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Abstract

Background/Objectives: Identifying adults with high frailty risk and intervening appropriately are
critical issues for extending healthy life expectancy. This study examined whether abdominal obesity
influences the progression to frailty among community-dwelling adults in Osaka Prefecture.
Methods: Data were obtained from 2,962 individuals aged 30-79 years (62.7 + 8.8 years) who
responded to annual surveys via a health app in both 2023 and 2024, with available records on waist
circumference. Frailty was assessed using the Kihon Checklist. Logistic regression analysis was
conducted to identify predictors of frailty progression. Results: At baseline (2023), 23% of the
participants had abdominal obesity and 18% were categorized as frailty. Among 2,431 participants
initially without frailty, frailty incidence in the subsequent year was higher in those with abdominal
obesity than those without (10.5% vs. 7.2%, p = 0.011). However, logistic regression analysis revealed
that frailty awareness and exercise habits, not abdominal obesity, were significant predictors of frailty
development in the following year. Conclusions: Although abdominal obesity was associated with
frailty onset in crude analyses, its independent effect disappeared after adjustment. Knowledge of
frailty and regular exercise appears to mitigate the risk, suggesting that lifestyle education and
awareness campaigns may offset the impact of abdominal obesity on frailty development.
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1. Introduction

Japan faces an unprecedented super-aging society, with baby boomers reaching 75 years or older
by 2025. Thus, medical and long-term nursing costs are expected to skyrocket and strain national
finances. Therefore, extending healthy life expectancy is a national priority. However, the gap
between life expectancy and healthy life expectancy has remained unchanged for two decades [1].

Frailty represents a multidimensional decline in physical, mental, psychological, and social
reserves [2], and a potential condition for those who require long-term care [3]. Appropriate
intervention at or before the stage of frailty is essential to extend one’s healthy life expectancy.
Therefore, individuals at high risk of progressing to frailty need to be identified at an early stage.

Obesity appears to be far from the image of frailty, but its factors such as reduced physical
activity, inappropriate diet, and impaired muscle protein synthesis caused by metabolic dysfunction
[4] can still lead to frailty. If abdominal obesity is confirmed to contribute to frailty development, it
would help target preventive strategies. This study aimed to test the hypothesis that abdominal
obesity increases the risk of frailty incidence among community-dwelling adults in Osaka Prefecture.
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2. Materials and Methods

This study surveyed community-dwelling people aged 30-79 years who responded to an annual
questionnaire on frailty through the” ASMILE” [5], a healthcare smartphone app, both in 2023 and
2024. Ethical approval for the research protocol was granted by the Research Ethics Committee of the
Faculty of Liberal Arts, Sciences and Global Education of Osaka Metropolitan University (approval
number: 2022-09, approved on November 1, 2022). Participation required informed consent, in short,
residents who consented to participate in this study ticked the corresponding check column after
reading the explanations regarding research cooperation when registering for an ASMILE account,
residents who consented to participate in this study ticked the corresponding check column.

This retrospective cohort study was conducted from February 2023 to February 2024. The
questionnaire survey comprised the Kihon Checklist (KCL), which assesses frailty, and questions
regarding exercise habits and frailty awareness. The KCL is a 25-item questionnaire developed by the
Japanese Ministry of Health, Labor, and Welfare to screen older people who will need long-term care
services soon [6] (see the Supplementary Materials). All 25 questions are answerable by “yes” or “no.”
According to previous procedures, those who responded “yes” to at least 7 of the 25 items in the KCL
were classified as frail [7]. Participants also responded to the question about exercise habits (“Do you
exercise, such as walking, at least once a week?” [yes/no]) and the question about frailty awareness
(“Do you know the word frailty?” [do not know/have heard the word before/know a little/know
well]). Height and weight were also identified (through self-report, included in question no. 12 of the
KCL) to calculate the body mass index (BMI).

