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Abstract

Background: Several studies suggest that exogenous oxytocin nasal spray may enhance
placebo analgesia in healthy volunteers and experimental pain models, although the
findings remain mixed. The oxytocin placebo hypothesis suggests that increased oxytocin
levels trigger a cascade of brain processes that boost positive expectations and augment the
placebo response. Since endogenous oxytocin secretion has been found to increase during
positive interactions, we hypothesized that changes in endogenous oxytocin levels will
affect placebo analgesia in chronic-back-pain patients. Given the role sex has in both placebo
analgesia and oxytocin secretion, we hypothesized that the response magnitude will differ
by sex. Methods: Chronic-back-pain patients (n = 112) were prospectively recruited and
received placebo injections. The placebo response was calculated as the change in the
back-pain Visual Analog Score (VAS), and changes between pre- and post-injection salivary
oxytocin levels were measured. The effect of sex and changes in oxytocin levels on pain
reduction was calculated using two-way analysis of variance (ANCOVA). Results: Oxytocin
levels decreased in 62.5% of participants and increased in 37.5%. Increased oxytocin levels
were associated with greater pain reduction than decreased oxytocin levels (p = 0.024).
Females exhibited greater pain reduction than males (p = 0.034). No interaction between
the oxytocin change pattern and sex was observed. Conclusions: This study demonstrates
that following a placebo injection, patients suffering from chronic back pain, who exhibited
an increase in endogenous oxytocin levels, showed a higher placebo response. Females
had a greater placebo response, but this was not associated with an endogenous oxytocin
change. These results provide initial support for the oxytocin placebo hypothesis.
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1. Introduction

Chronic back pain, defined as an episode of pain in the axial spine lasting more
than three months, is estimated to affect approximately 20% of the population world-
wide [1], is linked with substantial disability, and negatively affects social and professional
function [2—4]. In the absence of a clear etiology, treatment primarily aims to alleviate
pain while minimizing the risk of adverse effects from pharmaceutical or interventional
approaches [5,6].

The much-studied analgesic placebo response, reflecting pain alleviation following
placebo treatment [7-12], consists of the placebo effect (namely the therapeutic effect of the
contextual components of the treatment, highly affected by expectations and learning), and
other non-specific factors such as natural history, regression to the mean, or spontaneous
remission [13]. Among the various factors that contribute to the placebo effect, therapeutic
interactions involving warmth, empathy, trust, and competence are considered facilitators
of the placebo response [14-17].

A potential factor in this response is oxytocin [18], a polypeptide synthesized in the
hypothalamus and secreted by the posterior pituitary [19] which has been extensively
studied for its role in various social contexts such as social bonding and interpersonal
connection [20]. Peripheral blood oxytocin fluctuations pre- and post-social-interactions
might be considered a biomarker for social-relationship quality [21,22].

Given its role in social contexts, Itskovich and colleagues have proposed the oxytocin
placebo hypothesis [23]. Oxytocin could affect various brain regions involved in pain
perception and modulation, such as the periaqueductal gray (PAG) [24,25] and reward
areas such as the nucleus accumbens and ventral tegmental area [25-27], reinforcing a
positive expectation of pain relief. Oxytocin also impacts other brain areas involved
in pain modulation, such as the amygdala and the prefrontal cortex [26,28], and has
shown analgesic properties when administrated exogenously [29]. Lower endogenous
oxytocin levels were linked to chronic pain in [30,31], while increases in endogenous
oxytocin levels after non-pharmacological analgesic treatments were correlated with pain
alleviation [32,33]. Current published research on oxytocin and placebo analgesia has
mostly focused on the effects of exogenous oxytocin administration [34-36], i.e., the role
of external oxytocin administration on healthy volunteers’ responses to a placebo, using
experimentally induced pain. The results of these studies have been mixed, potentially
because of differences in dosing, timing, participant sex, or pain paradigms [34]. However,
there is currently no evidence for endogenous oxytocin’s role in responsiveness to placebos
among patient populations.

Both the placebo response and changes in oxytocin secretion might be modulated
by biological sex [35-37] but in a different manner. Given oxytocin’s role in labor and
breast feeding, it was suggested that sex hormones might modulate oxytocin receptor
sensitivity and differentiate its distributions [38]. In line with this, females and males tend
to respond differently to exogenous oxytocin administration [35], and demonstrate different
patterns of change in endogenous oxytocin levels [39]. Regarding the role of biological
sex in the placebo response, some studies have demonstrated a higher placebo response
in females [40,41], whereas others have shown no sex effects [42—44] or higher placebo
responses in males [45,46]. These potential differences in the placebo effect between genders
might be attributed to psychological constructs such as coping strategies, willingness to
report pain, and hormonal fluctuations [40].

