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Abstract: This study aimed to examine the influence of changes in exercise status, nutritional status,
and a number of comorbidities on functional ability in Taiwanese community-dwelling older adults.
Data were obtained from the Taiwan Longitudinal Study of Aging. The results revealed that current
exercise and consistent exercise were negatively associated with subsequent 4- and 8-year activities
of daily living (ADL) and instrumental ADL (IADL) decline (all p < 0.05). The Mini-Nutritional As-
sessment (MNA) score was negatively associated with subsequent 8-year IADL decline (all p < 0.05),
while the number of diseases was positively associated with subsequent 4- and 8-year IADL decline
(all p < 0.05). Current exercise and consistent exercises are beneficial for adults aged ≥65 years to
maintain their functional ability in ADL and IADL and to prevent declines in functional ability.
Consistency of exercise, MNA score, and the number of chronic diseases are good predictors of
IADL decline.
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1. Introduction

Increases in life expectancy in developed countries have led to a rapid increase in
the elderly population, and as a result, many aging-related issues have become a public
health concern. The annual incidence of chronic activities of daily living (ADL) disability is
nearly 4% in community-dwelling people aged 65 years or older in northern Taiwan [1].
Functional ability deteriorates with age in older adults [2]. A decline in functional ability
can adversely affect the quality of life of older adults and contribute to an increase in
healthcare costs.

Some lifestyle factors are recognized as potentially modifiable behaviors that may in-
fluence the risk of decline in functional ability. For example, associations between physical
activity and functional ability in older adults are reported [1,3,4]. Community-dwelling
older adults with high levels of baseline physical activity are less likely to experience a de-
cline in functional ability and disability than those with low levels of physical activity [3,4].
An exercise intervention study indicated that older adults aged more than 65 years who par-
ticipated in a physical activity program maintained their functional ability in the interven-
tion period without extra use of health care resources [5]. A meta-analysis of randomized
controlled trials revealed the significant and beneficial effects of physical activity on the
performance of activities of daily life in old age [6]. A cross-sectional study reported that
practicing regular physical activities was associated with better functional performances in
community-dwelling older adults and frail ones in day care centers [7].

Nutritional status is also a concern and essential for functional ability in older popula-
tions. The decline of functional ability in older adults impacts their nutritional status and
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leads to a poor nutritional state [8–10]. Older adults at risk of malnutrition or malnourished
were more likely to experience functional impairment later [11]. Nutritional status was
reported to be associated with functional status in home-dwelling old adults receiving
in-home care nursing services [12]. Being sarcopenia was reported to be associated with
a high risk of functional disability in the oldest old people [13]. In contrast, obesity has
essential impact on cardiovascular heart diseases. The elimination of modifiable risk fac-
tors, such as an unhealthy lifestyle, could help prevent 80% of acute coronary syndrome
cases [14]. A higher BMI score was associated with a significantly lower risk of death in
acute coronary syndrome [15]. All information indicates that it is extremely important and
necessary to educate patients on diet prophylaxis and lifestyle changes [14,15].

Old populations in different countries have heterogeneous characteristics and factors
that affect their functional ability and decline in functional ability. Previous studies were
limited in their examination of the longitudinal changes in lifestyle factors in the elderly
population and their role in the transitional process of functional ability. Few studies have
simultaneously investigated different factors, including exercise and nutritional status. In
Taiwan, the old population is fast-growing, but few studies focused on the simultaneously
and longitudinal impact of modified lifestyle factors, exercise, and nutritional status on
the transitional process of functional ability. Therefore, this study aimed to examine the
influence of changes in exercise status, nutritional status, and a number of comorbidities
on functional ability in Taiwanese community-dwelling older adults.

2. Materials and Methods
2.1. Participants and Sampling

Data for this study were collected from a national cohort study called the Taiwan
Longitudinal Study on Aging (TLSA). The TLSA was launched in 1989 and aimed to
evaluate the health and well-being of elderly people in Taiwan. The study design and
survey methods of the TLSA were fully documented previously [16]. The TLSA used a
stratified multi-staged equal probability sampling design with townships as the primary
sampling units. The TLSA recruited 4049 people aged ≥60 years in 1989 and further
recruited 2462 and 1599 new participants aged 50–66 years in 1996 and 2003, respectively, to
replenish the younger section of the cohort. Follow-up surveys were carried out every three
to four years, and a total of six waves of the TLSA (1989, 1993, 1996, 1999, 2003, and 2007)
were completed [17,18]. In each wave, some special variables were collected. The TLSA
excluded Taiwanese aboriginals. The TLSA collected nutritional and dietary data from 1999.
Therefore, the present study used data from the 1999 survey as a baseline dataset and data
from the 2003 and 2007 surveys as the endpoints. Inclusion criteria in the present study
were participants aged ≥65 years and those with a 0 ≤ baseline ADL/IADL score < 18.

