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Background: Obesity is an important comorbidity affecting outcomes after total joint
arthroplasty. Consequently, surgeons may delay care of obese patients to first address
obesity through different care pathways. The effect of obesity on patient wait times for
total joint arthroplasty has not been explored. The purpose of this study was to evalu-
ate the effect of obesity on access to total hip (THA) and knee (TKA) arthroplasty.

Methods: The study data set was constructed from the Nova Scotia Health Author-
ity’s Horizon Patient Folder system and the Patient Access Registry Nova Scotia.
Wait time was measured as days between the decision to treat and date of surgery.
Body mass index (BMI) was calculated from a preoperative assessment, and patients
were grouped into BMI categories. Multivariate log-linear regression was used to test
for statistical differences, controlling for confounding factors.

Results: We observed longer wait times for TKA with increasing BMI weight class.
Patients with BMIs greater than 50 had 34% longer waits than reference weight
patients. However, THA recipients showed no statistical difference in wait times
across weight categories. Furthermore, there was variability among surgeons in the
wait times experienced by patients.

Conclusion: The finding of longer wait times for TKAs, but not THAs, among
patients who were obese was unexpected. This shows the variable wait times for THA
and TKA that patients who are obese can experience with different surgeons. It is
important to understand the variability in wait times so that efforts to standardize the
patient experience can be accomplished.

Contexte : L’obésité est une comorbidité importante qui a des répercussions sur les
résultats d’une arthroplastie totale. Ainsi, les chirurgiens pourraient reporter les soins
aux patients obeses afin de d’abord traiter 'obésité par différents parcours de soins.
Les effets de ’obésité sur le temps d’attente pour une arthroplastie totale n’ont pas été
étudiés. La présente étude visait donc a évaluer les effets de Pobésité sur I’acces a une
arthroplastie totale de la hanche (ATH) ou du genou (ATG).

Méthodes : L’ensemble de données a ’étude provient du systeme Horizon Patient
Folder de la Régie de la santé de la Nouvelle-Ecosse et du registre d’acces des patients
de la Nouvelle-Ecosse. Le temps d’attente a été défini comme étant le nombre de
jours séparant la décision de traitement et la date de I'intervention. L’indice de masse
corporelle (IMC) a été calculé selon les données recueillies lors d’une évaluation pré-
opératoire, et les patients ont été classés par catégorie d'IMC. Une régression log-
linéaire multiple a été utilisée pour mesurer les différences statistiques et tenir compte
des facteurs de confusion.

Résultats : Nous avons constaté que le temps d’attente pour une ATG augmente
avec la catégorie d'IMC. En effet, les patients ayant un IMC de plus de 50 ont attendu
34% plus longtemps que les patients du groupe de référence. Pourtant, il n’y avait
aucune différence statistiquement significative entre les catégories d'IMC pour ce qui
est du temps d’attente avant une ATH. De plus, le temps d’attente variait d’un chirur-
gien a autre.

Conclusion : La conclusion selon laquelle les patients obeses attendent plus long-
temps pour une ATG, mais pas pour une ATH, était inattendue. Cela met en évi-
dence le temps d’attente variable que peuvent connaitre les patients obéses selon les
différents chirurgiens. Il est important de comprendre la variabilité du temps d’attente
afin de normaliser expérience patient.
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plasty (I'KA) are successful surgical procedures for
the management of end-stage arthritis of the hip and
knee, respectively. Patient access to THA or TKA can be
variable for a number of reasons; however, the effect of
obesity on wait times is not known. It is clear that the pres-
ence of obesity is an independent contributor to postopera-
tive complications, including postoperative infections,
wound problems, deep vein thrombosis, fracture and pre-
mature loosening of the implants."~* This has led to a sug-
gestion to delay access to care for obese patients so that
their health can first be optimized."” One of the suggested
strategies is losing weight before surgery. Weight loss is
challenging for most patients and it can take a prolonged
amount of time to accomplish meaningful weight loss
before total joint arthroplasty (TJA) while a patient is suf-
fering with arthritis.*” There has been no consensus in
Canada on an appropriate body mass index (BMI) class to
delay surgery. It is important to note patients who are obese
gain substantial pain relief and functional improvements
after TJA.3? This could lead to the unfortunate situation of
denying care to patients who are obese because of potential
complications that they might not actually experience.'
The development of orthopedic assessment clinics has
led to efforts to standardize the assessment and management
of patients referred for TJA. With the paucity of informa-
tion around the effect of obesity on wait times for TJA, any
efforts to make policy decisions on improving access to TJA
will require the association between obesity and wait times
to be ascertained. This is important for patients so that they
can have an accurate estimate of expected wait time, particu-
larly as these wait times are reported to the public by many
provincial departments of health. The purpose of this study
was to describe the association between BMI and wait time
for THA and TKA. Furthermore, the study sought to
determine the variation among surgeons with respect to
BMI and wait times for TJA.

