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Study Objectives: Psoriasis and sleep apnea are associated with significant morbidity and mortality. Although both diseases have been linked with systemic
inflammation, studies on their potential bidirectional association are lacking. We investigate the potential association between psoriasis and sleep apnea.
Methods: All Danish citizens age 18 y or older between January 1, 1997 and December 31, 2011 (n = 5,522,190) were linked at individual level in nationwide
registries. Incidence rates (IRs) per 10,000 person-years were calculated and incidence rate ratios (IRRs) adjusted for age, sex, socioeconomic status,
smoking history, alcohol abuse, medication, and comorbidity were estimated by Poisson regression.
Results: There were 53,290, 6,885, 6,348, and 39,908 incident cases of mild psoriasis, severe psoriasis, psoriatic arthritis, and sleep apnea, respectively.
IRRs (95% confidence interval) for sleep apnea were 1.30 (1.17–1.44), 1.65 (1.23–2.22), and 1.75 (1.35–2.26) in subjects with mild and severe psoriasis, and
psoriatic arthritis, and IRRs for mild and severe psoriasis, and psoriatic arthritis in sleep apnea without continuous positive airway pressure (CPAP) therapy
were 1.62 (1.41–1.86), 2.04 (1.47–2.82), and 1.94 (1.34–2.79), respectively. In patients with sleep apnea and CPAP therapy (i.e., severe sleep apnea) the IRRs
were 1.82 (1.43–2.33), 3.27 (2.03–5.27), and 5.59 (3.74–8.37), respectively.
Conclusions: Psoriasis was associated with increased risk of sleep apnea, and sleep apnea was associated with increased risk of psoriasis. The clinical
significance of this bidirectional relationship warrants further study.
Keywords: epidemiology, inflammation, psoriasis, risk, sleep apnea
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I N T RO D U C T I O N

BRIEF SUMMARY

Current Knowledge/Study Rationale: Psoriasis and sleep apnea
are inflammatory diseases associated with significant cardiovascular
morbidity and mortality, but information on their potential bidirectional
association are lacking.
Study Impact: Patients with psoriasis or psoriatic arthritis have a
disease severity increased risk of sleep apnea, and patients with
sleep apnea have increased risk of psoriasis and psoriatic arthritis.

Psoriasis, in particular in the moderate to severe form, is a common systemic inflammatory disease with increasing prevalence,
and is associated with significant morbidity and mortality.1–5
Sleep apnea is a chronic condition in which the upper respiratory airways intermittently collapse during sleep, leading to
episodes of hypoxia that can trigger systemic inflammation,
sympathetic nervous system activation, metabolic dysregulation, endothelial dysfunction, and increased coagulation.6,7 The
prevalence of sleep apnea ranges from 3% to 17%, and risk factors include advanced age, male sex, excess body weight, and
race.6,7 Sleep apnea is recognized as an important cause of cardiovascular morbidity and mortality, cognitive dysfunction, impaired work performance, and reduced quality of life.7,8 To date,
data on the potential association of sleep apnea and psoriasis
are limited and inconsistent.9–12 We therefore examined the effect of psoriasis on the risk of incident sleep apnea and vice
versa, in a nationwide cohort of the Danish population.

of birth, sex, and vital statistics is available from the Civil Personal Registry.13 Information on morbidity was obtained from the
Danish National Patient Register, in which information on hospital admissions, procedures, and diagnosis has been recorded since
1978.14 Registration of morbidity is according to the International
Classification of Diseases (ICD) codes (ICD-8 from 1978 to 1994
and ICD-10) thereafter, and hospital procedures (including hospital-based pharmacological treatment, e.g., with biological therapy)
are coded in the Danish National Patient Register as treatment
procedure (SKS) codes. Information on all pharmacy-dispensed
prescription drugs is recorded in the Danish Registry of Medicinal Products Statistics according to the international Anatomical
Therapeutic Chemical (ATC) classification.15
The cohort comprised all Danish subjects aged 18 y or older,
without previous psoriasis or sleep apnea, from January 1, 1997
to December 31, 2011, and followed until migration, death from
any cause, December 31, 2011, or the occurrence of an endpoint,
whichever came first. Patients with psoriasis were identified

