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Background and purpose — Smoking is a modifiable 
risk factor that may adversely affect postoperative outcomes. 
Healthcare providers are increasingly denying smokers 
access to total hip and knee arthroplasty (THA and TKA) 
until they stop smoking. Evidence supporting this is unclear. 
We assessed the effect of smoking on outcomes following 
arthroplasty.

Patients and methods — We identified THAs and 
TKAs from the Clinical Practice Research Datalink, which 
were linked with datasets from Hospital Episode Statistics 
and the Office for National Statistics to identify outcomes. 
The effect of smoking on postoperative outcomes (compli-
cations, medications, revision, mortality, patient-reported 
outcome measures [PROMs]) was assessed using adjusted 
regression models.

Results — We studied 60,812 THAs and 56,212 TKAs 
(11% smokers, 33% ex-smokers, 57% non-smokers). Fol-
lowing THA, smokers had an increased risk of lower respi-
ratory tract infection (LRTI) and myocardial infarction 
compared with non-smokers and ex-smokers. Following 
TKA, smokers had an increased risk of LRTI compared with 
non-smokers. Compared with non-smokers (THA relative 
risk ratio [RRR] = 0.65; 95% CI = 0.61–0.69; TKA RRR = 
0.82; CI = 0.78–0.86) and ex-smokers (THR RRR = 0.90; 
CI = 0.84–0.95), smokers had increased opioid usage 1-year 
postoperatively. Similar patterns were observed for weak 
opioids, paracetamol, and gabapentinoids. 1-year mortality 
rates were higher in smokers compared with non-smokers 
(THA hazard ratio [HR] = 0.37, CI = 0.29–0.49; TKA HR = 
0.52, CI = 0.34–0.81) and ex-smokers (THA HR = 0.53, CI 
= 0.40–0.70). Long-term revision rates were not increased in 
smokers. Smokers had improvement in PROMs compared 
with preoperatively, with no clinically important difference 
in postoperative PROMs between smokers, non-smokers, 
and ex-smokers.

Interpretation — Smoking is associated with more medi-
cal complications, higher analgesia usage, and increased 
mortality following arthroplasty. Most adverse outcomes 
were reduced in ex-smokers, therefore smoking cessation 
should be encouraged before arthroplasty.

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) are well established clinically and are cost-effective 
interventions for treating symptomatic arthritis (Learmonth et 
al. 2007). These procedures are commonly performed world-
wide, with numbers predicted to increase (Culliford et al. 
2015).

The UK National Health Service is currently under unprece-
dented financial pressures (Daily Telegraph 2018). In the UK, 
197 clinical commissioning groups (CCGs) have the author-
ity and funding to commission healthcare services for their 
communities. In recent years over half of CCGs have rationed 
THA and TKA to reduce healthcare expenditure; therefore 
patients with certain perceived risk factors (like smokers, or 
those with a high BMI) have been denied access to arthro-
plasty (Daily Telegraph 2018). A recent report highlighted 
the severity of the problem with almost 1,700 requests for 
THA and TKA rejected by CCGs between 2017 and 2018, 
which represented a 45% increase from the previous year with 
some CCGs rejecting almost all requests received (Iacobucci 
2018a). These actions leave many patients in considerable 
pain for prolonged periods despite a clinically effective inter-
vention being available, and it appears patients are increas-
ingly accessing arthroplasty in the private sector (Iacobucci 
2018a). Thus, the longstanding problem of health inequalities 
between socioeconomic groups is perpetuated.

Rationing of THA and TKA has been strongly discouraged 
by surgical bodies (Royal College of Surgeons 2016, British 
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Orthopaedic Association [BOA] 2017). NICE (2017) recom-
mends patient-specific factors (including age, sex, smoking, 
obesity, and comorbidities) should not be barriers to referral for 
arthroplasty. Smoking is a modifiable risk factor that is often 
perceived to adversely affect outcomes following surgery. How-
ever, there is insufficient evidence to support the CCGs’ stance 
of denying current smokers access to arthroplasty. Studies of 
arthroplasty patients have observed that, compared with non-
smokers, smokers have increased wound complications, deep 
infection, chest infection, implant revision, hospital readmis-
sion, and mortality (Singh 2011, Duchman et al. 2015, Singh et 
al. 2015, Teng et al. 2015, Bohl et al. 2016, Tischler et al. 2017). 
However, these observations were not consistent between the 
different studies, with some studies reporting no effect of smok-
ing on these same outcome measures (Inoue et al. 1999, Malik 
et al. 2004, Sadr Azodi et al. 2008, Musallam et al. 2013, Maoz 
et al. 2015, Cunningham et al. 2017, Sahota et al. 2018). The 
inconsistent findings of studies into the effect of smoking on 
outcomes following arthroplasty might be explained by their 
numerous limitations including the analysis of small cohorts, 
not separating THA and TKA patients for analysis, limited or 
no adjustment for confounding factors, providing only short-
term outcomes, and not assessing the effect of previous smok-
ing on outcomes. Furthermore, many studies have not reported 
on important outcomes, like postoperative analgesia usage and 
patient-reported outcome measures (PROMs), which have not 
been assessed in large cohorts. The latter is pertinent given 
that clinically meaningful improvement in PROMs following 
arthroplasty is key in deciding whether or not to recommend 
joint replacement to patients (Wallace et al. 2014). Therefore it 
is difficult to support the implementation of a policy that denies 
access to arthroplasty for smokers based on current evidence.

This population-based cohort study assesses the effect of 
smoking and cessation of smoking on postoperative outcomes 
following THA and TKA. For completeness we have studied 
complications, medication usage, hospital readmission, revi-
sion surgery, mortality, and PROMs in smokers, ex-smokers, 
and non-smokers.

Patients and methods

Patients were initially identified using the Clinical Practice 
Research Datalink (CPRD) GOLD, which has been described 
previously (Bayliss et al. 2017). CPRD represents one of the 
largest databases of longitudinal primary care medical records 
worldwide. It contains anonymized patient data from 4% of 
the current UK population (over 2 million patients from 269 
contributing practices) (Herrett et al. 2015). Practices’ spread 
ensures CPRD is representative of the wider UK population 
for age, sex, and ethnicity. Read Codes are used to enter clini-
cal information (medical history, prescription data, hospital 
admissions, and interventions), which are standard clinical 
terminologies used within UK primary care (Benson 2011). 

