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KEY POINTS

� Preoperative optimization in primary total hip and knee arthroplasty reduces postoperative
complications and enhances patient outcomes.

� Balancing surgical risk and benefit in higher risk total joint arthroplasty, while maintaining the
principles of beneficence and nonmaleficence, is the ethical responsibility the surgeons.

� The authors provide a set of recommended guidelines for obesity, diabetes mellitus, and active
smoking.

� This article discusses ethics of surgical cutoffs, delaying care, and impact on health care
disparities.
INTRODUCTION

Total hip arthroplasty (THA) and total knee
arthroplasty (TKA) continue to remain an effec-
tive operative intervention for end-stage osteo-
arthritis with excellent long-term outcomes and
improvements in pain relief, range of motion,
and functional mobility. The annual numbers of
primary THAs and TKAs are predicted to expo-
nentially increase by 174% to 572,000 and by
673% to 3.48 million by 2030, respectively.1 Sub-
sequently, projected growth for rates of revision
of hip and knee arthroplasties are also expected
to increase by 137% and 601% between 2005
and 2030.1,2 Within this growing population, an
increased prevalence of comorbidities including
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morbid obesity (body mass index [BMI] �
40 kg/m2), diabetes mellitus, and active tobacco
use poses a higher risk of complications after
surgery.3,4 This increased risk of complication
creates a complex, ethical dilemma regarding
when to say no to these patients for an elective
THA or TKA.

The goal of THA and TKA surgery is to relieve
pain and improve the quality of life for patients,
yet the unintended consequence associated with
complications in these “high-risk” cases may
compromise outcomes.5 As orthopedic surgeons,
we often feel a deep sense of empathy and a Hip-
pocratic responsibility in wanting to help patients,
while maintaining the expectations of doing no
harm. Therefore, surgeons must maintain a clear
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understanding of potential modifiable risk factors
and perioperative complications to engage in an
informed patient-centered discussion to manage
expected surgical outcomes. Creating definitive
cutoffs may lead to access-to-care issues creating
a difficult balance between helping and harming
patients based upon their perioperative comor-
bidities. Certainly for modifiable risk factors, pa-
tients and surgeons should participate in a
shared decision-making process to determine
when it is most optimal to proceed with surgery.

Bundled payment systems have added
another layer of complexity, making it financially
difficult and challenging for surgeons to take on
patients at higher risk for postoperative compli-
cations. Strict numerical cutoffs for BMI, hemo-
globin A1c (HbA1c), and smoking cessation
with preoperative nicotine testing, imposed by
health care institutions, have dehumanized and
disincentivized surgeons, resulting in “cherry
picking” the healthiest patients to maintain bet-
ter outcome scorecards and financial viability.6

These cutoffs inevitably affect populations prone
to socioeconomic health care disparities (African
American, Hispanic, and other non-Caucasian
ethnicities) that are often lacking access to pri-
mary care providers (PCPs) and specialty preop-
erative optimization services.7 This often
disproportionately impacts underserved com-
munities pushing these quality of life–
improving procedures further out of reach, and
thus, widening the gap in attaining TKA and
THA among marginalized populations.8

Preoperative optimization of modifiable risk
factors for THA and TKA remains a foundational
cornerstone in reducing postoperative complica-
tions and enhancing patient outcomes. Further-
more, preoperative optimization continues to
demonstrate the ability to improve patient’s
health through enhanced nutrition, controlled
weight loss, diabetes management, smoking
cessation, reduction in alcohol consumption,
strengthening through preoperative physical
therapy, and improved cardiovascular health.9,10

Optimization of modifiable risk factors in elec-
tive THA and TKA is thought to afford a reduc-
tion in the risk of postoperative complications
including periprosthetic joint infections (PJIs),
venous thromboembolism (VTE) events, length
of hospital stay, length of postoperative rehabil-
itation, peri-anesthesia complications (cerebral
and myocardial infarctions), and functional
mobility.11 This review aims to evaluate modifi-
able comorbidities including (1) morbid obesity,
(2) diabetes mellitus, and (3) active tobacco use
and in what scenarios it may be a benefit to
the patient to say no to surgery, while opting
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for delaying surgical intervention with continued
medical optimization of risk factors and conser-
vative nonoperative management.

