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Objective. We undertook this study to evaluate potential predictors of placebo response with intra-articular
(IA) injections for knee/hip osteoarthritis (OA) using individual participant data (IPD) from existing trials.

Methods. Randomized placebo-controlled trials evaluating IA glucocorticoid or hyaluronic acid published to
September 2018 were selected. IPD for disease characteristics and outcome measures were acquired. Potential pre-
dictors of placebo response included participant characteristics, pain severity, intervention, and trial design. Placebo
response was defined as at least a 20% reduction in baseline pain. Logistic regression models and odds ratios were
computed as effect measures to evaluate patient and pain mechanisms and then pooled using a random effects
model. Generalized mixed-effect models were applied to intervention and trial characteristics.

Results. Of 56 eligible trials, 6 shared data, and these were combined with the existing 4 OA Trial Bank studies,
yielding 10 studies with IPD of 621 placebo participants for analysis. In the total placebo population, at short-term
follow-up, the use of local anesthetic and ultrasound guidance were associated with reduced odds of placebo
response. At midterm follow-up, mid- to long-term trial duration was associated with increased odds of placebo
response, and worse baseline function scores were associated with reduced odds of a placebo response.

Conclusion. The administration of local anesthetics or ultrasound guidance may reduce IA placebo response at
short-term follow-up. At midterm follow-up, participants with worse baseline function scores may be less likely to
respond to IA placebo, and mid- to long-term trial duration may enhance the placebo response. Further studies are
required to corroborate these potential predictors of IA placebo response.
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INTRODUCTION

The majority of pharmacological treatments in osteoarthritis
(OA) have failed to demonstrate a minimum clinically important dif-
ference over placebo. This directly affects the development of
prospective pharmacological innovations and their translation to
therapeutic options for this progressively disabling condition.
The placebo effect is a well-recognized phenomenon in OA treat-
ments, with previous meta-analyses of randomized controlled tri-
als (RCTs) assessing the placebo response across a range of
therapies in OA (non-pharmacological, pharmacological, and sur-
gical treatments), confirming that placebo effect size (ES; stan-
dardized mean difference [SMD] between baseline and endpoint)
for pain in OA (ES 0.51, 95% confidence interval [CI] 0.46–0.55)
is greater than no treatment (ES 0.03, 95% CI −0.13 to 0.18) (1).
With invasive therapies, participants’ expectations and beliefs
can lead to increased placebo/contextual effects with pain-
relieving effects demonstrated with injections/needles
(β = 0.144, P = 0.020) (1). The ES for debridement and lavage
was 0.48 (95% CI 0.24–0.71) and from intra-articular
(IA) glucocorticoid and hyaluronic acid (HA) data 0.34 (95% CI
0.11–0.56) for single-dose placebo injection and 0.63 (95%
CI 0.15–1.12) for multiple injections (1). IA placebo injections have
been demonstrated to result in a significant improvement in pain
reduction in relation to oral placebo (ES = 0.29, credible interval
0.04–0.54) (2,3). The magnitude of the placebo response in OA
clinical trials is significant, with about 75% of the treatment effect
being attributable to placebo or contextual effects (4). When con-
sidering clinical trial design in IA therapies, the type of placebo, its
volume, frequency of injection, concomitant local anesthetic, and
radiological guidance use, along with participant disease charac-
teristics, can all be a cause of between-person heterogeneity
within a clinical trial. To date, placebo responses are typically
measured as a change in outcome from baseline in the placebo
treatment group in comparison with the active treatment group.
This method is potentially influenced by spontaneous effects,
such as the Hawthorne effect (ie, the effect caused by being

observed in trials) (5), natural fluctuation of OA disease, and
regression to the mean (1,6).

A meta-analysis of OA treatments has shown that the magni-
tude of placebo response also can vary greatly between individ-
uals (4), but the variations of the treatment or placebo responses
across individuals cannot be examined in an aggregate data
meta-analysis. Because the placebo response can be attributed
to the individual and factors at the treatment or study level,
assessment of the placebo response using individual participant
data (IPD) meta-analysis will give insight into the different predic-
tors of placebo response both at individual and study levels. IPD
meta-analysis is now increasingly used and is considered to pro-
vide more robust results, because it facilitates more powerful
analyses and the standardization of analyses across different
studies and allows derivation of the desired information (7).

