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Summary
Baggrund: Sgvn har betydning for udvikling af sygdom. Darlig sgvnkvalitet samt en for kort og

en for lang sgvnleengde har vist sig at gge risikoen for udvikling af adskillige sygdomme, her-
iblandt diabetes, hjertesygdom, hypertension, fedme, inflammationssygdomme og psykiske
lidelser som angst og depression. Social ulighed i sundhed og sygdom er, trods opbygningen af
det danske sundhedssystem, fortsat et problem. Fokus har hidtil veeret pa de modificerbare
livsstilsfaktorer kost, rygning, alkohol og motion (KRAM) i forhold til sundhedsfremme og
forebyggelse af sygdom. Imidlertid er der stigende evidens for, at befolkningens sgvnvaner
desuden bgr indgd som en af disse modificerbare livsstilsfaktor. Ligesom for KRAM-
faktorerne tyder resultater i flere studier p3, at social ulighed findes i sgvn.

Formadl: Formalet med dette case-control studie er at undersgge, om sociogkonomisk status,
malt pa samleverstatus, beskaeftigelse, uddannelsesniveau og forskellige indkomstparametre,
har effekt pa selvvurderet sgvnkvalitet og sgvnlaengde pa voksne i Nordjylland, efter justering
for mulige confoundere.

Metode: Studiet inkluderer deltagere fra "Sundhedsprofilen 2013”, hvor 20.220 indbyggere i
Region Nordjylland har deltaget. Der er kun inkluderet deltagere med en alder over 20 ar i
2010 med en antagelse om, at sociogkonomisk status sdledes er mere stabil. Yderligere er
deltagere diagnosticeret med diabetes, depression, angst, visse kroniske lunge- samt hjerte-
sygdomme ekskluderet ved brug af data fra Danske Nationale Registre. Denne eksklusion er

foretaget, da man ved, at disse tilstande direkte influerer pa sgvn, uafthaengigt af sociogkono-
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misk status. Afslutningsvis er deltagere med manglende oplysninger om en hvilken som helst
variabel ekskluderet, hvorved den endelige population inkluderer 14.212 deltagere.

Oplysninger om sociogkonomisk status er indhentet fra Danske Nationale Regi-
stre med 2010 som exposure year. De sociogkonomiske faktorer, som er inkluderet i dette
studie er samleverstatus, beskaftigelsesstatus, uddannelsesniveau og forskellige indkomstpa-
rametre. 2013 er defineret som outcome year, hvor data om sgvnkvalitet- og sgvnleengde er
indhentet fra spgrgeskemaet "Sundhedsprofilen 2013”. Sgvnvariable er defineret som hen-
holdsvis sgvnkvalitet og sgvnkvantitet. Sgvnkvalitet er vurderet med afsaet i en sgvnkvalitets-
score udviklet af Det Nationale Forskningscenter for Arbejdsmiljg, benavnt NFA-score. Sgvn-
kvantitet er opdelt i kort sgvn, defineret som en sgvnleengde under fem timer, samt i lang
sgvn, defineret som en sgvnlaengde over 9 timer.

Af confoundervariable er fglgende medtaget: Alder, kgn, body mass index, ryger-
status og selvrapporteret generelt helbred. Oplysninger herom er en del af spgrgeskemaet fra
"Sundhedsprofilen 2013".

Den statistiske analyse er udfgrt i SAS version 9.4 (SAS Institute Inc. Cary, North
Carolina, USA). Der er udfgrt multivariat logistisk regression samt multinominal regression i
fire trin. Fgrst er der lavet en ujusteret model. Dernaest er der lavet en model justeret for alder
og kgn. Den tredje model er yderligere justeret for body mass index og rygerstatus, og i den
endelige model er der desuden justeret for selvrapporteret generelt helbred. Alle resultater er
angivet som odds ratio og 95% konfidensinterval. Statistisk signifikans er defineret ved en p-
veerdi < 0,001.

Resultater: Studiet finder at 13,93 % af deltagerne har en darlig sgvnkvalitet. 6,45 % har en
kort sgvnleengde mens 5,56 % af deltagerne har en lang sgvnlaengde. Den tredje model viser
et generelt billede, hvor der er forhgjede odds for en darlig sgvnkvalitet og en uhensigtsmaes-
sig sgvnlaengde iblandt de, der har single samleverstatus, er ubeskeeftigede, kun har folkesko-
leuddannelse samt lave indkomstparametre. Af den endelige model fremkommer, at selvrap-
porteret generelt helbred forklarer en del af ssmmenhangen, men fortsat ses det, at en darlig
sgvnkvalitet er associeret med single samleverstatus, arbejdslgshed samt lav husstands- og
®kvivaleret husstandsindkomst. For sgvnkvantitet viser den fuldt justerede model, at ar-
bejdslgse, deltagere kun med en folkeskoleuddannelse, en lav husstands- samt aekvivaleret

husstandsindkomst, har ggede odds for en kort sgvnleengde. Studerende, deltagere kun med
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folkeskoleuddannelse, deltagere med en lav personlig- og husstandsindkomst har ggede odds
for en lang sgvnleengde.

Desuden viser den endelige model et generelt mgnster, hvor hgjere indkomstni-
veauer mindsker oddsene for en uhensigtsmaessig sgvnlaengde.
Konklusion: En darlig sgvnkvalitet og en uhensigtsmaessig sgvnleengde har vist sig at have
multiple konsekvenser for helbredet. Social ulighed findes i adskillige aspekter af diverse livs-
stilsfaktorer, hvorved dette bidrager til ulighed i sundhed og sygdom. Hypotesen i dette case-
control studie er, at folk af lav sociogkonomisk status har en hgjere forekomst af en darlig
sgvnkvalitet samt en uhensigtsmaessig sgvnlangde. Resultaterne viser, at selvrapporteret
generelt helbred forklarer en del af sammenhangen, men fortsat ses et mgnster, hvor det at
veere single og have lave sociogkonomiske parametre, er associeret med en darlig sgvnkvali-
tet og en uhensigtsmaessig sgvnleengde. Dette identificerer risikogrupper, hvor der kan inter-

veneres med praeventive tiltag.
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Abstract

Introduction: Sleep quality and quantity influence health. As for other lifestyle factors social
inequalities seem to exist in sleep quality and quantity. Cross-sectional studies found that so-
cially disadvantaged people had a higher degree of poor sleep quality and abnormal sleep du-
ration compared to their socially better off counterparts.

The aim of this study was to evaluate if socioeconomic factors influence sleep
quality and sleep quantity, divided into short sleep (< 5h) or long sleep (> 9h) in a case-
control study.

