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Abstract

Cardiovascular risk profile in shift workers

cardiac control, biological and lifestyle risk factors
PhID thesis by Ludovic G.P.M. van Amelsvoort, Division of Human Nutrition and Epidemiology,
Wageningen University, Wageningen, The Netherlands, April 19, 2000

Background: Evidence available so far indicates a 40% excess cardiovascular disease risk among shift
workers. As, in the Netherlands alone, about one million people are working in shifts, this might have a
considerable public health impact. Factors responsible for this elevated risk have not yet been elucidated.
Both changes in biological and lifestyle risk factors and disturbance of the cardiac control, as reflected by an
increased frequency of premature ventricular complexes and decreased heart rate variability, might be
involved in this excess risk. The purpose of this study was to investigate whether shift work related changes
oceur in these factors that might explain the elevated CVD risk among shift workers.

Methods: A cohort study was carried out in 1997 to 1999 among 227 shift workers and 150 controls
working in daytime, all starting in a new job as nurse or industrial worker. One-year changes in cardiac
control (premature ventricular complexes and heart rate variability), biclogical risk factors (blood pressure,
body mass index, waist to hip ratio and blood cholesterol} and lifestyle risk factors (dietary habits, smoking,
and decreased physical activity) were investigated.

Results: We observed a significantly greater one-year increase in the frequency of premature ventricular
complexes in the shift workers compared with the day workers. In 48.9% of the shift workers versus 27.3%
of the day workers the frequency of premature ventricular complexes increased (p = 0.03). Moreover, the
number of worked nights was significantly associated with the change in frequency of premature ventricular
complexes {(Spearman correlation r: 0.33; p = 0.004).

The one-year change in the heart rate variability was similar between the shift and day workers. However,
among the shift workers the low frequency component of the total heart rate variability (%LF) was stronger
during sleep after a night shift than after a day shift {%LF increase 3.04, p < 0.01). This suggests an
increased sympathetic activity during a sleep after night shift.

The magnitude of the reported effects was related to the shift schedule. In our study, type of shift schedule
was associated with cardiac control. Backward rotating schedules (three to five shifts of night work, evening
work, day work, respectively) appeared to be the most unfavourable. From the other risk factors, smoking
was the only one that showed an unfavourable one-year change in the shift workers.

Conclusions & implications: An unfavourable change in cardiac control and in smoking behaviour, as
observed, might explain a part of the elevated risk in shift workers. Unfavourable changes were greatest in
the workers on certain backward rotating schedules so we would recommend adoption of the fast forward
rotating schedule.
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Introduction

Shift and night work have become accepted consequences of the modern 24-hour economy. From
the industrial revolution onwards, the number of people working outside normal office hours has
been steadily increasing. Tradttionally, shift work has been associated with the heavy indusiries.
However, due to the increasing grade of automation and robotisation in the heavy industry, the
number of people working cutside the normal office hours is shifting more and more towards the
service and transport sectors.

In the Netherfands in 1998 approximately 977.000 people werc working on irregular work
schedules, including nights'. This is 14.8 % of the working population (16.1 % of the male
population and 12.7 of the female population). As can be seen in figure 1.1, after a slight decline
during the early 1990’s the number of shift workers has been increasing ever since. This increase
is mainly due to the number of jobs in the service and transport sectors.

| all, no no gender specific data available [males | females I

T T
1995 1606 1907 1868
year

Figure 1.1, Number of shift workers in the Netherlands, 1992 — 1998,

There are many types of work hour schedules for people working outside the normal daytime
hours. In this thesis the focus will be on people working in shifts. There is no general agreement
on the definition of the term «shift works.



Chapter 1

Table 1.1. Studies on cardiovascular morbidity and mortality among shift workers.

Reference exposed control population number of cases ~ years of
population follow up
cross-sectional/ case referent
Thiis-Evensen, 19492 463 941 388
Pierach, 1955”7 30 cases 1141 referents 141
Aanonsen, 1964™ 380 345 13
Michel-Briand, 1980 99 retired 93 retired 19
Koller, 1983™ 199 blue collar 68 blue collar 45
workers workers
Alfredsson, 1982' 882 referents 334 cases
McNamee, 1996% 467 nested refs. 467 nested cases 42
Steenland, 1996% 781 nested refs. 163 nested cases 1
Knutsson, 1999" 1808 referents  1417ca 2
Cohort studies
Taylor, 19727 4188 3860 540 12
Angersbach, 1980° 370 270 102 11
Alfredsson, 1985 ? 985096 1201 1
Knutsson, 1986™ 394 110 43 15
Akerstedt, 19875, Data 7 ? 1059 cases 1
taken from'®
Tiichsen, 1993% 22795 1293888 5966 cases 1
Kawachi, 1995 46956 32153 292 cases 4
Tenkanen, 1997 666 1140 Ca. 150 5.6
Boeggild, 1999 1123 4084 1006 cases 22
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Endpoints’ Controlled Main results(95 % CI) study
confounders' quality *

cross-sectional/ case referent

Total mortality OR 1.55 (1.21 - 1.97)* 00

MI morbidity . OR2.29 (0.87 —5.74)* o

AP & AMI morbidity & mortality ~ Age OR: 0.43 (0.11 - 1.59)* 00

Mortality, AP Morbidity . OR 1.69 {0.64 —4.51)* 8]

ECD 390-459 Mortality Age OR: 2.97 (1.06 — 9.03)* 000

AMI Morbidity & mortality Multivariate OR 1.25 (0.97-1.62) 000

AMI morbidity & mortality Multivariate OR 0.9 (0.68-1.21) 000

CVD Mortality Multivariate (not SES) OR (log) 0.64 (0.28-1.47) 00

AMI Morbidity & mortality Multivariate men OR 1.3 (1.1-1.6) 000
women 1.3 (0.9-1.8),

Cohort studies

AMI morbidity Age RR,unadj 1.00(0.84-1.18)* oo

AMI morbidity, arrhythmia . RR 1.13 (0.79-1.63)* 00

AMI morbidity Age SMR men 115 (104-126),000
women 152 (119-191)

AP & AMI Morbidity & mortality ~ Age RR 1.4 (0.7-2.7), 0000
OR/y 1.08 (1.02—1.13)*

IHD & AMI morbidity Multivariate SMR AMI 148 (112-191) IHDgao
128 (103-158)

THD morbidity Age SHR 168 (151.8-185.5)% 000

AMI Morbidity & mortality Multivariate < 6y:1.21 (0.92-1.59) 000
> 6y: 1.51 (1.12-2.03)

CHD morbidity Multivariate RR 1.38 (1.01-1.89) 000

THD Morbidity & mortality Multivariate THD: 0.9 (0.7-1.1) 000

‘AMI: Acute myocardial infarction; AP; Angina Pectoris; IHD: Ischemic Heart Disease;
OR: Odds ratio; RR: Relative risk; SHR: Standardised Hospitalisation Ratio; SMR: Standardised Mortality

Ratio; RR: Relative Risk; T: Mortality
T Multivariate adjusted for Age, socio-economic status and others.

