
Background: A growing body of evidence suggests that neuroinflammation, which is characterized 
by infiltration of immune cells, activation of mast cells and glial cells, and production of inflammatory 
mediators in the peripheral and central nervous systems, has an important role in the induction and 
maintenance of chronic pain. These findings support the notion that new therapeutic opportunities 
for chronic pain might be based on anti-inflammatory and pro-resolving mediators that act on 
immune cells, in particular mast cells and glia, to mitigate or abolish neuroinflammation. Among 
anti-inflammatory and pro-resolving lipid mediators, palmitoylethanolamide (PEA) has been reported 
to down-modulate mast cell activation and to control glial cell behaviors.

Objective: The aim of this study was to perform a pooled meta-analysis to evaluate the efficacy 
and safety of micronized and ultra-micronized palmitoylethanolamide (PEA) on pain intensity in 
patients suffering from chronic and/or neuropathic pain.

Study Design: Pooled data analysis consisting of double-blind, controlled, and open-label 
clinical trials.

Methods: Double-blind, controlled, and open-label clinical trials were selected consulting the PubMed, 
Google Scholar, and Cochrane databases, and proceedings of neuroscience meetings. The terms 
chronic pain, neuropathic pain, and micronized and ultra-micronized PEA were used for the search. 
Selection criteria included availability of raw data and comparability between tools used to diagnose 
and assess pain intensity. Raw data obtained by authors were pooled in one database and analyzed by 
the Generalized Linear Mixed Model. The changes in pain over time, measured by comparable tools, 
were also assessed by linear regression post-hoc analysis and the Kaplan-Meier estimate. 

Twelve studies were included in the pooled meta-analysis, 3 of which were double-blind trials 
comparing active comparators vs placebo, 2 were open-label trials vs standard therapies, and 7 
were open-label trials without comparators.

Results:  Results showed that PEA elicits a progressive reduction of pain intensity significantly 
higher than control. The magnitude of reduction equals 1.04 points every 2 weeks with a 35% 
response variance explained by the linear model. In contrast, in the control group pain, reduction 
intensity equals 0.20 points every 2 weeks with only 1% of the total variance explained by the 
regression. The Kaplan-Meier estimator showed a pain score ≤ 3 in 81% of PEA treated patients 
compared to only 40.9% in control patients by day 60 of treatment. PEA effects were independent 
of patient age or gender, and not related to the type of chronic pain. 

Limitations: Noteworthy, serious adverse events related to PEA were not registered and/or 
reported in any of the studies. 

Conclusion: These results confirm that PEA might represent an exciting, new therapeutic strategy 
to manage chronic and neuropathic pain associated with neuroinflammation.

Key words: Chronic pain, neuropathic pain, neuroinflammation, astrocytes, glia, mast cells, 
microglia, micronized and ultra-micronized palmitoylethanolamide
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conditions associated with pain (25-28). Numerous pre-
clinical studies demonstrate the ability of PEA to reduce 
inflammation and pain induced by various acute stimuli 
(29). The effect of PEA administration is dose-depen-
dent (30-34). The anti-inflammatory and analgesic ef-
fects of PEA have been confirmed in models of chronic 
inflammation (35,36) and chronic or neuropathic pain 
(22,36-39). In these models, chronic treatment with 
PEA not only reduced pain but also preserved periph-
eral nerve morphology, reduced endoneural edema, 
the recruitment and activation of mast cells, and the 
production of pro-inflammatory mediators at the injury 
site (22,37,38). Taken together, these experimental data 
indicate that PEA, via regulation of persistent inflam-
matory processes, can directly intervene in nervous 
tissue alterations responsible for pain, i.e., to act as a 
disease-modifying agent (39).

In the last few years, a growing number of clinical 
studies have confirmed the pain-relieving properties of 
PEA, in different chronic pain conditions (40,41). This 
prompted us to carry out a pooled meta-analysis based 
on data available from clinical trials with the aim of 
evaluating the efficacy and safety of micronized and 
ultra-micronized PEA on pain intensity reduction in 
relation to age and etiology of pain in patients with 
chronic pain and/or neuropathic pain.

