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ABSTRACT

Background: Physical activity may protect the mental health of medical students, yet it is
unknown which types and intensities of physical activity have the greatest potential to
improve medical student well-being.

Objective: We characterize the relationship between exercise intensity and stress levels of
U.S. medical students, thereby informing the design of future well-being interventions.
Design: Two cross-sectional validated surveys assessing stress and physical activity were
administered one year apart at the David Geffen School of Medicine at UCLA. A total of
1,046 out of 1,392 medical students responded (75%). An ordered logistic regression was
used to determine the association between stress and each level of exercise intensity
(inactivity, moderate-activity, and health-enhancing physical activity [HEPA]). These exercise
intensity groupings were compared to the CDC guidelines for aerobic exercise.

Results: While achieving either moderate-activity or HEPA is compliant with the CDC guide-
lines for aerobic exercise, the additional intensity of exercise required to achieve HEPA was
associated with a 26% increase in the probability of being in the lowest stress quartile and
a 22% decrease in the probability of being in the highest stress quartile. Medical student
physical activity levels were on-par with the national average per the CDC exercise guidelines
(65% vs. 58%), but medical student HEPA levels were significantly lower than the national
average (27% vs. 64%; OR 0.21; 95% Cl 0.12-0.37).

Conclusions: There is a large disparity in rates of the highest intensity physical activity (HEPA)
between medical students and the age-adjusted national average, which has previously been
overlooked by the binary CDC exercise guidelines. The fact that HEPA levels are not optimized
and more strongly associated with lower stress levels relative to less intense forms of exercise
makes it a promising new target for future well-being interventions among medical trainees.
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Introduction
trainees against mental illness [21]. While the

mechanisms underlying this relationship are incom-
pletely understood, they are likely bidirectional and
a combination of physiological (e.g., cardiorespira-
tory fitness), biochemical (e.g., hormones), and psy-
chosocial (e.g., physical self-efficacy and self-
esteem and social networking) factors [22,23].
Despite the benefits of exercise, multiple recent
reviews have disclosed that no wellness interventions
have prescribed exercise to successfully decrease dis-
tress among U.S. medical students [16,24-26]. This
fact highlights the need to first understand which
types and intensities of exercise have the greatest
potential to reduce distress among medical students.
As an important component of psychological distress
and an upstream mediator of depressive symptoms
and burnout among healthcare workers [27,28], in
this study we focused on perceived stress and its
relationship to exercise among medical students.

Psychological distress, understood as a spectrum of
presentations ranging from syndromes such as burn-
out to formal psychiatric disorders such as depression
[1], is widely recognized as deleterious to the profes-
sional and personal lives of medical students [2-11].
Because lack of autonomy, low status in the medical
hierarchy, and intense physical, emotional, and intel-
lectual demands all contribute to distress, junior trai-
nees (including medical students) who have yet to
develop personalized coping mechanisms are particu-
larly susceptible to distress [5,8,12,13]. Distress
experienced during training can have longstanding
effects and is associated with serious consequences
including alcohol use disorders and higher rates of
suicide [2,14-16].

Research has demonstrated an inverse relationship
between exercise and distress [13,17-20] and even
suggested that physical activity may protect medical
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Most investigations into medical trainee physical
activity have applied national guidelines developed by
the Centers for Disease Control and Prevention
(CDC) [29], and have demonstrated that
U.S. medical students are comparably active to the
national average [18,21,30-32]. These guidelines
characterize individuals as either compliant or non-
compliant based on the total weekly minutes of activ-
ity in which they engage. This binary classification
scheme overlooks the fact that while all exercise has
physical health benefits, greater intensities of exercise
confer greater benefits [33,34]. The World Health
Organization has adopted an instrument called the
International Physical Activity Questionnaire (IPAQ)
that addresses this problem by further breaking down
the compliant category into moderate physical activ-
ity and a higher-intensity physical activity called
health-enhancing physical activity (HEPA) [35-37].
While HEPA offers more positive effects on physical
health than do lower intensities of exercise [37,38], it
is unknown if the relative benefits of HEPA extend to
the perceived stress of U.S. medical students.

