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Abstract

Background: Total joint arthroplasty (TJA) is one of the most common procedures performed in the United States.
Outcomes of this elective procedure may be improved via preoperative optimization of modifiable risk factors. Purposes:
We sought to summarize the literature on the clinical implications of preoperative risk factors in TJA and to develop
recommendations regarding preoperative optimization of these risk factors. Methods: We searched PubMed in August
2019 with an update in September 2020 for English-language, peer-reviewed publications assessing the influence on
outcomes in total hip and knee replacement of 7 preoperative risk factors—obesity, malnutrition, hypoalbuminemia,
diabetes, anemia, smoking, and opioid use—and recommendations to mitigate them. Results: Sixty-nine studies were
identified, including 3 randomized controlled trials, 8 prospective cohort studies, 42 retrospective studies, 6 systematic
reviews, 3 narrative reviews, and 7 consensus guidelines. These studies described worse outcomes associated with these
7 risk factors, including increased rates of in-hospital complications, transfusions, periprosthetic joint infections, revisions,
and deaths. Recommendations for strategies to screen and address these risk factors are provided. Conclusions: Risk
factors can be optimized, with evidence suggesting the following thresholds prior to surgery: a body mass index <40 kg/m?,
serum albumin =3.5 g/dL, hemoglobin AIC =7.5%, hemoglobin >12.0 g/dL in women and >13.0 g/dL in men, and
smoking cessation and =50% decrease in opioid use by 4 weeks prior to surgery. Surgery should be delayed until these
risk factors are adequately optimized.
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Previous studies have identified modifiable risk factors
in TJA that increase the risk of complications; these include
deep and superficial infections, pulmonary emboli, and

Introduction

Total hip arthroplasty (THA) and total knee arthroplasty
(TKA) are commonly performed procedures that are pro-
jected to increase substantially in the coming decades [74].

Preoperative medical evaluation conventionally determines
how “safe” it is for a patient to undergo a procedure. With
the advent of value-based care and bundled payments [1],
there is increasing emphasis on mitigating risk factors for
adverse outcomes [17]. Because total joint arthroplasty
(TJA), which for this review includes THA and TKA, is
primarily an elective intervention, there is ample opportu-
nity to optimize modifiable patient risk factors preopera-
tively. This is important in ensuring safety, reducing
complications, and maximizing long-term outcomes [3,33].
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myocardial infarction [7,8]. Modifiable risk factors have
also been associated with increased readmissions, length of
stay, costs, and revisions [52,68,79]. Pruzansky et al [62]
found that 80% of patients undergoing any TJA and 93% of
patients undergoing revision TJA for periprosthetic joint
infection had at least 1 modifiable risk factor, with the most
common being morbid obesity (46%), anemia (29%), mal-
nutrition (26%), and diabetes (20%). Periprosthetic joint
infection (PJI) is a particularly devastating complication
that has been associated with a 5-year mortality rate of 21%
in THA and 22% in TKA [51,59], emphasizing the impor-
tance of optimizing modifiable risk factors whenever
possible.

Preoperative risk factor optimization is a multidisci-
plinary effort that requires input from medical and surgical
providers involved in the evaluation of TJA candidates.
Effective management of risk factors requires an under-
standing of the clinical implications as well as knowledge
of evidence-based criteria for optimization. Effective pre-
operative optimization has been shown to enhance peri-
operative outcomes in TJA [9,41,48] and may improve
long-term results. We aim to provide a review of the clini-
cal implications of obesity, malnutrition, hypoalbumin-
emia, diabetes, anemia, smoking, and opioid use [52,68,79]
in TJA and evidence-based recommendations for their
optimization.

