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Abstract

Objective The aim of this study was to compare health-
related quality of life (HRQOL) between type 2 diabetic
patients with and without locomotive syndrome, which is a
risk for becoming bedridden because of deteriorating
locomotive organs.

Subjects and methods A total of 135 patients with type 2
diabetes mellitus (69.2 + 10.2 years) were enrolled in this
cross-sectional study. HRQOL was evaluated by the Euro-
QOL-5 (EQ-5D), and locomotive syndrome was evaluated
by “loco-check,” established the Japanese Orthopedic
Association. Clinical data, such as anthropometric param-
eters, blood and urine examination results, blood pressure
(BP), drug wusage, and psychological distress, were
analyzed.

Results Average HbAlc in all patients was 7.2 £ 1.0 %,
and 74 patients (54.8 %) were identified as having the
locomotive syndrome. EQ-5D scores were significantly
lower in type 2 diabetic patients with locomotive syndrome
than in those without locomotive syndrome, even after
adjusting for age, sex, body mass index (BMI), and HbAlc.
By the multiple regression analysis, locomotive syndrome
and age were identified as determinant factors of HRQOL
in type 2 diabetic patients.

Conclusion In type 2 diabetic patients, lower HRQOL was
a characteristic feature of subjects with locomotive
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syndrome, even after adjusting for confounding factors.
Prevention or management of locomotive syndrome may
be beneficial for improving HRQOL in type 2 diabetic
patients.

Keywords Locomotive syndrome - Loco-check - Type 2
diabetes mellitus - Health-related quality of life (HRQOL)

Introduction

Type 2 diabetes mellitus has become a public health
challenge in Japan, as well as throughout the world.
Approximately nine and a half million Japanese have type
2 diabetes mellitus, according to the Ministry of Health,
Labour and Welfare of Japan [1]. Modern lifestyles, such
as reduced physical activity and higher calorie diets, have
been shown to be closely associated with the increase in
type 2 diabetes mellitus. Furthermore, type 2 diabetes
mellitus is associated with developing cerebrovascular
disease and ischemic heart disease, reducing the health-
related quality of life (HRQOL) [2, 3].

Locomotive syndrome, which has been shown to be a
risk factor for becoming bedridden because of deteriorating
locomotive organs, was defined by the Japanese Orthope-
dic Association [4]. In Japan, approximately 20 % of
individuals requiring “Long-Term Care” insurance were
estimated to have the locomotive syndrome [5, 6]. The final
purpose of the therapy is increasing HRQOL in patients
with type 2 diabetes mellitus [7]. In addition, it is well
known that maintaining and increasing physical activity
and performing exercise are milestone of the therapeutic
strategy. Reducing locomotive organs may be closely
associated with lower physical activity and exercise per-
formance. Taken together, to increase HRQOL, prevention
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or improvement of locomotive syndrome is important for
those with type 2 diabetes mellitus. Although the associa-
tion between locomotive syndrome and HRQOL was
evaluated in the general Japanese population by a cross-
sectional study [8], there have been no studies evaluating
the link between HRQOL and locomotive syndrome in
patients with type 2 diabetes mellitus.

Thus, we compared HRQOL in subjects with type 2
diabetes mellitus between those with and without loco-
motive syndrome in a cross-sectional study.

Subjects and methods
Subjects

A total of 135 type 2 diabetic patients, aged 69.2 £+
10.2 years, were enrolled in this cross-sectional study after
meeting the following criteria: (1) the subject was an out-
patient at Kagawa Medical Office attached to the Taka-
matsu Municipal Hospital in Takamatsu, Japan, between
August 4 and October 3, 2015; (2) the subject underwent
the necessary examinations and completely answered the
questionnaires; and (3) the subject provided written
informed consent.

Approval was obtained from the Ethics Committee
of Takamatsu Municipal Hospital, Takamatsu, Japan
(20150727).

Clinical parameters

We evaluated age, sex, height (cm), and body weight (kg),
levels of glutamic oxaloacetic transaminase (GOT), glu-
tamic pyruvic transaminase (GPT), blood urea nitrogen
(BUN), creatinine, triglyceride, HDL cholesterol, LDL
cholesterol, blood sugar, and HbAlc, and urine sugar, as
well as presence of proteinuria, hematuria, or microalbu-
minuria by the conventional laboratory methods. We also
evaluated blood pressure (BP), drug usage, psychological
distress, HRQOL, and locomotive syndrome. Psychologi-
cal distress was measured by the K6 questionnaire [9-11],
and HRQOL was evaluated by the Euro-QOLS5 dimensions
(EQ-5D), as previously described [12-16]. Locomotive
syndrome was defined using the “loco-check,” which was
developed by the Japanese Orthopedic Association [17].
As described in a previous report [18], locomotive
syndrome was defined as answering “yes” to any of the
following questions: (1) You are unable to put on a pair of
socks while standing on one leg; (2) You have stumbled or
slipped in your house; (3) You need to use the handrail
when going upstairs; (4) You are unable to cross the road at
a crossing before the traffic light changes; (5) You have

