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Effects Of Weight Change On Knee And 
Hip Radiographic Measurements And Pain 

Over 4 Years: 
Data From The Osteoarthritis Initiative
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Osteoarthritis

Background Purpose Methods Results Discussion Conclusion

Affects 9.3 million U.S. adults, leads to severe disability & joint degeneration 

https://orthoinfo.aaos.org/en/diseases--conditions/arthritis-of-the-knee/ https://orthoinfo.aaos.org/en/diseases--conditions/osteoarthritis-of-the-hip/
https://orthoinfo.aaos.org/en/diseases--conditions/osteoarthritis/

Knee

https://roberthowells.com.au/conditions-and-treatment/hip-osteoarthritis-an-overview/
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Background
OsteoarthritisObesity

Background Purpose Methods Results Discussion Conclusion

Modifiable risk factor

Δ Weight Weight LossWeight 
Gain

1Obese individuals have a 2.63 (95% CI 
2.28, 3.05) odds of knee OA development 
compared to normal-weight controls

1Blagojevic M, et al; Osteoarthritis Cartilage. 2010
2Messier SP, et al. Osteoarthritis Cartilage. 2011
3Gersing et al, Osteoarthritis Cartilage. 2016

Joint 
affected KneeHip
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1Obese individuals have a 2.63 (95% CI 
2.28, 3.05) odds of knee OA development 
compared to normal-weight controls

1Blagojevic M, et al; Osteoarthritis Cartilage. 2010
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Modifiable risk factor

Weight LossWeight 
Gain

Joint 
affected KneeHip

218-month changes in knee joint space width were not 
significantly different between “high” weight loss (10.2%), 
“low” weight loss (2.7%) and controls (1.5% gain)
3Weight loss over 48 months was associated with slowed knee 
cartilage degeneration and improved knee symptoms



Δ Weight

Background
OsteoarthritisObesity

Background Purpose Methods Results Discussion Conclusion

Weight LossWeight 
Gain

Joint 
Affected KneeHip

Radiographic 
Outcomes

Joint 
Replacement

Symptomatic 
Outcomes

Clinical Implications: 
To develop 

targeted, long-term 
strategies for site-
specific informed 
recommendations 

to prevent joint 
degeneration.

Δ 4 YEARS



Purpose

u To assess the effects of weight loss and weight gain on 
hip and knee radiographic changes, pain, and joint 
replacement over 4 years.

Background Purpose Methods Results Discussion Conclusion



Osteoarthritis Initiative Database
Goals: prevention and treatment of osteoarthritis

Multi-center, 
observational 

study sponsored 
by the National 

Institutes of 
Health

N=4,796

Timepoints: 
Baseline à 10 

years

Data:
•clinical 
•patient 

reported 
outcomes,

•radiographs
•MRIs

Background Purpose Methods Results Discussion Conclusion

Observational Study: 
A type of study in which 

individuals are observed or 
certain outcomes are 

measured. No attempt is made 
to affect the outcome (for 

example, no treatment is given).



Participant 
Selection

Background Purpose Methods Results Discussion Conclusion

4796

Exclude participants with 3%-5% weight gain and 3%-
5% weight loss 

3391
Exclude if both knees or both hips had endstage
OA (knee KL 4 or hip JSN grade 3 in the medial and 
lateral sides)

3385

Exclude if weight cycling1 occurred 

2752

Weight Gain
(>5% gain):

N = 714

Weight Loss
(>-5% loss): 

N = 485

Controls 
(-3 to 3% change): 

N = 1553

All Participants in the OAI Database

Exclude participants with rheumatoid arthritis and 
severe disease that may impact weight change (i.e., 
cardiac failure)3076

4239
Exclude participants with <3 timepoints with BMI data

1Joseph GB, et al. Weight Cycling
and Knee Joint Degeneration in
Individuals with Overweight or
Obesity: Four-Year Magnetic
Resonance Imaging Data from
the Osteoarthritis Initiative.
Obesity. 2021;29(5):909-18.
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Background Purpose Methods Results Discussion Conclusion

Statistical Methods

Long format

Sample Data - Wide

Exclude participants 
with < 3 timepoints 

with BMI Data

4796

Exclude participants with 3%-5% weight gain and 3%-
5% weight loss 

3391
Exclude if both knees or both hips had endstage
OA (knee KL 4 or hip JSN grade 3 in the medial and 
lateral sides)

3385

Exclude if weight cycling1 occurred 

2752

Weight Gain
(>5% gain):

