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INTRODUCTION
Excessive daytime sleepiness (EDS) has an estimated prev-

alence of 2.5% to 18.5% in the general population1–7 and it is 
more common in women than men.8,9 We have previously re-
ported a prevalence of 16.1% for EDS in a population-based 
group of women.7 Insomnia, poor general health and psychi-
atric disorders are all related to daytime sleepiness7,10–14 and, 
in addition, EDS is associated with an increased risk of car-
diovascular disease and mortality9 as well as having negative 
effects on daily activities.15 Finding the factors that predict the 
development of EDS is therefore of great importance to the 
general population.

Cross-sectional studies have related not only insomnia but 
also anxiety, depression, and somatic disease and obesity to 
EDS1–4,7,10–13,16,17 and two studies have analyzed the longitu-
dinal relationships between risk factors and EDS.14,18 Hasler et 
al.18 showed that symptoms of insomnia and anxiety at base-
line were associated with the subsequent occurrence of EDS, 
whereas Fernandez-Mendoza et al.14 reported that, apart from 
depression, weight gain also increases the risk of EDS over 
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time. However, there is still a lack of longitudinal studies ana-
lyzing the way changes in several potential risk factors over 
time are related to development of EDS later.

The aims of this population-based study in women were 
therefore to analyze the incidence of EDS and factors relating 
to the development of EDS in a general population of women 
and to analyze how change in risk factors over time can predict 
incident EDS.

METHODS

Participants and Setting
This longitudinal population-based study (Sleep and HEalth 

in women, “SHE”)7 started in 2000, when a questionnaire 
on sleeping habits and somatic disorders was sent to women 
aged ≥ 20 y, randomly selected from the population registry 
of the city of Uppsala, Sweden. The response rate was 71.6% 
(n = 7,051). In 2010, a follow-up questionnaire was sent to all 
the women who had answered the baseline questionnaire and 
were still alive.19 Of the original study population, 8.5% were 
lost at follow-up due to death (n = 461), emigration (n = 130), 
and unknown addresses (n = 5). The follow-up questionnaire 
was therefore sent to 6,455 women (91.6% of the initial study 
population) and completed by 5,193 (response rate 80.5%). In 
the current study, women with missing information on EDS 
in either the baseline or the follow-up questionnaire were ex-
cluded (n = 164). In addition, women with EDS at baseline were 
also excluded in order to analyze new cases of EDS (n = 707). 
The final study population therefore comprised a total of 4,322 
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women. The study was approved by the Ethics Committee at 
the Medical Faculty at Uppsala University and all the partici-
pants gave their informed consent before participating.

A comparison between responders and nonresponders still 
alive showed that at follow-up, the nonresponders were older 
(mean ages 45.0 ± 16.0 versus 43.3 ± 15.3 y, P < 0.001), some-
what more obese (mean body mass index [BMI] 24.5 ± 4.3 
versus 24.0 ± 4.1, P = 0.0007) and more often smokers (21.9 % 
versus 15.9 %, P < 0.0001) compared with the responders. The 
responders had somewhat longer baseline sleep duration (mean 
sleep duration 7.0 versus 6.9 h, P = 0.03), but the prevalence of 
EDS (14.0 versus 15.0%, P = 0.28) and habitual snoring (7.0 
versus 7.8 %, P = 0.31) did not differ between the groups. How-
ever, the nonresponders were less physically active at baseline, 
as 16.3% reported a high level of physical activity and 23.8% 
reported a low level of physical activity as compared to 21.1% 
and 15.7%, respectively, of the responders (P < 0.001).

Questionnaires
The follow-up questionnaire included mostly the same ques-

tions as the baseline questionnaire, which has previously been 
described in detail.7 In short, the follow-up questionnaire com-
prised questions on sleeping habits, snoring habits, insomnia, 
occupational status, shift work, civil status, physical activity, 
smoking, obesity, somatic disease, medication, and anxiety 
and depression.

Both at baseline and at follow-up, daytime sleepiness was 
assessed by asking the participants to state how severe their 
problems were regarding daytime sleepiness using the ques-
tion “How severe are your problems when it comes to feeling 
sleepy during the day?” The responses were given on a five-
point scale: 1 = no problems, 2 = small problems, 3 = moderate 
problems, 4 = severe problems, and 5 = very severe problems 
where a score of 4 to 5 was regarded as having EDS.20,21

The questions on the symptoms of insomnia and chronic 
insomnia were adopted from the Uppsala Sleep Inventory 
(USI),22 which has previously been used in several epide-
miological studies.20,23,24 Having insomnia was characterized 
as scoring 4–5 on at least one of the questions on difficulty 
initiating sleep, difficulty maintaining sleep, or early morning 
awakening. As in the questions on EDS, the women rated their 
difficulties on a five-point scale where 1 indicated ‘no prob-
lems’ and 5 ‘very severe problems’20.

