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ORIGINAL ARTICLE
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ABSTRACT
Objective: To investigate the predictive factors associated with physical impairment among older
patients with type 2 diabetes mellitus (T2DM) in Japan and to examine the potential impact of phys-
ical impairment on patient-reported health outcomes in this population.
Methods: A cross-sectional analysis was conducted using patient-reported data from the 2012–2014
Japan National Health and Wellness Survey. Physical impairment was measured using the Physical
Component Summary (PCS) score of the Short-Form 36-Item Health Survey (SF-36) three-component
model (using Japanese norms). Older T2DM patients (�65 years old; n¼ 1511) were dichotomized into
physically impaired (PCS � 25th percentile; n¼ 378) and non-physically impaired (PCS > 25th percent-
ile; n¼ 1133). Work productivity (absenteeism, presenteeism and overall work impairment), activity
impairment and healthcare resource utilization were compared between these groups.
Results: Age, female sex, low and high body mass index (BMI), diabetes-related complications, cardio-
vascular events, unawareness of having hypoglycemic events in the past 3months, and lack of regular
exercise were significant factors associated with physical impairment in multivariable analysis. The
physically impaired group reported significantly more regular outpatient visits (13.48 vs. 10.16, respect-
ively, p< .001), 1% or greater absenteeism (16.7% vs. 4.1%, p¼ .005), greater presenteeism (27.8% vs.
12.2%, p¼ .001), overall work impairment (30.0% vs. 13.0%, p¼ .001) and overall activity impairment
(39.5% vs. 17.2%, p< .001) than the non-physically-impaired group after adjusting for covariates.
Conclusions: This study identified age, BMI, diabetes-related comorbidities, history of cardiovascular
events and lack of exercise as key predictors associated with physical impairment in older patients
with T2DM in Japan, which predicted low work productivity as well as activity impairment. This study
provides support that physical impairment in patients with T2DM may lead to low work productivity
and activity impairment.
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Introduction

Type 2 diabetes mellitus (T2DM) is characterized by hypergly-
cemia due to multiple abnormalities that include impaired
insulin secretion and peripheral insulin resistance1,2. In Japan,
the population of people living with diabetes amounts to
about 7.9% of adults aged 20–79 years1. The proportion of
people over the age of 65 in Japan is rapidly increasing due
to increased longevity and lifestyle changes3,4. In 2014, the
population in Japan over the age of 65 and 75 years
accounted for approximately 70% and 35% of the patients
with diabetes, respectively5.

Older patients with T2DM tend to exhibit reduced phys-
ical and cognitive function6, as well as greater vulnerability
to hypoglycemia7,8 and other geriatric syndromes9. Aging,
diabetic microvascular and macrovascular complications,
hyperglycemia, hypoglycemia, comorbidities, and lack of
social support are risk factors for geriatric syndrome. Some
elements of geriatric syndrome, such as depression, adversely
affect these risk factors, forming a vicious cycle, which leads
to increased mortality10.

Increasing evidence suggests that older individuals with
T2DM are at increased risk of frailty11,12. Frailty, the hallmark
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of the aging process, has been defined by the Cardiovascular
Health Study (CHS; hereinafter referred to as the CHS criteria)
as having at least three of the following: weakness (grip
strength), unintentional weight loss, slow walking speed, self-
reported exhaustion and low physical activity13. There is a
lack of consensus on the definition of frailty or how frailty
should be assessed14. Since frailty based on the CHS criteria
requires clinical assessment of muscle mass and strength,
alternative methods to measure frailty based on self-report
have been used, including the physical function scale of the
Short-Form 36-Item Health Survey (SF-36) questionnaire,
which showed lower scores in frail individuals compared to
non-frail and pre-frail individuals15, and the Physical
Component Summary (PCS) score of the SF-36 to define
physical functioning, which significantly predicted
mortality16.

Physical function impairment is one of the core compo-
nents of frailty6,17. In general, physical impairment and frailty
have been associated with lower health-related quality of life
(HRQoL), including physical domains18–20. Indeed, in one
study, while pre-frail individuals had a mean PCS score of
42.6, frail individuals had a mean PCS score of 29.618. In a
sample of Chinese elderly patients with prediabetes, lower
adjusted PCS scores were associated with being physically
inactive, another component of frailty21. Decline in physical
performance was also observed in a large-scale prospective
study of older Japanese T2DM patients22. Using the 5-item
FRAIL scale, a significant association was found between
frailty and diabetic nephropathy, activities of daily living
(ADL) disability, and greater number of hospitalizations after
adjusting for covariates in a sample of Chinese older people
with T2DM23.