Methods

Search Strategies and Criteria

For this narrative review, we selected 7 risk factors for
investigation: obesity, malnutrition, hypoalbuminemia,
diabetes, anemia, smoking, and opioid use. We chose these
risk factors based on expert opinions of primary care physi-
cians and orthopedic surgeons as well as prior studies that
showed them to be modifiable and to adversely affect TJA
outcomes. A search was performed of PubMed/MEDLINE
databases in August 2019 with an update in September
2020 for English-language systematic reviews, meta-anal-
yses, randomized controlled trials, and observational stud-
ies performed in the last 20 years (January 2000 to
September 2020). The following search terms were used:
“total joint arthroplasty” or “total knee arthroplasty” or
“total hip arthroplasty” AND “obesity” or “malnutrition”
or “hypoalbuminemia” or ‘“diabetes” or ‘“anemia” or
“smoking” or “opioid use.” The clinical practice guidelines
of the American Academy of Orthopedic Surgeons, the
American Association of Hip and Knee Surgeons
(AAHKS), and the American College of Rheumatology
(ACR) were also examined. References of select publica-
tions were also reviewed for relevant literature. The final
selection of studies was agreed upon following discussion
among authors; ultimately, preference was given to clinical

practice guidelines, systematic reviews, randomized con-
trolled trials, and large database studies. Recent studies and
those with large sample sizes were also prioritized, given
the rapidly changing protocols being implemented in TJA.

Results

Recommendations for screening and optimization of preop-
erative risk factors based on clinical practice guidelines and
our review are summarized in Table 1.

Obesity

Rates of obesity, a body mass index (BMI) of = 30 kg/m?,
and morbid obesity, a BMI of = 40 kg/m?, have been
reported to be 40.3% and 7.4% in THA, respectively [76],
with corresponding rates of 47.8% and 15.8% in TKA,
respectively [75]. Studies using the American College
of Surgeons National Quality Improvement Program
(NSQIP), Medicare, and Veterans Health Administration
databases have found that morbidly obese patients under-
going TKA have up to 2- to 6-fold increased risk of read-
mission, reoperation, superficial and periprosthetic joint
infection, wound dehiscence, urinary tract infection, reintu-
bation, renal insufficiency, in-hospital mortality, discharge
to a facility, and higher total hospital costs [19,25,55,84].
In addition, obesity is associated with many comorbidi-
ties, including diabetes, hypertension, coronary heart dis-
ease, stroke, respiratory dysfunction, and some cancers [2].
An AAHKS workgroup review in 2013 concluded that for
all TJA patients with BMI =30 kg/m?, comorbidities must
be closely regulated and optimized [87]. They also recom-
mended that all patients with BMI =40 kg/m? must be
counseled on the increased risks of surgery and their signifi-
cant complication profiles, and providers should consider
delaying the procedure, especially for patients with other
associated conditions, such as poorly controlled diabetes or
malnutrition [87]. Moreover, many institutions have estab-
lished a BMI cutoff of 40 kg/m? for elective TJA [70].
Weight loss prior to TJA has been inconsistently shown
to improve outcomes in certain patient populations. In a
single-center study of 14 784 obese TJA patients, Inacio
et al [38] found that preoperative weight loss of up to 5%
had no effect on surgical site infection and readmissions.
However, a single-center study of 203 morbidly obese
patients by Keeney et al [43] found that those who lost at
least 20 pounds before TKA (but not those who lost 5 or 10
pounds) had a shorter length of stay and lower odds of dis-
charge to a rehabilitation facility than those who did not
lose weight, even though most of the patients remained
obese or morbidly obese. This suggests that, particularly in
morbidly obese patients, greater preoperative weight loss
may facilitate earlier and safer mobilization and that patients
who are motivated to lose at least 20 pounds preoperatively
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Table |. Evidence-based recommendations and practices at our institution for detection and optimization of preoperative risk

factors prior to total joint arthroplasty.

Risk factor Recommendations
Obesity * ldentify and optimize concomitant comorbidities, eg, malnutrition, diabetes, hypertension
 Delay surgery for BMI =40 kg/m? until BMl is reduced below this threshold
Malnutrition and * Perform thorough clinical assessment of nutritional status
hypoalbuminemia » Obtain preoperative serum albumin, transferrin, and TLC in patients with particular comorbidities®
* For albumin <3.5 g/dL, transferrin <200 mg/dL, or TLC <1500 cells/mm?, delay surgery and refer for
nutritional counseling
Diabetes * Screen patients preoperatively for diabetes according to guidelines from the American Diabetes
Association [4]
* Delay surgery until HbAlc <7.5%
Anemia » Obtain hemoglobin level 4 weeks preoperatively
*  Work-up and treat newly diagnosed or chronic anemia
* Delay surgery until Hgb levels >12.0 g/dL in women and >13.0 g/dL in men
Smoking * Ensure smoking cessation by 4 weeks preoperatively with negative cotinine test
Opioid use * Use multimodal pain management to minimize opioid prescribing, eg, with NSAIDs and acetaminophen

