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Abstract

Background/Objectives: Long-term treatment options for fibromyalgia syndrome (FMS)
remain limited and there is a lack of real-world data on the extended use of nutraceutical
formulations containing palmitoylethanolamide (PEA) and acetyl-L-carnitine (ALC). This
study describes a cohort treated for 12 months with a fixed multicomponent formulation
containing PEA and ALC, followed by an additional visit three months post-treatment.
Methods: This retrospective, uncontrolled single-cohort study involved 150 consecutive
adults diagnosed with fibromyalgia syndrome (FMS). Participants received a fixed oral
formulation comprising palmitoylethanolamide (PEA) 600 mg, acetyl-L-carnitine (ALC)
500 mg, Boswellia serrata 100 mg, vitamin B6 and vitamin E, administered twice daily as an
adjunct to stable background therapy. Pain levels were assessed using the Visual Analogue
Scale (VAS), and the impact of the disease was evaluated with the revised Fibromyalgia
Impact Questionnaire (FIQR) over a period of up to 15 months. Sleep quality was measured
using the Pittsburgh Sleep Quality Index (PSQI) for up to 6 months. Missing data were
addressed through various methods, including a mixed model, last observation carried
forward, delta-adjusted and baseline-carried-forward scenarios, as well as non-responder
imputation. Results: Sixty-four patients completed the 12-month course, 45 discontinued
(36 for perceived lack of efficacy) and 41 were lost to follow-up. Estimated mean VAS fell
from 76.3 to 52.3 at 12 months and FIQR from 73.6 to 56.1; under the worst-case assumption
that every non-completer returned to baseline, the mean 12-month change in VAS was
—13.0 points (95% CI —15.9 to —10.2). At 6 months, 78.1% of completers reached the
FIQR minimal clinically important difference and 59.4% the IMMPACT 30% pain threshold,
corresponding to 37.3% and 28.7% of all 150 patients with non-responder imputation;
only 20.3% of completers (10.0% of all patients) improved by >3 PSQI points. Recorded
adverse events occurred in 10.0% of patients. Retention at 12 months was 60.6% (42.7%
if patients lost to follow-up were counted as discontinuations). In completers, pain and
FIQR three months after the end of treatment were within one point of the 12-month
values. Conclusions: In this uncontrolled cohort, 12 months of add-on treatment with a
multicomponent formulation containing PEA and ALC was associated with reductions in
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pain and disease impact, whereas sleep outcomes changed minimally. However, attrition
was substantial and partially response-dependent; therefore, the observed changes cannot
be attributed to the formulation or its individual components. These descriptive findings
support the need for a controlled trial with a duration of at least 12 months.

Keywords: fibromyalgia; palmitoylethanolamide; acetyl-L-carnitine; nutraceuticals; noci-
plastic pain; sleep quality; real-world evidence; long-term treatment

1. Introduction

Fibromyalgia syndrome (FMS) is a chronic condition characterised by widespread
musculoskeletal pain associated with non-restorative sleep, fatigue and cognitive symptoms,
and is currently diagnosed according to the 2016 revision of the American College of
Rheumatology (ACR) criteria [1]; in the absence of validated biomarkers, the diagnosis
remains clinical [2]. The prevalence of FMS symptoms in the general population is estimated
at 2-4% [3], with a marked female predominance and a substantial burden of fatigue,
sleep disturbance and cognitive complaints [4,5]. FMS is now regarded as the prototypical
nociplastic pain disorder, in which augmented central processing of nociceptive and sensory
input predominates over identifiable tissue or nerve damage [6-8], and its aetiopathogenesis
is increasingly conceptualised as an interaction between central sensitisation, peripheral
small-fibre alterations, neuroinflammatory mechanisms and psychosocial factors [9].

Management involves multiple approaches. In the updated recommendations, an
individualised, integrated care pathway is advocated, in which non-pharmacological mea-
sures are first-line and pharmacological options play an adjunctive role [2,10]. Differences
between international guidelines on drug management have been analysed in formal com-
parisons [11]. Even for aerobic exercise, the most supported intervention, the absolute
improvement in pain intensity is about 11% and is based on low-quality evidence [12].
The evidence for drugs is even less promising. A review of 21 Cochrane reviews covering
87 trials and 17,631 patients found only duloxetine, milnacipran, and pregabalin have good
evidence for pain relief, benefiting about one in ten patients, with no evidence beyond
six months [13]. For serotonin—noradrenaline reuptake inhibitors (SNRIs), the number
needed to treat for 50% pain relief is 11, with no effect on sleep and a twofold increase in
withdrawals due to side effects versus placebo [14]. Pregabalin benefits 10% more patients
than placebo but causes dizziness, sleepiness, and weight gain [15]. Since FMS is lifelong,
sustainable interventions are valuable.

The growing interest in dietary and nutraceutical strategies arises directly from this
therapeutic gap. Dietary composition appears to influence symptom burden: in a ran-
domised study, a personalised Mediterranean diet improved disability, fatigue and anxiety
scores in patients with FMS compared with a general balanced diet [16]. Nutraceuticals with
a plausible biological rationale, favourable tolerability and costs compatible with prolonged
use are therefore attractive candidates for the long-term adjunctive role that conventional
pharmacological agents fulfil only partially.

Among the nutraceuticals proposed for FMS, two compounds with complementary
mechanisms of action, palmitoylethanolamide (PEA) and acetyl-L-carnitine (ALC), have
attracted the greatest clinical interest and have both been studied at our centre [17,18].

PEA is a natural fatty acid amide that reduces mast-cell activation and glial reactiv-
ity, mainly through peroxisome proliferator-activated receptor-a and by enhancing endo-
cannabinoid signalling [19,20]. Its long-term effectiveness in fibromyalgic patients was
demonstrated in a retrospective series of 407 patients treated as an add-on for 15 months [17].
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ALC facilitates the transport of long-chain fatty acids into mitochondria and addi-
tionally acts as an epigenetic modulator of nociception: repeated administration induces
analgesia by up-regulating type-2 metabotropic glutamate receptors in the spinal cord
and dorsal root ganglia through acetylation of the NF-«xB p65 subunit [21]. ALC also dis-
plays antidepressant properties, as supported by a meta-analysis of 12 randomised trials in
which it reduced depressive symptoms with an effect comparable to that of conventional
antidepressants and fewer adverse effects [22,23].

The rationale for combining PEA and ALC is based on the complementarity of their
mechanisms of action, with PEA acting predominantly on mast cells and glia and ALC
on mitochondrial energy metabolism, neuronal trophism and glutamatergic transmission.
A fixed combination of PEA and ALC has been shown to improve pain and function in
peripheral neuropathies secondary to rheumatic diseases over six months [24] and, in
another formulation that also contained Boswellia serrata, vitamin E and vitamin B6, to
improve traumatic acute low back pain over eight weeks [25]. In EMS, the only randomised
study of the combination enrolled 142 patients stabilised on duloxetine and pregabalin and
randomised them either to continue that regimen or to add PEA 600 mg plus ALC 500 mg
twice daily for 12 weeks; the combination group showed significantly greater improvement
in the Widespread Pain Index, the revised Fibromyalgia Impact Questionnaire (FIQR) and
the modified Fibromyalgia Assessment Status [26].

Beyond this 12-week trial, the only longer-term description of the combination in FMS
is a retrospective analysis of 77 patients from the Italian Fibromyalgia Registry, assessed
with disease-severity questionnaires at 12 and 24 months and restricted to patients who
attended both follow-up visits [27]; pain intensity, sleep, health-related quality of life,
retention on treatment and the course after discontinuation have not been described over a
prolonged period. We therefore describe the trajectory of pain, disease impact, sleep quality
and health-related quality of life over 12 months of treatment, and at a further visit three
months after its discontinuation, in a consecutive cohort of patients with FMS who received
a fixed multicomponent formulation containing PEA and ALC (together with Boswellia
serrata, vitamin B6 and vitamin E) as an adjunct to existing therapy in a tertiary pain centre,
together with the associated safety profile and treatment retention.

2. Materials and Methods
2.1. Study Design and Setting

This was a retrospective, observational, single-cohort study of consecutive patients
with FMS who received a fixed multicomponent formulation containing PEA and ALC as an
add-on to their ongoing standard care. Patients were treated at the Pain Therapy Unit of the
Azienda Ospedaliera Universitaria Integrata di Verona. Treatment was started between May
2024 and May 2025; follow-up visits, scheduled up to 15 months after the start of treatment,
continued until August 2026, when the database was closed and the records were reviewed
for this analysis. No control group was included; the study describes the longitudinal course
of symptoms within a single treated cohort and does not compare treatment strategies. The
study is reported in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement for cohort studies [28].

