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Abstract

Purpose Opioids are a mainstay for pain management after total joint arthroplasty (TJA). The prevalence and risk factors
for prolonged opioid use after TJA are important to understand to help slow the opioid epidemic. We aim to summarize and
evaluate the prevalence and time trend of prolonged opioid use after TJA and pool its risk factors.

Methods Following the preferred reporting items for systematic reviews and meta-analysis statement, we systematically
searched PubMed, the Cochrane Library, and EMBASE, etc. from inception up to October 1, 2019. Cohort studies reporting
risk factors for prolonged opioids use (>3 months) after TJA were included. Studies characteristics, risk ratios (RR), and
prevalence of prolonged opioid use were extracted and synthesized.

Results A total of 15 studies were published between 2015 and 2019, with 416,321 patients included. 12% [95%CI 10-14%]
of patients had prolonged opioid use after TJA and its time trend was associated with median enrollment years (P =0.0013).
Previous opioid use (RR=1.73; P<0.001), post-traumatic stress disorder (RR=1.34; P <0.001), benzodiazepine use
(RR=1.38; P<0.001), tobacco abuse (RR=1.26; P <0.001), fibromyalgia (RR=1.51; P<0.001), and back pain (RR=1.34;
P <0.001) were the largest effective risk factors for prolonged use of opioids.

Conclusions To our knowledge, this is the first meta-analysis determining the risk factors of prolonged opioid use and char-
acterizing its rate and time trend in TJA. Understanding risk factors for patients with higher potential for prolonged opioids
use can be used to implement appropriate management strategies, reduce unsafe opioid prescriptions, and decrease the risk
of prolonged opioid use after TJA.
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Introduction

Global Burden of Disease (GBD) study shows that the
global age-standardized prevalence of knee and hip osteo-
arthritis (OA) has reached 3.8% and 0.85%, respectively [1].
In the United States, more than 27 million adults suffer from
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65 years. Clinicians generally manage them with exercise,
education, physiotherapy, non-steroidal anti-inflammatory
drugs, and cautious prescription of opioids to reduce pain
and improve functional ability. Recently, the decreased
threshold of opioid administration led to over-prescription
and dependence of opioids [3] in OA patients, the number of
opioid prescriptions and opioid-related overdose death have
quadrupled from 1999 to 2014, resulting in public health
emergencies called opioid crisis [4].

Total joint arthroplasty (TJA), as one of the most com-
mon and successful surgical procedure for OA, is success-
fully used to reduce osteoarthritis pain, increase mobility,
and improve life quality, in which total knee arthroplasty
(TKA) and total hip arthroplasty (THA) are expected to
grow 85% to 1.26 million procedures and 71% to 635,00
procedures to 2030 in the United States, respectively [5].
Although analgesic demand should decrease accordingly
after them, due to factors including lower back pain [6],
sustained surgery-related pain [7], and drug addiction [8],
etc., long-term opioids use either before or after TJA is
still quite common, 14% patients took opioids before TKA,
and 3% opioid naive (no opioids use preoperative) patients
begin continued taking opioids more than 12 months [9] as
a cohort study reported.

The American Academy of Orthopaedic Surgeons make
a statement entitled “Opioid Use, Misuse, and Abuse in
Orthopaedic Practice” and recommend identifying patients
at higher risk of prolonged opioid use and establishing a
valid predictive model [10]. Therefore, it has become an
orthopaedic central focus to reveal the risk factors of per-
sistent and chronic use of opioids and develop new chronic
drug use for this group as required by the guidelines. We aim
to (1) pool the risk factors of long-term opioid use following
TJA, and (2) assess whether a time trend exits in prolonged
opioids use rate after TJA.

Methods

This meta-analysis consists of two sub-reviews: (1) the
worldwide pooled rate of prolonged opioid use changing in
enrollment years after TJA; (2) the pooled risk ratios (RR)
of risk factors for long-term opioid use after TJA, all accord-
ing to Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) Statement (Appendix 3) and
Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) Group guidelines.