2.2. Exercise Status

Exercise habits were evaluated using the following question: “Do you usually ex-
ercise?” The response options were: “no;” “≤2 times/week;” “3–5 times/week;” and
“≥6 times/week.” Moreover, changes in exercise status were assessed. Subjects who did
not exercise over 4/8 years periods (1999–2003 or 1999–2007) were classified as “not an
exerciser.” Those who exercised habitually in 1999 but not in 2003 or 2007 were classified
as “past exercisers.” Those who did not exercise habitually in 1999 but who were habit-
ual exercisers at the time of the study were classified as “current exercisers,” whereas
those with exercise habits over 4/8 years (1999–2003 or 1999–2007) were classified as
“consistent exercisers.”

2.3. Comorbid Conditions

The presence of comorbid conditions was assessed using a disease list, and the total
number of reported diagnosed diseases were calculated. Diagnosed diseases included
hypertension, diabetes, heart disease, stroke, cancer, lung disease, arthritis/rheumatism,
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gastric ulcer/gastric disease, liver/gallbladder disease, hip fracture, cataract, kidney dis-
ease, gout, and bone spurs.

2.4. Nutritional Status

Nutritional status was evaluated using the Mini-Nutritional Assessment (MNA)—
Taiwan version II [19]. In clinical practice, two versions of the MNA questionnaire are
used: a full and short-form [20–22]. A full form of MNA was used in the present study.
The total MNA score was from 0 to 30 points. A high score indicated a good nutritional
status. Normal nutritional status was 24–30 points, at risk of malnutrition 17–23.5 points,
and malnourished fewer than 17 points.

2.5. Functional Ability

The functional ability of participants was evaluated using a six-item ADL question-
naire and a six-item instrumental activities of daily living (IADL) questionnaire in the
TLSA. The six-item ADL questions assess whether respondents need help with bathing,
dressing/undressing, eating, getting out of bed, sitting in a chair, standing up, moving
around the house, and toileting [23]. The six-item IADL questions aimed to assess whether
respondents needed help with shopping, finance, transportation, housework, cleaning the
household, and calling out [24]. Participants self-reported their needs for activities of daily
living. The responses for each item of ADL and IADL were rated on a 4-point scale ranging
from “0” (no difficulty), “1” (need some help), “2” (need lots of help), and “3” (unable to
do it). The total scores of ADL and IADL were calculated; values ranged from 0 to 18, with
a high total score indicating poor functional status. The sum of ADL and IADL scores were
calculated for each wave and were used to measure subsequent net changes during the
4-year and 8-year periods. A positive net change implied that participants needed more
help when performing their daily living activities during the subsequent periods, while a
negative change implied that participants needed less help when performing their daily
living activities.

2.6. Analysis

Descriptive data were expressed as proportions or averages ± standard deviations.
Multivariate linear regression analyses were performed to evaluate the associations of the
frequency of exercise, change in exercise status, MNA scores, and the number of diseases
with baseline ADL and IADL scores, as well as subsequent 4- and 8-year ADL and IADL
scores, after adjusting for confounding variables. In the cross-sectional analysis, frequency
of exercise (q 2, 3–5, ≥6/week) was compared with none of the exercises per week, a
reference level. In the longitudinal analysis, being a past, current, or consistent exerciser
was compared with being not an exerciser, a reference level. MNA scores were analyzed as
a continuous variable. Multivariate logistic regression analyses were performed to evaluate
the associations of changes in exercise status, MNA scores, and the number of diseases with
4- and 8-year ADL and IADL decline, adjusted for confounding variables. ADL and IADL
decline was defined as subsequent 4- and 8-year positive net ADL/IADL changes scores
(>0 points), which meant that participants had worse ADL/IADL functional ability over 4
and 8 years. Confounding factors included sex, age, years of education, and ADL scores at
baseline. The beta (β) coefficients, adjusted odds ratios and 95% confidence intervals (AOR
(95% CI)) were reported. The SAS software package (SAS Institute Inc., Cary, NC, USA)
version 9.1 was used to perform all statistical analyses. Statistical significance was set at
p < 0.05.

