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Abstract

Objectives: Modifications of hearth rate variability (HRV) constitute a marker of the autonomic nervous system (ANS)
deregulation, a promising pathway linking job strain (JS) and cardiovascular diseases (CVD). The study objective is to as-
sess whether exposures to recent and prolonged JS reduce time-domain HRV parameters on working days (WD) among
CVD-susceptible nurses and whether the association also persists on resting days (RD). Material and Methods: 313 healthy
nurses were investigated twice with one year interval to assess JS based on the demand-control and the effort-reward
models. 36, 9 and 16 CVD-susceptible nurses were classified as low JS in both surveys (stable low strain — SLS), recent
high JS (high JS at the second screening only-RHS) and prolonged high JS (high strain in both surveys-PHS), respectively.
In9, 7 and 10 of them, free from comorbidities/treatments interfering with HRV, two 24-h ECG recordings were performed
on WD and RD. Differences in the time domain HRV metrics among JS categories were assessed using ANCOVA, ad-
justed for age and smoking. Results: In the entire sample (mean age: 39 years, 83% females) the prevalence of high job
strain was 38.7% in the second survey. SDNN (standard deviation of all normal RR intervals) on WD significantly declined
among JS categories (p = 0.02), with geometric mean values of 169.1, 145.3 and 128.9 ms in SLS, RHS, PHS, respectively.
In the PHS group, SDNN remained lower on RD as compared to the low strain subjects (142.4 vs. 171.1 ms, p = 0.02).
Similar findings were found for the SDNN_Index, while SDANN (standard deviation of average RR intervals in all 5 min
segments of registration) mean values reduced in the PHS group during WD only. Conclusions: Our findings suggest that
persistent JS lowers HRV time-domain parameters, supporting the hypothesis that the ANS disorders may play an interme-
diate role in the relationship between work stress and CVD.
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INTRODUCTION

Job strain (JS) in many studies has been found to be associ-
ated with an increased risk for coronary heart diseases [1].
A recently published pooled analysis of prospective cohort
studies estimated an overall hazard ratio of 1.23 for high
job strain versus no job strain [2]. An earlier meta-ana-
lysis reported higher relative risks when JS was assessed
through the Effort-Reward Imbalance (ERI) model [3].
Two pathways have been advocated to explain the re-
lationship between psychological stress and the cardio-
vascular system: the hypothalamic-pituitary—adrenal
axis and the autonomic nervous system [4]. Heart rate
variability (HRV), which represents variations in nor-
mal RR intervals, is recognized as a valuable quantita-
tive marker of cardiac autonomic dysfunction [5]. Seve-
ral studies established that a reduced HRV is a strong
and independent predictor of mortality in patients with
cardiovascular diseases, and of cardiovascular events in
healthy subjects [5-8]. Moreover, a temporary reduction
in HRV has been reported in subjects undergoing acute
mental stress [9,10]. Lucini et al. have found an associa-
tion between autonomic dysfunction and real-life stress
conditions [11], and other studies have explored associa-
tions between HRV modifications and job strain adopt-
ing the demand-control or Effort-Reward Imbalance
(ERI) models [12,13].

Studies registering ECG for short durations (5 or 10 min)
reported reductions of the standard deviation of the NN
interval (SDNN) during working periods in high strain
workers [14-16]. Among the studies adopting long-ECG
recordings (24 h or more) reductions of time-domain HRV
parameters in high JS subjects during working days (WDs)
have been reported by many authors [12,17-21], but only
one study found some effects of job strain on resting days
(RDs) in exhausted subjects [18].

As reported by many studies, positive family histories
of cardiovascular or metabolic diseases have influence
on HRV. Piccirillo et al. [22] have found a lower vagal

tone in the offspring of hypertensive patients compared
to those without a family story of hypertension, and Mavel
et al. [23] have reported similar findings in normotensive
subjects with family story of hypertension. A reduction
in HRV was also reported among healthy subjects with
positive family history of diabetes [24,25] or premature
heart attack and sudden death [26]. Genetic susceptibi-
lity to cardiovascular diseases (CVD) [27] has been con-
sidered when a positive history of any of the mentioned
above disorders was determined.

