J DI Journal of Diabetes Investigation Open access
Official Journal of the Asian Association for the Study of Diabetes

ORIGINAL ARTICLE

Handgrip measurement as a useful benchmark
for locomotive syndrome in patients with
type 2 diabetes mellitus: A KAMOGAWA-DM

cohort study

Noriyuki Kitagawa'

Michiaki Fukui®

, Takuro Okamura®(%), Nobuko Kitagawa?, Yoshitaka Hashimoto?(%), Masahide Hamaguchi®*,

'Department of Endocrinology and Metabolism, Karmeoka Municipal Hospital, Kameoka, Japan, and “Department of Endocrinology and Metabolism, Graduate School of Medical

Science, Kyoto Prefectural University of Medicine, Kyoto, Japan

Keywords ABSTRACT
Sarcopenia, Skeletal muscle, Muscle
strength

tive syndrome (LS).
*Correspondence

Masahide Hamaguchi
Tel.. +81-75-251-5505
Fax: +81-75-252-3721
E-mail address:
mhama@koto kpu-m.acjp

J Diabetes Investig 2020; 11:
1602-1611

Aims/Introduction: To carry out a cross-sectional single-center study in a Japanese
hospital to determine the diagnostic value of handgrip measurement to detect locomo-

Materials and Methods: Consecutive outpatients underwent an LS risk test, which
comprised a stand-up test and a two-step test, and a handgrip measurement, along with
general diabetes-related tests. We calculated the prevalence of LS, and evaluated the asso-
ciation between handgrip strength and LS.

Results: We enrolled 234 patients in this study. The prevalence of LS in the stand-up
and two-step tests was 51.5 and 79.0%, respectively. The prevalence of LS in the stand-up
or two-step tests increased with age both in men and women. Using the stand-up and
two-step tests, 107 patients (46.7%) were diagnosed with LS. The area under the receiver

operating characteristic curve, used to assess our identification of LS in terms of grip

doi: 10.1111/jdi.13291

strength in men and women, showed 95% confidence intervals of 0.703 (0.563-0.813)

and 0698 (0.500-0.842), respectively. The odds ratios of grip strength for LS were 0.90
(95% confidence interval 0.83-0.97) and 0.87 (95% confidence interval 0.76-0.98) in men

and women, respectively.
Conclusions: Our findings showed that handgrip measurement was useful in detect-
ing LS, and LS should be considered when evaluating patients with type 2 diabetes melli-

tus.

INTRODUCTION

The Japanese Orthopedic Association proposed the term ‘loco-
motive syndrome’ (LS) to identify individuals with locomotive
organ impairment'. Recent studies reported that up to 47 mil-
lion people in Japan are estimated to have LS>*, which results
in motor function deterioration and musculoskeletal patholo-
gies, including osteoporosis and sarcopenia™. LS is a known
risk factor for cardiovascular disease, reduced quality of life and
increased medical costs’. However, the extent of LS has not
been determined in other countries®.
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Type 2 diabetes mellitus is associated with an increase in
physical disability. A loss of skeletal muscle mass or function as
a result of polyneuropathy, microvascular pathophysiology,
insulin resistance or chronic inflammation in patients with
type 2 diabetes mellitus has previously been reported®®. Type 2
diabetes mellitus has also been reported to be associated with
sarcopenia’ ''. Although LS appears more similar to dynapenia
than to sarcopenia, the extent of this disease among patients in
other countries remains to be confirmed®. Low muscular vol-
ume has been observed in some patients with LS; therefore,
most patients with sarcopenia are likely to have LS".

Elderly patients with type 2 diabetes mellitus, tested for sar-
copenia, have been reported to have poorer handgrip
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strength'® '%, and grip strength has been found to be associated
with sarcopenia in patients with type 2 diabetes mellitus'.

