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Burden of Diseases in US & Europe
(in disability-adjusted life yrs - # of yrs lost to ill-health, disability, or early death )

(WHO Scientific Group, 2008)



Osteoporosis is a public health problem

◼ 2005, 2 million osteoporotic 

fractures, costing $17 billion

◼ 70% women, 30% men

◼ 72% cost is related to hip 

fractures, which constituted 14% 
of all fractures

◼ 2025, 3 million fractures 

anticipated, costing $25 

billion/year

◼ Greatest rise in fractures 
anticipated in Hispanic individuals

Burge et al, JBMR 2007 (Courtesy of The Bone Research Society)



Numbers of fractures and associated costs are
expected to rise dramatically in minoritized groups
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In 2025, 21%  of fractures will occur in BIPOC compared to 12% in 2005

Number of Fractures/yr 
 ( thousands) 

Costs/yr ( $ billions)
 2005 2025

Other = Asian, Pacific Islander, Native American

(Burge R, et al. J Bone Miner Res. 2007 Mar;22(3):465-75)



Fractures are more common in ALL women than 
MI, stroke or breast cancer combined:  WHI-OS  

Number of Cases per Year 10,000 Women

Cauley et al OI 2008
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Black women are more likely to experience mortality, 

debility, or destitution 1y after fracture than White women

◼ US Medicare data 2010-2016

◼ Observational cohort study

◼ ~ 4.5 M NHB & NHW women 

with PMO (2000-2015)

◼ ~ 400K  (2.8% NHB) w fragility 

fracture (~ 81 yo)

◼ Outcomes: 

◼ Mortality, debility (new 
placement in long-term nursing 

facility), destitution (newly 

eligible for Medicaid)
Wright et al, JAGS 2020 



If the goal is to prevent osteoporosis or 

fractures:

How does the midlife/menopause transition impact 

bone loss?

Are there racial/ethnic differences in fractures and/or 

bone loss?





The SWAN Study:  Study of Women’s Health Across 

the nation

◼ Multi-center longitudinal, epidemiologic study of 3,302 
community-based women:
◼ Michigan

◼ MGH, Boston
◼ Chicago
◼ UC Davis (Davis, CA)

◼ UCLA (Los Angeles, CA)
◼ New Jersey

◼ Pittsburgh

◼ Enrollment:  1996-1997

◼ Each site recruited White & Black, Chinese, Japanese, r 
Hispanic premenopausal women

◼ Visits: screening, baseline, up to 16 follow-up visits

◼ 75% retention at Visit 15 (n=2366); just concluded Visit 
17!

◼ 2024: SWAN now has more than 640 publications

Sites Black Chinese Hispanic Japanese White

Michigan 325 218

MGH 199 253

Chicago 249 208

UC Davis 250 209

UCLA 281 215

New 

Jersey

286 146

Pittsburgh 162 301



SWAN study: Inclusion criteria

◼ Age between 42 and 52 years

◼ Intact uterus and at least one intact ovary 

◼ Not currently using hormone therapy

◼ At least one menses in the last 3 months

◼ Self-identification as a member eligible ethnic/racial groups:
◼ Black

◼ Chinese

◼ Hispanic

◼ Japanese

◼ White



Karlamangla et al Ob Gyn Clin North Am 2018



2012

• SWAN Bone: 5 sites (excluding Chicago & New Jersey) 

• Hologic QDR 2000 or Hologic QDR 4500A

• N = 862, age 47(+3) y, age at FMP 52(+2) y, BMI 27

• Pre-transmenopause (5 years to 1 year before FMP)

• Transmenopause (1 year before to 2 years after FMP)
• Postmenopause (2 to 5 years after FMP)

• BMI associated with less loss

• Racial & ethnic variation noted (differs from 5 year data)



Annualized & 10-year cumulative rates of lumbar spine bone loss with 

menopause showing BMI independent racial/ethnic variation in bone loss

Pretrans-

menopause

Trans-

menopause

Post-

menopause

10 year 

cumulative

White 

(n=384)

-0.02% -2.46% -1.06% - 10.6%

Japanese 

(n=119)

-0.01% -2.26% -1.1% -10.1%

Chinese

(n=117)

-0.16% -2.69% -1.28% -12.6%

Black 

(n=242)

-0.09% -2.19% -0.93% -9.7%

Bold = statistically significant between group differences w White referent group

Greendale et al, JBMR 2012



2022





Changes in body composition over 15 years



Changes in body weight over 15 years in midlife do not fully capture 

increase in fat mass and decrease in lean mass



Cumulative change in body composition & weight over 15 years

Fat Mass 

Proportion

Lean Mass 

Proportion

Body 

Weight

BMI

White 5.99% -2.71% 3.85% 5.46%

Japanese 4.49% -1.68% 0.91% 2.42%

Chinese -0.04% 1.13% -0.38% 0.60%

Black 6.68% -3.76% 4.16% 5.52%

Bold = statistically significant finding

Covariates = age at FMP, race, study site, and hormone therapy

Duration:  1996/1997 – 2013

Excluded BMI < 17 or > 49

Greendale et al, JCI 2019



Midlife/menopause related changes in body composition 

are associated with bone loss and increased fracture risk

Shieh et al, JBMR 2022 



Midlife/menopause related changes in body composition 

are associated with bone loss and increased fracture risk

Shieh et al, JBMR 2022 



Leisure time physical activity (walking) associated with 

stable spine & femoral neck BMD over 17 years  

Greendale et al Lancet 2023



58+ yo women with T score < -1 (spine or hip), postmenopause, no bone 
harmful/beneficial medications, and no recent fracture, randomized to: 