DISCUSSION
Obesity
Obesity, defined as a BMI �30 kg/m2, continues
to remain a growing pandemic across the United
States, with the adult prevalence from 2000 to
March 2020 increasing from 30.5% to
41.9%.11,12 Obesity remains a major risk factor
for osteoarthritis due to increased joint reactive
forces, maintaining a 3-fold to 5-fold increased
risk for developing osteoarthritis in obese pa-
tients compared to nonobese patients.13 With
the overlapping and growing rates of obesity
among patients with osteoarthritis, the utility of
risk-averse elective THA and TKA has become
increasingly challenging.14 Similarly, as many
health care systems shift to adopt bundled pay-
ment models, efforts to provide cost-effective
care15 in an otherwise increased cost-to-treat
patient population has made treatment difficult
due to increased length of stay (LOS), operating
room times, and a higher risk of 30-day and 90-
day complications.16–20 While morbid obesity is
a significant risk factor for postoperative compli-
cations, additional concomitant medical condi-
tions may serve as a multiplier for these
adverse events.21

With a wide range of strict numerical BMI cut-
offs ranging from 35 to 45 kg/m2 among many
health care institutions and orthopedic sur-
geons, the importance of discussing when to
say no and the ethics of delaying arthroplasty
surgery for obesity risk factor modification
(weight loss, healthy dieting, bariatric surgery,
exercise, and strengthening with prehabilitation)
are crucial.22 The importance of balancing early
access to total joint arthroplasty (TJA) with
decreased risk for postoperative complications
remains a delicate balance. Delaying an other-
wise potentially life-changing arthroplasty sur-
gery for preoperative risk factor modification
comes at the cost of lost wages, increased
weight gain due to painful mobility, increased
use of pain medications (nonsteroidal anti-
inflammatory drugs [NSAIDs] and narcotics),
worsening deformity and bone quality, and
potentially worse functional outcomes.23–25

Financial pressures and physical limitations can
contribute to worsening mental health and self-
image in this patient population. Given the influ-
ence and motivation a TJA can provide in the
setting of obesity for targeted weight loss and
potential optimization of other associated
comorbidities (diabetes, hypertension, and
ealth and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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Comorbidities in THA and TKA Patients 3
malnutrition), orthopedic surgeons will continue
to find themselves at the forefront of managing
concomitant obesity and osteoarthritis.26

The American Association of Hip and Knee
Surgeons’ (AAHKS) most recent workgroup com-
mittee position statement on obesity in the
setting of THA and TKA reflects a balanced
approach to an otherwise complex problem.
Although obese patients (BMI �30 kg/m2) main-
tain an independent risk factor for increased
postoperative complications following THA and
TKA, the morbidly obese (BMI 40–49 kg/m2)
and super obese (BMI �50 kg/m2) patient popu-
lations have a disproportionate risk for surgical
complications which may outweigh functional
benefits. The latter groups may have complica-
tion rates higher than patients undergoing a revi-
sion arthroplasty.27 These populations should be
counseled on preoperative risk and modifiable in-
terventions with consideration in delaying surgi-
cal management for healthy alternative weight
loss options. The AAHKS workgroup committee
tempered their recommendations without any
notable strict BMI cutoffs, but instead with rec-
ommendations of a wholistic patient approach.28

Although bariatric surgery may support effective
weight loss, studies have demonstrated post-
bariatric paradoxic states of malnutrition due to
increased difficulty in nutrient absorption result-
ing in proportional risk to non-bariatric obese pa-
tients undergoing THA and TKA.29–31 The
importance placed on a thorough patient-
centered preoperative discussion of risk with a
potential increase in postoperative complications
and decreased functional mid-term to long-term
outcomes is essential.

A recent 2021 AAHKS survey aimed to eval-
uate surgeon decision-making affecting BMI
thresholds in obese patients highlighted the
impact of the bundled payment model among or-
thopedic surgeons with 49.9% requiring a BMI �
40 kg/m2 and 24.5% requiring a BMI � 45 kg/m2

prior to proceeding with an elective THA or TKA.
Furthermore, 23.8% of surgeons felt a BMI �
40 kg/m2 cutoff would adversely affect their prac-
tice volume, while surgeons being more likely to
proceed with a TKA with morbid obesity than a
THA.32 Similarly, in a large National Surgical
Quality Improvement Program (NSQIP) database
retrospective study of 15,321 patients evaluating
the incidence of 30-day postoperative complica-
tions following TKA, Belmont Jr. and colleagues33

demonstrated a BMI �40 kg/m2 was an indepen-
dent predictor of both postoperative complica-
tions (odds ratio [OR] 5 1.47; 95% confidence
interval [CI]5 1.09–1.98) including VTE, PJI, post-
operative sepsis, renal failure, and cardiac arrest,
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in addition to minor local complications
(OR 5 2.01; 95% CI 1.02–3.97) including superfi-
cial wound infection and surgical wound dehis-
cence. Similarly, many studies have evaluated a
new classification of super obesity (BMI �50 kg/
m2) and its effects on postoperative outcomes
in elective THA and TKA. Studying the effects
of super obesity among the THA and THA popu-
lation, Schwarzkopf and colleagues demon-
strated an overall increased postoperative
complication rate (OR, 8.44) with each incremen-
tal 5-unit (kg/m2) BMI increase over BMI �45 kg/
m2 with an increased risk of developing in hospi-
tal complications (OR, 1.69) outpatient complica-
tions (OR, 2.71), readmission (OR, 2.0), and
increased LOS by 13.8%.34