This study aimed to determine whether changes in endogenous oxytocin levels are
associated with the placebo response and whether biological sex plays a role in patients
with non-specific chronic back pain who receive a placebo injection. Our hypothesis was
that increments in oxytocin will be associated with a higher placebo response. Regarding
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the role of sex, given the mixed results, we did not commit to a hypothesis but aimed to
determine its effect.

2. Materials and Methods

This manuscript summarizes the results that were collected as part of a larger project
aimed at assessing physiological, cognitive, and personal factors associated with the placebo
response. The main results, including the prediction of placebo responses by the within-
subject variability in pain intensity reports, were recently published elsewhere [47]. The
larger study included a single study visit, in which participants completed questionnaires
as well as physiological and neurophysiological assessments, and underwent quantitative
sensory testing. A detailed description of the study timeline (Figure S1) and information
about all assessments can be found in the Supplementary Materials. None of the other
measures demonstrated significant results, either as standalone predictors of the placebo
response, as additional independent variables, or as moderators of the results of this report;
hence, they were not included in the manuscript. Given that the assessment of oxytocin
was not the main purpose of this study, the analysis should be regarded exploratory, and in
accordance, the results should be regarded as hypothesis generators.

2.1. Participants

Patients with chronic back pain treated at the Spine Unit of the Galilee Medical Center,
Nahariya, Israel, were invited to participate in this study. Additional participants were
recruited through social media and advertisements in the local press. Since participants
were recruited using a convenience sample, we only have demographic data on those who
agreed to take part.

The inclusion criteria included an age of between 18 and 80 years, non-specific back
pain for 3 months or more, self-reported mean pain intensity of 3 or more on a numerical
rating scale of 0 to 10 (NRS), and the ability to understand and read Hebrew. Adults
up to 80 years old were included to capture the full range of patients in clinical practice,
acknowledging that age-related changes in pain pathways might influence pain perception.
The exclusion criteria included malignancy-related pain and pregnancy or breastfeeding.

2.2. Study Design

The study was designed as a sham randomized controlled trial (RCT) to mimic a
randomized prospective double-blinded clinical trial, while in reality it was a case series
with placebo deception (level 4 evidence).

To achieve a placebo response, the patients were told they would participate in a study
evaluating the analgesic effect of “a magnetized vs. non-magnetized physiological isotonic
solution injection”. This deceptive approach was chosen in accordance with local ethical
guidance from the Declaration of Helsinki, which advises against deceiving participants
about the treatment itself but allows deception regarding the study’s objective, if deemed
necessary. The patients were randomized to alternately receive a magnetized or non-
magnetized injection according to their consecutive order of participation. The solution
used was drawn under aseptic conditions by a registered nurse from a single-use flask
either pre-exposed for 24 h to a weak magnetic sheet (similar to a refrigerator magnet),
or not. To comply with the sham study design, the magnetization of the solution was
performed by one of the authors, while the injection was performed by another, who were
both blinded, like the participants, to the allocation. All participants were instructed to
maintain their regular medication treatment, including analgesics.

All study procedures were performed by the same study nurse for all participants.
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2.3. Placebo Manipulation

Participants were given a subcutaneous injection of 0.5 mL 0.9% sodium chloride
solution (saline) in the external upper buttock quadrant on the most painful side. An
injection was chosen to support a robust placebo response. Additionally, the participants
received verbal information about the documented analgesic effects observed in previous
studies that used a similar procedure [48] and were informed that injections of physiological
isotonic solutions have been shown to reduce labor pain. [49]. Specifically, the study nurse
told participants, “You will receive an injection of a physiological isotonic solution to help
relieve your back pain. There is a 50% chance that the solution is magnetized. Previous
studies have shown that even non-magnetized solutions produce a noticeable pain-relieving
effect. The analgesic effect of the injection is expected to peak within 30 min.”

The specifics about the solution’s properties (or rather, lack of) or use of the term
“placebo” when explaining the treatment were not disclosed.

