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Abstract

Context: Medical students report high levels of perceived
stress and burnout, especially during the preclinical years.
The combination of physical stressors from poor posture,
poor sleep quality, and mental stressors from the rigorous
curriculum stimulates the sympathetic nervous system
(SNS) to secrete cortisol. Previous studies have shown that
persistent elevated cortisol levels are associated with nega-
tive health outcomes.
Objectives: We conducted an Institutional Review Board
(IRB)-approved study to determine if regular osteopathic
manipulative treatments (OMTs) could impact the stress
levels of first-year osteopathic medical students (OMSs) at
Touro College of Osteopathic Medicine (TouroCOM) Harlem
campus by measuring physiologic stress through changes in
weekly salivary cortisol levels, perceived emotional and
psychological stress levels, and cognitive function.
Methods: We recruited 10 first-year OMSs who were not
currently receiving external OMT outside of weekly cour-
sework; other forms of external stress management, such as

yoga or meditation, were not controlled for in this study.
Utilizing a random number generator, the 10 student
respondents were split into a control group that received no
treatment and a treatment group that received 15 min of
weekly OMT for 6 weeks. The treatment consisted of
condylar decompression, paraspinal inhibition, and supine
rib raising, which are techniques that are known to balance
the SNS and parasympathetic nervous system (PNS). Cortisol
levels were quantified by enzyme-linked immunosorbent
assay (ELISA) cortisol immunoassay via salivary samples
collected at the beginning of each weekly session, prior to
treatment for the treatment group, at the same time of day
each week. We also measured participants’ weekly subjec-
tive perception of stress utilizing the College Student Stress
Scale (CSSS) and cognitive function utilizing the Lumosity
Performance Index (LPI). We conducted a two-tailed,
unpaired t-test as well as a U test for the cortisol levels,
given the smaller sample size and potential for a nonnormal
distribution.
Results: A lower cortisol level was correlated to a higher
optical density (OD), the logarithmic measure of percent
transmission of light through a sample; analysis of our data
from the ELISA cortisol immunoassay showed an average
weekly change in OD (ΔOD) for the treatment group of 0.0215
and an average weekly ΔOD of −0.0044 in the control group.
The t-test showed p=0.0497, and our U test showed a
p=0.0317. Both tests indicated a statistically significant
decrease across the weekly salivary cortisol levels in the
treatment group utilizing a p<0.05. An additional effect-size
analysis supported our finding of a significant decrease in
weekly cortisol levels in the treatment group, Cohen’s
d=1.460. Based on the CSSS responses, there was no signifi-
cant difference in perceived stress between the control and
treatment groups (p=0.8655, two-tailed). Analysis of the LPI
revealed no statistically significant difference in cognitive
performance (p=0.9265, two-tailed).
Conclusions: Our study supports the claim that OMT that
targets the SNS and PNS has a significant impact on cortisol
levels. While the reduction in cortisol levels was statistically
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significant, the broader physiological impact remains un-
clear. Further research is necessary to determine whether
this reduction translates to meaningful clinical benefits.

Keywords: cognition; cortisol; medical student; OMM/OMT;
osteopathic research; stress

Medical students regularly report high levels of stress and
burnout [1]. The combination of physical stressors, such as
poor studying posture and impaired quality of sleep, with
the mental stress from a rigorous curriculum, stimulates the
sympathetic nervous system (SNS) to secrete cortisol, the
stress hormone. Previous studies have shown that persistent
elevated cortisol levels are associated with adverse physical
and mental health outcomes [2, 3].

This study set out to investigate the effects of osteopathic
manipulative treatment (OMT) on the cortisol levels, perceived
stress level, and cognitive ability of first-year osteopathic
medical students (OMSs) at Touro College of Osteopathic
Medicine (TouroCOM) Harlem. Osteopathic manipulation has
been previously shown to acutely modulate cortisol as well as
immunoglobulins in stressed populations [4–6]. In this study,
we differentiated between two primary types of stress: phys-
ical stress, which refers to the physiological response to
external demands that wemeasured through cortisol levels in
saliva; and perceived stress, which represents the subjective
emotional and psychological experience of stress, which we
assessed utilizing the College Student Stress Scale (CSSS) [2].
The goal of osteopathic manipulative medicine (OMM) is to
evaluate somatic dysfunctions, defined to be impairment in
musculoskeletal or myofascial structures and their related
vascular, lymphatic, or neural components, and to utilize OMT
to promote healing for the patient [7].