METHODS
All Danish citizens have free, equal, and universal access to
health care. The unique personal identification number, which is
assigned to all Danish citizens at immigration or birth, allows for
cross linkage of administrative registries, and information on date
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when they dispensed their second prescription of topical vitamin D derivatives (ATC D05AX), which is the favored first-line
treatment for psoriasis in Denmark, or by their first inpatient or
outpatient consultation for psoriasis (ICD-8 696.10, 696.19 and
ICD-10 L40) or psoriatic arthritis (ICD-8 696.09 and ICD-10
M070-M073), respectively. Patients were defined as having severe psoriasis if they received systemic treatment consistent with
severe disease, i.e. treatment with biological drugs (L04AB01,
L04AB02, L04AB04, L04AC05, L04AA21, BOHJ18A1BOHJ18A3, BOHJ18B3), cyclosporine (L04AD01, BOHJ20),
psoralens (D05BA, BNGA1), retinoids (D05BB, BQHB30), or
methotrexate (L03BA01, L04AX03, BWHA115), respectively.4
We identified patients with sleep apnea by their first diagnosis
of sleep apnea (ICD-10 G473). The diagnostic coding of sleep
apnea has recently been validated in the National Patient Registry with a positive predictive value of 82%.8 To define subsequent continuous positive airway pressure (CPAP) therapy, we
used codes involving CPAP therapy, CPAP device availability,
adjustment of CPAP device, and control of CPAP device (SKS
codes BGFC32, ZZ3911, ZZ3912, ZZ3913, ZZ3914, ZZ3915, and
ZZ3916, respectively). To ensure adherence to therapy, two successive CPAP-related codes were required, and the second date
was used to define the initiation of CPAP therapy.
We described baseline treatment (up to 180 days prior to
study inclusion), hypnotic agents and sedatives (ATC N05C),
opioids (N02A), and thyroid hormones (H03AA01). Baseline
comorbidity for the following diagnoses was described by
ICD codes up to 5 y prior to study inclusion: atrial fibrillation,
diabetes, stroke, and heart failure, respectively. We identified
patients with a history of smoking or alcohol abuse through
the use of pharmacotherapy, treatment interventions, or diagnoses related to smoking or alcohol abuse, respectively. Hypertension was defined by either a hospital diagnosis, or if a
patient within 90 days received treatment with at least two of
the following classes of antihypertensive drugs: α-adrenergic
blockers, non-loop diuretics, vasodilators, β-blockers, calcium channel blockers, and renin-angiotensin system inhibitors, as previously validated with a positive predictive value
of > 80%.16 Diabetes was defined by either a hospital diagnosis, or use of glucose-lowering drugs. Information on medications, comorbidity, and hospital treatment procedures was
continually updated during the follow-up period by use of the
respective ICD, SKS, and ATC codes as appropriate. An agestandardized socioeconomic status from 0–4 was calculated
for a 5-y period prior to study inclusion. This study was approved by the Danish Data Protection Agency (Ref. 2007-580015/int. ref. GEH-2014-018/I-Suite 02736). Approval from an
ethics committee is not required for register studies in Denmark. The study was conducted and reported in accordance
with the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) recommendations.17

were conducted using a level of significance of 0.05, and results
reported with 95% confidence intervals (CIs), where applicable.
To ensure accurate registration of time at risk, exposure to psoriasis and sleep apnea were included as time-dependent variables,
so the patients with psoriasis were only considered to be at risk
of sleep apnea from the time that they fulfilled the psoriasis diagnosis and vice versa. IRRs for sleep apnea and psoriasis were
calculated as crude, age- and sex-adjusted, and fully adjusted
(in which age, sex, socio-economic status, smoking history, alcohol abuse, and comorbidities were considered) variables, respectively. In the fully adjusted IRRs for sleep apnea, we also
adjusted for use of concomitant medication. As obesity and diabetes mellitus are common denominators in psoriasis and sleep
apnea, we repeated our analyses with exclusion of patients with
a diagnosis of obesity (ICD-8 277.99 and ICD-10 E65-E68) or
diabetes at baseline or anytime during follow-up.
R ES U LT S
The total study population comprised 5,536,422 individuals,
aged 18 y or older between January 1, 1997 and December 31,
2011. We excluded 76,859 individuals with a history of psoriasis, sleep apnea, or missing values (e.g., lost to follow up)
prior to inclusion. The final study cohort comprised 5,459,563
Danish citizens with a maximum follow-up of 15 years. During
the study 53,290, 6,885, and 6,348 patients were classified with
mild and severe psoriasis, and psoriatic arthritis, respectively,
and a total of 39,908 patients with sleep apnea were identified.
The baseline characteristics of the study population are shown
in Table 1, and the study flow chart is shown in Figure 1. The
mean age was slightly higher in patients with mild and severe
psoriasis compared to the reference population, and psoriatic
arthritis was somewhat more common in women. Individuals
with sleep apnea were predominantly male (78.9%), and were
slightly older compared to the reference population.