CPRD therefore provides a detailed record of both primary 
and secondary care (Bayliss et al. 2017). The validity and 
quality of data captured within CPRD have been previously 
well described (Herrett et al. 2015). A systematic review of 
validation studies assessing the validity of diagnoses in CPRD 
identified a large number of studies across a wide range of 
over 183 different diagnoses and overall estimates of validity 
were high (Herrett et al. 2010). Aspects of data quality in Eng-
lish primary care are enhanced by the Quality and Outcomes 
Framework, an incentive payment program for primary care 
physicians, which encourages recording of key data items (for 
example smoking status). 

Where available, primary care records from CPRD were 
linked to secondary care admission records from Hospital Epi-
sodes Statistics Admitted Patient Care data (HES) and to the 
Office for National Statistics (ONS) database. HES uses Inter-
national Classification of Diseases 10th revision (ICD-10) 
records diagnoses and the Office of Population Censuses and 
Surveys version 4 (OPCS-4) procedures to record diseases, 
complications, interventions, and procedures from secondary 
care. From April 1, 2009, HES provided PROMs data before 
and 6 months following THA and TKA (see below). The ONS 
provides data on all-cause mortality. 

Population
All patients aged 18 years and older in CPRD with a diag-
nostic code for primary THA or TKA between January 1, 
1995 and January 28, 2017 were identified using previously 
validated Read Codes (Culliford et al. 2012, 2015). Patients 
were eligible for inclusion if their record was labelled accept-
able by CPRD quality control (Herrett et al. 2015), approved 
for CPRD, HES, ONS linkage, and if the patient was regis-
tered with their general practice for at least 12 months (n = 
136,410). Patients were excluded if data on the exposure vari-
able were missing (n = 19,386) leaving 117,024 patients for 
analysis (Appendix 1). The study exposure, covariates, and 
outcomes were identified from the various linked databases 
using ICD-10 codes, OPCS-4 operation codes, Product Code 
lists for prescribed medications and Read Codes.

Exposure
The study exposure was patient smoking status as classified in 
CPRD at the time of arthroplasty: current smoker, ex-smoker, 
and non-smoker. Studies specifically assessing the quality 
of smoking data within CPRD demonstrate prevalence esti-
mates for current smoking and non-smoking that are similar to 
those from nationally representative surveys, although former 
smoking may be under-recorded (Booth et al. 2013).

Covariates
CPRD contains numerous patient-related covariates, which 
were subsequently adjusted for. These included age, sex, BMI, 
socioeconomic status, alcohol consumption, year of surgery, 
and pre-existing comorbidities (including cardiovascular, 
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respiratory, and cerebrovascular diseases, renal failure, cancer, 
inflammatory arthritis, diabetes). BMI was categorized as 
underweight (≥10 and <18.5); normal (≥18.5 and <25 ); over-
weight (≥25 and <30 ); obese class I (≥30 and <35 ); obese 
class II (≥35 and <40 ); and obese class III (≥40 and ≤60 ). 
Socioeconomic status was classified using the Index of Multi-
ple Deprivation (IMD), as described previously (Conrad et al. 
2018). Patients were divided into 10 equal groups ranked from 
1 (least deprived area) to 10 (most deprived area) (Department 
for Communities and Local Government [DCLG] 2015). The 
Charlson Comorbidity Index was calculated for each patient 
based on pre-existing comorbidities. Preoperative PROMs 
were available for a subgroup of patients (detailed below).

Outcomes
Postoperative outcomes of interest were: complications, mor-
tality, medication usage, hospital readmission, revision sur-
gery, and PROMs. All outcome data were collected using a 
combination of CPRD and HES apart from mortality, which 
was obtained from CPRD and ONS. Complications were 
recorded within 6 months of surgery, and included cerebro-
vascular events, myocardial infarction, ischemic heart disease, 
deep vein thrombosis, pulmonary embolism, lower respira-
tory tract infection (LRTI), urinary tract infection, and wound 
infection. Medications prescribed (which included analgesia 
requirements) and hospital readmissions within 1 year of sur-
gery were recorded. Revision surgery was defined as removal 
or exchange or addition of any implant(s), within 20 years 
of surgery. Mortality was assessed 1 year postoperatively. 
PROMs at 6 months following surgery were available in a 
subgroup of patients, which are collected as part of a national 
PROMs program. These joint-specific (Oxford Hip Score 
[OHS] and Oxford Knee Score [OKS]) PROMs are validated 
measures for assessing outcomes following arthroplasty. They 
are scored from 0 (worst) to 48 (best). The change in score 
following arthroplasty was calculated by subtracting the pre-
operative score from the 6-month postoperative score. The 
minimally important clinical differences are 5 points for the 
OHS and 4 points for the OKS (Beard et al. 2015).

The validity of coding of complications has been previ-
ously assessed and known to be good (Wallace et al. 2014). 
Mortality rates within CPRD are comparable to rates in the 
National Joint Registry (NJR) annual reports (NJR 2018). 
Data on revision and readmission come from linked data from 
HES records, and the validity of coding between NJR and 
HES records has previously been described in NJR annual 
reports and data quality audits (NJR 2018). Furthermore vali-
dation studies of joint replacement records in CPRD and HES 
showed high levels of agreement (Hawley et al. 2016).

