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Introduction
Chronic pain affects the human body with several conditions 

and consequently pain features differ [1]. Most of the chronic 
pain syndromes more frequently affect females, who often report 
higher levels of pain intensity and frequency than males [2-3]. 
These differences have been attributed to a number of reasons. 
One of the most intriguing relates to gonadal hormones, which 
vary considerably in the two sexes and at different ages [4-9]. 

Acupuncture has become a widespread therapy for many 
pathological conditions [10,11], from infertility [12-14] 
to headache [15,16], from obesity [17] to depression [18]. 
Nevertheless, its mechanisms of action remain under debate. 
Acupuncture is an ancient Chinese treatment during which 
needles are inserted into acupoints. Acupuncture is believed to 
have the function of regulating the energy (Qi) flow and removing 
blood  stasis  by  needling  at  specific  acupuncture  points.  This 
manipulation was analyzed with several methods [19]. Functional 
magnetic resonance imaging (fMRI) showed that acupuncture 
affects the activity of the limbic system and limbic-associated 

structures able to play a primary role in regulating emotion, 
attention, learning and memory, among other things. These brain 
areas present several sex differences at both anatomical and 
physiological levels [20,21]. 

Acupuncture is very often used to treat painful conditions. 
Its mechanism of action is still obscure given the huge amount 
of variables involved in the pain as well as in the patient fronts. 
There is strong evidence to suggest that acupuncture can activate 
the endogenous pain inhibitory mechanisms [22]. Hormones play 
an important role in body communication. Endocrine glands are 
numerous and produce several hormones under the direction 
of different factors, from the brain in which the nervous or 
endocrine stimulus is elaborated, to the first and possibly second 
gland. Their activity can be under the effect of light, temperature, 
food,  etc. Hence,  it  is  not difficult  to understand  the number of 
problems that have arisen in the study of hormones, starting 
from the time of blood collection, the day of the month, etc [23]. It 
should be noted that acupuncture was found to increase estrogen 
receptor  (ER)β  and  decrease  ERα  in  rats  [24]  and  to modulate 
17β-estradiol in plasma [25], among other things. 
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Abstract

Objectives: Chronic pain is a very common cause of suffering, disability and economic 
adversity in the community. It comes with considerable and evident differences 
between men and women. Acupuncture is very often used to treat painful conditions. 
The aim of the current study is to examine the efficacy of acupuncture therapy in the 
treatment of pain together with the determination of different hormonal parameters 
for possible correlations in men and women of different ages, younger and older than 
55. 

Methods: A total of 37 females and 39 males suffering from acute or chronic pain were 
contacted to be part of the study. Pain and quality of life parameters were determined 
by written questionnaires (QUID and SF36). Females and males received acupuncture 
treatment twice a week for 5 weeks (30 min per session). Pain intensity, as well as all 
measures were collected 3 times, at baseline before the first treatment, before the 5th 
session and before the last 10th session. Testosterone and Cortisol were determined 
in the saliva and the samples were taken using the salivette collection device.

Results: There is some evidence of a possible relationship between acupuncture-
induced pain relief and changes in salivary hormone. Therefore sex and age are 
important  factors  in  changing  the  effects  of  treatment.  Specifically,  cortisol  levels 
proved lower in pain patients than controls in older subjects (p<0.002). Testosterone 
levels were lower in pain than control groups (p<0.003) irrespective of sex and age. 
Acupuncture treatment improved all pain parameters and changed hormonal values 
differently depending on sex and age.

Conclusions: The study highlights that sex and age are important factors in changing 
the effects of acupunture. The salivary hormones and clinical data were modulated by 
treatments and the changes were recorded already after 5 sessions.