SES: socio-economic status.

¥Score based provided by or based on Kristensen" (range from o (low) to cooo (high)
*(re)calculated on basis of provided data.

& 90 % CI

11



Chapter 1

The ILO{International Labour office, conditions of work digest (Geneva), 1986;5:390} defines it
as “A method of work organisation under which groups or «crews» of workers succeed each other
at the same workstation to perform the same operation. Each crew working a certain schedule or
wshift» so that the undertaking can operate longer than the stipulated weekly hours for any
worker,” More often however the term «shift work» is used in the broader sense of describing
work hours outside the normal office hours. We will use the term shift for a work schedule, which
includes night work. A large number of rotation schedules are used. Two major groups are
distinguished on the basis of the direction of rotation: backward rotation and forward rotation
schedules. In the backward rotation schedules several night shifts are followed by several
afternoon shifts, followed by several morning shifts. In the forward rotation schedule this order is
reversed, i.e. several moming shifis are followed by several afternoon shifts, followed by several
night shifts. The number of successive shifts of the same type determines the speed of rotation.

Working irregular hours or during the night has often been associated with health problems. The
group of shift workers, with many hours outside normal office hours, is considered to be highly
affected by their non-normal schedule. Shift work has been associated with acute health problems
like insomnia, fatigue, gastrointestinal complaints and malaise®”’. Chronic exposure to working in
shifts has been associated with sleep-wake disorders® °, gastrointestinal® and cardiovascular
disease'’. In this thesis the main focus will be on the effects on risk factors for cardiovascular
disease.

Coronary Heart Disease among shift workers

Already in 1949 a study on the relation between shift work and mortality was conducted by Thiis-
Evensen®. Since 1949 another seventeen studies regarding cardiovascular mortality and morbidity
risk among shift workers have been found in the literature. Table 1.1 gives a summary of the
epidentiologic studies in relation to shift work and cardiovascular mortality and morbidity
published so far. Thirteen of the eighteen studies show an elevated cardiovascular disease risk in
the shift workers compared with workers in daytime. For nine of these thirteen studies this
elevation was significant. Of the remaining studies, four reported a, non-significant, inverse
association and one no difference at all. A major problem when comparing the different results is
the large heterogeneity, not only in study design, but, maybe even more important, in exposure
characterisation. Factors like type of shift or night work, rotation schedule, duration of exposure
and changing from a shift to daytime job might all be regarded as determinants of a possible risk.

12
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Nevertheless, taking all results together, there seems sufficient evidence to assume an elevated
cardiovascular disease risk in shift workers. Kristensen and Olsen suggested' ™ an excess risk of
40 %, based on the methodelogically most sound studies so far, as the most reasonable risk
estimate, However the actual risk might be different among subjects. There might be considerable
differences depending on, for example, rotation schedule, duration of exposure and personal
characteristics. For gender, the studies conducted so far do not indicate a different risk between
males and females'™"”,

shift work
a lc b
disturbed socio-

temporal patterns

mismatch of circadian ¥ behavioural/lifestyle
physiological rhythms | ——— [stress | — —+ | changes

]

change in biological CVD risk factors

) ) |

cardiovascular disease

L

Figure 1.2. Conceptual model of mechanisms for cardiovascular disease in shift workers [adapted from
Knutsson'®]. (a) disturbed physiological riythms; (b} psycho-social and behavioural factors; (c) disturbed
sociotemporal rhrythms.

Several mechanisms have been proposed as an explanation for the elevated cardiovascular discase
risk among shift workers. A model incorporating possible pathways has been proposed by
Knutsson'®. This model introduces (a) disturbed physiological rhythms, (b) psycho-social and
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behavioural factors and (c) disturbed socio-temporal rhythms as interrelated pathways from shift
work to disease. Changes in biclogical CVD risk factors have been proposed by Beggild and
Knutsson'' as a fourth possible pathway. However, we regard changes in biclogical risk factors
more as possible intermediary factors that might provide clues about the mechanisms behind the
elevated CVD risk. In figure 1.2 a model is depicted , representing a conceptual model of
mechanisms for CVD, adapted from Knutsson'®, incorporating the changes in biological CVD risk
factors.

By studying the impact of shift work on lifestyle and biological risk factors, the contribution of
different pathways or risk factors to the elevated cardiovascular disease risk might be elucidated.
In the next paragraph we will summarise the results from studies investigating these factors among
shift workers. Besides, possible factors, which might confound the correlation between shift work
and CVD will be regarded.

Biological risk factors among shift workers

Cardiac control: premature ventricular complexes

A study conducted by Hérenstam et ol.' indicated the occurrence of an increased frequency of
premature ventricular complexes (PVC) during days worked in night shift. The PVC frequency is
an indicator of arrhythmogeneity”. In men without coronary heart disease who had frequent or
complex arrhythmias the relative risk for fatal or nonfatal myocardial infarction was estimated to
be 2.30 (95% CI: 1.33 to 3.38)*'. Kannel et al.® reported an increased sudden death risk in both
men and women free from CVD, with PVC’s (RR sudden death in males with premature
ventricular complexes versus none: 2.9, p < 0.001; in females: RR 1.6, not significant). So far the
frequency of PVC’s in relation with shift work has only been reported in one cross-sectional study.
This study, by Hérenstam et al.'®, showed an increased number of PVC’s during work in a night
shift compared with work in a day shift.

Two possible mechanisms might contribute to an increased frequency of PVC’s among shift
workers. Harenstam et al.”® reported an increased urinary excretion of noradrenaline during night
work and linked this finding with an increased frequency of PVC’s. This indicates that working at
night can be regarded as a potential stress factors. In rat experiments social stress has been linked
to an increased incidence of arrhythmias and decreased heart rate variability, together with
elevated plasma catecholamines®. Also in humans, exposure to stressful circumstances has been
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correlated to an increased incidence of PVC’s®. A second mechanism might be via an increased
prevalence of insomnia in shift workers. Shift work has frequently been connected with an
increased prevalence of insomnia® %, And, so far only in the elderly, insomnia has been correlated
with cardiac arrhythmia®.

Considering the findings of Hérenstam et al."® together with all possible mechanisms linking
ventricular premature complexes with working in shifts, makes this factor an interesting candidate
for further study.

