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Abstract 
Objective: The aim of the present study was to examine the efficacy of acu-
puncture in the treatment of pain together with the determination of different 
hormonal parameters for possible correlations in men and women of differ-
ent ages. Methods: 39 women and 38 men suffering from pain and seeking 
acupuncture received acupuncture treatment twice a week for 5 weeks. Pain 
and quality of life parameters were collected via written questionnaires (VAS, 
QUID and SF-36), while testosterone and cortisol were determined in the sa-
liva. Results: Cortisol and testosterone salivary levels were higher in controls 
than in pain subjects and higher in men than in women. Acupuncture treat-
ment improved all parameters, decreased pain and changed the hormonal 
values differently depending on sex and age. Conclusions: Sex and age are 
important factors in changing the effects of acupuncture in the treatment of 
pain. 
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1. Introduction 

Acupuncture is an ancient Chinese treatment during which needles are inserted 
into acupuncture points. Acupuncture is believed to have the function of regu-
lating the energy (Qi) flow and removing blood stasis by needling at specific 
acupuncture points. Various hypotheses have been advanced to explain its ac-
tions. Functional magnetic resonance imaging (fMRI) showed that acupuncture 
affects the activity of the limbic system and limbic-associated structures [1] [2] 
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able to play a primary role in regulating emotion, attention, learning and mem-
ory. These brain areas present several anatomical and physiological sex differ-
ences [3]. Indeed, research has shown sex differences in the response to acu-
puncture treatment [1] [4]. 

Acupuncture has become a widespread therapy for many pathological condi-
tions, such as infertility [5] [6], headache [7], obesity [8], depression [9], and 
painful conditions of different origin and localization [10]. Chronic pain affects 
a large percentage of the population in all civilized countries, with high personal, 
familial and economic burdens. Most chronic pain syndromes are more frequent 
in women, who often report higher levels of pain intensity and frequency than 
men [11]. Several reasons for these differences have been proposed. One of the 
most intriguing relates to gonadal hormones, which vary considerably in the two 
sexes and at different ages. Endocrine glands produce hormones under the di-
rection of various factors, from the brain, in which the nervous or endocrine 
stimulus is elaborated, to the target gland; indeed, their activity can be affected 
by light, temperature, food, etc. [12]. Acupuncture was found to increase estrogen 
receptor (ER)-β decrease ER-α and modulate 17β-estradiol in rats [13].  

The involvement of steroid hormones in pain modulation has been demon-
strated [14], with studies suggesting the involvement of estrogens and testoste-
rone in pain modulation via several pathways. We have repeatedly shown that 
estradiol and testosterone can increase/decrease pain in rats and humans de-
pending on the sex and “experimental” conditions [15] [16]. In the present 
study, we have focused on cortisol and testosterone because they are involved in 
all body functions, often differently in male and female subjects [14] [17] [18] 
[19] [20]. Cortisol is certainly involved in inflammation and pain because it is 
well known that high levels of cortisol have an important anti-inflammatory and 
hyperglycemic action to help the subject recover [19]. Cortisol is a steroid hor-
mone derived from cholesterol, it is present in the blood usually bound to corti-
costeroid-binding globulin, with only a very small amount unbound. The un-
bound cortisol (free fraction) is the biologically active fraction able to pass 
through the acinar cells to enter the saliva via passive diffusion [21]. As for Tes-
tosterone, in both sexes, it increases red cell production and muscle tone, has an 
antidepressant function and was shown to play an analgesic role [20] [22]. Tes-
tosterone, also derived from cholesterol, is mainly produced by the testes in 
men, with only a minor contribution from the adrenals. In women, testosterone 
is produced by the ovaries and the adrenal glands, a source particularly impor-
tant after menopause. Testosterone is also considered a pro-hormone since its 
effects are mediated by two main products: DHT (dihydrotestosterone, after re-
duction by 5α-reductase) and estradiol (after aromatization by aromatase). Tes-
tosterone is supplied to target tissues by the blood where much of it is trans-
ported bound to a specific plasma protein, sex hormone-binding globulin 
(SHBG). It is known that an age-related increase in SHBG attenuates the age 
trend in total serum testosterone but not that in serum free testosterone or sali-
vary testosterone [23]. Salivary testosterone should represent the bioavailable 
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hormone levels, which are unaffected by changes in the SHBG [24]. Overall, 
these hormones are key factors in the determination of body health.  

