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Statistical analysis plan

”Exposure Therapy vs Standardized Education for Distress Related to Somatic
Symptoms (SOMEX1)” (ClinicalTrials.gov identifier: NCT04942028)

A rudimentary statistical analysis plan (SAP) formed part of the study protocol, approved
2021-05-26, published on ClinicalTrials.org (NCT04942028). This is an amendment based on
the study protocol version 2, approved 2021-12-08, and according to Gamble et al (1). This
latest and more detailed version of the SAP was completed on 2023-10-05; prior to last
recruitment, and prior to the extraction of efficacy data for the primary publication.
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Background and objectives
If not stated otherwise, the background and research questions below have been derived from
the main study protocol.

Approximately one fifth of primary care patients seek care for symptoms that cannot readily
be given a medical explanation. In addition, primary care is tasked with offering care for
prevalent chronic diseases such as asthma and diabetes, where somatic symptoms often lead
to distress and pervasive behavioral changes. Exposure-based treatment has shown promise in
reducing somatic symptom load and increasing quality of life in several conditions where
patients report distress related to persistent somatic symptoms. In routine care, however,
access to such treatment is limited. One reason might be that there exists no flexible exposure-
based treatment protocol that can easily be tailored to suit a wide spectrum of patient groups
who suffer from persistent somatic symptoms. We have evaluated a unified exposure-based
treatment for somatic symptom distress in a previous pilot study and found it feasible to
proceed with a randomized controlled trial. Therefore, in this randomized controlled trial
(N=160), we aim to test if the same tailored internet-delivered exposure-based treatment is
more efficacious than a standardized education control for adult patients with clinically
significant distress related to somatic symptoms in a primary care setting.
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Primary research question
e Compared to the control condition, does flexible internet-delivered exposure-based
treatment lead to a larger improvement in self-rated somatic symptom burden as
assessed using the Patient Health Questionnaire 15 (PHQ-15)? Hypothesis: Yes.

Secondary research questions of relevance

e Compared to the control condition, does flexible internet-delivered exposure-based
treatment lead to a larger improvement in symptom preoccupation, psychiatric
symptom burden, and functional impairment? Hypothesis: Yes.

e In flexible internet-delivered exposure-based treatment, are effects maintained up to
12 months after treatment? Hypothesis: Yes.

e s the controlled effect of the flexible exposure-based treatment on self-rated somatic
symptoms moderated by baseline symptoms and preoccupation? Hypothesis: Yes.

Expanding on the question of moderators, this amendment adds secondary tests of the
following potential moderators of the controlled effect of exposure-based treatment on
somatic symptom burden:

e Overall somatic symptom burden (pre-treatment! PHQ-15).
o Hypothesis: Positive relation with between-group effect.
= Secondary test of the PHQ-15 pain subscale
e Overall symptom preoccupation (pre-treatment' Somatic Symptom Disorder 12).2
o Hypothesis: Positive relation with between-group effect.
= Sensitivity analysis based on the 14-item Health Anxiety Inventory
e Depression symptoms (pre-treatment first 2 items of Patient Health Questionnaire 9).
o Hypothesis: Negative relation with between-group effect.
e Disability (pre-treatment 12-item WHO Disability Assessment Schedule 2).
o Hypothesis: Positive relation with between-group effect.
e Medically explained vs unexplained somatic symptoms.
o Hypothesis: Not a moderator.
e Recruited via routine care (referred or listed at clinic) vs other sampling methods.
o Hypothesis: Not a moderator.
e Age (years at eligibility assessment).>
o Hypothesis: Not a moderator.
e Gender (female vs. male).?
o Hypothesis: Not a moderator.
e Post-secondary education vs. no post-secondary education. Exploratory.
e Years bothered by distress related to persistent somatic symptoms. Exploratory.
e Treatment completer (initiated > 5 modules) vs not treatment completer.
o Hypothesis: Positive relation with between-group effect.
= Sensitivity analysis: requirement: > 5 modules + > 3 exposure exercises

! Listed as screening in the main protocol and changed to pre-treatment in this amendment, because this is more indicative of
the symptoms of the patient just before treatment.

2 We also intend to analyze symptom-related avoidance behaviors as a potential moderator. This analysis will be based on an
instrument under development and will be presented in a secondary publication.

