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RESUME

L’incapacité a prendre soin de soi est la difficulté ou la dépendance a I'égard d’autrui pour accomplir des activités de la vie
quotidienne telles que se nourrir et se vétir. L’invalidité aggrave l'incapacité a prendre soin de soi au fil du temps. Le
Modeéle du processus d’invalidité (MPD) est souvent utilisé pour conceptualiser la recherche en gérontologie traitant de
I'invalidité et de I'incapacité a prendre soin de soi, mais il n’existe aucune synthese des variables qui correspondent aux
concepts dela MPD a I’échelle individuelle. Cette recension des écrits résume les résultats de 88 études visant a déterminer
la nature et le role des variables associées a I'incapacité et a 'invalidité chez les personnes agées en fonction des construits
duMPD, al’échelle individuelle (p. ex. caractéristiques démographiques, pathologies chroniques). Elle examine également
les données probantes concernant les applications transversales du MPD et identifie les limites communes associées aux
écrits existants, en vue de guider les recherches futures. Ces résultats pourront étre utilisés par les chercheurs pour orienter
les prochaines études qui reposent sur la théorie en matiere d’incapacités et d’invalidités et sur les données liées a la santé
qui sont recueillies en routine aupres de personnes agées.

ABSTRACT

Self-care disability is difficulty with or dependence on others to perform activities of daily living, such as eating and dressing.
Disablement is worsening self-care disability measured over time. The disablement process model (DPM) is often used to
conceptualize gerontology research on self-care disability and disablement; however, no summary of variables that align with
person-level DPM constructs exists. This review summarizes the results of 88 studies to identify the nature and role of variables
associated with disability and disablement in older adults according to the person-level constructs (e.g., demographic
characteristics, chronic pathologies) in the DPM. It also examines the evidence for cross-sectional applications of the DPM
and identifies common limitations in extant literature to address in future research. Researchers can apply these results to guide
theory-driven disability and disablement research using routinely collected health data from older adults.
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Introduction

Self-care disability is difficulty with or dependence on
others to perform activities of daily living (ADLSs), such
as bathing, eating, and dressing (Gill, 2010). Disablement
is increasing self-care disability measured over time
(Verbrugge & Jette, 1994). As the global population of
older adults with multiple chronic conditions grows,
the population prevalence of self-care disability (hence-
forth “disability”) in this population is also expected to
increase (Atun, 2015). Older adults with disability
experience more hospitalizations (Kruse, Petroski,
Mehr, Banaszak-Holl, & Intrator, 2013), have higher
health care costs (Lindholm, Gustavsson, Jonsson, &
Wimo, 2013; Perrin et al., 2011), and report lower qual-
ity of life (Andersen, Wittrup-Jensen, Lolk, Andersen, &
Kragh-Sorensen, 2004; Covinsky et al., 1999; Lam &
Wodchis, 2010). Delaying the onset of disability and
the progression of disablement could thus improve
older adults’ quality of life while reducing health sys-
tem costs. A conceptual framework of the factors asso-
ciated with disablement can help achieve these patient
and system outcomes by guiding interventions as well
as research questions and analytic choices in empirical
research and evidence syntheses (Johnston & Dixon,
2014). Verbrugge and Jette’s disablement process model
(DPM) (1994) is an example of one such conceptual
framework that has received more than 1,500 citations
since its publication in 1994.

A key strength of the DPM for disablement research on
older adults is that it distinguishes between character-
istics intrinsic to older adults (i.e., “intra-individual
factors”) such as age, sex, pathologies, and impair-
ments, and extrinsic (“extra-individual”) factors such
as medications, assistive devices, rehabilitation pro-
grams, and built environment (Figure 1). According to
the DPM, these intrinsic and extrinsic factors interact to
determine the rate at which older adults experience
disablement. This notion of disablement as a person-
environment interaction is shared with other commonly
used conceptual frameworks of disability, including the
International Classification of Functioning Disability
and Health (World Health Organization, 2001), and
the Social Model of Disability (Oliver, 1990, p. 22).
Assuming that disablement is the product of inter-
actions between intrinsic and extrinsic factors,
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identification of significant extrinsic factors associated
with disablement depends on appropriate specification
of relevant intrinsic factors, and vice versa.

With the growing use of routinely collected health data in
gerontology research, the availability of person-level
data to represent intrinsic DPM constructs has outpaced
the synthesis of evidence on specific variables’ roles in
the disablement process. Routinely collected health data
include disease registries, primary care databases, health
administrative data, standardized clinical assessments in
home care and nursing homes, and public health report-
ing data that are collected for non-research purposes
without specific a priori research questions developed
in advance (Benchimol et al., 2015). Researchers seeking
to understand the intrinsic and extrinsic drivers of dis-
ablement in older adults using routinely collected health
data are left to arbitrarily select variables from these data
to measure constructs in the DPM or related frameworks.
This leads to inconsistent conclusions about the effect
size and direction of exposures associated with disability
and disablement in older adults. Also, the DPM was
originally developed to conceptualize “the trajectory of
functional consequences over time and the factors that
affect their direction, pace and patterns of change”
(Verbrugge & Jette, 1994, p. 3), but it is used extensively
in cross-sectional studies of disability. A synthesis of
empirical evidence for this extended conceptualization
of the DPM has yet to be undertaken.