The primary aim of this study is to evaluate the potential pre-
dictors of placebo response in IA injection trials in OA using IPD
from published trials. This IPD meta-analysis will examine the role
of potential placebo response modifiers from the participant level
to the intervention and trial design level. For the purpose of this
analysis, only placebo-controlled studies of IA glucocorticoid
and HA were included, because these are the more widely stud-
ied IA drugs with fewer methodological concerns and less hetero-
geneity than other IA therapies (8,9).

PATIENTS AND METHODS

This study was conducted under the umbrella of the OA Trial
Bank, an international collaboration endorsed by the Osteoarthri-
tis Research Society International and the European Alliance of
Associations for Rheumatology. It brings together IPD data from
RCTs (10,11) to identify specific responsive subgroups for the dif-
ferent OA treatments. The research question and study proposal of
this study were approved by the steering committee of the OA Trial
Bank before the development of the published study protocol (12).
The PROSPERO registration number is CRD42018095188.

Types of study and participants. All randomized
placebo-controlled trials, including crossover trials, evaluating
either IA glucocorticoid or IA HA injections were eligible for inclu-
sion. There were no language restrictions. Participants from the
identified RCTs, assigned to the placebo group, had to have a
diagnosis of knee and hip OA according to the criteria defined
by the American College of Rheumatology and the European Alli-
ance of Associations for Rheumatology evidence-based recom-
mendations for the diagnosis of knee OA (13,14) or on the basis
of defined clinical and/or radiographic information, fulfilling the
specified diagnostic criteria of OA of the respective trials.

Outcomes. The minimum criterion for inclusion of RCTs
was sufficient participant reporting of pain measures in at least

SIGNIFICANCE & INNOVATIONS
• This is the first individual participant data meta-

analysis conducted to identify predictors of placebo
response, specifically in intra-articular (IA) injection
trials in osteoarthritis (OA).

• Identifying potential predictors of placebo in IA
interventions in OA may help to provide guidance
and modify the design for future IA clinical trials.

• Severe baseline function scores, administration of
local anesthetic, ultrasound-guided injections, or
joint fluid aspiration attempts may reduce the odds
of an IA placebo response, whereas trial durations
of 12 to 24 and longer than 24monthsmay increase
the odds of IA placebo response.
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one of the subsequent follow-up time frames: short-term (up to
4 weeks), midterm (closest to 12 weeks) or long-term (closest to
24 weeks). As a minimum, age, sex, and body mass index (BMI)
were required. If available, potential placebo response modifier
variables were extracted, including disease duration, OA at other
joints, radiographic information, stiffness and function scores,
signs of effusion and inflammatory features (either by physical
examination or by radiographic imaging with ultrasound or mag-
netic resonance imaging), and intervention and trial design
characteristics.

Eligible studies. Literature searches were conducted sep-
arately for randomized placebo-controlled trials of IA glucocorti-
coid and IA HA. Data were searched from June 2012 to
September 2018 for RCTs of IA glucocorticoid versus placebo
and then combined with the existing studies from the OA Trial
Bank reported in an IPD analysis of subgroup effects of glucocor-
ticoid injections with searches from 1995 until June 2012 (10).
The search for IA HA versus placebo was conducted from incep-
tion to September 2018 because of the potential availability of
earlier studies, hence the broadened search time frame. A sys-
tematic literature search was conducted using the following data-
bases: PubMed (Medline), EMBASE, Web of Science, and
Cochrane Central. Efforts were made to identify unpublished trials
through the International Standard Randomised Controlled Trial
Number Registry of clinical trials, ClinicalTrials.gov.au, and the
Australian New Zealand Clinical Trials Registry. Reference lists
were further searched for identification of published work. The
search strategy was developed by the reviewers in consultation
with the OA Trial Bank.

Two review authors (SPY and LAD) independently selected
citations based on titles and abstracts and assessed full articles
that met the eligibility criteria independently before consensus
was reached. If a consensus was not reached, the OA Trial Bank
members (MvM) were consulted for arbritation.