2.2. Participants

A total of 150 consecutive patients were studied. Eligible patients were adults
(=18 years) with a diagnosis of FMS established according to the 2016 revision of the
ACR criteria [1], with pain lasting more than three months, who had been prescribed the
formulation as an add-on to their existing therapy, and for whom a baseline assessment
was available.
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Duration of the disease, the presence of other painful conditions (such as osteoarthritis
or inflammatory rheumatic diseases), participation in structured exercise or physiotherapy
programmes, and the use of psychological interventions, including cognitive behavioural
therapy, are not recorded in the Registry and are therefore not available for this cohort.
All patients were referred to a tertiary pain centre after the failure of first-line manage-
ment, which accounts for the high baseline pain intensity and the frequent use of opioids
described below.

Baseline concomitant treatment for FMS consisted of stable standard-of-care phar-
macotherapy, including one or more of the following drugs: 74% tricyclic antidepres-
sants, 62% gabapentinoids, 46% non-steroidal anti-inflammatory drugs (NSAIDs), 43%
acetaminophen, 41% opioids, and 38% muscle relaxants. This was maintained across all
enrolled patients at constant dosages for at least four weeks prior to the index visit. Changes
in concomitant therapy during follow-up were not systematically recorded; however, pa-
tients were instructed to maintain their regimens stable throughout the observation period.
Escalation of concomitant therapy because of clinical worsening was recorded as treatment
failure and counted as a discontinuation of the study formulation. This pragmatic definition
is partly circular with respect to symptom worsening and makes changes in background
therapy an unmeasured, time-varying confounder; both points are discussed in Section 4.6.

2.3. Intervention

All patients received a fixed oral multicomponent formulation containing, per sachet
of granules for oral suspension, PEA 600 mg, ALC 500 mg, Boswellia serrata extract 100 mg,
vitamin B6 1.4 mg and vitamin E 12 mg, taken as one sachet twice daily. The formulation
was prescribed for 12 months, as an adjunct to, and not as a replacement for, ongoing
pharmacological and non-pharmacological management of FMS. The final assessment at
15 months was scheduled three months after the planned end of treatment, in order to
evaluate whether the changes observed during treatment persisted after its discontinuation.
Adherence was assessed at each visit by patient report; no pill count or dosing diary
was available.

The formulation is a commercially available food supplement (Kalanit®, Chiesi Italia
S.p.A., Parma, Italy), prescribed in routine practice and purchased by the patients. The
manufacturer had no role in the design, conduct, analysis, or reporting of the study and
did not supply the product. Throughout this article, the product is referred to as “the
formulation”; the outcomes observed cannot be attributed to PEA and ALC specifically,
since Boswellia serrata, vitamin B6, and vitamin E were co-administered to every patient.

2.4. Variables and Data Sources

Demographic and clinical variables were extracted from clinical records. The primary
outcome variable was pain intensity, measured as the mean daily score on the visual
analogue scale (VAS; 0 = no pain, 100 = worst imaginable pain). Secondary outcome
variables were disease impact, measured using the Italian version of the FIQR [29,30] (0-100,
higher scores indicating greater impact); sleep quality, measured with the Pittsburgh Sleep
Quality Index (PSQI; 0-21, higher scores indicating poorer sleep, a global score > 5 being
consistent with poor sleep quality) [31]; and health-related quality of life, measured with
the Physical and Mental Component Summary scores of the 12-item Short-Form Health
Survey (SF-12 PCS and MCS, higher scores indicating better health) [32].

VAS and FIQR were administered at baseline, at 1, 2, 3, 6, 9, and 12 months during
treatment, and at 15 months (three months after discontinuation), following the institutional
schedule for chronic pain patients, as used in two previous series from this centre [17,18].
PSQI, SF-12 PCS, and SF-12 MCS were administered at baseline and at 3 and 6 months only.
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Patients additionally rated their overall satisfaction with treatment on a 7-point Likert scale
and reported which symptom domains, if any, they perceived as improved.

Safety variables comprised all adverse events spontaneously reported by patients or
recorded by the treating physician, together with treatment discontinuation, the month in
which it occurred, and its stated reason (lack of perceived efficacy, adverse event, protocol
violation, or other). In the source dataset, an empty entry in the adverse-event field denoted
that no adverse event had occurred.

2.5. Analysis Populations and Handling of Missing Data

Three analysis populations are reported together. This allows the results to be seen
both for patients assessed at each visit and for the entire group.

Observed-case population (primary analysis). All assessments recorded at each time
point were analysed without imputation. Values present in the source dataset after a
documented discontinuation (carried forward from the last visit) were not treated as
observations. The number of patients contributing an observed pain assessment was 150,
128,111, 92, 80, 71, 64, and 64 at baseline and at 1, 2, 3, 6,9, 12, and 15 months, respectively.

Complete-case population. Sixty-four patients (42.7%), i.e., all patients who completed
the 12-month course and the 15-month visit, had documented values at each time point for
every instrument, allowing comprehensive paired comparisons within subjects throughout
the entire follow-up period.

Last observation carried forward (LOCF) population: for patients who discontinued
treatment, the last value recorded before discontinuation was carried forward to all sub-
sequent time points; patients lost to follow-up contributed only the assessments actually
performed. Since it assumes no further change after discontinuation, this analysis is not
conservative when patients stop due to lack of efficacy and may overestimate the benefit
in that subgroup. It is presented only as a conventional sensitivity analysis and is supple-
mented by the scenarios described in Section 2.6. The number of patients contributing a
pain assessment was 150, 128, 115, 115, 113, 110, 109, and 109 at baseline and at 1, 2, 3, 6, 9,
12, and 15 months, respectively.

Patients with no documented treatment status and no further visits were categorized
as lost to follow-up (n = 41). Because the database was closed 15 months after the last
enrollment, every scheduled visit had occurred for every patient; no patient was censored
administratively, and every patient without a 15-month assessment is therefore either a
documented discontinuation or lost to follow-up. Patients lost to follow-up contribute the
assessments actually performed and are censored in the retention analysis. To identify
attrition bias, the baseline characteristics of the complete-case population were compared
with those of the other patients. The flow of patients and the analysis populations are
summarized in Figure 1, and the proportion of missing values for each outcome at each
visit is given in Table S1.

2.6. Statistical Analysis

Distributional assumptions were examined using the Shapiro-Wilk test. Baseline
VAS, PSQI, SF-12 PCS, and SF-12 MCS departed significantly from normality (all p < 0.01);
non-parametric methods were therefore used throughout, and continuous variables are sum-
marised as the median and interquartile range (IQR). Categorical variables are summarised
as absolute frequencies and percentages.

Within-subject changes from baseline were tested with the Wilcoxon signed-rank
test with Holm correction for multiple comparisons, and the overall effect of time was
determined using the Friedman test. The effect sizes for paired comparisons are reported
asr = |Z|/sqrt(n).
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Consecutive patients with FMS prescribed the formulation as add-on, n = 150
Adults, ACR 2016 criteria, pain >3 months, baseline assessment available for all 150

Started treatment and entered follow-up, n = 150

Observed pain assessments: 128 at 1 month, 111 at 2, 92 at 3, 80 at 6, 71 at 9,
64 at 12 and 64 at 15 months (PSQI and SF-12 at baseline, 3 and 6 months only)

/

T~

Lost to follow-up, n = 41

No documented treatment status
and no further visit.
Last observed visit:

baseline 22, month 1 13,

month 3 2, month 6 3, month 9 1
Contribute observed data up to
the last visit; censored in the
Kaplan-Meier analysis

Discontinued treatment, n = 45

Documented month of discontinuation:
month 1: 4, month 2: 19, month 3: 10,
month 6: 6, month 9: 5, month 10: 1

Reason: lack of perceived efficacy 36,
adverse event 5, protocol violation 4

Not assessed after discontinuation;

last value carried forward in the

LOCF analysis only

Completed treatment, n = 64

12-month course completed and
15-month visit performed (three
months after the end of treatment).
All instruments available at every
scheduled visit: complete-case
population, n = 64

Analysis populations

Observed-case (primary)

All assessments actually recorded,
no imputation: 150 patients at
baseline, then n per visit as above.

LOCF (sensitivity)

Last value carried forward for the
45 discontinued patients; the 41 lost
to follow-up contribute observed

Complete-case (n = 64)

Within-patient comparisons,
responder analyses and the
month-12 vs month-15 contrast.

Mixed-effects model (missing-at-
random assumption).

data only. n at the eight visits:

150, 128, 115, 115, 113, 110, 109, 109.
Supplemented by delta-adjusted and
baseline-carried-forward scenarios.

Responders also reported with
non-responder imputation (n = 150).

Figure 1. Flow of patients through the study and definition of the analysis populations. The numbers
of observed pain assessments per visit are shown; the Pittsburgh Sleep Quality Index and the SF-12
were administered at baseline, 3 and 6 months only. LOCF, last observation carried forward.

In the observed-case population, the longitudinal course of each outcome was addi-
tionally modelled using linear mixed-effects models with a random intercept for patient,
time point entered as a categorical fixed effect, and age as a covariate. This approach uses
all available observations and is valid under a missing-at-random assumption. Estimated
marginal means are reported with 95% confidence intervals (CI; Satterthwaite degrees of
freedom); differences from baseline are reported with 95% CI and p-values adjusted for
multiplicity by the Dunnett method.

