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Counting your chickens before they hatch:
improvements in an untreated chronic pain
population, beyond regression to the mean and the
placebo effect

Monica Sean®®°, Alexia Coulombe-Lévéque®®®, Wiliam Nadeau?, Anne-Catherine Charest?, Marylie Martel®,
Guillaume Léonard®®®, Pascal Tétreault®:"*

Abstract \
Introduction: Isolating the effect of an intervention from the natural course and fluctuations of a condition is a challenge in any
clinical trial, particularly in the field of pain. Regression to the mean (RTM) may explain some of these observed fluctuations.
Objectives: In this paper, we describe and quantify the natural trajectory of questionnaire scores over time, based on initial scores.
Methods: Twenty-seven untreated chronic low back pain patients and 25 healthy controls took part in this observational study,
wherein they were asked to complete an array of questionnaires commonly used in pain studies during each of 3 visits (V1, V2, V3) at
the 2-month interval. Scores at V1 were classified into 3 subgroups (extremely high, normal, and extremely low), based on z-scores.
The average delta (A = V2 — V1) was calculated for each subgroup, for each questionnaire, to describe the evolution of scores over
time based on initial scores. This analysis was repeated with the data for V2 and V3.

Results: Our results show that high initial scores were widely followed by more average scores, while low initial scores tended to be
followed by similar (low) scores.

Conclusion: These trajectories cannot be attributable to RTM alone because of their asymmetry, nor to the placebo effect as they
occurred in the absence of any intervention. However, they could be the result of an Effect of Care, wherein participants had
meaningful improvements simply from taking part in a study. The improvement observed in patients with high initial scores should be
carefully taken into account when interpreting results from clinical trials.
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1. Introduction measure.31415:16.19.21.27 Glinjca| trials do their best to quantify

Pain is a highly subjective and variable phenomenon; as such, it
is famously difficult to measure accurately—even more so when
it comes to measuring changes in pain levels.®" Indeed, pain
levels fluctuate naturally, as they are affected by a wide array of
biopsychosocial factors, such as sleep, mood, expectations,

the effects of their interventions using the most valid and reliable
questionnaires at their disposal.®?® Unfortunately, it remains
difficult to isolate the effect of an intervention from the natural
course and fluctuations of the condition.'* 92 This is further
complicated by a relatively well-known phenomenon: regres-

and beliefs, themselves fluctuating and difficult to  sion to the mean (RTM).817:18:23.80.32

Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

2 Faculty of Medicine and Health Sciences, Université de Sherbrooke, Sherbrooke, QC, Canada, b Department of Anesthesiology, Sherbrooke, QC, Canada, ¢ Centre de
Recherche du CHUS, Sherbrooke, QC, Canada, © School of Rehabilitation, Sherbrooke, QC, Canada, ° Research Centre on Aging, Sherbrooke, QC, Canada, " Department
of Nuclear Medicine and Radiobiology, Sherbrooke, QC, Canada

*Corresponding author. Address: Faculty of Medicine and Health Sciences, Université de Sherbrooke, 3001 12e Ave Nord, J1H 5N4, Sherbrooke, Québec, Canada. Tel.:
819-821-8000 (ext: 74502). E-mail address: Pascal. Tetreault@USherbrooke.ca (P. Tétreault).

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the
journal’s Web site (www.painrpts.com).

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The International Association for the Study of Pain. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share
the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

PR9 9 (2024) e1157
http://dx.dloi.org/10.1097/PR9.0000000000001 157

9 (2024) e1157 www.painreportsonline.com 1


mailto:Pascal.Tetreault@USherbrooke.ca
http://www.painrpts.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/PR9.0000000000001157
www.painreportsonline.com

2 M. Sean et al. 9 (2024) e1157

Regression to the mean is not another biopsychosocial factor that
influences pain levels: it is a statistical concept that can—in
part—describe, explain, and predict those fluctuations. Regression
to the mean is based on probability distributions and states that
extreme scores are likely to be followed by less extremes scores that
are closer to the individual’s own sampling mean.® In chronic pain
studies, multiple questionnaires are often used to assess pain and
specific biopsychosocial factors, which all have their intrinsic
variability.>"25 It is therefore possible that two questionnaires wil
show different RTM for the same subject over the same time period.
In other words, a questionnaire measuring a comparatively more
fluctuating factor will be more susceptible to RTM.

