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Abstract Background. Studies on the association between severity of atopic dermatitis (AD)

and lifestyle factors in adults have not been conducted in the Netherlands to date.

Aim. To explore the association between moderate to severe AD and lifestyle factors

in adults in the Dutch general population.

Methods. We conducted this cross-sectional study within the Lifelines Cohort Study

by sending a digital AD questionnaire to 135 950 adults in 2020. We extracted data

on lifestyle factors from baseline, collected between 2006 and 2013. We analysed the

association between lifestyle factors and presence of AD of any severity and of moder-

ate to severe AD, using binary logistic regression and linear regression models.

Results. We enrolled 56 896 participants (mean age 55.8 years, 39.7% males).

The lifetime prevalence of self-reported physician-diagnosed AD was 9.1%, and the

point prevalence of any AD and of moderate to severe AD was 3.3% and 2.3%,

respectively. We found that moderate to severe AD was associated with smoking

habit of > 15 pack-years, alcohol consumption of > 2 drinks per day, chronic stress,

Class I obesity, and both shorter and longer sleep duration. Moreover, we found

dose–response associations with increases in smoking pack-years and level of chronic

stress. We observed no associations with abdominal obesity, physical activity, diet

quality or a vegetarian/vegan diet.

Conclusion. We found associations between moderate to severe AD and some

modifiable lifestyle factors. Our findings indicate that more screening and counselling

for lifestyle factors, particularly smoking, alcohol use, stress, obesity and sleep distur-

bances, appears warranted in patients with moderate to severe AD. Further longitu-

dinal studies are required to better characterize the direction of these associations

and to develop strategies for prevention.

Introduction

Atopic dermatitis (AD) is a common disease, with a

lifetime prevalence of self-reported physician-diagnosed

AD of 7.1% among adults in the European general

population.1 In the Dutch general population, 9.3% of

adults have reported ever receiving a physician diag-

nosis of AD.2 AD is associated with worse health-

related quality of life (HRQoL), particularly in severely

affected patients, and is associated with sleep distur-

bance and impaired mental health.3 Sleep disturbance

may further contribute to impaired overall health in

patients with AD.4

Unhealthy lifestyle factors such as smoking, obe-

sity, alcohol use and a sedentary lifestyle, which may

cause poor health outcomes, have been investigated in

patients with AD, but contradictory results have been

reported.5–9 Furthermore, the association between AD

and certain lifestyle factors (e.g. smoking,10 obesity11–13

and alcohol use10) may correlate with AD severity, but

the existing literature on this topic is limited.
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Understanding how the association with modifiable life-

style factors varies depending on AD severity may help

to monitor patients with moderate to severe AD in daily

practice and to develop strategies for treatment and pre-

vention. To date, studies on the association between

moderate to severe AD and lifestyle factors among

adults have not been conducted in the Netherlands.

The present study aimed to explore the associa-

tion between moderate to severe AD and lifestyle fac-

tors among adults in the Dutch general population.

The lifestyle factors studied included smoking, alcohol

use, stress, obesity, physical activity, diet and sleep

duration.

Methods

Study design and population

This cross-sectional study was conducted by sending a

digital add-on questionnaire to adult participants in

the Lifelines Cohort Study (N = 135 950) in 2020.

The Lifelines Cohort Study14 is a multidisciplinary

prospective population-based cohort study, which is

examining in a unique three-generation design the

health and health-related behaviours of 169 729 indi-

viduals living in the north of the Netherlands. It uses

a broad range of investigative procedures in assessing

the biomedical, sociodemographic, behavioural,

physical and psychological factors that contribute to

the health and disease of the general population,

with a special focus on multimorbidity and complex

genetics.

Details of all questions used in this study, with

category of outcomes and relevant references are

shown in Supplementary Table S1. The add-on ques-

tionnaire included questions related to AD and the

occurrence of hand eczema (HE). Data on demographic

factors, lifestyle factors and other diseases were

extracted from baseline assessment, performed between

2006 and 2013.