Responder analyses followed the Initiative on Methods, Measurement, and Pain As-
sessment in Clinical Trials (IMMPACT) recommendations for interpreting the clinical
importance of outcomes in chronic pain trials: a reduction in VAS of at least 30% from base-
line was defined as a clinically meaningful response [33]. Additional responder thresholds
were applied to secondary instruments. For the FIQR, no minimal clinically important dif-
ference has been derived in a peer-reviewed validation study; the 14% (8.1-point) reduction
established for the original FIQ [34] was applied as a relative criterion, because the FIQR
total score is scaled 0-100 like the FIQ, correlates strongly with it (r = 0.88) and has a similar
mean value in the same patients [29]. The sensitivity of the responder proportions to this
choice was examined with alternative FIQR thresholds (absolute reduction > 8.1 points,
relative reduction > 20% and >30%). For the PSQI and the SF-12, no minimal clinically
important difference has been validated in fibromyalgia; thresholds in common use in the
chronic pain literature were therefore chosen before this dataset was analysed, namely a
reduction of at least 3 points in the PSQI and an increase of at least 5 points in the SF-12
PCS and MCS. As the study is retrospective and no analysis plan was archived, all thresh-
olds should be considered investigator-defined and not formally pre-specified. Responder
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proportions are reported for the complete-case population and, using non-responder impu-
tation (where every patient without an observed assessment at that visit is counted as a
non-responder), for all 150 patients who started treatment. Proportions were reported with
95% CI calculated using the Wilson score method.

Given that the primary reason for discontinuation was a perceived lack of efficacy, it is
possible that outcomes are missing not at random (MNAR). Consequently, the assumption
of missing-at-random in the mixed model may not be valid. The change from baseline in
VAS and FIQR at 6 and 12 months was re-estimated under scenarios allowing unobserved
outcomes to be worse than predicted: (i) LOCEF; (ii) delta-adjustment, where the carried-
forward value of each patient who discontinued due to inefficacy before the considered visit
was worsened by & = 5 to 30 points (VAS and FIQR units), while other discontinued patients
retained their carried-forward value; (iii) baseline observation carried forward (BOCF)
for all discontinued patients; and (iv) BOCF for all non-completers, including patients
lost to follow-up, representing the worst case for all 150 patients who started treatment.
The tipping point, i.e., the value of 8 at which the mean change from baseline ceased to be
statistically significant, is reported. The persistence of the effect after the end of treatment
was tested directly by contrasting month 15 with month 12 in the mixed model and, in the
complete-case population, by the Wilcoxon signed-rank test on the paired differences, with
the mean paired difference and its 95% CIL.

Retention on treatment during the 12-month treatment period was described using the
Kaplan-Meier method, with treatment discontinuation for any stated reason as the event
of interest and patients lost to follow-up censored at their last recorded visit; numbers at
risk are reported, and, as a sensitivity analysis addressing the unknown treatment status
of these patients, the analysis was repeated with patients lost to follow-up counted as
discontinuations at their last visit. Baseline comparisons between populations used the
Mann-Whitney U (Wilcoxon rank-sum) test and Fisher’s exact test. All tests were two-sided
with a significance threshold of 0.05. Analyses were performed using R (version 4.3 or later;
packages lme4, ImerTest, emmeans, survival, gtsummary, flextable, ggplot2).

2.7. Ethics

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee for Clinical Research of the Provinces of Verona and Rovigo (CESC;
RED Register for Retrospective Studies, protocol code 1751CESC, approved on 23 May 2018).
All patients had given written informed consent to the collection of their clinical data and
to their use in anonymised form for research purposes, using the consent form of the RED
Register approved by the same Committee. All data were anonymised prior to analysis;
patients were identified by sequential study codes with no link to identifying information
retained in the analysis dataset.

3. Results
3.1. Patients and Follow-Up

A total of 150 consecutive patients were included in the study. The cohort was predom-
inantly female (131/150, 87.3%), with a median age of 51.0 years (IQR 43.0-59.0). Baseline
symptom burden was high: median pain VAS was 80.0 (IQR 70.0-85.0) and 84 patients
(56.0%) presented with severe pain (VAS > 80). Median FIQR was 74.0 (IQR 65.0-84.0),
median PSQI was 11.0 (IQR 9.0-12.0), and median SF-12 Physical and Mental Component
Summary scores were 29.0 (IQR 25.0-33.0) and 26.0 (IQR 22.0-30.0), respectively, both far
below the population norm of 50 [32] (Table 1).
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Table 1. Baseline characteristics of the entire cohort (N = 150). Continuous variables are expressed
as median [IQR], and categorical variables are expressed as n (%).

Characteristic n N =150
Age, years, median [IQR] 150 51.0 [43.0-59.0]
Sex, n (%) 150
F 131 (87.3%)
M 19 (12.7%)
Baseline pain severity, n (%) 150
Moderate (VAS < 80) 66 (44.0%)
Severe (VAS > 80) 84 (56.0%)
Pain VAS (0-100), median [IQR] 150 80.0 [70.0-85.0]
FIQR (0-100), median [IQR] 150 74.0 [65.0-84.0]
PSQI (0-21), median [IQR] 150 11.0 [9.0-12.0]
SF-12 PCS, median [IQR] 150 29.0 [25.0-33.0]
SF-12 MCS, median [IQR] 150 26.0 [22.0-30.0]
Follow-up status at 15 months, n (%) 150
Completed 12-month treatment and 15-month observation 64 (42.7%)
Discontinued treatment 45 (30.0%)
Lost to follow-up 41 (27.3%)
Reason for discontinuation, n (%) 45
Lack of perceived efficacy 36 (80.0%)
Adverse event 5 (11.1%)
Protocol violation 4 (8.9%)
Any adverse event, n (%) 150 15 (10.0%)
Treatment satisfaction (1-7), median [IQR] 115 5.0 [3.0-6.0]
Not recorded 35

n, number of patients with available variables. FIQR, revised Fibromyalgia Impact Questionnaire; PSQI, Pittsburgh
Sleep Quality Index; SF-12 PCS/MCS, 12-item Short Form Health Survey Physical/Mental Component Summary;
VAS, visual analogue scale; IQR, interquartile range; CI, confidence interval. A reason for discontinuation is
recorded for all 45 patients who discontinued. Lost to follow-up includes one patient recorded as continuing
treatment but not assessed after month 1. Baseline characteristics of the 64 patients with complete follow-up are
given in Table 2. Any adverse event: 15/150 (10.0%, 95% CI 6.2-15.8). Treatment satisfaction was not recorded for
35 patients.

The flow of patients is shown in Figure 1. Sixty-four patients (42.7%) completed the
12-month treatment period and the observation at 15 months, 45 (30.0%) had a documented
treatment discontinuation, and 41 (27.3%) were lost to follow-up without a documented
treatment status; the latter group includes one patient recorded as continuing treatment
who was not assessed after month 1. Among those who discontinued treatment, the stated
reason was lack of perceived efficacy in 36/45, an adverse event in 5/45, and a protocol
violation in 4/45; discontinuations occurred at months 1 (n = 4), 2 (19), 3 (10), 6 (6), 9
(5) and 10 (1). Patients lost to follow-up had their last visit at baseline (22), month 1 (13),
month 3 (2), month 6 (3) or month 9 (1) (Table 1, Figure 1). The proportion of missing
values per outcome and visit is reported in Table S1.
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Table 2. Baseline characteristics according to completeness of follow-up.

Characteristic W?I:)]lc;(ll(s)(l)l)o rt 15)(1)112‘};1_%; Il?ocl(l)(l)l‘lr\l;-llit: P
(n=64) (n =86)

Age, years 51.0 [43.0-59.0] 52.0 [45.5-58.5] 49.0 [42.0-59.0] 0.209

Sex 0.049
F 131 (87.3%) 60 (93.8%) 71 (82.6%)
M 19 (12.7%) 4 (6.3%) 15 (17.4%)

Baseline pain severity 0.509
Moderate (VAS < 80) 66 (44.0%) 26 (40.6%) 40 (46.5%)

Severe (VAS > 80) 84 (56.0%) 38 (59.4%) 46 (53.5%)

Pain VAS (0-100) 80.0 [70.0-85.0] 80.0 [70.0-85.0] 80.0 [70.0-80.0] 0.451
FIQR (0-100) 74.0 [65.0-84.0] 76.0 [66.0-86.0] 72.0 [64.0-82.0] 0.269
PSQI (0-21) 11.0 [9.0-12.0] 11.0 [9.0-12.5] 11.0 [9.0-12.0] 0.341

SF-12 PCS 29.0 [25.0-33.0] 29.0 [25.0-34.0] 29.0 [25.0-32.0] 0.828
SF-12 MCS 26.0 [22.0-30.0] 25.0 [21.0-28.0] 26.5 [22.0-32.0] 0.129

Median [Q1-Q3] or n (%). p-values: Wilcoxon rank-sum test for continuous variables, Fisher exact test for
categorical variables.

