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SUMMARY Chronic sleep curtailment is a major concern for health in Western societies. Yet,

research on potential consequences of long-term sleep curtailment on cognitive

functions is still scarce. The present study investigated the link between chronic sleep

limitation and executive functions that enable adaptation to changing environmental

demands, i.e. the ability to flexibly implement task goals. To address the effects of

chronic sleep restriction under real-life conditions, we considered a sample of adults

who often suffer from reduced sleep durations over many months. One-hundred and six

new parents (infant�s age: 6–18 months) were assigned to a sleep-curtailed group (<7 h

of nighttime sleep) and a non-sleep-curtailed group (‡ 7 h of nighttime sleep),

respectively, based on their self-reported average nighttime sleep duration over the

preceding 6 months. The ability to implement task goals was addressed applying a task-

switching paradigm in which participants randomly switched between two tasks. While

the two groups did not differ with regard to overall performance level, number of

nighttime awakenings, naps during the day, daytime sleepiness, mood, chronic stress

level and subjectively perceived cognitive capability, sleep-curtailed new parents showed

higher costs for switching between tasks compared with repeating a task than

non-sleep-curtailed new parents. This finding on the group level was further

substantiated by a negative correlation between nighttime sleep duration and switch

costs. With this study, we provide the first evidence for an impairment of the ability to

flexibly implement task goals in chronically sleep-deprived new parents and, thus, for a

link between chronic sleep curtailment and executive functions.
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INTRODUCTION

Modern Western industrial societies have increasingly suffered

from chronic sleep curtailment (e.g. Bonnet and Arand, 1995).

In 1982, a study of the American Cancer Society including

more than 1.1 million participants revealed a modal sleep

duration of 8 h, with 19.7% of the interviewed declaring to

sleep <6.5 h per day (reported in Kripke et al., 2002).

Recently, average sleep duration estimated for 1000 randomly

chosen US American citizens was found to be only 6 h and

40 min on workdays, with 44% reporting to frequently sleep

<7 h (National Sleep Foundation, 2008).

In contrast to the widespread prevalence of chronic sleep

restriction, the knowledge about potential consequences of

long-term reductions of sleep duration is still limited. There is

some evidence that chronically insufficient sleep negatively

affects mood (Dinges et al., 1997), endocrine (Rogers et al.,

2000) and metabolic functions (Spiegel et al., 2003), as well as

immune (Balachandran et al., 2002) and cardiovascular

parameters (Ayas et al., 2003). Evidence is scarce regarding
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the effects of chronically reduced sleep durations on cognitive

functions and, to date, limited to sleep-curtailment periods of

days up to few weeks only. Some studies indicate that sleep

decrease over 1–2 weeks impairs working-memory perfor-

mance and vigilance (Belenky et al., 2003; Van Dongen et al.,

2003).

Evidence is even less clear concerning potential effects of

persistent sleep curtailment on executive functions, i.e. the

ability to maintain, shield and pursue goals in the face of

distracting irrelevant information as well as flexibly adapting

to environmental changes (e.g. Goschke, 2000; Logan, 2003).

Herscovitch et al., 1980 reported more perseveration errors in

the Wisconsin Card Sorting Test (WCST), indicating a reduced

flexibility in adapting to environmental changes after five

nights of sleep limitation to 40% of normal sleep. In contrast,

Stenuit and Kerkhofs (2008) found no change in the flexible

adaptation to changes in abstract rules when performing the

WCST after three consecutive nights of sleep restriction to 4 h,

while within the same study increased interference susceptibility

in a Stroop task was revealed.

Studies investigating sleep curtailment over months or years

are required to sufficiently address the question of potential

effects of the above-described societal trend towards chroni-

cally reduced sleep durations on executive functions. However,

to the best of our knowledge, there is no research on that topic

yet. This is surprising because potential consequences of

chronic sleep reduction on executive functions would be of

great interest as they play a key role in the control of voluntary

actions.