Data collection and transfer. The corresponding
authors of eligible trials were approached, and data sharing was
enquired via standardized email initially and subsequently by tele-
phone. If the corresponding authors were uncontactable, com-
munication was attempted with the other authors and/or
institutions listed. Three attempts were made to contact the cor-
responding authors, institutes, and/or study sponsors. IPD data
were requested per OA Trial Bank protocol, and terms (15) and
data transfer license agreements were signed between both
parties. With the existing stored IA glucocorticoid trials in the OA
Trial Bank, the corresponding authors were contacted to sign a
further data transfer agreement for the purpose of this analysis.
All anonymous data were kept in their original versions in a
secured server at the University of Sydney and the Erasmus Uni-
versity Medical Centre. All data were checked for consistency
with the published papers, and data quality was ensured through

independent checking and assessing for data entry mistakes and
discrepancies by reproducing the main baseline characteristics
and reported changes over time for the available outcomes.

Risk and quality assessment. The methodological qual-
ity of the studies was assessed using the risk of bias assessment
tool for randomized trials recommended by the Cochrane Collab-
oration (16,17). The domains assessed included randomization of
procedure; anonymization of participants, physicians, and treat-
ment allocation; use of intention-to-treat analysis; incomplete out-
come data; baseline group similarity; reporting bias; and other
sources of biases. The risk of bias was scored as “low,” “high,”
or “unclear.” Two review authors assessed the risk of bias (SPY
and LAD). Any disagreement between the reviewers was resolved
by discussion and, if required, input from a third reviewer from the
OA Trial Bank.

Data analysis. The primary outcome of the IPD meta-
analysis was change in pain from baseline at short-, mid-, and
long-term. Participants were classified as responders if they
achieved a clinically important pain reduction, defined as ≥20%
reduction in pain score from baseline. This value was chosen to
be consistent with the prior study by the OA Trial Bank assessing
placebo responders (11) and has been recommended for use in
pain and function assessment in rheumatic diseases such as OA
(18,19). The value was also used to define the placebo response,
which is equivalent to an ES of 0.8 (20), implying a response was
unlikely to be caused by spontaneous effects. The outcomes
measured on different scales were standardized. The visual ana-
log scale pain score was preferentially used for the analysis. If
unavailable, the pain subscales from the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), Knee Injury
and Osteoarthritis Outcomes Score, or other Likert pain scores
were converted to a 0 to 100 scale as per former OA Trial Bank
protocols (15). Supplementary analysis was performed using the
absolute change in pain score, defined as a ≥20 points reduction
in pain score from baseline on the 0 to 100 scale.

Tests of heterogeneity were conducted using Q statistics,
which was distributed as a chi-square random variable (assump-
tion of the homogeneity of ESs). The between-study heterogene-
ity was assessed with τ2 (estimate of between-study variance)
and I2 (the percentage of total variation due to between-study
variance), with interpretation as follows: I2 < 25% means
no heterogeneity, I2 < 50% means low heterogeneity, I2 < 75%
means moderate heterogeneity, and I2 ≥ 75% indicates high het-
erogeneity (21). Only complete case analysis was performed, as
the value of missing observations was <5%.

The study sponsor of one trial requested that their data must
be analyzed on a specified secure server. Because of participant
confidentiality and data sharing agreement stipulations for the
other trials, IPD from those trials were unable to be uploaded to

PREDICTORS OF PLACEBO RESPONSE TO IA THERAPY IN OA 3

 21514658, 0, D
ow

nloaded from
 https://acrjournals.onlinelibrary.w

iley.com
/doi/10.1002/acr.25212 by N

ew
castle U

niversity, W
iley O

nline L
ibrary on [08/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://ClinicalTrials.gov.au


the specified server for a one-stage approach analysis. Conse-
quently, a two-stage approach was used.

The trials were grouped for analysis into a total IA placebo
population from all available trials, and, to account for potential
heterogeneity in trial design between IA therapies, the placebo
groups were also separated into IA glucocorticoid/placebo trials
and IA HA/placebo trials. Baseline and follow-up data on out-
come measures and putative modifiers from the placebo arm
were used to estimate the predictors of the placebo response.
The change from baseline pain was determined as the dependent
variable, and independent variables were the potential predictors
of placebo response. These included patient-level characteristics
and pain mechanisms that were chosen a priori, which were rec-
ognized risk factors for OA symptoms:

• Participant characteristics: age, sex, BMI, bilateral versus
unilateral disease, and disease duration

• Pain mechanisms: peripheral pain mechanisms (signs of
inflammation, morning stiffness symptoms, and radio-
graphic findings) and central pain mechanisms (OA pain
at other joints and pain severity with severe pain, defined
as ≥70 on 0–100 scale)

For the first stage univariate analysis, logistic regression
models and odds ratios (ORs) were computed as the effect mea-
sure to evaluate patient and pain mechanisms. The second stage
involved pooling the results using random effects models with
restricted maximum likelihood method of estimation. If more than
one potential predictor variable was significant in each IA placebo
group, multivariate meta-analysis was planned.

