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Obj ectives The most common problem among the many health-related effects of shift

work is disturbed sleep, with shift workers clearly having higher rates of cardiac

disorders, however, the possible mechanism underlying shift-work-related health

effects have yet to be examined. This study therefore set out to explore the influences

of long-term nightshift work on the sleep patterns of nurses and on their cardiac

autonomic nervous system during sleep.

M ethods Our sample was made up of ten permanent nightshift and ten regular morning

shift nurses. Nurses sept in their adaptable dormitory where they were alowed to

spontaneously sleep and wake. All sleep parameters were digitized using an ambulatory

polysomnographic recorder. Using sleep patterns and heart rate variability (HRV), the

daytime sleep (P-daytime) and nighttime sleep (P-nighttime) of permanent nightshift

nurses were compared to the nighttime sleep (R-nighttime) of regular morning shift

nurses.

Results As compared to R-nighttime, P-daytime sleep patterns had significantly lower

sleep onset latency, with the latter also having significantly greater proportions of Stage

3 and 4 and arousal index than their recorded level s during P-nighttime shift work. Both

the low frequency (LF) and low to high frequency ratio (LF/HF) of P-nighttime nurses

were significantly higher during periods of non-rapid eye movement (NREM) sleep

than those of the R-nighttime nurses. In addition, the EEG delta-power of P-nighttime



was significantly lower during the first NREM episode (NREM 1) sleep than those of
both the P-daytime and R-nighttime.

Conclusions Permanent nightshift nurses had higher sympathetic activity during their
sleep as compared to that of nighttime sleep of regular morning shift nurses. Night shift
working may have effects on the sleeping patterns of nurses in the long run, inducing
higher cardiac sympathetic regulation.

Key terms nightshift, nurse, sleep, electroencephal ographic delta-power, autonomic

nervous system, heart rate variability



I ntroduction

Permanent nightshift nurses must sleep during the day after working all night,

which contradicts the normal diurnal rhythm. As a result, clear indications of

physiological desynchronization of circadian rhythms have been found amongst

nighttime workers, with this disturbance of biological rhythms potentially resulting in

sleep deprivation and acting as a mediator of cardiovascular disease (1). Studies in

papermill workers have shown that the quality of daytime sleep is characterized by

reduced total sleep and differsfrom nighttime sleep (2). For temporary nightshift nurses,

daytime sleep may be able to compensate for insufficient sleep. However, permanent

nightshift nurses may suffer from along-term sleep reduction when sleeping in the day

time. The aim of this study was to examine whether sleep quality and sleep-related

cardiac autonomic function differ between nurses working night shifts and those

working morning shifts.

Heart rate variability (HRV), which isameasure of the autonomic cardiac control,

can be used as markers of cardiac dysfunction (1). High frequency power (HF) mainly

indicates cardiac vagal activity, whereas|ow frequency power (LF) to HF ratio (LF/HF)

reflects cardiac sympathetic modulations or sympathovaga balance (3). Reduced

cardiac vagal tone or impaired vagal function had an increased risk of hypertension (4)

and coronary heart disease (5). In addition, asignificant reductioninthe LF/HF valueis
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demonstrated amongst nurses working night shifts as compared to those morning or

afternoon shift. This reduction in cardiac sympathetic modulation indicates that

nightshift nurses may well have some diminution in alertness during their working

hours (6).

There are, however, very few studies which have set out to examine sleep disorders

amongst nightshift nurses, as well as the resultant dysfunctions in the automatic

nervous system which may be attributed to long-term nightshift working. Various

studies have found that chronic insomniacs have an increased risk of coronary artery

disease and hypertension (7-9). Shift workers are prone to higher rates of cardiac,

gastrointestinal and reproductive disorders (10, 11). Furthermore, shift nurses have

greater difficulty falling asleep or staying asleep; they also frequently suffer from

severe autonomic disturbances (6, 12). Thus, arelationship is discernible between shift

working and autonomic nervous system disturbances among nurses.

