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Abstract
We assessed whether higher Body Mass Index (BMI) is associated with higher risk of moderate-
severe knee pain 2- and 5-years after primary or revision Total Knee Arthroplasty (TKA). We
adjusted for gender, age, comorbidity, operative diagnosis and implant fixation in multivariable
logistic regression. BMI (reference, <25 kg/m2) was not associated with moderate-severe knee
pain at 2-years post-primary TKA (odds ratio (95% confidence interval): 25-29.9, 1.02
(0.75,1.39), p=0.90; 30-34.9, 0.93 (0.65,1.34), p=0.71; 35-39.9, 1.16 (0.77,1.74), p=0.47; ≥40,
1.09 (0.69,1.73), (all p-values ≥0.47). Similarly, BMI was not associated with moderate-severe
pain at 5-year primary TKA and at 2- and 5-yr revision TKA follow-up. Lack of association of
higher BMI with poor pain outcomes post-TKA implies that TKA should not be denied to obese
patients for fear of suboptimal outcomes.

In the U.S., the number of Total Knee Arthroplasty (TKA) procedures is projected to grow
by 673% from 0.5 million in 2005 to 3.48 million by 2030 [1]. Identification of predictors of
sub-optimal outcomes post-TKA is important, since this information can help patients to
have realistic expectations, and can allow surgeons to risk-stratify patients for pain
outcomes, while searching for modifiable factors or interventions that might improve
outcomes. Many important outcome predictors may be modifiable such as comorbidity and
body mass index (BMI), while others such as gender and age are obviously not modifiable.
Among the patient-reported outcomes after TKA, pain is perhaps the most important
outcome [2].

Prior reports regarding predictors of outcomes following TKA had contradictory findings.
Higher body mass index (BMI) was associated with worse post-TKA function/HRQoL
outcomes in some studies [3-6], but not others [7-14]. With the exception of one study that
examined pain as an outcome and found a borderline association of higher BMI with more
pain (p=0.049), others were limited to function and HRQoL assessment. Pain is the most
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important reason for patients undergoing TKA and it is important to understand whether
important factors such as higher BMI and comorbdiity impact pain outcomes post-TKA.
Similarly, higher comorbidity was associated with worse post-TKA function/Health-related
quality of life (HRQoL) outcomes in some [5,6,15], but not other studies [9,10,13,16,17].
Previously published studies have many limitations. First, the small sample sizes of most
previous TKA studies, a highly successful surgery with low failure rate (few patients with
severe pain, severe functional limitation or revision), makes them liable to type-II error, i.e.,
low power. Many studies did not include important covariates such as BMI and comorbidity
in multivariable-adjusted analyses, limiting their interpretation. Most studies were also
limited to short follow-up (<1 year). Recent data has revealed that knee pain continues to
improve up to 1-year after knee arthroplasty [18]. Therefore, well-designed prospective
studies of post-TKA that follow an adequate sample of patients for a duration of at least 2-5
years are needed to improve our understanding of short- and intermediate-term pain
outcome post-TKA.

Gender was reportedly associated with pain outcome in some studies [6,15,17], but not
associated in others [9,10,13,16,18-21]. Age associations were positive in some studies
[6,19,20], but not others [10,16,18,21-23].

A 2003 NIH consensus statement on TKA concluded that “Research also should identify the
patient-level factors affecting outcomes after surgery, including medical and
sociodemographic characteristics……” [24]. We therefore conducted multivariable analyses
to examine 12-year prospectively-collected data from the Mayo Clinic Total Joint registry.
We hypothesized that BMI would be a significant predictor of moderate-severe knee pain 2-
and 5- years post-primary TKA surgery, and 2- and 5-years post-revision TKA surgery, after
adjusting for important confounders. Our secondary hypotheses were that higher
comorbidity would predict worse pain outcomes and that our previously observed
associations of age and gender with pain outcomes post-TKA [25] will be significant, after
adjusting for additional important confounders.

METHODS
The Mayo Clinic Total Joint Registry prospectively captures data for all patients undergoing
TKA using a validated standardized institutional questionnaire administered to patients by
mail, phone call, or during an in-person clinic visit at 2- and 5-year time-points post-
arthroplasty. These questionnaires have construct validity and reproducibility [26] and
include questions assessing pain and function. This questionnaire is similar to the Knee
Society Scale [27], a commonly used reasonably validated scale.

