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AbstrAct

Introduction
In 2014, the PACE trial demonstrated that paracetamol had no effect compared to pla-
cebo in acute low back pain (LBP). However, non-compliance was a potential limitation 
of this trial. The aim of this study was to investigate the efficacy of paracetamol in acute 
low back pain among compliers.

Methods
Using individual participant data from the PACE trial (ACTN12609000966291), Complier 
Average Causal Effects (CACE), Intention-to-treat (ITT) and Per Protocol (PP) estimates 
were calculated for pain intensity (primary), and disability, global rating of symptom 
change and function (all secondary) after two weeks of follow-up. Compliance was 
defined as intake of an average of at least four of the prescribed six tablets of regular 
paracetamol per day (2660 milligrams in total) during the first two weeks after enrol-
ment. Exploratory analyses using alternative time points and definitions of compliance 
were conducted.

results
Mean between-group differences in pain intensity on a 0-10 scale using the primary 
time point and definition of compliance were not clinically relevant (propensity weighted 
CACE 0.07 (-0.37, 0.50) p = 0.76; joint modelling CACE 0.23 (-0.16, 0.62) p = 0.24; ITT 0.11 
(-0.20, 0.42) p = 0.49; PP 0.29 (-0.07, 0.65) p = 0.12); results for secondary outcomes and 
for exploratory analyses were similar.

conclusions
Paracetamol is ineffective for acute low back pain even for patients who comply with 
treatment. This reinforces the notion that management of acute low back pain should 
focus on providing patients advice and reassurance without the addition of paracetamol.
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INtrODUctION

The Paracetamol for Acute Low Back Pain (PACE) trial was the first placebo-controlled ran-
domized controlled trial (RCT) investigating the efficacy of paracetamol (acetaminophen) 
for acute low back pain (LBP) (1-3). In this RCT, 1652 people seeking care for LBP were 
randomized to take paracetamol regularly, paracetamol as needed for pain, or placebo 
using a blinded double-dummy design. The unexpected result that paracetamol had no 
effect compared to placebo on pain intensity, time until recovery, disability and function 
in acute LBP received worldwide attention in the medical literature and the lay-press. 
Nonadherence to study medication was identified as a potential limitation in the original 
publication of the PACE results as well as in a number of commentaries discussing the 
impact of the trial (1, 4-6); in a descriptive analysis of nonadherence in PACE, 70% of pa-
tients were found to be non-adherent over the four-week treatment period, and overall 
adherence to guideline-recommended care for acute LBP was described as ‘poor’ (5). In 
RCTs, noncompliance has always been an issue and may even influence their results (7). 
However, the question as to whether there is benefit of an intervention in participants 
who adequately adhere to treatment is difficult to answer using conventional techniques 
used in the analysis of RCTs (i.e. intention to treat analysis and per protocol analysis).

Complier average causal effects (CACE) analysis involves comparing participants who 
were randomized to the intervention and complied, to participants from the control 
group who would have complied to the intervention had they been randomized to the 
intervention (so called ‘would be compliers’). As participants in the control group are 
never offered the active treatment in reality, there is no observed data in the control 
group for adherence to active treatment. CACE analysis is therefore essentially a missing 
data problem. CACE analyses have been used to assess the efficacy among compliers of 
intervention programs in substance abuse, behavioral interventions and a multifactorial 
intervention in physiotherapy (8-16). In the field of LBP, CACE analysis has been used 
to assess the influence of non-compliance on effectiveness of a cognitive behavioral 
intervention (17).

This analysis aims to investigate the efficacy of paracetamol in acute LBP among par-
ticipants who complied with regular paracetamol treatment in the PACE trial using a 
CACE analysis, to address the uncertainty that compliance may have influenced drug 
efficacy (14, 15). Additionally, we conducted intention to treat analysis and per protocol 
analysis to compare to the CACE analysis.
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MEtHODs

Ethics
The University of Sydney Human Research Ethics Committee granted ethical approval 
of the PACE trial protocol. Written informed consent was provided by all participants. 
The PACE trial was registered with the Australian and New Zealand Clinical Trial Registry, 
number ACTN12609000966291.

Participants and procedures
The PACE trial was a multicenter, double-dummy, randomized, placebo-controlled trial 
that was conducted from November 2009 until March 2013. The study protocol, analysis 
plan and main outcomes have been published (1-3). In summary, 4606 people seeking 
care for acute non-specific low-back pain or responding to a community advertisement 
were screened by 235 primary care clinicians across Sydney, Australia. The trial included 
1652 participants with a new episode of moderate, or severe-intensity low back pain 
with or without leg pain. Participants were randomly allocated (in a 1:1:1 ratio) to receive 
2 tablets of 665 mg modified-release paracetamol tablets 3 times a day regularly (n = 
550), or 2 tablets of 500 mg immediate-release paracetamol tablets up to 4 times a day 
as-needed for pain (n = 549), or placebo (n = 553). Participants, clinicians and researchers 
were blinded to allocation of treatment during the trial. Participants were instructed to 
use study medication until they had experienced 7 consecutive days with pain scores of 
0 or 1 out of 10 (measured on a numerical pain rating scale (NRS)), or for a maximum of 
four weeks, whichever occurred first. Participants were asked to return to their clinician 
for review after 1 week, at which time the use of study medication was reviewed. Rescue 
medication (naproxen 250 mg) was available for participants with continuing ongoing 
pain as required.