Regression to the mean is often mentioned in the discussion
section of clinical trial reports as a possible alternative
explanation for observed changes in outcomes over time.
However, RTM has rarely been the primary focus of in-
vestigation in a chronic pain population. This is unfortunate,
seeing as the results obtained from such investigations could
prove useful on many levels. For example, a better un-
derstanding of RTM could help guide the choice of outcome
measures in clinical trials (favoring those less susceptible to
RTM), and improve result interpretation by helping researchers
to differentiate changes in outcome measures resulting from
treatment effect vs RTM. The study design suitable for such
RTM assessment requires that patients with chronic pain be
assessed using a large array of validated, commonly used
questionnaires, at different time points (at least twice, ideally
more), with no concomitant intervention taking place outside of
usual care. Our team had such an observational study taking
place to assess changes in brain structure and functional
activity over time in patients with chronic low back pain (CLBP)
and healthy controls (HC). We were therefore able to conduct
the analysis presented below as part of that study.

The objectives of this analysis were (1) to describe and quantify
the natural trajectory of questionnaire scores over time, based on
initial scores, with a subgoal of determining whether the observed
fluctuations were compatible with RTM, and (2) to evaluate and
compare the stability of each questionnaire over time, in 27
untreated CLBP and 25 healthy controls.

2. Methods

The study was conducted in accordance with the Declaration of
Helsinki. All participants provided written informed consent for
their participation into the study. Ethics approval was granted
from the institutional review board of the Centre intégré
universitaire de santé et de services sociaux de I'Estrie—Centre
hospitalier universitaire de Sherbrooke (Sherbrooke, Quebec,
Canada; approval #2021-3861). The trial has been registered on
Open Science Framework (OSF), under the name “Pilot project
on brain and lower back imaging of chronic pain” (https://doi.org/
10.17605/0SF.I0/P2Z6Y).

2.1. Participants

Twenty-seven patients with CLBP and 25 HC aged 18to 75 years
old took part in this study (convenience sampling). Healthy
controls were matched with CLBP patients for sex and age.

Specific inclusion criteria for the CLBP were (1) low back pain
(=6 months); (2) average daily pain intensity of =3/10; (3) pain
primarily localized in the lower back; and (4) no history of invasive
treatment to manage their pain. Specific exclusion criteria for HC
were (1) history of chronic pain; (2) recent (<3 months) acute pain;
and (3) pain at the time of testing.
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Exclusion criteria for the 2 populations included (1) neurolog-
ical, cardiovascular, or pulmonary disorders; (2) comorbid pain
syndrome; (3) history of back surgery; (4) use of opioids,
antidepressants, anticonvulsants, or psychostimulants; (5) recent
(<1 year) corticosteroid infiltration; (6) pregnancy; (7) inability to
read or understand French; and (8) contraindication to magnetic
resonance imaging (MRI).

2.2. Study design

The study had an observational longitudinal design. All partic-
ipants attended 3 sessions (V1, V2, V3) at 2 months intervals
where they completed several questionnaires (discussed in the
present paper) and underwent brain and lumbar MRI (as part of
the larger study, not discussed in this paper) at the Centre de
recherche du CHUS.

2.3. Questionnaires

All questionnaires were completed online using the platform
“Research Electronic Data Capture” (REDCap) and are presented
in Table 1.

Participants with CLPB completed all questionnaires; HC
completed only the Pain Catastrophizing Scale (PCS) and the
State and Trait Anxiety Inventory (STAI/S-T) (two questionnaires
applicable to a healthy population). To avoid fatigue caused by
filing out multiple questionnaires, the Pain Disability Index (PDI)
(for the CLBP participants) and the PCS (for all participants) were
completed at home, one week before each visit.