Statistics
We assessed the effect of smoking status on binary outcomes 
(complications, medication usage, and readmissions) by fit-
ting a generalized linear model with a binomial error structure 

and a log link function (log-logistic model), where results are 
presented as relative risk ratios (RRR). Models were adjusted 
for potential confounding factors (age, sex, BMI, IMD, alcohol 
consumption, year of surgery, and the Charlson Comorbidity 
Index). Cumulative implant and patient survival rates following 
arthroplasty were determined using Kaplan–Meier estimates. 
Patients who were alive with an arthroplasty not requiring revi-
sion surgery were censored on the study end date. The asso-
ciations between smoking status with implant and patient sur-
vival rates were explored using Cox regression analysis, with 
models adjusted for confounders (see above). The confounders 
we adjusted for were selected a priori given that they have been 
shown to affect the study exposure, outcomes, and/or access to 
healthcare (Hunt et al. 2013, 2014, Wallace et al. 2014, Kunut-
sor et al. 2016, AOANJRR 2018, Edwards et al. 2018). Pro-
portional hazards assumptions were assessed and satisfied for 
all regression analyses. We used an ANCOVA linear regres-
sion model to look at predictors of the obtained 6-month OHS 
and OKS, adjusting for the baseline score. To look at changes 
in scores between baseline and follow-up we fitted a repeated 
measures regression model where the outcome was expanded 
to include the preoperative and 6-month postoperative OHS or 
OKS. Interaction terms were fitted between the predictor vari-
able and time, to describe the change in OHS and OKS over 
time across categories of the predictor variable smoking. We 
used robust standard errors with the sandwich variance estima-
tor given there was evidence of heteroscedasticity. All models 
were based on complete case analysis. All statistical analyses 
were performed with Stata Statistical Software release version 
IC 15.0, 2017 (StataCorp, Stata College Station, TX, USA). 

Ethics, funding, and potential conflicts of interest
Ethical approval was not required for this study. The Clinical 
Practice Research Datalink (CPRD) Group has obtained ethi-
cal approval from a National Research Ethics Service Com-
mittee for all purely observational research with anonymized 
CPRD data (i.e., studies that do not include patient involve-
ment). The study was approved by the Independent Scientific 
Advisory Committee (ISAC) for MHRA Database Research, 
protocol number 17_104R.

Funding was received for this study from departmental 
funds held at the University of Leeds, England. AJ is sup-
ported by the NIHR Biomedical Research Centre at the Uni-
versity Hospitals Bristol NHS Foundation Trust and the Uni-
versity of Bristol.

GSM has received financial support for other research work 
from Arthritis Research UK, the Orthopaedics Trust, Royal 
College of Surgeons of England, and Royal Orthopaedic Hos-
pital Hip Research and Education Charitable Fund. GSM has 
also received personal fees for undertaking medicolegal work 
for Leigh Day. SM, ST, and AD have no relevant conflicts of 
interest. AJ has received consultancy fees from Freshfields 
Bruckhaus Deringer, and is a paid member of the data safety 
and monitoring board for Anthera Pharmaceuticals. DWM 
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receives royalties from Zimmer Biomet. DWM and HGP are 
paid consultants for Zimmer Biomet, and both receive insti-
tutional research funding from Zimmer Biomet. HGP is also 
a paid consultant for Kennedys Law, Bristol Myers Squibb, 
Depuy Synthes, Medacta Int and Meril Life. He has received 
institutional research grants from UKIERI, Charnley Trust, 
Depuy Synthes, Glaxo Smith Kline and NIHR. 

Results

We studied 117,024 patients undergoing arthroplasty (60,812 
THAs and 56,212 TKAs) with details available on smoking 
status (12,644 (11%) smokers, 38,148 (33%) ex-smokers, and 
66,232 (57%) non-smokers) (Tables 1 and 2).

Complications
Following THA, smokers had an increased risk of myocardial 
infarction and LRTI compared with both non-smokers and ex-
smokers (Figure 1; Appendix 2 and 3). Smokers had a similar 
risk of wound infection and thromboembolic events compared 
with non-smokers and ex-smokers following THA as well 
as TKA. Following TKA, only LRTI was more commonly 
observed in smokers compared with non-smokers (RRR = 
0.66, CI 0.52–0.83) (Figure 2; Appendix 3 and 4).

Medication usage
Within 1 year of THA, smokers had increased use of opioids 
compared with non-smokers (RRR = 0.65; CI 0.61–0.69) and 
ex-smokers (RRR = 0.90; CI 0.84–0.95) (Figure 1; Appendix 
2 and 3). Smokers also had increased use of weak opioids, 

Table 1. Demographics of patients undergoing total hip arthro-
plasty. Values are frequency (%) unless otherwise stated

Confounder Smoker Non-smoker Ex-smoker

Total 7,543 (12) 34,271 (56) 18,998 (31)
Male 3,059 (41) 11,343 (33) 9,343 (49)
Female 4,484 (59) 22,928 (67) 9,655 (51)
Age, mean (SD) 63 (12) 70 (11) 70 (10)
BMI      
 Underweight 228 (3.7) 526 (1.8) 227 (1.4)
 Normal 2,118 (34) 8,692 (30) 3,913 (23)
 Overweight 2,217 (36) 11,771 (40) 6,866 (41)
 Obese class I 1,140 (19) 5,852 (20) 4,015 (24)
 Obese class II 365 (5.9) 1,849 (6.3) 1,356 (8.1)
 Obese class III 110 (1.8) 607 (2.1) 392 (2.3)
 Missing 1,365   4,974   2,229  
Charlson score 1 year a      
 0 6,962 (92) 31,437 (92) 16,874 (89)
 1 325 (4.3) 1,398 (4.1) 1,052 (5.5)
 2 206 (2.7) 1,148 (3.3) 803 (4.2)
 ≥ 3 50 (0.7) 288 (0.8) 269 (1.4)
Deprivation Index rank       
 1 416 (9.6) 3,446 (17) 1,574 (14)
 2 418 (9.7) 2,862 (14) 1,453 (13)
 3 436 (10) 2,697 (13) 1,444 (13)
 4 469 (11) 2,552 (12) 1,387 (12)
 5 488 (11) 2,590 (13) 1,480 (13)
 6 418 (9.7) 1,908 (9.2) 1,092 (9.4)
 7 389 (9.0) 1,635 (7.9) 995 (8.6)
 8 402 (9.3) 1,283 (6.2) 882 (7.6)
 9 426 (9.9) 959 (4.6) 675 (5.8)
 10 461 (11) 756 (3.7) 599 (5.2)
 Missing 3,220   13,583   7,417 
Alcohol consumption   
 Yes 4,691 (80) 21,151 (78) 13,029 (84)
 No 898 (15) 5,628 (21) 1,854 (12)
 Ex 243 (4.2) 530 (1.9) 555 (3.6)
 Missing 1,711  6,962  3,560 
Year of surgery   
 1995–2000 738 (9.8) 2,980 (8.7) 736 (3.9)
 2001–2010 4,291 (57) 18,864 (55) 10,710 (56)
 2011–2016 2,514 (33) 12,427 (36) 7,552 (40)
Preoperative Oxford Hip Score
 median (IQR) 16 (11–21) 18 (13–24) 18 (12–24)

a Charlson index score based on comorbidities 1 year prior to index 
date. 

