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Abstract Sleep disordered breathing [snoring and ob-

structive sleep apnea–hypopnea syndrome (OSAHS)] is

common in the US and has been associated with negative

health outcomes. There has been no long-term prospective

study on the association between sleep disordered breath-

ing and psoriasis risk. We prospectively evaluated the as-

sociation between OSAHS and snoring and incident

psoriasis and psoriatic arthritis (PsA) in 71,598 women

over an 11-year period (1997–2008) in the Nurses’ Health

Study. Participants received follow-up questionnaires ev-

ery 2 years and were asked about snoring, diagnosis of

OSAHS, and diagnosis of psoriasis and PsA. We studied

individuals who reported data on snoring and OSAHS prior

to the diagnosis of psoriasis or PsA. We used Cox pro-

portional hazards to calculate age-adjusted and multivariate

risk ratios. Over the follow-up period, there were 524 cases

of psoriasis. Women with OSAHS were more likely to

have a higher BMI, be hypertensive, have cardiovascular

disease, and have type 2 diabetes (p\ 0.001 for all). The

age-adjusted relative risk (RR) of psoriasis among women

with OSAHS was 2.19 (95 % CI 1.39–3.45), the multi-

variate RR was 1.93 (95 % CI 1.21–3.08). Further adjust-

ing for night shift work, hypertension, cardiovascular

disease, and type 2 diabetes, the multivariate RR was 1.91

(95 % CI 1.20–3.05). There was no effect modification by

BMI (p = 0.52), hypertension (p = 0.34), or snoring

(p = 0.91). OSAHS was not associated with an increased

risk of PsA. Although women with OSAHS were more

likely to be snorers, we did not find a statistically sig-

nificant relationship between snoring and the risk of con-

firmed psoriasis. In this study, we found that women with

OSAHS had a significantly increased risk of psoriasis.
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Epidemiology

Introduction

Sleep disordered breathing (SDB) is a spectrum of disease

comprised of snoring and the obstructive sleep apnea–hy-

popnea syndrome (OSAHS) [19]. SDB is a relatively

common problem in the United States; about 50 % of

adults in the United States snore regularly, 20 % have

mild-moderate OSAHS, and 6–7 % have severe OSAHS

[4, 5, 10, 23]. OSAHS is thought to be on the more severe

end of the SDB continuum. The burden of SDB in the

United States has significant health and quality of life

consequences [4, 5].

OSAHS is characterized by episodic reduction or ces-

sation of air flow during sleep [5, 23]. OSAHS can lead to
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adverse health outcomes, daytime sleepiness, psychosocial

problems, decreased cognitive function, and decreased

quality of life [5]. OSAHS has also been found to increase

the risk of cardiovascular and cerebrovascular disease as

well as diabetes and metabolic syndrome [4, 24]. Risk

factors for OSAHS include large body habitus, craniofacial

and upper airway anatomic abnormalities, and cigarette

smoking [23].

SDB is considered a systemic inflammatory disorder [4,

5, 19, 24]. Evidence suggests that systemic levels of TNF-

a, IL-6, VEGF, C-reactive protein, and pro-inflammatory

reactive oxygen species are increased in individuals with

SDB [4, 5, 19, 24]. The etiology of the elevations in pro-

inflammatory cytokines is thought to be greater expression

of transcription factors such as NF-jB and HIF-1a [4, 5,

24]. The systemic inflammatory milieu created by SDB is

thought to play a role in the adverse health effects asso-

ciated with the condition [4, 5, 19, 24].

Psoriasis is a systemic inflammatory disorder, and it has

been posited that systemic inflammation can play a role in

the development of the condition [13]. Moreover, the

severity of psoriatic disease has been correlated with the

level of inflammatory cytokines, such as TNF-a [1].

Therefore, the elevation of inflammatory cytokines and

VEGF in OSAHS may predispose individuals to develop

psoriasis by acting at various points in the cycle of inter-

action between the innate and adaptive immune responses

and keratinocytes [13]. Specifically, cytokines such as

TNF-a and IL-6 activate myeloid dendritic cells. Activated

myeloid dendritic cells produce IL-12 and IL-23, which

activate Th1 and Th17 cells. This causes activation of

keratinocytes, which leads to keratinocyte proliferation and

the production of more inflammatory cytokines. These

cytokines perpetuate an inflammatory cycle by activating

macrophages, plasmacytoid dendritic cells, and NKT cells,

which are all important parts of the innate immune re-

sponse. Additionally, VEGF is thought to play an important

role in the vascular changes associated with psoriasis.

