value
Intercept 72.7 6.66 <.001 |84.3 6.89 <.001
Time 1 vs. Time 0 -0.34 045 045 |-0.19 045 0.67
Time 2 vs. Time 0 -3.00 0.72 <001 |-1.50 0.71 0.04
Age -0.40 0.08 <.001 |-045 0.08 <.001
Male vs. Female 327 091 <01 |232 085 0.01
Married (Yes vs. No) -045 0.81 058 |-040 0.77 0.60
Education 0.19 0.11 0.09 |0.18 0.11 0.09

Nativity (foreign bornvs. USbhorn) 0.90 0.88 0.30 |0.92 0.82 0.26
Interviewed in English (vesvs.No) -1.59 0.90 0.08 |-1.40 0.87 0.11

Arthritis (Yes vs. No) -4.89 0.59 <.001 |-451 0.58 <.001
BMI (Kg/m2) -0.15 0.07 0.02

Depressive symptoms (Yes vs. No) -4.17 0.79 <.001
Medical conditions -249 0.33 <.001

BMI= Body Mass Index

5.1.1 Hypothesis 2.b:
Greater impairment would be associated with poorer physical HRQoL.

Table 5.2 shows the general linear mixed model estimates for PCS score as a
function of impairment (pain, Total Body Muscle Strength (TBMS)) over three time
points. Three models assessed this association. Model 1 included time, pain, TBMS, and
all sociodemographic variables. In Model 2, comorbid conditions (BMI, depressive
symptoms, and medical conditions) were added to the variables in Model 1. In Model 3,
arthritis was added to the variables from Models 1 and 2.

There was a negative association between pain and PCS (Estimate= -7.60, SE=

0.52, p <.001) in Model 1. This association decreased slightly by 1.15 points in Model 3
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but remained statistically significant. Furthermore, there was a positive association
between high total body muscle strength and PCS (Estimate= 0.13, SE= 0.01, p <.001) in
Model 1. This association remained statistically significant in Model 3.

Sensitivity analyses using estimates obtained from complete cases showed similar
findings for the relative direction and magnitude of the estimate between the impairment
variables and PCS (see Appendix B — Table B.2.2).

Other factors, such as age, high BMI, depressive symptoms, medical conditions,
and arthritis were negatively associated with PCS. No interaction effect was observed
between time and pain (F= 1.55, df= 2, p=0.21) and between time and TBMS quartiles
(F=2.1, df=6, p= 0.05), respectively, on PCS (see Appendix C). Sensitivity analysis
confirmed these findings.

Furthermore, all analyses were reevaluated with unadjusted GEE. When the PCS
variable was dichotomized (Better vs. Worse physical HRQoL), pain was negatively
associated with better physical HRQoL (OR = 0.25; 95% CI = 0.20 — 0.30) and positively
associated with higher TBMS (OR = 1.97; 95% CI = 1.59 — 2.43) (data not shown).
Better and worse scores were divided by the median PCS: 42.43. After controlling for all
covariates, this association remained significant for the impairment variables pain (OR =

0.28; 95% CI = 0.23 - 0.36) and TBMS (OR =1.82; 95% CI = 1.43 — 2.33).
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Table 5.2 General linear mixed models estimates for physical health-related quality of life (PCS)

as a function of impairment (pain, Total Body Muscle Strength) over three points of time

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 574 6.15 <.001 69.0 6.35 <.001 69.1 6.26 <.001
Time 1 -0.46 044 0.30 -0.32 044 047 -0.13 0.44 0.76
Time 2 -251 0.68 <.01 -1.30 0.68 0.06 -1.24 0.67 0.07
Age -0.28 0.07 <.01 -0.33 0.07 <.001 -0.32 0.07 <.001
Male 040 0.86 0.64 -0.46 0.81 0.57 -0.75 0.80 0.35
Married -0.27 0.73 0.72 -0.19 0.70 0.79 -0.17 0.69 0.80
Education 0.14 0.10 0.16 0.13 0.09 0.18 0.11 0.09 0.24
Nativity 1.01 0.77 0.19 1.05 0.72 0.14 093 0.71 0.19
Interviewed in English -1.37 0.84 0.11 -1.25 0.82 0.13 -1.27 0.81 0.12
Pain (Yes vs. No) -7.60 0.52 <.001 -7.02 0.52 <.001 -6.45 0.52 <.001
TBMS (Kg) 0.13 0.01 <.001 0.13 0.01 <.001 0.12 0.01 <.001
BMI (Kg/m2) -0.18 0.06 <.01 015 0.06 0.01
Depressive symptoms -3.65 0.76 <001 |[-3.61 075 <.001
Medical conditions -2.09 031 <.001 |-200 0.31 <.001
Arthritis -3.20 056 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength.

5.1.2 Hypothesis 2.c:

Greater functional limitation would be associated with poorer physical HRQoL.

Table 5.3 shows the general linear mixed model estimates for the PCS score as a

function of functional limitation, as measured by the Short Physical Performance Battery

(SPPB) over three points of time. Four models assessed this association.

Model 1 included time, SPPB, and all sociodemographic variables. In Model 2,

comorbid conditions (BMI, depressive symptoms, and medical conditions) were added to

the variables in Model 1. In Model 3, arthritis was added to the variables in Model 2.
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Lastly, in Model 4 the impairment variables (pain and TBMS) were added to variables in
Model 3.

There was a positive association between SPPB and PCS (Estimate= 1.89, SE=
0.08, p <.001) in Model 1. This relationship decreased slightly by 0.4 points in Model 4,
but remained statistically significant. Sensitivity analyses, using estimates obtained from
complete cases, showed approximately the same findings for the relative direction and
magnitude of the estimate of the association between SPPB and PCS (see Appendix B —
Table B.2.3).

Other factors such as depressive symptoms, medical conditions, arthritis, and pain
were negatively associated with PCS, while TBMS was positively associated with PCS.
No interaction effect between time and SPPB quartiles on PCS was found (F= 1.23, df=
6, p=0.29) (see Appendix C). However, sensitivity analysis showed a significant
interaction effect between time and SPPB quartiles on PCS (F= 3.65, df=6, p< 0.01)
(Appendix B — Table B.2.3).

All analyses were reevaluated with unadjusted GEE with the PCS variable
dichotomized (Better vs. Worse physical HRQoL). Better physical HRQoL was
positively associated with SPPB (OR = 4.70; 95% CI = 3.56 — 6.17) (data not shown).
‘Better’ and ‘Worse’ scores were divided by the median PCS: 42.43. After controlling for

all covariates, this association remained significant (OR = 3.78; 95% CI = 2.73 — 5.23).

5.1.3 Hypothesis 2.d:
Greater disability (ADL and IADL) would be associated with poorer physical

HRQoL (lower PCS score).
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5.13.1Partl
I- Presence of any ADL limitation (i.e., bathing, dressing, transferring from bed to a

chair, using the toilet, or eating) would be associated with poorer physical HRQoL.

Table 5.4 shows the general linear mixed model estimates for PCS score as a
function of ADL limitation over three points of time. Five models assessed this
association.

Model 1 included time, ADL limitation, and all sociodemographic variables. In
Model 2, comorbid conditions (i.e., BMI, depressive symptoms, and medical conditions)
were added to the variables in Model 1. In Model 3, arthritis was added to the variables in
Model 2. In Model 4 the impairment variables (pain and TBMS) were added to the
variables in Model 3. Lastly, in Model 5 the functional limitation (SPPB) variable was
added to the variables in Model 4.

There was a negative association between any ADL limitation and PCS
(Estimate= -14.4, SE=0.64, p <.001) in Model 1. This association decreased by 2.5
points in Model 4 when the impairment variables were added, but remained statistically
significant. However, this association decreased dramatically (4.22 points) in Model 5
when SPPB was added. However, it remained statistically significant.

Sensitivity analyses, using estimates obtained from complete cases, showed
roughly the same findings for the relative direction and magnitude of the estimated
correlation between ADL and PCS (see Appendix B — Table B.2.4.1). Other factors such
as medical conditions, interviewed in English, arthritis, and pain were negatively
associated with PCS, while TBMS and SPPB were positively associated. No interaction
effect between time and ADL limitation on PCS was found (F= 1.92, df= 2, p=0.15) (see
Appendix C). Sensitivity analysis confirmed these findings.
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All analyses were reevaluated with unadjusted GEE. With PCS dichotomized
(Better vs. Worse physical HRQoL), better physical HRQoL was found to be negatively
associated with any ADL limitation (OR = 0.05; 95% CI = 0.03 — 0.07) (data not shown).
‘Better’ and ‘Worse’ scores were divided by the median of PCS, 42.43. After controlling
for all covariates, this association remained significant (OR = 0.07; 95% CI = 0.04 —

0.11).

5.1.3.2 Part 11
I1- Presence of any IADL limitation (e.g., meal preparation, shopping for groceries,

money management, using telephone, or light housework) would be associated with
poorer physical HRQoL.

Table 5.5 shows the general linear mixed model estimates for PCS score as a
function of IADL limitation over three points of time. Five models assessed this
association. Model 1 included time, IADL limitation, and all sociodemographic variables.
In Model 2, comorbid conditions (BMI, depressive symptoms, and medical conditions)
were added to the variables in Model 1. In Model 3, arthritis was added to the variables in
Model 2. In Model 4, the impairment variables (pain and TBMS) were added to the
variables in Model 3. Lastly, in Model 5 the functional limitation (SPPB) variable was
added to the variables in Model 4.

There was a negative association between any IADL limitation and PCS
(Estimate= -13.3, SE=0.64, p <.001) in Model 1. When adding the impairment variables,
this association decreased by 2.3 points in Model 4 (remaining statistically significant).
The association decreased dramatically (2.7 points) in Model 5, but when SPPB was

added it remained statistically significant. Sensitivity analyses, using estimates obtained
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from complete cases, showed roughly the same findings for the relative direction and
magnitude of the estimate between IADL and PCS (see Appendix B — Table B.2.4.2).

Other factors, such as medical conditions, arthritis, and pain were negatively
associated with PCS while TBMS and SPPB were positively associated with PCS. No
interaction effect between time and disability on PCS was found (F= 1.15, df= 2, p= 0.31)
(see Appendix C). Sensitivity analysis confirmed these findings.

All analyses were reevaluated (with unadjusted GEE) when the PCS variable was
dichotomized (Better vs. Worse physical HRQoL), suggesting that better physical
HRQoL was negatively associated with any IADL limitation (OR =0.07; 95% CI = 0.05
— 0.09) (data not shown). ‘Better’ and “Worse’ scores were divided by the median of
PCS, 42.43. After controlling for all covariates, this association remained significant (OR

=0.10; 95% CI = 0.08 — 0.15).
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Table 5.3 General linear mixed models estimates for physical health-related quality of life (PCS) as a function of functional limitation (Short

Physical Performance Battery) over three points of time

Explanatory variables Model 1 Model 2 Model 3 Model 4
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 334 530 <001 [454 581 <001 |[460 565 <001 [387 526 <.001
Time 1 -0.21 045 0.63 -0.13 0.44 0.78 0.10 0.44 0.82 0.06 043 0.89
Time 2 -1.32 0.62 0.03 -0.51 0.62 041 -0.43 0.62 049 -0.39 059 0.51
Age -0.10 0.06 0.14 -0.16 0.06 0.01 -0.15 0.06 0.02 -0.08 0.06 0.15
Male 266 069 <.01 209 068 <.01 164 0.66 0.01 -0.42 0.65 0.52
Married -0.56 0.65 0.39 -049 063 044 -0.44 0.62 048 -0.26 056 0.64
Education 0.21 0.09 0.02 0.19 0.08 0.02 0.16 0.08 0.05 0.11 0.07 0.14
Nativity 0.64 0.67 0.34 0.72 0.65 0.27 055 0.63 0.38 0.61 056 0.28
Interviewed in English -1.06 0.77 0.17 -1.01 0.76 0.18 -1.01 0.74 0.17 -1.00 0.69 0.15
SPPB 1.89 0.08 <.001 176 0.08 <.001 1.71 0.08 <.001 153 0.07 <.001
BMI (Kg/m2) -0.13 0.06 0.02 -0.10 0.05 0.08 -0.08 0.05 0.09
Depressive symptoms -2.08 0.73 <.01 -2.00 0.72 0.01 -1.66 0.68 0.02
Medical conditions -1.67 0.29 <001 |[-1.53 0.29 <001 |-1.20 0.27 <.001
Arthritis -3.86 0.51 <.001 -2.64 050 <.001
Pain -5.60 0.48 <.001
TBMS (Kg) 0.09 001 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
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Table 5.4. General linear mixed models estimates for physical health-related quality of life (PCS) as a function of ADL limitation over three

points of time

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
§ (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 56.7 535 <.001 68.8 5.80 <.001 68.8 562 <001 [56.9 522 <001 |40.0 493 <001
Time 1 -0.30 0.44 0.50 -0.20 0.44 0.65 0.03 043 094 0.02 042 097 0.05 041 090
Time 2 -1.18 0.65 0.07 -0.29 0.65 0.65 -0.19 0.64 0.76 -0.17 0.61 0.78 -0.06 0.57 0.92
Age -0.19 0.07 001 -0.26 0.07 <01 -0.24 0.06 <01 -0.15 0.06 0.01 -0.04 0.05 043
Male 3.01 0.72 <001 233 070 <01 187 0.68 001 -0.56 0.66 0.40 -0.33 0.61 059
Married -056 0.68 041 -045 0.66 049 -0.39 0.64 054 -0.19 058 0.74 -0.25 053 0.63
Education 0.18 0.09 0.05 0.16 0.09 0.06 0.13 0.08 0.11 0.08 0.08 0.28 0.09 0.07 0.18
Nativity 047 0.70 0.0 059 0.67 0.38 043 0.65 051 0.50 0.58 0.38 045 0.53 0.40
Interviewed in English -1.85 0.80 0.02 -1.77 0.78 0.02 -1.74 0.76 0.02 -1.70 0.70 0.02 -1.39 0.65 0.03
ADL Limitation -144 064 <001 |-133 065 <001 |-13.0 064 <001 |-119 061 <001 -7.68 0.66 <.001
BMI (Kg/m2) -0.16 0.06 <.01 -0.13 0.06 0.02 -0.12 0.05 0.03 -0.08 0.05 011
Depressive symptoms -2.10 0.75 0.01 -2.04 0.73 0.01 -1.67 0.69 0.02 -0.86 0.66 0.19
Medical conditions -1.82 0.30 <.001 -1.68 0.29 <.001 -1.29 0.27 <.001 -096 0.25 <01
Arthritis -3.84 053 <.001 -257 050 <.001 -240 047 <001
Pain -5.81 048 <001 |-536 0.46 <001
TBMS (Kg) 0.10 0.01 <001 |0.08 0.01 <.001
SPPB 1.08 0.08 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
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Table 5.5. General linear mixed models estimates for physical health-related quality of life (PCS) as a function of IADL limitation over three

points of time

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 60.0 521 <001 |[706 561 <001 |[706 548 <001 [59.0 512 <001 |[396 4.74 <001
Time 1 011 044 o081 0.20 0.43 065 039 043 037 0.34 042 041 0.30 040 045
Time 2 0.06 0.65 093 099 0.64 013 1.01 064 011 085 0.61 017 0.87 056 012
Age -0.17 0.07 o001 -023 0.06 <01 022 0.06 <01 -0.13 0.06 0.02 -0.01 0.05 0.85
Male 175 0.71 0.01 1.08 0.68 0.1 070 0.67 029 -1.58 0.66 0.02 -0.99 0.59 0.09
Married -0.25 0.66 0.70 023 0.64 071 -0.18 0.62 0.77 -0.04 0.57 0.95 -020 0.51 0.69
Education 0.08 0.09 034 0.08 0.08 037 0.05 0.08 052 001 0.07 093 0.03 0.07 062
Nativity 019 0.68 0.78 026 0.65 0.68 0.14 0.63 082 026 0.57 064 0.19 050 070
Interviewed in English -0.49 0.78 0.53 -0.40 0.76 0.60 -0.37 0.75 0.62 -0.33 0.69 0.64 -0.41 0.63 052
IADL Limitation -13.3 055 <001 |-126 055 <001 |-122 055 <001 |-11.0 053 <001 |-831 0.52 <001
BMI (Kg/m2) -0.13 0.06 0.02 -0.10 0.06 0.06 -0.10 0.05 0.04 -0.06 0.05 0.20
Depressive symptoms 291 0.73 <001 |-283 0.72 <001 |-2.38 0.68 <01 -1.04 0.64 0.10
Medical conditions -1.93 0.29 <001 |-1.82 0.28 <001 |-1.46 0.27 <001 |-0.99 0.24 <001
Arthritis -340 052 <001 |-228 050 <001 |[-2.07 046 <001
Pain -5.28 0.48 <001 |-479 045 <.001
TBMS (Kg) 010 0.01 <001 |0.07 001 <001
SPPB 1.15 0.07 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery
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5.2 SUMMARY

In this chapter, all four hypotheses of Aim 2 were tested. The results demonstrate

1- Arthritis was associated with lower physical HRQoL score.

2- The presence of impairment (pain and total body muscle strength) was associated
with lower physical HRQoL score.

3- Greater functional limitation (lower SPPB score) was associated with lower
physical HRQoL score.

4- The presence of disability (ADL or IADL limitations) was associated with lower

physical HRQoL score.

Analyses and findings for Aim 3 are presented in Chapter 6. A discussion of the

outcomes of this study is presented in Chapter 7.
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6.0 THE IMPACT OF ARTHRITIS AND THE DISABLEMENT
PROCESS ON MENTAL HEALTH-RELATED QUALITY OF LIFE

This chapter is composed of two main sections: (6.1) Results of Specific Aim 2 —
a) the relationship between arthritis and mental HRQoL, b) the relationship between
impairment and mental HRQoL, c) the relationship between functional limitation and
mental HRQoL, and d) the relationship between disability and mental HRQoL; and (6.2)

Summary of the Results.

6.1 SPECIFIC AIM 3

The third aim was to examine the association between arthritis and stages of the
disablement process (impairment, functional limitation, and disability) on mental
HRQoL over three points of time (2000-2001, 2001-2002, and 2006) among older

Mexican-Americans.

6.1.1 Hypothesis 3.a:
Arthritis would be associated with poorer mental HRQoL.

Table 6.1 shows the general linear mixed model estimates for the MCS score as a
function of arthritis over three points of time. Two models assessed this association.
Model 1 included time, arthritis, and all sociodemographic variables (i.e., age, gender,
marital status, education, nativity, and language of the interview). In Model 2, comorbid
conditions (i.e., BMI, depressive symptoms, and medical conditions) were added to those
included in Model 1. There was no association between arthritis and MCS in either

model. Sensitivity analyses, using estimates obtained from complete cases, showed
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almost the same findings for the relative direction and magnitude of the estimate between
arthritis and MCS (see Appendix B — Table B.3.1).

As expected, depressive symptoms were negatively associated with MCS. No
interaction effect between ‘time’ and ‘arthritis’ on lower body function was found (F=
1.68, df= 2, p=0.19) (see Appendix C). Sensitivity analysis confirmed these findings.

All analyses were reevaluated with unadjusted GEE. When MCS was
dichotomized (Better vs. Worse mental HRQoL), better mental HRQoL was not
significantly associated with arthritis (OR = 0.81; 95% CI = 0.66 — 1.02) (data not
shown). ‘Better’ and “Worse’ scores were divided by the median MCS, 55.3. After
controlling for all covariates, this association remained the same: not significant (OR =

0.89; 95% CI = 0.70 — 1.13).

Table 6.1 General linear mixed models estimates for mental health-related quality of life (MCS)

as a function of pathology (arthritis) over three points of time

Explanatory variables Model 1 Model 2
B (SE) P-value | B (SE) P-value

Intercept 585 432 <001 54.0 4.07 <.001
Time 1 vs. Time 0 140 042 <01 1.28 0.39 <.01
Time 2 vs. Time 0 -0.53 0.62 0.39 0.23 0.54 0.67
Age -0.06 0.05 0.29 0.01 0.05 0.76
Male vs. Female -0.11 0.58 0.85 -0.60 049 0.22
Married (Yes vs. No) 126 056 0.02 0.68 0.47 0.15
Education 0.04 0.07 0.61 0.02 0.06 0.77

Nativity (foreign born vs. USborn) 1.19 0.55 0.03 075 046 011
Interviewed in English (vesvs.No) -1.24 0.69 0.07 -0.26 059 0.65

Arthritis (Yes vs. No) -0.25 0.47 0.60 0.09 042 084
BMI (Kg/m2) 0.05 0.04 0.26
Depressive symptoms (Yes vs. No) -12.83 0.60 <.001
Medical conditions -042 0.22 0.06

BMI= Body Mass Index
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6.1.2 Hypothesis 3.b:
Greater impairment would be associated with poorer mental HRQoL.

Table 6.2 shows the general linear mixed model estimates for MCS score as a
function of impairment (pain on weight-bearing and TBMS) over three points of time.
Three models assessed this association. Model 1 included time, pain, TBMS, and all
sociodemographic variables. In Model 2, comorbid conditions (BMI, depressive
symptoms, and medical conditions) were added to the variables in Model 1. In Model 3,
arthritis was added to the variables in Model 2.

There was a negative association between pain and MCS (Estimate= -1.56, SE=
0.45, p <.01) in Model 1. This association decreased slightly (0.59) points in Model 3 but
remained statistically significant. Additionally, high total body muscle strength (TBMS)
was positively associated with MCS (Estimate= 0.04, SE=0.01, p <.001) in Model 1.
This association remained statistically significant in Model 3. However, sensitivity
analyses using estimates obtained from complete cases showed no significant association
between the impairment variables and MCS (see Appendix B — Table B.3.4.2).