Although morbid and super obesity remain an
independent variable for increased postopera-
tive complications, it is important to note that
a number of associated comorbidities (uncon-
trolled diabetes mellitus,35 chronic renal fail-
ure,36 coronary artery disease, malnutrition,37

anemia, depression, and active tobacco use)
can exponentially increase and compound this
risk. In a large single-center analysis of 7181 pri-
mary THA and TKAs, the risk of obesity and gly-
cemic control was studied in association with
predictors for PJIs. Jämsen and colleagues
demonstrated an increased infection rate from
0.37% (95% CI, 0.15% to 0.96%) in patients
with a normal BMI (�30 kg/m2) to 4.66% (95%
CI, 2.47% to 8.62%) in the morbidly obese
group. The rate of infection was highest among
morbidly obese patients with diabetes at 9.8%
(95% CI, 4.26% to 20.98%).35 Preoperative opti-
mization in these patients is crucial in helping
decrease postoperative complications, while be-
ing mindful, that delayed surgical intervention
may lead to decreased functional mobility due
to progressive degenerative joint destruction,
potentially causing an increase in weight gain,
pain scores, and worsening of associated comor-
bidities. For this reason, it is imperative that or-
thopedic surgeons play an advocative and
supportive role in encouraging modifiable co-
morbidity optimization through a multidisci-
plinary approach.

Several studies have shown the impactful
improvement on quality of life TJA has among
obese patients with equivalent improvements
of validated patient-reported outcome mea-
sures (PROMs), functional mobility, and pain
scores when compared to nonobese patients un-
dergoing primary THA and TKA.38 In a national
multi-institutional study of a large prospective
cohort, Li and colleagues identified 2040 and
2964 patients who underwent primary THA and
y of Health and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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TKA, respectively, evaluating for postoperative
functional gain and pain relief in the obese pa-
tient population. This study demonstrated that
although obese patients with hip and knee oste-
oarthritis had lower preoperative pain cata-
strophizing scores, hip disability and
osteoarthritis outcome scores (HOOS), and
knee disability and osteoarthritis outcome
scores (KOOS) pain scores (P<.001), at 6 months
postoperatively both THA and TKA patients
showed equivalent mean improvements
compared to their matched nonobese pa-
tients.39 Morbidly obese patients can have sig-
nificant improvements of functional mobility
and pain score outcomes at 6 months following
primary THA and TKA, demonstrating obesity
as an isolated risk factor should not be prohibi-
tive in discussing possible joint arthroplasty.39

Additionally, in a large retrospective study of
49,475 THA and 77,785 TKA patients, Adhikary
and colleagues demonstrated an increased 30-
day postoperative complications among
morbidly obese patients with a BMI �45 kg/
m2.20 While many orthopedic surgeons may
recommend delaying surgical intervention
beyond BMI �40 kg/m2 given the substantial
evidence-based literature demonstrating
increasing BMI as an independent risk factor of
postoperative complications, the ethics of
when to say no in the setting of known improve-
ments in postoperative functional mobility,
PROMs (HOOS and KOOS), and pain scores
continues to remain a highly discussed subject.

Although a strict numerical cutoff is not rec-
ommended, we do support utilizing the BMI
scale as a guideline to initiating an early discus-
sion about risk factor modification among obese
(BMI 35–40 kg/m2) and morbidly obese (BMI 40–
45 kg/m2) patients identified as THA or TKA can-
didates. Recommending weight loss through
healthy alternatives including dieting and exer-
cise is important so that patients are not self-
inducing a paradoxic state of malnutrition prior
to surgery, which is equally hazardous. Establish-
ing goals in this patient population can be moti-
vating in giving patients a target to work toward.
Studies have shown a target goal of BMI �40 kg/
m2 or 5% to 10% weight loss leads to clinically
significant metabolic improvements including
improved control of glycemic index, blood pres-
sure, lipid profile, and overall cardiovascular
risk.40 With even these modest weight loss goals
of 5% to 10% of initial body weight, studies
demonstrate improved perioperative risk and
decreased postoperative complications in pa-
tients with morbid obesity undergoing primary
THA or TKA.41 Alternatively, patients that have
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
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failed conservative weight loss plans should be
referred to specialists to evaluate for personal-
ized plans including possible behavioral coun-
seling, adjuvant pharmacologic management,
or surgical interventions.42 In pursuing risk modi-
fication among obese patients, we recommend a
wholistic and balanced approach. As orthopedic
surgeons, we should advocate encouraging
healthy weight loss with a target goal of BMI
�40 kg/m2 of weight loss, while being mindful
obesity may only be a truly “modifiable” risk fac-
tor in a small subset of patients. Strict BMI
cutoffs should be discouraged as potentially
unethical and short sighted. These cutoffs
ultimately reduce access to functionally life-
changing TJA procedures, with increased preva-
lence of obesity among lower socioeconomic
communities that have limited accessibility to
specialized medical care.