Sleep provides an important part of life both human and other mammals; however,

several prior studies have demonstrated that the measurement of HRV whilst apersonis

awake may not reflect their HRV state during sleep (13, 14), since some delicate

aternations, such as sympathetic activation accompanied by hypertension, are not

readily detected without conducting a sleep study (13, 15). Recent improvements in

sleep research techniques (13, 15-18) now allow us to test whether the sleep patterns



and sleep-related cardiac autonomic regulation are influenced by long-term nightshift

work in nurses. It therefore seems appropriate to undertake an exploration of the

changes in HRV which accompany sleep in order to clarify the pathways between

cardiovascular disease and nurses engaged in shift working.



Methods

Participants and Procedures

All of the subjects were recruited from the Medical-Surgical Ward of the Songshan
Armed Forces General Hospital. The circadian types could be categorized as
Morning-types (M-types), Evening-types (E-types) and in between the Intermediate
type (19). The Pittsburgh Sleep Quality Index (PSQI) (20) is a questionnaire which
measures self-reported sleep habits over the previous one-month period, with a higher
score indicating poorer sleep quality.

No significant differences were found between permanent nightshift nurses and
regular morning shift nurses in terms of age, body mass index (BMI), years employed
in nursing, blood pressure, tea or coffee consumption, sleep quality and circadian type.
All of the subjects who choose to work permanently on night shifts were currently
unmarried, with such choice having been made mainly for financial reasons and
because of the alternatives that such work offered them. The exclusion criteriafor these
subjects included psychopathology, neurological disease, other cardiovascular disease,
and any medication reported to influence sleep, the autonomic nervous system, and
cardiovascular fluctuations (such as hypnotics and the subjects’ self-reported caffeine

or nicotine consumption). Informed written consent was obtained from all participants



and the experimental protocol was approved by the Ethics Committee of Tri-Service

General Hospital in Taiwan.

Nurses in the permanent nightshift group worked three consecutive night shifts

(from 11:30 PM to 7:30 AM), which was followed by two or three days off, and then a

further three or four consecutive night shifts. Nurses in the regular morning shift group

worked five consecutive morning shifts per week (from 8:00 AM to 4:00 PM),

followed by two days off. After a day of habituation, polysomnographic recordings

were performed during nighttime sleep after the second morning shift among regular

morning shift nurses (R-nighttime) or daytime sleep after the second night shift among

permanent nightshift nurses (P-daytime). We indicated in a prior study that a period of

at least two consecutive days off was sufficient for nurses working night shiftsto return

to the normal nighttime sleep patterns of dayshift workers (21). Therefore, a further

recording of permanent nightshift nurses was carried out during their nighttime sleep

on their second day off (P-nighttime). The experimental group, which included the

P-nighttime and P-daytime samples, was compared with the R-nighttime control group

(R-nighttime). All subjects were encouraged to continue to follow their usual sleep

habitsin their own beds.



Data Recording

Therecordings, which were carried out using el ectroencephal ography (EEG, C3/Cz),

electro-oculography  (EOG), sub-mental  electromyography (EMG) and

electrocardiography (ECG), were synchronously digitized and stored in amemory card

during the night or day using an ambulatory recorder. The filter bandwidths of the

signals were using different multipliers, similar to a prior study on data acquisition, as

follows: EEG (5,000), EMG (2,000), ECG (5,000), and EOG (1,000) (22).

Both EEG and EMG were filtered with 0.32—40 Hz, the EOG with 0.032—40 Hz and

the ECG with 0.64-40 Hz. These hioelectric signals were relayed to an 8-bit

analog-digital converter connected to an IBM PC-compatible computer. The EEG,

EOG, EMG and ECG signals were synchronously digitized but at different sampling

rates (128, 128, 128 and 256 Hz, respectively). The acquired data were analyzed

on-line and stored simultaneously on a hard disk for subsequent off-line verification.

