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are not adapted to night work after 1–3 consecutive night 
shifts. Studies are needed to establish how many consecu-
tive night shifts are needed for full adaptation of diurnal 
rhythms to night work.

Keywords  Circadian disruption · Adaptation to night 
work · Field studies

Introduction

Night work is a necessity in many occupations. It is esti-
mated that 15–20 % of the working population in Europe 
are involved in night work. Night work is associated with 
both acute and reversible effects such as poor sleep (Sal-
linen and Kecklund 2010), decreased cognitive function 
(Dula et al. 2001; Griffiths et al. 2006) and gastro-intesti-
nal problems (Knutsson and Bøggild 2010). Also chronic 
disorders, e.g., peptic ulcer disease (Knutsson and Bøg-
gild 2010), cardiovascular disease (Bøggild and Knuts-
son 1999; Frost et al. 2009) and breast cancer (Costa et al. 
2010) are reported in association with night work. In 2007, 
the Agency for Research on Cancer classified ‘shift work 
that involves circadian disruption’ as a probable human car-
cinogen based on sufficient evidence from animal studies 
and limited evidence from epidemiological studies (Stevens 
et al. 2011).

Although unequivocal evidence of a causal effect of 
night work on, e.g., breast cancer and cardiovascular dis-
ease is lacking, several mechanisms of disease onset and 
progression have been suggested (Bonde et al. 2007; Put-
tonen et  al. 2010). One proposed mechanism is related to 
disruption of circadian rhythms of physiological systems 
(Costa et al. 2010; Puttonen et al. 2010). Circadian rhythms 
of physiological systems include sleep/wake cycles, and 
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fluctuations in body temperature, blood pressure, hormone 
secretion, digestion, metabolism, and cell turnover. They 
are pivotal for survival and are driven and maintained in a 
hierarchical manner by a central pacemaker (the biologic 
master clock) located in the suprachiasmatic nucleus (SCN) 
of the hypothalamus (Buijs et al. 2003). The SCN receives 
signals from external zeitgebers such as light and darkness, 
social rhythms, timing of meals, and activities such as work 
and physical activity (Grandin et  al. 2006; Zelinski et  al. 
2014).

Since humans generally are day-oriented, working at 
night requires a phase change in the sleep/wake cycle and 
circadian rhythms of other physiological systems. This 
change occurs gradually with increasing number of con-
secutive night shifts (Haus and Smolensky 2006), but it is 
not clear how many consecutive night shifts are needed for 
full adaptation to night work in terms of being synchro-
nized relative to the new work schedule and sleep times 
(and therefore disrupted in relation to the ambient dark/
light cycle). Rhythms may be characterized by amplitude, 
phase and frequency (Hofstra and De Weerd 2008). Pref-
erably, the adaptation of circadian rhythms is assessed by 
measurements at several time points in order to assess all 
the characteristics. However, lack of adaptation may also 
be approximated by just a few measurements taken at com-
parable times during night work and day work schedules.

Circadian rhythms and circadian disruption have been 
investigated in several different ways in laboratory stud-
ies, e.g., via dim light melatonin onset (DLMO), body 
temperature and sleep–wake logbooks (Figueiro et  al. 
2014; Mirick and Davis 2008;Sargent et al. 2012). Labora-
tory studies have the advantage of a high level of control 
of the environment, but lack the inherent exposures of the 
real-life setting. Laboratory studies have shown that when 
working nights in a real-life setting, adaptation of the circa-
dian rhythm is complicated by the fact that a night worker 
continues to be exposed to external zeitgebers like sunlight 
and social factors that promote day orientation. The influ-
ence of the external environment and social factors is not 
necessarily captured in a laboratory setting with simulated 
night work. Therefore, laboratory studies must be supple-
mented with field studies to evaluate how the human body 
is affected by night work in real life (Kantermann et  al. 
2012).

Of the many possible physiological markers of diurnal 
rhythms that have been studied, we chose to focus on two 
central indicators of physiological adaptation to the envi-
ronment, that is, cortisol as a measure of the hypothala-
mus–pituitary–adrenal (HPA) axis (Tsigos and Chrousos 
2002) and heart rate variability (HRV) as a proxy for auto-
nomic regulation (Pagani et  al. 1986). Cortisol has a pro-
nounced effect on the immune system and is a vital part of 
the body’s stress response, thus changes in the rhythmicity 

of cortisol release may have effects on overall health (McE-
wen and Karatsoreos 2015). The autonomic nervous system 
(ANS) is involved in many physiological process and is of 
vital importance of health (Pagani et al. 1986). Moreover, 
we included melatonin to capture information on the cen-
tral circadian pacemaker to the external environment (Haus 
and Smolensky 2006). Melatonin suppression has also been 
linked to shift worker health as a possible mechanism lead-
ing from shift work to cancer (Stevens and Rea 2001).

Cortisol is produced in the adrenal gland and is the prin-
cipal marker of the activation of the hypothalamus–pitui-
tary–adrenal (HPA) axis (Tsigos and Chrousos 2002). The 
HPA axis plays a central role in homeostatic processes, and 
it is commonly thought to reflect attempts to adjust to daily 
pressures and joys (Rosmond and Björntorp 2000). Cortisol 
has a pronounced diurnal rhythm and is viewed as a good 
and robust marker of the overall circadian rhythm (Hofstra 
and De Weerd 2008). The concentration of cortisol can be 
influenced by awakening time, physical activity and stress 
(Garde et  al. 2008) Cortisol can be measured in blood, 
urine and saliva (Gatti et al. 2009; Jensen et al. 2011), and 
there is a good correlation between serum and saliva levels 
of cortisol (Cadore et al. 2008).

Melatonin is synthesized and secreted primarily by the 
pineal gland (Arendt 1995); this molecule contributes to 
synchronizing the internal hormonal environment to the 
light–dark cycle of the external environment (Haus and 
Smolensky 2006). Melatonin can be measured in blood or 
saliva and its metabolite 6-sulfatoxymelatonin can be meas-
ured in urine. Circulating melatonin level and 6-sulfatox-
ymelatonin have been shown to be good biomarkers of the 
circadian rhythm (Arendt 1986; Jensen et al. 2011). Mela-
tonin production is affected by light intensity. Illumination 
of sufficient intensity can completely suppress melatonin 
production. This means that the production of melatonin in 
night workers can be suppressed by the light in the environ-
ment (Mirick and Davis 2008).

HRV is controlled by the ANS, which oscillates 
over the 24  h (Pagani et  al. 1986; Task Force of the 
European Society of Cardiology and The North Ameri-
can Society of Pacing and Electrophysiology 1996). 
HRV is an indicator of the ANS’s regulation of the car-
diac rhythm, which encompasses the influences from 
the sympathetic nervous system (SNS) and the para-
sympathetic nervous system (PNS) activity. The SNS 
are associated with energy mobilization, and the PNS 
with vegetative and restorative functions. These two 
branches of the ANS are in constant dynamic balance 
(Thayer et  al. 2010). Imbalance in autonomic regula-
tion, characterized by a relative dominant SNS hyper-
activity over PNS hypoactivity, is a reliable predictor 
of morbidity and mortality (Dekker et  al. 2000; Tsuji 
et al. 1996). The relative activity in the SNS and PNS 
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can be disentangled by analyzing HRV (Kleiger et  al. 
2005). High frequency (HF) variation (normally cal-
culated for the frequency range 0.15–0.4  Hz) reflects 
PNS modulation of cardiac rhythm, while low fre-
quency (LF) variation in (0.04–0.15  Hz) reflects 
SNS modulation with a significant contribution from 
PNS HRV (Malliani et al. 1998; Montano et al. 1994; 
Pagani et  al. 1986; Task Force of the European Soci-
ety of Cardiology and The North American Society of 
Pacing and Electrophysiology 1996). In addition, the 
ratio between LF and HF is interpreted as the balance 
between the sympathetic and parasympathetic modula-
tion of cardiac rhythm (sympathovagal balance) (Mal-
liani et  al. 1998; Montano et  al. 1994; Pagani et  al. 
1986). Most measures of HRV show a pronounced 
circadian profile that is influenced by the sleep–wake 
cycle (Bonnemeier et al. 2003; Vandewalle et al. 2007) 
and work versus leisure time and physical activity 
(Collins et al. 2005; Vrijkotte et al. 2000).

