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Abstract

Two studies examined autonomic and cardiovascular functioning that may link school burnout
to cardiovascular risk factors in young healthy adult females. Study 1 (N¼ 136) investigated
whether school burnout was related to resting values of blood pressure (BP) and blood
pressure variability (BPV) through laboratory beat-to-beat BP assessment. Study 2 (N¼ 94)
examined the link between school burnout and diurnal BPV through ambulatory BP
monitoring. Controlling for anxiety and depressive symptomatology, school burnout
demonstrated strong positive relationships with indices of cardiac sympathovagal tone,
sympathetic vasomotor tone, inefficient myocardial oxygen consumption, increased 24-h
ambulatory heart rate and BP, blunted BP diurnal variability, and increased arterial stiffness.
These studies establish cardiovascular biomarkers of school burnout and suggest that even in a
seemingly healthy sample school burnout may predispose females to increased cardiovascular
risk. Several future lines of research are outlined.
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Introduction

Burnout, a construct developed within occupational research,

has been recently extended to the school context (Parker &

Salmela-Aro, 2011; Salmela-Aro et al., 2008, 2009), specif-

ically to adolescents in high school. However, as important

developmental processes continue in emerging adulthood

(18–25 years, see Arnett, 2006) examining school burnout

within collegiate populations merits consideration. Applied to

academic populations, school burnout is conceptualized as a

three-dimensional affective response to school-related stress

characterized by chronic exhaustion from school-related

work, cynicism toward the meaning of school and a belief

of inadequacy in school-related accomplishment (Salmela-

Aro et al., 2009). Although school burnout has been linked

to such psychological and behavioral problems as depres-

sion, absenteeism, school dropout and academic underper-

formance (Fimian & Cross, 1986; Frydenberg & Lewis, 2004;

Salmela-Aro et al., 2009; Yang, 2004), research examining

the physiological underpinnings of school burnout is greatly

limited (May et al., 2014). Therefore, two studies were

conducted (assessing laboratory and ambulatory hemo-

dynamics) to provide further insight into the relationship

between school burnout and autonomic and cardiovascular

precursors to deteriorated physiological health.

Study 1

Although the relationship between work burnout and cardio-

vascular disease (CVD) is suggested to be mediated through

two physiological stress systems – the sympatheticadrenergic-

medullary axis (SAM) and the hypothalamicpituitary-adrenal

axis (HPA) – the specific cardiovascular and autonomic

mechanisms contributing to this association have been

contested (Danhof-Pont et al., 2011; De Vente et al., 2003;

van Doornen et al., 2009). May et al. (2014) provide the only

research linking school burnout to physiological functioning

demonstrating that males with increased school burnout

display increased cardiac reactivity and impaired cardiac

recovery in response to sympathetic stimulation. Furthermore,

vagal rebound, defined as a marked increase in parasympa-

thetic activity above resting levels following an acute stressor

(Arai et al., 1989) and a condition suggestive of cardiopro-

tective properties (Mezzacappa et al., 2001), was elicited in

participants with lower school burnout scores but was absent

in those with high burnout scores. These findings suggest that

burnout may be predictive of increased risk of future CVD as

elevated hemodynamic and sympathetic nervous system

(SNS) activity has been shown to be indicative of early

manifestations of CVD (Goldstein, 1983).

Although informative, the findings in May et al. (2014)

are limited to males, leaving the relationship between

school burnout and female physiology unexplored; a limita-

tion addressed in Study 1. Additionally, moving beyond

the hemodynamics reported in May et al. (2014), Study 1

incorporates autonomic nervous system markers via heart rate
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variability and blood pressure variability: the low frequency

component of the heart rate variability (LF) and the low

frequency component of the systolic blood pressure variabil-

ity (LFSBP). LF indexes cardiac sympathovagal tone (i.e. the

contribution the sympathetic influence on the balance of the

autonomic state resulting from sympathetic and parasympa-

thetic influences) and elevated LF has been identified as a

precursor to deteriorated cardiovascular health (Goldberger,

1999; Goldstein, 1983). LFSBP reflects sympathetic vaso-

motor tone and links the vasculature with the autonomic

nervous system (Malliani et al., 1991). Elevated LFSBP

has been associated with a variety of negative wellness

indicators (e.g. affective disorders, hypertension, autonomic

nervous system disorders, Izdebska et al., 2004; Okamoto

et al., 2012).

We proposed that if school burnout is associated with

suboptimal physiology via elevated levels of resting hemo-

dynamic and SNS activity, then it is reasonable to consider

school burnout to be a potential risk factor for future CVD

development. Therefore Study 1 evaluated the relationship

between school burnout and hemodynamic and autonomic

nervous system markers in a normotensive, female population

via laboratory beat-to-beat BP assessment.