Snoring habits were assessed using the question: “How often 
do you snore loudly and disturbingly?” The response options 
for this question were ‘never’ (1), ‘seldom’ (2), ‘sometimes’ (3), 
‘often’ (4) and ‘very often’ (5). Based on their response to this 
question, the participants were categorized into two groups: 
non-snorers (scores 1–3) and snorers (scores 4–5).

The women further indicated their current height and weight 
in both questionnaires and BMI was calculated and rounded off 
to one decimal point. BMI was categorized as normal weight/
overweight (18–27.9 kg/m2) and obese (≥ 28 kg/m2). Women 
with a BMI < 18 kg/m2 were not included in the analyses.

The participants’ physical activity was analyzed using four 
questions adopted from a questionnaire used in a large popu-
lation-based study of the correlation between physical activity 
and mortality.25 The participants were categorized as having a 
high or medium/low level of activity. Six questions assessed 

smoking habits and the women were categorized as smokers 
or nonsmokers.

The women were asked if they had any somatic disease(s) 
that required regular medical attention20 and they were also 
asked to specify any regular medication. In addition, anxiety 
and depression was assessed using the Hospital Anxiety and 
Depression (HAD) scale and the total score (both the anxiety 
and the depression score) was dichotomized with a cutoff at 
score 10 for either anxiety or depression, as this limit can be 
used as an indication of anxiety and/or depression.26

The participants were asked at both time points to indicate 
how many months they had worked nights and shifts over the 
past 10 y. A cutoff point of 60 mo was chosen when analyzing 
working nights and shifts. Analyses were made of working 
shifts and working nights as separate variables but also as a 
combined variable. Because there were no significant differ-
ences in the results for the separate variables compared with 
the combined variable the combined variable was used in the 
statistical analyses.

All variables were also grouped into “change variables” where 
the reference was no symptom at either baseline or follow-up 
(“No-No”) and the other groups were: increase in variable be-
tween time points (“No-Yes”/”Increased”/”Incident”), decrease 
between time points (“Yes-No”/”Decreased”/”Remitted”), and 
having answered yes to a symptom or variable at both time 
points (“Yes-Yes”/”Persistent”/”Habitual”).

Statistical Analyses
Statistical analyses were performed using Stata 13 (Stata 

Corporation, College Station, TX, USA). Univariate analyses 
for variables at both time points and also developments within 
risk factors between baseline and follow-up (changes between 
groups) with incident EDS as the outcome variable were con-
ducted. The variables were added to multiple logistic regres-
sion models in order to predict incident EDS from the changes 
within potential risk factors over time. Analyses were per-
formed with adjustment for age only and with adjustment for 
all potential predictors of incident EDS (fully adjusted model). 
In addition, because EDS is closely correlated with anxiety 
and depression and because insomnia could arguably be a me-
diator of several of the other variables, the analyses were also 
performed (1) without entering the variable of anxiety and/or 
depression into the model and (2) without entering the vari-
able of insomnia into the model. Analyses were also performed 
in the group of women without any reported somatic disease 
at either baseline or follow-up (n = 3,066) in order to analyze 
data in healthy women alone. For some of the possible risk 
factors for incident EDS, a reverse relationship was plausible 
and analyses of reverse causality were therefore performed for 
these variables. The results of the logistic regression models 
are presented as adjusted odds ratios (ORs) with 95% confi-
dence intervals (95% CI). A value of P < 0.05 was considered 
significant.

RESULTS
The incidence of EDS over the 10-y period was 7.9%. There 

was negative linearity between the prevalence of EDS and age 
at both time points showing that younger women reported more 
EDS (Figure 1). Univariate analysis revealed that insomnia, 
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anxiety/depression, regular medication, and smoking at base-
line or follow-up were all associated with incident EDS. In 
addition, somatic disease, snoring, obesity, physical activity, 
and full-time work at follow-up were related to incident EDS, 
as was marital status and having children at home at baseline 
(Table 1).

In the group of women with incident EDS, there was a higher 
prevalence of insomnia, anxiety/depression, regular medica-
tion, and a low/medium level of physical activity compared 
with the baseline group. There was also a somewhat higher 
prevalence of snoring, obesity, smoking, and shift/night work 
and fewer women in this group were cohabiting compared with 
the baseline group (Table 1).

Change over Time in Potential Predictors of EDS
Compared with all other women, there was more persistent 

insomnia and also more incident and persistent anxiety and/or 
depression in women with incident EDS. In addition, in this 
group, there were more incident and persistent snorers, more 
incident obesity, more incident and persistent smokers and 
more shift workers or night workers (both new and persistent) 
compared with the whole group. Furthermore, in the women 
with incident EDS there were fewer with increased or per-
sistent high physical activity, fewer women who had become 
full-time workers or were full-time workers at both time points, 
and also fewer women cohabiting at both time points (Table 2).