Risk of Sleep Apnea in Patients with Psoriasis

The results showed an increased risk of sleep apnea in patients
with psoriasis. As shown in Table 2, the incidence rates of
sleep apnea per 10,000 person-years were 6.48 (95% CI 6.41–
6.55), 12.18 (95% CI 10.79–13.53), 18.23 (95% CI 13.82–24.05),
and 20.08 (95% CI 15.49–26.04) for the reference population,
mild psoriasis, severe psoriasis, and psoriatic arthritis groups,
respectively. Stratified by age, the highest incidence of sleep
apnea found was in individuals 40 to 50 y of age, both in the
reference, mild and severe psoriasis, and psoriatic arthritis
groups. Across all age bands, with exception of patients age
60 y or older, the incidence of sleep apnea increased with severity of psoriasis (Table 3).
The crude and age- and sex-adjusted IRRs showed an increased risk of sleep apnea in both patients with mild and severe
psoriasis, and psoriatic arthritis (Table 4). Compared with the
reference population, the fully adjusted (for age, sex, socioeconomic status, smoking history, alcohol abuse, comorbidity, and
medication) multivariate Poisson regression analyses showed a
significantly increased risk of sleep apnea in patients with mild
psoriasis (IRR 1.30, 95% CI 1.17–1.44), severe psoriasis (IRR

Statistical Analysis

SAS statistical software version 9.4 (SAS Institute Inc. Cary,
NC, USA) and STATA software version 11.0 (StataCorp, College Station, TX, USA) were used to summarize incidence rates
per 10,000 person-years, and to estimate incidence rate ratios
(IRRs) by use of Poisson regression models. All statistical tests
Journal of Clinical Sleep Medicine, Vol. 12, No. 5, 2016

664

A Egeberg, U Khalid, GH Gislason et al. Psoriasis and Sleep Apnea

Table 1—Baseline characteristics of the study population.
Reference
Population
(no psoriasis)
(n = 5,393,040)
Age, y, mean (SD)
40.8 (19.7)
Women, n (%)
2,733,420 (50.7)
Men, n (%)
2,659,620 (49.3)
Socioeconomic status, mean (SD)
2.0 (1.4)
Alcohol abuse, n (%)
75,602 (1.4)
Smoking, ever, n (%)
400,985 (7.4)
Comorbidity, n (%)
Atrial fibrillation
23,815 (0.5)
Diabetes mellitus
82,792 (1.5)
Heart failure
24,519 (0.5)
Hypertension
179,056 (3.3)
Stroke
36,242 (0.7)
Medications, n (%)
Hypnotic agents and sedatives
246,749 (4.6)
Opioids
146,909 (2.7)
Thyroid hormones
46,276 (0.9)

Mild
Psoriasis
(n = 53,290)
44.8 (16.7)
27,422 (51.5)
25,868 (48.5)
2.5 (1.3)
957 (1.8)
6,243 (11.7)

Severe
Psoriasis
(n = 6,885)
43.2 (15.7)
3,412 (45.6)
3,473 (50.4)
2.5 (1.3)
95 (1.4)
895 (13.0)

Psoriatic
Arthritis
(n = 6,348)
40.4 (13.8)
3,574 (56.3)
2,774 (43.7)
2.6 (1.2)
85 (1.3)
698 (11.0)

Reference
Population
(no sleep apnea)
(n = 5,419,655)
40.8 (19.7)
2,759,423 (50.9)
2,660,232 (49.1)
2.0 (1.4)
76,107 (1.4)
403,358 (7.4)

Sleep
Apnea
(n = 39,908)
42.5 (12.3)
8,405 (21.1)
31,503 (78.9)
2.9 (1.1)
632 (1.6)
5,463 (13.7)

191 (0.4)
984 (1.9)
171 (0.3)
2,373 (4.5)
323 (0.6)