In contrast to this lack of knowledge about potential

consequences of long-term sleep curtailment, the effects of

acute total sleep loss on executive functions have already been

intensely addressed. For example, acute total sleep loss impairs

the ability to inhibit an ongoing action upon a stop signal

(Chuah et al., 2006), increases the inter-individual variability

in interference susceptibility (McCarthy and Waters, 1997),

and reduces the ability to adopt a preparatory task strategy

(Jennings et al., 2003). Moreover, acute total sleep loss reduces

the flexibility in shifting between different tasks (Heuer et al.,

2004), and impairs both error detection and post-error

adjustments (Tsai et al., 2005). As the prefrontal cortex

(PFC) mediates many aspects of executive control (Miller

and Cohen, 2001), these findings were held to be consistent

with the notion that the PFC particularly benefits from sleep,

and consequently is most impaired by sleep irregularities (i.e.

the PFC–vulnerability hypothesis; Horne, 1993; Muzur et al.,

2002). It should, however, be noted that recent studies using

functional magnetic resonance imaging show that impairments

of executive functions under conditions of acute total sleep loss

are accompanied by reduced neural activity in a widespread

network comprising prefrontal, parietal, temporal and occip-

ital areas, as well as the thalamus (e.g. Chee and Chuah, 2007;

Chuah and Chee, 2008; Vandewalle et al., 2009). Therefore,

observed deficits in executive functions due to acute total sleep

loss may result from impaired maintenance of connectivity

between brain areas.

Given that acute total sleep loss impairs executive functions

under laboratory conditions, it is conceivable that chronic

sleep curtailment impairs these functions under real-life

conditions by, for example, causing an accumulating decre-

ment of executive functions over time. However, because

chronic sleep curtailment occurs in the long term and is

characterised by a sleep duration reduction rather than total

sleep loss, the organism might be able to adapt to it and ⁄or
compensate potential consequences for executive functions,

resulting in an absence of observable behavioural changes (e.g.

Drummond et al., 2004, 2005).

To investigate whether and how chronic sleep curtailment

affects executive functions, we took advantage of an �experi-
ment of nature�. Becoming a new parent is often associated

with significant changes in sleep duration and sleep quality

(e.g. Gay et al., 2004). Due to newborns� random sleep–wake

patterns, multiple nighttime awakenings and demanding

around-the-clock care, many new parents suffer significant

decreases in nighttime sleep duration that accumulate to a

sleep debt over months or even years (e.g. Gay et al., 2004).

There are, however, large inter-individual differences in both

the development of sleep–wake rhythm in newborns (e.g.

Burnham et al., 2002) and the amount of sleep curtailment

experienced by new parents (e.g. Gay et al., 2004; Lee, 1998).

While some babies already sleep through the night at the age of

2–7 weeks, others will not have developed a stable circadian

sleep–wake rhythm at the age of 1 year (e.g. Meijer and van

den Wittenboer, 2007). As a consequence, some new parents

may receive significantly less than the 7 h of nighttime sleep for

a long period of time, which is considered to be the critical

sleep duration required for a sufficient regenerating effect of

sleep (cf. Banks and Dinges, 2007; Durmer and Dinges, 2005).

In the present study, we thus investigated new parents with

infants aged 6–18 months who reported to have suffered from

chronic sleep restriction, as indicated by <7 h of average

nighttime sleep duration over the preceding 6 months. Because

becoming a new parent is associated with a variety of

significant changes that exceed changes in sleep (e.g. Nyström

and Öhrling, 2004; Price et al., 2000), it is obligatory to

contrast new parents with chronic sleep curtailment with a

similar group of new parents who are able to obtain sufficient

nighttime sleep, i.e. report an average nighttime sleep duration

of 7 h or more, and to control for additional variables that

might act as confounders (e.g. chronic stress).

With respect to executive functions, we focused on the

ability to flexibly implement and pursue task goals, which is

crucial for the successful management of novel or fast-

changing situations. For this, we applied a task-switching

paradigm (e.g. Allport et al., 1994; Meiran, 1996; Rogers and

Monsell, 1995). Within a task-switching setting, participants

perform two tasks, each specified by a well-defined stimulus–

response mapping. Performance is typically better when a

given task is preceded by the same task (task repetition) than

when it is preceded by a different task (task switch). The

performance difference between switch trials and repetition

trials is referred to as switch costs and is supposed to reflect
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cognitive control processes that aim at implementing a new

task goal when required. Furthermore, it has been demon-

strated that these switch costs depend on the level of

preparation (e.g. Rogers and Monsell, 1995; Rubinstein et al.,

2001). Whereas some part of the switch costs decreases with

increasing preparation time (i.e. endogenous component;

Koch, 2001; Meiran, 1996), another part persists even under

conditions of long preparation time (i.e. exogenous compo-

nent; Meiran, 2000; Rubinstein et al., 2001; see Fig. 1). We

used a version of the task-switching paradigm that allowed for

this theoretical distinction by manipulating the available

preparation time.