Table 2. Demographics of patients undergoing total knee arthro-
plasty. Values are frequency (%) unless otherwise stated

Confounder Smoker Non-smoker Ex-smoker

Total 5,101 (9.1) 31,961 (57) 19,150 (34)
Male 2,597 (51) 10,910 (34) 10,997 (57)
Female 2,504 (49) 21,051 (66) 8,153 (43)
Age, mean (SD) 64 (10) 70 (10) 70 (9)
BMI      
 Underweight 44 (1.0) 138 (0.5) 63 (0.4)
 Normal 844 (20) 4,811 (17) 2,300 (13)
 Overweight 1,628 (38) 10,567 (38) 6,696 (39)
 Obese class I 1,144 (26) 7,744 (28) 5,179 (30)
 Obese class II 488 (11) 3,526 (13) 2,162 (13)
 Obese class III 178 (4.1) 1,390 (4.9) 855 (5.0)
 Missing 775   3,785  1,895 
Charlson score 1 year a       
 0 4,646 (91) 28,994 (91) 16,985 (89)
 1 249 (4.9) 1,451 (4.5) 1,062 (5.5)
 2 161 (3.2) 1,190 (3.7) 857 (4.5)
 ≥ 3 45 (0.9) 326 (1.0) 246 (1.3)
Deprivation Index rank       
 1 253 (8.2) 2,932 (15) 1,496 (13)
 2 272 (8.8) 2,396 (12) 1,407 (12)
 3 276 (8.9) 2,427 (12) 1,459 (12)
 4 310 (10) 2,455 (13) 1,431 (12)
 5 358 (12) 2,363 (12) 1,451 (12)
 6 312 (10) 1,907 (9.7) 1,208 (10)
 7 320 (10) 1,709 (8.7) 1,033 (8.7)
 8 328 (11) 1,445 (7.3) 982 (8.2)
 9 310 (10) 1,092 (5.5) 764 (6.4)
 10 357 (12) 964 (4.9) 705 (5.9)
 Missing 2,005   12,271   7,214  
Alcohol consumption    
 Yes 3,129 (79) 19,436 (75) 13,348 (85)
 No 660 (17) 5,809 (23) 1,859 (12)
 Ex 173 (4.4) 550 (2.1) 570 (3.6)
 Missing 1,139  6,166  3,373 
Year of surgery    
 1995–2000 357 (7.0) 1,917 (6.0) 524 (2.7)
 2001–2010 3,074 (60) 18,115 (57) 11,101 (58)
 2011–2016 1,670 (33) 11,929 (37) 7,525 (39)
Preoperative Oxford Knee Score
 median (IQR) 17 (12–23) 19 (14–25) 20 (14–25)

a Charlson index score based on comorbidities 1 year prior to index 
date.  
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paracetamol, and gabapentinoids compared with both non-
smokers and ex-smokers following THA. Similar patterns of 
increased analgesia use in smokers were observed following 
TKA (Figure 2; Appendix 3 and 4).

Readmission
The risk of hospital readmission in smokers following THA 
was higher compared with non-smokers, but not compared 
with ex-smokers (Figure 1). The risk of hospital readmission 
was not affected by smoking status following TKA (Figure 2).

Revision surgery
The risk of revision up to 20 years following THA was similar 
in smokers compared with non-smokers (hazard ratio (HR) = 
1.1; CI 0.88–1.5) and ex-smokers (HR = 1.1; CI 0.84–1.5). 
The risk of revision following TKA was similar in smokers 
compared with non-smokers (HR = 1.2; CI 0.90–1.6) and ex-
smokers (HR 1.1; CI = 0.78–1.4).

Mortality
Following THA, 1-year mortality rates were higher in smok-
ers compared with non-smokers (HR = 0.37, CI 0.29–0.49) 

and ex-smokers (HR = 0.53, CI 0.40–0.70) (Figure 3). Fol-
lowing TKA, 1-year mortality rates were higher in smokers 
compared with non-smokers only (HR = 0.52, CI 0.34–0.81), 

Figure 1. Forest plot for complications and medication usage following 
total hip arthroplasty by smoking status. The respective relative risk 
ratios and 95% confidence intervals are provided in Appendix 3.
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Figure 2. Forest plot for complications and medication usage following 
total knee arthroplasty by smoking status. The respective relative risk 
ratios and 95% confidence intervals are provided in Appendix 3.

Figure 3. Cumulative probability of mortality up to 1 year following total 
hip arthroplasty.
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but not compared with ex-smokers (HR = 0.71, CI 0.46–1.1) 
(Figure 4).

Patient-reported outcome measures
PROMs were available for 10,009 (8.6%) patients. Smokers 
had improvement in PROMs compared with the preoperative 
scores (Figures 5 and 6, and Appendix 5). Smokers undergo-
ing THA and TKA had lower postoperative PROMs compared 
with non-smokers and ex-smokers; however, these differences 
were not clinically meaningful. Following THA, smokers had 
lower postoperative OHSs compared with non-smokers (mean 
2.5 points; CI 1.5–3.5) and ex-smokers (mean 1.8 points; CI  
0.79–2.9). Following TKA, smokers had lower postoperative 
OKSs compared with non-smokers (mean 3.2 points; CI 2.0–
4.5) and ex-smokers (mean 2.9 points; CI 1.7–4.2).