24 (0.4)
106 (1.5)
10 (0.2)
239 (3.5)
21 (0.3)

13 (0.2)
72 (1.1)
10 (0.2)
223 (3.5)
16 (0.3)

23,877 (0.5)
83,087 (1.5)
24,601 (0.5)
179,892 (3.3)
36,413 (0.7)

166 (0.4)
867 (2.2)
109 (0.3)
1,999 (5.0)
189 (0.5)

3,066 (5.8)
1,694 (3.2)
646 (1.2)

338 (4.9)
233 (3.4)
88 (1.3)

285 (4.5)
277 (4.4)
63 (1.0)

248,848 (4.6)
147,731 (2.7)
46,750 (0.9)

1,590 (4.0)
1,382 (3.5)
323 (0.8)

SD, standard deviation.

Table 2—Incidence rates of sleep apnea per 10,000 person-years in patients with mild and severe psoriasis, and psoriatic
arthritis compared to the reference population stratified by age.
Age, y
Overall
< 30
30–40
40–50
50–60
≥ 60

Reference Population
Events
IR (95% CI)
39,452 6.48 (6.41–6.55)
6,756 3.62 (3.54–3.71)
9,467 8.00 (7.84–8.16)
11,722 10.88 (10.69–11.08)
8,682 9.37 (9.18–9.57)
2,825 2.73 (2.63–2.84)

Mild Psoriasis Cohort
Events
IR (95% CI)
349
12.18 (10.97–13.53)
40
7.18 (5.27–9.79)
70
12.96 (10.25–16.38)
122
19.92 (16.68–23.79)
85
13.70 (11.08–16.95)
32
5.98 (4.23–8.46)

Severe Psoriasis Cohort
Events
IR (95% CI)
50
18.23 (13.82–24.05)
< 10
11.63 (5.22–25.88)
13
26.89 (15.62–46.32)
18
28.56 (17.99–45.33)
12
18.96 (10.77–33.39)
<3
2.08 (0.29–14.79)

Psoriatic Arthritis Cohort
Events
IR (95% CI)
57
20.08 (15.49–26.04)
5
9.04 (3.76–21.72)
17
25.28 (15.70–40.63)
24
29.70 (19.91–44.31)
11
20.65 (11.44–37.29)
0
N/A

CI, confidence interval; IR, incidence rate; N/A, not applicable.

1.65, 95% CI 1.23–2.22), and psoriatic arthritis (IRR 1.75, 95%
CI 1.35–2.26), respectively, as shown in Figure 2. After exclusion of patients with a baseline diagnosis of heart failure, atrial
fibrillation, or stroke, respectively, the IRRs were 1.37 (95% CI
1.23–1.54), 1.67 (95% CI 1.21–2.30), and 1.96 (95% CI 1.50–2.55),
for mild and severe psoriasis, and psoriatic arthritis, respectively.
When patients with obesity or diabetes were excluded, the fully
adjusted IRRs were 1.36 (95% CI 1.21–1.53), 1.53 (95% CI 1.08–
2.18), and 1.98 (95% CI 1.50–2.61), respectively.

age- and sex-adjusted, and fully (for age, sex, smoking history, alcohol abuse, comorbidities, and socio-economic status)
adjusted analyses (Table 4). The increased risk of mild and
severe psoriasis, and psoriatic arthritis, in patients with sleep
apnea remained statistically significant in the sensitivity analyses where individuals with obesity or diabetes were excluded,
with fully adjusted IRRs of 1.62 (95% CI 1.38–1.89), 1.85 (95%
CI 1.25–2.74), and 1.98 (95% CI 1.32–2.99), respectively, in patients without CPAP therapy, and IRRs of 1.95 (95% CI 1.48–
2.57), 3.75 (95% CI 2.22–6.34), and 6.84 (95% CI 4.49–10.40),
respectively, in patients with CPAP therapy.