Overview of Key Disablement Process Model Concepts
and Definitions

We describe the main constructs in the DPM here, and
identify which constructs were included in our critical
review. Published in 1994, the DPM builds on concepts
proposed by Nagi (1965), the social model of disability
(Oliver, 1990), and the International Classification of
Impairments, Disabilities and Handicaps (World
Health Organization, 1980). It identifies a pathway
through which pathologies lead to impairments, then
limitations in functional capacity and ultimately dis-
ability in the context of people’s social and physical
world (Verbrugge & Jette, 1994). For the purpose of this
study, we defined constructs in the DPM for pathology
(including sub-clinical, acute and chronic), impairment,
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Figure 1: Relationship of DPM intra- and extra-individual factors to definitions of intrinsic and extrinsic factors and their measurement

functional limitation, and “intra-individual factors”
(i-e., socio-demographic characteristics measured at the
person level) in keeping with the original DPM paper
(Table 1) (Verbrugge & Jette, 1994). All of these constructs
are intrinsic factors, in that they are characteristics of
individuals occurring and measured at the person level
and not externally provided interventions from health
care providers. Because the “risk factors” construct in the
original DPM contained only intra-individual factors,
these constructs were combined in Table 1, with the
understanding that they may affect the disablement pro-
cess at any stage, including its initiation. The DPM also
contains an “extra-individual factors” construct, which
includes extrinsic variables that can be measured at the
person level (e.g., receipt of rehabilitative care or medica-
tions) and extrinsic variables that can measured at the
institution or area level (e.g., features of the built envir-
onment, access to medical care) (Figure 1).

In contrast with intrinsic factors, the extrinsic factors
measured at the person level are external interventions
that are happen to individuals, rather than processes or
characteristics occurring within them. Such interventions
can be randomised in clinical trials and their effects
summarised in systematic reviews, thus they will not be
explored in this article. Extrinsic factors occurring at the
institutional and area level warrant critical review and

https://doi.org/10.1017/50714980819000758 Published online by Cambridge University Press

have been summarised elsewhere (Agotnes, Jacobsen,
Harrington, & Petersen, 2016; Clarke & Nieuwenhuijsen,
2009; Liebel, Friedman, Watson, & Powers, 2009; Philibert,
Pampalon, & Daniel, 2015; Pickett & Pearl, 2001; Wahl,
Fange, Oswald, Gitlin, & Iwarsson, 2009). To address the
salient research gap on intrinsic factors in the DPM and
maintain a feasible scope, this critical review focuses only
on intrinsic DPM constructs for which variables are often
available in routinely collected health data.

According to the DPM, disability encompasses depend-
ence on others for self-care, as well as for instrumental
ADLs (e.g., household chores, grocery shopping), mobil-
ity, and social and occupational roles (Verbrugge & Jette,
1994). Our study focuses exclusively on self-care disabil-
ity and disablement as outcomes due to their prevalence
and impacts, and because they are the most frequently
assessed forms of disability in older adults (Yang, Ding, &
Dong, 2014). In a preliminary review of the literature, we
determined that the intrinsic factors associated with
other types of disability (e.g., dependence in instrumen-
tal ADLs) were not interchangeably associated with self-
care disability (Jackson et al., 2015). To summarise the
empirical evidence linking specific constructs with a
specific outcome, our definition of disability was there-
fore limited to self-care disability, in contrast with the
broad definition used in the DPM.
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Table 1: Definition, measurement, and analysis of variables measured in individuals (DPM: disablement process model)

Reported Associ-

Reported Associ-

Total # ation with Reported Association ation with both Variable
DPM Construct and Examples of Representative Variables of Disability with Disablement Disability & Classification Populations
(Number of studies in which variable included) Studies (Cross-sectional) (Over 2+ time points) Disablement in Studies of Studies
Pathology: biochemical and physiological abnormalities that are detected and medically labeled as disease or injury
Sub-Clinical Pathologies: detectable biochemical and physiological abnormalities not associated with impairment
3: exposure 3: community

Low serum albumin (2), Anemia (1), High pro-inflammatory molecules (e.g., 5 9 5
IL-6) (1), Low glomerular filiration rate (1)

1: adjustment
1: unspecified

1: nursing home
1: hospital or mix

Acute Pathologies: short-term diseases and injuries, usually lasting three months or less

Fall (8), Fractures (hip and other) (5), Incident acute health episode or
chronic pathology exacerbation (4), Delirium (4), Infection (e.g., urinary 19 3 16
tract, respiratory tract (3)

11: exposure
3: adjustment
5: unspecified

12: community 5:
nursing home
2: hospital or mix

Chronic Pathologies: illnesses lasting six months or more, including past illnesses requiring continuous care, diseases with risk of recurrence or previous health problems that continue to affect health

management

Number chronic conditions (25), Depression (25), Stroke (24), Diabetes (22),
Cancer (general or specific types) (15), Cardiovascular disease (15),
Avrthritis or joint impairment (13), Parkinson’s disease (10), Hypertension
(9), Lung disease (9), Dementia (8), Congestive heart failure (7), Chronic
obstructive pulmonary disease (7), Psychiatric conditions (6), Asthma (5), 65 2 40
Coronary artery disease (5), Osteoporosis (5), Myocardial infarction (4),
Kidney disease (3), Peripheral vascular disease (3), Anxiety (3), Angina
(2), Musculoskeletal disease (2), Neuropathy (2), Alzheimer's disease (1),
Bone disease (1), Cough (1), Endocrinopathy (1), Limb paralysis/
amputation (1), Seizure disorders (1), Skin disorders (1)

