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Keywords ABSTRACT
Diabetes, Prospective cohort study, Aims/Introduction: To investigate the association between midlife or late-life diabetes
Sarcopenia and the development of sarcopenia in an older Japanese population.

Materials and Methods: A total of 824 Japanese residents aged 65 to 84 years with-
*Correspondence out sarcopenia were followed up from 2012 to 2017. Sarcopenia was determined follow-
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ing the Asian Working Group for Sarcopenia definition. The time of diabetes diagnosis
was classified as midlife or late-life diabetes by the age at first diagnosis of diabetes (< 65
or > 65 years) based on annual health checkups data over the past 24 years. The duration
of diabetes was categorized into three groups of < 10, 10-15, and > 15 years. The odds
ratios of incident sarcopenia according to the diabetic status were estimated using a logis-
tic regression analysis.

Results: During follow-up, 47 subjects developed sarcopenia. The multivariable-adjusted
odds ratio for incident sarcopenia was significantly greater in subjects with diabetes at
baseline than in those without it (odds ratio 2.51, 95% confidence interval 1.26-5.00). Sub-
jects with midlife diabetes had a significantly greater risk of incident sarcopenia, whereas
no significant association between late-life diabetes and incident sarcopenia was observed.
With a longer duration of diabetes, the risk of incident sarcopenia increased significantly
(P for trend = 0.002).

Conclusions: The present study suggests that midlife diabetes and a longer duration
of diabetes are significant risk factors for incident sarcopenia in the older population.
Preventing diabetes in midlife may reduce the risk of the development of sarcopenia in
later life.
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INTRODUCTION

Sarcopenia, determined as a combined low muscle mass and
low muscle function'?, is widely recognized to be associated
with the development of falls, functional decline, and mortal-
ity’ . As the aging of the worldwide population has acceler-
ated, the prevention of sarcopenia in older people has become
increasingly important to extend healthy life expectancy.
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Although malnutrition and a sedentary lifestyle are the major
determinants of sarcopenia®’, further exploration of possible
risk factors is required to extend intervention options.

Diabetes is a major public health problem worldwide. Several
prospective studies have demonstrated that diabetes increased
the risk of physical disability® and accelerated both muscle vol-
ume and loss of strength over time among older people’ .
Therefore, diabetes may be considered to be a risk factor for
incident sarcopenia. Moreover, one cross-sectional study has

shown that a longer duration of diabetes was associated with
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poorer muscle quality in older adults in the USA', which
raises the possibility that the impact of diabetes diagnosed in
midlife (i.e., midlife diabetes) may be different from that of dia-
betes diagnosed in late-life (ie. late-life diabetes). However,
only one cross-sectional study has investigated the association
of diabetic status with sarcopenia in older populations'’, and
there has been no prospective study examining the association
of the diabetic status, including midlife and late-life diabetes,
with incident sarcopenia.

The present study investigated the association of diabetic sta-
tus with incident sarcopenia, focusing particularly on the differ-
ence in the influence of midlife and late-life diabetes, as well as
the duration of diabetes. The findings from the present study
are expected to provide clear evidence of the divergent associa-
tions of midlife and late-life diabetes with the risk of sarcopenia
in the older population.

MATERIALS AND METHODS
Study population
The Hisayama Study is an ongoing cohort study designed to
study cardiovascular disease and its risk factors in the town of
Hisayama, a suburb of Kyushu Island in Japan. Details of the
survey were reported previously'®. Briefly, full community sur-
veys have been repeated annually since 1961 for residents aged
40 years or older'*. Moreover, comprehensive screening surveys
of activities of daily living (ADL) and cognitive function have
been conducted for older residents every 6-7 years since
1985, A flow chart of the sample selection for the present
study is shown in Figure 1. A total of 1,906 residents (partici-
pation rate: 93.6%) aged 65 years or older took part in the
screening survey in 2012. Of those, 44 subjects who did not
consent to enrol in this study, 300 subjects aged 85 years or
older, 71 subjects with sarcopenia at the baseline examination
in 2012, 297 subjects who lacked sufficient data to determine
the presence of sarcopenia, 14 subjects with missing plasma
glucose measurement in 2012, 110 subjects without data on
diabetes status in midlife (aged 4064 years) based on the data
of annual health checkups over the past 24 years (1988-2011),
and 27 subjects with missing data of other risk factors were
excluded from the baseline examination. The remaining 1,043
subjects (448 men and 595 women) were reexamined for sar-
copenia in 2017. After excluding 63 subjects who died before
the survey in 2017, 32 subjects who did not attend the survey
in 2017, and 124 subjects who lacked sufficient data to deter-
mine the diagnosis of sarcopenia in 2017, a total of 824 subjects
(345 men and 479 women) were finally enrolled in the present
study (follow up rate: 79.0%).

