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Abstract: Background: Olfactory training is the only evidence-based treatment for post-viral olfac-
tory dysfunction. Smell disorders after SARS-CoV-2 infection have been attributed to neuroin-
flammatory events within the olfactory bulb and the central nervous system. Therefore, targeting
neuroinflammation is one potential strategy for promoting recovery from post-COVID-19 chronic
olfactory dysfunction. Palmitoylethanolamide and Iuteolin (PEA-LUT) are candidate anti-
inflammatory/ neuroprotective agents.

Objective: To investigate recovery of olfactory function in patients treated with PEA-LUT oral sup-
plements plus olfactory training versus olfactory training plus placebo.

Methods: Multicenter double-blinded randomized placebo-controlled clinical trial was held. Eligi-
ARTICLE HISTORY ble subjects had prior COVID-19 and persistent olfactory impairment >6 months after follow-up
SARS-CoV-2 negative testing, without prior history of olfactory dysfunction or other sinonasal dis-

orders. Participants were randomized to daily oral supplementation with ultramicronized PEA-LUT
g:ﬁi;’j%ﬁiz;‘ggiégzozl 770 mg plus olfactory training (intervention group) or olfactory training with placebo (control).
Accepted: April 09, 2022 Sniffin’ Sticks assessments were used to test the patients at baseline and 90 days.

Results: A total of 185 patients, including intervention (130) and control (55) were enrolled. The in-

tervention group showed significantly greater improvement in olfactory threshold, discrimination,

and identification scores compared to controls (p=0.0001). Overall, 92% of patients in the interven-

@ Crosdhlail tion group improved versus 42% of controls. Magnitude of recovery was significantly greater in the
intervention group versus control (12.8 + 8.2 versus mean 3.2 + 3), with >10-fold higher prevalence
of anosmia in control versus intervention groups at the 90-day endpoint.
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Conclusion: Among individuals with olfactory dysfunction post-COVID-19, combining PEA-LUT
with olfactory training resulted in greater recovery of smell than olfactory training alone.
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1. INTRODUCTION

Nearly two-thirds of patients with COVID-19 report at
least transient anosmia or hyposmia [1-4], and there is grow-
ing public health concern regarding COVID-19 chronic ol-
factory dysfunction (COD). [5] While most of these individ-
uals will spontaneously recover baseline function within
weeks [2,3], 10-20% of individuals report persistence of im-
paired smell or taste long after the acute phase of illness has
subsided [3,6]. Persistent loss is particularly common among
individuals suffering from post-acute sequelac of Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
also term long-haul Covid [7]. The unmet needs of these
long haulers are increasingly recognized as a looming public
health crisis [8]. Several treatments have been investigated
[9], but the results have generally been underwhelming, with
treatment recommendations emphasizing safety counseling
in anticipation of sustained impairment [10]. To date, the
olfactory training is the only disease-specific intervention
with consistent evidence of efficacy for treating post-viral
olfactory loss, but significant recovery is achieved in fewer
than 40% of patients [11, 12]. The rising tide of patients with
olfactory loss and the limited treatment options available
provide an impetus for novel therapeutic strategies. One po-
tential strategy for achieving recovery of chronic olfactory
function involves targeting neuroinflammation.

The rationale for reducing neuroinflammation derives
from observations regarding the pathogenesis of COD in
patients with COVID. Following SARS-CoV-2 infection, the
olfactory bulb and higher olfactory centers demonstrate sus-
tained neuroinflammation [13, 14]. Patients with COVID-19-
induced anosmia or hyposmia exhibit activation of pro-
inflammatory microglia and associated neuroinflammatory
changes along olfactory pathways [11-15]. Although human
pathological data are limited, this finding suggests that lin-
gering neuroinflammation can impede olfactory recovery
[16]. Olfactory training, which involves repetitive stimula-
tion of peripheral olfactory neurons, relies on the regenera-
tive capacity of superior olfactory pathways [13]. Therefore,
counteracting neuroinflammation during olfactory training
might support olfactory recovery. Inflammatory changes are
potentially more amenable to intervention than permanent
neuronal loss, but it is unknown to what extent COVID-19
COD beyond 6 months is reversible.

Although several anti-neuroinflammatory therapies have
been proposed for treating disorders of smell and taste [17],
clinical data on efficacy of such therapies for COVID-19
COD are lacking. Our study, therefore, investigated a novel
anti-neuroinflammatory strategy aimed at improving olfacto-
ry function in patients with persistent smell alterations after
COVID-19. We hypothesized that administering the neuro-
protective and anti-inflammatory agents palmitoylethanola-
mide (PEA) and luteolin (PEA-LUT) in conjunction with
olfactory training would improve olfactory recovery more
than placebo plus olfactory training. PEA-LUT has been
shown to reduce neuroinflammation by modulating micro-
glia and reducing reactive oxygen species (ROS) [18, 19].
We previously reported results of a feasibility study [19]
with a small enrollment and short follow-up period, in which
patients tolerated the protocol well and showed improved
olfactory recovery at one month.
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The objective of this study was to investigate whether the
addition of PEA-LUT to olfactory training influences the
course of olfactory recovery in patients with post-COVID-19
chronic olfactory dysfunction. In this multicenter double-
blinded placebo-controlled randomized trial, patients were
administered either PEA-LUT or placebo for 90 consecutive
days, and both groups of patients received concomitant ol-
factory training. Olfactory function was assessed at baseline
and 90 days.