These changes include tortuous and leaky blood vessels,

which promote the extravasation of inflammatory cells.

Ultimately, the inflammatory activation and the changes to

the microvasculature caused by OSAHS may promote the

pathogenesis of psoriasis [13].

There has been some research into the impact of sleep

on dermatologic disease and the impact of psoriasis on

sleep, and one study investigating the relationship between

OSAHS and psoriasis [8, 9, 14, 17, 18, 21]. This study

followed individuals for a 3-year period and found that

individuals with OSAHS were more likely than those

without OSAHS to be diagnosed with psoriasis [21].

However, this study was a relatively small study with a

relatively small sample size, did not control for important

covariates, and was conducted in a Taiwanese population.

Given the current burden of SDB in the United States and

its associated negative health effects, a better understand-

ing of the association between SDB and psoriasis is im-

portant from a public health perspective as well as for

optimal management of both conditions. Therefore, we

sought to determine the relationship between sleep disor-

dered breathing and risk of psoriasis in a population of US

women. We hypothesized that sleep apnea would be as-

sociated with an increased risk of psoriasis.

Materials and methods

Study population

The Nurses’ Health Study (NHS) is a prospective cohort

study that began in 1976 with 121,700 female registered

nurses from 11 states in the United States aged 30–55 years.

Participants completed baseline questionnaires in 1976 and

have subsequently completed questionnaires every 2 years.

The information collected includes lifestyle factors, medical

history, and diet. The follow-up rate is approximately 90 %

for each 2-year period. This study has been approved by the

Partners HealthCare Human Research Committee and in-

formed consent was previously obtained from all study

participants when they agreed to participate. We began

follow-up in 1986 for snoring, 1997 for sleep apnea, and

1986 for average sleep duration, the first years in which

corresponding information on each of these variables was

available.

Identification of psoriasis cases

Participants in the NHS were asked if they had ever been

diagnosed with psoriasis in 2008. They were also asked

when their diagnosis had been made and were given the

following answer choices: 1997 and before, 1998–2001,

2002–2005, 2006–2007, 2008 and later. Follow-up for

psoriasis began in 1996. Self-reported psoriasis diagnosis

was validated using a mailed, previously validated ques-

tionnaire [6, 7]. Psoriatic arthritis was asked in the same

fashion as psoriasis, and the risk of self-reported psoriatic

arthritis was also analyzed [6, 7].

Assessment of sleep apnea, snoring, and sleep duration

NHS participants were asked if they had ever been diag-

nosed by a physician with sleep apnea in 2008. They were

also asked when their diagnosis had been made if they

indicated a diagnosis of sleep apnea (1997 and before,

1998–2001, 2002–2005, 2006–2007, 2008 and later).

Participants in the NHS were asked if they snored in

1986, 2000, 2002, and 2008. The answer choices provided
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were: every night, most nights, a few nights a week, oc-

casionally, almost never, and don’t know.

Participants in NHS were asked ‘‘On average, over a 24

hour period, do you sleep’’ or ‘‘How many total hours of

actual sleep do you get in a 24-hr period?’’ The answer

choices were C5, 6, 7, 8, 9, and 10? h, and some years

11? h was included. This question was asked in 1986,

2000, 2002, and 2008. A previous study has validated this

question using a sleep diary and showed that the reported

sleep data closely matched that in a 1-week sleep diary

[15]. The reference group was 7 h because previous studies

have found that all-cause and disease-specific morbidity

and mortality is lowest in the range of 6–7 h of sleep per

night [2, 3, 15, 16, 20, 22, 25].

Multivariate models simultaneously adjusted for age

(continuous by year), BMI (continuous), current smoking

status (yes or no), hypertension (yes or no), cardiovascular

disease (defined as history of myocardial infarction, angina

pectoris, congestive heart failure, and peripheral artery

disease), type 2 diabetes (yes or no), and history of night

shift work (yes or no).