Participants recorded pain scores and number of tablets taken in a daily pain and drug 
diary until recovery or for a maximum of four weeks. Follow-up data was collected at 1, 2, 
4 and 12 weeks after randomization. Data were either entered directly by the participant 
into an online database or recorded by participants in a booklet and transcribed to a 
case report form during a telephone interview with research staff. Returned tablets were 
counted by research staff to confirm self-reported compliance. In this CACE analysis, data 
from the as-needed treatment group were not used because the ‘need’ to take medica-
tion would have been different for each individual participant, preventing the use of one 
universal definition of compliance in this treatment group.

Outcome measures
For this CACE analysis, pain intensity measured on a NRS from 0 (no pain) to 10 (worst 
possible pain) was the primary outcome; analyses were also performed for disability (Ro-
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land Morris Disability Questionnaire, scored from 0 (no disability) to 24 (high disability)), 
Global rating of symptom change (scored from -5 (vastly worse) to +5 (completely recov-
ered)) and function (Patient Specific Function Scale, with the average of 3 items scored 
from 0 (unable to perform) to 10 (able to perform at preinjury level), these outcomes 
represent two of the three core outcome domains for non-specific LBP (18). Although 
measurements were conducted in the PACE trial for the third core outcome domain 
(health-related quality of life), this outcome was omitted from the CACE analysis because 
of missing data (the Short Form 12 (SF12)), which we expected would compromise the 
CACE estimation. Time until recovery, the primary outcome of the original PACE analysis, 
was omitted as methods for survival CACE analysis have not yet been developed.

Definitions of compliance to the study intervention and time points
Compliance was defined as taking an average of at least 4 tablets per day (approximately 
66% of the prescribed dosage or 2660 mg per day) of modified-release paracetamol until 
recovery or for a maximum of 2 weeks for the primary outcome of the CACE analysis 
(pain intensity at 2 weeks of follow-up).

Two alternative cut-off points for compliance were defined a priori to assess whether 
the treatment effect differed according to the level of compliance: taking an average of 5 
tablets per day (83% of the prescribed dosage or 3325 mg per day) and taking 6 tablets 
per day (100% of the prescribed dosage or 3990 mg per day). The two-week question-
naire was chosen as the primary time point as this was closest to the median recovery 
time (1); exploratory analyses were performed at 1 week and 4 weeks follow-up for pain 
intensity only. For the exploratory analysis of pain intensity at 4 weeks, the definition of 
compliance was expanded to ‘until recovery or for a maximum of 4 weeks’.

Statistical analysis
Using individual participant data from the PACE trial, baseline participant and back pain 
episode characteristics were compared between observed compliers and observed non-
compliers in the regular paracetamol treatment group, using standardized differences 
(St.Diffs). For binary variables, the St.Diff was calculated as the difference in proportions 
divided by the standard deviation i.e. (p1 – p2) / sqrt ( [ p1 ( 1 – p1) + p2 ( 1 – p2) ] / 2). 
For categorical variables with more than 2 levels, we used a method proposed by Yang 
and Dalton based on a multivariate Mahalanobis distance method which generalizes 
the St.Diff metric (19). St.Diffs larger than 0.1 were considered to be relevant and were 
reported in the results section.

We calculated ITT, CACE and Per Protocol (PP) estimates for the 4 outcomes of interest 
(pain intensity, disability, global rating of symptom change, and function). ITT analyses 
were performed consistent with the original analysis of the PACE trial, comparing 
outcomes between all participants randomized to the regular paracetamol group and 

CACE analysis of the PACE trial 5



all patients randomized to the placebo group using linear mixed models adjusted for 
all baseline characteristics (1, 3). Based on our definition of compliance, we created a 
dichotomous variable indicating observed compliance status. We used this dichotomous 
variable for the PP analysis, where we compared outcomes of observed compliers from 
the regular paracetamol group to outcomes of observed compliers in the placebo group 
using linear mixed models adjusted for all baseline characteristics. Outcomes of the PP 
analysis are not included in the main results of this article, but are added to the supple-
mentary information. The reason for this is that we were interested in comparing results 
of the CACE analysis to results of a PP analysis, which may provide biased estimates 
of efficacy for compliers, as the reasons for noncompliance could be different for the 
regular paracetamol group than for the placebo group. For example, noncompliance in 
the regular paracetamol group could be related to side effects despite efficacy, whereas 
noncompliance in the placebo group may be due to lack of efficacy (20). In the Supple-
mentary Information, the difference between PP and CACE analyses is discussed in more 
detail.

As the underlying assumptions for CACE analysis are untestable, we obtained CACE 
estimates using both a propensity weighted estimation approach and a joint modeling 
estimation approach, which serve as each other’s sensitivity analysis (15). More informa-
tion about the underlying assumptions for these CACE estimation techniques can be 
found in the Supplementary Information. For the propensity weighted CACE estimation, 
compliance to regular paracetamol was predicted on baseline covariates using logistic 
regression with a dichotomous variable indicating the observed compliance status. The 
prediction model was developed using only data from the regular paracetamol group. 
This model was then used to calculate the likelihood of compliance (propensity score) in 
the placebo group. To prevent missing propensity scores due to missing baseline data, 
missing baseline variables were imputed once using fully conditional specification (i.e. 
imputation on a variable-by-variable basis in an iterative fashion, with an imputation 
model specified for each incomplete baseline variable (21)). The imputed dataset was 
used to predict the propensity score. Once derived, the propensity scores were added 
back to the original non-imputed baseline data set and each participant was weighted as 
follows: in the regular paracetamol treatment arm, compliers received a weight of 1 and 
non-compliers a weight of 0; in the placebo treatment arm, the weight was calculated 
as the odds of the propensity score p (odds=p/(1-p)). We investigated if any residual 
imbalances existed after weighting by calculating St.Diffs between baseline variables 
between compliers in the regular paracetamol group and weighted placebo group par-
ticipants (see Supplementary Information). Finally, we performed an analysis comparing 
compliers in the regular paracetamol group to odds-weighted patients in the placebo 
group. Propensity weighted CACE analyses were adjusted for all baseline characteristics 
in order to correct for residual imbalances. To assess a potential “dose-response” ef-
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fect we performed a pre-specified subgroup analysis according to quintiles of likelihood 
of compliance (using the propensity scores created for the propensity weighted CACE 
analysis). For this subgroup analysis, the primary cut-off point for compliance (taking an 
average of at least 4 tablets of modified-release paracetamol per day) and primary time 
point (two weeks of follow-up) were used); for each quintile group, a mean difference 
and corresponding confidence interval was calculated.