Discussion

Smoking was associated with an increased risk of medical 
complications, increased analgesia usage, and higher mortal-
ity following arthroplasty. 

The increased risk of LRTI (Bohl et al. 2016) and cardio-
vascular complications (Ockene and Miller 1997, Hunt et 
al. 2017) in smokers undergoing arthroplasty in this study 
was similar to previous observations. However, there was no 
increased risk of cardiovascular complications following TKA 
in smokers compared with ex-smokers and non-smokers, 
which could represent selection bias for undergoing these pro-
cedures. Contrary to some studies (Duchman et al. 2015, Bohl 
et al. 2016, Sahota et al. 2018), we found no increase in wound 
infections in smokers following arthroplasty, and the risks of 
venous thromboembolism were similar between groups. The 

differences in cohort size and study design may explain some 
of these findings, including our separate analyses for THA 
and TKA, and differences in follow-up period. Previous stud-
ies have assessed outcomes at 30 days (Duchman et al. 2015, 
Sahota et al. 2018) despite needing at least 90 days to report 
postoperative infections (Centers for Disease Control 2018). 
Arthroplasty patients who smoked had higher 1-year mortality 
rates compared with non-smokers and ex-smokers (the latter 
for THA only), with similar observations reported previously 
(Singh et al. 2011, Clement et al. 2012). However, it is recog-
nized that mortality rates for smokers in the general popula-
tion are known to be 2 to 3 times higher compared with non-
smokers (Thun et al. 2013, Carter et al. 2015).

Increased opioid usage in smokers following arthroplasty 
has been reported (Kim et al. 2017, Cryar et al. 2018). Within 1 
year of arthroplasty we observed increased use of paracetamol, 
non-steroidal anti-inflammatory drugs, weak opioids (includ-
ing codeine), strong opioids (including morphine), and gaba-
pentinoids in smokers compared with non-smokers. This is 
concerning given the current worldwide opioid epidemic (Brat 
et al. 2018) coupled with the projected increase in arthroplasty 
(Culliford et al. 2015). This poses significant public health 
risks including the development of opioid dependence and 
opioid-related deaths (Brat et al. 2018). All clinicians must 
therefore remain cognizant of the increased analgesic needs of 
smokers following arthroplasty and use non-opioid medica-
tions when possible.

Smokers had a similar risk of long-term revision (at up to 
20 years postoperatively) compared with non-smokers and ex-
smokers. Other studies observing an increased revision risk 
have focused on short-term outcomes (Duchman et al. 2015, 
Teng et al. 2015). Furthermore, smokers obtained clinically 
meaningful PROM improvement following arthroplasty, with 
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Figure 4. Cumulative probability of mortality up 
to 1 year following total knee arthroplasty.
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Figure 5. Estimation of the mean predicted 
preoperative (0 months) and postoperative (6 
months) Oxford Hip Score by smoking status 
for patients receiving total hip arthroplasty.

Figure 6. Estimation of the mean predicted 
preoperative (0 months) and postoperative 
(6 months) Oxford Knee Score by smok-
ing status for patients receiving total knee 
arthroplasty.
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postoperative PROMs comparable with non-smokers and ex-
smokers. Other smaller studies have suggested that smoking 
does not adversely influence postoperative PROMs (Fisher et 
al. 2007, Khan et al. 2009). Our findings therefore suggest that 
arthroplasty is clinically effective in smokers, which is impor-
tant to recognize given the increasing pressures from some 
healthcare providers to deny arthroplasty to patients who con-
tinue to smoke (RCS 2016, BOA 2017, Iacobucci 2018a).

Most adverse outcomes, namely complications and mortal-
ity, in smokers (versus non-smokers) were not seen in ex-smok-
ers. This suggests that stopping smoking prior to arthroplasty 
may reduce postoperative risks. Fewer studies have assessed 
the effect of cessation of smoking (ex-smoking) on outcomes 
following arthroplasty (Singh 2011). These previous studies 
generally suggest that ex-smoking can still be associated with 
complications and mortality following arthroplasty. However, 
this variance could again relate to methodological differences 
between our study and previous work. 

The question of whether or not smokers should quit before 
arthroplasty raises an important ethical dilemma. On one hand 
there is a proven and clinically effective operation available 
that can substantially reduce the pain and disability associ-
ated with hip and knee arthritis. On the other hand, by pro-
ceeding with elective arthroplasty in current smokers there 
are increased risks related to postoperative medical complica-
tions, mortality, and analgesia usage, which are all arguably 
avoidable. 

An early randomized controlled trial reported fewer postop-
erative complications in smokers who either quit or reduced 
their smoking by 50% prior to THA and TKA compared with 
those continuing to smoke (Moller et al. 2002). Subsequently 
strong evidence has been published regarding the benefits of 
various smoking cessation methods before surgery (Myers et 
al. 2011, Thomsen et al. 2014). The latest Cochrane review, 
which included 13 trials assessing smoking cessation, con-
cluded that preoperative smoking interventions, which pro-
vide behavioral support and offer nicotine replacement ther-
apy, can increase cessation in the short term and may reduce 
postoperative morbidity (Thomsen et al. 2014). Although the 
optimal preoperative intensity remains unknown, the authors 
suggested that interventions beginning 4 to 8 weeks before 
surgery, including weekly counselling and nicotine replace-
ment therapy, were more likely to have an impact on compli-
cations and on long–term smoking cessation. 

On the basis of our data and the existing literature we recom-
mend that healthcare professionals actively promote smoking 
cessation preoperatively in patients eligible for arthroplasty, 
as this will prevent the increased surgical risk associated with 
smoking and ultimately will improve patient safety. Preopera-
tive smoking cessation also has the advantage of promoting 
long-term smoking abstinence (Rigotti et al. 2008, Thomsen 
et al. 2009). However, it is somewhat concerning that smok-
ing cessation funding is currently being substantially reduced 
or removed altogether in some areas of England (Iacobucci 

2018b), which will undoubtedly influence who has access 
to this evidence-based support and the quality of it. Eligible 
arthroplasty patients who are unable to quit smoking despite 
undergoing cessation therapy will also continue to pose a 
dilemma. Although there is no clear evidence as to what to do 
in these circumstances, it is advised that the surgeon reconsid-
ers the indication for surgery and balances the benefits and 
risks together with the patient, anesthesiologist, and other rel-
evant healthcare professionals.