Methods: 14,212 participants who answered the sleep questionnaire in North Denmark
Health Profile 2013 were included. Participants diagnosed with physical chronic diseases, de-
pression and anxiety were excluded. Data on participant’s socioeconomic status were drawn
from the Danish Administrative Registers with 2010 as exposure year. Marital status, em-
ployment status, education length, and measures of income were included. Multivariate lo-
gistic and multinominal regression analysis examined whether four proxy measures of socio-
economic status in four models were associated with sleep parameters. The final model ad-
justed for age, gender, body mass index, smoking status and self-reported general health.
Results: 13.93% reported poor sleep quality. 6.45% and 5.56% had short and long sleep du-
ration respectively. Poor sleep quality was associated with being single, unemployed and hav-
ing low income parameters. Short sleep duration was associated with being unemployed,
basic school educated and having low income parameters. Long sleep duration was associated
with being a student, basic school educated and having low income parameters. Higher in-
come levels decreased the odds of abnormal sleep duration. Adjusting for self-reported gen-
eral health attenuated the results.

Conclusion: Single marital status and low socioeconomic status were associated with poor
sleep quality and abnormal sleep duration. All results were influenced by self-reported gen-
eral health. This knowledge identifies groups at risk and is beneficial in order to intervene

towards better sleep hygiene.
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Introduction
Sleep epidemiology has been a topic for decades!. Prior studies have shown that sleep is asso-

ciated with the development of disease. Poor sleep quality and abnormal sleep duration have
shown to increase the risk of multiple diseases such as diabetes, heart disease, hypertension,
obesity, inflammatory diseases and psychiatric diseases such as anxiety and depression2-4.
Evidence suggests sleep quantity to be a U-shaped risk factor with the optimal amount of
sleep being seven to eight hoursl4.

Social inequalities in health and disease is partly explained by socioeconomic dif-
ferences in the KRAM-habits (Danish abbreviation for diet, smoking, alcohol and exercise)
which is a target of preventative approaches in order to promote health and prevent disease>.
As evidence that sleep plays an important part of health is rising, sleep might as well be a po-
tential factor one could target aligned with the KRAM-factors®.

As it applies to the KRAM-habits, studies have shown that social inequalities exist
in sleep quality and sleep duration”8. This has been investigated in different populations23.8-
11, When investigating the influence of socioeconomic status (SES) on sleep, different objective
measures have been used. Income is commonly used as a proxy of SES though no consistency
exist for the measure of this parameter. Despite these measuring differences, the majority of
studies find a relationship between low income and poor sleep?129-11.13-24 [n 2011 Ryu et al.
find in a study with 4,411 Korean adults that people with low average monthly income tend to
have either short (< 6h) or long (=9 h) sleep duration??. For sleep quality, Friedman et al in
2007 analyze data in a population of 94 American women aged 61 or above and find that in-
come predicts not only low Pittsburgh Sleep Quality Index (PSQI) score but also objectively
measured poor sleep efficiencyl. Another used measure of SES is education classified as the
highest educational level achieved. The association between educational level and sleep quan-
tity have been investigated by Whinnery et al. who in a study from 2014 conducted on 4,850
American adults find that education lower than completed college is associated with both
very short (< 5h) and short sleep (5-6h)?2. Additionally, an association between education
and sleep quality has been corroborated12911,1418,20,21,2526  Fyrthermore, employment status
as measure of SES is commonly used in literature. Park et al. in a study from 2010 conducted
on 6,510 Korean adults find that when investigating sleep duration, unemployed are more
prone to have short or long sleep duration!?. Further, Grandner et al. in 2010 analyze a popu-

lation of 159,856 American adults and report that unemployed have more subjective sleep
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complains when compared to their employed counterparts!8, Lastly, more studies have found
that married people are better sleepers with regards to both sleep quality and quantity10.17-
19,21,25-27.

Further, gender, age, body mass index (BMI), smoking habits and self-reported
general health (SGH) have been found to influence sleep quality and quantity381211,1516,19,25-28
Chronic conditions such as diabetes, anxiety, depression, extreme obesity or extreme under-
weight, respiratory and cardiovascular disease increase the risk of poor sleep quality and ab-
normal sleep duration281211,1517,19,24,25.27,29,30,

Common to existing literature is that the majority consists of cross-sectional
studies and also different measures of sleep and SES have been used3812,9-11,13-26,28,29,31-33,
Furthermore, some of the cited studies have small sample sizes or investigate specific popula-
tions groups29-11,14.15,2021,30,31 Only a few studies investigate Northern European
populations823.26.33 (literature search available in appendix A).

The present study aims at investigating if SES when measured by income, educa-
tion, employment status and marital status influence sleep quality and sleep quantity in adults
in Northern Region of Denmark. This study investigates if people of low SES have poorer sleep
than their better off counterparts when adjusted for confounders. Authors hypothesize that
people of low SES are more prone to have short sleep (< 5h) or long sleep (> 9h) when com-
pared to people of higher SES and further that people of low SES have worse self-reported
sleep quality compared to people of higher SES.

Methods
Study design and setting
This was a case-control study with exposure to SES in year 2010 and sampling of sleep
measures in 2013. Data from the questionnaire in the North Denmark Health Profile 2013
were used for the present analysis. The questionnaire originally aimed at investigating the
distribution of health and disease throughout the population in 11 municipalities in North
Denmark Region. Questionnaires were obtained between 30th of January and the 1st of May
2013.

The participants were randomly selected by the National Institute of Public

Health on condition that each municipality had at least 2000 citizens included with the excep-
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tion of Laesg Municipality. The questionnaires were sent by postal mail to 35,700 citizens. Of
those 20,220 participated giving a response rate of 56.6%. The questionnaire contained in-
formation on e.g. sleep, BMI, smoking habits and SGH. Further information can be found in

North Denmark Health Profile 201334,

Data sources
All participants had a Danish Civil Registration Number. This made it possible to identify par-

ticipants throughout different registers whereby personal data could be collected. The follow-
ing registers were used: The Danish National Prescription Registry containing data on all pre-
scription drugs sold in Denmark since 199435, The Danish National Patient Register contain-
ing data on hospital diagnoses and surgical procedures since 197736, Danish registers on per-
sonal income and transfer payments including data from 197037, The Danish Education Regis-
ters containing information regarding education from 1974 and the DREAM database cover-

ing public transfer of any kind registered every week a year since 19913839,

Variables

Sleep measures
Measures of sleep quality and quantity were based on subjective reports.

Sleep quality
Participants were asked to describe their sleep during the past month on a 4-item question-

naire. The four questions were the following: 1: Do you have trouble falling asleep? 2: Do you
wake up multiple times at night and have subsequent troubles falling asleep? 3: Do you have
early morning awakenings without being able to fall asleep afterwards? 4: Do you sleep poor
and restlessly?