The prevalence rate for LS in patients with type 2 diabetes
mellitus is likely to be high, and a simple handgrip measure-
ment test could be useful to test for LS; however, this method
of patient assessment remains to be investigated. Previous stud-
ies, which were carried out in healthy individuals, reported that
handgrip would reflect LS"*". We aimed to investigate the
prevalence of LS, and the diagnostic value of handgrip mea-
surement for detecting LS in a population of Japanese patients
with type 2 diabetes mellitus.

METHODS

Study design

Currently, we are participating in a multicenter, multipurpose
cohort study; namely, the KAMOGAWA-DM cohort study
(RBMR-E-466) in Kyoto Prefectural University of Medicine
Hospital and in four other general hospitals'*'®. As part of this
cohort study, an LS risk test is being carried out at Kameoka
Municipal Hospital (Kameoka City, Japan). This test involves a
stand-up test and a two-step test, in addition to general type 2
diabetes mellitus-related tests'. We calculated the prevalence of
LS using these two tests, and evaluated the association between
type 2 diabetes mellitus-related tests and LS in patients with
type 2 diabetes mellitus. Patients were diagnosed with LS
according to the results of either the stand-up test or the two-
step test. We then classified patients according to whether sar-
copenia was confirmed or not, using cut-off points for grip
strength (26 kg for men, 18 kg for women), which have been
associated with sarcopenia in elderly patients'>'. All study pro-
cedures were approved by our local Research Ethics Committee
and were carried out in accordance with the Declaration of
Helsinki, and informed consent was obtained from all patients.

Patients

From August 2018 to October 2018, we recruited 234 consecu-
tive patients with type 2 diabetes mellitus aged between 23 and
89 years, who regularly attended a diabetes outpatient clinic at
Kameoka Municipal Hospital, Kameoka, Japan. Inclusion crite-
ria comprised patients with type 2 diabetes mellitus who were
able to complete a stand-up test, a two-step test and a grip
strength test, and who could be assessed using a bioimpedance
test. Exclusion criteria comprised patients with an existing
lower limb disability. Based on American Diabetes Association
criteria®®, type 2 diabetes mellitus was diagnosed as a fasting
plasma glucose level of >126 mg/dL (7.0 mmol/L) or a casual
plasma glucose level of >200 mg/dL (11.1 mmol/L).

Data collection

Blood samples taken in the morning were used for biochemical
measurements. Glycated hemoglobin (HbAlc), serum lipid pro-
file (low-density lipoprotein cholesterol, triglycerides and high-
density lipoprotein cholesterol) and other biochemical data were
determined according to standard laboratory measurements.
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HbAlc was expressed as a National Glycohemoglobin Stan-
dardization Program unit®. Patient data, including age, dura-
tion of type 2 diabetes mellitus, cigarette smoking status,
alcohol consumption status and antidiabetes medication, were
obtained at the time of the tests. Smoking status (current, past
or never having smoked) was assessed during the interview. In
total, two grip strength test measurements were carried out
with the right hand and the left hand, using a handgrip
dynamometer (TTM Smedley Dynamo Meter; Tsutsumi,
Tokyo, Japan) and the maximum grip strength value was used
for analysis'***, A direct segmental multifrequency bioelectrical
impedance analyzer (InBody 770®; InBody Japan Inc., Tokyo,
Japan) was used to measure body composition, such as body
mass index or skeletal muscle mass index (SMI). These devices
have been validated and found to correlate well with the dual-
energy X-ray absorptiometry method”>*®, and have also been
reported to be useful in analyzing the body composition of
Japanese patients with type 2 diabetes mellitus "*’.

Stand-up test

We used a stand-up test to measure lower extremity muscle
power”® >’ The patients were requested to stand up, using one
or both legs, from a seated position off a 10-40-cm high (10-
cm increments) stool. In the first part of the test, the patient
was requested to stand up from a 40-cm high stool using one
leg. When the patient was able to stand up and hold the posi-
tion for >3 s, the test was deemed successful. After passing that
test, the same patient then attempted to stand up on one leg
from a 30-cm high stool and, if unable to do so, to stand up
using both legs. One study suggested that the stand-up test
might be associated with bone density and gait speed’. If a
patient was unable to stand up from a 40-cm high stool, they
were classified with stage 1 LS. If a patient could not stand up
from a 20-cm stool using both legs, they were classified with
stage 2 LS.