Written informed consent was obtained from all participants.
This study was done under the approval of Kyushu University
Institutional Review Board for Clinical Research.

Definition of diabetes
In the 2012 survey, among 824 eligible subjects, 716 (86.9%)
subjects had a 75 g oral glucose tolerance test after fasting for
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at least 12 h, and the remaining 108 subjects underwent a sin-
gle measurement of fasting or postprandial plasma glucose con-
centrations. Plasma glucose concentrations were measured using
the hexokinase method in 2012. Glycated hemoglobin (HbAlc)
levels were measured by high-performance liquid chromatogra-
phy in 2012. Diabetes was defined as a fasting plasma glucose
(FPG) concentration of > 7.0 mmol/L, a postprandial or 2 h
postload glucose concentration of > 11.1 mmol/L, or the current
use of any antidiabetic agents (oral hypoglycemic agents or insu-
lin)'®. The type of diabetes (type 1 or type 2) was determined
based on clinical information.

In addition, the time of diabetes diagnosis was classified as
midlife or late-life by the age at first diagnosis of diabetes based
on the data of annual health checkups over the past 24 years
(between 1988 and 2011). Plasma glucose concentrations were
measured using the glucose-oxidase method from 1988 to 1999,
and the hexokinase method from 2000 to 2011. In each survey,
diabetes was defined according to the definition used in the
2012 survey mentioned above. The time of diabetes diagnosis
was classified as follows: (a) late-life diabetes was determined as
diabetes first diagnosed at age 65 years or older; and (b) midlife
diabetes was determined as diabetes first diagnosed at an age
less than 65 years. The duration of diabetes was determined as
the number of years from the first diagnosis of diabetes to
2012. Subjects with diabetes were categorized into one of three
categories (< 10, 10 to 15, and > 15 years) according to the
duration of diabetes. In a sensitivity analysis, we investigated
the association of the age at first diagnosis of diabetes with inci-
dent sarcopenia. Subjects with diabetes were categorized into
one of three categories (40-59, 60-69, and > 70 years) accord-
ing to the age at first diagnosis of diabetes.

Definition of sarcopenia

Following the Asian Working Group for sarcopenia (AWGS)
definition, sarcopenia was determined as low muscle mass plus
low muscle function (either low handgrip strength or low gait
speed)”. The detailed diagnostic procedure for sarcopenia was
described in our previous study’.

Muscle mass was measured by bioelectrical impedance analy-
sis using an MC-190 body composition analyzer (Tanita Co.,
Tokyo). Skeletal muscle mass index (SMI, kg/mz) was calcu-
lated by appendicular skeletal muscle mass divided by height in
meters squared'’. Low muscle mass was determined using the
following cut-off values: SMI of < 7.0 kg/m*> for men
and < 5.7 kg/m” for women”.

Handgrip strength was measured using a digital strength
dynamometer (GRIP-D, T.KK.5401; Takei Scientific Instru-
ments, Niigata, Japan) under the direction of trained medical
staff. Participants were instructed to exert the maximum force of
grip, alternating for each hand. Using the maximum value of four
trials, low handgrip strength was determined by the following
cutoff values: < 26 kg for men and < 18 kg for women”.

Gait speed was measured in the middle 5 meters of the
course, and low gait speed was determined using the faster of
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All participants aged 65 years or older
at the screening survey in 2012
N = 1,906 (participation rate: 93.6%)

Follow-up participants
N = 1,043
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/ Excluded)

e Did not consent to participate in the present

study (N = 44)

Aged 85 years or older in 2012 (N = 300)

Had sarcopenia at the baseline examination
in2012 (N=71)

Lacked sufficient information to determine the
diagnosis of sarcopenia in 2012 (N = 297)
Missing plasma glucose measurement in

2012 (N=14)

Lacking information on diabetes status in
midlife (N=110)