Given the important role of physical impairment in frailty
and outcomes of older patients with T2DM, the current study
aimed to help inform by: (1) identifying patient characteris-
tics associated with physical impairment in older patients
with T2DM in Japan; and (2) examining the potential impact
of physical impairment on patient-reported outcomes, such
as work productivity and overall activity impairment.

Methods

Sample

This retrospective, cross-sectional, internet-based study
included respondents (aged 18 years or older) who com-
pleted the 2012–2014 Japan National Health and Wellness
Survey (NHWS). In cases where respondents participated in
multiple survey years, the most recent data were retained for
analyses. Respondents age 65 and older were identified from
adults who self-reported a diagnosis of T2DM in the NHWS.
The data from all three years were combined to maximize
the sample size of older respondents with T2DM. Information
regarding survey sampling is presented in Figure 1.

Potential respondents were identified through the general
panel of Lightspeed Research (LSR), who were recruited
through opt-in e-mail, co-registration with LSR partners, e-
newsletter campaigns, banner placements, and both internal
and external affiliate networks. All potential panelists

registered through a unique e-mail address and password,
explicitly agreed to join the panel, and received invitations to
participate in a limited number of online surveys per year. The
NHWS uses a stratified random sample framework with quotas
approximating the gender and age distribution of the Japan
general population. More details on the Japan NHWS partici-
pant recruitment procedures and sampling framework have
been published elsewhere24. Respondents provided informed
consent to participate in the NHWS and received points that
were exchanged for prizes for their participation. The NHWS
received Essex Institutional Review Board (Lebanon, NJ, USA)
approval (approval numbers: KH-NHWS-JP2012-396 in 2012;
KH-NHWS-JP13 in 2013) and Pearl Institutional Review Board
(Indianapolis, IN) approval (approval number: 14-KAN-106 in
2014), and all respondents were informed about confidential-
ity in the statement of informed consent. Representativeness
of NHWS data has been validated and weighted against reli-
able sources, including government health statistics and
unaffiliated third parties24. The following measures about
physical impairment, demographics, health history, T2DM
characteristics, healthcare resource utilization, work productiv-
ity and overall activity impairment were extracted from the
Japan NHWS database.

Measures

Physical impairment
Physical impairment was measured using the PCS score of
the SF-36 three-component model (Japanese norms)25.
Physical impairment was defined by a score equal to or less
than the 25th percentile on the PCS26. Comparison groups
were defined using this PCS score. Older T2DM patients were
grouped into those who were physically impaired (PCS
�25th percentile) and those who were not physically
impaired (PCS > 25th percentile).

Demographics
Patient characteristics included age, sex (male or female),
marital status (married/living with partner vs. not), educa-
tional level (university degree vs. not), employment status
(employed vs. not), and income (less than ¥3 million, from
¥3 million to less than ¥5 million and ¥5 million or greater).

Health history
Health history included body mass index (BMI: underweight,
normal weight, overweight, obese or unknown), exercise
(vigorous exercise for 20 or more minutes at least 3 times
per week in the past month), alcohol consumption (con-
sumes alcohol over 2–3 times week or more vs. not), smok-
ing status (current smoker vs. not), Charlson comorbidity
index (CCI) scores27 (a measure assessing comorbidity mortal-
ity), diagnosis of any cancer (breast, cervical, colorectal, leu-
kemia, lymphoma, metastatic solid tumor, non-small cell
lung, ovarian, prostate, skin, small cell lung, uterine or other
cancers vs. no cancer), and diagnosis of cardiovascular event
(heart attack, stroke, peripheral vascular disease or congest-
ive heart failure vs. none).
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Type 2 diabetes mellitus characteristics
Clinical T2DM characteristics included years from diagnosis,
hemoglobin A1c (HbA1c; �6.4%, 6.5% to 6.9%, 7.0% to 7.4%,
7.5% to 7.9%, 8.0% to 8.4% or �8.5%), diabetes-related com-
plications (foot or leg ulcer, kidney disease, macular edema
or diabetic retinopathy, neuropathic pain, or end organ dam-
age vs. no comorbidities), history of any hypoglycemia and
its severity (never experienced, none in past 3months, non-
severe, severe or don’t know). Treatment information
included current treatment for managing diabetes, including
insulin usage (yes vs. no), number of oral hypoglycemic med-
ications and adherence to diabetes medications using the
Morisky Medication Adherence Scale 8-item (#MMAS-
8) measure28.