Two-step test

A two-step test has been shown to be useful to screen walking
ability”®*’. Here, a patient stood on a starting line and took
two steps forward at maximum stride while trying to keep bal-
ance and not fall, and then used both feet to stop. The distance
walked during the two steps was measured and divided by the
height of the individual to obtain the two-step value. This test
was repeated twice, and the better result was used in the analy-
sis. The two-step value closely correlates with walking speed.
Values <1.3 and 1.1 were rated as LS stages 1 and 2, respec-
tively.

Statistical analysis

Statistical analyses were carried out using JMP version 10.0
software (SAS Institute Inc., Cary, NC, USA). All continuous
variables are presented as medians and ranges or as absolute
numbers. The difference between multiple groups was evaluated
using the Kruskal-Wallis test for continuous variables, and a
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y’-test for categorical variables. We calculated odds ratios
(ORs) and 95% confidence intervals (95% Cls) using a logistic
regression model. The following known risk factors for LS were
considered as covariates to adjust for the effects of various fac-
tors on LS: age per 1l-year aging; HbAlc per 1% increase; use
of antidiabetes medication, which was defined as without (=0)
or with (=1); sex was defined as female (=0) or male (=1); and
grip strength per 1-kg increase, using multivariable logistic
regression analyses. Receiver operating characteristic (ROC)
curves for grip strength to assess the ability to identify LS were
constructed and compared with those for SMI. We selected a
point on the ROC curve that represented the largest sum of
sensitivity and specificity as the optimal cut-off point for grip
strength that was associated with LS. Statistically significant P-
values were defined as P < 0.05.

RESULTS

The patients’ clinical characteristics (n = 117 [50%] men,
n =117 [50%] women) are shown in Table 1. The clinical
characteristics of patients in the male and female subgroups

according to LS stages are shown in Table 2.

Table 1 | Patient characteristics

Men Women
n %) 117 (50%) 117 (50%)
Age (years) 670 (580-720) 655 (53.3-72.8)

Diabetic retinopathy (—/+)

108/8

105/12

Diabetic nephropathy (—/+) 90/27 91/26
Diabetic neuropathy (—/+) 105/12 100/17
Cardiovascular disease (—/+) 102/15 111/6
Fracture(—/+) 114/3 113/4
Body mass index (kg/m?) 238 (219-259) 25.1 (21.5-280)
Skeletal mass index (kg/m?) 755 (688-809) 638 (5.75-7.01)
Systolic blood pressure (mmHg) 134 (124-144) 135 (125-141)
Diastolic blood pressure (mmHg) 800 (73.0-860) 795 (69.0-85.0)
Hemoglobin Alc (%) 75 (63-87) 72 (65-82)
Total cholesterol (mg/dL) 185 (166-211) 208 (182-230)
Triglycerides (mg/dL) 113 (77-174) 128 (81-161)
Creatinine (mg/dL) 084 (0.74-105) 063 (056-0.70)
Smoking (never/previous/current) 67/31/19 105/9/3
Drinking (never/social/everyday) 110/3/4 112/3/2
Antidiabetic drug (~/+) 30/87 29/88
Antihypertensive drug (~/+) 67/50 67/50
Antihyperlipidemic drug (~/+) 93/24 81/36
Drug for treatment 115/2 113/4
of osteoporosis (—/+)
Grip strength (kg) 370 (308413) 230 (190-27.0)
Loco-check (non-LS/positive LS) 30/8 31/11
Stand-up test (non-LS/LS stage 1/LS  61/41/14 51/40/24
stage 2)
Two-step test (non-LS/LS stage 33/81/1 15/94/5

1/LS stage 2)

For categorical variables, n (%) is presented. For continuous variables,
median (interquartile range) is presented. LS, locomotive syndrome.

http://wileyonlinelibrary.com/journal/jdi

The prevalence of LS in the stand-up and two-step tests was
51.5 and 79.0%, respectively (Figure 1). The prevalence of LS in
the stand-up test or in the two-step test increased according to
age in men and women (Figures 2,3). In both the stand-up
and two-step tests, 107 patients (46.7%) were diagnosed with
LS (Figure S1).