The aims of the present study are:

1. To assess differences between time-domain HRV pa-
rameters during WD, in 3 groups of CVD-susceptible
healthy nurses characterized by stable low strain, recent
and prolonged (lasting at least one year) high job strain.

2. To assess whether such differences extend to RD, sup-
porting the theory of persistent effects of job strain on
the cardiovascular system.

MATERIAL AND METHODS

Study population

Nurses and nurse assistants working for at least one
year in medical and surgical wards of a Northern Italian
university hospital were asked to participate in a survey
concerning working conditions and job strain. The survey
took place in February 2010, and 398 out of 518 nurses
(participation rate 76%) filled in a structured question-
naire to ascertain the perceived working conditions, in-
cluding items on the demand-control and effort-reward
aspects. The same survey was repeated one year later on
the same subjects, and 313 nurses (participation 78.6%)
filled in the second questionnaire. The surveys were car-
ried out in collaboration with the employee health repre-
sentatives, who actively endorsed and recommended par-
ticipation. All the recruited subjects signed an informed
consent and the study was approved by the local hospital
ethical committee.
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Job strain assessment

Both the Job Content Questionnaire (JCQ) [28,29] and
the Effort-Reward Imbalance (ERI) questionnaire [30]
were adopted to identify high strain subjects. In each sur-
vey, we defined a “high strain” category when either psy-
chological job demand (PJD) was above the second tertile
value (> 38, in our population) and decision latitude (DL)
below the 1st tertile (< 66); or when the effort to reward
ratio (ERI ratio) was above the second tertile (1.21).
Similarly, “low strain” subjects were identified when ei-
ther PJD was below the first (< 34) and DL above the
second (> 70) tertiles, or when the ERI ratio resulted be-
low the first tertile (< 0.40). Nurses with strain scores not
included in these categories were classified into a single
intermediate job strain category.

A 3-level study exposure variable was defined by combi-
ning the results of the 2 surveys, as follows. The subjects
who reported high strain (N = 29) and low strain (N = 52)
in both surveys were defined as prolonged high strain
(PHS) and stable low strain (SLS), respectively. Final-
ly, 17 nurses in the intermediate job strain category in the
first survey and with high strain in the second survey, were
classified as a category called recently high strain (RHS).

Inclusion and exclusion criteria

All the nurses were carefully investigated with regard to
family history of coronary heart diseases, hypertension and
diabetes mellitus occurring in the first-degree relatives.
Only the people with at least one positive family history
of any of these diseases were then included into the stu-
dy. CVD-susceptible nurses resulted to be 16, 9 and 36 in
the PHS, RHS and SLS groups, respectively.

Moreover, 3 and 9 nurses in the PHS and SLS groups, re-
spectively, were excluded from the study due to affected
hypertension, diabetes, neurological or endocrinal dis-
orders, or due to drug treatments with antihypertensive,
antiarrhythmic, neuroleptic and antidepressant medica-
tions, which are known to have effects on the autonomic
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nervous system. Of eligible nurses, 10, 7 and 19 gave their
written consent to undergo 24-hour ECG monitoring in
the PHS, RHS and SLS groups, respectively. None of the
female nurses was pregnant or breast-feeding and no-
body declared an excessive alcohol consumption or use of
illicit drugs.

