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Abstract

Background—Atopic dermatitis (AD) is associated with multiple comorbid conditions, such as 

asthma and food allergy. We sought to determine the impact of eczema severity on the 

development of these disorders and other non-atopic comorbidities in AD.

Methods—We used the 2007 National Survey of Children's Health, a prospective questionnaire-

based study of a nationally representative sample of 91,642 children age 0-17 years. Prevalence 

and severity of eczema, asthma, hay fever and food allergy, sleep impairment, healthcare 

utilization, recurrent ear infections, visual and dental problems were determined.

Results—In general, more severe eczema correlated with poorer overall health, impaired sleep 

and increased healthcare utilization, including seeing a specialist, compared to children with mild 

or moderate disease (Rao-Scott Chi-square, P<0.0001). Severe eczema was associated with higher 

prevalence of comorbid chronic health disorders, including asthma, hay fever and food allergies 

(P<0.0001). In addition, the severity of eczema was directly related to the severity of the 

comorbidities. These associations remained significant in multivariate logistic regression models 

that included age, sex and race/ethnicity. Severe eczema was also associated with recent dental 

problems, including bleeding gums (P<0.0001), toothache (P=0.0004), but not broken teeth 

(P=0.04) or tooth decay (P=0.13).

Conclusions—These data indicate that severe eczema is associated with multiple comorbid 

chronic health disorders, impaired overall health and increased healthcare utilization. Further, 

these data suggest that children with eczema are at risk for decreased oral health. Future studies 

are warranted to verify this novel association.
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Introduction

There is a dearth of population-based studies of comorbidities in eczema and most of the 

existing data come from European studies. Moreover, prevalence estimates for comorbid 

atopic disorders, e.g. asthma, vary greatly because of limitations inherent to smaller non-

population based studies with various designs. Thus, US-population based estimates of the 

prevalence of both atopic and non-atopic comorbidities are invaluable for developing a 

comprehensive approach to the management of atopic dermatitis (AD).

Besnier was reportedly the first to describe the association of AD with allergic rhinitis and 

asthma (1). The association between AD and other atopic disorders is now well established. 

However, US population-based estimates for the comorbid disease burden in AD are 

lacking. Further, little is known about other non-atopic comorbidities in AD. We 

hypothesized that AD, especially severe disease, is associated with more comorbid medical 

disorders and increased healthcare utilization. Several in vitro, animal model and human 

genetic studies found aberrant toll-like receptor signaling and innate immunity in AD 

(reviewed in 2). Such aberrancies would likely predispose to both cutaneous and extra-

cutaneous infections. We hypothesized that AD is associated with increased susceptibility to 

extra-cutaneous infections, including ear infections and oral infections resulting in dental 

problems. In the present study, we present a comprehensive analysis of atopic and non-

atopic comorbid disorders in AD.

Methods

National Survey of children's Health (NSCH)

We used data from the 2007-2008 NSCH survey of 91,642 households, which was designed 

to estimate the prevalence of various child health issues including physical, emotional, and 

behavioral factors. NSCH was sponsored by the Maternal and Child Health Bureau and the 

U.S. Department of Health and Human Services with a goal of >1,700 households per state. 

The National Center for Health Statistics conducted the study using the State and Local Area 

Integrated Telephone Survey (SLAITS) program. The telephone numbers were chosen at 

random, followed by identification of the households with one or more children under the 

age of 18. Subsequently, one child was randomly selected for interview. The survey results 

were weighted to represent the population of non-institutionalized children nationally and in 

each state. Using the data from U.S. Bureau of the Census, weights were adjusted for age, 

sex, race, ethnicity, household size, and educational attainment of the most educated 

household member to provide a dataset that was more representative of each state's 

population of non-institutionalized children less than 18 years of age as previously described 

(3). The National Center for Health Statistics of Center for Diseases Control and Prevention 

oversaw sampling and telephone interviews. Approval by the institutional review board was 

waived.