Eligibility Criteria
Patients were eligible for inclusion in this study if they had undergone a primary or revision
TKA during 1993-2005 and were alive at the time of follow-up. Patient questionnaire data
were used if the questionnaire was received within 6 months of their 2- or 5-year follow-up,
subsequent to TKA (responders).

Predictors of Interest and Covariates
The main predictor of interest was BMI. Additional predictors of interest were
comorbidity,,gender and age. The following information was abstracted from the registry:
(1) demographic characteristics: age (categorized as ≤60, >60-70, >70-80, >80), gender, and
body mass index (categorized as <25 (<18.5 collapsed into 18.5-24.9 category due to small
numbers), overweight, 25-29.9, obese, 30-34.9, very obese, 35-39.9, or extremely obese,
≥40 as previously (8), as per WHO classification [28]); (2) Operative diagnosis:
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osteoarthritis, rheumatoid/inflammatory arthritis, or other (avascular necrosis, fracture etc.)
for primary TKA; loosening/wear/osteolysis, dislocation/bone or prosthesis fracture/
instability/non-union or failed prior arthroplasty with components removed/infection; and
(3) implant fixation: cemented or uncemented/hybrid for primary TKA only.

American Society of Anesthesiology (ASA) Physical Status score, categorized as class I-II
vs. III-IV [29], a validated measure of peri-operative mortality and immediate post-operative
morbidity [29,30], was retrieved by a database managed by the Department of
Anesthesiology. Comorbidity was assessed by the Deyo-Charlson index [31], a validated
measure of comorbidity, consisting of a weighted scale of 19 comorbidities (including
cardiac, pulmonary, renal, hepatic disease, diabetes, cancer, hemiplegia, HIV etc.),
expressed as a summative score [32,33]. It was calculated using diagnosis codes collected in
Mayo Clinic’s Hospital Adaptation of International Code for Diseases (H-ICDA) codes up
to the index TKA [34]. Distance from medical center (0-100 miles, >100-500 miles, >500
miles) was calculated by using zip codes and country codes from the patients’ registration
records at the time of surgery (if available) or at present. Income category was calculated
based on zip code using the census data for median household income for county from the
respective year of surgery; categorized as ≤$35K, >$35K- $45K or >$45 K. Confounders/
covariates chosen have been shown to impact post-TKA outcomes, including underlying
condition [35], comorbidity [5,6,15], implant fixation [36], ASA score [37,38] and income
[39]. Distance from medical center was included as a covariate, since Mayo Clinic is a
tertiary referral center providing care to local as well as patients travelling from distance and
these patients may differ in complexity and in the risk for poorer outcome.

Of the survey responders at 2- or 5-year follow-up, approximately half to two-thirds had also
completed a similar pre-surgery questionnaire, since this is a clinical registry. Due to
potential for further non-response bias, these were not included in the final multivariable
models, but assessed in separate univariate analyses (appendix 1). These included: (1) pre-
operative pain (moderate/severe vs. no/mild pain/walking and stairs/stairs only); (2) pre-
operative functional limitation (moderate/severe vs. no/mild limitation); and (3) presence of
ipsilateral hip joint involvement at follow-up.

Outcome of Interest
Patients answered the following pain question with nominal responses: “Do you have pain in
the knee in which the joint was replaced?” The responses were: no pain, mild (occasional),
stairs only, walking and stairs (all combined into reference category); moderate (occasional),
moderate (continuous) and severe categories - combined into outcome variable, moderate-
severe pain (2- and 5-years post-primary and post-revision TKA). This was based on an a
priori clinical decision of the experienced orthopedic surgeon and the clinician, that
moderate-severe knee pain after TKA was an undesired outcome. This question is similar to
the pain question on the Knee Society Scale (KSS).

Statistical Analyses
All analyses were performed using logistic regression using a generalized estimating
equations (GEE) approach to adjust the standard errors for the correlation between
observations on the same subject due to both knees having been replaced and/or multiple
operations on the same knee. Univariate models were used to assess the association between
baseline demographic variables (BMI, age, gender, Deyo-Charlson Index, ASA score,
median income, distance to the medical center and operative diagnosis), and whether a
relevant questionnaire was received from the patient, i.e. responder assessment.
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Univariate and multivariable models were used to assess the association of BMI, Deyo-
Charlson Index, gender and age with the odds of moderate-severe pain (relative to none/
mild/stairs/walking and stairs) at both 2- and 5-years post-primary and post-revision TKA.
The main multivariable model included ASA score, implant fixation (for primary only),
distance from medical center and operative diagnosis (model 1). To test the robustness of
associations, we performed additional sensitivity analyses. Since income has been associated
with TKA outcomes in one study [36], we performed additional multivariable regression
analyses, which included the variables previously mentioned, as well as income category,
categorized as ≤$35K, >$35K - $45K, >$45K (model 2). Another alternative model similar
to model 1 was analyzed by considering BMI and age as continuous (rather than
categorical), again done for each time point and type of TKA (model 3). Another model
adjusted for pre-operative pain severity (model 4). Odds ratios (ORs), 95% confidence
intervals (CIs), and p-values are reported. The alpha-level was set at 0.05 for statistical
significance.