ECG monitoring and HRV analysis

Two 24-h ECG monitoring sessions (H-Scribe Mortara)
on a WD and on a RD were registered for all the enrolled
subjects. The selected WD was at least 72 h after a night
shift to reduce the effect of sleep deprivation. All the sub-
jects were instructed to fill in a diary, indicating the start-
ing and ending times of each relevant activity (i.e., work,
sleep, meals, rest, light physical activity) which occurred
during ECG recordings. Twelve leads were used in order
to detect rate and location of any abnormal repolariza-
tion better [31]. ECG segments with anomalies, artifacts
or ectopic beats were excluded from the HRV assessment,
which was carried out by a single cardiologist. Raw ECG
data were processed according to the current standard
guidelines [5]. Time domain parameters were assessed
on ECG recordings with > 90% of qualified sinus beats
for at least a 23-h periods, otherwise the ECG monitor-
ing was repeated (2 subjects). All the subjects were on
sinus rhythm and none evidenced supraventricular or ven-
tricular arrhythmias, conduction abnormalities or signs of
ischemia.

Statistical analysis

The following statistical metrics were computed: SDNN,
standard deviation of the average of NN intervals in 5-min
segments (SDANN), the mean of the 5-min standard
deviation of the NN interval (SDNN_Index). SDANN
and SDNN_Index estimate HR changes due to longer and
shorter than 5 min cycles, respectively. The square root of
the mean squared differences of successive NN intervals
(rMSSD) and the proportion derived by dividing NN50



PERSISTENT JOB STRAIN AND DECREMENTS IN HRV ORIGINAL PAPER

by the total number of NN intervals (pNN50) were also
calculated.

Differences of demographic, clinical and psychological
characteristics among job strain exposure categories were
tested using the ANOVA for quantitative variables and the
Chi? test for qualitative variables. In order to reduce the
influence of extreme values, HRV parameters were log-
transformed (natural logarithm), and we reported the
geometric mean. Differences in HRV In-transformed mea-
sures among strain categories were tested using ANCOVA
adjusting for major covariates (age and smoking status),
and pair-wise comparisons were used to test differences
between the strain categories (p-values adjusted for mul-
tiple comparison according to Tukey). A 2-sided o equal
to 0.05 was the level of significance for all statistical tests.
Statistical analyses were performed with SAS version 9.2
(SAS Institute, Inc., Cary, NC).

RESULTS

Among the 313 nurses who participated in both surveys,
the percentage of high strain based on JCQ adopting the
quadrant term (DL below the median 68 and PJD above
the median 34) was 25.2% in the first, and 22.7% in the
second survey, respectively. According to the ERI strain
definition (effort-reward ratio > 1), the percentage of
high strain was 18.5% and 25.2%, in the first, and second
survey, respectively. It is interesting to note that only 10%
in each survey were defined as high strain by both defini-
tions, and the prevalence of high strain according to either
the JCQ definition or the ERI definition were 32.9% in
the 1st survey and 38.7% in the 2nd.

The enrolled sample was characterized by a high propor-
tion of women (83.3%), a mean age of 39 years and an
average job tenure of 11 years. 72.2 % of them were pro-
fessional nurses. The subjects were slim (mean BMI of 24)
and 30.6% of them were smokers. Positive family histories
of diabetes, ischemic heart disease and hypertension were

present in 42%, 48% and 65% of the subjects, respectively.
We observed no statistically significant differences among
job strain categories in demographic and clinical chara-
cteristics, with the exception of the proportion of current
cigarette smokers (p = 0.03) with a higher prevalence in
the PHS group (Table 1).