Eczema prevalence

AD/eczema was determined using the NSCH question, “During the past 12 months, have 

you been told by a doctor or other health professional that (child) had eczema or any kind of 

Silverberg and Simpson Page 2

Pediatr Allergy Immunol. Author manuscript; available in PMC 2015 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



skin allergy?” To limit the effect healthcare access may have on the results, we excluded all 

subjects who responded “no” or “don't know” to the question, “During the past 12 months, 

did (child) see a doctor, nurse, or other health care professional for any kind of medical care, 

including sick-child care, well-child check-ups, physical exams, and hospitalizations?”

Eczema severity

Severity of AD/eczema was determined using the NSCH question, “Would you describe 

(child's) eczema or skin allergy as mild, moderate, or severe?” To limit the effect healthcare 

access may have on the results, we excluded all subjects who responded “no” or “don't 

know” to having eczema in the past 12 months. Responses were encoded as an ordinal 

variable, where 1=mild, 2=moderate and 3=severe.

Comorbidities

The prevalence and severity of asthma, allergic rhinitis, food allergies, recurrent ear 

infections, visual and dental problems, as well as overall health, impaired sleep, requirement 

of more services than other children of the same age, and being seen by a specialist were 

determined by survey responses (questions presented in supplemental Table 1). Non-

responders or “not known” responses were considered as missing data. Number of chronic 

health conditions and services used are derived variables from the NSCH, which represent 

the sum of all medical conditions and services elicited in the survey, respectively.

Data processing and statistical methods

All data processing and statistical analyses were performed in SAS version 9.2. Analyses of 

survey responses were performed using SURVEY procedures. Univariate associations were 

tested by Rao-Scott chi-square tests (SURVEYFREQ). Multivariate logistic regression 

models were constructed that included age and race/ethnicity due to potential confounding 

and sex due to significant effect medication (SURVEYLOGISTIC). Analysis of eczema 

severity was performed by dichotomizing responses into mild/moderate versus severe 

eczema. This approach was used over ordinal logistic regressions because the data did not 

meet the proportional odds assumption (Score test, P<0.01). Complete data analysis was 

performed, i.e. subjects with missing data were excluded. Linear interactions were tested in 

logistic regression models and included in final models if P-values were <0.05.

Correction for multiple dependent tests (k=44) with the approaches of Benjamini and 

Hochberg (4) yielded critical P-values of 0.015. Thus, a two-sided P-value <0.015 was taken 

to indicate statistical significance for all estimates.

Results

Eczema prevalence and severity

Subject demographics are presented in Table 1. There were 79,667 subjects with healthcare 

interaction in the previous year. Eczema prevalence was 12.97% (95% CI=12.42–13.53). 

Sixty seven percent (95% CI: 64.8–69.2) of children with eczema reportedly had mild, 

26.0% (95% CI: 23.9–28.1) moderate and 7.0% (95% CI: 5.8–8.3) severe disease (Fig 1A).

Silverberg and Simpson Page 3

Pediatr Allergy Immunol. Author manuscript; available in PMC 2015 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Comorbid atopic disease

Overall, children with eczema reported a higher prevalence of comorbid atopic disease. 

Having eczema within the past 12 months was associated with higher prevalence [95% CI] 

of ever asthma (eczema vs. no eczema: 25.1% [23.1 – 27.2%] vs. 12.3% [11.7 – 13.0%]; 

Rao-Scott chi-square, P<0.0001), asthma within the past 12 months (19.8% [17.8 – 21.7%] 

vs. 7.9% [7.4 – 8.4%]; P<0.0001) and increased asthma severity (severe asthma: 8.9% [5.9 – 

11.9%] vs. 4.3% [2.8 – 5.8%]; P<0.0001) (Figs 1B and 1C). Similarly, eczema was 

associated with a higher prevalence of allergic rhinitis within the past 12 months (34.4% 

[32.1 – 36.7%] vs. 14.3% [13.7 – 14.9%]; P<0.0001) and increased allergic rhinitis severity 

(severe allergic rhinitis: 6.6% [5.0 – 8.2%] vs. 3.1% [2.4 – 3.7%]; P<0.0001) (Figs 1B and 

1C). Eczema was also associated with an almost five-fold higher prevalence of reported 

food allergies within the past 12 months (15.1% [13.4 – 16.7%] vs. 3.6% [3.3 – 3.9%]; 

P<0.0001) and increased food allergy severity (severe food allergy: 26.3% [21.1 – 31.5%] 

vs. 16.4% [13.5 – 19.4%]; P<0.0001) (Figs 1B and 1C).

