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on ADL, IADL, mobility, and frailty
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Abstract

Background: This study examines correlates of disabilities related to ADL, IADL, mobility, and frailty in men and
women with a nationally representative sample of older adults living in the community.

Methods: A total of 10,898 noninstitutionalized Taiwanese nationals aged 65 years and older enrolled in the 2001
(N=2,064), 2005 (N=2,727),2009 (N=2,904), and 2013 (N=3,203) National Health Interview Survey (NHIS) were
analyzed.

Results: The prevalence of mobility disabilities and frailty in older adults in Taiwan decreased during the past decade
(Xﬂz/,ob/.,/.ry = —54, xﬁram = —6.2). Exercise, social engagement, and tea and coffee intake were found to be associated
with lower levels of all types of disabilities in both men and women. In addition, a diet based on carbohydrates, falls,
depressive symptomatology, lung and metabolic diseases were risks for most of the disabilities under consideration.
Gender-specific independent correlates included: being married (OR =0.63, 95%Cl: 0.40-0.98), eggs/beans/fish/meat
consumption (OR=0.35, 95% Cl=0.16-0.80); depressive symptoms, obesity and cataracts, which were associated
with higher IADL (OR=13.61, 1.63, and 1.18, respectively) and frailty limitations (OR=10.89, 1.27, and 1.20, respectively)
in women. Cognitive impairment was found to be an important correlate for ADL limitations in men (OR=3.64,
95%Cl: 2.38-5.57).

Conclusions: Exercise, social participation and diet (more tea and coffee intake and lower carbohydrates) were
correlates for lower levels of disability. Some gender-specific correlates were also identified, including associations

of disability with depressive symptoms, obesity, and cataracts that were more distinct in women, and lower levels of
disability which were especially significant in men who were married, eat more eggs, beans, fish, and meat, and those
free from cognitive impairment.

Keywords: Activities of daily living (ADL), Instrumental activities of daily living (IADL), Mobility, Frailty, National Health
Interview Survey
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addition to aging within the population, according to
statistics from the Ministry of Health and Welfare,
the number of disabled people in Taiwan in 2015 was
755,000 and is projected to increase to 1.2 million by
2031, where the proportion of disabled people among
the elderly population will account for 15 to 16% [2].
With the increase in the absolute number and rela-
tive proportion of disabled individuals, expenditures
on social welfare and medical assistance will increase,
causing a heavy burden on society [3].

Describing the physical functions of the elderly is an
important aspect of assessing senior health. At present,
common scales include ADL (Activities of Daily Living,
ADL) [4] and IADL (Instrumental Activities of Daily Liv-
ing, IADL) [5]. IADL is used to assess the ability of an
individual to live independently and requires a higher
level of physical integration and cognitive functions. The
ADL assessment items include self-care and mobility, so
patients with lowered IADL but normal ADL results have
better physical functioning than patients with ADL dys-
functions. The poorer the ADL function assessment, the
higher the dependency on the caregiver [6].

Frailty and mobility assessments thus play an important
role in predicting disability. According to research con-
ducted by Gale et al. [7], the degree of functional degra-
dation in mobility, IADL, and ADL in the frailty group is
more common than that in the non-frailty group. Among
indices of ADL and IADL, a higher proportion of items
that require mobility are affected, including walking and
getting in and out of bed in the ADL evaluation items,
and shopping and housekeeping in the IADL evaluation
items. Compared with a serious loss of functions, such
as those applicable to ADL and IADL, frailty and upper
and lower extremity functional limitations are still recov-
erable through interventions such as exercise [8], so it is
possible to improve frailty and mobility conditions and
reduce the proportion and severity of disabilities [9].

In terms of the evaluation of disability trends in vari-
ous countries, the prevalence of disabled elderly indi-
viduals in the United States between 1982 and 2009 has
shown a downward trend in terms of IADL disability, and
ADL disability remained stable across time [10]. It was
found in people over 65 years old in an American medi-
cal care beneficiary survey that the percentages of ADL,
IADL, and functional disorders dropped significantly
between 1992 and 1996. Even if the proportion of dis-
abilities decreases, the fact that the number of disabilities
increases as the base of the elderly population expands
cannot be ignored [11].

The results of a longitudinal study (1993-2002) in
Japan indicated that both ADL and IADL in the popu-
lation over 66 years of age were on a significant down-
ward trend. When the two indicators were combined,
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the average number of disabled people decreased by 2% a
year over a 9 year period, where an increase in education
level was found to be significantly related to the decline
in the prevalence of disabled people [12]. The preva-
lence of disease and disability in different age groups is
affected by gender. The prevalence of disability is higher
in women than in men, especially in people at or over
the age of 85. Among the elderly population between the
ages of 65 and 74, stroke is the main cause of disability in
men while orthopedic diseases are the main cause of dis-
ability in women. The elderly aged above 75, dementia is
the main cause of disability in both men and women [13].

The purpose of this study is to investigate the trends
in disability between men and women among the elderly
population in Taiwan, as well as their biopsychosocial
correlates, including sociodemographic factors, health
condition, diet, and behavioral factors. National repre-
sentative samples from the National Health Interview
Survey (NHIS) in Taiwan in 2001, 2005, 2009, and 2013
are used in the present study. Four parameters were used
to comprehensively assess the physical functions of the
elderly, including basic ADL, functional ADL, mobility,
and frailty. Understanding the trends in disability based
on gender, generation, and period is an important indi-
cator by which a country can formulate long-term care-
related policies and review the effectiveness of such
policies.