*  Wean off opioids by at least 50% 4 weeks prior to surgery

BMI body mass index, TLC total lymphocyte count, Hgb hemoglobin, NSAIDs nonsteroidal anti-inflammatory drugs.

*See text for listing of specific comorbidities.

may be well suited to an earlier and safer discharge.
However, a meta-analysis of morbidly obese patients under-
going TJA that included 9 studies with 38 728 patients
found that although bariatric surgery prior to TJA was asso-
ciated with reduced short-term medical complications,
length of stay, and operative time, it did not reduce risks
of short-term surgical complications, including superficial
wound infection, venous thromboembolism, dislocation,
PJI, periprosthetic fracture, or revision [49]; these results
suggest that surgical intervention for weight loss is less
effective. Another study found that after 111 morbidly
obese patients underwent a nutritional counseling program
prior to TJA, 102 (92%) achieved weight loss at a mean of
17 pounds and a decrease of BMI by 2.7 points, with 71
(64%) participating patients receiving TJA by reducing
their BMI below 40 kg/m?. Outcomes for the patients who
did not undergo TJA were not described, although they had
increased treatment time with the dietician (198 vs 129
days) [50]. These findings emphasize the importance and
feasibility of weight loss in morbidly obese patients, as this
may significantly improve outcomes after TJA. At our insti-
tution, we discuss the implications of morbid obesity with
patients and delay surgery for those with BMI =40 kg/m?
until BMI is reduced below this threshold.

Malnutrition and Hypoalbuminemia

Albumin is an acute-phase protein that is more likely to
reflect the magnitude of inflammatory response rather than
malnutrition, as it has not been shown to change consistently

with weight loss, calorie restriction, or nitrogen balance [86].
However, many studies have used serum albumin as a sur-
rogate marker for malnutrition, and hypoalbuminemia has
demonstrated significant associations with adverse out-
comes in TJA [18,31]. Other laboratory values proposed as
markers of malnutrition include total lymphocyte count
(TLC; <1500 cells/mm?) and transferrin level (<200 mg/
dL) [18]. Depending on the laboratory values assessed, the
reported incidence of malnutrition in primary TJA patients
has ranged from 3.7% to 56% [31].

Multiple studies have highlighted the association
between hypoalbuminemia and increased risk of complica-
tions in TJA. In studies using the NSQIP database, hypoal-
buminemia has been found to be an independent predictor
of postoperative mortality, surgical site infections, respira-
tory events, cardiac events, bleeding with need for transfu-
sion, sepsis, PJI, readmission, reoperation, and increased
length of stay in TJA patients [5,11,22]. A study of 819 TJA
cases by Rao et al found that congestive heart failure,
chronic kidney disease, pancreatic insufficiency, gastro-
esophageal reflux disease, osteoporosis, and dementia were
associated with abnormal preoperative albumin; Parkinson
disease was associated with abnormal transferrin; and
dementia, BMI, and cancer history were associated with
abnormal TLC, suggesting that these laboratory tests may
be most warranted in patients with these comorbidities [65].
We only obtain preoperative serum albumin, transferrin,
and TLC in TJA patients with these comorbidities.

A high prevalence of malnutrition among obese TJA
patients has also been reported. Huang et al found that
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among TJA patients, 42% of malnourished patients—
defined as having serum albumin = 3.5 g/dL or transferrin
< 200 g/dL—were obese. They also found that preopera-
tive hypoalbuminemia and low transferrin were indepen-
dent predictors of overall complications, hematoma and
seroma formation, infection, and renal and neurovascular
complications [36]. Analyses of the NSQIP database
have also found that the prevalence of preoperative hypoal-
buminemia in TJA increases significantly with increasing
obesity, and that hypoalbuminemia is a stronger predictor of
complications, readmissions, and reoperations than obesity
[23,24,75].