Keywords: Pain; Acupuncture; Hormones; Sex and age differences; Salivary 
determination
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The involvement of many hormones in pain modulation has 
already been demonstrated [26]. In our laboratory, we focused on 
steroid hormones because they are involved in all body functions 
and often play different functions in male and female subjects [27]. 
Cortisol and androgens in particular, are produced by adrenals 
and gonads and are very sensitive to stress. Indeed, cortisol is 
the stress hormone as it increases under ACTH stimulation. On 
the  one  hand,  its  anti-inflammatory  and  hyperglycemic  action 
helps the subject to recover [28]. On the other hand, androgens 
increase red cells production, increase muscle tone [29] and 
play an antidepressant function [30]. Overall, these hormones 
are key factors in the determination of the body health. Their 
concentration can be determined in the blood as well as in the 
saliva. In the case of hormone biomarker assessment, there are 
further advantages related to the use of saliva [31] since it is 
known to reflect the free or biologically active hormone fraction, 
whereas blood may detect levels of the bound or complexed 
hormone [32]. Salivary determinations are a good alternative 
to the collection of serum that, in all cases, is invasive and more 
expensive. Saliva collection is relatively easy and can be replicated 
when needed [33]. 

Cortisol is a steroid hormone, derived from cholesterol, it is 
present in the blood bound to the cortisol binding protein and 
only in a smallest amount is unbound. The unbound cortisol 
(free fraction) is the biologically active fraction able to pass 
through the acinar cells to enter saliva via passive diffusion [32]. 
Testosterone is derived from cholesterol too; it is supplied to 
target tissues in the blood where much of it is transported bound 
to a specific plasma protein, sex hormone binding protein (SHBG). 
Testosterone is also considered a pro-hormone since its effects are 
mediated by two main products: DHT (dihydrotestosterone, after 
reduction by 5a reductase) and estradiol (after aromatization 
by aromatase). It is known that an age-related increase in SHBG 
attenuates the age trend in total serum-testosterone, but not in 
serum free-testosterone or salivary-testosterone [34]. In women, 
testosterone is produced by the adrenal glands, regulated by 
adrenocorticotropic hormone, and the ovaries, regulated by 
gonadotropin. In men, testosterone is predominantly produced 
by the testes, with only a minor contribution of the adrenals. In 
premenopausal women, the variation of testosterone throughout 
the menstrual cycle should be taken into account. However, the 
effect of menstrual variation is relatively small compared with 
diurnal variation or individual differences. Salivary testosterone 
should represent the bioavailable hormone levels, which are 
unaffected  by  changes  in  the  SHBG.  Thus,  it  can  be  considered 
a good alternative to serum free testosterone. Indeed, salivaryl-
testosterone in adult men and women correlates better with free-
testosteone than serum total testosterone [35]. 

The aim of the present study is to evaluate the effect of a 
cycle of acupuncture treatment in men and women suffering 
from pain. Salivary cortisol and testosterone were studied and 
questionnaires were administered to evaluate pain condition and 
health status.

Methods

Sample selection 

37 female and 39 male pain patients who were recruited among 
the outpatients of Dr. Fu Bao (Arezzo, Italy) during the master 

thesis practice of AMA. Another 15 female and 15 male, age-
matched controls were recruited among the general population. 
A screening questionnaire asked about age, weight and height, 
consumption of medication, physical or mental diseases and 
consumption of cigarettes. Subjects were included if they signed 
the written informed consent to take part in this study, which 
was conducted in accordance with the Declaration of Helsinki. 
A single licensed acupuncturist (F.B.T.), in clinical practice for 
over 25 years, administered the acupuncture to all the subjects. 
All patients were treated according to their primary pathology. 
In particular, after the patients were relaxed, the acupuncturist 
sterilized the skin around the acupuncture point and then inserted 
stainless steel needles (SUNRISE, Qui Tian, San Marino) into the 
acupuncture points considered significant for that pathology, the 
moon phase and the hour of the day. Treatment consisted in 10 
sessions carried out twice a week.

Pain intensity, as well as all measures was collected 3 times, 
at baseline, before the first treatment, before the 5th session and 
before the last session. The subjects provided the saliva sample in 
the morning between 9:00-11:00 AM. No food was taken 90 min 
beforehand. 