This study investigated whether new parents who suffer

from chronic sleep limitation differ from non-sleep-curtailed

new parents with regard to the flexible implementation of task

goals. If chronic sleep curtailment impairs the ability to flexibly

implement task goals, sleep-curtailed new parents will show

increased switch costs compared with non-sleep-curtailed new

parents. In addition, results from this study may allow further

specification of potential effects of chronic sleep curtailment on

specific types of switch cost components.

MATERIALS AND METHODS

Participants

Participants were recruited in the context of a large survey

study that randomly selected 1000 couples out of all Dresden

residents� couples with infants between the age of 6 and

18 months on the day of recruitment. These 1000 couples were

asked to complete mail questionnaires about sleep, stress,

habits and eating behaviour. From the 192 couples that gave

consent to further participation, 53 couples were randomly

chosen for a more detailed assessment in our laboratory. They

gave their written informed consent prior to their inclusion in

the study in accordance with the 1964 Declaration of Helsinki

and the guidelines of the local ethics committee. None of the

persons included in this study reported any physical or

psychiatric conditions. All participants had normal or cor-

rected-to-normal vision.

Sleep curtailment

All 106 participants were asked to self-characterise their long-

term sleep behaviour by reporting: (i) the hours they slept on

average per night over the last 6 months; (ii) the average

number of nighttime awakenings over the last 6 months; and

(iii) the average duration of naps during the day over the last

6 months. We assigned the participants to two groups: a

chronically sleep-curtailed group (<7 h of nighttime sleep) and

a non-sleep-curtailed group (‡ 7 h of nighttime sleep), based

on their self-reported average nighttime sleep duration. The 7-

h cut-off criterion was chosen on the basis of recent publica-

tions that postulate an average sleep duration of at least 7 h

daily as indispensable (cf. Banks and Dinges, 2007; Durmer

and Dinges, 2005). This led to a sleep-curtailed group

consisting of 46 participants and a non-sleep-curtailed group

of 60 participants.

The participants further completed the following question-

naires: (i) the Epworth Sleepiness Scale (ESS; Johns, 1991) to

assess subjectively perceived daytime sleepiness; (ii) the

Positive and Negative Affect Schedule (PANAS; Watson

et al., 1988) as a mood measurement; and (iii) the Trier

Inventory of Chronic Stress (TICS; Schulz et al., 2004), a

German questionnaire measuring chronic stress over the

preceding 3 months. In addition, they were asked to evaluate

their own current level of subjectively perceived cognitive

capability on a six-point ordinal scale from 1 = �gut� (well) to
6 = �schlecht� (bad).

Task switching

All participants conducted an explicit-cuing version of the

task-switching paradigm (Meiran, 1996), switching between

the two tasks to categorise a single-digit number (1–9 except

for 5) as smaller or larger than five or as odd or even,

respectively. Task order was random, resulting in two types of

task transition, i.e. trials in which the preceding task switched

(switch trials) and trials in which the task was repeated

(repetition trials), respectively. A cue (i.e. square or diamond)

presented at the beginning of each trial indicated the task to be

performed. Half of the participants were instructed to catego-

rise the target referring to its magnitude when a square was

presented and to its parity when a diamond appeared. For the

other half the mapping was reversed. After a cue–target

interval (CTI) of either 200 ms (short CTI) or 1000 ms (long

CTI), the target stimulus was added. Participants were
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Figure 1. Effects of task transition (switch versus repetition) and

preparation time ⁄ cue–target interval (CTI; short versus long) on

response times (RT). Switch costs are calculated by subtracting

performance in repetition trials from performance in switch trials.