Healthcare resource utilization
Outcome measures included healthcare resource utilization,
namely number of regular outpatient visits (general internist,
allergist, cardiologist, dentist, dermatologist, diabetologist,
endocrinologist, gastroenterologist, hepatologist, neurologist,
nephrologist, oncologist, ophthalmologist, orthopedist,

otolaryngologist, plastic surgeon, psychiatrist, psychologist/
therapist, pulmonologist, rheumatologist, urologist and other
medical specialist), whether or not the patient was hospital-
ized, and whether or not the patient had an emergency
room (ER) visit in the last 6months.

Work productivity and activity impairment
The Work Productivity and Activity Impairment (WPAI) –
General Health Questionnaire Version 229 generates four sub-
scales assessing work productivity and activity impairment.
Absenteeism represents the percentage of time missed from
work, while presenteeism represents the percentage of time
impaired while at work. Overall work impairment is a
weighted combination of absenteeism and presenteeism.
Activity impairment represents the percentage of impairment
in daily activities. The WPAI subscales are scored in the form
of percentages; higher values indicate greater impairment as
a result of the patient’s health in the past 7 days.
Absenteeism, presenteeism and overall work impairment
were only calculated for respondents who were currently
employed (full-time, part-time or self-employed).

Figure 1. Survey sampling.
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Furthermore, absenteeism and overall work impairment were
not calculated for those who worked 0 h and missed 0 h in
the past 7 days (n¼ 433), and presenteeism is only asked
among those who worked >0 h in the last 7 days (n¼ 439).
Activity impairment was calculated for all respondents.

Statistical analysis

Descriptive statistics were calculated for the study variables,
using frequencies and percentages for categorical variables
and means and standard deviations for continuous variables.
Bivariate analyses were used to examine differences between
the physically impaired and non-physically-impaired groups
on demographics, patient health history and characteristics,
healthcare resource utilization, and work and activity impair-
ment, using chi-square tests for categorical variables and
independent samples t tests for continuous variables.

Multivariable analysis was used to determine predictors of
physical impairment. A generalized linear model, specifying a
binomial distribution and log-link function, was used to
assess physical impairment (dichotomous), as a function of
patient demographics and clinical characteristics and treat-
ment: for example, older age, vigorous exercise, smoking,
alcohol, history of cancer, hypoglycemic severity in the last
3months, diagnosis with diabetes-related comorbidity, diag-
nosis with cardiovascular event, insulin usage, low or
medium adherence, HbA1c category, sex, years from diagno-
sis, and BMI. All variables identified as significantly different
between groups in the bivariate analyses, plus those of a pri-
ori interest due to their scientific relevance, were included
as predictors.

To test whether the level of physical impairment predicts
patient-reported health outcomes, multivariable models ana-
lyzed outcomes of interest (healthcare resource utilization,
work productivity and activity impairment) as a function of
physical impairment (reference¼ no physical impairment),
using generalized linear models and adjusting for covariates.
Covariates included all variables significantly different
between the two groups plus those of a priori interest due
to their scientific relevance: age, sex, BMI, HbA1c, CCI scores,
years from diagnosis, diagnosed diabetes-related comorbid-
ity, history of diagnosed cardiovascular event, hypoglycemic
severity, insulin usage and treatment adherence. We also
examined whether physical impairment and age would inter-
act to predict outcomes of interest. In instances where the
interaction was not a significant predictor of the outcome,
the interaction term was dropped from the final model.
Owing to the high frequency of zeros, absenteeism, hospital-
izations and ER visits were categorized into dichotomous var-
iables (0% worked missed vs. 1% or more work missed; no
visits vs. one or more visits); therefore, binary logistic gener-
alized linear models were used to predict these outcomes as
a function of physical impairment status, controlling for
covariates. The presenteeism, work impairment, activity
impairment and regular outpatient visit variables were highly
skewed, so generalized linear models specifying a negative
binomial distribution were used, applying additional correc-
tions to the standard errors as needed. Statistical significance

was set at two-tailed p< .05. All study comparisons were a
priori; therefore, post-hoc adjustments were not conducted.

