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Abstract To develop objective assessments of work
fatigue, we investigated the patterns of changes in salivary
cortisol levels in emergency care providers working
extended work shifts. Fourteen subjects, comprising seven
physicians and seven physician assistants, provided
unstimulated saliva samples at regular intervals over the
course of a 24-h work shift and over their subsequent free
day. There was a significant time effect, with early morning
cortisol levels being significantly attenuated following the
work shift. Native diurnal variations varied by gender, with
the female subjects manifesting greater cortisol levels.
Physicians also had higher cortisol profiles even though
their wake—rest cycles were similar to those of the physi-
cian assistants. Our results suggest that temporal changes,
as well as diurnal similarities, in the salivary cortisol pat-
terns can reflect work-related stress and recovery. In par-
ticular, early morning cortisol levels may manifest
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Introduction

The rapidly changing landscape of health care continues to
exert its greatest influence on healthcare professionals
entrusted with the responsibility of providing high-quality
patient care with ever diminishing resources. Emergency
personnel, in particular, often work long hours and are
required to be “on call” (working through the night in the
hospital) very frequently. Concerns about the negative
effects of these long working hours on patient care and
doctors’ well-being have led to regulations that limit
working hours for USA-based doctors-in-training to 80 h
per week [1]. Nevertheless, individual work shifts can still
last up to 30 h, with a 24-h limit on continuous duty time
and an additional period up to 6 h for continuity of care
activities. The pressures of changing work patterns and
lengthy shifts, coupled with the increased acuity of patients
and complexity of care, set the stage for emotional, phys-
ical, and mental exhaustion in healthcare providers work-
ing in acute care settings [2, 3].

A growing body of research shows that work stress and
possible burnout are very prevalent issues for emergency
care professionals [4-6]. Beyond attrition from the pro-
fession, the combined effects of mental and physical
exhaustion along with sleep deprivation have been related
to higher rates of attentional failures [7, 8] as well as
serious medical errors [9]. Furthermore, the emotional
exhaustion and depersonalization linked to professional
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burnout has been linked to decreased empathy [10] and
increased sickness absence [11]. Although regulating work
hours is an important initial step, early recognition of those
healthcare practitioners’ troubled by excessive and pro-
longed stress provides useful opportunities for early inter-
ventions. The commonly used approach of screening for
the early behavioral signs and symptoms of burnout is
challenging in the fast-paced, acute-care setting and bur-
dened by the primary reliance on subjective self-reports for
screening and gauging physical and mental exhaustion.
To address this clinical challenge, our research group
has focused on developing technologies that utilize com-
ponents of the human salivary proteome as non-invasive,
qualitative indices of an individual’s response to stressors,
either physical or emotional [12, 13]. Of the various
putative stress indicators manifesting in saliva, most of the
attention has focused on salivary cortisol as an expression
of activation of the hypothalamic—pituitary—adrenal (HPA)
axis [14-16]. Activation of the HPA axis by a stressor
results in the release of neurohormones, such as the corti-
cotropin-releasing hormone (CRH), which then stimulate
the adrenal cortex to synthesize cortisol, the main gluco-
corticoid hormone of the human body. About 5-15% of the
secreted cortisol circulates unbound in blood, and it is this
“free” cortisol fraction that exerts its biological activity
[17]. The biochemical properties of cortisol (low molecular
weight, high lipid solubility) allow the unbound steroid to
transfer from blood to saliva by passive diffusion [18] and
results in a close correspondence between the saliva and
the free serum cortisol fraction [19, 20]. As a measure of
the bioactive cortisol in the body, salivary cortisol has
several compelling attributes as a bioindicator of the
individual stress response: (1) it has a simple relationship
with CRH, one of the most important stress response
mediators [21]; (2) the concentration of salivary cortisol is
independent of saliva flow rate, thus rendering it less sus-
ceptible to conditions of reduced saliva flow or stimulation
of saliva glands; (3) unlike other biofluids such as blood
and urine, the collection of saliva is noninvasive and easily
accomplished with minimal stress or embarrassment; (4)
salivary cortisol is a rather stable molecule, and saliva
samples can be kept at room temperature for at least
4 weeks without a significant drop in cortisol levels [19].
The stress-dependent activation of salivary cortisol has
led to its common use as an indicator of fatigue and burnout
[22, 23]. Several researchers [24-26] have reported low
levels of cortisol in disorders, including post-traumatic
stress disorder, chronic fatigue syndrome (CFS), and fibro-
myalgia, which feature fatigue as a symptom. Additionally,
Padilha et al. [27] reported that fixed work shifts, such as the
day shift, the night shift, and the early morning shift, resulted
in markedly differences in the diurnal patterns of cortisol.
Thus, salivary cortisol is very attractive as an objective
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index of physical and mental exhaustion in healthcare per-
sonnel working extended work shifts. We hypothesized that
the temporal patterns of salivary cortisol secretions through
work-related stress and recovery would clarify occupation-
ally induced stress reactivity and fatigue in emergency care
providers. The primary purpose of our study was to evaluate
whether salivary cortisol secretion profiles reflect physical
and emotional exhaustion in healthcare providers. To
account for the circadian rhythm inherent to salivary cortisol
levels [28], we utilized the same cohort of emergency care
providers and conducted repeated sampling through exten-
ded work days as well as the subsequent recovery days.