For the CACE analysis using joint modeling, 2 models were simultaneously estimated: 
a model for compliance and a model for the outcome (pain intensity). Estimates were 
adjusted for all baseline characteristics. This estimation approach resulted in a compari-
son between observed compliers in the regular paracetamol group to inferred compliers 
(would-be-compliers) in the placebo group.

Results of all the analyses (ITT, CACE propensity and CACE joint modeling and PP) are 
presented as mean differences between paracetamol and placebo groups with 95% 
confidence intervals and corresponding p-values. ITT, PP and propensity weighted CACE 
analyses were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC), joint modeling 
CACE estimation was performed in Mplus version 7 (22).

rEsULts

Characteristics of compliers to regular paracetamol
The baseline characteristics of participants in the regular paracetamol group are present-
ed in Table 1; participants were split into compliers and non-compliers based on our main 
definition of compliance (an average of at least 4 tablets of 665 mg regular paracetamol 
per day during the first 2 weeks). Table 1 also shows St.Diffs between observed compliers 
and non-compliers. At the primary time point of the CACE analysis (2 weeks), 394 out of 
550 participants in the paracetamol group (72%) were classified as compliers.

When comparing compliers and non-compliers, compliers tended to be somewhat 
older (44.9 vs 42.4 years, St.Diff 0.17); were more likely to be male (54% vs 46%, St.Diff 
0.15); were more likely to have private health insurance (52% vs 46%, St.Diff 0.12); had 
a different distribution of household income (St.Diff 0.23); were less likely to have pain 
extending beyond the knee (17% vs 26%, St.Diff 0.22); had a longer period of reduced 
usual activity (4.1 vs 3.2 days, St.Diff 0.13); scored higher for feelings of depression (3.4 
vs 2.8, St.Diff 0.18); reported a higher perceived risk of persistent pain (4.8 vs 4.1 out of 
10, St.Diff0.22); more often reported poor sleep quality (51% vs 46%, St.Diff 0.10); scored 
lower on function (3.4 vs 3.7, St.Diff 0.15) and scored lower for physical quality of life 
(42.4 vs 43.3, St.Diff 0.11).
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Table 1: Baseline characteristics for observed compliers and non-compliers in the regular paracetamol 
group, including standardized mean differences between observed compliers and observed non-com-
pliers.

Patient characteristics Regular Paracetamol (N = 550) Standardized
differencesObserved

compliers
(N = 394)

Observed
non-compliers
(N = 142)

Age (years) 44.9 (14.9) N = 394 42.4 (14.5) N = 142 0.171*

Women 182/393 (46%) 75/140 (54%) 0.146*

Private health insurance 203/394 (52%) 65/142 (46%) 0.115*

Currently employed 305/394 (77%) 107/142 (75%) 0.048

Household income per week (per year) 0.342*

Negative or no income 13/384 (3%) 6/142 (4%)

AUD 1-649 (1-33799) 89/384 (23%) 42/142 (30%)

AUD 650-1699 (33800-88399) 174/384 (45%) 59/142 (42%)

AUD 1700-3999 (88400-207999) 86/384 (22.4%) 32/142 (23%)

≥AUD 4000 (≥208000) 22/384 (6%) 3/142 (2%)