Results

Demographics and characteristics of diabetic patients

Among 83,507 unique respondents to the Japan NHWS for
years 2012–2014, 2859 (3.4%) respondents self-reported a
physician’s diagnosis of diabetes. Of these 2859 patients,
1511 were 65 years of age or older with average PCS score
of 43.25. Among these 1511 patients, 378 were classified as
physically impaired (had a PCS score �37.08, �25th percent-
ile) (Figure 1). On average, respondents were 69.3 years old.
A majority of these respondents were male (82.9%), married/
living with a partner (86.0%) and college educated (57.2%).
Approximately half of respondents reported drinking alcohol
two or more times a week (51.2%). A minority were
employed (30.4%), had an income �¥5 million (39.7%), were
overweight or obese (30.0%), reported smoking (19.9%), and
reported exercising vigorously for more than three times a
week for 20 plus minutes in the past month (35.5%).
Respondents had a mean comorbidity burden of 0.19, as
measured by the CCI (Table 1).

Variables associated with physical impairment

Bivariate analysis
Respondents reporting physical impairment were significantly
more likely to be older, underweight, overweight or obese,
experience non-severe hypoglycemia in the past 3months,
report an HbA1c level of 8.0% to 8.4%, use insulin, have a
long duration of diabetes, diabetes-related complications and
cardiovascular events, and a high CCI index (for all p< .05;
Table 1). Those reporting non-physical-impairment were
more likely to be male, be married, report a higher income,
be of normal weight, exercise and drink alcohol (for all
p< .05; Table 1).

Multivariable analysis
Results of the multivariable analysis predicting physical
impairment indicated significantly higher adjusted odds of
impairment with age, lack of regular exercise, unawareness
of having hypoglycemic events in the past 3months, dia-
betes-related comorbidities, cardiovascular events, female sex
and BMI (Figure 2). BMI, diabetes-related complications, lack
of regular exercise, cardiovascular events and age were the
greatest factors associated with significantly higher adjusted
odds of being physically impaired. In particular, obese BMI
and underweight BMI were associated with 4.1 and 2.7 times
the odds of being physically impaired than those with nor-
mal BMI, respectively. In addition, the presence of diabetes-
related complications, lack of regular exercise (<3 times per
week in the past month), and a history of cardiovascular
events were associated with 3.4, 3.3 and 2.8 times the odds
of being physically impaired compared with those without
diabetes-related comorbidities, who exercise regularly and
without a history of cardiovascular events, respectively.
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Table 1. Sociodemographic and health characteristics as a function of physical impairment.

Parameters Physical impairment (PCS categorization)

Physically impaired
(≤25th percentile)

(n = 378)

Non-physically-impaired
(>25th percentile)

(n = 1133)

Total (n = 1511)

Age (years; mean ± SD) 70.0* ± 4.7 69.1 ± 3.8 69.3 ± 4.1
Sex (N, %)
Male 296 (78.3*) 957 (84.5) 1253 (82.9)

Education (university degree or not) (N, %)
University degree 202 (53.4) 662 (58.4) 864 (57.2)

Employed (N, %)
Yes 101 (26.7) 358 (31.6) 459 (30.4)

Married/living with partner (N, %)
Yes 308 (81.5*) 991 (87.5) 1299 (86.0)

Household income (N, %)
<¥3,000,000 91 (24.1*) 177 (15.6) 268 (17.7)
¥3,000,000 to <¥5,000,000 128 (33.9) 399 (35.2) 527 (34.9)
¥5,000,000+ 132 (34.9*) 468 (41.3) 600 (39.7)
Unknown 27 (7.1) 89 (7.9) 116 (7.7)

