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Abstract: Objectives: To determine the association between sarcopenia and overactive bladder (OAB) in elderly
diabetic patients using the Japanese version of SARC-F called SARC-F-J. Design: Cross-sectional study. Settings
and participants: The study included 329 elderly diabetic patients (aged =65 years) who regularly visited the
outpatient clinic at Community hospital in Japan. Measurements: The condition of OAB was evaluated using
the OAM symptom score, which involves a self-administered questionnaire, and sarcopenia was evaluated using
the self-administered SARC-F-J questionnaire comprising five items. The odds ratio for OAB due to sarcopenia
was calculated using multiple logistic regression analysis, with OAB as the dependent variable and sarcopenia
as the explanatory variable. Results: A total of 329 patients (186 males, 143 females) were included for analysis
in the present study. Of these patients, 22.9% had sarcopenia and 18.7% had OAB. After adjusting the variables,
the odds ratio for OAB due to sarcopenia was 4.46 (95% confidence interval [CI], 1.14-17.36, P = 0.031)
and 2.09 (95% CI, 0.52-8.26, P = 0.293) for males and females, respectively. Conclusion: This study found
that sarcopenia was significantly associated with OAB in elderly diabetic male patients based on SARC-F-J.
Moreover, the possibility of the development of OAB should be considered during the medical examinations of
elderly diabetic male patients with sarcopenia.
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Background

Overactive bladder (OAB) is a condition that presents with
urinary urgency as the primary symptom and frequent urination
during the day or at night. It is critically observed as a serious
health problem (1). Previous studies have observed that OAB
is associated with decreased activities of daily living (ADL)
and quality of life (QOL), cognitive decline, increased medical
costs, and death (2-6). The frequency of OAB in middle-aged
diabetic patients has been previously reported to be 11.7%—
24.2%, which is higher than that of the general population (7,
8). Furthermore, because the frequency of urination reportedly
increases with age, OAB in elderly diabetic patients poses a
serious health problem (9, 10).

Sarcopenia, characterized by the loss of muscle mass,
muscular strength, and physical function, has been observed
as a condition associated with aging as well as declined
ADL, QOL, and even death (11). Because the prevalence of
sarcopenia is higher in diabetic patients, with a reportedly
estimated prevalence of 20%-30%, it is important to consider
that diabetic patients may have or develop sarcopenia (12).
However, confirming sarcopenia is complicated and can be
difficult to perform during a regular medical examination.
Malmstrom and Morley et al. created a simple screening tool,
known as the SARC-F, for detecting sarcopenia in the elderly
population, and its validity has been evaluated in various
studies (13, 14). In the recent years, the authors of the present

study have developed a Japanese version of the SARC-F,
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known as the SARC-F-J, which targets elderly diabetic patients
(15). Using the SARC-F-J, we have demonstrated the possible
correlation between sarcopenia and cognitive dysfunction as
well as depression (16, 17).

As noted above, the frequency of OAB is high in elderly
diabetic patients, and this has been attributed to various factors,
including diabetic neuropathy, osmotic diuresis, bladder
vascular insufficiency, inflammation, and oxidative stress
(18-20). Sarcopenia reportedly causes conditions such as
inflammation and oxidative stress and promotes arteriosclerosis
(21, 22). Thus, we have hypothesized that sarcopenia is closely
associated with OAB. To the best of our knowledge, little or
no research has been conducted on the association between
sarcopenia and OAB in elderly diabetic patients. Therefore,
this cross-sectional study aimed to examine the association
between sarcopenia and OAB in elderly diabetic patients using
the SARC-F-J.

Methods

Study design and subjects

This was a cross-sectional study including diabetic patients
who regularly attended the outpatient clinic at Ise Red Cross
Hospital in Ise City, Mie Prefecture. Informed consent
was obtained from all eligible patients, and the study was
approved by the Ethics Committee of the hospital. Eligibility
was set for diabetic patients aged =65 years who visited the

outpatient clinic between June and November 2017. Exclusion
Published online April 17,2019, http://dx.doi.org/10.1007/s12603-019-1190-1

532



J Nutr Health Aging
Volume 23, Number 6, 2019

THE JOURNAL OF NUTRITION, HEALTH & AGINGO©

criteria were defined as any patient with secondary diabetes,
alcoholism, severe mental disorder, bladder tumors or history of
any malignant tumors, and a past history of intrapelvic surgery;
those using implanted pacemakers or home oxygen therapy;
those who had undergone bilateral knee joint replacement or
hip replacement; those diagnosed with heart failure within the
past 6 months; or those who could not participate in the study
unaided (8, 9).