2.4. Data processing and statistical analysis
2.4.1. Group attribution

To describe the behavior of “extreme” vs “normal” scores of
participants, it was first necessary to establish a criterion to
differentiate “extreme” and “normal” scores. This was done by
transforming raw initial scores into studentized scores (ie,
z-scores) for each questionnaire. Multiple z-score thresholds
were tested, and a threshold of Izl > 0.5 was found to yield the
most similar number of participants across the 3 subgroups
(“extremely high,” “normal,” “extremely low”). As such, scores
with Izl > 0.5 (ie, scores that were more than half a standard
deviation above or below the group average) were considered
“extreme,” whereas scores with Izl < 0.5 (ie, scores within half
a standard deviation of the group average) were considered
“normal.” An exploratory analysis with various thresholds
revealed that, regardless of the threshold used, a similar pattern
emerged from our results. All results obtained using the different
thresholds tested (Izl > 0.66; Iz > 0.8 and Iz| > 1) are included in
supplementary materials, http://links.lww.com/PR9/A231.
Scores at V1 were thus classified as (1) extremely high, (2)
normal, or (3) extremely low. This was done independently for
each questionnaire such that a given participant could be in the
“extremely high” subgroup for one questionnaire, but in the
“normal” subgroup for another questionnaire. Next, the delta
between V1 and V2 was calculated by subtracting the score at V1
from the score at V2 (A = V2 — V1) such that a positive delta
corresponds to a score increase (ie, worsening of the condition)
and a negative delta corresponds to a score decrease (ie,
improvement of the condition). The same analysis was con-
ducted between V2 and V3: scores at V2 were again classified as
(1) extremely high, (2) normal, or (3) extremely low, and the delta
between V2 and V3 was calculated by subtracting the score at V2
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Table 1
Questionnaires completed by patients with chronic low back pain and healthy controls
Questionnaires Subscales Description Items Scale Total French validated
score version
Pain Catastrophizing Scale (PCS)?® — Degree of catastrophic thoughts 13 5-point Likert scale (“not at all” to “all  0-52 Yes'”
(helplessness, magnification, and the time”)
rumination)
Pain Disability Index (PDI)’ — Ability to perform daily activities 7 Numerical rating scale (NRS) (0 = no 0-70 Yes'®
(home, social, recreational, disability to 10 = worst disability)
occupational, sexual, self-care, and
life support activities)
Brief Pain Inventory (BPI) s/ort Pain severity Intensity of pain (current, average, 4 NRS (0 = no pain; 10 = worst pain  0-40 Yes®
fornf (BPIs) least and worst pain in the last 24 imaginable)
hours)
Pain Interference of pain with daily 7 NRS (0 = no interference; 10 = 0-70 Yes®
interference activities (sleeping, walking, mood, complete interference)
(BPIi) etc.)
PainDETECT (PD)" PD Presence of neuropathic pain 9 7 items rated on a 6-point Likert Scale  0-38 Yes'!
components in patients with back (0 = not at all, 5 = very strongly), 1
pain, such as burning sensation and item based on pain behavior pattern
electric shocks. score (—1, 0 or 1) & 1 item based on
a radiation score (0 or 2)
PD Severity Intensity of pain (current, average in 3 NRS (0 = no pain; 10 = worst pain  0-10 Yes'!
(PDs) the past 4 wk, worst in the past 4 wk) imaginable)
Pain Qutcomes Questionnaire — Global function (eg mobility, vitality, 19 NRS (0 = less symptomsto 10 = 0-190  No (In-house
(POQ)® affect, daily activities, and pain) more severe symptoms) translation)
State-Trait Anxiety Inventory State anxiety Current anxiety 20 4-point Likert scale (“not at all” to “all 20-80 Yes'?
(STAI-ST)?” (STAI-T) the time”)
State anxiety General anxiety 20 4-point Likert scale (‘not atall” to “all 20-80  Yes'®
(STAI-S) the time”)
McGill Pain Questionnaire (MPQ)  MPQ Sensory-affective components of pain 15 4-point Likert scale (“no pain”; to 0-45 Yes*
short fornf? “severe pain’)
MPQ intensity Pain intensity (previous week) 1 100-point visual analogue scale (eft 0-100  Yes*
(MPQi) anchor: “no pain”; right anchor:
“worst possible pain”)
Central Sensitization Inventory — Symptoms of central sensitization 25 5-point Likert scale (0 = “never”; 4  0-100  Yes*

(CS\) stort forn?®

= “always”)

CLBP patients completed 8 questionnaires: (1) Pain Catastrophizing Scale (PCS), (2) Pain Disability Index (PDI), (3) Brief Pain Inventory (BPI), (4) Pain DETECT, (5) Pain Outcomes Questionnaire (POQ), (6) State-Trait Anxiety
Inventory (STAI/S-T), (7) McGill Pain Questionnaire (MPQ), and (8) Central Sensitization Inventory (short form) (CSI). HC completed only the PCS and the STAI/S-T.

from the score at V3 (A = V3 — V2). Thus, for each questionnaire,
2 calculations were performed (V2 — V1 and V3 — V2).

2.4.2. Standardization across questionnaires

To facilitate the comparison between questionnaires, all raw
scores were reported on a scale from 0 to 100. Fluctuations larger
than 10 percentage points were considered clinically meaningful,
and fluctuations of 5 percentage points or less were considered
random noise. Fluctuations between 5 and 10 percentage points,
while of debatable clinical relevance, were still considered likely
enough to denote an effect to warrant being reported. The use of
such standardized thresholds, as opposed to the Minimal
Detectable Change (MDC) specific to each questionnaire, was
favored because it allowed for direct comparisons between
questionnaires; the advantages and drawbacks of this method-
ological choice are highlighted in the Discussion.

2.4.3. Average delta scores

Once participants were divided into the 3 subgroups (based on their
initial scores), average delta scores were calculated for each subgroup
within each questionnaire. Delta scores were calculated by subtracting
V1 scores from V2 scores (and V2 scores from V3 scores) such that
anegative delta represents a decrease in score (which, for all outcome
measures, corresponds to an improvement of the condition).

Delta scores were averaged within each subgroup, for each
questionnaire, to yield a measure of the average evolution over
time of each subgroup.