Other factors, such as being married (vs. otherwise) and depressive symptoms
were negatively associated with MCS while Time 1 was positively associated with MCS.

There was a significant interaction between time and pain on MCS (F= 3.21, df=
2, p=0.04), which means that the pattern of change for subjects with and without pain
differed (significantly at Time 0, Time 1 or Time 2). Figure 6.1 shows the adjusted mean
distribution of MCS over the three points of time by pain condition, using the least-
squares means for fixed effects. To explore the interaction further, post hoc analyses were
conducted using Tukey test. These analyses showed no significant difference between

subjects with and without pain at Time 0 (baseline), but significant group differences at
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Time 1 (t-test= 2.4, p= 0.02) and Time 2 (t-test= 2.6, p < 0.01). Thus, subjects with pain
are more likely to have significantly lower MCS scores than those without pain later in
life. Furthermore, MCS scores decreased over time (between Time 0 and Time 2) for
subjects with pain by 2.5 points (t-test= 3.6, p < 0.01).

However, no interaction effect between time and TBMS quartiles on MCS was
found (F= 2.06, df=6, p= 0.05) (see Appendix C). According to sensitivity analyses,
there was no interaction effect between time and either impairment variable on MCS (see
Appendix B — Table B.2.4.2).

All analyses were reevaluated (with unadjusted GEE) and, when the MCS
variable was dichotomized (Better vs. Worse mental HRQoL), the data suggested that
better mental HRQoL was negatively associated with pain (OR =0.63; 95% CI = 0.50 —
0.78) and positively associated with higher total body muscle strength (OR = 1.32; 95%
Cl =1.06 — 1.64) (data not shown). ‘Better’ and “Worse’ scores were divided by the
median of MCS —55.3. After controlling for all covariates, this association remained
significant for the impairment variables (pain and TBMS) (OR = 0.69; 95% CI = 0.54 —

0.88), and (OR = 1.36; 95% CI = 1.05 — 1.76), respectively.
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Table 6.2 General linear mixed models estimates for mental health-related quality of life (MCS)

as a function of impairment (pain, lower and upper extremities muscle strength) over three points of time

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value B (SE) P-value | B (SE) P-value
Intercept 53.7 457 <.001 504 425 <.001 50.3 4.25 <.001
Time 1 140 041 <01 1.29 039 <01 1.27 039 <01
Time 2 -0.48 0.62 0.44 0.18 054 0.74 0.18 054 0.74
Age -0.02 0.05 0.75 0.04 0.05 0.36 0.04 0.05 0.37
Male -1.18 0.64 0.07 -1.31 055 0.02 -1.28 0.55 0.02
Married 1.27 055 0.02 0.70 047 0.14 0.70 047 0.14
Education 0.02 0.07 0.80 0.01 0.06 0.92 0.01 0.06 0.89
Nativity 1.23 055 0.03 0.76 0.46 0.10 0.78 0.46 0.09
Interviewed in English -1.25 0.68 0.07 -0.31 0.59 0.60 -0.31 059 0.60
Pain -156 045 <.01 -0.88 0.41 0.03 -0.97 042 0.02
TBMS (Kg) 0.04 0.01 <01 0.03 0.01 0.01 0.03 0.01 0.01
BMI (Kg/m2) 0.05 0.04 0.25 0.05 0.04 0.28
Depressive symptoms -127 0.60 <.001 |-127 060 <.001
Medical conditions -0.31 0.23 0.17 -0.32 0.23 0.16
Arthritis 039 043 0.36
BMI= Body Mass Index; TBMS= Total Body Muscle Strength.
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Figure 6.1 Adjusted MCS mean and standard errors over time for subjects with and without pain
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6.1.3 Hypothesis 3.c:
Greater functional limitation would be associated with poorer mental HRQoL.

Table 6.3 shows the general linear mixed model estimates for MCS score as a
function of functional limitation, as measured by the Short Physical Performance Battery
(SPPB) over three points of time. Four models assessed this association. Model 1
included time, SPPB, and all sociodemographic variables. In Model 2, comorbid
conditions (BMI, depressive symptoms, and medical conditions) were added to the
variables in Model 1. In Model 3, arthritis was added to the variables in Model 2. In
Model 4, the impairment variables (pain and TBMS) were added to the variables in
Model 3.

There was a positive association between SPPB and MCS (Estimate= 0.69, SE=
0.07, p <.001) in Model 1. This relationship decreased by 0.27 points in Model 4, but
remained statistically significant. Sensitivity analyses, using estimates obtained from
complete cases, showed roughly the same findings for the relative direction and
magnitude of the estimate between SPPB and MCS (see Appendix B — Table B.3.3).

Presence of depressive symptoms was negatively associated with MCS. No
interaction effect between time and SPPB quartiles on MCS was found (F= 1.18, df=6,
p=0.31) (see Appendix C). Sensitivity analysis confirmed these findings.

All analyses were reevaluated with unadjusted GEE. When the MCS variable was
dichotomized (Better vs. Worse mental HRQoL), mental HRQoL was positively
associated with SPPB (OR = 3.07; 95% CI = 2.35- 4.00) (data not shown). ‘Better’ and
“Worse” scores were divided by the median of MCS, 55.3. After controlling for all

covariates, this association remained significant (OR = 2.56; 95% CI = 1.93 — 3.41).
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6.1.4 Hypothesis 3.d:
Greater disability (ADL and IADL) would be associated with poorer mental

HRQoL (lower MCS score).

6.1.4.1 Part |
I- Presence of any ADL limitation (i.e., bathing, dressing, transferring from bed to a

chair, using the toilet, or eating) would be associated with poorer mental HRQoL.

Table 6.4 shows the general linear mixed model estimates for MCS score as a
function of ADL limitation over three points of time. Five models assessed this
association. Model 1 included time, ADL limitation, and all sociodemographic variables.
In Model 2, comorbid conditions (BMI, depressive symptoms, and medical conditions)
were added to the variables in Model 1. In Model 3, arthritis was added to the variables in
Model 2. In Model 4 the impairment variables (pain and TBMS) were added to the
variables in Model 3. Lastly, in Model 5, the functional limitation (SPPB) variable was
added to the variables in Model 4.

There was a negative association between ADL limitation and MCS (Estimate= -
4.59, SE= 0.56, p < .001) in Model 1. This association decreased by 2.5 points in Model
4 when the impairment variables (pain and TBMS) were added, although it remained
statistically significant. However, when adding SPPB to Model 5, the association
between ADL limitation and MCS decreased by about 1.65 points compared to Model 4,
but this combination was not statistically significant. Sensitivity analyses using estimates
obtained from complete cases showed no significant association between ADL and MCS
(see Appendix B — Table B.3.4.1).

Presence of depressive symptoms was negatively associated with MCS while

Time 1, age, and SPPB were positively associated with MCS. No interaction effect
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(between time and ADL limitation) on MCS was found (F= 1.11, df= 2, p= 0.34) (see
Appendix C). Sensitivity analysis confirmed these findings.

Furthermore, all analyses were reevaluated with unadjusted GEE. When the MCS
variable was dichotomized (Better vs. Worse mental HRQoL), better mental HRQoL was
negatively associated with any ADL limitation (OR = 0.42; 95% CI = 0.32— 0.54) (data
not shown). ‘Better’ and “Worse’ scores were divided by the median of MCS, 55.3. After
controlling for all covariates, this association did not remain significant (OR = 0.54; 95%

Cl = 0.54- 1.00).

6.1.4.2 Part 11
I1- Presence of any IADL limitation (i.e., meal preparation, shopping for groceries,

money management, using telephone, or light housework) would be associated with
poorer mental HRQoL.

Table 6.5 shows the general linear mixed model estimates for MCS score as a
function of IADL limitation over three points of time. Five models assessed this
association. Model 1 included time, IADL limitation, and all sociodemographic variables.
In Model 2, comorbid conditions (BMI, depressive symptoms, and medical conditions)
were added to the variables in Model 1. In Model 3, arthritis was added to the variables in
Model 2. In Model 4 the impairment variables (pain and TBMS) were added to the
variables in Model 3. Lastly, in Model 5, the functional limitation (SPPB) variable was
added to the variables in Model 4.

There was a negative association between IADL limitation and MCS (Estimate= -
3.53, SE=0.48, p <.001) in Model 1. This association decreased by 1.53 points in Model
4, when the impairment variables (pain and TBMS) were added, yet it remained

statistically significant. After adding SPPB in Model 5, the association between IADL
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limitation and MCS decreased by about 1 point, as compared to Model 4 but remained
statistically significant. However, sensitivity analyses using estimates obtained from
complete cases showed no significant association between IADL and MCS (see
Appendix B — Table B.3.4.2).

Presence of depressive symptoms and male gender were negatively associated
with MCS while Time 1, age, and SPPB were positively associated with MCS. No
interaction effect between time and IADL limitation on MCS was found (F=1.14, df= 2,
p=0.22) (see Appendix C). Sensitivity analysis confirmed these findings.

All analyses were reevaluated with unadjusted GEE. When the MCS variable was
dichotomized (Better vs. Worse mental HRQoL), better mental HRQoL was negatively
associated with any IADL limitation (OR = 0.35; 95% CI = 0.28 — 0.45) (data not
shown). ‘Better’ and “Worse’ scores were divided by the MCS median: 55.3. After
controlling for all covariates, this association remained significant (OR = 0.52; 95% CI =

0.40 — 0.68).
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Table 6.3 General linear mixed models estimates for mental health-related quality of life (MCS) as a function of functional limitation (Short

Physical Performance Battery) over three points of time

Explanatory variables Model 1 Model 2 Model 3 Model 4
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 457 430 <.001 441 421 <.001 440 422 <.001 429 434 <.001
Time 1 141 041 <01 1.30 0.39 <.01 1.28 039 <01 127 039 <01
Time 2 0.10 0.61 0.87 039 0.53 0.46 0.39 053 047 0.36 0.53 0.50
Age 0.05 0.05 0.37 0.09 0.05 0.05 0.09 0.05 0.06 0.10 0.05 0.04
Male -055 055 0.32 -0.78 0.48 0.10 -0.74 048 0.12 -1.06 054 0.05
Married 112 053 0.04 0.63 046 0.17 0.63 046 0.17 065 046 0.16
Education 0.02 0.07 0.77 0.01 0.06 0.87 0.01 0.06 0.83 0.01 0.06 0.90
Nativity 1.13 0.53 0.03 0.69 045 0.13 0.71 045 0.12 0.72 046 0.11
Interviewed in English -1.16 0.66 0.08 -0.28 0.58 0.63 -0.28 0.58 0.63 -0.29 0.58 0.61
SPPB 0.69 0.07 <.001 045 0.06 <.001 045 0.06 <.001 042 0.06 <.001
BMI (Kg/m2) 007 004 007 |[007 004 009 [007 004 0.0
Depressive symptoms -120 060 <001 |-120 0.60 <.001 |-11.9 0.60 <.001
Medical conditions -0.11 0.22 0.61 -0.13 0.22 0.57 -0.10 0.22 0.67
Arthritis 038 041 0.36 0.53 043 0.21
Pain -0.56 042 0.18
TBMS (Kg) 0.01 001 021

BMI= Body Mass Index; TBMS = Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
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Table 6.4. General linear mixed models estimates for mental health-related quality of life (MCS) as a function of ADL limitation over three

points of time

Explanatory Model 1 Model 2 Model 3 Model 4 Model 5
variables
B (SE) P- § (SE) P- § (SE) P- B (SE) P- B (SE) P-

value value value value value
Intercept 544 425 <001 | 511 411 <001 |511 411 <001 |48.6 427 <001 |43.0 435 <001
Time 1 141 041 <01 129 039 <01 127 039 <01 126 039 <01 127 039 <01
Time 2 0.02 061 098 0.37 053 049 036 053 050 031 054 057 037 053 048
Age 0.01 0.05 0.88 0.05 0.05 0.27 0.05 0.05 0.28 0.07 0.05 0.6 0.10 0.05 0.04
Male -0.35 0.57 0.53 -0.68 049 016 -0.65 0.49 0.19 -1.16 055 0.03 -1.05 0.54 0.05
Married 117 0.55 0.03 0.67 0.47 0.15 0.67 0.47 0.16 0.68 0.47 015 0.65 0.46 0.16
Education 0.02 007 077 0.01 0.06 088 001 0.06 085 <01 0.06 093 001 0.06 0091
Nativity 104 054 006 0.66 046 015 0.68 046 014 071 046 013 071 046 012
Interviewed in -1.37 0.67 0.04 -0.38 059 051 -0.39 059 051 -040 059 049 -0.32 058 059
English
ADL Limitation -459 056 <001 [-236 051 <001 [-240 052 <001 [-210 053 <001 [-045 0.60 045
BMI (Kg/m2) 006 004 015 [0.06 004 017 |006 004 019 |007 0.04 010
Depressive symptoms -12.3 061 <001 |-123 0.61 <001 |-122 0.61 <001 |-119 0.61 <001
Medical conditions -023 023 030 |-024 023 028 |-0.19 023 040 |-008 023 071
Arthritis 029 042 0.48 0.50 0.43 0.24 055 043 0.20
Pain -0.74 042 0.08 -0.54 042 0.20
TBMS (Kg) 002 001 005 |00l 001 023
SPPB 0.39 0.07 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
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Table 6.5 General linear mixed models estimates for mental health-related quality of life (MCS) as a function of IADL limitation over three

points of time

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
§ (SE) P- § (SE) P- § (SE) P- B (SE) P- B (SE) P-

value value value value value
Intercept 55.7 414 <001 | 513 401 <001 (513 401 <001 |49.0 420 <001 [431 432 <001
Time 1 152 042 <01 136 039 <01 134 040 <01 133 039 <01 130 039 <01
Time 2 031 062 062 0.62 054 025 0.62 054 025 0.53 054 032 052 054 033
Age 0.01 0.05 094 0.06 005 022 0.06 0.05 023 0.07 005 013 0.10 0.05 003
Male -0.65 056 0.24 -0.89 048 0.06 -0.85 0.48 0.08 -1.31 054 0.01 -1.10 054 004
Married 121 054 002 0.66 046 015 0.66 046 0.15 0.68 046 0.4 0.64 046 016
Education 0.00 0.07 097 |(-001 0.06 0% [-001 0.06 093 [-001 0.06 08 [0.00 0.06 098
Nativity 096 053 0.07 059 045 019 0.61 045 018 0.64 046 0.6 066 045 015
Interviewed in English -0.93 0.67 0.16 -0.09 0.58 0.88 -0.09 0.58 0.88 -0.14 0.58 0.81 -0.21 0.58 0.71
IADL Limitation -353 048 <001 | -222 044 <001 |-2.27 044 <001 |-200 045 <001 |-1.04 048 003
BMI (Kg/m2) 0.07 0.04 012 |0.06 004 014 |0.06 004 016 |0.07 004 008
Depressive symptoms -124 0.60 <001 [-124 060 <001 [-124 060 <001 |[-11.9 060 <.001
Medical conditions 023 022 030 |[-024 022 027 |[-020 022 038 [-0.06 022 078
Arthritis 0.37 042 037 055 043 020 0.60 043 016
Pain -065 042 012 |-044 042 029
TBMS (Kg) 002 001 006 |00l 001 030
SPPB 0.37 0.07 <001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
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6.2 SUMMARY

This chapter tested four hypotheses of Aim 3. The results are as follows:
Arthritis was not associated with lower mental HRQoL score.

The presence of impairment (pain and total body muscle strength) was associated
with lower mental HRQoL score.

Greater functional limitation (lower SPPB score) was associated with lower
mental HRQoL score.

The presence of any IADL limitations was associated solely with lower mental
HRQoL score.

A discussion of this study’s outcomes is presented in Chapter 7.
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7.0 DISCUSSION

The purpose of this study was to examine the impact of arthritis on physical
function, disability, and health-related quality of life over time among older Mexican-
Americans. The following discussion is based on each Specific Aim of this research,
followed by the limitations and strengths of the study; implications and recommendations

for future research; and the conclusion.

7.1 SPECIFIC AIM 1
The first Aim was to examine the association between arthritis and the three

stages of the disablement process (i.e., impairment, functional limitation, and disability)
over time among older Mexican-Americans.

The primary finding for this specific aim was that arthritis is associated with
greater impairment, greater functional limitation, and more disability. The following sub-

sections discuss the three hypotheses of Aim 1.

7.1.1 Hypothesis 1.a
Arthritis would be associated with greater impairment.

As discussed earlier, impairment was addressed through three variables: I-
presence of pain on weight-bearing, I1- lower extremity muscle strength (weakness) and
I11- upper extremity muscle strength (weakness). Accordingly, the impact of arthritis on
each impairment variable is discussed next.

I- Arthritis would be associated with the presence of pain on weight-bearing.
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This hypothesis was confirmed using the GEE model. After adjustment for
sociodemographic variables and comorbid conditions, arthritis was significantly
associated with the presence of pain on weight-bearing, at an odds ratio of 2.96 (95 %
Cl=2.36-3.72). This finding is concordant with the literature that arthritis is
associated with joint pain [223, 224]. For example, in a longitudinal analysis, the
adjusted OR of having pain on weight-bearing, over time, was 7.1 (95 % CI= 6.3-8.0)
among older Mexican-Americans [225]. Al Snih et al. (2005) [226] conducted a
cross-sectional study to find that 72% of older Mexican-American subjects with pain
reported having arthritis.

Pain is both the most common symptoms of arthritis and the primary reason for
older arthritic subjects to seek medical intervention [51, 227]. However, the manifestation
of pain is different for each type of arthritis. For example, subjects with osteoarthritis
suffer from localized pain that occurs during movement (weight-bearing) [228, 229];
conversely, subjects with rheumatoid arthritis suffer from pain that actually improves
with movement [229-231].

- Arthritis would be associated with poorer lower extremity muscle strength

(LEMS).

In a model adjusts for sociodemographic variables, this hypothesis was
confirmed. Arthritis was associated with poorer lower extremity muscle strength.
Adding other comorbid conditions (i.e., BMI, low cognitive status, high depressive
symptoms, and medical conditions) to the model slightly decreased the magnitude of

association, although this association was not statistically significant. Interestingly,
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according to the results from the complete case analyses, this hypothesis was

confirmed.

[11-  Arthritis would be associated with poorer upper extremity muscle strength
(UEMS).

As hypothesized, a statistically significant association was found between arthritis

and subsequent decline in upper extremity muscle strength over time in older

Mexican-Americans. The association remained significant after adjusting for

potentially confounding variables such as age, sex, education, marital status, BMI

high depressive symptoms, and medical conditions.

Generally, a decrease in muscle strength, either on LEMS or UEMS, was
expected to be associated with arthritis or to confirm the results of other studies [232-
240]. For example, in a case control study, Ekdahl et al. (1989) [233] found that roughly
80% of patients with large joints of the lower extremity (affected by OA or RA) had
significantly poorer muscle strength than that of healthy subjects. For upper extremity
muscle strength, data from a case control study showed that grip strength was
significantly lower among OA patients than in the control group [240].

In regards to the association between time and muscle strength, a relation between
Time 2 (vs. Time 0) with increased LEMS and UEMS was surprising. Theses
associations were also confirmed when complete cases were analyzed. Such a finding
differs from what most studies have reported: specifically, that decreases in muscle
strength are a normal manifestation of the aging process [241].

Using a sample of 27 for lay examiners (non-clinicians) and 63 for Hispanic

EPESE subjects, Ottenbacher et al. (2004) [156] reported that the device used in this
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study to measure muscle strength (Nicholas Manual Muscle Tester) provided stable and
consistent information for LEMS and UEMS. The researchers also discovered no
examiner gender differences in intra-class correlation coefficients (ICCs). While non-
clinician examiners received a single intensive training session in manual muscle testing
for a field-based assessment and interview of older adults and 63 Mexican-American
subjects at Time 0 (2000-2001) [156], the fact that a) they were not clinicians, and b) six
years passed between Time 0 (2000-2001) and Time 2 (2006) may have affected the
measurement’s reliability and validity over time. These data collection limitations could
explain the observed increase in muscle strength (e.g., knee extension, hip flexion, and
shoulder abduction) between Time 0 and Time 2.

Based on these findings and the way the study was conducted, future best-
practices should adhere to the following methods, especially when testing for research as
opposed to in clinical practice [242]. First, one should take muscle strength
measurements from both the dominant and non-dominant extremity, repeatedly if
possible (e.g., right hand vs. left hand) [243]. Second, one should know whether these
measurements were obtained from the affected (including the arthritic joint) or unaffected
extremity [237]. Third, the subject’s apprehension, motivation, and pain level should be
recorded [244, 245]. Fourth, examiner’s gender should be controlled, as gender-specific
strength variables have been known to affect the force applied to muscles during testing
[246]. Finally, in longitudinal studies, non-clinician examiners need to be trained
regularly to ensure unbiased results about such association between arthritis and muscle

strength.
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7.1.2 Hypothesis 1.b
Arthritis would be associated with greater functional limitation, as measured by

SPPB.

Adjusted linear mixed models revealed a significant association between
having arthritis and lower SPPB score, the latter indicating greater functional
limitation. This association was reexamined by performing complete case analysis
and found to be significant. Thus, this hypothesis was confirmed; the finding is
consistent with that of other studies.

Literature has shown that arthritis is associated with limitations in physical
function [247-249]. In a cross-sectional study, Escalante et al. (2005) [247] used the
disablement process model and structural equation model to study the impact of RA
on functional limitation. The research team measured functional limitation using three
performance-based rheumatology function tests: grip strength, gait speed, and a timed
button test. The researchers found that both pathology (RA) and impairment
displayed strong direct-paths toward functional limitation (standardized regression
coefficients of -0.576 and -0.564, respectively, p < 0.001 for each), and explained
65% of the variance [247].