N = 714

Weight Loss
(>-5% loss): 

N = 485

Controls 
(-3 to 3% change): 

N = 1553

All Participants in the OAI Database

Exclude participants with rheumatoid arthritis and 
severe disease that may impact weight change (i.e., 
cardiac failure)3076

4239
Exclude participants with <3 timepoints with BMI data

Sample Data - Long



Background Purpose Methods Results Discussion Conclusion

Regression models: Individual annual 
changes in BMI over 4 years

Controls (-3 to 3% change)
Weight loss (>5% loss)
Weight Gain (>5%  gain)

Top 10% of RMSE1 (residuals) were 
designated as cyclers

Cyclers
Non-cyclers

Statistical Methods
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Predictors

Predictor and Outcome Definitions

Background Purpose Methods Results Discussion Conclusion

Outcomes
Δ 4 YEARS

Radiographic 
Outcomes

Joint 
Replacement

Symptomatic 
Outcomes

KL WORSENING
(binary)

JSN WORSENING
(binary)

Joint 
Affected

Knee

Hip

Weight Gain
(>5% gain):

N =714

Weight Loss
(>-5% loss) 

N = 485

Controls 
(-3 to 3% change): 

N = 1553

Δ 4 yr Kellgren Lawrence (KL) Grade

Δ 4 yr JSN Grade



Predictor and Outcome Definitions

Background Purpose Methods Results Discussion Conclusion

Outcomes
Δ 4 YEARS

Radiographic 
Outcomes

Joint 
Replacement

Symptomatic 
Outcomes

Total Hip 
Replacement during 
any annual visit 
between BL and 4-
years

Joint 
Affected

Knee

Hip

No Pain
NoPainBL, NoPain4-years

Developed Pain
NoPainBL, Pain4-years

Pain Resolved
PainBL, NoPain4-years

Total Knee  
Replacement during 
any annual visit 
between BL and 4-
years

KL WORSENING
(binary)

JSN WORSENING
(binary)

Modified Croft Grade
(binary)

JSN WORSENING
(binary)

Statistics GEE with logistic regression accounting for two knee/hips per person
Adjustments: age, sex, BMI at baseline



More on GEE

Background Purpose Methods Results Discussion Conclusion

Statistics GEE with logistic regression accounting for two knee/hips per person
Adjustments: age, sex, BMI at baseline

Generalized 
Estimating 

Equations (GEE) 
– A statistical 

method used to 
analyze correlated 
or clustered data

Data is correlated à
violates 

independence 
assumptions of 

traditional regression 
models

Useful for longitudinal or 
repeated measures

data, where multiple 
measurements are 

taken from the same 
subject over time or at 

different locations.

Examples:
Medical studies that 
follow patients over 

time, 
educational studies that 

track students across 
different schools

The main idea  à model the 
correlation structure between 

the observations using a 
correlation matrix, which 

specifies the type and 
strength of the correlation 
between the observations. 
(typically chosen based on 
the underlying biology, the 
nature of the study design.

Outcomes can be:
continuous, binary, 

count…



Data – long format

Background Purpose Methods Results Discussion Conclusion

Statistics GEE with logistic regression accounting for two knee/hips per person
Adjustments: age, sex, BMI at baseline

<-- Binary Outcome



Predictor and Outcome Definitions

Background Purpose Methods Results Discussion Conclusion

Outcomes
Δ 4 YEARS

Radiographic 
Outcomes

Joint 
Replacement

Symptomatic 
OutcomesJoint 

Affected

Knee

Hip

Statistics GEE with logistic regression accounting for two knee/hips per person
Adjustments: age, sex, BMI at baseline



Results – Knee Radiographic

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint 
Replacement

Symptomatic 
Outcomes

Background Purpose Methods Results Discussion Conclusion



Results – Knee Radiographic

Background Purpose Methods Results Discussion Conclusion

KNEE KL worsening

OR 95% CI P

Controls Reference

Weight Gain 0.95 0.76 – 1.19 0.652

Weight Loss 0.69 0.53 – 0.91 0.009

Participants with weight loss have a 0.69 odds of Knee KL worsening compared to controls without weight change