Strengths and limitations
This is by far the largest study assessing the effect of smoking 
on outcomes following arthroplasty. We suspect the findings 
are generalizable to many Western populations. Contrary to 
other studies, we have importantly considered outcomes in 
ex-smokers, subdivided the cohort into THA and TKA, and 
explored short-term and long-term postoperative outcomes, 
including PROMs, implant and patient survival, and medica-
tion usage. Therefore our findings provide the most compre-
hensive picture of the outcomes patients will achieve follow-
ing arthroplasty based on smoking status, and they provide 
useful information for healthcare professionals when counsel-
ling patients regarding the relative risks associated with each 
arthroplasty procedure.

Using observational data means we cannot infer causality. 
Although the validity of clinical diagnoses in CPRD is high 
(Herrett et al. 2010), it is possible that some inaccuracies in 
coding exist within the dataset analyzed. We acknowledge 
that a limitation of using routinely available data from primary 
care is that information on smoking status is captured broadly 
in only 3 categories. Also, more detailed information on this 
exposure (cigarettes per day, tar and tobacco content etc.) was 
not available. Thus it was not possible to analyze any poten-
tial dose–response relationship related to the outcomes. Given 
the length of time since stopping smoking was not known, by 
categorizing the short-term quitters together with long-term 
quitters it is possible this could increase the complication rate 
for the total ex-smoking group, thereby reducing a difference 
between the ex-smoking and smoking groups. We also recog-
nize that former smoking may be under-recorded in CPRD, 
which may influence the findings in this particular group 
(Booth et al. 2013). 

Some variables had missing data, which may have affected 
the findings. Most incomplete variables only had a small 
proportion of missing data. However, the later introduction 
of PROMs into HES (and availability of only 6-month post-
surgery PROMs) means that much fewer patients had PROMs 
available. Thus care should be taken when interpreting results 
relating to PROMs. Some outcome measures, such as revi-
sion, can be underestimated (Sabah et al. 2016), but there is no 
reason to suspect any underestimation would differ between 
the exposure groups. Although we identified differences in 
all-cause mortality between smoking groups, data were not 
available on cause-specific mortality; therefore we cannot 
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comment on the causes of death and whether they were smok-
ing related. Furthermore, given how the CPRD population 
was selected, our findings may not apply to other populations 
worldwide with different patient characteristics and/or health-
care practices.

Conclusions
This large observational cohort study demonstrated that smok-
ers gain benefit from arthroplasty, with clinically meaningful 
PROM improvement and no increased revision risk. How-
ever, smoking was associated with more medical complica-
tions, analgesia usage, and death following arthroplasty. Most 
adverse outcomes were reduced in ex-smokers compared with 
smokers, suggesting that preoperative smoking cessation may 
improve outcomes following arthroplasty and thus should be 
encouraged by healthcare professionals. 

Supplementary data
Appendices 1–5 are available as supplementary data in the 
online version of this article, http://dx.doi.org/10.1080/ 
17453674.2019.1649510

GSM, DWM, AJ, and HGP conceived and designed the study. GSM, ST, 
AD, DWM, AJ, and HGP contributed to acquiring the data. AD cleaned the 
data. SM and AJ did the statistical analysis. All authors contributed to inter-
preting the data and findings. The manuscript was initially drafted by GSM, 
SM, and ST, with all other authors involved in revising the manuscript. AJ 
is the guarantor of the data.

This study is based in part on data from the CPRD obtained under license 
from the UK Medicines and Healthcare products Regulatory Agency. How-
ever, the interpretation and conclusions contained in this study are those 
of the authors alone. This article presents independent research supported 
by the National Institute for Health Research (NIHR) Leeds Biomedical 
Research Centre (BRC). The views expressed are those of the author(s) and 
not necessarily those of the NIHR or the Department of Health and Social 
Care.

Acta thanks Johanna Adami and Hanne Tönnesen for help with peer review 
of this study.

AOANJRR. Australian Orthopaedic Association National Joint Replacement 
Registry (AOANJRR) Hip, Knee & Shoulder Arthroplasty Annual Report; 
2018.: https://aoanjrr.sahmri.com/annual-reports-2018.

Bayliss L E, Culliford D, Monk A P, Glyn-Jones S, Prieto-Alhambra D, Judge 
A, Cooper C, Carr A J, Arden N K, Beard D J, Price A J. The effect of 
patient age at intervention on risk of implant revision after total replace-
ment of the hip or knee: a population-based cohort study. Lancet 2017; 
389(10077):1424-30.

Beard D J, Harris K, Dawson J, Doll H, Murray D W, Carr A J, Price A J. 
Meaningful changes for the Oxford hip and knee scores after joint replace-
ment surgery. J Clin Epidemiol 2015; 68(1): 73-9.

Benson T. The history of the Read Codes: the inaugural James Read Memorial 
Lecture 2011. Inform Prim Care 2011; 19(3): 173-82.

Bohl D D, Sershon R A, Fillingham Y A, Della Valle C J. Incidence, risk fac-
tors, and sources of sepsis following total joint arthroplasty. J Arthroplasty 
2016; 31(12): 2875-79.e2.

Booth H P, Prevost A T, Gulliford M C. Validity of smoking prevalence esti-
mates from primary care electronic health records compared with national 
population survey data for England, 2007 to 2011. Pharmacoepidemiol 
Drug Saf 2013; 22(12): 1357-61.

Brat G A, Agniel D, Beam A, Yorkgitis B, Bicket M, Homer M, Fox K P, 
Knecht D B, McMahill-Walraven C N, Palmer N, Kohane I. Postsurgical 
prescriptions for opioid naive patients and association with overdose and 
misuse: retrospective cohort study. BMJ 2018; 360: j5790.