Aim

We aimed at evaluating to what extent night workers 
adapt to night shifts and how many consecutive shifts are 
required in real-life settings. This was done by reviewing 
field studies explicitly investigating the effect of the num-
ber of consecutive night shifts on diurnal rhythms of corti-
sol, melatonin and HRV.

Materials and methods

Search strategy

The literature search (Fig. 1) was performed during august 
2014. We searched the database ‘PubMed’ and ‘Web of Sci-
ence.’ The search strategy was developed by the first author 
and a search specialist at (workplace is to be revealed after 
blinded peer-review). The search resulted in total of 900 

Fig. 1   Search strategy. Initially individual search strategies were made for diurnal rhythms (#1), biomarkers (#2) and shift work (#9). These 
were combined in the final search strategy (#10)
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articles. All titles and abstracts were read by the first author, 
and 65 papers were scrutinized further. Of these 65 papers, 
15 papers fulfilled the inclusion criteria given below.

The criteria for inclusion in the present review were:

•	 Original research written in English and published in a 
peer-reviewed journal

•	 Data from humans in field studies
•	 Studies on one or more night shifts, i.e., primary work-

ing hours between 23:00 and 07:00
•	 Results on cortisol, melatonin/6-sulfatoxymelatonin 

and/or HRV
•	 At least three measurements on the same day to ensure 

that there was an indication of circadian rhythm
•	 A comparison of night work with day work or days off

Exclusion criteria were:

•	 Combined field and laboratory studies
•	 Intervention studies, e.g., of the effect of light therapy 

and melatonin treatment

In addition to the literature search, we scanned the ref-
erence lists of the selected papers for additional studies of 
relevance revealing two relevant papers that were included 
in the study, giving a total of 18 papers for the present 
review.

Evaluation of the degree of adaptation to night work

We classified the degree of adaptation to night work for 
cortisol, melatonin and HRV in the studies as indicat-
ing no degree of adaptation, some signs of adaptation or a 
high degree of adaptation based on how much the circadian 
rhythm on night shifts deviated from the circadian rhythm 
during the day shift in relation to working hours. If there 
were permanent night workers as part of the study popula-
tion, days off were used for comparison. No adaptation was 
characterized by no change in the timing of the phase or 
amplitude of the circadian rhythm compared to a day shift. 
Some signs of adaptation were characterized by changes 
in the timing of the phase or amplitude of the circadian 
rhythm, but not a full phase shift. A high degree of adap-
tion was characterized by a rhythm that followed the same 
pattern as on a day shift only shifted to match a night shift 
schedule.

Results

In total, 18 papers were included in the present review. 
Cortisol was measured in five studies (of which one also 
included melatonin and one HRV, Table 1). Melatonin was 

measured in 11 studies (of which one also measured cor-
tisol, Table 2) and HRV was measured in four studies (of 
which one also measured cortisol, Table 3). The 18 studies 
cover several different occupational fields. Five studies had 
participants from the offshore oil industry (Barnes et  al. 
1998a, b; Gibbs et al. 2007; Hansen et al. 2010; Harris et al. 
2010). Six studies had nurses as participants (Anjum et al. 
2011; Borugian et al. 2005; Costa et al. 1994; Grundy et al. 
2011; Hansen et al. 2006; Kobayashi et al. 1997), and one 
study had paramedics as participants (Wong et  al. 2012). 
One study had workers from a power station (Vangelova 
and Dalbokova 1998). Three studies had participants from 
other industries such as mining, the glass industry and 
electronic manufacturing (Choosong et al. 2006; Ferguson 
et al. 2012; Kudielka et al. 2007). The largest study in the 
present review consisted of 170 participants (Hansen et al. 
2006), and only two additional studies had more than 100 
participants: Grundy et al. (2011) with 123 participants and 
Kudielka et  al. (2007) with 102 participants. The rest of 
the studies had small sample sizes of around 10–30 partici-
pants (Anjum et al. 2011; Barnes et al. 1998a, b; Borugian 
et  al. 2005; Choosong et  al. 2006; Ferguson et  al. 2012; 
Furlan et al. 2000; Gibbs et al. 2007; Hansen et al. 2010; 
Harris et  al. 2010; Kobayashi et  al. 1997; Rauchenzauner 
et  al. 2009; Vangelova and Dalbokova 1998; Wong et  al. 
2012). The number of consecutive night shifts ranged from 
a single night shift (Rauchenzauner et al. 2009) to 14 con-
secutive night shifts (Harris et al. 2010). The frequency of 
saliva, urine and blood sampling ranged from hourly saliva 
samples over 24 h (Ferguson et al. 2012) to blood samples 
taken at the start, middle and end of each shift (Costa et al. 
1994).

Cortisol

We found five relevant papers with cortisol as a circadian 
marker (Table  1). Four studies used cortisol in saliva and 
one study used cortisol in blood as the circadian marker.

Four studies used saliva samples. Harris et  al. (2010) 
used saliva taken five times a day to evaluate the level of 
cortisol decrease during the day and used it as an indica-
tor of the diurnal rhythm. Kudielka et al. (2007) used saliva 
samples at +4, +8, +12 and +16  h after awakening to 
assess the cortisol level during the day. Wong et  al. used 
saliva samples taken 30 min after awakening and samples 
taken +1, +6 and +12 h and at bedtime on rest days and at 
the beginning of the shift, mid-shift, end of shift and at bed 
time on work days. They used this to calculate the slope of 
the cortisol curve. They also looked at the overall daily pro-
duction of cortisol (Wong et al. 2012). Anjum et al. (2011) 
compared the concentration of cortisol in saliva in evening, 
night and morning samples during a night shift and during 
a day shift.
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One study used blood samples: Costa et al. (1994) used 
three blood samples collected at the start, middle and end 
of a shift on days with morning, afternoon and night shifts.

Table 4 shows an overview of the degree of adaptation 
of the diurnal rhythm of cortisol in relation to the number 
of consecutive night shifts.

In the study by Harris et  al. (2010), offshore workers 
tested two types of shifts: fixed shift (14 day shifts or 14 
night shifts) and swing shift (seven night shifts followed by 
7 day shifts). The offshore workers adapted to night work 
within seven consecutive night shifts. This is in contrast to 
the findings by Anjum et  al. (2011) that did not find sta-
tistically significant results to indicate adaptation to night 
work in diurnal rhythms of cortisol after nine night shifts 
in a study with nurses, but the authors did see a tendency 
toward an alteration in cortisol patterns after two night 
shifts. Wong et al. (2012) claimed a tendency toward a flat-
tened diurnal slope for cortisol, but found no statistically 
significant differences between night and day work after 
two shifts. Two studies found no changes in plasma corti-
sol patterns after two consecutive night shifts (Costa et al. 
1994; Kobayashi et al. 1997).

Overall, no or little adaptation after two consecutive 
night shifts was found. There are very few studies that 
investigate the effects of more than two consecutive night 
shifts, although the study by Harris et al. indicate that full 
adaptation may occur after seven consecutive night shifts in 
offshore workers.