Atopic dermatitis definitions and severity assessment

Based on self-reported physician-diagnosed AD during

lifetime, participants were categorized into AD and

non-AD. The point prevalence was determined as the

proportion of the participants with physician-

diagnosed AD who reported current eczema in the past

week. Regarding disease severity, participants with

current eczema completed the Patient-Oriented Eczema

Measure (POEM),15 which asks seven questions on

specific signs and symptoms of AD in the past week,

with a total score of 0–28 and a severity banding of

0–7 (clear or mild) or 8–28 (moderate to severe).15

Outcome measures of lifestyle factors

Smoking. Smoking status was defined as never, former

and current, then current smoking was subclassified

into > 0–7.9, ≥ 8–15 and > 15 cigarettes smoked per

day. Smoking pack-years in lifetime was classified into

> 0–15 and > 15 pack-years.

Alcohol consumption. Participants were classified into

non-, light, moderate and heavy drinkers according to

their average daily alcohol consumption in the past

month: 0, ≤ 1, > 1–2 and > 2 drinks per day, respec-

tively.

Stress. The validated List of Threatening Events (LTE)

and Long-term Difficulties Inventory (LDI) were used

for measuring stress in the past year, with higher

scores indicating more stress.16 The LTE comprises 12

major categories of stressful life events (range sum

score 0–12), whereas the LDI measures exposure to

long-term difficulties in 12 life domains (range sum

score 0–24).16 The total scores were subdivided into

categories: LTE 0, 1, 2 and ≥ 3; LDI: 0, 1–2, 3–4 and

≥ 5.

Obesity. Classifications of body mass index (BMI) and

waist circumference (WC) were based on the WHO

definition. Participants were divided into underweight,

normal weight, overweight, Class I obesity and Class

II/III obesity, based on their BMI: < 18.5, 18.5–24.9,
25–29.9, 30–34.9 and ≥ 35 kg/m2, respectively.

Abdominal obesity was defined based on the WC:

≥ 102 cm for men and ≥ 88 cm for women.

Physical activity. The validated Short QUestionnaire to

ASsess Health-enhancing physical activity (SQUASH)

was used to measure physical activity concerning a

normal week in the past month.17 The SQUASH is

prestructured into four domains: (i) commuting, (ii)

leisure time and sports, (iii) household and (iv) occu-

pational activities. Each domain assesses the duration

and intensity of each activity.17 Intensity was based

on a combination of self-reported intensity and meta-

bolic equivalent of tasks (METs).18

Physical activity was represented as the duration

in min/week of moderate to vigorous physical activity

(MVPA) and vigorous physical activity (VPA) per-

formed. Based on their tertiles, duration of both was

subclassified: MVPA 0, > 0–249, > 249–743 and
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> 743 min/week; VPA 0, > 0–120, > 120–295 and

> 295 min/week.

Diet. Participants were dichotomized into vegetarian/

vegan and nonvegetarian/nonvegan. Overall diet qual-

ity was assessed according to the Lifelines Diet Score

(LLDS), which is based on the 2015 Dutch Dietary

Guideline, with higher scores representing higher diet

quality.19 It consists of 12 food groups: 9 food groups

with proven positive health effects (vegetables, fruit,

wholegrain products, legumes and nuts, fish, oils and

soft margarine, unsweetened dairy, coffee and tea) and

3 food groups with negative effects (red and processed

meat, butter and hard margarine, and sugar-

sweetened beverages). For each food group, the intake

in grams per 1000 kilocalories (kcal) is categorized

into quintiles, awarded 0–4 points (negative groups

scored inversely) and summed (range sum score 0–
48).19 Based on the LLDS quintiles, participants were

divided into Q1 (0–18), Q2 (19–22), Q3 (23–25), Q4
(26–29) and Q5 (30–48).19

Sleep duration. Sleep duration in a 24-h period was

divided into ≤ 7, > 7–9 and > 9 h.