Salivette collection device 
Saliva samples were collected using the Salivette collection 

device  (Sarstedt  Inc.,  Nuembrecht,  Germany).  The  subjects  had 
to take a cotton wool tamponade out of a small tube into their 
mouth and to chew on it until the tamponade was full of saliva. 
Afterwards, they put the tamponade back into the tube without 
touching it. Samples were then centrifuged and stored at -30°C 
until they were sent to the laboratory, where they were analyzed 
by using a commercially available kit.

Hormone assay

Samples were assayed in duplicate for salivary free cortisol 
(C) and free testosterone (T) by ELISA kits, based on competitive 
binding, without modification to the manufacturers’ recommended 
protocols (Demeditec, Kiel, Germany). All samples were tested in 
duplicate. For C, the sensitivity was 0.024ng/ml, the intra-assay 
variation was 4.8% and the inter-assay variation was 6.3%. For T, 
the sensitivity 2.2 pg/ml, the intra-assay variation) was 7.2% and 
the inter-assay variation was 9.2%.

SF-36

The Italian version of the SF-36 questionnaire [36] is a generic 
multidimensional instrument for assessing quality of life. It 
consists of 36 items grouped into two components and divided 
into eight scales: the Physical Component Summary (PCS-36) 
encompasses physical functioning (PF), role physical (RP), bodily 
pain (BP), general health (GH); the Mental Component Summary 
(MCS-36), which refers to vitality (VT), includes social functioning 
(SF), role emotional (RE) and mental health (MH). Individual 
items are scored on a 0-100 standardized Likert scale. For each 
domain, including Bodily Pain, and the summary components, a 
higher score indicates a better quality of life and lower limitations.

QUID

The Italian Pain Questionnaire (QUID), a reconstructed 
Italian version of the McGill Pain Questionnaire [37], consists of 
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42 descriptors divided into 4 pain rating index ranks (sensory, 
affective, evaluative, and mixed). The Total Pain Rating Index rank 
value (PRIr-T), given by the sum of all the rank values, describes 
and quantifies pain.

Statistical analysis

To evaluate the differences between the patients and the 
normal population a sample of healthy, age-paired men and 
women were enrolled in this study. The basal levels of salivary 
hormones (Cortisol and Testosterone) and the status of perceived 
health (SF36) were evaluated with a three-way ANOVA with Sex (2 
levels: men and women), Age (2 levels, <55 and >55) and group (2 
levels, CTR and PAIN) as factors. The data about the subjects’ pain, 
hormones and SF36 were then analyzed considering the three 
determinations carried out at the beginning of the treatment (Test 
I), after 5 treatments (Test II) and at the end, after 10 treatments 
(Test III). A three-way ANOVA with the Factors Sex (2 levels: men 
and women), Age (2 levels, <55 and >55) and Test (3 levels Test 
I-III, repeated) was performed. 

Results
Comparison among men and women at basal level (I visit).

Hormonal level

Cortisol: Three-way ANOVA applied to Cortisol levels revealed 
a  significant  effect  of  the  Sex  (F(1,109)=16.44,  p<0.001)  and 
Group  (F(1,110)=45.28,  p<0.001)  factors.  Moreover,  significant 
interactions  were  found:  Sex  per  Age  (F(1,110)=5.12,  p<0.02) 
and  Age  per  Group  (F(1,110)=9.80,  p<0.002).  This  result  was 
attributed to the fact that, in general, men showed higher cortisol 
levels than women. In addition, higher levels of cortisol were 
present in the >55 participants in the CTR group, in contrast to the 
lower levels present in the pain group of the same age, regardless 
of sex (Figure 1A). 