Considering the CTI, these switch costs can be further subdivided into

switch costs that decrease with increasing preparation time (i.e.

endogenous component, highlighted in light grey) and switch costs that

persist even under conditions of sufficient preparation time (i.e.

exogenous component, highlighted in dark grey).
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instructed to respond left if the target was smaller than five or

odd, and to respond right if the target was larger than five or

even. For example, the targets 1 and 3 require the left response

in both the magnitude and the parity task, as the same targets

(1–9 except for 5) and responses (left versus right) exist for

both tasks. Equivalently, the targets 6 and 8 require the right

response in both tasks (congruent targets). On the other hand,

the targets 2, 4, 7 and 9 require different responses in each task

(incongruent targets). This results in performance decrements

for incongruent targets compared with congruent targets,

denoting the target-congruency effect (TCE; e.g. Meiran,

1996). The TCE is typically interpreted as a measure of

stimulus-based interference from the currently irrelevant task

(e.g. Kiesel et al., 2007).

Both task cue and target stimulus were presented until a

response was given. After a correct response, the screen

remained blank for 500 ms. In the case of a wrong response,

the word �falsch� (false) was presented for 500 ms combined

with an acoustic signal (sinus tone) through loudspeakers. If

no response was given within 5000 ms, the feedback �zu
langsam� (too slow) appeared together with the tone. The time

between feedback offset and task–cue onset was reversed to the

subsequently following CTI to ensure a constant response–

target interval of 1700 ms.

All stimuli were centrally presented white against black on a

17-inch monitor of an IBM-compatible personal computer.

Viewing distance was approximately 50 cm. The two task cues

(i.e. square and diamond) had a side length of 2.98� visual

angle, the target stimuli (i.e. single-digit numbers 1–9 except

for 5) extended between 0.34 and 0.69� horizontally and 1.03�
vertically. Participants responded by pressing the �Alt� and �Alt

Gr� key of a standard QWERTZ keyboard with the left and

right index finger, respectively. Stimulus presentation and data

recording were realised using Presentation software (Version

0.71; Neurobehavioral Systems, Inc., Albany, CA, USA). The

experiment consisted of two practice blocks of 12 trials each

and three experimental blocks of 64 trials each, respectively. In

each experimental block, all combinations of task, CTI and

target were presented twice. The experimental procedure

(questionnaires + cognitive testing) took place between

10:00 and 12:00 hours for all participants, to minimise

potential influences of time of day.

Data analysis

Individual overall switch costs were calculated by subtracting

mean performance in switch trials from mean performance in

repetition trials for response times (RT) and error rates,

respectively. The preparation-dependent endogenous switch

cost component was calculated by subtracting the switch costs

for trials with long CTI from the switch costs for trials with

short CTI. The preparation-independent exogenous compo-

nent equates switch costs in trials with long CTI (see Fig. 1).

Analyses of variance (anovas) with the within-subject factors

task transition (switch versus repetition), CTI (short versus

long) and target congruency (incongruent versus congruent),

and the between-subject factor sleep curtailment (sleep-curtailed

versus non-sleep-curtailed) were conducted on mean RT and

error rates. The first trial of each block as well as post-error

trials (8.74%) were excluded, as it is not clear whether they

should be considered as repetition trials or switch trials. For

the RT analysis only, error trials (5.57%) as well as RT

differing more than 2.5 standard deviations from the mean RT

of each participant and condition (2.21%) were also excluded.

RESULTS

Participants� characteristics

While the sleep-curtailed new parents reported significantly

shorter average nighttime sleep duration with regard to the

preceding 6 months (t104 = 17.25, P < 0.001), neither the

number of nighttime awakenings nor the total duration of

naps during the day was different from the non-sleep-curtailed

new parents (both t < 1; see also Table 1). Likewise, no

differences were noted between the two groups for ESS,

PANAS and TICS scores or subjectively perceived cognitive

capability (all P ‡ 0.20; see Table 1).