Methods

A systematic search was carried out to identify 
all clinical trials conducted between 2010 (year of the 
first clinical trials on micronized and ultra-micronized 
m.PEA- u.m.PEA) and 2014 where PEA (Normast®, Epi-
tech Group, Saccolongo, Italy) had been used, consult-
ing databases (PubMed, Medline, Google Scholar, Co-
chrane) and proceeding of congresses in neuroscience. 
The search strategy included the terms: chronic pain, 
neuropathic pain, micronized and ultra-micronized pal-
mitoylethanolamide, and their combination.  

The criteria adopted for selection of clinical studies 
to be included in the meta-analysis protocol were based 
on the following parameters:
i) 	 Comparability between studies for pain criteria, 

regardless of disease etiology;
ii) 	 Similarity between the tools used to assess pain 

intensity;
iii) 	 Availability of all raw data, provided by the cor-

responding authors of identified papers after clear 
request to the corresponding author.

In some studies, pain was assessed utilizing the 

Chronic pain affects many people in the Western 
world, constituting an enormous burden for 
the individuals and society (1,2). According to 

the American Pain Society, the prevalence of chronic 
pain in the US is 35.5% (3). Chronic inflammatory pain 
may result from tissue injury, such as osteoarthritis or 
rheumatoid arthritis (4). Neuropathic pain is caused 
by a lesion or disease affecting the somatosensory 
system (5,6). Worth noting, pain associated with 
chronic inflammatory/autoimmune disorders such 
as rheumatoid arthritis also exhibits a neuropathic 
component (7,8). Similarly, neuropathic pain is usually 
associated with activation of immune cells (8,9).

Treating chronic pain is challenging. Current 
pharmacological treatments comprise an array of drug 
classes including anticonvulsants, antidepressants, opi-
oids, acetyl-para-aminophenol (APAP), non-steroidal 
anti-inflammatory drugs (NSAIDs), and analgesics 
(10,11). Nevertheless, the available therapies provide 
incomplete pain relief, and predictable treatment-
related side effects are common and resolved with su-
pervision (10). The identification of safe and efficacious 
treatments for chronic pain remains a major worldwide 
public health need.

As pain signals and their processing are performed 
by neurons, the majority of current therapies target 
neurons. However, in chronic pain the somatosensory 
system is not the only protagonist. A growing body 
of evidence suggests that neuroinflammation, which 
is characterized by infiltration of immune cells, acti-
vation of mast cells and glial cells, and production of 
inflammatory mediators in the peripheral and central 
nervous systems, has an important role in the induction 
and maintenance of chronic pain (12-14). Chronic neu-
roinflammation is sustained by an imbalance between 
pro-inflammatory and pro-resolving mediators (15-17). 
These findings support the notion that new therapeutic 
opportunities for chronic pain might be based on anti-
inflammatory and pro-resolving mediators that act on 
immune cells, in particular mast cells and glia, to miti-
gate or abolish neuroinflammation (15,17).  

Among anti-inflammatory and pro-resolving lipid 
mediators, palmitoylethanolamide (PEA) has been re-
ported to down-modulate mast cell activation (18,19) 
and to control glial cell behaviors (20-22). PEA is an 
acylethanolamide widely distributed in different tis-
sues, including nervous tissues, and is synthesized on 
demand (23). Endogenous levels of PEA are altered fol-
lowing stress or injury and/or pain (24). Systemic or local 
alterations of PEA levels have been reported in clinical 
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Visual Analogue Scale (VAS, 0 – 100 mm, in 0 – 10 cm 
segments); in other studies, the Numeric Rating Scale 
(NRS, 0 – 10 points – considered the numerical version of 
the VAS) was used. Moreover, studies were selected re-
gardless of PEA dosage used and duration of treatment. 
Evaluation times that exceeded 60 days were excluded 
from the analysis due to lack of data and risk of a lever-
age effect. Only 1.4% of data reported in the analyzed 
papers would have exceeded this cutoff. In case the 
cutoff would have been reduced to 30 days of observa-
tion, the loss of data would have increased to 17.9%. 
The threshold of pain intensity at baseline was ≥ 4 (NRS/
VAS); this score has been one of the inclusion criteria 
used in most of the considered protocols. Patients with 
baseline analysis only and without other measurements 
were excluded from the study. Furthermore, to avoid 
too many follow-up classes, given that the number and 
times of assessment differed across the various studies, 
observation times were grouped as follows: T0 (base-
line), T1 (seventh – tenth day), T2 (eleventh – fourteenth 
day), T3 (fifteenth – twenty-first day), T4 (twenty-sec-
ond – forty-fifth day), and T5 (forty-sixth – sixtieth day). 
The available raw data were assembled in one database 
and analyzed as if they were the results from one single 
study. The protocol of this pooled clinical data was 
planned to take advantage of pooling data. The princi-
pal aim was to analyze in a single overall assessment the 
data of PEA efficacy, otherwise fragmented between 
the results of several clinical studies, testing differences 
of effect on pain treatment with PEA, in association 
with standard therapies, compared to treatment with 
placebo and/or conventional analgesic therapies alone 
in the control group.