The questionnaire was a part of the NFA (The National Research Centre for the
Working Environment) sleep score. Question 1-4, originally 2-5 in the North Denmark Health
Profile 2013 were chosen for the purpose of this study since they were questions derived from
Karolinska Sleep Questionnaire (KSQ). Further the 1-4 graduation system was inspired from
the PSQI40-43, The KSQ and the PSQI have been extensively used throughout literature and
have been a well accepted measure of subjective sleep quality21.40.44,

The scoring system accessing all answers was as follows: 1 = Not during the past

four weeks, 2 = Less than once a week, 3 = One or two times a week, 4 = Three or more times a
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week. Each answer weighted from 0-100%; 1 = 0%, 2 = 33.33%, 3 = 66.66% and 4 = 99.99%.
Percentages were added and divided by four. A higher score equaled a lower quality of sleep.
This study defined participants with a global NFA-score of 2 75% as having poor sleep quali-
ty43.

Since no item in the NFA-score evaluated how rested participants felt, partici-
pants were further asked to evaluate if they had felt well rested during the past four weeks.
Answers ranged from 1-3: 1 = Yes, usually, 2 = Yes, but not very often, 3 = No, never (almost
never). Answering 3 categorized participants into having poor sleep quality regardless of the

NFA-score.

Sleep quantity
Sleep quantity was defined as either short (< 5h) or long (> 9h). Participants were asked if

they, based on self-reported sleep duration, 1: slept less than five hours or 2: slept longer than
9 hours a night during the last four weeks.

Answers were assessed on a 1-4 scale (1 = Not during the past four weeks, 2 =
Less than once a week, 3 = One or two times a week, 4 = Three or more times a week. Partici-

pants answering four were dichotomized into either short or long sleepers.

Socioeconomic status
Four different measures of SES were used: marital status, employment status, education

length and income. Data were drawn from registers in Statistics Denmark in 2010.

Marital status:
Data on marital status was obtained from The Danish Income Statistics Register3’. Marital

status was dichotomized into single or cohabiting with a partner. For missing 2010 values
information was drawn from North Denmark Health Profile 2013 where marital status were

converted into single or cohabiting.

Employment status:
For the purpose of categorizing participants according to employment status, DREAM was

used3?. Data were derived from week 1 to 52 in 2010. Participants were divided into being
either student, employed, unemployed or retiree. A student was defined as a person receiving
The Danish Students’ Grants. An employed participant was defined as a person receiving no
social security benefits or receiving social security benefits compatible with any sort of job

activation exemplified with a person having a flex job who was then been categorized as em-
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ployed. Participants were categorized according to the employment status they had for most
weeks during 2010. If participants had belonged to two different categories of employment
status for 26 weeks, the participant was categorized according to the latest employment cate-

gory in 2010.

Education
Information regarding education was drawn from The Population’s Education Register 38. Ed-

ucation was classified according to The International Standard Classification of Education
2011 (ISCED)#5. Education was measured as the highest achieved level in 2010, divided into
following categories: basic school, high school, vocational education, short/medium education
and long/high education. For missing 2010 values information was drawn from North Den-
mark Health Profile 2013 where the education length was converted to the ISCED classifica-

tion.

Income
Data on income were obtained from The Danish Income Statistics Register in 2010 37. Yearly

income was measured by three parameters: personal income, household income and OECD-
modified equivalised household income. Each parameter was categorized into six income

groups: poor, low, work, middle, high, and upper (Appendix B).

Additional covariates
Self-reported covariates were drawn from North Denmark Health Profile 2013. Covariates in-

cluded age, sex, BMI, smoking status and SGH. Age in years was categorized into <40, <50, <60
and 60+ years. Sex was assessed as male/female. BMI was calculated from height and weight
and categorized into underweight (< 18,5), normal (18,5-24,9), overweight (25-29,9), obese
(30-34,9) and morbidly obese (> 35). Smoking status was divided into: never, former, occa-

sional and current smoker. SGH was assessed as “Excellent”, “Very good”, “Good”, “Poor” and

“Awful”.

Participants
This study included participants from North Denmark Health Profile 2013 aged 20 years old or

above in 2010 in order to ensure a more stabile SES3346, Exclusion criteria for the study were
chronic diseases and conditions known to cause poor sleep quality and quantity?281211,17-
19,23,2527 The Danish National Prescription Registry was used to identify subjects receiving

anti-diabetic drugs and antidepressants before May 1st 2010. They were then excluded from
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the study population under the assumption that when receiving these drugs the participants
suffered from diabetes, depression or anxiety. Only participants who had received antide-
pressants the past year were excluded. The Danish National Patient Register was used to
identify participants suffering from certain respiratory diseases, severe obesity, heart attack,
stroke and participants who had gone through coronary artery surgery before May 1st 2010.
They were excluded from the population (Appendix B). Participants who had missing data on
dependent or independent variables were excluded. This resulted in a study population of

14,212 participants (Fig.1).

[INSERT FIGURE 1: “Exclusion procedure”]

Cases of poor sleep quality were defined as participants having a NFA-score of 75
or above or never having felt well-rested during the past four weeks. Cases of abnormal sleep
duration were defined as participants sleeping less than 5 hours or longer than 9 hours three

times or more a week. Controls were all participants included.

Statistical methods
Demographic characteristics were described by frequencies and percentages for groups de-

fined by good and poor quality sleepers. For sleep quantity participants were divided into
normal, short and long sleep duration. For the calculation of p-values the chi-square test was
used. The second part investigated unadjusted and adjusted estimates. Estimates were ad-
justed for sex, age, BMI and smoking habits. The initial unadjusted analysis revealed SGH to
affect sleep parameters extensively. SGH status was adjusted for in the final model. SES pa-
rameters were included in a regression model as the dependent variables. For sleep quality
multiple logistic regression was used and for sleep quantity multinominal regression was
used to analyze possible associations between SES and sleep. Additionally, to detect for inter-
action multiple logistic and multinominal regression models with the inclusion of interaction
were used. No interaction was found (for additional information, see Appendix C).

Results were expressed as odds ratios (OR) and 95% confidence interval (CI) where reference
was the category variable consisting of most participants. Stratified analysis was conducted
according to the 11 municipalities participants were selected from. Since this procedure only

worked for multiple logistic regression, sleep quantity could not be stratified. However, au-
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thors found that the stratification for sleep quality had only little (differences to the third dec-
imal) to no difference on outcomes. All statistical analyses were conducted using SAS version

9.4 (SAS Institute Inc. Cary, North Carolina, USA).

Ethics
No ethical approval was required for this study. Approval by the Danish Data Protection

Agency was obtained prior to the beginning of the study (approval number GEH-2014-014).
All information on participants was anonymized according to a surrogate Civil Registration

Number.

Results

Population characteristics

In table 1 characteristics of the population by sleep quality and quantity were shown. For
sleep quality the groups differed on all variables except age. For sleep quantity the groups

differed on all variables except sex.

[INSERT Table 1: “Characteristics of 14,212 participants from North Denmark Region aged > 20

according to sleep parameters”]

13.93% of participants reported poor sleep quality. For sleep quantity 6.45% had
short sleep and 5.56% had long sleep duration. Regarding SES parameters (table 1) more co-
habiting participants reported good sleep quality and had more frequent normal sleep dura-
tion. For employment status more employed participants had good sleep quality and more
normal sleep duration. As educational level increased, more participants reported good sleep
quality. The same applied to normal sleep duration. For all income parameters a pattern that
the highest income groups had lower frequencies of poor sleep quality was observed. The

same pattern existed for short and long sleep duration.