Missing data on other risk factors in 2012 (N = 2y

5-year follow-up
survey for incident
sarcopenia (follow
up rate: 79.0%)

y

(Excluded)

Died before the survey in 2017 (N = 63)
Did not visit the survey in 2017 (N = 32)

Lacking sufficient information to determine the
daignosis of sarcopenia in 2017 (N = 124)

Analyzed participants
N =824

Figure 1 | Flow chart of the study sample selection.

the two trials. Maximum gait speed was measured in both the
2012 and 2017 surveys, while the usual gait speed was mea-
sured in the 2017 survey but not in the 2012 survey. Therefore,
in the main analyses, low gait speed was assessed using the
maximum gait speed. The cut-off values for maximum gait
speed corresponding to those for usual gait speed in the AWGS
definition (0.80 m/s for both men and women) were calculated
in our previous study’. Low gait speed was determined using
the following cut-off values: maximum gait speed < 1.25 m/s
for men and < 1.15 m/s for women”.

As sensitivity analyses, we performed an analysis with usual
gait speed for the diagnosis of sarcopenia in the 2017 survey
(ie, low gait speed was defined as a usual gait speed
of < 0.80 m/s for both men and women). Moreover, we per-
formed an analysis with the AWGS 2019 definition'®, which
revised the cut-off value of grip strength for men to < 28 kg
and the cut-off value of usual gait speed to < 1.00 m/s for both
men and women. In the present study, the cut-off values for
maximum gait speed corresponding to those for usual gait
speed were calculated by using sex-specific linear regression
equations for usual gait speed and maximum gait speed, which
were reported in our previous study: maximum gait
speed < 1.46 m/s for men and < 1.36 m/s for women.

Other risk factor measurements

A self-administered questionnaire concerning educational status,
smoking habits, alcohol intake, regular exercise habits, medical
treatments (antihypertensive and antidiabetic agents), history of
cardiovascular disease or cancer, and history of fracture at all
body sites was filled in by each participant and was confirmed
by trained staff. Smoking habits and alcohol intake were

categorized as current use or not. Regular exercise habits were
defined as performing sports > 3 times a week in leisure time.
ADL disability was determined as a Barthel Index of < 95"

Height and weight were measured with participants in light
clothing without shoes and used for calculating the body mass
index (BMI). Sitting blood pressure was taken using an auto-
mated sphygmomanometer (BP-203 RVIIIB; Omron Health-
care, Kyoto, Japan) three times after > 5 minutes of rest. The
mean of the three measurements was used in the analysis.
Hypertension was defined as blood pressure levels of > 140/
90 mmHg or current treatment with antihypertensive agents.
Serum creatinine concentrations were measured using an enzy-
matic method, and the estimated glomerular filtration rate
(eGFR) was calculated using the Japanese coefficient-modified
Chronic Kidney Disease Epidemiology Collaboration equa-
tion'.

Dementia was determined with the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Third Edition,
Revised through a screening survey using the Mini-Mental State
Examination and comprehensive investigations by psychiatrists
as described previously'>**. Total energy intake was determined
with Semi-Quantitative Food Frequency Questionnaire®.

Statistical analysis

The age- and sex-adjusted means (standard error) for continu-
ous variables were estimated by using analysis of covariance.
The frequencies of risk factors were adjusted for age and sex
using the direct method and tested using logistic regression
analysis. Odds ratios (ORs) with 95% confidence intervals (ClIs)
for incident sarcopenia according to the diabetic status at base-
line (ie, the presence of diabetes, time of diabetes diagnosis,
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and duration of diabetes) were estimated using logistic regres-
sion models. In addition, the trends in the multivariable-ad-
justed ORs according to the duration groups were estimated
using logistic regression models by assigning ordinal numbers
(0, 1, 2, 3) to each duration group and treating the variables of
each group as a continuous variable. We used three models in
the analysis: model 1 was adjusted for age and sex; model 2
was adjusted for the variables included in model 1 and BMI;
model 3 was adjusted for the variables included in model 2
and education level, hypertension, eGFR, dementia, ADL dis-
ability, history of cardiovascular disease or cancer, history of
fracture, regular exercise habits, current smoking, current drink-
ing, total energy intake, and the number of health checkup vis-
its between 1988 and 2012. Further, we examined the
association between diabetes status and each diagnostic compo-
nent for sarcopenia — namely, muscle mass, handgrip strength,
and gait speed. A total of 162 subjects (subjects without data
on muscle mass in 2012 or 2017 and subjects with low muscle
mass in 2012), a total of 47 subjects (subjects without data on
handgrip strength in 2012 or 2017 and subjects with low hand-
grip strength in 2012), and a total of 122 subjects (subjects
without data on gait speed in 2012 or 2017 and subjects with
low gait speed in 2012) were excluded from each component
analysis: muscle mass (n = 662), handgrip strength (n = 777),
and gait speed (n = 702). All statistical analyses were per-
formed using the SAS program package version 9.4 (SAS Insti-
tute, Cary, NC). P values < 0.05 were considered significant.