All the abovementioned responses were linked to age and sex data registered in the ASMILE
account. In addition, all data were linked to the results of the Specific Health Checkup, Japan’s health
examination program that primarily focuses on identifying and preventing metabolic syndrome.
Alternatively, data were linked to health checkup results recorded by ASMILE users themselves in
the app. Through these procedures, data on the participants’ waist circumference (WC) were
acquired. All such procedures were conducted by Osaka Prefecture, and the data obtained were
provided to us anonymously. ASMILE also records the daily number of steps, linking to the
smartphone’s pedometer function. Step counts were extracted from the 19 days recorded during the
study period; then, the average number of steps per day were calculated.

On the basis of the diagnostic criteria for abdominal obesity among Japanese individuals
proposed by the International Diabetes Federation [8], a WC > 85 cm in males and a WC > 90 cm in
females indicated abdominal obesity.

The normal distribution of all variables was determined using the Kolmogorov—Smirnov test.
Categorical variables were compared between groups by using the chi-square test, except for frailty
awareness, which was examined using Spearman’s rank correlation coefficient; for the consecutive
variables, the unpaired t-test was used. The effect size of group differences was examined using
Cohen’s d and categorized as small (d > 0.20 and < 0.50), medium (d > 0.50 and < 0.80) or large (d >
0.80). Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) for frailty development were
calculated using multivariate binary logistic regression. The explanatory variables entered into the
model included sex (1 = male, 2 = female), abdominal obesity (1 = yes, 0 =no), exercise habits (1 =yes,
0 =no), and frailty awareness (1 = do not know, 2 = have heard the word before, 3 = know a little, 4 =
know well), all coded as categorical variables. Data analyses were performed with SPSS 27.0 (IBM
Corporation, Armonk, NY, USA), and statistical significance was defined as p < 0.05.

3. Results

A total of 7,620 adults aged 30-79 years responded to both the 2023 and 2024 surveys. Of these
surveys, WC data of the 2023 survey could be obtained from 2,962 respondents. Therefore, 2,962
responses (62.7 + 8.8 years) were finally analyzed.
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Table 1 summarizes the prevalence of abdominal obesity among the participants. Abdominal
obesity was more prevalent among male participants than female participants (41.2% vs. 10.2%, p <
0.001). In all participants, 23% presented with abdominal obesity.

Table 1. Prevalence of abdominal obesity among the participants.

male female

n=1250 n=1712
abdominal obesity abdominal obesity

n no (%) yes (%) n no (%) yes (%)

30-39 years 10 80.0 20.0 17 100.0 0.0
40-49 years 75 72.0 28.0 159 93.7 6.3
50-59 years 252 62.3 37.7 450 90.0 10.0
60-69 years 488 57.8 422 734 90.7 9.3
70~79 years 425 55.1 449 352 85.5 14.5

In the 2023 survey, participants with abdominal obesity were older than those without (64.8 +
8.1 years vs. 62.1 £ 9.0 years, p < 0.001, effect size Cohen’s d: 0.327). They also had greater BMI (25.5 +
2.9 kg/m?vs. 20.9 + 2.3 kg/m?, p < 0.001, effect size Cohen’s d: 1.842), WC (92.4 + 6.7 cm vs. 76.8 + 6.7
cm, p < 0.001, effect size Cohen’s d: 2.313), and frailty prevalence (21.5% vs. 16.8%, p = 0.006).
Conversely, frailty awareness was poorer in the participants with abdominal obesity than in those
without (do not know/have heard the word before/know a little/know well: 19.4%/22.8%/29.6%/28.2%
vs. 14.0%/18.6%/32.6%/34.8%, p = 0.019). The average number of steps per day or exercise habits did
not significantly differ between the groups.

Among 2,431 participants without frailty in the 2023 survey, 7.9% developed the condition in
the following year. As shown in Figure 1, participants with abdominal obesity in the 2023 survey
were more likely to develop frailty in the subsequent year than those without (10.5% vs. 7.2%, p =
0.011). Those who developed frailty in the subsequent year were less engaged to exercise than those
who did not (80.3% vs. 90.4%, p < 0.001). This group was also less aware of frailty (do not know/have
heard the word before/know a little/know  well:  28.0%/26.9%/24.9%/20.2%  vs.
12.3%/17.6%/32.5%/37.6%, p = 0.019).

in the 2024 survey

I Remained non-frailty
i [ With new-onset frailty

Without abdominal obesity

With abdominal obesity pLtERl

in the 2023 survey

0 20 40 60 80 100 (%)

p = 0.011
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Figure 1. Percentages of participants with new-onset frailty in the 2024 survey.