Statistical analysis

Variables were analysed using descriptive statistics,

including mean � SD and proportions. The v2 test was

used to compare categorical variables in independent

groups and the independent Student t-test was used to

compare continuous variables. Binary logistic regres-

sion and linear regression were performed to estimate

odds ratios and b, respectively, and 95% CIs for the

association between any AD or moderate to severe AD

and lifestyle factors. Three adjusted models were con-

structed: Model 1 adjusted for age and sex; Model 2

adjusted for all potential confounders based on previous

literature (i.e. age,20 sex,20 HE21 and asthma22,23); and

Model 3 adjusted for all potential confounders and all

lifestyle factor variables (i.e. smoking status, alcohol,

LDI, BMI, MVPA, vegetarian/vegan diet, LLDS and sleep

duration). SPSS for Windows software (V25.0; IBM

SPSS, Armonk, NY, USA) was used for all analyses.

P < 0.05 was considered statistically significant.

Results

Study population

In total, 57 643 participants (42.4%) responded to the

questions on AD, as described previously.2 After

excluding 747 participants due to missing data on all

lifestyle factors, 56 896 participants were included in

our analysis (Table 1 summarizes the characteristics

of the study population stratified for sex; Supplemen-

tary Data S2 shows the summary of missing values).

The lifetime prevalence of self-reported physician-

diagnosed AD was 9.1% (95% CI 8.9–9.4). The point

prevalence of AD was 3.3% (95% CI 3.1–3.4) and the

point prevalence of moderate to severe AD was 2.3%

(95% CI 2.1–2.4).
Nonresponders were younger, more often male

and generally reported a less healthy lifestyle com-

pared with responders (Supplementary Table S2).

Potential confounders

In the univariate model, moderate to severe AD

compared with non-AD was positively associated with

female sex, higher prevalence of HE and asthma, but

inversely associated with age. These associations

remained consistent in all multivariate models (Table 2).

Association between moderate to severe atopic

dermatitis and lifestyle factors

The results from the binary logistic regression analysis

regarding the association between moderate to severe

AD and lifestyle factors are presented in Table 2, and

linear regression analysis in Table 3 (see Supplemen-

tary Table S3 for the association between AD and life-

style factors).

In the univariate analysis, moderate to severe AD

was positively associated with LTE score of ≥ 3, LDI

score of > 0 for all categories and prolonged sleep

duration of > 9 h/day, but inversely associated with

former smoking, alcohol consumption of > 1–2
drinks/day, MVPA duration of > 743 min/week and

high-quality diet (LLDS 26–29 and LLDS 30–48).
These positive associations found in univariate

analysis remained significant after adjusting for age

and sex (Model 1). In addition, moderate to severe AD

was positively associated with smoking habit of > 15

pack-years, alcohol consumption of > 2 drinks/day,

Class I obesity (BMI 30–34.9 kg/m2) and shorter sleep

duration ≤ 7 h/day.

After controlling for all potential confounders

(Model 2) and adjusting for all potential confounders

and lifestyle factors (Model 3), the associations

remained consistent between moderate to severe AD

and LDI score of > 0 for all categories, smoking habit

of > 15 pack-years, alcohol consumption of > 2

drinks/day and Class I obesity (BMI 30–34.9 kg/m2).
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Table 1 Characteristics of the study population from the lifelines cohort, stratified for sex.