3.2. Completeness of Follow-Up and Attrition

The complete-case population comprised 64/150 patients (42.7%), i.e., all patients who
completed treatment. Comparison with the remaining 86 patients showed no significant
difference in any baseline clinical characteristic: age (52.0 [45.5-58.5] versus 49.0 [42.0-59.0],
p = 0.209), pain VAS (80.0 [70.0-85.0] versus 80.0 [70.0-80.0], p = 0.451), FIQR (p = 0.269),
PSQI (p = 0.341), SF-12 PCS (p = 0.828), SF-12 MCS (p = 0.129), or the proportion of
patients with severe baseline pain (59.4% versus 53.5%, p = 0.509). The only difference
reaching conventional significance was sex, with a higher proportion of women among
patients with complete follow-up (93.8% versus 82.6%, p = 0.049) (Table 2).

Patients who continued under observation did not exhibit differences in disease severity
at presentation compared to those who did not remain, suggesting that attrition was not
influenced by the initial clinical status. However, this does not preclude attrition related to
treatment response, as the most commonly cited reason for discontinuation was a perceived
lack of efficacy.

3.3. Pain Intensity

Pain intensity decreased over the observation period (overall effect of time p < 0.001).
In the mixed-effects model fitted to all available observations, the estimated mean VAS fell
from 76.3 (95% CI 73.7-78.9) at baseline to 61.5 (58.8-64.2) at 1 month, 56.3 (53.4-59.2) at
3 months, 55.0 (52.0-58.0) at 6 months, 52.3 (49.1-55.4) at 12 months and 52.8 (49.6-56.0) at
15 months. Estimated mean differences from baseline were —14.8 points (95% CI —17.5 to
—12.0) at 1 month, —20.0 (—23.1 to —16.9) at 3 months, —21.3 (—24.6 to —18.0) at 6 months,
—24.1 (—27.6 to —20.5) at 12 months and —23.5 (—27.1 to —20.0) at 15 months, all p < 0.001
after adjustment for multiplicity (Dunnett-adjusted CI; Table 3).
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Table 3. Linear mixed-effects models of outcome trajectories, observed-case population.

Timepoint (Months)

Estimated Mean [95% CI] Difference vs. Baseline [95% CI] p

Pain VAS (0-100)

Baseline 76.3[73.7,78.9] — —
1 61.5[58.8, 64.2] —14.8 [-17.5, —-12.0] <0.001
2 59.0 [56.2, 61.8] —17.3[-20.2, —14.4] <0.001
3 56.3 [53.4, 59.2] —20.0 [-23.1, —16.9] <0.001
6 55.0 [52.0, 58.0] —21.3[-24.6, —18.0] <0.001
9 52.9 [49.8, 56.0] —23.4[-26.8, —20.0] <0.001
12 52.3[49.1,55.4] —24.1[-27.6, —20.5] <0.001
15 52.8 [49.6, 56.0] —23.5[-27.1, -20.0] <0.001

FIQR (0-100)

Baseline 73.6 [71.5,75.8] — —
1 63.0 [60.7, 65.2] —10.6 [—13.1, —8.2] <0.001
2 61.0 [58.7, 63.3] —12.6 [-15.2, —10.1] <0.001
3 58.3 [55.8, 60.7] —15.4[-18.1, -12.6] <0.001
6 57.3 [54.8, 59.8] —16.3[-19.2, —13.5] <0.001
9 56.5[53.9, 59.1] -17.1[-20.1, -14.1] <0.001
12 56.1 [53.5, 58.8] —17.5[-20.6, —14.4] <0.001
15 56.8 [54.2, 59.5] -16.8 [-19.9, -13.7] <0.001

PSQI (0-21)

Baseline 10.6 [10.1, 11.0] — —
3 9.7 [9.3,10.2] —0.8[-1.2, -0.5] <0.001
6 9.6 [9.1,10.1] -1.0[-1.3,-0.6] <0.001

SF-12 PCS

Baseline 29.2[27.9,30.4] — —
3 32.8[31.5,34.2] +3.6 [+2.7, +4.6] <0.001
6 34.0 [32.6,35.4] +4.8 [+3.8, +5.8] <0.001

SF-12 MCS

Baseline 26.6 [25.3,27.9] — —
3 29.7 [28.3,31.1] +3.1[+2.1, +4.2] <0.001
6 30.5[29.0, 31.9] +3.9 [+2.8, +4.9] <0.001

Random intercept for patient, timepoint as a categorical fixed effect, and age as a covariate; restricted maximum
likelihood (REML) estimation on all available observations. Estimated marginal means with 95% CI (Satterthwaite
degrees of freedom); differences versus baseline with 95% CI and p-values adjusted for multiplicity by the Dunnett
method. Overall effect of time p < 0.001 for every outcome (Type III F-test, Satterthwaite degrees of freedom).

The largest single change occurred within the first month and accounted for approxi-
mately two-thirds of the total change observed over 15 months. Thereafter, the reduction
continued at a slower rate, and no rebound towards baseline values was apparent at any
point among patients who remained under observation (Figure 2). At 15 months, three
months after the end of treatment, the estimated mean VAS was 52.8 versus 52.3 at 12 months
(difference +0.5 points, 95% CI —2.4 to +3.5, p = 0.72), and the FIQR 56.8 versus 56.1 (+0.7,
—1.9 to +3.3, p = 0.59) (Table 3). This contrast is informative only for the 64 patients who
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completed the course and attended both visits: among them, VAS was identical at the
two visits in 54 patients, higher at 15 months in 8, and lower in 2 (mean paired difference
+0.5 points, 95% CI +0.0 to +1.1; Wilcoxon p = 0.059). FIQR was identical in 43 patients,
higher in 16, and lower in 5 (mean +0.7, 95% CI +0.3 to +1.2; p = 0.004), indicating a
statistically detectable but clinically negligible increase of less than one point. Patients who
discontinued earlier were not re-assessed at 15 months, so no inference about persistence
is possible for them. In the complete-case population, the median VAS decreased from
80.0 (IQR 70.0-85.0) to 50.0 (IQR 40.0-57.5) at 15 months, a median within-patient change
of —30.0 points (IQR —40.0 to —20.0; p < 0.001, r = 0.87) (Tables 4 and 5).
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Figure 2. Course of pain intensity over 15 months in the complete-case population (n = 64). Line, me-
dian; band, interquartile range (IQR). Asterisks denote paired comparisons versus baseline (Wilcoxon
signed-rank test, Holm-adjusted); *** p < 0.001. The subtitle reports the proportion of patients who
reached the IMMPACT 30% pain-reduction threshold at 6 months.

Table 4. Outcome measures over 15 months in the complete-case population (n = 64). Median [IQR].

Outcome Baseline 1 Mo 2 Mo 3 Mo 6 Mo 9 Mo 12 Mo 15 Mo
Pain VAS 80.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
(0-100) [70.0-85.0] [40.0-70.0] [40.0-60.0] [40.0-60.0] [40.0-60.0] [40.0-57.5] [40.0-57.5] [40.0-57.5]
FIQR 76.0 59.0 55.0 55.0 55.0 55.0 55.0 55.0
(0-100) [66.0-86.0] [45.0-70.0] [45.0-64.0] [45.0-61.0] [45.0-61.5] [45.0-60.5] [45.0-61.5] [45.0-61.5]
PSQI 11.0 L . 10.0 10.0 . . .
(0-21) [9.0-12.5] [7.5-12.0] [7.5-11.0]
29.0 33.0 33.5
SEA2PCS 503401 T [267-40.0] [285-400] - -
SF-12 25.0 . 29.0 30.5 . . .
MCS [21.0-28.0] [24.0-34.0] [25.0-35.0]

PSQI, SF-12 PCS, and SF-12 MCS were administered at baseline, 3 and 6 months only; dashes indicate timepoints
at which the instrument was not administered.
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Table 5. Within-patient comparisons versus baseline in the complete-case population (n = 64).

Month n Median [IQR] Median Change p (Holm) Effect Size r Signif.