RESULTS

Of the 824 subjects (mean age 71.9 £ 4.9 years), 272 subjects
had diabetes at baseline (271 subjects with type 2 diabetes and
1 subject with type 1 diabetes), and 47 subjects (5.7 %) devel-
oped sarcopenia at the follow-up survey in 2017. Table 1 shows
the baseline characteristics of the study participants according
to diabetes status. Subjects with late-life diabetes were older
than those without diabetes, whereas subjects with midlife dia-
betes were younger than those without diabetes. The proportion
of men was significantly higher in subjects with midlife diabetes
than those without diabetes. The mean values of BMI, FPG,
and HbAlc and the frequencies of obesity and hypertension
were significantly higher in the subjects with late-life or midlife
diabetes compared with those without diabetes.

Table 2 shows the association between diabetes status and
the risk of the development of sarcopenia. The age- and sex-ad-
justed OR for sarcopenia was greater in subjects with diabetes
at baseline than those without diabetes at baseline, although the
difference did not reach statistical significance. After adjusting
for BMI, diabetes was associated with a significantly higher risk
of incident sarcopenia. This relationship was not substantially
altered by adjusting for other potential confounding factors.
Next, we assessed the association between the time of diabetes
diagnosis and the risk of the development of sarcopenia, and
found that the age- and sex-adjusted OR of incident sarcopenia
was significantly greater in subjects with midlife diabetes than
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in subjects without diabetes (OR 2.57, 95% CI 1.28-5.17). On
the other hand, no clear associations were observed between
late-life diabetes and the risk of incident sarcopenia. This asso-
ciation was not changed after adjusting for the above con-
founding factors. In the sensitivity analysis with the AWGS
definition using usual gait speed and the AWGS 2019 defini-
tion for the diagnosis of sarcopenia, similar findings to the
main results were observed (Tables S1 and S2).

Moreover, we examined the association of the duration of
diabetes with the risk of incident sarcopenia (Figure 2). In a
multivariable-adjusted analysis, the risk of incident sarcopenia
increased significantly with increasing duration of diabetes (P
for trend < 0.01). Subjects with a diabetes duration
of > 15 years had a significantly higher risk of incident sar-
copenia than those without diabetes (OR 4.67, 95% CI 1.77—
12.28). In the sensitivity analysis for the age at first diagnosis of
diabetes (Figure 3), subjects with diabetes diagnosed at age 40—
59 years had a significantly higher risk of incident sarcopenia
than those without diabetes, whereas there was no clear associa-
tion between those with diabetes diagnosed at 60-69
or > 70 years of age and incident sarcopenia.

Finally, we investigated the association between late-life or
midlife diabetes and the incidence of components of sarcopenia
— namely, low muscle mass, low muscle strength, and low
handgrip strength (Table 3). The results showed that subjects
with midlife diabetes were at a significantly greater risk of the
development of low muscle mass (OR 2.11, 95% CI 1.11-4.01)
and low handgrip strength (OR 2.82, 95% CI 1.65-4.83) than
those without diabetes after adjusting for the above-confound-
ing factors (both P < 0.05), whereas there was no clear associa-
tion between midlife diabetes and low gait speed (P = 0.53).
No significant associations with the development of any of the
sarcopenia components were observed for late-life diabetes in
the multivariable-adjusted analyses (all P values > 0.15).

DISCUSSION

The present study demonstrated in an older Japanese popula-
tion that the subjects having diabetes, particularly midlife dia-
betes, had a significantly greater risk of incident sarcopenia. A
longer duration of diabetes was more deleteriously linked with
a greater risk of incident sarcopenia. Regarding components of
sarcopenia, midlife diabetes was significantly associated with the
development of low muscle mass or low handgrip strength.
The findings of our study highlight the clinical significance of
early prevention of diabetes in midlife to lower the risk of inci-
dent late-life sarcopenia.

