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Analysis Appendix 

eAppendix 1. Mixed Models 

Linear mixed models use both fixed and random effects in the same analysis and enable us to make statistical inferences 
on the repeated or correlated measurements. For subject i at time j, i=1, …, n; j=1, …, ni, the general form is given by: 

𝒚𝒚𝑖𝑖 = 𝑿𝑿𝑖𝑖𝜷𝜷 + 𝒁𝒁𝑖𝑖𝒃𝒃𝑖𝑖 + 𝒆𝒆𝑖𝑖, 𝒃𝒃𝑖𝑖~𝑁𝑁(𝟎𝟎,𝑫𝑫), 𝒆𝒆𝑖𝑖~𝑁𝑁�𝟎𝟎,𝜎𝜎2𝑰𝑰𝑛𝑛𝑖𝑖�, 

where 𝒚𝒚𝑖𝑖 = (𝑦𝑦𝑖𝑖1, … ,𝑦𝑦𝑖𝑖𝑛𝑛𝑖𝑖)
𝑇𝑇is the response matrix; 𝑿𝑿𝑖𝑖 and 𝒁𝒁𝑖𝑖are known design matrices, for the fixed-effects regression 

coefficient 𝜷𝜷 , and the random-effects regression coefficient 𝒃𝒃𝑖𝑖, respectively; 𝒆𝒆𝑖𝑖 is the measurement error matrix, assumed 
to be normally distributed with mean zero and variance-covariance matrix  𝜎𝜎2𝑰𝑰𝑛𝑛𝑖𝑖; 𝑰𝑰𝑛𝑛𝑖𝑖: a 𝑛𝑛𝑖𝑖-dimensional identity matrix.  
Fixed effects (𝜷𝜷) are the variables of primary interest and estimated at population level, while random effects (𝒃𝒃𝑖𝑖) can 
account for individual differences in response to an effect or model the pattern of correlations between the observations. 
Random effects are assumed to be a random selection from a population with a normal distribution of mean zero and 
variance-covariance matrix D, and are assumed independent of the measurement error 𝑒𝑒𝑖𝑖. The interpretation of the fixed 
effects 𝜷𝜷 is exactly the same as in a simple linear regression. Similarly, the random effects  𝒃𝒃𝑖𝑖 are interpreted in terms of 
how a subset of the regression parameters for the subject i deviates from those in the population. 

Generalized linear mixed models (GLMM) are an extension of linear mixed models which allow response variables from 
distributions other than a normal distribution. GLMM allow the linear model to be related to the response variables via 
a link function (e.g., 𝑔𝑔(exp{𝑦𝑦𝑖𝑖} ) = 𝑔𝑔(𝜇𝜇𝑖𝑖) = 𝑋𝑋𝑖𝑖𝛽𝛽). Poisson mixed models were used to estimate relative risk (RR) for the 
binary responses (e. g. , log 𝜇𝜇𝑖𝑖 = 𝑋𝑋𝑖𝑖𝛽𝛽), mixed-effects multinomial logistic models for nominal categorical measures to 
compare the odds of all other categories to a pre-specified reference category (e. g. , log 𝑝𝑝(𝑦𝑦𝑖𝑖=1)

𝑝𝑝(𝑦𝑦𝑖𝑖=𝑘𝑘)
= 𝛽𝛽1𝑥𝑥𝑖𝑖 , log 𝑝𝑝(𝑦𝑦𝑖𝑖=2)

𝑝𝑝(𝑦𝑦𝑖𝑖=𝑘𝑘)
=

𝛽𝛽2𝑥𝑥𝑖𝑖 , … , log 𝑝𝑝(𝑦𝑦𝑖𝑖=𝑘𝑘−1)
𝑝𝑝(𝑦𝑦𝑖𝑖=𝑘𝑘)

= 𝛽𝛽𝑘𝑘−1𝑥𝑥𝑖𝑖  for k categories). Residual analysis (e.g., histogram and QQ plot of conditional Pearson 

residuals, and plot of conditional Pearson residuals against the fitted values) was performed as a model diagnostics of 
linear mixed models and Poisson mixed models. No suspicious indication was found in all fitted models. 

  



© 2016 American Medical Association. All rights reserved. 

eAppendix 2. Sensitivity Analysis  

A sensitivity analysis was performed to examine the robustness of results with respect to the missing at random 
assumption.  

