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Abstrakt

Bakgrunn: Siden 1975 har antall tilfeller av fedme i verden tredoblet seg, og er idag en av de
viktigste arsakene til tidlig dgd. Samtidig som forekomsten av fedme har gkt, har
sgvnvarighet generelt i befolkningen gatt ned. Fedme og sevn kan males bade objektivt og
subjektivt. Er det egentlig en forskjell pa subjektiv og objektiv malemetode nar man ser pa
assosiasjonen mellom fedme og sgvnvarighet? Metode: Studiene ble funnet gjennom
databasene Scopus og PubMed. Kriterier for inkluderte studier var: fagfellevurdering, skrevet
pa engelsk, kliniske- og observasjonsstudier og ngkkelordene matte veere til stede i abstrakten.
Utvalget métte veere voksne uten noen form for sykdom. Resultat: Atte studier ble til slutt
inkludert i litteraturstudien. To av de tre studiene som malte sgvn objektivt fant ingen
assosiasjon mellom kort sgvn tid og fedme, mens alle de fem studiene som malte sgvn
subjektivt fant en assosiasjon med unntak av en. Konklusjon: Det er en forskjell mellom
objektiv og subjektiv malemetode nar det kommet til sgvn tid og assosiasjonen med fedme,
der subjektiv malemetode viser en assosiasjon mens objektiv ikke gjer det, med noen unntak.
Det er likevel ngdvendig med videre forskning pa omradet for & gi en sikker evidensbasert

konklusjon.

Abstract

Background: Since 1975 the incidence of obesity has tripled worldwide, and it is one of the
most important factors related to premature death today. While the incidence of obesity has
increased, sleep duration in the general population has decreased. Obesity and sleep can be
measured both objectively and subjectively. Is there a difference in subjective and objective
measurement methods when looking at the association between obesity and sleep duration?
Method: The studies were found by using the databases Scopus and PubMed. The studies had
to be peer-reviewed, written in English, clinical- and observational studies, and the keywords
had to be present in the abstract. The sample had to be adults without any kind of disease.
Result: Eight studies were eventually included in this literature review. Two of the three
studies that measured sleep duration objectively found no association between short sleep
duration and obesity, while almost all the five studies that measured sleep duration
subjectively found an association, with one exception. Conclusion: It is a difference between
objective and subjective measuring methods when assessing the association between sleep
duration and obesity. Subjective measuring methods show an association, but objective do
not, with a few exceptions. There is still a need for further research in the area to provide a

safe, evidence-based conclusion.
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1.Introduction

According to Worlds Health Organization (WHO) over 4 million people die as a result of
obesity or overweight each year, and the prevalence worldwide has nearly tripled since 1975
(1). Obesity is one of the most important factors related to premature death, as obesity is a risk
factor mainly for cardiovascular diseases which was the major cause of death in 2012 (1).
Obesity is, according to WHO defined as abnormal or excessive fat accumulation that
presents a health risk. Body Mass Index (BMI) is the most common method for measuring
obesity and can be easily calculated by gathering height and weight from an individual (2).
When measuring BMI, a standard cutoff point of 30 is considered obese, and over 25 is
considered overweight (1). Another method for measuring obesity is Waist Circumference

(WC), which is a simple way to measure “abdominal obesity” at the natural waist (2).

An increase in BMI is related to the risk of noncommunicable diseases such as diabetes and
cardiovascular diseases (1). Obesity is largely preventable, on an individual level as well as
on a community level (1). The fundamental cause of obesity is an imbalance in energy intake
and expenditure, as well as reduced physical activity in our everyday life (1). Previous
research has been done on obesity and its relation to reduced physical activity, however, there

are still some aspects of obesity in our everyday life that are yet to be investigated (3).

Sleep, as well as physical activity, is important in our everyday life. On average, most adults
need about 7-9 hours of sleep (4). Sleep is important because it keeps body and mind healthy,
and it is important for overall health (4). Sleep can be measured in different ways, and the
current gold standard is polysomnography (PSG). (5,6). PSG measures different parameters of
sleep (brain dynamics, eye movements, muscle activity, respiratory function) by using surface
electrodes. Typically, the participants spend a night in a sleep laboratory while being
monitored by a sleep technician. Therefore, PSG can be expensive and is not commonly used
in large population samples (5). On the other hand, there is an approach developed for use in
larger population samples, which is the wrist-worn accelerometer actigraphy. The wrist
actigraphy measures wrist movement, to assess sleep or waking state. Unlike the PSG, wrist

actigraphy is inexpensive and does not disturb your sleep like the PSG might do (5).