Characteristica Total, n (%) (N = 56 896) Male (N = 22 577) Female (N = 34 319) Pb

Age, years; mean � SD 55.8 � 12.2 57.3 � 12.2 54.8 � 12.1 < 0.001

Male 22 577 (39.7) 22 577 (100) 0 –
AD prevalence, n (%) [95% CI]

Lifetime 5196 (9.1) [8.9–9.4] 1472 (6.5) [6.2–6.9] 3724 (10.9) [10.5–11.2] < 0.001

Point 1840 (3.3) [3.1–3.4] 594 (2.7) [2.5–2.9] 1246 (3.7) [3.5–3.9] < 0.001

Severity prevalence,c n (%) [95% CI]

Clear or mild 541 (1.0) [0.9–1.0] 205 (0.9) [0.8–1.0] 336 (1.0) [0.9–1.1] 0.36

Moderate to severe 1288 (2.3) [2.1–2.4] 386 (1.7) [1.5–1.9] 902 (2.7) [2.5–2.8] < 0.001

Hand eczema, n (%) [95% CI] 8482 (15.0) [14.7–15.3] 2409 (10.7) [10.3–11.1] 6073 (17.8) [17.4–18.2] < 0.001

Asthma, n (%) [95% CI] 4631 (8.2) [7.9–8.4] 1758 (7.8) [7.5–8.2] 2873 (8.4) [8.1–8.7] 0.01

Smoking

Smoking status < 0.001

Never smoker 26 253 (47.0) 9767 (43.9) 16 486 (48.9) < 0.001

Former smoker 20 499 (36.7) 8509 (38.3) 11 990 (35.6) < 0.01

Current smoker 9163 (16.4) 3953 (17.8) 5210 (15.5) < 0.001

Cigarettes/day

> 0–7.9 3622 (6.5) 1517 (6.8) 2105 (6.2) 0.01

8–15 3897 (7.0) 1612 (7.3) 2285 (6.8) 0.03

> 15 1644 (2.9) 824 (3.7) 820 (2.4) < 0.001

Pack-years

0 26 252 (48.1) 9766 (45.3) 16 486 (50.0) < 0.001

≤ 15 20 330 (37.3) 7591 (35.2) 12 739 (38.6) < 0.001

> 15 7941 (14.6) 4198 (19.5) 3743 (11.4) < 0.001

Alcohol consumption, drinks/day

0 (nondrinker) 11 096 (21.0) 2187 (10.8) 8909 (27.3) < 0.001

≤ 1 (light drinker) 26 534 (50.2) 8941 (44.3) 17 593 (54.0) < 0.001

> 1–2 (moderate drinker) 11 152 (21.1) 6083 (30.1) 5069 (15.5) < 0.001

> 2 (heavy drinker) 4025 (7.6) 2987 (14.8) 1038 (3.2) < 0.001

Stress

Total LTE score

0 24 993 (44.7) 10 368 (46.8) 14 625 (43.3) < 0.001

1 15 622 (27.9) 6124 (27.6) 9498 (28.1) 0.2

2 8881 (15.9) 3341 (15.1) 5540 (16.4) < 0.001

≥ 3 6421 (11.5) 2325 (10.5) 4096 (12.1) < 0.001

Total LDI score

0 12 666 (22.7) 5802 (26.2) 6864 (20.3) < 0.001

1–2 21 944 (39.3) 9240 (41.7) 12 704 (37.6) < 0.001

3–4 12 492 (22.3) 4444 (20.1) 8048 (23.8) < 0.001

≥ 5 8803 (15.7) 2671 (12.1) 6132 (18.2) < 0.001

Obesity

BMI, kg/m2

Underweight (< 18.5) 397 (0.7) 59 (0.3) 338 (1.0) < 0.001

Normal weight (18.5–24.9) 25 562 (44.9) 8526 (36.6) 17 306 (50.4) < 0.001

Overweight (25–29.9) 22 663 (39.8) 11 157 (49.4) 11 506 (33.5) < 0.001

Class I obesity (30–34.9) 6333 (11.1) 2605 (11.5) 3728 (10.9) 0.01

Class II/III obesity (≥ 35) 1922 (3.4) 492 (2.2) 1430 (4.2) < 0.001

WC, cm < 0.001

Male

< 102 – 16 931 (75.0) –
≥ 102 – 5638 (25.0) –

Female

< 88 – – 20 255 (59.0)