2.4.4. Fluctuation scores

In addition to average delta scores, “fluctuation scores” were
calculated for each subgroup within each questionnaire by
averaging the absolute value of delta scores for the given
subgroup. This measure was particularly informative in cases
where both large decreases and large increases scores had
taken place: such decreases and increases would cancel each
other out in the “average delta scores” and could lead us to
conclude that scores remained roughly stable over time, when in
fact large fluctuations (in opposite directions) had taken place.

3. Results
3.1. Participants and raw scores

Fifty-two participants (25 HC and 27 CLBP) were recruited in the
study. Three CLBP participants dropped out after the first visit
(unexpected pregnancy [n = 1], discomfort during MRI [n = 1],
scheduling conflicts [n = 1]), and one dropped out after the
second visit (move to a different city [n = 1]) such that 23 CLBP
completed the entire study and were included in the analysis.
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Sociodemographic characteristics of the sample.

CLBP (n = 23) HC (n = 25)
Biological sex
Women 11 15
Men 12 10
Age (average * SD) 44 + 15 40 =14
Etnicity
Caucasian 16 24
Asiatic 1 1
Hispanic 4 NA
African 1 NA
Arabic 1 NA
Education level
Primary school NA NA
High school NA NA
Apprenticeship 5 2
College 4 6
University 14 17
Annual income
less than 20K 2 5
20K-35K 5 2
35K-50K 5 1
50K—65K 5 6
65K-80K 2 5
80K-100K 3 4
100K and more 1 2
Pain duration
4 mo-5 mo 0 NA
6 mo—12 mo 5 NA
1-4y 7 NA
5y and more 11 NA

There were no dropouts among the HC. Sociodemographic
characteristics of the sample are presented in Table 2. All
participants complied with the instructions to avoid any treatment
other than over-the-counter medication and their usual, non-
invasive rehabilitation treatments. This allowed us to evaluate the
natural course of the condition during the period of the study.
Average scores for each questionnaire at each visit are presented
in Table 3a and b for the 2 populations.

3.2. Average evolution over time as a function of initial score

The evolution of questionnaire scores for each subgroup over
time is presented in Table 4 (CLBP) and Table 5 (HC). The
same data are represented in 3 different ways: Tables 4a and
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5a present the average delta within each subgroup, Tables 4b
and 5b presents the individual delta scores of each member of
the subgroup, and Tables 4c and 5c presents the average
absolute delta within each subgroup. As a core example, PCS
scores for the CLBP participants in the ‘extremely high’
subgroup at V1 (ie, participants with a z-score >0.5) showed,
on average, a reduction of 22 percentage points at V2
(corresponding to a raw reduction of 12 points on the PCS
scale) (Table 4a). Individual delta scores making up that
average delta score are presented in Table 4b. Still on the
PCS, in the “normal” CLBP subgroup, some participants had
an increase in scores between V1 and V2, and some had
a decrease in scores (Table 4b). This yielded an average delta
score of only —4/100 (Table 3a), but a much larger average
absolute delta score of 14/100 (Table 4c). To visually illustrate
the grouping, we have plotted McGill Pain Questionnaire
intensity (MPQI) average pain scores for each subgroup and
each time point (Fig. 1).

3.3. Chronic low back pain sample
3.3.1. Average evolution of “extremely high” scores

Participants with an initial “extremely high” score at V1 tended to
show a reduction in score at V2, and those with an “extremely
high” score at V2 similarly tended to show a reduction in score at
V3 (Table 4a and b, top rows). Indeed, the average deltas from
V1 to V2 and from V2 to V3 were mostly negative in that
subgroup, and most individual deltas were negative (Table 4b,
top row).

This trend for high scores to be followed by lower scores is
expected, as RTM predicts that extreme scores will be followed
by more normal scores, which in the case of extremely high
scores means that the subsequent score should be lower.

3.3.2. Average evolution of “normal” scores

The evolution of “normal” scorers is presented in the second rows
of Tables 4a—-c. Average scores tended to remain stable or to
slightly decrease over time, and the visual representation of
individual delta scores (Table 4b, middle row) reveals that
participants in this subgroup tended to show an uneven split
between increases and decreases in scores from one visit to the
next, with a larger number of individual delta scores being
negative.