T otal hip arthroplasty (I'HA) and total knee arthro-

METHODS
Study population

We constructed the study data set from the Nova Scotia
Health Authority’s Horizon Patient Folder (HPF) system
and the Patient Access Registry Nova Scotia (PAR NS).
The HPF contains information on patient history and
physical examination as of the time of the orthopedic clinic
visit. The PAR NS provides the date the surgeon and
patient decided to proceed with surgery and the actual date
of surgery. We used patient postal codes to generate a resi-
dential dissimination area identifier, used to link our study
data with aggregate census data from Statistics Canada.
The study population included all patients undergoing
primary knee and hip replacement surgeries at 2 institu-
tions in Nova Scotia, completed from April 1, 2011, to
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March 31, 2016. We excluded revisions, arthroscopies and
fractures, as well as patients with a BMI < 15. After exclu-
sions for missing information, 4837 patients undergoing
THA and 3043 patients undergoing TKA were included in
the database.

Outcomes

Our primary outcome was wait time to surgery, with
patient BMI as the key variable. We calculated wait time
as the date of surgery minus the decision-to-treat date,
and is reported in number of days. We calculated BMI
based on measurements from the patient’s visit to the
orthopedic clinic about 2 weeks before surgery. We
included the following covariates: age, sex, year of surgery,
hospital identifier, anonymized surgeon identifier and a
measure of socioeconomic status, specifically, median
neighbourhood household income from Census data.

Statistical analysis

We used univariate analysis to test for unadjusted associa-
tions between wait time and BMI, followed by multivariate
linear regression analysis to control for confounders. To
account for nonlinearity, we categorized BMI into 7 groups
(< 20, 20-24, 25-29, 30-34, 35-39, 40-49 and > 50). BMIs
in the 25-29 category were considered pre-obese, and
BMIs > 30 were considered obese, in accordance with the
World Health Organization (WHO) classification system
(http://apps.who.int/bmi/index.jsp?introPage = intro_3.html).
We included year of surgery, hospital, individual surgeon
and patient sex as individual categorical variables; we
included patient age and neighbourhood income as con-
tinuous variables. Because of the relatively few patients who
had very long wait times, we performed tests for non-
normality to assess for right-hand skewness. To test
whether there was variation across surgeons in the associa-
tion between BMI and wait time, we ran separate multivari-
ate models for each individual surgeon.

We conducted statistical analysis using SAS 9.4. Ethics
approval was granted by the Capital Health Ethics board.

REsuLTS

In general, patients experienced longer waits for TKA
than THA. The mean and median wait times for knee
replacement were 397 days and 276 days, respectively. For
hips, the mean and median wait times were 276 days and
184 days, respectively. The mean BMI was slightly higher
for knee replacement patients at 32.7, compared with 29.1
for hip replacement patients. These results show that the
mean BMI for patients undergoing knee replacement was
in the obese category, and the mean for hips was in the
pre-obese category. The mean age was 66.1 for the TKA
group and 64.7 for the THA group, and the median
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Table 1. Patient characteristics

No. (%) total knee arthroplasty patients*

No. (%) total hip arthroplasty patients*

Characteristic n = 4837 n= 3043
Wait time, d, mean + SD 396.7 + 308.5 275.8 + 250.7
Wait time, d, median (IQR) 312 (410) 184 (283)
BMI, mean + SD 32.7+6.8 29.1+£56.7
BMI, median (IQR) 31.6 (8.7) 28.4 (6.8)
BMI Category
<20 23(0.48) 70(2.3)
20-24 440 (9.1) 612 (20.1)
25-29 1432 (29.6) 1214 (39.9)
30-34 1388 (28.7) 733 (24.1)
35-39 861 (17.8) 280 (9.2)
40-49 595 (12.3) 122 (4.0)
>50 92 (1.9) 14 (0.46)
Age, yr, mean £ SD 66.1(9.4) 64.7 (12.4)
Age, yr, median (IQR) 66.0 (12.0) 65.0 (17.0)
Sex
Male 1944 (40.2) 1397 (45.9)
Female 2893 (59.8) 1646 (54.1)