3. Results

Table 1 show the characteristics of the subjects in 1999. The study subjects had an aver-
age age of 75 years and had nearly two diseases each. The average and standard deviation
of ADL, IADL, and MNA scores were 0.73 ± 2.61, 2.82 ± 4.70, and 25.64 ± 3.25, respec-
tively. The proportion of study subjects who did not exercise, exercised ≤ 2 times/week,
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exercised 3–5 times/week, and exercised ≥ 6 times/week were 38.42%, 5.77%, 10.20%, and
45.62%, respectively.

Table 1. Characteristics of study subjects in 1999 (n = 2932).

Values %/Mean ± Std

Gender
Men 54.74
Women 45.26

Age (y) 74.74 ± 6.13
Formal education (y) 4.78 ± 4.41
ADL score 0.73 ± 2.61
IADL score 2.82 ± 4.70
Frequency of exercise (times/week)

None 38.42
≤2 5.77
3–5 10.20
≥6 45.62

MNA score 25.64 ± 3.25
Number of diseases 2.21 ± 1.75

Abbreviation: ADL: activity of daily living, IADL: independent activity of daily living, MNA: mini-nutritional
assessment.

Table 2 show a multivariate regression analysis of the cross-sectional associations of
frequency of exercise, MNA score, and a number of diseases with ADL and IADL scores in
1999. After adjusting for confounding factors, the frequency of exercise (≤2 times/week,
3–5 times/week, and ≥6 times/week) was negatively associated with baseline ADL (β = −0.7,
−0.64, and −0.57, all p < 0.05) and IADL scores (β = −0.94, −1.05, and −1.34, all p < 0.05).
The MNA score was negatively associated with the baseline ADL and IADL scores (β = −0.30
and −0.41, both p < 0.05). The number of diseases was positively associated with the
baseline IADL score (β = 0.24, p < 0.05).

Table 2. Multivariate regression analysis of the cross-sectional associations * of frequency of exercise,
MNA score and number of diseases with ADL and IADL scores in 1999.

ADL Score (n = 2790) IADL Score (n = 2701)

β p β p

Frequency of exercise (times/week)
None Reference ** Reference
≤2 −0.70 0.0001 −0.94 0.0004
3–5 −0.64 <0.0001 −1.05 <0.0001
≥6 −0.57 <0.0001 −1.34 <0.0001

MNA score −0.30 <0.0001 −0.41 <0.0001
Number of diseases 0.03 0.2830 0.24 <0.0001

Abbreviation: ADL: activity of daily living, IADL: independent activity of daily living, MNA: mini-nutritional
assessment. * Adjusted for gender, age, years of formal education. ** A reference level.

Table 3 show the regression analysis of the associations of changes in exercise status
over 4- and 8-year periods, MNA score, and the number of diseases with subsequent ADL
and IADL scores. Past exercising was positively associated with ADL (β = 0.81, p < 0.05)
and IADL score (β = 1.30, p < 0.05) over 8 years. Current exercise and consistent exercise
were negatively associated with ADL (β range: –2.36 to –3.34, all p < 0.05) and IADL score
(β range: –3.32 to –4.50, all p < 0.05) over 4 and 8 years. The MNA score and the number
of diseases were associated with subsequent IADL scores over 4 and 8 years (for MNA,
β = −0.19 and −0.16, both p < 0.05; for the number of diseases, β = 0.17 and 0.17, both
p < 0.05).
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Table 3. The regression analysis of the associations of change of exercise status over 4- and 8 years,
MNA score and number of diseases with ADL and IADL scores in 2003 and 2007 *.