Methods
Subjects

A cohort of 14 subjects was recruited from the medical
staff [occupational breakdown: 7 physicians (P) and 7
physician assistants (PA)] of the emergency department of
a large, metropolitan level 1 trauma center. Consistent with
work conditions typical for the emergency care team, all
study participants work regularly in extended 24-h shifts,
providing medical care in a high-pressure, dynamic envi-
ronment. As summarized in Table 1, the subjects included
nine male and five female adults (age range 31-54 years,
career duration range 6-33 years). All participants were
healthy, non-obese, and non-smokers. Body weight, height,
and body mass index of all subjects was 63.0 £ 12.0 kg,
169.1 £ 10.0 cm, and 21.9 £+ 2.5, respectively. The
recruitment and study protocol was approved by the Ethical
Committee of Iwate University and the Institutional
Review Board of Tokyo Metropolitan Hiroo Hospital.

Saliva collection

All participants were well rested and had not taken any
medications prior to each test cycle. Each participants

Table 1 Demographics of study participants

Condition All Physician Physician p value®
(n=14) n="17 assistant
(n="17)
Male:female  9:5 5:2 4:3
Age (years) 394+£59 376+45 413+£68 NS
Career 16.1 = 7.0 12.6 £ 8.0 197 £72 NS
duration
(years)

NS Not significant
Data are presented as the mean =+ standard deviation (SD)
4 Welch’s 1 test
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Al A2 A3 A4 A5 A6 A7

6:00 18:00 23:00  6:00 18:00 23:00  6:00
Day-time duty | Night-time duty
Extended workday (W)

Subsequent day-off (O)

Fig. 1 Summary of repeated saliva sampling time points. Al
Morning of work day, A2 before evening meal of work day, A3
around midnight of work day, A4 morning following work day
(morning of free day), A5 before evening meal of day off, A6 bedtime
of day off, A7 morning following day off

provided seven saliva samples over the course of their
extended 24-h shift and over their subsequent day off.
Saliva samples were collected at predetermined time
points: Al, morning of work day (W); A2, before evening
meal of work day (W); A3, around midnight of work day
(W); A4, morning following work day (W), which was the
morning of the day off (O); A5, before evening meal of day
off (O); A6, bedtime of day off (O); A7, morning after the
day off (O) (Fig. 1). Three series of saliva samples were
collected (total = 3 cycles) over the course of 1 month. In
the case of the female subjects, the saliva sampling
occurred in the luteal phase of their menstrual cycles.
Participants were instructed to record the time of sample
collection in a logbook and to collect the saliva sample
within £60 min of the scheduled sampling time. Partici-
pants were instructed to sit still and upright for several
minutes prior to saliva collection at the A2, A3, A4, AS,
and time A6 points and to collect samples immediately
after awakening at the Al and A7 time points. The col-
lecting procedure comprised collecting saliva pooled on the
floor of the mouth for 3 min without any stimulation by
passive drool in polypropylene tubes.