27: exposure

16: adjustment
22: unspecified

40: community

15: nursing home

10: hospital or
mix

Impairments: dysfunction and significant structural abnormalities in specific body systems that have consequences for physical, mental, or social function. In older adults, manifest as geriatric syndromes: a

collection of signs and symptoms common in older adults but not necessarily fitting into discrete disease categories.

Cognitive impairment (27), Visual impairment (14), Body mass index (high
or low) (13), Hearing impairment (13), Bladder incontinence (9), Pain
(general or site specific) (7), Number of geriatric syndromes (6), Weight
loss or malnutrition (6), Frailty (5), Balance impairment (3), Bowel 52 15 31
incontinence (3), Gastrointestinal impairment of unspecified type (3),
Pressure ulcer(s) (3), Decreased alertness (1), Dizziness (1), Fainting/
blackouts (1), Shortness of breath (1)

24: exposure
8: adjustment

20: unspecified

33: community
13: nursing home
6: hospital or mix

Continued

$59001 jusws|qosiq ay; Buizipuoyoiedp

(p) 6€ tuswsass||io1A Np BUUSIPDUDD 8NASY 0]

€09


https://doi.org/10.1017/S0714980819000758

ssa.d Alssanun abprique) Ag auljuo paysiiand 8520006180861 L£0S/£1L0L0L/B10 10p//:sd1y

Table 1: Continued

Reported Associ-

Reported Associ-

Total # ation with Reported Association ation with both Variable
DPM Construct and Examples of Representative Variables of Disability with Disablement Classification Populations
(Number of studies in which variable included) Studies (Cross-sectional) (Over 2+ time points) in Studies of Studies
Functional Limitation: restrictions in performing physical and mental actions used in daily life by one's age-sex group
Lower combined physical functioning score (timed walk, chair stand, 1: exposure

6: community

tandem stand) (4), Slowed gait speed (2), Difficulty lifting 10 pounds (1), 7 1 6 2: adjustment 1 nursing hom
Difficultly walking several blocks (1) 4: unspecified # nursing home
Intra-Individual Factors: factors that operate within a person and affect the disablement process (includes risk factors)
Demographic Characteristics 9: exposure 29: community
Age (46), Sex (36), Years of education (23), Ethnicity (21), Marital status (7) 50 8 37 21: adjustment 14: nursing home
20: unspecified  7: hospital or mix
Lifestyle and Behavioural Factors 3. exposure 9. communi
Current or former smoker (8), Low physical activity (6), Alcohol consump- e T ty
. . . .. . 12 2 9 4: adjustment 1: nursing home
tion (5), Period of restricted activity (bedrest) (2), Low level of recreation .rn . .
. L 5: unspecified 2: hospital or mix
and social activities (2)
Psychosocial Attributes
Income (8), Lack of optimism or low mood (2), Low self-rated health (2), Low 5: exposure 12: communi
apathy (1), “Do not resuscitate” order on file (1), Fear of falling (1), Home 17 3 10 5: adjustment 5, n rsina h Z]
ownership (1), Low subjective social status (1), Religiosity (1), Self-efficacy 7: unspecified F nursing home
about functional improvement (1)
Nursing Home Resident Characteristics
Longer period of time since entry into nursing home (5), Lived with others 8 0 7 4: adjustment 8: nursing home

prior to nursing home admission (2), Higher case-mix score at admission
(1), Resident pays privately for nursing home services (1)

4: unspecified
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As indicated in Table 1, the chronic pathologies construct
consisted of “illnesses lasting six months or more, includ-
ing past illnesses requiring continuous care, diseases
with risk of recurrence or previous health problems that
continue to affect health management” (Abad-Diez etal.,
2014, p. 2). Because older adults were our focus, the
impairments construct consisted of “geriatric syn-
dromes”, defined as “a collection of signs and symptoms
common in older adults but not necessarily fitting into
discrete disease categories” (Chen, Yen, Dai, Wang, &
Huang, 2011, p. 1). We also distinguish between “dis-
ability” —a measure of self-care disability at one point in
time — and “disablement” which indicates intensifying
self-care disability measured over at least two points in
time. The “disablement process” refers to the process
through which pathologies, impairments, functional
limitations, and intra- or extra-individual factors lead
to disability or disablement (Verbrugge & Jette, 1994).