While serum markers are frequently used as indicators of
nutritional status, a thorough history and clinical assess-
ment is paramount. Questionnaires can also be used to
assess malnutrition preoperatively. One study found that
interview-based screening tools performed preoperatively
in hospitalized TJA patients, including the Nutritional
Risk Screening (NRS 2002), Mini Nutritional Assessment
(MNA), and Short-Form Mini Nutritional Assessment
(SF-MNA), were able to predict risks of prolonged hospi-
talization, delayed mobilization, quality of life, and adverse
events postoperatively [37]. In particular, the MNA has
been shown to have a significant association with serum
albumin and increased length of stay [67].

Several studies have found that nutritional interventions
may improve outcomes in TJA. In a study of 4733 TJA
patients, Schroer et al [69] found that patients with pre-
operative hypoalbuminemia who underwent a nutritional
intervention program focusing on a high-protein, anti-
inflammatory diet had shorter lengths of stay, primary hos-
pitalization charges, readmission charges, and 90-day total
charges than hypoalbumenic patients who did not undergo
this program, although the researchers did not specify
whether this intervention resulted in weight loss or an
increase in serum albumin. In a double-blind, placebo-con-
trolled, randomized controlled trial of 60 patients undergo-
ing primary TKA, patients who received preoperative
supplementation with essential amino acids had increased
rectus femoris area, quadriceps muscle diameter, and serum
albumin level, and decreased time to recovery of activities
of daily living compared to controls [83]. Although further
research is required to evaluate the efficacy of interventions
to treat malnutrition and hypoalbuminemia in patients prior
to TJA, these are risk factors that should be thoroughly
assessed preoperatively.

Diabetes

The prevalence of diabetes among patients undergoing TJA
has been estimated to be about 20%, with 33.6% to 40.9%
newly diagnosed upon preoperative screening [14,71].
Diabetes has been shown to have significant associations
with complications and worse outcomes after TJA. One

single-center series of 7181 primary TJA cases found that a
preoperative diagnosis of diabetes more than doubled the
independent risk of PJI [39]. A study by Marchant et al [53]
that used the National Inpatient Sample (NIS) found that
compared to TJA patients with controlled diabetes, those
with uncontrolled diabetes, as determined by ICD-9 codes,
had increased odds of stroke, urinary tract infection, ileus,
hemorrhage, transfusion, wound infection, death, and
increased length of stay. Using a statewide database,
Duensing et al [21] found that Type 1 diabetes was associ-
ated with a greater risk of PJI than Type 2 diabetes, with
both types having an increased risk compared to non-dia-
betic patients. Moreover, a study of TKA patients in the
NSQIP database found that compared to those with non-
insulin-dependent diabetes, those with insulin-dependent
diabetes had a greater risk of adverse perioperative out-
comes relative to non-diabetic patients [85].

Although optimal preoperative hemoglobin Alc
(HbATc) or glucose thresholds have not been determined,
poor blood glucose control in diabetics, whether acute or
chronic, is associated with worse outcomes in TJA. In a
study of 13 272 primary TJA patients from a Veterans
Affairs database, Chrastil et al [16] found an increased risk
of mortality with HbAlc = 7%, and a single-center study of
1702 primary TJA patients found that patients with a pre-
operative HbAlc > 6.7% had an independently increased
risk of wound complications [80]. A retrospective study
of 6088 diabetic TJA patients from the Veterans Health
Administration found that the risk of complications
increases linearly with HbAlc, rather than surging at a
threshold of 7% [34]. A multicenter retrospective study of
1645 diabetic TJA patients found that a HbA 1¢ threshold of
7.7% was optimal for predicting risk of PJI [81]. Maradit
Kremers et al [64] studied 16,085 primary TJA patients and
found that preoperative glucose >180 mg/dL was associ-
ated with increased risk of overall revisions and revisions
for aseptic loosening in diabetic patients. Serum fructos-
amine, which measures the level of glycated serum pro-
teins, primarily albumin, reflects glucose levels over a
shorter time frame than HbAlc at 14 to 21 days and has
been suggested as a better marker of glycemic control than
HbAlc. A study that assessed preoperative HbAlc and
serum fructosamine levels in 829 TJA patients found that
those with fructosamine levels =292 pmol/mL, which cor-
responds to a HbAlc = 7%, had increased risks of deep
infection, readmission, and reoperation, whereas those with
HbAlc levels =7% did not demonstrate increased risks
for any of these outcomes [72]. These findings highlight
the importance of maintaining preoperative blood glucose
control in diabetic patients. We have established a HbAlc
threshold of =7.5% to proceed with surgery, which bal-
ances access with risk [26].