Salivary cortisol analysis

The saliva samples were centrifuged at 1,200 rpm for
30 min, and the resulting supernatant was stored at —20°C
for 1 month for subsequent batch analysis. Salivary cortisol
levels were measured using commercial-linked immuno-
sorbent assay kits (1-3002; Salimetrics LLC, State College,
PA) and a plate reader (450 nm measurement wavelength;
ARVO MX; Perkin Elmer Life Science, Boston, MA). The
intra- and inter-assay variations were 3.35-3.36 and
3.75-6.41%, respectively. All samples were assayed both
singly and pooled. Cortisol concentration was expressed as
nanomoles per liter.

Activity recording

A portable metabolic rate monitor ( 40 g, dimensions W
625 x L 465 x H = 26 mm3; Suzuken Co, Nagoya,

Japan) was attached to the lumbar region of the subjects to
enable measurement of their metabolic rate (calorie, cal)
and activities every 2 min over the 48-h period of obser-
vation. The subjects also kept activity records containing
information on the timing of their meals, rests, and sleep
patterns, including ambient light conditions. The number of
resting hours on the work day and sleeping hours on the
day off were corroborated using this monitor and the
activity records.

Dynamic programming method

Because the stress response varies by personality and
individual differences, an objective parameter was needed
to evaluate the diurnal variation of salivary cortisol. We
used similarity as the parameter for comparing the phase
and shape between two diurnal curves and calculated this
parameter using the dynamic programming method [29],
which compares the phase and shape characteristics of two
curves. This method can compare the profile itself between
two standardized curves without considering the range of
salivary cortisol levels. Each curve was defined by four
points, on work day as A1-A4 and on the day off as A4—
A7. When two curves were asymmetrical, the similarity
was —1; when they overlapped, the similarity was 1.

Statistical analysis

Data analysis was performed with proprietary statistical
software [JMP ®) 8.0.2; SAS Institute, Cary, NC), and data
were presented as mean values and standard deviation
(SD). Welch’s ¢ test was used for comparisons between
physicians and physician assistants. Cortisol data were
analyzed using two-way analysis of variance (ANOVA)
with repeated measurement [time (repeated factor 7) by
gender or occupation (two groups)]. We verified repeated-
measures results using Greenhouse—Geisser correlations
where appropriate (heterogeneity of error covariances in
the Mauchly test of sphericity). Significant differences of
post hoc comparisons among groups were calculated with
the Bonferroni test (m = 9). All analyses were two-tailed,
with the level of significance set at p < 0.05.

Results

Cortisol data were discarded from five collections where
the metabolic rate monitor indicated unusual movement or
activity immediately prior to the sample collection. In all,
cortisol data from 289 samples were available for analysis.
Average recording time for each saliva sampling time point
was: Al, 06:34 + 41 min; A2, 17:39 & 45 min; A3, 01:22 +
108 min; A4, 06:35 &+ 84 min; A5, 18:23 + 52 min; A6,

@ Springer



194

J Physiol Sci (2012) 62:191-197

23:03 £+ 81 min; A7, 06:54 4+ 59 min. There were no
significant differences among three sampling time points
Al, A4, and A7. The duration of rest times was 192 +
77 min on the work day, and duration of sleeping time was
433 + 73 min on the day off. There were significant dif-
ferences in the rest times between the work day and the day
off (p < 0.01). In the subgroup analysis, average rest times
for the physicians and physician assistants on work days
was 174 £ 170 and 200 =+ 54 min, respectively. The
average sleeping time on the day off for the physicians and
physician assistants was 489 £ 50 and 435 £ 69 min,
respectively. There were no significant differences between
the two groups in terms of sleeping time on the day off.

None of the salivary cortisol levels at each data point
exhibited normal distributions (Fig. 2). Furthermore, no
significant correlation coefficient was observed among the
data points, with no correlation between them (—0.181 to
0.510).

The results obtained by the two-way ANOVA with
repeated measures revealed significant gender differences
in salivary cortisol levels [F(1, 34) = 17.3, p = 0.0002],
with female participants manifesting higher cortisol levels.
In contrast, there was no significant gender by time inter-
action effect [Wilks’ lambda = 0.63; F(2.33, 79.3) = 2.25,
p = 0.10].