Search strategy
We searched PubMed, the Cochrane Library, EMBASE,

Web of Science, Ovid, and Medline from the inception up
to October 10, 2019 with the following terms: (“opioid”
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OR “analgesics” OR “fentanyl” OR ‘“hydrocodone” OR
“hydromorphone” OR “levorphanol” OR “meperidine” OR
“methadone OR” “morphine OR” “opiate” OR “opiates”
OR “opioids” OR “oxycodone” OR “oxymorphone” OR
“ pentazocine” OR “propoxyphene” OR “sufentanil” OR
“tramadol”) AND (“arthroplasty” OR “knee replacement”
OR “hip replacement” OR “shoulder replacement”) AND
(“risk ratio” OR “odds ratio” OR “predictor” OR “protective
factors” OR “risk” OR “hazard ratio” OR “risk factor” OR
“ratio”) to identify relevant studies, and we also reviewed
included studies, correlative reviews and published meta-
analysis references to identify additional potential original
studies.

Inclusion criteria

Two investigators (W.L.M and L.M.Y) independently
screened all studies and included any study that reported
the associations between prolonged opioids use after TJA
and the following risk factors: demographics, mental dis-
eases, hematological diseases, respiratory diseases, circula-
tory diseases, endocrine diseases, musculoskeletal diseases,
digestive diseases, urinary diseases, previous medication,
abuse, and pain history. According to the guidelines of the
Centers for Disease Control and Prevention (CDC), opioid
treatment is rarely needed to be taken more than 7 days, and
“prolonged opioid use” is generally defined as time spans of
> 2 months. Therefore, prolonged opioid use was defined as
use of opioids more than 3 months after TJA in this analysis,
all studies that defined prolonged opioid use as less than 3
months were excluded. Besides, we also included relevant
studies reporting the prevalence of long-term opioid use
after TJA.

Assessment of risk of bias

9-Star Newcastle—Ottawa Scale (NOS) was applied to assess
the risk of bias for eligible studies consists of representa-
tiveness, ascertainment of exposure, group comparability,
follow-up, etc., and we also use GRADE system by Grade
Pro (https://gdt.gradepro.org/app/) to assess the quality of
evidence. Disagreements in above were resolved by discus-
sion between the two investigators (W.L.M and L.M.Y).

Data extraction

We extracted data according to a pre-designed standardized
table, including author, publication year, study design, sam-
ple size, the proportion of male, age, follow-up duration,
type of surgery, criteria for prolonged use of opioids, risk
factors, and research conclusions. We further extracted the
relative risk (risk ratio and relative risk ratio) of risk fac-
tors and a 95% confidence interval and used the maximally
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adjusted data when it was available. For studies that reported
several follow-up time points, we used the data with the
longest follow-up.

Data analysis

In this meta-analysis, we pooled and analyzed the relative
risks of risk factors reported at least twice in the eligible
studies. Inclusion studies in this analysis were all cohort
studies, so risk ratios (RR) and a 95% confidence interval
(CI) were used to assess the effect size for risk factors. We
converted the odds ratios (OR) and original data to RR to
calculate the pooled effect size. It is worth mentioning that
to avoid the potential influence of confounding factors, we
also excluded studies without adjustments for confound-
ing factors including age, sex, BMI, etc., when performing
pooled analysis. /* statistic was used to assess the heteroge-
neity among studies, and the fixed-effect model was used
when I < 50% and the random-effect model was used when
heterogeneity > 50%. We finally analyzed 41 risk factors,
and to facilitate review and reading, they were divided into
following 11 groups: demographics, mental diseases, hema-
tological diseases, respiratory diseases, circulatory diseases,
endocrine diseases, musculoskeletal diseases, previous med-
ication, abuse, and pain history diseases. Also, to explore the
temporal trend of long-term use of opioids in recent years,

we assessed the impact of time on the prevalence of long-
term use of opioids using meta-regression analysis with reml
method.