What This Study Adds

We aimed to strengthen the application of the DPM to
studies of disability and disablement in older adults that
use routinely collected health data. To achieve this goal,
we undertook a critical review (Grant & Booth, 2009) of
intrinsic DPM variables associated with disability and
disablement in older adults, focusing on those variables
commonly available in routinely collected health data.
Our specific aims were as follows:

1) Summarize variables associated with disability and dis-
ablement in older adults, organized according to the
intrinsic constructs in the DPM;

2) Report on the identified role of these variables
(i.e., exposure vs. adjustment) in included studies, the
settings in which variables were studied (i.e., nursing
home vs. community), and whether variables act as effect
modifiers in the DPM,;

3) Examine the evidence for application of the DPM to
cross-sectional studies; and

4) Identify common methodological limitations of geron-
tology research on disability and disablement and offer
pragmatic guidance for future research.

Gerontology researchers studying disability and dis-
ablement in older adults can use outputs from aims
1 and 2 to guide choices about which intrinsic variables
from routinely collected health data to include in their
DPM-guided studies. Outputs from aims 3 and 4 can be
used by gerontologists to enhance the rigour of their
theory-driven research on disability and disablement.

Methods
Type of Literature Review
We identified a critical review as the most appropriate

review type to achieve our study aims. Grant and Booth
(2009, p. 94) described a critical review as designed to
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“demonstrate [that the] writer has extensively
researched literature and critically evaluated its qual-
ity”. Tricco et al. (2016, Appendix C, p. 15) similarly
described a critical interpretive synthesis as a “Synthesis
method using an iterative approach to refine the
research question, search and select articles from the
literature, and define and apply codes and categories”.
These features align with our study aims 1-3, which aim
to identify how and in what settings different variables
were used to measure DPM constructs, and to deter-
mine whether the DPM could be applied to cross-
sectional studies. Grant and Booth further described
the appraisal methods in a critical review as having
“no formal quality assessment” and suggested that
studies be “evaluated according to [their] contribution”
(2009, p. 94). Tricco et al. (2016, p. 39) also noted that this
type of review should exclude “fatally flawed” studies,
but there are no specific thresholds defining this criter-
ion. In our critical review, the inclusion of methodo-
logically flawed studies was key to achieving study aim
4: identifying common limitations of extant research
and offering guidance for future research.

Study Search and Appraisal

The aim of the search phase of a critical literature review
is to identify the most significant items in a given field
(Grant & Booth, 2009; Tricco et al., 2016). To achieve this
goal, we searched Medline and Google Scholar using
combinations of medical subject headings (MeSH)
terms (activities of daily living, risk factors, long-term
care, independent living, and homes for the aged), as
well as several keywords and commonly used syn-
onyms for disability (disability, functional limitation,
disablement, functional capacity, activities of daily liv-
ing, ADL), determinants (determin?*, risk, predict*, asso-
ciat*), and populations (community, nursing home). We
searched reference lists of original studies and used
Scopus to identify studies that had cited key manu-
scripts, such as Verbrugge and Jette’s disablement pro-
cess paper. Searches were not limited to specific
Medline-defined age group categories, but only those
studies focused on adults aged 50 and older were
eligible; doing so erred on the side of inclusivity while
excluding populations (children, young adults) in
whom the disablement process is less common and
quite distinct from that in older adults. Studies pub-
lished or in press on any date up to June 30, 2015, were
included, as were those that combined eligible and
ineligible measures of disability (i.e., outcome scales of
combined ADL and IADL dependence).

We excluded studies if they met any of the following
criteria: (a) not an original quantitative study of intrinsic
variables independently associated (Brotman, Walker,
Lauer, & O'Brien, 2005) with either disability or
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disablement; (b) did not have a comparator group;
(c) did not define the activities assessed in measures of
disability or disablement, or cited inaccessible articles
for descriptions of activities; or (d) published in a lan-
guage other than English.

The appraisal stage of a critical review is intended to
evaluate papers according to their contribution to under-
standing of a construct (Grant & Booth, 2009). Only
“fatally flawed” studies are to be excluded at the
appraisal stage so that during the analysis stage limita-
tions of extant research can be identified and critically
assessed (Tricco et al, 2016). A theoretical sampling
approach is optimal to achieve these goals when con-
ducted by experts in the field (Mays, Pope, & Popay, 2005;
Tricco et al., 2016). We thus determined which studies
were included in the full review based on the insight they
provided into variables representing DPM constructs;
beyond the above-mentioned exclusion criteria, no stud-
ies were excluded due to quality issues. Our goal was to
identify how and in what settings different variables
researchers used to measure intrinsic DPM constructs,
rather than draw conclusions about the presence or
absence of specific variable relationships. Therefore, we
conducted searches and appraisals iteratively and
stopped when they began to yield studies that suggested
no new variables to measure intrinsic DPM constructs.