Method

Data source

Data from the National Health Interview Survey (NHIS)
conducted by the Health Promotion Administration of
the Ministry of Health and Welfare were used for the
analyses. The National Health Research Institutes and
the Health Promotion Administration of the Ministry
of Health and Welfare under the Executive Yuan have
established a regular National Health Interview Sur-
vey to understand the health status and need for medi-
cal care for the general public in Taiwan through regular
interviews. To select the survey participants, the general
household registration data for each region on January
16, 1990 was used as the sampling base, and a multistage
stratified systematic sampling design was adopted, where
each layer uses a sampling method that is proportional
to the unit size (Probability Proportional to Size, PPS) to
gradually extract “township and urban areas,” “neighbor-
hood,” and “household” data. “Household” served as the
basic sampling unit. All members of the selected house-
holds were considered to be interviewees. Data collec-
tion was conducted using a structured questionnaire and
face-to-face interviews with trained interviewers. The
questionnaire comprised basic demographic character-
istics, household structure, living arrangement, health
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status and use of medical care, leisure and social engage-
ment, emotional status, etc. The samples were repre-
sentative of Taiwan in 2001, 2005, 2009, and 2013 [14].
Data for senior citizens at or over the age of 65 in 2001
(N=2,064), 2005 (N=2,727), 2009 (N=2,904), and 2013
(N=3,203) were collected with a total sample of 10,898
analyzed in the present study. The participants were all
randomly selected, and respondents in separate years
were not correlated. This study was performed in accord-
ance with the relevant guidelines and regulations, includ-
ing the Declaration of Helsinki and was approved by the
Institution Review Board (IRB) of National Cheng Kung
University Hospital in Taiwan (No. B-ER-104-077).

Measures
Disability was assessed using the Katz Index of Independ-
ence in Basic Activities of Daily Living (ADL), the Law-
ton Instrumental Activities of Daily Living (IADL), Nagi’s
mobility, and five frailty items. The Activities of Daily
Living (ADL) [4], which includes six questions related
to eating, bathing, undressing, going to the toilet, get-
ting in and out of bed, and walking indoors. Each item
was categorized as 0 or 1, and with 1 indicating a need
for assistance with the given task. The total score of ADL
limitations in the present study ranged from 0—6 points.
Participants with ADL limitations equal to one or more
were considered to have ADL disabilities. Disability on
Instrumental Activities of Daily Living (IADL) [15] was
defined as any difficulty related to performing the fol-
lowing: cooking, going out and buying things, using the
phone, taking drugs, doing light housework, doing laun-
dry, cleaning the home, and managing finances. The
scores ranged from O to 8, where participants scoring 1
point or higher represented IADL disabilities. Mobility
was assessed using five questions from Nagi’s upper and
lower extremity assessment [16], including bending down
/ kneeling / squatting, climbing ten steps, walking 400 m,
holding things with your fingers, and holding four and a
half kilograms with one hand. Participants who reported
having difficulty in doing any of these tasks with a score
of 1 or more were considered to mobility disabled. Frailty
was assessed using the Fred phenotype, which comprises
five major aspects, including dullness, inability, weak-
ness, low physical activity, and atrophy [17]. In this study,
five similar questions were used, including being unable
to walk 400 m, being unable to carry four and a half kilo-
grams with one hand, holding up, lack of appetite, having
problems or being unable to engage in ordinary activities.
The total score ranged between 0-5, where a score of 3 or
more indicated frailty.

The Mini-mental State Examination (MMSE) was
used as the basis for the analysis of cognitive impair-
ment. It tests interviewees on time, space, short-term
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memory, arithmetic, drawing, repetition, and follow-
ing instructions, among other questions [18]. The total
score of the scale ranges between 0-30 points. Then,
according to the 2008 Long-Term Care Seminar in Tai-
wan, those with lower education level (middle school or
below) with MMSE scores = 17 points and those with
higher education levels (high school or above) with
MMSE scores = 25 points were both considered to be
suffering from mild cognitive impairment (MCI). The
assessment of depressive symptomatology was based
on the Center for Epidemiologic Studies Depression
Scale (CES-D) [19]. The 10 questions included not
wanting to eat, feeling bad, always having trouble, not
sleeping well, feeling happy, feeling lonely, not being
friendly enough, feeling good about life, feeling sad,
and unable to do anything. The total score ranged from
0-30, where a score of 10 or more was considered to
indicate depressive symptoms. In 2001, except for ADL,
the rest of the disability cases were not included in
the analysis due to limitations related to the questions
(such as differences in the number of questions, defini-
tions, etc.). The IADL in 2009 was not included in the
analysis because it was different in terms of significance
from the other years under consideration.

In this study, three domains of theoretically and empir-
ically important explanatory variables related to disabil-
ity, including sociodemographic [20—24], health [25-30],
and lifestyle and behavioral factors [31-37], were exam-
ined. Sociodemographic variables mainly included age,
gender, living alone or not, marital status, and education
level. Marital status was divided into married and others
(cohabiting, unmarried, divorced, widowed, separated,
and others); education level was divided into low educa-
tion level (below middle school, £ 9 years), middle educa-
tion level (high school, 10-12 years), and high education
level (college degree or above, 13 + years). However, due
to the limitations in the questionnaire in 2001, it was
impossible to judge whether the individuals in the sample
lived alone or not, so this data was lacking in the 2001
sample.