BMI categories (N, %)
Underweight (<18) 18 (4.8*) 29 (2.6) 47 (3.1)
Normal weight (18 to <25) 206 (54.5*) 794 (70.1) 1000 (66.2)
Overweight (25 to <30) 122 (32.3*) 275 (24.3) 397 (26.3)
Obese (30+) 30 (7.9*) 27 (2.4) 57 (3.8)
Unknown 2 (0.5) 8 (0.7) 10 (0.7)

Exercise 20+ minutes in the past month (N, %)
3+ times in past week 69 (18.3*) 468 (41.3) 537 (35.5)

Current alcohol consumer (N, %)
Currently drinking alcohol (≥2 to 3 times a week) 176 (46.6*) 598 (52.8) 774 (51.2)

Current smoker (N, %)
Current smoker 67 (17.7) 234 (20.7) 301 (19.9)

CCI Quan (mean ± SD) 0.39* ± 0.86 0.13 ± 0.48 0.19 ± 0.61
Years since diagnosis with diabetes (mean ± SD
Years 15.57* ± 13.06 13.28 ± 10.49 13.86 ± 11.23

Hemoglobin A1c level (N, %)
≤6.4% 115 (30.4) 395 (34.9) 510 (33.8)
6.5%–6.9% 82 (21.7) 259 (22.9) 341 (22.6)
7.0%–7.4% 52 (13.8) 184 (16.2) 236 (15.6)
7.5%–7.9% 31 (8.2) 68 (6.0) 99 (6.6)
8.0%–8.4% 15 (4.0*) 21 (1.9) 36 (2.4)
8.5%+ 11 (2.9) 24 (2.1) 35 (2.3)
Not reported 72 (19.0) 182 (16.1) 254 (16.8)

Use insulin to treat diabetes (N, %)
Yes 78 (20.6*) 127 (11.2) 205 (13.6)

Number of non-insulin prescription medicines used to treat diabetes (mean ± SD) 1.16 ± 0.94 1.17 ± 0.98 1.17 ± 0.97
Hypoglycemia severity (past 3 months) (N, %)
Never experienced hypoglycemia 227 (60.1) 821 (72.5) 1048 (69.4)
No hypoglycemia experienced in past 3 months 65 (17.2*) 145 (12.8) 210 (13.9)
Non-severe hypoglycemia: managed the episode by oneself 46 (12.2*) 98 (8.6) 144 (9.5)
Severe hypoglycemia: requiring assistance from another individual 3 (0.8) 5 (0.4) 8 (0.5)
‘Don’t know if ever experienced hypoglycemia 37 (9.8*) 64 (5.6) 101 (6.7)

Adherence to medications – #MMAS-8a (N, %)
Low (<6) 76 (22.7) 204 (21.3) 280 (21.6)
Medium (6 to <8) 155 (46.3) 434 (45.3) 589 (45.5)
High (8) 104 (31.0) 321 (33.5) 425 (32.8)

Diagnosed diabetes-related complications (N, %)
Any 83 (22.0*) 90 (7.9) 173 (11.4)
Foot or leg ulcer 3 (0.8) 4 (0.4) 7 (0.5)
Kidney disease 30 (7.9*) 19 (1.7) 49 (3.2)
Macular edema or diabetic retinopathy 39 (10.3*) 57 (5.0) 96 (6.4)
Neuropathic pain 27 (7.1*) 13 (1.1) 40 (2.6)
End organ damage 14 (3.7*) 11 (1.0) 25 (1.7)

Diagnosed CV event (heart attack, stroke, PVD or CHF) (N, %)
Any 37 (9.8*) 48 (4.2) 85 (5.6)
Heart attack 13 (3.4) 21 (1.9) 34 (2.3)
Stroke or mini-stroke 25 (6.6*) 24 (2.1) 49 (3.2)
PVD 0 (0.0) 2 (0.2) 2 (0.1)
CHF 1 (0.3) 1 (0.1) 2 (0.1)

History of cancer (if any) (N, %)
Yes 52 (13.8) 123 (10.9) 175 (11.6)

Abbreviations. BMI, Body mass index; CCI Quan, Charlson comorbidity index; CHF, Congestive heart failure; CV, Cardiovascular; PCS, Physical Component
Summary; PVD, Peripheral vascular disease; SD, Standard deviation.
*Means/percentages significantly different at p < .05 in the two-sided test of equality for column means. Tests assume equal variances.
aUse of the ©MMAS is protected by US copyright laws. Permission for use is required. A license agreement is available from: Donald E. Morisky, 294 Lindura
Court, Las Vegas, NV 89138-4632; dmorisky@gmail.com.
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Furthermore, being 75 years of age and older was associated
with 2.2 times the odds of being physically impaired com-
pared with those 65–69 years of age (Figure 2).