We hypothesized that among medical students,
HEPA would exhibit a stronger inverse relationship
with stress than would moderate physical activity. We
further hypothesized that medical students would
have similar levels of physical activity compared to
the national average according to the CDC exercise
guidelines but that the IPAQ guidelines would reveal
that medical students engage in comparatively less
HEPA than the national average. To test these
hypotheses, we conducted two cross-sectional surveys
that measured levels of HEPA, moderate physical
activity, and inactivity and analyzed each tier in rela-
tion to perceived stress levels.

Methods
Participants and data collection

All medical students at the David Geffen School of
Medicine at UCLA were eligible to participate.
Surveys were anonymous and administered by pen
and paper at mandatory class-wide meetings in the
winter of 2013 and repeated in the winter of 2014.
The populations studied at both times were sampled
from the same class-wide meetings, and no a-priori
power analysis was conducted, given that it would
not have affected data collection since the goal was to
capture as many medical students as possible. The
total number of students present at these meetings
was recorded and used to calculate response rates.
Class meetings for first (MS1)- and second (MS2)-
year students were at least 2 weeks away from any
exams, and class meetings for third (MS3) and fourth
(MS4) year students were in between blocks of clin-
ical rotations.

Students were given 15 minutes to complete the
surveys, after which they were collected and coded by
hand in Microsoft Excel (Microsoft, Redmond, WA,
U.S.). An independent reviewer cross-checked every
input against the original documents for accuracy.
The surveys were voluntary and anonymous, and no
incentive for participation was offered. The UCLA
Institutional Review Board certified the study as
exempt prior to enrollment of students.

Study measures

In addition to basic demographic information, the
survey assessed generalized perceived stress, physical
activity, and amount of sleep. Sleep was included in
the logistic regressions in order to control for the fact
that the volume and quality of sleep is itself asso-
ciated with mental health and exercise levels
[1,7,11,17].

The Perceived Stress Scale (PSS) is a 10-item
instrument that quantifies the degree to which situa-
tions in life are perceived as stressful [39]. The PSS
(available at https://www.sprc.org/system/files/pri
vate/event-training/Penn%20College%20-%
20Perceived%20Stress%20Scale.pdf)  includes the
question stem ‘In the last month, how often have
you felt ... , followed by such items as that difficulties
were piling up so high that you could not overcome
them, and that you could not cope with all the things
that you had to. It has an internal reliability (mea-
sured by Cronbach’s alpha) of 0.91 and has been
validated in multiple national samples within the U.
S. [40].

The International Physical Activity Questionnaire
Short Form (IPAQ-SF) measures frequency and
duration of different intensities of exercise [35].
Within the U.S., the IPAQ has a reliability (measured
by Spearman’s reliability coefficient) ranging from
0.66 to 0.89, is validated in over 20 countries, and
was adopted by the WHO to categorize physical
activity into low activity, moderate activity, or
HEPA (www.ipaq.ki.se) [37]. We compared exercise
levels in medical students to an age-adjusted national
average, given that age has been shown to be the
strongest predictor of exercise [36]. The most recent
national survey conducted using the IPAQ is from
2002 to 2004, at which time the proportionate break-
down of exercise intensities among U.S. males 18-39-
year-olds was 11% inactive (also referred to as low-
activity), 16% moderately active, and 72% HEPA-
active, and U.S. females 18-39-year-old was 18%
inactive, 26% moderately active, 56% HEPA-active
(average 15% inactive, 21% moderately active, and
64% HEPA-active) [36].

The IPAQ defines HEPA as vigorous-intensity
activity 23 days and accumulating >1500 MET-
minutes/week or >7 days of any combination of
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walking or moderate-, or vigorous-intensity activities
accumulating 23000 MET-minutes/week. Moderate
physical activity is defined as =3 days of vigorous
activity of at least 20 minutes/day, =5 days of mod-
erate-intensity activity and/or walking >30 minutes/
day, or =5 days of any combination of walking or
moderate- or vigorous-intensity activities achieving
2600 MET-minutes/week. Inactivity is defined as
any level of activity not meeting HEPA or moderate
physical activity. MET-minutes/week are the product
of minutes of activity/day, days of activity/week, and
one of the following constants based on exercise
intensity: 3.3 for walking, 4.0 for moderate intensity,
and 8.0 for vigorous intensity. For example, engaging
in some combination of heavy lifting, aerobics, and
fast bicycling for 70 minutes three times weekly
would qualify as HEPA, whereas engaging in the
same activity for 30 minutes five times weekly
would qualify as moderate physical activity. These
constants are obtained from exercise physiology stu-
dies quantifying the volume of oxygen utilized during
activities of varying intensity [41].