Among those missing a pain or function follow-up assessment versus not missing that follow-up assessment, the 
percentage with improvement in pain and physical function (based on SF-36 scores), Long Distance Corridor Walk 
(LDCW) time, and knee and hip pain and function (based on WOMAC scores), and remission of mobility deficit were not 
significantly different at other time points (Appendix 2 Table 1), after controlling for factors (i.e., site, age) that were 
independently related to completeness of pain and function follow-up data (eTable 1). This indicates that missing follow-
up data was not related to outcomes, and thus should not bias the results. 

eAppendix 2 Table 1. Pain and function outcomes by time point by whether that outcome was observed or missing at 
each follow-up assessmenta 

 
Whether Outcome Known 

Year 1 Year 2 Year 3 

Improvement bodily 
pain (SF-36), % 

Observed 
(N=1755) 

Missing 
(N=338) 

Observed 
(N=1576) 

Missing 
(N=517) 

Observed 
(N=1487) 

Missing 
(N=606) 

  Year 1 - - 57.0% 
missing=184 

59.5% 
missing=154 

56.8% 
missing=167 

59.5% 
missing=171 

  Year 2 52.8% 
missing=363 

56.0% 
missing=154 - - 46.2% 

missing=217 
50.7% 

missing=300 

  Year 3 49.0% 
missing=435 

46.1% 
missing=171 

49.4% 
missing=306 

44.7% 
missing=300 - - 

 Year 1,  P=0.99 Year 2,  P=0.50 Year 3,  P=0.65 

Improvement physical 
function (SF-36), % 

Observed 
(N=1760) 

Missing 
(N=334) 

Observed 
(N=1578) 

Missing 
(N=516) 

Observed 
(N=1502) 

Missing 
(N=592) 

  Year 1 - - 76.3% 
missing=182 

77.8% 
missing=152 

77.0% 
missing=166 

75.5% 
missing=168 

  Year 2 74.6% 
missing=364 

72.0% 
missing=152 - - 74.4% 

missing=216 
73.6% 

missing=300 

  Year 3 71.0% 
missing=424 

65.7% 
missing=168 

70.8% 
missing=292 

68.5% 
missing=300 - - 

 Year 1,  P=0.21 Year 2,  P=0.87 Year 3,  P=0.99 

Improvement in LDWC 
completion time, % 

Observed 
(N=911) 

Missing 
(N=294) 

Observed 
(N=722) 

Missing 
(N=483) 

Observed 
(N=674) 

Missing 
(N=531) 

  Year 1 - - 60.2% 
missing=67 

60.0% 
missing=198 

60.1% 
missing=62 

60.3% 
missing=203 

  Year 2 64.2% 
missing=250 

56.7% 
missing=198 - - 63.5% 

missing=109 
63.5% 

missing=339 

  Year 3 62.0% 
missing=292 

54.8% 
missing=203 

61.3% 
missing=156 

61.5% 
missing=339 - - 

 Year 1,  P=0.06 Year 2,  P=0.82 Year 3,  P=0.74 

Table continued next page. 
aP values based on mixed models, adjusted for baseline factors independently related to missing follow-up data (i.e., site, age). 
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eAppendix 2 Table 1 continued. Pain and function outcomes by time point by whether that outcome was observed or 
missing at each follow-up assessmenta 

 
Whether Outcome Known 

Year 1 Year 2 Year 3 

Improvement knee pain 
(WOMAC)b, % 

Observed 
(N=481) 

Missing 
(N=133) 

Observed 
(N=471) 

Missing 
(N=143) 

Observed 
(N=437) 

Missing 
(N=177) 

  Year 1 - - 76.6% 
missing=82 

77.2% 
missing=51 

77.6% 
missing=75 

74.0% 
missing=58 

  Year 2 73.7% 
missing=92 

70.7% 
missing=51 - - 73.3% 

missing=59 
73.1% 

missing=84 

  Year 3 73.5% 
missing=119 

70.7% 
missing=58 

73.3% 
missing=93 

71.2% 
missing=84 - - 

 Year 1,  P=0.26 Year 2,  P=0.50 Year 3,  P=0.24 

Mobility deficit 
remission, % 

Observed 
 (N=650) 

Missing 
(N=186) 

Observed 
 (N=542) 

Missing 
 (N=294) 

Observed 
(N=499) 

Missing 
 (N=337) 

  Year 1 - - 56.0% 
missing=69 

54.8% 
missing=117 

58.5% 
missing=70 

50.2% 
missing=116 

  Year 2 55.8% 
missing=177 

55.1% 
missing=117 - - 57.2% 

missing=95 
51.5% 

missing=199 

  Year 3 58.7% 
missing=221 

55.7% 
missing=116 

58.2% 
missing=138 

59.0% 
missing=199 - - 

 Year 1,  P=0.83 Year 2, P=0.46 Year 3,  P=0.16 

aP values based on mixed models, adjusted for baseline factors independently related to missing follow-up data (i.e., site, age). 
bResults for hip pain, knee function and knee pain as assessed by the WOMAC were very similar. 
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eAppendix 3. The Derivation of Adjusted P Values in Multiple Comparisons 