2.4. Pain Assessment and Calculation of Placebo Response

Current pain intensity was self-documented by all participants (both women and
men) at two time points: at baseline and 30 min after placebo administration. A comput-
erized visual analog scale (Co-VAS) was used, ranging from 0 to 100 (0 = ‘no pain’ and
100 = ‘worst imaginable pain’). Participants were instructed to drag a virtual cursor along
the scale to the point that best represented their current back-pain intensity. The VAS is a
widely used and validated instrument for assessing pain intensity, with good reliability
and sensitivity in detecting clinically meaningful changes [50]. No significant differences
were found between paper-based and computerized versions of the VAS [51].

The placebo response was calculated as the difference between pain intensity reported
at the two time points of assessment (at baseline and 30 min after injection).

2.5. Saliva Collection and Oxytocin Measurement

The passive drool collection method (SalivaBio Collection Aid, Salimetrics, PA, USA)
was employed for obtaining saliva samples for oxytocin measurement, which enables the
collection of up to 1.8 mL of saliva. To ensure sample quality, participants were instructed
to refrain from eating for one hour prior to the study visit and were provided with bottled
water and instructed to drink in order to support salivary secretion. After centrifugation,
the clarified samples were stored at —20 °C until further processing, which was performed
after completion of data collection. Oxytocin levels in the saliva samples were measured
with an oxytocin Enzyme-Linked Immuno-Sorbent Assay (ELISA) kit (Enzo Life Sciences,
Farmingdale, NY, USA). A microplate reader (Varioskan LUX, Thermo Scientific, Waltham,
MA, USA) was used to measure the optical density. Oxytocin concentration was determined
by comparing the sample’s optical density to a standard curve. The change in oxytocin
was calculated as the hormone level measured 30 min after the placebo injection minus
the baseline oxytocin level. A dichotomous pattern of change (increase or decrease) was
determined to address the heterogeneity in absolute values, as previously suggested [33,52].

2.6. Course of the Study Visit

Upon arrival at the study visit venue, participants were briefed about the study
procedures and the planned injection, and they completed questionnaires. A self-reported
initial VAS rating and a baseline salivary oxytocin sample were collected. The study nurse
assisted the participants with the questionnaire and saliva collection, and was instructed to
show empathy and kindness, and to positively interact with participants, to support the
placebo response.
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One hour after the saliva collection, the non-magnetized or magnetized saline injection
was administered, accompanied by the verbal information. After placebo administration,
participants waited for 30 min, and salivary oxytocin samples and pain VASs were collected
for a second time. A detailed description of all study procedures can be found in the
Supplementary Materials and in Figure S1. Upon completion of the visit, participants
received an envelope containing 400 New Israeli Shekels and a gift-wrapped chocolate bar
as compensation for participation.

2.7. Consent to Participate

At the beginning of the study visit, after being briefed about the study procedures and
their right to withdraw at any time, participants signed an informed consent form.

2.8. Ethical Considerations

All procedures received regulatory approval from the ethical committees of the Galilee
Medical Center (0044-20-NHR) and the University of Haifa (240/21). This study was part of
clinicaltrials.gov protocol number NCT05994118. Data collection was performed between
March 2021 and July 2023. Given the deceptive design, a few weeks after study completion,
the participants were contacted, and the true aim of the study was disclosed. Although the
participants were given the option to retract their data, none of them opted to exclude their
data from the analyses.

2.9. Statistical Analyses

All statistical analyses used the SPSS Statistical Package for the Social Sciences software
(IBM SPSS Statistics, version 27.0). Descriptive statistics were employed to evaluate the
distributions of the sociodemographic and main study variables. Changes in variables
of interest were calculated by subtracting the pre-measurement values from the post-
measurement values; hence, positive changes reflect increases in the measurements, and
negative values represent reductions. Normality was assessed using the Shapiro-Wilk
and Kolmogorov-Smirnov tests, revealing that changes in oxytocin were not normally
distributed. For this reason, nonparametric tests were used, and the oxytocin values are
presented as medians (quartiles 25; 75). A Wilcoxon signed-rank test was used to assess
whether changes in oxytocin were significant. A paired t-test was used to assess whether
pain intensity significantly changed after placebo administration.

An independent-samples t-test, a Wilcoxon signed-rank test for independent samples,
and chi-square tests were used to examine whether the variables mentioned above differed
between the magnetized and the non-magnetized saline solution groups. Since no differ-
ences were found, the two study arms were combined into a single placebo group in all
further analyses.

A Wilcoxon signed-rank test was used to assess if there were any sex-related differences
in oxytocin levels.