Use of drugs for another disorder 148/394 (38%) 49/142 (35%) 0.064

LBP Episode characteristics

Days since onset of pain 10.2 (10.3) N = 394 9.8 (9.6) N = 142 0.037

Number of previous episodes 6.4 (12.8) N = 392 6.5 (16.4) N = 141 0.009

Presence of pain extending beyond the knee 68/392 (17%) 37/141 (26%) 0.217*

Number of days reduced usual activity 4.1 (7.0) N = 393 3.2 (4.9) N = 141 0.134*

Disability (RMDQ) 12.7 (5.5) N = 390 12.9 (5.9) N = 139 0.027

Feelings of depression in last week 3.4 (2.9) N = 392 2.8 (3.0) N = 141 0.175*

Perceived risk of persistent pain 4.8 (2.7) N = 392 4.1 (2.9) N = 142 0.224*

Back pain episode compensable 20/392 (5%) 10/140 (7%) 0.085

Pain intensity (NRS) 6.3 (1.9) N = 394 6.2 (2.0) N = 142 0.039

Global rating of symptom change 0.0 (2.1) N = 393 0.1 (2.0) N = 141 0.054

Poor sleep quality 200/393 (51%) 65/142 (46%) 0.103*

Function (Nominated Activity) 3.4 (1.7) N = 392 3.7 (1.9) N = 141 0.151*

Quality of life – physical (SF-12) 42.4 (9.0) N = 384 43.3 (9.4) N = 140 0.112*

Quality of life – mental (SF-12) 44.3 (7.7) N = 384 43.7 (7.8) N = 140 0.071

Credibility score (CEQ) 19.1 (4.9) N = 390 18.8 (4.8) N = 140 0.064

Expectation score (CEQ) 19.8 (5.4) N = 389 19.4 (5.3) N = 141 0.080

St.Diffs: Standardized Differences; Data are mean (SD) or n/N (%);* under standardized differences in-
dicate St.Diffs > 0.1. AUD: Australian Dollar; LBP: Low Back Pain; NRS: Numerical Rating Scale; RMDQ: 
Roland Morris Disability Questionnaire; SF-12; 12-item Short Form Survey; CEQ: Credibility/Expectancy 
Questionnaire.
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Estimates of the CACE models
Table 2 presents ITT and CACE estimates for pain intensity, disability, global rating of 
symptom change, and function in the PACE trial at week 2 with compliance defined as an 
average intake of at least 4 tablets per day during the first 2 weeks.

For the primary outcome measure, none of the analyses indicated a difference in pain 
intensity (ITT: mean difference 0.11 (-0.20, 0.42) p = 0.49; joint modeling CACE: mean 
difference 0.23 (-0.16, 0.62) p = 0.24; propensity weighted CACE: mean difference 0.07 
(-0.37, 0.50) p = 0.76). Similar results were obtained for the secondary outcomes dis-
ability, global rating of symptom change, and function. Confidence intervals of estimates 
for pain intensity, global rating of symptom change and function were all between -1 and 
1 and therefore exclude clinically meaningful differences; the confidence interval of the 
estimate of disability exceeded 1 in both the propensity weighted CACE estimation and 
the joint modelling CACE estimation; however, this difference is still smaller than the 
minimal clinically important difference (MCID) of 30% change from baseline (in PACE, 
approximately 4 points) (23).

Table 2: Outcomes of PACE trial (Pain Intensity, Disability, Global Rating of Symptom Change and 
Function) at week 2 with compliance defined as an average intake of ≥4 tablets per day for regular 
paracetamol group vs placebo group.

Outcome ITT Propensity weighted
CACE

Joint Modeling
CACE

Pain Intensity (NRS)
(scale range 0-10)

0.11 (-0.20, 0.42)
p = 0.49

0.068 (-0.37, 0.50)
p = 0.76

0.23 (-0.16, 0.62)
p = 0.24

Disability (RMDQ)
(scale range 0-24)

0.11 (-0.60, 0.82)
p = 0.76

0.054 (-0.93, 1.04)
p = 0.91

0.37 (-0.55, 1.30)
p = 0.43

Global Rating of Symptom Change
(scale range -5 to +5)

0.0019 (-0.26, 0.27)
p = 0.99

0.059 (-0.33, 0.44)
p = 0.76

-0.083 (-0.42, 0.25)
p = 0.62

Function (Patient Specific Function Scale)
(scale range 0-10)

-0.069 (-0.38, 0.24)
p = 0.67

0.0043 (-0.45, 0.45)
p = 0.99

-0.28 (-0.67, 0.11)
p = 0.16

All values represent mean difference (lower limit of 95% CI, upper limit of 95% CI) p value; mean differ-
ences calculated by subtracting placebo group mean from regular paracetamol group mean. All analyses 
were adjusted for gender and baseline age, private health insurance, employment status, household 
income, use of drugs for another disorder, days since onset of pain, number of previous episodes, pres-
ence of pain extending beyond the knee, number of days reduced usual activity, disability (RMDQ), feel-
ings of depression, perceived risk of persistent pain, back pain episode compensability, pain intensity, 
global rating of symptom change, sleep quality, function, quality of life (mental and physical components 
of the 12 item short form survey (SF-12)) and credibility and expectation scores (CEQ). Values rounded to 
2 significant figures. Abbreviations: CACE: Complier Average Causal Effect; CEQ: Credibility/Expectancy 
Questionnaire; ITT: Intention-to-Treat; NRS: Numerical Rating Scale; RMDQ: Roland Morris Disability 
Questionnaire.
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Figure 1: Exploratory ITT and CACE analyses for pain intensity including both primary and alternative 
cut-off points for compliance (an average of at least 5 tablets per day and 6 tablets per day, calculated 
over the periods of interest) as well as primary and alternative time points (1 week and 4 weeks). Val-
ues rounded to 2 significant figures. ITT: intention to treat, CACE: Complier Average Causal Effect, CI: 
Confidence Interval.
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Exploratory analyses
Figure 1 shows results of the exploratory ITT and CACE analyses using primary and 
alternative cut-off points for compliance (an average of at least 5 tablets per day, and 
6 tablets per day) and primary and alternative time points (1 week and 4 weeks). Mean 
differences in pain intensity between regular paracetamol and placebo were calculated 
for 3 definitions of compliance at 3 time points using 3 analysis techniques, yielding a 
total of 21 estimates.

Minimal differences in pain intensity were only found for 2 of the 21 analyses: the 
joint modeling CACE estimate after 2 weeks with compliance defined as an average of 
at least 5 paracetamol tablets per day (mean difference 0.45 (0.02, 0.88), p = 0.039) and 
for the propensity weighted CACE estimate after 2 weeks with compliance defined as 
6 paracetamol tablets per day (mean difference 0.41 (0.00, 0.82) p = 0.049); however, 
no correction was made for multiple testing. Furthermore, the confidence intervals for 
these estimates do not include clinically meaningful differences. For all other time points, 
no differences in pain intensity were found.