Prediction of Incident EDS from Changes within Risk Factors 
over Time

Changes within variables over time affected the develop-
ment of EDS. Incident and persistent: insomnia, anxiety and/
or depression, somatic disease, regular medication, smoking 

and obesity, as well as incident snoring, were all risk factors 
for developing EDS in the age adjusted analysis, whereas in-
creased and persistent high physical activity levels and starting 
full-time work reduced the risk. In addition, women with re-
mitted insomnia or anxiety/depression still ran an increased 
risk of EDS, although lower than for women with incident or 
persistent insomnia or anxiety/depression. When adjusting for 
confounders, all these variables, apart from remitted insomnia 
and persistent somatic disease, regular medication, obesity or 
smoking, remained as risk factors for incident EDS. In addi-
tion, in the fully adjusted model, the reduced risk of EDS with 
increased physical activity or with persistent high physical ac-
tivity did not reach statistical significance (Table 3).

Moreover, without entering anxiety and/or depression into 
the model, incident, remitted and persistent insomnia were 
the most important risk factors for EDS. In this model, be-
coming a full-time worker or having full-time work at both 
time points reduced the risk of EDS, as did co-habiting at both 
time points. The results were also similar in analyses in which 
the variable of insomnia was not included, but, in this context, 
going from living to not living with someone was also a risk 
factor for incident EDS. Having children at home at follow-up 
but not at baseline and children living at home at both time 
points increased the risk of EDS in the whole group of women 
(Table 3).

Because the current study was based on questionnaire data, 
a true knowledge of menopausal state could not be obtained. 
However, age was obtained and based on previous analysis of 
this female population27 at least 94% of the women who were 
46 y of age were classified as being premenopausal, whereas 
at least 93% of the women 53 y of age were considered post-
menopausal. Therefore, analysis in the whole group of women 

Figure 1—Prevalence of EDS (with 95% confidence interval) by age at baseline (2000) and follow-up (2010).
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was performed dichotomized at 50 y at baseline but also 40 y 
at baseline (i.e., 50 y at follow-up). Age-stratified results are 
presented in the supplemental material (Table S1).

Risk Factors in Women without Somatic Disease
As in the whole group of women, women without somatic 

disease ran an increased risk of the development of EDS if they 
had incident or persistent insomnia or anxiety/depression, as 
well as incident smoking, after adjusting for confounders. In 
contrast, increased physical activity reduced the risk of EDS 
in this group, whereas there was no significant relationship 

between obesity, full-time work, marital 
status, or having children at home and inci-
dent EDS (Table 3).

Bidirectional Relationships
For several of the variables presenting as 

risk factors for incident EDS, a bidirectional 
relationship was plausible. In the whole 
population, incident EDS increased the risk 
of incident insomnia (4.85; 3.52–6.69), per-
sistent insomnia (3.60; 2.00–6.49), incident 
anxiety and/or depression (2.02; 1.20–3.40), 
incident somatic disease (1.79; 1.21–2.65), 
incident obesity (1.56; 1.04–2.34) and inci-
dent smoking (4.27; 1.92–9.47). In addition, 
in the whole population, incident EDS was 
associated with a reduced chance of be-
coming a full-time worker (0.53; 0.34–0.81).

As in the whole population, incident EDS 
in healthy women was a risk factor for in-
cident insomnia (8.31; 4.96–13.9), persistent 
insomnia (4.95; 1.73–14.2), incident anxiety 
and/or depression (2.38; 1.07–5.31), and in-
cident smoking (8.74; 2.95–26.0). Further-
more, incident EDS reduced the chance of a 
remission in anxiety and/or depression (0.17; 
0.04–0.65), increased the risk of persistent 
anxiety and/or depression (6.04; 1.54–23.7), 
and reduced the chance of a change to high 
physical activity (0.43; 0.19–0.99).

DISCUSSION
This 10-y follow-up study showed that 

7.9% of the women developed EDS. In the 
whole group of women, incident and per-
sistent: insomnia, anxiety and/or depres-
sion, somatic disease, as well as incident: 
snoring, obesity, smoking and having chil-
dren at home at follow-up but not at baseline 
predicted the development of EDS. Taking 
on full-time work and co-habiting at both 
time points both reduced the risk. In women 
without somatic disease, incident and per-
sistent: insomnia and anxiety/depression, as 
well as incident smoking, emerged as risk 
factors for EDS. In this group increased 
physical activity reduced the risk, whereas 
no significant relationships were seen for 

snoring, obesity, marital status, or children at home.
The incidence of EDS in the current study was on par with 

previously published results14 and, as expected (as women be-
came 10 y older), the prevalence of EDS decreased.7,28,29 Some 
studies have shown a U-shaped relationship between age and 
EDS,14 a result not seen in the current study. One possible ex-
planation for the discrepancy between the current study and 
the one by Fernandez-Mendoza et al.14 is that the incidence of 
EDS is more likely to increase in elderly men, as Fernandez-
Mendoza et al. showed that male sex was a risk factor for in-
cident EDS and also demonstrated a U-shaped relationship.14

Table 1—Description of the women at baseline (2000) and follow-up (2010).