In our study, the biomechanical, neurologic, and
behavioral models are crucial to addressing how emotional
and physical stress can impact our bodies [7, 8]. Our goal was
to determine if weekly sessions of targeted OMT could help
medical students mitigate their stress levels during the
preclinical years. The neurologic model of OMT aims to
modulate the autonomic nervous system through balancing
sympathetic and parasympathetic responses through
neuromuscular tissue tone. One systematic review showed
that techniques ranging from high velocity-low amplitude
(HVLA) and suboccipital inhibition can significantly impact
the autonomic nervous system [9]. We aimed to target the
parasympathetic nervous system (PNS) via vagus nerve tone
regulation due to the role of vagal tone in adrenal gland
innervation. We targeted the sympathetic nervous system
via the sympathetic chain ganglia, which innervates the
adrenal glands [8]. We investigated the SNS response by
measuring the rate at which salivary cortisol levels fluctuate
throughout the medical school semester and whether

weekly cortisol level changes as a marker of physical stress
were linked to changes in the perceived stress level and/or
cognitive function. We aimed to test the claim that there is
not a significant effect of OMT on salivary cortisol levels,
perceived stress, and cognitive function in first-year OMSs.

Methods

This project was submitted to the Touro Institutional Review
Board (IRB) under the title of “The Effects of Regular OMT on
Stress Levels and Cognitive Function in OMS-I Students at
TouroCOM NY Harlem.” It was approved by the board and
given the IRB number 18777. The study was conducted from
February 2023 to June 2023. This study did not receive any
outside funding that required a grant. This study was also
registered as a clinical trial at TouroCOM Harlem and
assigned the ID number CT06125574. After participants
expressed interest in this study, they were provided with
physical consent forms that explained the goals, details,
requirements, and risks of the study. Informed consent forms
were distributed by the student researchers, who remained
available to answer any questions the prospective partici-
pants had as they reviewed the consent forms. Participants
received no compensation for their involvement in this study.

Study population

Participants were recruited from the first-year medical
student class at the TouroCOM Harlem campus. Participants
were required to befirst-year studentswhowere not already
receiving regular OMT from an osteopathic physician, who
were able to satisfy the time commitments, and who did
not attend weekly TouroCOM Harlem OMM enhancement
sessions during the duration of the study. While students
participated in weekly OMT labs, the classes were stan-
dardized so that all participants received the same treat-
ments on any given day. Participants who did not fit in the
aforementioned criteria were excluded from the study. The
study also excluded participants who were pregnant, had
spinal surgery in the past, or had any underlying condition
that would be a contraindication to OMT. While we did not
perform an in-depth review of participants’medical history,
we also attempted to exclude any participants with disclosed
chronic medical conditions such as anxiety, diabetes, or
hypertension. This study did not involve participants from
protected or vulnerable populations. This study considered
all interested individuals for the study without attention to
race, color, religion, sex, sexual orientation, gender identity,
national origin, veteran, or disability status.
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The recruitment process consisted of sending an email
to the entire first-year medical student class utilizing the
TouroCOM Harlem List Serv function, and interested
individuals were invited to fill out a secure Google form. A
total of 10 respondents were selected based on eligibility and
6-week availability. Our sample size was limited not due to
lack of interest, but rather due to lack of availability for
regular weekly sessions as a consequence of the rigorous
medical school schedule.

Study design

Ten participants (2 males, 8 females; age range, 23–28 years;
mean age, 25 years) were randomly split into two equal
groups of five control (1 male, 4 females; age range, 23–28
years; mean age, 25 years) and five treatment (1 male, 4
females; age range, 23–28 years; mean age, 25 years), and
they underwent a designated protocol for 6 weeks.

Participants were asked to report to an assigned private
Objective Structured Clinical Examination (OSCE) room on
the TouroCOMHarlem campus at their designated times. All
student subjects were kept in treatment rooms for 30 min
and kept the same appointment time across all weeks to
avoid natural cortisol fluctuations. For the first 15 min of the
session, all participants were asked to complete a cognitive
workout on Lumosity to establish their baseline scores and
also complete the CSSS. Participants were then asked to
provide saliva samples for the cortisol assay. The subjects in
the treatment cohort would then receive 15 min of OMT,
whereas the nontreatment subjects stayed in the treatment
rooms for 15 min before being dismissed. These samples
were stored in a secure lab fridge on the TouroCOM Harlem
campus. For the following 5 weeks, participants adhered to
a strict schedule requiring their presence in designated
private OSCE rooms at specified intervals. Figure 1 visualizes
the chronological order of the experimental protocol utilized
for the rest of the study.

