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Osteoarthritis Prevalence

Arthritis is expected to affect millions more people in the coming
years.

Self-Reported Chronic Joint Pain?,
by Sex, United States 2012
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[1] Symptoms lasting 3 months or longer

[2] Chronic pzin in multiple joints may be reportad

Source: National Health Interview Survey [NHIS)_Adultsample
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Percent of adults with arthrits

18-24 25-34 35-44 45-54 55-64 65-74 75-84 85+

Burden of Musculoskeletal Conditions in the US, 2015

Age group (in years)

CDC data



Sex-Specific Knee OA Risk Factors

- Acquired

injury

patterns of overuse?
- Inherent

anatomy

gait pattern
impact of estrogen
muscle strength

- Inflammatory response (to injuries, obesity, OA)



Joint Injuries

- Higher risk in women (especially ACL)

- Significantly higher risk of OA in younger R —— T
people after knee injury-even with
reconstruction

- Earlier among women than men with ACL
injuries (even with reconstruction)

15-24 25-34 35-44 45-54 55-62 65-74 75-84
Age class

Roos Current Opinion in Rheumatology 2005

Related to articular cartilage damage at the
time of injury?

Sex-based differences in immune response
at time of injury?



Impact of/Response to Obesity

- Women more likely to demonstrate association between
) ) + Nonobese female KIL grade 2 KIL grade 3 KIL grade 4
metabolic syndrome and symptomatic OA & Usefnde

- Nonobese male
<0~ Qbese male

- Effect of obesity was greater in women than men for more
severe knee OA (K/L grade 2 and 4)

9
b}
g
n
£
-
[}
0
0
0
£
g
4]
>
9
o

- More than only increased cartilage loads (increased risk of

26:34 3544 45:54 5564 6574 215 25:34 3544 45:54 55:64 6574 215 26:34 3544 45:54 5564 6574 215
hand OA)
Age (years) Age (years) Age (years)

- Link between obesity and OA may be mediated by leptin/
chronic low-grade inflammation, especially for women

Batushansky et al Arthritis and Cartilage 2021

- Other differences in inflammatory responses?

- Role of estrogen in inflammatory response?
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Effects of Estrogen

- Mice with model of induced OA

- Ovariectomy increased degree of
cartilage injury

- Due to loss of bone or direct
effect on cartilage?

- Does this translate to joint issues
for women after menopause?

Sniekers et al Arthritis Res Ther 2010



Age-Adjusted Percentage of Doctor-Diagnosed Arthritis Among

[ ] [ ] [ ]
OA a n d C O i m O r b I d It I e S Adults, by Obesity, Diabetes, and Heart Disease Status —
National Health Interview Survey, United States, 2013-2015

« HTN, depression, COPD most common co- I II II
morbidities for women and men with OA .

Diabetes Heart Disease

®Has arthritis @ Does not have arthritis

- Prevalence of each additional condition more
common among women

www.CDC.gov
Joint-specific OA and pain

- Women had higher number of co-morbidities

A - Knee Status - B - Hand Status

1.00

0.75

Marshall et al BMJ Open 2019

Estimated Survival Probability
0.50
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Neither ROA nor pain ROA only
== Pain only — — — Symptomatic OA

Kluzek et al Ann Rheum Dis 2015




Chronic pain 8

» More common among women than men

» Most common reason that patients with
OA present for care

Musculoskeletal

» Significant impact on function, quality of
life, independence
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in females

Mogil, JS Natfure Reviews Neuroscience, 2012



Differences in pain scores between
men and women for similar conditions

Pain Scale 0-10

Diabetes Mellitus 5.67 -

Chronic Liver Dx 5.66

Rheumatoid Arthritis 5.43
Injury 5.42

Intervertebral Disc Dis. 5.27
Dis. of Cervical Region 5.22
Acute Pharyngitis| 515

Viral Hepatitis |
P Cellulitis and Abscess 5.11

Essential Hypertension 4.99
a8
93

Dis. of Joint 4.88

Female

l 6.03 Dis. of B:ﬁ_k
ies

5:96 Essential Hypertension

Dis. of Cervical Region
Diabetes Mellitus

Dis. of Soft Tissues

| Chronic Liver Dx
| Acute Pharyngitis

Rheumatoid Arthritis
Intervertebral Disc Dis. 3
Dis. of Muscle, ligament, and fascia

Injury

5.
5.
5.
5.
5.
5.
5.
5.