Results of the ITT analysis for pain intensity at 2 weeks for quintiles of compliance 
(defined as an average of at least 4 tablets per day over 2 weeks) are depicted in Figure 2. 
No difference in pain intensity was found between regular paracetamol and placebo for 
any of the compliance subgroups. There appears to be no clear dose-response relation-
ship between compliance and effect of paracetamol.

Figure 2: Exploratory ITT analysis for pain intensity at 2 weeks for quintiles of likelihood of compliance 
(with compliance defined as taking an average of at least 4 tablets of modified-release paracetamol per 
day during 2 weeks of follow-up). Quintile groups are presented in order of increasing likelihood of be-
ing compliant, with Quintile 1 representing the group that was least likely to be compliant and Quintile 
5 representing the group that was most likely to be compliant. ITT: intention to treat, CI: Confidence 
Interval.
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DIscUssION

In this secondary analysis of the PACE trial we found that paracetamol had no clinically-
meaningful effect when compared to placebo on pain intensity, disability, global rating 
of symptom change and function in people with acute LBP who complied with regular 
paracetamol.

The CACE analysis technique produces robust estimates of efficacy amongst compliers; 
furthermore, we applied 2 distinct methods to estimate complier average causal effects, 
which serve as each other’s sensitivity analysis (15). The credibility of our findings is sup-
ported by the fact that no large differences exist between these 2 estimation techniques 
(15). Data used in this analysis were collected in a large and well-conducted RCT (1, 24).

The CACE analysis technique has two main weaknesses. First, no universally accepted 
definition of compliance to paracetamol for low back pain exists. Using our main defini-
tion of compliance, 72% of participants in the regular paracetamol group were classified 
as compliers. We explored stricter definitions of compliance and found results consistent 
with the primary analysis; however, as the percentage of compliers was lower using 
these definitions, CACE estimates using these definitions are less robust. Second, CACE 
estimates were based on patient-reported compliance filled out in paper drug diaries, 
which may not have perfectly represented actual consumption of tablets. However, 
counts of returned medicines and results from the brief adherence rating scale were 
consistent with patient-reported compliance (1).

The findings of this secondary analysis should be placed in context of the original 
analysis of the PACE trial, which is still the only RCT that has assessed the efficacy of 
paracetamol for acute LBP and is considered to be the best available evidence (24). As 
mentioned in the introduction, non-compliance to study medication was considered a 
potential limitation of the PACE results (1, 4-6). The results of this analysis suggest this is 
not the case and thus support the conclusion from the original analysis of the PACE trial 
that paracetamol is ineffective for acute LBP when compared to placebo. It is important 
to note that CACE analysis is a technique that accounts for a very specific participant 
group, namely those who comply with treatment. Although this analysis technique may 
be useful in trials where non-compliance is an issue, results of the ITT analysis remain the 
most relevant to clinical practice.

After a lack of efficacy of paracetamol for acute LBP was demonstrated by the PACE 
trial, paracetamol was no longer recommended as first choice analgesic in four out of 
eight recently published national clinical practice guidelines (25-28). However, other 
recent guidelines still endorse the prescription of paracetamol for acute LBP (29-32). 
One possible justification was that paracetamol may be effective in those who comply 
with the dosing regimen. Our CACE analyses have demonstrated that the efficacy of 
paracetamol is unlikely to change even in patients with total compliance to the regular 
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regimen, reinforcing that management of acute low back pain should focus on providing 
patients advice and reassurance without the addition of paracetamol.

In conclusion, paracetamol is not more effective than placebo for acute LBP in com-
pliers of the treatment regimen. CACE analyses using different cut points showed that 
paracetamol had no effect on pain intensity and secondary outcomes when compared 
to placebo for participants that complied to regular paracetamol in the PACE trial. These 
results support the original findings of the PACE trial.
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APPEnDIx 1: SuPPlEmEnTARy InFORmATIOn

Background to Complier Average Causal Effect (CACE) analysis
Conventional Intention-to-Treat (ITT) analysis produces the overall mean effect for all 
participants randomized, regardless of compliance status. While an ITT analysis provides 
an unbiased estimate of the effect of treatment allocation, it does not estimate the 
efficacy of treatment in compliers. Common analysis strategies used to estimate treat-
ment effect in compliers are Per Protocol (PP) analysis, where effects for compliers in 
the intervention group are compared to effects for participants in the control group, 
and As-treated (AT) analysis, where effects for those who received the intervention are 
compared to effects for those who did not receive the intervention. However, the use 
of PP and AT analyses to account for compliance may lead to biased results (1). The 
reason for this is that likelihood of compliance to placebo is fundamentally different from 
likelihood of compliance to an active treatment; this could actually work in two direc-
tions: participants receiving an active drug may be more likely to comply to treatment 
if they experience a drug effect that participants receiving placebo cannot experience. 
On the other hand, participants receiving an active drug may be less likely to comply to 
treatment if they experience adverse effects that participants receiving placebo don’t 
experience. Compliers to an active treatment in one group and compliers to placebo in 
another group may thus be incomparable, while the overall treatment groups would of 
course be comparable due to randomization.