 Baseline (2000)
(n = 4,322)

Follow-Up (2010)
(n = 4,322)

New Cases of EDSa

(n = 343)
Age (y), mean (SD) 43.7 (15.2) 39.4 (14.5)
Insomnia

Yes 15.5c 19.5c 28.8
No 84.5 80.5 71.2

Anxiety and/or depression
Yes 10.8c 10.3c 28.9
No 89.2 89.7 71.1

Somatic disease
Yes 29.5 42.6c 33.8
No 70.5 57.4 66.2

Regular medication
Yes 40.3b 52.8c 53.9
No 59.7 47.2 46.1

Snoring
Yes 7.4 8.9c 8.6
No 92.6 91.1 91.4

Obesity
Yes 13.7 20.3b 15.3
No 86.3 79.7 84.7

Smoking
Yes 15.0b 8.8b 19.0
No 85.0 91.2 81.1

Physical activity
Medium/Low 78.1 77.3b 86.8
High 21.9 22.7 13.2

Full-time work
Yes 45.8 45.7b 42.4
No 54.8 54.3 57.6

Shift or night work
Yes 6.7 6.8 7.9
No 93.3 93.2 92.1

Marital status
Married/cohabiting 70.9c 74.1 61.1
Single 30.1 25.9 38.9

Children at home
Yes 43.5c 46.9c 44.1
No 56.5 53.1 56.0

Values are presented as percent with the exception of age. aAll numbers for “New cases of 
EDS” are calculated for baseline (2000) variables. bP < 0.05 in univariate analysis with incident 
EDS. cP < 0.01 in univariate analysis with incident EDS. EDS, excessive daytime sleepiness; 
SD, standard deviation.
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Role of Insomnia and Anxiety and/or Depression
Incident and persistent: insomnia, as well as anxiety and/or 

depression, were the most prominent predictors of the devel-
opment of EDS after adjusting for confounders in the current 
study. A remission in anxiety and/or depression also increased 
the risk of EDS, but the risk was lower than that for women 
with incident or persistent anxiety and/or depression indicating 
that anxiety and depression have long-term effects on EDS, 
even if the symptoms themselves are no longer present. More-
over, without entering anxiety and/or depression and insomnia 
respectively into the model, the ORs for predicting EDS re-
mained largely the same in comparison with the fully adjusted 
model. This indicates that, although anxiety and/or depression 
and insomnia may correlate with other predictors, these cor-
relations do not influence the prediction of incident EDS to any 
great extent. In addition, insomnia and anxiety and/or depres-
sion were also strong predictors of incident EDS in somatically 
healthy women.

Several previous studies have shown associations between 
insomnia and daytime sleepiness10,30–32 and also between anx-
iety/depression and daytime sleepiness.8,13,33,34 In addition, in 

longitudinal studies in both young adults18 and in the general 
population,14 baseline symptoms of insomnia but also psycho-
logical disorder such as anxiety were associated with EDS. 
Therefore, treatment of insomnia and also treatment of anxiety 
and depressive symptoms could significantly reduce EDS in 
women.

Somatic Disease, Obesity, Physical Activity, and Snoring
The current study shows that both incident and persistent 

somatic disease are risk factors for EDS and somatic diseases 
(diabetes, asthma/allergy, cardiac diseases, hypertension) have 
previously been related to daytime sleepiness both cross-sec-
tionally11,35–37 and longitudinally.14 In addition, we showed that 
obesity is a risk factor for incident EDS. Obesity measured as 
weight or BMI, but also changes in weight or BMI have previ-
ously been associated with an increased risk of EDS, and it 
has also been argued that obesity per se adds to EDS.7,14,16,17,38,39 
One factor that could affect the relationship between obe-
sity and EDS is physical activity, and Basta et al.17 showed 
that physical inactivity was a risk factor for EDS. In the cur-
rent study, obesity was a risk factor also after controlling for 

Table 2—Changes within variables during the 10-year follow-up.