In Table 2, pairwise comparisons were made between baseline and each follow-up, and years 1 and 3 (four comparisons) 
to evaluating change in measures over time. We controlled the overall Type I error (𝛼𝛼 = 0.05) of four comparisons and 
computed the adjusted P values using simulation-based method (Edwards D, Berry JJ. The efficiency of simulation-based 
multiple comparisons. Biometrics. Dec 1987;43(4):913-928.). The adjusted P values are computed from the simulated 
distribution of the maximum or maximum absolute value of a multivariate t random vector: 
𝑞𝑞𝑡𝑡(𝛼𝛼) = {𝑞𝑞 ∋ 𝑃𝑃(max(|𝑡𝑡1|, |𝑡𝑡2|, |𝑡𝑡3|, |𝑡𝑡4|) > 𝑞𝑞) = 𝛼𝛼. This method estimates q, the true (1 − 𝛼𝛼)th quantile, where 1 − 𝛼𝛼 is the 
confidence coefficient. The number of samples for the adjustment is set so that the tail area for the simulated q is within a 
certain accuracy radius of 𝛾𝛾 of 1 − 𝛼𝛼 with an accuracy confidence of (1 − 𝜀𝜀)% : 𝑃𝑃(|𝐹𝐹(𝑞𝑞�) − (1 − 𝛼𝛼)| ≤ 𝛾𝛾) = 1 − 𝜀𝜀, where 𝑞𝑞� 
is the simulated q and F is the true distribution function of the maximum. We set 𝛾𝛾 = 0.005 and 𝜀𝜀 = 0.01, so that the tail 
area of 𝑞𝑞� is within 0.005 of 0.95 with 99% confidence. 
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eAppendix 4. The Derivation of P Value in a Single Pairwise Comparison 

In Table 3, the null hypothesis = there was no difference in the % achieving improvement at years 1 and 3. (e.g., H0: RR =
% improved at 3 years
% improved at 1 year

= 1) and the P values were calculated using the t-statistics: 

                                                               𝑡𝑡 =
RR� − RR
s. e(RR� )

~ 𝑡𝑡df 

P value = P[RR ≤ 1 or RR ≥ 1] = P[tdf ≤ −t or tdf ≥ t ] = P �tdf ≤ −
RR� − 1
s. e(RR� )

 or tdf ≥
RR� − 1
s. e(RR� )

 �, 

where RR�  is the estimated RR from the model; df = number of observations - rank of design matrix of parameters in the 
model. 
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eTable 1. Analysis to Identify Baseline Variables Associated with Missing Follow-up Assessments in the Analysis Sample 
(N=2221) 
Baseline variable P 
Univariate analysisa  
Age <.0001 
Sex 0.53 
Race 0.02 
Hispanic/Latino ethnicity 0.28 
Married or living as married  0.37 
Education 0.99 
Employed full-time 0.66 
Household income 0.78 
Current or recent smoker 0.15 
Regular alcohol use 0.25 
Body Mass Index 0.03 
Depressive symptoms 0.05 
Severe walking limitation 0.85 
Cardiovascular disease 0.78 
Stroke 0.99 
Diabetes 0.14 
Sleep Apnea 0.33 
Asthma 0.28 
Venous edema with ulcerations 0.61 
Surgical procedure <.01 
Site <.0001 
Multivariable analysisb  
Age <.0001 
Site <.0001 
aGeneralized linear mixed models were used to test the association of each individual baseline variable with missing follow-up assessments.  
bA generalized linear mixed model was used to test the independent associations of baseline variables with missing follow-up assessments. Significant 
variables in the univariate analyses above (e.g., age, race, Body Mass Index, surgical procedure, and site) were considered and retained if statistically 
significant (p<0.05). 
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eTable 2. Pain and Physical Function Before and After Bariatric Surgery; Observed Data 

 Median (25th, 75th percentile) or No./total No. (%)  
Baseline 1 year 2 years 3 years 

SF-36 scoresa, median (25th, 75th percentile)   
Bodily pain (n = 2093) (n=1839) (n=1646) (n = 1553) 
 39.6(31.5,48.5) 49.4(39.6,53.6) 48.5(35.8,53.6) 44.3(35.4,53.6) 
Physical function (n = 2094) (n = 1841) (n = 1649) (n = 1565) 
 37.1(28.4,45.8) 52.4(45.8,56.8) 52.4(45.8,56.8) 52.4(43.7,56.8) 
Objective walking test     
LDCW status, No./total No. (%) (n = 2089) (n = 1754) (n = 1450) (n = 1390) 
   Ineligible  410(19.6) 270(15.4) 270(18.6) 223(16.0) 
   Refused/Elected not to participate 130(6.2) 91(5.2) 61(4.2) 71(5.1) 
   Stopped 68(3.3) 11(0.6) 8(0.6) 8(0.6) 
   Completed 400m 1481(70.9) 1382(78.8) 1111(76.6) 1088(78.3) 
Time to complete walk (sec)b, median (25th, 75th 
percentile) 

(n = 1205) (n = 911) (n = 722) (n = 674) 

 371.1(336.4,413.5) 339.4(308.4,374.8) 332.1(304.3,367.6) 335.5(306.1,367.7) 
Mobility deficit, No./total No. (%) 836/2089 (40.0) 428/1754 (24.4) 371/1450 (25.6) 325/1390 (23.4) 
     