In addition, the severity of the skin disease directly correlated with the prevalence and 

severity of the atopic comorbidities. Severity of AD did not meet the proportional odds 

assumption (Score test, P < 0.01). Therefore, severity was dichotomized into severe vs mild-

moderate and binary logistic regression was performed. Severe eczema was associated with 

a higher prevalence of ever asthma (severe eczema vs. mild–moderate eczema: 36.9% vs. 

24.3%; P=0.002), asthma within the past 12 months (32.2% vs. 19.0%; P=0.0003) and 

increased asthma severity (severe asthma: 36.1% vs. 5.5%; P<0.0001) (Table 2). Severe 

eczema was likewise associated with an increased prevalence of severe allergic rhinitis 

(29.1% vs. 4.6%; P<0.0001), but not overall allergic rhinitis within the past 12 months 

(39.0% vs. 34.1%; P=0.26). In contrast, severe eczema was associated with both increased 

prevalence of food allergies within the past 12 months (27.0% vs. 14.1%; P<0.0001) and 

increased food allergy severity (severe food allergy: 48.6% vs. 23.3%; P<0.0001).

All of these associations with eczema prevalence (P<0.0001) and severe eczema (P≤0.002) 

remained significant in multivariate logistic regression models that included age, sex and 

race/ethnicity. Similar results were obtained in regression models where severity was 

dichotomized into moderate-severe vs. mild disease.

Health outcomes

Overall, eczema within the past 12 months was associated with a higher number of chronic 

health conditions (eczema vs. no eczema: 14.7% vs. 8.0% with ≥2 conditions; P<0.0001) 

(Table 3). Eczema was also associated with poorer overall health (self reported excellent 

health: 52.2% vs. 63.4%, P<0.0001) and a higher prevalence of sleep impairment (≥ 4 nights 

of impaired sleep: 10.8% vs. 7.6%, P<0.0001). These associations remained significant in 

multivariate logistic regression models (P≤0.03).

Severe eczema was associated with an even higher number of chronic health conditions 

(severe vs. mild–moderate: 31.8% vs. 13.6% with ≥2 conditions; P<0.0001), poorer overall 

health (self reported excellent health: 26.1% vs. 54.1%, P<0.0001) and a higher prevalence 

of sleep impairment (≥ 4 nights of impaired sleep: 22.2% vs. 10.0%, P=0.003) compared 
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with mild–moderate eczema. These associations remained significant in multivariate logistic 

regression models (P≤0.005).

Healthcare utilization

Children with eczema reportedly used more health services than most children of the same 

age (20.7% vs. 11.2%, P<0.0001) (Table 3). In particular, they saw a specialist within the 

past 12 months more often than those without (37.4% vs. 21.3%, P<0.0001), and used a 

greater number of health related services, including medical, mental, dental and therapy (≥ 3 

services: 38.9%% vs. 23.3%, P<0.0001). These associations remained significant in 

multivariate logistic regression models (P<0.0001).

Children with severe eczema were even more likely to report using more health services 

than most children of the same age (38.5% vs. 19.3%, P<0.0001), seeing a specialist within 

the past 12 months (51.3% vs. 36.3%, P<0.0001), and used a greater number of health 

related services (≥ 3 services: 54.3%% vs. 37.8%, P<0.0001) compared with mild–moderate 

eczema. These associations remained significant in multivariate logistic regression models 

(P≤0.003).

Recurrent ear infections

Overall, eczema was associated with higher prevalence of recurrent ear infections (eczema 

vs. no eczema: 10.4% vs. 6.0%, P<0.0001), but not reported severity of such infections 

(severe infections: 23.1% vs. 18.6%; P=0.24) (Table 4). This association remained 

significant in multivariate logistic regression models (P<0.0001).