There was a significant main effect of time on salivary
cortisol levels using two-way ANOVA with repeated
measures [F(2.33, 79.3) = 40.1, p < 0.0001]. During the
extended work days, salivary cortisol levels were lowest

nmol/L
r=-0.089
Ao 15 )
0 | Fets:
r=-0.014|r=-0.055
a3 15 - .
0 [rmfitate ,m'
r=-0,181|r=-0.025|r=0.510
as 18
0 o 3
r=0.249 | r=0.302 | r=0.190
15 - - - -
A5 P P A .
o [edein l8) 18
r=0.306 | r=0.248 | r=0.107 | r=0.022
15 ' ’ ’
A6 . .
0 (N A T A N
r=-0.101|r=0.232 | r=0.440 |r r=-0.082
15 L ¥ A ) £\
A7 i 5.) FA i '9:)
0 N N N - .

0o 15 o0 15 0 15 0 15
Al A2 A3 A4

0 15
A6

nmol/L

Fig. 2 Scatter plot matrix from 289 samples with 95% equal
probability ellipse and correlation coefficient between the variables.
AI-A7 Sampling time points (see Fig. 1) over the 48-h study cycle,
r correlation coefficient
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(2.5 = 2.3 nmol/L) around midnight of the work day (A3)
and highest (11.9 £ 8.1 nmol/L) in the morning (Al).
Salivary cortisol levels on the subsequent day off were
lowest (2.2 + 3.0 nmol/L) just before sleeping (A6) and
highest (10.2 £ 4.3 nmol/L) in the morning (A7) (Fig. 3).
Post hoc analyses (Bonferroni test) revealed significant
differences, as summarized by Fig. 3. Cortisol levels on the
morning of work days (Al) were higher than those mea-
sured before the evening meal (A2: 3.2 + 2.0 nmol/L) and
before sleeping (A3) on work days and on the next morning
of the extended work day (A4: 7.4 £+ 4.1 nmol/L,
p < 0.01). Salivary cortisol levels on the morning follow-
ing the day off (A7) were higher than those measured
before the evening meal (A5: 3.6 & 2.7 nmol/L) or at
bedtime (A6) on the day off as well as on the morning
following the 24-h work shift (A4, p < 0.01).

Results obtained by using two-way ANOVA with
repeated measures indicated a significant main effect of
occupation [F(1, 34) = 11.6, p = 0.0018], while there was
no significant occupation by time interaction effect [Wilks’
lambda = 0.63, F(2.33, 79.3) = 2.48, p = 0.08]. In the
analysis of effect of two different conditions between the
work day and day off, there was a significant difference in
the salivary cortisol levels between occupational groups on

O : Work-day (W) A : Day-off (O) n=14

N.S.

n
o

* 1
I

Salivary cortisol (nmoll)
>

A1 A2 A3 A4 A5 A6 A7

Fig. 3 Mean diurnal variations in salivary cortisol on extended work
days and day offs. *p < 0.01. NS Not significant

o : Physician (P) n=7 A : Physician Assistant (PA) n=7

N
o
L

-
o
L

Salivary cortisol (nmol/l)

A1 A2 A3 A4 A5 A6 A7

Fig. 4 Mean diurnal variations of salivary cortisol on work days
(AI-A4) and on days off (A4-A7) in physicians (P; n = 7) and
physician assistants (PA; n = 7). *p < 0.01. NS not significant
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Fig. 5 Similarities in diurnal variations between mean diurnal curve
and individual diurnal curves on the work day (n = 39) versus day off
(n =39). Horizontal black lines Mean value in each group,
S similarity of diurnal variation, W work day, O day off, NS not
significant. *Difference exceeded 3 standard deviations

the work day (A1-A4) [F(1,36) = 11.8, p = 0.0015], with
cortisol levels being higher in physicians than in physician
assistants (Fig. 4), whereas this difference was not manifest
between these occupational groups on their day off (A4—
A7) [F(1, 39) = 3.47, p = 0.071] (Fig. 4).

In order to evaluate differences among the cortisol
profile of each individual, we calculated the similarity
between the mean curve of all subjects and an individual’s
curve. Because of the significant gender differences in
cortisol levels, the mean curve was used for each gender
was used for the calculation. The results revealed a high
similarity between two conditions with similarities during a
work day (0.80 £ 0.29) comparable to those on the day off
(0.83 £ 0.30 (Fig. 5). Five curves from a work day
(12.8%) and two curves from a day off (5.1%) exceeded 3
SD. No significant differences were observed between the
two conditions.