Health conditions included hypertension, hypergly-
cemia, hyperlipidemia, heart disease, lung disease, cata-
racts, hearing problems, and cognitive impairment.
Among them, hypertension, diabetes, and hyperlipi-
demia were combined into “metabolic disease,” which
was defined as a diagnosis with one of these diseases by
a physician. In the case of heart disease, lung disease,
cataracts, and hearing problems, the questionnaire states
“determined whether the subject has a disease after diag-
nosis by a physician” However, since hearing problems
were not diagnosed by a physician, the answer to the
question “Do you wear a hearing aid?” became the crite-
rion for having a hearing problem.
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Lifestyle and health behavior included BMI, exercise,
a fall within the past year, presence or absence of social
engagement, depressive symptomatology, and five dietary
conditions. Among them, the body mass index (BMI)
referred to the definition given by the Health Promotion
Administration of the Ministry of Health and Welfare
[38]. If the BMI<18.5, the respondent was considered
to be underweight. If the BMI ranged from 18.5-24, the
respondent’s weight was considered to be normal. If the
BMI ranged from 24-27, the respondent was considered
to be overweight. If the BMI 2 27, the respondent was
considered to be obese. Social engagement comprised
three topics: “Are you currently working as a volun-
teer?’, “Are you currently participating in religious activi-
ties?’; and “Are you currently participating in community
groups or activities?” The answer options for volunteer-
ing included: never, rarely, sometimes, and often. The
options for the other two questions included: no, occa-
sionally, and regularly. If the respondent did not answer
“no or never” to one of the questions, he/she was consid-
ered as having social engagement.

The five dietary scenarios included tea or coffee, eggs/
beans/fish/meat, vegetables, carbohydrates, and milk
and dairy products. The diet-related questions were not
exactly the same in the various questionnaires. For tea
or coffee, the 2001 questionnaire included two ques-
tions: “How many times do you usually drink coffee a
week?” and “How many times do you usually drink tea
a week?” In the 2005 questionnaire, it was, “How many
times do you usually drink coffee or tea a week?” In the
2009 questionnaire, it was, “Did you have a cup (240c.c)
of tea or coffee yesterday?” The 2001 and 2005 answer
options included: never eat, eat less than once a week
or rarely, eat 1-2 times a week, 3-5 times a week, eat
every day or almost every day, etc. The answer options
in 2009 were either yes or no. As long as the respondent
did not answer “never eat” or “no” to one of the ques-
tions, he/she was deemed to have a diet with tea or cof-
fee; otherwise, the respondent was not considered to be
including these items in the diet. For eggs/beans/fish/
meat, four questions were adopted in 2001, which were
“How many times do you usually eat meat or poultry
a week?”; “How often do you eat fish a week?”; “How
many eggs do you usually eat a week?’; and “How many
servings of beans do you usually eat a week?” The 2005
questionnaire used five questions: “How many times do
you usually eat meat or poultry a week?”; “How often
do you eat fish a week?”; “How many eggs do you usu-
ally eat a week?”, “How many servings of beans do you
usually eat a week?” and “How many servings of fresh
beans do you usually eat a week?” In the 2009 question-
naire, it was, “Did you eat half a serving of eggs, beans,
fish and meat yesterday?” The 2001 and 2005 answer

Page 4 of 17

options included: never eat, eat less than once a week
or rarely, eat 1-2 times a week, 3-5 times a week, eat
every day or almost every day, etc. The answer options
in 2009 were yes or no. As long as the respondent did
not answer “never eat” or “no” to one of the ques-
tions, the respondent was deemed to have a diet that
included eggs/beans/fish/meat: otherwise the respond-
ent was considered to not be including these items in
the diet. For vegetables, one question was adopted in
2001, which was, “How many times do you usually eat
vegetables a week?” In the 2009 questionnaire, it was,
“Did you eat half a serving of vegetables yesterday?”
The 2001 and 2005 answer options included: never
eat, eat less than once a week or rarely, eat 1-2 times a
week, 3-5 times a week, eat every day or almost every
day, etc. The answer options in 2009 were yes or no. As
long as the respondent did not answer “never eat” or
“no” to one of the questions, the respondent was con-
sidered to have a diet including vegetables; otherwise,
the respondent was deemed to not be including vege-
tables in the diet. For carbohydrates, one question was
adopted in 2001, which was, “How many bowls of rice
and noodles do you eat every day?” In the 2005 ques-
tionnaire, it was, “How often do you eat rice or noodles
a week?” In the 2009 questionnaire, it was “Did you eat
half or more than half a serving of grains and root veg-
etables yesterday?” The answer options in 2001 were
the actual amounts. The data range was 0-9 bowls.
As long as it was greater than 0 bowls, the respond-
ent was considered to have a diet that included carbo-
hydrates. The answer options in 2005 included: never
eat, eat less than once a week or rarely, eat 1-2 times a
week, 3-5 times a week, eat every day or almost every
day, etc. The answer options in 2009 were yes or no.
As long as the respondent did not answer “never eat”
or “no” to one of the questions, he/she was deemed to
have a diet that included carbohydrates; otherwise the
respondent was considered to not be including carbo-
hydrates in the diet. For dairy products, one question
was adopted in 2001, which was, “How many times do
you usually drink milk (from a cow/goat) a week?” In
the 2009 questionnaire, it was, “Did you drink/eat half
a serving of dairy products yesterday?” The 2001 and
2005 answer options included: never drink/eat, drink/
eat less than once a week or rarely, drink/eat 1-2 times
a week, 3-5 times a week, drink/eat every day or almost
every day, etc. The answer options in 2009 were yes or
no. As long as the respondent did not answer “never
eat” or “no” to one of the questions, he/she was deemed
to have a diet that included dairy products: otherwise
the respondent was considered to be including dairy in
the diet. Finally, due to question limitations, the social
engagement of the respondents could not be judged in
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2001, so the data on social engagement was deficient. In
2013, since the externally released data did not include
the BMI and diet-related data, a related analysis could
not be conducted.