≥ 88 – – 14 053 (41.0)

Physical activity, min/week

MVPA

0 3345 (6.4) 1412 (6.9) 1933 (6.1) < 0.001

> 0–249 16 463 (31.5) 5445 (26.6) 11 018 (34.6) < 0.001
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Moreover, after replacing categorical variables

with continuous variables, dose-dependent associations

between moderate to severe AD and increased smok-

ing pack-years and LDI score were found in all multi-

variate models.

Discussion

In the present study, we found associations of moder-

ate to severe AD with smoking habit of > 15 pack-

years, alcohol consumption of > 2 drinks per day,

chronic stress, Class I obesity and altered sleep dura-

tion. Moreover, moderate to severe AD was associated

with increased smoking pack-years and level of

chronic stress in a dose–response manner. No associa-

tions were observed with abdominal obesity, physical

activity, diet quality or a vegetarian/vegan diet.

There are several potential mechanisms underly-

ing the association between AD and lifestyle factors.

Poor lifestyle factors may result in altered immune

response, T helper (Th)1/Th2 imbalance and barrier

dysfunction, thus contributing to the risk of AD.24,25

Alternatively, AD, particularly moderate to severe AD,

can impair the HRQoL of those affected, which may

drive behaviour changes (e.g. increased smoking and

alcohol use). Asthma and HE, common comorbidities

related to AD, are also associated with certain lifestyle

factors (e.g. smoking,21 obesity,21,22 stress,21,23 sleep

disorders21). In the current study, after adjustment for

the aforementioned factors, the associations of moder-

ate to severe AD with higher smoking pack-years,

heavy alcohol use, chronic stress and Class I obesity

remained consistent. Increased AD severity may also

impact the association between AD and lifestyle fac-

tors, but existing epidemiological studies are limited.

In a meta-analysis of 20 cross-sectional studies,

adult AD was associated with a higher prevalence of

active smoking; however, the meta-analysis did not

further address the association between AD severity

and smoking.5 A recent Danish nationwide register-

based study stratified smoking prevalence by AD sever-

ity and found an association of severe AD with smok-

ing; in the study, AD severity was based on the use of

systemic therapy and data on smoking were dichoto-

mous.10 By contrast, we did not find an association of

moderate to severe AD with former or current smok-

ing in our study; this discrepancy may be due to differ-

ences in categorization of smoking, AD definitions and

severity assessments. Furthermore, our study gives an

insight into the association between AD severity and

cumulative smoking dose, which has not previously

been studied in the general population. We found an

association between moderate to severe AD and a

smoking habit of > 15 pack-years, with a dose–

Table 1 Continued

Characteristica Total, n (%) (N = 56 896) Male (N = 22 577) Female (N = 34 319) Pb