Sensitivity analysis

We conducted multiple subgroup analyses by opioid use
durations, countries of origin, and patient’s middle enroll-
ment time (i.e., the year that was in the middle of the study
duration) to explore potential sources of significant /* and
removed outliers to minimize heterogeneity. When heteroge-
neity is still significant, the possibility of publishing bias and
selective reporting was tested by Egger’s linear regression,
A two-sided P value < 0.05 was considered with statistical
significance.

Above analyses were all performed by Stata/SE 15.1 for
Mac (Version 08).

Results
Literature and study characteristics
The flowchart in Fig. 1 shows the selection process of eli-

gible studies. The systematic electronic database search
identified 2394 citations, after removing 1117 duplicates,

Records identified through
database searching

Additional records identified

(n=2382)

through other sources
(n=12)

Records after

duplicates removed
(n=1117)

(n=1277)

Records screened

Excluded by tittles and abstracts

(n=1228)

(n=49)

Full-text articles
assessed for eligibility

Full-text articles excluded, with

relevant reasons (n=34)

22 non-total joint arthroplasty
7 conference articles

synthesis

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

(n=15)

Studies included in quantitative

(meta-analysis)

5 prolonged opioids use <3 months

Fig. 1 Selection procession of eligible studies
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the remaining 1277 were reviewed by titles and abstracts,
of which 49 were examined in the full text, and 1178 were
excluded. We finalized included 15 cohort studies, and 22
were excluded, because they were not total joint arthro-
plasty; seven were excluded, because they were confer-
ence articles; five were excluded, because their prolonged
opioids use was shorter than three months.

We included 15 studies with 416,321 patients in the
meta-analysis publishing between 2015 and 2019 with
sample sizes ranged from 338 to 120,080. Follow-up
duration ranged from 3 to 12 months. Figure 1 shows the
selection procession of eligible studies, and characteris-
tics of included studies are described in Table 1. Quality
of studies assessed by NOS and GRADE evidence level
assessed by Grade pro are listed in Appendix 1 and 2,
respectively. The mean NOS score was 6.2 (maximum 9),

Table 1 Characteristic of eligible cohort studies

suggesting that this meta-analysis included high-quality
cohort studies.

Pooled rate of long-term opioid use and time trend
after TJA

Eleven out of fifteen included studies reported the rate of
prolonged use of opioid after total joint arthroplasty. Meta-
analysis demonstrated that the pooled rate of long-term
opioid use was 12% [95%CI 10-14%] (Fig. 2). However, a
considerable heterogeneity should be taken into considera-
tion among different studies (=99.8%). Therefore, we con-
ducted the meta-regression to evaluate the potential effects
of patients’ enrollment time, and result shows that the rate of
long-term opioid use was significant associated with median
enrollment years (meta-regression, P=0.013) (Fig. 3) which