To obtain unbiased estimates for complying participants in the intervention group of 
a trial, the effect estimates for compliers in the intervention group could be compared 
to the effects for those in the control group, who would have complied to the treatment 
had they been randomized to the intervention group (so-called ‘would-be-compliers’). 
This comparison can be made using an average causal effects (CACE) analysis (2, 3). 
Of course, the active treatment was never offered to the control group participants in 
real life; therefore we have no observed compliance data in this group. Therefore, the 
CACE analysis is essentially a missing data problem in the control group; once ‘would-be-
compliers’ in this group have been identified, a normal ITT analysis can be performed.

underlying assumptions in CACE analysis (3) and their translation to the PACE 
trial
1. Ignorable Treatment Assignment: Treatment assignment is independent of the 

potential outcomes, conditional on the observed baseline covariates (3).
 PACE: This assumption is automatically satisfied in randomized experiments.
2. Stable unit Treatment Value Assumption (SuTVA):
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 a.  The potential outcomes for each person are unaffected by the treatment 
assignment of other individuals: this means there is no interference between 
patients in different groups (3).

   PACE: Although interference between individuals in different treatment groups 
could not be ruled out in PACE, it is unlikely that this has played a significant role in 
the outcomes as all participants were blinded to the treatment they observed and 
everyone received medication through the double-dummy design; this means 
that unblinding because of dosage scheme is highly unlikely. SUTVA is therefore 
considered to be fulfilled.

 b.  There is only one version of each treatment: the treatments given to each indi-
vidual within each treatment condition do not vary across individuals (3).

   PACE: Both active and control groups had one fixed treatment protocol in PACE. 
SUTVA is therefore considered to be fulfilled.

3. monotonicity: This assumption states there are no Defiers (i.e. participants who do 
the exact opposite of the instructions given in the trial; they take the intervention if 
they’re in the control group and they don’t take the intervention when they are in the 
active group) (3).

 PACE: Because of the blinded double-dummy design used in PACE, patients in all 
groups received the same instructions and were blinded for the intervention they 
received (this means in this case, active paracetamol group and placebo group do not 
get contradicting instructions). It seems unlikely that there were Defiers in PACE.

4. Exclusion Restriction: Treatment assignment does not affect the outcome if it does 
not affect the treatment actually received (no direct effect of treatment assignment 
on outcome). This means there is no effect of the treatment assignment for always 
takers or never takers; therefore Always-Taker Average Causal Effect (AACE) = 0 and 
Never-Taker Average Causal Effect (NACE) = 0 (3).

 PACE: Translation of the assumption to terms used in the PACE trial: patients who 
never take or always take paracetamol for low back pain won’t experience an ef-
fect of being randomized in the PACE trial. This assumption is may not be fulfilled 
if trial randomization (i.e. telling people to take the given medication) has an effect 
on outcome through other behavior than taking pills; for example if always-takers or 
never-takers start exercising more for their back pain because of the attention given 
to the back pain during the trial.

5. Principal Ignorability: Potential outcomes are the same across compliance strata, 
conditional on covariates. In other words, principal stratum membership is inde-
pendent of the potential outcomes given the observed covariates. This assumption 
implies that we can identify principal stratum membership using only the observed 
covariates. This is what enables us to find the “likely compliers” in the control group, 
using the model of compliance behavior as a function of covariates fit among treat-
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ment group members; i.e., it implies that the outcomes of the control group members 
identified as “likely compliers” actually reflect well what the potential outcomes un-
der control would have been had the treatment group compliers been in the control 
group instead (3).

 PACE: This assumption is very likely to hold as the intervention and control are so 
similar in PACE due to the blinded double dummy design.

6. missing Values Assumptions:
 a.  missing At Random (mAR) Assumption: Non-response is associated with non-

compliance only among individuals with observed compliancy information. The 
probability of the outcome being recorded is not associated with the outcome 
conditional on treatment assignment, observed treatment receipt status and pre-
treatment covariates. Under this assumption, missingness is not attributable to 
unobserved data, including unobserved compliance status (3).

   PACE: This assumption is unlikely to hold in PACE, as nonresponse in the placebo 
group is very likely to be associated to the trial outcomes (i.e. participants who 
have recovered are less likely to continue filling out the trial questionnaires). 
However, the vast majority of patients provided data for the primary outcome in 
PACE (97%). For this reason, missing data were not considered influential in the 
CACE analyses presented in this article.

 b.  Response Exclusion Restriction (RER) Assumption: For never-takers, the prob-
ability of outcomes being recorded is not affected by treatment assignment status. 
This assumption will be violated if response probability is affected by treatment 
assignment. This means it is violated if never-takers provide outcome data more 
when assigned to the intervention condition then when assigned to the control 
condition (3).

   PACE: This assumption may hypothetically be violated in 2 ways:
  •  Poorly complying participants may have felt some benefit from active 

paracetamol and might have felt more obliged to provide outcome informa-
tion when assigned to the active regular paracetamol group than when as-
signed to the placebo group.

  •  Poorly complying participants might have been demoralized when assigned 
to the intervention condition, by failing to comply with the intervention. This 
might not have happened if they had been assigned to the placebo group.

 c.  Stable Complier Response (SCR) Assumption: For compliers, the probability of 
outcomes being recorded is not affected by treatment assignment status. This 
assumption will be violated if response probability is affected by treatment as-
signment. This means it is violated if compliers provide outcome data more when 
assigned to the intervention condition then when assigned to the control condi-
tion (3).
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  PACE: This assumption may hypothetically be violated in 2 ways:
  •  Compliers may have felt some benefit from active paracetamol and might 

have felt more obliged to provide outcome information when assigned to the 
active regular paracetamol group than when assigned to the placebo group.

  •  Compliers might have been demoralized when assigned to the placebo 
condition because they did not feel any effect despite taking the prescribed 
medication. This might not have happened if they had been assigned to the 
intervention group.

