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Purpose
Musculoskeletal disorders like osteoporosis (OP), sarcopenia (SP), and frailty are more prevalent in women and influenced
by age, muscle mass, grip strength, and nutrition—all of which show sex-based differences. However, prevention strategies
tailored by sex and life stage remain lacking. This study aims to generate new evidence through four cohort studies focused
especially on women, and to develop a personalized, Al-based prevention system for OP, SP, and frailty.
Methods
This project is led by the Research Coordination Group, which provides oversight, strategic planning, and integration of
findings across all components.

1) Group for Clarifying Epidemiological Indicators, Risk Factors, and Prognosis of Musculoskeletal Disorders with

Recognized Sex Differences in Community-Dwelling Populations (Profs Yoshimura, and Tanaka) : This group uses the

ROAD cohort (3,040 participants; 13,559 person-surveys; 9,097 women) established in 2005-2007. Data include physical,
functional, hormonal, nutritional, and cognitive measures. The 17-year follow-up completed in 2022-23, enables analysis of
incidence and risk factors for OP, SP, frailty, disability and mortality.

2) Group for Establishing Epidemiological Indicators and Optimal Treatment of OP in Women with Decreased Ovarian

Function Following Endometriosis (Dr Hiraike): This group has followed women over 40 with past endometriosis since

FY2015. Data include BMD, bone turnover, oxidative stress, AMH, and dietary habits. The aim is to identify OP markers
and assess treatment differences (target n=300).

3) Group for Identifying Risk Factors of SPand Frailty in Hospitalized Elderly Patients (Prof Ogawa):

This group recruits 300 elderly inpatients and collects data on hormones, body composition, nutrition, and CGA. A one-year
follow-up will identify clinical and sex-specific factors linked to SP and frailty.
4) Group for Investigating the Impact of Dietary Habits and Oxidative Stress on OP, SP, and Frailty in Peri- and

Postmenopausal Outpatients (Prof Terauchi): This group studies 300 peri- and postmenopausal women, assessing diet,

oxidative stress, BMD, muscle mass, and fracture history. Longitudinal analysis examines links to musculoskeletal aging
and reduced function.

5) Group for Developing an Al-Based Evaluation System for OP, SP, and Frailty (Dr Oka): This group applies machine

learning to cohort data. Using 1,030 women from ROAD visit 2 (313 variables), a CAT-based risk model was developed
and tested in 2022-23. A smartphone app for personalized prevention will be launched, with male comparison data
included.
Results
In the ROAD cohort, the 17-year follow-up successfully collected data from 2,134 individuals. Analysis revealed distinct
onset ages and progression patterns for musculoskeletal disorders. A 10-year follow-up of 1,551 individuals showed SP
prevalence at 8.1% and incidence at 15.6 per 1,000 person-years, with age and low BMI identified as key risk factors.

In the women with decreased ovarian function group, a negative correlation was confirmed between AMH and bone
mineral density, and specific lipids associated with bone health were identified through lipidomics.

The inpatient elderly cohort provided insight into the impact of hormones, nutrition, and functional assessments on SP
and frailty, with clear evidence of sex-based differences.

In the peri- and postmenopausal outpatient women’s cohort, oxidative balance and dietary habits were shown to
significantly influence muscle mass and social functioning, implicating these factors in musculoskeletal aging.

The AI component successfully developed a predictive system for SP using ROAD study data, and the resulting
application is now in feasibility testing. The system supports early identification and lifestyle guidance for individuals at
risk, paving the way for implementation in future health screenings.
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