Evaluation of efficacy variability as a function 
of time and tolerability was also included. Given the 
availability of raw data, pain reduction over time was 
assessed through a pooled data evaluation, adopting as 
analysis method the Generalized Linear Mixed Model 
(GLMM). This analysis model allows to correctly consider 
the within-subject variance and the presence of missing 

values. While this approach may be viewed as more 
speculative and less “traditional,” we believe it adds 
value to an eventual positive outcome. In order to ac-
count for the different effects of PEA present between 
open and double-blind studies, this analysis model 
always included the “double-blind” variable, so as to 
evaluate pain reduction net of the placebo effect. 

The initial analysis was performed using all data, 
including those where pain intensity at baseline was < 
4 (NRS/VAS). The reduction of pain was assessed based 
on treatment, study type (blind or open), baseline pain 
intensity, and their possible interactions.

The second analysis considered only patients with 
pain intensity ≥ 4 (NRS/VAS) with inclusion of age (< 
65 years and ≥ 65 years), gender (M/F), and etiology of 
pain as co-variants. Pain reduction over time was as-
sessed by linear regression post-hoc analysis. In parallel, 
treatment efficacy was assessed also in terms of speed 
in achieving a beneficial effect of PEA as compared 
to control group. A threshold score of ≤ 3 (NRS/VAS) 
was considered to represent an efficacious reduction 
in pain, because literature reports this as a tolerable 
pain. As this necessarily implies variability in time, we 
used the number of days corresponding to follow-up 
from when the event was observed. A survival analysis 
according to the Cox model was used to evaluate the 
effect of gender, age, etiology, and study design as 
determinants in achieving the ≤ 3 NRS/VAS threshold. 
Data analyses were performed using SAS 9.2 (SAS Insti-
tute Inc., Cary, NC, USA).

Results

Our search identified 26 clinical trials, published 
or unpublished, of which 12 met the inclusion criteria. 
Among these, 3 studies were conducted as double-
blind, randomized, controlled vs placebo, 2 were open-
label, controlled, randomized vs standard therapies, 
while the remaining 7 were open-label, without con-
trol (Table 1 and Table 2).

The patients included in the meta-analysis (Table 1) 

Table 1. Patient characteristics. 

Study Design Gender Age (years) Pain Intensity (baseline)
TOTAL

Open Label Double-blind Male Female < 65 ≥ 65 < 4 ≥ 4

Control 30 266 138 158 251 45 18 278 296
(20%)

m.PEA / u.m.PEA 703 485 460 708 742 446 35 1153 1188
(80%)

TOTAL 733
(49%)

751
(51%)

598
(41%)

866
(59%)

993
(67%)

491
(33%)

53
(4%)

1431
(96%) 1484
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were 1,484, with full evaluation and at least one follow-
up. Of these, 1,188 patients were treated with m.PEA or 
u.m.PEA for periods of 21 to 60 days with daily doses 
ranging from 300 to 1200 mg. Patients already taking 
standard analgesic and/or anti-inflammatory medicines 
received PEA in addition to the treatment provided in 
the protocol (Table 2). Among them, 90 received only 
u.m.PEA as monotherapy because they had stopped 

their ongoing therapy due to severe side effects. The 
remaining 296 patients belonging to the control group 
were treated with placebo and/or standard therapies 
(Table 2). Pain etiology was as follows: degenerative 
type in 1,174 patients (failed back surgery, back dis-
orders, carpal tunnel syndrome); neuropathic in 170 
patients (brachial plexus injury, diabetic, post-herpetic 
neuropathies, stroke); mixed in 82 patients (oncologic 

Table 2. Clinical trials selected for pooled meta-analysis. 

