Pain modulation in patients with fibromyalgia
undergoing acupuncture treatment is associated with
fluctuations in serum neuropeptide Y levels
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ABSTRACT

Objective. Neuropeptide Y (NPY) is
a neurotransmitter released by sym-
pathetic neurons, which is probably
involved in pain modulation. Acupunc-
ture is increasingly used as an alter-
native or complementary means of
controlling pain in rheumatic diseases
such as fibromyalgia (FM), a chronic
widespread pain syndrome accompa-
nied by allodynia and hyperalgesia.
The aim of the present study was to as-
sess the effects of an acupuncture cycle
on serum NPY levels in patients with
FM, and identify possible correlations
between its serum levels and clinical
and clinimetric parameters.

Methods. The study involved 30 FM
patients who underwent clinical and
clinimetric evaluations and blood sam-
pling at baseline and at the end of the
treatment, and 20 healthy subjects who
underwent blood sampling.

Results. The baseline serum NPY lev-
els of the patients were higher than
those of the controls. They had signifi-
cantly increased by the end of the treat-
ment, when there was also a statisti-
cally significant reduction in pain, the
number of tender points number, and
the clinimetric scores.

Conclusion. These findings confirm the
analgesic properties of acupuncture as
a complementary treatment in FM, and
indicate that NPY could play a role in
pain modulation.

Introduction

Fibromyalgia (FM) is a chronic syn-
drome characterised by widespread
and lasting pain, accompanied by hy-
peralgesia and allodynia (1). Its patho-
genesis is not fully known but involves
psychological, genetic, neurobiologi-
cal and environmental factors. One of
the main pathophysiological bases of

the disease is the mechanism of central
sensitisation, which is considered to
be an expression of neuronal plasticity
and is likely to amplify pain perception.
The role of other mechanisms still has
to be clarified (2), but autonomic nerv-
ous system dysfunction may partially
explain some of the multi-systemic
features of FM that are due to a sym-
pathetic/parasympathetic imbalance (3,
4); other symptoms include debilitat-
ing fatigue, non-restorative sleep, joint
stiffness, cognitive dysfunction and
mood disorders (5-8). FM is frequently
comorbid with psychiatric conditions
such as depression and anxiety, and
stress-related manifestations such as
post-traumatic stress disorder.

The best approach to FM treatment
combines pharmacological and non-
pharmacological interventions (8, 10).
Acupuncture, a technique used in tra-
ditional Chinese medicine (TCM) that
is based on the insertion of very thin
needles into subcutaneous tissue, is in-
creasingly being used as an alternative
or complementary pain therapy (11).
According to the principles of TCM,
the typical symptoms of FM are caused
by an imbalance in the flow of blood
and/or internal energy (qi) (12-14).
There are two types of acupuncture:
conventional or somatic acupuncture,
which is based on acupoints distrib-
uted throughout the body, whereas
the method recently introduced by Dr
Bo Yun Zi uses a microsystem of acu-
points restricted to the peri-umbilical
zone, and seems to be very effective in
promptly reducing pain. However, al-
though acupuncture is an ancient treat-
ment, the chemical responsible for its
analgesic action is still unknown.
Neuropeptide Y (NPY), a highly con-
served neuropeptide, reduces anxiety
and stress (15), and also has an analge-
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sic function. Jin-Ju Li et al. (16) have
investigated its role in nociceptive
modulation in rats: NPY receptors are
distributed abundantly in the arcuate
nucleus of rat hypothalamus (ARC), a
structure involved in pain processing,
and they found that inoculating NPY in
the ARC induced dose-dependent anti-
nociception, whereas the intra-ARC
injection of NPY antiserum or NPY
receptor antagonist enhanced the hy-
peralgesia (16).