There are many advantages of the use of saliva for hormone biomarker as-
sessment [25]. Salivary determinations are a good alternative to the collection of 
serum, which is always invasive and more expensive. Saliva collection is relative-
ly easy and can be replicated when needed. Moreover, salivary hormone determina-
tion is known to reflect the free or biologically active hormone fraction [21].  

The aim of the present study was to evaluate the effect of a cycle of acupunc-
ture treatment on salivary cortisol and testosterone levels in men and women 
suffering from pain. Questionnaires were administered to evaluate the pain con-
dition and health status. 

2. Materials and Methods 
2.1. Subjects 

39 female and 38 male pain subjects were recruited among the outpatients of Dr. 
Bao Tian Fu (Arezzo, Italy). Subjects were included if they provided written in-
formed consent to take part in the study, which was conducted in accordance 
with the Declaration of Helsinki. In particular, inclusion criteria: presence of 
pain, agreement to fill questionnaires, agreement to give saliva sample; exclusion 
criteria: do not sign the informed consent. A single licensed acupuncturist (BTF), in 
clinical practice for over 25 years, administered the acupuncture to all the pain pa-
tients, who were treated according to their primary pathology. In particular, after 
the patients were relaxed, the acupuncturist sterilized the skin around the acu-
puncture point and then inserted stainless steel needles (SUNRISE, Qui Tian, 
San Marino) into the acupuncture points considered significant for that pathol-
ogy, the lunar phase and the time of day. Treatment consisted of 10 sessions car-
ried out twice a week. All measures were collected three times: at baseline before 
the 1st session (Test I), before the 5th session (Test II) and before the 10th session 
(Test III). The subjects provided the saliva sample in the morning between 
9:00-11:00 AM. No food was taken 90 min beforehand.  

To compare the basal conditions of the pain patients with those of non-pain 
subjects, 12 age-matched females and 13 males were recruited from the general 
population.  

2.2. Saliva Collection 

Saliva samples were collected using the Salivette collection device (Sarstedt Inc., 
Nuembrecht, Germany). The subjects took a cotton wool tamponade out of a 
small tube, placed it in their mouth, chewed on it for 30 - 45 sec, and then put it 
back in the tube. Samples were centrifuged and stored at −20˚C until hormone 
determination, carried out using commercially available kits. 

2.3. Hormone Assay 

Samples were assayed in duplicate for salivary cortisol and testosterone with 
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ELISA kits based on competitive binding, without modification of the manufac-
turer’s recommended protocols (Demeditec, Kiel, Germany). For cortisol, the 
sensitivity was 0.024 ng/ml, the intra-assay variation was 4.8% and the in-
ter-assay variation was 6.3%. For testosterone, the sensitivity was 2.2 pg/ml, the 
intra-assay variation was 7.2% and the inter-assay variation was 9.2%. 

2.4. Questionnaires 

Visual Analog Scale (VAS). Subjects were asked to indicate the pain level expe-
rienced in the last few days on a scale from 0 (no pain) to 10 (maximum pain). 

Present Pain Intensity (PPI). Subjects were asked to indicate their actual pain 
level on a scale from 0 (no pain) to 5 (maximum pain). 

2.5. QUID 

The Italian Pain Questionnaire (QUID), a reconstructed Italian version of the 
McGill Pain Questionnaire [26], consists of 42 descriptors divided into four pain 
rating index ranks (sensory, affective, evaluative and mixed). The Total Pain 
Rating Index rank value (PRI-t), given by the sum of all the rank values, de-
scribes and quantifies pain. 

2.6. Short Form-36 (SF-36) 

The Italian version of the SF-36 questionnaire [27] 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), body 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 BP and the summary components PCS and 
MCS, a higher score indicates a better quality of life and lower limitations. 

2.7. Statistical Analysis 

To evaluate the differences between pain subjects (PAIN) and controls (CTR), 
the basal levels of salivary hormones (cortisol and testosterone) and the status of 
perceived health (SF-36) were evaluated by three-way ANOVA with Sex (2 le-
vels: men and women), Age (2 levels, <50 and >50) and Group (2 levels, CTR 
and PAIN) as factors. The age groups were defined according to women in re-
productive years (<50) and in menopause (>50).  