Diabetes Mellitus
With a growing prevalence of diabetes mellitus
within the United States, poor glycemic control
in an aging population continues to remain a
difficult risk factor to optimize in patients pursu-
ing TJA. Furthermore, overlapping rates of dia-
betes and obesity among a population
functionally crippled by degenerative osteoar-
thritis36 has made risk-averse THA and TKA
increasingly challenging for surgeons to navi-
gate. The prevalence of diabetes mellitus among
adults in the United States in 2019 was 11.3%
(37.3 million), with a higher prevalence of
29.2% (15.9 million) affecting adults 65 years or
older.43 Rates of diabetes disproportionately
affect marginalized populations and under-
served rural communities with a higher preva-
lence among American Indians (14.5%), African
Americans (12.1%), Hispanics (11.8%), and Asian
Americans (9.5%), compared to Caucasians
(1.4%).43 African American and Hispanic popula-
tions affected by many racial and geographic
disparities are more prone to having overlap-
ping incidences of uncontrolled diabetes and se-
vere osteoarthritis, but remain less likely to
undergo TJA.44–46 The American Diabetes Asso-
ciation (ADA) utilizes HbA1c as a serum marker
as a diagnostic criterion for evaluating dysglyce-
mia, with HbA1c � 6.5% indicative of diabetes
mellitus and poor glycemic control measuring
an average blood glucose control over the past
2 to 3 months. Furthermore, the ADA recom-
mends a target HgbA1c � 7.0% for patients
with diabetes mellitus suggestive of a well-
controlled glycemic index. Poor glycemic control
has been well documented in the literature as an
independent risk factor linked to increased risk
ealth and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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of postoperative surgical wound complications
and PJIs among the diabetic TJA population.46

With many health care institutions and ortho-
pedic surgeons adhering to a wide range of
HbA1c cutoffs, ranging from 7.0% to 8.0%, the
importance of discussing when to say no and
the ethics of delaying TJA for further preopera-
tive optimization are crucial. This is primarily
due to the inconsistencies found in the current
literature: (1) the degree of preoperative hyper-
glycemia directly correlating to a higher risk for
postoperative complications and (2) the utility
of HbA1c as an accurate screening tool for peri-
operative diabetic control. Diabetic control con-
tinues to remain an elusive and somewhat
difficult modifiable risk factor among popula-
tions prone to socioeconomic disparities
including racial minorities, rural communities,
and less-affluent patients. The ability to both
attain, and maintain, a strict HbA1c cutoff
�7.0% may not be medically advisable in these
patient populations.47 Giori and colleagues eval-
uated a cohort of diabetic patients with delayed
TJA with a targeted preoperative optimization
goal of less than 7% with only 59% of patients
(35/59) able to obtain this target cutoff with a
mean duration to reach glycemic control of
8 months. In some situations, achieving an
HbA1c � 8.0% may be more attainable while still
resulting in similar risk reduction of postopera-
tive complications.48 Similarly, adhering to a
tighter control of postoperative blood glucose
levels to �200 mg/dL can maintain this risk
reduction profile.49 Several factors can addition-
ally pose as barriers to achieving a controlled
glycemic index among underprivileged patient
populations including (1) maintaining a healthy
diet due to food deserts and food insecurity,
(2) inability to access glucometers and testing
strips, (3) limited resources in facilitating trans-
portation for medical care, (4) limited access to
specialty diabetic care (endocrinologists, surgi-
cal optimization clinics, nutritionists, and other
such specialists), and (5) inconsistent social
support.