Methods

Participants

One-hundred and thirty-six undergraduate female students

qualified for study inclusion. In an attempt to avoid potential

cardiovascular functioning confounds, participants were

excluded from study participation through an online health

screening assessment if they smoked, exercised regularly

defined as 4120 min per week in the previous 6 months (as

previously specified in May et al., 2014), were hypertensive

(BP� 140/90 mmHg), had chronic diseases, or were taking

beta blockers, antidepressants, or stimulants. We excluded

participants who engaged in physical activity that would

affect generalizability to ‘‘typical/normal physiology’’ for a

few reasons. First an individual who exercises often may have

an exceptionally low resting heart rate while still maintaining

a normal blood pressure range (Pokan et al., 1994; Sacknoff

et al., 1994). For example, the average resting heart rate is

around 70 beats per minute (bpm), but the exceptionally

fit may have a resting heart rate in the 50 bpm or even the

40 bpm range. Second, without a hard measure of fitness (e.g.

oxygen consumption, metabolic rate, etc.) it would be

insufficient to simply statistically adjust for weekly exercise

time as participants with higher fitness levels physiologically

function differently than those that do not exercise (Buchheit

& Gindre, 2006). Participants were asked to abstain from

caffeine, alcohol and strenuous physical activity for at least

24 h prior to testing and were asked not to eat any food 4 h

prior to testing. Participants were tested in the early follicular

phase of the menstrual cycle to avoid potential variations

in pressure wave morphology and cardiac reactivity. The

sample was 74% Caucasian, 10% African American, 9%

Asian and 7% endorsed either biracial or non-disclosed

ethnicity. Participants were recruited from undergraduate

classrooms as an option for voluntary class credit and all data

was collected in the middle (weeks 3–9) of the fall semester.

All participants gave their written consent prior to study

participation as approved by The Florida State University

Institutional Review Board.

Instruments and measures

Anthropometrics. Height was measured using a stadiometer

and body weight was measured using a Seca scale (Sunbeam

Products Inc., Boca Raton, FL). Body mass index (BMI) was

calculated as kg/m2.

Blood pressure. Hemodynamic indices include heart rate

(HR), systolic blood pressure (SBP), diastolic blood pressure

(DBP), and rate pressure product (RPP) which is a marker of

myocardial oxygen consumption and efficiency (Gobel,

1978). Beat-to-beat HR, SBP and DBP was recorded via

finger plethysmography (NIBP-100 Biopac Inc., Goleta, CA).

This method has been shown to provide accurate measure-

ment of BP changes when compared with intra-arterial

BP (Imholz et al., 1991). RPP is computed as SBP�HR.

Increases in RPP indicates increases in myocardial oxygen

consumption and inefficiency (Gobel, 1978).

Heart rate variability. The BP peaks were used to calculate

the time duration of intervals between heartbeats (RRI) and

were automatically detected using commercially available

software (WinCPRS, Turku, Finland). The RRIs were

inspected for artifacts, premature beats and ectopic episodes

in order to calculate HRV parameters. The main spectral

components of the HRV that we calculated, by means of

Fast Fourier transformation, were the low frequency (LF;

0.04–0.15 Hz) and the high frequency (HF; 0.15–0.4 Hz).

The use of absolute units (ms2) for HF and LF may be

obtained in proportion to the total power (TP) which is

expressed in normalized units (nu). Normalization is used to

exclude the influence of other fractal components

(Anonymous, 1996). Since there is structural algebraic

redundancy inherent in the normalized spectral HRV meas-

ures with respect to each other (nLF¼1-nHF), and also with

respect to the LF/HF ratio, here we report LFnu to denote

cardiac sympathovagal tone (Anonymous, 1996; Burr, 2007).

Blood pressure variability. To assess BPV, the SBP time

series was resampled at 5 Hz and the continuous data stream

passed through a low pass impulse response filter with a

cutoff frequency of 0.5 Hz. The data were then subjected to

Fast Fourier transform algorithms using a Hanning spectral

window and subsequently smoothed using a triangular

averaging function to produce a spectrum. The power was

calculated by measuring the area under the peak of the power

spectra density curve. Power spectra within the 0.04–0.15 Hz

range were defined as LFSBP and taken as an estimate of

sympathetic vasomotor modulation (Malliani et al., 1991).

School burnout. School burnout was measured using the

School Burnout Inventory (SBI: Salmela-Aro et al., 2009).

The SBI consists of 9 items measuring three first-order factors

of school burnout: (a) exhaustion at school (four items),

(b) cynicism toward the meaning of school (three items), and

(c) sense of inadequacy at school (two items). Summed scores

2 R. W. May et al. Stress, Early Online: 1–9
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from the first-order factors comprise a second-order overall

school burnout score. All the items are rated on a 6-point

Likert-type scale ranging from 1 (completely disagree) to 6

(strongly agree). Higher composite scores indicate higher

burnout. Reliability for the present sample was a¼ 0.90.

Depression. Depression was measured using the 10-item

Center for Epidemiologic Studies Depression Scale (CES-D;

Radloff, 1977; Santor & Coyne, 1997). The CES-D has

been widely used as a measure of depressive symptoms in

nonclinical samples. It asks participants to respond to a list of

ways they may have felt or behaved during the previous week.