However, severe eczema was not associated with higher prevalence of recurrent ear 

infections (severe vs. mild–moderate: 13.2% vs. 10.3%, P=0.29) or severity of such 

infections (severe infections: 26.9% vs. 22.8%; P=0.92) in univariate or multivariate models 

(data not shown). However, severe eczema was associated with greater severity of recurrent 

ear infections in multivariate logistic regression models (P=0.003).

Visual problems

Eczema was associated with higher prevalence of ever visual problems (eczema vs. no 

eczema: 2.6% vs. 1.4%, P=0.004) and visual problems within the past 12 months (2.2% vs. 

1.0%, P=0.002), but not severity of visual problems (severe: 17.3% vs. 20.8%; P=0.87) 

(Table 4). The association of eczema prevalence with ever- or current- visual problems 

remained significant in multivariate logistic regression models (P≤0.0016).

In contrast, severe eczema was not associated with higher prevalence of ever visual 

problems (severe vs. mild–moderate: 4.0% vs. 2.6%, P=0.36), visual problems in the past 12 

months (4.0% vs. 2.1%, P=0.19), or severe visual problems compared with mild–moderate 

(40.9% vs. 20.1%; P=0.08) in univariate or multivariate models (data not shown).

Dental problems

Eczema was associated with higher prevalence of multiple dental problems within the past 6 

months, including toothache (eczema vs. no eczema: 13.7% vs. 10.3%, P<0.0001), broken 
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teeth (5.5% vs. 3.8%, P=0.01), bleeding gums (5.0% vs. 2.9%, P<0.0001), but not tooth 

decay (22.4% vs. 21.4%, P=0.47) (Table 4). These associations remained significant in 

multivariate models that included age, sex and race/ethnicity (P≤0.015).

In contrast, severe eczema was associated with higher prevalence of bleeding gums in 

univariate (12.6% vs. 4.3%, P=0.0007) and multivariate models (P < 0.0001). The 

association between severe eczema and toothache was marginally significant in univariate 

models (severe vs. mild–moderate: 20.9% vs. 13.2%, P=0.02) and was significant in 

multivariate models (P=0.0004). The association between severe eczema and broken teeth 

was only marginally significant in univariate models (10.3% vs. 5.1%, P=0.04) and 

multivariate models that included a significant interaction between severe eczema and age 

(P=0.04). The association between severe eczema and tooth decay was only marginally 

significant in univariate models (32.6% vs. 21.8%, P=0.02) but did not remain significant in 

multivariate models (P=0.13).

Similar results were obtained for the above mentioned health outcomes, healthcare 

utilization, recurrent ear infections, visual and dental problems in regression models where 

severity was dichotomized into moderate-severe vs. mild disease.

Discussion

Using a population-based sample, we confirmed that patients with AD carry a significant 

burden of comorbid disease likely contributing to the increased healthcare utilization we 

observed in this population. While most of the disease associations found have been 

previously established, the design of the current study allows for a more comprehensive and 

real-world assessment of the comorbid disease burden in children with AD than many 

previous studies. The population-based nature of the survey allows for a better estimate of 

the true risk of certain comorbidities compared to previous studies using hospital-based 

samples. In addition, our data reveal the importance of skin disease severity in not only 

increasing one's risk for the development of comorbid disease, but in also influencing the 

severity of those comorbidities.

We found that 1 in 4 children with eczema reported a history of asthma in the past 12 

months and 1 in 3 reported allergic rhinitis. The association between eczema and asthma 

remained significant even after controlling for age, sex and race/ethnicity. These findings 

are in agreement with multiple previous studies demonstrating an increased asthma and/or 

rhinoconjunctivitis prevalence associated with AD (5-8). The prevalence of asthma in AD 

has ranged between 14.2-52.5% in previous studies. However, there was a broad range of 

asthma prevalence estimates (14.2–52.5%) (6). This variability is likely attributable to the 

use of smaller sample sizes, selection bias from non-population based designs and 

recruitment of potentially more severe eczema, and the variation in the definitions of eczema 

and asthma. Our estimate of 25.1% agrees with previous population-based cohort studies 

primarily examining European populations (6).