To test the acupuncture-induced effects, the data from the PAIN group were 
analyzed in the three determinations carried out (Test I, Test II, Test III). 
Three-way ANOVA with the factors Sex (2 levels: men and women), Age (2 le-
vels, <50 and >50) and Test (3 levels, Test I-III, repeated) was performed. 

3. Results 

A summary of the subjects’ data is presented in Table 1. In both sexes, pain con-
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sisted mostly of diffuse musculoskeletal pain. 

3.1. Comparison between CTR and PAIN Groups (Test I)  

Data were analyzed with a three-way ANOVA with the factors Sex, Age and 
Group.  

HORMONES: Cortisol and Testosterone 
ANOVA applied to cortisol levels (Figure 1(A), Figure 1(A’)) revealed a sig-

nificant effect of Sex (F (1, 94) = 6.13, p < 0.015) and Group (F (1, 94) = 12.25, p <  
 
Table 1. Summary of groups, sex, number of patients per group and kind of pain. 

Groups Sex Number of patients Pain 

Control Male 13 No pain 

Control Female 12 No pain 

Pain Male 38 
N = 6 neuropathic pain 

N = 24 diffuse muscle pain 
N = 8 headache 

Pain Female 39 
N = 11 neuropathic pain 

N = 19 diffuse muscle pain 
N = 9 headache 

 

 
Figure 1. Cortisol and testosterone basal levels in pain and control subjects. Cortisol (A, 
A’) and testosterone (B, B’) basal levels determined in the saliva of pain and control sub-
jects (male and female, younger and older than 50 years). Data are means ± SEM.  
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0.001). These results were due to the generally higher cortisol levels in men than 
in women and the higher levels in the CTR group than in the PAIN group, in-
dependently of Age. ANOVA applied to testosterone levels (Figure 1(B), Figure 
1(B’)) showed a significant effect of Sex (F (1, 94) = 7.1903, p < 0.001), with 
lower levels in the female subjects than in the male ones, independently of 
Group or Age. 

QUESTIONNAIRES: SF-36 
All the subscales of the SF-36 (PF, RP, GH, VT, SF, RE, MH, BP as well as the 

Mental and Physical Component Summary: MCS-36 and PCS-36) showed a sig-
nificant effect of Group (p < 0.001 for all) (Figure 2). PAIN groups had lower 
scores than CTR ones, regardless of Age and Sex, indicating a worse perception 
of their health status (p < 0.001 for all).  

3.2. Analysis of Test I, Test II and Test III in Pain Patients  

To evaluate changes during acupuncture treatment, three-way ANOVA with the 
factors Sex, Age and Test was carried out only in subjects that participated in all 
three tests, i.e. 23 males (n = 11 < 50, n = 12 > 50) and 21 females (n = 11 < 50, n 
= 10 > 50). In particular, Figure 2 shows cortisol and testosterone levels determined  
 

 
Figure 2. SF-36 basal data recorded in pain and control subjects. SF-36 basal data recorded in pain and control subjects (male and 
female, younger and older than 50 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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in the saliva and SF-36 data of men and women pain patients at the 1st, 5th and 
10th acupuncture treatments.  

HORMONES: Cortisol and Testosterone 
Cortisol (Figure 3(A), Figure 3(A’)). ANOVA showed a significant effect of 

Age (F (1, 36) = 5.77, p < 0.021) due to the lower levels in older subjects than in 
younger ones of both sexes. In particular, older women had the lowest levels at 
the first determination, which increased at Test II and remained at this higher 
level at Test III. In contrast, the younger women had higher values (p = 0.05) at 
Test I, which decreased at Test II and returned to the basal level at Test III. In 
the men, the levels did not change in the younger group, but tended to decrease 
in the older group (p = 0.05).  