Healthcare resource use as a function of
physical impairment

Bivariate analysis
The physically impaired vs. non-physically-impaired group
reported significantly more regular outpatient visits (14.7 vis-
its vs. 10.1 visits) and significantly more frequently had a
hospitalization (15.9% vs. 10.9%) and an ER visit (8.7% vs.
5.0%) in the past 6months (for all p< .05; Table 2).

Multivariable analysis
Generalized linear models indicated that physical impairment
significantly predicted the number of regular outpatient vis-
its, when controlling for covariates (age, sex, BMI, HbA1c, CCI
scores, years from diagnosis, diagnosed diabetes-related
comorbidity, history of diagnosed cardiovascular event, hypo-
glycemic severity, insulin usage and treatment adherence).
Physically impaired individuals reported significantly more
regular outpatient visits than non-physically-impaired ones
(13.48 ± 0.64 vs.10.16 ± 0.27, p< .001) (Figure 3). They had 1.3

times higher risk of regular outpatient visits than non-physic-
ally-impaired patients (Supplementary Table ST1).

However, physical impairment was no longer a significant
predictor of hospitalization or ER visits after adjusting
for covariates.

Work productivity and activity impairment as a function
of physical impairment

Bivariate analysis
The physically impaired group significantly more frequently
reported absenteeism (25.3% vs. 5.3% had 1% or greater
absenteeism) and were more likely to have presenteeism
(32.2% vs.12.5%), overall work impairment (36.3% vs. 13.2%)
and overall activity impairment (44.0% vs.17.3%) than the
non-physically-impaired group (for all p< .05; Table 2).

Multivariable analysis
Physical impairment was found to be a significant predictor
of absenteeism, presenteeism, overall work impairment and
activity impairment after adjusting for covariates (same as
healthcare resource use), excluding history of cardiovascular
event for analysis of absenteeism (Supplementary Table ST2).

The original model for absenteeism described above failed
to converge because no individuals with a history of a

Figure 2. Physical impairment as a function of patient characteristics. Odds ratios (ORs) and 95% confidence intervals from a binary logistic generalized linear
model examining physical impairment (impaired vs. non-impaired) as a function of patient characteristics are shown. The arrow towards the higher number means
that higher values indicate higher adjusted odds of physical impairment. Due to missing data for years from diagnosis for three respondents, this model was run
with n¼ 1508 respondents (n¼ 378 physically impaired; n¼ 1130 non-physically-impaired). �p < .05 for the statistical significance of the OR. Abbreviations. CV
event, Cardiovascular event; HbA1c, Hemoglobin A1c level; Yrs, Years; BMI, Body mass index. Definitions. Exercise, 20þ minutes of vigorous exercise in the past
month (3þ days per week); Hypoglycemia: non-severe, Non-severe hypoglycemia: managed the episode by oneself in last three months; Hypoglycemia: severe,
Severe hypoglycemia: requiring assistance from another individual in last three months; Hypoglycemia: don’t know, Don’t know if ever experienced hypoglycemia;
Diagnosed diabetes-related comorbidity, Yes to foot or leg ulcer, kidney disease, macular edema or diabetic retinopathy, neuropathic pain, end organ damage;
Diagnosed cardiovascular event, Yes to heart attack, stroke, peripheral vascular disease, congestive heart failure; Adherence: low, #MMAS-8 adherent to diabetes
medication score <6; Adherence: medium, #MMAS-8 adherent to diabetes medication score between 6 and <8; Adherence: high, #MMAS-8 adherent to dia-
betes medication score ¼ 8.
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cardiovascular event reported any absenteeism; therefore,
history of cardiovascular event was removed as a covariate
from this model. The binary logistic generalized linear model
indicated that higher adjusted odds of absenteeism were
associated with physical impairment, when controlling for
covariates. Older T2DM patients who were physically
impaired had 4.7 times the odds of absenteeism compared
with those who were not physically impaired (Supplementary
Table ST2).