Statistical analysis

In this study, SAS statistical software (version 9.4, SAS
Institute, Inc., Cary, NC) was used. First, a trend analy-
sis of the characteristics of the nationally representative
sample of older adults in 2001, 2005, 2009, and 2013 by
chi-square test with their sociodemographic, health, and
behavioral variables were examined. In addition, gender
differences on all the variables we examined in the pre-
sent study of participants from 2001 to 2013 were also
conducted using a chi-square or t-test. Further, a two
way-ANOVA was also used to determine whether the
gender differences in terms of disability were consistent
over time. Finally, a binary logistic regression analysis
was conducted to determine the factors related to dis-
ability. Models were run for each gender for each of the
four disability measurements.

Results

Participant characteristics

Table 1 describes the sociodemographic, health and life-
style, and behavioral characteristics of the participants
over the years. The average age over the years ranged
from 73.4-75.3, which has not changed significantly in
terms of trend. There were more women than men in
the data in most of the survey years. The proportion of
women was approximately 48.8-56.9%. Over the years,
nearly 60% of the respondents were married, and there
has been no significant change in this trend. In terms of
education level, most people had low education levels
(middle or lower), accounting for 83.8—87.4%. Again, this
reached statistical significance in terms of trends. Mean-
while, in each survey, men and women were statistically
significantly different only in terms of marriage and edu-
cation level. The men were mostly married and had high
education levels, while the women showed an opposite
trend. In the surveys, in terms of health status, the gen-
der trends were as follows: metabolic disease (2001:60.0%
vs. 54.8%, 2005: 62.1% vs. 54.9%, 2009:67.1% vs. 57.2%,
2013:69.4% vs. 61.5%), heart disease (2009:17.7% vs.
14.8%, 2013:21.1% vs. 18.3%), cataract (2001:37.9% vs.
25.8%, 2005: 29.9% vs. 22.8%, 2009:45.9% vs. 36.4%,
2013:40.1% vs. 28.2%), and cognitive impairment (2005:
27.0% vs 14.2%, 2009:24.8% vs. 16.3%, 2013:22.7% vs.
15.9%), where the proportion of women was significantly
higher than that of men. However, in terms of lung dis-
ease (2001: 17.5% vs. 10.6%, 2005: 13.2% vs. 7.8%, 2009:
9.0% vs 6.5%, 2013: 10.9% vs 6.9%) and hearing prob-
lems (2005: 2.8% vs 1.6%, 2009: 2.5% vs 1.4%, 2013: 3.3%
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vs 1.5%), the proportion of men was significantly higher
than that of women, respectively. In terms of healthy
behavior, with the exception of social engagement and
the habit of eating cereal, for which there were no sig-
nificant differences between men and women over the
years, most measures showed statistically significant dif-
ferences between men and women over time. Among
them, men tended to have normal BMI (2001: 56.0%,
2005: 48.6%, 2009: 52.0%), while women tended to be
overweight and obese (2001: 45.8%, 2005: 47.6%, 2009:
50.1%). The percentage of men engaging in exercises was
higher than 50% over time, which was significantly higher
than women (2001: 59.9% vs. 53.9%, 2005: 57.8% vs.
50.6%, 2009: 53.8% vs. 47.2%, 2013: 53.7% vs. 46.4%). The
proportion of women suffering from falls (2005: 26.0%
vs 16.4%, 2009: 22.3% vs. 15.8%, 2013: 18.0% vs. 14.9%)
and women with depressive symptoms (2005: 24.5% vs.
16.8%, 2009: 18.2% vs. 13.0%, 2013: 17.8% vs. 9.1%) was
significantly higher than was the case for men. In terms
of diet, men and women both mainly consumed cereals,
vegetables, eggs, and fish, but the proportion of men who
drank tea or coffee was significantly higher than that of
women (2001: 61.4% vs. 39.3%, 2005: 74.2% vs. 52.3%,
2009: 50.1% vs. 30.6%), and the proportion of women
who consumed dairy products was significantly higher
than that of men (2001: 73.4% vs. 63.8%, 2005: 74.0% vs.
68.0%, 2009: 50.6% vs. 41.5%).

Trends in disability

Table 2 presents both the prevalence of disability over
time after age standardization, and the trend of disability
in the entire sample, as well as the gender differences in
the disability trend by year. It was found that the preva-
lence rate of ADL disabilities was 15.3—17.3%; the preva-
lence rate of IADL disabilities was 36.0-43.5%; the
prevalence rate of mobility disabilities was 49.5-56.6%,
and the prevalence rate of frailty was 27.6—-35.1%. How-
ever, with the exception of IADL-related disabilities,
where the trend could not be estimated, the other types
of disability showed a downward trend (X%DL =-1.2,
Xitobitity = —54 XPraitry = —6-2), where only ADL did
not reach statistical significance. In addition, the preva-
lence of disabilities among women was significantly
higher than that among men over the observation period
(ADL: 17.4-20.5% vs. 11.7-15.3%; IADL: 41.1-53.5% vs.
30.5—33.5%; mobility: 58.3-68.2% vs. 39.2—45.1%; frailty:
34.5-43.4% vs. 20.1-26.5%). However, in terms of the
trends, mobility (x2,, = —2.9, XZ2omen = —5-6) and
frailty (x2,, = —4.1, X2omen = —5-0) exhibited a signifi-
cant downward trend in both men and women. This
result was the same as that shown in Table 3 using the
logistic regression analysis (mobility: AOR ., =0.9 (95%
CI=0.8-1.0), AOR,.,=0.8 (95% CI=0.8-0.9), frailty:

women
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AOR, =0.8 (95% CI=0.8-0.9), AOR,, ., =0.8 (95%
CI=0.8-0.9)), where women exhibited a significant
downward trend in IADL (XI%4DL = —6.8). These results
were the same as those shown in Table 3 (IADL:
AOR,(en=0.8 (95% CI=0.7-0.9)). The prevalence of
each disability in both sexes did thus not change statisti-
cally significantly over the years.