Testosterone: Three-way ANOVA applied to Testosterone levels 
showed  a  significant  effect  of  the  Group  factor  (F(1,98)=8.76, 
p<0.003) with the pain group generally showing lower levels 
than  the  controls.  Furthermore,  the  following  significant 
interactions  Sex  x Age  (F1,98=21.82,  p<0.001)  and  Sex  x Age  x 
Group (F1,98=20.54, p<0.001) were found. In men, data showed 
significant higher levels in CTR compared to the pain group only 
in the subjects younger than 55 (p<0.002); in older females, CRT 
women showed higher testosterone levels than all the other 
groups, that is younger CRT (p<0.001) and the two pain groups 
(p<0.001) (Figure 1B).

Perceived health questionnaire (SF-36)

As shown in Figure 2, all the subscale of the SF-36 (PF, RP, 
GH, VT, SF, RE, MH, BP as well as the Mental and Physical Global 
Score:  MCS-36  and  PCS-36),  showed  a  significant  effect  of  the 
Group factor (p<0.001 for all). Pain groups showed lower scores 
than CTR, regardless of Age and Sex, indicating worse perception 
of  their  health  status  (p<0.001  for  all).  In  RP  the  significant 
interaction Sex x Age (F1,108=4.02, p<0.05) indicated that older 
women proved more impaired compared with younger women 
(p<0.01) and older men (p<0.008). Vigor score was higher in men 
than  in women  (F1,108=43.92  p<0.05),  irrespective  of  age  and 
painful conditions. 

Effect of acupuncture treatment 

To evaluate the effect of acupuncture treatment, a repeated-
measures ANOVA was carried out with Sex, Age and Test as factors 
in all parameters. 

Cortisol: ANOVA applied to salivary Cortisol levels (Figure 3A) 
showed  the  significant  effect  of  the  Age  factor  (F(1,58)=  6.35, 
p<0.01) as shown in the lower levels present in older subjects 
compared to the younger ones of both sexes. Older women showed 
the lowest levels at the first determination to slowly increase at 
Test II and III, in contrast to the younger subjects, whose values 
were higher (p=0.05) at the first visit and slowly decreased at the 
II and III visit. As for the men, the levels did not change or tended 
to decrease in the older group. 

Testosterone: ANOVA applied to salivary testosterone levels 
(Figure  3B),  demonstrated  a  significant  effect  of  the Age  factor 

Figure 1: Cortisol (A, A’) and Testosterone basal levels determined in 
the saliva of pain patients and controls, men and women younger or 
older than 55 years. Data are means ± SEM.

*p<0.02 and ** p<0.001, vs <55, same group and # p<0.01 and ## 
p<0.001 vs CTR, same age range.

Figure 2: SF-36 basal data recorded pain patients and controls, men 
and women younger or older than 55 years.

Data  are means  ±  SEM.  Body  Pain  (A,  A’),  MCS: Mental  Component 
Summary (B, B’); PCS: Physical Component Summary (C, C’).
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(F(1,42)=32.73,  p<0.001),  and  a  significant  interaction  in  Sex  x 
Age  (F(1,42)=7,08,  p<0.01),  Test  x  Age  (F(2,42)=4,35,  p<0.01) 
and Sex x Age x Test (F(2,42)=3,33, p<0.04). Indeed, the younger 
subjects showed higher values than the older ones. Younger male 
and females displayed a significant increase during the treatment. 
The  level  of  testosterone  was  significantly  higher  in  younger 
males compared to the older men at the third determination 
(p<0.007), while in younger women it was higher than in the 
older ones during the second and third determinations (p<0.002 
and p<0.006 respectively). In older male and female subjects, 
no changes occurred during the repetition of acupuncture 
treatments. 

 Perceived Health Questionnaire (SF-36)

Bodypain:  ANOVA  applied  to  BP  showed  a  significant  effect  of 
the  Test  factor  (F(2,66)=8.90,  p<0.0003)  and  of  the  Sex  x  Age 
(F(1,66)=6.00,  p<0.01),  and  Test  x  Age  (F(2,66)=3,78,  p<0.02) 
interactions. These effects were mostly given by the improvement 
between the first and the third test in younger subjects, from the 
first to the third test independent on sex (Figure 4A). In particular, 
in women the changes were found to be different between the 
two age groups. In older women the acupuncture treatment did 
not change the body pain perception, while in younger women it 
significantly improved this parameter (p<0.001 and p<0.0001 vs 
I visit in <55 women). Conversely, no effect of acupuncture was 
found in men of both age ranges (< and > 55 years old), with a 
slight, not significant, increase in BP in both groups from the first 
to the third determination. 