 All Women New Cases of EDS
Variablea n % n % b

Insomniad

No-No 3,077 72.3 122 4.0
No-Yes (”Incident”) 521 12.2 118 12.6
Yes-No (”Remitted”) 349 8.2 27 7.7
Yes-Yes (”Persistent”) 310 7.3 71 22.9

Anxiety and/or depressiond 
No-No 3,370 83.2 171 5.1
No-Yes (”Incident”) 244 6.0 56 23.0
Yes-No (”Remitted”) 260 6.4 39 15.0
Yes-Yes (”Persistent”) 177 4.4 50 28.2

Somatic diseased 
No-No 2,150 49.8 125 5.9
No-Yes (”Incident”) 897 20.8 102 11.4
Yes-No (”Remitted”) 330 7.6 19 5.8
Yes-Yes (”Persistent”) 945 21.9 97 10.3

Regular medicationd 
No-No 1,554 36.0 80 5.1
No-Yes (”Incident”) 1,024 23.7 105 10.3
Yes-No (”Remitted”) 486 11.2 31 6.4
Yes-Yes (”Persistent”) 1,258 29.1 127 10.1

Snoringd 
No-No 3,588 87.3 269 7.5
No-Yes (”Incident”) 223 5.4 36 16.1
Yes-No (”Remitted”) 162 3.9 14 8.6
Yes-Yes (”Habitual”) 137 3.3 14 10.2

Obesityc

No-No 3,237 77.3 238 7.4
No-Yes (”Incident”) 377 9.0 46 12.2
Yes-No (”Remitted”) 96 2.3 4 4.2
Yes-Yes (”Persistent”) 476 11.4 46 9.7

 All Women New Cases of EDS
Variablea n % n % b

Smokingd 
No-No 3,590 83.6 264 7.4
No-Yes (”Incident”) 59 1.4 12 20.3
Yes-No (”Remitted”) 324 7.6 32 9.9
Yes-Yes (”Persistent”) 320 7.5 33 10.3

Physical activity (High)c

No-No 2,814 66.0 240 8.5
No-Yes (”Increased”) 512 12.0 27 5.3
Yes-No (”Decreased”) 482 11.3 42 8.7
Yes-Yes 456 10.7 27 5.9

Full-time work
No-No 1,526 35.7 142 9.3
No-Yes (”Increased”) 791 18.5 53 6.7
Yes-No (”Decreased”) 796 18.6 61 7.7
Yes-Yes 1,163 27.2 84 7.2

Shift or night work
No-No 3,852 89.1 299 7.4
No-Yes (”Increased”) 181 4.2 17 9.4
Yes-No (”Decreased”) 176 4.1 18 10.2
Yes-Yes 113 2.6 9 8.0

Co-habiting (“Marital status”)c

No-No 730 17.1 65 8.9
No-Yes 552 13.0 66 12.0
Yes-No 376 8.8 28 7.4
Yes-Yes 2,601 61.1 178 6.8

Children at homed 
No-No 1,543 37.5 95 6.2
No-Yes (”Increased”) 775 18.8 91 11.7
Yes-No (”Decreased”) 611 14.9 44 7.2
Yes-Yes 1,186 28.8 100 8.4

aNo-No: No at T1 (baseline) and T2 (follow-up); No-Yes: No at T1 and Yes at T2; Yes-No: Yes at T1 and No at T2; Yes-Yes: Yes at T1 and Yes at T2. 
bCalculated as n (new cases in the current group) / n (total number in the current group). cP < 0.05 in univariate analysis with incident EDS. dP < 0.01 in 
univariate analysis with incident EDS. EDS, excessive daytime sleepiness.
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Table 3—Prediction of new cases of excessive daytime sleepiness from changes within variables over time: results from multivariate logistic regression 
analyses.

 
 

Model 1
(n = 4,322 )

Model 2 
(n = 4,322 )

Model 3 
(n = 4,322 )

Model 4
(n = 4,322 )

Model 5
(n = 3,066)

Insomnia
No-No 1 1 1 N/A 1
No-Yes (”Incident”) 7.44 (5.64–9.81) 5.01 (3.63–6.92) 6.15 (4.52–8.37) 9.32 (5.56–15.6)
Yes-No (”Remitted”) 2.09 (1.35–3.23) 1.37 (0.82–2.28) 1.89 (1.18–3.01) 1.77 (0.78–4.01)
Yes-Yes (”Persistent”) 8.24 (5.93–11.4) 4.44 (2.97–6.65) 6.79 (4.69–9.83) 5.83 (2.89–11.8)

Anxiety and/or depression
No-No 1 1 N/A 1 1
No-Yes (”Incident”) 5.33 (3.80–7.48) 3.34 (2.22–5.02) 4.70 (3.21–6.88) 3.04 (1.56–5.91)
Yes-No (”Remitted”) 3.08 (2.12–4.49) 2.47 (1.60–3.81) 2.99 (1.98–4.52) 1.88 (0.87–4.05)
Yes-Yes (”Persistent”) 7.18 (5.00–10.3) 4.91 (3.17–7.62) 6.99 (4.65–10.5) 3.73 (1.70–8.22)

