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A BST RA C T

Strong evidence exists to suggest that morbid obesity,
smoking, and poorly controlled diabetes mellitus are
associated with poorer outcomes after total joint arthroplasty. To our knowledge, no study has reported the effect of the implementation of a risk reduction strategy.
Risk factors, based on published data, were defined as
Body Mass Index (BMI)>40, Hemoglobin A1c (HbA1c)
>8.0, and use of any tobacco product. A retrospective pilot review was done of a 3-month period using this protocol in the practice of a single fellowship-trained academic
arthroplasty surgeon (DRJ). Outcomes were evaluated in
the subsequent 3-month period. Overall 19/29 (65.5%)
patients identified to be “at risk” and offered support for
modification followed up under the care of their index
surgeon. 11/19 (57.9%) improved their risk factors and
8/19 (42.1%) ultimately met the specific goals set for surgery with 4 (21%) ultimately undergoing their replacement procedure during the 6-month study period. These
initial results suggest that a significant proportion of our
patients were willing and able to modify their risk before
surgery.
L E VEL OF EVIDEN CE : Level III retrospective study.
K E YWORD S: Total Knee Arthroplasty, Total Hip

Arthroplasty, Obesity, Diabetes Mellitus, Tobacco use,
Risk Factor

INTRO D U C T I O N
It is estimated that over 200,000 primary hip and 400,000
primary knee replacements are performed annually in the
United States, with substantial increases forecast by 2030.1
Multiple studies have reported the success of total joint
arthroplasty (TJA) in improving pain and mobility.2–5 While
there may be many risk factors that can have an adverse
effect on postoperative outcomes, three key risk factors suggested in the literature include obesity, poorly-controlled
diabetes, and smoking.6–9
While rates of primary TJA continue to increase, so too does
the incidence of obesity. It is projected that 42% of Americans will be obese by 2030.10 This unfortunate statistic may
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have real consequences in TJA outcomes. According to Ward
et al., BMI >40 kg/m2 led to increased post-operative complications including acute kidney injury, cardiac arrest, reintubation, reoperation, and infection.11 Additionally, acetabular
component malposition has been shown to be associated with
BMI >35 kg/m2 , which may necessitate revision surgery.12
Patients with poorly controlled diabetes mellitus are also
at risk for poorer outcomes after TJA. A Veterans Health
administration study found that elevated hemoglobin A1c
(HbA1c) values (>7%) led to an increased risk of post-operative infection in non-cardiac surgery with an odds ratio of
2.13.13 Another study of TKA patients found that HbA1c >8
resulted in an increased risk of superficial surgical site infection, with an odds ratio of 6.14, identifying poor glycemic
control as a risk factor for infection.14
Tobacco use has also been linked to less favorable outcomes in TJA surgery. Kapadia et al. found that at a mean
follow-up of 47 months, smokers had 90% survivorship of
their primary joint replacement, as opposed to 99% in non
smokers.15 A large study of 78,191 patients who underwent
primary TJA found that 1.8% of current smokers experienced wound complications compared with 1.3% and
1.1% of former and non-smokers respectively.16 This study
also found that both current and former smokers were at
increased total complication risk with odds ratios of 1.18
and 1.20 respectively, with an increased pack-year history of
smoking being related to the total complication risk.16
The purpose of this study was to determine the effect of
implementation of an evidence-based risk reduction strategy whereby patients were identified at risk for poorer outcomes after joint replacement surgery and support given to
modify their risk in an effort to improve surgical outcome.
Specifically, this study assesses the willingness of patients
to continue to follow up in the care of their surgeon and
their success in the pursuit of risk factor modification after
it was decided to delay surgical intervention to mitigate risk
of TJA.