Melatonin

Of the 11 papers on melatonin as a diurnal marker 
(Table  2), seven used 6-sulfatoxymelatonin measured in 
urine as a marker of diurnal rhythm (Barnes et  al. 1998a, 
b; Costa et al. 1994; Gibbs et al. 2007; Hansen et al. 2006, 
2010; Vangelova and Dalbokova 1998), three studies used 
salivary melatonin (Borugian et  al. 2005; Choosong et  al. 
2006; Ferguson et al. 2012) and one study used both 6-sulf-
atoxymelatonin in urine and melatonin in saliva (Grundy 
et al. 2011). Urine and saliva collection were conducted in 
slightly different ways. Five studies compared fixed time 
points (Borugian et al. 2005; Choosong et al. 2006; Costa 
et al. 1994; Grundy et al. 2011; Vangelova and Dalbokova 
1998), five studies used 1- to 4-h intervals between sam-
ples (Barnes et  al. 1998a, b; Ferguson et  al. 2012; Gibbs 
et al. 2007; Hansen et al. 2010) and one study used all urine 
voids during 24 h (Hansen et al. 2006).

Table 4 shows an overview of the degree of adaptation 
of the diurnal rhythm of melatonin in relation to the num-
ber of consecutive night shifts.

After two consecutive night shifts, Grundy et al. (2011) 
also did not find any difference in the pattern of melatonin 
in saliva in a study of rotating shift workers. In a study of Ta

bl
e 

1  
c

on
tin

ue
d

R
ef

er
en

ce
s

St
ud

y 
po

pu
la

tio
n 

an
d 

sa
m

pl
e 

si
ze

E
xp

os
ur

e
O

ut
co

m
e/

m
et

ho
ds

R
ep

or
te

d 
re

su
lts

B
lo
od

C
os

ta
 e

t a
l. 

(1
99

4)
15

 f
em

al
e 

nu
rs

es
A

ge
: 2

1–
29

 y
ea

rs
C

on
tin

uo
us

 r
ap

id
ly

 r
ot

at
in

g 
sh

if
t: 

A
–M

–
M

–A
–N

–N
–R

–R
. M

: 0
70

0–
14

00
, A

: 
14

00
–2

10
0,

 N
: 2

10
0–

07
00

, R
: r

es
t d

ay
W

or
ki

ng
 d

ay
 a

nd
 e

ve
ni

ng
 7

 h
 a

nd
 a

t 
ni

gh
t 1

0 
h

B
lo

od
 s

am
pl

es
 w

er
e 

co
lle

ct
ed

 a
t t

he
 

st
ar

t, 
m

id
dl

e 
an

d 
en

d 
of

 e
ac

h 
sh

if
t

Pl
as

m
a 

co
rt

is
ol

 d
id

 n
ot

 d
ev

ia
te

 f
ro

m
 a

 
no

rm
al

 d
iu

rn
al

 p
at

te
rn

 d
ur

in
g 

th
e 

ni
gh

t 
sh

if
ts

T
he

 p
ap

er
s 

ar
e 

lis
te

d 
ac

co
rd

in
g 

to
 y

ea
r 

of
 p

ub
lic

at
io

n



537Int Arch Occup Environ Health (2016) 89:531–545	

1 3

Ta
bl

e 
2  

S
um

m
ar

y 
of

 th
e 

el
ev

en
 p

ap
er

s 
w

ith
 m

el
at

on
in

 a
s 

a 
di

ur
na

l m
ar

ke
r

R
ef

er
en

ce
s

St
ud

y 
po

pu
la

tio
n 

an
d 

sa
m

pl
e 

si
ze

E
xp

os
ur

e
O

ut
co

m
e/

m
et

ho
ds

R
ep

or
te

d 
re

su
lts

C
os

ta
 e

t a
l. 

(1
99

4)
15

 f
em

al
e 

nu
rs

es
21

–2
9 

ye
ar

s
C

on
tin

uo
us

 r
ap

id
ly

 r
ot

at
in

g 
sh

if
t: 

A
–M

–M
–A

–N
–N

–R
–R

. M
: 

07
00

–1
40

0,
 A

:1
40

0–
21

00
, N

: 
21

00
–0

70
0,

 R
: r

es
t d

ay

U
ri

ne
 s

am
pl

es
 w

er
e 

co
lle

ct
ed

 a
t t

he
 

st
ar

t, 
m

id
dl

e 
an

d 
en

d 
of

 e
ac

h 
sh

if
t 

an
d 

an
al

yz
ed

 f
or

 6
-s

ul
fa

to
xy

m
e-

la
to

ni
n

T
he

 e
xc

re
tio

n 
of

 6
-s

ul
fa

to
xy

m
e-

la
to

ni
n 

sh
ow

ed
 a

 n
or

m
al

 d
iu

rn
al

 
pa

tte
rn

 w
ith

 h
ig

he
r 

le
ve

ls
 a

t n
ig

ht
 

du
ri

ng
 th

e 
ni

gh
t s

hi
ft

s 
co

m
pa

re
d 

to
 

th
e 

ni
gh

ts
 in

 b
et

w
ee

n 
da

y 
sh

if
ts

T
he

re
 w

as
 n

o 
di

ff
er

en
ce

 b
et

w
ee

n 
th

e 
tw

o 
ni

gh
t s

hi
ft

s

B
ar

ne
s 

et
 a

l. 
(1

99
8a

)
11

 m
al

e 
of

fs
ho

re
 w

or
ke

rs
 a

ge
d 

35
–5

6
23

 m
al

e 
of

fs
ho

re
 w

or
ke

rs
 a

ge
d 

24
–5

6

2 
w

ee
ks

 d
ay

 s
hi

ft
 (

06
00

–1
80

0)
 a

nd
 

2 
w

ee
ks

 n
ig

ht
 s

hi
ft

s 
(1

80
0–

06
00

)
U

ri
ne

 s
am

pl
es

 c
ol

le
ct

ed
 e

ve
ry

 3
 h

 
an

d 
ov

er
ni

gh
t c

ol
le

ct
io

n 
an

al
yz

ed
 

fo
r 

6-
su

lf
at

ox
ym

el
at

on
in

T
he

 p
ar

tic
ip

an
ts

 s
ho

w
ed

 a
da

pt
at

io
n 

to
 

ni
gh

t s
hi

ft
s 

w
ith

in
 1

 w
ee

k

B
ar

ne
s 

et
 a

l. 
(1

99
8b

)
18

 m
al

e 
of

fs
ho

re
 w

or
ke

rs
23

–5
6 

ye
ar

s
O

ne
 w

ee
k 

da
y 

(1
20

0–
00

00
 h

) 
or

 
1 

w
ee

k 
ni

gh
t (

00
00

–1
20

0)
O

ne
 g

ro
up

(n
 =

 1
1)

 c
om

pl
et

ed
 th

e 
st

ud
y 

in
 N

ov
em

be
r 

an
d 

on
e 

gr
ou

p 
(n

 =
 7

) 
in

 M
ar

ch

U
ri

ne
 s

am
pl

es
 c

ol
le

ct
ed

 e
ve

ry
 2

–3
 h

 
an

d 
ov

er
ni

gh
t c

ol
le

ct
io

n 
an

al
yz

ed
 

fo
r 

6-
su

lf
at

ox
ym

el
at

on
in

 o
n 

al
l 

da
ys

T
he

 c
re

w
s 

w
or

ki
ng

 d
ay

 s
ho

w
ed

 n
o 

ch
an

ge
 in

 th
ei

r 
6-

su
lf

at
ox

ym
el

a-
to

ni
n 

rh
yt

hm
 d

ur
in

g 
th

ei
r 

sh
if

ts
T

he
 c

re
w

s 
w

or
ki

ng
 n

ig
ht

 (
ex

ce
pt

 1
 

pe
rs

on
) 

st
ud

ie
d 

in
 M

ar
ch

 s
ho

w
ed

 a
 

si
gn

ifi
ca

nt
 p

ha
se

 d
el

ay
 in

 6
-s

ul
fa

-
to

xy
m

el
at

on
in

 r
hy

th
m

V
an

ge
lo

va
 a

nd
 D

al
bo

ko
va

 (
19

98
)

23
 m

al
e 

op
er

at
or

s 
on

 a
 th

er
m

oe
le

c-
tr

ic
 p

ow
er

 s
ta

tio
n

A
ge

: 3
5.