Somatic disease
No-No 1 1 1 1 N/A
No-Yes (”Incident”) 2.76 (1.08–3.67) 1.73 (1.17–2.55) 1.71 (1.19–2.46) 1.87 (1.28–2.71)
Yes-No (”Remitted”) 1.21 (0.73–2.00) 0.71 (0.37–1.36) 0.74 (0.40–1.37) 0.79 (0.42–1.49)
Yes-Yes (”Persistent”) 2.96 (2.19–4.01) 1.40 (0.90–2.17) 1.53 (1.01–2.31) 1.54 (1.01–2.37)

Regular medication
No-No 1 1 1 1 1
No-Yes (”Incident”) 2.52 (1.85–3.42) 1.62 (1.07–2.44) 1.73 (1.17–2.55) 1.69 (1.14–2.53) 1.71 (0.94–3.11)
Yes-No (”Remitted”) 1.18 (0.77–1.81) 1.13 (0.68–1.87) 1.14 (0.70–1.85) 1.14 (0.69–1.87) 1.26 (0.69–2.33)
Yes-Yes (”Persistent”) 2.90 (2.14–3.94) 1.54 (0.98–2.39) 1.64 (1.08–2.50) 1.70 (1.11–2.61) 1.94 (0.93–4.06)

Snoring
No-No 1 1 1 1 1
No-Yes (”Incident”) 2.52 (1.72–3.68) 1.91 (1.17–3.10) 1.84 (1.16–2.91) 1.93 (1.21–3.08) 1.27 (0.48–3.37)
Yes-No (”Remitted”) 1.38 (0.78–2.43) 1.36 (0.71–2.61) 1.43 (0.76–2.66) 1.36 (0.72–2.57) 0.62 (0.13–2.96)
Yes-Yes (”Persistent”) 1.70 (0.96–3.01) 0.96 (0.46–1.99) 0.89 (0.43–1.84) 1.15 (0.58–2.29) 0.84 (0.22–3.28)

Obesity
No-No 1 1 1 1 1
No-Yes (”Incident”) 1.78 (1.19–2.64) 1.71 (1.14–2.57) 1.48 (0.997–2.19) 1.70 (1.14–2.51) 1.28 (0.62–2.66)
Yes-No (”Remitted”) 1.57 (0.67–3.71) 0.59 (0.17–2.03) 0.58 (0.17–1.92) 0.61 (0.18–2.05) 1.03 (0.11–9.24)
Yes-Yes (”Persistent”) 1.56 (1.03–2.37) 0.99 (0.64–1.53) 0.96 (0.63–1.46) 1.07 (0.71–1.62) 1.38 (0.55–3.45)

Smoking
No-No 1 1 1 1 1
No-Yes (”Incident”) 3.00 (1.57–5.75) 4.31 (1.95–9.54) 3.91 (1.84–8.30) 4.20 (1.93–9.14) 7.27 (2.57–20.5)
Yes-No (”Remitted”) 1.34 (0.91–1.97) 0.75 (0.46–1.24) 0.89 (0.56–1.41) 0.89 (0.55–1.42) 1.01 (0.46–2.25)
Yes-Yes (”Persistent”) 1.52 (1.04–2.24) 0.90 (0.54–1.51) 0.93 (0.57–1.51) 1.03 (0.62–1.68) 1.18 (0.49–2.82)

High physical activity
No-No 1 1 1 1 1
No-Yes (”Increased”) 0.50 (0.33–0.75) 0.69 (0.43–1.12) 0.71 (0.46–1.12) 0.60 (0.38–0.96) 0.41 (0.17–0.96)
Yes-No (”Decreased”) 0.80 (0.56–1.13) 0.89 (0.58–1.36) 0.87 (0.58–1.30) 0.96 (0.64–1.44) 0.82 (0.44–1.53)
Yes-Yes 0.51 (0.33–0.77) 0.91 (0.56–1.49) 0.80 (0.50–1.28) 0.85 (0.53–1.37) 0.75 (0.38–1.51)

Full-time work
No-No 1 1 1 1 1
No-Yes (”Increased”) 0.47 (0.33–0.67) 0.59 (0.39–0.89) 0.59 (0.40–0.88) 0.54 (0.36–0.81) 0.68 (0.36–1.27)
Yes-No (”Decreased”) 0.76 (0.56–1.04) 0.76 (0.51–1.11) 0.74 (0.51–1.07) 0.74 (0.51–1.08) 0.66 (0.33–1.32)
Yes-Yes 0.63 (0.47–0.83) 0.76 (0.53–1.08)  0.72 (0.51–0.998) 0.78 (0.56–1.10) 0.83 (0.47–1.46)

Shift or night work
No-No 1 1 1 1 1
No-Yes (”Increased”) 1.02 (0.61–1.72) 0.92 (0.54–1.91) 0.93 (0.51–1.70) 0.86 (0.48–1.60) 1.01 (0.38–2.65)
Yes-No (”Decreased”) 1.32 (0.79–2.18) 1.01 (0.44–2.28) 1.10 (0.61–1.98) 1.11 (0.61–2.02) 1.83 (0.73–4.59)
Yes-Yes  0.99 (0.50–1.98) 1.00 (0.44–2.28) 0.89 (0.40–1.97) 1.07 (0.50–2.29) 1.37 (0.39–4.80)