All participants were assigned one of five OMM student-
teaching assistants for weekly assessment. Treatment pro-
viders were not blinded as to which participants were to
receive treatment and which participants were not. The
OMM student-teaching assistants treated the same partici-
pants for the duration of the study; there were no sub-
stitutions. All treatment providers were standardized with
their level of training and protocol adherence.

Individuals in the experimental cohort received OMT on
a weekly basis based on a systematic treatment protocol
consisting of paraspinal inhibition, rib raising, and condylar
decompression techniques performed by OMM student-
teaching assistants with attending supervision. The control

cohort was not given any form of therapeutic intervention.
Concurrently, participants’ salivary cortisol levels were
collected at the beginning of each session at a standardized
time prior to any treatment or survey data collection and
analyzed utilizing an Invitrogen enzyme-linked immuno-
sorbent assay (ELISA) Immunoassay Kit. Additionally,
cognitive function was assessed weekly via Lumosity,
whereas perceived stress levels were gauged utilizing the
CSSS. Control group participants were isolated for the same
amount of time as the treatment group participants but did
not receive OMT.

All five student researchers participated in providing
the three-technique OMM treatment regimen to the partic-
ipants, collecting salivary samples for the cortisol assay, and
administering the CSSS survey and Lumosity assessment. RV
performed the statistical analysis on all the collected data
utilizing Prism 10. The two faculty members served as
supervisors during the participants’ treatment slots and
reviewed every stage of the treatment process.

Data collection

All participant salivary samples were collected at the
beginning of each session at 2 pm for 6 weeks and stored in a

Figure 1: Participant flow diagram.
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(−4 °C) refrigerator. These samples were analyzed utilizing
an Invitrogen ELISA Immunoassay Kit. 100 uL of each sam-
ple was diluted in 200 uL of Assay Buffer and processed
according to the procedure outlined by the manufacturer.
The samples were actually analyzed using the SoftMax 7.2
software tool. The standard cortisol concentration samples
provided with the assay showed an inversely proportional
exponential relationship to the optical density (OD) at
450 nm. The line of best fit for standard cortisol concentra-
tion (y axis) against OD at 450 nm (x axis)was calculated to be
y=9,667.93, * 0x with a correlation coefficient of 0.99.

Changes in participant cognitive function was assessed
each week utilizing Lumosity, a website designed to assess
and strengthen cognitive function through a series of games.
Despite claims by the website to improve cognitive function,
studies conducted by Florida State University showed that
short-term usage of Lumosity did not significantly improve
cognitive performance; however, a review conducted on the
use of brain games in attention and cognition rehabilitation
showed that Lumosity is a commonly utilized tool for
cognitive assessment [10, 11]. Due to the short-term nature
of this investigative study, we utilized Lumosity as a
benchmark rather than a cognitive improvement tool, to
measure weekly cognitive function. Each week, participants
completed a “workout” consisting of three different exer-
cises that assessed various cognitive functions to receive a
Lumosity Performance Index (LPI) and subscores for speed,
memory, attention, flexibility, and problem solving.

In addition to salivary cortisol measurements for
physical stress, perceived stress levels of the participants
were also measured utilizing the CSSS. CSSS is a subjective
11-item survey that utilizes a scale of 1–5 to measure un-
dergraduate student stress over an academic year due to
various factors [12]. The survey was modified to ask how
often the participant perceived an aspect of stress within the
last week. A score of 1 indicated no stress while 5 indicated
significant stress; the scores were added together for sub-
sequent analysis.

Treatment description

Certain treatment modalities of OMM focus on treatments
designed to regulate sympathetic tone. Regulation of sym-
pathetic tone is crucial in managing stress promoting a
balanced physiological state through regulation of the
autonomic nervous system [13].

