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Purpose: This study aimed to elucidate the relationship of psoas muscle atrophy and 
visceral obesity with lower urinary tract symptoms in geriatric female patients.
Patients and Methods: We retrospectively reviewed the medical records of female 
patients aged ≥65 years. The psoas muscle index was defined, using computed tomography, 
as the cross-sectional area of the psoas muscle at the third lumbar vertebral level divided by 
the body surface area. We also measured visceral fat area at the umbilical level using 
computed tomography. We used logistic regression analysis to examine the relationships 
between the International Prostate Symptom Score (total score, voiding subscore, and storage 
subscore) and variables, such as age, body mass index, psoas muscle index, and visceral fat 
area. The International Prostate Symptom Score was categorized as mild, moderate, or 
severe.
Results: One hundred thirty-nine patients were included in our study. In the logistic 
regression analysis, we found statistically significant relationships between severe (versus 
mild-to-moderate) International Prostate Symptom Score storage subscore and variables, 
including low and high levels of psoas muscle index and visceral fat area, respectively. We 
could not find any significant relationships between the International Prostate Symptom 
Score total score and voiding subscore and the variables.
Conclusion: Psoas muscle atrophy and visceral fat accumulation are potential risk factors 
for severe storage symptoms in female patients aged ≥65 years.
Keywords: female, International Prostate Symptom Score, overactive bladder symptom, 
psoas muscle, visceral fat

Introduction
In 1989, Irwin Rosenberg coined the term “sarcopenia”, which meant age-related 
muscle volume loss, that rapidly aging societies were unprecedentedly facing.1 The 
cause of sarcopenia is broadly divided into two categories; primary sarcopenia 
(aging itself without any other cause) and secondary sarcopenia (eg, disuse, mal-
nutrition, cachexia, and endocrine disorders), though they sometimes overlap.2 

Patients with sarcopenia are forced to drastically change their lives, and their 
families are obliged to devote much of their time and energy in caring for these 
patients. A diagnosis code for sarcopenia was created in the tenth revision of the 
International Statistical Classification of Diseases and Related Health Problems in 
2016; this diagnosis code addresses the condition as a disease itself, suggesting that 
sarcopenia should be treated and prevented.3
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The European Working Group on Sarcopenia in Older 
People proposed that sarcopenia is defined by low muscle 
mass and function.2 Muscle mass is not necessarily pro-
portional to muscle function.4 The psoas muscle area 
(PMA), which reflects muscle mass, is obtained by com-
puted tomography (CT) and has been proposed as 
a marker of sarcopenia.5 A pressure flow study in geriatric 
male patients by Majima et al concluded that PMA could 
have a significant relationship with impaired detrusor 
function.6 However, a similar examination using the CT- 
based evaluation of PMA in geriatric female patients is yet 
to be conducted. Further, the relationship of PMA with the 
lower urinary tract symptom (LUTS) questionnaires has 
never been investigated.

Women generally experience their final menstrual per-
iod at the median age of 51.4 years. Estrogen receptors 
(ERs) are present in the skeletal muscle, and the decrease 
in estrogen levels after menopause could lead to 
sarcopenia.7 Institutionalized geriatric people with func-
tional difficulties develop detrusor hyperactivity with 
impaired contractility (DHIC).8 Visceral obesity also 
tends to be accelerated after menopause, and which could 
be associated with exacerbation of overactive bladder 
(OAB) symptoms.9,10 Hence, we hypothesized that PMA 
and visceral fat area (VFA), which were evaluated by 
CT,6,9 could have a significant relationship with LUTS, 
especially OAB symptoms, in geriatric female patients. 
Although the exact molecular mechanisms to support the 
hypothesis are obscure, these age-related changes could 
indirectly cause LUTS. Further, it has also been reported 
that DHIC is more pronounced in geriatric mice than 
younger ones and that age-related genomic bladder 
changes contribute to the development of DHIC.11 The 
prevalence of DHIC was found to be high in institutiona-
lized geriatric people with functional difficulties;8 skeletal 
muscle atrophy caused by aging and disuse might have 
indirectly cause bladder dysfunctions in this population. 
Furthermore, long-term caloric restriction in aged rats 
reduced inflammatory and immune responses, while 
improving lower urinary tract functions.12 Thus, visceral 
fat accumulation might increase such responses and result 
in lower urinary tract dysfunctions.