Other studies have evaluated the impact of arthritis on functional limitation
using performance-based measures, self-report scales, or both. However, no previous
study has used SPPB to measure functional limitation in very-old arthritic subjects.
As expected there was a negative association between Time 2 and the SPPB score.
This counters the relationship direction between Time 2 and muscle strength (LEMS
and UEMS), as discussed earlier. Using such performance-based measures may

confirm the need for regular training for non-clinician examiners.
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7.1.3 Hypothesis 1.c
Arthritis would be associated with greater disability.

This hypothesis was confirmed. Consistent with most previous studies [7,
250-254], the findings of this longitudinal study indicate a significant relationship
between arthritis and disability in ADL (OR=1.51; 95 % CI=1.05 - 2.18) and IADL
(OR=1.47; 95 % Cl=1.11- 1.93). This positive association between arthritis and
disability were seen as weak on the national level [12]. For example, recent data from
the National Health Interview Survey (NHIS), showed that about 41% of the 46
million adults with arthritis reported limitations in their normal activities because of
arthritis [12].

Additionally, in a prospective cohort study, Song et al. (2007) [250] examined
the racial/ethnic differences in ADL disability onset among older Americans with
arthritis. The adjusted disability hazard ratios (HR) were significantly greater among
African Americans (HR=1.94, 95% CIl=1.51-2.38) and Hispanic subjects
interviewed in Spanish (HR= 2.03, 95% CIl= 1.35-2.71), but not for Hispanic subjects
interviewed in English (HR= 1.41, 95% CI= 0.82-2.00) compared to White subjects
[250].

In another longitudinal study, Al Snih et al. (2001) [252] investigated the
impact of arthritis at baseline on the two year incidence of ADL and IADL limitations
in non-disabled, older Mexican-American subjects. They found that, among those
tested at baseline, 11.2% of arthritic subjects reported at least one ADL limitation
after two years, compared to 6.9% of subjects without arthritis. Similarly, among non-
disabled subjects at baseline, 34.7% of arthritic subjects reported at least one IADL

limitation after two years, compared to 27.0% of subjects without arthritis.
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7.2 SPECIFIC AIMS 2 AND 3
AIM 2: To examine the association between arthritis and stages of the

disablement process (impairment, functional limitation, and disability) on physical
HRQoL among older Mexican-American, as measured by SF-36 Physical Component
Summary (PCS) over three points of time (2000-2001, 2001-2002, and 2006).

AIM 3: To examine the association between arthritis and stages of the
disablement process (impairment, functional limitation, and disability) on mental HRQoL
among older Mexican-Americans, as measured by SF-36 Mental Component Summary
(MCS) over three points of time (2000-2001, 2001-2002, and 2006).

Both Specific Aim 2 and 3 have four hypotheses that are discussed together in the

following sub-sections.

7.2.1 Hypotheses A
Hypothesis 2.a: Arthritis would be associated with poorer physical HRQoL.

Hypothesis 3.a: Arthritis would be associated with poorer mental HRQoL.

The present study confirmed that arthritis is associated with poorer physical
HRQoL (OR =0.49; 95% CI = 0.39 — 0.62) but not with poorer mental HRQoL (OR =
0.89; 95% CI =0.70 — 1.13).

As in studies that used other HRQoL measures, these findings highlight that
arthritis impacts physical HRQoL more than mental HRQoL, especially among older
adults [5, 30]. For example, a study of 41,467 older subjects using Medicare data found
that arthritic patients had a poorer HRQoL than those without arthritis [30]. Likewise, in
a cross-sectional study, Alishiri et al. (2008) [255] developed two logistic regression
models to predict physical and mental HRQoL among RA patients by using the first

quartiles of PCS and MCS scores (33.4 and 36.8, respectively) as cut-off points. After
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controlling for all covariates, they found that having RA was associated with poorer
physical and mental HRQoL [255].

A recent study by Slatkowsky-Christensen et al. compared HRQoL using the SF-
36 for female patients with hand RA (n=194) and OA (n= 190) against the general
population (n=144) [256]. They found that both hand RA and OA were associated with a
consistent burden of disease across all dimensions of the SF-36, as compared with
population subjects [256]. Ethgen et al. (2007) [257] confirmed these findings through a

longitudinal study of 642 patients with RA and 395 patients with OA.

7.2.2 Hypotheses B
Hypothesis 2.b: Greater impairment would be associated with poorer physical HRQoL.

Hypothesis 3.b: Greater impairment would be associated with poorer mental HRQoL.

The present longitudinal study confirmed that the presence of impairment (pain
and total body muscle weakness) was associated with poorer physical and mental
HRQoL, even after controlling for arthritis effect.

Many studies have examined the impact of chronic pain on HRQoL [258].
Zanocchi et al. (2007) [258] examined the influence of chronic pain on HRQoL among
old patients in nursing homes (n = 105, mean age 82.2 + 9 years). They used three
different pain measurements: the McGill Pain Questionnaire (MGPQ), the Visual
Analogical Scale (VAS), and the Face Pain Scale (FPS). They found that increasing
levels of pain were associated with poorer HRQoL [258].

However, the association between impairment (i.e., pain and muscle strength) and
HRQoL can be explained by looking at how decreasing pain and strengthening muscles

improve HRQoL in patients with fibromyalgia (FM). Chronic pain and muscle weakness
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are common in patients with FM [259-261]. A randomized clinical trial evaluated the
short- and long-term efficacy of hydrotherapy (pool-exercise) in thirty-four women with
FM [261]. They measured patients’ pain level, LEMS and UEMS (i.e., knee extensors
and flexors, shoulder abductors, and adductors) and HRQoL using the Spanish version of
the European quality of life measure (EQ-5D) [261]. After the 12-week hydrotherapy
program, they found a significant decrease in pain level and a significant improvement in
LEMS strength, but not in that of UEMS. The latter did not improve because the absence
of water resistance above the waist limited the effects on upper-body muscles [261].
Overall, this study reported significant improvements in EQ-5D dimensions for the
exercise group, and no change for the control group [261].

Finally, no previous longitudinal study has looked at the impact of pain on
weight-bearing and total body muscle weakness on physical and mental HRQoL
independently among older adults. However, Peek et al. (2005) [262] studied cross-
sectionally the association between disability stages and HRQoL, although they

addressed impairment stage through muscle strength only.

7.2.3 Hypotheses C
Hypothesis 2.c: Greater functional limitation would be associated with poorer physical

HRQoL.
Hypothesis 2.c: Greater functional limitation would be associated with poorer mental
HRQoL.

The current study confirmed that greater functional limitation, as noted by a low
SPPB score, is associated with poorer physical and mental HRQoL independently, even

after controlling for the effects of arthritis and impairment. This finding was consistent
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the previous finding that a lower SPPB score is associated with lower HRQoL among
older subjects [263, 264]. Groessl et al. (2007) [263] examined the association of HRQoL
in older subjects (n= 424, aged 70 to 89) with functional limitation, finding a positive
association between SPPB and HRQoL.

Groessl et al. (2007) further examined the association cross-sectionally in order to
assess HRQoL using the Quality of Well-Being Scale-Self-Administered (QWB-SA)
[263]. Their cross-sectional design limited causal inference because the QWB-SA (unlike
the SF-36) combines preference-weighted values for symptoms and functioning [263,
265]. Also, the researchers did not control for other risk factors (e.g., BMI, pain, muscle

strength, depression) that would help explain variance in the HRQoL [263].

7.2.4 Hypotheses D
Hypothesis 2.d: Greater disability (ADL and IADL) would be associated with poorer

physical HRQoL (lower PCS score).
Hypothesis 3.d: Greater disability (ADL and IADL) would be associated with poorer
mental HRQoL (lower MCS score).

The current longitudinal study found that the presence of any ADL or IADL
limitation was independently associated with poorer physical and mental HRQoL even
after adjustment for the independent role of arthritis and impairment. However, only the
presence of IADL limitation was associated with poorer mental HRQoL after adjustment
for arthritis, impairment, and functional limitation.

These findings are consistent with previous randomized trials [266, 267]. Peri et
al. (2008) [266] designed a randomized trial to test the impact of a repetitive ADL

exercise program on HRQoL among 149 older subjects (mean age 84.7 years). At
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baseline, subjects had no significant differences in their PCS and MCS scores. After three
months, subjects who received the repetitive ADL exercise interventions had better
physical HRQoL than those in the control group. Interestingly, there was no difference or
change in MCS score [266].

Hagsten et al. 2006 [267] conducted a trial to examine the effects of an
individualized occupational therapy (OT) program on 100 aged patients with hip
fracture(s). They measured patients’ ADL, IADL, and HRQoL levels and after month
two found that the control patients had more IADL limitations and poorer HRQoL than
those in the OT group [267]. However, after discharge both groups had roughly the same
level of ADL limitations [267]. In short, data from this trial imply that HRQoL is

associated with IADL more than ADL limitations.

7.3 LIMITATIONS OF THE STUDY
The following section recapitulates the limitations of the present research. These

include limitations related to the study’s design, measures, and generalizability.

First, the prevalence of arthritis was high (56%) at baseline of the current study,
which is a sub-sample from Wave 4 of the Hispanic EPESE. Therefore, designing the
current study as an inception-cohort study was not feasible.

Second, some researchers have indicated that self-reported data from non-English
speakers can hinder the accumulation of reliable and valid information [268]. Simple or
unprofessional translations may lead to measurement errors which consequently bias the
results [268]. Most Hispanic EPESE participants chose to answer the self-reported
guestionnaires in Spanish. Therefore, to minimize any potential bias, this study

performed the following analyses: 1) DIF analyses using DIFwithpar program for the
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PCS and MCS (the two outcome variables), as discussed previously; 2) Controlling for
the effect of language (English vs. Spanish) as a covariate in every model.

Third, medical records and x-rays were not available to confirm the arthritis and
other comorbid condition diagnoses; although using self-reported data without clinical
evaluations is a common methodology in epidemiological research. This practice has
been documented as reliable, especially in relation to sociodemographic and health-
related items (such as arthritis, pain, disability) [269-271]. To minimize any possible bias
associated with self-reported data and to better estimate the impact of arthritis on
HRQoL, matching data from this sub-sample of older Mexican-Americans with Medicare
data would help confirm the diagnosis of arthritis and its type and severity.

Fourth, aged subjects make follow-up studies inherently biased, as less healthy
subjects were less likely to be included. Fifth, since this Mexican-American sub-sample
was randomly selected from 10-year survivors of the original Hispanic EPESE, the
findings from this sample may not be generalizable to other populations.

Due to the above limitations, this study’s results should be interpreted with regard
to their applicability. Replicating the findings with other measures of physical function,
disability, and HRQoL is crucial. Additionally, larger population-based studies are
essential to ensure generalizability of these findings to the older Mexican-American

population.

7.4 STRENGTHS OF THE STUDY
As highlighted throughout this paper, this study has several significant strengths.

First, and most importantly, the data of this study come from the Hispanic EPESE, the

largest, most reliable population-based study of older Mexican-Americans in the US [42].
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The current study is the first investigation to examine the longitudinal
associations between arthritis, physical function, disability, and HRQoL in older
Mexican-Americans. In addition, these associations were examined using a conceptual
model that adapted two prominent disability models, DPM [124] and EDM [125].

Moreover, whereas most epidemiological studies depend on self-reported data,
the current study used a combination of self-reported and physical-performance
measures. For instance, SF-36 and muscle strength (e.g., knee, hip, shoulder joints)
measures were collected in this sub-sample but not in any previous Hispanic EPESE
wave.

Since it is common in longitudinal epidemiological studies to have some missing
data [192, 193], this current study addressed missing data appropriately by using the
multiple imputation technique. Also, this current investigation was unique in utilizing
sophisticated longitudinal analyses such as mixed and GEE models as opposed to the
traditional repeated ANOVA/ANCOVA method.

Additionally, all results were screened and reexamined twice by dichotomizing
continuous outcome variables and by using complete case analysis. Finally, this study
conformed to Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) guidelines for cohort studies [272].

7.5 IMPLICATIONS
The findings of the present study provide important information about the impact

of arthritis on physical function, disability, and HRQoL among older Mexican-

Americans, a segment of the US population with the highest rate of arthritis of all
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racial/ethnic groups [16]. The implications of these findings can be categorized into three

areas: theory, health care, and policy.

7.5.1 Theory
The results of this investigation bring forth empirical support for the VVerbrugge

and Jette (1994) model (DPM) [124] and the Institute of Medicine model (EDM) [125].
For all Specific Aims of this study, the models were combined and modified to guide the
analyses.

Specific Aim 1 used the DPM [124], which has four basic components: 1)
pathology, represented by arthritis; 2) impairment, represented by pain and muscle
strength; 3) functional limitation, represented by lower body limitation; and 4) disability,
represented by any ADL or IADL limitations. For Specific Aims 2 and 3, EDM [125]
includes HRQoL as an independent component affected by stage of disability. Thus,
HRQoL was addressed using the physical and mental summary scores of SF-36.

This study’s conceptual model agrees with the previous two models [124, 125]
and their modifications [262, 273]. Most importantly, this conceptual model offers an
example for future investigations of how HRQoL can be impacted by a pathology,

functional limitation, and disability, cross-sectionally or longitudinally.

7.5.2 Health Care
Arthritis is a major health problem with a sizeable impact on the growing

population of older US adults [4-6]. Arthritis also constitutes the most common reason
for disability in the US [7, 8]. The present study’s findings suggest a strong relationship
between arthritis and physical function, disability, and HRQoL in older Mexican-

Americans from southwestern US. The findings emphasize the need for multidisciplinary
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clinical and public health interventions in the population under study. Therefore, the

following strategies are suggested to decrease the impact of arthritis in this segment of

the population:

1) Improving functional independence through:

a)
b)
c)
d)
€)
f)

9)
h)

Decreasing pain [274].

Improving upper and lower extremities muscle strength [275].
Improving standing balance and walking speed [276].

Offering a choice of joint replacement surgery, as needed [277, 278].
Screening for risks of falling [279].

Screening and decreasing depression and mental problems [280-283].
Enhancing social support [284, 285].

Minimizing environmental barriers [286, 287].

- Enhancing self-management:

Research has shown that self-management is one of the effective ways to limit the

negative impact of arthritis on physical function, disability, and HRQoL [111, 288]. Self-

management includes education and physical activity [289].

7.5.3 Policy

In the era of cost-effectiveness and evidence-based healthcare practices, the

current study offers empirical evidence of a need to improve HRQoL and eliminate

disparities among older Mexican-Americans.

The present study provides valuable information relevant to the two goals of the

Healthy People 2010 initiative [22] and to the mission and strategy of the Arthritis

Foundation [27]. The two goals of the Healthy People 2010 initiative that will benefit
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from the findings of this study are: to increase the quality and years of healthy life; and to
eliminate disparities in health among different racial/ethnic groups [22].

The three-fold mission of the Arthritis Foundation is research, prevention, and
improved quality of life [27]. The Arthritis Foundation will benefit from these findings in
implementing its public health strategy, entitled the National Arthritis Action Plan
(NAAP) [27]. Based on this national plan, state health departments have started physical
activity program directed to adult Hispanics, aged 45 to 64 years, called “Buenos Dias,
Artritis”. However, this program needs to consider including the older arthritic Hispanics,
along with those aged 45 to 64 years, since arthritis is highly prevalent in older

Hispanics.

7.6 RECOMMENDATIONS FOR FUTURE RESEARCH
The replication of research strengthens the findings of studies. Therefore, similar

studies should be conducted to evaluate the association between arthritis, physical
functional, disability, and HRQoL among other older racial/ethnic adults.

Another area of future research that might be explored is that of instrument-
testing, performed using item response theory and differential item functioning. The
Hispanic EPESE data offers a unique and exceptional opportunity to use these procedures
to find answers for many questions.

As previously mentioned, to establish accurate causality, an inception cohort
study should be implemented. Such research design, along with the use of powerful
analyses such as mixed and GEE models and structural equation modeling (SEM) will

encourage confirmatory modeling [273].
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Finally, this study’s conceptual model is not intended to be used for interventional
research, such as randomized clinical trials. Therefore, developing interventional
programs directed at older adults with arthritis would help improve their physical

function and HRQoL and accordingly help establish causality [290].

7.7 CONCLUSION
Using a population based cohort, the overall findings indicate that arthritis is a

highly prevalent medical condition in this segment of the older US population. Also,
arthritis has a significant impact on older Mexican-Americans’ physical function,
disability, and health-related quality of life. Finally, the study found that impairment,
functional limitation, and disability are associated with poorer physical and mental
HRQoL scores.

Most importantly, these findings could guide efforts to reach the goals of the
National Arthritis Action Plan as well as the Healthy People 2010 initiative goals of
increasing quality of life and elimination health disparities, especially in older Mexican-
Americans, one of the fastest growing ethnic groups in the US. The solution should be
multi-faceted, including responsible agency from the afflicted group (via lifestyle

changes and disease self-management).
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APPENDIX A

APPENDIX A: UNIVARIATE, CORRELATION, AND DIF ANALYSES

Tables A.1 through A.3 for univariate analyses at each Wave.
Tables A.4 through A.6 for correlation analyses at each Wave.

Tables A.7 and A.8 for DIF analyses for both PCS and MCS at baseline.
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Table A.1 Univariate Statistics for the Raw Data at Wave 1 (2000-2001).

Variable Level of N Mean SD CV Median Min. Max Range Skewness kurtosis
Measurement Or
Missing %
Socio-demographic Age Cont. 621 0 78.1 51 66 77 72 96 24 1 0.5
Sex Binary 621 0 100% Female= 372 (60%)
Married Binary 621 0 100% Yes=317 (51%)
Edu. Cont. 621 0 5.1 38 735 5 0 17 17 0.7 0
US born Binary 621 0 100% Yes= 379 (60%)
Eng. Int. Binary 621 0 100% English= 108 (17%)
Comorbid Conditions [BMI in kg/m? [Cont. 576 45 281 55 194 274 144 552 408 0.8 1.9
gognitive Binary 621 0 100% Low Cognitive Status = 217 (35%)
D?SLrJSSSiVe Binary 621 0 100% High Depressive Symptoms = 73 (12%)
fﬂ)a/engi-cal Cont. 621 0 1.1 09 858 1 0 5 5 0.6 0.1
Conditions
Pathology Arthritis Binary 621 0 100% Yes= 350 (56%)
Impairment Pain Binary 621 0 100% Yes= 295 (47%)
LEMS inkg |Cont. 566 55 289 112 386 274 66 756 69 0.9 13
UEMS in kg (Cont. 551 70 38.6 13 337 37.2 58 886 828 0.7 0.6
Functional Limitation [SPPB Cont. 620 1 7 34 485 8 0 12 12 -0.7 -0.5
Disability ADL Binary 621 0 100% Any ADL Limitation= 116 (19%)
IADL Binary 621 0 100% Any IADL Limitation= 284 (46%)
HRQoL PCS Cont. 614 7 41.4 12.6 305 435 9 63.2 542 -05 -0.9
MCS Cont. 614 7 55.1 85 155 56.7 89 745 656 -1.2 2.3

SD= Standard Deviation; CV= Coefficient of Variation; Min=Minimum; Max= Maximum; Cont= Continuous; Edu= years of education; Eng. Int. =

English Interviewed; BMI= Body Mass Index; LEMS = Lower Extremity Muscle Strength; UEMS = Upper Extremity Muscle Strength; SPPB= Short
Physical Performance Battery; ADL= Activities of Daily Living; IADL= Instrumental Activities of Daily Living; HRQoL= Health-Related Quality of
Life; PCS= Physical Component Summary; MCS= Mental Component Summary.
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Table A.2 Univariate Statistics for the Raw Data at Wave 2 (2001-2002).

Variable Level of N Mean SD CV Median Min. Max Range Skewness Kkurtosis
Measurement Or
Missing %
Socio-demographic Age Cont. 549 0 79 5 6.4 78 73 97 24 1 0.5
Sex Binary 549 0 100% Female= 327 (60%)
Married Binary 549 0 100% Yes= 273 (50%)
Edu. Cont. 549 0 5.2 38 731 5 0 17 17 0.7 -0.1
US born Binary 549 0 100% Yes= 336 (61%)
Eng. Int. Binary 549 0 100% English=78 (14%)
Comorbid Conditions [BMI in kg/m” |Cont. 499 50 27.8 54 193 274 5.9 489 43 0.4 1.1
Cognitive Binary 549 0 100% Low Cognitive Status = 145 (26%)
g?pt)lrjesssive Binary 549 0 100% High Depressive Symptoms = 63 (11%)
vedical  (Cont 549 0 12 1 823 1 0 4 4 05 0.4
Conditions
Pathology Arthritis Binary 549 0 100% Yes= 347 (63%)
Impairment Pain Binary 549 0 100% Yes= 264 (48%)
LEMS in kg [Cont. 482 67 284 11.2 393 27.2 62 74 678 08 1.2
UEMS in kg |Cont. 463 86 376 13.4 355 35.6 88 1035 947 038 1.2
Functional Limitation [SPPB Cont. 548 1 6.7 37 551 8 0 12 12 -0.5 -1
Disability IADL Binary 549 0 100% Any ADL Limitation= 116 (21%)
IADL Binary 549 0 100% Any IADL Limitation= 282 (51%)
HRQoL PCS Cont. 541 8 40.6 12.8 316 447 79 598 52 -0.6 -0.9
MCS Cont. 541 8 56.4 79 141 58.6 20.7 726 519 -15 2.8

SD= Standard Deviation; CV= Coefficient of Variation; Min=Minimum; Max= Maximum; Cont= Continuous; Edu= years of education; Eng. Int. =
English Interviewed; BMI= Body Mass Index; LEMS = Lower Extremity Muscle Strength; UEMS = Upper Extremity Muscle Strength; SPPB= Short
Physical Performance Battery; ADL= Activities of Daily Living; IADL= Instrumental Activities of Daily Living; HRQoL= Health-Related Quality of

Life; PCS= Physical Component Summary; MCS= Mental Component Summary.
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Table A.3 Univariate Statistics for the Raw Data at Wave 3 (2006).

