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Abstract
Background Chronic headache disorders are disabling. The CHESS trial studied the effects of a short non-
pharmacological intervention of education with self-management support for people affected by migraine and/or 
tension type headache for at least 15 days per month for at least three months. There were no statistically significant 
effects on the Headache Impact Test-6 (HIT-6) at 12-months. However, we observed improvement in pain self-
efficacy questionnaire (PSEQ) and short-term HIT-6. We explored the impact of the CHESS intervention on PSEQ, 
and subsequently, on the HIT-6 and chronic headache quality of life questionnaire (CH-QLQ) at four, eighth and 12 
months.

Methods We included all 736 participants from the CHESS trial. We used simple linear regression models to explore 
the change of HIT-6 and CH-QLQ with treatment and PSEQ at baseline (predictor analysis), and the interaction 
between treatment and baseline PSEQ (moderator analysis). We considered the change of PSEQ from baseline to four 
months as a mediator in the mediation analysis.

Results Baseline PSEQ neither predicted nor moderated outcomes. The prediction effect on change of HIT-6 from 
baseline to 12 months was 0.01 (95% CI, -0.03 to 0.04) and the interaction (moderation) effect was −0.07 (95% CI, -0.15 
to 0.002). However, the change of PSEQ from baseline to 4-month mediated the HIT-6 (baseline to 8-, and 12-month) 
and all components of CH-QLQ (baseline to 8-, and 12-month). The CHESS intervention improved the mediated 
variable, PSEQ, by 2.34 (95% CI, 0.484 to 4.187) units and this corresponds to an increase of 0.21 (95% CI, 0.03 to 
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Background
Chronic headache disorders can be profoundly disabling. 
In comparison to the substantial amount of research on 
the biological mechanisms of chronic headache disor-
ders, and success in finding drug treatments of proven 
benefit for chronic migraine [1], there has been rather 
less focus on, and less success with, treatments address-
ing the social and psychological components of the dis-
ability caused by chronic headache disorders [2]. The 
international classification of headache disorders does 
not recognise the disorder of ‘chronic headache’ as a dis-
tinct disorder. Nevertheless, an epidemiological defini-
tion of chronic headaches, headaches on 15 or more days 
per month for at least three months can be used [3–5]. 
This population predominantly comprises individuals 
with chronic tension-type headache, chronic migraine, 
and those experiencing chronic tension-type headache 
alongside episodic migraine, all of which may occur with 
or without medication overuse.

A 2017 systematic review identified just four qualita-
tive studies (n = 73) of people living with chronic head-
ache [6]. A 2023 systematic review of qualitative studies 
identified just 10 papers on the experience of living with 
migraine, two papers (n = 36) specifically addressed living 
with chronic migraine [7–9]. Common themes identified 
in these studies include; ‘the effect on personal relation-
ships (work/home)’, ‘the difficulty of living with an invis-
ible condition’, and ‘the impact on daily life’ [7–9]. 

We have very little literature on the experience of liv-
ing with chronic headache disorders to inform suitable 
targets for non-drug interventions for people living with 
chronic headache disorders. Nevertheless, there is likely 
to be considerable overlap between the psychological and 
social drivers of chronic headache disability and other 
chronic pain syndromes. For example, a 2019 systematic 
review (14 studies) found a positive association between 
chronic headache disorders and persistent low back pain 
[10]. A 2017 systematic review of prognostic factors for 
chronic headache (27 studies) found similar prognostic 
factors for poor outcome in chronic headache to other 
chronic pain syndromes; including depression, anxiety, 
poor sleep, stress and poor self-efficacy [11]. Self-efficacy 
is a person’s conviction in their ability to manage events, 

situations and reach goals especially when under stress 
[12]. It is increasingly recognised that the management 
of primary headache disorder such as migraine needs to 
be embedded in a biopsychosocial context recognising 
the overlap with psychological distress and other primary 
pain disorders [13]. The same authors advocate the pro-
motion of self-efficacy and an internal locus of control as 
first-line non-pharmacological treatments for migraine 
[13]. 