Digital Signal Processing

For sleep stage analysis, the data file was converted into European Data Format and

then wasimported into commercial sleep analysis software (Somnologica3.1.2, Embla,

USA). The computer assisted sleep analysis was carried out according to the criteria

defined by Rechtschaffen and Kales (24). The score arousal means that the abrupt shift
9



of EEG frequency including apha, theta and/or frequencies greater than 16 Hz (but not

spindles) last at least 3 seconds, with at least 10 seconds of stable sleep preceding the

change during sleep stages. The Scoring of arousal requires a concurrent increase in

submental EMG lasting at |east 1 second during REM sleep (24). However, the score of

stage wakening has more than 50% of the epoch either reactive apha or

age-appropriate dominant posterior rhythm over the occipital region. Furthermore,

arousal index and awaken index indicate that both times of arousals and awakenings

were divided into total sleep time (24). The results were verified by a qualified sleep

technician. The preprocessing of the ECG signals was designed according to the

recommended procedures (3), which are described fully in previous reports (18, 23). In

brief, the computer algorithm identified each normal ventricular discharge waveform

and rejected each ventricular premature complex or noise according to its likelihood in

astandard template. Stationary R-R intervals (RR) were re-sampled and interpolated at

a rate of 8 Hz to provide continuity in the time domain. The sampling rate of EEG

signals was also reduced to 64 Hz.

Power Spectral Analysis

The dsleep periods marked from the first to third non-rapid eye movement sleep

(NREM 1-3) and thefirst to third rapid eye movement sleep (REM 1-3), in addition, the
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accompanying autonomic functions were analyzed. The EEG and RR signals analyzed

were truncated into successive 64-second time segments (windows) with 50%

(32-second) overlapping. A Hamming window was applied to each time segment to

attenuate the leakage effect (22). Our agorithm then estimated the power density of the

spectral components based on the fast Fourier transformation.

The resulting power spectrum was corrected for attenuation resulting from sampling

and the application of the Hamming window (23). They consequently underwent fast

Fourier transformation after applying the Hamming window. For each 64-second time

segment, we quantified the high-frequency (HF, 0.15-0.4 Hz) and low-frequency

power (LF, 0.04-0.15 Hz) of the RR spectrogram (16), and the delta power (0.54 Hz)

of the EEG spectrogram. The LF to HF ratio (LF/HF) was calculated as well. The HF

indicates cardiac vagal activity whereas LF/HF reflects cardiac sympathetic

modulations or sympathovagal balance (3). EEG delta-power are a characteristic of

NREM and is used to define deep (stage 3 and 4) sleep (24).

Satistical Analysis

The first step of our analyses involved a comparison of the basic characteristics of

the study subjects in order to ensure total comparability between the control and

experimental groups. The demographic variables of employment, heart rate, blood

pressure, tea/coffee consumption, type of morningness/eveningness, and the scores of
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deep quality were presented as mean + standard deviation (SD) for continuous

variables and numbers for categorical factors with proper statistic tests performed.

The specific design included two comparison scenarios: (i) comparisons between

P-nighttime and P-daytime samples in the experimental group; and (ii) the comparison

of each P-nighttime and P-daytime sample with the R-nighttime control group. The

comparisons of the sleep pattern indices during REM or NREM periods of sleep were

carried out using Mann-Whitney U testsfor regular morning shift nurses and permanent

night shift nurses, and Wilcoxon Sign-Rank test for the experimental group. A similar

analysis strategy was then performed for the logarithmically transformed EEG

delta-powers, HF, LF and LF/HF of the RR spectrogram in order to correct for the

skewness of their distributions (23). All of the statistical analyses in this study were

undertaken using the SPSS 13.0 for Windows software package, with the P-value of

less than 0.05 being considered to be statistically significant.
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Results

As shown in Table 1, no significant differences were identified between two

groups according to the baseline comparisons, with both of the groups being young and

healthy nurses, and therefore providing a solid comparison basis. Based upon a

comparison with the R-nighttime sleep patterns, the P-daytime nurses were found to

have significantly lower sleep onset latency. Nevertheless, as shown in Table 2, the

P-daytime nurses were also found to have significantly greater proportions of Stage 3

and 4 seep, and arousal index, than their recorded level s during P-nighttime shift work.