> 249–743 16 389 (31.3) 6008 (29.4) 10 381 (32.6) < 0.001

> 743 16 122 (30.8) 7586 (37.1) 8536 (26.8) < 0.001

VPA

0 8094 (15.5) 3567 (17.4) 4527 (14.2) < 0.001

> 0–120 15 829 (30.3) 5669 (27.7) 10 160 (31.9) < 0.001

> 120–295 13 705 (26.2) 4899 (24.0) 8806 (27.6) < 0.001

> 295 14 691 (28.1) 6316 (30.9) 8375 (26.3) < 0.001

Diet

Vegetarian/vegan 1183 (2.1) 251 (1.1) 932 (2.8) < 0.001

Total LLDS score

0–18 7549 (15.2) 3911 (19.9) 3638 (12.1) < 0.001

19–22 10 317 (20.8) 4864 (24.7) 5453 (18.2) < 0.001

23–25 9473 (19.1) 3957 (20.1) 5516 (18.4) < 0.001

26–29 11 347 (22.8) 4075 (20.7) 7272 (24.2) < 0.001

30–48 11 008 (22.2) 2884 (14.6) 8124 (27.1) < 0.001

Sleep duration, h/day

≤ 7 24 293 (43.3) 11 401 (51.3) 12 892 (38.0) < 0.001

> 7–9 31 093 (55.4) 10 588 (47.7) 20 505 (60.4) < 0.001

> 9 760 (1.4) 214 (1.0) 546 (1.6) < 0.001

AD, atopic dermatitis; BMI, body mass index; LDI, Long-term Difficulties Inventory; LLDS, Lifelines Diet Score; LTE, List of Threatening

Events; MVPA, moderate to vigorous physical activity; VPA, vigorous physical activity; WC, waist circumference. aall characteristics

excluding BMI and WC are self-reported; bsignificant P values (< 0.05) are shown in bold; cseverity measured according to the Patient-

Oriented Eczema Measure among the participants with physician-diagnosed AD.
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response relationship. This finding may suggest a pos-

sible cumulative dose–response effect of tobacco smok-

ing on disease severity.

A meta-analysis of 13 studies found no associa-

tion between AD prevalence and alcohol use.7 This

meta-analysis study also performed sub-analyses by

the amount of alcohol use and found no association

between AD and heavy alcohol use whereas definitions

of heavy alcohol use varied across studies.7 Of the

included studies, only one cross-sectional study from

Denmark differentiated between mild and severe AD

based on the use of systemic treatment and found

more prevalent alcohol abuse among adults with AD

compared with healthy controls, particularly among

those with severe AD.10 The Danish study of alcohol

abuse was defined by diagnoses or conditions strongly

related to alcohol abuse.10 Our finding of an associa-

tion between moderate to severe AD and heavy alco-

hol use of > 2 drinks per day is consistent with this

Danish study, while we found no association with ≤ 1

or 1–2 alcoholic drinks per day. This may indicate a

possible effect of high amounts of alcohol use on AD

severity.

Our finding of an association between AD and

chronic stress is consistent with previous studies.23,26

A Danish population-based study of 5648 adults

showed that AD was associated with medium stress

and high stress in a dose–response manner, where AD

was defined by self-reported allergic reactions and

stress was based on self-reported intensity and fre-

quency of stress.23 Similarly, a Korean population-

based study of 33 018 adults found that adults with

AD compared with healthy controls were more likely

to rate a higher level of stress.26 Furthermore, an

observational study reported an association between

stress and both greater AD severity and increased

scratching behaviour in patients with AD; in the

study, the acute stress was induced in 15 patients

with AD and 16 healthy participants, using the Trier

Social Stress Test.27 This observational result may sup-

port the hypothesis that stress can trigger scratching

behaviour and enhance the itch–scratch cycle in

patients with AD, therefore aggravating disease sever-

ity.

A meta-analysis of 30 studies found an associa-

tion between adult AD and an increased prevalence of

obesity; however, after pooling the European studies,

the association did not remain significant.6 In this

meta-analysis, the association between AD severity

and BMI was only addressed in children, where obesity

was likely associated with increased disease severity.6

However, other recent studies11–13 found noT
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association between obesity and increased AD severity

in adults; however, AD definitions, severity assess-

ments, BMI classification and methodology varied

across these studies. A UK population-based study of

more than 2 million adults found no association

between severe AD and being overweight or obese, but

did find an association between mild or moderate AD

and being overweight or obese.11 A US population-based

study of 8217 adults reported that moderate AD rather

than severe AD was associated with obesity.12 Our find-

ing of no association between moderate to severe AD

and obesity in general is consistent with the findings of a

large Israeli population-based study,13 but after further

stratifying by obesity, we did find an association between

moderate to severe AD and Class I obesity, but not Class

II obesity. This unusual pattern of the association may

indicate that further studies, taking classes of obesity

into account, will need to be performed.