MATERIA LS A ND METHOD S
A set of risk factor goals was defined based on published
studies9,12,17–19 and is currently being used in the practices
of fellowship-trained academic arthroplasty surgeons at our
institution. IRB approval was granted and charts from one
participating surgeon (DRJ) were retrospectively reviewed
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during the 6- month period from February 16, 2015 through
July 27, 2015. Patients were included if they were evaluated
in the office during the 3-month period from February 16 to
May 4. If the patient met surgical indications for primary
TJA based on history, examination, and imaging studies, but
was identified as having one or more medical risk factors felt
to elevate the risk of surgery, they were included as candidates for this pilot study. The following key risk factors were
used to identify patients: BMI> 40 kg/m2, tobacco use, active
oral or other infection, and HbA1c> 8.0. Outcomes were
evaluated over the subsequent three months, and descriptive statistics applied.
At the initial office visit, after risk factors were identified, a conversation between surgeon and patient occurred
discussing elevated risk for poorer surgical outcomes based
on medical evidence. Patients were advised that definitive
TJA would be delayed, and their arthritis treated conservatively during a period of time whereby interventions would
be offered to improve their operative risk. Support was
offered via contact with the patients’ PCP to help mitigate
risk by optimizing risk factors. Obese patients were counseled regarding the importance of understanding their own
body weight and BMI, and also directed to our institution’s
weight-loss program which includes dietitian counseling,
physical exercise advice and bariatric surgery referral if indicated. Patients were also offered consultation with a psychologist, social worker, and exercise physiologist to best
optimize physical, nutritional and functional capabilities.20
Tobacco users were given information about our institution’s tobacco cessation programs. Poorly controlled diabetic
patients were counseled and referred back to their primary
care provider or their endocrinologist for tighter glucose
control. Following this initial discussion, a 3-month or earlier follow-up appointment was made to evaluate progress
toward risk factor goals. It was expected that some patients
would decide to not follow up. Various reasons may motivate patients to seek an easier path to surgical intervention
at a surgical practice without a risk factor optimization protocol. Whether this mechanism of patient self-selection for
motivated compliant individuals yields a patient population
with a greater chance of clinical success was not evaluated.
Patients who chose to follow up continued to be survailed
at 3-month, or more frequent, intervals. When risk factor
goals were achieved, surgery was scheduled. Obese patients
were re-weighed, smokers were asked about nicotine and
tobacco use, diabetics had new HbA1c results evaluated,
infection status was reassessed, and oral health status was
queried and examined. Patients who met risk factor goals
were indicated for surgery while those who did not were
given encouragement and counseling and continued to
undergo routine follow-up with the attending surgeon (DRJ)
as needed or in three months, whichever came first.
Patient information and data was compiled and analyzed
using Microsoft Excel 2007 (Microsoft Corp, Redmond, WA).
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RESU LTS
Twenty-nine (29) patients met inclusion criteria for the
study and 19 (65.5%) followed up (Table 1). Ten (10) patients
were males, 19 were females. 21 patients had a chief complaint of knee arthritis while 8 presented with hip arthritis (Table 2). Of the patients that followed up, 11 (57.8%)
improved their risk factors, 8 (42%) met criteria for surgery,
and 4 (21%) either underwent or had their surgery scheduled
within the study period (Table 3, Figure 1). Sixteen patients
(84.2%) elected for corticosteroid injections at some point
in their treatment course. Ten patients did not follow up
within the study period and their outcome is unknown.
Overall 4/15 (36.4%) tobacco users quit; 1/6 (16.67%)
obese patients lowered their BMI below 40, and 1/2 (50%)
of diabetics lowered their HbA1c below 8.0. Morbidly obese
(N=7) patients’ average BMI decreased from 44.4 to 42.9 (P=
0.21). These patients were most likely to be lost to follow-up
with 6/13 (46.2%) following up. Tobacco users followed up
at a rate of 73.3% (11/15).
Table 1. Patient Demographics
N
Patients Meeting Inclusion Criteria

29

Patients Who Followed Up

19

Overweight

13

Percent*

65.5%

Average BMI at Presentation

47.3

Average BMI at Follow-Up

43.3

Patients who Followed Up

6

46.2%

BMI < 40 at Follow-Up

1

16.7%

Smokers

15

Patients who Followed Up

11

73.3%

Patients who Quit Smoking

4

36.4%

Diabetics HbA1c > 8.0

3

Average Initial HbA1c at Presentation
Patients who Followed Up
Average HbA1c at Follow-Up
HbA1c <8.0 at Follow-Up
Active Infection