difficulty walking continuously for 15 min; (6) You find it
difficult to walk home carrying a shopping bag weighing
approximately 2 kg (e.g., two 1-L cartons of milk); and (7)
You find it difficult to do housework requiring physical
strength, such as using a vacuum cleaner, moving futons
(traditional Japanese bedding) in and out of the closet.

Statistical analysis

Data were expressed as mean & SD. The unpaired #-test
was used to compare the clinical parameters of the type 2
diabetes mellitus subjects between those with and without
locomotive syndrome. Analysis of covariance (ANCOVA)
was used to adjust for confounding factors, where p < 0.05
was considered significant. Multiple regression analysis
was then performed to evaluate which factors were deter-
minant for HRQOL in type 2 diabetic patients. All statis-
tical analyses were performed with the IBM SPSS Statistics
22 software (IBM Japan, Tokyo, Japan).

Results

The clinical profile of the enrolled type 2 diabetes mellitus
subjects are summarized in Table 1. Mean age was
69.2 + 10.2 years and HbAlc was 7.2 & 1.0 %. Seventy-
four subjects had locomotive syndrome (54.8 %), with a
mean EQ-5D score of 0.768 £ 0.191.

Table 2 shows the comparison of clinical parameters
between type 2 diabetic patients with and without loco-
motive syndrome. Age, BMI, and K6 scores in subjects
with locomotive syndrome were significantly higher, and
height and EQ-5D were significantly lower than in sub-
jects without locomotive syndrome. After adjusting for
age and sex, body weight, BMI, and K6 scores in patients
with locomotive syndrome were significantly higher, and
EQ-5D scores were significantly lower than in those
without locomotive syndrome. After further adjustment
for age, sex, BMI, and HbAlc, only EQ-5D scores in
patients with locomotive syndrome were significantly
lower than in those without locomotive syndrome. There
were no other significant differences in clinical parame-
ters between those with and without locomotive
syndrome.

Finally, we investigated what factors affect EQ-5D score
in patients with type 2 diabetes mellitus (Table 3). By the
multiple regression analysis, we used EQ-5D score, as a
dependent variable; and locomotive syndrome, age, sex,
BMI, and HbAlc, as independent variables. Locomotive
syndrome (f: 0.387, p <0.001) and age (f: —0.192,
p = 0.023) were identified as determinant factors of EQ-
5D score in patients with type 2 diabetes mellitus.
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Table 2 Comparison of clinical parameters between type 2 diabetic patients with and without locomotive syndrome

Locomotive syndrome (+) Locomotive syndrome (—)

Mean + SD Mean + SD p p' »*
Number of subjects n =74 (54.8 %) n =061 (452 %)
Age 71.4 £ 109 66.5 + 8.8 0.006
Height (cm) 1549 £ 9.5 159.0 £ 9.2 0.012 0.758 0.838
Body weight (kg) 64.1 + 14.6 61.4 £ 12.0 0.251 <0.001 0.818
BMI (kg/m?) 265 £ 4.5 242 +£38 0.002 <0.001
GPT (IU/1) 23 £ 16 23 £ 10 0.852 0.186 0.985
BUN(mg/dl) 17.8 £59 16.8 &+ 54 0.315 0.701 0.556
Cr (mg/dl) 09 +£03 09 £04 0.872 0.913 0.742
Triglyceride (mg/dl) 147 + 82 160 + 107 0.438 0.561 0.195
HDL cholesterol (mg/dl) 54 £ 15 54 + 15 0.939 0.572 0.535
LDL cholesterol (mg/dl) 118 £ 40 119 £ 33 0.908 0.832 0.975
Blood sugar (mg/dl) 160 £ 60 171 £ 66 0.322 0.510 0.346
HbAlc (%) 73+ 1.1 72+09 0.578 0.637
Systolic blood pressure (mmHg) 128 + 15 128 + 20 0.849 0.833 1.000
Diastolic blood pressure (mmHg) 73 £ 10 73 £ 11 0.711 0.421 0.996
EQ-5D score 0.768 + 0.191 0.936 + 0.123 <0.001 <0.001 <0.001
K6 score 34+ 44 1.7+ 35 0.016 0.031 0.097