Risk of Psoriasis in Patients with Sleep Apnea

The incidence rates per 10,000 person-years for mild psoriasis were 8.38 and 17.41, severe psoriasis were 1.07 and 3.45,
and incidence rates for psoriatic arthritis were 0.99 and 3.38,
in the reference population, and patients with sleep apnea, respectively. The incidence rates of psoriasis were higher among
patients with sleep apnea in all age bands.
An increased risk of psoriasis in patients with sleep apnea with and without CPAP therapy was found both in crude,

D I SCUS S I O N
In this nationwide cohort study, which to our knowledge is
the first study to examine simultaneously the potential bidirectional relationship between sleep apnea and psoriasis, we
observed a severity-dependent association between the two
665
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Figure 1—Study flow chart.

diseases. The results remained consistent after adjustment for
potential confounding factors, as well as in sensitivity analyses.
Only a few studies have previously investigated the risk
of sleep apnea in patients with psoriasis and only one study
previously examined the risk of psoriasis in patients with
sleep apnea.9–12 A study of 35 patients from Greece who had
psoriasis found no association between sleep apnea and psoriasis characteristics other than body mass index (BMI) and
hypertension.9 Another study of 33 patients with more than 5
y duration of psoriasis found the frequency of sleep apnea to
be 54.5%.10 However, these studies were limited by their small
number of patients, and neither involved a control group. A
third study in 25 patients with psoriasis and 19 patients with
chronic bronchitis (which is associated with sleep apnea)
matched by age and sex found sleep apnea in 36% of patients
with psoriasis, compared to 32% of the patients with chronic
bronchitis.11 Yang et al.12 examined the risk of psoriasis in a
cohort of 2,258 patients from Taiwan with sleep apnea compared with 11,255 healthy individuals. The study had a maximum follow-up of 3 y, and reported an approximately twofold
greater risk (hazard ratio 2.30, 95% CI 1.13–4.69, p < 0.05) of
Journal of Clinical Sleep Medicine, Vol. 12, No. 5, 2016

the development of psoriasis or psoriatic arthritis in patients
with sleep apnea compared with the healthy individuals. Similar to the latter results, we found a 62% and 82% increased
risk of mild psoriasis, and an 82% and 327% increased risk
of severe psoriasis in patients with sleep apnea (without and
with CPAP therapy, respectively). However, our current data
expand these results considerably in a much larger cohort of
predominantly Caucasian descent, with up to five times longer follow-up, assessment of patients with CPAP therapy (i.e.,
more severe sleep apnea), and are an important addition to existing knowledge by suggesting that the association between
these two diseases is bidirectional. A recent study on 71,598
US women examined the association between sleep disordered breathing, i.e., sleep apnea, and the risk of incident psoriasis or psoriatic arthritis using a questionnaire.18 Although
an increased risk of psoriasis was reported, these authors did
not find an increased risk of psoriatic arthritis in women with
sleep apnea, contrary to our findings, which may be due to the
large male predominance in our sleep apnea cohort (78.9%),
or the difference in outcome measure between the two studies
(hospital diagnosis of psoriatic arthritis versus questionnaire).
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Table 3—Incidence rates of mild and severe psoriasis, or psoriatic arthritis per 10,000 person-years in patients with sleep
apnea compared to the reference population stratified by age.
Age, y

Reference Population
Events
IR (95% CI)

Sleep Apnea Cohort
Events
IR (95% CI)

Incidence of Mild Psoriasis
Overall
< 30
30–40
40–50
50–60
≥ 60

53,022
11,981
9,187
10,888
10,698
10,268

8.38 (8.30–8.45)
5.85 (5.75–5.96)
7.52 (7.37–7.68)
9.98 (9.79–10.17)
11.45 (11.23–11.67)
9.92 (9.73–10.11)

268
23
44
88
91
22

17.41 (15.44–19.62)
11.81 (7.85–17.75)
13.25 (9.86–17.81)
18.39 (14.92–22.66)
22.51 (18.32–27.64)
16.91 (11.14–25.69)

54
11
13
10
15
5

3.45 (2.65–4.51)
5.59 (3.10–10.10)
3.86 (2.24–6.65)
2.06 (1.11–3.82)
3.65 (2.20–6.05)
3.78 (1.57–9.08)

53
≤5
17
17
13
<3

3.38 (2.58–4.42)
2.03 (0.76–5.41)
5.03 (3.13–8.10)
3.49 (2.17–5.61)
3.15 (1.83–5.42)
1.51 (0.38–6.03)

Incidence of Severe Psoriasis
Overall
< 30
30–40
40–50
50–60
≥ 60

6,831
1,617
1,290
1,511
1,358
1,055

Overall
< 30
30–40
40–50
50–60
≥ 60

6,295
1,569
1,543
1,623
1,017
543

1.07 (1.05–1.10)
0.79 (0.75–0.83)
1.05 (0.99–1.11)
1.37 (1.31–1.44)
1.44 (1.37–1.52)
1.01 (0.95–1.08)
Incidence of Psoriatic Arthritis
0.99 (0.96–1.01)
0.76 (0.73–0.80)
1.25 (1.19–1.32)
1.47 (1.40–1.55)
1.08 (1.01–1.14)
0.52 (0.48–0.57)

CI, confidence interval; IR, incidence rate.