The EEG delta-power during the first NREM episode (NREM 1) and the arousal index

of the P-nighttime was significantly lower than the values for the P-daytime and

R-nighttime nurses (Figure 1 and Table 2).

As regards cardiac autonomic function, the LF and LF/HF of in the P-nighttime

sleep patterns were both found to be significantly higher than those of the R-nighttime

deep patterns. Furthermore, as compared to the P-daytime sample, the P-nighttime

exhibited higher LF and LF/HF values during their sleep, albeit with no statistical

significance. The HRV analyses from the first to the third REM and NREM, which

were summarized in Figure 2, revea dight, but important, differences between the

different shifts. The RR of the P-nighttime during NREM2, REM2, REM3 sleep

13



periods and the RR of P-daytime during REM3 sleep periods were found to be

significantly higher than those of the R-nighttime. The LF of P-nighttime group during

NREM1-3, REM1, REM2 dleep periods were significantly higher than that of

R-nighttime group, as was the LF of P-daytime during NREM1-3, and REM1, REM3

sleep periods. The LF/HF of P-nighttime during NREM1-3, REM1 sleep periods, and

that of P-daytime group during NREM3 sleep periods were aso found to be

significantly higher than those of R-nighttime. Finally, within the experimental group,

the LF/HF during the sleeping periods of the P-daytime nurses was found to be

significantly lower than that of P-nighttime nurses during their NREM1 and REM 1

sleep periods.
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Discussion

This paper indicated that Sleep patterns and cardiac autonomic activity during

deep did differ between nurses working only night shifts and those working only

morning shifts. We found that nurses working night shifts had significantly higher LF

and cardiac LF/HF values, particularly during periods of NREM sleep, as compared to

regular morning shift nurses. Furthermore, the daytime sleep of permanent nightshift

nurses showed significantly higher proportions of slow wave sleep (Stage 3 and 4),

arousal index, and EEG delta-power during the first episode sleep (NREM1), as

compared to their nighttime sleep periods. Based upon the different sleep patterns, we

found that Cardiac LF was permanently higher amongst permanent nightshift nurses

independent of nighttime or daytime sleep. The findings of this study suggested that

nighttime workers would seem to have higher cardiac sympathetic regulations

attributable to long-term night shift working, a finding which may explain why shift

workers were found to have higher rates of cardiac disorders. Sleep assigned according

to a predetermined schedule in the laboratory schedule can sometimesfail to reflect the

habitual sleeping time (27-29). Our design allowed nurses to spontaneously sleep in

their own beds, with accustomed privacy and according to flexible nightshift seep

schedule.
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The spectral analysis of R-R intervals assessing HRV was reported alower LF/HF

value during periods of NREM sleep than during periods of REM sleep amongst

permanent nightshift nurses; however, this study indicated that there were similar

elevations during both NREM and REM sleep. Sleep characterized by autonomic

nervous activity were found to be in line with the findings of the prior studies (30, 31),

which revealed a sympathetic dominance in the autonomic system during REM sleep.

However, thisresult contradicted the expectation of vagal influence being predominant

during NREM sleep.

The present study demonstrated, as compared to regular morning shift nurses,

permanent nightshift nurses had higher LF/HF and LF values, especially the LF was

shown to be significantly higher, independent of nighttime or daytime sleep. It is now

becoming increasing recognized that LF levels are influenced by both sympathetic and

vagal modulations (3). This elevation of the LF value may explain the higher

sympathetic activity induced; thus, the LF value may prove to be a good marker for

night shift nurses.

It has been indicated, in one particular prior study, that a reduction in sympathetic

activity, which could preserve the perfusion of the heart though an appropriate

reduction in vascular resistance, may be responsiblefor attenuating the workload on the

heart during periods of NREM dleep (32). In this study, the notable increase in
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sympathetic activity during periods of NREM sleep was found to lead to an increasein

workload on the heart, which may explain the mechanisms linking shift work to

cardiovascular events. We argue that there are several reasons why permanent

nightshift nurses have higher HRV sympathetic activity during sleep.