Source of  pain Study Design n° Regimen of  m.PEA or 
u.m.PEA

Published 
Studies and 
Proceedings

Unpublished 
Studies

Lumbosciatica Double blind, two doses, 
randomized, controlled 
m.PEA vs placebo
+ NSAIDs
 when needed

636 1st arm 300mg/day m.PEA x 
21 days
2nd arm 600mg/die m.PEA 
x 21 days
 +NSAIDs  when needed

Guida G et al. 
2010 (42)

Carpal tunnel syndrome in 
diabetic patients

Open controlled randomized 
m.PEA vs 
no treatment

40 1200mg/day m.PEA x 60 days Assini A et al. 
2010 (68)

Carpal tunnel syndrome- 
course pre-and post-operative

Open controlled randomized 
u.m.PEA vs no treatment

50 1200mg /day u.m.PEA x 60 
days

Evangelista M. 
2015a

Carpal tunnel syndrome Double blind, randomized, 
controlled u.m.PEA vs placebo  
+ NSAIDs
 when needed

48 1200mg/day u.m.PEA x30 
days + NSAIDs
 when needed

Zanette G
 2015b

Radiculopathy (331)
Osteoarthritis (54)
Herpes Zoster (44)
Diab. Neuropaty (32)
Failed back surgery (76)
Oncologic (22)
Other diseases (51)

Open-label 610 1200mg/day u.m.PEA   
x 21 days followed by 600mg/
day u.m.PEA x 30 days 
(+anticonvulsant, opioid 
and rescue drugs* except 90 
patients)

Gatti A et al. 
2012 (69)

Low back pain Open-label 20 1200mg/day u.m.PEA   
+ Oxyicodone x 30 days

Desio P.
2011 (70)

Diabetic neuropathy (11)
Postherpetic neuralgia (19)

Open-label 30 1200mg/day u.m.PEA  
+Pregabalin x 45 days

Desio P.
 2010 (71)

Diabetic neuropathy,(23)
Traumatic neuropathy (7)

Open-label 30 1200mg/day u.m.PEA x 40 
days

Cocito D et al. 
2014 (72)

Post stroke Open controlled, randomized, 
u.m.PEA + Physiotherapy vs 
only Physiotherapy

20 1200mg /day u.m.PEA  
x 60 days followed by 600mg/
day u.m.PEA x 30 days 

Parabita M et 
al. 2011 (73)

Neuropathic pain induced by 
chemotherapy

Open label 10 1200mg /day u.m.PEA  
x 60 days

Spada S. 
2015c

Multiple Sclerosis Double blind, randomized, 
controlled u.m.PEA vs placebo

27 600mg/day  u.m.PEA    
x 365 days

Montella S et 
al., 2014 (74)

Charcot Marie Tooth Open label 12 1200mg/day u.m.PEA   
x 80 days

Putzu GA. 
2015d.

a. Department of Anesthesia and Intensive Care, Catholic University, Roma, Italy.  Manuscript in preparation. b. Researcher affiliation: Section of 
Neurology, Pederzoli Hospital, Peschiera del Garda Verona, Italy. Manuscript in preparation. c. Division of medical oncology. Hospital “Rizzo,” 
Siracusa, Italy. Manuscript submitted to Pain Medicine. d. Neurology and Clinical Neurophysiology, Casa di Cura Polispecialistica Sant’Elena, Ca-
gliari, Italy. Manuscript submitted to Journal of Pain Management.
* rescue drugs = Paracetamol + Tramadol
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patients, arthrosis); miscellaneous (a grouping of sev-
eral diseases of very different etiologies) in 58 patients 
(Table 3).