When measuring obesity and sleep, we can distinguish between objective and subjective
measuring methods (6). Objective methods contain measurements by devices/instruments and
are not influenced by anyone's perspective or opinion. Objective data is gathered in a
controlled environment with the possibility to easily repeat the same measurements, which
over time can create reliability and validity (6). On the other hand, subjective measurement is
based on how the participant feels, and how they experience different matters. Subjective data

is normally gathered by interviews or self-reported questionnaires (6).

Over the last decade sleep duration has been of great interest in the general population, as
there have been reports showing a reduced substantial sleep duration. Parallel to this, the
prevalence of obesity has increased, and some studies have investigated a possible connection
between the two (3). Several studies have examined the association between sleep duration
and obesity (7—14), but research on the association between sleep duration and obesity still
remain scarce in the literature. Therefore, this thesis is going to investigate whether there is a
difference between subjective and objective measuring methods when assessing the

association between sleep duration and obesity among adults?

2. Methods

2.1 Search strategy

Article search was conducted through the databases Pubmed and Scopus. The search
consisted of combinations of the term’s “sleep”, “obesity”, “adults”, “sleep duration” and
“associations”. These terms were combined with “AND” or “OR” to provide relevant articles
for the study. This resulted in a total of 52 articles of interest after title review. To be included
in this review the trials had to meet the following criteria: 1) written in a peer-reviewed
journal 2) written in English 3) clinical trials and observational studies, and 4) published after
year 2000. Trials were excluded if they 1) Included participants with various diseases 2) was
conducted on children, and 3) was RCT studies and reviews. In the end, eight original articles

were selected, as seen in Figure 1.



2.2 Figure 1
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The eight studies included in this review investigated the association between sleep duration

and obesity among adults, by using subjective and objective measurements. All the studies

included questionnaires and/or interviews to report the sleep duration, while three of the

studies used actigraphy or PSG to measure sleep duration over a longer period. Table 1

provides an overview of the articles included in this review. Additionally, the main findings

from each study will be described individually.




Table 1- descriptive overview of original articles

Article Study design n Sex Measured sleep Measuring device Main result
Gildner et al. Cohort Men and Subjective: Short sleep duration in both men and women were significantly associated with higher BMI and
(2014) 5273 women 2 nights BMI, WC and face-to-face interviews WC measures (P<0.05)*
Subjective: A sleep duration of less than 5 h was associated with greater BMI in both men and women
Patel et al. (2008) | Prospective cohort 6329 Men and 5.2 nights men, Sleep diary and questionnaire (OR:3.7 among men, OR:2.3 among women).
study women 4.1 nights women Objective:
BMI and wrist actigraphy
Subjective: Subjective short sleep duration was significantly associated with incident obesity
Vgontzas et al. Longitudinal 815 Men and 1 night Questionnaire and BMI (P<0.05)*.0bjective short sleep duration was not significantly associated with incident obesity
(2013) women Objective: (P=0.609 in men, P=0.451 in women).
PSG
Subjective: Short- and long-duration sleepers were 35% and 25% more likely to have a 5-kg weight gain, as
Chaput et al., Prospective cohort Men and Questionary and WC compared with normal-duration sleepers (P<0.05) *.
(2008) study 276 women - Objective
BMI
Subjective: Short sleep duration associated with weight gain and development of obesity (OR: 1.91 and
Watanabe et al. Prospective 34 852 Men and Questionnaire 1.50) for men who slept <5 and 5-6 h. No significant association between sleep duration and
(2010) design women - Objective: weight gain or obesity among women.
BMI
Hasler et al. Prospective cohort Subjective: Associations between short sleep duration and obesity (OR: 7.4)*, negative association between
(2004) study 496 Men and - Interview and BMI sleep duration and BMI in young adults. Associations between obesity and sleep duration
women diminished after age 34.
Subjective: Short sleep (<6h: OR:1.42, 6h: OR:1.35)* were associated with increased odds of obesity in
Magee et al. Cohort 40034 Men and - Self-report questionnaire women. In males short sleep (<6h: OR:1.72, 6h: OR:1.51)* were significantly associated with
(2012) Women Objective: an increased likelihood of obesity.
BMI
Subjective: Short sleepers (<5 h: OR: 2.76) and long sleepers (>8 h: OR: 2.93) were more likely to be
Van Den Berg et Cross-sectional Men and 5-7 nights Home interviews obese, compared to those who slept 7-8 h. After adjustment for sleep fragmentation, the
al., (2008) study 983 women Objective: association between short sleep and obesity was no longer significant.