In table 2, table 3 and table 4 odds ratios (95% confidence intervals) for the as-
sociation between SES parameters and sleep measures before and after adjustment for the

possible confounding effects of sex, age, BMI, smoking status and SGH were shown.
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[INSERT Table 2: “Multiple logistic regression models and the association between SES and poor
sleep quality before and after adjustment”]

Marital status
In table 2 single participants appeared to have higher odds of poor sleep quality compared to

their cohabiting counterparts when unadjusted (OR = 1.33, 95% CI 1.19-1.49). Sex, age, BMI
and smoking status did not seem to confound the association. After adjustment for SGH the
odds of poor sleep quality was attenuated (OR = 1.16, 95% CI 1.03-1.31).

In table 3 single participants appeared to have the highest odds of short sleep
duration compared to cohabiting participants when unadjusted (OR = 1.29, 95% CI 1.10-
1.52). The same pattern was seen in model 2 and 3. After adjustment for SGH, single marital
status lost its significance (OR = 1.12, 95% CI 0.95-1.33).

In table 4 single participants were more prone to have long sleep duration com-
pared to those cohabiting when unadjusted. However, the OR was not significant in model 4

(OR=1.16,95% CI 0.98-1.38).

[INSERT Table 3: “Multiple logistic regression models and the association between SES and short

sleep duration before and after adjustment”]

[INSERT Table 4: “Multiple logistic regression models and the association between SES and long

sleep duration before and after adjustment”]

Employment status
In table 2, model 1 unemployed had the highest odds of poor sleep quality (OR = 2.00, 95% CI

1.63-2.45). This pattern persisted in model 2 and 3. In model 4 OR decreased (OR = 1.29,95%
CI 1.03-1.61). Being retired also increased the odds of poor sleep quality and the odds were
enhanced in model 2 and 3 (OR = 1.49, 95% CI 1.28-1.82 and OR=1.42,95% CI 1.17-1.72,
respectively). After adjustment for SGH status no association between retiree and poor sleep
quality remained (OR = 0.97, 95% CI 0.82-1.16).

Table 3 showed that unemployed had higher odds of short sleep duration. This
pattern was true for all models, even though the odds were attenuated in model 4 (OR = 1.61,
95% CI 1.22-2.12). Retired participants also had higher odds of short sleep duration though

enhanced in model 2 and 3. In model 4 no association between being retired and having short
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sleep duration was found (OR = 1.15, 95% CI 0.92-1.45).

In table 4, model 1-3 both unemployed participants, students and retired partici-
pants had higher odds of long sleep duration. In model 4 only students had significantly high-
er odds of having long sleep duration (OR =1.61, 95% CI 1.09-2.38).

Education length
Table 2, model 1 showed that participants with basic school education had the highest odds of

poor sleep quality (OR = 1.41, 95% CI 1.26-1.58). This pattern persisted in model 2 and 3. In
model 4 no association between basic school education and poor sleep quality remained (OR
=1.13,95% CI 1.00-1.28). A pattern that short/medium length education decreased the odds
of poor sleep quality existed though it only was significant in model 2 and 3. The same pattern
was observed for long length education.

Table 3 showed that participants having basic school education, had higher odds
of short sleep duration compared to participants having a vocational education. The pattern
persisted in model 2 and 3 but in model 4 the odds were attenuated (OR = 1.33,95% CI 1.13-
1.57). Short/medium and long length educated participants had lower odds of short sleep
duration but in model 4 long education length lost its significance (OR = 0.68, 95% CI 0.45-
1.03).

In table 4 the same pattern was seen for long sleep duration and education

length.

Income parameters
Table 2 showed a pattern that poor to low income participants had increased odds of poor

sleep quality. Middle to upper income participants had decreased odds of poor sleep quality.
For personal income no significance was found in model 4.

Table 3 showed a pattern that people of middle to upper income levels had lower
odds of short sleep duration. Except for personal income a pattern was seen that participants
of low income levels had higher odds of short sleep duration compared to participants belong-
ing to the work level income.

In table 4 the income parameters showed a pattern that poor to low income lev-
els increased the odds of long sleep duration, while middle to upper income levels decreased

the odds of long sleep duration.
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Discussion

Key results

Authors found that people having poor or low household and equivalised income were signifi-
cantly more likely to have poor sleep quality and abnormal sleep duration. The same was true
concerning single marital status, short education length, unemployment and retirement. After
adjustment for SGH, the odds were attenuated but remained significant for marital status, ed-
ucation length, employment status and income parameters for both poor sleep quality and
abnormal sleep duration, though personal income was not a strong predictor of sleep meas-

urements.

Sleep quality
This study found that 14% participants had poor sleep quality. The prevalence of poor sleep-

ers found in previous studies ranges from 9%-55% indicating large differences®182124-26, One
possible explanation to this difference was the measure used to measure sleep quality. Most
studies using PSQI plus the standardized > 5 point as a cut off for poor sleep quality found
high prevalences of poor sleepers ranging from 26-55%382124-26, Patel et al. instead used a 1-5
point scale to evaluate overall restlessness found a prevalence of 9% poor sleepers 18. In this
study, the NFA-score was used and participants diagnosed with diseases known to decrease
sleep quality were excluded. This might have contributed to the explanation of the low per-

centage of poor sleepers found in this study.

Sleep quantity
Authors found that 6% of participants had a short sleep duration, while previous studies re-

ported prevalences of 15%-37%21517.19.24 In this study, short sleep was defined as sleep dura-
tion below five hours, while most other previous studies used sleep duration below six hours.
This might explain the low percentage of short sleepers found in this study. 6% had a sleep

duration above 9 hours which is comparable to the 4-10% found in previous literature517.19,

Marital status and sleep
This study found that single participants had 16% higher odds of having poor sleep quality

than their cohabiting counterparts. In line with this, previous studies found that being single
increased the odds of poor sleep quality!>17.19.252646_For sleep quantity this study found that
single participants had more short and long sleep duration though not significant after adjust-

ing for SGH. When comparing to existing literature, results regarding sleep quantity have been
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diverging. Hale et al. found a pattern similar to the one observed in this study#t. Ryu et al.
found that married had higher odds of short sleep while Park et al. found widowed, divorced
and separated had the highest odds17.1%. Ryu et al. found that married had lower odds of long
sleep duration than their unmarried counterparts, though not significant!®. Park et al. found
no pattern for long sleep duration and marital status?’.

As suggested by Hale et al., increased sleep schedule flexibility might result in the
higher odds of abnormal sleep duration found among single people46. Furthermore, single
people may also have less social support which have also been suggested to have negative
impact on sleep quantity#6. Authors of this study suggested that this might also influence sleep

quality.