Pain VAS

1 64 50.0 [40.0-70.0] —20.0 <0.001 0.82 B

2 64 50.0 [40.0-60.0] —-20.0 <0.001 0.85 ek

3 64 50.0 [40.0-60.0] —25.0 <0.001 0.86 B

6 64 50.0 [40.0-60.0] -25.0 <0.001 0.87 o

9 64 50.0 [40.0-57.5] -30.0 <0.001 0.87 B

12 64 50.0 [40.0-57.5] -30.0 <0.001 0.87 o

15 64 50.0 [40.0-57.5] -30.0 <0.001 0.87 s

FIQR

1 64 59.0 [45.0-70.0] —14.6 <0.001 0.80 s

2 64 55.0 [45.0-64.0] -19.0 <0.001 0.83 ek

3 64 55.0 [45.0-61.0] -21.5 <0.001 0.85 B

6 64 55.0 [45.0-61.5] -21.5 <0.001 0.85 ek

9 64 55.0 [45.0-60.5] —-22.0 <0.001 0.85 B

12 64 55.0 [45.0-61.5] —-23.0 <0.001 0.86 o

15 64 55.0 [45.0-61.5] —20.5 <0.001 0.86 B

PSQI

3 64 10.0 [7.5-12.0] -1.0 <0.001 0.53 o

6 64 10.0 [7.5-11.0] -1.0 <0.001 0.54 o
SF-12 PCS

64 33.0 [26.7-40.0] +3.5 <0.001 0.75 o

6 64 33.5[28.5-40.0] +5.0 <0.001 0.79 o
SE-12 MCS

3 64 29.0 [24.0-34.0] +3.0 <0.001 0.74 o

6 64 30.5 [25.0-35.0] +3.0 <0.001 0.77 ek

Wilcoxon signed-rank test; p-values adjusted using the Holm method. Effect size r = |Z|/sqrt(n). Asterisks:
*** p < 0.001; Each row compares every patient with his or her own baseline value in the same 64 patients: n is
the number of paired observations, Median [IQR] is the score recorded at that visit, and Median change is the
median of the individual differences from baseline, which need not equal the difference between the two medians.
The effect size r expresses the magnitude of the within-patient shift on a 0-1 scale, conventionally interpreted as
small around 0.10, medium around 0.30, and large from 0.50 upwards. Pain and disease impact show large effects
that are established by month 1 and maintained to month 15; both SF-12 components, measured only at baseline,
3 and 6 months, show large effects at those two visits; sleep reaches the same statistical significance with about
half the effect size and a median change of one PSQI point; the clinical relevance of these magnitudes is assessed
in Tables 6 and 7.

Table 6. Patients who reached clinically meaningful thresholds, in the complete-case population
(n = 64) and in all patients who started treatment, with non-responder imputation (n = 150).

Criterion Month Responders % [95% CI]
Completers (n = 64)
FIQR reduction > 14% 6 50/64 78.1 [66.6-86.5]
VAS reduction > 30% 6 38/64 59.4 [47.1-70.5]
SF-12 PCS increase > 5 6 34/64 53.1 [41.1-64.8]
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Table 6. Cont.

Criterion Month Responders % [95% CI]
SF-12 MCS increase > 5 6 24/64 37.5[26.7-49.7]
PSQI reduction > 3 points 6 13/64 20.3 [12.3-31.7]
VAS reduction > 30% 15 41/64 64.1 [51.8-74.7]
FIQR reduction > 14% 15 48/64 75.0 [63.2-84.0]

All patients who started treatment, non-responder imputation (n = 150)

FIQR reduction > 14% 6 56/150 37.3[30.0-45.3]
VAS reduction > 30% 6 43/150 28.7 [22.0-36.4]
SF-12 PCS increase > 5 6 35/150 23.3[17.3-30.7]
SF-12 MCS increase > 5 6 26/150 17.3 [12.1-24.2]
PSQI reduction > 3 points 6 15/150 10.0 [6.2-15.8]
VAS reduction > 30% 15 41/150 27.3 [20.8-35.0]
FIQR reduction > 14% 15 48/150 32.0 [25.1-39.8]

Thresholds: IMMPACT criterion for VAS [33]; 14% reduction for the FIQR, derived from the original FIQ [34];
investigator-defined thresholds for PSQI and SF-12, for which no validated minimal clinically important difference
is available in fibromyalgia. Non-responder imputation: every patient without an observed assessment at that
visit (discontinued or lost to follow-up) is counted as a non-responder. 95% CI using the Wilson method.

Table 7. Sensitivity of the mean change from baseline at 12 months to assumptions about missing
data (VAS and FIQR, 0-100).

VAS, Change at 12 Months
[95% CI]

FIQR, Change at 12

Scenario n Months [95% CI]

Mixed-effects model, observed 150 (64 at 12

—24.1[-27.6, -20.5] —17.5 [-20.6, —14.4]

case)

cases (missing at random; Table 3) months)
Complete cases only 64 —30.5[—34.0, —27.1] —22.1[-25.9, —18.4]
LOCEF for discontinued patients 109 —19.4 [-23.1, —-15.8] -132[-16.4, —-10.1]
Delta-adjusted LOCF, & = 10 109 ~16.6 [-20.8, —12.4] ~10.0 [-13.7, —6.2]
(inefficacy discontinuations)
. _ Al ton ~7.1[~115, -2.7]
Delta-adjusted LOCEF, = 20 109 14.3 [-19.0, —9.6] (p = 0.004)
. B ~12.8[-17.9, —7.8] —4.9[-9.8,0.1]
Delta-adjusted LOCEF, 3 = 30 109 (p < 0.001) (p = 0.109)
BOCEF for all discontinued patients 109 —179[-214, -14 4] —13.0 [-16.0, —10.0]
BOCEF for all non-completers (worst 150 ~13.0 [~15.9, —10.2] —9.4[~118, —7.1]

Mean change from baseline with 95% CI (t-based; Dunnett-adjusted for the mixed model, as in Table 3); all changes
p < 0.001 (Wilcoxon signed-rank) unless stated. LOCEF, last observation carried forward (the last value recorded
before discontinuation); 8, number of points added to the carried-forward value of patients who discontinued for
lack of perceived efficacy (n = 36); BOCF, baseline observation carried forward (the patient is assumed to have
returned to the baseline value). Patients lost to follow-up contribute only in the mixed model (observed visits)
and in the worst-case scenario. Results at 6 months are given in Table S2.

3.4. Disease Impact

Disease impact followed a comparable pattern. The estimated mean FIQR decreased
from 73.6 (95% CI 71.5-75.8) at baseline to 58.3 (55.8-60.7) at 3 months, 57.3 (54.8-59.8)
at 6 months, 56.1 (53.5-58.8) at 12 months and 56.8 (54.2-59.5) at 15 months, with mean
differences from baseline of —15.4 (—18.1 to —12.6), —16.3 (—=19.2 to —13.5), —17.5 (-20.6
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to —14.4) and —16.8 (—19.9 to —13.7) points, respectively (all p < 0.001) (Table 3). In the
complete-case population, the median FIQR fell from 76.0 (66.0-86.0) to 55.0 (45.0-61.5) at
15 months, a median within-patient change of —20.5 points (IQR —29.5 to —9.0; p < 0.001,
r = 0.86) (Tables 4 and 5, Figure 3).
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Figure 3. Course of disease impact (revised Fibromyalgia Impact Questionnaire) over 15 months
in the complete-case population (n = 64). Line, median; band, interquartile range; asterisks as in
Figure 2.

3.5. Sleep Quality

Sleep quality changed considerably less than in any other domain. The estimated
mean PSQI decreased from 10.6 (95% CI 10.1-11.0) at baseline to 9.7 (9.3-10.2) at 3 months
and 9.6 (9.1-10.1) at 6 months, corresponding to mean differences of —0.8 (—1.2 to —0.5)
and —1.0 (1.3 to —0.6) points. Although these changes reached statistical significance
(p < 0.001), their magnitude was well below the 3-point threshold for a clinically meaningful
improvement, and only 20.3% of complete cases reached that threshold at 6 months. Median
PSQImoved from 11.0 (IQR 9.0-12.5) to 10.0 (IQR 7.5-11.0), leaving the majority of patients
within the range indicating poor sleep quality [31] (Tables 3-5, Figures 4 and 5C).

This dissociation between pain, physical function, mental health, and sleep was con-
sistent across all analyses, populations, and methods of handling incomplete follow-up,
within the six-month window in which PSQI and SF-12 were measured; it could not be
examined at later visits.

3.6. Health-Related Quality of Life

Both SE-12 component scores improved. The estimated mean PCS rose from 29.2 (95%
CI27.9-30.4) at baseline to 32.8 (31.5-34.2) at 3 months and 34.0 (32.6-35.4) at 6 months, a
mean difference of +4.8 points (43.8 to +5.8; p < 0.001). The estimated mean MCS rose from
26.6 (25.3-27.9) t0 29.7 (28.3-31.1) and 30.5 (29.0-31.9), a mean difference of +3.9 points
(+2.8 to +4.9; p < 0.001) (Table 3). At 6 months, 53.1% of complete cases had gained at
least 5 PCS points and 37.5% at least 5 MCS points (Tables 4-6).
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Figure 4. Course of sleep quality (Pittsburgh Sleep Quality Index) in the complete-case population
(n = 64). The scale is displayed over its full 0-21 range; the change of one point is statistically significant
but well below the 3-point threshold for clinical relevance, which only 20.3% of patients reached.
Asterisks as in Figure 2.
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response at 6 months: 59.4% response at 6 months: 78.1% response at 6 months: 20.3%
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Figure 5. The three outcome domains side by side in the complete-case population (n = 64): (A) pain
VAS; (B) FIQR; and (C) PSQI. Each panel is drawn over the full range of its scale. All time points of
the three scales differed significantly from baseline (Wilcoxon signed-rank, Holm-adjusted); however,
the proportion of patients reaching a clinically meaningful improvement, reported in each subtitle,
ranged from 78.1% for disease impact to 20.3% for sleep.