Discussion

The results of our naturalistic study of emergency care
providers indicate that temporal changes in salivary corti-
sol levels, even after accounting for native diurnal variation
and gender differences, can indicate work-related stress
and recovery. Overall, our female subjects had higher
salivary cortisol levels that their male colleagues, rein-
forcing the recommendation that gender should be con-
sidered in any comparison of salivary cortisol levels [30].
Cortisol levels in our subjects were highest in the morning
and lowest at midnight. This diurnal pattern substantiates
the findings of other researchers, including Vining et al.
[18]. We found that the cortisol levels at each collection
point exhibited a non-normal distribution, with a large

excess and small skewness, and that this distributional
tendency was most pronounced in the salivary samples
collected at midnight. The large variation in cortisol levels
measured in the morning of both the work day and the day
off suggests that morning cortisol levels are highly
dependent on the individual. Hennig et al. [31] reported
this same high variability in early morning cortisol values
in their research on implications for tolerance to shiftwork
by nurses.

Morning cortisol levels were significantly attenuated
following the work shift (A4) but rose again following a
recovery day (day off). The lack of significant differences
between salivary cortisol levels measured before evening
meals (A2, A5) and before sleeping (A3, A6) on both the
work day and the day off suggest that cortisol values
cannot be estimated from point measurements. Several
researchers [31-34] have suggested that these attenuated
morning cortisol levels are influenced by night shifts.
Simply put, the levels of salivary cortisol vary during the
day, and the temporal changes from individual baseline
levels may well be more useful in gauging stress reactivity.

The residual difference in cortisol patterns between the
2 days may be explained by the fatigue and sleep depri-
vation caused by the significantly shorter rest periods
during the extended 24-h work shift in comparison to the
day off. Because the recorded sampling times for the three
morning collections (A1, A4, and A7) were comparable, it
is unlikely that any of the lower levels of morning salivary
cortisol recorded could be attributed to a shift in the cor-
tisol awakening response. It is likely that the continual
work stressors and lack of sleep possibly altered the pro-
duction of cortisol, resulting in lower levels on the morning
following the end of the extended work shift. A report by
Leese et al. [34] about disrupted HPA axis responses to
CRH after night shifts tends to support our hypothesis. As
Chida and Steptoe [35] summarize in a recent systematic
review, the magnitude of the cortisol-awakening response
is influenced by mediators such as fatigue as well as sleep
deprivation and quality. By the end of the recovery period,
when the subjects were in a more fully rested state, the
salivary cortisol rebounded to baseline morning levels.
Additionally, the finding of higher cortisol levels on work
days in physicians than physician assistants suggests a
differential experience of work-related stress. Because the
rest times between the physicians and physician assistants
did not differ significantly, it is likely that the physicians,
who have the primary responsibility for patient care,
experience a higher level of work stress, resulting in a
stronger stimulation of the HPA axis.

The observed similarities in the individual and mean
diurnal variations on extended work days and on the day
off and the lack of a significant difference between the two
conditions suggest that nighttime duty did not affect the
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robustness of the natural diurnal variation of salivary cor-
tisol. However, several of the subjects exhibited non-typi-
cal curves for work days and days off. In earlier studies,
Smyth et al. [36] and Ice et al. [37] reported that about one-
half of salivary cortisol diurnal cycles show a typical bath-
tub curve. Furthermore, Stone et al. [38] reported that at
least 10% of individuals may exhibit a flat diurnal profile.
Our study results indicate that a dissimilarity with normal
mean curves of diurnal variation could be used to study
abnormalities in personal diurnal cortisol secretions and
used as a basis for assessments and early interventions to
prevent stress-related disorders.

Conclusion

Temporal patterns of salivary cortisol secretions reflect
work-related stress and recovery and can be used to clarify
occupationally induced stress reactivity and fatigue in
emergency care providers. In particular, early morning
salivary cortisol levels following an extended work shift
may reflect HPA reactivity to work stressors as well as
sleep deprivation. Beyond gender differences, the indivi-
dual’s level of responsibility for critical clinical decisions
also affects the variation in salivary cortisol profiles during
the work day. Comparison of salivary cortisol secretion
patterns and profiles could provide insights into how
individuals react differentially to stressors and serve as the
basis for assessing and preemptively tackling occupation-
ally induced stress diseases in emergency care providers.
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