Variable Level of N No. Mean SD CV Median Min. Max Range Skewness Kkurtosis
Measurement of Or
Missing %
Socio-demographic Age Cont. 359 0 824 43 53 81 76 96 20 0.9 0.2
Sex Binary 359 0 100% Female= 221 (62%)
Married Binary 359 0 100% Yes= 149 (42%)
Edu. Cont. 359 0 5.4 38 714 5 0 17 17 0.7 0
US born Binary 359 0 100% Yes= 207 (58%)
Eng. Int. Binary 359 0 100% English= 63 (18%)
Comorbid Conditions [BMI in kg/m” |Cont. 316 43 21.7 5.1 185 274 13.3 489 356 0.7 14
Cognitive Binary 359 0 100% Low Cognitive Status = 112 (31%)
g?pt)lrjesssive Binary 359 0 100% High Depressive Symptoms = 61 (17%)
viedical  (Cont, 359 0 15 1 667 1 0 4 4 03 0.4
Conditions
Pathology Arthritis Binary 359 0 100% Yes= 223 (62%)
Impairment Pain Binary 359 0 100% Yes= 212 (59%)
LEMS in kg [Cont. 318 41 30.7 14.1 459 27.9 82 964 882 13 2.1
UEMS in kg |Cont. 311 48 36.5 13.6 373 343 11.7 839 723 08 0.7
Functional Limitation [SPPB Cont. 358 1 5.7 37 653 6 0 12 12 -0.1 -1.2
Disability IADL Binary 359 0 100% Any ADL Limitation= 125 (35%)
IADL Binary 359 0 100% Any IADL Limitation= 263 (73%)
HRQoL PCS Cont. 35 3 37.3 124 332 383 104 586 483 -0.2 -1.1
MCS Cont. 356 3 54.7 10.6 19.3 58 13.4 734 60 -1.2 1.1

SD= Standard Deviation; CV= Coefficient of Variation; Min=Minimum; Max= Maximum; Cont= Continuous; Edu= years of education; Eng. Int. =
English Interviewed; BMI= Body Mass Index; LEMS = Lower Extremity Muscle Strength; UEMS = Upper Extremity Muscle Strength; SPPB= Short
Physical Performance Battery; ADL= Activities of Daily Living; IADL= Instrumental Activities of Daily Living; HRQoL= Health-Related Quality of

Life; PCS= Physical Component Summary; MCS= Mental Component Summary.
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Table A.4 Correlations between study variables at Wave 1 (N=621)

NAME |Age [Sex |mar |edu Nativ. [lang [bomi |CF Dep |med |[arth |pain (lower |upper |[sppb [adI iadl |pcs  |mcs
age 1

sex -0.003 |1

mar -0.159 [0.394 |1

edu -0.143 [0.007 [0.074 |1

Nativity [-0.058 |-0.078 |-0.006 [0.198 |1

lang -0.027 [0.006 [0.024 [025 [0.22 1

bmi -0.188 |-0.054 |0.025 |[-0.005 (0.07 -0.051 |1

cf 0243 |0 -0.1 -0.301 |-0.056 |-0.007 |-0.085 |1

dep 0.095 |-0.105 |-0.083 [0 -0.035 |0.083 |-0.037 |0.047 |1

med -0.078 |-0.143 |0.003 [0.013 [0.036 0.037 0.124 |-0.029 |0.157 [1

arth 0.049 |-0.155 |-0.024 |[-0.081 [-0.014 |[-0.025 |0.119 |0.059 |0.069 [0.135 |1

pain 0.076 |-0.061 |0.003 [-0.103 [0.003 0.006 |0.099 |0.06 0.103 0.134 |0.291 |1

lower -0.15 |0.45 0.205 |0.018 |-0.017 |0.065 |0.069 |[-0.176 |[-0.081 [-0.104 |-0.152 |-0.157 |1

upper -0.219 |0.638 |0.256 [0.057 |[-0.026 [0.025 (0.081 |-0.14 |-0.111 |-0.132 |-0.193 |[-0.108 (0.724 |1

sppb -0.238 |0.096 |0.085 [0.05 0.037 0.053 |-0.018 |-0.198 |-0.175 |-0.215 |[-0.113 |[-0.188 |0.327 |0.332 1

adl 0.218 |-0.072 |-0.051 |[-0.069 [-0.064 |[-0.056 (0.031 |0.151 |0.197 |0.178 |0.18 0.231 |-0.244 |-0.276 |-0.559 |1

iadl 0216 [-0.164 [-0.103 [-0.079 [-0.045 [0.056 [0.064 [0.202 [0.217 [0.235 [0.169 [0.234 [-0.272 |[-0.34  [-0475 [0.423 |1

pcs -0.177 |0.143 |0.084 [0.076 [0.035 -0.005 |-0.101 |-0.232 |[-0.169 |[-0.284 |-0.305 |-0.404 |0.383 |0.37 0.552 |-0.552 |-0.637 |1

mcs -0.078 |0.028 |0.107 |-0.006 [0.009 -0.107 |0.049 |-0.06 |[-0.385 |[-0.066 |(0.017 |-0.044 |0.096 |0.099 0.214 |-0.168 |-0.231 [0.117 |1
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Table A.5 Correlations between study variables at Wave 2 (N=549)

NAME |Age |[Sex |mar [|edu |Nativ. [lang [bmi |CF Dep |med |arth |pain [lower |upper |sppb |adl iadl  |pcs mcs
age 1

sex 0.031 |1

mar -0.166 |0.409 |1

edu -0.161 [0.026 [0.042 |1

Nativity [0.072 |-0.071 |-0.031 |0.204 |1

lang -0.105 [-0.026 (0.044 |0.317 (0249 [1

bmi -0.18 |-0.113 |(0.013 |-0.073 [0.032 [0.011 |1

cf 0.166 [-0.045 |-0.083 |-0.273 |(-0.133 [-0.031 |-0.039 |1

dep 0.143 |-0.051 [-0.152 |-0.063 |[-0.018 [0.017 |-0.029 [0.251 |1

med -0.095 [-0.185 [-0.064 |0.011 (0.087 [0.068 |0.174 [0.086 [0.125 |1

arth 0.054 [-0.144 [-0.072 [-0.077 [-0.104 [-0.047 [0.12 [0.114 [0.121 [0.14 |1

pain 0.031 |-0.143 |-0.082 |-0.07 |-0.019 [0.016 |0.212 |0.085 0.1 0.175 10387 |1

lower -0.141 [0.366 |0.174 |0.065 ([-0.127 |0.064 |0.08 -0.133 |-0.057 [-0.143 |-0.056 [-0.115 (1

upper -0.246 |0.603 [0.276 |0.053 [-0.031 [0.045 |0.094 |[-0.154 |-0.196 |-0.185 |[-0.11 |-0.166 [0.655 |1

sppb -0.215 |0.143 [0.141 |0.053 |0.008 [0.007 |-0.109 |-0.261 |-0.325 |-0.232 [-0.25 |-0.313 |0.184 |0.342 1

adl 0.19 -0.097 |[-0.113 |-0.057 |-0.073 |-0.057 |0.035 |0.267 |0.346 |0.236 [0.173 |0.234 |-0.151 |[-0.258 |-0.67 |1

jadl 0.166 |-0.167 |-0.118 |-0.162 [-0.102 |[-0.022 |0.051 [0.285 |0.27 0.198 [0.263 |0.324 |-0.135 [-0.319 |-0.571 |0.468 |1

pcs -0.156 [0.166 |0.103 |0.082 [0.064 [0.02 -0.123 |-0.306 |-0.283 |-0.3 -0.326 |-0.478 (0.3 0.345 [0.708 |-0.648 |-0.651 |1

mcs -0.045 |0.008 [0.093 |0.063 [0.075 [-0.002 |0.023 |-0.264 |-0.561 |-0.086 [-0.109 |-0.143 |0.014 |0.063 |0.32 -0.299 [-0.26 |0.272 |1
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Table A.6 Correlations between study variables at Wave 3 (N=359)

NAME |Age |[Sex |mar [|edu |Nativ. [lang [bmi |CF Dep |med |arth |pain [lower |upper |sppb |adl iadl  |pcs mcs
age 1

sex -0.008 |1

mar -0.202 [0.368 |1

edu -0.155 [-0.013 (0.032 |1

Nativity [0.043 |-0.098 (0.024 10.197 |1

lang -0.022 [-0.028 |[-0.002 |0.222 [0.292 [1

bmi -0.235 |0.013 [0.079 |-0.112 [0.003 [-0.08 |1

cf 0.197 |0.007 |-0.055 |-0.221 (-0.08 0.005 |-0.152 (1

dep 0.029 |-0.063 (0.01 -0.058 [-0.138 |[-0.053 |-0.053 [0.192 |1

med -0.135 [-0.109 |(0.026 |0.024 |-0.001 |[-0.12 |0.086 [0.04 0.206 |1

arth 0.022 [-0.077 |-0.088 |-0.083 (-0.03 -0.032 [0.116 |0.067 |0.048 [0.145 |1

pain -0.043 [-0.074 |0.058 |-0.078 |-0.06 -0.033 [0.173 |0.047 |0.196 [0.19 0.261 |1

lower -0.184 [0.27 0.232 [0.043 |0.044 |0.106 [0.036 |[-0.114 |-0.085 [-0.06 |-0.084 |-0.083 |1

upper -0.236 [0.569 |0.26 0.041 |0.024 [0.018 [0.103 |-0.143 |-0.112 |-0.184 |[-0.189 |-0.077 |0.746 |1

sppb -0.209 |0.052 [0.039 |0.114 [0.066 [0.003 |-0.091 [-0.332 |-0.31 |-0.207 |[-0.145 |-0.264 |0.249 |0.343 |1

adl 0.132 |-0.065 [|-0.058 |-0.15 |[-0.072 |[-0.122 |0.143 [0.278 |0.245 |0.226 |0.173 |0.276 |-0.282 |-0.295 |-0.652 |1

jadl 0.145 |-0.164 [-0.066 |-0.144 |-0.097 [-0.019 |0.139 |0.162 |0.173 |0.13 0.216 |0.316 |[-0.239 |-0.325 [-0.496 [0.402 |1

pcs -0.131 |0.129 [0.059 |0.148 |0.083 [0.043 |-0.114 |-0.207 |-0.318 |-0.219 [-0.258 |-0.477 |0.301 |0.366 |0.661 |[-0.648 |-0.606 |1

Mcs -0.004 |0.027 |-0.04 |0.045 [0.168 [0.135 |0.081 |[-0.113 |-0.683 |-0.203 |-0.058 |-0.202 |0.162 |0.155 [0.363 |[-0.244 |-0.224 [0.331 |1
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Table A.7 Presence of Differential Item Functioning Related To Language, Age, and Sex
Covariates in PCS-SF-36 Items at Wave 1 as Assessed By Difwithpar.

Language Age (85+ Yr) Sex
Item  Abbreviated Uniform  Nonuniform  Uniform  Nonuniform  Uniform  Nonuniform
Content
PF1  Vigorous Activities  -0.001 0.368 0.003 0.134 -0.011 0.003
PF2 Moderate Activities  0.009 0.875 -0.002 0.633 0.000 0.029
PF3 Lift, Carry Groceries  0.000 0.994 0.001 0.210 -0.002 0.148
PF4 Cllin;]b Several 0.021 0.609 -0.002 0.009 -0.006 0.015
Flights
PF5 Climb One Flight 0.000 0.552 0.001 0.166 0.011 0.516
PF6 Bend, Kneel 0.004 0.070 -0.002 0.944 -0.004 0.067
PF7  Walk Mile 0.044 0.964 -0.002 0.210 -0.007 0.022
PF8 Walk Several Blocks 0.030 0.894 -0.001 0.563 0.005 0.050
PF9  Walk One Block 0.003 0.856 -0.003 0.461 0.004 0.433
PF10  Bathe, Dress 0.000 0.437 -0.010 0518 0019 0.427
RP1  Cut Down Time -0.001 0.730 0.034 0.899 -0.001 0.070
RP2  Accomplish Less -0.002 0.385 -0.002 0.681 -0.004 0.551
RP3 Limited in Kind 0.008 0.270 0.016 0.111 0.001 0.846
~RP4  Had Difficulty ~0.009 0.822 0.011 0198 - -0.002 0716
BP1  Pain Severity 0.006 0.924 -0.003 0.322 -0.004 0.268
~BP2  Pain Limitations  0.010 0.671 -0.003 0394 . -0.001 0211
GH1  General Health 0.004 0.589 0.007 0.977 0.002 0.126
GH2  Sick Easier 0.000 0.873 0.006 0.855 0.001 0.761
GH3  As Healthy as 0.000 0.075 0.005 0.215 0.016 0.467
Others
GH4  Health to Get Worse  0.005 0.326 -0.005 0.074 0.008 0.714
~GH5  Health Excellent  0.000 0.141 0.006 0072 0017 0721
VT1  Full of Pep 0.000 0.039 -0.005 0.965 0.008 0.461
VT2 Lot of Energy 0.001 0.060 -0.005 0.737 0.009 0.914
VT3  Worn Out 0.009 0.458 0.017 0.634 -0.013 0.658
VT4 Tired 0.000 0.546 0.000 0733 . -0.017 0836
SF1 Social-Extent 0.005 0.395 -0.009 0.063 -0.003 0.266
SF2 Social-Frequency  0.000 0.414 -0.007 0367 0000 0693
RE1  Cut Down Time 0.022 0.569 -0.001 0.747 0.003 0.773
RE2 Accomplish Less 0.005 0.881 0.000 0.980 -0.001 0.965
“RE3  Not Careful ~0.010 0.307 -0.002 0509 . -0.009 0469
MH1  Nervous 0.005 0.545 -0.005 0.384 -0.061 0.708
MH2  Down in Dumps 0.001 0.617 -0.026 0.409 0.027 0.259
MH3  Calm and Peaceful 0.000 0.811 -0.028 0.319 -0.013 0.399
MH4  Downhearted/Blue 0.000 0.883 -0.025 0.180 -0.008 0.351
MH5  Happy 0.000 0.946 -0.031 0.286 0.010 0.667

PF = physical functioning, RP = role limitations due to physical functioning, BP = bodily pain, GH = general health,
VT = vitality, SF = social functioning, RE = role limitations due to emotional problems, MH = mental health, PCS =
standardized physical composite scale.
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Table A.8 Presence of Differential Item Functioning Related To Language, Age, and Sex
Covariates in MCS-SF-36 Items at Wave 1 as Assessed By Difwithpar

Language Age (85+ YT) Sex
Item  Abbreviated Uniform  Nonuniform  Uniform  Nonuniform  Uniform  Nonuniform
Content
PF1  Vigorous Activities  -0.127 0.591 -0.132 0.472 -0.066 0.735
PF2 Moderate Activities  0.056 0.688 -0.056 0.140 -0.002 0.818
PF3 Lift, Carry Groceries  0.005 0.594 -0.039 0.454 -0.011 0.555
PF4 Climb Several
Flights 0.143 0.907 -0.141 0.478 -0.072 0.640
PF5  Climb One Flight 0.003 0.417 -0.061 0.625 -0.011 0.524
PF6 Bend, Kneel 0.045 0.612 -0.028 0.283 -0.010 0.831
PF7  Walk Mile 0.179 0.818 -0.087 0.315 -0.020 0.586
PF8  Walk Several Blocks 0.081 0.789 -0.064 0.298 -0.015 0.969
PF9  Walk One Block 0.033 0.959 -0.039 0.302 -0.013 0.924
PF10  Bathe, Dress ~0.020 0.360 -0.015 0568  0.000 0773
RP1  Cut Down Time 0.001 0.128 -0.002 0.408 -0.004 0.220
RP2  Accomplish Less 0.002 0.681 -0.010 0.652 0.004 0.883
RP3  Limited in Kind -0.023 0.503 -0.007 0.466 -0.003 0.881
~RP4  Had Difficulty ~ -0.025 0.811 -0.007 0299  0.000 0523
BP1  Pain Severity -0.017 0.516 -0.026 0.354 -0.004 0.682
'BP2  Pain Limitations  -0.011 0.798 -0.019 091  0.006 @ 0130
GH1  General Health 0.042 0.753 -0.005 0.940 -0.004 0.156
GH2  Sick Easier 0.008 0.326 -0.004 0.385 -0.001 0.930
GH3  As Healthy as
Others 0.017 0.660 -0.001 0.482 0.000 0.457
GH4  Health to Get Worse  -0.009 0.014 -0.003 0.020 -0.003 0.687
~GH5  Health Excellent ~ 0.003 0.637 -0.002 0382 - -0.001 0904
VT1  Full of Pep 0.006 0.918 -0.005 0.387 0.001 0.022
VT2 Lot of Energy 0.027 0.086 -0.005 0.550 0.000 0.510
VT3  Worn Out -0.006 0.777 0.007 0.975 0.002 0.259
VT4 Tired 0.008 0.347 -0.002 0099 0011 098
SF1  Social-Extent 0.001 0.500 -0.005 0.334 -0.001 0.819
'SF2  Social-Frequency  -0.005 0.171 -0.006 0481 . -0.003 0269
RE1  Cut Down Time -0.004 0.222 -0.001 0.641 -0.001 0.387
RE2 Accomplish Less 0.025 0.200 0.000 0.522 0.000 0.219
~RE3  Not Careful ~0.020 0.796 0.000 0939 0002 0094
MH1  Nervous -0.001 0.000 0.001 0.876 0.006 0.113
MH2  Down in Dumps 0.005 0.365 -0.005 0.853 0.010 0.098
MH3  Calm and Peaceful 0.009 0.123 -0.002 0.327 0.000 0.104
MH4  Downhearted/Blue 0.012 0.337 -0.003 0.492 -0.002 0.022
MH5  Happy 0.015 0.146 -0.005 0.558 -0.001 0.292

PF = physical functioning, RP = role limitations due to physical functioning, BP = bodily pain, GH = general health, VT =
vitality, SF = social functioning, RE = role limitations due to emotional problems, MH = mental health, MCS = standardized
mental composite scale.
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APPENDIX B

APPENDIX B: SENESITIVITY ANALYSES (COMPLETE CASE ANALYSEYS)

For all three Specific Aims (N= 342)
Specific Aim 1: Tables B.1.1.1 through B.1.3.1
Specific Aim 2: Tables B.2.1 through B.2.4.2

Specific Aim 3: Tables B.3.1 through B.3.4.2
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For Specific Aim 1:

Table B.1.1.1. General Estimation Equations (GEE) models for impairment (pain on
weight-bearing) as a function of arthritis over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2
OR 95% ClI OR 95%CI

Time 1 vs. Time 0 048 097 0.13 048 023 1.00
Time 2 vs. Time 0 089 185 0.73 076  0.36 163
Age 099 096 1.03 1.00 097 1.04
Male vs. Female 0.62 043 0.89 0.66  0.46 0.96
Married (Yes vs. No) 121 090 1.65 122 089 167
Education 0.96  0.92 1.00 097 093 101
Nativity (foreign born vs. US born) 094  0.69 1.29 093 067 129
Interviewed in English (Yesvs. No) 095  0.60 1.52 102 063 1.65
Arthritis (Yes vs. No) 358 273 469 348 265 457
BMI (Kg/m2) 1.06  1.03 1.09
Low cognitive status (Yes vs. No) 130 09 1.78
Depressive symptoms (Yes vs. No) 186 1.20 2.87
Medical conditions (Total number) 129 110 151

BMI= Body Mass Index.

DF F P
time*arthritis | 2 3.25 |0.0394
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Table B.1.1.2. General linear mixed models estimates for impairment (lower extremity
muscle strength (Kg)) as a function of arthritis over three points of time (sensitivity
analysis).

Explanatory variables Model 1 Model 2
B (SE) P-value | B (SE) P-value

Intercept 425 776 <.001 |395 887 <001
Time 1lvs. Time O 279 232 0.23 157 237 051
Time 2vs. Time 0 582 233 0.1 5.02 239 0.04
Age 022 0.09 0.02 -0.17 0.10 0.08
Male vs. Female 099 081 0.22 0.85 0.83 0.30
Married (Yes vs. No) 438 081 <001 |4.22 083 <.001
Education 001 0.11 098 001 011 0.99

Nativity (foreign born vs. US born) ~ -0.55 0.82  0.50 -0.47 084 0.8
Interviewed in English (Yesvs. No) 133 107 0.22 089 110 042

Arthritis (Yes vs. No) -209 0.80 001 -1.79 083 0.03
BMI (Kg/m2) 0.06 0.08 0.49
Low cognitive status (Yes vs. No) -1.99 097 0.04
Depressive symptoms (Yes vs. No) -1.06 140 045
Medical conditions (Total number) -1.11 044 0.01

BMI= Body Mass Index.