Disability-related factors

Table 3 shows the results of the logistic regression assess-
ing the gender-related risks and protective factors for
each of the disabilities related to ADL, IADL, mobility,
and frailty. In terms of ADL disability, cognitive impair-
ment was found to be the most relevant risk factor for
ADL disabilities in older men. Cognitive impairment
had a 3.6-fold correlation with ADL disabilities in men
(AOR qgnitive impairment =36, 95% CI=2.4-5.6). In con-
trast, the most relevant factor contributing to ADL dis-
abilities is women was found to be age. ADL disabilities
in women aged 75-59, 80—84, and over 85 were 2.2 times
(95% CI=1.5-3.3), 3.4 (95% CI=2.1-5.5), and 4.6 ( 95%
CI=2.5-8.4) that of women aged 65-69, respectively.
Among the risk factors related to healthy behavior, both
falls and depressive symptomatology were significant fac-
tors related to ADL disabilities in both men and women.
In men and women, falling was, respectively 2.8 (95%
CI=1.9-4.3) and 2.1 (95% CI=1.6-2.9) times higher in
those with ADL disabilities. In both men and women,
depressive symptomatology was 2.2 times (95% CI=1.4—
3.6) and 2.7 (95% CI=1.9-3.9) more likely to be associ-
ated with ADL disabilities. Obesity (BMI 2 27) was more
related to ADL disabilities in women (AOR ., =1.6,
95% CI=1.1-2.3), than in men (AOR g, =1.1, 95%
CI=0.6-1.9). In addition, in terms of disease factors,
except for the fact that cognitive impairment could sig-
nificantly predict disabilities in men, the common disease
risk factors affecting ADL disabilities in both men and
women included lung disease and metabolic diseases.
Lung disease was 1.8 times (95% CI=1.1-3.0) and 2.1
(95% CI=1.3-3.5) more likely to be associated with ADL
disabilities in both men and women, respectively, while
metabolic disease was 1.6 times (95% CI=1.1-2.4) and
1.5 (95% CI=1.1-2.1) more likely to be associated with
ADL disabilities in both men and women, respectively. In
terms of protective factors, exercise, social engagement,
and tea or coffee intake habit were found to be signifi-
cant predictors in the data spanning 13 years covering a
total of 10,896 representative subjects across Taiwan who
were found to be less likely to report ADL disabilities.
Although these protective factors were controlled, soci-
odemographic and disease variables still existed. Among
them, the independent protective factors related to ADL
disabilities among women included the following: social
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engagement (AORg, il Engagement = 0.4, 95% C1=0.3-0.6),
exercise (AORg cise=0.5, 95% CI=0.4—0.7), and tea or
coffee intake habit (AORt,, o coffee =0.7, 95% CI=0.5—
1.0), while the independent protective factors related
to ADL disabilities among men were as follows: exer-
cise (AORgyecise =0.3, 95% CI=0.2-0.5), eggs/beans/
fish/meat  consumption  (AORgg./peans/Fish/Meat = 0-4
95% CI=0.2-0.8), social engagement (AORg,cial Engage-
ment = 0.4, 95% CI=0.3-0.7), tea or coffee intake habit
(AOR e or Coffee =0.6, 95% CI=0.4—0.9), and being mar-
ried (AORyy, rjoq = 0.6, 95% CI=0.4—1.0).

