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Background: Severe obesity is associated with complications following arthroplasty, leading surgeons to
increasingly counsel patients regarding weight loss. For patients seeking arthroplasty, learning that se-
vere obesity may be a relative contraindication to surgery can create a challenging clinical interaction.
We sought to describe the self-reported health of United States (US) adults who had severe obesity and
osteoarthritis (OA) to better understand patient perspectives.
Methods: The National Health and Nutrition Examination Survey, a nationally representative sample of
the US population, was used to identify adult participants who had a body mass index (BMI) over 35 and
an OA diagnosis. In total, 889 participants representing a US population of 9,604,722 were included. Self-
reported health was dichotomized as poor to fair versus good to excellent. Analyses were weighted to
produce national estimates. Associations between obesity severity and patient characteristics with self-
reported health were assessed.
Results: Of US adults with a BMI over 35 and OA diagnosis, 64% rated their health as good or better. For
adults who had a BMI over 45, 55% still reported their health as good or better. The strongest predictors
of self-reported health were measures of physical functioning. Only 37% of participants who had much
difficulty walking a quarter mile rated their health as good or better compared to 86% without difficulty
(P <.001).
Conclusion: Approximately two-thirds of patients who have severe obesity and OA do not perceive their
health as compromised and consider decreased physical function as the primary driver of decreased
health. This suggests that counseling about the association between obesity and overall health may
improve shared decision making and that patient satisfaction metrics may be difficult to interpret in
these clinical situations.

© 2022 Elsevier Inc. All rights reserved.

There was no source of external funding for this work.

Osteoarthritis (OA) resulting in activity limitation affects more
than 32 million adults in the United States (US), with the hip and
knee being the most commonly affected joints [1,2]. Management
of hip and knee OA is initially focused on symptom control through
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device use, and weight loss. When these strategies fail to provide
adequate quality of life, total joint arthroplasty (TJA) may become
the only remaining treatment option. Obesity is one of the leading
risk factors for hip and knee OA [3—6]. In the US, 12% of adults
between 40 and 59 years of age are severely obese, defined as a


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.arth.2022.06.018
www.sciencedirect.com/science/journal/08835403
http://www.arthroplastyjournal.org
https://doi.org/10.1016/j.arth.2022.06.018
https://doi.org/10.1016/j.arth.2022.06.018
https://doi.org/10.1016/j.arth.2022.06.018

2 D.C. Landy et al. / The Journal of Arthroplasty xxx (2022) 1-6

body mass index (BMI) greater than 40 [7]. This has created a
situation where many patients who have failed nonoperative
treatment for OA and referred for orthopaedic evaluation are
severely obese.

Unfortunately, patients who have severe obesity have a higher
rate of postoperative complications following TJA, including a
roughly 4-fold higher rate of infection which may increase even
further with more severe obesity [8—13]. Managing these com-
plications including periprosthetic infections can be difficult for
patients and adds billions of dollars of cost per year in the US
alone [14,15]. This has led severe obesity to be increasingly used as
a relative contraindication to TJA despite a lack of alternative
treatment options [16—19]. Many surgeons recommend that pa-
tients delay elective joint arthroplasty surgery until they can
achieve a desired BMI in an effort to improve a modifiable risk
factor [20]. Although these decisions may at times be made by
payers and hospital systems, surgeons often end up conveying this
message, which can create a challenging clinical interaction
especially in situations where limited resources for weight man-
agement exist.

It is unknown the extent to which patients who have severe
obesity and OA consider their health to be compromised. It is
possible that many of these patients consider themselves to be in
good health and view OA as their most pressing medical issue. This
lack of shared understanding may create a barrier to effective
communication between patients and surgeons. Limited insight
may also predispose some clinical encounters to misunderstanding
and unmet expectations. This is especially important as satisfaction
surveys and consumer responses gain importance in the evaluation
and reimbursement of medical care. Understanding the potential
for poor patient experiences is important for not only improving
the quality of care, but also for ensuring appropriate evaluations
[21,22].

We sought to describe the self-reported health of US adults who
had severe obesity and OA to understand the perspective of such
patients. This information may inform strategies for improving
shared decision making and understanding patient satisfaction
metrics.