CACE analysis of the PACE trial 19



Supplementary Results
Baseline characteristics of the complete regular paracetamol and placebo groups (as 
shown in the original analysis) are presented with corresponding standardized differences 
(St.Diffs) in Supplementary Table 1; due to chance, significant differences were found for 
employment status and household income. Because no significant differences could be 
found in all other baseline characteristics, we still assume correct randomization.

Estimates of the CACE models compared to Per Protocol analysis
Mean differences and corresponding p-values were very similar between Per Protocol 
analysis and joint modeling CACE for all outcomes that were assessed (Supplemental 
Table 2). A reason for this may be that in this trial, inferred compliance behavior to regu-
lar paracetamol in the placebo group was similar to observed compliance to placebo in 
this group. However, it should be noted that Per Protocol analysis should not be routinely 
used to account for non-compliance, as using this statistical technique may lead to biased 
effect estimates (3, 4).

Technical considerations about this CACE analysis
Three assumptions are used in CACE analysis (3). The first assumption is ignorable 
treatment assignment, which states that treatment assignment is independent of the 
potential outcomes, conditional on the observed baseline covariates. This assumption 
is automatically satisfied in randomized experiments. The second assumption is stable 
unit treatment value assumption (SUTVA), which states two things: firstly, the potential 
outcomes for each person are unaffected by the treatment assignment of other individu-
als and secondly, there is only one version of each treatment, meaning that treatments 
given to each individual within each treatment condition do not vary across individuals. 
It is unlikely that SUTVA has been violated in PACE due to the fixed treatment protocols 
and double-dummy design, which prevents unblinding and thus interference between 
participants. The third assumption is monotonicity, which states that there are no defiers 
(participants who do the exact opposite of the instructions given in the trial. Because all 
patients received the same instructions and blinding was shown to have been successful, 
it is unlikely the monotonicity assumption has been violated in PACE (5).

In joint modeling CACE estimation, exclusion restriction is an additional underlying 
assumption; this assumption states that treatment assignment does not affect the 
outcome if it does not affect the treatment actually received (i.e., there is no direct 
effect of treatment assignment of the outcome). In propensity-weighted CACE estima-
tion, exclusion restriction is replaced by principal ignorability; this assumption states 
that principal stratum membership is independent of the potential outcomes given the 
observed covariates. In practice, exclusion restriction is unverifiable and can hardly ever 
be completely dismissed; in PACE, it could very well be that receiving instructions to 
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take medication may lead to always-takers or never-takers of medication being more 
active, which in turn could affect the outcomes of their back pain. However, in settings 
like the PACE trial where there is no effect of the intervention at all, the exclusion restric-
tion assumption is automatically satisfied and joint modeling CACE estimation is likely 
to perform very well (given no severe deviations from normality of outcome variables); 
although the assumption is not necessarily violated, principal ignorability propensity-
weighted CACE estimation does not necessarily perform well in this scenario (3). For this 
reason, we expect the joint modeling approach will have resulted in the more reliable 
CACE estimates of the two methods used.
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APPEnDIx 2: SuPPlEmEnTARy TABlES AnD FIguRES

Supplementary Table 1: Baseline characteristics for complete patient groups (ITT).

Patient characteristics All patients (ITT)

Paracetamol (N = 550) Placebo (N = 547) Standardized
difference

Age (years) 44.1 (14.8) N = 550 45.4 (15.9) N = 546 0.085

Women 263/547 (48%) 245/544 (45%) 0.061

Private health insurance 275/550 (50%) 248/544 (46%) 0.088

Currently employed 424/550 (77%) 389/542 (72%) 0.122*

Household income per week (per year) 0.179*

Negative or no income 19/540 (4%) 22/531 (4%)

AUD 1-649 (1-33799) 133/540 (25%) 168/531 (32%)

AUD 650-1699 (33800-88399) 243/540 (45%) 226/531 (43%)

AUD 1700-3999 (88400-207999) 119/540 (22%) 97/531 (18%)

≥AUD 4000 (≥208000) 26/540 (5%) 18/531 (3%)

Use of drugs for another disorder 201/550 (37%) 202/544 (37%) 0.012

Episode characteristics

Days since onset of pain 10.1 (10.1) N = 550 9.7 (9.8) N = 546 0.039

Number of previous episodes 6.3 (13.7) N = 547 7.2 (16.8) N = 544 0.058

Presence of pain extending beyond the knee 108/547 (20%) 99/544 (18%) 0.039

Number of days reduced usual activity 3.7 (6.3) N = 548 3.4 (5.3) N = 545 0.075

Disability (RMDQ) 12.8 (5.6) N = 543 13.3 (5.5) N = 531 0.081

Feelings of depression in last week 3.2 (2.9) N = 547 3.1 (2.9) N = 546 0.048

Perceived risk of persistent pain 4.5 (2.8) N = 548 4.4 (2.8) N = 545 0.050

Back pain episode compensable 31/546 (6%) 43/546 (8%) 0.088

Pain intensity 6.3 (1.9) N = 550 6.2 (1.8) N = 546 0.054

Global rating of symptom change 0.0 (2.1) N = 548 -0.1 (2.1) N = 546 0.046

Poor sleep quality 273/549 (50%) 272/546 (50%) 0.002

Function (Nominated Activity) 3.5 (1.7) N = 547 3.7 (1.9) N = 545 0.069

Quality of life – physical (SF-12) 42.7 (9.1) N = 537 42.1 (9.2) N = 538 0.065

Quality of life – mental (SF-12) 44.1 (7.7) N = 537 44.4 (7.9) N = 538 0.040

Credibility score (CEQ) 19.0 (4.9) N = 544 19.4 (4.9) N = 540 0.078

Expectation score (CEQ) 19.7 (5.3) N = 544 20.2 (5.1) N = 542 0.093

St.Diffs: Standardized Differences; Data are mean (SD) or n/N (%);* under standardized differences in-
dicate St.Diffs > 0.1. AUD: Australian Dollar; LBP: Low Back Pain; NRS: Numerical Rating Scale; RMDQ: 
Roland Morris Disability Questionnaire; SF-12; 12-item Short Form Survey; CEQ: Credibility/Expectancy 
Questionnaire.
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Supplementary Table 2: Outcomes of PACE trial (Pain Intensity, Disability, Global Rating of Symptom 
Change and Function) at week 2 with compliance defined as an average intake of ≥4 tablets per day for 
regular paracetamol group vs placebo group.

