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ABSTRACT

Objective Declining healthy life expectancy due to
functional disability is relevant and urgent because of

its association with decreased quality of life and also

for its enormous socioeconomic impact. The aim of this
study is to examine the impact of diabetes, hypertension,
dyslipidemia and physical activity habits on functional
disability among community-dwelling Japanese adults.
Research design and methods This is a population-
based retrospective cohort study including 9673 people
aged 39-98 years in Japan (4420, men). Functional
disability was defined as a condition meeting Japan’s new
long-term care insurance certification requirements for the
need of assistance in the activities of daily living whether
by caregivers or assistive devices. Cox proportional-
hazards regression model identified variables related to
functional disability.

Results Median follow-up was 3.7 years. During the
study period, 165 disabilities occurred in the overall study
population. Multivariate analysis showed that diabetes
(HR 1.74 (95% Cl 1.12 to 2.68)) and no physical activity
habit (HR 1.83 (1.27 to 2.65)) presented increased risks
for disability. HR for disability increased with the number
of risk factors (HR of individuals with four conditions, 3.96
(1.59 t0 9.99) vs individuals with none of those conditions
as a reference). HR for disability among patients with
diabetes with and without a physical activity habit was
1.68 (0.70 to 4.04) and 3.19 (1.79 to 5.70), respectively,
compared with individuals without diabetes with a physical
activity habit.

Conclusions The combination of diabetes and lack

of habitual physical activity is predictive of functional
disability in Japanese. Habitual physical activity attenuates
the risk of functional disability in patients with diabetes.

INTRODUCTION

Declining healthy life expectancy due to func-
tional disability is relevant and urgent because
of its association with decreased quality of
life and also for its enormous socioeconomic
impact." * Although it has been established
that both chronic conditions such as diabetes,
hypertension and dyslipidemia and lack of
habitual physical activity are well known to

Masanori Kaneko,' Satoru Kodama,'
1

Significance of this study

What is already known about this subject?

» Diabetes and lack of habitual physical activity are
well known to be associated with an increased risk
of CVD and mortality.

What are the new findings?

» Diabetes and no physical activity habits can cause
functional disability defined as a condition meeting
Japan’s new long-term care insurance certification.

How might these results change the focus of

research or clinical practice?

» Habitual physical activity had a favorable influence
on avoiding functional disability in patients with
diabetes.

be associated with an increased risk of cardio-
vascular disease (CVD) and mortality,”® the
impact of those factors and their combina-
tions on the incidence of disability remains
unclear. Therefore, we investigated the
impact of those chronic conditions and
physical activity habits on the occurrence of
overall disability among community-dwelling
Japanese adults.

RESEARCH DESIGN AND METHODS

Study participants

Participants in this retrospective cohort study
were 11469 adults (aged 39-98 years) who had
been enrolled between 1 October 2012 and
31 March 2015 and who had been followed
up for at least 2 years until 31 March 2017
in Sanjyo city in Niigata prefecture. Data on
9673 people without coronary artery disease
(CAD), cerebrovascular disease or functional
disability at baseline and with health exam-
ination data including blood test results were
analysed. However, individuals both with
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and without diabetes, hypertension and dyslipidemia
at baseline were eligible for inclusion as we evaluated
the relationship between new occurrence of disability
and diabetes, hypertension, dyslipidemia, and physical
activity.

Definition of chronic conditions analysed and physical activity
habits

Participants were classified as having diabetes, hyper-
tension and/or dyslipidemia based on HbAlc, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
serum lipid levels and claims database data. Diabetes
was defined as HbAlc 26.5% and/or the current use of
antihyperglycaemic agents. Hypertension was defined as
SBP 2140 mm Hg and/or DBP 290 mm Hg or the current
use of antihypertensive agents. Non-HDL cholesterol
(non-HDLC) was calculated based on the difference
between total cholesterol and HDL-C, and dyslipid-
emia was defined as a non-HDLC level of >4.4mmol/L
(170mg/dL). Presence of a physical activity habit was
defined according to either a ‘yes’ or ‘no’ response to
the following question: “Do you perform exercise of
moderate intensity at least twice a week for 30 min over a
period of 1year?”.

Definition of disability

We defined functional disability according to require-
ments for the new long-term care insurance (LTCI) certi-
fication. Japan implemented a mandatory social LTCI
system in 2000.” ® This system automatically provides
services to elderly adults (age =65 years) and middle-
aged adults (40 to 65 years) who are certified as requiring
support or care according to their needs and results of a
certification assessment. Examples of conditions covered
include but are not limited to cerebrovascular disease,
diabetic nephropathy, diabetic retinopathy, diabetic
neuropathy and so on. The selection process for clas-
sifying dependent adults first involves a questionnaire
that evaluates the person’s current mental and physical
conditions, which is analysed using a computerised algo-
rithm.” Depending on the level of disability, services
include provision of medical equipment, home visits and
home care, intensive home nursing care, facility-based
services and facility-based rehabilitation. A long-time
care approval board makes a final decision on the care
provided based on the algorithm-aided analysis of the
questionnaire, a doctors’ recommendation and a home
visit report. Levels of disabilities designated by the LTCI
programme in Japan are shown in online supplementary
table 1.