Generalized linear models indicated a higher adjusted rate
of presenteeism, overall work impairment and overall activity
impairment among those with physical impairment, when
controlling for covariates. Older T2DM patients who were
physically impaired had 2.3 times the odds of presenteeism,
overall work impairment and overall activity impairment
compared with those who were not physically impaired
(Supplementary Table ST2). Estimated marginal means for
absenteeism (16.7% ± 4.5 vs. 4.1% ± 1.1, p¼ .005), presentee-
ism (27.8% ± 4.6 vs. 12.2% ± 1.0, p¼ .001), overall work
impairment (30.0% ± 5.1 vs. 13.0% ± 1.1, p¼ .001) and over-
all activity impairment (39.5% ± 2.5 vs. 17.2% ± 0.6, p< .001)
as a function of physical impairment are shown in Figures 4
and 5.

Discussion

The present study provided evidence regarding the predic-
tors of physical impairment in Japanese older patients with
T2DM. BMI, diabetes-related comorbidities, lack of regular
exercise, cardiovascular events and age were the main pre-
dictors associated with physical impairment. The physically
impaired group reported significantly more regular out-
patient visits, greater absenteeism, increased presenteeism,
increased overall work impairment and increased activity
impairment compared with the non-physically-impaired
group. This study is the first to report the potential impact
of physical impairment on patient-reported health-related
outcomes in Japanese older patients with T2DM.

In the current study, respondents were classified as phys-
ically impaired if they had a PCS score �37.08 (�25th

Figure 3. Number of regular outpatient visits as a function of physical impair-
ment. p < .001. Physically impaired: Mean ¼ 13.48, SE ¼ 0.64; n¼ 378. Non-
physically impaired: Mean ¼ 10.16, SE ¼ 0.27; n¼ 1130. Estimated marginal
means and standard errors of the number of regular outpatient visits in the
past 6 months as a function of physical impairment, adjusting for covariates,
are presented.
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percentile). This cutoff score is consistent with low PCS
scores (39.5, 42.56) of SF-36 in Taiwanese cross-sectional
studies that demonstrated that the presence of frailty (deter-
mined by the CHS criteria) was associated with reduced
HRQoL in the older population30,31, and is below the average
PCS score found among samples of pre-frail individuals in
Mexico (42.6) and China (39.8)18,21. In this study, the average
PCS of overall older patients with T2DM was 43.25, which is
relatively lower than that of Fujiwara-kyo study, 46.026.

The present study showed that age, BMI, diabetes-related
complications, history of cardiovascular events and lack of
exercise were significantly associated with physical impair-
ment in older patients with T2DM. These findings are consist-
ent with previous research linking physical impairment with
diabetes-related complications, higher BMI, smoking, abstin-
ence from alcohol, lack of regular exercise, risk of hypogly-
cemia, insulin usage, obesity, older age, female sex, lower
income and lower formal education7,32–34. The biphasic distri-
bution of BMI (J curve) indicated that both low and high

body weight observed in our study were linked to physical
impairment, which is consistent with previous research that
showed a significant association between lower or higher
BMI and incident frailty defined by the CHS criteria35. We
could not investigate more detailed patient characteristics
comparing the groups with lower and higher BMI in patients
with T2DM, due to the small numbers of patients who were
underweight. Further studies are required to examine the
association of patient characteristics with low and high BMI
in physically impaired patients with T2DM.

The presence of diabetes-related complications was asso-
ciated with poorer HRQoL when measured using the EQ-5D
scale in Japan36 and other countries37, which is consistent
with our study using SF-36.

Physical function is a predictive factor of poorer health
outcomes23. In the present study, when controlling for cova-
riates, physical impairment was significantly associated with
more regular outpatient visits, absenteeism, presenteeism,
overall work impairment and activity impairment. However,
physical impairment was not a significant predictor of hospi-
talizations or ER visits, when controlling for covariates. That
may be due to the frequent and routine healthcare utiliza-
tion among the physically impaired group, which may have
reduced the risk of emergent conditions requiring ER visits
and/or hospitalization in the Japanese setting. In contrast,
frailty predicted a greater number of hospitalizations in an
exploratory study involving Chinese older patients with
T2DM and an observational study among US older diabetic
patients38. While the former study assessed frailty as a risk
factor for hospitalization23, the latter assessed sarcopenia
along with frailty as predictors of hospitalization38.