DF F P
Time*arthritis | 2 0.95 |0.3866
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Table B.1.1.3. General linear mixed models estimates for impairment (upper extremity
muscle strength) as a function of arthritis over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2

B (SE) P-value | B (SE) P-value
Intercept 707 826 <001 |676 9.33 <.001
Time 1 vs. Time 0 390 245 011 364 245 0.14
Time 2vs. Time 0 451 247 0.07 590 247 0.02
Age -048 010 <001 |[-047 0.10 <.001
Male vs. Female 374 085 <001 |382 0.85 <.001
Married (Yes vs. No) 556 085 <001 |526 0.86 <.001
Education -0.04 011 071 -0.09 0.12 045
Nativity (foreign born vs. US born)  -0.59 0.86 0.49 -0.13 0.86 0.88
Interviewed in English (Yesvs. No) 023 113 084 015 114 0.90
Arthritis (Yes vs. No) -3.60 084 <001 |-3.00 086 <01
BMI (Kg/m2) 0.19 0.09 0.03
Low cognitive status (Yes vs. No) -209 100 0.04
Depressive symptoms (Yes vs. No) -2.46 147 0.09
Medical conditions (Total number) -240 046 <.001

BMI= Body Mass Index.
DF | F P
time*arthritis | 2 | 0.20 | 0.8159
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Table B.1.2. General linear mixed models estimates for functional limitation (Short
Physical Performance Battery) as a function of arthritis over three points of time

(sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value | B (SE) P-value | B (SE) P-value
Intercept 149 275 <001 |168 260 <001 |138 259 <.001
Time 1 -1.49 049 <01 -0.63 047 0.19 038 050 0.45
Time 2 -0.17 046 0.71 009 045 0.84 047 048 0.33
Age -0.10 0.03 <.01 -0.09 0.03 <.01 -0.08 0.03 0.01
Male 0.14 0.16 0.38 023 016 0.14 025 0.16 0.13
Married 033 027 021 039 024 0.10 024 023 0.30
Education 007 004 008 005 0.03 0.5 004 003 024
Nativity 009 031 0.78 023 0.26 0.38 025 025 031
Interviewed in English -0.22 022 0.31 -0.12 021 058 -0.03 023 0.90
Arthritis 044 021 0.3 048 020 0.02 030 021 0.04
BMI (Kg/m2) -0.05 0.02 0.03 -0.06 0.02 0.02
Low cognitive status -0.96 0.23 <.001 -0.81 023 <01
Depressive symptoms -1.21 0.30 <.001 -0.58 0.32 0.07
Medical conditions -049 0.11 <.001 -0.25 0.12 0.03
Pain -0.70 020 <.01
TBMS (Kg) 003 <01 <.001
BMI= Body Mass Index; TBMS= Total Body Muscle Strength.
DF | F P
time*arthritis | 2 | 2.37 | 0.0945
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Table B.1.3.1. General Estimation Equations (GEE) models for Disability (activities of
daily living (ADL)) as a function of arthritis over three points of time (sensitivity

analysis).
Explanatory Model 1 Model 2 Model 3 Model 4
variables

OR 95%Cl OR 95%Cl OR 95%ClI OR 95%Cl
Time 1 116 040 3.30|1.23 041 366|141 041 482 [036 009 1.47
Time 2 298 103 868|252 083 7.66|297 086 1027|068 017 271
Age 1.04 099 1.09 | 1.06 1.01 111|105 1.00 111 |1.02 096 1.08
Male 0.74 046 119|087 053 142|158 089 279 |121 067 219
Married 0.76 049 118|072 045 114|073 045 116 |0.76 044 132
Education 094 089 100|096 091 1.02|0.97 091 1.03 |097 090 1.04
Nativity 0.81 052 126|089 057 138|091 057 144 |078 047 130
Interviewed in 059 033 104|061 033 112|056 029 1.10 |033 016 0.71
English
Arthritis 173 124 240|165 117 233|135 093 19 |124 079 1.96
BMI (Kg/m2) 1.04 100 108|104 100 1.08 |1.04 099 1.09
Low cognitive 1.60 108 237|153 103 227 |129 081 204
status
Depressive 202 132 308|184 120 281 |1.03 059 1.80
symptoms
Medical conditions 156 129 190|152 123 186 |[1.36 106 174
Pain 258 1.77 376 | 247 162 3.75
TBMS (Kg) 0.98 096 099 |098 097 1.00
SPPB 0.60 0.55 0.66

OR= Odds Ratio; BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical

Performance Battery.

DF

time*arthritis

1.71

0.1827
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Table B.1.3.2. General Estimation Equations (GEE) models for Disability (instrumental

activities of daily living (IADL)) as a function of arthritis over three points of time
(sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4
OR 95% ClI OR 95% CI OR 95% CI OR 95% CI

Time 1 0.79 044 143|084 044 157|102 053 196|091 043 193
Time 2 252 134 474|225 114 443|283 140 572|243 111 534
Age 1.06 101 111|107 1.02 113|107 102 1.12|1.05 1.00 1.10
Male 0.40 026 0.61|044 029 067|065 041 1.02|060 039 094
Married 132 092 1883|136 095 194|133 092 193|148 1.00 217
Education 093 0.88 097|094 089 099|094 090 0.99 |094 090 0.99
Nativity 0.60 041 0.88| 057 038 084|056 037 0.84|052 035 0.78
Interviewed in English 1.09 0.71 167|119 078 182|131 0.85 202|132 081 215
Arthritis 186 141 247|187 140 248|149 110 202|155 112 214
BMI (Kg/m2) 1.03 099 107 |1.03 0.99 107|102 098 1.06
Low cognitive status 167 120 231|160 114 225|151 103 221
Depressive symptoms 195 137 278|187 129 271|164 101 267
Medical conditions 145 121 173|139 116 167|129 1.07 1.56
Pain 235 174 318|206 149 285
TBMS (Kg) 099 098 0.99 | 099 098 1.00
SPPB 0.78 0.74 0.82

OR= Odds Ratio; BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical

Performance Battery.

DF

time*arthritis

0.48

0.6206
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For Specific Aim 2:

Table B.2.1. General linear mixed models estimates for physical health-related quality
of life (PCS) as a function of pathology (arthritis) over three points of time (sensitivity

analysis).

Explanatory variables Model 1 Model 2
B (SE) P-value | B (SE)  P-value
Intercept 548 9.72 <.001 679 10.04 <.001
Time 1 148 146 031 1.40 145 0.34
Time 2 -2.81 161 0.08 -1.65 1.60 0.30
Age -0.18 0.12 0.4 -0.25 0.12 0.03
Male 056 051 0.27 057 051 0.26
Married 0.99 094 0.29 090 090 032
Education 0.19 014 0.19 015 0.13 0.26
Nativity 1.93 109 0.08 1.99 102 0.05
Interviewed in English 046 070 051 034 069 062
Arthritis -453 070 <001 |-441 069 <001
BMI (Kg/m2) -0.16 0.09 0.08
Depressive symptoms -3.58 097 <01
Medical conditions -215 040 <001
BMI= Body Mass Index
DF | F P
time*arthritis | 2 | 1.10 | 0.3340
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Table B.2.2. General linear mixed models estimates for physical health-related quality
of life (PCS) as a function of impairment (pain, Total Body Muscle Strength) over three
points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 462 852 <001 [59.0 893 <001 |[59.6 887 <.001
Time 1 0.37 143 0.80 027 142 085 0.35 141 0.80
Time 2 -3.18 154 0.04 -2.35 153 0.3 232 153 0.13
Age -0.13 0.10 0.20 -0.20 0.10 0.05 -0.20 0.10 0.05
Male 0.40 050 0.42 0.37 050 0.46 0.37 049 045
Married 0.46 0.84 0.59 041 081 0.62 030 081 071
Education 0.14 012 023 011 011 0.35 0.09 0.11 041
Nativity 205 0.92 0.3 210 087 0.02 1.99 087 0.02
Interviewed in English 001 068 1.00 -0.08 0.67 0.91 -0.13 067 0.85
Pain -7.66 0.62 <001 |-729 0.62 <001 |-6.69 0.63 <.001
TBMS (Kg) 011 002 <001 |011 0.2 <001 |010 0.02 <001
BMI (Kg/m2) -0.18 0.08 0.03 -0.15 0.08 0.06
Depressive symptoms -2.87 093 <01 -2.94 093 <01
Medical conditions -1.60 037 <001 |-157 0.37 <.001
Arthritis -2.75 0.66 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength.

DF |F |P

time*pain 2 1.86 | 0.1570

time*TBMS Quartiles | 6 2.01 | 0.0622
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Table B.2.3. General linear mixed models estimates for physical health-related quality of life (PCS) as a function of
functional limitation (Short Physical Performance Battery) over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 226 7.63 <.01 343 839 <001 [364 815 <001 (342 740 <.001
Time 1 229 144 011 203 143 0.16 1.87 1.42 0.9 061 137 0.66
Time 2 0.18 152 091 054 151 072 035 151 0.82 -0.72 144 0.62
Age 0.02 0.09 0.80 -0.04 0.09 0.65 -0.04 0.09 0.65 -0.02 0.08 0.79
Male 063 050 0.21 055 050 0.27 046 050 0.36 0.05 048 0091
Married 071 076 0.35 069 075 0.36 054 073 046 019 067 0.78
Education 012 011 0.28 0.09 011 0.39 0.06 010 0.54 0.03 0.09 0.76
Nativity 1.86 0.82 0.03 1.94 081 0.02 1.74 078 0.03 1.76  0.69 0.01
Interviewed in English 106 068 0.12 092 068 0.18 075 067 0.26 033 065 0.61
SPPB 1.78 009 <001 |1.68 010 <001 |1.64 009 <001 |1.45 009 <001
BMI (Kg/m2) -0.13 0.08 0.08 -0.10 0.07 0.18 -0.08 0.07 0.23
Depressive symptoms -1.73 091 0.06 -1.80 0.90 0.05 -1.36 0.86 0.11
Medical conditions -1.31 036 <.01 -1.22 035 <01 -0.85 0.32 0.01
Arthritis -385 0.62 <001 [-225 0.60 <.01
Pain -5.94 059 <.001
TBMS (Kg) 0.07 0.01 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.

DF|F [P

time*SPPBQ | 6 3.65 | <.01
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Table B.2.4.1. General linear mixed models estimates for physical health-related quality of life (PCS) as a function of ADL
limitation over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 486 7.84 <001 |595 845 <001 (604 818 <001 |536 7.34 <001 (378 6.92 <001
Time 1 115 140 041 099 140 048 092 1.39 051 -0.23 1.34 0.87 0.15 1.33 091
Time 2 089 151 055 -0.37 150 081 -0.46 149 076 -1.44 143 032 -0.65 1.40 064
Age -0.09 0.10 037 -0.15 0.10 0.12 -0.14 0.09 013 -0.10 0.08 024 -0.01 0.07 095
Male 056 0.49 026 050 0.49 030 0.44 049 036 0.07 047 088 -0.02 047 097
Married 051 0.79 052 050 0.77 052 037 075 062 -0.03 0.68 097 001 0.63 100
Education 012 011 o028 009 011 040 006 011 054 0.02 0.09 079 001 0.08 097
Nativity 131 086 013 1.40 0.84 0.10 1.24 081 013 132 0.70 0.06 1.39 0.64 0.03
Interviewed in English 018 067 079 009 0.66 090 -0.03 0.66 096 -0.40 0.64 0.53 -0.02 0.63 098
ADL Limitation -13.9 078 <001 |-131 080 <001 |-129 0.79 <001 |-11.7 0.75 <001 |-8.08 0.82 <001
BMI (Kg/m2) -0.15 0.08 0.06 -0.11 0.08 0.15 -0.09 0.07 0.20 -0.05 0.06 0.40
Depressive symptoms -2.23 091 0.01 -2.32 090 0.01 -1.86 0.86 0.03 -1.03 0.83 0.21
Medical conditions -1.40 0.36 <01 -1.32 035 <01 -0.88 0.33 0.01 -059 031 0.05
Arthritis -380 0.62 <001 |-221 060 <01 -2.08 057 <01
Pain -6.02 059 <001 |-561 057 <001
TBMS (KQ) 0.08 0.01 <001 |0.06 001 <001
SPPB 098 0.10 <.001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.

DF |F |p

time*ADL | 2 2.07 | 0.1267
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Table B.2.4.2. General linear mixed models estimates for physical health-related quality of life (PCS) as a function of IADL
limitation over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value
Intercept 487  7.77  <.001 60.9 830 <.001 616 811 <001 553 745 <001 371 677 <001
Time 1 111 141 043 1.01 140 047 095 139 0.50 0.06 135 0.96 049 130 071
Time 2 -016 151 0.92 051 150 0.73 035 149 081 -055 144 0.70 046 137 0.73
Age -0.05 0.10 0.62 -0.12 0.09 0.22 -011 0.09 0.23 -0.08 0.08 0.35 0.03 007 0.73
Male 064 049 0.20 061 049 021 057 049 024 0.28 047 0.56 0.01 046 0.98
Married 13 0.78 0.08 121 076 0.11 109 074 014 056 0.69 042 040 061 052
Education 004 011 0.72 001 011 091 -0.01 011 0.96 -0.03 009 0.73 -0.06 0.08 0.50
Nativity 110 086 0.20 118 083 0.16 1.09 081 0.18 123 072 0.09 118 0.63 0.06
Interviewed in English 006 067 093 001 066 0.99 -012 066 0.86 -0.39 0.64 0.55 015 061 081
IADL Limitation -12.3 066 <001 |-11.8 066 <001 |-11.3 066 <001 |[-100 064 <001 |[-7.97 063 <001
BMI (Kg/m2) -0.17 008 0.03 -0.14 008 0.06 -0.13 007 0.07 -0.07 006 0.24
Depressive symptoms -283 090 <01 -287 089 <.01 -2.27 085 0.01 -101 081 0.21
Medical conditions -147 036 <001 |-142 035 <001 [-102 033 <01 -0.58 030 0.05
Arthritis -312 062 <001 [-1.78 060 <01 -164 056 <01
Pain -543 059 <001 [-493 055 <001
TBMS (Kg) 008 001 <001 [005 001 <001
SPPB 111 009 <001
BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
DF | F P
time*lADL | 2 0.12 | 0.8882
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For Specific Aim 3:

Table B.3.1. General linear mixed models estimates for mental health-related quality of
life (MCS) as a function of pathology (arthritis) over three points of time (sensitivity
analysis).

Explanatory variables Model 1 Model 2
B (SE) P-value | B (SE) P-value

Intercept 464 6.03 <001 |46.9 545 <001
Time 1 3.73 133 0.01 332 124 0.01
Time 2 0.85 142 055 1.84 129 0.15
Age 0.07 0.07 0.36 0.07 0.06 0.22
Male 0.04 047 093 0.19 0.44 0.66
Married 1.26 0.62 0.04 0.15 051 077
Education 0.05 0.08 0.55 0.03 0.07 0.69
Nativity 153 0.65 0.02 118 052 0.03
Interviewed in English 143 0.63 0.02 117 058 0.05
Arthritis 0.29 055 0.61 0.36 048 0.45
BMI (Kg/m2) 0.07 0.05 0.22
Depressive symptoms -143 074 <.001
Medical conditions -051 0.26 0.05

BMI= Body Mass Index.

DF[F |P

time*arthritis | 2 1.15 ] 0.3174
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Table B.3.2. General linear mixed models estimates for mental health-related quality of
life (MCS) as a function of impairment (pain, lower and upper extremities muscle
strength) over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3
B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 445 621 <001 |454 559 <001 [452 559 <.001
Time 1 352 133 0.01 316 124 0.01 314 124 0.01
Time 2 072 142 0.1 1.67 129 0.19 167 129 0.19
Age 0.08 0.07 0.27 0.09 0.06 0.16 0.08 0.06 0.16
Male -0.04 0.47 0.93 0.09 044 0.83 0.10 044 0.82
Married 092 063 0.15 -0.01 0.52 0.98 0.01 052 098
Education 003 0.08 0.68 002 007 078 002 007 075
Nativity 156 0.65 0.02 116 053 0.03 1.20 053 0.02
Interviewed in English 133 063 0.04 1.12 058 0.05 1.13 058 0.05
Pain -1.16 0.53 0.03 -0.61 047 0.20 -0.80 049 0.11
TBMS (Kg) 0.03 0.01 0.03 0.02 0.01 0.18 0.02 0.01 0.5
BMI (Kg/m2) 0.07 0.05 0.17 0.07 0.05 0.19
Depressive symptoms -141 0.74 <.001 -141 0.74 <.001
Medical conditions -0.42 0.26 0.11 -043 0.26 0.10
Arthritis 0.66 050 0.19

BMI= Body Mass Index; TBMS= Total Body Muscle Strength.

DF|F |P

time*pain 2 1.63 | 0.1963

time*TBMSQ | 6 1.90 | 0.0776
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Table B.3.3. General linear mixed models estimates for mental health-related quality of life (MCS) as a function of
functional limitation (Short Physical Performance Battery) over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4

B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value
Intercept 36.9 587 <001 |374 555 <001 [37.0 554 <001 |370 564 <.001
Time 1 377 130 <01 [342 121 <01 343 121 <01 [339 121 001
Time 2 1.83 139 0.19 235 1.26 0.06 2.37 1.26 0.06 234 1.27 0.7
Age 0.13 0.07 0.07 0.14 0.06 0.02 0.13 0.06 0.02 0.14 0.06 0.03
Male -0.16 0.46 0.73 0.05 043 0.90 0.07 043 0.88 0.05 043 091
Married 0.77 060 0.20 007 050 0.89 0.04 050 0.94 005 051 0.92
Education 001 008 0.9 0.01 0.07 1.00 0.01 007 0.95 001 007 097
Nativity 151 062 0.02 111 051 0.03 115 051 0.03 115 052 0.03
Interviewed in English 159 062 0.01 132 057 0.02 134 057 0.02 133 057 0.02
SPPB 071 008 <001 |048 007 <001 |049 007 <001 |048 007 <.001
BMI (Kg/m2) 011 005 0.04 0.10 0.05 0.06 0.10 0.5 0.06
Depressive symptoms -13.3 0.73 <.001 -13.3 0.73 <.001 -13.3 0.74 <.001
Medical conditions 019 026 0.45 021 026 041 020 026 0.43
Arthritis 0.67 047 0.16 0.74 049 0.14
Pain -0.22 049 065
TBMS (Kg) 0.01 001 084

BMI= Body Mass Index; TBMS = Total Body Muscle Strength; SPPB= Short Physical Performance Battery.

DF|F |P

time*SPPBQ | 6 0.82 | 0.5556
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Table B.3.4.1. General linear mixed models estimates for mental health-related quality of life (MCS) as a function of ADL

limitation over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value

Intercept 459 598 <001 [450 549 <001 |448 549 <001 |439 562 <001 [372 566 <001
Time 1 139 141 032 202 128 011 204 128 o011 1.92 1.28 013 235 1.27 0.07
Time 2 357 1.31 001 322 123 001 323 1.23 0.01 313 1.23 o001 338 121 001
Age 0.09 0.07 020 0.10 0.06 0.10 0.10 0.06 0.10 0.10 0.06 0.09 0.14 0.06 003
Male -0.08 046 086 012 043 079 0.13 044 0.77 0.08 044 086 0.05 043 091
Married 094 062 013 001 051 098 0.04 051 093 -0.04 052 094 -0.05 0.51 0.92
Education 0.02 0.08 083 0.01 007 088 0.01 0.07 084 0.01 0.07 087 0.01 007 098
Nativity 1.30 0.65 0.05 1.02 053 0.05 1.05 053 005 1.07 053 0.04 113 052 003
Interviewed in English 134 062 003 111 0.58 0.06 1.12 058 005 1.10 0.58 0.06 1.32 057 002
ADL Limitation -423 071 <001 |-249 062 <001 |-256 062 <001 |-237 064 <01 -0.40 073 059
BMI (Kg/m2) 009 0.05 0.10 008 0.05 012 0.08 005 012 0.10 0.05 0.05
Depressive symptoms -13.8 0.74 <.001 -13.8 0.74 <.001 -13.7 0.74 <.001 -13.2 0.74 <.001
Medical conditions 032 026 022 -0.34 026 0.20 -0.30 0.26 026 -0.19 0.26 046
Arthritis 056 048 024 0.73 050 015 0.74 049 013
Pain -0.49 050 033 -020 049 068
TBMS (Kg) 0.01 001 035 001 001 086
SPPB 0.46 009 <001

BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.

DF

Time*ADL

0.59

0.5543
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Table B.3.4.2. General linear mixed models estimates for mental health-related quality of life (MCS) as a function of IADL

limitation over three points of time (sensitivity analysis).

Explanatory variables Model 1 Model 2 Model 3 Model 4 Model 5
B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value | B (SE) P-value
Intercept 46.4 5.83 <.001 46.0 541 <.001 458 540 <.001 448 554 <.001 371 564 <001
Time 1 360 133 0.01 328 124 0.01 329 124 0.01 317 124 0.01 340 121 0.01
Time 2 135 143 0.34 207 129 011 211 129 0.10 195 129 0.13 237 127 0.06
Age 0.09 0.07 0.20 0.09 0.06 0.12 0.09 0.06 0.12 0.10 0.06 0.11 0.14 0.06 0.02
Male 0.01 047 1.00 0.14 044 0.76 0.15 044 0.73 009 044 084 005 043 091
Married 1.13 0.60 0.06 0.10 0.50 0.85 0.13 0.50 0.80 0.04 052 094 -0.04 051 0.93
Education 0.01 0.08 0.89 0.01 0.07 0.92 0.01 0.07 0.90 0.01 0.07 091 0.01 0.07 0.99
Nativity 1.30 0.63 0.04 1.02 052 0.05 1.04 052 0.05 1.07 052 0.04 113 052 0.03
Interviewed in English 131 063 0.04 1.14 058 0.05 1.16 058 0.05 113 058 0.05 1.33 057 0.02
IADL Limitation 252 057 <001 |-143 051 001 -153 051 <01 -1.31 053 0.01 020 056 0.72
BMI (Kg/m2) 0.08 0.05 0.13 0.07 0.05 0.16 0.08 0.05 0.16 0.10 0.05 0.05
Depressive symptoms -140 0.74 <.001 -140 0.74 <.001 -139 0.74 <.001 -13.3 0.74 <.001
Medical conditions 037 026 0.16 038 026 0.14 034 026 0.19 019 026 045
Arthritis 059 048 0.22 0.77 050 0.13 0.75 050 0.13
Pain -054 050 0.28 -0.20 050 0.70
TBMS (Kg) 0.01 001 0.32 0.01 001 087
SPPB 0.47 0.08 <.001
BMI= Body Mass Index; TBMS= Total Body Muscle Strength; SPPB= Short Physical Performance Battery.
DF | F P
Time*IADL | 2 2.76 | 0.0640
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APPENDIX C

APPENDIX C: ALL FIGURES FOR ALL SPECIFIC AIMS

All figures for each hypothesis that show the effect of interaction with time
For Specific Aim 1: Figures C.1.1 through C.1.5
For Specific Aim 2: Figures C.2.1 through C.1.6

For Specific Aim 3: Figures C.3.1 through C.3.5
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For Specific Aim 1:
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Figure C.1.1: Adjusted prevalence and standard errors of pain over time for
Acrthritic Subjects (AS) and Non- Arthritic Subjects (NAS).