Materials and Methods

The National Health and Nutrition Examination Survey (NHANES)
is a nationally representative, cross-sectional sample of the nonin-
stitutionalized, civilian US population. Participants are selected
through a complex, multistage, probability sampling design. In the
first stage, counties are randomly selected. In the second stage, spe-
cific areas of the counties, such as city blocks, are randomly selected.
Households within these areas are then randomly selected. In-
dividuals within these households are then randomly selected to
participate. Each participantis given a sampling weight based on their
likelihood of having been selected that allows for national estimates
to be produced based on the sample.

Selected participants are interviewed by field staff using a mo-
bile examination center that allows for the standardized collection
of information such as height and weight as well as additional
testing. The survey is currently performed over 2-year cycles by the
Centers for Disease Control and Prevention. Given that not all
questions are asked across each cycle, we used data across 4 cycles
representing the timeframe from January 1, 2011 to December
31, 2018.

Using these NHANES data, we included for analysis participants
who were 40 years of age or older and reported that a doctor or
other health professional told them they had arthritis (MCQ160a
asks, “Has a doctor or other health professional ever told you that
you had arthritis?”). Only patients who described their specific type

of arthritis as OA or unknown (MCQ195 follows MCQ160a and asks,
“Which type of arthritis was it?”) and who had a BMI measured as
over 35, consistent with severe obesity, were included. As a part of
NHANES, the height and weight of participants is measured in a
standardized manner including a digital scale.

Demographic, clinical, and functional characteristics of the
included sample are described using the absolute number of par-
ticipants as well as the weighted number this represents in the US
population with percentages provided for the weighted results. Age
was categorized into 10-year groups for all analyses so that its effect
would not be forced to be linear. Race and Hispanic ethnicity were
combined into a single variable. Education was grouped as less than
high school, high school degree, or more than high school.

BMI was categorized across obesity thresholds of 35, 40, and 45.
These thresholds were selected as they have been proposed
thresholds for limiting access to TJA and also because they allowed
for an adequate sample size and appropriate precision of associa-
tion estimates. Other comorbidities examined were diabetes mel-
litus, smoking, congestive heart failure, heart attack, and stroke.
These questions are asked using questions like that for heart attack,
MCQ160e which asks, “Ever told you had heart attack?”.

In total, 889 participants 40 years of age or older with OA and a
BMI greater than 35 were included, representing a US population of
9,604,722. Participants tended to be females in their fifties and
sixties though there was considerable variation across de-
mographic characteristics (Table 1). These patients often had other
medical comorbidities and impaired function (Table 2). For
example, 31% of these patients had diabetes and 9% had congestive
heart failure.

Functional outcomes examined were the ability to walk a
quarter mile without assistance (PFQ061b asks, “By yourself and
without using any special equipment, how much difficulty do you
have walking a quarter of a mile?”) and ability to climb 10 stairs
without assistance (PFQO61c asks, “By yourself and without using
any special equipment, how much difficulty do you have walking
up 10 steps without resting?”).

Self-reported health was measured in NHANES using a Likert-
like scale including 5 possibilities: poor, fair, good, very good, and
excellent through question HUQO10 which asks, “Would you say
your health in general is?”. This measure was then dichotomized
with poor and fair health grouped versus good, very good, and
excellent health.

Table 1
Demographic Characteristics of Included Participants Who Have Severe Obesity and
Osteoarthritis, 40 y of Age and Older.

Characteristic Unweighted, N Weighted, N (%)

Gender
Women 616 6,501,231 (68)
Men 273 3,103,492 (32)
Age (y)
40-49 141 1,595,609 (17)
50-59 219 2,932,799 (31)
60-69 316 2,950,616 (31)
70-79 165 1,682,769 (18)
>79 48 442,929 (5)
Race/ethnicity
White, N-H 393 7,093,007 (74)
Black, N-H 266 1,246,012 (13)
Hispanic 183 815,617 (8)
Other 47 450,086 (5)
Education®
Less than high school 214 1,368,446 (14)
High school degree 522 6,218,251 (65)
College degree or more 151 2,010,134 (21)

N-H, non-Hispanic.
¢ There were missing data for education (N = 2).
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Table 2
Clinical and Functional Characteristics of Included Participants Who Have Severe
Obesity and Osteoarthritis, 40 y of Age and Older.