7 
±

 8
.5

 y
ea

rs

Tw
o 

da
y 

sh
if

ts
 (

07
00

–1
90

0)
 

fo
llo

w
ed

 b
y 

tw
o 

ni
gh

t s
hi

ft
s 

(1
90

0–
07

00
)

U
ri

ne
 s

am
pl

es
 w

er
e 

co
lle

ct
ed

 a
t t

he
 

se
co

nd
 d

ay
 s

hi
ft

 a
nd

 b
ot

h 
ni

gh
t 

sh
if

ts
U

ri
ne

 s
am

pl
es

 w
er

e 
co

lle
ct

ed
 a

t 
07

00
, 1

10
0,

 1
50

0,
 1

80
0 

du
ri

ng
 th

e 
da

y 
sh

if
t a

nd
 a

t 1
90

0,
 2

30
0,

 0
30

0,
 

06
00

 d
ur

in
g 

th
e 

ni
gh

t s
hi

ft
U

ri
ne

 s
am

pl
es

 w
er

e 
an

al
yz

ed
 f

or
 

6-
su

lf
at

ox
ym

el
at

on
in

 (
μ

m
ol

/h
)

T
he

 n
or

m
al

 d
iu

rn
al

 r
hy

th
m

 o
f 

ex
cr

e-
tio

n 
of

 6
-s

ul
fa

to
xy

m
el

at
on

in
T

he
 s

ec
on

d 
ni

gh
t h

ad
 a

 s
ig

ni
fic

an
tly

 
lo

w
er

 le
ve

ls
 o

f 
6-

su
lf

at
ox

ym
el

a-
to

ni
n 

th
an

 th
e 

fir
st

 n
ig

ht

B
or

ug
ia

n 
et

 a
l. 

(2
00

5)
5 

of
fic

e 
w

or
ke

rs
 w

ith
 d

ay
 (

07
00

–
19

00
) 

sh
if

ts
 (

2 
m

en
 a

nd
 3

 w
om

en
)

3 
fe

m
al

e 
nu

rs
es

 w
or

ki
ng

 d
ay

 
(0

70
0–

19
00

) 
sh

if
ts

14
 f

em
al

e 
nu

rs
es

 w
or

ki
ng

 r
ot

at
in

g 
ni

gh
t (

tw
o 

or
 m

or
e;

 1
2 

h)
 a

nd
 d

ay
 

sh
if

ts

Se
ve

n-
da

y 
pe

ri
od

 in
cl

ud
in

g 
da

ys
 o

ff
 

an
d 

w
or

k 
da

ys
Fo

r 
sh

if
t w

or
ke

rs
 th

e 
st

ud
y 

pe
ri

od
 

in
cl

ud
ed

 b
ot

h 
ni

gh
t a

nd
 d

ay
 s

hi
ft

s

Sa
liv

a 
sa

m
pl

es
 a

na
ly

ze
d 

fo
r 

m
el

a-
to

ni
n

Sa
m

pl
es

 w
er

e 
co

lle
ct

ed
 o

n 
3 

tim
e 

po
in

ts
 (

on
 a

ri
si

ng
, m

id
-d

ay
 a

nd
 

m
id

-s
le

ep
) 

du
ri

ng
 a

 s
el

ec
te

d 
24

-h
 

pe
ri

od
 d

ur
in

g 
th

e 
te

st
 w

ee
k

Fo
r 

sh
if

t w
or

ke
rs

, s
al

iv
a 

sa
m

pl
es

 
w

er
e 

ta
ke

n 
on

 e
ith

er
 a

 n
ig

ht
 s

hi
ft

, 
da

y 
sh

if
t o

r 
a 

da
y 

of
f

R
ot

at
in

g 
sh

if
t w

or
ke

rs
 h

ad
 a

bn
or

-
m

al
ly

 h
ig

h 
m

el
at

on
in

 le
ve

ls
 a

t 
ar

is
in

g 
an

d 
du

ri
ng

 th
e 

w
or

k 
da

y 
an

d 
ab

no
rm

al
ly

 lo
w

 m
el

at
on

in
 le

ve
ls

 
du

ri
ng

 s
le

ep
 in

di
ca

tin
g 

a 
di

sr
up

te
d 

di
ur

na
l r

hy
th

m

C
ho

os
on

g 
et

 a
l. 

(2
00

6)
10

 f
em

al
e 

sh
if

t w
or

ke
rs

 o
n 

in
 a

 g
la

ss
 

fa
ct

or
y

5 
yo

un
ge

r 
(2

0–
25

 y
ea

rs
)

5 
ol

de
r 

(3
5–

40
 y

ea
rs

.)

Tw
o 

m
or

ni
ng

 s
hi

ft
s,

 tw
o 

ev
en

in
g 

sh
if

ts
 a

nd
 tw

o 
ni

gh
t s

hi
ft

s
E

ig
ht

 s
al

iv
a 

sa
m

pl
es

 a
 d

ay
 (

07
00

, 
10

00
, 1

30
0,

 1
60

0,
 1

90
0,

 2
20

0,
 

01
00

, 0
40

0)
 a

t a
 d

ay
 w

ith
 m

or
ni

ng
 

sh
if

ts
 a

nd
 a

 d
ay

 w
ith

 n
ig

ht
 s

hi
ft

s

Pe
ak

 m
el

at
on

in
 p

ro
du

ct
io

n 
at

 2
20

0 
fo

r 
th

e 
ni

gh
t s

hi
ft

Pe
ak

 m
el

at
on

in
 p

ro
du

ct
io

n 
du

ri
ng

 th
e 

m
or

ni
ng

 s
hi

ft
s 

at
 0

10
0 

an
d 

04
00

, 
fo

r 
th

e 
yo

un
g 

an
d 

th
e 

ol
d 

gr
ou

p,
 

re
sp

ec
tiv

el
y



538	 Int Arch Occup Environ Health (2016) 89:531–545

1 3

Ta
bl

e 
2  

c
on

tin
ue

d

R
ef

er
en

ce
s

St
ud

y 
po

pu
la

tio
n 

an
d 

sa
m

pl
e 

si
ze

E
xp

os
ur

e
O

ut
co

m
e/

m
et

ho
ds

R
ep

or
te

d 
re

su
lts

H
an

se
n 

et
 a

l. 
(2

00
6)

17
0 

fe
m

al
e 

nu
rs

es
27

 o
n 

da
y 

sh
if

t, 
12

 o
n 

ev
en

in
g 

sh
if

t, 
50

 o
n 

ni
gh

t s
hi

ft
 a

nd
 8

2 
w

or
ke

d 
m

ix
ed

 s
ch

ed
ul

es
A

ge
: 2

4–
62

 y
ea

rs

Pa
rt

ic
ip

an
ts

 w
er

e 
st

ud
ie

d 
on

 th
e 

se
co

nd
 w

or
k 

da
y 

(d
ay

, e
ve

ni
ng

 o
r 

ni
gh

t s
hi

ft
) 

of
 a

 s
hi

ft
 a

nd
 o

n 
th

e 
se

co
nd

 d
ay

 o
ff

. W
or

ki
ng

 8
 h

. D
ay

: 
07

00
–1

50
0;

 e
ve

ni
ng

: 1
50

0–
23

00
; 

ni
gh

t: 
23

00
–0

70
0

A
ll 

ur
in

e 
sa

m
pl

es
 w

er
e 

co
lle

ct
ed

 
ov

er
 2

4 
h 

(5
–8

 s
am

pl
es

 p
er

 p
ar

-
tic

ip
an

t)
A

na
ly

ze
d 

fo
r 

6-
su

lf
at

ox
ym

el
at

on
in

 
(μ

m
ol

/m
ol

 c
re

at
in

in
e)

, a
dj

us
te

d 
fo

r 
cr

ea
tin

in
e 

an
d 

tim
e 

of
 s

am
-

pl
in

g

N
ur

se
s 

w
or

ki
ng

 fi
xe

d 
ni

gh
t s

hi
ft

 h
ad

 
a 

lo
w

er
 e

xc
re

tio
n 

of
 6

-s
ul

fa
to

x-
ym

el
at

on
in

 c
om

pa
re

d 
to

 d
ay

 s
hi

ft
 

nu
rs

es
 o

n 
bo

th
 th

e 
w

or
k 

da
y 

an
d 

th
e 

da
y 

of
f

G
ib

bs
 e

t a
l. 