The bidirectional relationship between psoriasis and sleep
apnea independent of measured confounders suggest the existence of shared pathogenic pathways and systemic inflammation would appear to provide an obvious mechanistic link.
The activities of the proinflammatory transcription factor in
the interleukin (IL)-17 signaling pathway and nuclear factor
(NF)-κB, and systemic concentrations of downstream inflammatory cytokines such as tumor necrosis factor (TNF)-α and
IL-6, respectively, are significantly increased in patients with
sleep apnea compared to obese controls; and in patients with
psoriasis, circulating levels of TNF-α, IL-6, and IL-17 have
been positively correlated with disease severity.19–24 Furthermore, studies in patients with sleep apnea have demonstrated
a decrease in TNF-α, IL-6, and other NF-κB–dependent cytokines after treatment with CPAP therapy.25,26 Although the elevated levels of inflammatory mediators in patients with sleep
apnea were previously thought to be exclusively the result of
the condition itself, this dogma has been challenged in recent
years.27–34 For example, a placebo-controlled, double-blind pilot study examined the effect on treatment with a TNF-α inhibitor in patients with sleep apnea absent of other inflammatory
conditions (e.g., psoriasis or rheumatoid arthritis) and found
that neutralization of TNF-α activity was associated with a significant reduction of sleep apnea.27 Although one study failed
to find a reduced risk of sleep apnea in patients with psoriasis
after inhibition of TNF-α with a monoclonal antibody, studies

with other TNF-α inhibitors have reported improvements on
symptoms of sleep apnea in both patients with psoriasis and
rheumatoid arthritis.28–31 Indeed, in line with these findings,
evidence is accumulating that high levels of systemic inflammatory molecules are part of the pathogenic mechanisms that
lead to sleep apnea.27,32–34
Sleep apnea has been associated with cardiovascular disease (CVD) and a recent study of 4.5 million individuals in
Denmark reported that compared with the general population,
patients with sleep apnea had 71% and 50% increased risk of
myocardial infarction and ischemic stroke, respectively, with
patients younger than 50 years being at particularly high risk.35
In addition, patients with psoriasis have increased risk of
CVD, and evidence suggests that young subjects with severe
skin disease and/or psoriatic arthritis are at highest risk.35,36
Furthermore, in a study of patients with atrial fibrillation, we
have found that psoriasis was associated with increased risk of
stroke independent of traditional risk factors.37 Recently, the
same relationship was suggested for patients with sleep apnea,
which indicates that both psoriasis and sleep apnea are clinical risk factors for CVD that are not adequately captured by
current risk score algorithms.38 Also, a reduced risk of CVD
in patients with sleep apnea following treatment with CPAP
therapy has been reported in some, but not all, studies.8,39,40
Currently, it is unknown if sleep apnea carries an additional
risk of CVD in patients with psoriasis, and currently CPAP
667
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Table 4—Incidence rate ratios of sleep apnea in patients with psoriasis, and incidence rate ratios of psoriasis in patients with
sleep apnea.
Exposure

Outcome

IRR

95% CI

p value

1.88
2.69
3.08
1.97
2.80
2.38
2.29
4.77
7.29

1.69–2.09
2.00–3.62
2.38–4.00
1.71–2.26
2.02–3.87
1.65–3.43
1.79–2.93
2.96–7.67
4.88–10.88

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.66–2.05
1.98–3.57
2.52–4.24
1.67–2.20
1.94–3.71
1.79–3.71
1.74–2.85
2.83–7.33
5.30–11.82

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Crude Estimates
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy

Sleep apnea
Sleep apnea
Sleep apnea
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Mild psoriasis
Severe psoriasis
Psoriatic arthritis

Adjusted for Age and Sex
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy

Sleep apnea
Sleep apnea
Sleep apnea
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Mild psoriasis
Severe psoriasis
Psoriatic arthritis