Cardiac control: heart rate variability

Heart rate variability (HRV), a method to describe beat-to-beat fluctuations in heart rate, is mainly
determined by activity of the cardiac sympathetic and parasympathetic systems. HRV is therefore
regarded as a non-invasive marker of cardiac autonomic control”’. Various stresses have been
associated with changes in the HRV®. HRV might therefore provide a tool to assess stress related
short and long-term effects of shift work on the cardiovascular regulation. So far, only one, small-
scale study on HRV in shift workers has been published. This study, by Freitas ef al.'®, did not
find differences in HRV levels during sleep and work, between a night and morning shift in 12
shift workers.

Variations in heart rate can be evaluated in time and frequency domain. Speciral analysis in the
frequency domain enables a crude separation between vagal and sympathetic cardiac control.
Fluctuating efferent vagal activity is the major contributor to high frequency (HF) HRV power™
%, About interpretation of the low frequency (LF) HRV component there is still some
disagreement. Some authors consider it as a marker of sympathetic modulations® *'; others

adhere the view that it reflects fluctuations in both sympathetic and vagal activity®®*,

Acute changes in HRV parameters have been proposed as indicators of exposure to stressful
conditions®. Sloan ef al.** reported an elevated heart rate and decreased very low frequency, low
frequency and high frequency power during exposure to mental stress. No influence was observed
on the LF /HF ratio (ratio between low and high frequency power). Myrtek et al.* reported lower
SDNNi (mean standard deviation of all 5-minute intervals, a measure of total HRV) during
increased mental load but did not differentiate between low and high frequency power
components.
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As working in shifts or at night is often regarded as a potential stress factor, HRV analysis might
provide a tool to evaluate the acute effect of night work on the cardiovascular regulation. Problems
with family life and social relations, which might lead to social stress, have often been mentioned in
relation to shift work. But also the requirement to work on hours when the circadian physiological
rhythms are tuned to rest might lead to stress. Serum cortisol, a factor in the classical stress
response has been linked to working at night, Fujiwara et al.”® reported a significant increase of
the mesor (mean of assumed 24-hour sinusoidal rhythm) of serum cortisol from 7.64 ug/dl
during a day shift day to 8.77ug/dl on a day worked at night (p < 0.05). Comparable results were
reported by Weibel et al.’” who compared 11 day-active subjects with 11 night workers (mean
plasma cortisol in day shift workers 8.53 ug/dl, in night workers: 9.10 ug/dl). Theorell and
Akerstedt® reported an increased excretion of catecholamine during the first week of night work
compared with day work in 17 railway workers. After the return to day work (after three weeks of
night work) the level of adrenaline went back to normal. The level of noradrenaline, however,
remained elevated after the return to daytime work.

Analysis of HRV might also provide a tool to assess the more chronic effects of working at night.
As mentioned before, an increased incidence of disturbed sleep and sleepiness have frequently
been reported among shift workers™ ®. In a study among 12 insomniacs and matched normal
sleepers, Bonnet and Arend™ reported a decreased level of total HRV (SDNNi: Mean of the
standard deviations of all 5-minute NN intervals). HRV was found to be decreased in all stages of
sleep in insomniacs compared with the same stages of sleep in normal sleepers. In follow-up
studies, a high frequency of PVC incidence and unfavourable HRV have been related with
increased cardiovascular morbidity and mortality® ***. Tsuji reported a hazard ratio of 1.47 for
new cardiac events (95% CI 1.16 to 1.86) for a one-standard deviation decrement in SDNN
(standard deviation of all RR-intetvals within a certain period)*'. One might hypothesise that the
increased CVD mortality in shift workers might partly be mediated by a less favourable
cardiovascular regulation due to increased sleep problems.

To summarise, acute and chronic changes in both PVC frequency and HRV might provide a
useful tool to assess the potential effect of shift work on the arrhythmogeneity and cardiovascular
regulation. Both factors might play an important role in the relation between shift work and CVD.
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Blood pressure

Most of the studies regarding CVD risk factors among shift workers included blood pressure, or
incidence of hypertension. One might assume that exposure to stress related to working in shifts,
or a disturbance of the circadian blood-pressure rhythms in relation to shift work might affect
blood pressure.

Beggild and Knutsson'' summarised 12 cross-sectional and 7 smali-scale prospective studies
(between 7 and 75 subjects) on blood pressure or hypertension. Eleven of the studies did not find
differences in mean systolic or diastolic blood pressure between day and shift workers. Of the
remaining studies four reported a lower and three a higher blood pressure for the shift workers,
compared with the day workers. After the publication of this review, results from a larger cohort
study were published. Morikawa er al.* reported an increased hypertension risk in 134 young
(18-29 y) shift workers during a five year follow up period but not for the other age groups
(adjusted for age, BMI, alcohol consumption). Unfortunately, no adjustment was carried out for
smoking habits and socio-economic status, two potential confounders. Summarising, from the
rather diverse results of the studies so far, blood pressure does not seem to be an important factor
in relation between shift work and CVD.

Body mass index and waist to hip ratio

It has been suggested that working in shifts might be related to a decreased physical activity,
changes in food intake or metabolic disturbances (such as insulin resistance). All these factors
might lead to changes in body mass index (BMI) or waist to hip ratio (WHR). Study of BMI and
WHR, both positively correlated with an increased CVD risk, might therefore provide more
information regarding the elevated CVD risk among shift workers.

Most studies addressing the relationship between BMI or WHR and shift work have focused on
current shift work status. The studies of Rosmond ef al.®® and Nakamura et al* revealed a
significantly higher WHR among shift workers compared with day workers. Rosmond et al.** also
reported significantly elevated BMI values whereas Niedhammer et al.¥’ reported a significantly
elevated prevalence of overweight among nurses working nights compared with controls working
in daytime. Other studies reported no significant elevation of BMI** * or prevalence of
overweight™ for shift workers. Since an effect of shift work on body composition may have a
considerable time lag, current shift work may be less relevant in this respect than a history of shift
work. Therefore, job rotation may explain the absence of an association in some of the studies
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mentioned. Five studies reporting the relationship between BMI and duration of shift work were
found in the literature. The data from a study by Kawachi ef al.** show a positive relationship
between an increasing number of years worked in rotating night shift (no significance levels given)
and BMI. Also the study of Romon-Rousseaux et al.*reported an increased weight gain per year
of age for shift workers compared with day workers. Niedhammer et al.*’ reported an association
between prevalence of overweight and weight gain and exposure to night- work. Two studies did
not find a relationship between annual weight gain* or prevalence of overweight™. To summarise,
the results from most studies conducted so far seem to support a positive correlation between shift
work and an increased BMI and WHR.