• Supervised training for 8 months (30 mins twice weekly, and including 

deadlifts, overhead press, squats, jumping chin ups with drop landings), 

n=49

• Low intensity control for 8 months (twice weekly, 10 minutes, no more than 
3 kg hand weights) (n=52)

44% with osteoporosis, 56% osteopenia at one site; 28% with osteoporotic fx 
in past 10 years

2018



25OHD > 20 ng/mL associated with 45% reduction in risk of fragility fracture 

over 9.5 y but not  a/w BMD change (similar results in Black & White women)

Cauley et al, JCEM 2015



LeBoff et al, NEJM 2022



Medications and bone loss or fracture across the midlife

◼ 6 years of SSRI or TCA use not associated with increased BMD 

loss vs. non-users (Diem et al JCEM 2013)

◼ No evidence that incident PPI use causes BMD loss over 10 

years (Solomon et al JBMR 2015)

◼ 5 years of opioid use may be associated with increased BMD 

loss vs. pts on non-opioid analgesics (Yoshida et al Pharmaco 

Drug Saf 2018)

◼ Increased risk of fractures w starting BP lowering med vs anti-

depressant over 19 y, presumably related to increased falls 

(Solomon et al Arch of Osteop 2019)

◼ Metformin initiation not associated with more BMD loss vs. non-

initiation (Solomon et al OI 2024)



Factors that impact midlife/MT bone loss or fracture risk

DECREASED RISK OF 

MIDLIFE BMD LOSS

INCREASED RISK OF 

MIDLIFE BMD LOSS

Later age of final menstrual period

(age at FMP more important than 
chronological age)

Increased leisure time physical activity

DM/insulin resistance with the MT

Higher BMI

Increase in fat mass with the MT

Higher AMH levels 

Higher dietary inflammatory index

Higher CRP



What is unknown related to midlife/MT bone loss

◼ How does midlife/MT bone loss inform bone loss in later years?

◼ Can we predict who will fracture or have accelerated bone loss 

in 60s, 70s, and 80s based on:

◼ Changes in BMD at midlife

◼ Changes in other midlife/MT factors, e.g. AMH, estradiol by LC/MS/MS, 

HOMA-IR, CRP

◼ In a woman, who has not fractured but has osteopenia and/or 

increased fracture risk, WHEN should prescription anti-

osteoporosis medication be initiated? In her 50s, 60s, 70s?

◼ What can be done at the midlife to reduce racial & ethnic 

disparities in mortality, disability, and destitution with fracture?



Osteoporosis | FDA

https://www.fda.gov/consumers/womens-health-topics/osteoporosis


Osteoporosis | FDA

https://www.fda.gov/consumers/womens-health-topics/osteoporosis


Acknowledgements
Our SWAN WOMEN!

Christina Koo
Sarah Goulding
Stephanie Ogando
Nisha Udupa
Fatima Bassir
Karin Darakananda
Gabby Abrishamian-Garcia
Deborah Mitchell
Elaine Yu
Mary Bouxsein
Dan Solomon
Melissa Putman
Fjola Johannesdottir
Robert Neer
Joel Finkelstein
SWAN & SWAN-Aging Principal and Co-Investigators

Funding:
◼ NIH grants:

◼ K23-DK-073356 (SMB)
◼ K23-DK-105350 (DMM) 
◼ M01-RR-01066 
◼ SWAN was funded by the NIA, NINR, ORWH, NIMH, NICHHD grants U01NR004061, U01AG012505, 

U01AG012535, U01AG012531, U01AG012539, U01AG012546, U01AG012553, U01AG012554, & 
U01AG012495. The SWAN Repository was supported by U01AG017719. 

◼ SWAN is currently funded by the NIA U19AG063720
◼ MGH Physician-Scientist Development Award
◼ Boston Area Diabetes Endocrinology Research Center Grant





Women’s Health Initiative: Annualized Rates 
(%) of All Clinical Fractures  

Fracture by Race & Ethnicity

0

0.5

1

1.5

2

2.5

3

White  Black Hispanic Asian Native Am

P
e

rc
e

n
t 

(%
)

Cauley et al JBMR 2007



Number of years since the final menstrual period (FMP) is more 

closely associated with bone mineral density than chronological age

◼ 1,038 women w known FMP date 
and a BMD assessment >3 years 

after the FMP at the lumbar spine 
(LS) or femoral neck (FN).

◼ MV linear regression to examine the 

relationship of yrs since FMP to 
BMD, controlled for chronological 

age at time of BMD, race/ethnicity, 

BMI, tobacco, ETOH, site

◼ Each additional year after the FMP 
was associated with 0.009 and 0.005 

g/cm2 lower LS and FN BMD, 
respectively (p=0.0001)

◼ In women of the same 

chronological age, those with an 
earlier age at FMP have lower 

lumbar spine and femoral neck 

BMD



Fracture hazard was 23%, 31%, and 41% greater in women with FMP at age 45 
versus those with final menstrual periods at 50, 52, and 55 years, respectively

◼ 1,554 women w known FMP date

◼ Cox proportional hazards 

regression to examine the 

association of age at FMP with 
time from the 40th birthday to first 

fracture, a/f race/ethnicity, BMI, 
tobacco, ETOH, prior fracture, 

DM, site, & meds

◼ 317 women w incident fxs over 22 

years (no meds affecting bone)

◼ Ankle, wrist, and foot fxs most 

common

◼ Hazard ratio for incident 

fracture (starting at age 40) was 
5% greater for each one-year 

decrement in age at final 
menstrual period (p=0.02).
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