1.84
2.66
3.27
1.91
2.68
2.58
2.23
4.55
7.91

Adjusted for Age, Sex, Smoking, Alcohol, Comorbidities, Medication and Socioeconomic Status
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea without CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy
Sleep apnea with CPAP therapy

Sleep apnea
Sleep apnea
Sleep apnea
Mild psoriasis
Severe psoriasis
Psoriatic arthritis
Mild psoriasis
Severe psoriasis
Psoriatic arthritis

1.30
1.65
1.75
1.62
2.04
1.94
1.82
3.27
5.59

1.17–1.44
1.23–2.22
1.35–2.26
1.41–1.86
1.47–2.82
1.34–2.79
1.43–2.33
2.03–5.27
3.74–8.37

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

CI, confidence interval; CPAP, continuous positive airway pressure; IRR, incidence rate ratio.

therapy is reserved for patients with more severe sleep apnea,
suggesting that the observed higher risk of psoriasis and psoriatic arthritis in these patients may be attributed to increased
sleep apnea severity. However, in view of our current finding
of a bidirectional relationship between psoriasis and sleep apnea, it is tempting to speculate that in patients with both diseases, CPAP may also exert antipsoriatic effects.
Studies in recent years have demonstrated an increase in the
prevalence of psoriasis, but explanations for this phenomenon
have not been firmly established.1,2 However, the observed association between sleep apnea and psoriasis may contribute to
this development and obesity is a driver of both these diseases.
Indeed, the global prevalence of obesity is also on the rise
and obesity is associated with sleep apnea, for which weight
loss is first-line recommended therapy.41–43 Patients with psoriasis have a higher BMI compared with their healthy peers,
and BMI is directly correlated with psoriasis severity.44 Moreover, diabetes has been strongly linked to both sleep apnea
Journal of Clinical Sleep Medicine, Vol. 12, No. 5, 2016

and psoriasis.45,46 Obese patients exhibit chronic subclinical
inflammation, and obesity is both a predisposing factor and a
potential consequence of the increased systemic inflammatory
load in chronic inflammatory diseases.47 In our study, however,
sensitivity analyses with exclusion of patients with obesity or
diabetes showed that the risk of mild and severe psoriasis, and
psoriatic arthritis, respectively, remained elevated in patients
with sleep apnea, and vice versa. Therefore, the results indicate that confounding by obesity is unlikely to fully explain the
observed association and it is likely that the observed risk is
driven, in part, by systemic inflammatory mechanisms resulting from interplay between all three conditions.
Certain limitations of the study should be taken into consideration. Information on risk factors for sleep apnea, such as
hypothyroidism, was not available, but we attempted to adjust
for this by use of a surrogate, i.e., use of thyroid hormones.
In addition, the sensitivity of the registry diagnosis of obesity is limited because many obese subjects are not referred
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Figure 2—Forest plot of fully adjusted incidence rate ratios of psoriasis and sleep apnea.

CPAP, continuous positive airway pressure.

to hospitals. Importantly, the population in Denmark is primarily of Caucasian origin, and extrapolation of the results
to other ethnic groups should therefore be done with caution.
Important strengths of the study include the use of validated
outcome measures, the use of nationwide registries of hospitalization data and prescription claims from all pharmacies in
Denmark, whereby bias due to sex, age, concurrent medication,
comorbidity, and socioeconomic status are practically eradicated. Also, the length and accuracy of follow-up, and the large
number of individuals provide a high degree of credibility to
our findings, and baseline exclusion of patients with psoriasis
and sleep apnea ensured accurate risk-time allocation and enabled evaluation of the temporal relationship between the two
conditions.
In conclusion, we found a disease severity–dependent bidirectional association between psoriasis and sleep apnea. The
clinical significance of this bidirectional relationship warrants
further study.

CI, confidence interval
CPAP, continuous positive airway pressure
CVD, cardiovascular disease
ICD, International Classification of Diseases
IL, interleukin
IR, incidence rates
IRR, incidence rate ratio
NF-κB, nuclear factor kappa B
SKS, sundhedsvæsnets klassifikationssystem (translated: the
Health Service Classification System)
STROBE, Strengthening the Reporting of Observational
Studies in Epidemiology
TNF-α, tumor necrosis factor alpha
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