The area under the ROC curve (AUROC), used to assess the
ability to identify LS curves for grip strength, showed a 95% CI
of 0.703 (0.563-0.813) and a 95% CI of 0.698 (0.500-0.842) in
men and women, respectively (Figure 4). The optimal cut-off
points (sensitivity and specificity) for grip strength associated
with LS were 42.5 kg (0.865 and 0.474) and 24.5 kg (0.667 and
0.727) in men and women, respectively. The AUROC for LS
using a grip strength test was found to be greater than the
AUROC of the SMI in men (P=0.02) and in women
(P = 0.04; Figure S2). When we classified patients with or with-
out LS using these cut-off points for grip strength, the preva-
lence ratios (95% CI) were 1.57 (1.04-2.36) and 1.19 (1.01-
1.40) in men and women, respectively.

Using logistic regression analyses, the ORs regarding grip
strength for LS were 0.90 (95% CI 0.83-0.97) and 0.87 (95%
CI 0.76-0.98) in men and women, respectively. Adjusted ORs
concerning grip strength for LS were 0.91 (95% CI 0.83-0.99)
and 0.92 (95% CI 0.80-1.05) in men and women, respectively
(Table 3). Using logistic regression analyses, our findings
regarding patients with type 2 diabetes mellitus and LS showed
that ORs in relation to our HbAlc results with LS were 1.22
(95% CI 0.91-1.75) and 2.27 (95% CI 1.15-5.35) in male and
female patients, respectively. Using logistic regression analyses
in relation to the use of antidiabetes medication, the ORs for
male and female patients with LS were 0.58 (95% CI 0.23-1.50)
and 0.40 (95% CI 0.12-1.39), respectively. When we calculated
ORs regarding handgrip strength for patients with LS whose
HbA1lc levels were <6.4%, using logistic regression analysis, our
results for this group of patients were 0.91 (95% CI 0.54-1.38)
and 0.86 (95% CI 0.70-1.01) in men and women, respectively.
There was no association between LS and glycemic control,
other diabetes parameters or the status of diabetes-related com-
plications.

In total, 64 (79.6%) male patients and 74 (89.1%) female
patients had LS without sarcopenia. A total of 10 (10.8%) male
patients and 12 (11.9%) female patients were found to have
both LS and sarcopenia. There were no sarcopenia-only
patients (Figure S3).

In terms of the prevalence of LS in the whole cohort, the
prevalence of LS in patients carrying out the stand-up and two-
step tests was 53.1 and 78.9%, respectively (Figure S4). Using
logistic regression analyses, the ORs for age per 1-year aging
and sex (female for male) regarding patients with LS were 1.03
(95% CI 1.01-1.06) and 2.51 (95% CI 1.22-5.42), respectively.
When we calculated the ORs regarding handgrip strength in
patients with LS aged <64 years, the ORs were 0.95 (95% CI
0.84-1.05) and 0.89 (95% CI 0.75-1.03) in men and women,
respectively.
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Table 2 | Characteristics of male and female patients according to the presence or absence of locomotive syndrome in the stand-up test or two-
step test

Locomotive syndrome Stand-up test P Two-step test P
n Stage 1 Stage 2 No Stage 1 Stage 2