Individuals who responded to the sleep apnea or snoring

questions and had not reported a pre-existing diagnosis of

psoriasis or PsA were included in this study. We excluded

individuals who had a diagnosis of psoriasis prior to their

diagnosis of sleep apnea or report of snoring. Individuals

who were diagnosed with psoriasis within 2 years of their

onset of snoring or sleep apnea diagnosis were also ex-

cluded to ensure that we only studied individuals who had a

diagnosis of OSAHS before a diagnosis of psoriasis. Fi-

nally, we excluded individuals with missing data on snor-

ing, psoriasis, weight, and height.

Statistical analyses

The primary exposure was diagnosis of sleep apnea and

the secondary exposures were snoring and average sleep

duration. The participants contributed person-time from

the point of return of their follow-up questionnaires indi-

cating a diagnosis of sleep apnea, snoring, or average

sleep duration. Accumulation of time stopped at report of

diagnosis with psoriasis or the end of study follow-up

(whichever came first). Cox proportional hazards models

were used to calculate risk ratios (RRs) and 95 % confi-

dence intervals (CIs) for developing psoriasis using sleep

apnea, snoring, and sleep duration status. In the multi-

variate analysis, we controlled for age, body mass index

(BMI), smoking status, and physical activity. We also

performed multivariate analysis that controlled for the

aforementioned covariates and history of hypertension,

cardiovascular disease, type 2 diabetes, and night shift

work. We conducted pre-specified analyses of interaction

by BMI, hypertension, and snoring (when not the main

exposure). We also analyzed the risk of self-reported

psoriatic arthritis in the same manner. Self-reported cases

were used because of the low number of confirmed cases

of psoriatic arthritis in the cohort. Proportionality testing

was done to ensure that the proportional hazards as-

sumption was not violated.

Results

Study population characteristics

In this study, a total of 71,598 women were included. For

sleep apnea, there was a combined 844,733 person-years of

follow-up, for snoring there was a combined 515,883

person-years of follow-up, and for sleep duration there was

a combined 771,028 person-years of follow-up. The me-

dian follow-up time was 10 years. Individuals with sleep

apnea were more likely to be snorers (p\ 0.001), have a

higher BMI (p\ 0.001), be hypertensive (p\ 0.001), have

cardiovascular disease (p\ 0.001), and have type 2 dia-

betes mellitus (p\ 0.001) (Table 1).

Obstructive sleep apnea–hypopnea syndrome

and psoriasis risk

Compared to individuals without sleep apnea, those with

sleep apnea had a higher age-adjusted and multivariate risk

of developing psoriasis (Table 2). Of the 524 women who

responded to the sleep apnea question and developed

psoriasis, 504 indicated that they did not have sleep apnea

and 20 of the women indicated that they had been diag-

nosed with sleep apnea. The age-adjusted RR for devel-

oping psoriasis in women with sleep apnea was 2.19 (95 %

CI 1.39–3.45), the multivariate RR was 1.93 (95 % CI

1.21–3.08), and the multivariate RR that further adjusted

for night shift work and hypertension, cardiovascular dis-

ease, and type 2 diabetes mellitus was 1.91 (95 % CI

1.20–3.05). Interaction analysis revealed no effect modifi-

cation by BMI (p = 0.52), hypertension (p = 0.34), or

snoring (p = 0.91) on the relationship between obstructive

sleep apnea and psoriasis risk.

Snoring and psoriasis risk

In total, 353 women assessed for snoring developed pso-

riasis during the study period. Compared to non-snorers,

individuals snoring a few nights per week, most nights, and

every night had an increased age-adjusted risk of devel-

oping psoriasis, but no relationship between snoring and

psoriasis was seen with multivariate analysis (Table 2).

There was no material difference between the two multi-

variate models. For occasional snorers, the age-adjusted
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RR for developing psoriasis was 1.11 (95 % CI 0.85–1.43)

and the multivariate RR that took night shift work and

selected comorbid diseases into account was 1.04 (95 % CI

0.80–1.35). For those who snored a few nights per week,

the age-adjusted RR for developing psoriasis was 1.37

(95 % CI 0.91–2.06) and multivariate RR (simultaneously

adjusting for night shift work and selected comorbid dis-

eases) was 1.25 (95 % CI 0.83–1.88). For individuals

snoring most nights, the age-adjusted RR for developing

psoriasis was 1.43 (95 % CI 1.02–2.01) and the multi-

variate RR that took night shift work and selected comor-

bid diseases into account was 1.24 (95 % CI 0.88–1.75).