Recommendations have also been made to routinely
screen TJA patients for type 2 diabetes preoperatively,
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given the prevalence of the disease and the high proportion
of patients who are previously undiagnosed [71]. We screen
patients preoperatively for diabetes according to guidelines
from the American Diabetes Association [2].

Anemia

Preoperative anemia, defined as hemoglobin <12 g/dL in
women and <13 g/dL in men, has been reported in up to
14.8% of TKA and 22.9% of THA patients [56] and has
been attributed to iron deficiency in about 40% of TJA
patients [40]. Large database studies have shown that pre-
operative anemia in TJA is associated with significantly
increased transfusions, reoperations, complications (wound,
pulmonary, cardiac, and renal), sepsis, urinary tract infec-
tions, deaths, and prolonged hospital stay [30,56]. Moreover,
rates of preoperative anemia and thus transfusion rates in
TJA patients aged =80 years are almost double that of
younger patients [56]. Preoperative hemoglobin and trans-
fusion thresholds are the strongest predictors of blood trans-
fusion [42], with one study showing that blood transfusions
were only required for primary TJA patients with preopera-
tive hemoglobin =13.0 g/dL [29]. This is a relevant con-
sideration during TJA, as transfusions have also been
independently associated with increased complications,
infections, costs, and lengths of stay [44,66].

The Network for Advancement of Transfusion
Alternatives (NATA) guidelines strongly recommend that
hemoglobin values be obtained for elective orthopedic
patients 28 days preoperatively [27]. Preoperative screen-
ing for anemia in TJA has been shown to decrease transfu-
sions, readmissions, length of stay, and costs [63], and
surgery should be delayed until anemia has been treated to
mitigate the increased risk of adverse events [45,58]. A
complete workup of anemia should be performed, with the
etiology dictating treatment. For patients with chronic ane-
mia, workup and evaluation is still warranted to minimize
postoperative risks. Maximizing preoperative hemoglobin
levels may help to decrease the risk of postoperative ane-
mia and transfusions and thus enhance recovery. At our
institution, we obtain hemoglobin levels 4 weeks preopera-
tively and delay surgery until hemoglobin is >12.0 g/dL in
women and >13.0 g/dL in men. Patients with hemoglobin
levels below these thresholds are referred to their primary
care providers for further workup and appropriate
management.

Smoking

Up to 11% of TJA patients are smokers preoperatively
[20,54]. A meta-analysis of 14 studies including 227 289
TJA procedures found that current and former smokers had
increased risks of wound complications and PJI compared
to non-smokers, and that current smokers had a greater risk

of PJI than former smokers [6]. Another study of 117 024
TJA patients found that smokers had increased risk of lower
respiratory tract infection and myocardial infarction, opioid
use, and mortality 1 year postoperatively [54]. Smoking
also increased the risk of implant revision in a single-center
study of 7926 TJA patients [73].

Smoking cessation has been shown to reduce the post-
operative risks associated with tobacco use in TJA and to
be cost effective [12]. A randomized controlled trial of 120
TJA patients by Meller et al [57] investigated a smoking
intervention carried out 6 to 8 weeks preoperatively, which
involved counseling and nicotine replacement therapy
(NRT). It found that 86% of smokers who received the
intervention reduced or stopped smoking preoperatively
compared to 6.7% in the control group. The intervention
group also had reduced complication rates compared to
smokers who did not undergo the intervention, with the
greatest effects seen for wound and cardiovascular compli-
cations and reoperations. A systematic review and meta-
analysis of 13 randomized controlled trials with 2020
participants found that intensive preoperative smoking ces-
sation interventions that began 4 to 8 weeks preoperatively,
including weekly counseling and NRT, were more likely to
have an impact on complications and long-term smoking
cessation than short-term interventions [82]. Moreover,
cotinine testing has been found to increase self-reported
quit rates prior to TJA and to identify the 15% of patients
who falsely report abstinence [35]. However, the optimal
duration of smoking cessation prior to surgery remains
unclear [61]. At our institution, patients are required to
abstain from smoking for 4 weeks prior to and after TJA,
confirmed with a documented preoperative negative serum
cotinine test.