78
76
74
73
64
61
58
55

Dis. of Joint
7 Osteoarthrosis
Viral Hepatitis

Cellulitis and Abscess

Ruau D et al J Pain, 2012




Perception of Pain

Likely different between the sexes

Anatomic differences (in rat models) in n PaimOpiods ), Nearommunclozica
organization of brain circuits that process N - -
pain signals

Psychological
Factors

» fMRIand PET imaging of brains different

between men and women with chronic
pain Nasser et al Life Sciences, 2019

» Are these differences primary, leading to
increased risk of developing chronic pain
or are they changes that occur as a result
of chronic pain?

» Gender-based differences in expression
of pain?



Why this matters:
Quality of Life/Disability

Self-Reported Arthritis Conditions for Persons Age 18 and Older,
by Sex, United States, 2012

Cause of Self-Reported Limitations in Activities of Daily Living for
Persons Due to Musculoskeletal Condition, by Sex, United States : 60%

Proportion of Total
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Musculoskaletal/ Fracure, Toml Al
conrectve tssue  bona/jointinjury Musculozkeletal
probiem Conctiorz that u have some formof arthritis, rheumatoid arthres lupus :rﬁtr:'!‘-pg.:-'
ponded “yes" when asked: Are younow limitad in any way in any of your usual actvities

[1] Rezsponded “yes" when azied Haveyou evarbeen toidby 2 tor or other hesith professional

because of arthreiz orjoint symptoms?
File. G110A21png [3] Abed day is defined a2 1/2 or more dayzin bed dueto injury or illnesz in past 12 months,
excluding hospakstion
dworkdayis defined as sbsence fromworkduete ilinessor injury inthe past 12 months
maternity or family leave
Source: National Health Interview Survey [NHIS)_Adultsample
www.cde.gow/ncha/nhis/nhis 2012 data release htm July 2, 20 File:G118D 10pnrg

Burden of Musculoskeletal Conditions in the US 2015
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How are sex or gender differences in pain 12
manifested@

Women more likely (than men) to be treated in the 12 months prior to joint
replacement surgery with

> opioids

> non-opioids

> injections (steroids, viscosupplementation)
> physical therapy

Bawa et al J of Arthroplasty, 2016



Sex-Based Differences in Opioid 13
Response?

» Opioids act through mu and kappa receptors (almost all opioids in
current rely on mu receptor)

» Estrogen increases or decreases density of mu receptors
(hormonal status? Pain status?)

» Kappa may be more significant for women

» Differences in response to opioids not clear

Greater pain sensitivity

» Studies (including in animals) indicate that morphine produces ko o of o
more and longer lasting analgesia in males (women consume s sk of pin eed dordrs
~30% more morphine than men to attain the same extent of
analgesia- Nasser et al Life Sciences, 2019) T

Higher M3G concentration Greater opioid efficacy

» Onset of pain relief may be faster in males

Higher density of MOR in the PAG

B U T Greater activation of PAG output neurons

Higher M6G Concentration

» Females may be more sensitive to respiratory depression

Fullerton et al Curr Opin Behav Sci, 2018



Complexities of OA Pain: Surgery Isn’t Always the
Answer

323 women and 171 men assessed after total knee arthroplasty
Women had worse outcomes for pain and function at 6 and 12 months after surgery

Women were significantly worse on pre-surgery, pain, function, depression, obesity,
symptomatic joint count

Effect of sex was lessened if pre-op pain/function was considered

Pre-surgery pain, low back pain, and worse depression scores significantly associated
with worse pain scores at 6 months for women and men (but all greater among
women)

Worse pre-surgery function, low back pain, worse depression scores, and presence of
comorbidities were significantly associated with worse functional outcome at 6
months and 12 months (all more common among women)

Mehta et al, Osteoarthritis and Cartilage 2015
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Part of the issue: Are Results Reported

Based on Sex?