Employment status and sleep
In line with Mezick et al.,, this study found that unemployed people were more prone to report

poor sleep quality compared to their employed counterparts with an increased odds of 29%?14.
This was corroborated by Soltani et al. and Stringhini et al21.26, Further studies have shown
that also sleep duration is influenced by employment status. Present study found that unem-
ployed had 61% higher odds of short sleep duration, which was in accordance with results
found by Park et all’. Krueger et al. found the same pattern though the results were attenuat-
ed after adjustment?!>. Regarding long sleep duration literature have shown that unemployed
tend to have more long sleep duration than employed17.19.3246, This result could not be repro-
duced in this study. One possible explanation to this diverging result could be that unem-
ployment status might be confounded by SGH, which might partly explain the attenuated odds

seen after the final adjustment.

Education and sleep
For sleep quality this study initially found a pattern that a low educational level increased the

odds of poor sleep quality, while a higher educational level decreased the odds of poor sleep
quality, but after the final adjustments no difference between education length and sleep qual-
ity was observed. SGH was the greatest confounder. Existing literature proposed that a low
educational level significantly increased the odds of poor sleep quality, while a higher educa-
tional level decreased the 0dds1210.182647 The diverging results found in this study compared
to previous literature could be due to the confounding effect of SGH, which this study adjusted

for.
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For sleep quantity authors found that basic school educated had approximately
30% higher odds of both short and long sleep duration. Short/medium education decreased
the odds of abnormal sleep duration with approximately 25-30%. This pattern is in line with
existing literaturel2.17,1946,

In general, it has been suggested in previous literature that higher educated peo-
ple have more knowledge, a healthier lifestyle and fewer chronic stressors than their lower

educated counterparts, thereby explaining the differences found in all sleep parameters214647,

Income parameters and sleep
Generally, authors found a pattern that participants in the lowest income groups had higher

odds of poor sleep quality and abnormal sleep duration. This is in line with existing literature
where the same pattern was found?10.1819, The opposite was found among the highest income
levels, indicating a protective effect of prosperity on sleep quality and quantity which was in
accordance with existing literature11.1516, Throughout literature different measures of income
have been used. This study investigated three income parameters and found that personal
income did not affect sleep quality. Neither did the lowest personal income levels increase the
odds of short sleep. It might reflect that a low personal income was not a risk factor of poor
sleep quality and short sleep duration. This indicated that mainly the total resources in a
household influenced sleep parameters. On the other hand, a high personal income still

seemed to provide protection against abnormal sleep duration.

SGH, SES and sleep
An attenuation of the odds of poor sleep quality and abnormal sleep duration was observed

after including SGH in the regression model. This was in agreement with Friedman et al. who
suggested a model where SGH partly explained the association between SES and sleep param-
eters!l. On the other hand, Moore et al. suggested sleep quality as a mediator in translating SES
into SGH, thereby not considering SGH to be a confounder!2. The same suggestion was made
by Sekine et al3.

One possible suggestion for future studies would be to exclude participants eval-

uating their SGH to be poor instead of including SGH as a confounder.

Strengths and limitations
A strength of this study was its case-control design which had a higher evidence level and a

higher ability to detect causal interference compared to existing cross-sectional literature, by
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temporally separating exposure from outcome*84°. Furthermore, register data were used for
the process of exclusion and SES parameters which diminished the susceptibility to selection
and information bias#°. Authors also intended to increase the reliability and reproducibility by
including a large sample size. Another strength was the exclusion of participants with diseas-
es known to influence sleep parameters. Additionally, this study included several measures of
SES and investigated their relation to both sleep quality and quantity, which provided an in-
creased insight into possible associations between SES and sleep.

There were several limitations to this study that should be considered. First, it
should be taken into consideration that the evaluation of sleep quality and quantity relied on
subjective self-reports. This raised the possibility of recall bias and over or underestimation of
sleep parameters. By the use of sleep diaries this might have been prevented. A further limita-
tion regarding the measures of sleep was the questionnaire used in North Denmark Health
Profile 2013, which was a questionnaire never used before. Authors therefore choose to in-
volve only the four already validated questions derived from KSQ. Additionally, for the meas-
ure of sleep duration participants were only asked how often in a week they slept less than
five hours and more than nine hours and abnormal sleep duration was classified as abnormal
sleep duration three or more times a week. A questionnaire covering the exact sleep duration
during e.g. all weekdays in a week would have been preferred in order to minimize the risk of
over and underestimation of sleep duration. Further, no objective measure of sleep such as
polysomnography or actigraphy, was available. It would have been preferable especially for
measuring sleep quantity. However, it would have been costly to use on a population of more
than 20,000 participants. Furthermore, it has been shown that subjective evaluations were
good at predicting morbidity and mortality!1.

Another limitation to the present study was the low participation rate in North
Denmark Health Profile 2013. It has been shown that response rates are increasing with in-
creasing SES and thereby the prevalence of poor sleep quality and abnormal sleep duration
might be underreported in this study®0. This increased the risk of selection bias, which poten-
tially decreased the rates of poor sleepers on both sleep parameters, thereby underestimating
the extend of sleep problems in the general population. The population was further reduced
because of missing values for sleep parameters and other covariates, where list-wise deletion

was used. This could also cause selection bias and might affect the external validity of the re-
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sults found in this study. By using multiple imputation, selection bias could have been elimi-

nated, but this feature was not used due to a limited time frame.

What this study adds
This study contributed to the understanding of the influence of SES on sleep quality and quan-

tity. This association was investigated after the exclusion of diseases known to cause poor
sleep and after adjustment for confounders known to influence sleep. To our knowledge, it
was the first longitudinal study, in a field where existing literature consisted mainly of cross-
sectional studies.

This study identified single, unemployed, low educated and poor financial posi-
tioned people as possible targets for health promoting strategies in order to prevent the mul-
tiple negative health consequences of poor sleep quality and abnormal sleep duration.

Further, authors found that personal income did not affect neither sleep quality
nor short sleep duration, indicating that it was the total resources in a household that affected
sleep. For future research authors therefore recommend using other measures of income.

This study increased the understanding of a possible population at risk, where
clinicians, politicians and society might intervene by providing information about appropriate

sleep hygiene, thereby promoting health and preventing disease.

Conclusion
This case-control study hypothesized and found that people of low SES were more prone to

have poor sleep and found that single marital status and low SES parameters were associated
with poor sleep quality and abnormal sleep duration. However, if SGH was considered a con-
founder, it partly explained the association.