3.7. Responder Analysis

Responder proportions are reported in two ways (Table 6): among the 64 patients
who completed treatment, in whom they describe the response of patients who stayed on
the formulation, and among all 150 patients who started treatment with non-responder
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imputation, in which every patient without an observed assessment at that visit (discontin-
ued or lost) is counted as a non-responder; the latter is necessarily lower and bounds the
proportion from below. Using the IMMPACT criterion of at least a 30% reduction in pain
VAS [33], 59.4% of completers were classified as responders at 6 months (95% CI 47.1-70.5)
and 64.1% at 15 months (51.8-74.7); with non-responder imputation, the corresponding
proportions were 28.7% (43/150, 95% CI 22.0-36.4) and 27.3% (41/150, 20.8-35.0).

Applying the 14% FIQR threshold [34], 78.1% of completers reached the criterion at
6 months and 75.0% at 15 months, corresponding to 37.3% (56/150) and 32.0% (48/150) of
all patients who started. The proportion of completers reaching the criterion at 6 months
was 81.2% with an absolute threshold of 8.1 points, 67.2% with a 20% threshold and 42.2%
with a 30% threshold (39.3%, 32.7% and 20.0% of all 150 patients). The corresponding
proportions for a PSQI reduction of at least 3 points at 6 months were 20.3% of completers
and 10.0% of all patients (Figure 6, Table 6). The heterogeneity of individual trajectories
underlying these group figures is shown in Figure S1.

FIQR reduction >=14% o 78.1%
VAS reduction >=30% o 59.4%
SF-12 PCS increase >=5 ) 53.1%
SF-12 MCS increase >=5 ) 37.5%
PSQI reduction >=3 points O 20.3%
0% 25% 50% 75% 100%

Patients reaching the threshold at 6 months (n = 64)

Figure 6. Proportion of patients reaching clinically meaningful thresholds at 6 months (complete-case
population, n = 64). Horizontal bars indicate 95% CI (Wilson method). Sleep, in orange, was the
only domain in which fewer than one patient in four improved meaningfully.

3.8. Retention on Treatment

The estimated probability of remaining on treatment was 71.6% (95% CI 63.8-80.3) at
3 months, 66.2% (58.1-75.4) at 6 months, and 60.6% (52.2-70.3) at 12 months, marking the
end of the treatment period (Figure 7, which also reports the numbers at risk). Discontinu-
ations were concentrated early, with 33 of the 45 events occurring within the first 3 months,
and none recorded after month 10. Because the treatment status of the 41 patients lost to
follow-up is unknown, the analysis was repeated, counting them as discontinuations at their
last visit: under this lower-bound assumption, the probability of remaining on treatment
was 53.3% (45.9-61.9) at 3 months, 47.3% (40.0-56.0) at 6 months, and 42.7% (35.4-51.4) at
12 months. The true retention lies between the two estimates.

3.9. Safety and Treatment Satisfaction

Fifteen patients (10.0%, 95% CI 6.2-15.8) had at least one adverse event recorded;
adverse events were ascertained passively (spontaneous report or physician record), and
no event could be recorded after a patient was lost to follow-up. The most frequent adverse
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events were insomnia (n = 9, alone in 6 and in combination in 3), nausea (n = 4, alone
or in combination), headache (n = 3), dizziness (n = 2, always in combination), and
hyperexcitability or tremor (n = 2). No serious adverse event was recorded among the
events documented. Five patients (3.3% of the cohort) discontinued treatment because of
an adverse event. Median treatment satisfaction on the 7-point scale was 5.0 (IQR 3.0-6.0) in
the whole cohort and 5.0 (IQR 5.0-6.0) among patients with complete follow-up (Table 1).

100% A L — post-treatment

1
1

50% 1 !

25% 1

=== Main analysis: lost to follow-up censored (60.6% at 12 months)
= = Sensitivity: lost to follow-up counted as discontinuations (42.7% at 12 months)

Probability of remaining on treatment

0% A

0 1 2 3 6 9 12 15
Months from baseline

Atrisk 150 128 111 92 80 71 64 64

Figure 7. Kaplan-Meier estimate of the probability of remaining on treatment (N = 150). The event
is documented discontinuation for any stated reason (45 events, none after month 10). Main analysis
(solid line, 95% CI band): patients lost to follow-up are censored at their last observed visit (ticks);
patients who completed the 12-month course are censored at 15 months. Sensitivity analysis (dashed
line): the 41 patients lost to follow-up are counted as discontinuations at their last observed visit.
Numbers at risk are shown below the plot. Treatment was scheduled for 12 months; the shaded area
marks the post-treatment period.

3.10. Sensitivity Analyses

The magnitude of the observed change depended systematically on how incomplete
follow-up was handled (Figure 8). The median VAS change from baseline at 6 months
was —15.0 points under the LOCF analysis, —20.0 among all patients with an observed
assessment, and —25.0 among complete cases (Figure 9). At 15 months, the divergence
between the observed and LOCF trajectories reached 10 VAS points (Figure 8). The direction
of the change was the same in every analysis, but its estimated size differed by up to a third
depending on the population analysed.

Table 7 presents the mean change from baseline at 12 months, assuming that the
unobserved outcomes of patients who discontinued treatment are worse than predicted.
For VAS, the change was —24.1 points in the mixed model, —19.4 (95% CI —23.1 to —15.8)
under LOCF (n = 109), —16.6 (95% CI —20.8 to —12.4) when the carried-forward value
of patients who discontinued due to inefficacy was worsened by 10 points, —12.8 (95% CI
—17.9 to —7.8) with & = 30, —17.9 (95% CI —21.4 to —14.4) when all discontinued patients
were assumed to have returned to baseline, and —13.0 (95% CI —15.9 to —10.2) when all
86 non-completers, including those lost to follow-up, were assumed to have returned to
baseline (n = 150). For the FIQR, the corresponding changes were —17.5 (mixed model),
—13.2 (95% CI —16.4 to —10.1) (LOCF), —10.0 (95% CI —13.7 to —6.2) (8 = 10), —7.1
(95% CI —11.5to —2.7) (6 =20, p = 0.004), —4.9 (95% CI —9.8 t0 0.1) (4 = 30, p = 0.109),
—13.0 (95% CI —16.0 to —10.0) (BOCF, discontinued), and —9.4 (95% CI —11.8 to —7.1)
(BOCE, all non-completers). The change in VAS remained statistically significant under
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every scenario, whereas for the FIQR, the tipping point was reached at é = 30, i.e., when
patients who stopped due to inefficacy were assumed to have worsened by 30 points below
their last recorded value. At 6 months, the change remained statistically significant under
every scenario for both outcomes, with the FIQR tipping point being reached only at
12 months (Table S2). Under the worst-case scenario, the mean 12-month change among
all patients who started treatment was about half of that estimated in the mixed model,
and the responder proportions with non-responder imputation (Table 6) describe the same
lower bound.

100 1
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- £ £ £ A
(=} Observed cases
0 50+ ® ® ® ®
S
£
©
o
251
0-
o 1 2 3 6 9 12 15

Months from baseline

Figure 8. Median pain VAS in the whole cohort according to the handling of incomplete follow-up:
observed cases versus LOCF. The divergence widens over time and reflects imputation rather than
the treatment effect.

LOCF -15 @ n=113
Observed cases 20 @ n =80
Complete cases 25 @ n =64

-30 -25 -20 -15 -10 -5 0

Median change in pain VAS at 6 months (points)

Figure 9. Median change in pain VAS at 6 months according to the analysis population. The same
outcome at the same timepoint yields —15, —20, or —25 points depending on the denominator; the
gradient reflects attrition.
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4. Discussion
4.1. Principal Findings

In a cohort of 150 consecutive patients with FMS treated in routine practice with a fixed
multicomponent formulation containing PEA and ALC as an adjunct to stable standard care,
reductions in pain intensity and disease impact were observed over a follow-up period of
up to 15 months in the patients who remained under observation. Treatment was scheduled
for 12 months, and the assessment at 15 months, three months after discontinuation, was in-
tended to establish whether the analgesic effect persisted after withdrawal, i.e., whether the
combination produced a long-lasting pain relief, as would be expected from the epigenetic
mechanism proposed for ALC, in which acetylation-dependent up-regulation of mGlu2
receptors produces effects that outlast drug administration [35,36] (Section 4.4). Among
the patients who completed the course, the improvement was sustained without rebound
(Tables 3 and 4, Figures 2 and 3); nothing is known about the subsequent course of the
patients who stopped treatment or were lost to follow-up. The majority of the improvement
occurred within the first month, consistent with the time course reported for micron-size
PEA in a meta-analysis of extended treatment [37]. Subsequently, the trajectory of improve-
ment plateaued but did not reverse. The magnitude of pain reduction (estimated mean VAS
from 76.3 to 52.8) is closely comparable to that reported at our centre for ultramicronised
PEA alone (VAS from 75.84 to 52.49 over 15 months) and for ALC alone (VAS from 75.9 to
51.9 over 14 months) [17,18]. The three series come from different registries at the same
centre and involve different patients, with no patient appearing in more than one series.
Thus, the comparison is between independent samples from the same centre, based only
on published summary statistics. Among completers, 78.1% reached the minimal clini-
cally important difference for disease impact at six months and 59.4% met the IMMPACT
threshold for pain relief [33,34]; when every patient who started treatment is counted and
non-completers are classified as non-responders, these proportions fall to 37.3% and 28.7%
(Table 6, Figure 6). The true proportion lies between these bounds and cannot be located
more precisely with the available data. No serious adverse events were recorded during
the 12-month treatment period, and 3.3% of patients discontinued due to a documented
adverse event. However, adverse events were identified from clinical records rather than
through systematic questioning (Section 4.5). An estimated 60.6% of patients remained on
treatment throughout the 12-month period when patients lost to follow-up are censored,
and 42.7% when they are counted as discontinuations (Figure 7). Among completers, pain
and disease impact three months after the end of treatment were within one point of the
values at 12 months. Over the six months in which it was measured, sleep improvement
was statistically significant but clinically negligible (Figures 4 and 5).