Results are presented from multivariable models1 and 2 and since multivariable model 3 did
not change any interpretation, these data are not shown.

RESULTS
Patient Characteristics and Non-Response Bias

Of the 11,294 primary TKAs, 10,957 were alive at 2-year follow-up; of these, 7,139 (65%)
had completed a 2-year questionnaire, with 4,701 (43%) having completed both preoperative
and 2-year questionnaires. 7,404 were alive and eligible for 5-year follow-up, with 4,234
(57%) having completed 5-year questionnaires, with 2,935 (40%) having completed both
preoperative and 5-year questionnaires.

Of the 2,800 revision TKAs, 2,695 were alive and eligible for 2-year follow-up. Fifteen
hundred thirty-three (57%) had completed a 2-year questionnaire, with 725 (27%) of these
having both preoperative and 2-year questionnaires. 1,842 patients were alive and eligible
for 5-year follow-up, with 881 (48%) having completed a 5-year questionnaire, with 393
(21%) having both preoperative and 5-year follow-up questionnaires.

For primary TKA 2- and 5-year follow-up, men and those with osteoarthritis were slightly
more likely to respond and older age was associated with significantly greater odds of
response (Appendix 1). Higher ASA class of 3 or 4 and higher Deyo-Charlson comorbidity
index score were associated with slightly lower and distance of >500 miles from the Mayo
Clinic with much lower odds of response. However, since only 9% of patients lived 500
miles or further, we postulated that estimates of association are unlikely to be affected by
non-response based on distance from the center. Similar patterns were noted for revision
TKA patients (Appendix 1).

Baseline Characteristics
Primary and revision TKA patients responding to the questionnaire had a mean age of 68
and 69 years, most were overweight (86-87%), with equal male:female distribution (Table
1). Osteoarthritis was the commonest underlying diagnosis in patients with primary TKA,
94% and 93% at 2- and 5-years, and loosening/wear/osteolysis in revision TKA, 57% and
61% and 2- and 5-years. 20% of primary TKAs at 2- and 23% at 5-years were simultaneous
bilateral procedures.

The overall proportion of TKAs with moderate-severe pain was as follows: 2-year post-
primary TKA, 7.3%; 5-year post-primary TKA, 8.1%; 2-year post-revision TKA, 22.2%;
and 5-year post-revision TKA, 24.5%. The prevalence of moderate-severe pain was
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significantly higher at 2-years (p<0.0001) and 5-years (p<0.0001) post-revision TKA,
compared to primary TKA.

BMI did not Independently Predict Moderate/Severe Pain after Primary TKA
Univariate and multivariable model estimates of the odds for moderate-severe pain 2-year
post-primary TKA are shown in Table 2. Multi-variable adjusted estimates showed that BMI
was not significantly associated with higher odds of moderate-severe knee pain at 2-year
post-primary TKA (Table 2). Higher comorbidity, female gender and younger age were each
significantly associated. Multivariable models with income (Table 2) or with BMI and age
as continuous variables (data not shown) did not result in any meaningful change in odds
ratios. After adjusting for pre-operative pain, comorbidity and younger age were still
associated, and gender was not. Other variables significantly associated with higher odds of
moderate-severe knee pain at 2-years were increased distance from medical center and use
of a hybrid implant (data not shown).

At 5-years post-primary TKA, BMI was not significantly associated (Table 3). Older age
showed lower odds, but results varied from borderline significance to non-significant (Table
3). Women had significantly higher odds of reporting moderate-severe knee pain, but
comorbidity was not associated. Multivariable models with income (Table 3) or with BMI
and age as continuous variables (data not shown) showed similar estimated odds of
moderate-severe knee pain. After adjusting for pre-operative pain, gender was still
significantly associated. Other variables significantly associated with higher odds of
moderate-severe knee pain at 5-years were a higher ASA class of III or IV, increased
distance from the medical center, and a hybrid or uncemented implant (data not shown).