All observations on the intensity of pain (4,435) 
relating to 1,484 patients were analyzed by repeated 
measures GLMM, using as descriptive variables: study 
type, baseline pain intensity, time, and treatment. The 
reduction in pain was present in both the PEA treated 
and control groups, and was significant over time (P 

< 0.0001). These reductions in pain were always in-
fluenced by both the type of study (P < 0.0007) and 
baseline pain intensity (P < 0.0038). Pain reduction was 
more evident in the group treated with PEA compared 
to controls: the difference between the 2 groups was 
already significant at T1 (P < 0.05) and increased with 
continued treatment over time (P < 0.0001) (Fig. 1).

Reduction in pain intensity over time in both the 
PEA treated patients and control groups was also as-

Table 3. Distribution of  patients according to pain etiology.

 

Etiopathogenesis

Degenerative Neuropathic Mixed Miscellaneous

Patient number 1174
(79.1%)

170
(11.5%)

82
(5.5%)

58
(3.9%)

Fig. 1.  Changes in pain intensity in patients treated with PEA and control groups at different observation times. Values are 
expressed as mean ± SEM.

*P  <0.05
**P < 0.0001
Tukey adjusted test. Efficacy estimate net of effect due to treatment type (open or blind) and to baseline pain intensity (<4 or ≥4). 
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sessed by linear regression analysis, excluding 53 pa-
tients who had a baseline pain intensity < 4 (Fig. 2). 
This analysis confirmed the significant difference (P < 
0.0001) between the 2 groups for reduction of pain 
intensity as assessed by GLMM. The decrease in pain in-
tensity in the control group was significant (P = 0.0014) 
and corresponds to a reduction of 0.20 points (NRS/
VAS) every 2 weeks, but only 1% of the total variance is 
explained by the regression (R2 adjusted = 0.0094 – Fig. 
2: Control). In the group treated with PEA, however, 
the significant reduction in pain (P < 0.0001) was equal 
to 1.04 points (NRS/VAS) every 2 weeks; the percent 
variance explained by regression analysis is over 35% (= 
R2 adjusted 0.3511- Fig. 2: PEA treated patients).

We then examined what would be the effect, if any, 
of including the variables of age (< 65 and ≥ 65 years), 
gender, and etiology in the GLMM analysis. Only 1,431 
patients with initial pain intensity ≥ 4 were considered. 
The results of this second analysis indicate that aver-
age pain intensity score changes over time, regardless 
of treatment group (P < 0.0001). The PEA treated and 
control groups were homogeneous both for intensity 
of pain and for all other co-variants considered. Treat-

ment time with PEA produced a significant benefit (P 
< 0.0001); the intensity of pain was also modified over 
time, regardless of the other variables, in particular, 
gender (P < 0.0035) (Fig. 3), etiology (P < 0.0136) (Fig. 
4), age (P < 0.0001) (Fig. 5), and type of study (P < 
0.0001). Only age and type of study showed a different 
effect on treatment over time. Regarding age, for the 
PEA treated group at no time was there a significant 
difference between the under-65 and over-65 groups.

Regression analysis carried out only on patients in 
the PEA treated group and with baseline pain ≥ 4 clearly 
shows that reduction of pain in this group was highly 
significant (P < 0.0001) both in patients aged < 65 years 
and those aged ≥ 65 years. The pain reduction corre-
sponds to 1.17 points (NRS/VAS) every 2 weeks with a 
percentage of explained variance of 31% in < 65 years 
group, and 1.01 points (NRS/VAS) every 2 weeks with an 
explained variance of 47% in the ≥ 65 years group (Fig. 
6). A survival analysis according to the Cox model was 
carried out to assess which factors can influence reduc-
tion in pain intensity to a value of ≤ 3. In addition to the 
significant effect of treatment with PEA, a moderate 
effect of age and gender favored male patients aged 

Fig. 2. Linear regression of  pain intensity score over treatment in the control and PEA treated patients groups.
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Fig. 3. Average change in pain intensity by group (Control and PEA treated patients) and gender, at different time points (P < 
0.0035). Values are expressed as mean ± SEM.