In order to study the anti-nociceptive
role of NPY in humans, we recently in-
vestigated its serum concentrations in
FM patients, and found that they were
higher than those measured in two con-
trol groups of healthy subjects and pa-
tients with systemic sclerosis (17).
The aim of this study was to assess
the effects of a cycle of acupuncture
on serum NPY levels in women with
FM, and verify the possible relation-
ship between NPY levels and clinical
and clinimetric scores before and after
acupuncture treatment.

Materials and methods

Patients

We consecutively enrolled female
patients referred to the Rheumatol-
ogy Unit of the Sapienza University in
Rome, Italy, and diagnosed as having
FM on the basis of both the 1990 and
2010 American College of Rheuma-
tism (ACR) criteria (1, 5). In order to
enter the study, they had to have re-
ceived the same treatment for at least
three months or not to have received
any treatment.

All of the patients signed an informed
consent form, and underwent a cycle
of 10 weekly acupuncture sessions. At
baseline (T0), and after five (T1) and
ten weeks (T2), they also underwent a
clinical examination, including a ten-
der point (TP) count and clinimetric
evaluations.

Blood samples were taken five min-
utes before the first session, five min-
utes before and after the fifth session,
and five minutes after the last session,
and the serum was stored at a tempera-
ture of -20°C until tested. In order to
compare baseline NPY levels, 20 age-
matched female healthy subjects were
also evaluated as a control group.
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The study was approved by our local
Ethics Committee (Sapienza University
- Policlinico Umberto I, Rome, Italy).

Clinimetric evaluations

In order to evaluate their symptoms and
the impact of FM on their quality of life,
the enrolled patients completed the Fi-
bromyalgia Impact Questionnaire (FIQ),
the Fibromyalgia Assessment Status
(FAS), the Health Assessment Question-
naire (HAQ), pain and disease activity
visual analogue Scales (VAS), and the
Zung Self-Rating Anxiety and Depres-
sion Scales (ZSAS, ZSDS) (18-22).

Acupuncture

An expert physician (FM) diagnosed all
of the patients in accordance with the
principles of TCM and then selected the
appropriate acupoints for the 10 weekly
somatic and abdominal acupuncture
sessions. Before each session, the phy-
sician re-evaluated the patient to deter-
mine whether the clinical situation had
changed and, if so, the selected acupoints
was reconsidered (23). Every session
took place in a restful room using size
0.18x30 mm and 0.18x40 mm sterilised,
single-use stainless steel filiform needles
(Hwato-Suzhou Medical Appliance Fac-
tory, Suzhou, China), with the patient ly-
ing in a supine or prone position.

In the case of somatic acupuncture
treatment, unless otherwise indicated,
the needles were inserted vertically to
a predetermined depth (normally 8-20
mm) depending on the location of the
point, which was then stimulated by bi-
directionally rotating the needle sleeve
until the patient reported the sensation
known as de-qi, a sort of dysesthesia
that is commonly described as a “glow-
ing” feeling and represents “the flow-
ing of ¢i” (21). Depending on the TCM
diagnosis, the physician inserted the
needles in a variable number of 23 DU,
Yn Tang (extra), four large intestine
(LI), 36 stomach (St), six spleen (SP),
seven lung (L), three kidney (K), three
liver (LR), three small intestine (SI),
62 urinary bladder (UB), six pericardi-
um (Pc), and six San Jao (SJ) acupoints
(21), and the needles were kept in place
for 20 minutes before being removed.
In the case of abdominal acupuncture
treatment, the needles were simply in-

serted in the abdominal skin without
any rotation or movement. Depending
on the TCM diagnosis, the selected
abdominal acupoints were 12 and four
Ren, 25 St bilaterally, 15 SP bilaterally,
and 24 St points bilaterally. Nine Ren
and extra points were used for pain lo-
cated above the diaphragm, and 26 St
bilaterally, 11 and 17 kidney (K) and
extra points were used for pain located
in the lower part of the diaphragm (24).
A record was made of all of the acu-
points and techniques used.