Regarding the factors associated with frailty development, as shown in Table 2, logistic
regression analysis revealed that frailty awareness (aORs relative to “do not know” were 0.685 [95%
CI: 0.452-1.040], 0.360 [95% CI: 0.235-0.550], and 0.257 [95% CI: 0.164-0.405] in “have heard the word
before,” “know a little,” and “know well,” respectively) and exercise habits (aOR: 0.480; 95% CI:
0.319-0.720) were significant explanatory variables for frailty development in the subsequent year.
Meanwhile, abdominal obesity was not an independent contributor to frailty development in the
subsequent year.

Table 2. Factors associated with frailty onset based on logistic regression analysis.

aOR 95% CI p value
Age yTS. 1.010  0.992-1.029 .258
Gender (female) 1 =male, 0.977 0.699-1.367 .894
2 = female
Abdominal obesity 1=yes, 0=no 1.347  0.941-1.929 104
Awareness of frailty 1 =do not know ref.
2 = have heard the word before 0.685 0.452-1.040 .076
3 =know a little 0.360  0.235-0.550 < .001
4 = know well 0.257 0.164-0.405 <.001
Exercise habit 1=yes, 0=no 0.480  0.319-0.720 <.001

aOR, adjusted odds ratio; CI, confidence interval.

4. Discussion

In this study, the proportion of participants who progressed to frailty in the subsequent year
was slightly but significantly higher in those with abdominal obesity than in those without.
Therefore, those with abdominal obesity should be targeted for frailty preventive measures.
However, in our logistic regression analysis, while low awareness of frailty and lack of exercise habits
independently contributed to frailty development in the subsequent year, abdominal obesity was not
a significant explanatory factor. Thus, at least in a short follow-up period of one year, even if the
individuals have abdominal obesity, the impact of abdominal obesity on progression to frailty may
be offset if they have knowledge of frailty and exhibit behavioral changes such as developing an
exercise habit. Therefore, individuals with abdominal obesity should not only be encouraged to lose
weight through an appropriate diet but also gain information about frailty and learn ways to increase
exercise time to address the public health issue on frailty.

A previous prospective cohort study showed that visceral obesity and insulin resistance are
associated with frailty development [9], and the results of this study are consistent with its findings.
Increased visceral fat induced by inappropriate nutrition and decreased physical activity is
accompanied with fat accumulation in skeletal muscle cells, enhancing the synthesis of inflammatory
cytokines and the invasion of macrophages into the adipose tissue [10]. Thus, obesity is not only a
metabolic disorder but also a pathological condition of chronic inflammation. These mechanisms can
impair the skeletal muscle anabolism, inducing sarcopenia.
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According to the results of the 2019 National Health and Nutrition Survey, the percentage of
people with abdominal obesity was 45.0% for males aged 30-39 years and approximately 60% for
those in their 40s to 70s. As for females, the percentage of those with abdominal obesity increased
with age, with approximately 25% of those in their 60s to 70s obtaining abdominal obesity [11]. In
this study, males had a higher percentage of abdominal obesity cases than females, but the
percentages of both sexes were lower than that of the national average. In addition to the bias in the
number of participants among age groups, this study targeted users who had ASMILE accounts and
who had recorded health checkup results themselves in the app, or who linked their Specific Health
Checkup results to the app. Therefore, our participants might have been originally health-conscious,
and the results should be interpreted with caution. Further research is needed to elucidate whether
abdominal obesity also affects frailty development in populations with a high prevalence of obesity.

5. Conclusions

The results of this study indicate the importance of identifying targets to intervene to prevent
progression to frailty by using simple, noninvasive tests such as measuring the WC, and actively
providing health guidance. In addition, acquiring knowledge about frailty may lead to behavioral
changes that help prevent frailty. Therefore, raising awareness of frailty among different age groups
is an urgent issue that we need to address.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Table
S1: The Kihon Checklist.
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