(2
00

7)
 +

 (
G

ib
bs

 e
t a

l. 
20

02
)

23
 m

al
e 

of
fs

ho
re

 o
il 

in
st

al
la

tio
n 

w
or

ke
rs

40
.2

 ±
 1

0.
4 

ye
ar

s

Se
ve

n 
ni

gh
ts

 (
18

00
–0

60
0)

 f
ol

lo
w

ed
 

by
 7

 d
ay

s 
(0

60
0–

18
00

)
U

ri
ne

 s
am

pl
es

 c
ol

le
ct

ed
 e

ve
ry

 3
–4

 h
 

(o
r 

8–
12

 h
 d

ur
in

g 
sl

ee
p)

A
na

ly
ze

d 
fo

r 
6-

su
lf

at
ox

ym
el

at
on

in

19
 o

f 
th

e 
23

 p
ar

tic
ip

an
ts

 a
da

pt
ed

 to
 

ni
gh

t s
hi

ft
s 

by
 a

 d
el

ay
 in

 6
-s

ul
fa

to
x-

ym
el

at
on

in
 r

hy
th

m
A

ft
er

 th
e 

ni
gh

t s
hi

ft
s,

 s
om

e 
ph

as
e 

de
la

ye
d 

(n
 =

 6
),

 s
om

e 
ad

va
nc

ed
 

(n
 =

 6
) 

an
d 

so
m

e 
di

d 
no

t r
ea

da
pt

 to
 

da
yt

im
e 

or
ie

nt
at

io
n 

(n
 =

 7
) 

w
ith

in
 

7 
da

ys

H
an

se
n 

et
 a

l. 
(2

01
0)

7 
of

fs
ho

re
 fl

ee
t w

or
ke

rs
6 

m
en

 a
nd

 1
 w

om
an

A
ge

: 3
4 
±

 1
2 

ye
ar

s

W
or

ki
ng

 1
2 

h 
in

 7
 c

on
se

cu
tiv

e 
ni

gh
ts

 
(1

80
0–

06
00

)
U

ri
ne

 s
am

pl
es

 w
er

e 
co

lle
ct

ed
 f

or
 

se
ve

n 
da

ys
 s

ta
rt

in
g 

at
 1

20
0 

th
e 

da
y 

1 
an

d 
en

di
ng

 a
t 1

20
0 

th
e 

da
y 

7 
an

d 
an

al
yz

ed
 f

or
 6

-s
ul

fa
to

xy
m

el
at

on
in

E
ve

ry
 3

–4
 h

 w
ith

 lo
ng

er
 in

te
rv

al
s 

du
ri

ng
 n

ig
ht

T
he

 r
hy

th
m

 o
f 

6-
su

lf
at

ox
ym

el
at

on
in

 
sh

if
te

d 
fr

om
 d

ay
 1

 to
 d

ay
 7

T
he

 r
at

e 
of

 a
cr

op
ha

se
 a

da
pt

at
io

n 
w

as
 

0.
84

 h
 p

er
 d

ay

G
ru

nd
y 

et
 a

l. 
(2

01
1)

12
3 

fe
m

al
e 

nu
rs

es
Tw

o 
12

 h
 d

ay
s 

fo
llo

w
ed

 b
y 

tw
o 

12
-h

 
ni

gh
t s

hi
ft

s,
 5

 d
ay

s 
of

f 
in

 th
e 

su
m

-
m

er
 a

nd
 w

in
te

r

Tw
o 

ur
in

e 
sa

m
pl

es
 o

ve
r 

48
 h

 a
na

-
ly

ze
d 

fo
r 

6-
su

lf
at

ox
ym

el
at

on
in

2x
4 

sa
liv

a 
sa

m
pl

es
 ta

ke
n 

ov
er

 4
8 

h 
(a

t a
w

ak
en

in
g,

 m
id

-s
hi

ft
, b

ef
or

e 
sl

ee
p 

an
d 

at
 a

w
ak

en
in

g 
on

 a
 d

ay
 

an
d 

a 
ni

gh
t s

hi
ft

) 
w

er
e 

an
al

yz
ed

 
fo

r 
m

el
at

on
in

T
he

 p
at

te
rn

 o
f 

m
el

at
on

in
 p

ro
du

ct
io

n 
di

d 
no

t d
if

fe
r 

be
tw

ee
n 

ni
gh

t a
nd

 
da

y 
sh

if
ts

Fe
rg

us
on

 e
t a

l. 
(2

01
2)

24
 in

di
vi

du
al

s 
w

or
ki

ng
 a

t a
 li

ve
-i

n 
m

in
in

g 
op

er
at

io
n

27
.4

 ±
 6

.8
 y

ea
rs

Se
ve

n-
da

y 
sh

if
ts

, s
ev

en
 n

ig
ht

 s
hi

ft
 

an
d 

7 
da

ys
 o

ff
 w

or
k

Sa
liv

a 
sa

m
pl

es
 a

na
ly

ze
d 

fo
r 

m
el

a-
to

ni
n

Sa
liv

a 
w

as
 c

ol
le

ct
ed

 h
ou

rl
y 

ea
ch

 
da

y 
fr

om
 1

90
0 

to
 2

30
0

T
he

 ti
m

e 
of

 o
ns

et
 o

f 
m

el
at

on
in

 s
ec

re
-

tio
n 

ch
an

ge
d 

si
gn

ifi
ca

nt
ly

 d
ur

in
g 

bo
th

 th
e 

w
ee

k 
w

ith
 d

ay
 s

hi
ft

s 
an

d 
th

e 
w

ee
k 

w
ith

 n
ig

ht
 s

hi
ft

s 
bu

t t
he

 
ef

fe
ct

s 
w

er
e 

sm
al

l (
fr

om
 2

10
4 

to
 

21
30

 h
)

T
he

 s
m

al
l c

ha
ng

es
 in

di
ca

te
 a

 la
ck

 
of

 tr
ue

 a
da

pt
at

io
n 

of
 th

e 
di

ur
na

l 
rh

yt
hm

T
he

 p
ap

er
s 

ar
e 

lis
te

d 
ac

co
rd

in
g 

to
 y

ea
r 

of
 p

ub
lic

at
io

n



539Int Arch Occup Environ Health (2016) 89:531–545	

1 3

Ta
bl

e 
3  

S
um

m
ar

y 
of

 th
e 

fo
ur

 p
ap

er
s 

w
ith

 H
R

V
 a

s 
a 

di
ur

na
l m

ar
ke

r

T
he

 p
ap

er
s 

ar
e 

lis
te

d 
ac

co
rd

in
g 

to
 y

ea
r 

of
 p

ub
lic

at
io

n

R
ef

er
en

ce
s

St
ud

y 
po

pu
la

tio
n 

an
d 

sa
m

pl
e 

si
ze

W
or

ki
ng

 ti
m

e 
sc

he
du

le
s 

st
ud

ie
d

M
ai

n 
H

R
V

 o
ut

co
m

e/
m

et
ho

ds
R

ep
or

te
d 

re
su

lts

K
ob

ay
as

hi
 e

t a
l. 