NPY ELISA

Serum NPY levels were measured by
means of an enzyme-linked immuno-
sorbent assay (ELISA) in accordance
with the manufacturer’s instructions
(Phoenix Europe GmbH, Karlsruhe,
Germany) as previously described (25)
and the results were expressed as ng/
mL. Serum NPY levels were evaluated
in the FM patient before the acupunc-
ture sessions at TO, T1 and T2 in FM
patients an, in order to evaluate rapid
fluctuations further, also five minutes
after the session at T1.

Serum NPY levels were also evaluated
in 20 age- and gender-matched healthy
donors as control group at baseline.

Statistical analysis

All of the clinical and laboratory data
were collected in standardised elec-
tronic case report forms for statisti-
cal evaluation. Normally distributed
variables were summarised using mean
values + standard deviation (SD), and
non-normally  distributed variables
were summarised as median and rang-
es. Univariate comparisons between the
nominal variables were made using the
chi-squared test or Fisher’s exact test as
appropriate. Differences in the number
of TPs and clinimetric scores, and be-
tween-group differences in laboratory
values were analysed using the Mann-
Whitney U-test (MW). Matched pairs
were analysed using Wilcoxon’s signed
rank test (WT). A p-value <0.05 was
considered statistically significant. All
of the analyses were made using v. 13.0
of the SPSS statistical package.

Results
The 30 consecutively enrolled women
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Fig. 1. Baseline serum NPY levels in the FM
patients and in the age- and gender-matched
healthy subjects. NHS: normal human serum.
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Fig. 2. Post-treatment changes in serum NPY
levels.

with FM had a median age of 50 years
(range 26-67yrs), and a median disease
duration of 60 months (range 13-240).
Six patients dropped out (two because
they were not responsive to treatment
and four because of poor compliance).
At the time of enrolment, nine of the 24
analysed patients were not taking any
medication, and 15 had been on sta-
ble drug therapy for the previous three
months (four on selective serotonin
reuptake inhibitors (SSRIs), four on
amitriptyline, four on muscle relaxants,
four on micronutrient supplementation,
three on the anti-epileptic drug pregab-
alin, and one on tramadol). All of these
patients completed the planned course
of acupuncture without taking any ad-
ditional medications.

Baseline serum NPY levels were high-
er in the FM patients than in the healthy
subjects (mean + SD: 5.05+0.78 vs.
4.61+1.02 ng/mL; p=0.01) (Fig. 1).
The analysis of NPY levels before
and after the fifth acupuncture session
(T1) showed a non-significant increase
from 4.88+0.97 ng/mL to 5.25+0.72
ng/mL (p=0.09), while a statistically
significant increase was observed after
10 acupunture sessions (T2) compared
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Table I. Clinical and clinimetric data and NPY levels at baseline and after acupuncture

treatment.

TO T2 p-value

median (range) median (range)

No. of TPs 17 (13-18) 13 (5-18) 0.0001
Pain VAS 80 (50-100) 50 (0-100) 0.0001
FIQ 67.6 (62.2-91.2) 47.6 (3.6-69.4) <0.0001
FAS 8 (6.43-9.8) 6.53 (4.5-9.6) 0.006
HAQ 143 (0.37-2.12) 0.87 (0.12-1.87) 0.002
Disease activity VAS 77.5 (50-100) 50 (0-95) 0.0001
ZSAS 52.5 (37-80) 49.5 (33-71) 0.0002
7SDS 52 (36-74) 48 (31-68) 0.002
NPY levels, ng/mL* 505+0.78 6.12+0.76 0.001

*expressed as meanzstandard deviation (SD).

TPs: tender points; FIQ: Fibromyalgia Impact Questionnaire; FAS: Fibromyalgia Assessment Status;
HAQ: Health Assessment Questionnaire; VAS: visual analogue Scales; ZSAS and ZSDS: Zung Self-

Rating Anxiety and Depression Scales.

to the baseline levels (mean + SD, TO
5.05+0.78 ng/mL vs. T2 6.12+0.76 ng/
mL p=0.001) (Fig. 2).