This knowledge identified groups at risk where interventions towards better
sleep hygiene could be beneficial in order to promote health and prevent disease caused by

poor sleep quality and abnormal sleep duration.
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Tabels and figures

Table 1: Characteristics of 14,212 participants from North Denmark Region aged = 20

Total

Sex

- Male

— Female

Age (years)

- <40

- <50

- <60

- 60+

Body mass index
-~ Underweight

- Normalweight

- Overweight

— Obese

- Morbidly obe-
se

Smoking status

- Yes

- Occasionally

- Former

- Never

- Total

Self-reported ge-

neral health

- Excellent

- Verygood

-  Good

- Poor

- Awful
Marital status

- Cohabiting
- Single
Employment sta-
tus

- Employed

- Unemployed
- Student

- Retiree
Education length
- Basic school
- High school
- Vocational

- Short/medium

- Long
Personal income
annually

- Poor

- Low

-  Work

- Middle

- Higher

according to sleep parameters
Sleep quantity

Sleep quality
Good (%) Poor (%)
12,232 1,980
(86.07) (13.93)
6037 (88.62) 775 (11.38)
6195 (83.72) 1205 (16.28)
2955 (86.58) = 458 (13.42)
2673 (84.70) = 483 (15.30)
2744 (85.70) = 458 (14.30)
3860 (86.92) = 581 (13.08)
155 (79.08) 41 (20.92)
5447 (87.61) 770 (12.39)
4724 (86.46) 740 (13.54)
1490 (82.41) 318 (17.59)
416 (78.94) 111 (21.06)
1873 (83.69) 365 (16.31)
350 (87.06) 52 (12.94)
4007 (85.51) | 679 (14.49)
6002 (87.16) = 884 (12.84)
12,232 1980
1432 (95.40) 69 (4.60)
5218 (92.68) 412 (7.32)
4262 (84.56) 833 (15.44)
924 (63.94) 521 (36.06)
96 (39.83) 145 (60.17)

9968 (86.76)
2264 (83.14)

8374 (86.90)
429 (76.88)
318 (85.95)
3111 (85.28)

3033 (82.44)
583 (85.61)
5284 (86.85)
2687 (88.27)
645 (89.09)

1053 (83.90)
2174 (83.71)
3021 (84.20)
3312 (87.50)
1500 (88.34)

1521 (13.24)
459 (16.86)

1262 (13.10)
129 (23.12)
52 (14.05)

537 (14.72)

646 (17.56)
98 (14.39)
800 (13.15)
357 (11.73)
79 (10.91)

202 (16.10)
423 (16.29)
567 (15.80)
473 (12.50)
198 (11.66)

P-value

<.0001*

0.0329

<.0001*

0.0003*

<.0001*

<.0001*

<.0001*

<.0001*

Normal (%)
12,506 (87.99)

6044 (88.73)
6462 (87.32)

2979 (87.28)
2794 (88.53)
2853 (89.10)
3880 (87.37)

162 (82.65)
5565 (89.51)
4806 (87.96)
1541 (85.32)
432 (81.97)

1905 (85.12)
350 (87.06)
4106 (87.62)
6145 (89.24)
12,506

1356 (90.34)
5212 (92.58)
4731 (87.69)
1078 (74.60)

129 (53.53)

10179 (88.60)
2327 (85.46)

8605 (89.30)
448 (80.29)
316 (85.41)
3137 (85.99)

3066 (83.34)
597 (87.67)
5383 (88.48)
2789 (91.62)
671 (92.68)

1050 (83.67)
2202 (84.79)
3098 (86.34)
3433 (90.70)
1545 (90.99)

Short <
5h
916 (6.45)

398 (5.84)
518 (7.00)

207 (6.07)
238 (7.54)
206 (6.43)
265 (5.97)

16 (8.16)
349 (5.61)
354 (6.48)
142 (7.85)
55 (10.44)

200 (8.94)
26 (6.47)
301 (6.42)
389 (5.65)
916

75 (5.00)
198 (3.52)
356 (6.60)
221
(15.29)
66 (27.39)

707 (6.15)
209 (7.68)

571 (5.93)
71 (12.72)
21 (5.68)
253 (6.94)

332(9.02)
41 (6.02)
378 (6.21)
139 (4.57)
26 (3.59)

790 (7.73)
193 (7.43)
291 (8.11)
188 (4.97)
77 (4.53)

Long > 9h
790 (5.56)

370 (5.43)
420 (5.68)

227 (6.65)
124 (3.93)
143 (4.47)
296 (6.67)

18 (9.18)
303 (4.87)
304 (5.56)
125 (6.91)
40 (7.59)

133 (5.94)
26 (6.47)
279 (5.95)
352 (5.11)
790

70 (4.66)
220 (3.91)
308 (5.71)
146
(10.10)
46 (19.09)

603 (5.25)
187 (6.87)

460 (4.77)
39 (6.99)
33(8.92)
258 (7.07)

281 (7.64)
43 (6.31)
323 (5.31)
116 (3.81)
27 (3.73)

108 (8.61)
202 (7.78)
199 (5.55)
164 (4.33)
76 (4.48)

P-value

0.0140

<.0001*

<.0001*

<.0001*

<.0001*

<.0001*

<.0001*

<.0001*
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- Upper
Household income
annually

- Poor

-  Low

- Work

- Middle

- Higher

- Upper
Equivalised in-
come

- Poor

-  Low

-  Work

- Middle

- Higher

- Upper

* p-value < 0.001 %

1172 (90.92)  117(9.08)  <.0001* | 1178(91.39) 70 (5.43)
980 (82.08) | 214 (17.92) 1000 (83.75) 84 (7.04)
2507 (83.71) = 488 (16.29) 2541 (84.84) | 250 (8.35)
2760 (86.28) | 439 (13.72) 2782 (86.96) | 215 (6.72)
3248 (86.34) | 514 (13.66) 3374 (89.69) | 223 (5.93)
1740 (89.00) | 215 (11.00) 1802 (92.17) 80 (4.09)
997 (90.06) | 110(9.94) | <.0001* | 1007 (90.97) 64 (5.78)
414 (82.80) 86 (17.20) 425 (85.00) 30 (6.00)
2336 (83.25) 470 (16.75) 2352 (83.82) 236 (8.41)
3109 (85.13) = 543 (14.87) 3163 (86.61) 263 (7.20)
3553 (86.57) 548 (13.43) 3656 (89.59) 238 (5.83)
1807 (89.23) 218 (10.77) 1866 (92.15) 83 (4.10)
1033 (89.98)  115(10.02)  <.0001* | 1044 (90.94) 66 (5.75)

41(3.18)  <.0001*

110 (9.21)
204 (6.81)
202 (6.31)
165 (4.39)
73 (3.73)

36 (3.25) | <.0001*

45 (9.00)
218 (7.77)
226 (6.19)
187 (4.58)
76 (3.75)

38(3.31)  <.0001*

Table 2: Multiple logistic regression models and the association between SES and poor
sleep quality before and after adjustment

Model
Adjusting vari-
ables

Marital status

- Cohabiting*
- Single
Employment sta-
tus

- Employed*

- Unemployed
- Student

- Retiree
Education length
- Basic school
- High school
- Vocational*
- Short/medium
- Long
Personal income
annually