In terms of independent protective and risk factors
related to IADL disabilities, we found that age, especially
in the case of those aged 85 or above, is the most impor-
tant risk factor related to IADL disabilities in both men
and women, as it increases the prevalence of disabilities
in men and women by 5.1 (95% CI=2.9-8.9) and 7.8
(95% CI=4.5-13.6) times, respectively. In addition, time
differences were also found in the effects of age on men
and women, where men at age 75 or above (AORys5 79 years
old=2.0, 95% CI=1.4-2.9) and women at age 70 or above
(AORy0,75 years ol =27, 95% CI=1.9-3.7) exhibited sig-
nificant independent correlations with IADL disabili-
ties. Among the risk factors related to healthy behavior,
the intake of carbohydrates was second only to the age
factor, and it was the most relevant factor that predicted
IADL disabilities independently in men and women. The
intake of carbohydrates was 6.1 times more likely to lead
to IADL disabilities in women (95% CI=4.6-8.1) and 3.7
times more likely to be correlated with IADL disabilities
in men (95% CI=2.6-5.3). In addition, factors signifi-
cantly related to IADL disabilities also included depres-
sive symptoms and obesity in women, where depressive
symptomatology was 2.4 (95% CI=1.7-3.5) and 3.6
(95% CI=2.7-4.9) times more likely to be significantly
correlated with IADL disabilities in men and women,
respectively, while obesity was a specific factor related
to IADL disabilities in elderly women. The prevalence of
IADL disabilities among the obese elderly women was 1.6
times higher than that for women of normal weight (95%
CI=1.2-2.2). Among other diseases and behavioral fac-
tors, cognitive impairment, falls, and metabolic diseases
were significantly associated with IADL disabilities in
all genders. Metabolic disease (based on the respondent
having been confirmed by a doctor to have hypertension,
diabetes, or hyperlipidemia) led to a similar degree of
IADL disabilities in both men and women, where meta-
bolic diseases were 1.8 times (95% CI=1.4-2.4) and 1.3
(95% CI=1.0-1.7) more likely to be correlated with IADL
disabilities in men and women, respectively. Meanwhile,
cognitive impairment and falling were far more impor-
tant for men than women, and cognitive impairment was
3.1% (95% CI=2.2-4.4) and 1.9 (95%CI=1.5-2.5) times
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more likely to be correlated with IADL disabilities in
men and women, respectively, while falling was 2.7 times
(95% CI=2.0-3.7) and 1.5 (95% CI=1.1-1.9) more likely
to be correlated with IADL disabilities in both men and
women, respectively. In addition, hearing problems and
lung disease were unique independent factors correlated
with IADL disabilities only in men, where hearing prob-
lems were 2.4 times more likely to be related to IADL dis-
abilities in men (95% CI=1.2-4.8), and lung disease was
2.0 times more likely to be related to IADL disabilities
in men (95% CI=1.3-2.9). The correlations with hear-
ing problems and lung disease with IADL disabilities in
women was not significant, which may have been due to
the definition of hearing problems in this study. Finally,
the common protective factors for men and women
against JADL disability included living alone and social
engagement. Living alone significantly protected men and
women by about 53% (AORy i Atone =0.5, 95% C1=0.3~
0.8) and 49% (AOR|jins Alone=05, 95% CI=0.4-0.8)
against IADL disabilities, respectively. Social engage-
ment significantly protected men and women by about
53% (AOR|jying Alone=0.5, 95% CI=0.3-0.6) and 51%
(AOR ying Alone = 0.5, 95% CI1=0.4-0.6) against IADL dis-
abilities, respectively. In addition, the protective factors
against IADL disabilities in men also included exercise
(AORg,rise=0.7, 95% CI=0.5-0.9) and tea or coffee
intake (AORy, o; coffee = 0.7, 95% CI=0.6-1.0).

In the regression analysis of the independent protective
and risk factors related to upper and lower limb disabili-
ties, it was found that the independent predictor most
relevant to the level of upper and lower limbs disabilities
in both men and women was age. In men and women, the
risks of upper and lower limb disabilities in those aged
85 or more, 80-84, 75-79, and 70-74 were 5.3—6.5 times
greater (Men: AOR 85 or older=6.5, 95% CI=4.0-10.7;
women: AOR 85 or older=5.3, 95% CI=3.0-9.5), 3.4—
4.2 times greater (men: AOR80-84=3.4, 95% Cl=2.4—
4.8; women: AOR80-84=4.2, 95% CI=2.8-6.2), 2.3-2.7
times greater (men: AOR75-79=2.3, 95% CI=1.8-3.1;
women: AOR75-79=2.7, 95% CI=2.1-3.6), and 1.4-1.5
times greater (men: AOR70-74=1.5, 95% CI=1.1-1.9;
women: AOR70-74=1.4, 95% CI=1.1-1.8) than those
in individuals ranging in age from 65-69. In addi-
tion to age, other sociodemographic factors, includ-
ing living alone, marriage, and education level, were
not found to be significantly related to upper and lower
limb disabilities in either men or women. Among the
risk factors associated with healthy behavior, depressive
symptoms (Men: AORp eqsive symptomatology = 2-8, Women:
AORppessive Symptomatology = 3-4), being overweight (Men:
AORGyeryeight= 1.3, Women: AORqeryeighe=1-3), being
obese (Men: AOR =1.9, Women: AOR =2.0),

obesity — obesity —

falling (Men: AORp,;=2.1, Women: AORp,;=1.8), and
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a high carbohydrate diet (Men: AORc,pohydrate =14
Women: AOR,hohydrate = 1-4) were found to be signifi-
cantly related to upper and lower limb disabilities. In
terms of disease factors, risk factors for upper and lower
limb disabilities included lung disease (Men: AOR,,,
Disease = 2-0, Women: AOR|;; pigease=1.6), metabolic
diseases (Men: AOR etabolic disease = 1-2» Women: AOR
Metabolic disease = 1-5), and heart disease (Men: AOR,
disease =14, Women: AOR.t disease=1-7)- Mean-
while, cognitive impairment in men (AORcqgnitive 1mpair-
ment=2.0, 95% CI=1.4-2.6) and cataracts in women
(AOR(raract =14, 95% CI=1.2-1.7) were also related
to upper and lower limb disabilities. However, hear-
ing problems were not found to be significantly related
to upper and lower limb disabilities in either gender.
Finally, the common protective factors against upper
and lower limb disabilities in men and women included
exercise and tea or coffee intake. Exercise significantly
protects men and women, respectively, by approxi-
mately 30% (AORp, e =0.7, 95% CI=0.6-0.9) and 23%
(AORE e rcise=0.8, 95% CI=0.6-0.9) against upper and
lower limb disabilities. Tea or coffee intake was found
to significantly protect men and women, respectively,
by about 27% (AORry, o cofee=0.7, 95% CI=0.6—0.9)
and 32% (AORp, or cofiee = 0.7, 95% CI=0.6—0.8) against
upper and lower limb disabilities. In addition, another
factor protecting women against upper and lower limb
disabilities included social engagement (AORg, iy Engage-
ment = 0.6, 95% CI=0.5-0.8).