BMI did not Independently Predict Moderate/Severe Pain after Revision TKA
BMI, comorbidity and gender were not significantly associated (Table 4). Older age, 61-70,
71-80 and >80 year (vs. <60), were associated with significantly lower odds of moderate-
severe knee pain 2-years post-revision TKA. Multivariable models with income (Table 4) or
with BMI and age as continuous variables (data not shown) showed similar results.
Adjustment for pre-operative pain did not impact the age associations. Other variables
significantly associated with higher odds were greater distance from the medical center or an
underlying diagnosis of dislocation/fracture/instability/non-union (data not shown).

BMI, gender and comorbidity were not significantly associated (Table 5). Older age, 61-70
and 71-80 years was associated with significantly lower odds of moderate-severe knee pain
at 5-years. Multivariable models with income (Table 5) or with BMI and age as continuous
variables (data not shown) showed similar results. Due to small number of events,
multivariable model could not adjust for pre-operative pain. Other variables significantly
associated with higher odds were greater distance or diagnosis of dislocation/fracture/
instability/ non-union (data not shown).

DISCUSSION
In this study, we describe one of the largest U.S. cohort of TKA patients followed for
patient-reported pain outcomes. We found that a higher BMI was not associated with worse
pain outcomes 2- and 5-years after primary or revision TKR. Higher comorbidity was
associated with a greater likelihood of moderate-severe pain at 2-years. This study also
confirmed our previous findings of association of female gender and younger age with
moderate-severe pain at both 2- and 5-years after primary TKA [25]. We found that older
patients were less likely to report moderate-severe pain 2- and 5-years after revision TKA.
Other factors associated with moderate-severe pain following knee arthroplasty implant
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fixation (uncemented or hybrid) for primary TKA, the underlying diagnosis for revision
TKA and greater distance from the medical center, for both. Uncemented knees have a
higher rates of aseptic loosening [40] and revision than cemented knees [41,42], which may
explain the higher prevalence of moderate or severe pain in patients receiving non-cemented
implants.

One of the most remarkable finding in our study is that obesity was not associated with any
higher prevalence of moderate-severe pain in either primary or revision TKA patients at 2-
or 5-year follow-up. Previously published literature regarding BMI and TKA outcomes is
contradictory. Most previous studies have examined the association of BMI with summary
scores (not pain), mostly using the Knee Society Scale (KSS) total and objective/subjective
scores, with most reporting lack of association [7-14], while few were positive [3-6]. All
previous studies had <600 patients. The limited sample size in previous studies precluded
use of WHO-recommended BMI categories. Most studies collapsed many BMI categories
due to small number of poor outcomes. We are aware of only one small study of 67 TKA
patients that examined association of obesity with pain outcomes [17]. BMI of 35-39.9 was
significantly associated with pain scores (p=0.049) in multivariable-adjusted models that
included age, gender and comorbidity [17]. Our study results are in contrast to this previous
study, likely due to differences in patient population (67 years, 50% female vs. 75 years,
80% female), sample size (>800 patients for each of the four cohorts vs. 67 patients),
covariates in multivariable model (income, distance, implant fixation vs. intra-operative,
surgical, in-patient and postoperative clinical variables), or the type of regression analyses
(model including all covariates vs. step-wise regression).

The large study sample size provided us with adequate number of patients in each BMI
category (vs. 8 patients in previous study with BMI 35-39.9) to examine the link between
presence and severity of obesity and pain. Our results and interpretations did not change
depending on how the BMI was examined as a predictor in the analyses (i.e continuous or
categorical). Due to a large sample size, negative findings are very unlikely due to type II
error (i.e. missing an effect, when one exists due to lack of power). Our study adds to the
post-primary TKA literature by showing that obesity is not associated with any higher risk
of moderate-severe pain during short-intermediate-term follow-up post-TKA. To our
knowledge, the findings of lack of BMI association with pain outcomes 2- and 5-years after
revision TKA are new and add to existing knowledge of pain predictors. Several previous
studies of smaller sample size have also reported similar HRQoL outcomes in patients with
obese and non-obese patients undergoing TKA. This implies that TKA can (and should) be
offered to patients across the range of BMI without concern for significant variation of pain
relief.