» Evaluation of musculoskeletal literature (2 100%
general, 2 specialty journals) for rotator cuff 90%
injuries and OA of the knee oo

» 31% reported sex-specific analysis 70%

» 30-40% reported based on sex for knee OA 60
studies i

40%

» No change over time
30%

» Similar to findings in other fields ..

» Increased odds if woman first and/or last 10%
author 0%

2002-2010

m Sex-specific analysis

Stumpff et al JWH 2020

2011-2019

«No sex-specific analysis

15



oving forward....

EDITORIAL
Improving How Orthopaedic Journals
Report Research Outcomes Based
on Sex and Gender*

anatomyy impact discase risk, presentation, and treatment

outcomes', including in musculoskeletal @re™, As sudh,
these differences should influence how orthopaedic surgeons
and other healthare professionals conduct rescarch and pro-
vide are for patients who have musculoskeletal discase and
injury, In addition, gender roles influence interactions with
people who conduct research and with healthaare professionals
as well as the likdihood that pat ients will seek care and how
they will respond to treatment

Musculoskeletal research, similar to research in other areas
of healthcare, does not always disaggregate results based on a
patient’s sex or gender’. Although some orthopacdic surgery
journals have ecplicit editorial standards on the topic of sec and
gender in sdentific reporting, and although intern ational entities
have published sensible guidelines about it*, we have observed
that these standards are inconsistently applied”.

Inattention to high-quality standards of scientific re-
porting can harm patien Women have been underrep-
resented in medical research”, and this trend continues to
varying degrees even today, despite mandates to remedy this
disparity, at least in federally funded research'™". However,
these mandates include no guidance about how data should
be analyzed or reported, thereby limiting the impact of induding

S ex-based differences in cell biology, tissue function, and

*The authors of this editorial are the Editorsin-Chief of Clinical Ot
o f Bone and Joint S : the Assistant Ediorin-Chief of Arth,

momre women in dinial smdies. The care of women has been
substantially compromised asa result™™ not getting this right has
sometimes harmed men with certain diagnoses as well™, As
such, it is no stretch to say that doing better research—and
improving how that rescarch is reported in journals—would
benefit our patients regardless of their sex or gender.

With this background in mind, leaders of the editorial
boards of 6 orthopaedic journals, along with leaders of funding
agencies aswell as National Institutes of Health officials, met in
MNovemnber 2023 to discuss these issues, Following that meding,
those editors reached out to the Editors -in-Chief of all indexed
orthopaedic surgery journals, seeking concurrenceon a few key

San here to go to Proceedings from the Sex and Gender
Research in Orthopaedics Symposium,

thopsedics, Spne, and The
an Assoclate Editor of JBIS

oy cople
nd the members of the Sex and Genoer Research in Onrmp;ecl:. Joumals Group. This editorisl |5 being published concurmantly in the
ﬂm 5 joumal s listed shove. Thearticles areldentical except forminar stylistic and spelling differences in keeping with each joumal's style. Ctationof any

]



Summary 17

» Osteoarthritis is a common condition more common among women that can lead
to pain, disability, and increased risk for co-morbidities

» Onceinjured, cartilage does not have the capacity to repair itself

» Current interventions (e.g., medications, injections, physical therapy) are
intended to decrease symptoms but do not reverse (or slow) the cartilage
degradation process

» Joint replacement surgery is the ultimate answer, but there are differences
between women and men in final outcomes (including issues with metal
hypersensitivity) and is not always feasible (e.g., age)

» New modalities are needed for 1) earlier diagnosis and 2) interventions that
result in cartilage repair
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