An example of a sympathetic regulatory technique is
paraspinal inhibition, a gentle, passive technique targeting
the fascia surrounding the spine, aimed at reducing sym-
pathetic output by affecting the sympathetic chain ganglia in

the paraspinal region from T1-L2. Another technique, supine
rib raising, was employed to address the restricted excursion
of the rib cage, a direct method to regulate thoracic sympa-
thetic chain ganglia activity by encouraging normalized
articulation with the thoracic spine. Additionally, condylar
decompression, a passive, direct cranial technique, is aimed
at freeing local restrictions around the occipitoatlantal joint
to normalize parasympathetic tone in the vagus nerve, a
mechanism that is a focus in this study to decrease cortisol
levels given its innervation of hormone-producing organs.
While the sacrum is a prominent region for parasympathetic
innervation, we believed that omission of sacral regulation
techniques would not significantly impact our ability to
assess parasympathetic modulation through vagal tone [13].

The rationale behind employing these osteopathic
techniques is rooted in the overarching goal of OMM to
restore functionality and to normalize physiologic bar-
riers in range of motion by utilizing the relationship be-
tween the neuromusculoskeletal system and other bodily
systems [14].

Statistical methods description

In our study, we employed an unpaired t-test, the
Mann–Whitney U test, and effect-size calculation to analyze
the impact of OMTs on cortisol levels in medical students.
The unpaired t-test was utilized to compare the average
weekly changes in cortisol levels (measured through OD)
between the treatment and control groups, assessing
whether the difference inmeanswas statistically significant.
Considering our small sample size and the potential for a
nonnormal distribution of cortisol levels, we also applied the
Mann–Whitney U test, a nonparametric alternative to the
t-test, to validate our findings. Finally, to quantify the
magnitude of OMT’s effect on cortisol levels, we calculated
the effect size utilizing Cohen’s d. This provided a stan-
dardized measure of the treatment’s efficacy, indicating a
significant effect of OMT on reducing cortisol levels in the
treatment group compared to the control group.

Results

Changes in optical density

The study assessed the weekly change in optical density
(ΔOD) measured at 450 nm for both the treatment and
control groups. The sample size for each groupwas n=5. The
treatment group exhibited a mean ΔOD of 0.02 (median,
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0.01; range, −0.005 to 0.05) with a standard deviation (SD) of
0.02, while the control group exhibited a mean ΔOD
of −0.004 (median, −0.005; range, −0.003 to 0.005) with an
SD of 0.006. The average ΔOD of the treatment and control
groups, along with the ΔOD change of each participant, is
shown in Table 1.

Based on the CSSS responses, there was no statistically
significant difference in perceived stress between the

control and treatment groups (p=0.9, two-tailed). The mean
weekly change in perceived stress scores was −1.1
(median, −1.7; range, −1.8 to 1; SD=1.2) for the treatment
group and a mean of −1.2 (median, −1.4; range, −2.2 to 0.7;
SD=1.1) for the control group, with a negligible effect size
(R2=0.003). The CSSS score change for both groups is visual-
ized in Figure 2.

A two-tailed t-test to compare the average ΔOD between
the treatment and control groups. The t-test yielded a t value
of 2.3 with 8 degrees of freedom (df), resulting in a p value of
0.049, which is statistically significant at the p<0.05 level, as
shown in Figure 3. This test produced a p value of 0.03,
further supporting statistical significance. The effect sizes
were calculated utilizing the means and SDs. Cohen’s d was
found to be 1.5, and the effect-size rwas 0.6. The power of this
study is calculated to be 53 %.

Analysis of the change in LPI revealed no statistically
significant difference in cognitive performance between the
treatment and control groups (p=0.9, two-tailed). The mean
change in LPI scores was 85.6 (median, 67.5; range, 39–196;
SD, 68.5) for the treatment group and 81.1 (median, 82.2;
range, 13–173; SD=38.3) for the control group, with aminimal
effect size (R2=0.001). The LPI score change for both groups is
visualized in Figure 4.

Table : Average weekly ΔOD of each participant.

Group Participant ΔOD Avg ΔOD

Treatment . . −. . . .
Control −. . −. −. −. −.

ΔOD, change in optical density.

Figure 2: Average weekly changes in College Student Stress Scale (CSSS)
score.

Figure 3: Average weekly changes in optical density (ΔOD).

Figure 4: Average weekly change in Lumosity Performance Index (LPI).
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Discussion

Our findings demonstrate a statistically significant in-
crease of ΔOD averaged from the entire treatment group
compared to the decrease in ΔOD averaged from the con-
trol group that was found utilizing the unpaired, two-
tailed t-test. The inverse relationship between cortisol
concentration and ΔOD, established utilizing the manu-
facturer standard samples, means that cortisol levels
increased at a greater rate in the control group compared
to cortisol level changes in the experimental group. This
finding supports our study’s investigatory claim that reg-
ular OMT is shown to significantly reduce the week-to-
week rise in cortisol levels throughout the course of a
semester.