3 Listed in the main protocol, but not under research questions.
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Overall study methods

The study design and main power calculation below are identical to the main study protocol.
More detailed a priori power analyses have been added. The paragraph describing the time
plan has been updated, and thus constitutes an amendment to the original study protocol.

Trial design

Randomized controlled trial based at Liljeholmen academic primary care clinic, Stockholm,
Sweden. Patients are randomized (1:1), in consecutive even numbered cohorts, to internet-
delivered exposure-based treatment or an internet-delivered standardized education control.

Sample size and statistical power

The trial is powered to enable the study of moderate between-group effects (d=0.50) as based
on mean tests with 80% power, given alpha=0.05 and up to 20% data loss. Based on Monte
Carlo simulations using parameter estimates informed by the pilot study (2), power in the
primary test will be sufficient to study effects in the lower moderate range (approx. d=0.40;
see Table 1).

Table 1. Estimated power of primary test of PHQ-15, based on 1000 Monte Carlo simulations
(1000 for each of 12 combinations of hypothetical parameter values, i.e., 12 000 runs in total).

Missing data scenario Between-group effect Power
Difference at post | Cohen’s d
0% missing (N=160 at all assessments) 4.32 0.80 1.000
20% random measurements missing (N=160 only at pre-treatment) | 4.32 0.80 1.000
20% completely missing (de facto N=128) 4.32 0.80 1.000
0% missing (N=160 at all assessments) 2.70 0.50 0.978
20% random measurements missing (N=160 only at pre-treatment) | 2.70 0.50 0.965
20% completely missing (de facto N=128) 2.70 0.50 0.940
0% missing (N=160 at all assessments) 2.16 0.40 0.870
20% random measurements missing (N=160 only at pre-treatment) | 2.16 0.40 0.853
20% completely missing (de facto N=128) 2.16 0.40 0.804
0% missing (N=160 at all assessments) 1.62 0.30 0.665
20% random measurements missing (N=160 only at pre-treatment) | 1.62 0.30 0.611
20% completely missing (de facto N=128) 1.62 0.30 0.550

Approximate standardized effects (Cohen’s d) based on a presumed standard deviation of 5.4.

Table 2. Estimated power of secondary test of SSD-12, based on 1000 Monte Carlo
simulations (1000 for each of 12 combinations of hypothetical parameter values, i.e., 12 000
runs in total).

Missing data scenario Between-group effect Power
Difference at post | Cohen’s d
0% missing (N=160 at all assessments) 10.00 0.80 0.990
20% random measurements missing (N=160 only at pre-treatment) | 10.00 0.80 0.990
20% completely missing (de facto N=128) 10.00 0.80 0.969
0% missing (N=160 at all assessments) 6.25 0.50 0.789
20% random measurements missing (N=160 only at pre-treatment) | 6.25 0.50 0.786
20% completely missing (de facto N=128) 6.25 0.50 0.722
0% missing (N=160 at all assessments) 5.00 0.40 0.615
20% random measurements missing (N=160 only at pre-treatment) | 5.00 0.40 0.601
20% completely missing (de facto N=128) 5.00 0.40 0.503
0% missing (N=160 at all assessments) 3.75 0.30 0.399
20% random measurements missing (N=160 only at pre-treatment) | 3.75 0.30 0.392
20% completely missing (de facto N=128) 3.75 0.30 0.326

Approximate standardized effects (Cohen’s d) based on a presumed standard deviation of
12.5.
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Table 3. Estimated power of continuous moderator tests (three-way interaction of time,
condition, and potential moderator) focusing on the SSD-12, based on 1000 Monte Carlo
simulations (1000 for each of 20 combinations of hypothetical parameter values, i.e., 20 000

runs in total).