Wrist actigraphy and BMI

BMI: Body Mass Index WC:

Waist Circumference PSG: Polysomnography OR:

Odds Ratio *Significant association




3.1 Objective measurements

The studies performed by Patel et al. (8), Vgontzas et al. (9) and VVan Den Berg et al. (14)
conducted their studies using mainly objective measurements, and supplied with subjective
measurements as well. Patel et al. (8) and VVan Den Berg et al. (14) used wrist actigraphy to do
the objective measurements, and supplied with a sleep diaries, questionnaires, and home
interviews. VVgontzas et al. (9) performed a PSG measurement for one night, which is

objective, and supplied with a sleep diary and questionnaire.

Patel et al. (8) found that short sleep (<5 h) was associated with greater BMI (average: +2.5
kg in men, +1.8 kg in women), when measured with wrist actigraphy and supplied with sleep
diary. On the other hand, VVan Den Berg et al. (14) found that both short sleepers (<5 h) and
long sleepers (>8 h) were more likely to be obese, compared to those who slept 7 to <8 h.
However, after adjusting for sleep fragmentation, the association between short sleep and
obesity was no longer significant. This study used a combination of home interview, which is
a subjective measurement, and wrist actigraphy, which is an objective measurement. The
study from Vgnotzas et al. (9) combined objective- and subjective measurement methods,
through the use of PSG and a questionnaire. The results showed that subjective measured
short sleep duration was significantly associated with incident obesity (P<0.05). On the other
hand, objective measured short sleep duration through PSG, was not significantly associated

with incident obesity (p=0.609 in men and p=0.451 in women, respectively).

3.2 Subjective measurements

The five other studies included in this literature review (7,10-13) used subjective
measurement methods to determine sleep duration, and three of them (8,9,14) used objective
measurements when measuring BMI. The study from Gildner et al. (7) did only use subjective
measurements when measuring BMI and WC, and conducted face-to-face interviews to report
sleep. From these measurements the study found a significant association between short sleep
duration (<6h) and higher BMI and WC measures in both men and women (P<0.05). Hasler et
al. (11) as well, did only use subjective measurements like questionnaires and interviews to
measure BMI and sleep duration for the study. The results showed a significant association
between short sleep (<6h) and obesity at 27, 29 and 34 years, however there was no
association between sleep and obesity from the age 34. By objectively measuring BMI and

WC, and conducting questionnaires, the study from Chaput et al.(13) found that short- and



long-duration sleepers were 35% and 25% more likely to have a 5-kg weight gain, as

compared with normal-duration sleepers (P<0.05).

Another study using objective measurement of BMI in addition to a questionnaire was a study
conducted by Watanabe et al. (10). They found that short sleep duration (<5 and 5-6 h), as
well as long sleep duration (>9 h) were associated with an increased risk of gaining weight
among men. No significant association between sleep duration and weight gain or obesity
among women was found. The last study conducted by Magee et al. (12) gathered data by
subjectively self-reporting sleep duration and questionnaires. The study found that short sleep
duration (<6 h) was associated with an increased risk of obesity in women and men.
Furthermore, long sleep duration (>9) was associated with obesity in males, but no

association was detected among females.

In summary, two of the studies with mainly objective measurements found no association
between short sleep duration and obesity when measuring with PSG and wrist actigraphy
(9,14). The third study using wrist actigraphy and supplied with a questionnaire, found that
short sleep duration was associated with greater BMI (8). All the five studies measuring sleep
duration subjectively found an association between obesity and sleep duration, except Hasler
et al. (11) which found no association after the age of 34, and Magee et al.(12) who did not

find any association between long sleepers and obesity.

4.Discussion

This thesis investigated if there is a difference between measuring objectively or subjectively
when assessing the association between sleep duration and obesity among adults. Based on
the results from the included studies, most of the studies used subjective methods to measure
sleep duration found an association between short sleep and obesity. The exception was
Watanabe et al. (10) who only found this association among men. The three studies (8,9,14)
that mainly used objective measurements, had different outcomes. Two of the studies (9,14)
found no significant association when measuring objectively with wrist actigraphy and PSG.
The third one (8) found that short sleep duration was associated with greater BMI when
measuring with wrist actigraphy. In total, most of the included studies found an association
between sleep duration and obesity, but this varied between subjective and objective

measurement methods, sex and age.