In the previous Japanese epidemiological study, the 
most frequent female LUTS were storage symptoms like 
nocturia and a high daytime urination frequency, followed 
by weak stream, stress urinary incontinence, urinary 
urgency, and urge urinary incontinence. Furthermore, sto-
rage symptoms significantly affected quality of life.13 

A previous report suggested that the incidence of OAB 
symptoms in women increases with an increase in their 
age.14 Thus, it was clinically important to elucidate the 
factors responsible for the development of LUTS, espe-
cially the storage symptoms. To our knowledge, the simul-
taneous influence of PMA and VFA on LUTS has never 
been investigated. Thus, we recruited female patients aged 
≥65 years and examined the impact of PMA and VFA on 
symptoms through a questionnaire.

Materials and Methods
We retrospectively analyzed female patients aged ≥65 
years who visited our department between 2008 and 
2018. The ethics committee of the Faculty of Medicine, 
Kindai University, approved the study protocol (approval 
number: R02-106) and waived individual consent for this 
retrospective analysis. We preserve participants’ anonym-
ity and confidentiality. This study was conducted in accor-
dance with the declaration of Helsinki. The CT-based 
cross-sectional area measurement of the PMA at the third 
lumbar vertebral level was conducted by manual tracing 
using Volume Analyzer SYNAPSE VINCENT 
(SYNAPSE 3D), FUJIFILM Corporation, Tokyo, Japan. 
The PMA was analyzed by a single investigator who was 
blind to all the demographic data (PMA is shown in 
Figure 1). Psoas muscle index (PMI) was defined as 
PMA divided by body surface area.6 VFA at the umbilical 
level was automatically measured on CT, with an attenua-
tion range of −30 to −190 (VFA is shown in Figure 2).9 

For clarity the original figures were modified from the one 
created by Volume Analyzer SYNAPSE VINCENT 
(SYNAPSE 3D). We performed CT scans using one of 

Figure 1 The cross-sectional area of the psoas muscle, termed psoas muscle area 
(PMA), at the third lumbar vertebral level on computed tomography (CT). PMA is 
measured by manual tracing, and PMI is calculated by divided the PMA by body 
surface area. PMA is in yellow.
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three types of multi-detector CT systems with 64 rows of 
detectors (TSX101/4A Aquilion PRIME, Light Speed 
Discovery 750HD, Light Speed VCT). We only included 
patients with a CT performed within 1 year before or after 
visiting our hospital and excluded patients with diabetes 
mellitus, neurological disease, acute cystitis, symptomatic 
urinary calculi, history of abdominal surgery, pelvic organ 
prolapse, interstitial cystitis, pelvic cancer, or urethral or 
ureteral catheterization as well as those on medication for 
LUTS.

We used the International Prostate Symptom Score 
(IPSS) for the evaluation of LUTS. The IPSS was categor-
ized as follows according to a previous report:15 IPSS total 
score (IPSS-T) 0–7, 8–19, and 20–35; IPSS voiding sub-
score (IPSS-V) 0–6, 7–13, and 14–20; and IPSS storage 
subscore (IPSS-S) 0–5, 6–9, and 10–15 as mild, moderate 
and severe, respectively. The IPSS was validated by 
a symptom questionnaire for the assessment of female 
LUTS.16

Statistical analyses were performed using EZR 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for 
R (The R Foundation for Statistical Computing, Vienna, 
Austria).17 Logistic regression analyses were performed to 
examine the association of each variable, including PMI, 
VFA, body mass index (BMI), and age, with IPSS (severe 
vs mild-to-moderate). Mann–Whitney U-test was per-
formed to compare the differences in variables between 
groups, which were categorized according to mild, mod-
erate, and severe IPSS. P < 0.05 was considered statisti-
cally significant. Scattered plots with empty circles 
showing distributions of values were created in 

GraphPad Prism version 8.00 for Windows, GraphPad 
Software, La Jolla California USA, www.graphpad.com.