Measurement of OAB

The OAB symptom score (OABSS) was used to measure
OAB, which comprised four items: “urination frequency during
the day,” “urination frequency during the night,” “frequency
of urinary urgency,” and “frequency of urinary incontinence,”
on a scale of 0—15 points (23). OAB was diagnosed as having
a urinary urgency score of =2 points and a total score of =3
points.

Evaluation of sarcopenia using SARC-F -]

The self-administered questionnaire SARC-F-J was used
to evaluate sarcopenia (15). The questionnaire comprised
the following five items: strength, assistance in walking,
rising from a chair, climbing stairs, and falls. Answers
were categorized into 3 tiers of “no difficulty,” “occasional
difficulty,” and “frequent difficulty” with O, 1, or 2 points
assigned for each answer, respectively. The answers regarding
falls were divided into none, 1-3 times, and >4 times. The total
number of points ranged from 1 to 10, and a total score of =4
points indicated sarcopenia.

Measurement of other variables

Age, sex, body mass index (BMI) (weight [kg]/height
[m?]), smoking history, alcohol consumption, type of diabetes
(type 1, type 2, or other), duration of diabetes, hemoglobin
Alc (HbAlc), hypertension, dyslipidemia, insulin resistance,
diabetic retinopathy, diabetic neuropathy, diabetic nephropathy,
cardiovascular disease, antidiabetic medication regimen,
depression, cognitive function, and sleep disorders were
investigated. Diabetes was classified into type 1, type 2, or
other according to the Japan Diabetes Society examination
standard (24). Serum lipid profile was measured using an
enzyme test, and blood plasma glucose concentration
was measured using the glucose oxidase test. HbAlc was
measured using high pressure liquid chromatography and
listed on the National Glycohemoglobin Standardization
Program. Hypertension was defined in patients as having
either systolic pressure of =130 mmHg or diastolic pressure
of =280 mmHg when their blood pressure was measured in the
examination room or taking antihypertensive medications. For
lipids, dyslipidemia was defined in patients as having either
triglycerides (TG) of =150 mg/dl, high-density lipoprotein-
cholesterol (HDLC) of <40 mg/dl, or low-density lipoprotein-
cholesterol (LDLC) of =120 mg/dl (in case of coronary heart
disease, LDLC of =100 mg/dl) or were taking any lipid-

lowering drugs. The indicator of insulin resistance was based on
the TG/HDLC ratio (25). Diabetic retinopathy was diagnosed
by the ophthalmologist and was defined in patients as having
either decreased Achilles reflex or vibratory perception in the
lateral malleolus or an abnormality in the nerve conduction
medical examination. Cardiovascular disease was defined in
patients as currently having or having a history of any ischemic
heart disease, such as angina pectoris or myocardial infarction,
or cerebrovascular disease, such as cerebral infarction.
Depression was measured using the nine-item Japanese version
of the Patient Health Questionnaire 9 (J-PHQ-9), developed and
validated by Muramatsu et al (26). Symptoms from the previous
2 weeks were measured on a 4-point scale (nearly every day
was 3 points, half of the time 2 points, several days 1 point, and
not at all O point). The total number of points could range from
0 to 27, with a higher score indicating more serious symptoms
of depression. In this study, depression was defined in patients
as having a J-PHQ-9 score of =5 points based on previous
studies. Cognitive function was measured using the Japanese
version of the self-administered cognitive function evaluation
tool Test Your Memory (TYM-J), developed and validated by
Hanyu et al (27). Points were distributed according totems, with
orientation as 10 points, sentence copying 2 points, knowledge
3 points, arithmetic 4 points, word fluency 4 points, analogies
4 points, pseudonyms 5 points, visual space/structure 7 points
for two topics, sentence memory recall 6 points, and assistance
5 points. The total number of possible points ranged from 0 to
50, with a lower score indicating low cognitive function. Based
on this point system, cognitive impairment in this study was
defined in patients as having a total TYM-J score of <44 points.
Sleep disorders were measured using the Japanese version of
the Pittsburgh Sleep Quality Index, which is a widely used
self-administered questionnaire for the evaluation of sleep
disorders and comprises seven items: quality of sleep, time to
fall asleep, amount of sleep, sleep efficiency, sleep difficulty,
use of sleeping medication, and difficulty in staying awake
during the day (28). Each item was assigned a score between O
and 3 points, with the total number of points ranging from 0 to
21. A higher number of points indicated poorer sleep quality. In
this study, a total score of =5.5 points indicated sleep disorder
according to previous studies.