2. METHODS
2.1. IRB Approvals and General Considerations

This study adhered to CONSORT guidelines for Clinical
Trials (Fig. 1). We performed a multi-center double-blinded
placebo-controlled clinical trial. All patients included were
recruited, screened, treated, and followed in the otolaryngol-
ogy clinic of all centers. The study was authorized by the
Institutional Review Board of Humanitas University with
number 3002 registered at Clinicaltrials.gov in April 2021
with number: 20112020PGFN. It was conducted in accord-
ance with the Declaration of Helsinki. All patients signed a
written consent before the inclusion in the study.

2.2. Study Population and Demographic Data

This multicenter double-blinded randomized-clinical trial
was conducted in three referral hospitals (Fano, Naples and
Sassari) from April 2021 to October 2021. To recruit pa-
tients, we used word of mouth communication among clini-
cians and calls through newspaper, television, and internet
(mass media). All centers used the same procedures and pro-
tocols. Patients were included or excluded based on the fol-
lowing criteria:

2.2.1. Inclusion Criteria

Outpatients, ages 18 to 80 years, with a confirmed history
of COVID-19 (positive nasopharyngeal swab for SARS-
CoV-2), and anosmia/hyposmia confirmed with the extended
version of the Sniffin’ Sticks psychophysical test (TDI score
< 31), persisting > 180 days (6 months) after subsequent
negative COVID-19 nasopharyngeal swab and receiving the
signature of informed consent with the agreement to partici-
pate to the study.

2.2.1. Exclusion Criteria

Previous history of olfactory-gustatory disorders, active
chemotherapy or treatment with estrogen inhibitors (aroma-
tase), impaired cognitive function, history of neurodegenera-
tive disease (Alzheimer's and Parkinson's Disease), medical
therapy with known detrimental effects on olfactory func-
tion, presence of active rhinological disorders (sinusitis, rhi-
nosinusitis, sinonasal polyposis, atrophic rhinitis, allergy) at
the moment of the enrollment, history or chemo-radiotherapy
of the head and neck region, history of stroke or neurotrau-
ma, severe nasal blockage from stenosis or deformity, severe
psychiatric illness (e.g. schizophrenia, bipolar disorder, ol-
factory hallucination), previous sinonasal or nasopharyngeal
tumors, or taking corticosteroid therapy to treat olfactory
dysfunction within the previous 30 days. Additionally, any
patients who were using medications with anti-inflammatory
or immune-modulating effects that could interfere with Pea-
Lut were excluded from the study.



Ultramicronized Palmitoylethanolamide and Luteolin

Current Neuropharmacology, 2022, Vol. 20, No. 10 2003

244 Adults Recruited and Screened

59 Subjects not wishing
to participate

Enrollment 185 Met inclusion criteria and underwent
baseline evaluation (nasal endoscopy
and olfactory Assessment)
185 Randomized
(2:1 randomization)
Intervention
130 Randomized to receive PEA/Luteolin 55 Randomized to receive placebo
+ olfactory training + olfactory training
(90 days of intervention therapy) (90 days of Control Therapy)
Follow-up 130 Assessed by nasal endoscopy 55 Assessed by Nasal endoscopy
and olfactory testing (TDI score) and olfactory testing (TDI score)

Fig. (1). Consort Diagram showing enrollment, intervention, and follow-up of patients who participated in the clinical trial. PEA: Pal-

mitoylethanolamide; TDI: Threshold, Discrimination, and Identification.

2.3. Demographic Data Extraction

For each patient, the following demographic data were
collected: sex, age, major disease, tobacco/alcohol use, med-
ications, prior treatment for olfactory disorder, and time
elapsed since negative COVID-19 test. A medical record was
created for each patient that included: patient’s general med-
ical and family health history, details on COVID-19 illness
(date and symptoms at the onset, date of positive and nega-
tive PCR testing, treatments used during the infection, per-
sistent symptoms, treatments used after COVID-19 resolu-
tion), information about COVID-19 vaccination. To this
medical history record, we added a section for recording
detailed data on the identification of smell and taste altera-
tions. After verbally explaining the differences between an-
osmia, hyposmia, parosmia, and phantosmia to patients, we
clarified the difference between taste alteration and sense of
smell/flavor. Patients were then queried about their own his-
tory. At the end of the study (three months after randomiza-
tion and initiation of therapy), the data were extracted and
analyzed by a statistician, following the procedures stipulat-
ed by the study coordinator (ADS).

2.4. Experimental Groups
The two study groups were defined as follows:
2.4.1. Intervention Therapy (Intervention Group)

Daily treatment with PEA-LUT oral supplement and ol-
factory training. The supplement contained co-ultra-
micronized PEA 700 mg and Luteolin 70 mg (Glialia®,
Epitech Group SpA, Milano, Italy) and was administered as
a single dose, 5-10 minutes before breakfast plus olfactory
training. Olfactory training entailed stimulation using four
100% organic essences (Lemon, Rose, Eucalyptus and
Cloves) administered three times every day for 6 minutes
each session; stimulation consisted in smelling an odor for 4-
6 seconds, then 40 seconds of relaxation, and then, new
stimulation for 4-6 seconds with another essence. This short
duration was used to avoid “saturation” of the olfactory re-
ceptors [12]. Subjects performed this regimen for 90 consec-
utive days.