Missing data scenario Effect of moderator Incremental d Power
Per unit | Per SD
0% missing (N=160 at all assessments) Very large effect 0.1 1.00 1.00
20% completely missing (de facto N=128) | Very large effect 0.1 1.00 1.00
0% missing (N=160 at all assessments) Large effect 0.09 0.80 1.00
20% completely missing (de facto N=128) | Large effect 0.09 0.80 1.00
0% missing (N=160 at all assessments) Larger moderate effect 0.05 0.50 0.97-0.98
20% completely missing (de facto N=128) | Larger moderate effect 0.05 0.50 0.94
0% missing (N=160 at all assessments) Smaller moderate effect 0.04 0.40 0.89
20% completely missing (de facto N=128) | Smaller moderate effect 0.04 0.40 0.81-0.82
0% missing (N=160 at all assessments) Small effect 0.03 0.30 0.66
20% completely missing (de facto N=128) | Small effect 0.03 0.30 0.56-0.57

Approximate standardized effects (Cohen’s d) expressed as expected change in the between-
group effect on the PHQ-15 (as based on a standard deviation of 5.4), per increase in SSD-12.

Table 4. Estimated power of dichotomous moderator tests (three-way interaction of time,
condition, and potential moderator), based on 1000 Monte Carlo simulations (1000 for each of
240 combination of hypothetical parameter values, i.e., 240 000 runs in total).

Missing data scenario Effect of moderator Distribution Incr.d | Power

0% missing (N=160 at all assessments) Very large effect 50% / 50% 1.00 0.96-0.98
20% completely missing (de facto N=128) | Very large effect 50% / 50% 1.00 0.93-0.95
0% missing (N=160 at all assessments) Very large effect 33% /67% 1.00 0.96-0.99
20% completely missing (de facto N=128) | Very large effect 33% /1 67% 1.00 0.92-0.95
0% missing (N=160 at all assessments) Large effect 50% / 50% 0.80 0.85-0.89
20% completely missing (de facto N=128) | Large effect 50% / 50% 0.80 0.77-0.81
0% missing (N=160 at all assessments) Large effect 33% /1 67% 0.80 0.86-0.90
20% completely missing (de facto N=128) | Large effect 33% /1 67% 0.80 0.78-0.82
0% missing (N=160 at all assessments) Larger moderate effect 50% / 50% 0.50 0.46-0.54
20% completely missing (de facto N=128) | Larger moderate effect 50% / 50% 0.50 0.40-0.45
0% missing (N=160 at all assessments) Larger moderate effect 33% /1 67% 0.50 0.49-0.53
20% completely missing (de facto N=128) | Larger moderate effect 33% /1 67% 0.50 0.40-0.45
0% missing (N=160 at all assessments) Smaller moderate effect 50% / 50% 0.40 0.33-0.36
20% completely missing (de facto N=128) | Smaller moderate effect 50% / 50% 0.40 0.28-0.32
0% missing (N=160 at all assessments) Smaller moderate effect 33% /1 67% 0.40 0.32-0.38
20% completely missing (de facto N=128) | Smaller moderate effect 33% /1 67% 0.40 0.26-0.32
0% missing (N=160 at all assessments) Small effect 50% / 50% 0.30 0.20-0.23
20% completely missing (de facto N=128) | Small effect 50% / 50% 0.30 0.16-0.21
0% missing (N=160 at all assessments) Small effect 33% /1 67% 0.30 0.21-0.24
20% completely missing (de facto N=128) | Small effect 33% /1 67% 0.30 0.17-0.21

Approximate standardized effects (Cohen’s d) expressed as expected change in the between-
group effect on the PHQ-15 (as based on a standard deviation of 5.4).

Time plan

We expect the last follow-up assessment to take place around the end of 2024 or early 2025.
The analysis of most primary and secondary outcomes for the primary publication is
scheduled to take place in mid 2024 to early 2025. SAPs for the cost-effectiveness analysis
and mediation analysis will be published separately. This document concerns the primary

publication only.
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Statistical principles

The paragraph outlining the criteria for treatment adherence and the planned methods for
reporting adherence to treatment in the scientific article is an amendment to the original study
protocol. Apart from this, the statistical principles stated below are in accordance with the
original protocol.

Confidence intervals and p-values

All applicable statistical tests will be performed using a 5% significance level. As is common
practice in the field, whenever directional hypotheses are formulated, two-tailed 95% tests
and confidence intervals will nevertheless be employed - thus effectively corresponding to
one-sided 97.5% equivalents.