-  Poor

-  Low

- Work*

- Middle

- Higher

- Upper
Household income
annually

- Poor

- Low

-  Work*

- Middle

- Higher

1
Unadjusted

1.00
1.329 (1.186-1.489)

1.00
1.995 (1.625-2.451)
1.085( 0.804-1.463)
1.145 (1.027-1.277)

1.407 (1.257-1.575)
1.110 (0.885-1.393)
1.00

0.878 (0.768-1.003)
0.809 (0.633-1.034)

1.022 (0.858-1.218)
1.037 (0.903-1.190)
1.00

0.761 (0.667-0.868)
0.703 (0.591-0.836)
0.532 (0.431-0.656)

1.373 (1.148-1.642)
1.224 (1.064-1.407)
1.00

0.995 (0.867-1.141)
0.777 (0.653-0.924)

2
+ Sex and age

1.00
1.353 (1.206-1.518)

1.00
1.970 (1.601-2.422)
1.088 (0.798-1.484)
1.493 (1.277-1.816)

1.431 (1.272-1.610)
1.025 (0.812-1.295)
1.00

0.815 (0.712-0.932)
0.819 (0.640-1.048)

1.144 (0.955-1.371)
1.221 (1.050-1.416)
1.00

0.746 (0.653-0.853)
0.709 (0.594-0.846)
0.566 (0.456-0.704)

1.479 (1.231-1.778)
1.308 (1.133-1.510)
1.00

0.931 (0.808-1.071)
0.703 (0.588-0.840)

3

+ Body mass in-
dex and smoking
status

1.00
1.318 (1.173-1.480)

1.00
1.834 (1.488-2.262)
1.114 (0.815-1.523)
1.422 (1.172-1.724)

1.385 (1.231-1.558)
1.065 (0.942-1.346)
1.00

0.845 (0.738-0.967)
0.882 (0.688-1.131)

1.177 (0.981-1.412)
1.217 (1.048-1.413)
1.00

0.768 (0.672-0.879)
0.752 (0.629-0.899)
0.610 (0.490-0.759)

1.478 (1.228-1.779)
1.301 (1.127-1.503)
1.00

0.949 (0.825-1.093)
0.735 (0.615-0.879)

4

+ Self-reported
general health
status

1.00
1.162(1.028-1.313)

1.00
1.291 (1.033-1.613)
1.221 (0.881-1.691)
0.973 (0.818-1.157)

1.130 (0.997-1.281)
1.151 (0.906-1.461)
1.00

0.928 (0.806-1.069)
1.060 (0.823-1.365)

1.090 (0.896-1.324)
1.055 (0.900-1.236)
1.00

0.940 (0.817.1.081)
1.045 (0.869-1.257)
0.873 (0.697-1.094)

1.290 (1.058-1.572)
1.171 (1.006-1.362)
1.00

1.064 (0.919-1.232)
0.946 (0.785-1.140)
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- Upper
Equivalized in-
come

-  Poor

-  Low

-  Work*

- Middle

- Higher

- Upper

0.694 (0.556-0.865)

1.152 (1.007-1.318)
1.189 (0.927-1.526)
1.00

0.888 (0.781-1.010)
0.691 (0.584-0.817)
0.637 (0.515-0.789)

0.625 (0.499.0.783)

1.224 (0.948-1.582)
1.317 (1.141-1.520)
1.00

0.821 (0.719-0.937)
0.619 (0.521-0.735)
0.571 (0.459-0.710)

0.678 (0.540-0.850)

1.289 (0.997-1.666)
1.306 (1.130-1.508)
1.00

0.844 (0.739-0.963)
0.652 (0.548-0.776)
0.622 (0.499-0.774)

0.864 (0.684-1.092)

1.334 (1.011-1.759)
1.124 (0.964-1.312)
1.00

0.984 (0.857-1.129)
0.873 (0.729-1.046)
0.817 (0.652-1.024)

Model 1: OR (95% CI) unadjusted; Model 2: OR (95% CI) adjusted for sex and age; Model 3: OR (95% CI)
adjusted for sex, age, BMI and smoking status; Model 4: OR (95% CI) adjusted for sex, age, BMI, smoking
status and general health.
*Reference variable for calculated OR and 95% CI.

Table 3 Multiple logistic regression models and the association between SES and short
sleep duration before and after adjustment

Model
Adjusting vari-
ables

Marital status

- Cohabiting*
- Single
Employment sta-
tus

- Employed*

- Unemployed
- Student

- Retiree
Education length
- Basic school
-~ High school
- Vocational*
- Short/medium
- Long
Personal income
annually

-  Poor

-  Low

- Work*

- Middle

- Higher

- Upper
Household income
annually

-  Poor

- Low

-  Work*

- Middle

- Higher

- Upper
Equivalized in-
come

1
Unadjusted

1.00
1.293 (1.101-1.519)

1.00
2.389 (1.834-3.112)
1.001 (0.639-1.570)
1.215 (1.042-1.417)

1.542 (1.322-1.799)
0.978 (0.701-1.365)
1.00

0.710 (0.581-0.867)
0.552 (0.368-0.828)

0.983 (0.773-1.251)
0.933 (0.772-1.128)
1.00

0.583 (0.482-0.705)
0.531 (0.410-0.687)
0.633 (0.483-0.828)

1.087 (0.836-1.413)
1.273 (1.053-1.540)
1.00

0.855 (0.704-1.038)
0.574 (0.441-0.748)
0.822 (0.616-1.097)

2
+ Sex and age

1.00
1.316 (1.119-1.547)

1.00
2.351 (1.803-3.065)
1.011 (0.636-1.606)
1.700 (1.334-2.165)

1.620 (1.383-1.898)
0.908 (0.646-1.277)
1.00

0.680 (0.556-0.832)
0.547 (0.365-0.822)

1.123 (0.877-1.438)
1.107 (0.903-1.357)
1.00

0.555 (0.458-0.672)
0.506 (0.389-0.657)
0.612 (0.464-0.807)

1.183 (0.906-1.545)
1.388 (1.142-1.686)
1.00

0.786 (0.645-0.957)
0.510 (0.390-0.666)
0.732 (0.547-0.980)

3

+ Body mass in-
dex and smoking
status

1.00
1.257 (1.067-1.479)

1.00
2.127 (1.627-2.782)
1.036 (0.651-1.648)
1.586 (1.248-2.016)

1.555 (1.327-1.823)
0.948 (0.674-1.335)
1.00

0.714 (0.583-0.874)
0.607 (0.404-0.913)

1.164 (0.908-1.492)
1.091 (0.890-1.339)
1.00

0.576 (0.475-0.698)
0.549 (0.422-0.714)
0.679 (0.514-0.897)

1.170 (0.895-1.530)
1371 (1.127-1.666)
1.00

0.811 (0.666-0.989)
0.547 (0.419-0.716)
0.822 (0.613-1.102)

4

+ Self-reported
general health

1.00
1.122 (0.950-1.326)

1.00
1.606 (1.215-2.124)
1.077 (0.673-1.721)
1.152 (0.918-1.446)