2.4.2. Conventional Therapy (Control Group)

Daily treatment with placebo and olfactory training. Pa-
tients in the control group received olfactory training as not-
ed for the intervention group plus a daily placebo supplement
therapy (multivitamin, vitamin D (400 UI), and/or alpha-
lipoic acid (120 mg). The 400 UI dosage of vitamin D and
120 mg of alpha-lipoic acid were selected based on an evi-
dence-based literature review documenting that these dosag-
es do not exert significant systemic anti-inflammatory, im-
munomodulatory, or antioxidant effects [20, 21].

All patients, after adequate training with the physician,
performed the olfactory training independently at home (self-
administered rehabilitation). The initial training consisted of
a face-to-face explanation on how to perform the sniffing
exercise, practice performing the exercise, and a written de-
scription on how to prepare the sniffing essence. This in-
struction was reinformed by providing access to an instruc-
tional video, which explains in detail how to perform the
steps of olfactory training, available on “YouTube”
(https://www.youtube.com/watch?v=RiS5YWMO6EmMWM).
The video recommended the clinician was always the same,
as previously identified by the study coordinator. Partici-
pants in the study were in frequent communication (1 contact
every 15 days) with clinic staff and physicians to promote
adherence to the study protocol, with interaction via phone
calls, electronic communications, and office visits.

All patients (control and intervention) underwent the fol-
lowing assessments at Ty (baseline) and T; (90 days after
treatment):

e Nasal endoscopic examination

e Evaluation of olfactory function using the extended ver-
sion of the Sniffin’ Sticks test

The T, nasal endoscopic examination was evaluated for
the presence of polyps, masses, anatomic blockage, or other
pathology, any of which would result in exclusion from the
study. All patients were evaluated for olfactory function by
Sniffin’ Sticks (Burghardt®, Medisense, Winschoten, The
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Netherlands). This initial olfactory evaluation was performed
at the outset of the study (T,), before initiating olfactory
training, with or without supplement treatment.

Patients in the intervention group were evaluated by
Sniffin” Sticks every 30 days; in this way, we obtained the
following observation points: Ty, T,, T5. The subjects in the
control group were instead re-evaluated after 90 days only
because this is the minimum time to observe varia-
tion/improvement in the olfactory ability using the olfactory
training [12]. This observational point was called T3, because
assessments were performed 3 months after treatment. The
patients routinely underwent nasal endoscopy before the
Sniffin’ sticks assessment to ensure consistency in the thera-
peutic protocol.

2.5. Assessment of Olfactory Dysfunction

The Sniffin’ Sticks battery was administered following a
previously established protocol [18], using standard pen-like
devices filled with odorants. Clinicians conducting the scor-
ing were blinded to the experimental group of patients. Three
score subtests were conducted to measure olfactory function:

(1) detection threshold (“T”, the lowest concentration at
which an odor can be perceived),

(2) odor discrimination (“D”, ability to distinguish be-
tween odors), and

(3) odor identification (“I” ability to assign names to
odors).

Possible scores ranged from 1-16 for the detection
threshold subtest and 0—16 for both the discrimination and
identification subtests. Adding these, the subtests yiclded a
composite threshold/ discrimination/ Identification Sniffin’
Stick score, the “TDI score.” Anosmia was defined as a TDI
score of <17, hyposmia by a TDI score 17 to 30.75, and
normosmia by a TDI score of >31.

The TDI score was calculated based on the patients’ per-
formance on 3 sub-tests. In the first subtest (detection
threshold), the odor detection threshold was determined us-
ing a triplet option, yes-no staircase, and forced-choice pro-
cedure with the odorant n-butanol, as previously described
[22]. Briefly, participants were presented with triplets of
odorant pens and asked to identify the pen containing n-
butanol when presented with two blank distractor pens. In
the second subtest (odor discrimination), the discriminative
ability was assessed using 16 triplets of odorants: within
each triplet, two pens contained the same odorant, while the
third pen contained a different odorant. In a forced-choice
procedure, the participants were asked to detect the odd pen
for each triplet. In the third subtest (odor identification task),
participants were presented with 16 common odors. They
were asked to select which of 4 odor labels matched the pre-
sented odor in multiple-choice answering format. In prior
literature, an incremental improvement of 5 points was ac-
cepted as the minimum variance for identifying a clinically
meaningful response to olfactory training, based on statisti-
cal variances in patient outcomes [12]. Therefore, we defined
the “recovery score” as <5 points or >5 points to delineate
not only mean and median differences between groups but
also to compare patients with clinically meaningful recovery.
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2.6. Study Outcomes

The primary outcome was the change over the time in
TDI scores for the control group versus intervention group.
The change in TDI score for any individual was reported as
positive if olfaction improved over the 90-day study period,
negative if olfaction worsened, and zero if no change, with
the caveat that change in TDI score of <5 points from base-
line does not necessarily constitute a clinically meaningful
difference. The link between months after COVID-19 resolu-
tion (based on negative test) and Sniff' score, demographic
analysis in relation to olfactory recovery, and examination of
the correlation between age and sex in relation to baseline
scores or recovery were all secondary outcomes. Clinicians
conducting the study were also instructed to alert the princi-
pal investigators to any adverse events in patients with atten-
tion to intolerance, gastrointestinal symptoms, excessive
drowsiness, or heart palpitations.