Study/year Location Design Surgery Total no. Enrollment years No. of female Mean age+SD Criterion of POU  Nos
Prentice 2019 USA Pro cohort THA 12,560  2008-2011 7.345 67 +4.62 12 months 7
[11]
Khazi 2019 [12] USA Retro cohort TSA 12,038  2007-2015 7208 NA 12 months 7
Kim 2018 [13] USA Retro cohort TKA 338 2016— NA NA 6 months
Namba 2018 AUS Retro cohort TKA 23.726  2008-2011 14,907 68 +4.04 12 months 5
[14]
Rao 2018 [15] USA Retro cohort TSA 4243 2008-2014 2,201 NA 12 months 7
Politzer 2018 USA Retro cohort TKA 66,950 2007-2013 42,458 NA 6 months 6
[16]
Katherine 2018  USA Retro cohort TKA 6653 2013-2015 461 NA 12 months 6
[17]
Bedard 2017 USA Retro cohort THA 37,393 2007-2015 NA NA 12 months 5
[18]
Dwyer 2017 [19] USA Pro cohort TKA/THA 419 20162017 220 65.2+10.7 6 months 7
Bedard 2017 USA Retro cohort TKA 73,959  2007-2014 NA NA 12 months 5
[20]
Hansen 2017 AUS Retro cohort TKA 15,020 2001-2012 7585 76.5+7.64 3 months continu- 6
[21] ous use/6 months
non-continuous
use
Sun 2017 [22] USA Retro cohort TKA 120,080 2002-2012 NA NA > 10 prescrip- 6
tion/ > 6 months’
supply
Inacio 2016 [23] AUS Retro cohort THA 9525 2001-2012 4,891 NA 3 months continu- 6
ous use/6 months
non-continuous
use
Goesling 2016 USA Pro cohort TKA/THA 574 2010-2013 242 63.40+10.56 3 months continu- 7
[24] ous use/6 months
non-continuous
use
Kim 2015 [25] USA Retro cohort TKA/THA 56,545  2004-2013 32,800 61.5+7.8 > 1 prescription 7

per month

Retro cohort retrospective cohort study, Pro cohort prospective cohort study, Total no. total number of patients, No. of female number of
females, SD standard difference, NA not available, TKA total knee arthroplasty, THA total hip arthroplasty, 7SA total shoulder arthroplasty, POU

prolonged opioid use, NOS Newcastle-Ottawa Scale
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Fig.3 Meta-regression in the prevalence of prolonged opioid use after TJA

means that the prevalence rates of prolonged opioid use were
sustained rise in recent years.

Risk factors for long-term opioid use after TIA

For the classified risk factors, age (young/old), sex (female/
male), knee vs hip, depression, anxiety, post-traumatic

stress disorder (PTSD), deficiency anemia, coagulopathy,
chronic lung diseases, congestive heart failure, hyperten-
sion, diabetes, fibromyalgia, previous opioid use, previ-
ous NSAID (non-steroidal anti-inflammatory drugs) use,
previous benzodiazepine use, previous antidepressant use,
tobacco abuse, substance abuse, back pain, margarine, and
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liver diseases were significant associated with prolonged
use of opioids (Table 2).

Among these factors, previous opioid use (>3 months),
PTSD, benzodiazepine use, tobacco abuse, fibromyalgia, and
back pain were the most important predictors for long-term
opioid use.

Due to Egger’s test revealed a publication bias of previ-
ous opioids use (P = 0.0023) and high heterogeneity, we
use Duval and Tweedie’s trim-and-fill methods on it (RR
= 1.219, 95%CI: 1.050 to 1.389 P<0.001 with two studies
estimated on the left side) and the results were still showed
positive significance. Although Egger’s test also revealed
publication bias for PTSD, NSAID, and Renal Failure, they
could not be calculated for trim-and-fill method, because
only three studies reported these variables.

Discussion

It is predicted that a total of more than 3.48 million TKAs
and nearly 600 thousand THAs will be performed by 2030,
which with a predicted rate of long-term opioid use of 12%,
which means that there might may be more than 250 thou-
sand new long-term opioid users in the USA per years over
this period [24]. Thereby the rapid increase in chronic opioid
use should be taken into seriously consideration, particularly
in clinical orthopaedic surgeons due to the severe impact
on patient clinical outcomes, morbidity, and mortality after
elective orthopaedic surgery [26, 27]. Therefore, the selec-
tion of such patients, improvement of preoperative medical
optimization, multimodal pain management strategy, and
how to properly manage perioperative opioid use patterns is
an increasingly common topic. Although the existing studies
link chronic opioids use with the adverse clinical outcomes
after TJA, the prescription and dispensing patterns of opioids
is still increasing [3]. Based on above reasons, it is necessary
to further identify patients at risk of long-term opioids use to
implement appropriate perioperative management strategies
and reduce unsafe opioid prescriptions. This may include a
better assessment of comorbid pain conditions and, such as
tapering high-dose opioids to a lower dose opioid before
joint replacement surgery. Modifying opioid use before sur-
gery patients may have led to better outcomes as the risk of
prolonged opioid use will also should be improved.