Intervention and trial characteristics were analyzed as
follows:

• Intervention characteristics: aspiration attempt, frequency
of injection, volume of injection, local anesthetic use, and
ultrasound-guided injection

• Trial characteristics: dropout rate, role of funder/sponsor,
randomization groups, trial duration (≤12, 12–24, and
≥24 weeks), single-center/multicenter study, or funding/
sponsor

A generalized mixed-effects model using a logit link function
accounting for the intrastudy correlations was applied; the study
by Chevalier et al (22) was omitted in this analysis because of data
server security limitations.

OR effect measures and 95% CIs were generated for each
outcome measure. P < 0.05 was considered statistically signifi-
cant. Statistical analyses were conducted using Stata version
17 (StataCorp).

RESULTS

Study descriptions. The literature search for IA glucocorti-
coid RCTs resulted in 418 study abstracts. After screening,

30 publications with full text were evaluated, 14 fulfilled the inclu-
sion criteria, and IPD were sought from these studies (Figure 1).
Two authors agreed to participate and contributed data (23,24).
The authors/institutions/sponsors of six studies responded posi-
tively to the data share request but were subsequently lost to fur-
ther contact or had data availability/access issues. Contact was
unable to be established with six studies.

The literature search for IA HA RCTs resulted in 1,787
abstracts. After screening, 49 studies were evaluated in full text,
and 42 studies fulfilled the inclusion criteria and were contacted
for IPD for participation (Figure 1). Four studies agreed to partici-
pate (22,25–27). The authors/institutions/sponsors of six studies
did respond to the data share request but were subsequently lost
to further contact or had data availability/access issues. Contact
was unable to be established with 31 studies. The full list of stud-
ies contacted is available in the “Supplementary list of studies
contacted.”

The IPD from the six studies (two glucocorticoid and four HA;
n = 949) were combined with the existing IPD from the OA Trial
Bank (28–31), yielding 10 studies with 1,399 participants. The
characteristics of the included studies are presented in Table 1.
A total of six studies compared IA glucocorticoid (n = 190) with
placebo (n = 181), and five studies compared IA HA (n = 555)
with placebo (n = 458); Atchia et al (28) had both IA glucocorticoid
and HA versus placebo groups. Data on 621 placebo participants
were available for analysis.

The risk of bias scores of the studies are presented in Sup-
plementary Table 1 (available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25212). All studies were deemed to be of low bias in relation to
randomization, compliance, timing, and selective outcome
reporting.

Table 2 details the baseline characteristics of the study par-
ticipants for all studies and the placebo comparison groups. For
the total placebo participants, the average age was 62 years,
and 58% were women. Severe pain was reported in 29% of the
placebo participants.

Placebo response. At short-term follow-up, 45.5% of pla-
cebo participants were placebo responders reporting ≥20% pain
reduction from baseline, 52.6% were responders at midterm
follow-up, and 54.7% were responders at long-term follow-up.
Of the 262 nonresponders at short-term follow-up,
107 participants became responders at midterm follow-up and
82 participants at long-term follow-up. Of the 219 responders at
short-term follow-up, 53 became nonresponders at midterm
follow-up and 32 at long-term follow-up.

The response rate was 56.3% in women and 47.5% in men
at short-term (P = 0.02), 61.4% in women and 54.7% in men at
midterm (P = 0.10), and 61.2% in women and 54.7% in men
at long-term follow-up (P = 0.17).
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The mean (±SD) age was 60.8 years (±10.5 years) and the
mean (±SD) BMI was 29.2 kg/m2 (± 4.0 kg/m2) for responders,
and it was 61.3 years (± 8.9 years) with a BMI of 29.0 kg/m2

(± 4.2 kg/m2) for nonresponders at short-term follow-up. The
mean (±SD) age was 61.3 years (± 10.1 years) with a BMI of
29.0 kg/m2 (± 3.8 kg/m2) for responders and 62.0 years
(± 11.01 years) with a BMI of 29.2 kg/m2 (± 4.3 kg/m2) for nonre-
sponders at midterm follow-up. The mean (±SD) age was
61.3 years (± 10.4 years) with a BMI of 28.9 kg/m2 (± 3.8 kg/m2)

for responders and 60.9 years (± 11.0 years) with a BMI of 29.4
kg/m2 (± 4.0 kg/m2) for nonresponders at long-term follow-up.