One cross-sectional study in a general older Chinese popula-
tion assessed the association of diabetes with sarcopenia'”. That
study reported that diabetes was significantly associated with an
increased risk of having sarcopenia. Our study extended the
findings of this previous study by showing that diabetes was
prospectively associated with an increased risk of incident sar-
copenia over 5 years after adjusting for potential confounding
factors. Intriguingly, our study demonstrated a difference in the
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Table 1 | Age- and sex-adjusted mean values or frequencies of baseline characteristics according to diabetes status in 2012

Variables No diabetes Late-life diabetes Midlife diabetes
N =552 N =99 N=173
Demographic factors
Age’ (years) 717 + 02 747 + 05% 708 + 04*
Sex", men (%) 375 462 533%
Educational level, <9 years (%) 315 334 35.1
Anthropometric factors
BMI (kg/m?) 231+ 0.1 244+ 03* 241 + 02%
Obesity (%) 256 36.6* 356*
Leanness (%) 54 0 23
SMI (kg/m?) 694 + 003 699 + 008 707 £ 006
Grip strength (kg) 286+ 02 292 £ 05 278 £ 03
Maximum gait speed (m/s) 1.85 £ 001 1.83 £ 004 1.80 £ 003
Risk factors
Hypertension (%) 61.1 83.1%* 80.9*
eGFR (mL/min/1.73 m?) 656 £ 04 67610 656 £ 08
Dementia (%) 24 22 1.7
ADL disability (%) 16 16 2.1
History of cardiovascular disease or cancer (%) 16.7 144 176
History of fracture (%) 36.7 376 293
Regular exercise habits (%) 220 222 251
Current smoking (%) 4.1 76 4.1
Current drinking (%) 440 426 427
Total energy intake (kcal/day) 15469 £ 134 15777 £ 323 15558 + 24.2
Fasting plasma glucose (mmol/L) 56 £ 004 66 + 009%* 73 £ 007*
HbA1c (%) 56 £ 002 6.1 £ 005* 6.6 + 004*
Duration of diabetes (year* - 4 (1-9) 12 (10-19)
Number of health checkup visits between 1988 and 2012% 17(11-21) 17 (12-21) 16 (11-21)

fAge and sex were mutually adjusted. Values are shown as the mean + standard error or frequency. *Values are shown as the crude medians (in-
terquartile range). *P < 0.05 vs. no diabetes. ADL, activities of daily living; BMI, body mass index; eGFR, estimated glomerular filtration rate; HbATc,
glycated hemoglobin; SMI, skeletal muscle index.

Table 2 | Age- and sex-adjusted and multivariable-adjusted odds ratios for the development of sarcopenia according to diabetes status (2012—
2017)

Number of events/subjects Model 1 Model 2 Model 3
OR (95%Cl) P value OR (95%Cl) P value OR (95%Cl) P value
No diabetes 26/552 00 (reference) 00 (reference) 1.00 (reference)
Diabetes 21/272 1 70 (092-3.13) 009 253 (1.32-4.85) 0005 251 (1.26-5.00) 0.009
No diabetes 26/552 00 (reference) 00 (reference) 1.00 (reference)
Late-life diabetes 6/99 089 (035-2.29) 081 1 41 (053-3.78) 050 152 (055-4.19) 042
Midlife diabetes 15/173 257 (1.28-5.17) 0.008 357 (1.71-747) <0.001 341 (1.55-748) 0.002

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, and body mass index. Model 3: Adjusted for age, sex, body mass index, educa-
tion level, hypertension, estimated glomerular filtration rate, dementia, activities of daily living disability, history of cardiovascular disease or cancer,
history of fracture, regular exercise habits, current smoking, current drinking, total energy intake, and number of health checkup visits between 1988
and 2012. Cl, confidence interval; OR, odds ratio.

influence of midlife and late-life diabetes on the incident sar-  findings are consistent with a previous study which demon-
copenia — that is, midlife diabetes, but not late-life diabetes, was  strated that a longer duration of diabetes was negatively associ-
significantly associated with a greater risk of incident sarcope- ated with muscle quality'’>. The finding that subjects with
nia. Moreover, the risk of incident sarcopenia was significantly =~ midlife diabetes had a significantly greater risk of incident sar-
increased as the duration of diabetes became longer. These copenia may be mainly due to the longer duration of diabetes

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 10 October 2021 1903



ORIGINAL ARTICLE

Nakamura et al.