RT

Task-switching performance

The anova revealed significant main effects of task transition

(switch: 1126 ms, repetition: 883 ms; F1,104 = 243.59,

P < 0.001, g2 = 0.70), CTI (short CTI: 1087 ms, long CTI:

922 ms; F1,104 = 251.35, P < 0.001, g2 = 0.71) and target

congruency (incongruent: 1047 ms, congruent: 962 ms;

F1,104 = 72.73, P < 0.001, g2 = 0.41). Furthermore, a signif-

icant two-way interaction between task transition and CTI

(F1,104 = 27.37, P < 0.001, g2 = 0.21) suggested a prepara-

tion-dependent reduction of switch costs from289 mswith short

CTI to 197 ms with long CTI. A three-way interaction between

task transition, CTI and target congruency (F1,104 = 4.59,

P < 0.05, g2 = 0.04) revealed that switch costs with short CTI

were slightly increased for congruent targets (302 ms) compared

with incongruent targets (276 ms), whereas this pattern was

reversed for long CTI (switch costs for congruent targets:

175 ms; switch costs for incongruent targets: 220 ms). The two-

way interactions task transition · target congruency and

CTI · target congruency were not significant (both F < 1).

Effects of chronic sleep curtailment on task-switching

performance

Most important for the current study, while mean RT did not

differ between groups (F1,104 = 1.04, P = 0.31, g2 = 0.01),

sleep-curtailed new parents showed increased switch costs

compared with non-sleep-curtailed new parents (F1,104 = 6.70,

P < 0.05, g2 = 0.06; see Table 2 and Fig. 2).

We further found no differences between sleep-curtailment

conditions regarding CTI (F1,104 = 1.32, P = 0.25,

g2 = 0.01), target congruency, the interaction between task
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transition and CTI, as well as the interaction between task

transition and target congruency (all F < 1). The anova only

revealed a significant three-way interaction between CTI,

target congruency and sleep curtailment (F1,104 = 4.56,

P < 0.05, g2 = 0.04). However, subsequent t-tests revealed

no difference between TCE for short CTI and TCE for long

CTI for non-sleep-curtailed new parents (t59 = 1.01,

P = 0.32), and only a marginally significant TCE increase

from short CTI (60 ms) to long CTI (106 ms) for sleep-

curtailed new parents (t45 = 1.74, P = 0.09). The four-way

interaction was not significant (F1,104 = 1.46, P = 0.23,

g2 = 0.01).

In an attempt to understand the switch cost increase in

sleep-curtailed new parents compared with non-sleep-curtailed

new parents better, additional post hoc analyses were con-

ducted. First, we correlated the nighttime sleep duration within

the preceding 6 months with the overall switch costs to test

whether the revealed group difference can be further substan-

tiated when using a more detailed scaling of nighttime sleep

duration that exceeds a simple dichotomy. This led to a

negative correlation between nighttime sleep duration and

switch costs (r = )0.21, P < 0.05). The shorter the sleep at

night, the higher the overall switch costs. Next, we conducted

additional t-tests for independent measures to separately

Table 1 Comparison of sleep-curtailed and non-sleep-curtailed new parents with respect to demographic, sleep-related and psychological

variables

Sleep-curtailed new

parents (n = 46)

Non-sleep-curtailed

new parents (n = 60) Test statistic P-value

Demographic variables

Age (years) 32.37 (5.92) 30.34 (5.88) t104 = 1.76 0.08

Gender (number of males) n = 27 (58.70%) n = 26 (43.33%) Fisher�s exact 0.17

Infant age (months) 12.33 (3.00) 12.52 (3.50) t104 = 0.30 0.77

Level of education* 2.76 (0.97) 2.78 (1.01) U = 1291.50 0.56

Sleep-related variables (referring to the preceding 6 months)

Nighttime sleep duration (h) 5.86 (0.34) 7.37 (0.55) t104 = 17.25 <0.001

Nighttime awakenings (n) 1.76 (1.07) 1.73 (1.06) t104 = 0.15 0.89

Total duration of naps during the day (h) 0.22 (0.47) 0.21 (0.48) t104 = 0.06 0.95

Psychological variables

ESS 9.24 (3.47) 9.29 (2.98) t104 = 0.09 0.93

PANAS negative 9.93 (6.03) 9.08 (5.61) t104 = 0.74 0.46

PANAS positive 21.40 (5.05) 22.84 (6.02) t104 = 1.30 0.20

TICS� 15.93 (7.44) 15.32 (8.42) t104 = 0.39 0.70

Subjectively perceived cognitive capability 2.54 (0.96) 2.40 (0.96) t104 = 0.76 0.45

ESS, Epworth Sleepiness Scale; PANAS, Positive and Negative Affect Schedule; TICS, Trier Inventory for the Assessment of Chronic Stress.