Firstly, the shift schedule involved three or four night shiftsin arow, followed by

two days off between these consecutive shift periods. When nurses are off their work

schedules, they return to nighttime sleep. That is, permanent nightshift nurses usually

sleep during the day, but sometimes sleep at night. Thus, the nightshift nurses became

more biologically adapted to sleeping during the day and working throughout the night.

However, no discernible differences were found between the different shift nurses

during their waking hours, and this study also found no significant difference in terms

of total sleep time and Seep efficiency to support this hypothesis of circadian

adaptation (Table 2).

Related studies have indicated that autonomic activity shows adiurnal pattern and

the sympathetic activity is also prevalent during the working time (6); thus, the

sympathetic activity may be elevated during the night time, regardless of whether a

subject is working or sleeping. Furthermore, the potential effects of the diurnal pattern

on the autonomic activity found to be related to higher sympathetic activity during

periods of daytime sleep. This study indicated that P-nighttime nurses had significantly

17



higher LF/HF values than those of the R-nighttime nurses, particularly during periods

of NREM1 sleep. According to Endo et al., the rapid REM accumulation may be

attributable to circadian influence, with the distribution of REM sleep being reliant

upon the circadian phase over consecutive cycles (33). Therefore, we inferred that as

night shift nurses sometimes sleep during the day; the sleep pattern had a greater effect

on the cardiac autonomic function during the first episode of REM sleep. However, the

LF/HF of P-daytime and P-nighttime nurses revealed a significantly higher value

during periods of NREM3 sleep, as compared to the LF/HF vaue for R-nighttime

nurses. Parker et a reported that there was a delay when a person normally rises from

bed, there will be adelay in the timing of the morning increase in myocardial ischemic

episodes (34). Thisresult was in line with this previous study, which indicated that the

augmentation of sympathetic activity was induced around 1:00 PM, with this situation

proving the elevated risk of cardiovascular disease in the early afternoon.

Secondly, we demonstrated in the present study that as compared to the

R-nighttime nurses, nightshift nurses had lower EEG delta-power during both their

nighttime sleep and daytime sleep (Table 2); however, the higher EEG delta activity

during their daytime sleep was still found to be lower than that of regular morning shift

nurses. EEG delta-power is a characteristic of NREM and is used to define deep sleep

(Stage 3 and 4) (24). Severa prior experimental studies have reveaed that Slow wave

18



activity during periods of NREM sleep is reliant on prior waking time (33, 35, 36). We

argue that the P-daytime nurses may have longer periods of restlessness and exhaustion

before eventually falling asleep, since we find that as compared to their nighttime sleep,

daytime sleep has lower sleep onset latency and significantly higher proportions of

Stage 3 and stage 4 (deeper sleep) thereby explaining the obvious exhaustion of nurses

following periods of nighttime working. Our results also indicated that the total sleep

time for daytime sleep was a slightly shorter than that for nighttime sleep, which is

consistent with several of the prior studies on healthy men (2, 33, 35, 37). That is, there

isatendency for permanent nightshift nursesto develop worse sleep quality and asmall,

but cumulative, sleep deficit. It has been known that deeper sleep was accompanied by

further suppression of the sympathetic function (16). Thus the higher sympathetic tone

could be explained by the lower EEG delta-power and a higher proportion of deeper

sleep.

Thirdly, frequent exposure to environmental factors (i.e., light, as well as social

factors) may be another important issue; thisis because, although permanent nightshift

nurses become accustomed to sleeping during the day, the influence of morning light is

unavoidable before, during and after their periods of daytime sleep in the nurses

dormitory. The prior studies have indicated that exposure to bright light certainly

enhances activity in the sympathetic nervous system (38). It is worth noting that the
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morning light (entering through the bedroom windows) appeared to have some effects

on the autonomic nervous system of nurses. If this was the case, we may assume that as

time progresses, nurses would increasingly grow accustomed to their environment,

resulting in subtle changesto activity within their autonomic nervous system,; therefore,

cumulative enhancement of sympathetic activity may be developed, despite any

reduction in competing social and/or domestic factors.