2.7. Randomization and Blinding

Patients were assigned a number at the time of recruit-
ment, and this reference number was used for tracking dur-
ing randomization and throughout the study protocol. Using
a block randomization within each site, eligible participants
were randomly assigned in a 2:1 ratio to achieve approxi-
mately twice as many patients allocated to the intervention
group as the control group [23, 24]. Randomization with 2:1
(intervention: control) was intended to maximize detection of
any adverse effects, assess feasibility across institutions, and
reduce the costs of conducting the trial [25-28]. After patient
counseling and consent, the physician used computer-
generated randomization for the assignment of patients. Par-
ticipants were assigned to oral supplements plus olfactory
training or olfactory training with placebo (Fig. 1). Random-
ization was performed using an online random number gen-
erator, with participants sorted based on a random generation
of odd or even numbers until there was a minimum of 55
participants in the control group.

Patients were informed that the purpose of the study was
to investigate approaches for treating persistent loss of smell
after COVID-19. Patients were informed that after baseline
assessment, the treatment would include performing olfacto-
ry training and taking a supplement that would remain un-
known to them but that had no reported drug interactions or
safety-related concerns. Patients were also told that after
baseline assessment, they would have a repeat TDI assess-
ment at 90 days, with up to two possible intermediary TDI
assessments, with an individual schedule dictated by proto-
col. Patients were instructed that their participation was vol-
untary and that they could withdraw from the study at any
time.

The study was performed in a double-blinded manner.
The patients did not know their status in the control or inter-
vention group (patient-blinding), with both groups receiving
treatment with olfactory training and oral supplement. A
single physician at each center performed the endoscopy, and
a second physician performed olfactory testing. The physi-
cian who performed olfactory testing remained blinded to
experimental group throughout the study. The physician who
performed the nasal endoscopy had knowledge of the exper-
imental groups and did not participate in olfactory assess-
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ment. Having these separate physician roles ensured that
individuals performing assessments of olfactory recovery
were always blinded to the patients’ treatment arm. Patients
were blinded throughout the study, as well, and unaware of
whether they were in the PEA-LUT or placebo arm of the
study. All scoring assessments were performed by a blinded
clinician. Data obtained by the olfactory test were anony-
mized, and results were collected on a protected Excel sheet
shared by all the centers [Google (Mountain View, Califor-
nia, USA)].

2.8. Sample Size Calculation

The sample size was calculated as indicated by Wang and
Ji [29] and it was specific for Randomized Clinical Trial.
The calculation was performed on the https://riskcalc.org.
The calculator verified that the proposed sample of 100 in
the intervention group and 50 in the control group would
suffice to achieve adequate sample size with alpha (0)=0.05
at a statistical power level of 80%, with our design of a supe-
riority trial for answering to our clinical question: “Is daily
oral supplementation with ultramicronized PEA-LUT 770
mg plus olfactory training (intervention group) superior to
olfactory training with placebo (control) at 90 days based on
the assessment of olfactory recovery by TDI testing.” The
plan was to enroll to a cutoff of 55 patients in the control
group to allow for possible attrition over the course of the
study.

2.9. Statistical Analyses

One-way ANOVA for paired measures and Tukey post-
hoc (Tph) tests were used to analyze statistical differences in
TDI score within the experimental group at Ty, T, T, Ts.
Between-group comparisons were performed between con-
trol (Ty and Ts) and treatment (T, and T;). These same tests
were performed to evaluate any differences by age or sex, at
Ty and Tj across groups. Chi-square test was performed to
analyze the difference between the control and intervention
groups for TDI recovery scores. Point biserial was performed
to analyze the effect of sex on recovery scores (difference
between T, and T;). Spearman for correlation between age
and recovery score. Finally, we used longitudinal linear re-
gressions to analyze the total effect of the variables (age, sex,
comorbidities, and months of olfactory impairment) on the
recovery.

Difference in TDI scores from T, to T; was defined as
“recovery score” and compared between groups. Chi-square
test was performed to analyze the difference between control
and intervention groups for TDI recovery scores (>5 versus
<5) and increase, decrease and unchanged scores. Analysis
of association of sex with recovery scores (difference be-
tween To and T3) was analyzed by point biserial correlation;
correlation between age and recovery scores was analyzed
with Spearman correlation. Longitudinal linear regressions
were performed to analyze the total effect of the variables
(TDI baseline, age, sex, comorbidities, and months of olfac-
tory impairment) on the recovery. Cohen’s d test was per-
formed to evaluate the effect of different sample size on the
outcome. Chi-Square analysis was used to review the distri-
bution of TDI scores and the likelihood of improvement or
worsening over the study period. Shapiro-Wilk test was per-
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formed to assess for normal distribution. Results are present-
ed as mean and standard deviation (+).