MCS-36: In the MCS parameter (Figure 4B), ANOVA showed a 
significant  effect  of  the  SEX  x  Age  interaction  (F(1,  44)=12,12, 
p<0.02). Indeed, while younger men tended to have higher scores 
than the older ones, indicating that their condition had improved, 

younger women showed lower levels than older females (p<0.04). 
Moreover, while in men no changes were found in both age ranges 
(< and > 55 years old) among the three determinations, in women 
there was a tendency to increase, i.e. to improve at the II and III 
visit.

PCS-36: ANOVA applied to the Physical Component of the Sf-
36  (Figure  4C)  revealed  the  significance  of  the  factors  Sex 
(F(1,44)=4,76,  p<0.03)  and  Test  (F(2,44)=4.7,  p<0.01)  and  a 
significant  Sex  x  Age  interaction  (F(1,<ZD44)=7.1,  p<0.01). 
Indeed, in males also in the Physical Component of the Sf-36 
questionnaire, no changes were found among determinations with 
only a tendency to a progressive increase (i.e. better condition) in 
both age range. There was only a tendency for both age ranges to a 
progressive increase (i.e. better condition). In contrast, in women 
a  significant  difference was  found  between  the  two  age  groups 
(p<0.01). Younger female had higher scores than the older ones 
at the II and III visit (p<0.01 and p<0.002, respectively) and, the 
levels were higher at the II and III visit compared to the first one 
(p<0.03 and p<0.002, respectively). These differences suggested 
that, while the acupuncture treatment did not change the physical 
component of the health status perception in the older women, it 
significantly improved this parameter in the younger ones.

Pain parameters

VAS: ANOVA applied to VAS scores (Figure 5A) revealed a 
significant  effect  of  the  Test  factor  (F(2,64)=14.2,  p<0.001).  In 
particular, in men as well as in women, VAS scores decreased from 
the first to the third determination and younger women tended to 
have lower scores than the older ones.

PRI-t: ANOVA applied to the PRI-t derived by, the QUID analysis 
(Figure  5B),  revealed  a  significant  effect  of  the  Test  factor 
(F(1,72)=7.61,  p<  0.001).  Indeed,  particularly  in  men,  this 
parameter decreased from the first to the third determination. 

Figure 3:  Cortisol  (A,  A’)  and  Testosterone  levels  determined  in 
the saliva of men and women pain patientsat the 1st, 5th and 10th 
acupuncture treatments. Data are given for subjects younger or older 
than 55 years and are expressed as means ± SEM.

*p<0.01 and **p<0.005, vs >55, same sex and time; ## p<0.001 vs Men, 
same age range and time; § p<0.01, vs time I, same sex and age range.

Figure 4: SF-36 data recorded in men and women pain patients at the 
1st, 5th and 10th acupuncture treatments. Data are given for subjects 
younger or older than 55 years and are expressed as means ± SEM. 
Body  Pain  (A,  A’),  MCS:  Mental  Component  Summary  (B,  B’),  PCS: 
Physical Component Summary (C, C’).

*p<0.01 and **p<0.002 and ***p< 0.0001, vs >55, same sex and time;# 
p< 0.03, ## p<0.002 and ### p<0.0001 vs time 1, same age range and 
sex.
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PPI: ANOVA applied to PPI (Figure 5C) revealed a significant effect 
of the Test factor (F(2,60=8.51, p<0.001). The score attributed by 
patients at the present pain perception during each determination 
decreased from the first to the third determination independently 
of Sex and Age. In younger women the scores were lower than in the 
older ones, indicating a bigger effect of acupuncture in this group 
of women. QUID SUBSCALES. ANOVA applied to the sensorial 
(QUIDs), affective (QUIDa) and emotional (QUIDe) subscales 
of  the QUID pain questionnaire  (Figure 6)  showed a  significant 
effect  of  the  Test  factor  (F(2,72)=5.41,  p<0.006,  F(2,72)=7.16 
p<0.001, F(2,72)=3.55, p<0.03, respectively). These effects were 
more evident in males in all subscales, while in women, especially 
the younger ones, the affective (QUIDa) subscale of the QUID pain 
questionnaire proved more affected by acupuncture treatment.