Average scores for each questionnaire during the 3 visits (V1, V2, and V3), for the chronic low back pain sample and the healthy controls

sample.
(a)
CLBP PCS MPQi BPIs MPQ PDs BPIi PDI STAI/S PD P0OQ (R3] STAIT
(0-52) (0-100) (0-40) (0-45) (0-10) (0-70) (0-70) (20-80) (0-38) (0-190) (0-100) (20-80)
V1 19+12 5616 18=%=5 14 +7 5+1 1810 16=9 33x8 7*4 44+14 3Hx11 3B =11
V2 1610 5420 18=*=6 13+7 5+1 1610 14=*9 33x9 9+4 43+18 33x13 35=x12
V3 12+11 46+23 15+7 10+ 8 5=*+2 9+7 9+7 32+10 9=+*5 37+19 30+x14 35=x12
(b)
HC PCS STAI/S STAI/T
(0-52) (20-80) (20-80)
Vi 6=+8 26+ 6 29+9
V2 67 26+6 29+9
V3 5+7 26+ 8 29 =10

Average for CLBP sample is presented in Table 3a for CLBP and Table 3b for HC. Scores are reported as average =+ standard deviation. The theoretical min and max scores for each questionnaire are reported in the title row.
BPIi, brief pain inventory—interference; BPIs, brief pain inventory—severity; CSI, central sensitization inventory; MPQ, McGill pain questionnaire; MPQi, McGill pain questionnaire intensity; PCS, pain catastrophizing scale; PD,
Pain DETECT; PDs, Pain DETECT severity; PDI, pain disability index; POQ, pain outcomes questionnaire; STAI/S-T, state-trait anxiety inventory.
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The evolution over time of participants with “extremely high,” “extremely low,” or “normal” initial scores at V1 and V2, in the chronic low
back pain sample.

a)
PCS (0-52) MPQi (0-100) BPIs (0-40) MPQ (0-45) PDs (0-10) BPIi (0-70)
CLBP A=V2-V1| A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
Extremely high | 22 (-12) | -7(-3) 0 -19 (-19) 5 -16(-6) | -10(-5) | -8(3) 2 9¢1) | 9(-6) | -22(15)
Normal -4 S10(-5) | -6(6) | -7(7 -4 8(-3) 0 -13 (-6) -4 -14 (-1) 1 -6(-4)
Extremely low | 6 (3) -5 3 0 703) -5 0 2 9(1) 0 1 0
PDI (0-70) STAI/S (20-80) PD (0-38) POQ (0-190) CSI (0-100) STAU/T (20-80)
A=V2-V1| A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
17 (-12) | -15 (-11) -1 2 2 -4 2 6(-12) -1 -5 0 0
2 -7(-5) -4 3 6(2) 0 0 2 -1 2 0 0
3 -1 3 1 5 1 -1 -1 2 3 3 0
b)
PCS MPQi BPIs MPQ PDs BPIi

CLBP A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2

60 60
%
Extremely

high

20

60
0 g
20 g
o o o
20 -20- -20- - - I
40 -40- -40
-60- -60- - 60
60 60 60 60 60 60 60 60 60
40 40+ 40 404 40 40+ 404 40+ 40
Normal | 20 2 204 2 204 20 20 2
o o --l—l—r'- o 0 o o 0 o o
=20 20+ -20- -20 20 20 -20 -20 120
40 40 40 40 k0. 40 40 40 lao
60 60+ 60 50 |60 60, lso F
60 60 60 60 60 60 60 60 60 60 60
40 a0 40+ 40 404 404 40 40 40 40+ 40
2 2 209 I 20 20 20 20 20 20 204 20
o o + UL b o o [ 0 o o oq—al|
20 20 204 20 -20 20 20 -20 20 20 20
40 -40 404 -40- -40 -40 40 40 -40 40 -0
-60: -60° -60- 60 |-60- -60- |60 -60. -60- -60- 60

PDI STAL/S PD POQ CS1 STAVT
A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2

Extremely

low

60
40
20

0

20

-40

60

60 60 60 60

60 60 60 60 604 60, 60 607
40 404 404 404 “ 404 404 404 404 0 404 404
20 20 20 20 I 20 20 204 204 20 20 204 204 1
0 0 o an 0-"—'1-1 ofye—22t D-I-I-I—-—'J- u-l-.—.——-l o — -
'm_l I I -zn-I I -20 .zn«l ' -20 I 204 20 204 -20 20 znfl -Zﬂ-l
40 40 40 40+ -40 40 40+ 40 40 40 40 40
60 .60 -60 60 -60 -60 -60- -60- -60- -60 -60- |60
604 60 604 60+ 60 60 60 60 60 60 609
40+ 40 40 40 40 404 404 a0 j: 40 40+ 40+
204 20 20 204 20 204 204 204 w 20 204 20-
o o LE o o LE ﬂ-.n-—-'l 04 al o O fg—uE 0 yre—=t
20 20 .zn-"Tll 20 20 .zu-r_.u 20 -zn-l'“——.l 20 i 20 20 204
-0 40 -40-] 40 40 401 404 40| 40 40 40+ 40+
60 60 60 60 -60 60 60~ 601 had 60 601 160
60 60 60 60 0 60 604 60 60 60 60 60
40 40 40 40 40 40+ 40 404 40 a0 40+ 404
20 20 20 20 20 20 20 20 20 20 20 209
"*[r-—'ll 0fr——na ﬂ-r-—-‘-'" — LI 0-jue—satll rw = 2| 3 L e I
20 20 20 20 20 l-20 20 20 -20. 20 20 20
40 40 40 -40 -40. 40 40 -40 -40- 40 40 40
60 60 60 50 60 l-60 60 60 0 .60 60 60
<)
PCS MPQi BPIs MPQ PDs BPIi
CLBP A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
Extremely high 22 17 8 22 9 16 15 14 4 9 14 23
Normal 14 12 11 12 7 13 9 13 10 18 9 6
Extremely low 15 6 13 9 9 15 8 7 9 11 3 5
Total (average of all participants) 16 11 11 14 8 14 10 11 8 13 9 12
Total (average of both deltas) 14 12 11 11 10 10
PDI STAL/S PD POQ CSI STAUT
A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
17 15 9 10 5 11 5 10 5 6 5 7
8 9 11 12 13 7 S S 4 7 4 4
7 4 6 6 5 5 4 3 5 3 4 3
10 9 9 9 8 7 5 6 5 5 4 4
9 9 7 5 5 4