Characteristic Unweighted, N Weighted, N (%)

Obesity by BMI
35-39.9 477 5,333,467 (56)
40-44.9 224 2,122,399 (22)
45+ 188 2,148,856 (22)
Comorbidities
Diabetes 315 2,936,750 (31)
Smoking 125 1,217,066 (13)
CHF 95 825,309 (9)
Heart attack 75 712,742 (7)
Stroke 51 442,084 (5)
Walk quarter mile?
Unable or much difficulty 420 3,705,017 (39)
Some difficulty 125 1,405,080 (15)
No difficulty 344 4,494,626 (47)
Climb 10 stairs®
Unable or much difficulty 372 3,117,732 (32)
Some difficulty 120 1,346,930 (14)
No difficulty 397 5,140,061 (54)

BMI, body mass index; CHF, congestive heart failure.
@ Patients having to use an assist device were assumed to have much difficulty or
be unable to do so.

Univariable associations among demographic, clinical, and
functional characteristics with self-reported health were assessed
using frequencies and chi-squared tests. Logistic regressions were
used to assess multivariable associations. For multivariable models,
obesity severity was included along with the strongest de-
mographic, clinical, and functional predictors. Odds ratios and Cls
were reported.

For the strongest functional predictor, the proportion of patients
who attributed their decreased function specifically to arthritis was
assessed. Sensitivity analyses were then conducted in which only
decreased function specific to arthritis was included in the multi-
variable model. Additionally, participants who had a diagnosis of
OA were then compared to participants who did not have a diag-
nosis of arthritis, stratified by obesity severity, with chi-squared
tests used to assess statistical significance.

All statistical analyses were performed using SAS Version 9.4
(SAS Institute, Cary, NC) with appropriate survey-specific com-
mands selected and cluster, strata, and weight information used.
The weighting was adjusted for the inclusion of multiple cycles. An
alpha threshold of 0.05 was selected for precision estimates and no
adjustments were made for examining multiple predictor variables.

Results

Of US adults over years of age with a BMI over 35 and OA
diagnosis, most (64%) rated their health as good or better (Fig. 1). As
the level of obesity increased, self-reported health decreased,
although 55% of participants who had a BMI of 45 or greater still
reported their health as good to excellent (Table 3).

Although age, gender, and race did not have strong univariable
associations with self-reported health, higher education was asso-
ciated with an increased self-reported health (Table 4). Medical
comorbidities had univariable associations with self-reported
health with a history of heart attack being the strongest clinical
predictor of decreased self-reported health. Regarding univariable
associations with self-reported health, difficultly walking a quarter
mile was the strongest predictor of decreased self-reported health.
Multivariable analysis demonstrated findings consistent with the
univariable analysis (Table 5).

Of patients reporting functional limitations, 72% reported they
were specifically due to arthritis. Sensitivity analyses including only
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Fig. 1. Self-reported health of included participants with severe obesity and osteoar-
thritis, 40 years of age and older. Bars represented the expected population in the
United States with these inclusion criteria and responses. Percentages are also
included.

decreased physical functioning due to arthritis showed that this
remained a strong predictor of self-reported health with partici-
pants having much difficulty walking a quarter mile being less
likely to rate their health as good to excellent (odds ratio, 0.24; 95%
Cl, 0.15-0.38).

Among patients who had a BMI greater than 35, a diagnosis of
arthritis was associated with decreased self-reported health when
stratified by obesity severity (Table 6).

Discussion

Given US trends regarding the obesity epidemic, life expectancy,
and functional expectations, it is likely that patients who have OA
and severe obesity will continue to present to orthopaedic surgeons
with an interest in TJA. Understanding how to optimize this chal-
lenging clinical interaction is important. This study described the
self-reported health of a representative sample of US adults who
had OA and severe obesity, finding that two-thirds describe their
health favorably and that functional limitations are the main driver
of decreased self-reported health.

Even among US adults who have OA and a BMI over 45, over half
described their health as good or better. Many patients who have
severe obesity seeking OA treatment may not perceive their health
as compromised despite well-established associations between
severe obesity and poor health outcomes including not only com-
plications following TJA, but even all-cause mortality [8—12,23].
Higher morbidity in association with obesity has been observed for
diabetes, cardiac disease, stroke, respiratory problems, some types
of cancers, and mental health disorders such as depression [24]. For
patients who consider their health to be good, it may be surprising
to learn that their obesity is a relative contraindication to TJA and
how their obesity is associated with their risk of complications. At
present, it may be helpful for surgeons to not assume that patients
enter these encounters with such an understanding.