Testosterone (Figure 3(B), Figure 3(B’)). ANOVA demonstrated a significant 
Sex × Age × Test interaction (F (2, 70) = 8.06, p < 0.001). Younger males and  
 

 
Figure 3. Time course of cortisol and testosterone levels during acupuncture treatment. 
Cortisol (A, A’) and testosterone (B, B’) levels determined in the saliva of male and female 
pain subjects at the 1st, 5th and 10th acupuncture treatments (Test I-III). Data are given 
for subjects younger and older than 50 years and are expressed as means ± SEM. *p < 
0.01, vs same group Test II, #p < 0.001 vs same sex Test III; §p < 0.01, vs same group Test 
I. 
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females displayed a significant increase during the treatment, with males having 
higher levels at Test III than at Test II (p < 0.005) and females at Test II than at 
Test I (p < 0.01). Older men had lower levels at Test III than at Test II (p < 
0.004). Moreover, the testosterone level was significantly higher in younger 
males than in older ones at Test III (p < 0.001). In the older women, no changes 
occurred during the repetitions of the acupuncture treatments.  

PAIN PARAMETERS 
Pain scores recorded in men and women pain patients at the 1st, 5th and 10th 

acupuncture treatments are presented in Figure 4. 
Visual Analog Scale (VAS) 
ANOVA applied to VAS scores (Figure 4(A), Figure 4(A’)) revealed a signif-

icant effect of Test (F (2, 64) = 16.99, p < 0.001). In both men and women, the 
VAS scores decreased from Test I to Test III and the younger women tended to 
have lower scores than the older ones. 

Total Pain Rating Index (PRI-t) 
ANOVA applied to the PRI-t (Figure 4(B), Figure 4(B’)), derived from the 

QUID analysis, revealed a significant effect of Test (F (2, 72) = 7.39, p < 0.001)  
 

 
Figure 4. Time course of pain scores during acupuncture treatment. Pain scores recorded in male and female pain subjects at Test 
I-III. Data are expressed as means ± SEM. VAS: Visual Analog Scale (A, A’); PRI-t: Total Pain Rating Index rank value (B, B’); 
PPI: Present Pain Intensity (C, C’). 
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due to the progressive decrease of the score from Test I to Test III. Moreover, 
there was a significant Sex × Test interaction (F (2, 72) = 3.06, p < 0.05) due to 
the higher levels in men than in women at Test I.  

Present Pain Intensity (PPI) 
ANOVA applied to PPI (Figure 4(C), Figure 4(C’)) revealed a significant ef-

fect of Test (F (2, 64) = 11.54, p < 0.001). The score decreased from Test I to Test 
III independently of Sex and Age.  

QUESTIONNAIRES: SF-36 
ANOVA applied to body pain (BP) (Figure 5(A), Figure 5(A’)) showed a 

significant effect of Test (F (2, 66) = 8.93, p < 0.0004) due to the significant in-
crease (i.e. improvement) from Test I to Test III, independently of Sex and Age. 
In the Mental Component Summary (MCS-36) parameter (Figure 5(B), Figure 
5(B’)), ANOVA showed a significant Sex × Age interaction (F (1, 22) = 4.20, p < 
0.05). While older men tended to have higher scores than the younger ones, in-
dicating that their condition was better, older women tended to have lower 
scores than younger ones. ANOVA applied to the Physical Component (PCS) of 
the SF-36 (Figure 5(C), Figure 5(C’)) revealed a significant effect of Test (F (2, 
44) = 6.17, p < 0.004), as well as a significant Test × Age interaction (F (2, 44) =  
 

 
Figure 5. Time course of SF36 data during acupuncture treatment. SF36 data recorded in male and female pain subjects at Test 
I-III. Data are given for subjects younger and older than 50 years and are expressed as means ± SEM. Body Pain (A, A’); MCS: 
Mental Component Summary (B, B’); PCS: Physical Component Summary (C, C’).  
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3.26, p < 0.05). Scores of younger subjects progressively increased from Test I to 
Test II to Test III (p < 0.005 and p < 0.0004, respectively), whereas in older sub-
jects there was no effect of treatment. 

QUID  
ANOVA applied to the sensorial (QUIDs), affective (QUIDa) and emotional 

(QUIDe) subscales of the QUID pain questionnaire (Figures 6(A)-(D), Figures 
6(A’)-(D’)) showed a significant effect of Test (F (2, 72) = 5.05, p < 0.009, F (2, 
72) = 8.17 p < 0.001, F (2, 72) = 5.24, p < 0.007, respectively) due to a progressive 
decrease from Test I to Test III. These effects were more evident in men in all 
the subscales. Moreover, in the sensorial component (QUIDs), a significant Sex 
× Test interaction (F (2, 72) = 3.55, p < 0.034) was due to lower levels in Test II 
and Test III than in Test I (p < 0.004 and p < 0.001, respectively) in males but 
not in females. 