Fig. 4. Average change in pain intensity by group (Control and PEA treated patients) and etiology (D= degenerative, N= 
Neuropathic, M= mixed), at different time points (P < 0.0136). Values are expressed as mean ± SEM.
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Fig. 5. Average change in pain intensity by group (Control and PEA treated patients) and age (< 65 and ≥ 65 years), at 
different time points (< 0.0001). Values are expressed as mean ± SEM. No significant difference in pain intensity was seen 
between patients in the under 65 and over 65 year groups treated with PEA.

Fig. 6. Linear regression of  pain intensity in the PEA treated groups with age < 65 and ≥65 years, respectively (P < 0.0001)
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< 65 years. The placebo effect was confirmed from the 
clear improvement in favor of double-blind studies re-
gardless of treatment. The results obtained are shown 
in Table 4.

Analysis carried out using the Kaplan-Meier estima-
tor on control and PEA treated groups (Fig. 7) shows, at 
60 days, an estimate of achievement for a pain score ≤ 
3 equal to 81.8% in the PEA treated group (P < 0.0001) 
compared to 40.9% in the control group. The maximum 
effect occurs around the fiftieth day with a median time 

of 49 days in the treated group, while in the control 
group it was estimated as greater than 60 days after the 
last observations. Regarding age (Fig. 8), patients older 
than 65 years in both groups had a lower estimate. In 
fact, the estimate of achievement of a pain threshold 
≤3 was 77.4% in the PEA treated group against 23.2% 
in the control group.

Hematology, blood chemistry, and urine analyses, 
together with a complete and accurate clinical exami-
nation carried out at baseline and at treatment end 

Table 4. Determinants of  improvement.

Factor Hazard ratio Confidence interval 95% P
PEA treated group vs Control group 3.5  2.62 – 4.67 < 0.0001

Double-blind vs Open-label studies 4.0  3.31 – 4.76 < 0.0001

Patients < 65 vs Patients ≥ 65 1.6  1.37 – 4.90 < 0.0001

Males vs Females 1.2  1.03 –1.39 0.0166

Etiology  Degenerative   vs  Etiology  Neuropathic 0.9  1.14 – 0.79 0.3131

Etiology  Neuropathic  vs   Etiology  Mixed 1.1  0.79 – 1.48 0.6201

Fig. 7. Kaplan-Meier estimate by control and PEA treated groups: distribution of  improvement. The figure shows the number of  
observed and estimated successes at the 60th day (success = achievement of  threshold ≤ 3 on NRS/VAS).
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with PEA (427 patients) showed no clinical and statisti-
cal differences (42).

Serious, non-serious, or suspected adverse events 
related to treatment with PEA were never reported/
observed in all analyzed studies. The safety evaluation 
refers to the entire period of study even after the six-
tieth day.

Discussion

Current analgesics are mainly based on molecules 
that reduce pain perception, transduction, and trans-
mission, and modulation in neurons and/or reduce 
peripheral inflammation. The nature of these phar-
macological targets is likely to be the principal cause 
of their limited success in controlling disease progres-
sion. Mounting evidence points to neuroinflammation 
mediated by immune cell activation, in particular mast 
cells and microglia, and the production of inflamma-
tory mediators, as having a crucial role in the patho-
genesis of chronic pain (40,42,43). Neuroinflammation 

drives chronic pain via neuron-immune cell interactions 
(12,13). Targeting the processes/molecules involved in 
neuroinflammation could thus lead to more effective 
treatment of chronic pain. The results reported in this 
pooled meta-analysis represent an important support 
to this assumption. PEA, a pro-resolving lipid signaling 
molecule which controls the activity of mast cells and 
glia, when added to ongoing standard therapies for 
chronic pain in patients with unsatisfactory manage-
ment of pain, progressively reduces the score of pain 
intensity. The differences in pain reduction between 
the PEA-treated group and controls is statistically sig-
nificant already at the first observation time (7 – 10 
days of treatment). It is reinforced at later observation 
times, with maximal difference achieved after 60 days 
of treatment. The effect of PEA is easily appreciated 
by evaluating the mean pain score before and at the 
end of observational times in both groups. At basal, 
the control group displays a mean pain score of 6.4 ± 
0.1 which, although becoming lower in the middle ob-