As a possible explanation a circadian rhythmicity of diet-induced thermogenesis(DIT) might be
considered. Romon et al.** evaluated the DIT in nine young subjects. They reported the highest
DIT in the morning (15.9 % of energy content of meal), a lower DIT during the afternoon
(13.5%), and the lowest DIT in the night (10.9 %). Because shift workers tend to have a higher
energy intake during the night** a different DIT might explain a possible higher BMI in shift
workers. Another mechanism involved might be the disturbance of the circadian rhythm of
neurcendocrine secretion of hormones. For growth hormone secretion and cortisol levels, for
example, modification of by night work has been reported®” %%,

Blood lipids

A comparison in cholesterol (total, HDL and LDL/HDL ratio) levels has been made in a number
studies, most of which were of a cross-sectional design. One of the two largest cross-sectional
studies, the study of Thelle et al.*’ reported a significantly elevated (not adjusted) total cholesterol
level in 1291 shift workers compared with 5224 day workers (6.79 versus 6.58 mmol/l). In
contrast, the study by Lasfargues et al.*® reported a lower total cholesterol level in both 676 male
(5.81 versus 5.91, p: 0.03) and in 524 female (5.24 versus 5.32, P: 0.15) shift workers compared
with day workers, matched on age and socio-economic status. Of the other smaller-sized cross-
sectional studies, one reported a significantly elevated cholesterol level®, one a slightly elevated
total cholesterol level*, two reported no difference® %, and two reported a (not significantly)
lower®" ® cholesterol level in shift workers compared with day workers. The studies reporting
HDL* ' did not find significant differences between shift and day workers. Of the longitudinal
studies, Theorell e al.*® reported an 2% increase in cholesterol between the first and third week of
continuous night work and a 4% decrease between one and three weeks after night work (working
in day time). This difference (comparing a group of 16 and 17 subjects) was significant (P <
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0.05). Knutsson® did not find a different 6 month change in cholesterol level after starting in a
new job between 12 shift and 13 day workers. Lennernis et al** reported a significant positive
correlation between % of energy intake at night and LDL/HDL ratio. In conclusion there seems
no evidence for the assumption that shift workers have a less favourable cholestercl profile.
However there seems some evidence for a short-term effect towards a less favourable cholesterol
profile when working and/or eating at night.

Three of the studies on triglycerides levels in shift workers reported significantly higher levels in
shift workers*® * ** _ Other studies reported non-significantly elevated levels® *” %, Of the
longitudinal studies, Orth-Gomér et al* reported a higher triglyceride level in 46 subjects working
in a counter clockwise rotating schedule compared with the same subjects working in a clockwise
rotating schedule. Knutsson™ found a significant increase in triglyceride level over 6 months after
starting in a new job in 12 shift workers compared with 13 day workers. Summarising the results
for triglycerides, the results seem to direct towards a higher triglyceride level in shift workers.

Lifestyle risk factors among shift workers

Changes in the agenda of social and leisure time activities are almost inevitable when people siart
working in shifts. Together with attempts to cope with the stresses related to working in shifts and
other inconveniences such as a closed canteen during the night this might lead to changes in
behaviour or lifestyle.

Dietary habits

Cross-sectional studies* %3 € 67:6 reported similar dietary intakes in shift and day workers. Most
of these studies were restricted to energy intake but Lennerniis et al. did also not find significant
different intakes in proteins, total fat, carbohydrates, vitamin A, ascorbic acid, vitamin B1, iron,
zing, selenium and coffee between 37 day workers, 34 two-shift and 25 three-shift workers. Only
the intake of calcium was significantly higher in the three-shift workers compared with the day
workers (1514 mg /day versus 1215 mg/day). Lasfargues e al*® did not find significant
differences between 1200 shift workers and 1200 day workers (matched on gender, age and
socio-economic status) in intake of proteins, calcium, sucrose, fat and cholesterol. Both
Lennerniis et al. and Lasfargues et al. reported a change in the distribution of meal times over a
day when working at night with more skipped meals®, and a lower intake on days on night shift,
compensated on other days™. Mecal timing might have an impact on cortisol Jevels® or HDL
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cholesterol levels®. In a prospective study among 12 shift and 13 day workers, measured before
their employment and after six months Knutsson ef al.** reported a decreased intake of dietary
fibre but not of energy, protein, fat, carbohydrates and vitamins in the shift workers compared
with the day workers. Summarising the studies regarding dietary intake in shift workers, the
results so far do not support a substantial involvement of diet in the excess CVD risk among shift
workers, Differences in meal timing however might be a relevant factor with a possible link to
elevated cortisol and cholesterol levels.

Most studies regarding the intake of alcohol intake did not find significant differences between day
and shift workers®: ® ™. One study reported less alcohol consumption among shift workers*®.
Lasfargues et al.™ reported a lower alcohol consumption in the female shift workers and similar
levels in the male shift workers, compared with day workers. One study reported a higher alcohol
consumption among shift workers”. Summarising, so far there is inconclusive evidence to assume
differences in dietary habits and alcohol consumption between shift and day workers.

Smoking

Most studies on smoking habits reported a higher prevalence of cigarette smoking among shift
workers. In their review Bgggild and Knutsson'' summarised fifteen cross-sectional studies on
smoking habits among shift workers. Eight studies reported a significantly higher number, four a
non-significantly higher, two reported no difference and one a significantly lower number of
smokers among shift workers compared with day workers. None of three small-scale prospective
studies found a significantly different change in the smoking habits of shift workers. Whether the
increased number of smokers is related to the generally lower socio-economic status of shift work
or a direct consequence of working in shifts is not clear. In one small-scale prospective cohort
study (12 shift workers and 13 controls) no changes in smoking habits were found during a six-
month period in new shift workers compared with day workers®, Orth-Gomér et al. did not find
significant differences in smoking habits in 46 subjects changing from a counter clockwise (or
backward) to a clockwise (or forward) rotation schedule®. From the findings so far one can
conclude that smoking is more common among shifi workers, which might lead to a higher CVD
morbidity and mortality. However, most of the studies reporting an increased CVD risk in shift
workers did adjust for smoking habits, It is therefore concluded that smoking could not fully
explain the reported excess risk CVD risk among shift workers.
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Leisure time physical activity

Decreased leisure time physical activity has been proposed as a possible factor in the elevated CVD
risk in shift workers It is generally assumed that shift workers have more problems participating in
teamn sporis due to their irregular working times. However, so far, the results from the few studies
investigating leisure time physical activity in shift workers are controversial and inconclusive. The
study of Nakamura et al.*® reported that 69.2 % of shift work reported no exercise versus 50.2 %
of the controls working in daytime. Lasfargues et al.”® found no differences in men but reported a
significantly higher amount of physical activity in shift working women (exercise more than 1 hour
a day: 50.7 versus 26.7). Beggild" reported a higher VO, fitness value in shift workers, compared
with day workers and a non-significantly lower proportion of low leisure time physical actives.
One might conclude, that the results from studies so far are not sufficient to tell whether or not
shift workers are less physically active during leisure time.