Synthesis and Analysis of Study Findings

Our synthesis goals were to provide examples of meas-
ures of each intrinsic DPM construct, report on the
presumed roles of these measures in included studies,
examine whether measures were associated with both
disability and disablement, and identify common meth-
odologic limitations of included studies. We summar-
ized the following information for each included study
(where applicable) in Supplementary Table 1 (available
online): lead author name, country, year of publication,
sample size, sample’s location of dwelling (community,
nursing home, mix of both), measures of disability
(or disablement measured over 2 vs. 2+ time points),
and which variables were independent predictors of
disability or disablement in the study. Variables in each
study were further labelled to indicate whether they
were (a) exposure variables identified a priori by study
authors, (b) adjustment variables, or (c) part of a pre-
dictive model or of an unspecified role. Variables in the
first category were those that study authors identified as
exposures of interest in either their Introduction or
Methods section, whereas adjustment variables were
those that were described as being added to models to
control for confounding between exposures and out-
comes of interest. Variables that were added to models
without a specific rational provided were identified as
being in the final category.
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In keeping with our aim of strengthening the applica-
tion of the DPM to gerontology studies using routinely
collected health data, a final synthesis step incorporated
the combination of variables and the DPM constructs
they measured into Table 1. This table lists variables in
order of the frequency in which they appeared in our
review and contains only variables that at least one
included study found was associated with disability
or disablement. To facilitate extension of the DPM to
cross-sectional studies, in the table we also highlight the
proportion of studies that measure each DPM construct
in association with disability (measured at one time
point) or disablement (measured longitudinally), as
well as the proportion of studies examining each DPM
construct as an exposure, adjustment, or unspecified
variable. To examine the distribution of included evi-
dence across settings, we also recorded the proportion
of evidence for each construct from studies done in
community or nursing home settings. We defined a
nursing home as a non-acute care residence in which
most residents require daily nursing care (Comondore
et al., 2009). We included “skilled nursing facilities” in
this category, but we classified rehabilitation hospitals —
in which patients were admitted briefly due to their
temporary need for daily rehabilitation services — as
hospitals. Studies that included individuals from a
combination of community, nursing home, or hospital
populations were classified as “mix”.

Results
Characteristics of Critically Reviewed Studies

Of 88 critically reviewed studies, 56 were studies of
community-dwelling older adults; 20, of residents of
nursing homes; and 12, of a mix of older adults from the
community or nursing homes, some of whom were
hospitalized. The majority of studies (68 of 88) exam-
ined variable relationships with disablement over two
or more points of time, whereas 20 studies reported
independent associations with disability measured at
one point in time. Only seven studies reported variable
associations with both disability and disablement. Of
the 68 studies that included longitudinal assessments of
disablement, 46 considered only two measures (i.e., pre-
and post-) of disability, and 22 measured disablement
over at least three time points.

Supplementary Table 1 (available online) contains
detailed information extracted from each of the 88 stud-
ies, including those variables not associated with dis-
ability or disablement in adjusted analyses. Details from
our critical review on the association of DPM variables
with disability and disablement can be found in the
online Supplementary Tables 2 through 5. Our findings
suggest that variables associated with disablement
(measured longitudinally) also tend to be associated
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with disability (measured at one time point); however,
contradictory findings for the independent association
of variables with disability and disablement were
extremely common: For example, Supplementary
Table 2 shows that although 10 studies found cardio-
vascular disease to be positively associated with dis-
ability and disablement, five studies found no such
association. These inconsistent findings are difficult to
interpret due to variation in intrinsic and extrinsic
factors adjusted for in each study.

Measurement and Analysis of Intrinsic DPM Constructs

Table 1 presents a summary of variables we used to
measure intrinsic DPM constructs in older adults and
independently associated with either disability or dis-
ablement. Variables are classified by the DPM constructs
that they represent. Of 65 studies that examined the
effects of chronic pathologies, such as depression or
arthritis, 41 per cent were focused on chronic pathologies
as an exposure variable. Of the 52 studies that examined
the independent effects of impairments — which encom-
pass most geriatric syndromes — 28 included these vari-
ables in analyses as adjustment variables or variables
with unspecified roles. Forty of 65 included studies of
chronic conditions or geriatric syndrome effects on dis-
ability were done in community-dwelling older adults.

The most frequently measured intra-individual vari-
ables in included studies were demographic character-
istics such as age and sex; however, these variables were
considered to be exposure variables in only six of
48 studies that included them. Across the 36 studies
that measured sex, male and female sex were both
found to be associated with disability and disablement,
depending on the patient population and other vari-
ables included in models (see Supplementary Table 5).
Older age had a similarly inconsistent positive and
negative association with disability across studies, but
younger age was consistently associated with increased
rate of disablement over time (see Supplementary
Table 6). Eight reviewed studies examined intrinsic
characteristics associated with disablement specific to
nursing home residents, the most frequent of which
(present in 5 out of 8 studies) was time since entry into
a nursing home. Other variables specific to nursing
home residents were (a) whether they had lived with
others prior to admission, (b) their case mix score at
admission, and (c) whether they paid privately for
nursing home services.

We also identified intrinsic variables that may act as
effect modifiers, meaning that they have significant
statistical interactions with other exposures in predict-
ing disability outcomes (Kraemer, Kiernan, Essex, &
Kupfer, 2008). Older adults with arthritis and stroke
have significantly higher odds of having disability than
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would be expected given the additive effects of arthritis
and stroke on disability (Fried, Bandeen-Roche, Kas-
per, & Guralnik, 1999), whereas those with diabetes
have greater risk of disablement over time if they have
co-existing cognitive impairment (Fultz, Ofstedal, Her-
zog, & Wallace, 2003). The effect of pathologies and
impairments on disability outcomes was also found to
be modified by sex (Carriére et al., 2011) and advanced
age (Piernik-Yoder & Ketchum, 2013).