(1
99

7)
12

 f
em

al
e 

nu
rs

es
E

ac
h 

pa
rt

ic
ip

an
t c

om
pl

et
ed

 th
re

e 
sh

if
t 

pa
tte

rn
s:

 tw
o 

co
ns

ec
ut

iv
e 

da
y 

sh
if

ts
 

(D
–D

),
 a

 d
ay

 s
hi

ft
 f

ol
lo

w
ed

 b
y 

a 
ni

gh
t s

hi
ft

 (
D

–N
) 

an
d 

a 
ha

lf
 d

ay
 f

ol
-

lo
w

ed
 b

y 
a 

ni
gh

t s
hi

ft
 (

H
D

–N
)

L
F 

an
d 

L
F/

H
F 

fo
r 

1-
h 

pe
ri

od
s 

fo
r 

24
 h

C
om

pa
ri

ng
 n

ig
ht

 s
hi

ft
s:

 th
er

e 
w

as
 a

 
te

nd
en

cy
 th

at
 th

e 
au

to
no

m
ic

 b
al

an
ce

 
w

as
 s

hi
ft

ed
 in

 d
ir

ec
tio

n 
of

 h
ig

he
r 

sy
m

pa
th

et
ic

 a
nd

 lo
w

er
 p

ar
as

ym
pa

-
th

et
ic

 a
ct

iv
ity

 in
 th

e 
H

D
–N

 c
on

di
tio

n 
co

m
pa

re
d 

to
 th

e 
D

-N
 c

on
di

tio
n 

du
ri

ng
 

th
e 

ni
gh

t s
hi

ft
: H

R
 w

as
 h

ig
he

r, 
H

F 
lo

w
er

, a
nd

 L
F/

H
F 

hi
gh

er
. T

he
 d

if
fe

r-
en

ce
 b

et
w

ee
n 

th
e 

tw
o 

co
nd

iti
on

s 
w

as
 

no
t s

ig
ni

fic
an

t, 
ho

w
ev

er

Fu
rl

an
 e

t a
l. 

(2
00

0)
22

 m
al

e 
bl

ue
-c

ol
la

r 
w

or
ke

rs
E

ac
h 

pa
rt

ic
ip

an
t c

om
pl

et
ed

 th
re

e 
di

f-
fe

re
nt

 s
hi

ft
s 

af
te

r 
a 

2-
da

y 
ad

ap
ta

tio
n 

pe
ri

od
. N

ig
ht

 (
N

),
 a

ft
er

no
on

 (
A

),
 a

nd
 

m
or

ni
ng

 (
M

)

L
F,

 L
F n

u,
 H

F,
 H

F n
u 

an
d 

L
F/

H
F 

fo
r 

1-
h 

pe
ri

od
s 

fo
r 

24
 h

24
-h

 o
sc

ill
at

io
ns

 in
 H

R
V

 r
efl

ec
te

d 
sl

ee
pi

ng
 a

nd
 w

or
ki

ng
 (

w
ak

e)
 p

at
te

rn
s

C
om

pa
ri

ng
 w

or
k 

pe
ri

od
s:

 th
e 

au
to

-
no

m
ic

 b
al

an
ce

 w
as

 s
hi

ft
ed

 in
 d

ir
ec

tio
n 

of
 lo

w
er

 s
ym

pa
th

et
ic

 a
nd

 h
ig

he
r 

pa
ra

sy
m

pa
th

et
ic

 a
ct

iv
ity

 d
ur

in
g 

th
e 

m
or

ni
ng

 s
hi

ft
 c

om
pa

re
d 

to
 th

e 
ot

he
r 

sh
if

ts
: L

F n
u 

an
d 

L
F/

H
F 

w
as

 lo
w

er
 (

M
 

co
m

pa
re

d 
to

 N
 a

nd
 A

),
 w

hi
le

 H
F n

u 
w

as
 h

ig
he

r 
(M

 c
om

pa
re

d 
to

 N
)

C
om

pa
ri

ng
 s

le
ep

in
g 

pe
ri

od
s:

 th
er

e 
w

er
e 

no
 s

ig
ni

fic
an

t d
if

fe
re

nc
es

R
au

ch
en

za
un

er
 e

t a
l. 

(2
00

9)
30

 p
hy

si
ci

an
s 

(2
1 

m
en

)
E

ac
h 

pa
rt

ic
ip

an
t c

om
pl

et
ed

 o
n-

ca
ll 

du
ty

 (
O

C
D

) 
co

m
pr

is
in

g 
da

y 
w

or
k 

8 
A

M
 to

 4
:3

0 
PM

, f
ol

lo
w

ed
 b

y 
O

C
D

 
fo

r 
16

 h
, a

nd
 o

ne
 r

eg
ul

ar
 d

ay
 (

no
t 

on
-c

al
l, 

N
O

C
) 

co
m

pr
is

in
g 

da
y 

w
or

k 
8 

A
M

 to
 4

:3
0 

PM
, f

ol
lo

w
ed

 b
y 

st
ay

-
in

g 
an

d 
sl

ee
pi

ng
 a

t h
om

e 
un

til
 n

ex
t 

m
or

ni
ng

L
F n

u,
 H

F n
u,

 L
F/

H
F 

fo
r 

a 
24

-h
 p

er
io

d
C

om
pa

ri
ng

 O
C

D
 w

ith
 N

O
C

: h
ig

he
r 

L
F n

u 
an

d 
a 

te
nd

en
cy

 to
 h

ig
he

r 
L

F/
H

F 
on

 th
e 

O
C

D
 d

ay
 c

om
pa

re
d 

to
 

th
e 

N
O

C
 d

ay
. A

ls
o 

m
or

e 
ve

nt
ri

cu
la

r 
pr

em
at

ur
e 

be
at

s,
 h

ig
he

r 
24

 s
ys

to
lic

 
bl

oo
d 

pr
es

su
re

, a
nd

 h
ig

he
r 

ni
gh

tti
m

e 
di

as
to

lic
 b

lo
od

 p
re

ss
ur

e 
w

as
 o

bs
er

ve
d 

du
ri

ng
 O

C
D

 c
om

pa
re

d 
to

 N
O

C

W
on

g 
et

 a
l. 

(2
01

2)
21

 p
ar

am
ed

ic
s 

(7
 d

ay
tim

e-
on

ly
 w

or
k-

er
s 

an
d

14
 r

ot
at

in
g 

sh
if

t w
or

ke
rs

 (
da

y 
sh

if
ts

 
fo

llo
w

ed
 b

y 
ni

gh
t s

hi
ft

s)
)

14
 m

en
 a

nd
 7

 w
om

en

O
ne

 r
es

t d
ay

 a
nd

 tw
o 

w
or

k 
da

ys
 (

6 
A

M
 

to
 6

 P
M

) 
fo

r 
bo

th
 s

hi
ft

 a
nd

 d
ay

tim
e-

on
ly

 w
or

ke
rs

R
M

SS
D

, p
N

N
50

 a
nd

 H
F 

fo
r 

12
-h

 
pe

ri
od

 (
06

00
 to

 1
80

0)
C

om
pa

ri
ng

 s
hi

ft
 w

or
ke

rs
 w

ith
 

da
yt

im
e-

on
ly

 w
or

ke
rs

: n
on

-s
ig

ni
fic

an
t 

te
nd

en
cy

 to
 lo

w
er

 R
M

SS
D

 in
 s

hi
ft

 
w

or
ke

rs



540	 Int Arch Occup Environ Health (2016) 89:531–545

1 3

10 female shift workers on a glass manufacturing factory, 
Choosong et  al. (2006) found that the older group (age 
35–40 years, n = 5) adapted to night work after two con-
secutive night shifts while the younger group (age 20–25) 
did not. Costa et al found the excretion of 6-sulfatoxymela-
tonin showed a normal diurnal pattern with higher levels at 
night during two consecutive night shifts compared to day 
shifts, indicating that the diurnal rhythm did not adapt to 
night work. The authors found no difference between the 
first and second night in a row when looking at the excre-
tion of 6-sulfatoxymelatonin (Costa et al. 1994). In a study 
of both male and female office workers and nurses work-
ing either rotating shift or day shifts, Borugian et al. (2005) 
found that rotating shift workers had abnormally high 
melatonin levels at arising and during the work day and 
abnormally low melatonin levels during sleep indicating a 
disrupted diurnal rhythm after two consecutive night shifts.