WOMAC scoresc, median (25th, 75th percentile)      
Knee paind (n = 629) (n = 496) (n = 488) (n = 452) 
 45.0(35.0,60.0) 20.0(5.0,40.0) 20.0(5.0,45.0) 20.0(5.0,40.0) 
Hip paine (n = 499) (n = 399) (n = 389) (n = 358) 
 50.0(35.0,60.0) 20.0(0.0,45.0) 15.0(0.0,45.0) 20.0(0.0,45.0) 
Knee physical functionf  (n = 627) (n = 489) (n = 483) (n = 447) 
 47.0(35.3,58.8) 17.6(2.9,38.2) 16.2(2.9,39.7) 19.1(2.9,38.2) 
Hip physical functiong (n = 493) (n = 396) (n = 387) (n = 356) 
 45.6(33.8,58.8) 13.7(1.5,38.2) 10.3(0.0,39.7) 15.4(0.0,36.8) 
     
Back and leg pain, No./total No. (%)      
Back or leg pain interfered with work, including both 
work outside the home and house work, past 4 weeks (n = 2048) (n = 1790) (n = 1573) (n = 1496) 

   Not at all 1004(49.0) 1284(71.7) 1146(72.9) 1049(70.1) 
   A lit bit 305(14.9) 183(10.2) 131(8.3) 134(9.0) 
   Moderately  297(14.5) 147(8.2) 108(6.9) 135(9.0) 
   Quite a bit 288(14.1) 111(6.2) 122(7.8) 110(7.4) 
   Extremely 154(7.5) 65(3.6) 66(4.2) 68(4.6) 
Couldn’t go to work or school due to back or leg pain, 
past 4 weeks  139/1762 (7.9) 63/1615 (3.9) 58/1397 (4.2) 55/1314 (4.2) 
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eTable 2 continued. Pain and Physical Function Before and After Bariatric Surgery; Observed Data 
     

 Median (25th, 75th percentile) or No./total No. (%)  
 Baseline 1 year 2 years 3 years 
Feelings regarding back or leg pain (n = 2047) (n = 1790) (n = 1571) (n = 1494) 

Very dissatisfied 510(24.9) 137(7.7) 121(7.7) 138(9.2) 
Dissatisfied  310(15.1) 139(7.8) 129(8.2) 120(8.0) 
Somewhat dissatisfied 196(9.6) 151(8.4) 126(8.0) 123(8.2) 
Neither satisfied or dissatisfied 59(2.9) 77(4.3) 63(4.0) 69(4.6) 
Somewhat satisfied  25(1.2) 44(2.5) 25(1.6) 38(2.5) 
Satisfied 23(1.1) 52(2.9) 38(2.4) 29(1.9) 
Very satisfied  924(45.1) 1190(66.5) 1069(68.1) 977(65.4) 

     
Back and leg pain continued, No./total No. (%)     
Leg pain during LDCWh,  456/1168 (39.0) 156/1006 (15.5) 128/792 (16.2) 137/750 (18.3) 
Back pain during LDCWh,  192/1168 (16.4) 48/1005 (4.8) 38/792 (4.8) 59/750 (7.9) 
     
Pain medication, No./total No. (%)     
For leg pain, past week  769/2040 (37.7) 474/1860 (25.5) 443/1614 (27.5) 459/1544 (29.7) 
For back pain, past week 709/2067 (34.3) 534/1890 (28.3) 477/1663 (28.7) 494/1583 (31.2) 
     
Self-reported walking, No./total No. (%)     
Severe walking limitation 146/2044 (7.1) 87/1731 (5.0) 78/1524 (5.1) 84/1471 (5.7) 
Mobility aid  294/2045 (14.4) 178/1750 (10.2) 176/1473 (12.0) 172/1321 (13.0) 
Health limits ability to…     
  Walk 1 block   791/2077 (38.1) 188/1828 (10.3) 193/1625 (11.9) 203/1544 (13.2) 
  Walk several blocks  1322/2089 (63.3) 342/1833 (18.7) 333/1631 (20.4) 354/1544 (22.9) 
  Walk >1 mile  1662/2083 (79.8) 555/1830 (30.3) 507/1630 (31.1) 530/1544 (34.3) 
     
Fitness proxy, median (25th, 75th percentile)     
Resting heart rate (bpm)i (n = 1683) (n = 1506) (n = 1338) (n = 1266) 
 79(71,87) 69(61,76) 68(62,77) 70(62,79) 