Associations between major covariates (age, gender
and smoke) and HRV parameters were explored. As ex-
pected, most of the time domain parameters decreased
with aging both on working and resting days. Smokers
evidenced reduced SDNN_Index on WD (p = 0.012)
and RD (p = 0.018) and pNN50 (in RDs only p = 0.013).
Due to the high prevalence of females in the sample
(83.3%) the expected association between HRV param-
eters and gender was not tested. The subsequent analyses
of HRV measures were then adjusted for age and smoking.
Table 2 shows statistically significant differences in
most ERI and JCQ constructs and scores (second sur-
vey assessment), across the strain categories. Progressive
increments of effort and over commitment from the low
to recent and prolonged strain categories. Decision lati-
tude means were higher in both, the recent and prolonged
strain categories in comparison with the low strain, and an
opposite pattern was found for psychological job demand.
No statistically significant differences were found in super-
visor and coworker support mean values. Based on these
data, there is a tendency of JCQ to pick up current con-
ditions of job strain, while ERI seems to be able to better
characterize lasting strain situations with a progressive gra-
dient from low to recent and prolonged strain conditions.
As reported in Table 3, the analysis of time domain HRV
metrics showed significant differences among strain cate-
gories (F =4.51, p = 0.02) for SDNN on working days, with
reducing geometric mean values of 169.1 ms, 145.3 ms
and 128.9 ms in SLS, RHS and PHS groups respective-
ly. On resting days the same pattern of SDNN geomet-
ric means was observed, but the gradient between RHS
and PHS groups was reduced (158.9 ms and 142.4 ms,
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Table 1. Demographic and clinical characteristics in the investigated strain categories from Job Content Questionnaire (JCQ)

Job Content Questionnaire

Variable SLS RHS PHS P
(N =19) (N=7) (N = 10)
Age (years) (M+SE) 37319 40.3%2.8 41.0+4.1 0.58*
Female [n (%)] 15 (79.0) 6 (85.7) 9(90.0) 0.74**
Professional nurses [n (%)] 16 (84.2) 4(57.1) 6 (60.0) 0.23%*
Bachelor degree [n (%)] 7(36.8) 2(28.6) 2(20.0) 0.64**
Seniority (years) (M£SE) 10.2+2.1 71£1.3 13.7+4.2 0.40*
Positive family history of diabetes [n (%)] 9 (47.4) 3(42.9) 4 (40.0) 0.93%**
Positive family history of hypertension [n (%)] 14(73.7) 2(28.6) 8(80.0) 0.06™*
Positive family history of CHD [n (%)] 10 (52.6) 3(429) 4 (40.0) 0.78**
Body mass index (M+SE) 24.4%0.8 254+1.8 2.1+11 0.18*
Current cigarette smokers [n (%)] 5(26.3) 0(0.0) 6 (60.0) 0.03**

M - mean; SE - standard error.

SLS - stable low strain; RHS - recently high strain; PHS - prolonged high strain.

* F-test from ANOVA.
** Chi® test.

Table 2. Mean (M) and standard deviation (SD) of Effort-Reward Imbalance ratio (ERI) and Job Content Questionnaire (JCQ)

according to the job strain category

Job Content Questionnaire

(M=SD)
Variable p*
SLS RHS PHS
(N=19) (N=7) (N=10)
Effort 12.8+4.6 20.4%2.2 23.6+4.8 < 0.0001
Reward 48.7£5.6 35.6£9.5 29.8+11.7 0.0003
Effort-Reward Imbalance ratio 0.5%0.2 1.1x04 1.7x0.62 < 0.0001
Decision latitude 71.9%6.3 58.6+7.3 574+114 0.0004
Psychological job demand 31.2+2.6 39.3+2.1 39.1+5.6 < 0.0001
Supervisor support 11.3+25 10.3+1.3 8.1+3.2 0.1541
Coworker support 11.4x17 10.6x1.6 10.1£2.9 0.0866

SD - standard deviation. Other abbreviations as in Table 1.
* as in Table 1.

respectively), resulting in a borderline statistically signifi-
cant association (F = 2.75, p = 0.08). When the pair-wise
comparisons were tested, statistically significant differen-
ces were found for SDNN means between the prolonged
and low strain subjects, both on working (p < 0.01) and
resting days (p = 0.02).