Statistical analysis

Patient backgrounds were listed according toes and if the
subject had sarcopenia or not according to SARC-F-J. The
groups were compared using the t-test for continuous variables
and the chi-square test for binary variables. The odds ratio
for OAB due to sarcopenia was calculated after adjustment
using logistic regression, with OAB as the dependent variable
and sarcopenia as the explanatory variable. Using previous
studies and clinical judgments, variables that were adjusted
for the analysis were age, BMI, HbAlc, smoking history,
alcohol consumption, comorbidity (hypertension, dyslipidemia,
diabetic retinopathy, diabetic neuropathy, diabetic nephropathy,
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Table 1
Baseline characteristics of the analysis set according to the SARC-F-J definition of sarcopenia

Males Females
No sarcopenia Sarcopenia P No sarcopenia Sarcopenia P
n =152 (81.8%) n =34 (18.2%) n =103 (72.1%) n =40 (27.9%)
Age (years), mean (SD) 71.1(5.7) 72.5(64) 0.192 71.5(54) 74.1(6.5) 0.015*
BMI (kg/m?), mean (SD) 24 (44) 24.6 (4.1) 0.458 237 (43) 252 (42) 0.072
T1DM/T2DM/other, % 6.0/91.9/2.1 6.0/94.0/0 0.713 8.0/90.9/1.1 10.2/87.2/2.6 0.718
HbAlc (%), mean (SD) 7.3 (1.1) 7(0.9) 0.280 74(0.9) 7.6(14) 0.312
Duration of diabetes (years), mean (SD) 179 (11.3) 20.1 (11) 0.318 159 (9.7) 20.1 (10.2) 0.029*
Alcohol consumption, % 255 235 0.811 79 10.2 0.658
Smoking, % 302 323 0.811 29 10 0.078
Hypertension, % 77.7 91.1 0.075 76.7 794 0.730
Dyslipidemia, % 704 61.7 0.323 73.1 76.3 0.710
LDLC (mg/dL), mean (SD) 100 (28) 88 (25.7) 0.033* 1094 (30.3) 93.3(24) 0.010*
HDLC (mg/dL), mean (SD) 523 (135) 492 (11.1) 0.240 58.6 (14.1) 60.5 (15.4) 0.490
TG (mg/dL), mean (SD) 136.5 (80) 125.5 (69.5) 0.470 1322 (62) 134.7 (65) 0.832
TG/HDLC ratio, mean (SD) 2.8(1.9) 2.7(1.7) 0.573 24(14) 2.6 (1.6) 0.546
Retinopathy, % 375 323 0.132 40.7 40 0.932
Neuropathy, % 62.5 70.5 0.374 64 715 0.123
Nephropathy, % 56.5 76.4 0.032* 48.5 55 0.488
Cardiovascular diseases, % 25.6 38.2 0.143 6.1 342 <0.001*
Oral hypoglycemic agents, % 79.1 67.6 0.149 79.7 74.3 0.485
Numbers of oral hypoglycemic agents, mean (SD) 1.6 (1) 1.3(1.1) 0.144 1.5(0.9) 1.5(1.1) 0.802
GLP-1 analog, % 9.3 6 0.540 17.1 10.2 0.309
Insulin, % 66.4 757 0.299 60.6 794 0.035%
Depression, % 58.5 70.5 0.194 56.3 80 0.008*
Sleep disorder, % 46.7 64.7 0.058 50.4 875 <0.001*
Cognitive impairment, % 12.5 323 0.004* 194 37.5 0.024*
OAB, % 164 352 0.013* 12.6 30 0.014*

SD, standard deviation; BMI, body mass index; TIDM/T2DM, type-1/type-2 diabetes mellitus; HbA I¢, hemoglobin Alc; LDLC, low-density lipoprotein-cholesterol; HDLC, high-density
lipoprotein-cholesterol; TG, triglycerides; GLP-1, glucagon-like peptide-1; OAB, overactive bladder; Cardiovascular diseases included angina pectoris, myocardial infarction, and stroke.

*T-test for continuous variables and chi-square for categorical variables.

or cardiovascular disease), depression, cognitive function,
and sleep disorders (9, 29). The level of significance (two-
tailed) was set at P < 0.05, and STATA version 12.0 (Stata
Corporation LP, College Station, TX) was used for the analysis.