British Orthopaedic Association. Arbitrary barriers: rationing of ortho-
paedic services; 9 August 2017. https://www.boa.ac.uk/wp-content/
uploads/2017/08/BOA-Statement-Rationing-of-Orthopaedic-Services.pdf.

Carter B D, Abnet C C, Feskanich D, Freedman N D, Hartge P, Lewis C E, 
Ockene J K, Prentice R L, Speizer F E, Thun M J, Jacobs E J. Smoking and 
mortality: beyond established causes. N Engl J Med 2015; 372(7): 631-40.

Centers for Disease Control and Prevention: Surgical site infection (SSI) event; 
January 1, 2018. https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf.

Clement N D, Jenkins P J, Brenkel I J, Walmsley P. Predictors of mortality 
after total knee replacement: a ten-year survivorship analysis. J Bone Joint 
Surg Br 2012; 94(2): 200-4.

Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo A P, Allison 
M, Hemingway H, Cleland J G, McMurray J J V, Rahimi K. Temporal 
trends and patterns in heart failure incidence: a population-based study of 4 
million individuals. Lancet 2018; 391(10120): 572-80.

Cryar K A, Hereford T, Edwards P K, Siegel E, Barnes C L, Mears S C. 
Preoperative smoking and narcotic, benzodiazepine, and tramadol use are 
risk factors for narcotic use after hip and knee arthroplasty. J Arthroplasty 
2018; 33(9): 2774-79.

Culliford D J, Maskell J, Kiran A, Judge A, Javaid M K, Cooper C, Arden N K. 
The lifetime risk of total hip and knee arthroplasty: results from the UK gen-
eral practice research database. Osteoarthritis Cartilage 2012; 20(6): 519-24. 

Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden N K, 
Group C O S. Future projections of total hip and knee arthroplasty in the 
UK: results from the UK Clinical Practice Research Datalink. Osteoarthri-
tis Cartilage 2015; 23(4): 594-600.

Cunningham D J, Kavolus J J, 2nd, Bolognesi M P, Wellman S S, Seyler T 
M. Common medical comorbidities correlated with poor outcomes in hip 
periprosthetic infection. J Arthroplasty 2017; 32(9S): S241-S45 e3.

Daily Telegraph. NHS faces £1bn deficit and widespread shortages of 
staff. Daily Telegraph February 21, 2018. https://www.telegraph.co.uk/
news/2018/02/21/nhs-faces-1bn-deficit-widespread-shortages-staff/.

Department for Communities and Local Government (DCLG). The English 
Index of Multiple Deprivation; 2015. https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/465791/Eng-
lish_Indices_of_Deprivation_2015_-_Statistical_Release.pdf.

Duchman K R, Gao Y, Pugely A J, Martin C T, Noiseux N O, Callaghan J J. 
The effect of smoking on short-term complications following total hip and 
knee arthroplasty. J Bone Joint Surg Am 2015; 97(13): 1049-58.

Edwards H B, Smith M, Herrett E, MacGregor A, Blom A, Ben-Shlomo 
Y. The effect of age, sex, area deprivation, and living arrangements on 
total knee replacement outcomes: a study involving the United Kingdom 
National Joint Registry dataset. JBJS Open Access 2018; 3(2): e0042.

Fisher D A, Dierckman B, Watts M R, Davis K. Looks good but feels bad: 
factors that contribute to poor results after total knee arthroplasty. J Arthro-
plasty 2007; 22(6 Suppl. 2): 39-42.

Hawley S, Delmestri A, Judge A, Edwards C J, Cooper C, Arden N K, Prieto-
Alhambra D. Total hip and knee replacement among incident osteoarthritis 
and rheumatoid arthritis patients within the UK Clinical Practice Research 
Datalink (CPRD) compared to hospital episode statistics (HES): a valida-
tion study. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. S3): 251-51.

Herrett E, Thomas S L, Schoonen W M, Smeeth L, Hall A J. Validation and 
validity of diagnoses in the General Practice Research Database: a system-
atic review. Br J Clin Pharmacol 2010; 69(1): 4-14.

Herrett E, Gallagher A M, Bhaskaran K, Forbes H, Mathur R, van Staa T, 
Smeeth L. Data resource profile: Clinical Practice Research Datalink 
(CPRD). Int J Epidemiol 2015; 44(3): 827-36.



Acta Orthopaedica 2019; 90 (x): x–x 9

Hunt L P, Ben-Shlomo Y, Clark E M, Dieppe P, Judge A, MacGregor A J, 
Tobias J H, Vernon K, Blom A W, National Joint Registry for England 
W, Northern I. 90-day mortality after 409,096 total hip replacements for 
osteoarthritis, from the National Joint Registry for England and Wales: a 
retrospective analysis. Lancet 2013; 382(9898): 1097-104.

Hunt L P, Ben-Shlomo Y, Clark E M, Dieppe P, Judge A, MacGregor A J, 
Tobias J H, Vernon K, Blom A W, National Joint Registry for E, Wales. 
45-day mortality after 467,779 knee replacements for osteoarthritis from 
the National Joint Registry for England and Wales: an observational study. 
Lancet 2014; 384(9952): 1429-36.

Hunt L P, Ben-Shlomo Y, Whitehouse M R, Porter M L, Blom A W. The main 
cause of death following primary total hip and knee replacement for osteo-
arthritis: a cohort study of 26,766 deaths following 332,734 hip replace-
ments and 29,802 deaths following 384,291 knee replacements. J Bone 
Joint Surg Am 2017; 99(7): 565-75.

Iacobucci G. Nearly 1700 requests for knee and hip surgery were rejected in 
England last year. BMJ 2018a; 362: k3002.

Iacobucci G. Stop smoking services: BMJ analysis shows how councils are 
stubbing them out. BMJ 2018b; 362: k3649.

Inoue K, Ushiyama T, Tani Y, Hukuda S. Sociodemographic factors and fail-
ure of hip arthroplasty. Int Orthop 1999; 23(6): 330-3.

Khan L A, Cowie J G, Ballantyne J A, Brenkel I J. The complication rate and 
medium-term functional outcome after total hip replacement in smokers. 
Hip Int 2009; 19(1): 47-51.