Finally, although our focus was on self-care disability as
an outcome, incidental findings from included studies
suggested that other forms of baseline disability are also
independently associated with subsequent disablement
in ADLs. In multivariable models adjusted for age, gen-
der, admission diagnosis, co-morbid diagnoses, number
of chronic conditions, renal function, and baseline ADL
dependence, Barnes et al. (2013) showed that odds of
ADL dependence in the year following a hospitalization
were 2.60 (95% CI: 1.43—4.76) times greater in older adults
with three or more IADL impairments at baseline than
those without. Similarly, Clark, Stump, Tu, and Miller
(2012) found that needing help with personal finances
(an TADL) at baseline was associated with 3.69 (95% CI:
2.56-5.31) times greater risk of new onset ADL disability
in older adults, adjusting for multiple confounders.

Reviewed studies also showed that a baseline level of
self-care disability is independently associated with a
subsequent rate of disablement; however, the direction
of this association was inconsistent. Kruse et al. (2013)
and Wolinsky et al. (2011) examined confounder-
adjusted trajectories of disablement in nursing home
and community-dwelling older adults, respectively,
and found that individuals with the least baseline ADL
disability had the greatest rate of decline during follow-
up. Conversely, Abizanda et al. (2014) found that the
adjusted odds of incident or worsening disability was
1.70 (95% CI: 1.07-2.75) times greater in older adults with
baseline ADL disability present versus absent.

Common Methodological Limitations of Existing Studies

Within the 88 studies we reviewed, several methodo-
logical limitations recurred; we identify them here and
suggest strategies to address them in the proceeding
Discussion section. Only 22 of 55 reviewed studies of
disablement included more than two time points at
which disability was measured. This may have intro-
duced bias as a result of large fluctuations in disability
levels between two time points misrepresenting the
extent of disablement that would be apparent with
multiple follow-up points (Wolinsky et al., 2011).

One of the stated goals of the original DPM was to
simplify and standardize the “bedlam vocabulary”
use in disability research (Verbrugge & Jette, 1994).
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Our review and others (Gill, 2010; Jette, 2006) found that
this goal has not been achieved. Authors commonly
substitute the term “functional decline” for disablement
(Marengoni, Von Strauss, Rizzuto, Winblad, & Frati-
glioni, 2009; McLaren, Lamantia, & Callahan, 2013),
even when citing the DPM as their guiding framework.
Other authors have incorporated new constructs into
the DPM, but identified operationalising specific vari-
ables to measure those constructs as out of scope
(Meade, Mahmoudi, & Lee, 2015).

Even among those researchers whose conceptualisation
of disability and disablement aligned with the DPM, the
tools used to measure these outcomes varied signifi-
cantly across studies. Of the 88 studies reviewed, 42 clas-
sified disability based on a count of ADLs older adults
had difficulty or needed assistance with, many of which
were dichotomised to “disability present” versus “not”
based on the presence of dependence in or difficulty with
any ADLs (Supplementary Table 6). These count-based
classifications varied in their composition, scoring, and
overlap with validated disability assessment tools (Yang
et al., 2014). Of 56 reviewed studies of community-
dwelling older adults, 34 collected primary data on
disability using counts of dependent ADLs, whereas
13 of 20 included studies in nursing homes used rou-
tinely collected health data to determine residents’ dis-
ability (Supplementary Table 6); such differences in
outcome measurement across settings renders cross-
setting comparisons of disablement processes difficult.

Discussion

As the prevalence of disability increases in older adults
(Atun, 2015), a growing body of researchers are pairing
the DPM and related conceptual frameworks with rou-
tinely collected health data to learn how to prevent or
slow its progression. The DPM is also frequently applied
to cross-sectional disability studies beyond the scope of
the original model. To facilitate the application of the
DPM in theory-driven knowledge generation, we under-
took a critical review (Grant & Booth, 2009) of 88 studies,
summarised research on disability and disablement in the
context of intrinsic DPM constructs (Table 1), and identi-
fied methodological limitations and pragmatic guidance
for future research. We also examined evidence for the
relationship between DPM constructs and disability
measured at one time point to facilitate an evidence-
based extension of the DPM to cross-sectional studies.
We used this research summary to inform recommenda-
tions on measurement and modelling of DPM constructs.

Definition and Measurement of DPM Variables in
Research

The relationships between constructs in the DPM are
much more complex than they are often treated in
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empirical research. Intra-individual variables such as
age and sex that are typically adjusted for as confounders
may also act as effect modifiers of the relationships
between DPM constructs (Carriére et al., 2011; Piernik-
Yoder & Ketchum, 2013). We also identified pathologies
and impairments that have synergistic effects with other
pathologies in their association with disability (Fried
et al., 1999; Fultz et al., 2003). These conceptual relation-
ships have important implications for research design; if
the level of an effect modifier is imbalanced among older
adults in a study sample, it may skew results. We have
identified a few effect modifiers in this study, but our list
is not exhaustive. Gerontologists should have a low
index of suspicion that putative confounders may be
effect modifiers in the DPM and identify these a priori.
At the analysis stage, results should be examined and
reported by level of intrinsic effect modifiers to produce
results specific to populations who experience disable-
ment differently (Carriére et al., 2009).