Results

A total of 349 patients were eligible for the present studys;
19 of them were excluded due to missing information, leaving
329 subjects (186 males and 143 females) for the final analysis.
The ratio of sarcopenia was 22.9% (males 18.2% and females
27.9%). The ratio for OAB was 18.7% (males 19.8% and
females 17.4%).

Table 1 shows the patient characteristics in the analysis set
1. The frequency of diabetic nephropathy in males was higher

in the sarcopenia group than in the non-sarcopenia group. The
females in the sarcopenia group were older and had a longer
duration of diabetes, used insulin more frequently, and had a
higher rate of diabetic neuropathy, cardiovascular diseases,
sleep disorders, and depression. The males and females in the
sarcopenia group had a higher rate of cognitive impairment and
OAB than those in the non-sarcopenia group.

Table 2 shows the results of the logistic regression analysis.
After adjusting the variables, the odds ratio for OAB due to
sarcopenia was 4.46 (95% confidence interval [CI], 1.14—
17.36, P = 0.031) in males and 2.09 (95% CI, 0.52-8.26, P =
0.293) in females. A statistically significant correlation between
sarcopenia and OAB was only observed in elderly diabetic male
patients.
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Table 2
Factors associated with odds ratios of depression using logistic regression analysis

Males

Age, per year increase

BMI, per 1 kg/m2 increase

Smoking (vs. no)

Alcohol consumption (vs. no)

HbAlc, per 1 % increase

Numbers of comorbidity, per 1 increase
Depression (vs. no)

Sleep disorder (vs. no)

Cognitive impairment (vs. no)
Numbers of oral hypoglycemic agents, per 1 increase
Insulin (vs. no)

Sarcopenia (vs. no)

Female

Age, per year increase

BMI, per 1 kg/m2 increase

Smoking (vs. no)

Alcohol consumption (vs. no)

HbAlc, per 1 % increase

Numbers of comorbidity, per 1 increase
Depression (vs. no)

Sleep disorder (vs. no)

Cognitive impairment (vs. no)
Numbers of oral hypoglycemic agents, per 1 increase
Insulin (vs. no)

Sarcopenia (vs. no)

Unadjusted OR P Adjusted OR P
(95% CI) (95% CI)
0.83 (0.73-0.94) 0.004*
0.94 (0.82-1.07) 0.395
0.57 (0.31-1.04) 0.070
0.52 (0.14-1.87) 0.321
0.33 (0.07-1.38) 0.129
1.35 (0.4-4.58) 0.625
2.29 (0.52-10.08) 0.271
2.26 (0.73-6.99) 0.155
0.79 (0.51-1.23) 0.310
1.11 (0.63-1.95) 0.703
0.54 (0.16-1.78) 0.319
277 (121-6.31) 0.015% 446 (1.14-17.36) 0.031%*
1.08 (0.98-1.2) 0.097
0.92 (0.78-1.08) 0.331
1.58 (0.92-2.7) 0.093
1.69 (0.18-15.6) 0.640
1.94 (0.35-10.63) 0.442
0.56 (0.16-1.99) 0.378
091 (0.24-3.37) 0.888
3.12(0.81-11.92) 0.096
0.71 (0.45-1.11) 0.140
0.71 (041-1.22) 0222
0.75 (0.19-2.89) 0.683
2.96 (1.21-7.23) 0.017* 2.09 (0.52-8.26) 0.293

BMI, body mass index; HbAIc, hemoglobin A lc; comorbidity, chronic condition, including hypertension, dyslipidemia, neuropathy, retinopathy, nephropathy and cardiovascular diseases
(angina pectoris, myocardial infarction, and stroke), OR, odds ratio; CI, confidence interval; *P < 0.05.

Discussion

The present study investigated the association between
sarcopenia and OAB in elderly diabetic patients using the
SARC-F-J. To that effect, a statistically significant correlation
between sarcopenia and OAB was observed only in males and
not in females.

The frequency of OAB is reportedly higher in elderly
diabetic patients than in non-diabetic elderly individuals (7.8).
The possible development of OAB has also been associated
with diabetic neuropathy, osmotic diuresis, oxidative stress,
inflammation, bladder vascular insufficiency (bladder
ischemia), and other symptoms caused by diabetes (8,18-
20). Factors such as aging, obesity, smoking history, alcohol

consumption, cardiovascular diseases, depression, sleep
disorders, and cognitive decline are known to be associated
with the development of OAB (9). Previous studies have
reported that the frequency of OAB measured using the OABSS
in middle-aged diabetic patients was 11.7%-24.2% (7,8). The
results of the present study for OAB (18.7%; males, 19.8% and
females 17.4%) were similar to that of these previous studies.
Another study has reported that the prevalence of sarcopenia in
elderly diabetic patients was 19% in males and 27% in females
(12); Bouchi et al. have also reported a prevalence of 17.6%
(30). These previously reported results were similar to those
observed in the present study. However, these previous studies
had different age ranges, lengths of diabetic disease duration,
and comorbidity; therefore, the similarity in the results may not
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be directly related.