There was also a statistically significant
reduction in the number of TPs, pain
and disease activity VAS (p=0.0001;
p=0.0001), FIQ (p<0.0001), FAS
(»=0.006), HAQ (p=0.002), ZSAS
(p=0.0002) and ZSDS scores (p=0.002)
from TO to T2.

Table I shows the clinical and clinimet-
ric data and NPY levels at baseline and
after acupuncture treatment.

There were no correlations between the
change in NPY levels and the number
of TPs or the scores for pain, fatigue,
sleep disturbances, morning stiffness,
anxiety and depression, state of well-
being or the quality of life.

Discussion

The results of this study show a signifi-
cant increase in serum NPY levels in
a group of FM patients undergoing 10
sessions of acupuncture treatment, and
a significant improvement in clinical
variables by the end of the acupuncture
cycle.

Serum NPY is one of the possible
chemical mediators of the therapeutic
activity of acupuncture in FM patients
and, to the best of our knowledge, ours
is the first study to analyse the changes
in NPY levels in acupuncture-treated
patients. In order to avoid confounding
therapeutic factors, the study included
patients not taking any medication or
those that had been on stable therapy
for at least three months.

In accordance with other authors (17,

26,27), we found that FM patients had
higher baseline serum NPY levels than
the healthy controls (p=0.01). In addi-
tion, there was a statistically significant
increase in serum NPY levels after the
full cycle of acupuncture treatment
(p=0.001), and the fact that the levels
in the sample taken after the fifth acu-
puncture session were higher than those
in the sample taken before it indicates
the existence of short-term variations.
This difference was not statistically
significant, but it was accompanied by
a partial improvement in symptoms
that may act as positive reinforcement
for the patients and at least partially ex-
plain their generally good compliance
with the treatment protocol.

At the end of the ten somatic and ab-
dominal acupuncture sessions, there
was a statistically significant reduction
in the number of TPs and in the pain
and disease activity VAS, FIQ, FAS,
HAQ, ZSAS and ZSDS, thus indicat-
ing an improvement in all of the key
aspects of FM.

Anderberg et al. (28) found increased
NPY levels in patients with FM or oth-
er conditions characterised by chronic
pain, and hypothesised that long-last-
ing pain may activate the anxiolytic
and sedative effects of NPY. The same
authors have also observed an increase
in peripheral blood NPY levels in a
group of patients with pain caused
by burns, and other authors have de-
scribed an increase in NPY levels in
patients with chronic pain syndromes
when the pain decreased and vice
versa (29, 30). NPY and its receptors
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also seem to be part of a mechanism
whereby mammals naturally recover
from hyperalgesia (31), which is one
of the central clinical characteristics of
FM, and the fact that there is a close
relationship between stressors and the
onset of FM has been demonstrated in
a model of chronic widespread pain in-
duced using intermittent sound stress
in rats (32). Consequently, although the
exact mechanism is still unclear, it can
be speculated that the increase in NPY
levels in painful conditions is an initial
attempt to minimise pain.
Acupuncture seems to affect the bal-
ance between the endocrine, immune
and central nervous systems as a result
of the release of various chemical me-
diators into the blood stream (33). In
general, many diseases are associated
with alterations in chemical mediators
such as substance P, enkephalin, beta-
endorphins, NPY, TNF, and interleu-
kins 1 and 6, and acupuncture treatment
normalises their blood levels (34).