Male patients
n 61 41 13 - 33 81 1 -
Age (years) 63 (48-68) 71 (64.5-75) 74 (60-82) <0001 63 (48-68) 69 (585-74) 60 0008
Body mass index (kg/mz) 24.1 (220-263) 234 (218-254) 240 (204-255) 0.788 238 (21.1-273) 235 (220-259) 245 0873
Skeletal mass index 7.74 (701-807) 720 (6.72-788) 7.2 (623-856) 0056 774 (730-829) 731 (679-799) 7.2 0.110
(kg/m?)
Grip strength (kg) 395 (33.6-44.98) 340 (293-400) 283 (223-308) <0001 400 (343-448) 340 (294-40.1) 195 0003
Systolic blood pressure 129 (121-142) 135 (128-145) 130 (126-146) 0462 129 (121-141) 134 (125-145) 126 0512
(mmHg)

vDiastolic blood 80 (75-89) 77 (69-86) 77 (74-82) 0456 79 (73-855) 79 (71-87) 82 0921
pressure (mMmHg)
Hemoglobin Alc (%) 7.7 (69-90) 74 (68-87) 72 (67-82) 0651 75 (68-87) 74 (68-88) 73 0960
Total cholesterol (mg/dL) 1965 (1715-216) 181 (159-204) 176 (1495-2008) 0091 183 (1735-209) 187 (163-2135) 154 0487
Triglycerides (mg/dL) 127 (805-1825) 106 (77-165) 106 (77-177.8) 0333 177 (77-166) 113 (80-181) 183 0489
Creatinine (mg/dL) 088 (0.76-1.04) 080 (068-1.07) 094 (065-1.11) 0296 088 (0.78-105) 083 (0.71-107) 069 0380
Urinary albumin 174 (733-403) 198 (895-115.1) 3149 (17.1-9832) 0024 115 (730-556) 217 (930-1128) 668 0.178
excretion (mg/g Cr)
Smoking (never/previous/ 32/16/13 23/12/6 11/2/0 0035  17/10/6 23/12/6 1/0/0 0008
current)
Drinking (never/social/ 56/1/4 39/1/1 13/0/0 0118  301/3 77/2/2 1/0/0 0031
everyday)
Antidiabetic drug (~/+) 23/38 5/36 2/11 0073 10/23 20/61 0/1 0007
Antihypertensive 42/19 22/19 2/1 0086  23/10 43/38 0/1 00283
drug (-/+)
Antihyperlipidemic 49/12 33/8 9/4 0007  26/7 65/16 0/1 0027
drug (—/+)
Drug for treatment 60/1 40/1 13/0 0028  33/0 79/2 1/0 0070
of osteoporosis (—/4+)
Diabetic retinopathy (—/+) 57/4 37/3 13/0 0173 312 76/5 1/0 0047
Diabetic nephropathy 51710 32/9 6/7 0083  30/3 59/22 1/0 0067
/)
Diabetic neuropathy (—/+) 56/5 35/6 121 0015 32/1 70/11 1/0 0047
Cardiovascular disease 57/4 36/5 8/5 0148 3172 70/ 1/0 0937
/)