ADL IADL

2003 (n = 2148) 2007 (n = 1638) 2003 (n = 2109) 2007 (n = 1563)

β p β p β p β p

Exercise status
Not an exerciser Reference ** Reference Reference Reference
Past exercisers −0.26 0.2907 0.81 0.0200 −0.39 0.2124 1.30 0.0009
Current exercisers −2.36 <0.0001 −3.34 <0.0001 −3.32 <0.0001 −4.28 <0.0001
Consistent exercisers −2.50 <0.0001 −3.27 <0.0001 −3.46 <0.0001 −4.50 <0.0001

MNA score −0.02 0.4395 −0.05 0.2688 −0.19 <0.0001 −0.16 0.0030
Number of diseases 0.01 0.8295 0.11 0.1040 0.17 0.0034 0.17 0.0246

Abbreviation: ADL: activity of daily living, IADL: independent activity of daily living, MNA: mini-nutritional
assessment. * Adjusted for gender, age, years of formal education, and baseline ADL score. ** A reference level.

Table 4 show the multivariate logistic regression analysis of the associations of changes
in exercise status during the 4- and 8 years, MNA score, and the number of diseases
with ADL and IADL decline over 4- and 8-year periods. Past exercising was positively
associated with ADL decline over 8 years (AOR (95% CI) = 1.71 (1.23–2.38), p < 0.05) and
IADL decline over 4 and 8 years (AOR (95% CI) = 1.36 (1.00–1.83) and 2.38 (1.61–3.51),
both p < 0.05). Current and consistent exercise were negatively associated with ADL over
4- and 8- years periods (AOR range: 0.12 to 0.21, 95% CI range: 0.08 to 0.34, all p < 0.05)
and IADL decline over 4- and 8- years periods (AOR range: 0.46 to 0.63, 95% CI range:
0.32 to 0.84), all p < 0.05). The MNA score was only negatively associated with subsequent
IADL decline over 8 years (AOR (95% CI) = 0.95 (0.90–1.00), p < 0.05). The number of
diseases was positively associated with IADL decline during the 4- and 8-year periods
(AOR (95% CI) = 1.10 (1.04–1.17) and 1.09 (1.02–1.17), p < 0.05).

Table 4. Multivariate logistic regression analysis of the associations of change of exercise status
during 4- and 8 years, MNA score and number of diseases with ADL and IADL decline over 4- and
8-year periods *.

ADL IADL

1999–2003 (n = 2148) 1999–2007 (n = 1638) 1999–2003 (n = 2109) 1999–2007 (n = 1563)

AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p

Exercise status
Not an exerciser Reference ** Reference Reference Reference
Past exercisers 1.07 (0.78–1.47) 0.6877 1.71 (1.23–2.38) 0.0016 1.36 (1.00–1.83) 0.0482 2.38 (1.61–3.51) <0.0001
Current exercisers 0.21 (0.13–0.34) <0.0001 0.17 (0.10–0.29) <0.0001 0.62 (0.46–0.84) 0.0021 0.46 (0.32–0.66) <0.0001
Consistent exercisers 0.12 (0.08–0.17) <0.0001 0.19 (0.13–0.27) <0.0001 0.63 (0.49–0.80) 0.0002 0.51 (0.38–0.69) <0.0001

MNA score 0.95 (0.90–1.00) 0.0400 0.96 (0.91–1.01) 0.1068 0.98 (0.94–1.02) 0.2473 0.95 (0.90–1.00) 0.0331
Number of diseases 1.07 (0.99–1.16) 0.0809 1.07 (0.99–1.16) 0.0720 1.10 (1.04–1.17) 0.0009 1.09 (1.02–1.17) 0.0119

Abbreviation: AOR (95% CI): adjusted odds ratio (95% confidence interval), ADL: activity of daily living, IADL:
independent activity of daily living, MNA: mini-nutritional assessment. * Adjusted for gender, age, years of
formal education, baseline ADL score. ** A reference level.