A number of authors have studied the
effects of acupuncture on NPY levels
with conflicting results, but all of these
studies used rats (35-37). The most in-
triguing possible explanation for the
high baseline levels and the fluctua-
tions observed in our FM patients (as
a whole and individually) in response
to the acupuncture treatment, is that
it represents the attempts by the neu-
roimmune system to react to stressor-
like pain. In this hypothesis, as previ-
ously described in the case of soldiers
subjected to great psychological stress
(38, 39), NPY seems to be a protective
factor capable of mitigating the con-
sequences of stress exposure. Soldiers
show significantly higher NPY levels
when exposed to combat (38) and,
subsequently, express greater feelings
of dominance and confidence associ-
ated with superior performance during
stress (39). It is therefore possible to
speculate that the pain reduction ob-
served in our FM patients was the re-
sult of stress containment.

This is the second study investigating
the effect of combined somatic and ab-
dominal acupuncture on FM patients
(40). The reason for using both is that,
in our experience, the abdominal tech-
nique is very effective in promptly re-
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ducing pain, does not require needle
manipulation, and is well tolerated by
patients because it acts remotely and
thus avoids the typical symptom ex-
acerbation caused by direct manipula-
tion, whereas somatic acupuncture is
systemic and suitable for treating the
signs and symptoms associated with
FM. The combination of the two meth-
ods makes it possible to achieve pain
control and improve the quality of life,
thus giving it the potential to reduce
drug abuse and physician consultations
and, consequently, the social costs of
the disease. Nevertheless, a properly
designed trial is needed to clarify the
specific effects of the two techniques,
compare their efficacy and tolerabil-
ity, and evaluate the usefulness of their
combination.

Our study is informative concerning
the potential role of NPY in pain per-
ception and modulation of FM, and the
potential role of acupuncture in treat-
ing FM, both of which support the val-
ue of carrying out a properly designed
clinical trial.

However, our study presents some
limitations. The first one is the small
number of patients, which, although
justified by the fact that this was a pi-
lot study, may have biased the results.
The small sample size may also explain
why no correlation was found between
NPY levels and the clinical improve-
ment.

We also had a relatively high drop-out
rate (6/30 patients, 20%). Two patients
dropped out in the second week of treat-
ment because of a lack of response, and
four because of poor compliance (one
in the second week, one in the third,
and two in the fourth). Compliance
is an essential aspect of acupuncture
treatment because of the number and
duration of individual sessions, and its
effectiveness can only be assessed at
the end of an entire cycle, as it is based
only on reiterated sessions. The risk
of drop-outs, together with the inter-
ference of fear (with the related stress
response) during the first session, and
other possible disturbances, led us to
investigate the immediate effects of a
single session by measuring NPY lev-
els before and after the fifth session,
when the treatment had stabilised and

confounding factors had at least been
minimised.

Another limitation is that NPY was the
only neurotransmitter measured, and
we did not consider other potential me-
diators of pain. However, we decided
to investigate NPY alone because it
has the great advantage of being more
stable and have a longer serum half-
life than other neurotransmitters (e.g.
norepinephrine), and there was previ-
ous evidence of its potential role in the
pathophysiology of FM (41). Future
studies should investigate possible var-
iations in other chemical mediators in
order to identify the neurotransmitters
involved in the acupuncture treatment
of FM patients.

Conclusions

Acupuncture is a complementary and
sometimes alternative means of treat-
ing pain (42). The American College of
Physicians and the American Pain Soci-
ety have stated that it can be considered
as a possible treatment option for pa-
tients with chronic low back pain who
do not respond to self-care (43, 44).
This non-pharmacological approach,
being used by an increasing number of
FM patients, is becoming a cornerstone
of FM treatment (45) and has been re-
cently considered also in the revised
EULAR recommendations for manag-
ing FM (46). Its exact mechanism of
action is still unclear, but the fluctuat-
ing serum NPY levels associated with
acupuncture  provides biochemical
basis for its effectiveness and may at
least partially explain the pain relief
obtained by FM patients. Furthermore,
although it is not always easy to carry
out, it is often also effective in reducing
other FM symptoms.