The use of HbA1c presents an obstacle in the
setting of preoperative optimization in utilizing a
screening tool designed to represent a summa-
tion of chronic diabetic control over the course
of 2 to 3 months, thereby evaluating chronic
control as opposed to acute change. Further-
more, glycemic control in the immediate periop-
erative period has shown an increased
association in predicting risk for postoperative
complications than chronic glycemic index.50

There is conflicting evidence supporting the
use of HbA1c as a screening tool among TJA
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Librar
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patients with some studies demonstrating a
poor association between HbA1c levels and
postoperative complication rates.51,52 Many
studies have evaluated the utility of fructosamine
as a substitute screening tool in predicting the
likelihood of risk in early postoperative compli-
cations and determining an associated threshold
above which there is an increased risk of compli-
cations within TJA. In a large multi-institutional
prospective study, Shohat and colleagues evalu-
ated the utility of fructosamine compared to
HbA1c among 1119 (both diabetic and nondia-
betic) patients undergoing TKA evaluating the
predictive threshold of determining early 30-
day postoperative complications. Patients with
high fructosamine levels greater than
293 mmol/L were 11.2 times more likely to
develop postoperative wound complications
including PJIs, with hospital readmission and
revision rates were, respectively, 4.2 (P5.005)
and 4.5 (P5.019) times higher in patients with
elevated fructosamine levels (>293 mmol/L).53

Despite the utility of HbA1c in both diagnosing
and monitoring control of diabetes mellitus, its
role in the setting of TJA continues to remain
questionable.

Periprosthetic hip and knee infections are
not only a functionally devastating complication
with estimated costs to treat ranging up to
$389,307 to $474,004 in the United States.54

In the modern health care environment, it has
become increasingly difficult to manage both
the cost and risk of postoperative complica-
tions including early surgical wound infections
and PJIs seen in diabetic patients undergoing
TJA.55 Courtney and colleagues performed a
consecutive series review of 9511 primary
THA and TKA evaluating the effect of poor gly-
cemic control on episode-of-care (EOC) costs
with Medicare claims data in the setting of
bundled payment costs assessing postopera-
tive complications, hospital readmissions, and
90-day global EOC costs among patients with
diabetes. Diabetic patients (n 5 1042) demon-
strated a higher EOC cost ($20,577 vs
$19,414, P<.001) than patients without dia-
betes with higher stratified HbA1c levels asso-
ciated with increased mean EOC costs (HbA1c
6.5% to 6.9% 5 $18,912; HbA1c 7.0% to
7.49% 5 $19,832; HbA1c 7.5% to
7.9% 5 $20,827; >8% 5 $21,169).56 Similarly,
patients with an HbA1c level greater than
7.5% compared to nondiabetic patients had a
higher EOC cost of $2331 (95% CI $511-
$4151; P5.012), increased rates of complica-
tions (7% vs 3%, P5.049), and readmissions
(11% vs 5%, P5.020).56 In a value-based health
y of Health and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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care system, many orthopedic surgeons advo-
cate for preoperative screening for adequate
glycemic control among diabetic patients un-
dergoing THA and TKA, with up to 33.6% of
patients having undiagnosed dysglycemia.57

Despite an extensive amount of research on the
utility of predictive glycemic markers evaluating
perioperative complications, there remains little
consensus on a HbA1c threshold in correlating
increased risk of deep postoperative infection
following primary THA and TKA. In a large multi-
institutional retrospective study by the AAHKS
research committee, Tarabichi and colleagues
evaluated 1645 diabetic patients undergoing
THA (641 patients) and TKA (1004 patients) with
the primary outcome being HbA1c levels predict-
ing occurrence of a PJI at 1-year based on the
Musculoskeletal Infection Society criteria.58 Over-
all, there were 22 cases (1.3%) of postoperative
PJI at 1-year follow-up with HbA1c levels of 7.7%
demonstrating a predictive threshold (95% CI,
0.51–0.78). At HbA1c 7.7%, the rates of PJI
increased from 0.8% to 5.4%, with PJI remaining
the only variable associated with higher HbA1c
(OR, 1.5; CI, 1.2–2.0; P5.0001).59 This AAHKS
research committee identified HbA1c 7.7% as a
significant threshold associated with increased
risk for PJI providing a greater range of opportu-
nity for preoperative control of glycemic index
among diabetic patients, thereby unnecessarily
limiting access or delaying patients pursing TJA
in the setting of functionally debilitating osteoar-
thritis. Similarly, in a large retrospective database
study of 7736 patients who underwent THA with
diabetes, Browne and colleagues demonstrated
a significantly higher infection rate of 2.4% among
patients with a HbA1c level greater than 7.5%,
compared to an infection rate of 1.0% in patients
with a HbA1c level below 7.5%.60 Patients with a
HbA1c level greater than 7.5% had a statistically
significant higher risk of deep infection compared
to patients below this threshold (OR, 2.6; 95% CI,
1.9–3.4, P<.0001). While many orthopedic sur-
geonsmay recommenddelaying surgical interven-
tion beyond ranges of HbA1c � 7.5% - 8.0%, the
threshold for predictivity of postoperative compli-
cations continues to remaindebated. Similarly, the
ethics ofwhen to say no in the setting of known im-
provements among diabetic patients undergoing
THA and TKA in postoperative functional mobility,
PROMs (HOOS and KOOS),61 and pain scores62