Adherence to the protocol

Adherence will be reported as the mean (SD) and median number of initiated treatment
modules in the exposure and control group. Completion of the treatment or the control
(dichotomous outcome: yes vs. no) is defined as having initiated at least 5 out of 10 modules.
In sensitivity analyses, a more strict criterion for completion of the main treatment will also
be explored in terms of having initiated at least 5 modules and also conducted at least 3
exposure exercises.

Analysis populations

The primary analysis will adhere to the intention-to-treat principle, meaning that data from all
patients including dropouts will be used. In other words, the outcome will be analyzed in
accordance with assigned groups. See the paragraph concerning handling of missing data
below. As is described above, a secondary analysis will be concerned with completion as a
moderator, and based on this model per-protocol estimates will also be reported.

Trial population

Here follows an expanded description of how data will be utilized to characterize the study
flow and sample characteristics, intended to be read in conjunction with the original protocol.

Recruitment data and study flow

The time period of recruitment will be reported as the dates of first and last enrollment. The
date of the last follow-up will also be reported. A CONSORT flowchart will summarize the
number of applicants who provided informed consent and completed the screening, who
completed the eligibility assessment, who met all eligibility criteria and were enrolled and
randomized, who completed each respective allocated condition (see above), who dropped out
(either explicit or at least 3 weeks of inactivity without resuming treatment), and who
completed the post- and follow-up assessments. Reasons will be listed for why applicants
were not enrolled post-screening.

Eligibility

Patients (N=160) who report being bothered by somatic symptoms (and who may or may not
meet criteria for a diagnosis where distress related to symptoms is common, such as
fibromyalgia or asthma), who express interest in psychological treatment, and who’s medical
status does not make exposure therapy unsuitable are potentially eligible for treatment. Please
consult the study protocol for a complete report of inclusion and exclusion criteria.
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Dropout rates

Dropouts are reported in terms of patients who stopped replying for at least 3 weeks without
resuming treatment, or explicitly expressed a wish to discontinue their treatment and then did
so. The primary reasons for dropouts will be reported, as rated post treatment by the therapist.

Baseline patient characteristics

Dichotomous and categorical variables will be summarized by frequencies and percentages.
Continuous variables will be summarized using the mean, SD, median and range. Tests of
statistical significance will not be undertaken for baseline characteristics. Rather, the clinical
importance of any imbalance will be noted. The following baseline characteristics will be
reported: age, gender, level of education, occupational status, duration of somatic symptom
distress in years, whether symptoms are considered medically explained or not, somatic
diagnoses, psychiatric diagnoses, recruitment path (routine care vs. not routine care), previous
experience of psychological treatment (yes vs. no), overall somatic symptom burden (PHQ-
15) and subdomains of somatic symptoms, symptom preoccupation (SSD-12), depression
(PHQ-9), functional impairment (WD2-12), and psychotropic medication.

Therapist characteristics

Therapists are balanced over the two treatment arms. Therapist characteristics are reported in
terms of profession, patients treated, years of working with psychological treatment, and years
of working with persistent somatic symptom distress on a regular basis.

Analysis

The rudimentary statistical analysis plan outlined in the main study protocol has been
expanded upon below. In cases where the main protocol is not referenced, the information
provided is novel and specific to this amendment.

Efficacy outcomes

As stated in the main study protocol, the primary outcome is the effect on somatic symptom
burden up to the post-treatment assessment, as measured using the Patient Health
Questionnaire 15 (PHQ-15) (3). Secondary efficacy outcomes are listed in the main protocol
and include symptom preoccupation, general anxiety, depression, and disability. Exhaustive
mediation analyses will be presented as part of a secondary publication, and will be described
elsewhere.

Method of analysis

Inferential analyses will be conducted by a person who is blind to treatment condition. As
previously stated in the main study protocol, change in the primary outcome measure and
other continuous scales will be analyzed using multilevel regression models (4) with patient at
level 2, using an autoregressive (AR(1)) covariance structure, fitted by maximum likelihood.
Longitudinal outcomes will be modelled intention-to-treat, with time, group (exposure vs.
control), and the timexgroup interaction as predictors (a=5%). Because the feasibility trial
was indicative of a curvilinear effect of time (unusual in the field), the inclusion of a
timextime interaction will also be considered based on model fit (Bayesian Information
Criterion, BIC).