Although the presence of medical comorbidities, such as car-
diovascular disease and stroke, were associated with decreased
self-reported health, measures of physical functioning were most
strongly associated. This potential lack of insight regarding overall
health status is an important finding and identifies a potential
barrier to communication. This further underscores the impor-
tance of helping patients to understand the association between
severe obesity and general health. It is likely that many patients
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Table 3
Association of Participant Obesity Severity With Self-Reported Health.
Obesity Class Self-Reported Health P Value
Poor Fair Good Very Good Excellent
Weighted, N (%) Weighted, N (%) Weighted, N (%) Weighted, N (%) Weighted, N (%)
BMI
35-39.9 278,516 (5) 1,252,425 (23) 2,271,837 (43) 1,396,901 (26) 133,788 (3%)
40-44.9 115,060 (5) 791,170 (37) 940,097 (44) 207,750 (10) 68,321 (3)
45+ 225,454 (10) 750,523 (35) 905,232 (42) 243,287 (11) 24,361 (1) <001

BMI, body mass index.

will assume that TJA and improved function will result in
improved general health. Although medical comorbidity, OA, and
physical function are associated, these relationships are complex.
For instance, patients should not assume they will lose weight
after TJA which is a common misperception [25—28]. Future
research is needed to understand how best to communicate this
complex information. This association was reinforced by results
suggesting that an OA diagnosis itself was associated with
decreased self-reported health even after stratifying by obesity

severity.

Table 4
Univariable Associations of Participant Characteristics With Self-Reported Health.
Characteristic Self-Reported Health P Value
Fair or Poor Good to Excellent
Weighted, N (%) Weighted, N (%)

Gender

Female 2,293,210 (35) 4,208,020 (65)

Male 1,119,937 (36) 1,983,555 (64) .87
Age

40-49 617,963 (39) 977,646 (61)

50-59 945,473 (32) 1,987,326 (68)

60-69 1,121,510 (38) 1,829,106 (62)

70-79 503,394 (30) 1,179,375 (70)

80+ 224,807 (51) 218,122 (49) .19
Race/ethnicity

White, N-H 2,284,548 (32) 4,808,459 (68)

Black, N-H 505,690 (41) 740,323 (59)

Hispanic 469,824 (58) 345,794 (42)

Other 153,807 (34) 296,999 (66) <.001
Education

Less than high school 872,729 (64) 495,717 (36)

High school degree 2,122,669 (34) 4,095,582 (66)

College degree or more 412,484 (21) 1,597,651 (79) <.001
Diabetes

No 1,755,563 (28) 4,459,0115 (62)

Yes 1,657,495 (49) 1,732,559 (51) <.001
Smoking

No 2,826,478 (34) 5,561,179 (66)

Yes 586,670 (48) 630,396 (52) .05
CHF

No 2,883,546 (33) 5,893,987 (67)

Yes 529,601 (64) 295,707 (36) <.001
Heart attack

No 2,960,534 (33) 5,927,739 (67)

Yes 452,613 (64) 260,129 (36) <.001
Stroke

No 3,073,542 (34) 6,087,033 (66)

Yes 339,606 (77) 102,478 (23) <.001
Walk quarter mile

No difficulty 637,805 (14) 3,856,821 (86)

Some difficulty 447,319 (32) 957,760 (68)

Much difficulty or unable 2,328,024 (63) 1,376,993 (37) <.001
Climb 10 stairs

No difficulty 909,012 (18) 4,231,049 (82)

Some difficulty 505,751 (38) 841,180 (62)

Unable or much difficulty 1,998,386 (64) 1,119,346 (36) <.001

Patients who have OA and severe obesity are likely referred for
TJA because nonsurgical options have failed to provide sufficient
symptom relief. Weight loss is a key strategy for decreasing OA
symptoms, improving gait mechanics, and decreasing the likeli-
hood of complications after TJA [11,28—32]. Weight loss can be
challenging and many patients may have limited resources to help
with weight management. In addition to education on the health
impact of obesity, future research and public health work is needed
to pair patients with severe obesity and an interest in weight loss
with programs that may help. This may ultimately be a favorable
time at which to connect patients with such plan. Further work is
also needed to define the extent to which weight loss actually
modifies the risks following TJA [33].