Sample items include, ‘‘I was bothered by things that usually

don’t bother me’’, and ‘‘I felt hopeful about the future’’,

(reverse coded). Responses ranged from 0¼Rarely or None

of the time (Less than one day) to 3¼Most or all of the time

(5–7 d). Responses were summed into one overall score, with

a possible range of 0 to 30. Reliability for the sample was

a¼ 0.73.

Anxiety. Anxiety was measured using the 20-item State-Trait

Anxiety Inventory (STAI; Spielberger et al., 1970).

Participants were asked to respond to anxiety items such as

‘‘upset’’, ‘‘calm’’, ‘‘secure’’, ‘‘at ease’’, and ‘‘nervous’’.

Responses were scored on a 4-point Likert scale (1¼Not at

all to 4¼Very much so). Half of the items were reverse coded

so that higher scores indicated greater anxiety. Items were

then summed to create a composite anxiety score with a

possible range of 20 to 80. Reliability for the sample was

a¼ 0.92.

Procedure

Participants were first introduced to the laboratory setting and

familiarized with the study procedures. Anthropometric

measurements were then taken followed by the completion

of a health questionnaire that included a health history form

and a questionnaire containing the school burnout, depression

and anxiety scales. Data collection was conducted in the

morning after at least an 8-h postprandial period in a quiet,

dimmed light, temperature-controlled room (23 ± 1 ºC), and at

the same time of the day (± 2 h) in order to minimize potential

diurnal variations in vascular reactivity. After a 10-min

resting period in a seated position in which brachial BP was

measured and used to calibrate beat-to-beat finger BP

waveforms, beat-to-beat BP was recorded for 5 min.

Statistical analysis

Pearson correlations evaluated measurement scale and health

demographic associations. Univariate analysis of variance

(ANOVA) evaluated ethnicity and year in school associations

with school burnout. As affective disorders may have

overlapping symptomatology, investigators suggest the need

to control for depressive and anxiety symptoms in designs

focusing on burnout measurements (Melamed et al., 2006;

Schaufeli & Buunk, 2003; Shirom, 2009). Therefore analyses

were constructed to demonstrate the incremental contribution

of school burnout above that of anxiety and depressive

symptoms in accounting for variance in physiological

markers. Hierarchical multiple regression (HMR) analyses

were conducted to test the association between school burnout

scores and cardiovascular parameters and to demonstrate any

incremental contribution of school burnout scores above

anxiety and depressive symptomatology in accounting of

variance in physiological variables. Model 1 of the HMR

contained the anxiety and depression predictors and Model 2

introduced school burnout as a predictor. All statistical

analyses were performed using IBM SPSS version 20

(Chicago, IL).

Results and discussion

Correlations indicated no statistically significant associations

between SBI scores and health demographic (Table 1).

However, significant Pearson correlations between SBI,

STAI, and CES-D scores support the need to statistically

control for anxiety and depressive symptom influences while

evaluating SBI relationships with physiological variables.

ANOVA analyses indicated that SBI scores were not

associated with either ethnicity F(4, 131)¼ 1.02, p¼ 0.399,

or year in school, F(3, 132)¼ 1.31, p¼ 274. Model 2 of the

hierarchical regression analyses showed that, after accounting

for anxiety and depressive symptomatology, school burnout

scores significantly (p50.05) accounted for an additional 6%

of variance in HR values, 3% in RPP values, 3% in LFnu

values, and 5% in LFSBP values (Table 2). School burnout

scores did not significantly account for variance in SBP, DBP

or MAP values after controlling for anxiety and depressive

symptomatology. Therefore, these results indicate that during

a laboratory beat-to-beat BP assessment and after controlling

for anxiety and depressive symptomatology, school burnout

was not associated with conventional BP indices (i.e. SBP,

DBP and MAP) but was associated with increased autonomic

sympathetic activity (HR and LFnu), myocardial oxygen

consumption and inefficiency (RPP), and vascular sympa-

thetic activity and vasomotor tone (LFSBP).

Study 2

As laboratory responses may not reflect real-life cardiovas-

cular responses we next employed ambulatory blood pressure

monitoring (ABPM) in the natural environment. The import-

ance of doing so is emphasized by data suggesting that

responses to stress in every-day life may be more important

in understanding the development and progression of CVD

than responses in the laboratory (Schwartz et al., 2003).

Of particular importance is ‘‘non-dipping’’ or a pattern of

blunted nocturnal BP decline that describes the inability of

BP to decline throughout the nighttime hours. In comparing

individuals characterized as normal nocturnal BP dippers

(410% fall in nighttime BP) with non-dippers (510% fall

in nighttime BP), non-dippers were at an increased risk of

CVD with symptomatology ranging from the develop-

ment of hypertension to cardiac death (Fagard et al., 2008;

Viera et al., 2011).

Additionally, the ambulatory arterial stiffness index

(AASI), which is calculated from ambulatory BP recordings,

has been shown to be associated with the development of

CVD; with increases in AASI resulting in increased cardio-

vascular morbidity and mortality (Adiyaman et al., 2008).

