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Background: Poor sleep is a major health concern, and there is evidence that young adults
are at increased risk of suffering from poor sleep. There is also evidence that sleep duration
can vary as a function of gender and body mass index (BMI). We sought to replicate these
findings in a large sample of young adults, and also tested the hypothesis that a smaller gap
between subjective sleep duration and subjective sleep need is associated with a greater feeling
of being restored.

Methods: A total of 2,929 university students (mean age 23.24+3.13 years, 69.1% female)
took part in an Internet-based survey. They answered questions related to demographics and
subjective sleep patterns.

Results: We found no gender differences in subjective sleep duration, subjective sleep need,
BMI, age, or feeling of being restored. Nonlinear associations were observed between subjec-
tive sleep duration, BMI, and feeling of being restored. Moreover, a larger discrepancy between
subjective actual sleep duration and subjective sleep need was associated with a lower feeling
of being restored.

Conclusion: The present pattern of results from a large sample of young adults suggests that
males and females do not differ with respect to subjective sleep duration, BMI, or feeling of
being restored. Moreover, nonlinear correlations seemed to provide a more accurate reflection
of the relationship between subjective sleep and demographic variables.

Keywords: young adults, subjective sleep duration, subjective sleep need, body mass index,
Internet-based study

Introduction
Restorative sleep is essential for higher cognitive,'> emotional,*!! and social and
behavioral performance.'>!” Sleep duration decreases over the life span, with a marked
reduction in overnight sleep from childhood to adulthood.'® There is also evidence that
sleep quantity®!*** and sleep quality change as a function of lifestyle factors, such as
leisure activities, vocational constraints (such as overtime and shift work), academic
achievement (including periods of increased stress due to final examinations), and
social activities (such as sports, concerts, and meeting friends).'>!*2** More specifi-
cally, findings have shown that university students may experience increased stress
and report more sleep complaints. In this regard, for example, Lund et al** showed
that over 60% of people aged 17-24 years suffer from sleep difficulties, along with a
broad range of both physical and psychologic issues.?*?’

Previous research in Western countries has shown that nearly 40% of young
adults (aged 18-25 years) are overweight or obese,*® and that obesity emerging during
childhood persists, such that overweight children are at greater risk for weight gain
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and for retaining this weight into adulthood.”* Further,
previous studies®** have shown an association between
shorter sleep duration and higher body mass index (BMI)
in adolescents and young adults (aged 14-27 years). In
particular, Hart et al®® reported a U-shaped function, with
sleep duration that was either too short (less than 6 hours
per night) or too long (more than 9 hours per night) being
associated with higher BMI (weight in kg/height in m?)
during late adolescence and early adulthood. These findings
replicate previous research indicating a link between sleep
duration and obesity.3¢3’

Moreover, epidemiologic and experimental studies
have consistently reported that, compared with males,
females complain more about poor sleep.*® The underlying
mechanisms remain unclear,* and there is a suggestion
that poor sleep as reported by females might be associated
with further psychologic issues, such as depression and
anxiety symptoms,* rumination, and emotion-focused cop-
ing strategies.*!

Further, a wealth of studies has shown that young adults
generally do not sleep as long as they should. To illustrate:
whereas Maslowsky and Ozer*? observed that 22-year-olds
slept about 8.5 hours per night, across early adulthood to
32 years, sleep duration decreased gradually to 7.7 hours
per night. Normative data also suggest that sleep duration
should be 8.5 hours a night in young adults in order for them
to perform well cognitively, emotionally, behaviorally, and
socially during the day.>>*

Moreover, data from experimental studies have repeat-
edly confirmed a dose-response relationship between shorter
sleep duration and cognitive* and emotional®*¢ perfor-
mance. Accordingly, we believe that a greater gap between
actual sleep duration and sleep need might be associated with
reduced feelings of being restored. Indeed, Lemola et al*’
showed that a greater difference between current and needed
sleep duration was associated with poorer sleep quality and
decreased subjective well-being.*’” Likewise, Kalak et al!
showed that sleep duration was associated with subjec-
tive psychological well-being both cross-sectionally and
longitudinally.