Female patients
n 51 40 24 - 15 %4 5 -
Age (years) 57 (49-68) 68 (62-75) 72 (64-80) <0001 61 (51-69) 66 (53-74) 66 (60-78) 0263
Body mass index (kg/m?) 250 216-279) 243 (211-275) 267 (229-32.) 0198 252 (230-268) 248 (21.1-280) 343 (241-357) 0.163
Skeletal mass index 648 (5.87-7.06) 6.14 (562-699) 661 (562-7.14) 0613 642 (587-688) 634 (566-707) 687 (593-815) 0507
(kg/m?)
Grip strength (kg) 265 (23.0-303) 200 (180-240) 200 (159-23.1) <0001 258 (198-300) 225 (190-270) 200 (185-223)  0.167
Systolic blood 133 (117-140) 135 (128-147) 137 (130-143) 0287 134 (120-149) 134 (125-142) 137 (132-147) 0600
pressure (MmHg)
Diastolic blood 78 (72-86) 80 (69-85) 83 (70-87) 0759 79 (73-855) 79 (71-87) 82 0.188
pressure (mmHg)
Hemoglobin Alc (%) 69 (64-7.7) 73 (6.5-86) 72 (65-82) 0420 69 (63-74) 72 (65-82) 72 (6.5-87) 0558
Total cholesterol (mg/dL) 213 (195-237) 200 (178-225) 193 (177-216) 0041 207 (187-220) 210 (182-231) 178 (166-211) 0287
Triglycerides (mg/dL) 136 (85-171) 118 (71-142) 123 (87-152) 0.149 142 (107-178) 124 (76-155) 111 (76-195) 0302
Creatinine (mg/dL) 063 (0.56-0.70) 064 (057-0.70) 066 (0.54-0.73) 0582 064 (057-068) 063 (056-0.70) 072 (048-084)  0.760
Urinary albumin 140 (8.78-34.5) 196 (134-633) 412 (174-963) 0001 110 (81-236) 208 (13-46.1) 359 (18.1-4972) 0036
excretion (mg/g Cr)
Smoking (never/previous/ 47/4/0 36/2/2 20/3/1 0052 13/2/0 85/7/2 4/0/1 0051
current)
Drinking (never/social/ 48/2/1 39/0/1 24/0/0 0.106 15/0/0 90/2/2 5/0/0 0039
everyday)
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Table 2 (Continued)
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Locomotive syndrome Stand-up test P Two-step test P
n Stage 1 Stage 2 No Stage 1 Stage 2

Antidiabetic drug 18/33 9/31 1/23 0082 510 23/71 0/5 0027
Antihypertensive drug 31/20 2713 8/16 0048  10/5 55/39 0/5 0059
Antihyperlipidemic drug 36/15 30/10 14/10 0014 8/7 72/22 0/5 0.115
Drug for treatment 48/3 40/0 23/1 0104 141 91/3 5/0 0021
of osteoporosis (—/4+)

Diabetic retinopathy (—/+) 48/3 36/4 19/5 0055 1273 87/7 3/2 0097
Diabetic nephropathy (—/+) 43/8 30/10 16/8 0044 14N 72/22 2/3 0049
Diabetic neuropathy (—/+) 44/7 31/9 23/1 0048 12/3 80/14 5/0 0020
Cardiovascular disease (—/4) 49/2 36/4 24/0 0.145 13/2 90/4 5/0 0039

Data are expressed as the mean (standard deviation) or absolute number. The P-value of the Kruskal-Wallis test for continuous variables and 3 -test

for categorical variables are shown.

[ NonlS [ LSStage 1 MM LS Stage 2

80% -

60% -

40%

20% -

0%

Stand-Up test

Two-Step test

Figure 1 | The prevalence of locomotive syndrome (LS) using the stand-up test, and the two-step test.

DISCUSSION

The findings of the present study indicated an approximate
50% prevalence rate for LS in patients with type 2 diabetes
mellitus.

Musculoskeletal ambulation disability syndrome complex is
known to be an important complication among patients with
type 2 diabetes mellitus. Compared with patients without
type 2 diabetes mellitus, the risk of disability is 50-80% higher
for people with type 2 diabetes mellitus’; therefore, we esti-
mated that the risk of LS would also be high. In the present
study, 46.7% of patients were found to have LS, and the preva-
lence of LS increased according to age. These results have much
in common with findings reported in a previous large regional
residential cohort in Japan®>*2,

The mechanism with which type 2 diabetes mellitus leads to
LS remains unclear. Several possible mechanisms underlying
the relationship between type 2 diabetes mellitus and the

progression of movement disorders have been postulated in
previous studies. Type 2 diabetes mellitus has been associated
with a rapid loss of skeletal muscle strength and quality® .
Diabetes-related complications, such as microvascular disease or
neuropathy, have been reported to exacerbate a loss of strength
and quality in skeletal muscle'®"". Patients with type 2 diabetes
mellitus also have an increased risk of fracture’”%; therefore, a
loss of skeletal muscle and a bone metabolism disorder might
be associated with LS in patients with type 2 diabetes mellitus.
The presence of systemic chronic inflammation, which is a
multifactorial process, has also been shown to lead to move-
ment disorders in patients with type 2 diabetes mellitus™’,
and this mechanism might influence the increased prevalence
of LS among patients with type 2 diabetes mellitus. However,
there was no positive association between LS and type 2 dia-
betes mellitus status or treatment. Furthermore, the association
between handgrip strength and LS found among patients
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(a) [ Non-Ls