For every night snorers, the age-adjusted RR for develop-

ing psoriasis was 1.32 (95 % CI 0.86–2.05) and the mul-

tivariate RR was 1.10 (95 % CI 0.71–1.73). Interaction

analysis revealed no effect modification by BMI

(p = 0.92) or hypertension (p = 0.99) on the association

between snoring and psoriasis.

Sleep duration and psoriasis risk

We found no association between incident psoriasis and

average sleep duration in age-adjusted or multivariate

models (Table 3).

Obstructive sleep apnea and psoriatic arthritis risk

We found an increased age-adjusted risk of developing

psoriatic arthritis among individuals with OSAHS, but

there was no significant difference after adjusting for age,

BMI, smoking status, exercise, hypertension, cardiovas-

cular disease, type 2 diabetes, and history of night shift

Table 1 Baseline (1997) characteristics of nurses’ health study participants

No sleep apnea (N = 71,108) Sleep apnea (N = 490) p valuea

Age, mean (SD), years 61.0 (6.8) 61.2 (6.8) 0.63

Regular snorer (%) 8.5 38.6 \0.01

Average sleep duration, mean (SD), h 6.99 (0.9) 6.90 (1.1) 0.08

Shift worker (%) 3.54 4.86 0.14

BMI, mean (SD) 26.55 (5.1) 31.85 (7.1) \0.01

Physical activity, metabolic equivalent h/week, mean (SD) 18.53 (22.6) 14.24 (21.0) \0.01

Alcohol intake, g/day, mean (SD) 4.99 (8.9) 2.84 (6.9) \0.01

Current smoker (%) 10.83 9.25 0.25

Previous smoker (%) 43.13 47.08 0.09

Hypertension (%) 38.01 60.12 \0.01

Diabetes (%) 5.42 17.28 \0.01

Cardiovascular disease (%) 3.46 8.39 \0.01

a Baseline characteristics between groups were compared using t test for continuous variables and Chi-square test for categorical variables

Table 2 Obstructive sleep apnea–hypopnea syndrome and snoring and psoriasis risk

Obstructive sleep apnea–hypopnea syndrome Cases Person-

years

Age-adjusted RR (95 % CI) MVa RR (95 % CI) MVb RR (95 % CI)

No 504 832,260 1 1 1

Yes 20 12,465 2.19 (1.39–3.45) 1.93 (1.21–3.08) 1.91 (1.20–3.05)

Snoringc

Never 98 160,751 1 1 1

Occasionally 145 221,212 1.11 (0.85–1.43) 1.04 (0.80–1.35) 1.04 (0.80–1.35)

Few nights/week 31 39,619 1.37 (0.91–2.06) 1.24 (0.82–1.87) 1.25 (0.83–1.88)

Most nights 53 61,583 1.43 (1.02–2.01) 1.24 (0.88–1.75) 1.24 (0.88–1.75)

Every night 26 32,719 1.32 (0.86–2.05) 1.11 (0.71–1.74) 1.10 (0.71–1.73)

p for trend 0.02 0.2 0.2

a Multivariate: age, BMI, smoking status, physical activity, alcohol consumption
b Multivariate: age, BMI, smoking status, physical activity, alcohol consumption, hypertension, cardiovascular disease, type 2 diabetes, history

of night shift work
c BMI treated as a dichotomous variable (\30, C30)
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work (Online Resource 1). Twenty-three women who were

assessed for snoring developed psoriatic arthritis. We

found that snoring was not associated with risk of psoriatic

arthritis (Online Resource 1).

Discussion

In this study, we sought to prospectively evaluate the re-

lationship between SDB and psoriasis. We found an asso-

ciation between OSAHS and incident psoriasis. This

relationship persisted in two multivariate models that

considered other known risk factors for psoriasis and SDB,

demonstrating an association between these two entities.