To summarize, there is reason to believe that sleep dura-
tion can be insufficient in early adulthood and that sleep dura-
tion may vary as a function of gender and BMI. Surprisingly,
to the best of our knowledge, so far no study has addressed
these issues concomitantly.***° The aim of the present study
was therefore to shed more light on the relationship between
actual sleep duration and sleep need, BMI, and gender in a
large sample of young adults.

Four hypotheses were formulated, as follows. First,
following Lemola et al,*” we predicted that longer subjec-
tive actual sleep duration and a smaller difference between
subjective actual sleep duration and subjective sleep need
would be associated with a greater feeling of being restored.
Second, following Carskadon and Acebo® and Carskadon
et al’' we hypothesized that young adults would report
a subjective actual sleep duration that was shorter than
their subjective sleep need. Third, following Armitage and
Hoffmann,* we anticipated that female participants would
report longer subjective actual sleep duration and a lower
feeling of being restored than male participants. Finally,
following Hart et al*® we expected a U-shaped relationship
between BMI and subjective sleep duration.

Materials and methods
The survey was conducted between the beginning of spring
2009 and the end of summer 2009. Participants were recruited
via electronic advertisements posted at several universities in
Germany and in the German-speaking part of Switzerland.
The entire study was performed as an online survey.
Previous studies comparing Internet-administered ques-
tionnaires with paper-and-pencil questionnaires have found
the electronic version to have no relative disadvantages.’>>*
Accordingly, commercially available software (Globalpark,
http://www.globalpark.com) was used for data collection. The

study was approved by the local ethics committee (Ethikkom-
mission beider Basel, approved, 66/09) and conducted accord-
ing to the rules laid down in the Declaration of Helsinki.

Participants and procedure

A total of 2,929 university students (mean age
23.2413.13 years, 69.1% female) took part in an Internet-
based survey. The students answered questions related to
demographics and sleep patterns.

Participants completed the online questionnaire within
5-10 minutes. On the first page of the survey screen, potential
participants were informed about the purpose of the study,
the voluntary basis of their participation, and the anonymized
data storage. Additionally, participants were advised that
they could stop or withdraw from the study without giving
any reason. To avoid repeat participation, the software was
designed to block recruitment of individuals whose IP address
had already been used. Data were automatically gathered and
afterwards converted into an SPSS® file for further analysis.
Further, as an incentive to participation, 35 iPods® were
raffled. However, for participation in the raffle drawing,
participants had to provide an email address.
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To obtain consent, on the first page participants had to
tick a box with the following statement:

I do fully understand the aims and scopes of the present
study; I know that data are stored on a secure server, that
no personal data are required, and that I can withdraw from
and stop the study at any time. I also know that I have to
indicate an email address, if [ want to participate at the

raffle drawing.

Online questionnaire

Participants answered the following items: age (years), gen-
der, subjective actual sleep duration (hours) and subjective
sleep need (hours) in the last 2 weeks, height (cm), weight
(kg), and feeling of being restored after sleep in the last
2 weeks on a five-point Likert scale, with anchor points of 1
(“not at all restored”) to 5 (“completely restored”).

Statistical analysis

To compare demographic and sleep-related variables
between male and female participants, a series of #-tests
was performed. Where variances were not equal, instead
of the classical Student’s ¢-test, the more robust Welch (W)
test was performed.>>*¢ Next, based on previous research
showing nonlinear associations between sleep, BMIL,* and
psychological functioning,’” nonlinear correlations were
computed between subjective sleep duration, BMI, feeling of
being restored, and the difference between subjective actual
sleep duration and subjective sleep need. The nominal level
of statistical significance was set at an alpha of P<<0.05.
However, we focused on effect sizes according to Cohen.%®
The reason was that ¢-tests are very sensitive to sample size,”
and our data related to a large sample. Therefore, we chose
to report not merely statistically significant effects (P<<0.05).
All statistical computations were performed with Statistical

Package for the Social Sciences version 20 software (IBM
Corporation, Armonk, NY, USA) for Windows®.

Results

Table 1 reports the descriptive and inferential statistics. Neg-
ligible gender differences were found for subjective actual
sleep duration, BMI, feeling of being restored, and the gap
between subjective actual sleep duration and subjective sleep
need (all Cohen’s d<<0.38).