—e—NAS 4 AS

35 -
=)
X 30
c
s
€
2
o 25 -
_

F=1.44 on 2 df, P=0.23
20 L 1
Time O Time 1 Time 2

Figure C.1.2: Adjusted lower extremity muscles strength (LEMS) mean and
standard errors over time for Arthritic Subjects (AS) and Non- Arthritic Subjects (NAS).
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Figure C.1.3: Adjusted Upper extremity muscles strength (UEMS) mean and
standard errors over time for Arthritic Subjects (AS) and Non- Arthritic Subjects (NAS).
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Figure C.1.4: Adjusted prevalence and standard errors of ADL disability over
time for Arthritic Subjects (AS) and Non- Arthritic Subjects (NAS).
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Figure C.1.5: Adjusted prevalence and standard errors of IADL disability over
time for Arthritic Subjects (AS) and Non- Arthritic Subjects (NAS).

152



For Specific Aim 2:
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Figure C.2.1: Adjusted PCS mean and standard errors over time for Arthritic
Subjects (AS) and Non- Arthritic Subjects (NAS).
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Figure C.2.2: Adjusted PCS mean and standard errors over time for subjects with

and without pain.
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Figure C.2.3: Adjusted PCS mean over time for total body muscle strength (TBMS)
quartiles.
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Figure C.2.4: Adjusted PCS mean over time for SPPB quartiles.
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Figure C.2.5: Adjusted PCS mean over time for ADL Limitation.
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Figure C.2.6: Adjusted PCS mean over time for IADL Limitation.
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For Specific Aim 3:
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Figure C.3.1: Adjusted MCS mean and standard errors over time for Arthritic
Subjects (AS) and Non- Arthritic Subjects (NAS).
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Figure C.3.2: Adjusted MCS mean over time for total body muscle strength (TBMS)
quartiles.
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Figure C.3.3: Adjusted MCS mean over time for SPPB quartiles.
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Figure C.3.4: Adjusted MCS mean over time for ADL limitation.
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Figure C.3.5: Adjusted MCS mean over time for IADL limitation.

158




REFERENCES

1. Hootman J, Bolen J, Helmick C, Langmaid G. Prevalence of doctor-diagnosed arthritis
and arthritis-attributable activity limitation--United States, 2003-2005. MMWR Morb Mortal
WKkly Rep. 2006;55 (40):1089-1092.

2. Merriam-Webster Online Dictionary. arthritis. 2008 [cited 2008 Dec 4]; Available from:
Www.merriam-webster.com/dictionary/arthritis

3. Centers for Disease Control and Prevention (CDC). Arthritis: At A Glance 2008. 2008
[cited 2008 Nov 4]; Available from: http://www.cdc.gov/nccdphp/publications/AAG/arthritis.htm

4. Hill C, Parsons J, Taylor A, Leach G. Health related quality of life in a population sample
with arthritis. J Rheumatol. 1999;26 (9):2029-2035.

5. Mili F, Helmick C, Moriarty D. Health related quality of life among adults reporting
arthritis: analysis of data from the Behavioral Risk Factor Surveillance System, US, 1996-99. J
Rheumatol. 2003;30 (1):160-166.

6. Kovac S, Mikuls T, Mudano A, Saag K. Health-related quality of life among self-
reported arthritis sufferers: effects of race/ethnicity and residence. Qual Life Res. 2006;15
(3):451-460.

7. Centers for Disease Control and Prevention (CDC). Prevalence of disabilities and
associated health conditions among adults--United States, 1999. MMWR Morb Mortal WKly Rep.
2001;50 (7):120-125.

8. Centers for Disease Control and Prevention (CDC). Racial/ethnic differences in the
prevalence and impact of doctor-diagnosed arthritis--United States, 2002. MMWR Morb Mortal
WKkly Rep. 2005;54 (5):119-123.

9. White P, Chang RW. Public Health and Arthritis: A Growing Imperative. In: Klippel J,
Stone J, Crofford L, White P, editors. Primer on the Rheumatic Diseases. Thirteenth ed. New
York: Springer; 2008. p. 1-5.

10. Himes CL. Elderly Americans. Washington, DC; 2002.
11. Fried LP. Epidemiology of aging. Epidemiol Rev. 2000;22 (1):95-106.

12. Hootman J, Helmick C. Projections of US prevalence of arthritis and associated activity
limitations. Arthritis Rheum. 2006;54 (1):226-229.

159


http://www.merriam-webster.com/dictionary/arthritis
http://www.cdc.gov/nccdphp/publications/AAG/arthritis.htm

13. Yelin E, Murphy L, Cisternas MG, Foreman AJ, Pasta DJ, Helmick CG. Medical care
expenditures and earnings losses among persons with arthritis and other rheumatic conditions in
2003, and comparisons with 1997. Arthritis Rheum. 2007;56 (5):1397-1407.

14. Lethbridge-Cejku M, Helmick C, Popovic J. Hospitalizations for arthritis and other
rheumatic conditions: data from the 1997 National Hospital Discharge Survey. Med Care.
2003;41 (12):1367-1373.

15. Hootman J, Helmick C, Schappert S. Magnitude and characteristics of arthritis and other
rheumatic conditions on ambulatory medical care visits, United States, 1997. Arthritis Rheum.
2002;47 (6):571-581.

16. Dunlop D, Manheim L, Song J, Chang R. Arthritis prevalence and activity limitations in
older adults. Arthritis Rheum. 2001;44 (1):212-221.

17. Fontaine KR, Haaz S, Heo M. Projected prevalence of US adults with self-reported
doctor-diagnosed arthritis, 2005 to 2050. Clin Rheumatol. 2007;26 (5):772-774.

18. Dequeker J, Rasker JJ. Rheumatology and the Bone and Joint Decade 2000-2010 ILAR
UMER 2000 project. International League of Associations for Rheumatology. Undergraduate
Medical Education in Rheumatology. Clin Rheumatol. 2000;19 (2):79-81.

19. Hazes JM, Woolf AD. The bone and joint decade 2000-2010. J Rheumatol. 2000;27
(1):1-3.

20. Woolf AD. The bone and joint decade 2000-2010. Ann Rheum Dis. 2000;59 (2):81-82.

21. Lidgren L. The bone and joint decade 2000-2010. Bull World Health Organ. 2003;81
(9):629.

22. US Department of Health and Human Services (DHHS). Healthy People 2010:
Understanding and improving health and objectives for improving health. 2nd ed. Washington
DC: United States Government Printing Office; 2000.

23. US Department of Health and Human Services (DHHS). Arthritis, Osteoporosis, and
Chronic Back Conditions. Healthy People 2010: : Understanding and Improving Health. 2nd ed.
Washington, DC: U.S. Government Printing Office; 2001.

24, Arthritis Foundation, Association of State and Territorial Health Officials, Centers for
Disease Control and Prevention. National Arthritis Action Plan: A Public Health Strategy.
Atlanta, GA: Arthritis Foundation; 1999.

25. Meenan RF, Callahan LF, Helmick CG. The National Arthritis Action Plan: a public
health strategy for a looming epidemic. Arthritis Care Res. 1999;12 (2):79-81.

160



26. Brady TJ, Sniezek JE. Implementing the National Arthritis Action Plan: new population-
based approaches to increasing physical activity among people with arthritis. Arthritis Rheum.
2003;49 (3):471-476.

217. The Arthritis Foundation. The Arthritis Foundation. 2009 [cited 2009 Jan 9]; Available
from: http://www.arthritis.org/

28. Alonso J, Ferrer M, Gandek B, Ware JJ, Aaronson N, Mosconi P, et al. Health-related
quality of life associated with chronic conditions in eight countries: results from the International
Quality of Life Assessment (IQOLA) Project. Qual Life Res. 2004;13 (2):283-298.

29. Centers for Disease Control and Prevention (CDC). Health-related quality of life among
adults with arthritis--behavioral risk factor surveillance system, 11 states, 1996-1998. MMWR
Morb Mortal WKly Rep. 2000;49 (17):366-369.

30. Dominick K, Ahern F, Gold C, Heller D. Health-related quality of life among older adults
with arthritis. Health Qual Life Outcomes. 2004;2:5.

31. Mielenz T, Jackson E, Currey S, DeVellis R, Callahan L. Psychometric properties of the
Centers for Disease Control and Prevention Health-Related Quality of Life (CDC HRQOL) items
in adults with arthritis. Health Qual Life Outcomes. 2006;4:66.

32. National Institute on Aging. Dramatic Changes in U.S. Aging Highlighted in New
Census. 2006 [cited 2008 Nov 8]; Available from: http://www.nih.gov/news/pr/mar2006/nia-
09.htm

33. Centers for Disease Control and Prevention (CDC), The Merck Company Foundation.
The State of Aging and Health in America 2007. Whitehouse Station, NJ: The Merck Company
Foundation; 2007.

34. U.S. Census Bureau. Population Projections of US by Age, Sex, Race, Hispanic Origin,
and Nativity: 1999 to 2100. Washington, D.C.: Population Division, U.S. Census Bureau; 2000.

35. Hobbs FB, Damon BL. 65+ in the United States: Current Population Reports.
Washington, DC: U.S. Government Printing Office,; 1996.

36. Martin L, Soldo B. Racial and Ethnic Differences in the Health of Older Americans.
Washington, DC: National Academy Press; 1997.

37. Federal Interagency Forum on Aging-Related Statistics. Older Americans 2008: Key
Indicators of Well-Being (Older Americans 2008). Washington, D.C.: U.S. Government Printing
Office; 2008.

38. Guzman B. The Hispanic Population: Census 2000 Brief. Washington, DC: US Dept. of
Commerce, Bureau of the Census; 2001.

161


http://www.arthritis.org/
http://www.nih.gov/news/pr/mar2006/nia-09.htm
http://www.nih.gov/news/pr/mar2006/nia-09.htm

39. Markides K. Hispanics. In: Markides K, editor. Encyclopedia of Health and Aging: Sage
Publications Inc; 2007. p. 272-275.

40. National Center for Health Statistics. Health, United States 2007: With Chartbook on
Trends in the Health of Americans. Hyattsville, MD: National Center for Health Statistics; 2007.

41. Robinson K. Trends in Health Status and Health Care Use Among Older Women.
Hyattsville, MD: National Center for Health Statistics.; 2007.

42. Markides K, Rudkin L, Angel R, Espino D. Health Status of Hispanic Elderly. In: Martin
LG, Soldo BJ, editors. Racial and Ethnic Differences in the Health of Older Americans.
Washington, DC: National Academy Press; 1997. p. 285-300.

43. Mathers CD, Sadana R, Salomon JA, Murray CJ, Lopez AD. Healthy life expectancy in
191 countries, 1999. Lancet. 2001;357 (9269):1685-1691.

44, Schoeni RF, Freedman VA, Wallace RB. Persistent, consistent, widespread, and robust?
Another look at recent trends in old-age disability. J Gerontol B Psychol Sci Soc Sci. 2001;56
(4):S206-218.

45, Waldrop J, Stern S. Disability Status 2000: Census 2000 Brief: U.S. Census Bureau;
2003.

46. Ferrucci L, Guralnik J, Simonsick E, Salive M, Corti C, Langlois J. Progressive versus
catastrophic disability: a longitudinal view of the disablement process. J Gerontol A Biol Sci Med
Sci. 1996;51 (3):M123-130.

47. Fried L, Ettinger W, Lind B, Newman A, Gardin J. Physical disability in older adults: a
physiological approach. Cardiovascular Health Study Research Group. J Clin Epidemiol. 1994;47
(7):747-760.

48. Schoeni RF, Freedman VA, Martin LG. Why is late-life disability declining? Milbank Q.
2008;86 (1):47-89.

49, Helmick C, Felson D, Lawrence R, Gabriel S, Hirsch R, Kwoh C, et al. Estimates of the
prevalence of arthritis and other rheumatic conditions in the United States. Part I. Arthritis
Rheum. 2008;58 (1):15-25.

50. Centers for Disease Control and Prevention (CDC). Arthritis: At A Glance 2008. [cited
2008 March 4]; Available from: http://www.cdc.gov/nccdphp/publications/AAG/arthritis.htm

51. Fox D. Etiology and Pathogenesis of Rheumatoid Arthritis. In: Koopman W, Moreland L,
editors. Arthritis & Allied Conditions: A Textbook of Rheumatology. 15th ed. Philadelphia, Pa:
Lippincott Williams & Wilkins; 2005.

162


http://www.cdc.gov/nccdphp/publications/AAG/arthritis.htm

52. Factors associated with prevalent self-reported arthritis and other rheumatic conditions--
United States, 1989-1991. MMWR Morb Mortal WKly Rep. 1996;45 (23):487-491.

53. Hale L. Pathology of Rheumatoid Arthritis and Associated Disorders. In: Koopman W,
Moreland L, editors. Arthritis & Allied Conditions: A Textbook of Rheumatology. 15h ed.
Philadelphia, Pa: Lippincott Williams & Wilkins; 2005.

54. Arthritis Foundation. Rheumatoid Arthritis. [cited 2008 March 4]; Available from:
http://www.arthritis.org/fags-about-ra.php

55. O'Dell J. Rheumatois Arthritis: The Clinical Picture. In: Koopman J, editor. Arthritis and
Allied Conditions. 15th ed. Philadelphia: Lippincott Williams & Wilkins; 2005.

56. Elliott J, O'Dell J. Rheumatoid Arthritis. In: West S, editor. Rheumatology Secrets. 2nd
ed: Hanley & Belfus; 2002. p. 117-128.

57. Keuttner K, Goldberg V, editors. Osteoarthritic disorders. Rosemont, IL: American
Academy of Orthopedic Surgeons; 1995.

58. Hough Jr A. Pathology of Osteoarthritis. In: Koopman W, Moreland L, editors. Arthritis
& Allied Conditions: A Textbook of Rheumatology. 15 ed. Philadelphia, Pa: Lippincott Williams
& Wilkins; 2005.

59. Lawrence R, Felson D, Helmick C, Arnold L, Choi H, Deyo R, et al. Estimates of the
prevalence of arthritis and other rheumatic conditions in the United States. Part 1. Arthritis
Rheum. 2008;58 (1):26-35.

60. Hooper M, Holderbaum D, Moskowitz R. Clinical and Laboratory Findings in
Osteoarthritis. In: Koopman W, Moreland L, editors. Arthritis & Allied Conditions: A Textbook
of Rheumatology. 15 ed. Philadelphia, Pa: Lippincott Williams & Wilkins; 2005.

61. Arthritis Foundation. Osteoarthritis. [cited 2008 March 4]; Available from:
http://www.arthritis.org/disease-center.php?disease id=32&df=definition

62. Lawrence R, Hochberg M, Kelsey J, McDuffie F, Medsger TJ, Felts W, et al. Estimates
of the prevalence of selected arthritic and musculoskeletal diseases in the United States. J
Rheumatol. 1989;16 (4):427-441.

63. Yelin E, Callahan L. The economic cost and social and psychological impact of
musculoskeletal conditions. National Arthritis Data Work Groups. Arthritis Rheum. 1995;38
(10):1351-1362.

64. Lawrence R, Helmick C, Arnett F, Deyo R, Felson D, Giannini E, et al. Estimates of the
prevalence of arthritis and selected musculoskeletal disorders in the United States. Arthritis
Rheum. 1998;41 (5):778-799.

163


http://www.arthritis.org/faqs-about-ra.php
http://www.arthritis.org/disease-center.php?disease_id=32&df=definition

65. Al Snih S, Markides KS, Ray L, Freeman JL, Goodwin JS. Prevalence of arthritis in older
Mexican Americans. Arthritis Care Res. 2000;13 (6):409-416.

66. Covinsky K, Lindquist K, Dunlop D, Gill T, Yelin E. Effect of arthritis in middle age on
older-age functioning. J Am Geriatr Soc. 2008;56 (1):23-28.

67. Al Snih S, Ray L, Markides KS. Prevalence of self-reported arthritis among elders from
Latin America and the Caribbean and among Mexican Americans from the southwestern United
States. J Aging Health. 2006;18 (2):207-223.

68. Centers for Disease Control and Prevention (CDC). Arthritis Basics: Risk Factors. 2007
[cited 2008 Nov 6]; Available from: http://cdc.gov/arthritis/arthritis/risk_factors.htm

69. Seavey WG, Kurata JH, Cohen RD. Risk factors for incident self-reported arthritis in a
20 year followup of the Alameda County Study Cohort. J Rheumatol. 2003;30 (10):2103-2111.

70. Prevalence and impact of arthritis by race and ethnicity--United States, 1989-1991.
MMWR Morb Mortal WKly Rep. 1996 May;45 (18):373-378.

71. Boult C, Altmann M, Gilbertson D, Yu C, Kane R. Decreasing disability in the 21st
century: the future effects of controlling six fatal and nonfatal conditions. Am J Public Health.
1996;86 (10):1388-1393.

72. Collins J. Prevalence of selected chronic conditions: United States, 1990-1992. Vital
Health Stat 10. 1997 (194):1-89.

73. Voigt LF, Koepsell TD, Nelson JL, Dugowson CE, Daling JR. Smoking, obesity, alcohol
consumption, and the risk of rheumatoid arthritis. Epidemiology. 1994;5 (5):525-532.

74. Ostensen M, Aune B, Husby G. Effect of pregnancy and hormonal changes on the
activity of rheumatoid arthritis. Scand J Rheumatol. 1983;12 (2):69-72.

75. Jochems C, Islander U, Erlandsson M, Verdrengh M, Ohlsson C, Carlsten H.
Osteoporosis in experimental postmenopausal polyarthritis: the relative contributions of estrogen
deficiency and inflammation. Arthritis Res Ther. 2005;7 (4):R837-843.

76. Bruce B, Fries JF, Murtagh KN. Health status disparities in ethnic minority patients with
rheumatoid arthritis: a cross-sectional study. J Rheumatol. 2007;34 (7):1475-1479.

77. Criswell LA, Amos CI. Update on genetic risk factors for systemic lupus erythematosus
and rheumatoid arthritis. Curr Opin Rheumatol. 2000;12 (2):85-90.

78. Han S, Li Y, Mao Y, Xie Y. Meta-analysis of the association of CTLA-4 exon-1 +49A/G
polymorphism with rheumatoid arthritis. Hum Genet. 2005;118 (1):123-132.

164


http://cdc.gov/arthritis/arthritis/risk_factors.htm

79. Thorburn CM, Prokunina-Olsson L, Sterba KA, Lum RF, Seldin MF, Alarcon-Riguelme
ME, et al. Association of PDCD1 genetic variation with risk and clinical manifestations of
systemic lupus erythematosus in a multiethnic cohort. Genes Immun. 2007;8 (4):279-287.

80. Spector TD, Cicuttini F, Baker J, Loughlin J, Hart D. Genetic influences on osteoarthritis
in women: a twin study. BMJ. 1996;312 (7036):940-943.

81. Odutola J, Ward M. Ethnic and socioeconomic disparities in health among patients with
rheumatic disease. Curr Opin Rheumatol. 2005;17 (2):147-152.

82. Callahan L. Social epidemiology and rheumatic disease. Curr Opin Rheumatol. 2003;15
(2):110-115.

83. Cafiizares M, Power J, Perruccio A, Badley E. Association of regional racial/cultural
context and socioeconomic status with arthritis in the population: A multilevel analysis. Arthritis
Rheum. 2008;59 (3):399-407.

84. Busija L, Hollingsworth B, Buchbinder R, Osborne RH. Role of age, sex, and obesity in
the higher prevalence of arthritis among lower socioeconomic groups: a population-based survey.
Arthritis Rheum. 2007;57 (4):553-561.

85. Pedersen M, Jacobsen S, Klarlund M, Frisch M. Socioeconomic status and risk of
rheumatoid arthritis: a Danish case-control study. J Rheumatol. 2006;33 (6):1069-1074.

86. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee
osteoarthritis. The Framingham Study. Ann Intern Med. 1988;109 (1):18-24.

87. Holmberg S, Thelin A, Thelin N. Knee osteoarthritis and body mass index: a population-
based case-control study. Scand J Rheumatol. 2005;34 (1):59-64.

88. Felson DT. The epidemiology of knee osteoarthritis: results from the Framingham
Osteoarthritis Study. Semin Arthritis Rheum. 1990;20 (3 Suppl 1):42-50.

89. Carman WJ, Sowers M, Hawthorne VM, Weissfeld LA. Obesity as a risk factor for
osteoarthritis of the hand and wrist: a prospective study. Am J Epidemiol. 1994;139 (2):119-129.

90. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al.
Osteoarthritis: new insights. Part 1: the disease and its risk factors. Ann Intern Med. 2000;133
(8):635-646.