4. Discussion
4.1. Exercising Status

Our study revealed that the frequency of exercise was associated with ADL and IADL
functional abilities. Longitudinal analysis demonstrated that older adults who discontinued
exercise had a significantly increased risk of subsequent ADL and IADL decline. Older
adults who currently or consistently exercised exhibited decreased risks of ADL and
IADL decline. The longitudinal associations of change in exercise status with subsequent
IADL decline were stronger than those with subsequent ADL decline. Physical activity
was reported to be associated with ADL and IADL disability [1,3]. Older adults who
undertook more physical activities had a decreased risk of reporting functional limitations
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and disability and exhibited slower progression of ADL/IADL disability [3]. A meta-
analysis for randomized controlled trials has indicated the significantly beneficial impacts
of physical activity on ADL performance in old age [6]. Older adults who were aged more
than 65 years and attended a physical activity program maintained their functional ability
in the intervention period without extra use of health care resources [5]. A cross-sectional
study reported that having regular physical activities was associated with better functional
performances in community-dwelling older adults and frail ones in day care centers [7].
Consistent and routine exercise was associated with improved physical function, including
ADL [1,4,25] and IADL [4]. Current or consistent exercise habits are essential to maintain
the functional abilities of older adults, enabling them to lead independent daily lives.
However, if older adults discontinue their exercise habits, this could be detrimental to
maintaining their ADL and IADL functional abilities. A high frequency of exercise and
consistent exercise can improve and maintain functional ability in IADL better than in ADL.

4.2. Nutritional Status

This study revealed that MNA scores were associated with ADL and IADL decline.
Old adults who were well-nourished had a lower risk of functional ability decline. Poor
MNA scores were associated with poor ADL status in community-dwelling and institu-
tionalized elders [26–29]. A cross-sectional study in home-dwelling old adults receiving
in-home care nursing services revealed that nutritional status was associated with ADL
functional status [12]. An urban community study observed that older adults with sarcope-
nia aged 80 years or over had nearly double the risks of ADL disability than those without
sarcopenia [13]. The older adults who were free of ADL or IADL dependency at baseline
and were rated malnourished or at risk of malnutrition had significantly higher ADL and
IADL scores 4 years later [11]. Taken together, nutritional status is an essential element to
maintaining functional ability in the old population. Moreover, our study observed that
the MNA appeared to predict IADL decline better than ADL. Our results further suggest
that MNA is a good predictor of early functional decline in IADL.

4.3. The Number of Medical Conditions

This present observation showed that adults over the age of 65 years a high number
of diseases had an essentially increased risk of IADL decline of 9–10% compared to those
without diseases during the 4-and 8-year periods. The number of medical conditions was
previously correlated with the functional ability of older adults in ADL [1,30–33]. Our
study revealed that the number of diseases could predict subsequent IADL decline rather
than ADL decline. The number of diseases affects older adults’ ability to live independently,
rather than their ability to undertake the basic activities of daily life.

4.4. Strengths and Limitations

The national scope of the TLSA study strengthened the generalizability of the ADL and
IADL status and healthy/risky behavior findings. The longitudinal and prospective design
of the TLSA strengthened the effect of behavior changes with time, making it possible to
evaluate the effects of behavioral changes on ADL and IADL decline with confidence.

The limitations of this study should be considered when interpreting its results. The
observed effects may be the result of physically active participants being generally healthier.
Participants who were lost to follow-up were more likely to be functionally impaired,
institutionalized, or in poor health, and their exclusion from the analysis may have un-
derestimated the reported associations. This study was a secondary data analysis. In the
TLSA, the data on participants’ chronic diseases, physical functions, physical activity, and
nutritional assessment was based on the subjects’ self-reports. The accuracy of self-reported
data varies from person to person, as well as the conditions being reported. The assess-
ment of the participant’s physical activity was highly subjective as quantitative measures
of activity, duration, and intensity were not available, and the instruments used in the
TLSA were not measured objectively. In the TLSA, general disease terms were used in
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the disease list. Data on individual diseases, including specific pathology and severity,
were not collected. The severity of specific diseases and diseases affects the participants’
functional status. However, we used the total number of diseases as an ordinal scale to
evaluate multimorbidity effects without considering the different effects of specific diseases,
severity, and combinations of diseases on physical functioning. Confounding effects should
be considered in the analysis.

5. Conclusions

The frequency of exercise, consistency of exercise, nutritional status, and the number
of diseases are cross-sectionally and longitudinally associated with functional ability in
ADL and IADL in old Taiwanese people. Current and consistent exercises are beneficial for
adults aged ≥65 years to maintain their functional ability in ADL and IADL and prevent a
decline in functional ability, while discontinuation of exercise is harmful. Consistency of
exercise, MNA score, and the number of chronic diseases are good predictors of subsequent
IADL and IADL decline. The influences of consistency of exercise, nutritional status, and
the number of diseases with IADL were stronger than those on ADL.
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