Table 2 reports the associations between subjective actual
sleep duration, BMI, feeling of being restored, and the gap
between subjective actual sleep duration and subjective sleep
need, separated for gender. Negligible gender differences
were found (Table 1). Older age was associated with higher
BMI, lower subjective sleep need, and a smaller gap between
subjective actual sleep duration and subjective sleep need.
Longer subjective actual sleep duration was associated with
greater subjective sleep need, a feeling of being restored,
and a smaller gap between subjective actual sleep duration
and subjective sleep need. Greater subjective sleep need
was associated with a lower feeling of being restored and
a greater gap between subjective actual sleep duration and
subjective sleep need. A greater feeling of being restored
was associated with a lower gap between subjective actual
sleep duration and subjective sleep need.

Table 3 reports a nonlinear association between subjec-
tive actual sleep duration and BMI, ie, shorter and longer
subjective actual sleep durations were associated with higher
BMI. A nonlinear association was also observed between
subjective actual sleep duration and the subjective actual
versus subjective need gap, ie, longer and shorter subjective
actual sleep durations were associated with a greater subjec-
tive gap. A nonlinear association between subjective actual
sleep duration and feeling of being restored was observed,
ie, shorter and longer subjective actual sleep durations were

Table | Descriptive and inferential statistics comparing gender differences with regard to age, BMI, subjective actual sleep duration,

subjective sleep need, feeling of being restored, and gap between sleep need and actual sleep duration

Female (n=2,022) Male (n=906) Differences

M SD M SD Test (df) P-value Cohen’s d
Age, years 23.14 3.08 23.46 3.22 w(2,926)=2.57 0.010 0.10
BMI 21.98 3.66 23.35 351 t(2,923)=9.51 0.000 0.38
SASD 8.83 1.94 8.19 2.05 t(2,926)=8.05 0.000 0.32
SSN 10.73 2.06 10.41 2.30 w(2,926)=3.77 0.000 0.15
FBR 3.38 0.85 3.36 0.82 t(2,926)=0.54 0.590 0.02
SSN-SASD 1.91 2.34 222 2.47 t(2,926)=3.28 0.001 0.13

Notes: Cohen’s d=0.2-0.49 little effect; d=0.5-0.79 middle effect; d>0.8 large effect. Underweight, BMI,18.5 kg/m? overweight, BMI 25.0-29.9 kg/m2.
Abbreviations: M, mean; SD, standard deviation; BMI, body mass index; SASD, subjective actual sleep duration; SSN, subjective sleep need; FBR, feeling being restored;

SSN-SASD, gap between subjective sleep need and subjective actual sleep duration.
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Table 2 Correlations between BMI, subjective actual sleep
duration, subjective sleep need, feeling of being restored, and
gap between sleep need and actual sleep duration, separated by

gender

BMI SASD SSN FBR SSN-SASD
Age () 0.099% 0022  —0.150% 0.037 —0. 1 [ 4k
Age (m)  0.154%  0.005 —0.234%+%  0.073* —0.22 3k
BMI (f) -0.042 0.014 -0.021 0.047%*
BMI (m) —0.097% -0.061 -0.019 0.024
SASD (f) 03138 0.284%F% 0 55 |k
SASD (m) 0.361°FFF 0238 0,493k
SSN (f) —0.193%k* 06207
SSN (m) —0.195%%¢ 0,633+
FBR (f) —0.403**
FBR (m) —0.3807%*

Notes: n=2,929, *P<0.05, **P<<0.01, ***P<0.001.

Abbreviations: f, female; m, male; BMI, body mass index; SASD, subjective actual
sleep duration; SSN, subjective sleep need; FBR, feeling being restored; SSN-SASD,
gap between subjective sleep need and subjective actual sleep duration.

associated with a lower feeling of being restored. A nonlin-
ear relationship was observed between the subjective actual
versus subjective need gap and feeling of being restored,
ie, negative and positive differences in subjective gap were
associated with a lower feeling of being restored.

Discussion

Contrary to expectations, in a large sample of young adults,
we found negligible gender differences with regard to subjec-
tive actual sleep duration, BMI, age, feeling of being restored,
and the gap between subjective actual and subjective sleep
need. Moreover, nonlinear correlations mirrored the asso-
ciations between subjective actual sleep duration, feeling of
being restored, BMI, and the gap between subjective actual
sleep duration and subjective sleep need more accurately

than linear correlations. Four hypotheses were formulated
and each of these is now considered in turn.