Co-habiting (”Marital status”)
No-No 1 1 1 1 1
No-Yes 0.89 (0.60–1.34) 0.71 (0.43–1.17) 0.71 (0.44–1.16) 0.77 (0.47–1.24) 1.50 (0.55–4.07)
Yes-No 0.80 (0.50–1.27) 0.52 (0.28–0.97) 0.60 (0.34–1.07)     0.55 (0.31–0.9995) 2.44 (0.79–7.57)
Yes-Yes 0.64 (0.47–0.87) 0.47 (0.32–0.70) 0.49 (0.34–0.72) 0.53 (0.36–0.77) 1.25 (0.50–3.12)

Children at home
No-No 1 1 1 1 1
No-Yes (”Increased”) 1.49 (1.03–2.16) 1.72 (1.08–2.72) 1.75 (1.12–2.74) 1.75 (1.12–2.72) 1.45 (0.70–3.01)
Yes-No (”Decreased”) 1.17 (0.81–1.70) 1.11 (0.70–1.75) 1.17 (0.76–1.81) 1.15 (0.74–1.79) 0.78 (0.30–1.98)
Yes-Yes 1.19 (0.87–1.62) 1.46 (0.97–2.19) 1.55 (1.05–2.28) 1.55 (1.05–2.28) 0.87 (0.44–1.74)

Values presented as adjusted odds ratios (95% confidence interval). Model 1: adjusted for baseline age; Model 2: Model 1 plus adjusted for development in all covariates; Model 
3: Model 2 but without the variable anxiety and/or depression; Model 4: Model 2 but without the variable insomnia; Model 5: Model 2 in women without somatic disease. Bold 
indicates significance P < 0.05.
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physical activity, thereby indicating that incident obesity per 
se increases the risk of developing EDS. In addition, increased 
physical activity only reduced the risk of developing EDS in 
healthy women, which may indicate that having a somatic 
disease impedes the effect of increased physical activity. Fur-
thermore, a result was seen for an increase in activity to high 
physical activity, which may be difficult for people with a so-
matic disease to achieve. Previous studies have indicated that 
daytime sleepiness increases with lower levels of physical ac-
tivity,40 but, to our knowledge, there are no previous studies 
primarily assessing the reverse.

As in previous studies,41 there was an association between 
snoring and daytime sleepiness in the current population and 
becoming a snorer increased the risk of developing EDS, al-
though not in healthy women. Snoring-related daytime sleepi-
ness may be explained by snoring-induced vibrations in the 
pharynx that induce an inflammatory state with elevated cyto-
kine levels,42 previously associated with daytime sleepiness.43 
However, snoring may also be a proxy for some other condi-
tion, such as obstructive sleep apnea. In the longitudinal study 
by Fernandez-Mendoza et al.,14 snoring was also associated 
with incident EDS, especially in those with milder levels of 
sleep apnea leading to the conclusion that these individuals are 
likely to progress to more severe sleep apnea.

Lifestyle Factors
Becoming a smoker predicted the development of EDS both 

in the whole population and in healthy women, where the re-
lationship was even stronger. Few studies have analyzed the 
effect of smoking on EDS, although there are studies showing 
that smokers are more prone to sleepiness.14,16,44 In addition, 
both the Sleep Heart Health Study and the National Health and 
Nutrition Examination Survey show that cigarette smoking is 
independently associated with disturbances in sleep architec-
ture, including a longer latency to sleep onset45,46 and a shift 
toward lighter stages of sleep,45 which could explain the rela-
tionship with daytime sleepiness. Furthermore, although not 
related to incident EDS in previous longitudinal studies,14 ciga-
rette smoking has been related to the evolution of poor sleep 
into insomnia.47 Taken as a whole, this information indicates 
that cigarette smoking may alter sleep and make individuals 
more prone to the development of EDS.

Becoming a full-time worker reduced the risk of EDS over 
the 10-y period, which may indicate that women become more 
alert when they start full-time work. However, it may also in-
dicate that reduced EDS make women able to work full-time. 
When analyzing the reverse causality, there was no indica-
tion that reduced EDS was related to full-time work (adjusted 
OR = 0.85; 95% CI 0.61–1.20), thereby indicating that becoming 
a full-time worker can reduce the risk of EDS. Working shifts 
or nights did not increase the risk of EDS in this female popu-
lation. Arguably, this could be due to the fact that both working 
shifts and working nights were combined. However, entering 
the variables separately into the models did not change the re-
sults. Studies of full-time work and EDS are sparse. Breslau 
et al.48 showed, in a young population, that working full-time 
was associated with daytime sleepiness. Several studies have 
reported on the risk of EDS when working shift and/or nights 
both in young populations48 and in populations with a wider 

age range.32 The discrepancies between previous studies and 
ours regarding both full-time work and night work or shift 
work may be due to differences in the selection and size of the 
population, but also to differences in the assessment of occu-
pational status and shift work/night work.