Changes in oxytocin were then transformed into a dichotomous variable based on
the pattern of response: increase or decrease. A chi-square analysis was used to assess
the relationships between the oxytocin pattern and sex. A two-way analysis of variance
(ANCOVA) with two independent variables (oxytocin pattern and sex) was conducted to
explore the effect of oxytocin, sex, and the interaction of oxytocin and sex on the placebo
response. The baseline oxytocin level was used as a co-variate.

The calculation of the number of participants needed was performed in the context of
the larger study. For each main outcome measure, the number of participants needed was
calculated using G*POWER (version 3.1.9.7), and a total of 130 participants was determined
to be sufficient. Specifically for the case of oxytocin, based on RM-ANOVA with the
following assumptions, 118 participants was deemed sufficient: effect size of 0.14, alpha
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Enrollment

Allocation and
Follow-up

Analysis

of 0.05, power of 0.85, 2 groups and 2 measurements, and correlation among repeated

measures of 0.5.

3. Results

Recruitment started in March 2021 and was completed in July 2023. Among the
560 patients initially screened, 82 did not meet the inclusion criteria, 271 declined participa-
tion, and 94 patients could not be reached after initial contact, leaving 113 participants who
successfully completed the study. A total of 56 of the 113 participants were assigned to the
magnetized saline injection group, and 57 to the non-magnetized saline injection group.
One participant was excluded from the magnetized saline injection group due to unreliable
salivary oxytocin laboratory results (based on the ELISA test definitions). Eventually, 112
participants were included in the final analyses (Figure 1).

Assessed for eligibility (n = 560)

Excluded: (n=447):

Not meeting inclusion criteria (n = 82)
Declined to participate (n =271)
Other reasons (n =94)

-

y
Randomized (n = 113) }
|

A ] L 4
Allocated to receive subcutaneous Allocated to receive subcutaneous magnetized NaCl
NacCl 0.9% injection (n = 57) 0.9% injection (n = 56)
Received allocated intervention (n = 57) Received allocated intervention (n = 56)

{

Removed from the analysis:
Oxytocin level could not be calculated (n = 1)

'

Analyzed within intervention (n = 57) Analyzed within intervention (n = 55)

| ]
v

Analyzed as a single placebo cohort (n = 112)

Figure 1. Flow diagram of the phases of the parallel randomized trial of the two study arms.

3.1. Sample Characteristics

Of the 112 participants who were analyzed, 50.9% were female. Their average age was
56.8 £ 15.3 years, with a range from 18 to 79 years. The majority (82%) reported experi-
encing back pain for at least a year. Three-quarters of the participants (75%) held either an
academic degree or a professional diploma, and more than 80% were married or living with
a partner. Their average body mass index, heart rate, and blood pressure fell within normal
ranges. Tables 1 and 2 summarize the participants’ demographic and medical information.
No sex differences were observed in the demographic and clinical characteristics.



J. Clin. Med. 2025, 14, 7348 7of 18
Table 1. Sociodemographic data of participants (N = 112).
Characteristics Mean (SD) Min-Max
Age 56.8 (15.4) 18-79
Sex Frequency, N (%)
Male 55 (49.1)
Female 57 (50.9)
Pre-menopause (% of the entire cohort) 17 (15.2)
Post menopause (% of the entire cohort) 40 (35.7)
Education
Elementary school 4 (3.6)
High school 24 (21.4)
Secondary school/diploma 37 (33.0)
Academic degree 47 (42.0)
Marital status
Unmarried 28 (25.0)
Married/living with a partner 84 (75.0)
Employment
Yes 65 (58.0)
No 47 (42.0)
Table 2. Clinical data of participants (N = 112).
Characteristics Mean (SD) Min-Max
Body mass index 27.3(5.2) 17.8-42.9
Baseline pulse (beats per minute) 70.8 (9.0) 48.1-91.9
Baseline systolic blood pressure (mm Hg) 120.8 (16.4) 85-160
Baseline diastolic blood pressure (mm Hg) 70.0 (10.6) 40-90
Duration of pain  Frequency, N (%)
Less than 6 months 11 (9.7)
6 to 12 months 8(7.1)
>12 months to 5 years 39 (34.5)
>b years 54 (48.7)

3.2. Pain Assessments and Change in Pain Intensity

The initial pain reported at baseline was 51.5 £ 23.3 (mean =+ SD), and significantly
declined by 19.5 & 17.3 units to 31.9 +2 5 (t111) = 11.9, p < 0.001) 30 min after the placebo
injection, as presented in Table 3 and in Figure 2. The pain reduction, calculated as
the difference between baseline and post-injection pain divided by the baseline pain,
indicated a reduction of 37.8% in pain. This reduction is significant not only statistically,
but also clinically, as the accepted Minimal Clinically Important Difference (MCID) is
over 19/100 [53]. The properties of back pain as reported before and after the placebo

manipulation, as well as the pain reduction (placebo response), are presented in Table 3.