Opioid Use

Preoperative opioid use has been reported in almost a quar-
ter of TJA patients [28]. A study by Blevins et al of TJA
patients in an administrative claims database found that pre-
operative opioid use was associated with increased length
of stay, nonhome discharge, 30-day unplanned readmission,
surgical site infections, revisions, medical spending, and
lower rate of postoperative opioid cessation [10]. Another
study using multiple state inpatient databases found that
patients with opioid use disorder undergoing TJA had
greater risk for in-hospital mortality, 90-day readmissions,
and pulmonary and infectious complications [15].
Additional large database studies have found that patients
with opioid use disorder have increased risks of PJI and
thromboembolic complications [77,78]. Moreover, a sys-
tematic review and meta-analysis including 7356 TJA
patients found that preoperative opioid use was associated
with worse postoperative patient-rated outcome scores
compared to those with no preoperative opioid use [28].
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Reduction in preoperative opioid use has been associated
with improved outcomes in TJA patients. In a retrospective
study, 41 TJA patients who used opioids preoperatively and
who successfully weaned their opioid use by 50% before
surgery were found to have improvements in clinical out-
comes that were comparable to TJA patients who did not use
opioids preoperatively; their outcomes were also superior to
those of patients who did not wean opioid use before surgery
[60]. A study of 461 patients with hip or knee arthritis, of
whom 23% had received a preoperative opioid prescription,
found that the most common prescribers of preoperative opi-
oids were primary care physicians (59.5%), followed by
pain medicine specialists (11.3%), and orthopedic surgeons
(11.3%) [13]. This emphasizes the importance for all provid-
ers to be cognizant of adverse outcomes associated with pre-
operative opioid use in TJA patients and to make a concerted
effort to reduce opioid prescribing. Although many provid-
ers may increase opioid prescribing in TJA patients preop-
eratively as a means of pain control, the literature shows that
this may be detrimental to outcomes.

The AAHKS clinical practice guidelines for opioids in
TJA found with moderate strength of evidence that preop-
erative opioid use is associated with inferior patient-
reported outcomes, increased opioid consumption after
surgery, increased risk for chronic opioid use, and increased
risk of complications after TJA. They also made the limited
recommendation that reduction of opioid use prior to TJIA
may lead to improved patient-reported outcomes after TJA
compared to patients who do not reduce opioid consump-
tion prior to surgery [32]. The ACR clinical practice guide-
lines for the management of hand, hip, and knee arthritis
conditionally recommended tramadol for the management
of knee, hip, or hand osteoarthritis, such as when patients
may have contraindications to nonsteroidal anti-inflamma-
tory drug (NSAID), find other therapies ineffective, or have
no available surgical options, and conditionally recom-
mended against non-tramadol opioids in patients with knee,
hip, or hand osteoarthritis [46]. In our practice, given the
adverse outcomes associated with preoperative opioid use,
we require all patients to wean off all opioids by at least
50% at least 4 weeks prior to TJA.

Non-opioid pharmacologic interventions have been
shown to be effective for pain control in knee and hip osteo-
arthritis. One randomized controlled trial evaluated 240
patients from Veterans Affair primary clinics with chronic
back pain or pain from hip or knee osteoarthritis despite
prior analgesic use [47]. Patients were randomized to opioid
or non-opioid medication therapy. The non-opioid interven-
tion started with acetaminophen or an NSAID, with medi-
cation adjustments based on patient response. At 12 months,
patients in the non-opioid group had greater improvement
in pain intensity and fewer adverse medication-related
symptoms compared to the opioid group. It is important for
providers to consider these non-opioid interventions in

treating hip and knee osteoarthritis, and to educate patients
regarding their efficacy.