With the first hypothesis, we expected that a greater
feeling of being restored would be associated with both a
longer subjective actual sleep duration and a smaller differ-
ence between subjective actual sleep duration and subjective
sleep need. Both predictions were confirmed. The present
findings are therefore in accordance with others reporting
a link between subjective sleep duration and subjective
estimation of restoring and sufficient sleep.*” However, the
present data add to the existing literature in that we were able
to confirm this association in a large sample of young adults,
and showed that the feeling of restoring sleep was closely
associated with the subjective estimate of the match between
subjective actual sleep duration and subjectively needed sleep
duration. In other words, the more a person estimates that
she or he sleeps as long as she or he subjectively needs to
sleep, the more that person reports being restored. Put more
simply, it seems that the mere estimation of a good match
between subjective actual sleep duration and needed sleep
duration is sufficient to produce a feeling of having restoring
and adequate sleep.®

Our second hypothesis®*! was that young adults would
report a subjective sleep duration that was shorter than the
subjective sleep need. This hypothesis was fully supported.
Thus, the present data mirror previous results,?>*! although
again we expand on previous work in that this pattern of
results was confirmed with a large sample of young adults.
However, we also note that the mean subjective actual sleep
duration was about 8.5 hours (with individual and gender-
related differences), and that this subjectively reported
sleep duration would match previous findings (Maslowsky
and Ozer*) and the recommended sleep duration for young

Table 3 Linear and nonlinear regression between subjective actual sleep duration and BMI, subjective actual sleep duration and gap

between subjective sleep need and subjective actual sleep duration, subjective actual sleep duration and feeling of being restored, and

gap between subjective sleep need and subjective actual sleep duration and feeling of being restored

R R? Ain R* F(df) P-value Beta
SASD and BMI Ir 0.083 0.007 0.007 (12,923)=20.13 <0.0001 —0.339%*
nir 0.098 0.010 0.003 (12,922)=7.87 <0.001 0.261#*
SASD and SSN-SASD Ir 0.534 0.285 0.285 (12,927)=1,167.29 <0.001 —0.764%*
nlr 0.536 0.287 0.002 (12,926)=9.04 <0.01 0.235%*
SASD and FBR Ir 0.286 0.072 0.072 (12,927)=26.06 <0.001 0.931**
nlr 0.300 0.090 0.018 (12,926)=58.90 <0.0001 —0.677**
SSN-SASD and FBR Ir 0.396 0.156 0.156 (12,927)=542.84 <0.001 —0.27%*
nlr 0.415 -0.172 0.016 (12,926)=54.96 <0.0001 —0.177%*

Notes: Linear regression is an approach for modeling the relationship between a scalar dependent variable and explanatory variables. Nonlinear regression modeled
observational data by a function which is a nonlinear combination of the model parameters and depends on independent variables. **P<0.01.

Abbreviations: Ir, linear regression; nlr, nonlinear regression; R, correlation; R%, r square correlation; BMI, body mass index; SASD, subjective actual sleep duration;
FBR, feeling being restored; SSN-SASD, gap between subjective sleep need and subjective actual sleep duration.
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adults.”* In this regard, it remains unclear as to what extent
the present sample is representative of young adults as a
whole, and to what extent young adults attending university
might have the privilege of sleeping according to a self-
paced schedule.

Third, following Armitage and Hoffmann,* we antici-
pated that females would report a longer subjective sleep
duration and less feeling of being restored than males.
However, following Cohen® and Zhu,” emphasizing not
P-values but effect sizes, no meaningful gender differences
were observed. Therefore, the present data are at odds with
numerous studies showing that young adult females sleep less
and need more sleep, and report more sleep complaints than
males. Unfortunately, the data do not allow a deeper insight
into the underlying mechanisms. Although highly specula-
tive, the lack of a gender difference might be explained by
the population sampled. First, only adults aged 18-30 years
were recruited and were exclusively from a university student
population. Second, given that university students are more
reliant on self-paced timetables, this might have obscured
the presence of sleep complaints arising from the constraints
of externally determined time schedules. Third, even though
we did not test for this directly, it is possible that most of the
participants were in good mental health, whereas research has
shown poor sleep to be associated with increased symptoms
of depression, anxiety, and, for instance, eating disorders (see
the seminal work of Benca®).