Median neighbourhood household income, mean + SD

64 337 (25 088)

64 959 (26 069)

Median neighbourhood household income, median (IQR)

61165 (31 901)

61 565 (32 255)

Year of surgery

2011 813 (16.8) 472 (16.5)
2012 808 (16.7) 487 (16.0)
2013 822 (17.0) 542 (17.8)
2014 851 (17.6) 523 (17.2)
2015 764 (15.8) 502 (16.5)
2016 784 (16.2) 517 (17.0)
Hospital
Halifax Infirmary 3458 (71.5) 2587 (85.0)
Dartmouth 1379 (28.5) 456 (15.0)
Surgeon
A 10.3 10.5
B 5.5 6.4
C 6.0 10.4
D 10.9 235
E 1.1 1.1
F 20.2 7.2
G 1.1 8.6
H 12.3 14.3
It Suppressed Suppressed
J¥ Suppressed Suppressed

BMI = body mass index; IQR = interquartile range; SD = standard deviation.
*Unless indicated otherwise.

tSurgeon | did not complete any hip replacements over the period therefore results are suppressed for confidentiality.
FSurgeon J completed few surgeries and therefore results are suppressed for confidentiality.

neighbourhood income was slightly lower in the TKA
group. Table 1 shows patient characteristics.

As shown in Table 1, the modal BMI category was
25-29 (pre-obese) for both the TKA and THA groups.
More females than males underwent both procedures over
the period and there was a relatively even distribution over
time. The same 8 surgeons (surgeons A—H) completed
87% of TKAs and 92% of THAs. Among those surgeons,

however, there was variation across the distribution, as
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results showed 1 surgeon carried out 5.5% of TKAs and
another did 20.2%. Similarly, for THAs, 1 surgeon com-
pleted 6.4% of the procedures and another did 23.5%.
The considerably larger mean wait time relative to
the median wait time for both procedures suggests a
right-skewed distribution. Figure 1 shows the distribu-
tion of the number of wait days for knees and hips,
which also indicates non-normality due to data skew-
ness. The Kolmogorov—Smirnov and Anderson-Darling



RESEARCH

4.5
4.0
3.6
3.0
2.5
2.0

Patients (%)

1.5
1.0
0.5

0.0
0 500

Wait time (d)

— THA

1000 1500

Fig. 1. Distribution of wait time (in days). TKA = total knee arthroplasty, THA = total hip

arthroplasty.
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Fig. 2. Percentage difference in wait time by obesity category, relative to reference category
(body mass index [BMI] 20-24). TKA = total knee arthroplasty, THA = total hip arthroplasty.

*Statistically significant with 95% confidence.

statistical tests showed that the assumption of normality
should be rejected with 95% confidence. As a result,
wait times were log-transformed and log-linear regres-
sion models were run.

For TKAs, in regressions of wait time on BMI cat-
egories without including other covariates, higher BMI
was associated with a longer wait time. Specifically,
patients with a BMI of 35-39 had a 26% longer wait,
those with a BMI of 40-49 had a 35% longer wait and
those with a BMI of > 50 had a 44% longer wait, com-
pared with the reference category of 20-24.!"" When con-
trol variables were added in the multivariate model, the
association was smaller, yet statistical significance was

maintained. With covariates, patients in the 35-39, 40-49
and > 50 BMI categories had 11%, 17% and 34% longer
waits, respectively (Figure 2). Univariate models for
THAs showed that patients in the 30-34, 35-39 and
40-49 categories had longer wait times than those in cat-
egory 20-24. Those in the highest category, however,
showed no statistical difference. Multivariate results show
there was no statistical difference between BMI categor-
ies once control variables were added (Figure 2).

Figure 3 and Figrue 4 show individual surgeon results
for TKAs and THAs, respectively. Although we ran mul-
tivariate regressions, only BMI category coefficients are
reported. For TKAs, results for surgeon F showed a
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Fig. 3. Percentage difference in wait times for total knee arthroplasty by obesity category, relative to reference
category (body mass index [BMI] 20-24) and by surgeon (A-J). *Statistically significant with 95% confidence.