AASI is an ideal supplement to conventional ambulatory

DOI: 10.3109/10253890.2014.969703 Burnout and cardiovascular functioning 3

St
re

ss
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
12

/0
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



hemodynamic indices (e.g. HR, SBP, DBP and MAP) and

BP dipping values as research has shown AASI to be

correlated with two gold standards of arterial stiffness: wave

reflection (as measured by the augmentation index) and pulse

wave velocity (Jerrard-Dunne et al., 2008). Importantly,

measurement of arterial stiffness has been shown to be a

predictor of CVD even in healthy young individuals (Berard

et al., 2013).

Table 2. Hierarchal linear regression of laboratory beat-to-beat hemodynamic indices.

Criterion (M, SD) Step Predictors b sr p Model R2 Model DR2 Model F

HR S1 STAI 0.10 0.10 0.254 0.08 F(2,133)¼ 5.61, p¼ 0.005
(78.02 bpm, 9.73) CES-D 0.29 0.28 0.001

S2 STAI 0.15 0.14 0.087 0.14 0.06 DF(1, 132)¼ 8.76, p¼ 0.004
CES-D 0.20 0.19 0.025

SBI 0.27 0.24 0.004
SBP S1 STAI 0.18 0.17 0.035 0.13 F(2,133)¼ 9.67, p50.001
(120.03 mmHg, 11.01) CES-D 0.27 0.26 0.002

S2 STAI 0.18 0.17 0.043 0.13 0.00 DF(1, 132)¼ 0.01, p¼ 0.928
CES-D 0.26 0.24 0.004

SBI 0.01 0.01 0.928
DBP S1 STAI 0.18 0.17 0.037 0.12 F(2,133)¼ 8.61, p50.001
(79.11 mmHg, 7.07) CES-D 0.25 0.24 0.004

S2 STAI 0.16 0.15 0.074 0.12 0.01 DF(1, 132)¼ 1.07, p¼ 0.303
CES-D 0.22 0.20 0.016

SBI 0.10 0.08 0.303
MAP S1 STAI 0.21 0.20 0.013 0.16 F(2,133)¼ 12.87, p50.001
(92.19 mmHg, 7.24) CES-D 0.30 0.29 50.001

S2 STAI 0.19 0.18 0.025 0.17 0.00 DF(1, 132)¼ 0.57, p¼ 0.453
CES-D 0.28 0.25 0.002

SBI 0.07 0.06 0.453
RPP S1 STAI 0.01 0.01 0.905 0.12 F(2,133)¼ 9.13, p50.001
(5905.42 bpm*mmHg, 1624.63) CES-D 0.35 0.34 50.001

S2 STAI 0.02 0.02 0.781 0.15 0.03 DF(1, 132)¼ 4.25, p¼ 0.041
CES-D 0.29 0.27 0.001

SBI 0.18 0.17 0.041
LFnu S1 STAI 0.18 0.18 0.046 0.04 F(2,133)¼ 2.76, p¼ 0.067
(1.52, 0.70) CES-D 0.16 0.15 0.090

S2 STAI 0.23 0.21 0.016 0.07 0.03 DF(1, 132)¼ 4.14, p¼ 0.044
CES-D 0.10 0.10 0.272

SBI 0.19 0.18 0.044
LFSBP S1 STAI 0.01 0.01 0.884 0.11 F(2,133)¼ 7.89, p¼ 0.001
(3.58 mmHg2, 2.28) CES-D 0.33 0.32 50.001

S2 STAI 0.07 0.06 0.427 0.15 0.05 DF(1, 132)¼ 9.25, p¼ 0.008
CES-D 0.25 0.23 0.005

SBI 0.24 0.22 0.008

N¼ 136. sr, semi-partial correlation; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RPP,
rate pressure product; LFnu, normalized low frequency; LFSBP, low frequency systolic blood pressure.

Table 1. Study 1 and study 2 correlation matrices of health demographics.

Variable M ± SD 1 2 3 4 5 6 7

Study 1
1. SBI 17.76 ± 7.25 1.00 0.53* 0.32* �0.01 0.04 0.10 0.15
2. CES-D 9.61 ± 5.35 1.00 0.40* 0.09 0.05 0.09 0.11
3. STAI 27.42 ± 4.88 1.00 0.10 0.07 �0.02 0.12
4. Height (cm) 164.11 ± 7.42 1.00 0.38* 0.36* 0.02
5. Weight (kg) 64.34 ± 14.82 1.00 0.79* 0.33*
6. BMI (kg/m2) 23.89 ± 3.6 1.00 0.37*
7. Age (years) 20.51 ± 2.82 1.00

Study 2
1. SBI 18.09 ± 7.70 1.00 0.49* 0.30* 0.03 0.09 0.06 0.14
2. CES-D 8.47 ± 4.09 1.00 0.39* �0.02 0.01 0.06 0.07
3. STAI 26.91 ± 4.26 1.00 0.05 0.07 0.03 0.13
4. Height (cm) 163.93 ± 7.66 1.00 0.41* 0.39* 0.11
5. Weight (kg) 64.01 ± 13.92 1.00 0.80* 0.32*
6. BMI(kg/m2) 24.15 ± 3.9 1.00 0.39*
7. Age (years) 20.72 ± 2.92 1.00

Study 1 N¼ 136. Study 2 N¼ 94. SBI, School Burnout Inventory; CES-D, Center for Epidemiologic Studies Depression Scale; STAI, State-Trait
Anxiety Inventory; BMI, body mass index.