The analyses from V1 to V2 and from V2 from V3 were conducted independently such that a participant could be in the “extremely high” subgroup at V1 (and in the V1-V2 analysis) and in the “extremely low” subgroup at V2 (and
in the V2-V3 analysis). Similarly, questionnaires were analysed independently such that a participant could be in the “extremely high” subgroup for one questionnaire and in the “normal” subgroup for another questionnaire.
Scores are reported on 100, with raw scores in parenthesis when a significant change (>10%) occurred.

The same data are presented from 3 different angles: Tables 4a—c. Table 4a presents the average delta for each subgroup (changes larger than 10% are in bold); Table 4b presents individual deltas within each subgroup; and
Table 4c presents the average of absolute deltas for each subgroup.

BPIi, brief pain inventory—interference; BPIs, brief pain inventory—severity; CS, central sensitization inventory; MPQ, McGill pain questionnaire; MPQi, McGill pain questionnaire intensity; PCS, pain catastrophizing scale; PD,
Pain DETECT; PDs, Pain DETECT severity; PDI, pain disability index; POQ, pain outcomes questionnaire; STAI/S-T, state-trait anxiety inventory.
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The evolution over time of participants with “extremely high,” “extremely low,” or “normal” initial scores at V1 and V2, in the healthy

controls sample.

a)

PCS (0-52) STAI/S (20-80) STAU/T (20-80)
HC A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
Extremely high -4 1 -1 -6 (-4) -2 3
Normal -1 -4 0 2 1 -5
Extremely low 1 0 2 2 -1 3
b)
PCS STAI/S STAI/T
HC A=V2-V1 A=V3-V2 A=V2-V1 A=V3-V2 A=V2-V1 A=V3-V2
60 60 604 60 60 60
40 40-{ 40+ 40-{ 40 40+
Extremely high 201 20 20| 20 20| 20
0 —-I—.—L 0 _]_.l 0o 0 -ll-"-r.-.-l- 0 --I-.—l-l- 0 --.-.-.-IJ-
-20 -20 -20 -20 -20 -20-
40 40 -40 40 40| -40
-60 - 60 -60- -60- 60 - -60-
60 60 60 60 60 60
40 40 404 40 40-] 40
Normal 20 20 20 20 20 20
0 -l“..-—lI“ 0 -ll-—"_-J 0 -’I-.-.-.-lj-l 0 0 -.....--ll“l o-gE—
20 20 20 20 -20 20
-40 -40- -40 -40 -40- 40
-60- 60 60! -60- -60- 60
60 60 60 60 60 60
40 40 404 40| 40 40|
Extremely low 20+ 20+ 20 20 20+ 20|
o_.._._._.__..ll 1Y A— [ — T | o4— 2l 0 tgre———— [ —T
-20 -20- -20 -20 -20+ -20
40 40 -40-] -40- 40 -40-
60 -60- 60 60 - -60- -60-
c)
HC PCS STAI/S STAI/T
A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2 | A=V2-V1 | A=V3-V2
Extremely high 11 14 5 8 8 5
Normal 5 5 8 11 5 6
Extremely low 3 1 3 1 4
Total (average of all participants) 5 5 5 7 4 5
Total (average of both deltas) 5 6 5

The analyses from V1 to V2 and from V2 from V3 were conducted independently such that a participant could be in the “extremely high” subgroup at V1 (and in the VV1-V2 analysis) and in the “extremely low” subgroup at V2 (and
in the V2-V3 analysis). Similarly, questionnaires were analysed independently such that a participant could be in the “extremely high” subgroup for one questionnaire and in the “normal” subgroup for another questionnaire.

Scores are reported on 100, with raw scores in parenthesis when a significant change (>10%) occurred.

The same data are presented from 3 different angles: Tables 5a—c. Table 5a presents the average delta for each subgroup; Table 5b presents individual deltas within each subgroup; and Table 5¢ presents the average of

absolute deltas for each subgroup.