Individual differences in baseline scores will be incorporated into the multilevel regression
models as a random effect (i.e., random intercept). A random effect of change over time (i.e.,
a random slope) will also be included if convergence can be achieved.
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As described in the main protocol, the primary statistical test is that of the coefficient for the
timexgroup interaction pertaining to a group difference in average change in the PHQ-15 over
the main phase of the trial, as fitted on multiply imputed data. Standardized mean effects are
conceptualized as the timexgroup interaction divided by the endpoint standard deviation.
Long-term effectiveness is modeled using piecewise regression models, with a spline at post-
treatment.

In the original analysis plan, we specified that response rates would be based on the criterion
for clinically significant improvement (CSI) (5). Because the CSI is intended to signify
change to a reliable extent, and from a clinical pre-treatment score to a healthy post-treatment
score, the CSI will be reported for the subsample of patients who scored at least in the
moderate range on the PHQ-15 (>10) before treatment. This will be based on test-retest
reliabilities of r=0.93 (6) and r=0.65 (7), and scores below 10 (in the low range) will be
considered healthy (3). Because the CSI is not relevant for patients scoring low in the PHQ-15
before treatment, and also because the proportion of reliable change, which is a requirement
for CSI, is a systematic underrepresentation of the proportion of actual change (8), response
rates will also be reported as the proportion of all patients who saw improvement equal to or
beyond the minimally important difference (MID) (9).

In accordance with the main protocol, auxiliary analyses will concern moderators (see page 2)
and test the three-way interaction between time, group, and the potential moderator. Pearson
correlations < 0.60 will be considered indicative of the moderators being relatively distinct
and suitable for analysis. Models will include a random intercept and slope if convergence can
be achieved.

In additional exploratory secondary analyses, treatment effects will also be reported for
substrata:

e As stated in the main protocol, the primary models for symptom burden (PHQ-15) and
symptom preoccupation (SSD-12) will be refitted for each somatic diagnosis present
in at least 5 patients.

e As stated in the main protocol, the PHQ-15 will be scored in terms of
cardiopulmonary, fatigue, gastrointestinal, and pain subscales based on Witthoft et al.
(10). Separate analyses will then be conducted for each of these subscales, first
including all patients, and then including all who scored an average of at least 1 on a
0-2 scale, on the items belonging to that scale.

e The primary models for symptom burden (PHQ-15) and symptom preoccupation
(SSD-12) will be refitted for patients with vs. without somatic symptom disorder
(SSD).

There will be a test of the hypothesis that men are more inclined than women to seek health
care for somatic symptoms when they are in fact suffering from a non-somatoform psychiatric
condition, as based on a 2x2 %2 test of exclusions due to other principal psychiatric conditions
vs. other factors, men vs. women.

Missing data

As stated in the main study protocol, missing data will be imputed using hierarchical multiple
imputation by chained equations in 100 datasets (revised from 20) using the predictive mean
matching method (11,12). Multiple imputation will be based on the following predictors:
time, age, gender, pre-treatment somatic symptoms, pre-treatment symptom preoccupation,
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treatment adherence, and missing data rate. In addition, the following now specified based on
pre-treatment data: disability, depression, general anxiety, pain intensity, post-secondary
education, years bothered by distress related to persistent somatic symptoms, medically
explained vs unexplained symptoms, and recruitment strategy (routine care vs. not routine
care). Imputation will be done separately for each condition (exposure vs. control) in order to
maintain condition-specific relationships in the data.

Harms and unwanted effects

The following description of how to report adverse events and deterioration constitutes an
amendment to the original SAP. Adverse event (AE) data are collected at the post-treatment
assessment. Patients report whether they have experienced any form of AE that potentially
could be related to participation in the study. Up to three AEs can be reported, and for each
AE, patients are encouraged to provide details in free-form text. For the purpose of the
primary publication, answers are read by a person who is blind to treatment condition, and
categorized according to the six common categories of AEs identified in a previously
published factor analysis (13). The number and proportion of patients having experienced at
least one AE, and at least one AE per type, will be reported separately for each treatment arm.
The incidence of serious AEs defined as warranting immediate medical attention, or leading
to hospitalization or death will also be reported. The proportion of minimal important
deterioration is also presented, based on the MID.

Statistical software
The analysis will be carried out using R version 4.3.1 or later, and Stata version 15 or later.
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