We found that nearly 12% of patients still use opioids 3
months after TJA. Obviously, this is higher than a previous
meta-analysis examining’ pooled rate after trauma or surgery
(approximately 4%) [28]. Besides, we also observed that
from 2001 to 2013, the prevalence rate of long-term opioids
usages has increased significantly, which makes it impera-
tive to understand the risk factors of prolonged opioid use.

Based on critical evidence of our study shows that pre-
vious opioid use (>3 months), PTSD, benzodiazepine/
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tobacco abuse, fibromyalgia, and back pain have the most
substantial influence on long-term opioid use. Interestingly,
joint pain and fracture contusion pain were not associated
prolonged opioid use, which may be caused by the resolu-
tion of arthritic pain of these operated joints, suggesting that
joint pain and chronic joint diseases resulting in TJA had no
association with prolonged opioid use after it.

Most notably, our analysis identified the preoperative
chronic opioids use (>3 months) as the most influential risk
factors for long-term opioids use after TJA. Similar to pre-
vious studies, Goesling et al.’s [24] study shows high-dose
opioids use patients accounting more than 80% predicted of
being prolonged opioid use after 6 months in TKA/THA,
which might due to that chronic opioid users produce opi-
oids dependent or self-treatment of distress or may develop
opioid-induced hyperalgesia, making it challenging to stop
opioid therapy even after TJA. Thereby, further stratifica-
tion of patients according to the reasons of taking opioids
is a crucial next step in understanding and intervening the
long-term opioid use after TJA.

In psychiatric diseases, we found that depression, bipo-
lar disorder, anxiety, and PTSD are all associated with pro-
longed opioid use. Unlike previous pooled data about trauma
and surgery patients [28], the use of antidepressants and
benzodiazepines also increases the risk of prolonged opioid
use after TJA. Previous studies [13, 29] revealed that the
effect of opioids as pain management therapy in patients
with the psychiatric disease is less responsive, resulting in
more frequent and more prolonged opioid use. Therefore,
pain management gradually become a challenge for this
population. Moreover, the simultaneous use of opioids and
benzodiazepines should be avoided or minimized because of
the increasing risk of sustained opioid use and potentially
fatal overdose [13].

Tobacco abuse has a significant association with pro-
longed opioid use, because the efficacy of opioids is gen-
erally diminished in this population. Eriksen et al.’s [30]
study found that long-term exposure to tobacco and nico-
tine smoke could result in acetylcholine receptor (analgesic
effect) persistent desensitization and tolerance which means
that long-term smokers are more susceptible to severe and
abiding pain compared with nonsmokers.

There are also several types of preoperative pain histories
associated with a higher risk of long-term opioid use. Back
pain and fibromyalgia were the most common symptoms
associated with it. Patients diagnosed with back pain before
TJA were nearly 1.5 times more likely to continue prolonged
opioid use after TJA.

To our knowledge, this is the first study to determine the
risk factors of long-term opioid use after TJA and character-
ize the rate and time trend of prolonged opioid use in TJA
patients. In addition, all eligible studies were cohort stud-
ies, excluding univariate analysis and adjusting confounding
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Table 2 Pooled risk ratios of risk factors for long-term opioid use after total joint arthroplasty

No. of studies RR (95%CI) P Heteroge- Model Egger’s test Grade evidence
neity (%) (P value)