Potential predictors of placebo response. There were
no associations with placebo response at the short-term follow-
up. At the midterm follow-up, participants with a severe baseline
pain score (≥70 on a 100-point scale) compared with those with
a less severe baseline pain score in the IA glucocorticoid/placebo
population had increased odds of a response to placebo

Glucocor�coid studies iden�fied 
through literature search 

(n=418) 

Full-text ar�cle screened 
(n= 30) 

Studies contacted for IPD data 
(n=14) 

Hyaluronic acid studies iden�fied 
through literature search 

(n=1787) 

Eligible studies that did not 
provide IPD (n=38) 
- Provided data but incomplete 
(n=1) 
- Contact established but data      
destroyed/not available (n=4) 
- Contact established but not 
allowed by study sponsor (n=1) 
- Study too old, contact not 
found (n=2) 
- No contact (n=29) 
- Study overlap (n=1) 

Studies combined with exis�ng IPD from 
OA Trial Bank 

(n=10, with 1399 subjects) 

Full-text ar�cle screened 
(n=49) 

Glucocor�coid studies that provided 
IPD (n=2, with 150 subjects) 

Studies contacted for IPD data 
(n=42) 

Studies excluded based on �tle 
and abstract (n=388) 

Studies excluded based on �tle 
and abstract (n=1739) 

Hyaluronic studies that provided IPD 
(n=4, with 799 subjects) 

Excluded (n=7) 
- Interven�on (n=4) 
- Language barrier (n=1) 
- Study design (n= 1) 
- Not RCT (n=1) 

Excluded (n=16) 
- Control interven�on (n=4) 
- Interven�on (n=3) 
- Study popula�on (n=1) 
- Language barrier (n=1) 
- No pain measurement (n=2) 
- Study design (n= 4) 
- Not placebo RCT (n=1) 

Eligible studies that did not 
provide IPD (n=12) 
- Data no longer available (n=1) 
- Difficult contact (n=5) 
- No contact (n=6) 

Figure 1. Flow diagram of updated search and included studies. IPD, individual participant data; OA, osteoarthritis.
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(OR 2.98, 95% CI 1.01–8.82). The absolute pain reduction using
SMD was 3.84 (95% CI −5.57 to 13.25). When analyzed using
absolute change in pain, increased odds of placebo response
was not demonstrated (Supplementary Table 2).

Worse baseline function score (WOMAC) at midterm follow-
up was significantly associated with a reduction in placebo
response in the total placebo population (OR 0.98, 95% CI
0.96–1.00) with SMD 0.05 (95% CI −0.11 to 0.22) and in the IA
HA/placebo group (OR 0.98, 95% CI 0.96–0.99) with SMD 0.03
(95% CI −0.14 to 0.20). With absolute change analysis, the OR
was 0.99 (95% CI 0.97–1.00) in the total placebo population and
0.98 (95% CI 0.97–1.00) in the IA HA/placebo group.

There was no difference in placebo response at mid- or long-
term follow-up according to age, sex, BMI, disease duration,
baseline pain level, OA in other joints, radiographic severity, signs
of inflammation (with or without imaging detection), or symptoms
of stiffness (WOMAC) (Table 3).

The analysis of the intervention and trial characteristics at
short-term follow-up (Table 4) for the total placebo population
revealed that participants who had ultrasound-guided injections
were significantly less likely to respond to placebo (OR 0.42,
95% CI 0.23–0.76; SMD −10.03, 95% CI −19.88 to −0.19).
Those who received local anesthetics compared with those who
did not receive local anesthetics were less likely to respond to

Table 2. Baseline characteristics of participant*

Characteristic

Total
population,
N = 1399

Placebo-only
population,
n = 621

Placebo only
(glucocorticoid trials

group), n = 181
Placebo only (hyaluronic
acid trials group), n = 458

Age, y, mean (SD) 62.66 (10.57) 62.07 (10.82) 65.08 (10.77) 60.90 (10.65)
Female sex, n (%) 842 (60.1) 361 (58.1) 89 (49.2) 284 (62.0)
BMI, kg/m2,
mean (SD)