Outcome Per Protocol Joint Modeling CACE

Pain Intensity (NRS)
(scale range 0-10)

0.29 (-0.074, 0.65)
p = 0.12

0.23 (-0.16, 0.62)
p = 0.24

Disability (RMDQ)
(scale range 0-24)

0.41 (-0.40, 1.22)
p = 0.32

0.37 (-0.55, 1.30)
p = 0.43

Global Rating of Symptom Change
(scale range -5 to +5)

-0.13 (-0.44, 0.18)
p = 0.41

-0.083 (-0.42, 0.25)
p = 0.62

Function (Patient Specific Function Scale)
(scale range 0-10)

-0.28 (-0.65, 0.089)
p = 0.14

-0.28 (-0.67, 0.11)
p = 0.16

All values represent mean difference (lower limit of 95% CI, upper limit of 95% CI) p value; mean dif-
ferences calculated by subtracting placebo group mean from regular paracetamol group mean. Values 
rounded to 2 significant figures. NRS: Numerical Rating Scale; RMDQ: Roland Morris Disability Question-
naire.

Supplementary Table 3: Assessment for residual imbalances between the regular paracetamol group 
and weighted placebo group in the distribution of categorical variables after the weighting procedure 
in propensity-weighted CACE analysis at week 2 with compliance defined as an average intake of ≥4 
tablets per day.

Variable Placebo 
(proportion)

Paracetamol 
(proportion)

Standardized difference

Back Pain episode compensable 0.054 0.053 0.00314

Use of drugs for another disorder 0.42 0.36 0.134*

Women 0.35 0.46 0.226*

Household income per week (per year): 0.035 0.031 0.0228

Negative or no income 0.24 0.24 0.00158

AUD 1-649 (1-33799) 0.48 0.46 0.0440

AUD 650-1699 (33800-88399) 0.16 0.22 0.137*

AUD 1700-3999 (88400-207999) 0.090 0.062 0.106*

≥AUD 4000 (≥208000) 0.098 0.17 0.223*

Private health insurance 0.54 0.51 0.0618

Poor sleep quality 0.55 0.50 0.0962

Currently employed 0.74 0.78 0.0838

St.Diffs: Standardized Differences; * under standardized differences indicate St.Diffs > 0.1; AUD: Austra-
lian Dollar.
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Supplementary Table 4: Assessment for residual imbalances between the regular paracetamol group 
and weighted placebo group in the means of continuous variables after the weighting procedure in 
propensity-weighted CACE analysis at week 2 with compliance defined as an average intake of ≥4 tab-
lets per day.

Variable Placebo mean (SD) Paracetamol mean (SD) Standardized 
difference

Quality of life – mental (SF-12) 45.46 (15.19) 44.08 (6.72) 0.0908

Quality of life – physical (SF-12) 40.91 (17.26) 42.34 (7.82) 0.0831

Age 49.33 (31.27) 44.77 (12.86) 0.146*

Days since onset of pain 10.28 (19.31) 10.12 (8.63) 0.00862

Number of days reduced usual activity 4.57 (12.95) 3.83 (5.53) 0.0571

Credibility score (CEQ) 20.04 (9.02) 19.13 (4.19) 0.100*

Perceived risk of persistent pain 5.14 (5.32) 4.77 (2.35) 0.0700

Feelings of depression in last week 3.57 (6.04) 3.34 (2.49) 0.0381

Expectation score (CEQ) 20.81 (9.00) 19.94 (4.64) 0.0967

Function (Nominated Activity) 3.40 (3.63) 3.43 (1.41) 0.00664

Global rating of symptom change -0.12 (4.11) -0.01 (1.81) 0.0262

Pain intensity 6.20 (3.53) 6.29 (1.59) 0.0251

Number of previous episodes 6.39 (27.04) 6.31 (11.33) 0.00326

Disability (RMDQ) 13.11 (10.65) 12.87 (4.67) 0.0233

St.Diffs: Standardized Differences; * under standardized differences indicate St.Diffs > 0.1; RMDQ: Roland 
Morris Disability Questionnaire; SF-12; 12-item Short Form Survey; CEQ: Credibility/Expectancy Ques-
tionnaire.
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Supplementary Figure 1: Graphical assessment for residual imbalances between the regular 
paracetamol group and weighted placebo group in the distribution of categorical variables after the 
weighting procedure in propensity-weighted CACE analysis at week 2 with compliance defined as an 
average intake of ≥4 tablets per day.
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Supplementary Figure 2: Graphical assessment for residual imbalances between the regular 
paracetamol group and weighted placebo group in the means of continuous variables after the weight-
ing procedure in propensity-weighted CACE analysis at week 2 with compliance defined as an average 
intake of ≥4 tablets per day.
0: Paracetamol; 1: Placebo.
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