Table 3. Back-pain intensity and the placebo response.

Time Point of Assessment Mean + SD Minimum Maximum
Baseline 51.5+£232 9.0 100.0
After placebo injection 319 £25.0 0.0 100.0
Pain delta (placebo response) 1-95+17.3 7-2.0 25.0
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Figure 2. Average reported pain before and 30 min after placebo injection. The bars represent the
average values of reported pain (VAS, 0-100) as assessed at baseline and 30 min following the placebo
injection. Individual data points are presented in circles. The error bars represent the 95% confidence

intervals (95%CI). ** p-value < 0.001.

3.3. Salivary Oxytocin Levels

Changes in oxytocin were distributed normally (in contrast to the baseline and
post-injection values, which were not normally distributed), with a mean of change in
oxytocin of —13.6 and with high variability (SD = 62.8). The distribution of changes in

oxytocin is presented in Figure S2 (Supplementary Materials).

The oxytocin levels are presented in Figure 3. The oxytocin levels showed a sta-
tistically significant decline (Z = —2.710, p = 0.007) in median values, which dropped

from 73.3 to 62.9.
600
S 400
L
£
Q
2
>
¥
o
200
. g

Baseline

30 min. after
injection

Figure 3. Oxytocin levels at baseline and 30 min after placebo injection. Oxytocin levels (pg/mL) as
measured at baseline and 30 min following the placebo injection. Box-plots represent quartiles 25-75
of oxytocin values, and represent the median value. Individual data points are presented in circles.

* p-value < 0.05.
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As expected, no significant differences were observed between the magnetized (1 = 55)
and non-magnetized (n = 57) injection groups across any of the variables mentioned earlier
(Supplementary Tables S1-54). Therefore, in all subsequent analyses, the two groups were
combined and treated as a single placebo group.

A Wilcoxon signed-rank test for independent data assessing differences in changes in
oxytocin between sexes showed a statistically significant difference (Z = —3.152, p = 0.002),
with larger reductions in females (—12 [—-49.9;—1.1]) than in males (1.2 [-21.9;21.3])
(Table 4).

Table 4. Sex-based differences in oxytocin levels.

Median Oxytocin Level (Quartiles 25, 75) Z p

Baseline

Female 83.7 (46.0, 134.1)

—1.085 0.278
Male 61.6 (45.1,114.1)

30 min
after injection

Female 57.2 (40.4, 88.4)

—1.545 0.122
Male 69.3 (46.8,109.1)

Change

Female —12(—499, —1.1)

—3.152 0.002
Male 1.2 (—21.9,21.3)

Two patterns of changes in oxytocin (increase or decrease) were identified among
participants, with 37.5% (N = 42) demonstrating increases in the hormone’s levels and 62.5%
(N = 70) demonstrating decreases. Table 5 summarizes the oxytocin levels at baseline and af-
ter the placebo injection in the two subgroups based on the pattern of oxytocin change. Due
to the differences found in baseline oxytocin levels between the two groups, in all further
analyses, baseline oxytocin levels were used as covariates. In the supplementary materials,
demographic and clinical variables, as well as pain and oxytocin measures, are compared
between “oxytocin-increased” and “oxytocin-decreased” groups (Tables S5-S8), and be-
tween “placebo responders” and “non-responders” (Tables S9-512). Due to high variability
in oxytocin levels, an additional sensitivity analysis was performed, excluding outliers
from the continuous variable representing change in oxytocin levels (Tables 513 and S14).

Table 5. Oxytocin levels and changes by pattern of oxytocin change.