LS Stage 1

[

LS Stage 2

100% —

80% —

60% —

40%

20% —

0% T T

20-29 30-39 40-49 50-59 60-69 70-79 80— Years
(b)
80% . .
60% —
40% +
20%
0% T T T T T T 1
20-29 30-39 40-49 50-59 60-69 70-79 80— Years

Figure 2 | The prevalence of locomotive syndrome (LS) according to age using the stand-up test. (@) Men. (b) Women.

without type 2 diabetes mellitus or within the general popula-
tion should be also considered. However, no comparisons with
the general population were made in this cohort study.

One strength of the present study was that we used a proce-
dure that was simple to carry out in a clinical setting. The
stand-up test has been shown to be a simple method of assess-
ing patients’ lower extremity muscular strength® %, The two-
step test can assess patients’ walking ability, including muscular
strength, balance and flexibility of the lower extremities®*.
However, we might have underestimated the prevalence of a
movement disorder in patients with type 2 diabetes mellitus,
because we excluded patients who had pre-existing lower limb
disabilities. In such cases, other tests should be used to diagnose
LS. Handgrip measurements are among the simplest clinical
tests to carry out. Previously, in one part of our cohort study,
grip strength was associated with sarcopenia in patients with
type 2 diabetes mellitus''. In this study, grip strength was also
associated with LS. Optimal cut-off points for grip strength
associated with LS were 42.5 kg in men and 24.5 kg in women.
Furthermore, when other cut-oft points for grip strength have
been selected in terms of an association with sarcopenia in
older patients'>'*, these cut-off points for sensitivity and speci-
ficity were determined as 26 kg (0.137 and 0.000) or 35 kg

(0.521 and 0.737) in men, and 18 kg (0.211 and 0.909) or
22 kg (0.511 and 0.727) in women, respectively. Measuring
handgrip strength might be a clinically useful and easy test to
carry out before stand-up and two-step tests to diagnose LS,
when handgrip strength has been determined to be lower than
these values. When patients were classified with or without sar-
copenia, using cut-off points for grip strength (men, 26 kg;
women, 18 kg), no patients were classified as having sarcopenia
only. These results are consistent with loss of muscle strength
and sarcopenia leading to a decline in locomotor function.

However, in patients of both sexes, no significant association
was found between LS and muscle mass, expressed using SMI
(Table S1). The AUROC to assess the ability to identify the LS
for SMI was 95% CI 0.597 (0.484-0.701) in men, and 95% CI
0.560 (0.420-0.692) in women. The optimal cut-off points for
sensitivity and specificity for SMI, which is associated with LS,
were 7.3 kg/m2 (0.506 and 0.769) and 5.7 kg/m2 (0.275 and
0.726) in men and women, respectively. These results are simi-
lar to those of a previous study', although there was no signifi-
cant association found between LS and SML

Locomotive syndrome was easily diagnosed using stand-up
and two-step tests without using a direct segmental multifre-
quency bioelectrical impedance analyzer, such as an InBody
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Figure 3 | The prevalence of locomotive syndrome (LS) according to age using the two-step test. (a) Men. (b) Women.
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Figure 4 | Area under the receiver operating characteristic curve of grip strength in locomotive syndrome. (@) Men. (b) Women.

770®. All patients with sarcopenia were classified as having
LS among the patients with type 2 diabetes mellitus in the
present study. When assessing a decline in locomotor function
in patients with type 2 diabetes mellitus, handgrip measure-
ments are recommended, as these are simple clinical tests that
can be carried out during an initial assessment. Based on the
results of the present study, if handgrip strength is found to
be <425 kg in men and <24.5 kg in women, we recommend

that patients carry out a stand-up test and two-step test to
diagnose LS.