Previous studies have shown conflicting results

about whether AD is associated with decreased physi-

cal activity, despite a common belief that patients with

AD may avoid exercise due to sweating and itch. In

agreement with our finding, data from the Danish

Skin Cohort showed that adults with moderate to sev-

ere AD reported similar levels of physical activity com-

pared with healthy controls.9 A Swedish study of 110

adults with AD and 196 healthy participants found no

significant differences in terms of the level of physical

activity and their attitudes to physical performance.28

Conversely, data from the 2010 and 2012 National

Health Interview Survey (NHIS) showed that adults

with AD were less likely to perform VPA with lower

frequency and duration.29 Another US population-

based study also found an association of AD with

lower total counts of daily activity and MVPA, using

actigraphy as an objective measure of physical activ-

ity.8 These inconsistent results may be attributable to

differences in measures of physical activity and AD

definitions and regional differences in attitudes

towards fitness.

The association between adult AD and diet qual-

ity has, to the best of our knowledge, not previously

been studied, although we found no association of

moderate to severe AD with diet quality. The Phase 3

International Study of Asthma and Allergies in Child-

hood found similar results in children; childhood AD

Table 3 Association between moderate to severe atopic dermatitis and lifestyle factors using univariate and multivariate linear regres-

sion analysis.

Model 1b Model 2c Modeld

Characteristica

Non-AD in

lifetime,

mean � SD

Moderate to

severe AD,

mean � SD

Crude

b (95% CI) P

Adjusted

b (95% CI) P

Adjusted

b (95% CI) P

Adjusted

b (95% CI) P

Smoking

pack-years

6.0 � 9.6 5.7 � 9.3 0.97

(0.99–1.00)
0.27 1.01

(1.01–1.02)
< 0.001 1.01

(1.00–1.02)
< 0.01 1.01

(1.00–1.02)
0.03

No. of

alcoholic

drinks/day

0.8 � 1.0 0.7 � 1.0 0.94

(0.88–1.00)
0.05 1.04

(0.98–1.11)
0.19 1.06

(0.99–1.13)
0.11 1.05

(0.98–1.13)
0.21

Total LTE

score

1.0 � 1.2 1.1 � 1.3 1.08

(1.04–1.13)
< 0.001 1.08

(1.04–1.13)
< 0.001 1.05

(1.00–1.09)
0.053 1.03

(0.98–1.09)
0.24

Total LDI

score

2.3 � 2.3 3.2 � 2.6 1.15

(1.13–1.17)
< 0.001 1.11

(1.09–1.13)
< 0.001 1.08

(1.05–1.10)
< 0.001 1.07

(1.04–1.10)
< 0.001

BMI, kg/m2 25.9 � 4.2 26.0 � 4.5 1.00

(0.99–1.02)
0.82 1.02

(1.01–1.03)
0.001 1.01

(0.99–1.02)
0.29 1.01

(0.99–1.02)
0.49

WC, cm 90.0 �
12.1

88.8 � 12.7 0.99

(0.99–1.00)
0.001 1.01

(1.00–1.01)
< 0.01 1.00

(1.00–1.02)
0.48 1.00

(1.00–1.01)
0.64

LLDS score 24.8 � 6.0 24.2 � 6.0 0.98

(0.97–0.99)
< 0.01 1.0

(0.99–1.01)
0.58 1.00

(0.99–1.01)
0.65 1.00

(0.99–1.01)
0.94

Sleep

duration,

h/day

7.5 � 0.9 7.5 � 0.9 1.01

(0.95–1.08)
0.77 0.93

(0.87–0.99)
0.03 0.96

(0.90–1.03)
0.28 0.95

(0.88–1.03)
0.20

AD, atopic dermatitis; BMI, body mass index; LDI, Long-term Difficulties Inventory; LTE, List of Threatening Events; MVPA, moderate to

vigorous physical activity; VPA, vigorous physical activity; WC, waist circumference. aAll characteristics excluding BMI and WC are

self-reported. bModel 1 included age and sex. cModel 2 included age, sex, asthma and hand eczema. dModel 3 included age, sex, asthma,

hand eczema, smoking status, alcohol, LDI, BMI, MVPA, vegetarian/vegan, LLDS, sleep duration. Because of the overlap between vari-

ables, WC and sex, smoking status and smoking pack-years, MVPA and VPA, and LTE and LDI were not entered at the same time in