Statistical significance was set at p<0.05 with two-tailed
test. All analyses were performed using Stata®.

3. RESULTS

A total of 185 individuals who met the eligibility criteria
were recruited for the study, and all completed the entire
course of treatment, with 90-day follow-up (T;). In keeping
with the 2:1 target randomization scheme and target recruit-
ment (material and methods section), randomization yielded
130 individuals in the intervention group and 55 individuals
in the control group. Groups’ characteristics are shown in
Table 1.

All patients had undergone one or more previous treat-
ments for COVID-19 related persistent olfactory disorders:
44.8% (83) patients were treated with nasal steroids only (3
puff /day for 30 days), 7% (13 subjects) with oral steroids
(25mg/daily for 7 days, then tapering up to 10 days). The
remaining 89 patients (48.2%) performed traditional olfacto-
ry training as previously described [11,12] and some of them
added oral supplement and vitamins, as described in Table 2.
In all patients included in the study, olfactory loss had per-
sisted beyond 6 months (180 days), in keeping with inclusion
criteria.

After 2:1 (intervention: control) randomization, the inter-
vention and control groups were similar in the distribution of
sex and comorbidities, with a predominance of women in
both groups. None of the patients in the treatment or control
group were under treatment with drugs expected to interact
with the treatment regimens. PEA-LUT does not have known
medication interactions, and no patients were receiving med-
ications with systemic immunomodulant, anti-inflammatory,
or antioxidant effects. Mean age was 5 years younger in the
intervention group (p=0.04), corresponding to a small effect
(Cohen d) on analyses. No patient safety or adverse effects
were identified in either group. The data comparison be-
tween groups is shown in Figs. (2 and 3).

3.1. Intervention Group

The intervention group (n=130) was composed of 64%
women and 36% men, with an average age of 42.1 +14.5
years. No differences were observed in the endoscopy find-
ings between T, and Tj;. Patients reported either hyposmia or
anosmia with mean duration of 8.2 + 3 months (CI 95%: 6-
16). Of the 130 patients in the group, from T, to T, 120 pa-
tients (92%) had improved (higher) TDI score, 9 patients
(7%) had worsened (lower) TDI score, and 1 patient (1%)
was unchanged. The mean TDI score increased from 20.6 +
7.9 at Tpto 29.8 + 7.5 at T5 (p=0.0001). 80 patients (66.7%)
recovered by more than 5 points (mean 12.8 +8.2) of the TDI
scores; 40 (33.3%) recovered 5 points or less (mean 3+1.9)
(Fig. 4), including 7.8% of patients (10 people) with no re-
covery or worsening of score (mean point reduction of -3.8
+1.3). TDI scores recovered significantly from T, to Ts in
the intervention group (ANOVA: p< 0.00001). No statisti-
cally significant differences were observed between T, and
T, (Tph: p=0.3), between T, and T, (Tph: p=0.2), or T, and
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Table 1. Demographic data.
- - Number (%) -
Characteristics Total Treatment Control P-value
Age, mean (SD) 435+ 14.6 42.1+14.5 47+ 14.6 0.04
Sex - Number (%) -
Women 121 (65.4) 83 (63.8) 38 (69) 0.5
Men 64 (34.6) 47 (36.2) 17 (31) 0.5
- - Mean and SD - -
Months of olfactory dysfunction 84+29 82+3 8.8+24 0.2
TDI (baseline) 20+8 20.6+7.9 183+79 0.7
Comorbidities Number (%)
History of nasal Allergies 4(3) 1(1.8) 0.7
Ashma 1(0.8) 1(1.8) 0.7
Thyroid Disease 5(3.8) 3(5.4) 0.7
Diabetes 1(0.8) 1(1.8) 0.7
Hypertension 8(6.1) 50 0.7
Prior systemic Allergy 3(2.3) 3(5.4) 0.7
Multiple Sclerosis 3(2.3) 0(0) 0.7
Dislipidemia 2(1.5) 1(1.8) 0.7
Other 3(2.3) 3(54) 0.7

Table 2.

to fight the olfactory loss and were all suspended 30 days at least before the inclusion in the study.

Details about the different treatments previously used in the treatment and control group. The treatments were performed

- - Number (%) -
Previous Treatments for Smell Disorders Total Treatment Control P-value
Cortisone Nasal Spray 83 (53.5) 58 (44.8) 25(9) 0.8
Vitamine B 13(7) 10 (7.6) 3(54) 0.6
Alpha-Lipoic acid 11(5.9) 8(6.1) 3(54) 0.8
Other 4(2.1) 3(2.3) 1(1.8) 0.8

T; (Tph: p=0.08). Statistically significant differences were
observed between Ty and T, (Tph: p=0.002), T, and T5 (Tph:
p <0.00001), Ty and T; (Tph: p=0.0001) (Fig. 5).

No statistically significant differences were observed by
sex (Point Biserial: p=0.49); however, both women and men
each showed statically significant recovery from T, to Tj
(ANOVA: p=0.0001). Age was also not correlated with
smell recovery outcomes (Spearman: p=0.12). Prolonged
olfactory dysfunction was positively statistically correlated
with improvement after treatment (Spearman: p=0.00644).