Values are given as means (SD) unless stated otherwise.

*Assessed with a four-point ordinal scale: 1 = no degree; 2 = O-levels; 3 = A-levels; 4 = university degree.
�Data values and statistical analysis refer to the TICS Screening Scale, a 12-items short version of the test to assess the global chronic stress level,

range 0–48, with larger values indicating a higher global chronic stress level. The statistical outcome equals the analysis of the total of nine scale

scores representing nine aspects of chronic stress (F9,94 = 0.57, P = 0.82).
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Figure 2. Response times (RT) as a function of cue–target interval (CTI; short versus long) and task transition (switch versus repetition) for sleep-

curtailed and non-sleep-curtailed new parents, respectively. Error bars represent standard errors. The RT difference between switch trials and

repetition trials denotes the switch costs that consist of a preparation-dependent endogenous component (highlighted in light grey) and a

preparation-independent exogenous component (highlighted in dark grey).
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analyse the effect of chronic sleep curtailment on the two

switch cost components. This revealed increased exogenous

switch costs for sleep-curtailed new parents compared with

non-sleep-curtailed new parents (t104 = 1.84, P < 0.05, one-

tailed; see Table 2 and Fig. 2), whereas endogenous switch

costs did not differ significantly between groups (t < 1).

Similarly to the analysis of overall switch cost, we correlated

the nighttime sleep duration within the preceding 6 months

with the exogenous component of switch costs to test whether

the group difference is supplemented when analysing the link

between these variables on a more detailed level. Indeed,

nighttime sleep duration correlated negatively with exogenous

switch costs (r = )0.18, P < 0.05, one-tailed). The shorter

new parents have slept at night, the higher the exogenous

switch costs. Third, we tested whether new mothers and new

fathers differed with regard to the revealed group difference in

switch costs. For that, we repeated the anova with the

additional between-subject factor gender. The important

interaction between the factors task transition and sleep

curtailment was confirmed (F1,102 = 6.19, P < 0.05,

g2 = 0.06), but was not modulated by gender (F < 1).

Finally, to test whether subjectively perceived cognitive

potential and objectively measured performance correspond,

we conducted a post hoc correlation analysis on self-reported

subjective cognitive capability and switch costs, which did not

reveal a link between these factors (r = )0.10, P = 0.31).

Error rates

Task-switching performance

Error rates showed significant main effects of task transition

(switch: 8.94%, repetition: 4.95%; F1,104 = 61.06, P < 0.001,

g2 = 0.37), CTI (short: 7.45%, long: 6.44%; F1,104 = 8.84,

P < 0.01, g2 = 0.08) and target congruency (incongruent:

10.39%, congruent: 3.50%; F1,104 = 79.10, P < 0.001,

g2 = 0.43). Moreover, the anova revealed a significant two-

way interaction between task transition and target congruency,

with increased switch costs for incongruent targets (5.98%)

compared with congruent targets (2.00%; F1,104 = 26.46,

P < 0.001, g2 = 0.20). All further task-switching-specific

interactions refrained from significance.

Effects of chronic sleep curtailment on task-switching

performance

With respect to the research question addressed, neither the

main effect of sleep curtailment on error rates nor any

interaction of sleep curtailment with one or more of the other

factors was significant.

DISCUSSION

The present study is the first that links chronic sleep curtail-

ment with the ability to flexibly adapt to changing environ-

mental demands. A randomly selected, representative group of

new parents conducted an explicit-cuing version of the task-

switching paradigm. Performance of new parents reporting to

have slept <7 h per night on average over the preceding

6 months (sleep-curtailed group) was contrasted to perfor-

mance of new parents reporting at least 7 h of average

nighttime sleep duration (non-sleep-curtailed group; cf. Banks

and Dinges, 2007; Durmer and Dinges, 2005). RT analysis

revealed increased switch costs for sleep-curtailed new parents

in comparison to non-sleep-curtailed new parents. This switch

costs difference between the two groups cannot be attributed

to a general response slowing, as mean RT levels were similar.