Bold indicates P < 0.05

P' Adjusting for age and sex, P? Adjusting for age, sex, BMI and HbA lc, BMI body mass index, GPT glutamic pyruvic transaminase, BUN blood

urea nitrogen, Cr creatinine

Table 3 Multiple regression analysis between EQ-5D scores and
clinical parameters

Dependent variables: EQ-5D scores p p

Independent variables

Locomotive syndrome 0.387 <0.001
Age —0.192 0.023
Sex 0.031 0.688
BMI —0.096 0.257
HbAlc —0.070 0.366

Bold indicates P < 0.05
BMI body mass index
R*=0.248, p < 0.05

Discussion

In the present study, we evaluated the prevalence of
locomotive syndrome in patients with type 2 diabetes
mellitus. EQ-5D scores in patients with locomotive syn-
drome were significantly lower than in those without
locomotive syndrome.

Using “loco-check,” lizuka et al. reported that 39.6 %
of subjects from the general population had locomotive
syndrome (66.1 & 10.9 years), which is supported by our
results [8]. Hirano et al. also reported that 62 subjects
(16.1 %) among 386 community-dwelling subjects over

the age of 50 had locomotive syndrome [19]. In the present
study, we evaluated the prevalence of locomotive syn-
drome in patients with type 2 diabetes mellitus, and found
that the prevalence of locomotive syndrome was higher
than that of the general Japanese population [8, 19].
Although the present results were obtained in only one
local clinic in Kagawa Prefecture, Japan, these results may
provide useful data on the prevalence of locomotive syn-
drome in patients with type 2 diabetes mellitus.

According to the factors associated with HRQOL in
patients diabetes mellitus, Saleh et al. found that age,
female gender, income, education, family history, and
duration of diabetes mellitus were important factors for
HRQOL using EQ-5D in 500 type 2 diabetic patients in a
cross-sectional study [20]. Porojan et al. also showed that
the prevention of complications and control of blood sugar
were important for HRQOL evaluated using Medical
Outcomes Study 36-Item Short-Form Health Survey (SF-
36) [21]. In addition, assessment of patients with type 2
diabetes mellitus using SF-36 identified exercise and
training, particularly aerobic exercise, as factors that may
improve HRQOL [22]. In the present study, it is note-
worthy that presence of locomotive syndrome, rather than
age, sex, BMI, or HbAlc, was most associated with
HRQOL in patients with type 2 diabetes mellitus.

In turn, there are some reports of the relationship between
locomotive syndrome and HRQOL. Ebihara et al. showed
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that the HRQOL using EQ-5D in subjects with locomotive
syndrome was significantly lower than in those without
locomotive syndrome in community-dwelling people [23].
In outpatients of orthopedic hospitals and/or clinics,
HRQOL by SF-36, grip strength, level of physical activity in
daily life, and psychological state were significantly lower in
subjects with locomotive syndrome than in those without
locomotive syndrome [24]. To the best of our knowledge,
this is the first investigation of HRQOL and locomotive
syndrome in type 2 diabetic mellitus subjects, and we
observed a significant difference in EQ-5D score between
those with and without locomotive syndrome. This differ-
ence was still observed after adjusting for age, sex, BMI, and
HbA 1c. In addition, the multiple regression analysis showed
that the presence of locomotive syndrome was associated
with HRQOL in patients with type 2 diabetes mellitus.
Taken together, physical activity and performing exercise
may be difficult in type 2 diabetic patients with locomotive
syndrome, leading to increased time of being bedridden.
Therefore, prevention or management of locomotive syn-
drome using “loco-check” is recommended for improving
HRQOL in patients with type 2 diabetes mellitus.

There are some potential limitations to the present study.
First, the study was of a cross-sectional, not longitudinal,
design. Second, the type 2 diabetes mellitus patients
enrolled in this study were outpatients at only one clinic in
Takamatsu city, Japan. Third, the factors underlying the
association between locomotive syndrome and lower EQ-
5D score remain to be clarified. Although the diabetic
complications, such as retinopathy, nephropathy, and car-
diovascular diseases, might be associated with HRQOL, we
could not accurately evaluate the state and the influence of
complications. Fourth, EQ-5D questionnaires include the
items of physical activity and the utility scores were cal-
culated. Therefore, HRQOL evaluated by other methods
would be needed to confirm the relation between HRQOL
and locomotive syndrome. Nevertheless, prevention or
management of locomotive syndrome in type 2 diabetic
patients may increase HRQOL. Thus, further investigations
are required to further clarify such a link.
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