In the current study, none of the participants had children, and many of them had

succeeded in minimizing the competing social factors to set sleep astheir first priority.

Although the participants were encouraged to sleep aslong as they could, we found that

most permanent nightshift nurses usually slept until afternoon, when they woke for

lunch, then they may elect to sleep for awhile before their night shift. The effects of this

pattern of two periods of sleep in permanent nightshift nurses are worthy of further

investigation.

We identified changes in EEG, EMG, EOG and HRV among permanent night

nurses for reference purposes; however, consecutive monitoring of sleep over severa

nights is necessary to produce additional data to provide a more complete picture of

possible changes in slegping pattern. The nurses who participated in the study had

approximately 2 years of work experience on the night shift. In a future study, we plan

to compare nurses with 2 years of nightshift experience to nurses with 10 years of
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nightshift experience and also to nurses with less than 1 year of nightshift experience.
These should help to provide a better understanding of how sleep might affect their
performance at work.

This study included only a small sample of nurses; thus, it was very low power,
particularly in terms of finding differences between various shifts. However, our results
clearly indicate that in the long run, night working has effects on deep-related cardiac
autonomic function. This study provided only a brief picture of daytime sleeping
patterns in nightshift nurses working three or four consecutive night shifts and then
returning to nighttime sleep during their days off. Sleeping patterns over several nights,

aswell as after long vacations, would seem to be warrant future study.
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Table 1. The basic characteristics for comparisons of experimental and control groups

Variable Control group Experimental group p value®
(n=10) (n=10)

Age, yr 29.00+2.91 26.90 = 2.60 0.11
Years employed in Nursing, yr 3.10+ 2.03 430+ 1.70 0.17
Body mass index 20.00+1.14 20.34+1.83 0.62
Heart rate, bpm 76.70 £ 7.89 77.40 £ 4.55 0.81
Diastolic blood pressure, mmHg 71.40+£5.17 71.30+7.51 0.97
Systalic blood pressure, mmHg 117.6 + 6.38 11160+ 5.13 0.33
Tea consumption

Never 4 2

< 1 per week 1 1 0.62

1-2 per week 3 2

3-4 per week 1 4

5-7 per week 1 1
Coffee consumption

Never 5 4

< 1 per week 1 2 0.38

1-2 per week 2 0

3-4 per week 0 0

5-7 per week 2 4
Global PSQI 8.80+2.86 7.10+2.33 0.32
Diurnal type
(morningness/ eveningness)

Morningness 1 2 0.23

Neither 9 6

Eveningness 0 2

A Mann-Whitney U tests for continuous variables and Chi-sguare tests for categorical
variables; the data are expressed as mean + SD of 10 nurses per group.

Note: control group (regular morning shift nurse); experimental group (permanent
night-shift nurses); Pittsburgh Sleep Quality Index (PSQI)
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Table 2. The differences of sleep patterns between shifts

Control group
(R-nighttime)

Experimental group (n = 10)

n=10 P-nighttime P-daytime

Variable ( ) J ¥
Total slegp time, min 359.89 + 43.39 362.55 + 97.53 330.15+ 136.84
Wake after sleep onset, min 31.48 + 28.62 25.74 + 12.82 21.32+17.48
Sleep onset latency, min 1550 + 12.92 14.45 + 20.06 4.65+1.73°
Sleep efficiency, 0.89+ 0.08 0.90+ 0.07 0.92+ 0.07
Stagel, % 9.35+3.77 8.39+4.18 740511
Stage 2, % 62.17 £ 7.90 61.44 £ 8.17 60.44 + 10.84
Stage 3+4, % 481+7.17 1541224 7.39+5.92"
REM , % 23.67 £ 6.96 28.63 £ 7.46 23.17£5.76
REM latency from sleep 97.60 + 64.52 61.60 + 21.68 63.35 £ 26.50
onset , min
Number of dSleep stage 1578 + 4.84 1454+ 371 16.12 + 5.49
transitions/hour
Awakening index, times/hr 402+ 1.49 453+ 142 3.22+1.26
Arousal index, times/hr 391+161 2.69+0.65 371+ 124"
Deltapower, In( V2 3.82+0.75 3.41+0.78 3.74+0.63

* . Pairswith statistical differences for shiftsin experiment group comparing to control group by

Mann-Whitney U tests;

T : Statistical significance within experiment group by Wilcoxon Sign-Rank test;

" P< .05 vs R-nighttime, " P< .05 vs P-nighttime; The data are expressed as mean + SD of 10 nurses

per group.