Among the predictive factors for frailty, depressive
symptomatology was the most relevant risk factor for
both men and women. Depression was 8.5 times (95%
CI=5.8-12.4) and 10.9 (95% CI=7.7-15.5) more likely
to be related to frailty, respectively, for each gender. Age,
especially the age of 85 and above, was second only to
depressive symptomatology, which is also a factor that
affected frailty levels in both men and women. In addi-
tion, there was also a time difference in terms of the
influence of age on frailty in men and women. The age
of 75 or above in men (AOR,; ,o=1.9, 95%CI=1.3-2.8)
and the age of 70 or above in women (AOR,,,s=1.4,
95%CI=1.1-1.9) were significantly associated with
frailty. In addition to age, other sociodemographic fac-
tors, including living alone, marriage, and education
level, were not found to be significantly related to frailty
in either gender. Among the risk factors related to healthy
behavior, in addition to depressive symptomatology, fall-
ing (Men: AOR,;;=2.2, Women: AORp,;=1.7) and a
diet based on carbohydrates (Men: AORc,pohydrate = 1-5;
Women: AOR(,honydrate =1-3) were also  significantly
related to frailty, and a diet based on dairy products
(AOR = 1.3) was significantly correlated with frailty in
women. Among disease factors, metabolic disease Men:
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AORp e tighs = 1.6, Women: AORyy, e pijghs=1.6), heart
disease (Men: AORj.rt disease= 1.6, Women: AOR....
disease = 1.9), and lung disease (Men: AOR |, pisease = 1.5,
Women: AOR|n; pisease =1.6) Were related to frailty in
all genders. Meanwhile, cognitive impairment in men
(AORgnitive tmpairment = 2-0, 95% CI=1.4-2.8) and cata-
racts in women (AOR 0t = 1.3, 95% CI=1.0-1.6) were
also related to frailty, but hearing problems were not
found to be significantly related to frailty in either gen-
der. Finally, the common protective factors for men and
women against frailty included social engagement, exer-
cise, and tea or coffee intake, in that order. Social engage-
ment significantly protected men and women by about
72% (AORgyeial Engagement=0-3, 95% CI=02-04) and
68% (AORgyeial Engagement =03, 95% CI=0.3-0.4) against
frailty. Exercise significantly protected men and women
by approximately 61% (AOR, e =04, 95% CI=0.3—
0.5) and 58% (AORg,¢ cise = 0.4, 95% CI=0.3-0.5) against
frailty, respectively. Tea or coffee intake habit significantly
protected men and women by about 43% (AOR<, or cof.
tee=0.6, 95% CI=0.4—0.7) and 33% (AORy, o\ cofice=0.7>
95% CI=0.5-0.8) against frailty, respectively. Figure 1
illustrate the independent impacts of distinct biopsycho-
social correlates for each disability outcome.

Discussion

By analyzing nation-wide data on disability in older
adults in Taiwan, this study reveals distinct risk and pro-
tective factors associated with frailty, mobility, IADL, and
ADL in older men and women in Taiwan.

The common risk factors for both men and women in
ADL disability included higher age (men over 80 years
old, women over 75 years old), depressive symptomatol-
ogy, and falls. For men, cognitive impairment was also
found to be a risk factor, and for women, lung disease
was also a risk factor. Common risk factors for men and
women in IADL included higher age (men over 80 years
old, women over 75 years old), depressive symptomatol-
ogy, and consumption of carbohydrates. For men, cogni-
tive and hearing impairments were also risk factors, and
for women, low education level was also one of the risk
factors. The common risk factors for men and women in
terms of mobility included higher age (men and women
over 70 years old) and depressive symptomatology. For
men, lung disease was also one of the risk factors related
to mobility, and for women, obesity and falling were also
among the risk factors. Common risk factors for men and
women in terms of frailty included higher age (men over
75 years old, women over 70 years old), depressive symp-
tomatology, and falls.

Protective factors associated with disability in all gen-
ders were also found. In terms of protective factors for
ADL, the common factors included exercise, social
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engagement, and eating habits. It was found that eating
eggs and fish protects men, while drinking tea and cof-
fee protects women. Regarding the protective factors
against IADL disabilities, the common factors were social
engagement and living alone in both men and women. In
terms of protective factors related to mobility, the com-
mon factors for men and women included social engage-
ment, exercise, and diet (especially tea and coffee). In
terms of the protective factors against frailty, the com-
mon factors for men and women included social engage-
ment, exercise, and diet (tea and coffee consumption).

The results indicating that the prevalence of disabili-
ties in women is greater than that in men were consist-
ent with the findings of studies in other countries. An
analyzed national health survey data in Spain from 2001
to 2007 and found that the prevalence of disabilities in
ADL, IADL, and mobility in women was higher than
that in men [39], which was the same as the findings in
Taiwan. The risk factors for ADL and IADL disabilities
were found to be multiple chronic diseases, advanced age
(over the age of 84), lack of exercise, low education level,
and obesity (women). The risk factors for disabilities in
mobility included higher age, lack of exercise, and two or
more chronic diseases, which was similar to the situation
in Taiwan. The difference is that the prevalence of dis-
ability in Spain had a significant upward trend, compared
with a significant decrease in Taiwan [39]. Similar results
have also been observed in studies in the United States.
Women live longer than men. If the average life expec-
tancy is divided into active average life expectancy and
disabled life expectancy, it was found that the active aver-
age life expectancy and disabled life expectancy are both
longer in women than in men. This infers that disability
is associated with higher rates of chronic disease, lower
muscle strength and bone density, obesity, and sedentary
habits in women [40, 41].