Discussion
The main result of the present study is the evidence of a 

possible relationship between acupuncture-induced pain relief 
and the changes in the salivary hormones known to be involved 

in stress and pain [38]. The second result is the gender/age 
differences found in most of the parameters taken into account.

Acupuncture is an ancient Chinese procedure to treat many (if 
not all) clinical conditions [39]. Its ability to interact with body 
functions with practically no side effects, allowed it to spread in 
all parts of the world. It has recently received much attention in 
a series of studies carried out to understand the body systems 
involved in its actions [40]. Among the several beneficial effects 
that can be obtained with acupuncture treatment, pain relief is 
one of the best known and it is used for all pain conditions, all ages 
and both genders.

In  many  reports  we  can  find  data  about  the  efficacy  of 
acupuncture in pain [41]. However, few data are available about 
the system involved in those actions, i.e. its mechanism of action/
actions. The outpatients of a well-known medical studio in Arezzo 
(Toscana, Italy) were asked to be included in this study, which 
focused on hormones and pain changes during acupuncture 
treatment.

Results clearly showed that pain intensity and pain quality 
change during treatment in both sexes and all ages. Indeed, pain 
was very high in all groups at the beginning, with VAS going from 
6 to 8 in men and 7 to 8 in women. These values decreased to 5/6 
in men and 4/7 in women, with differences between age groups, 
indeed it clearly appear that in men as well as in women the two 
age groups show some differences in pain time course from the 
first  to  the  third  determination  Interestingly,  in  all  cases  (VAS, 
PRT.T, PPI) in men the values were higher in younger subjects, in 
women they were higher in the older participants. This simple 
observation suggests that age plays a different role in the two 
sexes. 

In general, male and female older than 55 show slower 
changes  and/or  no  significant  effect  of  acupuncture  treatment, 
as evidenced by the pain questionnaires. Instead, younger 
males and females show important changes. During the second 
determination of PRI-T in men, the values were significantly lower, 
whereas in women (<55) there was a decrease in all measures 
(VAS, PRI. t and PPI).

These data strongly suggest that there is a possible difference 
not only in the age-induced response to acupuncture treatment 
but also in the pain conditions the patients suffered from. As 
expected, younger subjects are more likely to suffer from acute 
conditions which, for their nature, tend to resolve themselves 
during acupuncture treatment. Older patients more frequently 
suffer from chronic painful conditions in which the effect of 
acupuncture is milder and slower.

However, if the clinical course is similar in the two age groups 
of both sexes, hormone levels change differently in the two sexes. 
Cortisol, which was lower in older than in younger men [42-44], 
decreased after treatment; conversely, in older women it was very 
low at the beginning and increased with treatment. Thus, the 
conditions appear different in this respect: older men, in whom 
pain seems to activate the stress system, recover decreasing the 
cortisol production, while older women, in whom pain (and/or 
drugs) strongly reduces cortisol production, recover by increasing 
it.

Figure 5: Pain scores recorded in men and women pain patients at the 
1st, 5th and 10th acupuncture treatments. Data are given for subjects 
younger or older than 55 years and are expressed as means ± SEM.

VAS: Visual Analogic Scale (A, A’); PRI-t: total Pain Rating Index (B, B’); 
PPI: Present Pain Intensity (C, C’). 