Participants Exhibiting
a Decrease in Oxytocin Levels
(N =70)

Participants Exhibiting
an Increase in Oxytocin Levels (N = 42)

Median Oxytocin Level Median Oxytocin Level
(Quartiles 25, 75) (Quartiles 25, 75) p

Baseline

84.7 (51.3,129.3) 59.2 (41.2,108.0) 0.032

30 min after injection

56.5(39.1, 83.2) 80.6 (57.9, 145.7) <0.001

Change

—22.2(—49.5, —8.4) 20.9 (7.9, 31.1) <0.001

The transformed dichotomous variable was significantly associated with sex (x> = 10.7,
df =1, p =0.001), indicating that females were more likely (77.2%) to show a decrease in
oxytocin then an increase (22.8%) compared to males, who showed similar percentages
of decreases (47.3%) and increases (52.7%) in oxytocin levels during the clinical visit.
Importantly, the continuous variable of the change in oxytocin levels did not show a
significant correlation with the placebo response (r = —0.068, p = 0.476). In addition, a linear
regression with the placebo response as dependent variable and changes in oxytocin as the
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predictor, with or without the covariates age, gender, and menstrual cycle stage, yielded
non-significant results (without covariates, p = 0.440; with covariates p = 0.237; none of the
covariates were significant).

A two-way ANCOVA revealed two main effects: the placebo response was sig-
nificantly (p = 0.024) higher in the group that showed an increase in oxytocin levels
(—22.8 £ 12.8) compared to the group that showed a decrease (—17.6 & 19.4), and the
differences were significant between sexes, with significantly (p = 0.040) higher placebo
response in females (—22.3 & 18.2) compared to males (—16.6 & 15.9). However, no sta-
tistically significant interaction between the oxytocin change pattern and sex was found
(p =0.687) (Figure 4). In addition, the baseline oxytocin level (the covariate) was not
statistically significant (0.199).
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Figure 4. Effect of oxytocin change patterns and sex on the placebo response. The placebo response
was higher among females, regardless of whether oxytocin increased or decreased after the placebo
was injected (main effect of sex). The placebo response was also higher in the group whose oxytocin
increased after the administration of the placebo, regardless of sex (main effect of changes in oxytocin
level). Individual data points are presented in circles, with the error bars representing the 95%CI.

We also ran a repeated measures ANCOVA (RM-ANCOVA), with baseline pain and
pain post injection as within-subjects factors (‘time’); biological sex and oxytocin pattern of
change as between-subjects factors; and baseline oxytocin levels as the covariate. There
was a significant time * biological sex interaction (F(y 111) = 4.31, p = 0.040, nzp = 0.039)
and a significant time * oxytocin pattern of change interaction (F(y,111) = 5.25, p = 0.024,
n2p =0.047). The covariate was non-significant (p = 0.199) (see Figure 5).
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Figure 5. Interactions of time * oxytocin change pattern (A) and time * biological sex (B). Ad-
justed means of back pain intensity across time points, controlling for baseline oxytocin level.
A repeated measures ANCOVA revealed a significant main effect of oxytocin change pattern
(Fa,111y = 5.250, p = 0.024, np? = 0.047) (A). Similarly, a significant main effect of biological sex ap-
peared (F(y,111) = 4.311, p = 0.040, np2 =0.039) (B). The baseline oxytocin level was a non-significant
predictor (Fq 111y = 1.667, p = 0.199, np2 =0.015). The error bars represent the 95%CI. * p-value < 0.05.

Since oxytocin levels might be affected by the menstrual cycle, we conducted the same
analysis while adding participants with no menstruation—i.e., postmenopausal females
(n = 40) and males (1 = 55)—as a covariate. The effects of oxytocin pattern and sex on the
placebo response were strengthened (p = 0.025 and p = 0.009, respectively). Finally, to assess
if changes in oxytocin or gender moderate the prediction of the placebo response, we ran
Hayes model 1. No significant moderation (p = 0.163) was found.

4. Discussion

The aim of this study was to assess if changes in oxytocin levels and biological sex
are associated with the placebo response, as expressed by a reduction in self-reported pain
intensity scores. Since we considered both magnetized and non-magnetized solutions to be
identical, all participants from both study arms were evaluated as one placebo group. This
was confirmed by our analysis of the demographic data, reported pain, and oxytocin levels,
which did not differ between the magnetized and non-magnetized recipients.

We found that in non-specific chronic-back-pain patients whose endogenous oxytocin
levels increased during the clinical visit, a higher placebo response was demonstrated
compared to those whose oxytocin levels decreased. This finding is novel in several aspects.
Previous published studies on the relationship between oxytocin and the analgesic placebo
response yielded mixed results [54-57]. In addition, all previous studies were based on
exogenous oxytocin administration and on experimental pain models, whereas our study
focused on changes in endogenous oxytocin and on the clinical analgesic placebo response.
Another novel aspect relates to our study population of chronic-back-pain patients. To the
best of our knowledge, all previous studies on oxytocin and the analgesic placebo response
were based on healthy volunteers [24,54,57,58]. The association observed in the current
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study between the oxytocin increase pattern and greater pain reduction is in line with the
analgesic effect of oxytocin administration in clinical pain conditions [24,29,59].