Results
After adopting the exclusion and inclusion criteria, we 
enrolled 139 female patients aged ≥65 years. Table 1 
shows the patients’ characteristics. Previous reports 
found that dyslipidemia is proportional to visceral fat 
volume and that some antihypertensive drugs could affect 
LUTS.9,18,19 Furthermore, patients with malignancies 
could face a risk of developing sarcopenia.2 Thus, we 
also disclosed the prior history of malignancies and the 
use of antihypertensive and antihyperlipidemic drugs in 
Table 1. Tables 2 and 3 demonstrate that IPSS-T and 
IPSS-V had no significant association with any variables 
in the multivariate regression analysis. In contrast, Table 4 
shows that statistically significant relationships were found 
between severe IPSS-S and low and high levels of PMI 
[odds ratio (OR) (95% confidence interval (CI)): 1.03 

Figure 2 The cross-sectional area of the visceral fat area (VFA) at the umbilical 
level was automatically measured on CT. VFA is in yellow.

Table 1 Patients’ Characteristics (n = 139)

Data are Median (Range), or n (%)

Age (year) 74 (65, 98)

Height (m) 151 (136, 165)
Weight (kg) 51 (31, 93)

BMI (kg/m2) 22.0 (13.7, 38.7)

PMA (m2) 8.6 (4.7, 16.6)
PMI (m2/m2) 5.94 (2.82, 11.1)

VFA (cm2) 83.2 (9.23, 209.2)

IPSS-T 6 (0, 35)
IPSS-V 2 (0, 20)

IPSS-S 4 (0, 15)

Antihypertensive Drug

α-blocker 6 (4%)

Calcium channel blocker 39 (28%)
ACE-I or ARB 35 (25%)

Diuretic 16 (12%)

Antihyperlipidemic drug 30 (22%)

Prior Cancer History

Renal cell carcinoma 12 (9%)

Breast cancer 11 (8%)
Lung cancer 4 (3%)

Hematologic cancer 4 (3%)

Gastric cancer 2 (1%)
Adrenal cancer 1 (1%)

Renal pelvis and ureter cancer 1 (1%)

Abbreviations: BMI, body mass index; PMA, psoas muscle area; PMI, psoas muscle 
index; VFA, visceral fat area; IPSS, International Prostate Symptom Score; IPSS-T, 
IPSS total score; IPSS-V, IPSS voiding subscore; IPSS-S, IPSS storage subscore; ACE-I, 
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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(0.96 to 1.10), p-value = 0.03] and VFA [OR (95% CI): 
1.02 (1.00 to 1.03), p-value = 0.003], respectively 
(Table 4). However, BMI was not considered as 
a significant predictor of severe IPSS-S. PMI and VFA 
levels of individuals with severe IPSS-S were significantly 
different from those of individuals in the mild and moder-
ate IPSS-S groups (Figures 3 and 4, respectively). Thus, 
psoas muscle atrophy and visceral obesity were signifi-
cantly related to severe storage symptoms.

Discussion
This study demonstrated that low PMI and high VFA 
levels have a significant relationship with severe IPSS-S 
in elderly female patients aged ≥65 years. A previous 
report stated that low skeletal muscle mass was 
a potential diagnostic marker for sarcopenia in men and 
women.5 Moreover, previous reports have suggested that 
geriatric females with sarcopenia have detrusor overactiv-
ity (DO) or DHIC.8,20 Thus, low levels of PMI could have 

Table 2 The Association of IPSS-T (Mild 0–7 and Moderate 8–19 
versus Severe 20–35) with Variables Was Analyzed Using 
Multivariate Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

OR (95% CI) p-value OR 
(95% CI)

p-value

Age (year) 1.01 (0.92 to 1.11) 0.81

BMI (kg/m2) 0.98 (0.83 to 1.15) 0.78

PMI (m2/m2) 0.85 (0.54 to 1.34) 0.47

VFA (cm2) 0.99 (0.98 to 1.01) 0.84

Abbreviations: IPSS-T, International Prostate Symptom Score total score; OR, 
odds ratio; CI, confidence interval; BMI, body mass index; PMI, psoas muscle index; 
VFA, visceral fat area.