In 2022, following a substantial amount of prepara-
tory work we published a randomised controlled trial 
(N = 727) of an education and self-management support 
intervention for people with chronic headaches (chronic 
migraine + chronic tension type headache and episodic 
migraine) [14, 15]; the CHESS trial. The primary outcome 
was the Headache Impact Test−6 (HIT-6) at 12 months 
[16, 17]. The observed between group difference at 12 
months was −0.3, (95% confidence interval, CI, −1.23 to 
0.67) effectively excluding any possibility that the CHESS 
intervention was effective. The results were not materi-
ally different when we analysed the chronic migraine and 
chronic tension type and episodic migraine groups sepa-
rately. Our process evaluation did not give any insights 
as to why our intervention was ineffective [18]. As part 
of our preparatory work we did a systematic reviewed of 
multi-item patient reported outcomes for headache dis-
orders [19]. Only the HIT-6 had acceptable evidence for 
use in a mixed headache population. Consequentially, 
in our feasibility study we adapted, and validated, the 
Migraine-Specific Quality of Life Questionnaire (MSQ 
v2.1) for use in a mixed headache population [20, 21]. We 
found that the Chronic Headache Quality of Life Ques-
tionnaire (CHQLQ), which is reported as three domains, 
to be structurally valid, temporally stable, internally con-
sistent, and responsive to change with greater relevance 
to the patient experience when compared to the HIT-6 
[20]. Using this in the main trial we also did not find any 
between group differences.

A specific target of our intervention was improv-
ing self-efficacy, with intervention components aimed 
at informing, empowering and building confidence to 
implement the self-management strategies [22]. We 
measured this using the pain self-efficacy questionnaire 

0.45) units in HIT-6 at 12-months. The largest mediated effect was observed on the CH-QLQ Emotional Function, an 
increase of 1.12 (95% CI, 0.22 to 2.20).

Conclusions PSEQ was not an effective predictor of outcome. However, change of short-term PSEQ mediated all 
outcomes, albeit minimally. Future behavioural therapy for chronic headache may need to consider how to achieve 
larger, and more sustained increases level of self-efficacy than that achieved within the CHESS trial.

Trial registration ISRCTN79708100.
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(PSEQ) [23]. We found positive between group effects 
on the PSEQ at four months, 2.3 (95% CI, 0.51 to 4.0), 
favouring education and self-management support inter-
vention, and 12 months 2.1 (95% CI, 0.17 to 3.96), but 
not at eight months, 1.5 (95% CI, -0.31 to 3.34). If chang-
ing self-efficacy has no effect on headache outcomes for 
people living with chronic headaches, then other targets 
will be needed for future studies. If on the other hand our 
observed impact on self-efficacy does impact on longer 
term headache outcomes, then it may be worthwhile tar-
geting self-efficacy in future studies of non-pharmaco-
logical interventions for people with chronic headache 
disorders. We report here a secondary analysis of the 
CHESS dataset to explore if PSEQ predicts, moderates 
and/or mediates headache outcomes at four, eighth and 
12 months.

Methods
The CHESS trial, and its results have been described 
in detail elsewhere [14, 15, 17, 22]. Briefly, potential 
participants ≥ 18 years and had consultation for head-
aches or who had been prescribed with migraine spe-
cific drug (triptans/pizotifen) in the previous two years 
were identified from general practices or self-referred. A 
research nurse conducted a one-to-one headache clas-
sification telephone interview, using a previously vali-
dated approach, with those who returned an expression 
of interest to participate [24]. The headache classification 
interview allowed us to include participants who met the 
epidemiological definition of chronic headaches (≥ 15 
headache days per month for the past three months). 
People with ineligible headache types (e.g. cluster head-
aches), not fluent in English, no access to a telephone, 
who could not attend or participate in the group inter-
ventions were excluded. We recruited 736 people with 
chronic headaches between 2017 and 2019 to a paral-
lel randomised controlled trial of group supported self-
management (henceforth the CHESS intervention) from 
166 general practices in England. Nine participants were 
excluded from our primary analysis because they had 
chronic tension type headache only. For these analy-
ses we have included all 736 randomised participants to 
maximise statistical power.

The development and content of the CHESS inter-
vention is detailed elsewhere [22]. Briefly, there were 
two whole-day group sessions. Day one addressed ‘liv-
ing, understanding and dealing with chronic headaches’ 
and day two addressed ‘learning how to adapt and take 
control of life with chronic headaches’. These were fol-
lowed by a one-to-one session with a nurse for individual 
advice, and then continuing telephone support if needed. 
These sessions included advice on headache classification 
and use of medications.