In conclusion, the results of this study
increase our understanding of the com-
plex role of NPY in pain modulation
and open up the possibility of new ther-
apeutic approaches. It also confirms the
analgesic properties of combined acu-
puncture, and its potential role in re-
ducing both the drug use and the social
costs of FM (47).

Acknowledgement

We would like to thank Dr Francesco
Gesualdo for reviewing the manuscript.

Clinical and Experimental Rheumatology 2017



References

1. WOLFE F, SMYTHE HA, YUNUS MB et al.:
The American College of Rheumatology 1990
criteria for the classification of fibromyalgia.
Report of the Multicenter Criteria Committee.

Arthritis Rheum 1990; 33: 160-72.

2. YUNUS MG: Role of central sensitization in
symptoms beyond muscle pain, and the eval-
uation of a patient with widespread pain. Best
Pract Res Clin Rheumatol 2007; 21: 481-97.

3. SARZI-PUTTINI P, ATZENI F, DIANA A, DORIA
A, FURLAN R: Increased neural sympathetic
activation in fibromyalgia syndrome. Ann NY

Acad Sci 2006; 1069: 109-17.

4. FURLAN R, COLOMBO S, PEREGO F et al.:
Abnormalities of cardiovascular neural con-
trol and reduced orthostatic tolerance in pa-
tients with primary fibromyalgia. J Rheuma-

tol 2005; 32: 787-93.

5. WOLFE F, CLAUW DIJ, FITZCHARLES MA et
al.: The American College of Rheumatology
preliminary diagnostic criteria for fibromyal-
gia and measurement of symptom severity.
Arthritis are Res (Hoboken) 2010; 62: 600-

10.

6. WOLFE F: Criteria for fibromyalgia? What
is fibromyalgia? Limitations to current con-
cepts of fibromyalgia and fibromyalgia cri-
teria. Clin Exp Rheumatol 2017; 35 (Suppl.

105): S10-12.

7. DELL’OSSO L, BAZZICHI L, BARONI S ef al.:
The inflammatory hypothesis of mood spec-
trum broadened tofibromyalgia and chronic
fatigue syndrome. Clin Exp Rheumatol 2015;

33 (Suppl. 88): S109-16.

8. BAZZICHI L, GIACOMELLI C, CONSENSI A et
al.: One year in review 2016: fibromyalgia.
Clin Exp Rheumatol. 2016; 34 (Suppl. 96):

S145-9.

9. SARZI-PUTTINI P, ATZENI F, SALAFFI F,
CAZZOLA M, BENUCCI M, MEASE PJ: Mul-
tidisciplinary approach to fibromyalgia: what
is the teaching? Best Pract Res Clin Rheuma-

tol 2011; 25: 311-9.

10. TERRY R, PERRY R, ERNST E: An overview
of systematic reviews of complementary and
alternative medicine for fibromyalgia. Clin

Rheumatol 2012; 31: 55-66.

11. BARNES PM, BLOOM B, NAHIN RL: Comple-
mentary and alternative medicine use among
adults and children: United States, 2007.

Natl Health Stat Report 2008; 12: 1-23.

12. SINGH BB, WU WS, HWANG SH et al.: Effec-
tiveness of acupuncture in the treatment of
fibromyalgia. Altern Ther Health Med 2006;

12: 34-41.

13. STOR W, IRNICH D: Acupuncture: basics,
Schmerz 2009;

practice, and evidence.

23:405-17.

14. ZHENG L, FABER K: Review of the Chinese
medical approach to the management of fi-
bromyalgia. Curr Pain Headache Rep 2005;

9: 307-12.

15. YEHUDA R, BRAND S, YANG RK: Plasma
neuropeptide Y concentrations in combat ex-
posed veterans: relationship to trauma expo-
sure, recovery from PTSD, and coping. Biol

Psychiatry 2006; 59: 660-3.