28.88 (4.52)† 29.27 (4.54)‡ 29.38 (4.56)§ 29.03 (4.08)

Duration of
symptoms, mean
(SD), mon

44.49 (71.66)¶ 78.07 (79.59)# 85.29 (106.87)** 66.79 (36.23)††

KL grade, n %
0 2 (0.1) 1 (0.2) 1 (0.6) 0 (0.0)
1 60 (4.3) 22 (3.5) 4 (2.2) 21 (4.6)
2 513 (36.7) 217 (34.9) 27 (14.9) 194 (42.4)
3 657 (47.0) 283 (45.5) 75 (41.4) 218 (47.6)
4 83 (5.9) 35 (5.6) 34 (18.8) 1 (0.2)
Missing 84 (6.0) 64 (10.3) 40 (22.1) 24 (5.2)

Inflammation, n (%) 481 (51.2)§§ 259 (45.2)¶¶ 113 (71.97)## 88 (28.9)***
Effusion, n (%) 306 (35.5)††† 168 (30.4)‡‡‡ 96 (70.07)§§§ 40 (13.9)¶¶¶
Pain (0–100), mean
(SD)

60.32 (18.30) 61.85 (17.04) 55.78 (19.86) 65.53 (14.25)

Severe pain (≥70
points on VAS),
n (%)

293 (28.1)### 179 (29.0)**** 49 (27.53)†††† 137 (29.9)

OA other joints, n (%) 373 (58.5)‡‡‡‡ 275 (57.9)§§§§ 6 (21.43)¶¶¶¶ 194 (67.6)####

* BMI, body mass index; KL, Kellgren-Lawrence; OA, osteoarthritis; VAS, visual analog scale.
† N = 1,162 (not available for Lambert and Chao).
‡ N = 561 (not available for Lambert and Chao).
§ N = 121 (not available for Lambert and Chao).
¶ N = 1,223 (not available for Henriksen, Hall, Dahlberg).
# N = 433.
** N = 101.
†† N = 350.
§§ N = 939 (not available for Lambert and Dahlberg and there are only placebo data for inflammation for Strand and
Takamura).
¶¶ N = 537.
## N = 157.
*** N = 305 (not available for Dahlberg).
††† N = 861 (not available for Lambert and Dahlberg and there are only placebo data for inflammation for Strand and
Takamura).
‡‡‡ N = 553.
§§§ N = 137.
¶¶¶ N = 287.
### N = 1,043 (only have placebo data for Strand and Takamura).
**** N = 618.
†††† N = 178.
‡‡‡‡ N = 638 (not available for Lambert, Hall, Henriksen, Dahlberg, Chao, or Atchia).
§§§§ N = 444 (not available for Lambert, Hall, Henriksen, Dahlberg, Chao, or Atchia).
¶¶¶¶ N = 28 (not available for Lambert, Hall, Henriksen, Chao, or Atchia).
#### N = 287.
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placebo (OR 0.54, 95% CI 0.32–0.91; SMD −8.84, 95% CI
−18.45 to 0.77). Similarly, participants who had joint fluid aspira-
tion attempted compared with those those who did not have
aspiration attempt were less likely to respond to placebo
(OR 0.65, 95% CI 0.44–0.96; SMD −3.32, 95% CI −9.33 to
2.69). Participants of trials done at single centers compared with
those who were in multicenter trials were less likely to respond
to placebo (OR 0.62, 95% CI 0.39–0.99; SMD −8.75, 95% CI
−16.94 to −0.57). Of the trials included in this study, all the
single-center trials (n = 6) were government funded, and the mul-
ticenter trials (n = 4) were commercially funded; thus, further anal-
ysis of funding sources was not conducted. With absolute
change analysis, only ultrasound-guided injections (OR 2.4, 95%
CI 0.11–0.53) and local anesthetics administration (OR 0.40,
95% CI 0.17–0.94) were associated with reduced odds of placeo
response (Supplementary Table 3).