The CDC aerobic exercise guidelines classify
someone as compliant with guidelines if they attain
weekly totals of =150 minutes of moderate activity,
>75 minutes of vigorous activity, or some combina-
tion thereof [29]. As an example, anyone engaging in
some combination of heavy lifting, aerobics, and fast
bicycling for 75 minutes once weekly would be com-
pliant with CDC guidelines. The National Center for
Health Statistics reported that 58% of 18-44-year-
olds in the U.S. were compliant with the CDC guide-
lines in 2014 [42].

Sleep was quantified using the fourth component
of the Pittsburgh Sleep Quality Index (http://www.
opapc.com/uploads/documents/PSQI.pdf), which
determines how many hours of sleep an individual
gets per night and has an internal reliability (mea-
sured by Cronbach’s alpha) of 0.83 [43].

Statistical analysis

The primary analysis involved descriptive summary
statistics to obtain means and proportions of demo-
graphic characteristics, exercise, and stress. The PSS
scores were converted into quartile groups per com-
mon practice such that odds ratios and predicted
probabilities could be calculated [44-47]. Given the
ordinal nature of tiers of stress, an ordered logistic
regression was performed with PSS quartile group as
the dependent variable and IPAQ group, gender,
amount of sleep, and year in medical school as the
independent variables. For ease of understanding, the
odds ratios from this regression were transformed
into predicted probabilities (e.g., the probability of
being in the highest stress quartile at each intensity
of exercise) for each IPAQ group at the highest and
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lowest quartiles of stress while holding all other vari-
ables at their means.

To compare the overall proportionate breakdown
of exercise intensity - i.e., inactivity, moderate activ-
ity, and HEPA - between medical students at each
level of training and the national average, we used
chi-squared tests. Odds ratios were calculated from
these by the Baptista—Pike method to compare the
frequencies of specific exercise intensities between
medical students and the national average (i.e., per-
centage of individuals achieving HEPA in medical
school vs. the national average).

We performed a one-way ANOVA to compare
PSS scores between years of training. A post-hoc
analysis of this ANOVA to determine specific group
effects (among each level of medical student training)
was done with Sidak’s multiple comparisons test,
given that it makes consistently conservative esti-
mates and performs well in the context of unequal
sample sizes and unequal variance [48]. All analyses
were performed using Stata/IC 16.1 (StataCorp LP,
College Station, TX, U.S.).

Results

Of the 1,392 eligible respondents over the 2 years of
survey administration, 1,046 (75%) completed the
questionnaire. Basic demographics, reported stress,
and exercise intensities are reported in Table 1.
According to school-wide demographic data, the
25% of non-responders were not statistically different
from the responders for the reported demographics.

Associations between exercise and stress

Descriptive statistics of average stress levels across all
medical students disclosed lower quartile (25%) PSS
score cutoffs of 11, 11, 12, and 9 for MS1s, MS2s,
MS3s, and MS4s, respectively. Upper quartile (75%)
cutoffs for the same groupings were 22, 21, 22, and
19, respectively.

For each level increase in exercise intensity (e.g.,
going from moderate physical activity to HEPA), the
odds of being in the highest quartile of stress com-
pared to the other three quartiles were 30% less (95%
CI 0.60-0.83; p < .001), holding all other variables
constant (Table 2A). In this ordered logistic regres-
sion, the number of hours of sleep and gender were
also statistically related to stress quartile (Table 2A).
The predicted probability of belonging to the lowest
stress quartile increased significantly as exercise
intensity increased from inactive (0.21; 95% CI
0.17-0.24) to moderately active (0.27; 95% CI 0.24-
0.29) to HEPA (0.34; 95% CI 0.30-0.38) (Table 2B).
The inverse was also true: the probability of belong-
ing to the highest stress quartile decreased as exercise
intensity increased from inactive (0.30; 95% CI 0.26-
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Table 1. Characteristics of study population including perceived stress and breakdown of physical activity intensity.