PCS, Pain Catastrophizing Scale; STAI/S-T, state-trait anxiety inventory.
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A B
100 - 100 -
g
= 80 J
e
2
(1]
=
8
£
o
o
= bt
0 1 1 0 1 1
V1 V2 V2 V3

Extremely high —— Normal —e— Extremely low

Average pain intensity scores from the McGill Pain Questionnaire
(MPQi) for each subgroup, for the V1-V2 (A) and V2-V3 (B) analyses. For the
V1-V2 analysis (A), subgroup allocation is based on scores at V1; for the V2-V3
analysis (B), subgroup allocation is based on scores at V2 such that a given
participant can be allocated to different subgroups for the 2 analyses. Dots
represent individual score. The error bars represent 95% confidence intervals
(IC95).

Regression to the mean predicts that participants with
a “normal” score will show little or no change from one session
to the next, with an even distribution of increases and decreases
cancelling each other out. This should translate in average delta
scores being roughly equal to O (Table 4a) and, visually, in
aroughly even and symmetrical split between individual increases
and decreases (Table 4b). As this is not the pattern of results that
we observed, our results suggest that RTM alone cannot account
for the overall decrease in scores seen in some outcome
measures (see discussion).

3.3.3. Average evolution of ‘extremely low’ scores

As can be seen in Table 4a, on average, participants with
extremely low initial scores appear to remain stable from one visit
to the next on most questionnaires. However, on roughly half of
the questionnaires, these seemingly “stable” average deltas are
a product of significant individual increases and decreases that
roughly cancel each other out, as presented visually in Table 4b
and quantified in Table 4c.

Regression to the mean predicts that extremely low scores will
increase towards more “normal” scores on the subsequent
measurement. Overall, there appears to have been a slight RTM
effect on a few questionnaires, although most average deltas are
close to 0O, suggesting that no substantial RTM was at play—or
that some other effect was at play that counteracted RTM (see
discussion).

3.3.4. Analysis by questionnaire—average evolution

For the “extremely high” subgroup, the PCS, PDI, BPIi, BPIs,
and MPQi all showed an average decrease larger than 15
percentage points for at least one time period (Table 4a), while
the PD, CSI, and both subscales of the STAI showed no
change on average from one visit to the next, for both time
periods.

The “normal” subgroup was more stable overall, with clinically
meaningful average fluctuations observed over a single time
period only for the MPQ and PDs, and strong stability on the CSlI,
both subscales of the STAI, and the POQ (Table 4a).
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The “extremely low” subgroup had the most stable scores of
all, showing no clinically meaningful average change on any
questionnaires (Table 4a).

Overall, the PCS shows the largest average change for all 3
subgroups, followed by the PDI, PDs, both subscales of the MPQ,
and both subscales of the BPI. The questionnaires with the
smallest average delta were the CSI and both subscales of the
STAI (Table 4a).

3.3.5. Analysis by questionnaire—average absolute
fluctuation

As mentioned previously, it is possible for a questionnaire to have
an average delta of roughly O from one visit to the next, seemingly
suggesting that all participants remained stable over time, while in
fact large individual increases and decreases in scores have been
taking place, cancelling each other out. For all 3 subgroups, the
PCS shows the largest magnitude of fluctuation in scores
(Table 4c), followed closely by the MPQi, BPIs, MPQ, PDs, and
BPIi. The STAI-T was the most stable questionnaire.

3.4. Healthy controls

Healthy controls had much more stable scores overall compared
with patients with CLBP (Table 5). Indeed, the average evolution
over time was smaller than 5 percentage points for all 3
subgroups, on all questionnaires and at both time points (with
one exception at 6 percentage points) (Table 5a). Visually, apart
from a notable outlier on the STAI-S (a grad student who reported
having a particularly stressful day), most individual fluctuations
from one visit to the next were also negligible (Table 5b).

4. Discussion

The objectives of this analysis were (1) to describe and quantify
the natural trajectory of questionnaire scores over time, based on
initial scores, with a subgoal of determining whether the observed
fluctuations were compatible with RTM, and (2) to evaluate and
compare the stability of each questionnaire over time.

Our results show that the CLBP population had relatively large
variations in outcome measures over time and that this effect varied
across subgroups and across questionnaires. It bears repeating that
these fluctuations were observed in the absence of any experimental
intervention. Participants with high initial scores were overwhelmingly
likely to show a decrease in score at the subsequent measurement,
while participants with normal or extremely low scores were relatively
more stable. In terms of questionnaires, the PCS showed the most
variation in scores over time; both subscales of the MPQ and both
subscales of the BPI as well as the PDs also showed meaningful
variations. The most stable questionnaire overall was the STAI-T,
followed by the CSI and POQ. Healthy controls, in contrast, showed
very little variability. In this group, average deltas and average
absolute deltas were similar - and very small - across all subgroups
and questionnaires.