*p50.05, two-tailed.

4 R. W. May et al. Stress, Early Online: 1–9

St
re

ss
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
12

/0
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Therefore, Study 2 examined the relationship between

school burnout and diurnal BP variation in females through

ambulatory BP monitoring. We hypothesized associations

between elevated school burnout and increases in 24 h

ambulatory hemodynamics, BP non-dipping and ambulatory

arterial stiffness, while controlling for anxiety and depressive

symptoms.

Methods

Participants

Ninety-four undergraduate female students (Mean

age¼ 20.72 years, SD¼ 2.92) qualified for study inclusion.

Participants were excluded from study participation through

an online health screening assessment if they smoked,

exercised regularly, defined as 4120 min per week in the

previous 6 months, were hypertensive (BP� 140/90 mmHg),

had chronic diseases, or were taking beta blockers, anti-

depressants or stimulants. Participants were asked to abstain

from caffeine, alcohol and strenuous physical activity 24 h

prior to the testing period and during the assessment period.

Participants were tested in the early follicular phase of the

menstrual cycle to avoid potential variations in pressure wave

morphology and cardiac reactivity. The ethnic composition of

the sample was 81% Caucasian, 9% African American, 4%

Asian and 6% endorsed either biracial or non-disclosed

ethnicity. Participants were recruited from undergraduate

classrooms as an option for voluntary class credit and all

data was collected in the middle (weeks 3–9) of the spring

semester. All participants gave their written consent prior

to study participation as approved by The Florida State

University Institutional Review Board.

Instruments and measures

Ambulatory blood pressure monitoring. Ambulatory BP

measurements were collected using validated oscillometric

90217A SpaceLabs (Spacelabs; Wokingham, Berkshire, UK)

recorders and calibrated to take four measurements per

hour for 24 h. Daytime and sleeping times were defined by

self-reported waking and sleeping times. Dipping values

were calculated (see Friedman & Logan 2009) as the degree

of fall (%) in nocturnal MAP pressure relative to the diurnal

MAP: 100 (1 – [nocturnal MAP daytime MAP]). To calculate

the ambulatory arterial stiffness index (AASI), the regression

slope of DBP on SBP was computed for each participant

from the unedited 24 h measurements. AASI was defined as

one minus the regression slope. The stiffer the arterial tree,

the closer the regression slope and AASI are to zero and one,

respectively (Adiyaman et al., 2008).

Measurement scales. As in Study 1, school burnout was

measured using the SBI, depression the CES-D, and anxiety

the STAI with sample a of 0.88, 0.75 and 0.88, respectively.

Procedure

After completing an online health history form, eligible

participants were scheduled for a laboratory appointment to

complete a 24 h ambulatory BP assessment. Upon arrival,

participants completed a questionnaire containing the school

burnout, depression, and anxiety scales. Anthropometrics

were then measured and participants were fitted with an

ambulatory BP monitoring device. Ambulatory BP setup and

monitoring began between 0800 and 1100 h and concluded

when the recorder was returned to the laboratory the

following day.

Statistical analysis

As conducted in Study 1, Pearson correlations, multinomial

logistic regressions, and hierarchical multiple regressions

were utilized in Study 2.

Results and discussion

Pearson correlations indicated no statistically significant

relationships between SBI scores and health demographics

(Table 1). ANOVA analyses indicated that SBI scores were

not associated with either ethnicity F(4, 89)¼ 1.11, p¼ 0.357,

or year in school, F(3, 90)¼ 1.22, p¼ 307. Model 2 of the

hierarchical regression analyses showed that, after accounting

for anxiety and depressive symptomatology, school burnout

scores significantly (p50.05) accounted for additional vari-

ance in HR, (13%) SBP (4%), DBP (7%), MAP (12%), RPP

(15%), SBP dipping (8%), DBP dipping (11%), MAP dipping

(12%), and ASSI (5%) values (Table 3). Therefore, utilizing

ambulatory assessments these findings demonstrate that

school burnout was associated with elevated 24 h HR and

BP, increased myocardial oxygen consumption and ineffi-

ciency, a blunting of normal diurnal variability (non-dipping)

in BP, and increased arterial stiffness (AASI). In a graphical

representation comparing study findings, Figure 1 contains

scatterplots of raw scores displaying the regression of school

burnout scores on heart rate and mean arterial pressure values

from Study 1 and Study 2.