Note: the nighttime sleep of regular morning shift (R-nighttime); the nighttime sleep of night shift

(P-nighttime); the daytime sleep of night shift (P-daytime).



Table 3. Comparisons of cardiac autonomic functions between different shifts

Control group
(R-nighttime)

Experimenta group (n = 10)

Variable (n = 10) P-nighttime P-daytime

Awake

RR, ms 829.88 + 49.85 858.37 + 83.06 750.85 + 267.23

HF, In(ms?) 6.05+0.71 6.30 + 0.84 6.38+0.79

LF, In(ms?) 6.68 + 0.67 7.08 + 0.57 7.17 + 0.60

LF/HF, ratio 0.66 + 0.45 0.79+0.44 0.79+0.75
NREM sleep

RR, ms 914.99 + 52.42 990.40 + 86.39" 963.95 + 97.26

HF, In(ms?) 6.22 + 0.66 6.35+ 0.90 6.44 + 0.79

LF, In(ms?) 6.18+ 0.58 7.01+0.61 6.84 + 0.47

LF/HF, ratio -0.04+ 0.40 0.61+0.56 0.40 + 0.58
REM sleep

RR, ms 882.89 + 63.32 963.50 + 73.76 926.96 + 91.93

HF, In(ms?) 5.91 + 0.56 6.30 + 0.92 6.34+0.74

LF, In(ms?) 6.71+0.44 7.45+0.63" 7.34+041

LF/HF, ratio 0.79+0.35 1.14 + 0.48 1.01+ 0.50

* . Pairs with statistical differences for shifts in experiment group comparing to control

group by Mann-Whitney U tests;

T : Statistical significance within experiment group by Wilcoxon Sign-Rank test;

"P< .05 vs R-nighttime; the data are expressed as mean + SD of 10 nurses per group.
Note: the nighttime sleep of regular morning shift (R-nighttime); the nighttime sleep of
night shift (P-nighttime); the daytime sleep of night shift (P-daytime); R-R intervals (RR),
high-frequency power (HF), low-frequency power (LF) and the LF-to-HF ratio (LF/HF).
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Figurel. Electroencephal ographic delta-power during periods of NREM and REM sleepNotes:
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The figure illustrates Electroencephal ographic delta-power magnitude during 1-3 periods of
non rapid eye movement (NREM) and rapid eye movement (REM) nighttime sleep for the
nighttime sleep of regular morning shift (R-nighttime); the nighttime sleep of night shift
(P-nighttime); the daytime sleep of night shift (P-daytime) nurses. The data are expressed as

mean + SEM of 10 nurses per group. Superscripts indicate p-values asfollows: P< .05 vs
R-nighttime, "P< .05 vs P-nighttime.
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FIGURE 2 R-Rintervals and heart rate variability during periods of NREM and REM sleep
Notes:

The figure illustrates R-R intervals (RR), high-frequency power (HF), low-frequency
power (LF) and the LF-to-HF ratio (LF/HF) of heart rate variability among rotating
three-shift nurses during 1-3 periods of non rapid eye movement (NREM) and rapid eye
movement (REM) nighttime sleep for the nighttime sleep of regular morning shift
(R-nighttime); the nighttime sleep of night shift (P-nighttime); the daytime sleep of night
shift (P-daytime) nurses. The data are expressed as mean + SEM of 10 nurses per group.
Superscriptsindicate p-values as follows: "P< .05 vs R-nighttime, "P< .05 vs P-nighttime.
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