601 pfortrend =0.002  *
467
5.0 1 (1.77-12.28)
4.0 1
ke
@
g 301 215
38 160 (0.78-5.90)
201 100 (055-4.62)
(reference)
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(n) (552) (121) (85) (66)
No diabetes <10 years 10-15 years >15 years

Duration of diabetes

Figure 2 | Multivariable-adjusted odds ratios for the development of
sarcopenia by the duration of diabetes. Values on each bar are shown
as odds ratios (95% confidence intervals). Odds ratios were adjusted for
age, sex, body mass index, education level, hypertension, estimated
glomerular filtration rate, dementia, activities of daily living disability,
history of cardiovascular disease or cancer, history of fracture, regular
exercise habits, current smoking, current drinking, total energy intake,
and number of health checkup visits between 1988 and 2012.

*P < 001 vs. no diabetes.

6.0 1 *
>0 432
(1.82-10.27)
4.0 A
RS
[
k= N 2.07
S (0.75-5.73)
2.0 A1 100 1.14
(reference) ~ (0:30-435)
O 5 T
652 e (113) (113)
No diabetes >70 60-69 40-59

Age group at first diagnosis of diabetes (years)

Figure 3 | Multivariable-adjusted odds ratios for the development of
sarcopenia by the age at first diagnosis of diabetes. Values on each bar
are shown as odds ratios (95% confidence intervals). Odds ratios were
adjusted for age, sex, body mass index, education level, hypertension,
estimated glomerular filtration rate, dementia, activities of daily living
disability, history of cardiovascular disease or cancer, history of fracture,
regular exercise habits, current smoking, current drinking, total energy
intake, and number of health checkup visits between 1988 and 2012.
*P < 001 vs. no diabetes.

in subjects with midlife diabetes. Taken together, our findings
strongly suggest that midlife diabetes, especially with long-term
exposure, is one risk factor for incident sarcopenia.

Several previous reports have demonstrated that diabetes
accelerated muscle volume and strength loss over time among

http://wileyonlinelibrary.com/journal/jdi

older people’ . In the previous reports from the Health, Aging
and Body Composition Study, diabetes was associated with
accelerated leg muscle strength loss’ and with excessive skeletal
muscle mass loss'®. Likewise, a prospective study of the general
Chinese population reported that diabetes was associated with a
higher loss of appendicular lean mass'’. The current study
revealed that midlife diabetes had a significantly greater risk of
the incidence of low muscle mass and low handgrip strength,
which was consistent with previous findings, whereas no clear
association was observed between midlife diabetes and low gait
speed. The different associations of diabetes with each compo-
nent of sarcopenia may be attributable to the limited statistical
power since the number of subjects with low gait speed was
small. Moreover, low gait speed has recently been considered an
adverse outcome resulting from sarcopenia, rather than a com-
ponent of sarcopenia®, Therefore, further evidence from large,
long-term cohort studies is needed to confirm these results.

The underlying mechanisms that may support the associa-
tion between diabetes and risk of incident sarcopenia have not
been clarified, but there are several possible explanations for
our findings. First, increased insulin resistance in diabetes may
reduce the synthesis of whole-body proteins®, which could
potentially affect the components of sarcopenia. In support of
this idea, some previous prospective studies reported negative
correlations between insulin resistance and total lean mass,
handgrip strength, or gait speed®® . Second, polyneuropathy, a
common long-term diabetes complication, results in motor dys-
function as well as sensory and autonomic dysfunction®. An
electromyography study indicated that incomplete reinnervation
following the axonal loss was involved in the muscle strength
loss in diabetic patients®’. Several studies have demonstrated a
relationship between diabetic neuropathy and muscle weak-
ness’> >°. Third, increased levels of systemic inflammatory
cytokines among subjects with diabetes’® may adversely affect
muscle mass, strength, and physical performance among older
adults’”®. Recent evidence has shown that chronic low-grade
inflammation adversely affects muscle protein synthesis and
breakdown through several signaling pathways™. Although these
multiple factors may be involved in the association between dia-
betes and incident sarcopenia, further basic and interventional
studies will be expected to confirm the mechanism.