In the two large studies of female nurses (n = 170 and 
n  =  123), little evidence for adaptation of the diurnal 
rhythm of 6-sulfatoxymelatonin after two or more consec-
utive night shifts was found (Grundy et  al. 2011; Hansen 

et al. 2006). Hansen et al. (2006) did, however, show that 
nurses working fixed nights had a lower excretion of 6-sulf-
atoxymelatonin compared to day shift nurses on both a 
workday and a day off. Vangelova and Dalbokova (1998) 
also found no adaptation in the rhythm of 6-sulfatoxyme-
latonin to night work after two consecutive night shift, but 
significantly lower overall levels of 6-sulfatoxymelatonin 
on the second night shift compared with the first night shift.

Gibbs et  al. (2007) found that 19 of the 23 male off-
shore oil workers adapted to night shifts after seven con-
secutive night shifts by a delay in 6-sulfatoxymelatonin 
rhythm. Hansen et al. (2010) also studied offshore workers 
and found that the rhythm of 6-sulfatoxymelatonin shifted 
from day 1 to 7 with a rate of adaptation of 0.84 h per day. 
In another study of offshore workers, Barnes et al. (1998a) 
showed significant phase delay in 6-sulfatoxymelatonin 
rhythm in workers working 2  weeks of night shifts. Fer-
guson et  al. used saliva sampling and showed only small 
changes in the diurnal rhythm of melatonin and little adap-
tation to night work after seven days of night shifts in peo-
ple working in a mining operation (Ferguson et al. 2012).

Table 4   Overview of the degree of adaptation of the diurnal rhythm to night work

Study Diurnal marker Number of consecutive  
night shifts

No adaptation Some signs of adaptation High degree of adaptation

Cortisol

Costa et al. (1994) Cortisol 2 x

Wong et al. (2012) Cortisol 2 x

Kudielka et al. (2007) Cortisol 2 x

Anjum et al. (2011) Cortisol 2 x

Harris et al. (2010) Cortisol 7 x

Melatonin

Grundy et al. (2011) Melatonin 2 x

Costa et al. (1994) Melatonin 2 x

Vangelova and Dalbokova 
(1998)

Melatonin 2 x

Hansen et al. (2006) Melatonin 2 x

Choosong et al. (2006) Melatonin 2 x

Borugian et al. (2005) Melatonin 2 x

Ferguson et al. (2012) Melatonin 7 x

Hansen et al. (2010) Melatonin 7 x

Gibbs et al. 2007(+Gibbs 
et al. (2002)

Melatonin 7 x

Barnes et al. (1998b) Melatonin 7 x

Barnes et al. (1998a) Melatonin 14 x

HRV

Rauchenzauner et al.  
(2009)

HRV 1 x

Kobayashi et al. (1997) HRV 2 x

Wong et al. (2012) HRV 2 x

Furlan et al. (2000) HRV 3 x
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The findings in the included studies suggest little or no 
adaptation (a high level of circadian disruption) after two con-
secutive night shifts in diurnal rhythms of melatonin, but also 
indicate a tendency to increased level of adaptation of diurnal 
rhythm of melatonin after seven consecutive night shifts.

HRV

We found four relevant papers with HRV as a diurnal 
marker. The results are shown in Table 3.

Fulan et  al. (2000) and Rauchenzauner et  al. (2009) 
used normalized markers of cardiac sympathetic (LFnu) 
and vagal (HFnu) modulation of cardiac rhythm and of the 
sympathovagal balance (LF/HF) for one-hour periods for a 
24-h period. Kobayashi et  al. (1997) used LF and LF/HF 
for 1-h periods for 24 h. Wong et al. (2012) used the square 
root of the mean of the squares of successive NN interval 
differences (RMSSD), pNN50 (the percentage of intervals 
>50 ms different from the preceding interval) and HF for 
12 h as indicators of parasympathetic activity.

Table 4 shows an overview of the degree of adaptation 
of the diurnal rhythm of HRV in relation to the number of 
consecutive night shifts. Furlan et al. (2000) found that the 
autonomic balance was shifted in direction of lower sym-
pathetic and higher parasympathetic activity during night 
work compared to day work after an adaptation period of 
2  days. In contrast, Kobayashi et  al. (1997) found a ten-
dency that the autonomic balance was shifted in direction 
of higher sympathetic and lower parasympathetic activity 
during night shifts following a half day on day shift com-
pared to a night shift that followed a full or two full day 
shifts, although the difference between the two conditions 
was not significant. Wong et al. (2012) did not find statis-
tically significant differences, but did report a tendency 
toward lower parasympathetic cardiac modulation in shift 
workers compared to day workers after two work days. 
Rauchenzauner et  al. (2009) found higher sympathovagal 
balance (LFnu and a tendency to higher LF/HF) on a 24-h 
on-call shift compared to a normal day. In summary, one to 
three consecutive night shifts is not enough for adaptation 
to work at night, but there is a lack of studies of the effects 
of more consecutive nights on diurnal rhythms in HRV.

Discussion

We aimed at evaluating to what extent night workers adapt 
to night shifts and how many consecutive shifts are required 
in real-life settings. This was done by reviewing field studies 
explicitly investigating the effect of the number of consecu-
tive night shifts on diurnal rhythm of cortisol, melatonin and 
HRV. The main result is that night work with one to three 
consecutive night shifts does not result in adaptation to night 

work by a full shift in diurnal rhythms in salivary melatonin, 
cortisol and HRV. In total, 18 studies were included in the 
present review: three measured cortisol, 10 studies meas-
ured melatonin, three measured HRV, one studies measured 
both cortisol and HRV and one study measured both cortisol 
and melatonin. There were large methodological differences 
in the field studies. Since we wanted to look at the effects 
of night shifts in a real-life setting, we excluded laboratory 
studies and combined laboratory and field studies as the 
environmental exposures in these settings (e.g., in terms of 
light, noise level and meals) are highly controlled. We argue 
that this is a very different exposure compared to sleeping 
at home where the participants are in their natural environ-
ment which may include high levels of light, noise etc. all of 
which may contribute to the circadian disruption or degree 
of adaptation that occur during spells of night work. We 
also excluded interventions such as light therapy, melatonin 
supplementation or wearing tinted glasses to limit sun light 
since we also viewed this as a different exposure than night 
work in a natural setting.

There was a high degree of diversity with respect to the 
use of the diurnal markers in the 18 studies in this review. 
Four studies used cortisol in saliva and two used cortisol 
in blood. For cortisol, four studies used the CAR and oth-
ers the cortisol decrease during the day as an indicator of 
circadian disruption. For the studies using melatonin, four 
studies looked at melatonin in saliva and eight at 6-sulfa-
toxymelatonin in urine. The HRV studies mostly focused 
on the balance between sympathetic and parasympathetic 
activity by analyzing LF/HF, LFnu and HFnu. There are also 
differences in the number of points and timing of meas-
urement and some studies use only very few. The lack of 
adequate sampling is a major limitation of most of the stud-
ies in this review making it difficult to assess what charac-
teristic of the diurnal rhythm, e.g., amplitude or phase-shift 
is adapted. Several measurements taken throughout the day 
would allow for a more precise description of rhythm char-
acteristics and therefore which characteristic of the diurnal 
rhythm is adapted. In contrast, lack of adaptation may also 
be approximated by just a few measurements taken at com-
parable times during night work and day work schedules. 
Another limitation is that it was not always possible to ver-
ify if the day shifts analyzed were unaffected by prior night 
shifts and thus that the timing of the rhythms was ‘normal.’