The patient-reported outcomes: HIT-6 score ranges 
from 36 to 78 with higher scores indicating greater sever-
ity; PSEQ ranges from 0 to 60 with higher scores suggest-
ing stronger self-efficacy beliefs; and each of the three 
domains (Role Restrictive, Role Preventive and Emo-
tional Function) of the Chronic Headache Quality of 
Life Questionnaire (CH-QLQ) ranges from 0 to 100 with 
higher scores indicating better quality of life [20]. 

We considered four dependent outcomes in each pre-
dictor and moderator analyses: change of HIT-6 and 
change of each CH-QLQ domains from baseline to 4-, 
8- and 12-month. The mediator analyses considered the 
same dependent outcomes but only the changes from 
baseline to 8- and 12-month. Changes were computed 
such that positive value indicates improvement. In the 
predictor analysis, the PSEQ at baseline was the explana-
tory predictor alongside treatment effect. PSEQ at base-
line and its interaction with treatment were considered in 
the moderator analysis. Simple generalised linear models 
were used in the predictor and moderator analyses.

In the mediator analysis, the mediator was the change 
of PSEQ from baseline to 4-month, i.e. 4-month value 
minus baseline value. Three separate linear regression 
analyses were fitted for the mediation analysis (Fig. 1):

 Y = i1 + cX + e1,  (1)

 Y = i2 + c′X + bM + e2, (2)

 M = i3 + aX + e3. (3)

The simple relationship between the dependent variable 
(e.g., change in HIT-6 from baseline to 12-month) and 
the predictor, treatment (usual care vs. CHESS interven-
tion), is represented by c (Fig.  1 (A)). The parameter c’ 
represents the relationship between the dependent and 
predictor adjusted for the mediator (e.g., change in PSEQ 
from baseline to 4-month) whereas b represents the rela-
tionship between the dependent and mediator variables 
adjusted for the effects of the predictor (Fig. 1 (B)). The 
relationship between the predictor and mediator variable 
is represented by a. The mediated effect was the product 
of a and b parameters, ab. The 95% CI for the mediated 
effect was estimated with methods for asymmetric con-
fidence limits.

All analyses were done with R (version 4.2.3) and the CI 
for the estimated effect was performed with the standard 
function confint and for the mediator effect, estimated 
with medci function (type = “prodclin”) from package 
RMediation [30, 31].
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Results
The CHESS trial randomised 736 participants, includ-
ing for these exploratory analyses nine participants with 
chronic tension type headache that were not included 
in our primary analyses; 356 (48%) to usual care and 
380 (52%) to self-management [14, 15]. Table 1 presents 
a brief summary of participants demographic and other 
characteristics at baseline.

Figure  2 presents the scatter plot of change of HIT-6 
from baseline to 4-, 8- and 12-month PSEQ at baseline 
by treatment arms. There was no obvious relationship 
between the change of HIT-6 and PSEQ at baseline and 
except that a small proportion of those reporting low 
PSEQ scores at baseline seemed to have greater improve-
ment in HIT-6 at 4-month (Fig. 2a). Table 2 presents the 
estimated treatment and PSEQ at baseline effect with 
corresponding 95% CI. Treatment and PSEQ at baseline 
did not predict HIT-6 outcomes. There was a small ‘nega-
tive’ interaction effect of baseline PSEQ and treatment on 
HIT-6 at 4-month where participants with higher base-
line PSEQ and randomised to the CHESS intervention 
seemed to report lower change of HIT-6 at 4-month.

The total effect of treatment on change of HIT-6 from 
baseline to 12-month (Fig. 1(A)) was 0.032 (p = 0.95, result 
not shown), indicating that there was no treatment effect 
on HIT-6. The CHESS intervention improved the medi-
ated variable, PSEQ change from baseline to 4-month, by 
2.34 (95% CI, 0.484 to 4.187) unit. This degree of change 
corresponds to an increase of 0.206 (95% CI, 0.031 to 
0.451) unit in HIT-6 change from baseline to 12-month 
(Table 2) which was statistically significant as shown by 
the 95% CI which excludes zero. Tables 3, 4 and 5 pres-
ent the estimated effects of treatment and baseline PSEQ 
baseline on CH-QLQ Role Restrictive, Role Preventive 
and Emotional Function outcomes. There was mediated 
effect on all outcomes with the greatest mediated effect 
was 1.12 (95% CI, 0.217 to 2.202) on CH-QLQ Emotional 
Function change from baseline to 12-month (Table  5). 
However, all the mediated effect seen were minimal, 
especially in CH-QLQ domain where the range is from 
0 to 100. For completeness, in response to peer review 
and for the benefit of future systematic reviews, we pres-
ent our analyses separately for participants with chronic 
migraine and those with chronic tension type headache 