[JOMEH 2015;28(1)

Similar findings have been found for geometric means
for SDNN_Index, with significant differences on work-
ing days (geometric means: 70.4 ms, 59.5 ms and 54.8 ms,
F = 3.65 and p = 0.04) and borderline significance on
resting days (71.9 ms, 69.2 ms, and 56.5 ms, F = 2.97 and
p = 0.07) in SLS, RHS and PHS, respectively. Also for
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Table 3. Age- and smoking-adjusted geometric means (M) of time-domain HRV parameters according to the job strain category

Job Content Questionnaire

HRYV time domain (M=£SE) .
parameter SLS PHS P
(N =19) (N=7) (N = 10)

SDNN (ms)

WD 169.1£9.3 145.3+13.2 128.3+£9.7 0.0185

RD 171.1£7.9 158.9=12.0 142.4%9.0 0.0786
SDNN_Index (ms)

WD 70.4£4.0 59.5+5.6 54.8+43 0.0370

RD 71.9+4.2 69.2+6.7 56.5+4.6 0.0654
SDANN (ms)

WD 148.1+8.9 131.8+13.1 116.5£9.7 0.0760

RD 144.0£6.9 133.1£10.5 125.2+8.2 0.2298
RMSSD (ms)

WD 48.8+6.2 46.8+9.8 37.0£6.5 0.4418

RD 522+6.5 66.1+13.6 40.6x7.0 0.2010
PNN50 (%)

WD 9.7+24 4.9%2.0 4.6x1.6 0.1544

RD 11.1£2.7 8.5%34 4.9=1.6 0.1570
HR (bpm)

WD 763+1.3 82424 783x1.9 0.0879

RD 73513 75.1+2.1 77118 0.2811

SDNN - the standard deviation of the NN interval; SDNN_Index — mean of the 5-min standard deviation of the NN interval; SDANN - standard
deviation of the average of NN intervals in 5-min segments; RMSSD - square root of the mean squared differences of successive NN intervals;
PNNS50 - proportion derived by dividing NN50 by the total number of NN intervals.

HRYV - hearth rate variability; SE - standard error.
WD - working day; RD - resting day.
* F-test from ANCOVA.

this time-domain statistics known to be influenced by
shorter cycles, statistically significant differences between
the low and prolonged strain groups were observed on
working days (p = 0.01) and resting days (p = 0.02).

Same pattern, but with smaller differences, was found in
the case of SDANN on working days and resting days. Only
areduced mean value was detected in the prolonged strain
when compared to the low strain nurses during working
days, with geometric mean values of 148.1 ms vs. 116.5 ms
in SLS and PHS groups (p = 0.02). We did not find any

other statistically significant differences among strain ca-
tegories for RMSSD, PNN50 and HR, both on working
and resting days (Table 3).

DISCUSSION

In this study, carried out on 36 CVD-susceptible, healthy,
young-adult, predominantly female nurses, investigated for
job strain conditions twice with one year interval, we found
statistically significant decrements of SDNN, SDNN_Index

[JOMEH 2015;28(1)
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and SDANN in the prolonged high strain subjects compared
to the stable low strain subjects during WD. No statistically
significant differences were found between the subjects with
low strain and those exposed to high strain more recently,
but the small sample size of the second group (N = 7) should
be acknowledged. Moreover, the decrements of SDNN
and SDNN_Index between the stable low strain and pro-
longed high strain nurses persisted on resting days.

Among studies registering ECG for short durations (5 min
or 10 min) during working periods [14-16], 2 studies re-
ported reductions of SDNN [15,16] attributable to work
stress or job strain. In the Whitehall II study, low job
control and a cumulative exposure to job strain were as-
sociated with lower SDNN [15]. Kang et al., in a sample
of 169 male industrial workers, have shown a statistically
significant correlation between high job strain and redu-
ction of SDNN [16]. These results have not been con-
firmed by a previous Japanese study on healthy, male,
white collars, in the case of who job strain was not found
to be associated with any alterations of HRV [14]. The
heterogeneity of these results is not surprising, since it is
known that short-term ECG recording requires well-stan-
dardized measurement conditions to assess HRV param-
eters, hardly obtainable in the case of field studies [5].
Among the studies adopting long-ECG recordings (24 h
or more), a reduction in time-domain HRV parameters
among the high strain subjects have been reported by most
authors [12,17-21], although they were limited to work-
ing days only. In a sample of 109 male, white-collar work-
ers working in a computer company, high effort-reward
imbalance was found to be associated with lower rMSSD,
on working days but not on resting days [12]. Job strain
was associated with a reduced SDNN during working days
among 135 men and women with diverse job titles [17].