General discussion

Two studies were conducted assessing laboratory beat-to-beat

blood pressure and then ambulatory blood pressure measure-

ments in young females in an effort to evaluate potential

cardiovascular biomarkers associated with school burnout

symptomatology. These studies present the novel findings

that increased school burnout was associated with (1) both

cardiac sympathovagal tone (LF) and sympathetic vasomotor

tone (LFSBP), (2) increased myocardial oxygen consumption

and inefficiency, (3) increased 24-h ambulatory HR and BP,

(4) blunted diurnal variability in SBP, DBP and MAP, and

(5) increased arterial stiffness (AASI).

These findings suggest that even in a seemingly

healthy sample, school burnout may predispose females to

increased cardiovascular risk via elevated SNS activity,

greater arterial tree stiffness and blunted diurnal variability

in blood pressure. These findings are important as these

indices have been shown to be early markers of impaired

cardiovascular functioning.

Mechanistically, it appears that in those with greater school

burnout the increase in SNS activity may potentially evoke

vasoconstriction and arterial stiffness from the day into the

night and subsequently it may impair the ability of BP to

normally dip in the early morning hours. It is worth noting
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that even though laboratory assessments showed a link

between markers of sympathetic activity (LFSBP, LFnu)

and burnout scores, BP and RPP where not significantly

correlated with SBI. However, the ambulatory assessments

reveled that SBI was associated with poor blood pressure

variability, increased arterial stiffness (AASI) and increased

myocardial oxygen consumption (RPP). Furthermore, while

Study 1 and 2 utilized differing assessment techniques

and independent samples, previous research indicates ambu-

latory assessment, in particular, BP dipping and AASI, to be

better predictors of cardiovascular outcomes when compared

to laboratory or office measured BP (Adiyaman et al., 2008;

Sega et al., 2005). Interestingly, BP indices displayed

stronger relationships with school burnout during the ambu-

latory assessments than during the laboratory assessment.

In addition, the AASI was significantly correlated with

SBI, which may indicate that school burnout could evoke

maladaptive alterations in the vasculature and baroreflex

sensitivity (Stergiou et al., 2010; Wang et al., 2010).

Therefore, the results of the present study suggest that

prospective studies aimed at understanding the role of school

burnout in the development of cardiovascular disease should

pay special attention to ambulatory examinations of cardio-

vascular regulation.

The current research is consistent with May et al. (2014)

by similarly demonstrating school burnout to be related

with cardiovascular functioning associated with increased

cardiovascular risk. However, by examining female physi-

ology, assessing heart rate variability and utilizing ambula-

tory assessments, the current research differs from May et al.

(2014). Furthermore, May et al. (2014) demonstrated school

burnout associations with hemodynamics under conditions

of cardiac stress and recovery whereas the current research

identified school burnout, hemodynamic and autonomic

Table 3. Hierarchical linear regression analyses of ambulatory hemodynamic indices.

Criterion (M, SD) Step Predictors b sr p Model R2 Model DR2 Model F

HR S1 STAI 0.22 0.22 0.059 0.05 F(2, 91)¼ 1.85, p¼ 0.163
(78.66 bpm, 8.69) CES-D 0.03 0.03 0.807

S2 STAI 0.13 0.13 0.257 0.18 0.13 DF(1, 90)¼ 10.28, p50.001
CES-D 0.14 0.12 0.265

SBI 0.40 0.35 0.002
SBP S1 STAI 0.19 0.19 0.065 0.07 F(2 ,91)¼ 3.60, p¼ 0.031
(113.91 mmHg, 7.90) CES-D 0.18 0.18 0.085

S2 STAI 0.11 0.10 0.331 0.12 0.04 DF(1, 90)¼ 4.37, p¼ 0.039
CES-D 0.07 0.07 0.524

SBI 0.25 0.21 0.039
DBP S1 STAI 0.10 0.10 0.338 0.05 F(2 ,91)¼ 2.43, p¼ 0.094
(71.60 mmHg, 6.33) CES-D 0.19 0.19 0.063

S2 STAI 0.01 0.01 0.964 0.12 0.07 DF(1, 90)¼ 6.58, p¼ 0.012
CES-D 0.06 0.06 0.567

SBI 0.31 0.25 0.012
MAP S1 STAI 0.19 0.19 0.060 0.08 F(2, 91)¼ 4.57, p¼ 0.013
(85.31 mmHg, 5.86) CES-D 0.22 0.22 0.033

S2 STAI 0.08 0.07 0.444 0.20 0.12 DF(1, 90)¼ 7.98, p¼ 0.006
CES-D 0.08 0.07 0.469

SBI 0.33 0.27 0.006
RPP S1 STAI 0.21 0.11 0.078 0.05 F(2, 91)¼ 1.73, p¼ 0.183
(9051.38 bpm*mmHg, 1433.97) CES-D 0.06 0.06 0.588

S2 STAI 0.11 0.10 0.348 0.20 0.15 DF(1, 90)¼ 12.62, p5.001
CES-D 0.12 0.11 0.335

SBI 0.44 0.39 50.001
SBPdp S1 STAI �0.19 �0.19 0.112 0.04 F(2 ,91)¼ 1.25, p¼ 0.266
(4.65%, 6.62) CES-D �0.01 �0.01 0.920

S2 STAI �0.11 �0.11 0.348 0.11 0.08 DF(1, 90)¼ 6.10, p¼ 0.015
CES-D �0.12 �0.1 0.348

SBI �0.32 �0.28 0.016
DBPdp S1 STAI �0.21 �0.21 0.083 0.05 F(2 ,91)¼ 1.62, p¼ 0.204
(6.68%, 9.96) CES-D �0.05 �0.05 0.666