Fig. 1 Path diagram of (A) total effect between predictor and outcome (simple regression model), and (B) mediation model. CHESS intervention was 
education and self-management support with a one-to-one headache classification interview and advice on drug treatment. The usual care was feed-
back from headache classification interview with headache management leaflet and a relaxation compact disc
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Table 1 Demographics and characteristics at baseline
Characteristics Treatment arms

Usual care
(N = 356)

CHESS intervention
(N = 380)

All
(N = 736)

Age, years
 N 356 380 736
 Mean (SD) 48 (15) 47 (15) 48 (15)
 Median (IQR) 49 (37 to 58) 49 (36 to 57) 49 (36 to 58)
Gender, N (%)
 Male 71 (20) 55 (15) 126 (17.1)
 Female 285 (80) 323 (85) 608 (82.6)
 Missing 0 (0.0) 2 (1) 2 (< 1)
Types of headache, N (%)
 Chronic migraine 191 (54) 205 (54) 396 (54)
 Chronic tension type headache plus episodic migraine 160 (45) 171 (45) 331 (45)
 Chronic tension type headache 5 (1) 4 (1) 9 (1)
Medication overuse headache, N (%)
 Not medication overuse headache 158 (44) 168 (44) 326 (44)
 Medication overuse headache 198 (56) 212 (56) 410 (56)
Number of days pain killers were used as acute medications for head-
ache/migraine over the last 4 weeks
 N 350 375 725
 Mean (SD) 12.3 (7.3) 12.5 (7.5) 12.4 (7.4)
 Median (IQR) 12.0 (8.0 to 16.0) 12.0 (6.0 to 17.0) 12.0 (7.0 to 

17.0)
 Missing 6 5 11
HIT-6 (range, 36 to 78; higher is worse)
 N 355 378 733
 Mean (SD) 64.4 (5.8) 64.3 (5.6) 64.4
 Median (IQR) 64.0 

(61.0 to 68.0)
64.0 
(61.3 to 68.0)

64.0
(61.0 to 68.0)

 Missing 1 2 3
PSEQ (range, 0 to 60; higher better)
 N 353 375 728
 Mean (SD) 33.2 (13.4) 32.8 (13.8) 33.0 (13.6)
 Median (IQR) 34.0 

(24.0 to 43.0)
34.0 
(22.5 to 44.0)

34.0 
(23.8 to 44.0)

 Missing 3 5 8
CH-QLQ Role Restrictive (range, 0 to 100; higher better)
 N 356 378 734
Mean (SD) 54.7 (17.6) 54.7 (17.1) 54.7
 Median (IQR) 57.1 

(42.9 to 66.7)
54.8 
(42.9 to 66.7)

54.8 
(42.9 to 66.7)

 Missing 0 2 2
CH-QLQ Role Preventive (range, 0 to 100; higher better)
 N 356 378 734
 Mean (SD) 69.7 (21.3) 69.7 (20.6) 69.7 (20.9)
 Median (IQR) 75.0 

(54.2 to 87.5)
70.8 (54.2 to 87.5) 70.8 

(54.2 to 87.5)
 Missing 0 2 2
CH-QLQ Emotional Function (range, 0 to 100; higher better)
 N 356 377 733
 Mean (SD) 57.4 (22.4) 57.2 (22.4) 57.3 (22.4)
 Median (IQR) 58.3 

(38.9 to 77.8)
61.1 (38.9 to 77.8) 61.1

 (38.9 to 77.8)
 Missing 0 3 3
Abbreviations: SD, standard deviation; IQR, interquartile range, from 25th to 75th percentiles; HIT-6, Headache Specific Information; PSEQ, Pain Self-Efficacy 
Questionnaire; CH-QLQ, Chronic Headache Quality of Life Questionnaire
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plus episodic migraine in the Appendix. We draw no 
inference from these data.