Abbreviations: SF-36, 36-item short form health survey; WOMAC, Western Ontario and McMaster Universities osteoarthritis index; LDCW, long distance corridor walk; sec, seconds; 
bpm, beats per minute. 
aNorm-based methods were used to transform SF-36 scores to a mean of 50 and standard deviations of 10 in the general U.S. population. Higher scores imply less pain or better 
function. 
b N=1205; excludes 276 of 1481 subjects who completed the LDCW at baseline due to ineligibility, refusal or meet the stopping criteria of the LDCW at ≥ 1 follow-up time point.  
cWOMAC scores were transformed to a 0-100 scale. Lower scores imply less pain and better function. 
dN=629; excludes 4 of 633 subjects with severe knee pain or disability at baseline due to missing baseline knee pain score. 
eN=499; excludes 1 of 500 subjects with severe hip pain or disability at baseline due to missing baseline hip pain score. 
fN=627; excludes 6 of 633 subjects with severe knee pain or disability at baseline due to missing baseline knee function score. 
gN=493; excludes 7 of 500 subjects with severe hip pain or disability at baseline due to missing baseline hip function score. 
h N=1253; excludes subjects missing LDCW (n=132) at baseline or who were ineligible or refused LDCW at baseline (n=540) or at  ≥ 1 follow-up time point (n=296). 
iN=1683; excludes 538 subjects taking beta-blockers at ≥ 1 time point. 
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eTable 3. Clinically Important Differences in Pain and Physical Function Following Bariatric Surgery; Observed data 

 
No./total No.d (%) 

1 year 2 years 3 years 
SF-36: Minimal clinically important 
improvementa     

Bodily pain 1009/1755 (57.5) 838/1576 (53.2) 724/1487 (48.7) 
Physical function 1348/1760 (76.6) 1172/1578 (74.3) 1058/1502 (70.4) 
    
Time to complete LDCW: 
Substantial improvementc 546/911 (59.9) 457/722 (63.3) 406/674 (60.2) 

    
WOMAC: Minimal perceptible 
clinical improvementb    

Knee pain 369/481 (76.7) 345/471 (73.3) 319/437 (73.0) 
Hip pain 281/381 (73.8) 274/371 (73.9) 251/341 (73.6) 
Knee physical function  375/479 (78.3) 375/476 (78.8) 328/439 (74.7) 
Hip physical function  303/384 (78.9) 299/375 (79.7) 270/344 (78.5) 
    
Mobility deficit: remission     362/650 (55.7) 302/542 (55.7) 291/499 (58.3) 

Abbreviations: WOMAC, Western Ontario and McMaster Universities osteoarthritis index; SF-36, 36-item short form health survey; LDCW, long 
distance corridor walk. 
aIncrease of at least 5 points on the norm-based scores 
bReduction of at least 9.7 pain points and 9.3 function points. 
cDecrease of at least 15 seconds and 24 seconds for small and substantial improvements, respectively. 
dImprovement in bodily pain and physical function was evaluated among the entire cohort; LDCW time improvement was evaluated among those 
who were not ineligible, refusals or non-completers at any time point; improvement in knee or hip pain and function was evaluated among those 
severe pain or disability at baseline; remission of mobility deficit was evaluated among those with a mobility deficit at baseline. 
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eTable 4. Back Pain and Leg Pain Before and After Bariatric Surgery; Modeled data 
 

 Na 
Model-Based Estimates, % (95% CI)b Adjusted Pc 

Baseline (BL) 1 year 2 years 3 years BL vs. 
1 year 

BL vs. 
2 years 

BL vs. 
3 years 

1 vs. 3 
years 

Back or leg pain interfered with work, 
including both work outside the home 
and house work, %  

2048 (n = 2048) (n = 1790) (n = 1573) (n = 1496) <.0001 <.0001 <.0001 0.27 

Not at all  54.1(54.0-54.2) 78.3(78.2-78.3) 79.0(78.9-79.1) 76.3(76.3-76.4)     
A lit bit  12.4(12.3-12.5) 7.9(7.8-8.0) 6.2(6.1-6.4) 6.7(6.5-6.8)     
Moderately   11.6(11.5-11.7) 5.3(5.2-5.4) 4.2(4.1-4.3) 6.1(6.0-6.2)     
Quite a bit  13.6(13.5-13.8) 4.5(4.4-4.7) 6.0(5.8-6.1) 5.9(5.8-6.1)     
Extremely  8.3(8.2-8.4) 4.0(3.8-4.1) 4.5(4.4-4.7) 4.9(4.8-5.1)     

          
Feelings regarding back or leg pain, %  2047 (n = 2047) (n = 1790) (n = 1571) (n = 1494) <.001 <.001 0.01 0.37 