Our fourth hypothesis, following Hart et al*® was that
there would be a U-shaped association between BMI and
subjective sleep duration, and our data did fully confirm
this, ie, both a shorter and longer subjective sleep duration
was associated with increased BMI. Therefore, the present
data are in accordance with those studies reporting that both
shortened and prolonged sleep duration are associated with
a higher BMI. Importantly, the present pattern of results
mirrors recent findings among adolescents and participants
transitioning from adolescence into adulthood, as reported
by Sivertsen et al** and Suglia et al.??

In previous research, authors considered short sleep and
obesity to be comorbid conditions.***” Again, the present data
do not allow a deeper understanding of the lack of associa-
tion. We also note that the median and mode for BMI values
in our study participants were within range for the healthy
population, so it is conceivable that the lack of difference in
BMI might be attributable to a small number of participants
with high and low BMIs.

With regard to the relationship between subjective
shortened sleep and BMI, we acknowledge that the present

data do not allow a deeper understanding of the underlying
mechanisms. First, following Taheri et al® there is evidence
that shorter sleep increases the secretion of ghrelin, an
appetite-inducing hormone, and decreases secretion of leptin,
a satiety-inducing hormone. Second, people with less sleep
have more time to eat during the night. Third, if excessive eat-
ing behavior is considered a coping strategy, if obese people
are under stress because of their negative self-image, and if
they receive more negative social feedback regarding their
shape, there is reason to assume that obese people increase
their calorie intake as a coping strategy to reduce stress.
Lallukka et al®* have also demonstrated a close relationship
between poor sleep and overweight. Specifically, they were
able to show that weight control predicted more favorable
sleep over time. Overall, the underlying mechanism account-
ing for the relationship between poor sleep and overweight
remains somewhat unclear; nonetheless, it seems that endo-
crine, neuroendocrine, and psychologic coping strategies are
contributing concomitantly to this relationship.

As regards the association between subjective and pro-
longed sleep duration and obesity, again our data do not allow
a deeper insight into the underlying mechanisms, although the
findings of others suggest that obese people are at increased
risk of sleep apnea (eg, Mathew and Castriotta®); in fact,
sleep apnea is known to impair sleep quality dramatically
and to prolong sleep duration, and we might assume a similar
mechanism in the participants in our study.

Limitations

Several issues indicate that the present findings should not
be overgeneralized. First, and most importantly, a self-
administered questionnaire cannot report actual sleep dura-
tion but rather gives an estimate or the subjective opinion of
participants in regard to their sleep duration. The same applies
to sleep need. Therefore, the current assessed actual sleep
duration and sleep need always refers to the subjective sleep
duration and subjective sleep need, respectively. Second, we
assessed only university students, who are not representative
of the population of young adults as a whole. Third, only
individuals who were willing and able to participate took part
in the study, so sampling bias cannot be excluded. Fourth,
no data on psychopathology (eg, affective disorders, eating
disorders, substance abuse) were collected, and variations in
psychopathology might have biased the pattern of associa-
tions. In other words, the lack of associations might have
been due to further latent but unassessed psychological (eg,
symptoms of depression, stress, anxiety) and physiological
(eg, cortisol, brain-derived neurotrophic factor) variables.
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Fifth, no data were gathered as regards subjective sleep
quality and daytime sleepiness or fatigue. These limitations
hold particularly true in that no item canvassed respiratory
issues such as obstructive sleep apnea or snoring, which, by
definition, impair sleep. Sixth, we observed that the mean
reported subjective sleep duration of about 8.5 hours matched
the recommended sleep duration for young adults. Accord-
ingly, we might question to what extent the present sample
of university students reflects young adults as a whole. In
this regard, we also note that some participants completed
the survey during the summer break, when a more individual
and self-paced wake-sleep pattern is more likely. Last, given
the cross-sectional nature of the survey, no conclusion can be
drawn as to the direction of influence between sleep duration,
gender, BMI, and feeling of being restored. A longitudinal
study design, like that reported by Nishiura and Hashimoto®
would shed more light on the directions of influence between
these variables.
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