Discussion
In our analysis of all 736 randomised participants, we 
found that the CHESS intervention improved scores 
four-month PSEQ by 2.3 points (95% CI, 0.48 to 4.19) 
on a 60-point scale when compared to usual care. What 
might be a worthwhile difference on PSEQ in this context 
has not been established. In a study of people with low 

back pain the minimally important within person change 
in PSEQ was found to be 5.5 [25]. Using a benchmark of 
half of the minimally important within person change to 
indicate a worthwhile benefit this might indicate that the 
CHESS intervention has not had a meaningful impact on 
PSEQ [26]. This is reflected in the findings of our media-
tion analyses. For the HIT-6, the primary outcome for 
the CHESS trial, the impact of the observed changes 
in PSEQ, across both groups, was 0.21 (95% CI, 0.03 to 
0.45). This is just over 10% of the target difference of 2.0 

Fig. 2 Change of Headache Specific Information (HIT-6) from baseline to (a) 4-month, (b) 8-month, and (c) 12-month by Pain Self-Efficacy Questionnaire 
(PSEQ) at baseline and by treatment with usual care denoted by blue triangle and CHESS intervention by orange circle
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points on the HIT-6 set for the CHESS trial [17]. Worth-
while differences on the CH-QLQ domains have not 
been established. Nevertheless, even the largest observed 
difference of 1.12 (95% CI, 0.22 to 2.20) on emotional 
function at one year, measured on a 0-100 scale is very 
unlikely to be clinically important. Thus, we have shown 
that we can influence pain self-efficacy, and that changes 
in self-efficacy mediate clinical outcomes. However, these 
effects are small, or even trivial, and unlikely to be of clin-
ical importance.

Our process evaluation of the CHESS trial did not 
indicate why our intervention was ineffective [18]. These 
new analyses perhaps give some insight into why this 
might be. A key target of the CHESS intervention was 
improving self-efficacy [22]. That improved self-efficacy 
does mediate clinical outcomes indicates that this was 
an appropriate target. Our intervention did not have a 

Table 2 Estimated effect and its corresponding 95% confidence 
interval (CI) for predictor, moderator and mediator analyses for 
change of Headache Specific Information (HIT-6) from baseline 
to 4-, 8- and 12-month. The mediator is the change of Pain 
Self-Efficacy Questionnaire (PSEQ) from baseline to 4-month (*). 
Treatment usual care is the reference value. Scale range 36–78
Descriptions Model/covariates Estimated HIT-6 ef-

fect (95% CI)
Change from baseline to 4-month

Predictors
Treatment 0.815 (-0.170 to 1.799)
PSEQ at baseline 0.009 (-0.028 to 0.046)
Moderators
Treatment 4.129 (1.458 to 6.800)
PSEQ at baseline 0.061 (0.007 to 0.114)
Treatment × PSEQ at 
baseline

-0.098 (-0.172 to 
-0.025)

Change from baseline to 8-month
Predictors
Treatment -0.256 (-1.259 to 0.747)
PSEQ at baseline 0.015 (-0.023 to 0.052)
Moderators
Treatment 1.073(-1.666 to 3.812)
PSEQ at baseline 0.035 (-0.019 to 0.089)
Treatment × PSEQ at 
baseline

-0.039 (-0.113 to 0.036)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-0.319 (-1.406 to 0.769)

Mediated effect, ab 0.210 (0.033 to 0.453)
Change from baseline to 12-month

Predictors
Treatment 0.008 (-0.994 to 1.010)
PSEQ at baseline 0.008 (-0.029 to 0.044)
Moderators
Treatment 2.440 (-0.255 to 5.135)
PSEQ at baseline 0.045 (-0.008 to 0.098)
Treatment × PSEQ at 
baseline

-0.071 (-0.145 to 0.002)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-0.293 (-1.417 to 0.830)

Mediated effect, ab 0.206 (0.031 to 0.451)
** The effect on the mediator (change of PSEQ from baseline to 4-month) from 
change of treatment, a, was 2.336 (95% CI, 0.484 to 4.187) for all outcomes. Note 
that the effect was not related to outcomes

Table 3 Estimated effect and its corresponding 95% confidence 
interval (CI) for predictor, moderator and mediator analyses 
for change of Chronic Headache Quality of Life Questionnaire 
(CH-QLQ) Role Restrictive from baseline to 4-, 8- and 12-month. 
The mediator is the change of Pain Self-Efficacy Questionnaire 
(PSEQ) from baseline to 4-month (*). Treatment usual care is the 
reference value. Scale range 0-100
Descriptions Model/covariates Estimated CH-QLQ 