Number Mean age PSS IPAQ PA breakdown? (% CDC PA breakdown® (%
(response %) (years) % Female (95% Cl) HEPA, moderate, inactive) ~ high, moderate, inactive)
Year in school 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
MS1 159 (99) 151 (92) 243 242 47 41 17.0 14.7 H: 23 H: 26 H: 40 H: 54
(16.0-18.1) (13.5-15.9) M: 61 M: 62 M: 23 M: 18
I: 16 I: 12 I: 37 I: 28
MS2 139 (89) 153 (95) 252 253 49 49 15.5 15.2 H: 32 H: 30 H: 50 H: 46
(14.5-16.5) (14.2-16.3) M: 55 M: 61 M: 25 M: 27
I: 13 I:9 I: 25 I: 27
MS3 106 (54) 98 (63) 26,6 269 50 46 16.9 16.1 H: 14 H: 21 H: 25 H: 28
(15.5-18.3) (14.6-17.6) M: 46 M: 37 M: 14 M: 25
I: 40 I: 42 I: 61 I: 47
MS4 124 (67) 116 (59) 27.0 27.0 57 49 14.5 121 H: 34 H: 31 H: 45 H: 47
(13.4-15.8) (11.0-13.3) M: 41 M: 48 M: 19 M: 22
I: 25 I: 21 I: 36 I: 31
Total 528 (76) 518 (75) 256 259 50 46 16.0 14.6 H: 26 H: 27 H: 41 H: 45
(15.4-16.6) (14.0-15.2) M: 52 M: 54 M: 21 M: 23
l: 22 I: 19 I: 38 I: 32

?According to IPAQ scoring guidelines.
PAccording to CDC guidelines.

PSS: Perceived Stress Scale; IPAQ: International Physical Activity Questionnaire; PA: physical activity; HEPA: health-enhancing physical activity; CDC:

Centers for Disease Control and Prevention.

Table 2. Results from the ordered logistic regression showing
(A) odds ratios for belonging to the highest quartile of stress
controlling for the listed independent variables and (B) pre-
dicted probabilities of belonging to the highest or lowest
quartiles at stress at each intensity of exercise.’

A

OR p-Value
(95% Cl)
IPAQ 0.70 <0.001
(0.60-0.83)
Sleep 0.80 <0.001
(0.72-0.90)
Female 1.61 <0.001
(1.30-2.02)
MS year 1.02 0.76
(0.92-1.12)

Holding sleep, gender, and class year at their means.

0.35) to moderately active (0.23; 95% CI 0.21-0.26) to
HEPA (0.18; 95% CI 0.15-0.21) (Table 2B).

Physical activity

The distribution of medical student physical activity
intensity in comparison to the age-adjusted
U.S. average can be seen in Figure 1. Comparing the
average of all students to the age-adjusted national
average, we found that medical students were signifi-
cantly less likely to be HEPA-active (27% vs. 64%; OR
0.21; 95% CI 0.12-0.37; p < .001) and correspond-
ingly more likely to be moderately active (52% vs.
21%; OR 4.24; 95% CI 2.29-7.66; p < .001) (Figure 1).
There was no statistical difference in the rates of
inactivity between medical students and age-
adjusted peers (21% vs. 15%; p = .36). These findings
did not change when comparing both female and
male medical students to the same-gendered national
average (eFigure 1).

Applying the CDC guidelines for aerobic exercise to
this study population showed that 65% of medical stu-
dents were compliant with CDC aerobic exercise
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Figure 1. Breakdown of physical activity intensity according
to the International Physical Activity Questionnaire among
medical students and the age-adjusted national average.