In their original DPM manuscript, Verbrugge and Jette
attested that “Presumptions that some [disability]
domains matter more than others should be abandoned”
(1994, p. 5), and we agree. However, on the basis of our
critical review, we also advise that different disability
domains (e.g., self-care, IADLs, occupational, etc.) be
considered as separate outcomes in research, given the
incomplete overlap between variables associated with
each of them (Jackson et al., 2015). A related issue is the
substitution of terms such as “functional limitation” to
identify disability outcomes, even in studies using the
DPM as a guiding framework. We hypothesise that this
occurs due to variation in how researchers from different
disciplines interpret the terms “functional limitation” and
“disability”. Our study echoes Verbrugge and Jette’s
distinctions between these terms, wherein functional
limitation indicates inability to perform physical and
mental actions at the same level as one’s age-sex group,
whereas disability is the interaction between functional
limitation and one’s environment (1994). According to
these definitions, functional limitation (e.g., difficulty lift-
ing 10 pounds, slow timed-walk test) should be consistent
across settings, whereas disability (e.g., dependence on
others for help with toileting) is context-dependent and
likely to vary depending on whether older adults are in
home versus hospital environments.

The distinction between pathologies and impairments
in the DPM also has implications for study design and
analysis. Because impairments (e.g., cognitive impair-
ment, balance impairment) are presumed to occur
downstream of pathologies (e.g., Alzheimer’s demen-
tia, heart failure) in the DPM, researchers must be wary
of adjustment for impairments in models of pathology
impacts on disablement as they are potentially adjust-
ing for variables in the causal pathway. By applying
Verbrugge and Jette’s definitions to examples from
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88 empirical studies, we hope to have exemplified the
use of these terms for more consistent use in future
research on disability. From a practice perspective,
distinctions between the terms in Table 1 are also rele-
vant: The presence of chronic conditions in older adults
(“chronic pathologies” in the DPM) should trigger clin-
icians to manage upstream intra-individual factors and
aim to prevent downstream geriatric syndromes
(“impairments” in the DPM). Older adults with new
impairments (e.g., incontinence, recent weight loss)
should conversely be assessed for worsening chronic
pathologies with sub-optimal management.

Of the 88 studies we reviewed, 42 classified disability
based on a count of ADLs people had difficulty with, or
a dichotomous variable to indicate the presence or
absence of disability. Future research may benefit from
using validated and commonly employed measures of
disability (Yang et al., 2014), such as Katz or Barthel in
community-dwelling older persons or the RAI ADL
long-form score in nursing home residents. We further
advise against use of counts or arbitrary scoring of select
ADLs or dichotomization of disability as “present ver-
sus not”, as this renders findings across studies to be
incomparable and risks classifying extremely heteroge-
neous groups of older adults as simply “disabled”
(Nusselder, Looman, & Mackenbach, 2006).

Many of the relationships between variables and dis-
ability that we report are based on variables added to
analyses for adjustment, or to predictive models aimed
at maximizing the amount of variance in disability
outcomes explained. We acknowledge these as import-
ant goals, but believe that more hypothesis-driven ana-
lyses of specific exposure-outcome relationships would
offer important insights into the disablement process in
older adults.

Analytic Considerations for Future Disability Research on
Older Adults

We propose that future DPM-guided research use the
variable summary from this review to identify relevant
intrinsic DPM variables and assess their potential role in
the DPM. For example, if a researcher were interested in
the effect of malnutrition on disablement, Table 1 shows
that only six of the studies we reviewed examined the
independent effects of malnutrition or weight loss on
disability or disablement, and the Supplementary
Table 3 indicates that half of those studies were done
in community-dwelling older adults. The specific refer-
ences for each study could be found in Supplementary
Table 1, and looked up to identify common MeSH terms
to use in a systematic review. Depending on whether
the systematic review revealed a paucity or abundance
of literature on malnutrition and disablement, the
researcher could either stop there or conduct a DPM-
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guided empirical study. Cases in which relevant con-
structs from the DPM are not measured should also be
identified and explained by researchers, with likely
implications for their findings examined.

We found examples of intrinsic variables representing
DPM constructs specific to older adults residing in
nursing homes (Table 1). The prevalence of disability
is high in nursing home residents (Canadian Institute
for Health Information, 2013), many of whom continue
to experience disablement throughout the course of
their stay (Dutcher et al., 2014). By identifying person-
level DPM variables specific to nursing home residents,
this review provides an important starting point for
research on this population.

Only 22 of 68 studies that examined disablement over
time had more than one follow-up point. We posit that
this is likely due to the time-consuming nature of clin-
icians” collecting and recording disablement data that
become available in health administrative databases and
the great expense of measuring disablement purely for
research purposes. Acknowledging that a single baseline
and follow-up measure may be all that was logistically
feasible in considered studies, we note that such meas-
ures are more sensitive to impermanent fluctuations in
disability than measures based on multiple follow-up
points (Wolinsky, Armbrecht, & Wyrwich, 2000). Given
the availability of robust analytic methods (Murphy
et al, 2015) and user-friendly statistical packages to
assess multiple follow-up points over time (Rabe-
Hesketh & Skronda, 2012; Raudenbush & Bryk, 2002),
we recommend an increase in research funding for col-
lection of these longitudinal data wherever possible.