Role Restrictive ef-
fect (95% CI)

Change from baseline to 4-month
Predictors
Treatment 1.242 (-1.441 to 3.924)
PSEQ at baseline -0.091 (-0.193 to 0.010)
Moderators
Treatment 1.933 (-5.548 to 9.414)
PSEQ at baseline -0.081 (-0.229 to 0.068)
Treatment × PSEQ at 
baseline

-0.020 (-0.223 to 0.183)

Change from baseline to 8-month
Predictors
Treatment -0.392 (-3.325 to 2.540)
PSEQ at baseline -0.113 (-0.222 to 

-0.004)
Moderators
Treatment 0.392 (-7.723 to 8.507)
PSEQ at baseline -0.101 (-0.262 to 0.060)
Treatment × PSEQ at 
baseline

-0.023 (-0.241 to 0.196)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-1.422 (-4.447 to 1.604)

Mediated effect, ab 0.793 (0.149 to 1.600)
Change from baseline to 12-month

Predictors
Treatment 0.151 (-2.712 to 3.014)
PSEQ at baseline -0.073 (-0.178 to 0.032)
Moderators
Treatment 1.093 (-6.713 to 8.900)
PSEQ at baseline -0.058 (-0.213 to 0.097)
Treatment × PSEQ at 
baseline

-0.027 (-0.238 to 0.183)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-0.816 (-3.767 to 2.134)

Mediated effect, ab 0.831 (0.160 to 1.655)
** The effect on the mediator (change of PSEQ from baseline to 4-month) from 
change of treatment, a, was 2.336 (95% CI, 0.484 to 4.187) for all outcomes. Note 
that the effect was not related to outcomes
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large enough effect on self-efficacy to be clinically useful. 
Future studies in this area may need to consider how to 
maximise any effect on self-efficacy. This may be chal-
lenging. A 2020 systematic review of 60 randomised 

controlled trials in people with chronic musculoskeletal 
pain found that exercise interventions and multicompo-
nent interventions had small effects on self-efficacy at 
4–6 months; standardised mean differences of 0.33 and 
0.27, respectively. But no effect was seen from self-man-
agement interventions or psychological therapies [27]. 

Table 4 Estimated effect and its corresponding 95% confidence 
interval (CI) for predictor, moderator and mediator analyses 
for change of Chronic Headache Quality of Life Questionnaire 
(CH-QLQ) Role Preventive from baseline to 4-, 8- and 12-month. 
The mediator is the change of Pain Self-Efficacy Questionnaire 
(PSEQ) from baseline to 4-month (*). Treatment usual care is the 
reference value. Scale range 0-100
Descriptions Model/covariates Estimated CH-QLQ 

Role Preventive ef-
fect (95% CI)

Change from baseline to 4-month
Predictors
Treatment 1.758 (-0.930 to 4.446)
PSEQ at baseline -0.200 (-0.301 to 

-0.099)
Moderators
Treatment 4.102 (-3.393 to 11.596)
PSEQ at baseline -0.164 (-0.312 to 

-0.015)
Treatment × PSEQ at 
baseline

-0.068 (-0.271 to 0.135)

Change from baseline to 8-month
Predictors
Treatment 1.080 (-1.739 to 3.898)
PSEQ at baseline -0.202 (-0.307 to 

-0.097)
Moderators
Treatment 2.873 (-4.926 to 10.673)
PSEQ at baseline -0.174 (-0.328 to 

-0.020)
Treatment × PSEQ at 
baseline

-0.052 (-0.262 to 0.158)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-0.253 (-3.206 to 2.701)

Mediated effect, ab 0.769 (0.145 to 1.554)
Change from baseline to 12-month

Predictors
Treatment 2.531 (-0.471 to 5.533)
PSEQ at baseline -0.2093 (-0.319 to 

-0.099)
Moderators
Treatment 5.848 (-2.332 to 14.027)
PSEQ at baseline -0.157 (-0.319 to 0.005)
Treatment × PSEQ at 
baseline

-0.096 (-0.317 to 0.124)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

1.616 (-1.65 to 4.877)

Mediated effect, ab 0.758 (0.137 to 1.564)
** The effect on the mediator (change of PSEQ from baseline to 4-month) from 
change of treatment, a, was 2.336 (95% CI, 0.484 to 4.187) for all outcomes. Note 
that the effect was not related to outcomes