The handgrip test was useful for strength assessment, and
was associated with a diagnosis of LS in the present study.
However, this test cannot be used as a single assessment of bal-
ance and mobility. Gait speed is a predictor of long-term sur-
vival and disability®’. Tt can also be used as a simple clinical
test for LS, although gait speed was not assessed simultaneously
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Table 3 | Unadjusted odds ratios and multivariate adjusted odds of
grip strength per 1-kg increase for positive locomotive syndrome

Unadjusted odds ratio (95% Cl)  Adjusted odds ratio (95% Cl)

Men 090 (083-097)
Women 087 (0.76-098)

091 (0.83-099)
092 (0.80-1.05)

The adjusted model is adjusted for age per 1-year increase, use of
antidiabetic drug and hemoglobin Alc per 1% increase. Use of antidia-
betic drug was defined as without (=0) or with (=1). Cl, confidence
interval.

in this study. Reduced handgrip strength has also been associ-
ated with symptoms of depression*'. Sleep quality should also
be considered when evaluating LS. Further studies are required
to determine whether there is an association between handgrip
strength and LS, as well as symptoms of depression or sleep
quality.

This study might be of limited relevance to the elderly pop-
ulation, because we included young people aged >20 years;
however, it is important to note that LS can occur in patients
aged >30 years. The clinical role of LS in young patients has
not been evaluated in epidemiological studies. As this study
involved young patients, the cut-off points for LS might not
be relevant to elderly patients, which significantly reduce the
clinical value of this study. In assessing older populations, dis-
crepancies in terms of high performance-based but low self-
reported physical functioning levels has been associated with
an increased risk of future falls in older adults aged 65—
89 years*. Careful assessment is required regarding older peo-
ple whose subjective perceptions of their physical functioning
capacity is lower than those of similar age and sex, even if
their actual physical functioning appears to be objectively high.
The prevalence of LS might largely depend on age and sex,
and its prevalence in the whole cohort needs to be explained
more carefully. In terms of the prevalence of LS in the whole
cohort, the prevalence of LS in patients carrying out the
stand-up and two-step tests was shown in Figure S4. Using
logistic regression analyses, age and sex were associated with
LS. When we calculated the ORs regarding handgrip strength
in patients with LS aged <64 years, there was not a significant
association between handgrip strength and LS both in men
and women.

The present study had several limitations. First, precise
demonstrations of the cause—effect relationship between LS and
type 2 diabetes mellitus parameters or the status of other dia-
betes-related complications were not shown in our cross-sec-
tional data. Prospective studies are required to evaluate the
association between LS and type 2 diabetes mellitus. Second,
the study population comprised Japanese patients; therefore,
whether these findings can be generalized to other ethnic
groups is uncertain. Third, the present study only used a single
baseline measurement of handgrip strength, which might have
resulted in potential bias. Further studies are required to assess

ORIGINAL ARTICLE
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the relationship between average handgrip strength and LS.
Finally, the findings might not be supported using the Youden
method for cut-off selection, as cut-off points could be freely
selected depending on the test application. Further validation
studies should be undertaken to test the hypothesis.

In conclusion, the prevalence of LS in patients with type 2
diabetes mellitus was found to be approximately 50-70%.
Greater attention is required to identify LS in patients with
type 2 diabetes mellitus. Handgrip strength measurements are
useful tests to detect LS in patients with type 2 diabetes melli-
tus.
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Figure S1 | The prevalence of locomotive syndrome using the stand-up test and the two-step test.

Figure S2 | Area under the receiver operating characteristic curve for grip strength and skeletal muscle mass index in locomotive
syndrome.

Figure S3 | The prevalence of locomotive syndrome and sarcopenia.

Figure $4 | The prevalence of locomotive syndrome using the two-step test for the entire cohort.

Table S1 | Unadjusted odds ratios and multivariate adjusted odds of skeletal muscle mass index per 1-kg/m? increase for positive
locomotive syndrome.
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