Confounding factors

Occupational risk factors

Differences in working conditions between shift workers and day workers, apart from shift work,
might lead to a changed disease risk between both groups. Work place noise, job strain, social
support at work, work place physical activity, and exposure to several chemical factors are all
mentioned for their possible link with an elevated cardiovascular morbidity and mortality’ ** ™.
No studies were found exploring potential differences in these occupational factors between shift-
and day workers but the assumption that shift workers encounter less favourable working
conditions is a plausible one.

Socio-economic status

Several studies reported a lower socio-economic status of shift workers. Beggild et al.” reported
93.5 % of the 1123 shift workers included in their study as social class II, IV or V versus 68.4 %
of the 4084 day workers (P < 0.001). Socio-economic status has frequently been reported as an
important determinant of cardiovascular disease risk™ with a higher risk in the lower socio-
economic groups. This factor, therefore, might explain, a least a part of, the elevated CVD risk in
shift workers. On the other hand, shift work might just as well be regarded as a factor, which
explains a part of the elevated CVD risk in the lower socio-economic groups. Besides, several
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studies on the cardiovascular disease risk among shift workers, which adjusted for socio-economic
status, or were restricted to certain occupations, reported a significantly elevated risk' ™ ™, We
therefore conclude that socio-economic status might be regarded as an important factor when
studying CVD among shift workers but that this factor alone is not sufficient to explain the
elevated CVD risk.

Healthy shift worker effect

Pre job selection of healthy workers and a continuing outflow of less healthy shift workers moving
from shift to daytime work might lead to a considerable underestimation of the effect of shift
work. In the study of Taylor and Pockock for example™ the highest CVD risk was found in the
group of ex-shift workers. However, very little is known about the actual importance of this
selection process.

Summarising

From the data available so far, it is not possible to decide which of the suggested pathways is
responsible for the elevated risk. Most studies regarding cardiovascular risk factors among shift
workers have been of cross-sectional design with a potential for bias. Due to processes like self-
selection and pre-job selection by the employer, shift workers tend to be a selective group of
workers. This type of selection might be an important source of bias when conducting cross
sectional studies comparing shift workers with controls working in daytime. To avoid this bias we
conducted a cohort study in which one-year changes in cardiovascular risk factors were assessed
in shift workers and controls working in daytime.

Aim of the study

Monitoring changes in cardiovascular disease risk factors in shift workers could provide better
evidence for a plausible explanation for the elevated cardiovascular disease risk. Such information
might contribute to effective strategies for cardiovascular disease prevention in shift workers.
Therefore, in the study, the influence of working in shifts on biclogical and lifestyle cardiovascular
disease risk factors was explored.

The research questions addressed in this thesis are:
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1) What is the effect of shift work on the cardiac control (frequency of ventricular premature
complexes and heart rate variability)?

2) What is the effect on cardiovascular risk factors (blood pressure, body mass index, waist to hip
ratio, total, HDL and LDL cholesterol, dietary habits, smoking, and leisure time physical
activity?

3) Is there a difference in the effects under 1) and 2) for distinct shift systems?

Methods

A cohort study was conducted among shift workers and day workers, recruited from the same
companics. Baseline characteristics and one-year changes in cardiovascular risk factors were
compared between the shift workers and the day workers,

Study population

Potential participants were approached during an 18 month period starting in 1996 using three
strategies in order to have different shift work schedules represented in the study: (1) persons
undergoing a pre-employment medical examination in two occupational health services; (2)
workers employed in a newly built waste incinerator plant; and (3) nurses, starting with their
practical in hospital training. Initially, respondents who worked previously in shifts were to be
excluded from the study population to prevent potential bias due to former shift work experience.
However, due 1o a slow start of the recruitment this exclusion criterion was ignored. In stead, we
decided to adjust the possible effect of former shift work experience in both day and shift workers
during the statistical analysis of the results. In total 227 subjects starting in a shift work job and
150 subjects starting in a daytime job were included, A more detailed overview of the total number
of approached subjects and the percentage of rejected and included subjects can be found in
chapter 5. 24-hour ECG (Holter) recordings were conducted in a sample of the entire cohort.

Observed cardiovascular risk factors

On the basis of the previously discussed risk factors, and feasibility, a selection of biological,
lifestyle and confounding factors to be incorporated in the study:

» Cardiac control: frequency of premature cardiac complexes and heart rate variability.
 Biological risk factors: blood pressure, body mass index, waist to hip ratio, total, HDL and
LDL cholesterol, dietary habits, smoking, and leisure time physical activity.
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» Life style risk factors: diet, alcohol use, smoking and leisure time physical activity.
» Confounding factors: Job strain, work place noise, physical activity at work, socio-economic
status (educational leve] was used to determine differences in socio-economic status)

Outline of the thesis

In this thesis, the results of a longitudinal study on cardiovascular risk factors in shift workers and
controls working in daytime will be addressed. Chapter two, three and four deal with the risk
factors related to cardiac control: frequency of premature complexes and heart rate variability.
Chapter five and six deal with the other biological and lifestyle risk factors, which were included in
this study.

In chapter mo the one-year changes in the frequency of premature atrial and ventricular
complexes and heart rate variability will be discussed.

Chapter three concerns a separate study in the shift workers only. In this chapter the impact of
working at night on heart rate variability was assessed by comparing a day on morning and night
shift. This comparison enables an estimation of the effect of working at night on cardiac
autonomic control and the impact of the rotation schedule.

In chapter four baseline differences in heart rate variability measures in relation to shift work and
other occupational factors are ¢onsidered. The focus of this chapter is on influence of shift work
and other potential unfavourable work conditions on autenomic control of the heart.

Chapter five deals with the one-year changes in the biological and lifestyle cardiovascular risk
factors. Chapter six concerns baseline differences in body mass index and waist to hip ratio, two
important cardiovascular disease risk factors, in relation to previous shift work experience.