continues to remain a widely discussed topic.
Although a strict numerical cutoff for HbA1c

or fructosamine is not recommended, we do
support utilizing these screening tests as a
guideline to starting an early discussion about
risk factor modification in moderately controlled
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(HbA1c 6.5% - 7.9%) or poorly controlled
(HbA1c � 8%) glycemic index among diabetic
patients identified as a THA or TKA candidate.
We suggest orthopedic surgeons advocate for
(1) initial preoperative screening on patients
with morbid obesity, cardiovascular disease, un-
controlled hypertension, renal insufficiency, and
family history of diabetes mellitus,43,63 (2) target
HbA1c � 7.7%60 while being mindful a
HbA1c � 8.0% may not be medically advisable
in a subset of diabetic populations,48 (3) target
fructosamine � 293 mmol/L to evaluate acute
glycemic control,53 and (4) adherence to closely
monitored postoperative blood glucose control
less than 200 mg/L.49,64,65

In pursuing risk modification among diabetic
patients, we suggest a wholistic and balanced
approach. Establishing goals in this patient popu-
lation canbemotivating in givingpatients a target
to work toward on the path to TJA. As orthopedic
surgeons, we should encourage glycemic control
through healthy lifestyle alternatives including a
(1) controlled weight loss among diabetic obese
patients, (2) well-balanced diabetic diet with the
help of a nutritionist, (3) smoking cessation, (4)
routine aerobic exercise and continued mobility,
and (5) daily continuous monitoring of blood
glucose levels with a care plan implemented by a
PCP or endocrinologist for target blood glucose
levels. The goal is a sustainable lifestyle in which
adequate glucose control may concomitantly
help maintain an appropriate weight and
improved mental and physical health. Alterna-
tively, patients that have failed conservativeglyce-
mic control plans in conjunction with their PCP
should be referred to diabetic endocrinology spe-
cialists to evaluate for personalized plans
including possible dietitian or nutritionist coun-
seling, care management (social workers) to eval-
uate for socioeconomic barriers to adequate
glucose monitoring equipment, and changes in
adjuvant glycemic pharmacologic management.
Preoperative optimization of uncontrolled glyce-
mic index among diabetic patients is recommen-
ded in decreasing risk of postoperative
complications and improving functional outcomes
in THA and TKA. Orthopedic surgeons should
individualize care while identifying barriers and
challenges patients may face. Strict cutoffs should
be discouraged as a more ethical approach is a
partnership with goals and specific targets to
achieve prior to TJA.

Smoking
The prevalence of active tobacco use and smok-
ing in the United States is approximately 19%66

with an estimated 10% to 40% of patients
ealth and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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actively smoking undergoing THA and TKA.67

With the continued rise in late-stage osteoar-
thritis in an aging population intersecting with
increasing diversity among arthroplasty patients,
orthopedists continue to debate the duration of
smoking cessation cutoffs while balancing risk
and access to TJA. Among patients with hip
and knee osteoarthritis seeking surgical inter-
vention, an inevitable portion of these patients
are smoking dependent. Multiple studies have
demonstrated the detrimental effects of smok-
ing in not just joint arthroplasty, but consistently
throughout orthopedic surgical procedures, with
increased rates of postoperative healing compli-
cations due to stunted inflammatory cell func-
tions and microenvironment tissue ischemia.67

With such a large population of active tobacco
users seeking THA and TKA, it is crucial to un-
derstand how to approach a balanced discussion
of risk with the emphasis of smoking cessation as
a preoperative modifiable risk factor.

There is no debate regarding the hazardous
health effects of carcinogenic tobacco use and
the importance of smoking cessation for patients
undergoing TJA with associated poor postoper-
ative outcomes and increased risk for complica-
tions. Studies have shown higher readmission
rates, increased surgical complications, and
increased rates of deep surgical site complica-
tions with patients who smoke compared to non-
smokers.68 In a large retrospective study of 1251
active smokers undergoing THA and TKA, active
smokers compared to the control group demon-
strated a higher 30-day readmission rate (4.8%
vs 3.2%, P5.041), increased risk for postopera-
tive surgical complication (OR 1.84, 95% CI
1.21–2.80), and a higher rate of deep surgical
site infection (1.1% vs 0.2%, P5.007).68 Further-
more, PJIs are a morbidly devastating complica-
tion among primary THA and TKA patients with
increased risk associated to smokers throughout
many studies.69 More specifically, current to-
bacco users have been seen to have a signifi-
cantly increased risk compared to former
tobacco users with an OR of 1.5270 with
increased risk for subsequent revision, whereas
former smokers did not have increased risk
although packs per decade were independently
associated with increased risk of readmission
regardless of smoking status.71 Smoking holds
a higher OR for postoperative complications
than alcohol or malnutrition; it is severely vital
to understand a patient’s smoking history prior
to surgery. With such a large body of evidence
supporting complete smoking cessation prior
to considering elective surgery, it is important
to discuss the ethics and profound effect of strict
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smoking cessation cutoff due to the dispropor-
tionate representation in lower socioeconomic
populations and marginalized racial minorities.