Table 3 The Association of IPSS-V (Mild 0–6 and Moderate 7–13 
versus Severe 14–20) with Variables Was Analyzed Using 
Multivariate Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

OR (95% CI) p-value OR 
(95% CI)

p-value

Age (year) 0.99 (0.89 to 1.11) 0.92

BMI (kg/m2) 1.05 (0.90 to 1.24) 0.53

PMI (m2/m2) 0.86 (0.51 to 1.44) 0.56

VFA (cm2) 0.99 (0.98 to 1.01) 0.41

Abbreviations: IPSS-V, International Prostate Symptom Score voiding subscore; 
OR, odds ratio; CI, confidence interval; BMI, body mass index; PMI, psoas muscle 
index; VFA, visceral fat area.

Table 4 The Association of IPSS-S (Mild 0–5 and Moderate 6–9 
versus Severe 10–15) with Variables Was Analyzed Using 
Multivariate Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

OR (95% CI) p-value OR (95% CI) p-value

Age (year) 1.03 (0.96 to 1.10) 0.48

BMI (kg/m2) 1.09 (0.98 to 1.22) 0.12

PMI (m2/m2) 0.66 (0.45 to 0.97) 0.03* 0.62 (0.40 to 0.96) 0.03*

VFA (cm2) 1.02 (1.01 to 1.03) 0.002** 1.02 (1.00 to 1.03) 0.003*

Abbreviations: IPSS-S, International Prostate Symptom Score storage subscore; 
OR, odds ratio; CI, confidence interval; BMI, body mass index; PMI, psoas muscle 
index; VFA, visceral fat area.

Figure 3 The horizontal lines represent the median and interquartile ranges. 
Scatter plots with empty circles represent the distributions of each value in three 
groups, which are categorized as follows: IPSS-S mild 0–5, moderate 6–9, and 
severe 10–15. Mann–Whitney U-test was performed to compare differences in 
PMI among the three groups. Statistical significance was considered as follows: 
*P < 0.05, **P < 0.01.

Figure 4 The horizontal lines represent the median and interquartile ranges. 
Scatter plots with empty circles represent the distributions of each value in three 
groups, which are categorized as follows: IPSS-S mild 0–5, moderate 6–9, and 
severe 10–15. Mann–Whitney U-test was performed to compare differences in 
VFA among the three groups. Statistical significance was considered as follows: 
*P < 0.05, **P < 0.01.
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significant detrimental influences on storage symptoms in 
geriatric female patients. Meanwhile, subcutaneous fat 
tends to be redistributed to the visceral area in geriatric 
females. Visceral fat accumulation is more correlated with 
systemic metabolic disorders than other variables like sub-
cutaneous fat and BMI.7,9 A previous report suggested that 
there was a significant correlation between metabolic syn-
drome and OAB symptoms.10 The β3-adrenoceptor 
(β3-AR) functions by governing lipolytic actions in omen-
tal adipose tissues and is especially dominant among the 
noradrenaline receptors in obese individuals. The stimula-
tion of β3-AR results in free fatty acid release from abun-
dant omental adipose tissue into the circulatory system in 
cases of visceral obesity, which causes systemic metabolic 
disorders. Additionally, Trp64Arg is a β3-AR gene in 
which mutation and polymorphism are reported to induce 
the development of visceral obesity and OAB, 
respectively.9,21 Therefore, high levels of VFA might be 
associated with severe IPSS-S.