Very dissatisfied  25.6(25.6-25.7) 7.3(7.2-7.4) 7.2(7.1-7.3) 8.9(8.7-9.0)     
Dissatisfied   15.5(15.4-15.6) 7.3(7.2-7.4) 7.6(7.5-7.8) 7.7(7.5-7.8)     
Somewhat dissatisfied  9.7(9.6-9.8) 7.8(7.7-7.9) 7.3(7.2-7.5) 7.7(7.6-7.9)     
Neither satisfied or dissatisfied  2.9(2.8-3.0) 3.9(3.8-4.0) 3.6(3.5-3.7) 4.2(4.1-4.3)     
Somewhat satisfied   1.2(1.1-1.3) 2.3(2.1-2.4) 1.4(1.3-1.6) 2.3(2.2-2.5)     
Satisfied  1.1(1.0-1.2) 2.7(2.6-2.8) 2.2(2.1-2.3) 1.8(1.7-2.0)     
Very satisfied   43.9(43.8-44) 68.7(68.6-68.8) 70.6(70.5-70.7) 67.4(67.3-67.5)     

aSample size of each model  
bAll models were adjusted for site and age. 
cP-values were adjusted using simulation. 
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eTable 5. Associationsa with Clinically Meaningful Pre- to Post-Surgery Improvements in Hip Pain, Hip Function and Knee Function, and Remission of Mobility 
Deficit in Years 1, 2 and 3 following Bariatric Surgery 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations: LDCW, Long Distance Corridor Walk; BDI, Beck Depression Inventory; NA, not applicable; ARR, adjusted relative risk 
aAll four models also controlled for site and included sex, race, baseline body mass index, surgical procedure and pre- and post-surgery smoking status, which were forced in the models but were not 
significantly associated with any of the outcomes.  
bMinimal perceptible clinical improvement = reduction of at least 9.7 pain points or 9.3 function points on the Western Ontario and McMaster Universities osteoarthritis index (WOMAC). 
cEvaluated among those with a mobility deficit at baseline. 
dThe RR (95% CI) is not reported for variables that were not retained in the model due to lack of significance (P≥.05 overall). 
eRR(95%CI)=1.16(1.03-1.30) for no history vs. remitted. 
 

 Improvement in No longer have 

 Hip painb  
(N=374) 

Hip functionb  
 (N=381) 

Knee functionb  
 (N=496) 

mobility deficitc  
(N=508) 

 ARR(95%CI) P ARR(95%CI) P ARR(95%CI) P ARR(95%CI) P 
Pre-surgery         
Age, per 10 years younger 1.07(1.02-1.12) <.01 1.04(0.99-1.07) 0.06 1.06(1.02-1.10) <.01 1.11(1.04-1.17) <.001 
Household income (Ref. = <$25,000)  0.02  <.01  <.001  <.01 

$25,000 - <$50,000 1.23(1.05-1.43)  1.24(1.09-1.40)  1.15(0.99-1.31)  1.28(1.02-1.61)  
≥$50,000 1.20(1.04-1.38)  1.18(1.05-1.32)  1.27(1.12-1.44)  1.43(1.16-1.78)  

Fewer depressive symptoms, per 10 BDI points  1.17(1.05-1.30) <.01 1.13(1.04-1.23) 0.01 1.18(1.08-1.30) <.001 1.07(0.93-1.24) 0.33 
Less bodily pain, per 10 SF-36 points  NA  NA  NA  1.24(1.14-1.34) <.0001 
Worse value of the outcome, per 10 points 1.05(1.02-1.07) <.001 1.03(1.00-1.05) 0.02 1.04(1.02-1.07) <.001 NA  
Pre- to post-surgery improvement         
Decrease in depressive symptoms, per -10 BDI 
points  1.20(1.08-1.33) <.01 1.16(1.06-1.26) <.001 1.28(1.17-1.40) <.0001 1.13(0.99-1.28) 0.048 

Decrease in bodily pain, per 10 SF-36 points  NA  NA  NA  1.22(1.14-1.30) <.0001 
Weight loss, per 5%  1.05(1.02-1.08) <.001 1.03(1.00-1.05) 0.02 1.04(1.02-1.06) <.001 1.06(1.03-1.09) <.001 
Pre/post-surgery comorbidity status         
History of stroke (Ref. = History)  d  d  d  <.01 
   No history       3.67(1.46-9.23)  
Asthma (Ref. = Current)  d  0.03e  d  d 

No history   1.10(0.98-1.25)      
Remitted   0.96(0.82-1.11)      

https://www.rheumatology.org/Practice/Clinical/Clinicianresearchers/Outcomes_Instrumentation/Western_Ontario_and_McMaster_Universities_Osteoarthritis_Index_%28WOMAC%29/
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eTable 6. The Observed Number (%) of Patients with Clinically Meaningful Pre- to Post-Surgery Improvements in 
Bodily Pain, Physical Function, Walking Capacity and Knee Pain, by the Categorical Variables Shown in Table 4 (main 
results), and Year since Bariatric Surgery 
 No. (%) of patients with improvement 

 Bodily paina 
(N=1245) 

Physical 
functiona 
(N=1470) 

LDWC 
completionb 
time (N=821) 

 
Knee painc 

(N=490) 
Pre-surgery         
Sex          

 Female              year 1 514/878  (58.9)  618/873 (78.0) 409/522 (78.4) 269/318 (84.6) 
               year 2 293/578 (50.8) 501/674 (74.3) 298/372 (80.1) 221/281 (78.7) 
               year 3   222/465 (47.7) 517/715 (72.3) 293/393 (74.6) 197/259 (76.1) 