There were no statistically significant patterns observed
in the self-reported stress perception scores measured uti-
lizing the CSSS between the two groups. The absence of a
direct correlation additionally suggests that an alternative
physiological marker of stress like hemoglobin A1C or
C-reactive protein might be a better indicator of subjective
stress perception [15]. Alternatively, a supplemental method
to measure stress levels, such as an EEG, could be utilized to
determine if there is a link between cortisol levels and self-
perception of stress [16].

Changes in cortisol levels, which are known indicators
of physiological stress levels, did not correlate with changes
in cognitive performance, as there were no statistically sig-
nificant trends detected in LPI between the treatment and
control groups [17]. The lack of a trend between the cortisol
level changes and cognitive function suggests that receiving
regular OMT did not lead to any meaningful changes in
cognitive function.

Limitations

The major limitation of this study was the 10-person sample
size. Even though a statistically significant difference in ΔOD
(and indirectly cortisol levels) was found between the
experimental and control groups, a larger sample size could
have provided a stronger correlation between OMT and a
reduced rate of cortisol increase in first-year medical stu-
dents. Despite achieving a statistically significant difference
in cortisol levels between the treatment and control groups
(p=0.0317), the power analysis revealed a power of approx-
imately 53 %, suggesting that while the findings are prom-
ising, a larger sample size would be needed to confirm these
results. A large sample size could have also helped

determine if there was a correlation between subjective
perception of stress and OMT or a link between OMT and
cognitive performance.

Another major limitation of this study arises due to the
difficult nature of stress quantification. Even though cortisol
is regarded as the gold standard of physiological stress
markers, salivary cortisol levels fluctuate throughout the
day and can be affected by external factors such as caffeine
intake, physiological health, and daily activities [18, 19]. We
chose not to exclude caffeine intake or stimulant use,
because doing so would have significantly limited the study
population. Instead, we focused on observing longitudinal
changes in cortisol levels relative to each participant’s per-
sonal baseline.

Additionally, the study design only allowed us to obtain
weekly salivary cortisol samples, which provides only a
snapshot at the participant’s cortisol levels and indirectly their
physiological stress level. The weekly measurements made it
more difficult to account for external influencers of cortisol
levels during the data analysis due to limited data points. More
frequent or continuous salivary cortisol measurements would
have provided better insight into how participants’ salivary
cortisol levels and physiological stress levels change in the
control and experimental groups due to OMT.

One limitation of the survey methodology was that it
did not account for any stress management activities and
techniques that each participant utilized in their everyday
lives. A future study can expand on this pilot study and see
whether OMT can work adjunctively with other stress
management techniques or to compare the efficacy of OMT
vs. other activities such as yoga, meditation, or regular
exercise.

Conclusions

The effectiveness of osteopathic techniques targeting the
nervous system has often been confirmed by patients’ sub-
jective experience, but quantifiable, objective data have
been limited. This study set out to determine whether there
may be a quantitative change in physiologic stress bio-
markers, perceived psychologic stress, and cognition. Given
the statistically significant reduction in salivary cortisol,
we reject the null hypothesis that OMT has no effect on
physiologic stress measured through salivary cortisol in
first-year OMSs.

However, data from both the subjective stress scale and
LPI show no significant differences between the control and
treatment groups. Given the small sample size, the results

266 Valencia et al.: Effects of OMT on stress management in medical students



should be interpreted cautiously, and although a statistically
significant reduction in cortisol levels was observed, larger
studies are necessary to draw stronger and more general-
izable conclusions.

Future studies can expand upon this research by
increasing the sample size. In addition to greater statistical
power, a larger sample size would have allowed the creation
of multiple experimental groups in which each group
receives a different OMT regimen that would have helped
determine if a particular set of OMT techniques were more
effective at reducing the rise in cortisol levels throughout the
duration of the study. Additionally, a more comprehensive
OMT protocol with different metrics for measuring
perceived and psychologic stress markers may be utilized
for a more comprehensive assessment that the CSSSmay not
have addressed [20]. However, given the observed impact of
OMT on salivary cortisol levels of medical students shown in
this study, we hope that we can encourage DO students to
utilize OMT as a way to help them mitigate the physiologic
stress they face during medical school, and we hope they
continue this practice in their personal and professional
lives even after graduation.
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