Cohabiting at both time points but also going from cohab-
iting to not cohabiting reduced the risk of EDS, which could 
indicate that marital status has a different effect on EDS in dif-
ferent women. It could also be argued that the correlation be-
tween not cohabiting at follow-up but at baseline and the lower 
risk of incident EDS is due to women in this group being older 
and caring for a sick spouse at baseline but not at follow-up, 
thereby becoming more alert over the study period. However, 
age in this group did not differ significantly compared with 
the other groups within the variable of “marital status”. Few 
previous studies have reported on association between marital 
status and EDS. Nonetheless, Breslau et al.48 showed that mar-
riage reduces the risk of EDS in young adults.

In the whole group of women, children living at home at 
follow-up but not at baseline was a factor leading to increased 
risk of development of EDS, whereas there was no increased 
risk in healthy women. This indicates that somatic disease in 
women modifies the effect of children living at home on the 
risk of EDS. We have previously shown in a cross-sectional 
study of this female population that having children did not 
correlate with having EDS7 and, moreover, in a cross-sectional 
analysis of the women at follow-up in the current study, there 
was no relationship between children at home and having EDS 
(1.22; 0.89–2.04).

Bidirectional Relationships
Analyses of reverse causality showed that, in the whole 

group of women, incident EDS increased the risk of incident 
and persistent insomnia, as well as incident anxiety/depression, 
somatic disease, obesity, and smoking. In addition, incident 
EDS reduced the chance of becoming a full-time worker. As 
in the whole population, incident EDS in healthy women was 
a risk factor for incident and persistent insomnia and also for 
incident anxiety/depression and smoking. Furthermore, in oth-
erwise healthy women, incident EDS reduced the chance of a 
remission in anxiety/depression and increased the risk of per-
sistent anxiety/depression. A remission of EDS did not increase 
the chance of changing to a high physical activity level, but in-
cident EDS did reduce the chance of changing to a high physical 
activity level, indicating that the relationship is likely to be ori-
ented toward an increase in physical activity, reducing EDS.

Although we saw several bidirectional relationships, it is also 
important to remember that several of the risk factors that were 
examined, such as anxiety and depression, as well as insomnia 
symptoms, have a waxing and waning natural course,49 whereas 
other risk factors such as obesity are more persistent. These 
facts may have had an effect on the reverse causality analyses. 
Nonetheless, it seems important not only to treat insomnia, 
anxiety/depression, somatic disease, and obesity and to inform 
women about the hazards of smoking, as they all increase the 
risk of EDS, but also to treat EDS in women with and without 
these issues, as they may have a negative effect on prognosis.

The current study is a large population-based longitudinal 
study with a good response rate. However, there are limitations 
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when interpreting the results. First, all the data are self-re-
ported and, second, EDS was assessed using a five-point scale 
instead of using a more common measurement, such as the 
Epworth Sleepiness Scale (ESS).50 Nonetheless, the five-point 
scale has been compared with the ESS and has been found to 
correlate relatively well with the ESS.51 Third, there is a close 
relationship between sleepiness and fatigue, which could make 
it difficult to differentiate between the two. By assessing sub-
jective EDS, there may have been an overlap with fatigue, as 
we did not include a question on sleep attacks that would have 
assessed sleep propensity more effectively. However, from 
baseline data in this female cohort, we know that the question 
used produces an overlap with fatigue but also assesses EDS 
as a separate entity.7 Fourth, the definition of insomnia used in 
the current study could potentially include participants with a 
wide range of symptoms from poor sleep to chronic insomnia 
and insomnia syndrome. This may have had an effect on the 
results, as insomnia has a stronger relationship with fatigue 
than with EDS. In addition, because of the subjective nature 
of data collection a full knowledge of concurrent sleep disor-
ders may not have been attained. Last, it should also be noted 
that the study was conducted in a sample of urban women in a 
country with a fairly high economic status, which may inter-
fere with the generalizability of the results.

To summarize, the current longitudinal study shows that 
insomnia, anxiety, and depression and smoking are the most 
important factors for predicting incident EDS, but also that in-
cident somatic disease, obesity and snoring predict the develop-
ment of EDS. There are also several bidirectional relationships. 
It is therefore important not only to treat the symptoms of in-
somnia, anxiety/depression, somatic disease, and obesity and 
to inform women about a healthy lifestyle in order to reduce 
EDS but also to treat EDS in women with and without these 
issues, as they may have a negative effect on prognosis.
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