4.1 Objective measurements- strengths and weaknesses

Three of the included studies (8,9,14) used primarily objective measurements to investigate
the association between sleep duration and obesity. Van Den Berg et al. (14) and Patel et al.
(8) conducted sleep duration measurements over 4-7 nights, while VVgontzas et al.(9)
measured only one night. The studies VVan Den Berg et al. (14) and Patel et al. (8) both used
wrist actigraphy to investigate the sleep duration among the participants and executed home
interviews (14) and sleep diary/questionnaire (8) in addition. After adjusting for
fragmentation in sleep duration, there was no association between short sleep duration (<5h)
and obesity in the Van Den Berg et al. (14) study. However, long sleep duration (>8h) was
still associated with a higher risk of obesity. On the other hand, Patel et al. found that short
sleep duration (<5h) was associated with greater BMI. VVgontzas et al. (9) used PSG and self-
report questionnaire to measure sleep duration in their study. The result indicated that
subjective short sleep duration was significantly associated with incident obesity, but

objectively short sleep duration was not significantly associated with incident obesity.

PSG and actigraphy is the most common devices when measuring sleep objectively (6),
although PSG is considered the current gold standard (5). As mentioned earlier PSG
measurements is normally conducted in a sleep laboratory over one night, and require
continually supervision of a sleep technician (5). On the other hand, actigraphy can be worn
and used for several weeks, which can provide more reliable data (6), and can explain why
there was no association between the objective measured sleep and obesity in the VVgontzas et
al. (9) study. In addition, actigraphy is mostly used in larger population samples rather than
PSG, because it is less invasive and expensive (6). Actigraphy also allows the participants to
conduct their day as normal, and remain in their natural sleep environment (6,8,14). It is
recommended to keep a sleep diary in addition to the actigraphy, as an actigraphy are not able
to tell the difference between time a sleep from time awake in bed (5,6,15). This can result in
an over/under-estimation of sleep duration, which furthermore can provide inaccurate data for
the studies. Moreover, this can explain why there was no association between short sleep

duration and obesity in the study from Van Den Berg et al. (14).



4.2 Subjective measurements- strength and weakness

Five of the included studies used subjective measurements to investigate sleep duration, in
form of questionnaires and interviews. The study from Gildner et al. (7) measured sleep
duration over two nights, but the rest of the studies had a follow-up time over several years.
The subjective measurement method used in the study from Gildner et al. (7) was face-to-face
interviews. The study found that shorter sleep duration in men and women was associated
with higher BMI (7). Whether this is a valid result can be difficult to say, as the study only
was conducted over two nights. In addition, since self-reporting is used, it is often difficult for
individuals to separate time in bed and asleep, and therefore over/under-estimate sleep
duration (6).

Another study that also used interviews were Hasler et al. (11). The results showed that there
was a strong association between short sleep duration and obesity, but only at the ages 27, 29
and 34 years. Compared to the study from Gildner et al. (7), Hasler et al.(11) had a follow-up
period for 13 years, which can make the results more valid even when using subjective
measurements. The study from Chaput et al. (13) used a questionnaire to gather data on sleep
duration, which showed that short and long sleep duration had an association with weight gain
and higher BMI. Both Watanabe et al. (10) and Magee et al. (12) collected their data during a
health check and used self-report forms to report sleep. Both studies showed that there was an
association between short sleep duration and the development of obesity, however Watanabe
et al. (10) did only find this association in men. A strength in both studies was that they had a

large population sample, which can give a more valid result.

The advantage of using subjective measurements is that they are affordable and easy to
administer (6). Most of the included studies used some form of subjective measurement,
which makes it easier to compare across other studies. In addition, previous studies have also
shown a good agreement when comparing subjective measurements with actigraphy (13).
However, subjective measurements on sleep duration have its limitations. It is difficult for the
participants to accurately report the hours of sleep. They may have irregular sleeping habits,
and it is hard to establish how many hours they slept. For example, they may report sleep
duration from the time they go to bed rather when they actually fall asleep. This can result in

an overestimation or underestimation of sleep duration (6).



Another source of error that can occur when using subjective measurements is self-reporting
of BMI. Participants can misreport their height and weight, which can lead to big differences
in the BMI results. On the other hand, objectively measuring BMI is more expensive, and
requires that every participant is measured the same way and with the same instruments.
Although subjective methods of reporting BMI are inexpensive and can involve a larger

sample size, it can provide imprecise results which can affect the outcome.