Several observations must be considered when investigating
the mechanisms underlying the association between sarcopenia
and OAB. First, sarcopenia reportedly elicits inflammatory
cytokines (such as tumor necrosis factor-a) and oxidative
stress (21, 22). According to various studies, inflammation and
oxidative stress can cause myopathy and neurodegeneration
in the bladder, possibly resulting in the development of OAB
(18,31). These factors may be responsible for the association
between sarcopenia and OAB. Second, recent studies have
reported the possible correlation between the development of
OAB and bladder vascular insufficiency or bladder ischemia
(20). Sarcopenia has also been previously closely associated
with arteriosclerosis; indicating that arteriosclerosis is another
factor that associates sarcopenia and OAB (21, 22).

The findings of this study are interesting as sarcopenia was
significantly associated with OAB only in males. Because
arteriosclerotic lesions reportedly develop sooner in males
than in females, they may represent a common risk that is
closely associated with OAB and sarcopenia in males (32).
In this study, the occurrence of retinopathy, neuropathy, and
cardiovascular diseases in males was higher in the sarcopenia
group than in the non-sarcopenia group, suggesting its strong
correlation with arteriosclerosis. However, inflammation,
oxidative stress markers, and bladder blood flow were not
evaluated in this study. Therefore, future research studies
are warranted to understand the mechanism underlying the
association between OAB and sarcopenia. Regarding
the multivariate analysis results in this study, a significant
negative correlation was observed between age and OAB
in males. As previously mentioned, the occurrence rate of
OAB increases with age (9). However, the high occurrence
of underactive bladder (UAB), in addition to aging, has also
observed in elderly diabetic patients due to neuropathy from
chronic hyperglycemia, urothelial dysfunction, etc (33). The
progression pattern from OAB to UAB has been proposed, and
the occurrence of OAB may decrease in the elderly patients
due to the loss of urinary urgency as an effect of the aging
and progression of neuropathy; however, further studies
investigating this are warranted in the future (18).

Based on the literature review and to the best of our
knowledge, this is the first study to explore the possible
association between sarcopenia and OAB. The clinically
relevant finding of the present study is that screening elderly
diabetic male patients for sarcopenia using SARC-F-J is helpful
to identify and warn those at risk for OAB and to facilitate the
early diagnosis of OAB. Because a decline in QOL and ADL
in elderly diabetic patients could be possibly associated with
undiagnosed OAB, early intervention in OAB diagnosis and
treatment is considered crucial (34). Previous studies have
reported that muscle mass and muscular strength increased with
exercise and nutritional intervention in patients with sarcopenia
(35, 36). Furthermore, some studies have also reported that the
symptoms improved due to kinesitherapy in patients with OAB

(37, 38). Further research focusing on the correlation between
therapeutic intervention for patients with sarcopenia and the
improvement or prevention of OAB as well as longitudinal
studies on the development of OAB and the prevalence of
sarcopenia in elderly diabetic patients are warranted in the
future.

This study had some limitations. First was the self-
administered nature of the questionnaire format of the SARC-
F-J and OABSS. The subjects were elderly people, indicating
that the validity of results is affected by the fact that a number
of subjects had cognitive difficulties. Second, all possible
confounding factors may not be adjusted during the analysis.
Although physical activity and nutritional status were not
evaluated in this study, these variables may possibly affect the
statistical analysis of the results. Third, the study results may
also have been affected by the omission of information on the
presence of spinal disease and on drugs (such as anticholinergic
drugs) that can affect bladder function. Lastly, because this
was a cross-sectional study, the causal association cannot
be confirmed. Therefore, future longitudinal research should
evaluate this causal relationship between sarcopenia and OAB
in elderly diabetic patients using SARC-F-J.

Conclusions and Implications

With consideration of the above limitations, a statistically
significant association between sarcopenia and OAB was
observed in elderly diabetic male patients in this study. When
examining elderly diabetic male patients who also have
sarcopenia, it will be necessary to be aware of the possibility
of the development of OAB. Further research must take the
limitations of the present study into account.
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