Male                  year 1 140/251  (55.8) 177/251 (70.5) 102/147 (69.4) 63/82 (76.8) 
               year 2 85/155 (54.8) 127/179 (71.0) 79/108 (73.2) 54/67 (80.6) 
               year 3   58/132 (43.9) 131/181 (72.4) 72/101 (71.3) 48/64 (75.0) 

Race         
Black                 year 1 41/68  (60.3) 53/68 (77.9) 32/41 (78.1) 37/42 (88.1) 

               year 2 19/43  (44.2) 41/64 (64.1) 22/31 (71.0) 31/39 (79.5) 
               year 3   8/27 (29.6) 37/61 (60.7) 20/28 (71.4) 20/28 (71.4) 

White                 year 1 598/1026 (58.3) 787/1026 (76.7) 470/613 (76.7) 286/346 (82.7) 
               year 2 350/672 (52.1) 569/765 (74.4) 345/436 (79.1) 233/297 (78.5) 
               year 3   265/552 (48.0) 595/809 (73.6) 338/452 (74.8) 218/286 (76.2) 

Other                 year 1 15/30  (50.0) 18/30 (60.0) 9/15 (60.0) 9/12 (69.1) 
               year 2 9/17  (52.9) 18/24 (75.0) 10/13 (76.9) 11/12 (91.7) 
               year 3   7/18 (38.9) 16/26 (61.5) 7/14 (50.0) 7/9 (77.8) 

Household income         
<$25,000           year 1 86/172 (50.0) 126/172 (73.3) 47/65 (72.3) 56/81 (69.1) 

               year 2 43/103 (41.8) 84/118 (71.2) 31/37 (83.8) 50/72 (69.4) 
               year 3   28/80 (35.0) 74/124 (59.7) 31/46 (67.4) 36/66 (54.6) 

 $25,000 -           year 1 174/279 (62.4) 214/280 (76.4) 121/161 (75.2) 90/107 (84.1) 
  <$50,000            year 2   98/185 (53.0) 167/222 (75.2) 97/122 (79.5) 80/101 (79.2) 

               year 3   78/154 (50.7) 172/230 (74.8) 88/117 (75.2) 66/89 (74.2) 
≥$50,000           year 1 394/673 (58.5) 518/672 (77.1) 343/443 (77.4) 186/212 (87.7) 

               year 2 237/444 (53.4) 377/513 (73.5) 249/321 (77.6) 145/175 (82.9) 
               year 3   174/363 (47.9) 402/542 (74.2) 246/331 (74.3) 143/168 (85.1) 

         
Pre/post-surgery 
comorbidity status         

CVD   d  d  d  
Current               year 1 8/23  (34.8)       
 symptoms          year 2 4/27  (14.8)       

               year 3   6/35 (17.1)       
No history           year 1 610/1031  (59.2)       

               year 2 346/643 (53.8)       
               year 3   252/497 (50.7)       

No symptoms     year 1 36/70  (51.4)       
past year            year 2 28/62  (45.2)       

               year 3   22/65 (33.9)       
Diabetes     d  d  

Current               year 1 70/159  (44.0) 102/160 (63.8)     
 symptoms          year 2 39/102  (38.2) 67/111 (60.4)     

               year 3   30/98 (30.6) 78/137 (56.9)     
No history           year 1 467/746  (62.6) 586/747 (78.5)     

               year 2 257/473 (54.3)  421/555 (75.9)     
               year 3   191/375 (50.9) 439/588 (74.7)     

No symptoms     year 1 117/219  (53.4) 170/217 (78.3)     
past year            year 2 82/157 (52.2) 140/187 (74.9)     

               year 3   59/124 (47.6) 131/171 (76.6)     
Continued next page 
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eTable 6 continued. The Observed Number (%) of Patients with Clinically Meaningful Pre- to Post-
Surgery Improvements in Bodily Pain, Physical Function, Walking Capacity and Knee Pain, by the 
Categorical Variables Shown in Table 4 (main results), and Year since Bariatric Surgery 

Venous edema with 
ulcerations 

d      d  

Current               year 1   18/26 (69.2) 5/7 (71.4)   
 symptoms          year 2   18/26 (69.2) 7/8 (87.5)   

               year 3     13/32 (40.6) 7/8 (87.5)   
No history           year 1   774/1021 (75.8) 480/633 (75.8)   

               year 2   567/773 (73.4) 354/453 (78.2)   
               year 3     591/811 (72.9) 344/470 (73.2)   