Women generally have their final menstrual period at 
the median age of 51.4 years. Skeletal muscles with ERs 
can maintain muscle volume and function through estro-
gen signaling, but menopause gradually exacerbates its 
homeostasis over time.7 Therefore, sarcopenia could be 
induced after menopause in a time-dependent manner 
and is reportedly associated with DHIC.8 ERs are also 
present in the pelvic organ, bladder, and vagina.22,23 

Estrogen exhaustion results in atrophy and fibrosis of 
these organs after menopause, leading to the exacerbation 
of OAB symptoms.24,25 In terms of obesity, estrogen pre-
vents visceral fat accumulation, whereas it maintains sub-
cutaneous fat depots. Thus, visceral fat accumulation tends 
to be accelerated after menopause, and aging also contri-
butes to it.9 According to these previous reports, skeletal 
muscle volume loss, visceral obesity, and OAB might 
progress on exposure to estrogen shortages for longer 
periods. Local estrogen administration, rather than sys-
temic therapies, is a promising treatment option for post-
menopausal women with OAB symptoms.25

Our results strongly suggest that preventing sarcopenia 
at a young age might reduce the chance of severe storage 
symptom development at an old age in women. Despite 
previous pharmaceutical trials for the treatment and pre-
vention of sarcopenia, no definitive pharmacological treat-
ments have been marketed.26,27 To date, exercise is the 
foundation for sarcopenia prevention; however, high qual-
ity evidence derived from randomized controlled trials 
using unified diagnostic criteria is required.28 Generally, 

exercise strengthens the topical muscle; however, it is 
worth noting that the skeletal muscle is a secretory organ. 
Cytokines called myokines are released from the muscle 
itself after physical activity, causing systemic effects on 
several organs, including the adipose tissue, brain, liver, 
pancreas, and immune system.29 Although evidence of 
crosstalk between the skeletal muscle and bladder mediated 
by myokines remains unavailable, an ovariectomized rat 
experiment has reported that exercise preserves bladder 
function and morphology.30 Furthermore, it is reported 
that exercise reduces visceral fat volume.9 A urodynamic 
study of women reported that obesity was significantly 
associated with higher abdominal pressure.31 Higher 
abdominal pressure induced by visceral fat accumulation 
might compromise bladder capacity. In previous research, 
long-term caloric restriction in aged rats reduced inflam-
matory and immune responses and contributed to the pre-
vention of lower urinary tract dysfunctions.12 Thus, 
visceral fat accumulation could result in storage symptom 
deterioration through reduced bladder capacity and exacer-
bated inflammatory and immune responses. A previous 
study suggested that increased levels of adipokines and 
C-reactive protein (CRP) were observed in OAB 
patients.32 Furthermore, inflammatory cytokines produced 
by visceral fat accumulation are involved in the progression 
of sarcopenia. IL-6 and CRP correlated with fat mass could 
be predictors of future muscle loss. Leptin, another sub-
stance produced by fat, contributes to the suppression of 
obesity; however, its effect might decrease after significant 
visceral fat accumulation. Fat deposition in muscle is 
increased secondary to leptin resistance, which results in 
poor muscle quality. There is a high possibility that obesity 
will progress because of physical inactivity.33 A previous 
article indicated that leptin is anti-cholinergic. It reduces 
Ca2+ influx in smooth muscle, decreases the synthesis of 
acetylcholine receptors, and ameliorates detrusor hyperac-
tivity. Although this hypothesis needs further analysis, we 
believe that the resistance of leptin might exacerbate OAB 
symptoms.34 In summary, muscle loss and visceral fat 
accumulation synergistically get worse and could worsen 
storage symptoms.

Our study, however, is not without limitations. First, 
estrogen shortages after menopause could influence not 
only muscle volume but also LUTS. It was possible that 
deteriorating storage symptoms were directly caused by 
estrogen shortages. However, we could not evaluate estro-
gen levels in this retrospective study. Second, we evalu-
ated PMA at the third lumbar vertebral level using CT. 
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Unfortunately, we could not assess the impact of muscle 
function on LUTS. Third, whether the prevention of sar-
copenia and obesity reduce the development of severe 
storage symptoms in geriatric females should be evaluated 
in a long-term randomized controlled trial.

Conclusion
Psoas muscle atrophy and visceral obesity resulted in 
severe storage symptoms in women aged ≥65 years. 
Further investigation is necessary to clarify whether aging- 
induced skeletal muscle atrophy might have detrimental 
influences on lower urinary tract functions and whether 
exercise could reverse it. Moreover, the impact of obesity, 
especially visceral fat accumulation on storage symptoms, 
should be examined in future studies.

Disclosure
The authors report no conflicts of interest in this work.
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