Statistical analysis

Categorical variables were expressed as numerals and
percentages. Continuous variables were expressed as
the mean+SD. For comparison between the cases and
non-cases groups, x° tests were used for the categorical
variables. Unpaired Student’s t-test was used for the
continuous variables. Cox regression model identified

variables related to the incidence of functional disability.
Covariates included traditional risk factors for func-
tional disability in each model: age, sex, body mass
index (BMI) category, diabetes, hypertension, dyslip-
idemia, physical activity habits and smoking status.
Unadjusted overall time to development of a functional
disability was derived by a cumulative incidences rate
curve and log-rank tests. Analyses were performed using
SPSS V.19.0. Statistical significance was considered for p
values <0.05.

RESULTS

Median follow-up was 3.7 years. During the study period,
165 study participants developed new functional disabil-
ities. The number of individuals requiring various levels
of support and care under the LTCI programme is
shown in online supplementary table 2. ‘Support’ refers
to home-based services such as for cooking, shopping,
eating and bathing as well as facility-based services such
as adult day care. ‘Care’ refers to home-based medically
oriented assistance principally provided by nurses and
facility-based care such as outpatient rehabilitation as
well as short-term and long-term care. The incidence
rate of functional disabilities was 4.65 per 1000 person-
years. Baseline characteristics of those who had or had
not experienced disability during the observational
period are summarized in table 1. Individuals with
functional disabilities were significantly older and had
a higher prevalence of diabetes, hypertension and lack
of a physical activity habit compared with those without
these factors whereas those without functional disabili-
ties had lower levels of total cholesterol and non-HDLC
(table 1). Multivariate analysis showed that diabetes (HR
1.74 (95% CI 1.12 to 2.68)), no physical activity habit
(HR 1.83 (1.27 t0 2.65) ) and low BMI category (18.5kg/
m?>) (HR 1.63 (1.02 to 2.63)) presented increased risks
for disability (table 2). Online supplementary table 3
shows the association between functional disability risk
and the number of factors present among diabetes,
hypertension, dyslipidemia and no physical activity
habit. The prevalence ratio of 0, 1, 2, 3 and 4 conditions
was 12.8%, 40.0%, 32.6%, 12.9% and 1.7%, respectively.
Risk for functional disability increased with the number
of those conditions present compared with none of
those conditions (online supplementary table 3). The
risks for functional disability increased in individuals
with diabetes who had no habitual physical activity,
whereas those relationships were attenuated in indi-
viduals with diabetes who undertook habitual physical
activity (table 3). Cumulative incidence rates for func-
tional disability in each group are shown in figure 1.
The incidences of functional disability in those with
diabetes, hypertension and no habitual physical activity
were significantly higher than in those without (all
p<0.01) whereas those relationships were not observed
with regard to dyslipidemia (p=0.647).
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Table 1 Characteristics of study participants according to
the presence or absence of disability
Disability
(-) (+)

Characteristic (n=9508) (n=165) P value
Male sex (%) 4335 (46) 85 (52) 0.130
Age (years) 65+9 78+8 <0.001
Body mass index  22.6+3.1 22.2+3.2 0.058
(kg/m?)

<18.5 732 (8) 21 (13)

18.5-25.0 6845 (72) 114 (69)

>25.0 1931 (20) 30 (18)
Systolic blood 12717 132+18 <0.001
pressure (mm Hg)
Diastolic blood 75+11 7311 0.120
pressure (mm Hg)
HbA1c (%) 5.7+0.6 5.7+0.6 0.168
HbA1c (mmol/mol) 39+6 39+7
Total cholesterol 5.2+0.8 5.0+0.9 0.001
(mmol/L)
HDL cholesterol 1.6+£0.4 1.5+0.4 0.130
(mmol/L)
Non-HDL 3.7+0.8 3.5+0.8 0.009
cholesterol
(mmol/L)
Diabetes (%) 767 (8.1) 25 (15) 0.001
Hypertension (%) 3938 (41) 96 (58) <0.001
Dyslipidemia (%) 3343 (35) 55 (33) 0.626
Physical activity 3294 (35) 38 (23) 0.002
habits (%)
Current smoking 1323 (14) 15 (9) 0.075

(%)

Data are presented as numbers, means+SDs or percentages.
HDL, high-density lipoprotein.