The main findings of the study will be summarised and placed in a broader perspective in chapter
sever. Also, in this chapter the strengths and limitations of the study will be discussed, together
with the implications of the results for occupational health and possible directions for further
research.
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Shift work related changes in
frequency of premature complexes
and heart rate variability*

L.G.P.M. van Amelsvoort®, E.G. Schouten®, A.C. Maan®, C.A. Swenne®, F.J. Kok*

Abstract

Objectives: Shift workers have an elevated cardiovascular risk. This might be caused by increased
arrhythmogeneity and by unfavourable changes in autonomic cardiac control. The current study aims to
investigate both factors, by studying changes in the occurrence of premature complexes (PVC's) and in
heart rate variability (HRV) in subjects who start to work in shifts, Methods: One-year changes in
frequency of PYC’s and HRV were measured in 49 shift workers and 22 control subjects working in
daytime. All respondents were starting in a new job in integrated circuit or waste incinerator plants.
Results: The PVC incidence increased significantly in shift workers over the one-year follow up, compared
with day workers. The frequency of ventricular extrasystoles increased in 48.9 % of the shift workers, and in
27.3 % of the day workers. The Spearman correlation coefficient between the number of worked nights and
the change in PVC’s was 0.33 (P = 0.004). HRV displayed a small, non-significant change in a non-
favourable direction for both the shift and day workers (one-year change in SDNNI in shift workers: -2.0
msec; in day workers —7.0 msec). Corclusions: A change in arrhythmogeneity, but not in cardiac
autonormic control, might explain the elevated cardiovascular risk in shift workers.

"Submitted for publication

*Division of Human Nutrition and Epidemiology, Wageningen University,
Foundation for ECG analysis, University Hospital, Leiden

‘Department of Cardiology, University Hospital, Leiden
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Introduction

The majority of the studies on cardiovascular disease in shift workers are supportive of the
hypothesis that they are at increased cardiovascular risk' ' ™. In their review, Baggild and
Knutsson estimated the excess risk at 40 %''. Several explanations have been put forward,
including disturbance of circadian rhythm, changes in behaviour and disturbed sociotemporal
activities'®. So far, approximately forty studies have been reported that investigated the lifestyle and
biological risk factors in shift workers''. Although some of these studies report a significant
relation between cardiovascular risk and shift work, it seems uniikely that these risk factors can
fully explain the elevated disease risk in shift workers.

Research into other factors that may explain the elevated cardiovascular risk is scarce. Two of
these factors are increased myocardial arrhythmogeneity and disturbed cardiac autenomic control.
The frequency of ventricular premature complexes is an indicator of arrhythmogeneity”. In men
without coronary heart disease who had frequent or complex arrhythmias the relative risk for
myocardial infarction or cardiovascular death was estimated to be 2.30 (95% CI: 1.33 to 3.38)%\.
Kannel et al. *reported an increased sudden death risk in both men and woman with ventricular
premature bests. Heart rate variability is a non-invasive marker of cardiac autonomic control”’. In
follow-up studies, a high frequency of PVC incidence and unfavourable HRV have been related
with increased cardiovascular morbidity and mortality® ****, Tsuji reported a hazard ratio of 1.47
for new cardiac events (95% CI 1.16 to 1.86) for a one-standard deviation decrement in SDNN
(standard deviation of all RR-intervals within a certain period)*. The aim of the current study is to
investigate whether working in shifts induces changes in heart rate variability and frequency of
atrial and ventricular premature complexes. This might provide possible explanatory factors in the
relation between CVD risk and shift work. One-year changes of these factors were compared
between shift workers and daytime working controls, all recently starting in their jobs.

Methods

Population

The study population of the present study was a subset of participants from a cohort study in 396
shift workers and daytime controls. Main objective of the cohort study was to determine the
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influence of working in shifts for one year on cardiovascular risk factors. The subjects of the
present study started new jobs in either the integrated circuit manufacturing industry or in waste
incinerator plants in 1996 or 1997. The Ethical Committee of the Wageningen University
approved the study; all respondents gave their written informed consent. Inclusion ctiteria were:

¢ Starting in a new job,

s  Working at least 32 hours a week

o Expecting to work at least one year in the same job

» No use of medication or previous hospitalisation for cardiovascular disease.
e No insurmountable cbjections to shift work (see Measurements)

» Age between 18 and 55 years.

This study regards the 125 participants (42 day workers and 83 shift workers) of the cohort who
were asked to undergo two 24 hour Holter recordings, one year apart. Shift workers had their
Holter recording during a day worked in moming shift and day workers during a usual working
day. Thirteen respondents refused (8 daytime, 5 shift workers); onc was excluded because of a 2%
degree AV block; four had to be discarded because of technical problems like excessive noise. This
left 107 participants (32 day workers and 75 shift workers) who had a Holter recording at the
start.

Seventeen of them refused the second Holter because "it was to cumbersome” (13) or because of
skin irritation due to the electrodes (4). Fourteen were excluded because they quit their job. Five
second Holters could not be used because of technical problems. In total 71 complete pairs were
used in the analysis (22 day workers and 49 shift workers).

Data collection

Initial data collection was performed between one week and two months after the start of a new
job, follow up data was collected one year later.

24 hour Holter recordings
All subjects had a 24-hour Holter recording starting at the beginning of a morning shift (for the
shift workers} or day shift (for the day workers). They were instructed to report start and end time
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of sleep, work, meals, leisure time, physical activities and other possibly relevant events or activities
in a diary. These diaries were coded afterwards according to a list of standard activities. Sleep was
defined as 1 hour after going to bed until 1 hour before getting up, as recorded in the diary.

Parsonal and work characteristics
All subjects completed a questionnaire addressing the personal and work characteristics.

Personal characteristics: In the questionnaire, educational level was coded in seven categories:
from primary to university education. In the final analysis these levels were reduced to categories
lower, intermediate and higher education. Physical activity indexes for work, sport and leisure time
were assessed as described by Baecke, et al.®. Leisure time physical activity and sports scores were
combined into an overall leisure time physical activity score. Though current (type, quantity) and
past (type, years, and quantity) smoking habits were asked, in the final analysis only the smoking
status (non-smoker, current smoker, or ex-smoker) was used.

Current job titie and job history: The questionnaire asked for the current job, including company,
department, and shift work schedule. If in doubt concerning the shift work schedule status in the
questionnaire, we verified the data with the occupational health service or the human resources
department of the employing firm. All jobs were coded for social status and job content. A total of
nine different job titles were coded. In this study we defined shift work as working in an
alternating work schedule including nights. Information on all previous jobs including job title,
employer, starting and ending date and shift work status was asked.

Job strain: The amount of job strain was assessed using the Dutch version of the “job demands,
decision latitude and social support” questionnaire®. The mean of the scores was taken as the cut-
off point between high and low job strain,

Dietary assessment: A self-administered food frequency questionnaire that measured the intake of
energy, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, and cholesterol was filled
oiit by the respondents®.