The degree of adaptation to night work varied between 
the included studies and was studied in different ways and 
with diverging results. Two of the studies using melatonin 
that looked at two consecutive nights shift and did not find 
a significant change in diurnal rhythm (Costa et  al. 1994; 
Grundy et  al. 2011) indicate that two consecutive night 
shifts will not cause a shift in the diurnal rhythm at least 
not in melatonin excretion, whereas two studies found signs 
of adaptation in the diurnal rhythm of melatonin (Borugian 
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et al. 2005; Choosong et al. 2006). Also the studies using 
HRV as a diurnal marker found some contradicting results. 
Furlan et  al. (2000) found a lowered sympathovagal bal-
ance, while Wong et  al. (2012) and Rauchenzauner et  al. 
(2009) found higher sympathovagal balance in response to 
night work. A review from Folkard (2008) concluded that 
even permanent night shift workers rarely fully adapt to 
their night shift in terms of the diurnal rhythm of melatonin 
with only one in four permanent night workers adjusting 
enough to benefit from the adjustment.

Factors influencing the degree of adaptation to night 
work are mostly related to specific shift characteristics like 
timing, number of consecutive night shifts, duration and 
direction of shift rotation as well as factors related to the 
actual light exposure (intensity, wavelength and timing) 
(Haus and Smolensky 2006). In addition, individual fac-
tors (e.g., diurnal preference and sleep pattern) and other 
environmental factors (e.g., eating and lighting when not 
at work) which have not been specifically assessed in the 
studies reviewed here may critically influence the circadian 
adjustment (Haus and Smolensky 2013). This means that 
it is difficult to give a specific answer to how many night 
shifts are required for adaptation in field studies because 
this to a very high degree depends on both the individual 
and environmental factors. The behavioral and environ-
mental influences on the evaluated biological markers can 
also mask some of the circadian effects making it difficult 
to evaluate whether or not a rhythm has adapted. Only few 
studies found a high degree of adaptation in diurnal rhythm 
of melatonin and cortisol to night work after seven consec-
utive nights (Gibbs et al. 2007; Harris et al. 2010), and the 
study by Anjum et  al. (2011) indicated that adaptation in 
diurnal rhythm of cortisol may not be achieved after nine 
consecutive night shifts. The speed of adaptation may differ 
between different diurnal rhythms, as different physiologi-
cal systems may adapt to night work in different tempos 
(Haus and Smolensky 2006; Turek 2008).

There may be many reasons for lack of adaptation. Cir-
cadian type may be relevant because being predisposed 
to an earlier circadian phase (‘morningness’) decrease 
the speed of adaptation to night work (Mirick and Davis 
2008). Further, ‘eveningness’, i.e. being predispose to a 
later circadian phase, compared to morningness seems to 
better suited to permanent night work, but not to rotating 
shift work. (Bonde et al. 2012). Accordingly, future studies 
should take these factors into account.

The studies of offshore workers generally showed a 
high degree of adaptation to night work. Thus, Harris et al. 
(2010) demonstrated a very fast adaptation to night work 
with the workers’ cortisol rhythms begin fully adapted to 
night work within 7 days. In offshore work, the workers are 
typically on remote locations, isolated from the rest of soci-
ety and free from commitments to daily family activities. 

Their meal times and exposure to light are also much more 
controlled than a typical shift worker onshore. Offshore 
night workers thereby lack input from conflicting zeit-
gebers which prevent adaptation in onshore workers. This 
might be the reason why the studies using offshore shift 
workers typically show more and faster adaptation to night 
work (Bjorvatn et  al. 2006). Also Studies of night shifts 
workers in remote polar regions have also found evidence 
for a similar fast adaption to night shifts indicating that 
adaptation to night shifts might occur faster in these remote 
locations (Midwinter and Arendt 1991; Ross et al. 1995).

Our aim was to identify and summarize the effects 
of consecutive night shifts in field studies and we thus 
excluded both laboratory studies and combined field and 
laboratory studies. However, combined field and laboratory 
studies can add some important knowledge to the effects of 
night work in the field, and a laboratory circadian assess-
ment following a period of night or day work is likely to 
provide an accurate picture of circadian status. A combined 
field study compared the diurnal rhythm of cortisol and 
melatonin in permanent night workers (normally 5–6 con-
secutive night shifts) and controls on a day off in the lab-
oratory. They found that the permanent night workers did 
not have a permanent shift in their diurnal rhythm of corti-
sol and melatonin (Roden et al. 1993). This evidence again 
suggests that even permanent night workers have a normal 
diurnal rhythm on their days off. Boivin et al. (2012) con-
ducted a combined field and laboratory study with police 
officers on seven consecutive night shifts in the field and 
circadian assessment in the laboratory and found a phase 
delay of approximately 6  h in the rhythm of melatonin. 
This evidence of a significant, but not complete adaptation 
to night work after seven consecutive night shifts are com-
parable with the results found in this review.

Even if it is established how many consecutive night 
shifts are required to adapt diurnal rhythms to work at night, 
it is still questionable what is the optimal way to organ-
ize night work. Thus, it is debated whether it is pivotal for 
health to adapt diurnal rhythms to work at night (by having 
many consecutive night shifts) or to minimize phase shifts 
of diurnal rhythms (by having few consecutive night shifts). 
Complete adaptation of diurnal rhythms may also not be 
desired, given that individuals would experience circadian 
misalignment when returning to a day-active schedule. In 
a study by Merkus et al. (2015), it was shown that follow-
ing a 2-week 12-h night shift periods offshore, recovery was 
not fully complete up to day 11. In a consensus report pub-
lished in 2012, Bonde et al. (2012) suggest to minimize the 
number of consecutive night shifts (i.e. one to two consecu-
tive nights), since disruption of the diurnal melatonin secre-
tion pattern can be diminished by restricting the number of 
consecutive night shifts. However, a consequence is that the 
sleep–wake cycle is affected, because it is out of phase with 
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circadian rhythms of other physiological systems (as well as 
the light–dark cycle). For this reason, it may be argued that 
diurnal rhythms should be adapted to the sleep–wake cycle 
rather than the light–dark cycle by having more consecutive 
night shifts. This may be particularly relevant when focus is 
on safety rather than health. Studies have shown that both 
number of errors, reaction time and concentration are most 
affected during the first, second and third night shifts, but 
less so in the following shifts (Lamond et al. 2003;2004).

Most of the studies in the present review are small in 
size and some of the smaller studies did not find statisti-
cally significant differences (Anjum et al. 2011; Wong et al. 
2012) which could be due to low statistical power. Field 
studies can be both expensive and time-consuming. They 
also require a company that will allow for its workers to 
participate in research projects during working hours and 
that there are participants who will volunteer for the study. 
However, field studies do provide important knowledge on 
how people are affected by night work in a real-life setting 
and they can provide insights regarding why and how dis-
eases develop in night workers.

Conclusion

There are methodological differences in the field studies 
analyzing diurnal rhythms, and many use only few points 
of measurement. The lack of measuring points and proper 
timing of the measurements makes it difficult to assess 
which characteristics of the diurnal rhythm are adapted. 
For melatonin, cortisol and HRV, the results of the studies 
indicate that night work with one to three consecutive night 
shifts does not result in adaptation to night work by a full 
shift in diurnal rhythms. However, there is a need for stud-
ies investigating more than three consecutive night shifts 
to make conclusions on how many number on consecutive 
night shifts are required for adaptation in diurnal rhythms 
of cortisol, melatonin and HRV. There is also a need for 
larger field studies in order to secure statistically significant 
results.
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