Multiple regression analyses showed that only TDI at the
baseline affected the recovery scores (»p<0.0001). None of
the other variables influenced the recovery scores.

3.2. Control Group

The control group (n=55) included 69% women and 31%
men, with average age of 47 + 14.6 years. No differences

were observed in the endoscopy findings between T, and T;.
Mean duration of hyposmia or anosmia was 8.8 + 2.4 months
(CI 95%: 6-12). Mean TDI scores did not differ from T,
(18.2 + 7.9) to T5 (19.5 + 7.3) (p=0.4). Within the group, 23
patients (42%) had an increase in the TDI score, 12 patients
had a decrease in the TDI score (mean -1.3 + -1.4) and 20
(36%) were unchanged. Among those with an increase in
TDI score (mean 3.25 + 3), 17 patients (73.9%) recovered 5
points or less (mean 1.8 + 1.5) and 6 patients (26.1%) had a
mean recovery >5 points (8.1 + 1.6) (Fig. 4). No statistically
significant differences were identified in demographic anal-
yses.

Multiple regression analyses showed that only the num-
ber of months of olfactory disorder influenced the recovery
scores (p=0.01).
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Fig. (2). Comparison among groups at the two different observational
points. The y axis shows the composite olfactory Threshold, Discrim-
ination, and Identification (TDI) scores of the patients. Standard devi-
ation (SD) is reported. “**” indicates p <0.0001. (4 higher resolu-

tion/colour version of this figure is available in the electronic copy of

the article).
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Fig. (3). Distribution of the olfactory Threshold, Discrimination, and
Identification (TDI) scores and recovery based on the results of the
Sniffin’ Sticks test. The graph shows the distribution of the patients’
TDI scores in intervention and control groups. (A) Control group
TDI scores at Ty vs. T3 (B) Intervention group TDI scores at Ty vs.
T;. Patients in the intervention groups demonstrated improved re-
covery vs. control, as reflected by increase in TDI scores. “**” indi-
cates p <0.0001. n.s: non statistically significant. (4 higher resolu-
tion/colour version of this figure is available in the electronic copy
of the article).
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Fig. (4). Recovery in Control group (CG) (T3 -TO0) vs. Intervention group (IG) (T3 -TO0). Patients in the intervention group demonstrated im-
proved recovery vs. patients in the control group, as reflected by increase in Threshold Detection Identification (TDI) scores. “**” indicates p
<0.0001. Patients in the intervention group had a larger recovery compared to patients in the control group, as shows by magnitude of recov-
ery. (A higher resolution/colour version of this figure is available in the electronic copy of the article).
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Fig. (5). Variation of the Threshold Detection Identification (TDI)
scores in the intervention group at T1, T2 and T3, at 30 days, 60
days, and 90 days respectively. “**” indicates p < 0.01. (4 higher
resolution/colour version of this figure is available in the electronic
copy of the article).

3.3. Groups Comparison

The comparison among the groups showed statistically
significant differences based on pre-and post- TDI scores
(ANOVA: p <0.00001) (F=13.23). No significant differences
in TDI scores existed between the groups at baseline, Ty (Tph:
p=0.7), but significant differences in TDI scores were present
at the 90-day experimental endpoint, T3 (p <0.00001) (Figs. 4
and 6). Chi-square showed statistically significant differences
(» <0.00001) in the likelihood of recovery to normal TDI
score (>31) at T;, favoring the intervention group over control
group, 56% and 10% respectively. Similar statistical differ-
ences were observed in “increase, decrease, or unchanged”
TDI score among the groups. For analyses of the impact of the
different sample sizes (control versus intervention), Cohen’s d
was 0.8 (CI95%: 1.046-1.763) pre-treatment and 0.8 (CI 95%:
-2.163 to -1.41) post-treatment. This result indicated that the
different sample sizes did not affect the difference observed
between the groups at T and Ts.
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Prevalence of Chronic Olfactory Dysfunction at Study Endpoint
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Fig. (6). Distribution of patients in the different categories of olfactory impairment as identified by Threshold/Detection/Identification (TDI)
score after treatment in the two groups. In the intervention group, a higher percentage of patients recovered normal olfactory function (green)
after three months of therapy; the percentage with recovery in the control group was lower. Considering also slight hyposmia/borderline nor-
mosmia (bright green) patients in the intervention groups recovered in over 50% of cases, whereas in the control group, fewer than 20% pa-
tients exhibited a similar recovery. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

4. DISCUSSION

Although persistent olfactory dysfunction affects a grow-
ing number of patients with Long-haul COVID, progress in
identifying effective therapeutic strategies has been limited.
Several therapies, including administration of oral or topical
corticosteroids, phosphodiesterase inhibitors, intranasal cal-
cium buffers, and other treatments, are under study, but evi-
dence of benefit is thus far insufficient to guide clinical care
[11]. Treatments generally target COVID-19 smell impair-
ment arising from either peripheral damage (injury to nasal
neuroepithelium), central inflammation (injury to olfactory
bulbs or higher olfactory centers), or both [29]. In this trial,
individuals receiving PEA-LUT during olfactory training
had a significantly higher likelihood of recovering olfactory
function than those receiving placebo; an increase in TDI
score was observed in 92.2 percent of those receiving PEA-
LUT versus only 42 percent of those receiving placebo, with
significantly lower rates of residual anosmia in the PEA-
LUT group.