S2 STAI �0.12 �0.11 0.318 0.16 0.11 DF(1, 90)¼ 9.21, p¼ 0.003
CES-D �0.11 �0.10 0.387

SBI �0.38 �0.34 0.003
MAPdp S1 STAI �0.28 �0.28 0.019 0.08 F(2, 91)¼ 2.91, p¼ 0.060
(4.95%, 7.37) CES-D �0.04 �0.04 0.726

S2 STAI �0.18 �0.18 0.106 0.20 0.12 DF(1, 90)¼ 10.26, p¼ 0.002
CES-D �0.12 �0.11 0.312

SBI �0.40 �0.35 0.002
AASI S1 STAI 0.08 0.08 0.465 0.01 F(2,91)¼ 0.42, p¼ 0.658
(0.28, 0.16) CES-D 0.06 0.06 0.584

S2 STAI 0.01 0.01 0.916 0.06 0.05 DF(1, 90)¼ 4.24, p¼ 0.042
CES-D 0.06 0.05 0.631

SBI 0.26 0.21 0.042

N¼ 94; dp¼ dipping value; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RPP, rate
pressure product; ASSI, ambulatory arterial stiffness index.
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associations during resting and ambulatory conditions. Given

the difference in gender and assessment methodologies

between these studies, caution should be used regarding

direct physiological parameter and /or gender comparisons.

In comparing school burnout and work burnout differences

appear regarding hemodynamic functioning. Researchers

investigating work burnout have proposed a variety of

potential mechanisms to mediate the link between burnout

and hypertension (i.e. metabolic processes, SAM and

HPA deregulation, autonomic nervous system activation,

micro-inflammation, impaired immunity functions, blood

coagulation, fibrinolysis, poor health, sleep behaviors), but

imbalance in hemodynamic functioning has been under-

emphasized (Danhof-Pont et al., 2011; Melamed et al.,

2006). One potential reason is that research fails to provide

a clear picture of the relationship between work burnout and

hemodynamics. For example, a meta-analysis examining the

relationship between work burnout and hemodynamics

indicated that in comparison with controls, patients with

higher burnout had significantly lower systolic BP support-

ing the conclusion that work burnout is not associated

with hypertension (Danhof-Pont et al., 2011). Conversely,

other studies not included in the Danhof-Pont et al. (2011)

meta-analysis have documented associations between work

burnout and hypertension suggesting that burnout may

ultimately have a negative impact on physical health (Alves

et al., 2009; Capizzi et al., 2010; Yu et al., 2009). We

believe the current research helps support the conclusion

that burnout is associated with altered hemodynamic func-

tioning and serves to help clarify the burnout-hemodynamic

association. Additionally, the present study utilized a

more sensitive assessment of cardiovascular functioning

than those utilized in prior burnout studies. Hence, the

present findings suggest a potential link between school

burnout and the development of hypertension, the most

common form of CVD.

To help further investigate the relationship between

physiology and school burnout a variety of potential

Figure 1. Regression of school burnout inventory (SBI) composite scores on heart rate (HR) and mean arterial pressure (MAP) values from Study 1 and
Study 2.
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improvements to prospective studies can be suggested. In

addition to study replication it may also be beneficial, given

the general normotensive nature of the individuals in school

burnout samples used in this research, to implement more

sensitive assessment protocols that are more conductive to

identifying subtle physiological changes such as stress-

induced manipulations (De Vente et al., 2003) or expanding

the analysis of 24 ambulatory BP recording into multi-day

diurnal variation (Fan et al., 2013; van Doornen et al., 2009).

The current studies point to the need for continued research

that investigates cardiovascular functioning and school burn-

out in both females and males, SBI subscale relationships

with cardiovascular functioning, the establishment of clinical

diagnostic cutoff points for SBI scores, as well as potential

age-related effects. For example, given the age of the samples

used in this research, prospective studies may benefit from

sampling older, nontraditional students as there may poten-

tially be an adverse synergistic effect of school burnout and

aging on the cardiovascular system.

Whereas initial school burnout research focused on

adolescents, we chose to investigate school burnout in a

collegiate population where academic responsibilities are

perceived to be as stressful as work-related activities

(Hamaideh, 2011); thus future research may want to examine

whether adverse school burnout-cardiovascular relationships

can be identified in these younger populations. Additionally,

in view of Parker & Salmela-Aro’s (2011) demonstration

of the progression and consistency of school burnout over

time and findings demonstrating consistent school burnout-

suboptimal academic performance (decreased undergraduate

grade point averages) associations for cross-sectional

data collected over six academic semesters (Brown et al.,

2013), the longitudinal effects of school burnout on cardiac

functioning and physical health need to be investigated.