HRV Assessment
The 24-hour Holter recordings were analysed with a Marquette Series 8000 Holter Analyser by
an experienced Holter analyst. The ventricular and atrial premature complexes were coded. The
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onset-Q instants of all beats were determined with the CCTOC Marquette Holter research
software module. The resulting inter-beat interval series were down-loaded from the Holter
analyser, and further analysed on a personal computer as described by Janssen et al.™.

The complete recording was split into 5-minute segments. Only segments with 5% or less missing
values (due to noise or failure) were used. Heart rate and HRV parameters were computed for
each segment. The 24-hour values and the mean values during sleep and work were obtained by
averaging over the respective periods. For the normal beats the average standard deviation
(SDNNi) was calculated as mean standard deviation of all five-minute recordings.

The algorithm used for spectral analysis has been described elsewhere™. Briefly, intervals were
normalised to the duration of the mean interval. Then, linear trend removal, and 10% left and
right tapering was done. After padding the data with zeros to the nearest power of two, the power
density spectrum was computed by means of a Fast Fourier algorithm. We computed the spectral
powers within two frequency bands: low frequency power, LF (0.05-0.15 Hz; a marker of
fluctuations in either sympathetic or sympathetic plus vagal activity) and high frequency power,
HF (0.15-0.40 Hz; a marker of vagal activity’. The spectral components were calculated both as
absolute units and as normalised units (the latter by dividing LF and HF by their sum, and
multiplying this by 100).

The frequency of ventricular and atrial premature complexes was calculated by dividing the
number of premature complexes by the total analysed time. Day mean values were calculated as
mean of the frequencies during sleep, work and leisure time to adjust for differences in duration of
sleep, leisure and work.

Data analysis

Because of the skewed within and between subject distribution of the high and low frequency
spectral HRV components, log-transformation of these parameters was performed. Standard
methods were used for descriptive analysis. The distribution of the frequency of premature
complexes, nor its one-year change, did approach a normal distribution, even after
transformation. Differences were tested with the non-parametric Wilcoxon rank sum test. To
evaluate the correlation with other continuous parameters the Spearman rank correlation statistic
was calculated. Seven respondents reported poor sleep quality during their first Holter
measurement due 10 wearing the recorder for the first time. This had a significant influence on the
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HRYV parameters (for SDNNi: p: 0.004). Therefore differences in the one-year change in HRV
parameters were adjusted for reported poor sleep quality. Regression analysis was used to assess
the effect of potential other confounders. All statistical analysis was done using the SAS program®.

Results

In table 2.1 the population characteristics and baseline frequency of premature complexes and
HRYV levels are given,

Table 2.1, Baseline population characteristics and baseline levels

Day workers Shift workers P-level

Population characteristics

N 32 75
age (vears) 29.3 (5.3) 30.4 (6.7) 0.4
Gender (% female) 9% 11% 0.8
Smoking habits (%)
never smoker 48 % 41 % 0.4
current smoker 26 % 40 %
ex-smoker 26 % 19%
Education
Lower 3% 38 % 0.001*
Intermediate 35% 449%
Higher 61 % 18 9%
Baseline frequency of PAC (1/hour)® 0.54 (0.2; 2.0) 0.50 (0.2; 1.5)
Baseline frequency of PYC (1/hour)® 0.04 {0;0.11)  0.04 (0; 0.09
PAC (respondents with more than 1 per hour)* 309 % 387 % 0.4*
PVC (respondents with more than 0.1 hour)® 258 % 23.4% 0.8%
Bascline HRY levels
Heart rate (beats/min) 71.6 (8.4} 75.3 (8.4) 0.04
SDNNi (msec.) 89.1 (28.7) 74.6 (20.7) 0.01
Log(lf} (log msec.} - 2,67 (0.18) - 2,76 (0.21) 0.03
Log(hf) {log msec.) -2.98 (0.35) - 3.15 (0.30) 0.03
% If 65.1 (10.8) 68.4 (8.1} 0.2

PAC  premature atrial complexes

PVC  premature ventricular complexes

Log(lf)  log of low frequency power

Log(hf) log of high frequency power

@ median (25% ; 75% quantile)

¥ p value according to chi-square test,

& p value according to Wilcoxon 2-sample test.
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The only significant differences were found to be a significantly higher educational level and heart
rate and a lower SDNNi and low and high frequency power in the shift workers compared with
the day workers.

Table 2.2. One-year change of HRV parameters and frequency of premature complexes between baseline and
ONe Year measurenient.

Day workers Shift workers P value day /shift-
worker difference
N 22 49
Number of night shifts 0 63
Frequency of premature complexes
Decrease of PAC frequency® 546 % 43.7% 06"
No change in PAC frequency 46% 0.0%
Increase in PAC frequency 409 % 56.3 %
Decrease of PVC frequency® 45.4% 204 % 0.03%
No change in PVC frequency 273% 306 %
Increase in PYC frequency 27.3% 48.9 %
HRYV parameters
Heart rate {(bpm) 1.83 -2.08 0.08
SDNNi (msec.) 7.0 -2.0 02
Log{) (10” log msec.) -36.9 -29.9 0.84
Log(hf) (10 Jog msec.) -83.9' -16.2 0.06
% If 1.99 -0.72 0.16

Between brackets 1-3 quartile levels for PAC and PVC, standard deviation for the HRV parameters
PAC  premature atrial complexes

PVC  premature ventricular complexes

Log(1f) log of low frequency power

Log(hf) log of high frequency power

' sign. change from baseline P < 0.05; " P < 0.01; ™; P < 0.001

& Percentage of subjects. P value according to Wilcoxon 2-sample test,

Premature complexes

The one-year changes in frequency of premature complexes and HRV levels are given in table 2.2,
The change in frequency of atrial premature complexes was not significantly different between the
shift and day workers. The change in frequency of premature ventricular complexes (PVC) was
significantly different between the shift and day workers. The observed increase in shift workers
was associated with the number of nights worked during the follow-up peried (figure 2.1). The
Spearman correlation coefficient was 0.33 (p: 0.004). Univariate adjustment for smoking, age,
one-year weight gain, change in alcohol consumption, or poor sleep quality did not have a
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substantial effect. The increase in PVC frequency was found to be higher in the group of workers
working in a medium backward rotating schedule compared with forward and irregular rotating
shift schedules (p < 0.1).

Heart Rate Variability

For the HRV levels (SDNNi and frequency power levels) in day workers a significant decrease
was observed. In shift workers a significant decrease of 24-hour mean heart rate was found. None
of these changes were significantly different when compared with the shift, respectively day
workers, Adjustment for changes in BMI, coffee consumption or job strain did not change the
conclusions.