Looking specifically at the quality of the recovery, 56%
of patients in the interventional group recovered to a normal
TDI (>31) versus 10% only in control (Figs. 4 and 6). Re-
garding TDI recovery scores, the difference between inter-
vention and control groups was wide, both in terms of likeli-
hood of improvement and magnitude of improvement, as
measured by a gain of over > 5 points (66.7% treatment ver-
sus 26.1% control). In the control group, the instances of
recovery > 5 points could be related to the beneficial effect
of olfactory training as previously reported by other authors
[11, 12], to a placebo effect, actual benefit of placebo sup-
plements, or a chance result. Alpha lipoic acid has antioxi-
dant properties and plausibly could confer beneficial effects,
as could other supplements; however, the placebo used has
not been shown to have immunomodulant, anti-
inflammatory, or antioxidant effects in the dosages adminis-

tered [30]. Future work might consider a more inert placebo
to remove the possible confounder of subclinical effects.

In the interventional group, some patients (<10%) failed
to improve or even had a worsening TDI scores; this out-
come could be related to lack of efficacy, nonadherence,
permanent injury to olfactory structures, non-neuroinflam-
matory cause of olfactory loss, or variable pharmacokinetics
of PEA-LUT metabolism among patients [31]. Further work
is necessary to understand whether a different dosing regi-
men could benefit these patients. We are currently investigat-
ing whether increasing PEA-LUT dosage improves TDI in
patients who had only slight recovery and significant residu-
al olfactory loss. For the intervention groups, TDI changes
were assessed monthly to guide future research endeavors.
We observed that a trend toward efficacy appeared within 30
days of use but was not significant until 60 days, with maxi-
mal efficacy after 90 days. This observation raises the ques-
tion of duration of treatment -- whether therapy extending
beyond 90 days might achieve complete recovery and
whether benefits persist after treatment cessation. At the end
of the therapy, only 56% of patients recovered normal TDI,
so additional studies extending the time of PEA-LUT admin-
istration over 6 months should be performed. In addition,
recovery in the control group was limited during the 90-day
period studied, suggesting not only a lack of efficacy of the
control treatments but also a lack of spontaneous improve-
ment in patients with post-COVID-19 olfactory impairment
that exceeds 6 months’ duration.

The mean age of patients was in the 40’s for both groups,
and this relatively young population may have responded
better to therapy than older populations for several reasons
such as, i) the level of neuroinflammation is thought to be
lower in younger individuals than in elderly individuals; ii)
senescence of olfactory neurons and age-related olfactory
loss is not present in this age range [32]; and iii) neuroregen-
erative capacity is greater at younger ages [33, 34]. The
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young age of this cohort limits the generalizability of these
findings, and additional studies on elderly patients are neces-
sary to evaluate the effectiveness of interventions for chronic
olfactory dysfunction. We also observed that patients affect-
ed by the smell alteration for a longer duration (>12 months)
were equally likely to benefit from the PEA-LUT treatment,
suggesting a role for intervention even after several months
of refractory olfactory loss. Many patients had received ol-
factory training, nasal steroids, or other treatments prior to
enrolling in the study at Ty, which may explain why further
olfactory training with placebo was associated with little
improvement in mean scores. An unexpected finding was
that the duration of anosmia was positively correlated with
olfactory recovery. This result differs from prior studies,
which have shown a decrease in the likelihood of recovery of
smell over time [10]. Recovery from COD would be unlikely
if anosmia were solely attributable to permanent neuronal
death rather than neuroinflammation and SARS-CoV-2 re-
lated olfactory loss.

The link between olfactory loss and inflammatory neuro-
degenerative disorders is well documented, and the effects of
PEA-LUT in COVID-19 merit future investigation. The role
of neuroinflammatory response in frontotemporal dementia
is supported by recent studies linking genetic mutations in
microglial activation and risk of dementia [35, 36]. Some
studies have speculated that COD may portend future emer-
gence of neurodegenerative disease [37, 38], but it will be
years before such associations can be assessed. Nonetheless,
the available data support the rationale for further study of
PEA-LUT in this context. Assays of serum and cerebrospinal
fluid of patients with dementia reveal elevated cytokines and
pro-inflammatory markers [39]. Pre-clinical studies docu-
ment that PEA-LUT achieves neuroprotection through con-
trol of neuroinflammation [40, 41], and clinical studies sug-
gest that the components of PEA-LUT can suppress neuroin-
flammatory dysregulation, activation of microglia and astro-
cytes, and severity of neuroinflammatory diseases such as
Alzheimer's disease, Parkinson's disease, and frontolateral
dementia, [42-44]. Further studies are needed to understand
whether targeting or modulating neuroinflammatory path-
ways might allow for partial reversal of COD.