These results can be set against standard pharmacotherapy benchmarks, with the caveat
that follows. The Cochrane overview shows that duloxetine, milnacipran, and pregabalin
significantly relieved pain in about one in ten patients compared to a placebo, with no proven
effectiveness beyond six months [13-15]. This group is not controlled, so the comparison
is indirect. The size of the change seen cannot be turned into a treatment effect. The only
valid conclusion is that the changes observed are large enough to be clinically relevant if
they were confirmed against a comparator over a comparable period.

4.2. Comparison with the Randomised and Meta-Analytic Evidence

The sole randomised study investigating the combination therapy in FMS incorporated
PEA 600 mg and ALC 500 mg, administered twice daily for 12 weeks to 142 patients who had
already been stabilised on duloxetine and pregabalin for 12 weeks. This study demonstrated
significant additional improvements in the Widespread Pain Index, the FIQR, and the
modified Fibromyalgia Assessment Status [26]. In that trial, the combination enhanced the
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effect of conventional treatment. The present cohort does not replicate that finding, as it lacks
a comparator; instead, it provides a description of what occurs over 15 months in routine
practice, including the proportion of patients who discontinue treatment and when. The two
designs address distinct questions, and the retention data presented here offer information
that a 12-week randomized trial with protocol-mandated follow-up does not. The same
group later reported a retrospective analysis of 77 patients from the Italian Fibromyalgia
Registry treated with PEA and ALC for 24 months in addition to usual care: 28.6% achieved
a reduction of at least 30% in the FIQR, FASmod, and polysymptomatic distress scores,
20.8% improved to a lesser extent, and 50.6% did not improve. Only patients who attended
both the 12- and 24-month assessments were analyzed, so attrition could not be described,
and pain intensity and sleep were not measured [27]. The proportion of markedly improved
patients in that series is similar to the proportion of all patients who started treatment here
and achieved a 30% reduction in FIQR at 6 months (20.0%). The present cohort adds data
on pain intensity, sleep, quality of life, the timing and reasons for discontinuation, and a
post-treatment visit. Regarding PEA as a monotherapy in chronic pain, three meta-analyses
of randomised trials have reported significant reductions in pain intensity, improved quality
of life, and a lack of major adverse effects [38—40]. Furthermore, the therapeutic effect
has been observed to increase between the first and second month of treatment [37]. For
ALC, a placebo-controlled trial revealed significant between-group differences at week
10 in total myalgic score, tender point count, depression, and musculoskeletal pain [41].
Additionally, a randomised comparison with duloxetine showed comparable effects on pain
and depressive symptoms [42]. Fixed combinations of PEA and ALC have demonstrated
improvements in pain and function in rheumatic neuropathies [24] and acute low back
pain [25]. Collectively, these controlled studies describe effects on nociceptive and functional
outcomes over periods of up to 12 weeks; evidence on administration beyond that period,
including the registry analysis [27] and the present cohort, remains observational.

4.3. The Dissociation Between Pain and Sleep

The most notable finding of this analysis is not the extent of pain relief but rather
the domain in which relief was absent, namely sleep. At six months, 78.1% of completers
achieved the minimal clinically important difference for disease impact [34] and 53.1% an
increase of at least 5 points on the SF-12 physical component, whereas only 20.3% attained
a clinically meaningful improvement in sleep (Table 6, Figure 6); the gradient is the same
when all 150 patients are considered with non-responder imputation (37.3%, 23.3% and
10.0%). The PSQI score decreased by only one point on a 0-21 scale (Table 5), leaving
nearly all patients above the threshold for poor sleep quality [31]. These instruments were
administered only for up to six months, so the dissociation is documented for the first
half of the treatment period, and its later course is unknown. Insomnia was also the most
frequently recorded adverse event (nine patients): in five of them with a PSQI at six months,
the score rose by 0 to 3 points, whereas the median change in the remaining patients was
—1 point. Excluding them changes the proportion of PSQI responders only marginally
(13/60, 21.7%). Whether the formulation itself worsened sleep in a subset of patients
cannot be established from these data, but it is a hypothesis that a prospective study should
address with a sleep-specific adverse-event question. This observation is not isolated and
aligns with existing knowledge about sleep in this condition. A network meta-analysis
of 168 studies found no clear evidence of benefit on sleep for any intervention other than
certain forms of exercise, with the certainty of evidence predominantly low to very low [43].
Additionally, the Cochrane review of SNRIs found no difference from placebo in reducing
sleep problems, despite effects on pain [14]. Specifically, within the nutraceutical literature,
the ALC series from our centre reported no statistically significant change in PSQI at 3 or
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6 months, despite significant improvement in VAS, FIQR, and both SF-12 components [18].
Similarly, the fixed-combination study in low back pain found no significant change in
emotional parameters, while physical domains improved [25]. This data marks the third
time this pattern has been observed. However, the three groups, although made up of
different patients, are from the same centre and researchers, so they are not independent
replications. A mechanistic interpretation is plausible but speculative. Both compounds
act on pathways that influence peripheral and central pain processing more directly than
the neurophysiological regulation of sleep: mast-cell stabilisation and glial modulation
for PEA, whose relevance to FMS is supported by direct in vivo evidence of cortical glial
activation [19,44] and by the broader immune and neuroimmune abnormalities recently
reviewed by our group [45], and mitochondrial energy metabolism, neuronal trophism,
and mGlu2 up-regulation for ALC [21,46]. A peripheral target also exists, since small-fibre
pathology with reduced intraepidermal nerve fibre density is documented in FMS [47],
although recent quantitative work indicates that it is considerably milder than in small-fibre
neuropathy [48]. Since sleep impairment itself drives pain [49], the persistence of poor
sleep may also explain why pain, although substantially reduced, did not return to normal
values in most patients. If confirmed prospectively, this has practical implications: patients
whose primary complaint is unrefreshing sleep are unlikely to benefit most, and sleep
should be addressed by other means rather than expected to improve as a by-product of
pain relief. A key methodological warning is necessary. Since every time point on each scale
showed p < 0.001 (Table 5), statistical significance alone might imply that the domains acted
similarly. With 64 paired observations and a consistent change direction, even a one-point
shift on a 21-point scale is statistically significant. The difference becomes clear only when
the responder analysis against pre-set clinical thresholds [33,34] is considered along with
the p-values (Table 6). This emphasises a general point about how nutraceutical studies
with repeated measures should be reported.

4.4. Persistence of the Effect After Treatment Discontinuation

A distinctive feature of this study is that treatment was scheduled for 12 months,
whereas the final assessment was performed at 15 months, three months after discontinua-
tion. In the 64 patients who completed the course, pain and disease impact at 15 months were
close to the values at 12 months (estimated mean VAS 52.8 versus 52.3, difference +0.5 points,
95% CI —2.4 to +3.5; FIQR 56.8 versus 56.1, +-0.7, —1.9 to +3.3; Table 3). The paired analysis
detected a small increase in FIQR (+0.7 points, 95% CI +0.3 to +1.2, p = 0.004) and a bor-
derline increase in VAS (+0.5, p = 0.059), both far below any clinically meaningful threshold
(Table 4). This observation applies only to completers, a group selected for having tolerated
and continued the treatment for 12 months. Patients who discontinued earlier were not
reassessed, so persistence cannot be evaluated in them. Additionally, the interval since
their discontinuation (2 to 14 months at the time of the 15-month visit) cannot be used
as a wash-out observation. In an uncontrolled study this persistence cannot be separated
from the natural course of the disease or from the stability of background therapy. It is
nonetheless consistent with the pharmacology of ALC, whose analgesic and antidepressant
effects require repeated administration and depend on a transcriptional rather than an
acute mechanism. ALC acts as a donor of acetyl groups: it increases the acetylation of the
NF-xB p65/RelA subunit and of histone H3 (lysine 27) at the promoter of the Grm?2 gene,
thereby enhancing the expression of mGlu2 receptors in dorsal root ganglia, spinal cord
and forebrain [21,35,36]. In experimental models this epigenetic induction produced effects
that outlasted the treatment, being still detectable two weeks after drug withdrawal [36].
Whether a comparable carry-over occurs in patients, and for how long, cannot be established
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from a single post-treatment visit; a washout phase with repeated assessments would be
required, and this is a further element that a prospective study should incorporate.