91. Felson DT. An update on the pathogenesis and epidemiology of osteoarthritis. Radiol
Clin North Am. 2004;42 (1):1-9, v.

165



92. Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ. Weight loss reduces the risk
for symptomatic knee osteoarthritis in women. The Framingham Study. Ann Intern Med.
1992;116 (7):535-539.

93. Felson DT, Hannan MT, Naimark A, Berkeley J, Gordon G, Wilson PW, et al.
Occupational physical demands, knee bending, and knee osteoarthritis: results from the
Framingham Study. J Rheumatol. 1991;18 (10):1587-1592.

94. Coggon D, Kellingray S, Inskip H, Croft P, Campbell L, Cooper C. Osteoarthritis of the
hip and occupational lifting. Am J Epidemiol. 1998;147 (6):523-528.

95. Jensen LK. Hip osteoarthritis: influence of work with heavy lifting, climbing stairs or
ladders, or combining kneeling/squatting with heavy lifting. Occup Environ Med. 2008;65 (1):6-
19.

96. Gelber AC, Hochberg MC, Mead LA, Wang NY, Wigley FM, Klag MJ. Joint injury in
young adults and risk for subsequent knee and hip osteoarthritis. Ann Intern Med. 2000;133
(5):321-328.

97. Sandmark H, Vingard E. Sports and risk for severe osteoarthrosis of the knee. Scand J
Med Sci Sports. 1999;9 (5):279-284.

98. Conaghan PG. Update on osteoarthritis part 1: current concepts and the relation to
exercise. Br J Sports Med. 2002;36 (5):330-333.

99. Thelin N, Holmberg S, Thelin A. Knee injuries account for the sports-related increased
risk of knee osteoarthritis. Scand J Med Sci Sports. 2006;16 (5):329-333.

100.  Pedersen M, Stripp C, Klarlund M, Olsen SF, Tjonneland AM, Frisch M. Diet and risk of
rheumatoid arthritis in a prospective cohort. J Rheumatol. 2005;32 (7):1249-1252.

101.  Stamp L, James M, Cleland L. Diet and rheumatoid arthritis: a review of the literature.
Semin Arthritis Rheum. 2005;35 (2):77-94.

102.  Miggiano G, Gagliardi L. [Diet, nutrition and rheumatoid arthritis]. Clin Ter. 2005;156
(3):115-123.

103.  Hernandez-Beriain J, Segura-Garcia C, Rodriguez-Lozano B, Bustabad S, Gantes M,
Gonzalez T. Undernutrition in rheumatoid arthritis patients with disability. Scand J Rheumatol.
1996;25 (6):383-387.

104.  McAlindon TE, Jacques P, Zhang Y, Hannan MT, Aliabadi P, Weissman B, et al. Do
antioxidant micronutrients protect against the development and progression of knee
osteoarthritis? Arthritis Rheum. 1996;39 (4):648-656.

166



105. U.S. Department of Health and Human Services. Healthy People 2010: Understanding
and improving health and objectives for improving health. 2nd ed. Washington DC: United States
Government Printing Office; 2000.

106. Katon W, Lin EH, Kroenke K. The association of depression and anxiety with medical
symptom burden in patients with chronic medical illness. Gen Hosp Psychiatry. 2007;29 (2):147-
155.

107.  Zautra AJ, Smith BW. Depression and reactivity to stress in older women with
rheumatoid arthritis and osteoarthritis. Psychosom Med. 2001;63 (4):687-696.

108.  Dunlop DD, Lyons JS, Manheim LM, Song J, Chang RW. Arthritis and heart disease as
risk factors for major depression: the role of functional limitation. Med Care. 2004,42 (6):502-
511.

109.  Arnow BA, Hunkeler EM, Blasey CM, Lee J, Constantino MJ, Fireman B, et al.
Comorbid depression, chronic pain, and disability in primary care. Psychosom Med. 2006;68
(2):262-268.

110. Lee S, Tsang A, Huang Y, Zhang M, Liu Z, He Y, et al. Arthritis and physical-mental
comorbidity in metropolitan China. J Psychosom Res. 2007;63 (1):1-7.

111.  Goeppinger J, Armstrong B, Schwartz T, Ensley D, Brady T. Self-management education
for persons with arthritis: Managing comorbidity and eliminating health disparities. Arthritis
Rheum. 2007;57 (6):1081-1088.

112. Wasko M. Comorbid conditions in patients with rheumatic diseases: an update. Curr
Opin Rheumatol. 2004;16 (2):109-113.

113.  Gabriel S, Crowson C, O'Fallon W. Comorbidity in arthritis. J Rheumatol. 1999;26
(11):2475-2479.

114.  Centers for Disease Control and Prevention (CDC). National and state medical
expenditures and lost earnings attributable to arthritis and other rheumatic conditions--United
States, 2003. MMWR Morb Mortal Wkly Rep. 2007;56 (1):4-7.

115.  Ward M, Javitz H, Yelin E. The direct cost of rheumatoid arthritis. Value Health. 2000;3
(4):243-252.

116.  Pugner KM, Scott DI, Holmes JW, Hieke K. The costs of rheumatoid arthritis: an
international long-term view. Semin Arthritis Rheum. 2000;29 (5):305-320.

117.  Rupp I, Boshuizen H, Jacobi C, Dinant H, van den Bos G. Comorbidity in patients with
rheumatoid arthritis: effect on health-related quality of life. J Rheumatol. 2004;31 (1):58-65.

167



118.  Parodi M, Bensi L, Maio T, Mela G, Cimmino M. [Comorbidities in rheumatoid arthritis:
analysis of hospital discharge records]. Reumatismo. 2005;57 (3):154-160.

119. Michaud K, Wolfe F. Comorbidities in rheumatoid arthritis. Best Pract Res Clin
Rheumatol. 2007;21 (5):885-906.

120. LozaE, Jover J, Rodriguez-Rodriguez L, Carmona L. Observed and expected frequency
of comorbid chronic diseases in rheumatic patients. Ann Rheum Dis. 2008;67 (3):418-421.

121.  Wolfe F, Freundlich B, Straus WL. Increase in cardiovascular and cerebrovascular
disease prevalence in rheumatoid arthritis. J Rheumatol. 2003;30 (1):36-40.

122.  Jette A. Toward a common language for function, disability, and health. Phys Ther.
2006;86 (5):726-734.

123.  Altman B. Disability Definitions, Models, Classification Schemes, and Applications. In:
Albrecht G, Seelman K, Bury M, editors. Handbook of Disability Studies: Sage Publications Inc;
2001. p. 97-120.

124.  Verbrugge L, Jette A. The disablement process. Soc Sci Med. 1994;38 (1):1-14.

125.  Brandt EN, Pope AM, editors. Enabling America: Assessing the Role of Rehabilitation
Science and Engineering. Washington, DC: National Academy Press; 1997.

126. Pope AM, Tarlov AR, editors. Disability in America: Toward a National Agenda for
Prevention. Washington, D.C.: The National Academies Press; 1991.

127.  Nagi S. An epidemiology of disability among adults in the United States. Milbank Mem
Fund Q Health Soc. 1976;54 (4):439-467.

128.  Centers for Disease Control and Prevention (CDC). State-specific prevalence of arthritis-
attributable work limitation--United States, 2003. MMWR Morb Mortal Wkly Rep. 2007;56
(40):1045-1049.

129.  Theis K, Murphy L, Hootman J, Helmick C, Yelin E. Prevalence and correlates of
arthritis-attributable work limitation in the US population among persons ages 18-64: 2002
National Health Interview Survey Data. Arthritis Rheum. 2007;57 (3):355-363.

130.  kaplan S. Outcome Measurement and Management: First Steps for the Practicing
Clinician. Philadelphia: F.A. Davis Company; 2007.

131.  MacDermid J, Michlovits S. Incorporation Outcomes Measures Into Evidence-Based
Practice. In: Law M, MacDermid J, editors. Evidence-Based Rehabilitation: A Guide to Practice.
2nd ed. Thorofare, NJ: Slack Incorporated; 2008. p. 63-94.

168



132.  Post M, de Witte L, Schrijvers A. Quality of life and the ICIDH: towards an integrated
conceptual model for rehabilitation outcomes research. Clin Rehabil. 1999;13 (1):5-15.

133.  Vetter T. A primer on health-related quality of life in chronic pain medicine. Anesth
Analg. 2007;104 (3):703-718.

134.  World Health Organizatio (WHO). The World Health Organization Quality of Life
assessment (WHOQOL): position paper from the World Health Organization. Soc Sci Med.
1995;41 (10):1403-14009.

135.  World Health Organization (WHO). Constitution of the World Health Organization.
2006 [cited 2008 Nov 4]; Available from:
http://www.who.int/governance/eb/who_constitution_en.pdf

136.  Centers for Disease Control and Prevention (CDC). Measuring Healthy Days
Monograph. Atlanta, GA: CDC; 2000.

137.  Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care. 1992;30 (6):473-483.

138.  Sprangers MA, de Regt EB, Andries F, van Agt HM, Bijl RV, de Boer JB, et al. Which
chronic conditions are associated with better or poorer quality of life? J Clin Epidemiol. 2000;53
(9):895-907.

139. Bhandari M, Sprague S, Hanson B, Busse JW, Dawe DE, Moro JK, et al. Health-related
quality of life following operative treatment of unstable ankle fractures: a prospective
observational study. J Orthop Trauma. 2004;18 (6):338-345.

140.  Keller SD, Majkut TC, Kosinski M, Ware JE, Jr. Monitoring health outcomes among
patients with arthritis using the SF-36 Health Survey: overview. Med Care. 1999;37 (5
Suppl):MS1-9.

141.  Lawrence RH, Jette AM. Disentangling the disablement process. J Gerontol B Psychol
Sci Soc Sci. 1996;51 (4):S173-182.

142.  Jette AM, Assmann SF, Rooks D, Harris BA, Crawford S. Interrelationships among
disablement concepts. J Gerontol A Biol Sci Med Sci. 1998;53 (5):M395-404.

143.  Ostir GV, Volpato S, Fried LP, Chaves P, Guralnik JM. Reliability and sensitivity to
change assessed for a summary measure of lower body function: results from the Women's
Health and Aging Study. J Clin Epidemiol. 2002;55 (9):916-921.

144.  Peek MK, Ottenbacher KJ, Markides KS, Ostir GV. Examining the disablement process
among older Mexican American adults. Soc Sci Med. 2003;57 (3):413-425.

169


http://www.who.int/governance/eb/who_constitution_en.pdf

145.  Marsh AP, Miller ME, Saikin AM, Rejeski WJ, Hu N, Lauretani F, et al. Lower
extremity strength and power are associated with 400-meter walk time in older adults: The
INCHIANTI study. J Gerontol A Biol Sci Med Sci. 2006;61 (11):1186-1193.

146.  Puthoff ML, Nielsen DH. Relationships among impairments in lower-extremity strength
and power, functional limitations, and disability in older adults. Phys Ther. 2007;87 (10):1334-
1347.

147.  Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A
short physical performance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home admission. J Gerontol. 1994;49
(2):M85-94.

148. Katz S, Akpom CA. A measure of primary sociobiological functions. Int J Health Serv.
1976;6 (3):493-508.

149.  Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental
activities of daily living. Gerontologist. 1969;9 (3):179-186.

150.  Markides KS, Stroup-Benham CA, Goodwin JS, Perkowski LC, Lichtenstein M, Ray LA.
The effect of medical conditions on the functional limitations of Mexican-American elderly. Ann
Epidemiol. 1996;6 (5):386-391.

151.  Rudkin L, Markides K, Espino D. Functional disability in older Mexican Americans.
Topics in Geriatric Rehabilitation. 1997;12:38-46.

152.  Markides K, Stroup-Benham C, Black S, Satish S, Perkowski L, Ostir G. The health of
Mexican American elderly selected findings from the Hispanic EPESE. In: Wykle M, Ford A,
editors. Serving minority elders in the 21st century. New York: Springer; 1999. p. 72-90.

153.  Cornoni-Huntley J, Ostfeld AM, Taylor JO, Wallace RB, Blazer D, Berkman LF, et al.
Established populations for epidemiologic studies of the elderly: study design and methodology.
Aging (Milano). 1993;5 (1):27-37.

154.  Miles TP, Flegal K, Harris T. Musculoskeletal disorders: time trends, comorbid
conditions, self-assessed health status, and associated activity limitations. Vital Health Stat 3.
1993 (27):275-288.

155.  Centers for Disease Control and Prevention (CDC). Prevalence of Doctor-Diagnosed
Anrthritis and Arthritis-Attributable Activity Limitation, United States, 2003-2005. Atlanta, GA,
2006 October 13, 2006.

156.  Ottenbacher KJ, Branch LG, Ray L, Gonzales VA, Peek MK, Hinman MR. The
reliability of upper- and lower-extremity strength testing in a community survey of older adults.
Arch Phys Med Rehabil. 2002;83 (10):1423-1427.

170



157.  Peolsson A, Hedlund R, Oberg B. Intra- and inter-tester reliability and reference values
for hand strength. J Rehabil Med. 2001;33 (1):36-41.

158. Al Snih S, Markides KS, Ray L, Ostir GV, Goodwin JS. Handgrip strength and mortality
in older Mexican Americans. J Am Geriatr Soc. 2002;50 (7):1250-1256.

159. Al Snih S, Markides KS, Ottenbacher KJ, Raji MA. Hand grip strength and incident ADL
disability in elderly Mexican Americans over a seven-year period. Aging Clin Exp Res. 2004;16
(6):481-486.

160.  Alfaro-Acha A, Al Snih S, Raji MA, Kuo YF, Markides KS, Ottenbacher KJ. Handgrip
strength and cognitive decline in older Mexican Americans. J Gerontol A Biol Sci Med Sci.
2006;61 (8):859-865.

161.  Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity
function in persons over the age of 70 years as a predictor of subsequent disability. N Engl J Med.
1995;332 (9):556-561.

162.  Ostir GV, Kuo YF, Berges IM, Markides KS, Ottenbacher KJ. Measures of lower body
function and risk of mortality over 7 years of follow-up. Am J Epidemiol. 2007;166 (5):599-605.

163.  Fillenbaum GG. Screening the elderly. A brief instrumental activities of daily living
measure. J Am Geriatr Soc. 1985;33 (10):698-706.

164. Rosow I, Breslau N. A Guttman health scale for the aged. J Gerontol. 1966;21 (4):556-
559.

165.  Markides KS, Black SA, Ostir GV, Angel RJ, Guralnik JM, Lichtenstein M. Lower body
function and mortality in Mexican American elderly people. J Gerontol A Biol Sci Med Sci.
2001;56 (4):M243-247.

166.  Ostir GV, Markides KS, Black SA, Goodwin JS. Lower body functioning as a predictor
of subsequent disability among older Mexican Americans. J Gerontol A Biol Sci Med Sci.
1998;53 (6):M491-495.

167.  Ottenbacher KJ, Ostir GV, Peek MK, Snih SA, Raji MA, Markides KS. Frailty in older
Mexican Americans. J Am Geriatr Soc. 2005;53 (9):1524-1531.

168.  Hart DL. Orthotics and prosthetics national office outcomes tool (OPOT): initial
reliability and validity assessment for lower extremity prosthetics. J Prosth and Ortho. 1999;11
(4):101-111.

169. Peek MK, Ray L, Patel K, Stoebner-May D, Ottenbacher KJ. Reliability and validity of
the SF-36 among older Mexican Americans. Gerontologist. 2004;44 (3):418-425.

171



170.  Kosinski M, Keller S, Ware JJ, Hatoum H, Kong S. The SF-36 Health Survey as a
generic outcome measure in clinical trials of patients with osteoarthritis and rheumatoid arthritis:
relative validity of scales in relation to clinical measures of arthritis severity. Med Care. 1999;37
(5 Suppl):MS23-39.

171.  Khanna D, Tsevat J. Health-related quality of life--an introduction. Am J Manag Care.
2007;13 Suppl 9:S218-223.

172.  Ware JE, Kosinski M, Keller SK. SF-36 Physical and Mental Health Summary Scales: A
User's Manual. Boston, MA: The Health Institute; 1994.

173.  Graham JE, Stoebner-May DG, Ostir GV, Al Snih S, Peek MK, Markides K, et al. Health
related quality of life in older Mexican Americans with diabetes: a cross-sectional study. Health
Quial Life Outcomes. 2007;5:39.

174.  Folstein M, Folstein S, McHugh P. "Mini-mental state". A practical method for grading
the cognitive state of patients for the clinician. J Psychiatr Res. 1975;12 (3):189-198.

175. Bird HR, Canino G, Stipec MR, Shrout P. Use of the Mini-mental State Examination in a
probability sample of a Hispanic population. J Nerv Ment Dis. 1987;175 (12):731-737.

176. Uhlmann R, Larson E. Effect of education on the mini-mental state examination as a
screening test for dementia. J Am Geriatr Soc. 1991;39 (9):876-880.

177. Radloff L. The CES-D. Scale: a self-report depression scale for research in the general
population. Applied Psychological Measurement. 1977;1 (3):385-401.

178.  Angel R, Guarnaccia PJ. Mind, body, and culture: somatization among Hispanics. Soc
Sci Med. 1989;28 (12):1229-1238.

179. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by
questionnaire rather than medical record review? Med Care. 1996;34 (1):73-84.

180.  SAS Institute. SAS/STAT 9.1 User's Guide. Cary, NC: SAS Publishing; 2004.

181.  Afifi A, Clark V, May S. Computer-aided Multivariate Analysis. 4th ed. Boca Raton, FL.:
CRC Press; 2004.

182.  Crane P, van Belle G, Larson E. Test bias in a cognitive test: differential item functioning
in the CASI. Stat Med. 2004;23 (2):241-256.

183.  Perkins AJ, Stump TE, Monahan PO, McHorney CA. Assessment of differential item
functioning for demographic comparisons in the MOS SF-36 health survey. Qual Life Res.
2006;15 (3):331-348.

172



184.  Bjorner JB, Kreiner S, Ware JE, Damsgaard MT, Bech P. Differential item functioning in
the Danish translation of the SF-36. J Clin Epidemiol. 1998;51 (11):1189-1202.

185. Hambleton RK. Good practices for identifying differential item functioning. Med Care.
2006;44 (11 Suppl 3):S182-188.

186.  Crane P, Hart D, Gibbons L, Cook K. A 37-item shoulder functional status item pool had
negligible differential item functioning. J Clin Epidemiol. 2006;59 (5):478-484.

187.  Hart DL, Mioduski JE, Werneke MW, Stratford PW. Simulated computerized adaptive
test for patients with lumbar spine impairments was efficient and produced valid measures of
function. J Clin Epidemiol. 2006;59 (9):947-956.

188. Hart DL, Wang YC, Stratford PW, Mioduski JE. Computerized adaptive test for patients
with knee impairments produced valid and responsive measures of function. J Clin Epidemiol.
2008.

189.  Crane P, Gibbons L, Jolley L, van Belle G. Differential item functioning analysis with
ordinal logistic regression techniques. DIFdetect and difwithpar. Med Care. 2006;44 (11 Suppl
3):5115-123.

190. Gibbons L. DIFWITHPAR: Stata module for detection of and adjustment for differential
item functioning (DIF):

http://ideas.repec.org/c/boc/bocode/s456722.html. Boston, MA: Boston College Department of
Economics; 2006.

191.  Stata Statistical Software. 10 ed. College Station, TX: Stata Corporation; 20009.

192.  Twisk JW. Applied Longitudinal Data Analysis for Epidemiology: A Practical Guide.
Cambridge: Cambridge University Press; 2003.

193.  Resnik L, Liu D, Hart DL, Mor V. Benchmarking physical therapy clinic performance:
statistical methods to enhance internal validity when using observational data. Phys Ther.
2008;88 (9):1078-1087.

194,  SPSS statistical software. 16 ed. Chicago, IL: SPSS Inc; 2007.

195.  Diggle P, Liang K-L., Zeger S. Analysis of longitudinal data. Oxford: Oxford University
Press; 1994. p. 247.

196.  Edwards LJ. Modern statistical techniques for the analysis of longitudinal data in
biomedical research. Pediatr Pulmonol. 2000;30 (4):330-344.

197.  Verbeke G, Molenberghs G. Linear Mixed Models for Longitudinal Data New York:
Springer; 2000.

173


http://ideas.repec.org/c/boc/bocode/s456722.html

198. Littell RC, Milliken GA, Stroup WW, Wolfinger R, Schabenberger O. SAS for Mixed
Models. 2nd ed. Cary, NC: SAS Institute Inc.; 2006.

199.  Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes.
Biometrics. 1986;42 (1):121-130.

200.  Molenberghs G, Verbeke G. Models for Discrete Longitudinal Data. New York:
Springer 2005.

201.  Patetta M. Longitudinal Data Analysis with Discrete and Continuous Responses: Course
Notes. Cary: SAS Institute Inc; 2002.

202.  Haukoos JS, Newgard CD. Advanced statistics: missing data in clinical research--part 1:
an introduction and conceptual framework. Acad Emerg Med. 2007;14 (7):662-668.

203.  Fairclough DL, Thijs H, Huang IC, Finnern HW, Wu AW. Handling missing quality of
life data in HIV clinical trials: what is practical? Qual Life Res. 2008;17 (1):61-73.

204.  Newgard CD, Haukoos JS. Advanced statistics: missing data in clinical research--part 2:
multiple imputation. Acad Emerg Med. 2007;14 (7):669-678.

205.  Rubin D. Multiple Imputation for Nonresponse in Surveys. New York: Wiley; 1987.
206.  Rubin D. Multiple Imputation for Nonresponse in Surveys. New York: Wiley; 2004.
207.  Allison P. Missing Data. Thousand Oaks, CA: SAGE; 2001.