Figure 6: QUID score. Time course of different QUID subscales: s: 
sensorial, a: affective, e: emotional, m: m: miscellaneous. All scores 
are recorded in men and women pain patients at the 1st, 5th and 10th 
acupuncture treatments. Data are given for subjects younger or older 
than 55 years and are expressed as means ± SEM.
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Cortisol is a product of the hypothalamic-pituitary-adrenal 
axis. In addition to basal activity related to body functions, 
especially glucose metabolism, its levels can change in response 
to any kind of stressors. Cortisol terminates a wide range of initial 
components of the stress response through negative feedback 
towards  brain  structures  [45].  Moreover,  its  anti-inflammatory 
effects are of particular importance for many clinical conditions 
[28]. In chronic pain patients, for example, it is interesting to see 
that  acupuncture  treatment  ‘moves’  this  hormone  differently, 
depending on age and sex. In our study, Cortisol has produced 
relevant results in all groups. 

In one of the few papers in which the effect of acupuncture on 
gonadal hormones was studied, it was found that estradiol and 
testosterone  increased  significantly  [46]  in  a  group  of  patients 
with Sjogren’s Syndrome. Here we evaluated the salivary levels of 
testosterone, the main androgen. Testosterone is present in both 
sexes, at all ages and its levels are 10 times higher in men than 
in women. In men, it is produced in the testes, in women in the 
ovaries and in both sexes in the adrenal cortex [47].

Cortisol  levels  determined  in  the  saliva  samples  confirmed 
previous data, showing lower levels of cortisol in chronic pain 
patients [48]. In this study, we showed the significant differences 
between men and women and, interestingly, between the people 
aged more or less than 55. As already discussed [49], the sex 
differences in cortisol are probably due to the different population 
of patients using acupuncture [50]. Indeed, due to the longer 
duration of the painful condition in women we expected that they 
had lower levels of cortisol [3].

Looking at the changes occurring during the 45-50 days of 
treatment (determination I, II, III), we confirmed this hypothesis. 
Indeed, while in men cortisol values remained stable and/or 
tended to decrease, in women there was an important difference 
between the younger and the older subjects. The younger group 
progressively lowered its levels, while the older one, in which very 
low levels were determined, showed a steady increase. Therefore, 
we hypothesized that treatment was effective in decreasing pain 
and restoring adrenal functions.

Testosterone levels were found to decrease according to pain 
and age [51]. In men, the biggest pain-induced effect was found 
in the younger people since in the older ones the levels were 
comparable between the control and pain groups [52,53]. In this 
case as well we can suggest that in younger men the cause of pain, 
and then acupuncture treatment, was produced by acute, more 
stressful accidents. As for the women, it is worth noting that in the 
CTR group, testosterone levels were higher in the older subjects. 
The levels were in the normal range, though in the literature there 
are few data on this kind of determination. Hence, we can only 
suggest that in healthy menopausal women, the testosterone 
produced by  the  adrenals  androgen  can  reach  significant  levels 
in the saliva, probably due to a lower catabolic action of the liver.

Interestingly, needle manipulation during acupuncture had 
effects with gender differences not only on the brain regions 
related to sensation but also on the networks related to cognition 
and emotion  [54]. These  findings are not unexpected since  it  is 
well known that gender differences were found in endogenous 

opioids, serotoninergic, cholinergic systems, supporting the 
fact that male and female brains are different [55]. Thus, if we 
consider that most of these circuits were found to be modulated 
by acupuncture, it is evident that gender differences affect the 
response to acupuncture in the 2 sexes. 

Testosterone was repeatedly found to decrease with ageing 
[56]. Interestingly, in men higher testosterone levels were found 
in those reporting good or very good health. These associations 
were not observed in women, at least at a younger age.

Conclusion
Acupuncture may be a currently underestimated option for 

pain treatment. According to prior research, acupuncture may 
relieve pain. However, few data are available about the gender-
related efficacy of the treatment and the role of age in the changes 
occurring during an acupuncture session. Indeed, frequently the 
mix of different data, males plus females, younger with older 
people, may have hidden the positive results just because not all 
groups change in the same direction.
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