45

[ No nightshifts B < 5 night shifts per month | $ or more night shifts per monﬂ

40

spearman correlation; 0.33, P < 0.01

percentage of respondents

0.1-0 o 0-0.1 > 0.1
Change in PVC frequency (beats per hour)
Figure 2.1. Distribution of individual one-year changes in the number of premature ventricular beats in
relation o the number of night shifts,
Discussion

In summary, we found that the one-year change in frequency of ventricular premature complexes
was greatet in the shift workers, as compared with the day workers. The changes in heart rate
variability parameters were not significantly different.
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Given the cohort design, where each respondent serves as its own control, most potential sources
of bias, related to selection of the study population, are considered to be insignificant. However,
selective drop out after the first measurement might have been a potential source of bias when this
drop out is correlated to the one-year changes. This form of selection biased could not be
evaluated. However, considering the relatively small number of drop-outs, together with the
similar baseline levels in the drop-outs and the follow-up population, selection bias is considered to
be low. The choice of a control group remains problematic when investigating the effects of shift
work. And, although the cohort design is less sensitive to the choice of the control group,
differences in the potential effects of working in shifts between shift workers and day workers
might have influenced the results. Also differences in work conditions between shift workers and
day workers might have occurred. However, correction for job strain, the most likely work related
confounder, did not yield different results. Furthermore the high correlation with the number of
nights worked during follow up indicates that the increase in frequency of ventricular premature
beats in the shift workers is due to working at night.

Although most of the change in heart rate variability seems to be caused by regression to the mean,
the bascline differences remain puzzling. It might be that this baseline difference reflects a
selection effect. Because the first measurement was conducted after the start of a new job these
baseline differences might also be related to adaptation to working in shifts. An effect which might
fade in due time. Within the current data set it is not possible to determine which factor is
responsible for this difference.

One other study reported about the relationship between ventricular premature complexes and
shift work. In this study by Hirenstam et al.”® working at night was related to an increased
frequency of ventricular premature complexes, compared with working at daytime. Both the study
of Hirenstam and our study support the involvement of increased susceptibility of the
myocardium to arrhythmia in the cardiovascular risk profile of shift workers. An increased
frequency of ventricular premature complexes has been associated with an increased
cardiovascular disease risk. Bikkina et al.*! reported an adjusted relative MI and CHD risk of 2.12
(95% CI, 1.33 to 3.38) in men without CHD with complex or frequent ventricular arrhythmia
(more than 30 PVC’s per hour).

Coffee consumption”, BMI” and smoking®™ have been associated with the occurrence of
ventricular premature complexes. However, when analysing these potential confounding factors in
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our study, neither one was able to explain the reported increased frequency of premature
ventricular complexes in shift workers. Speculating about a possible explanation for the increased
frequency of ventricular premature complexes in shift workers, it might be that working at night
acts as a chronic stressor. Theorell et al.*® showed that a shift from day work to night work can
induce acute sympatho-adrenal arousal. Similarly, in a cross-sectional analysis in shift workers we
found evidence for a shift of the sympatho-vagal cardiac regulation towards sympathetic
dominance during a day worked in night shift compared with day worked in morning shifi
(chapter 3). In animal experiments it has been shown that exposure to social or psychological
stress is related to an increased frequency of premature complexes® and an increased vulnerability
of the myocardium™. Also in humans stress and fatigue have been related to increased
arrhythmia® and increased ventricular premature complex frequency™. Another possible
mechanism might be via the disturbance of the circadian rhythm of noradrenaline excretion by
working in shifts. Hirenstam et al.” reported a relation between excretion of noradrenaline during
daytime and frequency of ventricular extrasystoles. They also reported a higher excretion of
noradrenaline during a night shift.

Decreased levels of SDNNi have been associated with an increased cardiovascular morbidity and
mortality*"’ 2. We found the highest decrease of SDNNIi in the day workers and not in the shift
workers, although this difference was non-significant. We therefore do not consider chronic
changes in heart rate variability as a plausible factor in the pathway from shift work to CVD. No
other studies were found reporting long-term effects of shift work on the sympatho-vagel
regulation. Short-term changes in the level of heart rate variability as reported in chapter 3, which
might occur during days working at night, can not yet be dismissed as factor in the elevated
cardiovascular risk,

Conclusions

An increase in frequency of ventricular premature complexes during the first year of shift work, as
found in this study might explain the elevated cardiovascular disease risk in shift workers. A
change in heart rate variability during days working in morning shift is probably not facior in the
mechanism leading to an elevated cardiovascular disease risk in shift workers. Further study is
needed to confirm the results and to elucidate the factors involved in the elevated frequency of
ventricular premature complexes.
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In our study only one of the shift workers reached the level of 30 PVC’s per hour (the cut-off level
used in the study of Bikkinia et al.). Nevertheless, we conclude that the increase in frequency of
premature ventricular beats might be an important factor in the relationship between shift work
and the elevated cardiovascular disease risk.
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24-Hour heart rate variability in shift
workers: impact of shift schedule’
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Abstract

Objective: Disturbance of the circadian pattern of cardiac autonomic control by working at night when the
physiological system anticipates rest could possibly explain part of the elevated cardiovascular risk in shift
workers, Analysis of Heart Rate Variability (HRV) is a non-itvasive tool to estimate possible disturbances of
the cardiac autonomic control. To assess the influence of working at night on cardiac autonomic control,
HRYV in shift workers during a day on morning shift and a day on night shift were compared. Methods: 24-
hour ECG recordings were made in 65 shift workers during a day working on morning shift and during a
day working on night shift. Within person differences between morning and night shift of 24-hour mean
HRV measures and of the mean values during sleep and work were calculated. Possible modification of the
reported effects by the shifi schedule was determined. Resulfs: Significantly elevated mean %LF during
sleep was found on a day worked in night shift compared with a day worked in day shift (%LF + 3.04,P <
0.01). Type of Shift schedule was found to be a significant modifier of this effect. The age adjusted least
square mean difference in % LF between the night and day shift for the different shift schedules apart were:
+ 0.88 % for the workers in the fast forward rotating shift, + 3.06 % for the fast backward rotating shift, +
6.15 % (P < 0.001) for the medium speed backward rotating shift and + 1.18 % for the shift workers
without a regular shift schedule. Conclusions: The results suggest an increased sympathetic dominance
during a night shift sleep indicating an inferior sleep quality. The magnitude of the reported effect was
related to the shift schedule. Optimisation of this schedule could therefore provide a tool in diminishing the
impact of working at night on cardiac autonomic control and may contribute to a reduction of the
cardiovascular disease risk among shift workers.
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