1.331 (1.131-1.566)
0.977 (0.691-1.382)
1.00

0.765 (0.623-0.939)
0.683 (0.453-1.030)

1.099 (0.853-1.416)
0.969 (0.787-1.193)
1.00

0.669 (0.550-0.814)
0.697 (0.533-0.911)
0.878 (0.661-1.166)

1.034 (0.787-1.359)
1.252 (1.026-1.528)
1.00

0.883 (0.722-1.079)
0.658 (0.502-0.864)
0.980 (0.727-1.321)
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-  Poor

-  Low

-  Work*

- Middle

- Higher
Upper

0.849 (0.574-1.255)
1.207 (1.004-1.450)
1.00

0.783 (0.653-0.939)
0.535 (0.415-0.689)
0.760 (0.575-1.005)

0.852 (0.573-1.268)
1.446 (1.188-1.760)
1.00

0.703 (0.584-0.846)
0.464 (0.359-0.600)
0.664 (0.501-0.881)

0.907 (0.609-1.351)
1.424 (1.170-1.735)
1.00

0.733 (0.608-0.883)
0.503(0.388-0.651)
0.749 (0.563-0.996)

0.908 (0.607-1.358)
1.264 (1.033-1.546)
1.00

0.824 (0.681-0.995)
0.624 (0.480-0.811)
0.916 (0.696-1.225)

Model 1: OR (95% CI) unadjusted; Model 2: OR (95% CI) adjusted for sex and age; Model 3: OR (95% CI)
adjusted for sex, age, BMI and smoking status; Model 4: OR (95% CI) adjusted for sex, age, BMI, smoking
status and general health.
*Reference variable for calculated OR and 95% CI.

Table 4 Multiple logistic regression models and the association between SES and long
sleep duration before and after adjustment

Model
Adjusting vari-
ables

Marital status
- Cohabiting*
- Single

Employment sta-
tus

- Employed*

- Unemployed
- Student

- Retiree
Education length
- Basic school
- High school
- Vocational*
- Short/medium
- Long
Personal income
annually

- Poor

- Low

- Work*

- Middle

- Higher

- Upper
Household income
annually

- Poor

- Low

-  Work*

- Middle

- Higher

- Upper
Equivalized in-
come

-  Poor

-  Low

1
Unadjusted

1.00
1.357 (1.145-1.608)

1.00

1.628 (1.159-2.289)
1.954 (1.349-2.830)
1.539 (1.314-1.802)

1.527 (1.294-1.803)
1.200 (0.864-1.668)
1.00

0.693 (0.558-0.861)
0.671 (0.449-1.001)

1.601 (1.254-2.045)
1.428 (1.165-1.750)
1.00

0.744 (0.601-0.920)
0.766 (0.584-1.004)
0.542 (0.385-0.763)

1.515 (1.188-1.932)
1.106 (0.904-1.353)
1.00

0.674 (0.545-0.832)
0.558 (0.424-0.834)
0.492 (0.343-0.707)

1.482 (1.059-2.073)
1.297 (1.069-1.574)

2
+ Sex and age

1.00
1.287 (1.085-1.528)

1.00

1.584 (1.125-2.230)
1.539 (1.047-2.262)
1.478 (1.154-1.894)

1.479 (1.246-1.754)
1.036 (0.738-1.454)
1.00

0.672 (0.540-0.837)
0.651 (0.436-0.974)

1.536 (1.196-1.974)
1.403 (1.131-1.741)
1.00

0.750 (0.605-0.930)
0.785 (0.596-1.033)
0.562 (0.397-0.797)

1.404 (1.097-1.798)
1.066 (0.868-1.310)
1.00

0.686 (0.553-0.852)
0.583 (0.441-0.770)
0.522 (0.362-0.751)

1331 (0.946-1.875)
1.258 (1.026-1.542)

3

+ Body mass in-
dex and smoking
status

1.00
1.261 (1.061-1.498)

1.00

1.489 (1.055-2.101)
1.571 (1.067-2.313)
1.428 (1.116-1.828)

1.442 (1.215-1.712)
1.065 (0.759-1.496)
1.00

0.687 (0.551-0.856)
0.686 (0.458-1.027)

1.578 (1.227-2.030)
1.404 (1.131-1.742)
1.00

0.767 (0.619-0.951)
0.821 (0.623-1.082)
0.595 (0.419-0.845)

1.407 (1.098-1.803)
1.066 (0.867-1.310)
1.00

0.694 (0.559-0.861)
0.601 (0.454-0.795)
0.556 (0.385-0.802)

1.391 (0.987-1.961)
1.255 (1.023-1.539)

4

+ Self-reported
general health

1.00
1.162 (0.976-1.384)

1.00

1.217 (0.856-1.728)
1.614 (1.093-2.383)
1.194 (0.942-1.513)

1.292 (1.086-1.538)
1.084 (0.770-1.527)
1.00

0.717 (0.575-0.894)
0.736 (0.491-1.104)

1.521 (1.180-1.961)
1.298 (1.044-1.615)
1.00

0.845 (0.680-1.050)
0.953 (0.721-1.260)
0.695 (0.488-0.989)

1.287 (1.002-1.654)
1.000 (0.812-1.232)
1.00

0.729 (0.587-0.907)
0.670 (0.505-0.887)
0.616 (0.426-0.890)

1.391 (0.985-1.965)
1.155 (0.939-1.420)
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-  Work*
- Middle
- Higher
- Upper

1.00

0.716 (0.586-0.874)
0.570 (0.437-0.744)
0.509 (0.359-0.723)

1.00
0.726 (0.592-0.891)
0.592 (0.451-0.778)
0.538 (0.378-0.767)

1.00
0.739 (0.602-0.908)
0.615 (0.468-0.808)
0.575 (0.403-0.821)

1.00
0.796 (0.648-0.979)
0.702 (0.533-0.924)
0.648 (0.453-0.927)

Model 1: OR (95% CI) unadjusted; Model 2: OR (95% CI) adjusted for sex and age; Model 3: OR (95% CI)
adjusted for sex, age, BMI and smoking status; Model 4: OR (95% CI) adjusted for sex, age, BMI, smoking
status and general health.
*Reference variable for calculated OR and 95% CI.

North Denmark Health Profile
2013
n=20,220

Participants included
If at 5th of May 2010
Aged <20 n =1674

Participants excluded:
If following recieved before 1st of May 2010
ATC A10A and A10B n =817
ATC NO6A n = 1572
ICD-10 G473, J44, )45, 121, 163, E66G and E66H n =

212

BMI < 15 and BMI > 50 = 26
Procedure code KFNE and KFNG n = 369
Participants not living in DK in 2010 = 30

Participants with missing values excluded:
Smoking = 142
Sleep =694

Health = 53
BMI =610

Marital status = 12
Education = 77

Figure 1: The exclusion procedure. A flowchart illustrating the process of exclusion and handling missing

data.
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