Kim S C, Choudhry N, Franklin J M, Bykov K, Eikermann M, Lii J, Fischer M 
A, Bateman B T. Patterns and predictors of persistent opioid use following 
hip or knee arthroplasty. Osteoarthritis Cartilage 2017; 25(9): 1399-406.

Kunutsor S K, Whitehouse M R, Blom A W, Beswick A D, Team I. Patient-
related risk factors for periprosthetic joint infection after total joint arthro-
plasty: a systematic review and meta-analysis. PLoS One 2016; 11(3): 
e0150866.

Learmonth I D, Young C, Rorabeck C. The operation of the century: total hip 
replacement. Lancet 2007; 370(9597): 1508-19.

Malik M H, Gray J, Kay P R. Early aseptic loosening of cemented total hip 
arthroplasty: the influence of non-steroidal anti-inflammatory drugs and 
smoking. Int Orthop 2004; 28(4): 211-13.

Maoz G, Phillips M, Bosco J, Slover J, Stachel A, Inneh I, Iorio R. The Otto 
Aufranc Award: Modifiable versus nonmodifiable risk factors for infection 
after hip arthroplasty. Clin Orthop Relat Res 2015; 473(2): 453-9.

Moller A M, Villebro N, Pedersen T, Tonnesen H. Effect of preoperative 
smoking intervention on postoperative complications: a randomised clini-
cal trial. Lancet 2002; 359(9301): 114-17.

Musallam K M, Rosendaal F R, Zaatari G, Soweid A, Hoballah J J, Sfeir P M, 
Zeineldine S, Tamim H M, Richards T, Spahn D R, Lotta L A, Peyvandi F, 
Jamali F R. Smoking and the risk of mortality and vascular and respiratory 
events in patients undergoing major surgery. JAMA Surg 2013; 148(8): 
755-62.

Myers K, Hajek P, Hinds C, McRobbie H. Stopping smoking shortly before 
surgery and postoperative complications: a systematic review and meta-
analysis. Arch Intern Med 2011; 171(11): 983-9.

National Joint Registry (NJR) for England, Wales, Northern Ireland and the 
Isle of Man. 15th Annual Report; 2018. http://www.njrreports.org.uk/Por-
tals/0/PDFdownloads/NJR 15th Annual Report 2018.pdf.

NICE. Osteoarthritis care and management. Clinical Guideline 177. February 
2014; updated 2017.

Ockene I S, Miller N H. Cigarette smoking, cardiovascular disease, and 
stroke: a statement for healthcare professionals from the American Heart 
Association. American Heart Association Task Force on Risk Reduction. 
Circulation 1997; 96(9): 3243-7.

Rigotti N A, Munafo M R, Stead L F. Smoking cessation interventions for 
hospitalized smokers: a systematic review. Arch Intern Med 2008; 168(18): 
1950-60.

Royal College of Surgeons of England. Smokers and overweight patients: 
soft targets for NHS savings? 2016. https://www.rcseng.ac.uk/library-and-
publications/rcs-publications/docs/smokers-soft-targets/.

Sabah S A, Henckel J, Koutsouris S, Rajani R, Hothi H, Skinner J A, Hart A J. 
Are all metal-on-metal hip revision operations contributing to the National 
Joint Registry implant survival curves?: a study comparing the London 
Implant Retrieval Centre and National Joint Registry datasets. Bone Joint 
J 2016; 98-B(1): 33-9.

Sadr Azodi O, Adami J, Lindstrom D, Eriksson K O, Wladis A, Bellocco R. 
High body mass index is associated with increased risk of implant disloca-
tion following primary total hip replacement: 2,106 patients followed for 
up to 8 years. Acta Orthop 2008; 79(1): 141-7.

Sahota S, Lovecchio F, Harold R E, Beal M D, Manning D W. The effect of 
smoking on thirty-day postoperative complications after total joint arthro-
plasty: a propensity score-matched analysis. J Arthroplasty 2018; 33(1): 30-5.

Singh J A. Smoking and outcomes after knee and hip arthroplasty: a system-
atic review. J Rheumatol 2011; 38(9): 1824-34.

Singh J A, Houston T K, Ponce B A, Maddox G, Bishop M J, Richman J, 
Campagna E J, Henderson W G, Hawn M T. Smoking as a risk factor for 
short-term outcomes following primary total hip and total knee replace-
ment in veterans. Arthritis Care Res (Hoboken) 2011; 63(10): 1365-74.

Singh J A, Schleck C, Harmsen W S, Jacob A K, Warner D O, Lewallen D 
G. Current tobacco use is associated with higher rates of implant revision 
and deep infection after total hip or knee arthroplasty: a prospective cohort 
study. BMC Med 2015; 13: 283.

Teng S, Yi C, Krettek C, Jagodzinski M. Smoking and risk of prosthesis-
related complications after total hip arthroplasty: a meta-analysis of cohort 
studies. PLoS One 2015; 10(4): e0125294.

Thomsen T, Tonnesen H, Moller A M. Effect of preoperative smoking cessa-
tion interventions on postoperative complications and smoking cessation. 
Br J Surg 2009; 96(5): 451-61.

Thomsen T, Villebro N, Moller A M. Interventions for preoperative smoking 
cessation. Cochrane Database Syst Rev 2014; (3): CD002294.

Thun M J, Carter B D, Feskanich D, Freedman N D, Prentice R, Lopez A D, 
Hartge P, Gapstur S M. 50-year trends in smoking-related mortality in the 
United States. N Engl J Med 2013; 368(4): 351-64.

Tischler E H, Matsen Ko L, Chen A F, Maltenfort M G, Schroeder J, Austin 
M S. Smoking increases the rate of reoperation for infection within 90 days 
after primary total joint arthroplasty. J Bone Joint Surg Am 2017; 99(4): 
295-304.

Wallace G, Judge A, Prieto-Alhambra D, de Vries F, Arden N K, Cooper C. 
The effect of body mass index on the risk of post-operative complications 
during the 6 months following total hip replacement or total knee replace-
ment surgery. Osteoarthritis Cartilage 2014; 22(7): 918-27.