Therefore, sleep-curtailed new parents showed a decreased

ability to flexibly implement task goals in order to switch tasks

in a fast-changing environment.

Importantly, this finding was not only found at the group

comparison level, but was additionally confirmed by a negative

correlation between the self-reported average nighttime sleep

duration over the preceding 6 months and the amount of

switch costs: The less time new parents reported to have slept

at night, the more they were impaired in the flexible task goal

implementation, as reflected in increased switch costs.

The version of the task-switching paradigm used in the

present study allows further elaboration of the observed switch

costs difference and therefore the processes affected (e.g.

Table 2 Response times (ms) for sleep-curtailed and non-sleep-curtailed new parents, respectively

Sleep-curtailed new parents (n = 46) Non-sleep-curtailed new parents (n = 60)

Switch Repetition Switch costs* Switch Repetition Switch costs

Overall 1167 (350) 885 (225) 282 (193) 1080 (254) 876 (198) 203 (131)

Short CTI 1271 (366) 937 (236) 334 (194) 1188 (245) 945 (216) 243 (145)

Long CTI 1064 (353) 833 (227) 231 (231) 969 (278) 809 (199) 161 (160)

Endogenous component� 103 (179) 82 (164)

Exogenous component� 231 (231) 161 (160)

CTI, cue–target interval.

Values are given as means (SD).

*Calculated as difference between switch trials and repetition trials.
�Calculated as difference between switch costs in trials with short CTI and switch costs in trials with long CTI.
�Corresponds to switch costs in trials with long CTI.
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Rogers and Monsell, 1995; Rubinstein et al., 2001). Manipu-

lating the preparation time allowed differentiation of two

switch cost components. Preparation-dependent switch costs

(i.e. endogenous switch cost component) reflect cognitive

control processes that allow first steps towards the implemen-

tation of a new task goal before the target stimulus is presented

(e.g. Meiran, 2000; Rogers and Monsell, 1995). Preparation-

independent switch costs (i.e. exogenous switch cost compo-

nent), however, are assumed to result from additional cogni-

tive control processes, which occur only after presentation of

the target stimulus (Rogers and Monsell, 1995). The nature of

these processes is currently debated. Exogenous switch costs

are proposed to represent a second process necessary to

implement the current task goal, such as a process of task rule

activation (Rubinstein et al., 2001; see also Allport et al., 1994;

Meiran, 2000; Schuch and Koch, 2003 for a critical discus-

sion). Alternatively, exogenous switch costs may reflect cog-

nitive control processes dealing with interference due to the

currently irrelevant task (for a broad discussion of possible

interference effects in task-switching situations, see Kiesel

et al., in press). Our results showed that chronic sleep

curtailment affected only preparation-independent but not

preparation-dependent switch costs. Moreover, the link

between chronic sleep curtailment and preparation-indepen-

dent switch costs was supplemented by a negative correlation

between these variables. The less new parents reported to have

slept at night during the preceding 6 months, the higher these

preparation-dependent costs. Thus, the revealed impairment of

flexible task goal implementation in sleep-curtailed new

parents, compared with non-sleep-curtailed new parents, seems

to be mainly due to decrements in cognitive control processes

that proceed after the current task is fully specified by the

presentation of the target.

The results of the present study further show that increased

switch costs in sleep-curtailed new parents cannot simply be

attributed to higher stimulus-based interference from the

currently irrelevant task. This conclusion can be derived by

investigating the TCE, the performance difference between

targets that require the same response for both tasks and

targets that require different responses for each task (e.g.