Although women with sleep apnea were more likely to be

snorers, we found no association between snoring and

psoriasis.

A recent study suggested a relationship between OSAHS

and psoriasis [21]. The study included a group of 2,250

Japanese individuals with OSAHS, but without psoriasis,

and 11,255 matched controls with neither OSAHS nor

psoriasis. The individuals were followed for 3 years for a

diagnosis of psoriasis. After adjusting for monthly income,

urbanization level, geographic location, and obesity, the

study authors found a hazard ratio of developing psoriasis

of 2.30 (95 % CI 1.13–4.69; p = 0.022) times greater if

individuals had OSAHS [21]. This study had a relatively

short duration given the fact that both OSAHS and pso-

riasis are chronic conditions that are thought to develop

over years. Additionally, the authors of this study did not

address other potential confounders such as cigarette

smoking. Our study follows individuals for a longer period

of time and uses two multivariate models that both si-

multaneously adjust for risk factors for OSAHS and pso-

riasis. Although we cannot account for all unmeasured

confounding, we included all known risk factors for both

conditions into our models.

SDB has been associated with multiple comorbidities—

including diabetes and cardiovascular disease—through a

proposed mechanism of systemic inflammation [4, 11, 12,

19, 24]. Individuals with OSAHS have been found to have

higher levels of inflammatory cytokines such as TNF-a, IL-

1, and IL-6 [4, 5, 19, 24]. These cytokines are also elevated

in individuals with psoriasis [1, 13]. We propose that the

elevation in inflammatory cytokines may contribute to the

manifestation of a psoriasis phenotype in an individual who

is predisposed to developing psoriasis.

Together, snoring and OSAHS comprise a spectrum of

SDB [19]. Since OSAHS is on the more severe end of the

continuum of SDB, individuals with this condition may

have the greatest elevations in cytokines [19]. This may

help to explain why we observed an increased risk of

psoriasis in women with OSAHS, but did not see the same

relationship in women who snored.

There are several strengths and limitations to our study.

To our knowledge, this is the largest prospective assess-

ment of SDB and psoriasis. The diagnosis of OSAHS and

psoriasis was self-reported, however, psoriasis diagnoses

have been validated and their accuracy has been demon-

strated, making the likelihood of misclassification low [6,

7]. The fact that our study is restricted to female registered

nurses represents both a strength and a weakness. Since

these participants are well-educated women, there is less

socioeconomic variability in our cohort and there is a high

rate of response. Our results do not necessarily represent

the female population in the United States. Our study is

limited by the relatively small PsA case number, which

hampers our statistical power to assess the association

between SDB and PsA. Furthermore, we are not able to

infer a relationship between SDB and psoriasis in men

based on this study. However, while the prevalence of SDB

and psoriasis in our study may not reflect that of all indi-

viduals in the United States, we expect the biological re-

lationship between SDB and psoriasis to be similar among

women and men. Finally, the age of individuals in our

cohort more closely reflects the second peak of the bimodal

pattern of psoriasis incidence, so these results may be most

applicable to psoriasis that onsets later in life.

This prospective study has demonstrated that women

with OSAHS are at an approximately twofold increased

Table 3 Average sleep duration (hours) and psoriasis risk

Cases Person-years Age-adjusted RR (95 % CI) MVa RR (95 % CI) MVb RR (95 % CI)

B6 129 209,733 0.98 (0.78–1.23) 0.96 (0.77–1.21) 0.96 (0.77–1.21)

7 187 301,056 1 1 1

C8 186 260,240 1.10 (0.89–1.35) 1.07 (0.87–1.31) 1.07 (0.87–1.31)

p for trend 0.30 0.36 0.36

BMI treated as a dichotomous variable (\30, C30)
a Multivariate: age, BMI, smoking status, physical activity, alcohol consumption
b Multivariate: age, BMI, smoking status, physical activity, alcohol consumption, hypertension, cardiovascular disease, type 2 diabetes, history

of night shift work
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risk of developing psoriasis. Physicians should be aware of

the association between OSAHS and psoriasis. Our results

suggest that managing SDB, and in particular OSAHS, may

be a potential target for preventing and managing psoriasis,

although our study did not examine this question directly.
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