Note: Surgeon | has been omitted for confidentiality.
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Fig. 4. Percentage difference in wait times for total hip arthroplasty by obesity category, relative to reference
category (body mass index [BMI] 20-24), and by surgeon (A-J). *Statistically significant with 95% confidence.

Note: Surgeon | has been omitted for confidentiality.

longer wait time for patients with a BMI of > 30. For
example, those with a BMI of 30-34 had a 26% lengthier
wait than those in the 20-24 category, and those with a
BMI of > 50 waited more than twice as long. There is also
evidence that patients of surgeon E with a higher BMI,
specifically the 40-49 category, had a longer wait. Of the
remaining surgeons, patients who were obese did not have
a statistically longer wait for a TKAs. For THAs, Figure 4
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shows that patients who were obese did not wait longer
under the care of any individual surgeon. However,
patients of surgeon F with a BMI of 40-49 experienced a
shorter wait than those in the 20-24 category. As shown in
Figure 3 and Figure 4, for TKAs, 3 surgeons had signifi-
cantly longer waits for patients in 1 or more of the obesity
categories than the reference category, whereas with
THAEs, there were no statistical differences.



Discussion

Findings from this study suggest that patients who are
obese waited longer for knee replacement surgery but not
for hip replacement over the 2011-2016 period. Results
for individual surgeons show that there is some variation
in wait times for patients who are obese and awaiting knee
surgery, with 2 of 11 surgeons showing longer waits for
patients with a BMI > 30. There was no indication that
patients who are obese waited longer for hip replacement
for any of the individual surgeons.

Reducing wait times for total joint replacement is a pri-
ority in Canada, as prolonged waits to access to care are
becoming unacceptable to patients and providers. How-
ever, optimizing surgical conditions, including consider-
ations for the patient’s health and physical condition, must
be taken into account. Because additional weight is associ-
ated with an increased likelihood of surgical complica-
tions, a longer wait time may provide the patient with
more time to prepare for surgery, including losing weight.
It is important to educate patients about the additional
risks of an elevated BMI on the development of complica-
tions after joint replacements. Furthermore, patients who
are obese need considerable support in accessing effective
programs for losing weight before surgery. Meaningful
weight loss will take time for most patients. Therefore,
individual surgeons who show longer wait times for
patients in higher BMI categories may not be an undesir-
able finding of this study. Finally, our results also showed
considerable variation in wait times across surgeons for all
patients, suggesting that there may be contributing factors
beyond obesity affecting delays in surgery, including the
referral and assessment system.

It is interesting that there was a difference in the wait
times for TKA versus THA for patients who are obese. It
is not clear why THA wait times were not as affected by
obesity compared with TKA. One possible explanation is
that patients may tolerate an arthritic knee better than an
arthritic hip and so a hip disability will motivate surgeons
to provide surgical intervention. It is also possible that
there is a bias against patients who are obese and awaiting
TKA. The distribution of adipose tissue may make sur-
geons more likely to delay surgery to obtain weight loss.
One of the key findings from this study is that there is
clear variability in how surgeons treat patients who are
obese, which can lead to confusion for both the patient
and their referring physician. The development of stan-
dardized treatment plans for patients with elevated BMI
will be important to ensure that they are receiving the
appropriate care.

Limitations

There are several limitations in this study. First, patient
height and weight information was available only at a
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single point in time, namely the presurgical clinic visit
which would have occurred approximately 2 weeks before
surgery. BMI at first surgical consultation could provide a
better measure to test for the associations with wait time,
although it is expected that BMI at both time points
would be highly correlated. Second, clinicians assess
appropriateness for surgery differently. It is possible that
individual surgeons may prefer not to operate on patients
who are obese, resulting in those patients finding another
surgeon. Some surgeons, therefore, may show no associa-
tion between BMI and wait time due to selection bias.
Finally, results could be strengthened with the inclusion
of controls for comorbidities that may affect wait time for
some patients. Despite the limitation, the main strength
of this study was the large sample size of patients, col-
lected over the specified time period. This allowed us to
identify trends and create a relative picture of how
patients who are obese are being treated over time.

CONCLUSION

We identified that groups of patients with elevated BMI
were experiencing longer waits, and that this is a variable
effect of a surgeon’s practice. For patients waiting for
TKAs, those who were obese were likely to experience
increased waits for surgery; however, these effects were
not observed for patients who were obese and awaiting
THA. Ultimately, this analysis will allow for targeted
efforts to standardize the wait times experienced by
patients who are obese.
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