9.6
2

66.7%

9.1
1

50.0%

2

Patients who Followed Up

1

50.0%

Cleared Infection at Follow-Up

1

50.0%

Poor Dentition

4

Patients who Followed Up

4

100.0%

Dental Clearance Achieved at Follow-Up

4

100.0%

>2 Risk Factors

6

Patients who Followed Up

4

66.7%

Modified Risk Factors at Follow-Up

2

50.0%

*Percent for Risk Modifications is of Patients Who Followed Up
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modified risk factors, with 4 patients
ultimately quitting. Obesity was a
Total Patients
29
N
%
more difficult risk factor to overcome.
Average Age
56.8
Number of patients who followed up
19
Six (6) of 13 morbidly obese patients
followed up with only 1 reaching their
Male
10
Average number of follow-up visits per
1.8
goal BMI. While the relatively short
patient
Female
19
study period is a contributing factor,
Average time elapsed before follow-up visit 3.9 mo
Knee OA
21
this also highlights the particular difNumber of patients who modified risk
11
57.9%
ficulty patients have with obesity and
Hip OA
8
factors at follow-up
weight loss. It is our practice to refer
Number of patients who opted for joint
16
84.2%
patients to our institution’s weight
injections
loss center which includes specialty
dietitian and nutrition support as
Number of patients who met risk factor
8
42.1%
well as bariatric surgery consultagoals at follow-up
tion. One diabetic patient was able to
Number of patients who scheduled or
4
21.1%
lower his/her HbA1c appropriately.
underwent surgery after meeting goals
HbA1c requires a period of time with
during study period
altered average blood glucose to affect
a change, and our brief follow-up
Figure 1. Risk Factor Modification Results
period was likely too short to allow for this.
The modification of risk factors is likely
to lead to improved patient outcomes, and
the potential benefit of implementation of a
risk reduction strategy is supported by literature evidence. Paxton et. al. in their study
of 12,030 patients found a 3.6% 30-day readmission rate following elective THA.9 Morbid
obesity, medical comorbidities and system-related hospital problems were found to be risk
factors associated with readmission.9 Maoz et.
al. reviewed 3,672 primary and 406 revision
arthroplasties and reported modifiable risk factors associated with periprosthetic joint infection.21 Obesity (BMI > 40 mg/k2) was found to
have an odds ratio of 4.13 while tobacco use
and colonization with Staphylococcus aureus
were additive risk factors with an odds ratio
of 12.76 when combined with other risk factors.21 Kapadia et al compared the outcomes of
110 smokers to 220 non-smokers who underDISC U S S I O N
went total hip arthroplasty and found a 92%
For primary TJA, payer policies are now trending toward
survivorship in smokers compared to 99% in non- smokers
bundled payment models that may either withhold compenat an average of 51 months post-operatively.19
sation for the treatment of complications after surgeries, or
The two key limitations of this pilot study are its small
penalize both hospital and surgeon for observed complication
sample size and brief study duration. Patients were enrolled
rates that are higher than expected. Awareness of this issue
over just a 3-month period and followed for an additional
may motivate surgeons and total joint replacement centers
3 months. It is the goal of the investigators to use the data
to reduce risk by attempting to modify patient factors before
generated by this study as a pilot to support a longer-term
proceeding with elective TJA. Arthroplasty surgeons in
study with increased patient numbers. Additionally, patient
competitive markets may be hesitant to incorporate stratedrop-out was expected after patients were advised that they
gies that delay surgery to improve risk factors out of concern
were not immediately surgical candidates, and due to the
for losing patients to other less selective surgeons. In our
retrospective design of this study, information is not availstudy, a majority of patients not only continued under the
able for the 10 patients who did not follow up with the study
care of their surgeon following initial consultation, but also
surgeon. Future studies could be directed at determining
successfully worked towards modifying their risk factors.
whether these patients sought care elsewhere, and if offered
The most frequent modified risk factor encountered in our
surgery, their outcomes.
study was tobacco use (N=15).
In conclusion, we report a set of modifiable risk factors and
Our study shows that educating patients about the risks
goals that can be used in an effort to improve results after
of tobacco and encouraging them to quit preoperatively is
elective arthroplasty surgery. Our study shows that with
successful. Tobacco use turned out to be one of the most
proper support, counseling, and guidance, some arthroplasty
Table 2. Patient Presentation
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candidates are willing to “buy in” to a shared-decision
making model. This model empowers patients to become
partners in their healthcare with their medical doctor and
surgeon and therefore work to meet goals in a mutual effort
to improve their own likelihood of a good surgical outcome.
While some preoperative risk factors cannot be altered, the
factors we investigated are ultimately within the control of
the patient and physicians and desired goals can often be
achieved, as has been the clinical observation in our practice.
The results of our initial study are encouraging both with
regards to retaining patients in follow-up and also in terms
of meeting defined evidence-based goals to effect improved
surgical outcomes. A majority of patients continued in the
care of the study surgeon despite the difficulties of risk factor
modification and surgical time delay, and actually improved
their modifiable risk factors, with a number of patients
meeting these goals and having surgery scheduled within
the three months after risk factor modification was initiated.
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