16. LI JJ, ZHOU X, YU LC: Involvment of neuro
peptide Y and Y1 receptor in antinocicep-
tion in the arcuate nucleus of hypothalamus,
immunohistochemical and pharmacological

Clinical and Experimental Rheumatology 2017

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Fibromyalgia and acupuncture / C. Iannuccelli et al.

study in intact rats and rats with inflamma-
tion. Pain 2005; 118: 232-42.

DI FRANCO M, IANNUCCELLI C, ALESSAN-
DRI C et al.. Autonomic dysfunction and
neuropeptide Y in fibromyalgia. Clin Exp
Rheumatol 2009; 27 (Suppl. 56): S75-8.
SARZI-PUTTINI P, ATZENI F, FIORINI T et al.:
Validation of an Italian version of the Fibro-
myalgia Impact Questionnaire (FIQ-I). Clin
Exp Rheumatol 2003; 21: 459-64.

. JANNUCCELLI C, SARZI-PUTTINI P, ATZENI

F et al.: Psychometric properties of the Fi-
bromyalgia Assessment Status (FAS) index:
a national web-based study of fibromyalgia.
Clin Exp Rheumatol 2011; 29 (Suppl. 69):
S49-54.

FRIES JF, SPITZ P, KRAINES RG, HOLMAN
HR: Measurement of patient outcome in ar-
thritis. Arthritis Rheum 1980; 23: 137-45.
ZUNG WW: A rating instrument for anxiety
disorders. Psychosomatics 1971; 12: 371-9.
ZUNG WW: The Depression Status Invento-
ry: an adjunct to the Self-Rating Depression
Scale. J Clin Psychol 1972; 28: 539-43.

VAS J, MODESTO M, AGUILAR I, SANTOS-REY
K, BENITEZ-PAREJO N, RIVAS-RUIZ F: Effects
of acupuncture on patients with fibromyalgia:
study protocol of a multicentre randomized
controlled trial. Trials 2011; 12: 59.

FOCKS C: Atlas Akupunktur. Gustav Fischer
Verlag, Ulm, Stuttgart, Jena, Liibeck, 1998.
TANNUCCELLI C, DI FRANCO M, ALESSAN-
DRI C et al.: Pathophysiology of fibromy-
algia: a comparison with the tension-type
headache, a localized pain syndrome. Ann N
Y Acad Sci 2010; 1193: 78-83.

ONUOHA GN, ALPAR EK: Levels of vasodila-
tors (SP, CGRP) and vasoconstrictor (NPY)
peptides in early human burns. Eur J Clin
Invest 2001; 31: 253-7.

SCHELL E, THEORELL T, HASSON D, AR-
NETZ B, SARASTE H: Stress biomarkers’ as-
sociations to pain in the neck, shoulder and
back in healthy media workers: 12-month
prospective follow-up. Eur Spine J 2008; 17:
393-405.

ANDERBERG UM, LIU Z, BERGLUND L, NY-
BERG F: Elevated plasma levels of neuropep-
tide Y in female fibromyalgia patients. Eur J
Pain 1999; 3: 19-30.

KOSTIC S, PULJAK L, SAPUNAR D: Attenu-
ation of pain-related behaviour evoked by
carrageenan injection through blockade of
neuropeptide Y Y1 and Y2 receptors. Eur J
Pain 2013; 17: 493-504.

SOLWAY B, BOSE SC, CORDER G, DONAHUE
RR, TAYLOR BK: Tonic inhibition of chronic
pain by neuropeptide Y. Proc Natl Acad Sci
USA 2011; 108: 7224-9.

TAYLOR BK, FU W, KUPHAL KE et al.:
Inflammation enhances Y1 receptor signal-
ing, neuropeptide Y-mediated inhibition of
hyperalgesia, and substance P release from
primary afferent neurons. Neuroscience
2014; 256: 178-94.

KHASAR SG, DINA OA, GREEN PG, LEVINE
JD: Sound stress-induced long-term enhance-
ment of mechanical hyperalgesia in rats is
maintained by sympathoadrenal catechola-
mines. J Pain 2009; 10: 1073-7.