Finally, it may be beneficial to implement more precise

measures of SNS activity via HPA or SAM axis bio-

markers such as cortiosteriods and/or catecholamines concen-

trations in studies investigating school burnout in regards to

basal physiological values and physiological stress responses

(De Vente et al., 2003) as well as more comprehensive

heart rate variability and cardiac autonomic modulation

measurements.

In conclusion, these studies established autonomic and

cardiovascular biomarkers of school burnout. It appears

that school burnout is associated with altered cardiovascu-

lar modulation via elevated levels of resting hemodynamic

and SNS activity making it reasonable to consider

school burnout to be a potential risk factor for future

CVD development. Elevated SNS activity has been proposed

to be an early manifestation of CVD (Goldstein, 1983).

Consequently, early detection of cardiovascular anomalies

is important as it may prevent the development of less

treatable forms of CVD (Chobanian et al., 2003; Elliott &

Black, 2007; Goldstein, 1983; Kearney et al., 2005;

Minino et al., 2007). Therefore, these findings have import-

ant clinical implications for the evaluation of school burn-

out symptoms as they may be associated with the

early manifestations of cardiovascular disease and negative

health consequences, even in seemingly young healthy

females.
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Salmela-Aro K, Kiuru N, Pietikäinen M, Jokela J. (2008). Does school
matter? The role of school context in adolescents’ school-related
burnout. Eur Psychol 13(1):12–23.

Radloff LS. (1977). The CES-D Scale. Appl Psychol Meas 1:385–401.
Salmela-Aro K, Kiuru N, Leskinen E, Nurmi JE. (2009). School burnout

inventory (SBI): reliability and validity. Eur J Psychol Assess 25:
48–57.

Sacknoff DM, Gleim GW, Stachenfeld N, Coplan NL. (1994). Effect of
athletic training on heart rate variability. Am Heart J 127(5):1275–8.

Santor DA, Coyne JC. (1997). Shortening the CES -D to improve its
ability to detect cases of depression. Psychol Assessment 9:233–43.

Schaufeli WB, Buunk BP. (2003). Burnout: an overview of 25 years of
research and theorizing. In: Schabracq MJ, Winnubst JAM, Cooper
CC, editors. The handbook of work and health psychology. 2nd ed.
West Sussex, England: Wiley. p 383–429.

Schwartz AR, Gerin W, Davidson KW, Pickering TG, Brosscho JF,
Thayer JE, Christenfeld N, et al. (2003). Toward a causal model of
cardiovascular responses to stress and the development of cardiovas-
cular disease. Pyschosom Med 65:22–35.

Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G,
Mancia G. (2005). Prognostic value of ambulatory and home
blood pressures compared with office blood pressure in the gen-
eral population: follow-up results from the pressioni arteriose
monitorate e loro associazioni (PAMELA) study. Circulation
111(14):1777–83.

Shirom A. (2009). Epilogue: mapping future research on burnout and
health. Stress Health 25:375–80.

Spielberger CD, Gorsuch RL, Lushene RE. (1970). Manual for the state-
trait anxiety inventory. Palo Alto, CA: Consulting Psychologists Press.

Stergiou GS, Kollias A, Rarra VC, Nasothimiou EG, Roussias LG.
(2010). Arterial stiffness index based on home (HASI) vs. ambulatory
(AASI) blood pressure measurements. Hyperten Res 33(7):731–6.

van Doornen LJP, Houtveen JH, Langelaan S, Bakker AB, van Rhenen
W, Schaufeli WB. (2009). Burnout versus work engagement in their
effects on 24-hour ambulatory monitored cardiac autonomic function.
Stress Health 25(4):323–31.

Viera AJ, Zhu S, Hinderliter AL, Shimbo D, Person SD, Jacobs Jr DR.
(2011). Diurnal blood pressure pattern and development of pre-
hypertension or hypertension in young adults: the CARDIA study.
J Am Soc Hypertens 5(1):48–55.

Yang H. (2004). Factors affecting student burnout and academic
achievement in multiple enrollment programs in Taiwan’s technical–
vocational colleges. Int J Educ Dev 24:283–301.

Yu SF, Zhou WH, Gu GZ, Wu YY, Qiu Y, Wang S. (2009). Effect of
occupational stress on hypertension. Zhonghua Lao Dong Wei Sheng
Zhi Ye Bing Za Zhi 27(12):706–10.

Wang MY, Huang CJ, Wu YL, Liu JC, Tsai PS. (2010). The
influence of baroreflex sensitivity on ambulatory arterial stiffness
index in individuals with cardiovascular risk. Blood Press Monit
15(5):262–7.

DOI: 10.3109/10253890.2014.969703 Burnout and cardiovascular functioning 9

St
re

ss
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
JH

U
 J

oh
n 

H
op

ki
ns

 U
ni

ve
rs

ity
 o

n 
12

/0
4/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


	School burnout: increased sympathetic vasomotor tone and attenuated ambulatory diurnal blood pressure variability in young adult women
	Introduction
	Study 1
	Study 2
	General discussion
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