A study in 159 female nurses evidenced lack of association
between job strain and HRV on working and on resting
days [21], but the authors reported rMSSD only as a measure
of time-domain HRV. Clays in a large-scale study of white

[JOMEH 2015;28(1)

and blue collars workers showed an association between
high work stress and a reduction of pNN50 on WD [19].
Finally, Hernandez-Gaytan, in a sample of 54 male physicia-
ns, has shown lower values of SDNN registered during WD
in subjects characterized by high job strain [20]. Summariz-
ing, results from 3 out of all the previously mentioned stud-
ies, which adopted, as we did, 24-h ECG recording support,
corroborate our findings showing significant correlation be-
tween high job strain and lower values of SDNN [17,18,20],
registered during a working day. Even if a direct comparison
is not completely appropriate, also 2 studies with the short
ECG recording have reported the same results [15,16].

In the context of our study, the findings reported by Col-
lins et al. are more stimulating. They have shown a redu-
ction of SDNN associated with a low decision latitude in
a sample of 36 men from a wide range of occupations not
only on working days, but also during resting days when
the analysis was restricted to the exhausted subjects [18].
We found similar results in a sample of healthy, CVD-sus-
ceptible nurses, when perceived high job strain persisted
for at least 1 year. This finding represents the more original
result of the present study, and supports the hypothesis that
a lasting high job strain condition reduces the variability of
heart rate, a marker of autonomic cardiac dysregulation, re-
sponsible for unfavorable cardiac outcomes.

In fact, the SDNN and the SDNN indices are estimates
of an overall HRV, while SDANN measures the long-term
components of HRV. These 3 measures represent the ba-
lance between sympathetic and para-sympathetic system
on cardiac control, and their reduction indicates imba-
lance of the 2 systems with a relative depression on the
para-sympathetic control [5,32].

Strengths of the study

Firstly, we recruited healthy nurses with a positive family
history of cardiovascular or metabolic diseases (hyperten-
sion, premature coronary heart disease and sudden death
and diabetes), which is a marker of CVD-susceptibility,
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and studies have shown that these people are more prone
to have lower vagal tone and HRV decrements [22-26].
Secondly, we carefully selected participants excluding the
subjects with disorders of the cardiovascular system, neuro-
endocrine and psychological or pharmacological treatments,
which are known to have effects on the autonomic nervous
system, and if not selectively associated with the exposure
their inclusion might have contributed to get null results in
terms of association between exposure and outcome.
Thirdly, to ascertain job strain we used 2 concurrent, vali-
dated questionnaires, i.e. the Job Content Questionnaire
(JCQ) and Effort Reward Imbalance (ERI). One study
has reported an association of alterations of HRV when
using the ERI model only [33].

Additionally, the longitudinal study design with a repea-
ted measure of job strain allowed to separate the effect
on HRV between the individuals with recent and persis-
tent high job strain and to compare them with the people
reporting stable low job strain, connoting more extreme
stress conditions.

Finally, in our study, decrements of time-domain HRV
measurements have been found among smokers and
among older subjects both on working and on resting
days. These findings are supported by similar results in the
large majority of previous studies with respect to the for-
mer [34-37] and latter [38-40] evidence, and support good
external validity of our data.

The major shortcoming of our study is the small sample size,
in particular the small number of the subjects in the recently
strained group. The reduced statistical power may then be
responsible for some borderline statistical significance, and
our results need to be replicated on larger samples.

CONCLUSIONS

The results of our study suggest that persistent job strain
lowers HRV time-domain parameters, supporting the hy-
pothesis that the autonomic nervous system disorders may

play an intermediate role in the relationship between work
stress and CVD.
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