These observed fluctuations cannot be solely attributable to
RTM. In the “extremely high” subgroup, the general decrease in
score from one visit to the next is compatible with RTM. However,
in the “normal” subgroup, the uneven split between score
increases and decreases (skewed towards decreases, ie,
improvements) is not compatible with RTM, which would predict
roughly similar increases and decreases. Moreover, in the
“extremely low” subgroup, the overall stability is also incompatible
with RTM, which would predict a general increase in score.
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Together, these results suggest the presence of a global effect
responsible for a generalized decrease in scores (ie, clinical
improvement) over time. There are 2 possible explanations. First,
this effect could be the result of the attention and care received by
the patients as part of their participation in the study; as such
propose calling this effect “Effect of Care.” Indeed, even if
a participant is fully aware that they are not receiving any treatment
(which therefore rules out a placebo effect, in its textbook
definition®®), simply having the chance to talk about their pain with
understanding, thoughtful, and competent-looking research staff
could contribute to improving their symptoms. In addition, the
“seriousness” afforded by the inclusion of brain and lumbar MRI—a
notably well-regarded and imposing modality—likely further in-
creased the potency of Effect of Care in our study. It should be noted
that this proposed Effect of Care is conceptually different than the
Hawthorne effect, wherein participants of a study change their
behavior when they know that they are being observed.

Second, this global trend towards improvement could also be
the result of a biased sample selection, wherein patients are more
likely to volunteer for a study when their symptoms are worse than
usual and less likely to volunteer when their symptoms are better
than usual. Because RTM dictates that patients in a bad phase
are likely to improve over time and patients in a good phase are
likely to worsen, a sample biased towards patients in a bad phase
would also yield RTM biased towards improvements.

4.1. Similarities and differences with test-retest

At first glance, this study presents superficial similarities with the
well-known test-retest; however, it is important to point out that
while test-retest studies generate a single overall score for
a questionnaire, we conducted an analysis by subgroup. This
allowed us to isolate and quantify differing degrees of variability
within a questionnaire and to highlight directional trends depend-
ing on the initial score, providing more nuanced and precise
results than a single overall score.

4.2. Biases and limitations

The most important limitation in this study is obviously the small
sample size, especially as we further divided our sample into 3
subgroups. However, having 3 assessment time points allowed us
to conduct 2 separate analyses (V1 to V2 and V2 to V3) which
showed similar results. Furthermore, the objective of this study was
not to precisely quantify specific effects, but rather to explore our
data set and identify general trends and effects. Finally, the fact that
a similar pattern was found regardless of the classification threshold
used (see supplementary materials, http://links.mw.com/PR9/
A231) lends further credibility to our findings.

Another potentially objectionable point was the decision to use
an arbitrary threshold for fluctuations that are considered “noise”
(=5/100) vs “clinically meaningful” (>10/100), as opposed to
using the established Minimal Detectable Change (MDC) or
Minimal Clinically Important Difference (MCID) of each instrument.
Standardized thresholds were chosen to facilitate comparisons
between questionnaires, which would otherwise have been
counterintuitive at best. This decision was again consistent with
our objectives, which were to identify overall trends and not to
quantify phenomena with a high degree of precision.

Last but not least, RTM is based on the score distribution within
eachindividual—ie, alarge RTM should be expected when a person’s
initial score is extreme relative to their own distribution mean. Because
we did not have access to each participant’s score distribution, we
had to approximate their distribution mean using the group average.

PAIN Reports®

4.3. Relevance for clinical trials

It is difficult to determine with certainty whether the variation in
scores observed in this study is a manifestation of RTM, biased
sample/biased RTM, Effect of Care, or some other effect.
However, regardless of the underlying cause, being able to
quantify this variability for specific questionnaires and specific
subgroups has important clinical implications. Indeed, it will allow
future researchers conducting clinical trials to compare their
observed variations against our results, so that they can isolate
and better estimate the “true” effect of their intervention. For
example, a researcher might be thrilled to see a reduction of 10
points on the PCS following an experimental treatment. However,
as shown in our study, such a decrease can easily be observed in
the absence of any treatment.

Our results showed that CLBP patients with more severe
symptoms at baseline will tend to show improvement at the
subsequent measurement, even in the absence of an
intervention—which could lead researchers to overestimate the
effect of their intervention. Moreover, our results could suggest the
presence of an Effect of Care, wherein patients generally show an
improvement in symptoms simply by being part of a study.

Our results also provide a preliminary quantification of the
variability in scores observed over time, in the absence of an
intervention, in a CLBP population. This variability depends on
initial score and is different across questionnaires. Our results can
therefore be used to guide interpretation of results obtained in
clinical trials.
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