At midterm follow-up, comparable findings were seen in
participants who received local anesthetics, received ultrasound-
guided injections, had joint aspiration attempted, were in single-
center studies, or were seen in the IA HA/placebo group with
reduced odds of placebo response. Trial duration of 12 to
24 weeks and ≥24 weeks in both the total placebo population
and the IA HA/placebo comparison group were associated
with increased odds of placebo response OR 10.33 (95% CI
2.25–47.35), OR 10.29 (95% CI 2.29–46.31, P = 0.002) respec-
tively for 12 to 24 weeks and OR 10.68 (95% CI 2.32–49.27),
OR 10.40 (95% CI 2.29–47.24, P = 0.002), respectively for
≥24 weeks. When analyzed using absolute change, these inter-
vention and trial characteristics were still significantly associated
with reduced/increased odds of placebo response.

There was no association of placebo response with volume
of injection, randomization ratio, or dropout rate. No significant
associations were seen at long-term follow-up.

DISCUSSION

To our knowledge, this is the first IPD meta-analysis con-
ducted to identify predictors of placebo response, specifically in
IA injection trials in OA.

The finding of this IPD meta-analysis demonstrated that par-
ticipants with severe baseline pain may be more likely to respond
to IA placebo in the IA glucocorticoid/placebo group at midterm
follow-up. However, this association was not demonstrated in
the other placebo comparison groups at any other follow-up time
frame, and supplementary analysis using absolute change to
avoid small changes from a smaller baseline value did not reveal
any significance. Increased placebo ES and response have been
associated with higher baseline pain scores (1,3), but one study
has negated this (4). This can potentially reflect regression to the
mean, and this analysis did not find overall baseline pain to be a
predictor of placebo response.

It was shown that participants with decreased baseline func-
tion may be less likely to respond to placebo in both the whole
placebo population and the IA HA/placebo group at midterm
follow-up. It is likely that participants who have heightened func-
tional limitations may have more severe disease and are thus less
prone to placebo response, especially at longer follow-up time
points.

Other participant-related factors were not shown to be pre-
dictors of response at any time frame in this study. This may be
in part because of the nature of the RCTs included with adequate
randomization of participants in the placebo arm, leading to a
wide spread of participant characteristics. A recent study assess-
ing proportional contextual effects (PCEs) in RCTs across differ-
ent conditions and treatments found that blinded outcome
assessor, allocation concealment, lower mean age, higher pro-
portion of women, larger placebo effect, and nonchronic condi-
tion trials led to increased PCEs (32). But the sensitivity analysis
revealed outcome assessor blinding being the only significant fac-
tor. Although this factor was not assessed, our study findings of
no association with participant baseline characteristics is concor-
dant with the sensitivity analysis. A crucial difference between this
study and the PCE study is that this is an IPD analysis assessing a
specific pharmacological intervention in a single disease condition
using pain as the primary outcome. Both studies are in accor-
dance that some important contextual factors are unable to be
measured, including participants’ conceptual beliefs in the inter-
vention, physician characteristics, and attitude and participant–
physician interactions—all of which could impact the ability to
define predictors of placebo response (33).

We have assessed to what extent specific treatment and
trial characteristics affect the placebo response and demon-
strated that, at short-term follow-up, participants in the total
placebo population who had local anesthetic, aspiration
attempt, ultrasound guidance or enrollment in single-center tri-
als were less likely to demonstrate a placebo response. The sig-
nificance of the characteristics of ultrasound guidance and use
of local anesthetic were substantiated using the absolute
change analysis. Participant beliefs and knowledge of high-tech
equipment has been reported to influence placebo response
(34). Based on studies comparing sonograph-guided injections
with blinded knee injections with active therapies, participants
who had sonograph-guided injections reported increased
improvements in pain (35,36). Therefore, there is the expecta-
tion that ultrasound-guided placebo injection will lead to
increased placebo response, but our study showed the inverse
of this. One hypothetical rationale would be that ultrasound
guidedance leads to more localization of the placebo injected
and therefore can minimize any potential systemic effect of the
placebo itself.

There has been no literature in relation to local anesthetic and
placebo response in OA. Given the analgesic effect of local anes-
thetic, there is the assumption that it can impact the placebo
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response. However, given their short duration of action, the
rebound in pain may lead to less placebo response.

Pain and poor function have been related to synovitis in OA
(37,38), and there is the hypothesis that aspiration of synovial fluid
before injection may reduce the pro-inflammatory cytokines in the
joint, leading to a heightened placebo effect (3,39). Conversely, in
patients with OA who have sufficient synovial fluid to aspirate,
baseline synovial inflammation volume may be elevated, thus the
reduction in cytokines due to aspiration may be transient and
the synovial fluid could re-accumulate, possibly leading to
reduced placebo response over time. In this study, the aspiration
attempt was specified as part of the intervention protocol with
each study, but there were limited data on whether synovial fluid
was aspirated or the volume.