Before the idea of thresholds for the quantity
and duration of smoking cessation can be dis-
cussed, it is imperative to acknowledge the un-
equivocally higher rates of tobacco use among
underprivileged populations already prone to
many long-standing health care disparities.
Lower socioeconomic status is generally associ-
ated with increased cigarette smoking among
all ages, ethnicities, sex, and regions72 with
almost double the amount of smokers in the
United States among populations below the
poverty level compared to those at or above
the poverty level.73 There is similarly an inverse
association between lower levels of education
and smoking prevalence adding to an already
disproportionate health care access burden.73

Given the profound effects of smoking on post-
operative outcomes seen in THA and TKA with
smoking as a known modifiable risk factor,
smoking cessation prior to elective joint arthro-
plasty should be strongly encouraged. Although
complete smoking cessation is recommended,
studies have shown partial smoking cessation
can still attain beneficial outcomes with a lower
risk profile compared to no attempted smoking
cessation.74 It is important to be mindful of
the addictive nature of smoking and the chal-
lenges associated with smoking while offering
motivation and encouragement in a potentially
life-changing health improvement beyond func-
tionally limiting hip and knee osteoarthritis.
Although the ideal period of smoking and
tobacco abstinence remains inconsistent
throughout the literature, many orthopedic sur-
geons and health care institutions draw strict
cutoffs for smoking cessation ranging from 4 to
8 weeks prior to surgery and nicotine testing
on day of surgery with possible cancellation or
delay of surgery if positive.

The American College of Rheumatology and
the AAHKS released a guideline summary in
conjunction highlighting the recommendation
of delaying THA and TKA to achieve nicotine
cessation or reduction.75 A separate summary
released by AAHKS explains the premise of 4
to 6 weeks smoking cessation prior to surgery
and 4 weeks cessation after surgery having po-
tential to reduce postoperative complications
up to 50% compared to active smoking.
Although there is currently no official guideline
consensus on duration of smoking cessation
prior to surgery, the literature on smoking cessa-
tion among patients undergoing THA and TKA
has shown cessation 4 to 6 weeks prior to
y of Health and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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surgery can potentially decrease the risk compli-
cations. This timeframe is hypothesized to be the
duration needed to allow for metabolic and im-
mune functions to recuperate and normalize
from the hazardous effects of smoking.
Although, this duration of cessation does not
equate to the reversal of permanent long-term
effects of smoking on stunted cellular function.

Lindstrom and colleagues demonstrated in a
randomized controlled trial comparing smokers
who received smoking cessation therapy 4 weeks
prior and continued cessation after surgery
versus smokers who received little to no informa-
tion on quitting tobacco prior to surgery an
increased overall complication rate of 41% in
the control group compared to 21% in the inter-
vention group (relative risk reduction5 49.0%).76

Similarly, a meta-analysis performed by Wong
and colleagues evaluating short-term smoking
cessation (defined as <4 weeks) demonstrating
no significant increase in risk of postoperative
complications, with smoking abstinence of at
least 4 weeks reducing wound-healing complica-
tions (relative risk 5 0.69–0.80).77 Patients
proved to have lower infection rates when
participating in smoking cessation programs
prior to surgery given higher quit rates78 which
can affect overall lower health care costs as
well.79 Abdel and colleagues demonstrated the
utility of transparent serum cotinine testing pre-
operatively among patients improving the likeli-
hood of smoking cessation, with both an
increase in self-reported cessation rates and
identifying false abstinence reports, ensuring
better patient care with continued counseling
for modifiable risks.80 Generally, longer periods
of smoking cessation are afford decreased inci-
dences of postoperative complications, but this
needs to be balanced by the surgical urgency
of THA and TKA.