Applicability of Findings to Other Models of Disability

This literature review aimed to operationalize the DPM,
but is also relevant to researchers using the Inter-
national Classification of Functioning Disability and
Health (ICF) (World Health Organization, 2001) or the
social model of disability (Oliver, 1990) to guide their
disability research on older adults. In contrast with
the DPM, the ICF is “reablement” skewed with con-
structs such as “activity” and “participation” mirroring
the constructs of functional limitation and disability in
the DPM. Many of the constructs identified in the ICF
are the inverse of DPM constructs (Thyberg, Arvidsson,
Thyberg, & Nordenfelt, 2015); therefore, our variable
summary for intrinsic constructs could potentially be
applied to operationalise the ICF as well. Similar to the
DPM, the social model of disability distinguishes
between physical impairments and disability, empha-
sising the role of societal structures in imposing restric-
tions on people with impairments to render them
disabled (Oliver, 1990, p. 22). In keeping with this
model, we have distinguished between functional
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limitations and disability (Putnam, 2002), and high-
lighted the intrinsic characteristics that may lead to
the latter from the former.

Study Limitations and Strengths

We aimed to critically review the empirical evidence for
intrinsic DPM constructs” association with disability
and disablement. Because the existing evidence in this
area is so vast, a systematic review of evidence for
relationships between variables within each DPM con-
struct was neither appropriate nor feasible. Our non-
systematic search and appraisal techniques are aligned
with the aims of a critical review (Grant & Booth, 2009;
Mays et al., 2005; Tricco et al., 2016), but may not be
exactly replicable or capable of producing conclusive
findings regarding variable relationships with disabil-
ity. However, according to a recent review of know-
ledge synthesis methods for refining theory (Iricco
et al., 2016), our team of academics and clinicians with
expertise in this field is ideally suited to critically review
extant evidence and identify significant findings.

We searched only two databases because of the large
volume of studies they alone yielded, did not include
grey literature or qualitative studies of older adults’
experience with disability, and may have omitted land-
mark research. We also may have over-sampled studies
from North America, resulting from our inability to
review work that was not in English and our familiarity
with prevalent search terms. Our search term selection
was based on terms that were familiar to our team from
our past work in this field; this led to the omission of
other possible search terms such as “correlat*”. Finally,
due to the resource-intensive nature of this synthesis, we
were unable to include studies published beyond June
30, 2015, when our synthesis began. These limitations
render our findings regarding specific variable relation-
ships with disability inconclusive. To reflect this, we have
placed these variable-specific findings in the online Sup-
plementary Tables 2 through 5 and recommend that each
of these relationships be explored systematically before
firm conclusions are drawn about them.

This review focused only on those variables represent-
ing intrinsic DPM constructs. We acknowledge that
many of these constructs likely interact with extrinsic
constructs (e.g., medications, institutional norms, area
insurance policies) to affect disability and disablement;
however, examination of these constructs was beyond
the scope of this review for several reasons: (a) extrinsic
characteristics measured at the person level are readily
randomized in clinical trials and would thus be better
summarized in systematic reviews; (b) extrinsic charac-
teristics measured at the institutional and area level
have already been critically reviewed elsewhere
(Agotnes et al., 2016; Clarke & Nieuwenhuijsen, 2009;
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Liebel et al., 2009; Philibert et al., 2015; Pickett & Pearl,
2001; Wahl et al., 2009); and (c) a critical review of all
DPM constructs was not feasible for a single manu-
script. We also did not examine activity modifications,
such as changes in how older adults do everyday
activities to accommodate functional limitations, as
these data are not typically included in routinely col-
lected health data. Our exclusion of these constructs is
not an endorsement of their exclusion from disability
and disablement research in older adults; critical
reviews of evidence around these constructs are an
important area of future research.

Although our methods do not allow for conclusions
about causal relationships between constructs in the
DPM, our critical review yielded measurement recom-
mendations that will strengthen future studies of such
relationships. This study used comprehensively
described and appropriate methods to achieve clearly
stated knowledge support aims that will aid researchers
doing theory-driven research on disability in older
adults. We also provide rich supplementary data on
all 88 reviewed studies, which can be used as a launch-
ing point for specific research questions.

Conclusions

The DPM and related conceptual frameworks are crit-
ical to guide research on factors associated with disabil-
ity and disablement in older adults. This study
summarizes variables used to measure intrinsic DPM
variables in 88 studies of older adults, the majority of
whom lived in community settings. Despite evidence
that age, sex, and geriatric syndromes may act as effect
modifiers or relevant exposures in their own right, they
were often examined only as adjustment variables,
leaving knowledge gaps about their effect on disable-
ment. Findings from 20 cross-sectional studies of dis-
ability support extension of the DPM to conceptualizing
correlates of disability at single time points. Finally,
common methodologic limitations of existing Gerontol-
ogy research were summarized and pragmatic guid-
ance to address them in future research was offered.
These outputs can be applied by gerontologists to guide
a more structured and consistent approach to theory-
driven knowledge generation in this important field.

Supplementary Materials

To view supplementary material for this article, please
visit http:/ /dx.doi.org/10.1017 /50714980819000758.
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