208.  Little R, Rubin D. Statistical Analysis with Missing Data. 2nd ed. New York: Wiley;
2002.

209.  Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods.
2002;7 (2):147-177.

210.  Harel O, Zhou XH. Multiple imputation: review of theory, implementation and software.
Stat Med. 2007;26 (16):3057-3077.

211. WuJH, Haan MN, Liang J, Ghosh D, Gonzalez HM, Herman WH. Impact of antidiabetic
medications on physical and cognitive functioning of older Mexican Americans with diabetes
mellitus: a population-based cohort study. Ann Epidemiol. 2003;13 (5):369-376.

212.  Temkin-Greener H, Bajorska A, Mukamel DB. Variations in service use in the Program
of All-Inclusive Care for the Elderly (PACE): is more better? J Gerontol A Biol Sci Med Sci.
2008;63 (7):731-738.

174



213.  SAS Institute. The MI procedure. SAS/STAT 91 User's Guide. Cary, NC: SAS
Publishing; 2004.

214.  SAS Institute. The MIANALYZE procedure. SAS/STAT 91 User's Guide. Cary, NC:
SAS Publishing; 2004.

215.  Zeger SL, Liang KY. An overview of methods for the analysis of longitudinal data. Stat
Med. 1992;11 (14-15):1825-1839.

216.  Helms RW. Intentionally incomplete longitudinal designs: I. Methodology and
comparison of some full span designs. Stat Med. 1992;11 (14-15):1889-1913.

217.  Stokes ME, Davis CS, Koch G. Categorical Data Analysis using the SAS System. Cary,
NC: SAS Institute Inc; 1999.

218.  SAS Institute. The MIXED procedure. SAS/STAT 91 User's Guide. Cary, NC: SAS
Publishing; 2004.

219.  SAS Institute. The GENMOD procedure. SAS/STAT 91 User's Guide. Cary, NC: SAS
Publishing; 2004.

220. Bean JF, Kiely DK, LaRose S, Leveille SG. Which impairments are most associated with
high mobility performance in older adults? Implications for a rehabilitation prescription. Arch
Phys Med Rehabil. 2008;89 (12):2278-2284.

221.  Ottenbacher KJ. The interpretation of averages in health professions research. An
empirical examination. Eval Health Prof. 1993;16 (3):333-341.

222.  Mier N, Ory MG, Zhan D, Conkling M, Sharkey JR, Burdine JN. Health-related quality
of life among Mexican Americans living in colonias at the Texas-Mexico border. Soc Sci Med.
2008;66 (8):1760-1771.

223.  Kidd BL. Osteoarthritis and joint pain. Pain. 2006;123 (1-2):6-9.

224.  Creamer P, Lethbridge-Cejku M, Hochberg MC. Determinants of pain severity in knee
osteoarthritis: effect of demographic and psychosocial variables using 3 pain measures. J
Rheumatol. 1999;26 (8):1785-1792.

225. Al Snih S. The Disablement Process In Older Mexican Americans with Arthritis.
Galveston: The University of Texas Medical Branch; 2005.

226. Al Snih S, Raji MA, Peek MK, Ottenbacher KJ. Pain, lower-extremity muscle strength,
and physical function among older Mexican Americans. Arch Phys Med Rehabil. 2005;86
(7):1394-1400.

175



227.  Seomun GA, Chang SO, Lee PS, Lee SJ, Shin HJ. Concept analysis of coping with
arthritic pain by South Korean older adults: development of a hybrid model. Nurs Health Sci.
2006;8 (1):10-19.

228. Bendele AM. Animal models of osteoarthritis. J Musculoskelet Neuronal Interact. 2001;1
(4):363-376.

229.  Neugebauer V, Han JS, Adwanikar H, Fu Y, Ji G. Techniques for assessing knee joint
pain in arthritis. Mol Pain. 2007;3:8.

230. Bendele A. Animal models of rheumatoid arthritis. J Musculoskelet Neuronal Interact.
2001;1 (4):377-385.

231.  Levine JD, Goetzl EJ, Bashaum Al. Contribution of the nervous system to the
pathophysiology of rheumatoid arthritis and other polyarthritides. Rheum Dis Clin North Am.
1987;13 (2):369-383.

232.  Nordesjo LO, Nordgren B, Wigren A, Kolstad K. Isometric strength and endurance in
patients with severe rheumatoid arthritis or osteoarthrosis in the knee joints. A comparative study
in healthy men and women. Scand J Rheumatol. 1983;12 (2):152-156.

233.  Ekdahl C, Andersson SI, Svensson B. Muscle function of the lower extremities in
rheumatoid arthritis and osteoarthrosis. A descriptive study of patients in a primary health care
district. J Clin Epidemiol. 1989;42 (10):947-954.

234.  Ekdahl C, Broman G. Muscle strength, endurance, and aerobic capacity in rheumatoid
arthritis: a comparative study with healthy subjects. Ann Rheum Dis. 1992;51 (1):35-40.

235.  Hakkinen A, Hannonen P, Hakkinen K. Muscle strength in healthy people and in patients
suffering from recent-onset inflammatory arthritis. Br J Rheumatol. 1995;34 (4):355-360.

236.  Bostrom C. Shoulder rotational strength, movement, pain and joint tenderness as
indicators of upper-extremity activity limitation in moderate rheumatoid arthritis. Scand J Rehabil
Med. 2000;32 (3):134-139.

237.  Steultjens MP, Dekker J, van Baar ME, Oostendorp RA, Bijlsma JW. Muscle strength,
pain and disability in patients with osteoarthritis. Clin Rehabil. 2001;15 (3):331-341.

238. Madsen OR, Egsmose C. Associations of isokinetic knee extensor and flexor strength
with steroid use and walking ability in women with rheumatoid arthritis. Clin Rheumatol.
2001;20 (3):207-212.

239.  Bryant D, Litchfield R, Sandow M, Gartsman GM, Guyatt G, Kirkley A. A comparison
of pain, strength, range of motion, and functional outcomes after hemiarthroplasty and total

176



shoulder arthroplasty in patients with osteoarthritis of the shoulder. A systematic review and
meta-analysis. J Bone Joint Surg Am. 2005;87 (9):1947-1956.

240. Bagis S, Sahin G, Yapici Y, Cimen OB, Erdogan C. The effect of hand osteoarthritis on
grip and pinch strength and hand function in postmenopausal women. Clin Rheumatol. 2003;22
(6):420-424.

241.  Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV, et al.
The loss of skeletal muscle strength, mass, and quality in older adults: the health, aging and body
composition study. J Gerontol A Biol Sci Med Sci. 2006;61 (10):1059-1064.

242.  Gaines JM, Talbot LA. Isokinetic strength testing in research and practice. Biol Res Nurs.
1999;1 (1):57-64.

243.  Bohannon RW. Manual muscle testing: does it meet the standards of an adequate
screening test? Clin Rehabil. 2005;19 (6):662-667.

244.  Roy MA, Doherty TJ. Reliability of hand-held dynamometry in assessment of knee
extensor strength after hip fracture. Am J Phys Med Rehabil. 2004;83 (11):813-818.

245.  Gremeaux V, Renault J, Pardon L, Deley G, Lepers R, Casillas JM. Low-frequency
electric muscle stimulation combined with physical therapy after total hip arthroplasty for hip
osteoarthritis in elderly patients: a randomized controlled trial. Arch Phys Med Rehabil. 2008;89
(12):2265-2273.

246.  Mulroy SJ, Lassen KD, Chambers SH, Perry J. The ability of male and female clinicians
to effectively test knee extension strength using manual muscle testing. J Orthop Sports Phys
Ther. 1997;26 (4):192-199.

247.  Escalante A, Haas RW, del Rincon I. A model of impairment and functional limitation in
rheumatoid arthritis. BMC Musculoskelet Disord. 2005;6:16.

248.  Bjork MA, Thyberg IS, Skogh T, Gerdle BU. Hand function and activity limitation
according to health assessment questionnaire in patients with rheumatoid arthritis and healthy
referents: 5-year followup of predictors of activity limitation (The Swedish TIRA Project). J
Rheumatol. 2007;34 (2):296-302.

249.  Harrold LR, Li W, Yood RA, Fuller J, Gurwitz JH. Identification of patients with arthritis
and arthritis-related functional limitation using administrative data. J Public Health Manag Pract.
2008;14 (5):487-497.

250.  Song J, Chang HJ, Tirodkar M, Chang RW, Manheim LM, Dunlop DD. Racial/ethnic
differences in activities of daily living disability in older adults with arthritis: a longitudinal
study. Arthritis Rheum. 2007;57 (6):1058-1066.

177



251.  Peek MK, Coward RT. Gender differences in the risk of developing disability among
older adults with arthritis. J Aging Health. 1999;11 (2):131-150.

252. Al Snih SM, KS. Ostir, G. Goodwin, J. Impact of arthritis on disability among older
Mexican Americans. Ethn Dis. 2001;11 (1):19-23.

253.  Shih VC, Song J, Chang RW, Dunlop DD. Racial differences in activities of daily living
limitation onset in older adults with arthritis: a national cohort study. Arch Phys Med Rehabil.
2005;86 (8):1521-1526.

254.  Song J, Chang RW, Dunlop DD. Population impact of arthritis on disability in older
adults. Arthritis Rheum. 2006;55 (2):248-255.

255.  Alishiri GH, Bayat N, Fathi Ashtiani A, Tavallaii SA, Assari S, Moharamzad Y. Logistic
regression models for predicting physical and mental health-related quality of life in rheumatoid
arthritis patients. Mod Rheumatol. 2008;18 (6):601-608.

256.  Slatkowsky-Christensen B, Mowinckel P, Loge JH, Kvien TK. Health-related quality of
life in women with symptomatic hand osteoarthritis: a comparison with rheumatoid arthritis
patients, healthy controls, and normative data. Arthritis Rheum. 2007;57 (8):1404-1409.

257.  Ethgen O, Kahler KH, Kong SX, Reginster JY, Wolfe F. The effect of health related
quality of life on reported use of health care resources in patients with osteoarthritis and
rheumatoid arthritis: a longitudinal analysis. J Rheumatol. 2002;29 (6):1147-1155.

258.  Zanocchi M, Maero B, Nicola E, Martinelli E, Luppino A, Gonella M, et al. Chronic pain
in a sample of nursing home residents: prevalence, characteristics, influence on quality of life
(QoL). Arch Gerontol Geriatr. 2007;47 (1):121-128.

259.  Maquet D, Croisier J, Renard C, Crielaard J. Muscle performance in patients with
fibromyalgia. Joint Bone Spine. 2002;69 (3):293-299.

260.  Maquet D, Croisier J, Demoulin C, Crielaard J. Pressure pain thresholds of tender point
sites in patients with fibromyalgia and in healthy controls. Eur J Pain. 2004;8 (2):111-117.

261.  Gusi N, Tomas-Carus P, Hakkinen A, Hakkinen K, Ortega-Alonso A. Exercise in waist-
high warm water decreases pain and improves health-related quality of life and strength in the
lower extremities in women with fibromyalgia. Arthritis Rheum. 2006;55 (1):66-73.

262.  Peek M, Patel K, Ottenbacher K. Expanding the disablement process model among older
Mexican Americans. J Gerontol A Biol Sci Med Sci. 2005;60 (3):334-339.

263.  Groessl E, Kaplan R, Rejeski W, Katula J, King A, Frierson G, et al. Health-related
quality of life in older adults at risk for disability. Am J Prev Med. 2007;33 (3):214-218.

178



264. Herman T, Giladi N, Gruendlinger L, Hausdorff J. Six weeks of intensive treadmill
training improves gait and quality of life in patients with Parkinson's disease: a pilot study. Arch
Phys Med Rehabil. 2007;88 (9):1154-1158.

265. Kaplan R, Bush J. Health-related quality of life measurement for evaluation research and
policy analysis. Health Psychology. 1982;1 (1):61-80.

266.  Peri K, Kerse N, Robinson E, Parsons M, Parsons J, Latham N. Does functionally based
activity make a difference to health status and mobility? A randomised controlled trial in
residential care facilities (The Promoting Independent Living Study; PILS). Age Ageing. 2008;37
(1):57-63.

267.  Hagsten B, Svensson O, Gardulf A. Health-related quality of life and self-reported ability
concerning ADL and IADL after hip fracture: a randomized trial. Acta Orthop. 2006;77 (1):114-
119.

268.  Hunt SM, Bhopal R. Self report in clinical and epidemiological studies with non-English
speakers: the challenge of language and culture. J Epidemiol Community Health. 2004;58
(7):618-622.

269. Maly MR, Costigan PA, Olney SJ. Determinants of self-report outcome measures in
people with knee osteoarthritis. Arch Phys Med Rehabil. 2006;87 (1):96-104.

270.  Walitt BT, Constantinescu F, Katz JD, Weinstein A, Wang H, Hernandez RK, et al.
Validation of self-report of rheumatoid arthritis and systemic lupus erythematosus: The Women's
Health Initiative. J Rheumatol. 2008;35 (5):811-818.

271.  Hughes SL, Edelman P, Naughton B, Singer RH, Schuette P, Liang G, et al. Estimates
and determinants of valid self-reports of musculoskeletal disease in the elderly. J Aging Health.
1993;5 (2):244-263.

272. von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Ann Intern Med. 2007;147 (8):573-577.

273.  Peek MK. Structural equation modeling and rehabilitation research. Am J Phys Med
Rehabil. 2000;79 (3):301-3009.

274.  Kemp CA, Ersek M, Turner JA. A descriptive study of older adults with persistent pain:
use and perceived effectiveness of pain management strategies [ISRCTN11899548]. BMC
Geriatr. 2005;5:12.

275.  Melzer I, Benjuya N, Kaplanski J, Alexander N. Association between ankle muscle
strength and limit of stability in older adults. Age Ageing. 2008.

179



276.  Schlicht J, Camaione DN, Owen SV. Effect of intense strength training on standing
balance, walking speed, and sit-to-stand performance in older adults. J Gerontol A Biol Sci Med
Sci. 2001;56 (5):M281-286.

277.  Nelissen RG. The impact of total joint replacement in rheumatoid arthritis. Best Pract Res
Clin Rheumatol. 2003;17 (5):831-846.

278.  Hamel MB, Toth M, Legedza A, Rosen MP. Joint replacement surgery in elderly patients
with severe osteoarthritis of the hip or knee: decision making, postoperative recovery, and clinical
outcomes. Arch Intern Med. 2008;168 (13):1430-1440.

279.  Lamb SE, McCabe C, Becker C, Fried LP, Guralnik JM. The optimal sequence and
selection of screening test items to predict fall risk in older disabled women: the Women's Health
and Aging Study. J Gerontol A Biol Sci Med Sci. 2008;63 (10):1082-1088.

280.  Liwowsky I, Kramer D, Mergl R, Bramesfeld A, Allgaier AK, Poppel E, et al. Screening
for depression in the older long-term unemployed. Soc Psychiatry Psychiatr Epidemiol. 2008.

281.  Stimpson JP, Peek MK, Markides KS. Depression and mental health among older
Mexican American spouses. Aging Ment Health. 2006;10 (4):386-393.

282.  Bartels SJ, Levine KJ, Shea D. Community-based long-term care for older persons with
severe and persistent mental illness in an era of managed care. Psychiatr Serv. 1999;50 (9):1189-
1197.

283.  Tucker S, Hughes J, Sutcliffe C, Challis D. Care management for older people with
mental health problems: from evidence to practice. Aust Health Rev. 2008;32 (2):210-222.

284.  Eyler AA, Brownson RC, Donatelle RJ, King AC, Brown D, Sallis JF. Physical activity
social support and middle- and older-aged minority women: results from a US survey. Soc Sci
Med. 1999;49 (6):781-789.

285.  Angel JL, Angel RJ, Aranda MP, Miles TP. Can the family still cope? Social support and
health as determinants of nursing home use in the older Mexican-origin population. J Aging
Health. 2004;16 (3):338-354.

286. McAuley E, Konopack JF, Motl RW, Morris KS, Doerksen SE, Rosengren KR. Physical
activity and quality of life in older adults: influence of health status and self-efficacy. Ann Behav
Med. 2006;31 (1):99-103.

287.  King WC, Belle SH, Brach JS, Simkin-Silverman LR, Soska T, Kriska AM. Objective
measures of neighborhood environment and physical activity in older women. Am J Prev Med.
2005;28 (5):461-469.

180



288.  Lorig KR, Ritter PL, Laurent DD, Plant K. The internet-based arthritis self-management
program: a one-year randomized trial for patients with arthritis or fibromyalgia. Arthritis Rheum.
2008;59 (7):1009-1017.

289.  Brady TJ, Kruger J, Helmick CG, Callahan LF, Boutaugh ML. Intervention programs for
arthritis and other rheumatic diseases. Health Educ Behav. 2003;30 (1):44-63.

290.  Victora CG, Habicht JP, Bryce J. Evidence-based public health: moving beyond
randomized trials. Am J Public Health. 2004;94 (3):400-405.

181



Vita

Saad Mubarak Bindawas was born on May 30, 1978 in Khamis Mushait, Asser region,
Saudi Arabia (SA). He was among the top 3% of high-school graduate students in Asser region of
SA, in 1996. From 1997-2002, he attended the King Saud University, Riyadh, SA. He graduated
with a Bachelor of Science degree in physical therapy. He spent his internship year at King
Khalid University Hospital and at King Fahd National Guard Hospital, both in Riyadh, SA. He
then earned his master degree in physiotherapy and occupational health in 2004 from the
University of Sydney in Australia, where he helped PEDro (Physiotherapy Evidence Database) to
be translated into Arabic language.

Afterward in 2004, he established a Physical Therapies Assistant (PTA) program at the
Saudi German Hospital in Jeddah, SA - the largest private hospital group in the Middle East. He
also, directed the continuing education committee within the Saudi Physical Therapy Association
(SPTA) - Western Chapter.

In 2006, he was accepted to the doctoral program in Preventive Medicine and
Community Health (PMCH) at UTMB. In May 2009, he graduated with a Ph.D. in Rehabilitation
Sciences. At UTMB, he served as a vice president for the PMCH graduated student organization
(2007-2008).

His professional experiences include Geriatrics, Occupational Health, and Orthopedic
Rehabilitation. As a member of the AAAS, APTA, ACRM, and AGS he continually expands his
training and knowledge in epidemiology, aging and rehabilitation outcome research.

He received some awards and honors, which include master and doctorate scholarships
from the Saudi Ministry of Higher Education; Saudi Cultural Mission academic awards (4 times),
Peyton and Lydia Schapper Endowed Scholarship (2008), Best Student Poster at the Forum on
Aging (2008), the International Society for Neurochemistry assistantship (2008), and SAS student
scholarships (SCSUG) (2008).

Permanent Address: 515 1st Street. Apt. 304, Galveston, Texas 77550.

182



List of Publication

Bindawas S, Al Snih S, Grady J, Protas E, Ottenbacher K. Arthritis Impact on the Health-Related
Quality of Life among Older Mexican Americans. (Submitted to the Journal of Rheumatology)

Bindawas S, Al Snih S, Kuo F, Protas E, Markides K. Grip Strength and Gait Speed as Predictors
of 12-Year Mortality in Older Men and Women. (Ready for submission to the Journal of the
American Geriatrics Society)

Abstracts:

Bindawas S, Protas E. The role of fear-avoidance beliefs in predicating chronicity
and disability in patients with acute low back pain: systemic review. Texas Physical
Therapy Association 2008 Annual Conference. Oct 2007, pp 29-30; Galveston, TX,
USA.

Bindawas S, Protas E. Can fear-avoidance beliefs predict chronicity and disability
in patients with acute or sub-acute low back pain? The 49" Annual Meeting of the
National Student Research Forum. Apr 2008, pp 109; Galveston, TX, USA.

Bindawas S, Al Snih S, Kuo F, Protas E, Markides K. Grip Strength and Gait Speed as
predictors of 12-year Mortality in Older Men and Women. The 12th Annual Forum on aging
poster symposium (2008). Nov 2008; Galveston, TX, USA. (Abstract Number: 15).

Bindawas S, Al Snih S, Grady JJ, Ottenbacher K, Protas E. The Influence of Arthritis on
the Health-Related Quality of Life among Older Mexican Americans. The 12th Annual Forum on
aging poster symposium (2008). Nov 2008; Galveston, TX, USA. (Abstract Number: 16).

Bindawas S, Al Snih S, Ottenbacher K, Protas E. The Influence of Arthritis on the
Health-Related Quality of Life among Older Mexican Americans. The 2009 American Physical
Therapy Association CSM. Feb 2009; Las Vegas, NV. (Control I1D: 513168 ; Poster Number:
2068).

Bindawas S, Al Snih S, Kuo F, Protas E, Markides K. Grip Strength and Gait
Speed as predictors of 12-year Mortality in Older Men and Women. The 2009 Annual
Scientific Meeting of the American Geriatrics Society. May 2009; Chicago, IL. (Abstract
Number: 587517; Poster Number: D132).

Bindawas S, Kuo Y.F, Al Snih S, Protas E.J, Ottenbacher O.J. Impact Of Lower
Extremity Performance On Health-Related Quality Of Life In Older Mexican Americans.
(Abstract submitted to the 50" Annual Meeting of the National Student Research Forum.
Apr 2009; Galveston, TX, USA.)

NON PEER REVIEWED PUBLICATIONS

Bindawas S. Importance of implementing the evidence-based approach for the Saudi
physical therapy practice. Saudi Physical Therapy Magazine (Elaj). May 2007, (2)18-19.

183



Binadawas S. Fear-avoidance-based physical therapy for acute lower back pain: best
evidence topics. BestBETs. Mar 2008.

Binadawas S. Fear-avoidance-based physical therapy for acute lower back pain: critical
appraisal. BestBETs. Apr 2008.

184