HAN JS: Acupuncture neuropeptide release
produced by electrical stimulation of differ-

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

ent frequencies. Trends Neurosci 2003; 26:
17-22.

ZHANG R, LAO L, REN K, BERMAN BM:
Mechanisms of acupuncture-electroacupunc-
ture on persistent pain. Anesthesiology 2014;
120: 482-503.

ZHAOHUI Z, JINGZHU Z, GUIPENG D et al.:
Role of neuropeptide Y in regulating hypo-
thalamus-pituitary-gonad axis in the rats
treated with electro-acupuncture. Neuropep-
tides 2012; 46: 133-9.

ZHU WL, L1Y, WEIL HF et al.: Effect of electro-
acupuncture at different acupoints on neuro-
peptide and somatostatin in rat brain with
irritable bowel syndrome. Chin J Integr Med
2012; 18: 288-92.

ESHKEVARI L, EGAN R, PHILLIPS D et al.:
Acupuncture at ST36 prevents chronic stress-
induced increases in neuropeptide Y in rat.
Exp Biol Med (Maywood) 2012; 237: 18-23.
MORGAN CA , WANG S, SOUTHWICK SM et
al.: Plasma neuropeptide-Y concentrations in
humans exposed to military survival training.
Biol Psychiatry 2000; 47: 902-9.

MORGAN CA 3RD, WANG S, SOUTHWICK
SM et al.: Neuropeptide-Y, cortisol, and sub-
jective distress in humans exposed to acute
stress: replication and extension of previous
report. Biol Psychiatry 2002; 52: 136-42.
IANNUCCELLI C, MANNOCCI F, GUZZO MP
et al.: Complementary treatment in fibromy-
algia: combination of somatic and abdominal
acupuncture. Clin Exp Rheumatol 2012; 30
(Suppl. 74): S112-S116.

DI FRANCO M, TANNUCCELLI C, VALESINI
G: Neuroendocrine immunology of fibromy-
algia. Ann N'Y Acad Sci 2010; 1193: 84-90.
BERMAN BM, LANGEVIN HM, WITT CM,
DUBNER R: Acupuncture for chronic low
back pain. N Engl J Med 2010; 363: 454-61.
CHOU R, HUFFMAN LH; AMERICAN PAIN
SOCIETY; AMERICAN COLLEGE OF PHYSI-
CIANS: Nonpharmacologic therapies for
acute and chronic low back pain: a review
of the evidence for an American Pain Soci-
ety/American College of Physicians clinical
practice guideline. Ann Intern Med 2007,
147: 492-504.

. CHOU R, QASEEM A, SNOW V, CASEY D,

CROSS JT JR, SHEKELLE P: Clinical Efficacy
Assessment Subcommittee of the American
College of Physicians; American College of
Physicians; American Pain Society Low Back
Pain Guidelines Panel. Diagnosis and treat-
ment of low back pain: a joint clinical prac-
tice guideline from the American College of
Physicians and the American Pain Society.
Ann Intern Med 2007; 147478-91.

DI FRANCO M, TANNUCCELLI C: Comple-
mentary and alternative medicine in fibromy-
algia: yes or no? Clin Exp Rheumatol 2013;
31 (Suppl. 79): S6-8.

MACFARLANE GJ, KRONISCH C, DEAN LE,
ATZENI F, HAUSER W, FLUSS E et al.: EU-
LAR revised recommendations for the man-
agement of fibromyalgia. Ann Rheum Dis
2017;76: 318-28.

VERVOORT VM, VRIEZEKOLK JE, OLDE
HARTMAN TC et al.: Cost of illness and ill-
ness perceptions in patients with fibromyal-
gia. Clin Exp Rheumatol 2016; 34 (Suppl.
96): S74-82.

S-85