It is possible that patients with higher BMI have lower level of activity and therefore despite
greater forces across the joint, less frequent weight-bearing occurs. Our findings should
reassure patients and surgeons that obesity is not by itself a risk for poor pain outcomes after
primary or revision TKA. In conjunction with our recent finding of association of BMI≥40
with higher activity limitation 2- and 5-years after revision TKA from this cohort [43], this
implies that higher BMI has different impact on pain versus function outcomes.

Another important observation from this study is the positive association between
comorbidity and pain outcomes at 2-year post-primary TKA. Our findings agree with some
studies [5,6,15] and are in contrast to studies that found no association [9,10,13,16,18-21].
There were no meaningful differences between follow-up durations between the studies with
positive association (1-2 years) versus those finding no association (0.5-5 years). A higher
comorbidity is associated with poorer post-operative outcomes [30,44,45]. Higher
prevalence of moderate-severe pain at 2-year post-TKA in patients with more comorbidities
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may be due to higher complication rates, higher risk of pain with comorbidities such as
diabetes and/or lower tolerance to pain. Future studies need to examine whether specific
diseases, disease severity at baseline or change in severity during follow-up predicts pain
and HRQoL outcomes. If optimization of comorbidity can lead to a better outcome, this may
be indicated before an elective procedure like arthroplasty.

We found that older patients reported less moderate-severe pain after primary TKA
compared to younger patients. This is in contrast to many studies [10,16,18,21-23], but in
agreement with others [6,19,20] and our previous observation [25]. In most previous studies,
age has been examined mostly as a continuous variable, which assumes that the increase in
risk is the same across each year of increased age across the entire age spectrum. It is also
difficult to interpret higher risk per 1-year increase in age. Two of the positive studies
categorized age and reported that patients ≥75 years had better pain outcomes at 1-year [20]
and <60 years worse pain outcomes at 5-years post-primary TKA [19]. We confirm these
findings in a much larger cohort and extend them to other older age groups.

To our knowledge age associations have not been reported in detail in previous studies of
revision TKA. Our findings in revision TKA add to the current literature: patients aged
61-70 years had better pain outcome at 2- and 5-years; 71-80 year-olds had better pain
outcome at 2-years; and those older than 80 years had better pain at 2-years post-revision
TKA. In fact, age had a consistent strong relationship with moderate-severe pain at both
time-points in both primary and revision TKA. This may be due to lower activity level,
better pain-coping skills and/or more self-efficacy in older patients.

It is not surprising that moderate-severe pain was found to be more prevalent after revision
than after primary TKA in our study. This is similar to previously reported better HRQoL in
patients with primary versus revision total hip arthroplasty [46]. Our study extends these
findings to patients with TKAs.

Our study has several strengths and limitations. We report on the largest cohort of patients
followed up to 5-years for clinical outcome and pain to date, (to our knowledge). As a result
we have robust estimates of association allowing for the control of many important clinical
and socio-demographic confounders/covariates. On the other hand, we were unable to
control for pre-operative knee pain severity as was data available in only half of the sample,
which could have lead to selection bias [15,18] We also were unable to control for the
presence of anxiety/depression. Being a tertiary referral center, we did not think these would
be accurately or completely captured in our records. Both preop pain and anxiety/depression
are considered important predictors of post-operative pain and HRQoL and would be
valuable additions to future studies.. The response rate for 2-year follow-up of 57-65%,
although not perfect, is similar to that reported in large surveys of this size [47], and may
even be considered very good for a clinical follow-up, considering this is for every patient
operated over 12-years. Our estimates may be somewhat biased due to non-response;
however, since non-responders were more likely to be female, and younger (associated with
poorer pain outcome), our estimates are conservative and the differences would at least be as
large or larger had all eligible patients responded. Despite a large sample size, the number of
responders was lower at 5-years (than 2-year), making the 5-year estimates less precise. Our
findings need to be confirmed in other large patient cohorts.

In conclusion, we found that obesity was not associated with worse pain outcomes after
primary or revision TKA. Three-fold more patients report moderate-severe pain after
revision compared to patients with primary TKA over the first five years after the surgery.
Higher comorbidity predicted worse pain outcome after primary TKA. Female gender and
younger age predicted worse pain outcome after primary TKA and younger age after
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revision TKA. A better understanding of patient- or disease-related factors that impact post-
arthroplasty pain can help us better inform patients before surgery and in the case of
modifiable predictors, assist efforts to target interventions or preventive programs to
improve these outcomes. Further studies are needed to better understand these relationships.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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