®Average of all MS years across gender and both years of surveys.
PNational average of all 18-39-year-olds in the U.S. between 2002
and 2004. Statistical comparisons are for odds ratios from chi-
squared tests, with levels of significance as follows: ***p < 0.001.

guidelines, which was not statistically different from
the age-adjusted national average (65%  vs.
58%, p = .16).

Averaging the 2 years of data, the proportionate
breakdown of exercise intensity was statistically differ-
ent among all years of training except between MS1s
and MS2s, with large differences in exercise intensity
between each level of training and the age-adjusted
national average (eFigure 2). There were no statistical
differences in the proportions of exercise intensity
between genders except among MS2s (eFigure 2).

Generalized perceived stress

A one-way ANOVA performed among levels of train-
ing showed that stress levels differed between years of
medical school (F(3,1027) = 10.4; p < .001). A post-
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Figure 2. Perceived stress among medical students.

®Average of all MS years across both years of surveys. Error bars
represent 95% confidence intervals. Statistical comparisons are for
one-way ANOVA, with levels of significance as follows: **p < 0.01,
***p < 0.001.

hoc analysis indicated that this difference was driven
by MS1s vs. MS4s, MS2s vs. MS4s, and MS3 vs. MS4
(eFigure 3). Perceived stress levels were labile over the
course of medical school, peaking during the
third year and reaching the nadir in the fourth year
(Figure 2). The ANOVAs excluded 15 out of 1,046
participants due to incomplete data.

Discussion

To our knowledge, this is the first study to examine the
relationship between optimal exercise intensity and
perceived stress levels among U.S. medical students.
The critical finding presented here is that the incre-
mental intensity of exercise between moderate physical
activity and HEPA was associated with a 26% increase
in the predicted probability of being in the lowest stress
quartile and a 22% decrease in the predicted probability
of being in the highest stress quartile. Because the CDC
guidelines [29] employed in previous studies only dif-
ferentiate between compliance or noncompliance with
aerobic exercise goals (and not between exercise inten-
sities), they are unable to detect the benefits of optimal
exercise intensity.

This investigation confirms prior studies
[13,18,21,32,49] showing that medical students have
comparable or better rates of compliance with the
CDC aerobic exercise guidelines compared to an age-
adjusted national average. Applying the IPAQ guide-
lines to these same medical students, however,
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revealed that they had 80% lower odds of engaging
in HEPA compared to an age-adjusted national aver-
age. Furthermore, not achieving HEPA, even if mod-
erate activity was achieved (which is compliant with
the CDC guidelines), was associated with significantly
higher stress levels and vice versa. The present results
therefore build upon prior studies and indicate that
a binary reporting system for exercise is insufficient
to fully explore the relationship between exercise and
distress. The associations revealed here support the
use of a three-tiered exercise classification scheme
that would allow examination of HEPA as a target
for well-being interventions.

These findings indicate that future studies of med-
ical trainee physical activity should track two specific
indices of exercise activity that are absent from the
CDC aerobic exercise guidelines. First, it may be
important to track the number of days per week an
individual is active to distinguish individuals who
exercise 90 minutes 1 day per week from those who
exercise 30 minutes 3 days per week. Spaced exercise
throughout the week confers greater health benefits
[33,34]. Second, it may be useful to differentiate
between moderate (i.e., jogging for 20 minutes) and
vigorous (i.e., sprinting for 20 minutes) levels of
activity, the latter having a greater positive health
impact [33,34].