Studies of the olfactory system demonstrate that after
SARS-CoV-2 enters the olfactory neuroepithelium, it can
spread to the olfactory bulb and other areas of the central
nervous system [45]. Even after recovery from acute infec-
tion, SARS-CoV-2 can persist in the olfactory bulbs of pa-
tients, contributing to prolonged olfactory deficits [46].
D’Ascanio et al. [3] reported persistent olfactory alteration in
approximately 14% of individuals, although prevalence var-
ies across studies [47]. Patients with altered smell may report
headache or brain fog [5, 48-50], findings suggest brain in-
flammation as a common mediator of symptoms [51]. Stud-
ies with MRI have also documented inflammatory alterations
to olfactory bulbs with COVID-19 [52, 53].

Such observations are consistent with an integrated ex-
planation involving neuroinflammation. SARS-CoV-2 in-
duces pro-inflammatory microglia within the olfactory bulb
[53], diffuse neuro-inflammation [46, 53], and spread to oth-
er parts of the brain [54] contributing to the constellation of
neurological symptoms comprising long-COVID [6, 48].
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The administration of PEA-LUT was intended to support
regeneration during olfactory training by reducing degree of
SARS-CoV-2 induced neuroinflammation [44, 55]. The PEA
component modulates the polarization of microglia to M2
protective phenotype [56], supporting neural regeneration
and recovery of smell. Luteolin, in turn, blocks the polariza-
tion of pro-inflammatory microglia, inhibiting neural cell
degeneration [43]. Reducing neuro-inflammation with PEA-
LUT may explain the differences in the outcomes observed
among the groups if PEA-LUT complements olfactory train-
ing to improve regenerative capacity and neuroplasticity of
the olfactory bulb [18].

Very few randomized clinical trials on therapeutics for
olfactory loss are available. To our knowledge, this trial is
the first to systematically investigate oral supplements com-
bined with olfactory training for post-Covid-19 anosmia or
hyposmia. The literature reports the efficacy of olfactory
training for treating other post-viral infection smell disorders
[57, 58], but few data are specific to COVID-19. Most thera-
peutic clinical trials treating smell alteration in COVID-19
have focused on topical applications, primarily corticosteroid
nasal sprays [59, 60].

Although the results of this clinical trial are consistent
with the hypothesis of a potential anti-neuroinflammatory
effect of PEA-LUT, no evaluation of inflammatory bi-
omarkers (blood/urine) was performed in this study. There-
fore, the mechanism of olfactory recovery observed remains
speculative and awaits further investigation.

5. LIMITATIONS OF THE STUDY

Several limitations should be considered when assessing
the significance and generalizability of these findings. We
hypothesized that neuroinflammation underlies persistent
olfactory loss in this population, but we made no assessment
of baseline or post-treatment neuroinflammation with bi-
omarkers, nor did we establish dose-response relationships
or conduct pharmacokinetic analyses; further work might
incorporate neuroimaging, serological measures of inflam-
mation, and detailed assessment of optimal dosing regimens.
Second, since both groups received olfactory training, we
cannot discern whether improvement in TDI scores in the
intervention group was attributable to PEA-LUT alone or
interaction with olfactory training, nor did we collect data on
either qualitative disorders of smell (parosmia, phantosmia)
or disorders of taste. Third, although the unequal randomiza-
tion scheme increased the opportunities to detect any unto-
ward effects and potential for therapeutic benefit, it added
complexity to allocation with a small control versus inter-
vention group and lower statistical power; the failure to de-
tect any demographic associations should be interpreted ac-
cordingly. Also, although the mean age of both groups was
young, the lower mean age in the intervention group may
have improved response to therapy and increased the likeli-
hood of spontaneous improvement. Fourth, patients in the
placebo group were only re-evaluated by Sniffin’ Stick after
90 days, because this interval corresponds to the suggested
minimum time for assessing the efficacy of treatments aimed
at promoting olfactory recovery [11, 12]. To mitigate poten-
tial bias relating to the differential assessment schedule, we
asked all patients to complete a diary of their treatment, and
both groups had regular contact with the research team
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through follow-up calls and emails. Last, despite a strong
treatment effect, the study had heterogeneity in outcomes
within each group and had limited follow-up of 90 days, so it
is unknown whether the adherence to regimen and recovery
would be sustained with a longer duration of therapy. Future
work investigating longer durations of therapy may benefit
from tracking adherence at standard intervals, although fre-
quent team interactions with subjects prevented attrition dur-
ing the present study.

CONCLUSION

This randomized trial found that oral supplementation of
PEA-LUT, when combined with the olfactory training, is
associated with improved olfactory recovery compared to
olfactory training with placebo. PEA-LUT should be used
for 60 days at least to prove statistically significant efficacy.
The multimodal approach is intended to reduce neuroin-
flammation within the olfactory system and create a regener-
ative milieu conducive to olfactory recovery. The observa-
tion of olfactory recovery in patients with olfactory loss in
excess of 12 months suggests that some SARS-CoV-2 relat-
ed injury is reversible long after the acute illness has subsid-
ed. Further longitudinal studies are necessary to clarify the
optimal timing and dosing parameters for patients with lim-
ited or absent recovery from COVID-19 associated olfactory
loss, and to evaluate the effect of the molecule on neuroin-
flammation using specific neuroinflammatory biomarkers.
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