Table 2 Cox regression analysis of variables for the
incidence of functional disability

HR (95% Cl) P value

Age, 5-year increase 2.48 (2.231t02.75)  <0.001
Male sex 1.25 (0.90 to 1.74) 0.178
Body mass index

<18.5 1.63 (1.02 to 2.63) 0.043

18.5-24.9 Ref

>25.0 1.01 (0.67 to 1.52) 0.962
Diabetes 1.74 (1.12 to 2.68) 0.013
Hypertension 1.23 (0.89 to 1.70) 0.208
Dyslipidemia 1.00 (0.71 to 1.41) 0.997
No physical activity habit 1.83 (1.27 to 2.65) 0.001
Current smoking 1.35 (0.77 to 2.38) 0.293

CONCLUSIONS

This is the first study to examine the impact of chronic
conditions and physical activity habits alone or in combi-
nation on the development of overall disability in Japa-
nese. The present results showed the association of
diabetes and no physical activity habits with functional
disability. In addition, it was indicated that habitual phys-
ical activity attenuates the risk of functional disability in
patients with diabetes. Diabetes has been closely linked
to the risk of physical disability,'"’ visual impairment,'!
cancer,12 fmilty,13 fractures,14 dementia'® and cardiovas-
cular disease’; thus, the risk for overall disability is greater
in those with diabetes compared with those without
diabetes. Similarly, low physical activity was associated
with those diseases based on frailty.'® ' However, we
noted that the risk for functional disability was lower in
individuals with diabetes who engaged in habitual phys-
ical activity. Because the presence of diabetes may not be
a modifiable condition, it would be important to focus
on modifiable factors such as physical activity habits that
could attenuate the association of diabetes with func-
tional disability.

We found that the presence of hypertension was
associated with a higher risk for functional disabilities
compared with the absence of hypertension (figure 1).
Hypertension has been associated with a significantly
increased risk of CVD and dementia.*'® Although a high
level of non-HDLC is an established risk factor for CAD
and CVD,19 statin treatment was not associated with a
reduction in atherosclerotic CVD or in all-cause mortality
in primary prevention in older adults without diabetes.”
Moreover, the impact of blood pressure was shown to be
greater on cerebrovascular disease than serum lipids.*' **
In general, cerebrovascular disease tended to be associ-
ated with prolonged need for assistance in the activities
of daily living compared with CAD due to motor paralysis
or dysphagia.

Multivariate analyses showed that HRs for functional
disability increased with the number of risk factors using
no risk factor as the reference. Those findings suggested
that individuals with two or more of those conditions indi-
cating risk should be screened and interventions such as
medical treatments and lifestyle management, including
nutrition education, resistance training and aerobic exer-
cise, should be applied for the prevention of functional
disabilities.

Lower BMI (<18.5) was independently associated with
functional disability. Those results were consistent with
previous studies,” ** suggesting that lower BMI in part
reflects loss of lean mass. Exercise and nutritional inter-
ventions were shown to improve muscle strength and
physical function significantly.” ** Physical exercise was
noted to be effective in preventing the progression of
frailty and further disability in older Japanese adults.?’
Taken together, clinicians may need to consider those
with lower BMI as being at high risk for functional
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Table 3 HRs with 95% Cls according to risk of diabetes, no habitual physical activity and their combination for disability

analysed by Cox models

Cases/total n HR (95% CI) P value
Diabetes (-) Physical activity habits (+) 32/3014 1.00 (ref)
Diabetes (-) Physical activity habits (-) 108/5867 1.82 (1.22 t0 2.71) 0.003
Diabetes (+) Physical activity habits (+) 6/320 1.68 (0.70 to 4.04) 0.244
Diabetes (+) Physical activity habits (-) 19/472 3.20(1.79t05.70)  <0.001

Adjusted for age, sex, body mass index, hypertension, dyslipidemia, current smoking.

disability and examine these patients for the presence of
frailty.

This study’s strengths were the large sample size and
accurate definitions of diabetes, hypertension, dyslipid-
emia and disability using data from health examinations
and a claims and administrative database. These sources
allowed us to precisely identify almost all patients with
those conditions during follow-up. This study has some
limitations. First, the design was retrospective, and only
participants who underwent physical examinations with
blood tests were analysed. Moreover, there was no way
to identify those participants whose glucose tolerance
status, blood pressure, physical activity and lipids either
improved or deteriorated during follow-up, which lasted
a minimum of 2 years. Second, we could not assess in
detail why the patients needed LTCI services. Thus,
further detailed investigations would be needed that
use data on the main cause for needing LTCI services,
such as those on social relationships and socioeconomic
status such as employment status and/or income. Third,
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Figure 1 Cumulative incidence rates of disability according
to various risk factors (a) diabetes mellitus, (b) hypertension,
(c) high non-HDLC level and (d) no habitual physical activity.
DL, dyslipidemia; DM, diabetes mellitus; HT, hypertension;
PA, physical activity habit.

physical activity habits were measured using a simple one-
item questionnaire rather than more precise measure-
ments such as with an acceleration sensor, which may
have introduced measurement error. Moreover, we did
not have detailed data on the means of physical activity
such as aerobic, balance and resistance training. Fourth,
we could not ascertain the duration of diabetes and
distinguish between individuals with type 1 and type
2 diabetes. However, type 2 diabetes is more common
than type 1 diabetes and accounts for 95% of diabetes in
Japan. Finally, we did not have data on anthropometric
measurements, dietary patterns, mental health, socioeco-
nomic status and social frailty such as living alone, going
out infrequently and having friends. 2 Thus, future
studies are necessary to confirm our findings considering
these important factors.

In summary, diabetes and no habitual physical activity
were shown to be independent risk factors for overall
disability in Japanese. Habitual physical activity had a
favorable influence on avoiding functional disability in
patients with diabetes.
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