The onus of smoking cessation should fall on
both the patient being treated and orthopedic
surgeons whom they seek care from. Moller
and colleagues demonstrated counseling and
nicotine replacement therapy may be more im-
pactful than pharmaceutical smoking cessation
agents in decreasing tobacco use among
patients prior to surgery, further guiding recom-
mendations on early preoperative patient-
surgeon smoking cessation discussions.81 As
physicians, we bear the responsibility to help
facilitate resources for smoking cessation
whether it be guiding patients in establishing a
relationship with a PCP, smoking cessation pro-
grams, possible over-the-counter nicotine
replacement options, or direct counseling dur-
ing the encounter. Even with a large amount of
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
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support, smokers still find it challenging to quit
secondary to the addictive nature of nicotine.
While surgeons have different tolerances of to-
bacco use among patients pursing THA and
TKA in their arthroplasty practice, the sentiment
to motivate patients to quit smoking should be
similar across the board. Not only does smoking
cessation decrease the risk of postoperative
complications, it can have long-term positive
health effects as well, with a higher likelihood
to remaining cigarette-free postoperatively.80

Smoking cessation should be strongly encour-
aged among patients pursuing arthroplasty.
Limitation in access to THA and TKA among
the smoking population with no subsequent
plan for risk factor modification should be simi-
larly strongly discouraged as unethical. Possible
interventions that can help mitigate this type of
obstacle may be referring the patient to public
health cessation programs, PCPs, or local re-
sources that are available beyond counseling of
risks. Although we do not advocate a strict cut-
off duration for smoking cessation, the literature
supports preoperative smoking cessation of 4 to
6 weeks minimum prior to elective TJA. In the
age of the bundled payment model, orthopedic
surgeons are continuously financially pressured
to perform surgeries while minimizing the risk
for postoperative complications. As surgeons,
we bear the ethical responsibility of balancing
the benefits of temporizing a delay in surgical
intervention for risk factor modification with
the risks of perioperative complications individu-
alized to each patient, while maintaining the
principles of beneficence and nonmaleficence.
SUMMARY

Risk stratification and medical optimization have
been modern advancements introduced by
arthroplasty surgeons to make TJA safer and
more effective in generating satisfied patients
with improved outcomes. As we continue to
develop pathways, algorithms, and predictive
models to guide optimization protocols, we
are left with an ethical dilemma such that TJA
will be withheld from the identified high-risk
populations, which often coincide with the
already underserved populations in the United
States. With the ultimate goal to do no harm,
it can be argued that at a certain risk-level, there
may be more chance for a negative than posi-
tive outcome. The question then becomes,
who makes these decisions and what level of
risk is the limit or cutoff to offer TJA. Further,
is this process predicated on cost (increased
cost per EOC in high-risk patients), concern for
ealth and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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and TKA with preoperative smoking cessation
of 4 to 6 weeks minimum with possible
interventions of (1) facilitating resources for
smoking cessation, (2) establishing a
relationship with a PCP, (3) public health
smoking cessation programs, (4) over-the-
counter nicotine replacement options, or (5)
direct counseling during the encounter.
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complications (both harm to patients and nega-
tive surgeon scorecards/reviews), and/or techni-
cally more demanding cases requiring greater
surgical skill and time requirements. It may be
that specific regional centers are needed to
deal with the burden of high-risk patients, as
those dealing with higher volumes of these diffi-
cult patients seem to have better outcomes. In
the end, there is no right answer. It is important
to remain mindful of not only our clinical judge-
ments, but to continuously question our own
ethics and level of appropriate refusal of care,
to assure we are fulfilling our Hippocratic Oath
as physicians. The risk each surgeon and patient
are willing to accept varies and there are essen-
tially no ethical guidelines that exist; it boils
down to how willing you are to work with your
patients and to what level of ethical confidence
you have so that you may “sleep better at
night.”
CLINICS CARE POINTS
� Preoperative optimization of modifiable risk
factors for THA and TKA remains a
foundational cornerstone in reducing
postoperative complications and enhancing
patient outcomes.

� BMI scale should be used as a guideline to
initiating an early discussion about risk
factor modification among obese (BMI 35–
40 kg/m2) and morbidly obese (BMI 40–
45 kg/m2) patients identified as THA or TKA
candidates, while being mindful obesity may
only be a truly “modifiable” risk factor in a
small subset of patients.

� Diabetes screening tests should be used as a
guideline to starting an early discussion about
risk factor modification in moderately
controlled (HbA1c 6.5% - 7.9%) or poorly
controlled (HbA1c � 8%) glycemic index
among diabetic patients for (1) initial
preoperative screening on patients with
morbid obesity, cardiovascular disease,
uncontrolled hypertension, renal insufficiency,
and family history of diabetes mellitus,43,63 (2)
target HbA1c � 7.7%60 while being mindful a
HbA1c � 8.0% may not be medically
advisable in a subset of diabetic
populations,48 (3) target fructosamine �
293 mmol/L to evaluate acute glycemic
control,53 and (4) adherence to closely
monitored postoperative blood glucose
control less than 200 mg/L.49,64,65

� Smoking cessation should be strongly
encouraged among patients pursuing THA
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