Table 5 Estimated effect and its corresponding 95% confidence 
interval (CI) for predictor, moderator and mediator analyses 
for change of Chronic Headache Quality of Life Questionnaire 
(CH-QLQ) Emotional Function from baseline to 4-, 8- and 
12-month. The mediator is the change of Pain Self-Efficacy 
Questionnaire (PSEQ) from baseline to 4-month (*). Treatment 
usual care is the reference value. Scale range 0-100
Descriptions Model/covariates Estimated CH-QLQ 

Emotional Function 
effect (95% CI)

Change from baseline to 4-month
Predictors
Treatment 1.380 (-1.936 to 4.697)
PSEQ at baseline -0.074 (-0.199 to 0.051)
Moderators
Treatment 1.491 (-7.760 to 10.741)
PSEQ at baseline -0.072 (-0.255 to 0.111)
Treatment × PSEQ at 
baseline

-0.003 (-0.254 to 0.248)

Change from baseline to 8-month
Predictors
Treatment -0.615 (-4.203 to 2.974)
PSEQ at baseline -0.1915 (-0.325 to 

-0.058)
Moderators
Treatment 7.714 (-2.176 to 17.605)
PSEQ at baseline -0.062 (-0.257 to 0.134)
Treatment × PSEQ at 
baseline

-0.241 (-0.507 to 0.026)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

-0.974 (-4.714 to 2.766)

Mediated effect, ab 0.864 (0.155 to 1.786)
Change from baseline to 12-month

Predictors
Treatment 1.241 (-2.351 to 4.832)
PSEQ at baseline -0.133 (-0.265 to 

-0.001)
Moderators
Treatment 4.644 (-5.165 to 14.454)
PSEQ at baseline -0.080 (-0.274 to 0.114)
Treatment × PSEQ at 
baseline

-0.099 (-0.363 to 0.166)

Mediator**
Direct treatment effect 
adjusted for mediator*, c’

0.433 (-3.309 to 4.174)

Mediated effect, ab 1.116 (0.217 to 2.202)
** The effect on the mediator (change of PSEQ from baseline to 4-month) from 
change of treatment, a, was 2.336 (95% CI, 0.484 to 4.187) for all outcomes. Note 
that the effect was not related to outcomes
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We are not aware of similar data from studies of head-
ache disorders. Our observed standardised mean differ-
ence of 0.17 is even smaller indicating that a much more 
intense and/or lengthier intervention would be needed 
to have a clinically worthwhile effect. An alternative per-
spective would be to accept that self-efficacy has such a 
small effect, with little prospect of achieving sufficient 
change to have a worthwhile clinical effect that it is not 
worth pursuing this line of enquiry further. Except, per-
haps as part of a wider multicomponent intervention 
where self-efficacy is one of a range of targets.

Strengths and weaknesses
The CHESS trial is one of the largest studies of non-drug 
interventions for chronic headache disorders providing a 
good dataset to test the hypothesis that changes in self-
efficacy might mediate improvements in later clinical 
outcomes. However, what we reported here are post-hoc 
secondary analyses not specified in the original statisti-
cal analysis plan. Some caution is therefore needed when 
interpreting these post-hoc analyses. We have done mul-
tiple analyses, meaning some of the observed statistically 
significant mediation effects observed might be random 
chance. That across all the outcomes measured a consis-
tent pattern of mediation is observed at 12 months gives 
some reassurance that this is not the case. We pooled the 
three subtypes of chronic headaches (namely, chronic 
migraine, chronic tension type headache with episodic 
migraine and chronic tension type headache) in our 
exploratory analyses to reduce the likelihood of observ-
ing significant effect by random chance. Similarly, we 
have based this analysis on our primary outcome and 
not tested if changes in self-efficacy mediate change on 
the CH-QLQ. This may, however, be a more relevant 
outcome for future studies in people with chronic head-
aches. The Migraine Functional Impact Questionnaire 
may be a more relevant outcome for studies of people 
with chronic migraine [28, 29]. 

Conclusion
The CHESS intervention has positive effect on self-effi-
cacy at four months. This change in self-efficacy medi-
ates an improvement in HIT-6 scores at 12 months, but is 
very minimal. Future behavioural interventions for peo-
ple with chronic migraine need to consider how to maxi-
mise the effect on self-efficacy and to consider which 
other factors could be targeted. It is likely a much more 
intense intervention than that tested within the CHESS 
trial will be needed.
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