4.3 Short- and long sleep duration and obesity

As seen in this review, it is investigated whether there are any association between sleep
duration and obesity. Almost all the included studies found an association between short sleep
duration and obesity, but four of the studies also found this association with long sleep
duration. Chaput et al. (13), Van Den Berg et al. (14) and Watanabe et al. (10) all found an
association between long sleep duration (>9 h) and obesity. Although these studies had short
sleep duration and obesity association as their main findings, they could still indicate an
association with long sleep duration. Gildner et al. (7), Patel et al. (8),Vgontzas et al. (9) and
Hasler et al. (11) only found this association between short sleep duration (<6h) and obesity.
One factor that can affect the association between long sleep duration and obesity is the
reduced energy consumption with increased bedtime (10). In one of the studies (13), the long
sleepers had a greater BMI than the average at baseline, which may explain that they were

more likely to gain weight over a 6-year period than those with lower BMI at baseline (13)

Several of the included studies mention changes in hormone levels when looking into the
relationship between short sleep duration and obesity (6-8,10,13). Short sleep duration causes
a hormonal change, that regulates your appetite. Reduced levels of leptin and increased levels
of ghrelin can happen when the sleep duration is short, and that hormonal change can increase
the participants appetite (7). This can provide a possible explanation for the increased

incidence of obesity that occurs with short sleep duration in some studies (7,10,13).

4.4 Methodological assessments

A strength of the included studies is the relatively large sample size, from around 276 to 40,
000 participants. With such a large sample size, it will be possible to obtain a larger
measurement, which can provide a more accurate and concrete result in contrast to studies
with smaller samples. In the study by Patel et al. (8) it was found a significant association

between sleep duration and obesity. This study had on average an older age group (65+) than
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the other studies, which may impact the results. As you get older, your general health
decreases, and you may develop sleeping disorders more easily and other disorders as well
(8). This fact may influence and strengthen the association between sleep duration and
obesity. Van Den Berg et al. (14) also conducted the study on a population with a high
average age (68y). Therefore, a misconception of sleep duration can occur because of the poor
sleep quality due to old age, which leads to an underestimation of sleep duration (14). In
addition, an older population can self-report insufficient sleep duration, due to cognitive

decline.

Another factor that can influence the results of the different studies is the definition of
obesity. Most studies had defined obesity with a BMI measure of >30, which the WHO also
defines as obesity. However, the studies from Gildner et al. (7) Watanabe et al. (10) and
Chaput et al. (13) had different definitions. Gildner et al. (7) had a population from different
countries, and for most of them a BMI >30 was considered obese, except for China and India
where a BMI >27.5 was considered obese. In Japan they also have different cutoff values for
BMI, where a BMI >25 is considered obese (10). Chaput et al. (13) conducted the study in
The United States, where obesity was defined as a BMI >32. These different measures of
obesity can make it difficult to compare the studies to each other, as several participants may
be overweight due to different cutoff values on BMI definition. Another factor that can affect
the result is the definition on short sleep duration in the different studies. Some studies define
short sleep as <5h, 5-6h and <6h, which can result in stronger or weaker association between

sleep duration and obesity.

All the included studies had different follow-up time on sleep duration. The studies that used
objective measurements had a follow-up time from one to seven nights on sleep duration. The
studies that used subjective measurements had a follow-up time over several years, except
Gildner et al. (7) who measured sleep duration over two nights. By different follow-up times,
it can be difficult to compare the different studies to each other. With a follow-up time over
several years, like the studies from Chaput et al. (13), Hasler et al. (11) and Watanabe et al.
(10) more data will be collected, which can give more thorough results. In addition, a long
follow-up time will give a better overview of the participants sleeping patterns, rather than

measurements over one night.
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A potential source of error in this thesis is an uneven distribution of studies including
objective and subjective measuring methods. All the five included studies that used subjective
measurement methods found an association between sleep duration and obesity, but only one
of the objective studies found this association. This can be a factor that can affect the result in
this thesis, which can lead to a greater association between sleep duration and obesity by

using subjective measurements methods.

Based on this thesis, future research should consider measuring sleep duration objectively by
wrist actigraphy, and supply with subjective measurement methods, for example a sleep diary.
Wrist actigraphy is known to overestimate sleep duration, and sleep diary and questionnaire
known to underestimate (6). Therefore, a combination of subjective and objective measuring
methods might give the most valid result. In addition, longitudinal research over a longer
period is needed, to measure the participants natural sleep patterns. Moreover, future research
should differentiate between young adults, adults, and elderly because sleep duration and

sleep quality could change in these age groups.

6.Conclusion

Based on the findings in this review we can conclude there is a difference between subjective
and objective measurements methods when assessing the association between sleep duration
and obesity among adults. Several of the studies indicated an association between sleep
duration and obesity, but this association was mostly shown in the studies with subjective
measurements on sleep duration. Therefore, more studies should investigate the difference
between the two measurement methods and conduct more studies with a combination of
subjective and objective measurement methods. In addition, to get more precise and valid

results, it is recommended to have a long follow-up time and a large sample size.
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