These results also highlight a potential limitation of using pa-
tient satisfaction surveys or customer rating systems to evaluate
the quality of medical care. In some health care systems, referral to
an orthopaedic surgeon and evaluation for TJA may not even be
accessible to patients with severe obesity. How such referral pat-
terns either enhance or hinder access to weight loss programs and
interest in these is unknown. For those patients who do present for
surgical evaluation, it is understandable that they may be
discouraged or even dissatisfied to learn that their weight is a
relative contraindication to TJA. This may be especially difficult for
patients who have been told TJA is their only remaining treatment
option and have not been previously counseled regarding their
weight. Quality care measures intended to assess physician per-
formance may be biased against practices with such high-risk pa-
tients. Previous work is limited but has shown that patients’
perception of care may correlate better with interpersonal
communication than quality [34—37]. In the clinic setting, being a
return visit appears to be the strongest known predictor of satis-
faction [38,39]. Prior work in TJA has shown only a weak association

Table 5
Multivariable Associations of Participant Characteristics With Self-Reported Health.

Characteristic Self-Reporting Good to Excellent Health

0Odds Ratio (95% CI)

Obesity class, BMI

35-39.9 1.00 (Reference)

40-44.9 0.62 (0.36-1.07)

45+ 0.59 (0.35-0.99)
Education

Less than high school
High school degree
College degree or more
Heart attack
No
Yes
Walk quarter mile
No difficulty
Some difficulty
Much difficulty or unable

1.00 (Reference)
3.13(1.92-5.09)
4,99 (2.02-12.35)

1.00 (Reference)
0.39 (0.20-0.76)

1.00 (Reference)
0.41 (0.22-0.77)
0.12 (0.07-0.21)

N-H, non-Hispanic; CHF, congestive heart failure.

BMI, body mass index.
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Table 6
Association of an Arthritis Diagnosis With Self-Reported Health Stratified by Participant Obesity Severity.
Obesity Class Self-Reported Health P Value
Poor Fair Good Very Good Excellent
Weighted, N (%) Weighted, N (%) Weighted, N (%) Weighted, N (%) Weighted, N (%)
35-39.9
Arthritis 278,516 (5) 1,252,425 (23) 2,271,837 (43) 1,396,901 (26) 133,788 (3)
No arthritis 196,467 (3) 1,442,390 (21) 3,065,656 (44) 1,931,250 (28) 271,022 (4) <001
40-44.9
Arthritis 115,060 (5) 791,170 (37) 940,097 (44) 207,750 (10) 68,321 (3)
No arthritis 83,239 (3) 1,040,475 (32) 1,505,124 (46) 525,318 (16) 95,577 (3) <.001
45+
Arthritis 225,454 (10) 750,523 (35) 905,232 (42) 243,287 (11) 24,361 (1)
No arthritis 70,469 (4) 500,577 (31) 775,467 (48) 258,570 (16) 8,946 (1) 02

BMI, body mass index.

between patient satisfaction with care at the time of TJA and out-
comes at 2 years postoperatively with initial satisfaction largely
driven by pain [34,35].

The results presented should be viewed in light of several lim-
itations. Using NHANES data, it is not possible to know which
specific joints were affected by OA. For instance, patients could
have shoulder OA, hip OA, or both. Limiting the sample to patients
who have OA and difficulty walking or climbing stairs likely
selected for primarily patients with knee or hip OA though other
affected joints are potentially included. Similarly, it is not possible
to know the radiographic severity of OA. Limiting the sample to
patients with functional limitations likely selected for patients who
had more severe disease; however, this cannot be quantified. It is
also not possible to know what prior treatments these patients had
for their OA. Although these limitations are present, it is not clear if
this would bias study results. For instance, patients who have ankle
and knee OA and have the same functional limitations may not
have dissimilar views of their self-reported health. Likewise, pa-
tients with radiographically moderate and severe OA who have the
same functional limitations may not have dissimilar views of their
self-reported health. A key strength of this study is the quality of
NHANES data. It uses a robust population-based cluster random
selection method in order to collect data from a sample represen-
tative of the entire US population. Data are collected with rigorous
quality control and quality assurance measures. For example,
height and weight are collected accurately by trained staff persons.

Conclusions

Approximately two-thirds of patients who have severe obesity
and OA do not perceive their health to be compromised and view
their functional limitations from OA as the primary driver of their
health. This can create a disconnect between patients and ortho-
paedic surgeons when it comes to consideration of weight as a risk
factor and relative contraindication for a TJA. Although future
studies are needed to better understand how to best manage these
patients, it is necessary to counsel patients on the association be-
tween obesity and overall health so that they and their providers
can have treatment discussions with a shared understanding of
underlying health. These results also suggest that patient satisfac-
tion metrics may be difficult to interpret in these clinical situations
which warrants further study given their increasing use.
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