The present study has some strengths, which include its lon-
gitudinal population-based design with an accurate determina-
tion of diabetes, and its evaluation of midlife or late-life
diabetes by using the data of annual medical checkups over
24 years rather than self-reported histories. However, several
potential limitations should be noted. First, some degree of mis-
classification of sarcopenia status because only two assessments
of sarcopenia were conducted. Second, low gait speed was
determined using the maximum gait speed rather than the
usual gait speed when determining the diagnosis of sarcopenia
in this study, because usual gait speed was not measured in
2012. Nevertheless, when we performed an additional analysis
with the usual gait speed to define sarcopenia in 2017, the
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Table 3 | Age- and sex-adjusted and multivariable-adjusted odds ratios for the development of low muscle mass, low handgrip strength, and low
gait speed according to diabetes status (2012-2017)

Number of Model 1 Model 2 Model 3
events/subjects
OR (95%Cl) P value OR (95%Cl) P value OR (95%Cl) P value
Low muscle mass’
No diabetes 42/437 1.00 (reference) 1.00 (reference) 1.00 (reference)
Late-life diabetes 9/80 098 (045-2.13) 0.95 1.23 (0.54-2.83) 062 1.25 (053-294) 061
Midlife diabetes 21/145 1.79 (1.00-3.19) 0.049 218 (1.17-4.06) 0.01 211 (1.11-4.01) 0.02
Low handgrip strength?
No diabetes 59/518 1.00 (reference) 1.00 (reference) 1.00 (reference)
Late-life diabetes 12/%4 0.78 (0.38-1.57) 048 080 (039-162) 054 082 (040-1.70) 059
Midlife diabetes 33/165 2.75 (1.65-4.56) <0.001 282 (1.69-4.71) <0001 282 (1.65-4.383) <0.001
Low gait speed®
No diabetes 19/478 1.00 (reference) 1.00 (reference) 1.00 (reference)
Late-life diabetes 10/75 243 (1.02-5.75) 0.04 203 (0.84-491) 0.12 201 (0.78-5.19) 0.15
Midlife diabetes 7/149 1.70 (0.66-4.38) 027 1.39 (053-367) 050 1.38 (0.50-3.79) 053

A total of 162 subjects (subjects without data on muscle mass in 2012 or 2017 and subjects with low muscle mass in 2012) were excluded from
this analysis. *A total of 47 subjects (subjects without data on handgrip strength in 2012 or 2017 and subjects with low handgrip strength in 2012)
were excluded from this analysis. *A total of 122 subjects (subjects without data on gait speed in 2012 or 2017 and subjects with low gait speed
in 2012) were excluded from this analysis. Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, and body mass index. Model 3:
Adjusted for age, sex, body mass index, education level, hypertension, estimated glomerular filtration rate, dementia, activities of daily living disabil-
ity, history of cardiovascular disease or cancer, history of fracture, regular exercise habits, current smoking, current drinking, total energy intake, and

number of health checkup visits between 1988 and 2012. Cl, confidence interval; OR, odds ratio.

findings were not altered substantially. Therefore, the influence
of this limitation on the conclusion of this study may have
been modest. Third, 640 subjects were excluded from this anal-
ysis, which likely led to a selection bias, due to the lack of avail-
able data for determining the diabetes status or sarcopenia in
the 2012 or 2017 surveys. This limitation may have tended to
weaken the association between diabetic status and sarcopenia
because the excluded subjects were older and had a lower BMI,
and thus were more likely to have sarcopenia, than those
included in this study at the 2012 survey (age 75.9 years vs.
719 years, and BMI 22.8 kg/m® vs. 235 kg/m*> for the
excluded vs. included subjects). Fourth, the information on life-
style changes, such as exercise habits and diet, after the onset
of diabetes, was not taken into consideration in the present
study. Finally, the small number of subjects with late-life dia-
betes might have limited the statistical power, resulting in an
underestimation of the association between late-life diabetes
and sarcopenia.

In conclusion, midlife diabetes and a longer duration of dia-
betes were associated with the risk of incident sarcopenia in an
older Japanese population. Our results suggest the possibility
that the decreasing duration of diabetes by prevention of dia-
betes in midlife reduces the risk of incident sarcopenia in later
life in the general Japanese population.
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