Kiesel et al., 2007). Our results reveal no evidence for changes

in stimulus-based interference in sleep-curtailed new parents

compared with normally sleeping new parents, as the TCE is

similar in both groups. The observed performance difference

between sleep-curtailed and non-sleep-curtailed new parents

can also not be solely attributed to changes in hormone levels

due to pregnancy, lactation or gender. First, it is likely that

both groups experienced similar physiological changes (e.g.

hormonal changes) as they all were new parents with infants at

the same age. Second, a post hoc analysis clearly showed that

the effect of sleep curtailment on switch costs was not mediated

by gender. Further, sleep-curtailed and non-sleep-curtailed

new parents showed similar durations of daytime naps. Thus,

the sleep-curtailed group did not compensate for insufficient

nighttime sleep duration. The absolute group difference in

average nighttime sleep duration therefore directly reflects the

absolute group difference in overall sleep. Moreover, sleep-

curtailed and non-sleep-curtailed new parents did not differ in

respect to the average number of nighttime awakenings over

the preceding 6 months, indicating that self-reported sleep

quantity contributes to an understanding of the observed

performance difference more than subjectively perceived sleep

quality. Both mood and chronic stress were ruled out as

potential confounders for the revealed performance difference

between sleep-curtailed and non-sleep-curtailed new parents as

their self-reported levels did not differ. Additionally, sleep-

curtailed new parents did not report more daytime sleepiness

than non-sleep-curtailed new parents.

An interesting additional observation of the present study is

a discrepancy between subjectively perceived performance

potential and objectively measured performance level.

Although sleep-curtailed new parents showed significantly

worse performance in a situation that requires flexible

behavioural adaptation to environmental changes in terms of

switching between different task goals than non-sleep-curtailed

new parents, both groups rated their cognitive capability on a

comparable level. This leads to the assumption that the

chronically sleep-curtailed new parents are not aware of their

cognitive impairments. This conclusion is supplemented by the

fact that a post hoc analysis revealed no correlation between

subjectively perceived cognitive capability and objectively

assessed switch costs.

In sum, the present study contrasted new parents reporting

chronic sleep curtailment over the preceding 6 months and

new parents who obtained sufficient nighttime sleep within the

same period regarding their ability to flexibly implement task

goals when indicated by changing environmental demands.

For the first time, we provide evidence for impairments of

executive functions that serve the flexible adaptation to

changing environmental demands in chronically sleep-cur-

tailed new parents. Thereby, we directly address the gap

between the fact that chronic sleep curtailment has become a

major concern for health in modern Western societies and the

lack of research about potential effects on cognitive key

abilities required for a successful management of novel

situations. Our results show that not only acute total sleep

loss in a laboratory setting is able to impair executive functions

but that significant decrements can also be observed with

chronic sleep curtailment under real-life conditions. This is of

even greater importance as in the present study sleep reduction

was only moderate (sleep-curtailed new parents: 5.86 h; non-

sleep-curtailed new parents: 7.27 h). Our findings contradict

studies that claim an insensitivity of higher cognitive functions

to influences of acute total sleep loss (e.g. Binks et al., 1999).

Some authors even argue that particularly difficult tasks may

trigger compensatory mechanisms in response to acute total

sleep loss (e.g. Drummond et al., 2005). In this context it is

feasible that in the present study of chronic sleep curtailment

adaptive and ⁄or compensatory mechanisms were either insuf-

ficient or even absent.

The results of this study might be of particular interest for

individuals who experience high work demands on an everyday
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basis and need to constantly rely on fast and flexible goal

shifting and cognitive control while, at the same time, often

suffering from chronic sleep curtailment (e.g. doctors, workers

in crisis management, members of the armed forces). Finally,

our study provides promising perspectives for further research

on cognitive effects of chronic sleep curtailment as the

investigation of new parents, as a model of chronic sleep

curtailment, appears to be useful for this research agenda. As a

fairly new approach it leaves room for further improvement.

First, future investigations should monitor the effects of

chronic sleep curtailment in a longitudinal design that allows

capture of sleep durations without memory bias with a more

detailed temporal resolution. Second, inter-individual differ-

ences in sleep need should ideally be assessed by respective

documentation of parents� sleep behaviour before the birth of

the baby. In addition, objective measurements of sleep (i.e.

actigraphy) should be employed. While the control group

studied here (new parents who do not suffer from chronic sleep

curtailment) allowed control of a number of potential

confounders (e.g. hormone levels), it would also be interesting

to include individuals who are not currently challenged by

parenthood. These experiments are currently being conducted

in our laboratory, with data becoming available within the

next 3 years.
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