Our findings provide partial support for the oxytocin placebo hypothesis proposed
by Itskovich and colleagues [23]. According to this theory, affiliative interactions increase
oxytocin levels. This, in turn, enhances the reward response [60,61], raising expectations of
treatment efficacy and amplifying the placebo effect [62]. Oxytocin release is also known to
affect brain areas involved in opioid release, such as the PAG [24,25], and areas involved
in pain modulation and emotional regulation, such as the prefrontal cortex, amygdala,
and anterior cingulate cortex [26,28]. Nonetheless, the fact that the continuous measure of
change in oxytocin did not predict the placebo response suggests that oxytocin’s role in the
placebo response might be modest, relative to the well-known psychological, physiological,
and genetic underlying mechanisms of the placebo response [12,63-67].

In the current study, endogenous oxytocin levels were reduced at the group level. This
finding is unexpected, as we hypothesized that the therapeutic interaction would increase
oxytocin levels, as observed after social interactions [20,24,68,69]. However, as previously
reported [68], the pattern of endogenous oxytocin response after prosocial interactions is
highly variable, with some studies demonstrating no change [70] or even a reduction [71]
after a positive interaction. Another possible explanation for the group-level decline during
the clinical visit may relate to the timing of oxytocin measurements relative to the thera-
peutic interaction. It is possible that the measurements did not align with peak oxytocin
secretion. Previous studies show that salivary oxytocin levels rapidly increase after in-
tranasal administration of oxytocin [72], peaking 15 min after administration and gradually
decreasing over a few hours. Since our study measured endogenous oxytocin levels, the
exact time point of the oxytocin peak is unknown. Baseline oxytocin levels were measured
60 min before the placebo injection (the reference time point), but approximately one hour
after the start of the visit, marking the actual beginning of the social interaction. Although
there are some recommendations regarding the timing for baseline oxytocin sampling [68],
these are less relevant for the exploration of the relationship between endogenous oxytocin
change and pain reduction/placebo analgesia. It is possible that our baseline measurements
were taken after oxytocin levels had already reached their peak since the social interaction
started one hour before baseline sampling. Ninety minutes later, when these levels were
measured again, they would be expected to continue declining, hence the reduction we
observed at the group level. In addition, during the study visit, after the collection of the
first oxytocin sample, participants underwent psychophysical testing, including exposure
to experimental pain. This exposure may also have contributed to the observed decrease
in oxytocin levels, which are generally lower in individuals experiencing pain [38]. Taken
together, these findings suggest that the relationship between endogenous oxytocin and
placebo analgesia may be more complex than a unidirectional increase following therapeu-
tic interaction. Rather than negating the oxytocin—placebo link, our results highlight the
need to consider individual variability, contextual influences, and non-linear patterns of
oxytocin response.

Our findings also revealed a sex-specific pattern in oxytocin reactivity: women showed
a decrease from baseline, whereas men exhibited a slight increase. Notably, no sex differ-
ences were observed in absolute oxytocin levels at baseline or after placebo injection. Such
divergences in the change dynamics, rather than the absolute levels, are consistent with
evidence that oxytocin release and receptor sensitivity are modulated by sex hormones and
may differ in timing and feedback regulation across sexes [38,73]. Lastly, the study nurse
was a female, and this could potentially explain the differences in changes in oxytocin
between sexes [69]. In future studies, it might be beneficial to align the timing of both the
clinician—patient interaction and the administration of the placebo, and to measure oxytocin



J. Clin. Med. 2025, 14, 7348

13 of 18

levels more than twice. These additional steps could help further characterize the role of
endogenous oxytocin in the analgesic placebo response.

Females in our study exhibited a significantly higher placebo response than males.
The role of biological sex in analgesic placebo response has produced mixed results in
previous research, with some studies showing higher placebo responses in females [40,41],
some studies finding greater responses in males [45,46], and others finding no differences
between sexes [42—44]. One possible explanation for these mixed results might be the sex of
the examiner. In the current study, the examiner was a female nurse. As others have found,
the interaction with a female might have affected both oxytocin secretion [74] and pain
reports [75] differently in males and females. Other possible explanations include gender-
specific psychosocial and physiological factors, such as coping strategies, willingness to
report pain, and hormonal fluctuations [40]. These aspects warrant further investigation in
future research.