Discussion

Our purpose was to review the current evidence on the
clinical implications of obesity, malnutrition, hypoalbumin-
emia, diabetes, anemia, smoking, and opioid use [52,68,79]
in TJA and to propose evidence-based recommendations for
the optimization of these risk factors. We found that they
were associated with worse outcomes, including increased
rates of in-hospital complications, transfusions, peripros-
thetic joint infections, revisions, and mortality. These risk
factors can be optimized, with evidence suggesting the fol-
lowing thresholds prior to surgery: BMI <40 kg/m?, serum
albumin =3.5 g/dL, HbA1C =7.5%, hemoglobin >12.0 g/
dL in women and >13.0 g/dL in men, and smoking cessa-
tion and =50% decrease in opioid use by 4 weeks prior to
surgery. Surgery should be delayed until these risk factors
are adequately optimized.

There were several limitations to this review. First, many
included studies were retrospective studies of large national
databases, which are subject to errors in data entry and vari-
ability that could not be accounted for; these errors may
include surgical protocols, patient populations, and sur-
geons. However, the large numbers of patients in these ret-
rospective studies allowed for robust findings and wide
generalizability of results. Second, many of the randomized
controlled trials included small numbers of subjects, so
findings should be interpreted with caution. Third, due to
the heterogeneous nature of included studies, we were
unable to perform a meta-analysis of the clinical implica-
tions of the risk factors assessed or of effects of interven-
tions. Fourth, we did not contact researchers to determine
whether they had unpublished negative data, so it is possi-
ble that our review reflected a positive study bias in the lit-
erature. However, there were also several strengths to this
review. We described the current evidence on 7 modifiable
risk factors that have been shown to have adverse effects on
outcomes in TJA, as well as on interventions to mitigate
them preoperatively. We also assessed clinical practice
guidelines, which were compared with findings in the liter-
ature to provide updated evidence-based recommendations
on optimization of risk factors prior to TJA.

There are also ethical considerations to consider when
delaying surgery to optimize modifiable risk factors. It
may be argued that it is unethical to delay TJA to optimize
modifiable risk factors in a patient who is suffering from
severe, intractable pain due to end-stage arthritis. However,
given the disproportionate risk of complications and
adverse outcomes associated with morbid obesity, malnu-
trition, hypoalbuminemia, diabetes, anemia, smoking, and
opioid use in TJA, one could also argue that it would be
unethical to proceed with surgery without addressing these
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risk factors. In the presence of these modifiable risk fac-
tors, considering the significant ramifications to the patient
and society of a complication such as PJI, the risks of sur-
gery would outweigh the benefits. As the duty of a physi-
cian is to first do no harm, preoperatively optimizing risk
factors that have been shown to significantly increase the
risk of catastrophic complications is important to maxi-
mize safety and outcomes in TJA. Given the high percent-
age of TJA patients who have these modifiable risk factors
preoperatively, delaying surgery until these risk factors are
optimized has broad implications. It is important for future
studies to evaluate how such changes affect hospital work-
flows and protocols as well as patient outcomes.

Optimizing modifiable risk factors in TJA to evidence-
based targets is crucial in order to minimize complications
and improve outcomes. In an era of value-based care, man-
agement of modifiable risk factors is more important than
ever. Both medical and surgical providers have an impor-
tant role in identifying and addressing these risk factors.
Further research is required to determine the efficacy of
preoperative optimization protocols in decreasing costs and
improving clinical outcomes in TJA. Specifically, random-
ized controlled trials of interventions to optimize modifi-
able risk factors with larger numbers of patients are needed,
as well as evaluations of the efficacy of different types of
interventions, particularly in regard to preoperative weight
loss, management of hypoalbuminemia, and opioid and
smoking cessation. Moreover, large scale studies assessing
the effects of implementing the aforementioned thresholds
on outcomes in TJA will be crucial to determine their effi-
cacy. Such findings will provide valuable additions to the
current evidence and recommendations regarding preopera-
tive optimization of modifiable risk factors in TJA.
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