Model 3. P < 0.05 is statistically significant.
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was not associated with diet quality based on Mediter-

ranean diet score.30 Previous studies have indicated

that antioxidant-rich foods (e.g. vegetables and fruits)

and polyunsaturated fatty acids (PUFAs) (found in

foods such as margarine and fish) may have beneficial

effects on AD by exerting antioxidant and

immunomodulatory effects.31 The LLDS as an indica-

tor of diet quality includes dietary information on vari-

ous foods including antioxidant-rich foods and PUFA;

however, the current study did not identify an associa-

tion of AD with LLDS.

We found that adults with moderate to severe AD

were more likely to have both shorter and longer sleep

duration. Shorter sleep duration is possibly caused by

premature awakening and trouble falling asleep due to

itch, whereas prolonged sleep duration may be caused

by poor sleep quality, fatigue and daytime sleepiness.

Moreover, greater AD severity may lead to more

scratching behaviour and poorer sleep quality, which

was supported by a small pilot study in which sleep

efficacy of 20 adults with AD was assessed using

objective measures (polysomnography and actigra-

phy).32 Notably, even though it is possible that the

burden of sleep disturbance in patients with AD may

severely affect overall health and increase healthcare

utilization, sleep disorder was likely to be underdiag-

nosed and/or undertreated in patients with AD.4

The present study has several strengths: there

was a large sample size, multiple lifestyle factors were

assessed and validated self-administered questionnaires

were used to measure AD severity (POEM15), stress

(LTE and LDI16), physical activity (SQUASH17) and

diet quality (LLDS19). This study also has some limita-

tions. This cross-sectional study was unable to deter-

mine the direction of associations. Owing to the time

interval between data collection on AD and lifestyle

factors, participants might have changed some beha-

viours such as diet in the interval. Nonresponse bias is

important to bear in mind, especially if caused by dif-

ferent sex ratios, because the sex of the patient has a

bearing on both lifestyle factors (men are more likely

to smoke, have a poorer diet, etc.) and the AD preva-

lence (female predilection). P values were not adjusted

for multiple testing, although the P values of most of

the significant associations were far smaller than 0.05.

Conclusion

Associations between AD severity and some modifiable

lifestyle factors were found in this study. Therefore,

more screening and counselling for these lifestyle

factors, particularly smoking, alcohol use, stress, obesity

and sleep disturbances appear warranted in patients

with moderate to severe AD. Further longitudinal stud-

ies are required to better characterize the direction of

these associations and develop strategies for prevention.

What’s already known about this topic?

• Previous studies provide evidence of the associa-

tion between AD and sleep disturbances and stress.

• However, conflicting results concerning other

lifestyle factors (e.g. smoking, obesity, alcohol

use, a sedentary lifestyle) in patients with AD

have been found.

• Associations with lifestyle factors (e.g. smoking,

obesity and alcohol) may vary by disease severity

of AD, but existing research on this topic is limited.

What does this study add?

• We found evidence of associations between

moderate to severe AD and a lifetime smoking

pack-years of > 15, an alcohol consumption of

> 2 drinks per day, chronic stress, Class I obesity

and altered sleep duration among adults in the

Dutch general population.

• Based on our results, we recommend more

screening and counselling for lifestyle factors par-

ticularly smoking, alcohol use, stress, obesity and

sleep disturbances in patients with moderate to

severe AD.
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