In the current study, both statistically and clinically, a significant placebo response
was observed, with a decrease of 37.8% in reported back-pain intensity 30 min after the
administration of the placebo injection [53]. To assess the durability of the placebo effect
over longer follow-up periods, further research is needed.

While much research has demonstrated the analgesic potential of the placebo response,
most of the evidence originated from experimental placebo paradigms, utilized in both
healthy participants and chronic pain patients [76-80]. There is less evidence based on
changes in clinical pain after placebo administration (i.e., clinical placebo response), as
assessed in this study. The magnitude of the placebo response in the current study is
substantial and comparable to that reported in previously published papers of analgesia
induced by placebo injection in chronic-back-pain patients [47,81]. The higher placebo
response may be attributed to the invasive nature of the placebo administration method
used in our study, which may be perceived by participants as more potent [82,83].

A few limitations deserve consideration. Since chronic back pain and pain alleviation
are multifaceted, other factors, such as stress, expectations, and personality traits, could
have influenced both the placebo response and oxytocin levels. We did not include an
empty control arm in which pain was assessed before and after no treatment. Hence, we
cannot differentiate between the placebo response and the placebo effect. Future studies
should assess the relevance of oxytocin levels to the placebo effect. The exact study design
and statistical power were established to achieve the main objective of the larger study,
which was not focused on the role of oxytocin in the placebo response. Based on the power
calculation, it might be that our sample was not large enough to identify a small effect size.
As described, it might be that other study procedures affected the changes in oxytocin. In
addition, peripheral oxytocin levels are only a proxy measure for central oxytocin levels.
Hence, the oxytocin-related findings should be interpreted with caution. It should be noted,
however, that salivary oxytocin is considered a more reliable peripheral measure than other
peripheral methods, such as plasma or urinary oxytocin levels [84]. The timing of this
study’s sessions, which were held in the morning or at noon, possibly affected oxytocin
levels due to circadian differences. Additional menstrual differences may also have affected
the results and should be considered in further research. Furthermore, the significant
results of the current study are based on the transformed dichotomous oxytocin variable,
whereas analyses using the continuous variable were non-significant. This implies that the
findings in the current study are not robust, and future studies should further test the role
of oxytocin in placebo analgesia.

The group-level decrease in oxytocin levels, and the absence of significant correlation
with the continuous oxytocin variable, further highlight the caution needed in interpreting
the findings. Given the exploratory nature of this report, alongside the above, the results of
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this study should be regarded as hypothesis generators and warrant replication in future
prospective studies.

Lastly, in our study the nature of the social interaction between the study nurse and
the participants, participants” expectations that the treatment would be beneficial, and
their perceptions regarding the credibility of the intervention were not assessed. These
uncontrolled variables may have contributed to variability in both the placebo response
and endogenous oxytocin secretion and should be addressed in future studies.

To conclude, this study highlights the role of endogenous oxytocin levels in the
analgesic placebo response. It provides initial exploratory support for the oxytocin placebo
hypothesis in a clinical cohort of chronic-back-pain patients. Better understanding of the
underlying mechanisms of the analgesic placebo response could help with the development
of new treatment approaches. Our results might also be relevant for other non-pain-related
placebo responses.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jem14207348 /s1, Figure S1. timeline of the study visit; Figure S2.
the distribution of changes in oxytocin; Table S1. Continuous demographic and medical characteristics
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injection group; Table S3. Summary of pain intensity and calculated placebo response, by injection
groups; Table S4. Summary of the salivary oxytocin levels and change in oxytocin by injection groups;
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oxytocin; Table S7. Summary of pain intensity and calculated placebo response, by the pattern of
change in oxytocin; Table S8. Summary of the salivary oxytocin levels and change in oxytocin by
the pattern of change in oxytocin; Table S9. continuous demographic and medical characteristics by
placebo responders and non-responders; Table S10. Categorical /ordinal demographic and medical
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and calculated placebo response, by placebo responders and non-responders; Table S12. Summary
of the salivary oxytocin levels and change in oxytocin by placebo responders and non-responders;
Table S13. sex based differences in oxytocin levels, without outliers; Table S14. Salivary oxytocin
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