No symptoms     year 1   66/77 (85.7) 26/29 (89.7)   
past year            year 2   43/54 (79.6) 16/19 (84.2)   

               year 3     44/53 (83.0) 14/16 (87.5)   
Abbreviations: CVD, cardiovascular disease 
aMinimal clinically important improvement = increase of at least 5 points on the norm-based 36-item short form health survey (SF-36) scores. 
bSubstantial improvement = decrease of at least 24 seconds. 
cMinimal perceptible clinical improvement = reduction of at least 9.7 pain points on the Western Ontario and McMaster Universities osteoarthritis 
index (WOMAC). 
dVariable was not retained in the model due to lack of significance (P≥.05 overall). 
  

https://www.rheumatology.org/Practice/Clinical/Clinicianresearchers/Outcomes_Instrumentation/Western_Ontario_and_McMaster_Universities_Osteoarthritis_Index_%28WOMAC%29/
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eTable 7. The Observed Number (%) of Patients with Clinically Meaningful Pre- to Post-Surgery Improvements in Hip 
Pain, Hip Function and Knee Function, and Remission of Mobility Deficit, by the Categorical Variables Shown in 
eTable 5, and Year since Bariatric Surgery 

 No. (%) of patients with improvement/remission 

 Hip paina  
(N=374) 

Hip functiona  
 (N=381) 

Knee functiona  
 (N=496) 

Mobility deficitb  
(N=508) 

Pre-surgery         
Household income         
<$25,000           year 1 41/69 (59.4) 47/69 (68.1) 50/77 (64.9) 39/102 (38.2) 

               year 2 39/65 (60.0) 41/64 (64.1) 47/74 (63.5) 20/63 (31.8) 
               year 3   40/59 (67.8) 38/58 (65.5) 38/67 (56.7) 21/45 (46.7) 

 $25,000 -           year 1 59/71 (83.1) 66/75 (88.0) 75/96 (78.1) 75/125 (60.0) 
<$50,000            year 2   60/75 (80.0) 65/76 (85.5) 82/102 (80.4) 54/94 (57.5) 

               year 3   51/69 (73.9) 61/72 (84.7) 64/90 (71.1) 45/74 (60.8) 
≥$50,000           year 1 103/134 (76.9) 113/136 (83.1) 168/194 (86.6) 133/196 (67.9) 

               year 2 101/117 (86.3) 106/118 (89.8) 144/173 (83.2) 90/137 (65.7) 
               year 3   91/117 (77.8) 98/118 (83.1) 144/174 (82.8) 90/127 (70.9) 

         
Pre/post-surgery 
comorbidity status         

Stroke c  c  c    
History              year 1       2/9 (22.2) 

                 year 2       0/6 (0.0) 
               year 3         1/6 (16.7) 

No history         year 1       245/414 (59.2) 
               year 2       164/288 (56.9) 
               year 3         155/240 (64.6) 

Asthma c    c  c  
Current             year 1   36/49 (73.5)     

 symptoms         year 2   33/41 (80.5)     
               year 3     22/34 (64.7)     

No history         year 1   155/182 (85.2)     
               year 2   148/172 (86.1)     
               year 3     135/159 (84.9)     

No symptom     year 1   35/49 (71.4)     
past year          year 2   31/45 (68.9)     

               year 3     40/55 (72.7)     
aMinimal perceptible clinical improvement = reduction of at least 9.7 pain points on the Western Ontario and McMaster Universities osteoarthritis 
index (WOMAC). 
bEvaluated among those with a mobility deficit at baseline. 
cVariable was not retained in the model due to lack of significance (P≥.05 overall). 
 

https://www.rheumatology.org/Practice/Clinical/Clinicianresearchers/Outcomes_Instrumentation/Western_Ontario_and_McMaster_Universities_Osteoarthritis_Index_%28WOMAC%29/
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eTable 8. Incidence of Past-Year Back, Hip, Knee or Ankle Surgery, by Years since Bariatric Surgery; Observed and Modeled data 

 1 year 2 years 3 years 
 No./total No. (%) 
Surgeries     
Hip, knee or ankle (e.g., joint replacement, 
reconstructive, arthroscopic) 69/1827 (3.8) 84/1620 (5.2) 74/1549 (4.8) 

   Hip  18/1824 (1.0) 23/1618 (1.4) 20/1547 (1.3) 
   Knee 46/1826 (2.5) 65/1619 (4.0) 52/1549 (3.4) 
   Ankle 25/1825 (1.4) 14/1618 (1.0) 18/1547 (1.2) 
Back (e.g., disc, laminectomy, fusion) 28/1825 (1.5) 36/1622 (2.2) 36/1552 (2.3) 
 Model-Based Estimates, % (95% CI) (N=2221)a 
Hip, knee or ankle 3.7(2.9-4.6) 4.9(2.9-4.6) 4.6(3.6-5.6) 
   Hip  too rare to model 
   Knee 2.5(1.8-3.2) 3.8(2.9-4.7) 3.2(2.4-4.1) 
   Ankle  too rare to model  
Back  1.5(0.9-2) 2.2(1.5-2.9) 2.3(1.5-3) 

aAll models were adjusted for site and age. 