At midterm follow-up, in the IA HA/placebo group, the same
trial characteristics were demonstrated to have reduced odds of
placebo response, but this was not seen in the total placebo or
IA glucocorticoid/placebo groups. Even though absolute change
analysis demonstrated significance, these findings may reflect
multiplicity and need to be interpreted with care. Compared with
meta-analyses of placebo-controlled HA trials (40,41), only a very
limited number of trials were obtained for this analysis. From the
prior meta-analyses, viscosupplementation compared with pla-
cebo did not reach the minimum clinically important between-
group difference, and in the subgroup analysis characteristics in
which the SMD favored that of placebo or had clinical equivalence
smaller than the minimal clinically important difference included
large trial size (≥100), >3 injections (40), trials of 3 to 6 months
and >6 months duration, and nonindustry sponsorship (40,41).
In our relative change analysis, participants in the single-center,
government-funded trials had reduced odds of placebo
response. Studies have shown that sample size was associated
with the placebo response (1,4,42). Clinical trials with large partic-
ipant numbers are commonly multicenter trials and can result in
larger placebo effects because of the challenges of ensuring
homogeneity between centers with outcome assessments (42).

At midterm follow-up, participants in trials of moderate-
to-long duration had increased odds of placebo response. Stud-
ies analyzing predictors of placebo response in various diseases
have found variable associations with study duration (32,43). With
the added number of responders at mid- to long-term follow-up,
the placebo effect may relate to regression to the mean or symp-
tom fluctuation with the natural history of OA.

This IPD meta-analysis showed that the placebo response
persisted well into long-term follow-up, with more than 50% of par-
ticipants being responders, which is concordant with recent meta-
analyses of IA saline placebo injections with therapeutic benefits
seen beyond 6 months (39,44,45). This raises the ongoing debate
of whether IA saline should be considered as a “pure” placebo,
having potential biomechanical effects, leading to a therapeutic
effect because of a possible dilutional effect on the inflammatory

elements in the joint (39,44). This IPD meta-analysis showed no
influence in relation to the frequency or volume of the injections on
the placebo response to support this hypothesis. Given the clinical
impact of saline placebo injections, further studies are required to
explore this issue, and the significant placebo effect should be
taken into consideration when planning for new IA therapy trials.

The use of IPD meta-analysis allowed for an increased study
sample size, thus reducing the issues with inadequate power
often seen in subgroup analyses of traditional meta-analysis.
However, there are several limitations to the study. Overall, the
authors of 56 potentially eligible IA glucocorticoid and HA publica-
tions were approached, and only the IPD of 6 studies were
obtained and combined with existing OA Trial Bank studies for a
total of 10 studies. Only a subset of eligible studies was analyzed;
therefore, this analysis may be subject to selection bias and data
availability bias.

The potential predictors of placebo response, including par-
ticipant characteristics, pain mechanisms, treatment, and trial
characteristics were chosen theoretically by the authors; thus,
the analysis of potential predictors should be considered as inves-
tigative. There were some deviations from the study protocol
because of the data availability of factors including unilateral/
bilateral disease, comorbidities, morning stiffness (total WOMAC
stiffness scores were available), aspirate volume, and IA injection
approach (lateral vs medial).

To harmonize the data, participant outcome scores were
standardized from their original scores to a 0 to 100 scale, despite
potentially having different measurement sensitivities. This reflects
the evolution of outcome measures use over time and the intro-
duction of recommended Osteoarthritis Research Society Inter-
national and Outcome Measures in Rheumatology core outcome
measures. The inconsistencies across different trials with out-
come measures and clinical signs call for more rigorous outcome
measure recommendations by governing associations and mea-
surement groups to enable higher precision in meta-analysis.

In summary, this study demonstrated that participants who
are administered local anesthetics or have ultrasound guidance
may be less likely to respond to IA placebo at short-term follow-
up. At midterm follow-up, participants with worse baseline func-
tion scores may be less likely to respond to IA placebo, and those
in trials of moderate-to-long duration are more likely to respond to
IA placebo. These findings need to be corroborated by further
studies before they can be identified as true contextual factors
predictive of IA placebo response.
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