Demographics
Age 10 [11-15, 17,22-25] 1.27 (1.16-1.39)  <0.001 96.5 Random 0.101 [<v]m [ m[m|
Sex (female/male) 6[11,12,14,15,24,25] 1.11(1.04-1.19) <0.001 73.3 Random 0.235 @ o000
BMI 511,12, 14,15, 17] 1.03 (0.98-1.08) 0.501 74.7 Random 0.454 @ o000
CCI 2 [17,25] 1.03 (1.00-1.06) 0.066 10.7 Fixed - SO
Knee vs hip 2 [12,24] 1.75 (1.59-1.92) <0.001 0O Fixed - e O
Psychiatric diseases
Bipolar 3[11, 14, 15] 0.90 (0.81-0.99) 0.032 0 Fixed 0.556 e o0
Depression 411,14, 15,23] 1.12 (1.02-1.23) 0.017 73.6 Random 0.891 G 00
Anxiety 411,14, 15,23] 1.11 (1.08-1.15)  <0.001 46.5 Fixed 0.858 é 00
PTSD 3[11, 14, 15] 1.34 (1.17-1.53)  <0.001 49.6 Fixed 0.027 é 00
Psychoses 3[13,17,23] 0.98 (0.88-1.10) 0.829 0 Fixed 0.099 D b eO
Hematological diseases
Deficiency anemia 3[11, 14, 15] 1.06 (1.02-1.11) 0.006 0 Fixed 0.145 o PO
Coagulopathy 3[11, 14, 15] 1.17 (1.07-1.28) 0.001 0 Fixed 0.978 ® b O
Chronic blood loss anemia 3[11, 14, 15] 0.95 (0.77-1.16) 0.603 85.2 Random 0.246 @ OO0
Respiratory diseases
Chronic lung diseases 5[11, 12, 14, 15, 23] 1.24 (1.08-1.42) 0.002 86.9 Random 0.075 @ OO0
Pulmonary circulation diseases 3 [11, 14, 15] 0.95 (0.78-1.16) 0.629 52.8 Random 0.408 @ OO0
Circulatory diseases
Congestive heart failure 5[11,12, 14, 15, 23] 1.19 (1.12-1.26) <0.001 37.5 Fixed 0.937 @ 00
Hypertension 5[11,12, 14, 15, 23] 1.09 (1.06-1.13) <0.001 37.0 Fixed 0.347 @ 00
Peripheral vascular diseases 4111, 14, 15, 23] 0.99 (0.85-1.15) 0.892 76.4 Random 0.878 G 00
Valvular diseases 3111, 14, 15] 1.06 (0.97-1.20) 0.144 53.1 Random 0.690 G 00
Endocrine diseases
Diabetes 5[11,12, 14, 15, 23] 1.07 (1.01-1.15) 0.031 57.0 Random 0.200 @ o000
Hypothyroidism 4111, 14, 15, 23] 0.99 (0.95-1.03) 0.619 0 Fixed 0.703 o PO
Fluid and electrolyte disorders 3 [11, 14, 15] 1.01 (0.95-1.07) 0.788 0 Fixed 0.598 o PO
Musculoskeletal diseases
Fibromyalgia 511,12, 14, 15, 25] 1.35 (1.13-1.62) <0.001 90.7 Random 0.264 eOOoad
Weight loss 411, 14, 15, 23] 0.99 (0.87-1.14) 0.913 46.6 Fixed 0.235 [<P]m(m]m|
Previous medication
Opioid 8 [11-15, 23, 24] 1.73 (1.63-1.84)  <0.001 99.2 Random 0.023 (<] (m]m|
NSAID 3[11, 14, 25] 1.03 (1.01-1.06) 0.014 0 Fixed 0.024 d o0
Muscle relaxant 2 [17,25] 0.89 (0.67-1.18) 0.424 0 Fixed - @ 00
Benzodiazepine 2 [17,25] 1.38 (1.26-1.51) <0.001 49.5 Fixed - @ 00
Antidepressant 2[17,25] 1.11 (1.02-1.21) 0.013 494 Fixed - o o000
Abuse
Alcohol 3[12, 13, 23] 1.57 (0.96-2.55) 0.072 82.7 Random 0.619 [ m[m[m]
Tobacco 412,13, 25] 1.26 (1.15-1.38)  <0.001 O Fixed 0.189 ® o0
Substance 411,14, 15, 17] 1.20 (1.09-1.32) <0.001 74.6 Random 0.892 ® e0O0
Pain
Arthritis 3[11, 14, 15] 0.92 (0.79-1.09) 0.335 84.4 Random 0.498 [ m|m[m]
Back pain 5[11, 13-15, 23] 1.45 (1.28-1.65) <0.001 91.2 Random 0.201 e n0OOoad
Carpal tunnel 3[11, 14, 15] 0.89 (0.72-1.11) 0.303 72.5 Random 0.243 o 00
Fractures and contusions 3[11, 14, 15] 0.90 (0.83-0.98) 0.011 204 Fixed 0.349 xR
Joint pain 3[11, 14, 15] 0.95 (0.92-0.98) 0.001 35.1 Fixed 0.947 @ o000
Neck pain 3[11, 14, 15] 1.11 (0.99-1.24) 0.078 72.0 Random 0.894 @ o000
Osteoarthritis 3[11, 14, 15] 1.06 (0.97-1.17) 0.200 59.1 Random 0.657 @ o000
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Table 2 (continued)