Depression was also found to be a common risk fac-
tor for the four disability items examined in the present
study. Disability and depression are interrelated [42].
Depression can be used to predict the likelihood of dis-
abilities in healthy older adults. According to an analysis
conducted by Penninx et al. comparing people with and
without depressive symptoms, people with depression
experienced a significant decline in physiological func-
tioning over four years of tracking [43]. Similar findings
have also been found in other related studies. A system-
atic review indicated that there is a reciprocal causa-
tion between depression and frailty syndrome and they
share common pathophysiological mechanisms, includ-
ing local inflammation and hormone changes related to
the hypothalamic—pituitary—adrenal (HPA) axis [44]. On
the other hand, some studies have found that disabili-
ties can increase the likelihood of depression, especially
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when a person is bedridden for more than two weeks,
and can significantly and strongly predict the occurrence
of depression [45]. Other studies have also inferred
these connections. It is not that there is a direct causal
relationship between depression and disability, but that
there is a third interference factor (confounding factor).

The most common interfering factor is a physical disor-
der. Since disease can cause depression and disability at
the same time, it is indirectly related to depression and
disability [42].

Excessive BMI (obesity) is also one of the factors
related to disability. In the elderly, sarcopenic obesity is
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increasing. Sarcopenic obesity represents a decrease in
the proportion of muscle and an increase in body fat.
This condition has more adverse effects than simple obe-
sity or muscle loss, and also increases the risk of three
types of disability: ADL, IADL, and frailty [46]. However,
some studies have pointed out that a BMI indicating that
an individual is overweight has a protective effect on
disability as compared to normal or obese groups [47].
However, according to the overall body of literature on
this topic, the ratio of muscle mass can predict disability
more directly than the BMI, where a lower muscle mass
is an indicator of poorer mobility performance and a
greater chance of disability. From this study, maintaining
muscle mass through exercise is also one of the protec-
tive factors that will prevent disability.

Another finding of this study is the effect of dietary
habits on disability. The analytical results showed that
eating carbohydrates is a common risk factor for IADL
disabilities in both men and women, while drinking tea
and coffee is a protective factor. The most common car-
bohydrate in Taiwan is rice. In both South Korea and
East Asia, two different dietary patterns have been ana-
lyzed: a traditional dietary pattern and a modified tra-
ditional dietary pattern. The biggest difference between
the two is the rice intake. The traditional dietary pattern
is mainly based on rice, while the modified dietary pat-
tern is mainly based on a lower proportion of rice and a
higher proportion of vegetables, fruits, and dairy prod-
ucts. It was found that the adjusted diet had a high cor-
relation with a decline in ADL in men and the decline in
both ADL and IADL in women [48]. Another Japanese
study pointed out that eating rice increases the risk of
Japanese women developing type 2 diabetes [49]. Adding
pinto beans, kidney beans, and black beans to rice can
reduce the glycemic index more effectively than simply
eating rice, and it is beneficial to controlling type 2 dia-
betes [50]. Diabetes can cause chronic inflammation in
the body, decrease muscle mass, and even lead to other
chronic diseases such as chronic kidney disease and cere-
brovascular disease. All these increase the risk of disabil-
ity [51]. Tomata et al. found that drinking green tea can
help reduce the risk of disability. Polyphenols in green tea
can improve muscle strength, improve common sarco-
penia in the elderly, and prevent diseases related to dis-
ability (such as stroke and dementia). At the same time,
green tea also plays an important role in Japanese society
[52]. The findings of the present study also showed that
social participation is a protective factor against disabili-
ties. The common ingredient in tea and coffee is caffeine.
Caffeine reduces the damage to the brain caused by Ap
plaque, a harmful substance in the brain. AB plaque is
also the most important pathological feature of Alzhei-
mer’s disease. In animal experiments, caffeine has been
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shown to promote improved memory and reverse the
pathophysiology of Alzheimer’s disease. Drinking caf-
feine-containing substances can thus help maintain cog-
nitive function [53].

The limitations of this study include the fact that the
sample lacks an institutionalized population. Generally,
elderly people living in institutions have poor physical
and cognitive functions. The absence of samples resid-
ing in institutions may have led to underestimation of
the disability ratio. In addition, it was not comprehen-
sive enough to measure frailty simply using a self-report
questionnaire, especially for measurements of weakness,
which would be more ideally assessed based on a hand-
grip strength measurement. In addition, due to being
limited to the use of secondary data, the assessment of
food intake was classified by frequency alone. In our
study, it was not possible to distinguish between people
who eat a lot at once from those who eat small amounts
frequently. Thus, researchers are encouraged to further
explore details of food intake in this line of research. In
addition, the risk and protective correlates were meas-
ured along with the disability data; thus, a causal rela-
tionship could not be confirmed from the findings of the
present study.

Despite the above limitations, by using national level
data from Taiwan, trends in risk and protective factors
of disability in older adults during the past decade were
revealed. The results not only provide empirical evidence
that exercise, social engagement, and diet are important
protective factors against ADL disabilities, mobility dis-
abilities, and frailty in both men and women, it extends
the current understanding that cognitive impairment and
lung disease are important correlates for ADL disabilities
in men, and depressive symptomatology is a common and
high risk factor for higher IADL disabilities, mobility dis-
abilities, and frailty in both men and women. In addition,
a high carbohydrate diet was associated with higher levels
of IADL disabilities in both men and women. We believe
the findings from this study provide insights that may help
guard against functional decline in older adults. Specifi-
cally, it supports the importance of the beneficial roles of
exercise and social engagement in guarding against dis-
ability. In addition, a healthy diet, including lower carbohy-
drates, higher protein, and tea consumption, was shown to
guard against disability in older adults in the present study.
Attention should be also paid to cognitive maintenance and
prevention of depressive symptomatology to help prevent
disabilities in the older population.
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