Fig. 8.  Kaplan-Meier estimate by control and PEA treated groups and age: distribution of  improvement in groups based on age 
criteria (<65 e ≥65). The table shows the number of  observed and estimated successes at the 60th day (success = achievement of  
threshold ≤ 3 on NRS/VAS).
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servations, shows a mean score of 6.5 ± 0.5 at T5. This 
clearly illustrates the difficulty in achieving a resolution 
of chronic pain and neuropathic pain spontaneously or 
with standard therapies, in the examined patients. In 
the PEA-treated patients the mean pain score at basal 
was 6.6 ± 0.1 and 2.9 ± 0.1 at T5, indicating a clear shift 
from pain generally considered as inducing severe in-
terference with functioning to that causing mild func-
tional interference (44). The Kaplan-Meyer estimate 
showed that after about 50 days of therapy 81.8% of 
PEA-treated patients achieved a pain intensity score < 3 
vs 40.9% in the control group.

Regression analysis applied to pain scores showed 
a marked difference in the coefficient of determination 
(R2) obtained in control and PEA-treated groups. A 
linear model in the control group explains only 1% in 
the response variability, while in the PEA-treated group 
35% of the variability of the response data are around 
its mean. Moreover, the daily pain reduction coefficient 
is -0.015 in the control group and -0.074 in the PEA-
treated group, indicating a 5-fold more rapid reduction 
of pain intensity over time for PEA-treated patients. 

Data obtained in the PEA-treated patients under-
line a progressive reduction of pain scores within the 
treatment period of time, supporting the supposed 
disease-modifying action of PEA (40). In neuropathic 
models of pain, PEA, besides preventing pain thresh-
old alterations, preserves nerve morphology and pre-
vents nerve degeneration (38,39). In these studies, the 
neuroprotective effect of PEA was associated with a 
limited recruitment and activation of immune cells in 
the nerve as well as a reduced activation of spinal cord 
glia (38,39). The progressive pain-relieving effect asso-
ciated to neuroprotection elicited by PEA is a peculiar 
characteristic among analgesic agents. Antidepressants, 
anticonvulsants, and opioids are involved in pain per-
ception as well as modulation on the descending path-
way; however they cannot intervene in nervous tissue 
alterations that act as a base of chronic pain and neuro-
pathic pain. Consequently, their action is symptomatic 
and the control of perception and elaboration of pain 
in general is limited (45). Moreover NSAIDs, frequently 
used to relieve symptoms in chronic inflammatory con-
ditions associated with pain (46), seem to provide only 
short-term pain relief as compared to placebo (47,48). 

The progressive reduction of pain scores elicited by 
PEA confirms preclinical data showing that PEA does 
not induce tolerance (49). Prolonged use of analgesics 
such as morphine and other opioids can lead to analge-
sic tolerance, whereby increasing dosage is needed to 

maintain efficacy. Unfortunately, such dose adjustments 
often increase the risk of serious side effects, enabling 
the patient to continue analgesic therapy. Consequent-
ly, very effective analgesic drugs are difficult to use for 
long periods. Even though analgesic drugs continue to 
be widely used and accepted in the treatment of pain, 
their efficacy profile is less then optimal and, in addi-
tion, they may carry notable side effects, especially in 
the elderly, (www.who.int/healthinfo/survey/ageingde 
fnolder/en/), e.g., people aged 65 or older. For this rea-
son, guidelines for management of persistent pain in 
the elderly suggest caution when using NSAIDs orally, 
keeping to the lowest dose and shortest duration pos-
sible (50,51). Elderly persons taking NSAIDs should be 
routinely monitored for potential gastrointestinal and 
hepatic risks, cardiovascular and renal side effects, and 
drug interactions. The use of tricyclic antidepressants 
and antiepileptic drugs is severely limited due to poor 
tolerability and significant side effects (50). Opioid use 
also has drawbacks: they act not only on neurons but 
also on non-neuronal cells such as microglia, astrocytes, 
and mast cells, causing their activation which further 
promotes the development of neuroinflammation 
(52,53). Important side effects of these therapies are, 
in fact, attributable to the activation of non-neuronal 
cells (54). PEA, in agreement with previous studies (23), 
and confirmed in the present meta-analysis, not only 
does not induce pharmacological tolerance, but is safe 
for patients and does not interfere with poly-drug 
therapies that the elderly are oftentimes subjected to 
(40,55,56). 