4. Discussion 

Acupuncture is an ancient Chinese procedure to treat many clinical conditions. 
Its ability to interact with body functions with practically no side effects has fa-
vored its spread to all parts of the world. Pain relief is one of the best known of 
the several beneficial effects of acupuncture treatment. In the present study, 
acupuncture-induced effects on pain were evaluated in men and women of dif-
ferent ages. The results clearly show sex and age differences in pain and hor-
monal changes. 
 

 
Figure 6. Time course of QUID scores during acupuncture treatment. Time course of the different QUID components: s: sensori-
al (A, A’), a: affective (B, B’), e: emotional (C, C’), m: miscellaneous (D, D’). All scores are recorded in male and female pain pa-
tients at Test I-III. Data are given for subjects younger and older than 50 years and are expressed as means ± SEM. 
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In the first part of the study, data from pain patients and controls were com-
pared. Patients had lower levels than controls for cortisol (in both sexes) and 
testosterone (in men). Similarly, the scores of quality of life parameters (deter-
mined with the SF-36 questionnaire) were lower in both sexes and both age 
groups of pain patients. These results are in agreement with previous data 
showing that pain and/or analgesics can induce a strong decrease in steroid 
hormones such as cortisol and testosterone [28]. Thus, it appears that these 
hormones (i.e. their free fractions) are affected by the painful condition. Since it 
is very difficult in this kind of study to have patients that are similar in terms of 
painful condition and/or length of pain, drugs and/or previous treatments, the 
fact that all groups show the same results is indicative of a trend in which pain 
loses its ability to be stressful (as in acute pain) and the gonads and adrenals de-
crease their production, maintaining a hormonal impairment which, if pro-
longed, can affect physical and mental aspects. This is evident from the ques-
tionnaire results, with pain patients showing worse values than controls of the 
same age and sex. 

Acupuncture treatment was able to improve pain and the other parameters in 
both sexes and at all ages. Although the pain intensity was initially very high in 
all pain groups, with Visual Analog Scale (VAS) scores of 6 - 7 in men and 7 - 8 
in women, it decreased to scores of 5 - 6 in men and 4 - 7 in women. Interes-
tingly, pain changes were accompanied by changes in all parameters, albeit dif-
ferently in the two sexes and in the two age groups.  

In men, salivary cortisol values showed similar levels in both age groups at the 
beginning of treatment. Then, while in the young subjects, cortisol remained 
stable, in the older ones it tended to decrease. In women, while in the younger 
subjects the levels were comparable to men and tended to decrease or remain 
stable with treatment, in older women the initial low levels suggested an im-
pairment that could be related to the chronicity of the illness [29], i.e. pain relief 
was accompanied by higher physiological levels of cortisol. 

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 [30]. It appears that chronic pain 
does not suppress the adrenals in men as it does in women.  

Testosterone is present in both sexes at all ages, and blood levels are higher in 
men than in women. Also in the present experiment, in which values were de-
termined in the saliva, men showed higher levels than women. While in men the 
values appeared to be lower in pain patients than controls, in women the differ-
ence was not significant in both age groups. During treatment, testosterone 
changed from the first to the third determination only in men: the young sub-
jects presented the highest levels at the third determination, while the older ones 
showed a significant decrease.  

It would be interesting to better define the influence of acupuncture treatment 
on the HPA and HPG axes. The hormones involved in these axes have many 
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functions able to affect stress, pain and several other conditions. Moreover, 
needle manipulation during acupuncture has sexually dimorphic effects not only 
on the brain regions related to sensation but also on the networks related to cog-
nition and emotion [31]. These findings are not unexpected since gender differ-
ences in endogenous opioids and the serotoninergic and cholinergic systems are 
well known, supporting the idea that male and female brains are different [32].  

5. Conclusion 

It has been widely demonstrated that acupuncture can 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, the 
mixing of different data (men plus women, younger with older people) may hide 
positive results merely because not all groups change in the same direction. The 
present study clearly shows the need to consider the gender and age of subjects 
separately. 
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