The present study also showed higher levels of absentee-
ism, presenteeism, overall work impairment and activity
impairment, after adjusting for covariates, in physically
impaired older T2DM patients. These findings are in line with
another study that found loss of work productivity in a quar-
ter of patients with T2DM (mean age ¼ 55.08) and 1.5 times
use of sick leave in patients with T2DM compared with

Figure 4. Absenteeism as a function of physical impairment. p ¼ .005.
Physically impaired: Mean ¼ 16.7%, SE ¼ 4.5%; n¼ 95. Non-physically-
impaired: Mean ¼ 4.1%, SE ¼ 1.1%; n¼ 336. Estimated marginal means and
standard errors of the percentage of respondents with absenteeism (1%þ vs.
0%) as a function of physical impairment, adjusting for covariates,
are presented.

Figure 5. Productivity impairment as a function of physical impairment. Presenteeism. p ¼ .001. Physically impaired: Mean ¼ 27.8%, SE ¼ 4.6%; n¼ 97.
Non-physically-impaired: Mean ¼ 12.2%, SE ¼ 1.0%; n¼ 340. Overall work impairment. p ¼ .001. Physically impaired: Mean ¼ 30.0%, SE ¼ 5.1%; n¼ 95. Non-
physically-impaired: Mean ¼ 13.0%, SE ¼ 1.1%; n¼ 336. Overall activity impairment. p < .001. Physically impaired: Mean ¼ 39.5%, SE ¼ 2.5%; n¼ 378. Non-phys-
ically-impaired: Mean ¼ 17.2%, SE ¼ 0.6%; n¼ 1130. Estimated marginal means and standard errors of the percentage of respondents with presenteeism, overall
work impairment and overall activity impairment (0%–100%) as a function of physical impairment, adjusting for covariates, are presented.
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patients with hypertension39. Other studies have shown loss
of work productivity is greater in patients with T2DM who
experience diabetic neuropathy compared to patients with
T2DM who do not experience diabetic neuropathy40 and
that non-severe hypoglycemia is associated with lost work
productivity41. However, this is the first study to report the
influence of physical impairment or frailty on work productiv-
ity and activity impairment even in older T2DM patients after
adjusting for severe hypoglycemia and painful neuropathy.
Future research is needed to understand the drivers of loss
of productivity among patients with physical impairment.

The present research has some notable strengths.
Although the physical function scale of SF-36 was previously
used as a criterion to reflect the mobility–disability dimen-
sion of frailty in older men15, this study is the first to evalu-
ate physical impairment as a component of frailty by means
of PCS in Japanese patients with T2DM using a broad range
of sociodemographic and health characteristics. In addition,
the current study provides a novel, unified examination of
the potential impact of physical impairment on patient-
reported health outcomes.

However, it is important to note a few limitations of the
present study. Causal conclusions could not be established
due to the cross-sectional study design. Study responses were
self-reported, thereby increasing the chances of response bias
and errors in recall. Also, due to the self-reported nature of
the study, patient responses regarding diagnosis and treat-
ment could not be verified. Furthermore, as very frail older
patients are less likely to complete the survey, this study may
selectively under-represent the older T2DM population who
had cognitive impairment or limited access to the internet.
Finally, the proportion of individuals with T2DM in our sample
does not mirror the proportion of T2DM patients in Japan,
which decreases the generalizability of the current findings to
the entire T2DM patient population.

Conclusions

In conclusion, physical impairment, a core component of
frailty, is significantly associated with age, being female, low
and high BMI, diabetes-related complications, cardiovascular
events, and lack of regular exercise. Also, Japanese older
patients with T2DM who have physical impairment are more
likely to experience more economic burden, such as frequent
regular outpatient visits, reduced work productivity and
greater activity impairment. Therefore, in the management of
older patients with diabetes, comprehensive geriatric assess-
ment including physical dysfunction and multidisciplinary
intervention are necessary to maintain better HRQoL. In the
randomized trials of older patients with T2DM, physical assess-
ment as well as HRQoL should be included as an outcome.
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