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes



Results – Knee Radiographic

Background Purpose Methods Results Discussion Conclusion

KNEE Medial JSN

OR 95% CI P

Controls Reference

Weight Gain 1.29 1.01 – 1.64 0.038

Weight Loss 0.85 0.63 – 1.13 0.263 

Participants with weight gain have a 1.29 odds of Knee JSN worsening compared to controls without weight change

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes



Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes

Results – Knee Radiographic

Background Purpose Methods Results Discussion Conclusion

Binary
Outcome

Predictor Adjustments

Re
p.

 
m

ea
su

re Error distribution for 
logistic regression

Responses w/i
subject are 

equally 
correlated to 
each other

OR

Participants with weight loss have a 0.69 odds of Knee KL worsening compared to controls without weight change
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GEE

Correlation Structure 
Specification of the 

correlation between the 
repeated measurements or 

observations within the 
same subject or cluster



How to Automate GEE with predictor/outcome combos

Background Purpose Methods Results Discussion Conclusion



Background Purpose Methods Results Discussion Conclusion

How to Automate GEE with predictor/outcome combos



Background Purpose Methods Results Discussion Conclusion

How to Automate GEE with predictor/outcome combos



How to Automate the code – tables command

Background Purpose Methods Results Discussion Conclusion

More info here (webinar):

https://www.stata.com/trai
ning/webinar_series/exampl

es-of-table-and-collect1/



Results – Hip Radiographic

Background Purpose Methods Results Discussion Conclusion

HIP Worsening of hip ROA

OR 95% CI P

Controls Reference

Weight Gain 1.31 0.88-1.85 0.181 

Weight Loss 1.02 0.64-1.63 0.925 

No significant associations between weight change and hip ROA or JSN (results not shown)

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes



Background Purpose Methods Results Discussion Conclusion

KNEE Develop Frequent Knee Pain

OR 95% CI P

Controls Reference

Weight Gain 1.34 1.08-1.67 0.009 

Weight Loss 1.00 0.76-1.32 0.976 

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes

Participants with weight gain have a 1.34 odds of developing frequent knee pain compared to controls without 
weight change

Results - Knee Symptomatic



Results - Knee Symptomatic

Background Purpose Methods Results Discussion Conclusion

KNEE Knee pain resolution - any over 12 months 

OR 95% CI P

Controls Reference

Weight Gain 1.04 0.79-1.36 0.775 

Weight Loss 1.40 1.06-1.86 0.019

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes

Participants with weight loss have a 1.40 odds of knee pain resolution compared to controls without weight change



Results - Hip Symptomatic

Background Purpose Methods Results Discussion Conclusion

HIP Develop Frequent Hip Pain

OR 95% CI P

Controls Reference

Weight Gain 1.08 0.84-1.38 0.561 

Weight Loss 0.95 0.70-1.63 0.720 

No significant associations between weight change and hip pain for all pain outcomes

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes



Results – Joint Replacement

Background Purpose Methods Results Discussion Conclusion

Total Knee Replacement Total Hip Replacement

OR 95% CI P OR 95% CI P

Controls Reference Reference

Weight Gain 1.50 0.90 – 2.49 0.121 1.37 0.74 – 2.55 0.315

Weight Loss 1.11 0.59 – 2.07 0.748 1.22 0.65 – 2.30 0.529

No significant associations between weight change and total knee or total hip replacement

Joint 
Affected

Knee

Hip

Radiographic 
Outcomes

Joint
Replacement

Symptomatic 
Outcomes



Outcomes
Δ 4 YEARS

Conclusion
Radiographic 

Outcomes
Joint 

Replacement
Symptomatic 

OutcomesJoint 
Affected

Knee

Hip

WEIGHT LOSS:
↓ KL Progression

WEIGHT GAIN
↑ Medial JSN

NS associations NS associations

NS associationsWEIGHT LOSS:
↓ Knee pain

WEIGHT GAIN
↑ Knee pain 
development

NS associations

Background Purpose Methods Results Discussion Conclusion

This large, longitudinal study (n=2752 with 4-year follow-up) suggests that weight loss may protect 
against, and weight gain may exacerbate radiographic  and symptomatic knee OA, while weight 
change (5% threshold) does not have significant effects on hip OA.  
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