Most interventions to improve medical trainee well-
ness have focused on duty hour restrictions and mind-
fulness-based programs, and very few have significantly
improved rates of  distress [16,24-26,50].
Exercise interventions have not been extensively
explored, perhaps in part because physical activity
levels have been thought to already be on par with
the national average [13,18,21,32,49]. The present
results suggest that it may be useful to more system-
atically examine the benefits of exercise intensity on the
mental health of medical trainees, especially because
the benefits of exercise interventions may promote
health across more domains (e.g., physiological, psy-
chosocial, and biochemical) [23] than more singular
interventions. It is important to acknowledge that there
are practical barriers that may prevent medical students
from achieving HEPA guidelines. Foremost among
these barriers are substantial time commitments and
the physically taxing medical school curriculum, which
likely explain why medical students tend to preferen-
tially engage in moderate physical activity. In-room or
around the block mini-bursts of exercise while studying
or working are much more compatible with a busy
schedule. While brief, less intense activity does have
some benefit for the mental health of medical students,
it is not sufficient to achieve HEPA and its associated
additional mental health benefits. It may be helpful to
encourage students to dedicate larger blocks of time
(e.g., at least 60 minutes) to attaining the higher sus-
tained heart rates of vigorous exercise required to
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achieve HEPA and even to incorporate such encour-
agement into the curriculum as has been done in other
studies [51]. While it would be challenging to optimize
physical activity among trainees, it may in fact be
a practical and cost-effective strategy that could be
compared to more traditional interventions such as
work restrictions or mindfulness programs.

It is also important to note that women were more
likely to belong to the highest quartile of stress after
controlling for exercise intensity and sleep even
though they were not less likely to achieve HEPA
compared to men. This finding is consistent with
prior studies that have found that women report
higher stress levels on self-reported instruments
than men [52], but requires further exploration in
the setting of medical trainees’ physical activity.

By distinguishing among different intensities of
activity, we have shown both that HEPA has a unique
relation to perceived stress levels and that HEPA levels
are not optimized among medical students. Future
research should investigate whether interventions tar-
geting HEPA can reverse or prevent outcomes such as
burnout and depression. Specifically, a randomized
controlled trial assigning medical students to an exer-
cise regimen would be able to measure the exact mental
health benefits of physical activity and determine caus-
ality. While psychological benefits have not been iden-
tified in prior studies of exercise [53], these benefits
may not have been detected because earlier studies
relied upon the CDC guidelines that did not differenti-
ate between HEPA and less intense forms of exercise. It
therefore may be more appropriate for future well-
being interventions to target and measure HEPA sepa-
rately from moderate physical activity, as opposed to
grouping them together in the category of ‘compliant
with CDC guidelines.’

Limitations

This study had several limitations. First, a greater pro-
portion of responders were first- and second-year stu-
dents, so that our findings may be more applicable to
the earlier stages of training. While the sample had
lower proportions of third- and fourth-year students,
similar results were seen across all years of training.
Second, this two time-point study did not address
directionality or causality of the relationship between
HEPA and stress. As such, the present study could also
be interpreted to suggest that medical students with
lower perceived stress tend to exercise more and that
enhancing coping mechanisms may result in other
health-promoting behaviors. A randomized controlled
trial affecting exercise and measuring stress would be
best suited for research to establish causality. Third,
this is a single-institution study. However, the 75%
response rate is significantly higher than other similar
survey-based investigations [13,21,32,54] and was

conducted in Los Angeles where people are generally
more physically active than in other parts of the coun-
try [55]. The high response rate makes this study
powerful in its ability to capture a diverse and repre-
sentative population of a single medical student body.
Fourth, physical activity and stress were measured by
self-report  which  introduces  recall  bias.
Contemporaneous ratings of stress and exercise should
be considered in future studies. Fifth, national data
from the IPAQ have not been updated recently
among a probability sample of the U.S. and are only
stratified by age, making comparisons on the basis of
education infeasible. Sixth, the data for this study were
collected 7 to 8 years before their publication, poten-
tially limiting the applicability of these findings.
However, data from the CDC show that national levels
of physical activity changed only minimally from 2013
to 2018 [42], suggesting that these findings would likely
hold true at the time of publication.

Conclusions

HEPA has important implications for the well-being of
medical students because it exhibits a stronger inverse
relationship with stress levels compared to lower inten-
sities of exercise. While the CDC aerobic exercise guide-
lines suggest that medical students engage in comparable
levels of physical activity to the national average, a more
detailed analysis discloses that the odds of engaging in
HEPA are 80% lower for medical students compared to
the national average. This disparity highlights the need
to promote longer bouts of high-intensity exercise (as
opposed to mini-bursts) and to support students in
achieving HEPA. Quantifying physical activity by differ-
entiating between moderate physical activity and HEPA
may help to make exercise an attractive and practical
target for future wellness interventions.
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