No. of studies RR (95%CI) P Heteroge- Model Egger’s test Grade evidence
neity (%) (P value)
Margarine 2[13,15] 1.14 (1.03-1.26) 0.010 0 Fixed - o O
Rest
Liver diseases 4111, 14, 15, 23] 1.10 (1.02-1.19) 0.013 29.9 Fixed 0.472 o O
Renal failure 3[11, 14, 15] 1.02 (0.97-1.07) 0502 0 Fixed 0.045 o0

Bold indicates statistical significance (P < 0.05)

BMI body mass index, CCI Charlson comorbidity index, PTSD post-traumatic stress disorder, NSAID non-steroidal anti-inflammatory drugs, RR

risk ratio, CI confidence interval, No. of studies number of studies

factors as much as possible, expanding the previous research
on surgery or trauma patients [28] and newly incorporating
multiple systemic diseases including circulation, respiratory,
hematological diseases, etc.

This meta-analysis should be interpreted in combination
with its limitations. First of all, we cannot explain several
outcomes’ source of substantial heterogeneity through sen-
sitivity analysis, including subgroup analysis, etc. To avoid
publication bias caused by heterogeneity and give a better
evidence evaluation of reported risk factors, Tweedie’s trim-
and-fill methods were performed which aimed to determine
the model stability and grade of evidence were also assessed
and reported. Second, although all included studies’ criteria
for long-term opioid use were more than 3 months, different
studies’ thresholds for it were various, potentially explaining
the source of the aforementioned heterogeneity. Third, some
of the included studies did not separately report the risk fac-
tors for new opioid users and continuing users, which means
that we could not analysis the prevalence and risk factors in
the above group separately due to the limitation of original
data and may suffer from selection bias.

In conclusion, our pooled rate shows that almost 12%
patients are persistent opioid use after TJA, critical and high-
quality evidence demonstrated preoperative factors associ-
ated with persistent opioid use included previous opioid use
(>3 months), PTSD, benzodiazepine/tobacco abuse, fibro-
myalgia, and back pain. If the risk stratification, optimiza-
tion scheme, and active encouragement of orthopaedic cli-
nicians and high-risk patients discussing pain expectations
before TJA are formulated based on above factors, the use
of opioids and the occurrence of opioid dependence may be
further improved. Meanwhile, it is equally important that
orthopaedic clinicians should consciously avoid treating OA
patients with opioids preoperatively, as the existing available
evidence [31, 32] shows that these medications are ineffec-
tive and even lead to a more difficult rehabilitation process
and lower satisfaction after TJA. Future studies should focus
on assessing potential strategies to reduce opioid use to alle-
viate long-term opioid prescription, especially in preopera-
tive chronically taking opioid patients.
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