4.5. Safety, Retention and Background Therapy

Adverse events were noted in 10.0% of patients, all of which were mild, and no serious
events were recorded during the 12-month treatment period. Additionally, 3.3% of the
group stopped treatment due to a recorded adverse event. These numbers only include
events recorded in the clinical records during scheduled visits. There was no structured
questionnaire for adverse events, patients who stopped treatment were not evaluated
afterward, and those lost to follow-up provided no safety data after their last visit. Therefore,
the actual incidence might be higher, and these figures should be considered a minimum
estimate. The incidence of adverse events is closely comparable to the 13.7% reported for
ultramicronised PEA [17] and the 16.7% reported for ALC, where only six out of 183 patients
discontinued [18]. These findings align with the absence of major side effects noted in
the randomised PEA literature [38,39] and the safety review of PEA, which nonetheless
cautioned about the scarcity of data beyond 60 days of treatment [50]. This figure is
consistent with those of the two earlier series from the same centre, now over 12 months of
treatment; however, uncontrolled comparisons between cohorts cannot establish whether
the combination alters the toxicity of either component. Insomnia was the most common
adverse event (Section 4.3).

Retention deserves separate comment because it is rarely reported. At the end of the
12-month treatment period, 60.6% (95% CI 52.2-70.3) of patients were estimated to be still
on treatment when patients lost to follow-up are censored at their last visit, and 42.7%
(35.4-51.4) under the pessimistic assumption that all of them had stopped (Figure 7), the
true value lying between these bounds; treatment was not continued beyond 12 months, and
the visit at 15 months served only to assess the persistence of the effect after discontinuation.
Eighty percent of the discontinuations were attributed to lack of perceived efficacy rather
than to adverse events (Table 1), and discontinuations were concentrated in the first three
months. For comparison, in the ultramicronised PEA series 57.63% of patients left the
treatment for inefficacy [17], and in the pregabalin trials withdrawals for adverse events
were about 10% more frequent than with placebo [15]. Retention is a pragmatic composite
of efficacy, tolerability and acceptability, and for a supplement taken continuously in a
chronic condition it may be a more informative endpoint than a mean change score; it is
also the endpoint most directly relevant to the clinical question of whether a nutraceutical
is worth starting.

The background treatment for this group was intense: three-quarters of patients were
on a tricyclic antidepressant, nearly two-thirds were on a gabapentinoid, and two-fifths
were on an opioid at the start. Their treatment plans had to be stable for at least four weeks.
Since any increase in background therapy was seen as treatment failure and counted as
a discontinuation, patients whose pain got worse could leave the study in two ways: by
stopping the formulation or by increasing other drugs. This makes the retention estimate
cautious, but it also means that the outcome data after the first month depend on a stable
background regimen. Changes in other therapies acted as a time-varying confounder that
could not be modeled because they were only noted as the reason for discontinuation.
Reductions in rescue medication or background therapy, which would have been useful,
were not recorded either. The changes observed happened in patients already taking
several centrally acting drugs. Whether this shows an extra pharmacological effect or the
natural variability of a condition with changing symptoms cannot be determined without
a comparison group. The only controlled evidence for an additional effect is the 12-week
randomized study [26].
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4.6. Strengths and Limitations

The principal strength of this study is its real-life nature combined with duration and
breadth: 150 consecutive patients from a tertiary pain centre, selected only by having been
prescribed the formulation, with a heavy background therapy and a high symptom burden,
followed for 15 months with five validated instruments, safety data, retention data and
patient-reported satisfaction. Patients of this kind, on multiple centrally acting drugs, are
precisely those most often excluded from randomised trials, and real-world data of this type
are increasingly recognised as a necessary complement to trial evidence for questions of long-
term effectiveness, tolerability and persistence [51]. A second strength is the transparency
of the analysis: three analysis populations are reported side by side (Figures 8 and 9), the
primary analysis includes only measurements actually recorded at each visit, the mixed-
effects model uses every observed measurement without imputation, and the assumptions
about missing data are tested explicitly (Table 7). Thirdly, the breadth of the long-term
description: apart from a 24-month registry analysis of 77 patients, which focused on
disease-severity questionnaires and included only those who attended all visits [27], no
study has tracked patients treated with this combination for more than three months.
Additionally, none have reported on pain intensity, sleep, retention, and the course after
stopping treatment together. The same real-life design is also the main limitation of the
study, as it constrains the inferences that can be drawn. First and most importantly, the
study is uncontrolled. In the absence of a comparison group, factors such as the natural
history of FMS, regression to the mean, the placebo response, which is substantial in FMS
trials [52], concomitant background therapy, and the additional attention associated with
follow-up visits all remain plausible contributors to the observed changes, making causal
attribution to the formulation impossible.

Second, the product used is a fixed multicomponent formulation that also contains
Boswellia serrata, vitamin B6 and vitamin E. Although the doses of these components are low,
Boswellia has independent anti-inflammatory activity [53], so the effect observed cannot
be ascribed to PEA and ALC alone; for this reason the product is referred to throughout as
a multicomponent formulation containing PEA and ALC.

Third, 57.3% of patients did not complete follow-up: 30.0% stopped treatment, mainly
due to perceived lack of efficacy, and 27.3% were lost without a documented treatment status
(Figure 1). Completers and non-completers did not differ in any baseline clinical character-
istic (Table 2), but attrition was partly response-dependent, making the missing-at-random
assumption of the mixed model invalid for the entire group. Therefore, we report, along
with the mixed model and the LOCF analysis, several missing-not-at-random scenarios
(Tables 7 and S2). LOCEF is not conservative here because it uses values recorded while
patients were still on treatment [54], and the Cochrane review of pregabalin notes it may
overestimate treatment effects [15]. The 12-month change in VAS remained significant even
if every non-completer was assumed to have returned to baseline (—13.0 points). However,
for FIQR, the change lost statistical significance when discontinuations for inefficacy were
assumed to be followed by a worsening of 30 points beyond the last observation. The
estimated change should be viewed as a range, from about —13 to —30 points for VAS and
from about —5 to —22 points for FIQR at 12 months, with the lower end reflecting pessimistic
but plausible assumptions (Figures 8 and 9).

Fourth, changes in additional therapy during follow-up were only noted as treatment
failure. Adherence was checked only through patient reports. The Registry does not
record disease duration, other painful conditions, use of exercise, physiotherapy, cognitive-
behavioural therapy, or opioid doses. Therefore, the response could not be analyzed based
on initial severity, disease duration, or existing therapy.
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Fifth, sleep and quality of life were measured only up to six months, so the dissociation
described here cannot be followed out to 15 months and the insomnia adverse events
(Section 4.3) could not be related to a PSQI measured at the same time.

Sixth, the post-treatment observation consisted of a single visit three months after dis-
continuation, so that the duration of any carry-over effect is unknown. Seventh, the outcome
thresholds and the analysis populations were defined by the investigators before this dataset
was analysed but were not registered in a public protocol, so their pre-specification cannot
be independently verified. Eighth, the within-patient, responder and persistence analyses
in the complete-case population describe a self-selected group of patients who tolerated and
continued the treatment for 12 months, and therefore give an upper bound of the response.
Finally, the study was conducted in a single tertiary centre with extensive experience using
these compounds and the results may not be generalisable to other settings.

5. Conclusions

In this retrospective, uncontrolled study of 150 fibromyalgia patients, a 12-month add-
on treatment with a fixed multicomponent formulation containing palmitoylethanolamide
and acetyl-L-carnitine showed reduced pain intensity and disease impact within the first
month for those who stayed in the study. Among the 64 patients who completed the
treatment, these improvements persisted three months after it ended. Fifty-seven percent of
patients did not complete follow-up, and the estimated change at 12 months ranged from
about —13 to —30 VAS points, depending on assumptions. Recorded adverse events were
mild and infrequent, and between 43% and 61% of patients were still on treatment at the
end of the 12-month course. Over six months, sleep quality changed less than other areas, a
pattern also seen in previous acetyl-L-carnitine studies from this center.

These results are descriptive. Without a comparison group, they cannot be linked
to the formulation, and the high dropout rate limits generalization from the completer
analyses. The findings suggest a controlled study should test whether the formulation
adds to standard care over at least twelve months, with retention as a co-primary endpoint,
continuous sleep measurement, and pre-registered strategies for handling missing data
and outcome thresholds.
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