The approach to meta-analyses is normally ori-
ented to calculating probabilities based on relative 
risk or on effect sizes. However, we believe that it is 
important to consider other variables such as age and 
gender. For this reason our pooled meta-analysis evalu-
ated separately the efficacy of PEA in patients aged > 
65 years. We must consider that although the elderly 
are the biggest users of analgesics, only a small number 
of trials designed to determine efficacy and safety of 
analgesics have been carried out in elderly patients 
(57,58). Regression analysis showed that aged patients 
are responsive to PEA treatment similarly to patients 
aged < 65 years, although the reduction of pain inten-
sity was somewhat slower in patients aged > 65 years. 
In fact, daily pain reduction in patients aged > 65 years 
is equal to 1.01 vs 1.17 observed in those < 65 years. 
In any case, PEA treatment was well-tolerated and no 
interaction with other ongoing therapy was reported.

Moreover, PEA treatment was efficacious in pa-
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tients of both genders and for chronic pain associated 
to a variety of pathological conditions. This finding is in 
line with the hypothesis that PEA controls mechanisms 
that are common to different conditions where chronic 
pain or neuropathic pain are associated. Drug therapy 
for the latter should ideally be based on the etiologi-
cal mechanisms underlying clinical presentations of 
pain. However, this assumption does not exclude the 
possibility of developing targeted therapies to control 
common mechanisms that for PEA have been identified 
in neuroinflammatory processes mediated by the aber-
rant activation of mast cells and microglia. It is impor-
tant to point out that PEA appears to function as an 
anti-inflammatory and analgesic agent with more than 
one ‘‘modus operandi,’’ and to modulate the endocan-
nabinoid system in a safer and therapeutically more 
efficacious way (40,59). PEA may exert both receptor 
and non-receptor mediated effects at different cellular 
and tissue sites (60), suggesting that its pleiotropic ac-
tion is a critical feature that adapts this molecule for 
the complexity of chronic pain. 

The data discussed here refer to products based 
on micronized and ultra-micronized PEA, commercially 
available in Italy and several other European coun-
tries. PEA contained in this formulation is a patented, 
pharmaceutical compound subjected to the so-called 
jet micronization process (61,62). This micronization 
and ultra-micronization process generates a crystalline 
structure, favoring a better pharmacokinetic process, 
which pharmacokinetic and pharmacodynamic proper-
ties have been recently reported (40,63).

Conclusions 
Chronic pain management remains a challenge for 

the clinician. Despite different therapeutic opportuni-

ties, no more than half of patients experience clinically 
meaningful pain relief, which is most often partial at 
best (10). Among innovative therapies for treating 
chronic pain, PEA seems to come to the forefront ow-
ing to its high efficacy/risk ratio and lack of both toler-
ance induction and interference with other potential 
therapies for pain and/or co-morbid conditions. PEA-
induced pain relief is progressive, age- and gender-
independent, and not related to etio-pathogenesis of 
chronic pain. This supports the view that PEA controls 
mechanisms common to different conditions where 
chronic pain or neuropathic pain is associated, e.g., 
neuroinflammation. Neuroinflammation accompanies 
a variety of neurodegenerative diseases; in some (if 
not all) of these disorders, neuroinflammation is not 
only a consequence but may also be a trigger of pa-
thology. The data reported here point to PEA as pos-
sessing intrinsic efficacy towards syndromes co-morbid 
with chronic pain, e.g., depression and anxiety (64,65). 
Importantly, PEA lacks acute and chronic toxicity (23), 
and is not associated with gastric mucosal lesions. These 
characteristics have made it possible to include PEA in a 
new class of therapeutic agents called “Food for Special 
Medical Purposes” (FSMP). FSMP is a product “intended 
to meet the particular nutritional requirements of a 
person affected by a specific disease, disorder or medi-
cal condition” in order to treat or help to treat that 
specific condition (66). Many of these assumptions were 
already in the literature (67), and this meta-analysis has 
just clearly quantified their entity. 
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