This is a large population-based study of the food allergy burden in children with eczema in 

the US population. We found that the prevalence and severity of AD are associated with 
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both food allergy prevalence and severity. The food allergy prevalence of 15.1% in children 

with eczema is in agreement with the 15.7% prevalence observed in a recent study by 

Hanifin et al. (9). These two population-based estimates are likely more accurate estimates 

of the true food allergy burden in children with AD than previous hospital-based estimates 

(10-12). The higher prevalence of food allergies observed in those studies (37-56%) were 

likely a result of selecting more severe cases of AD for study.

A novel finding from our study was the direct correlation between eczema severity and the 

prevalence and severity of comorbidities. While several smaller studies have shown that 

severe AD, compared with mild AD, was associated with an increased prevalence of 

asthma, no study to our knowledge has examined how the severity of the skin disease may 

relate to the severity of the comorbidity. (7, 13-15) The causal mechanisms underlying the 

association between skin severity and comorbidity are not known. One explanation for this 

relationship is that specific genetic polymorphisms in immune regulatory elements, e.g. toll-

like receptors, IL9, IL13 and its receptor, might result in immune dysregulation that 

simultaneously predisposes toward severe AD, asthma and food allergy (16-18). 

Alternatively, epidermal disruption in eczema secondary to filaggrin gene null mutations 

facilitates epicutaneous allergen sensitization, leading toward T helper 2 cytokine responses, 

and ultimately resulting in systemic inflammatory responses and atopic disease. Several 

clinical studies found that eczema in early childhood is a risk factor for subsequent asthma 

and rhinoconjunctivitis in adolescence and adulthood, even though the eczema typically 

remits by those ages (6, 15, 19-21). Several mouse models of AD have demonstrated 

evidence for this so-called “atopic march” from AD to asthma and rhinoconjunctivitis 

(22-24).

The poorer overall health and increased frequency of impaired sleep observed in the present 

study are in-line with previous studies that demonstrated impaired quality of life and sleep 

disturbances in AD, particularly severe AD (25-29). Similarly, the high rate of healthcare 

utilization observed in the present study is consistent with previous international studies that 

demonstrated increased referral rates to specialists and a high economic burden of AD, 

particularly severe AD (30-32).

The present study found a higher prevalence of recurrent ear infections in children with 

eczema. This is in contrast with previous studies that found an association of asthma and 

rhinoconjunctivitis with otitis media, but not AD (33, 34). However, recurrent ear infections 

were not associated with eczema severity, which suggests that the relationship between AD 

and recurrent ear infections is complex. It is possible that the recurrent ear infections are due 

to the association with allergic rhinitis. Future studies are warranted to better elucidate the 

relationship between otitis media/ear infections and AD.

The increased prevalence of ever visual problems and visual problems in the past 12 months 

found in children with eczema may be a reflection of allergic conjunctivitis and/or cataracts. 

However, the questions in NSCH did not identify the etiology of visual problems. Although 

rare in children, numerous studies demonstrated increased anterior and posterior subcapsular 

cataracts in AD even before the advent of topical steroids (35-40). However, severe AD 

compared with mild-moderate was not associated with any increased visual problems, which 
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may be merely due to the low number of children with both disorders. Previous reports 

argued that development of atopic cataracts is not related to eczema severity (36, 41). Future 

studies appear warranted to better elucidate the relationship between visual problems and 

AD.

Interestingly, AD, particularly severe AD, was associated with impaired dental hygiene, 

including: bleeding gums and toothache. Two cross-sectional studies found that periodontal 

disease or oral bacteria was associated with lower prevalence of dust mite allergy, asthma 

and/or rhinoconjunctivitis (42, 43). However, a cross-sectional study of 21,792 Japanese 

children found no relationship between dental caries and AD, asthma or rhinoconjunctivitis 

(44). Thus, while the present study is very large and population based, the data require 

confirmation in future clinical and translational studies. Potential mechanisms for how AD 

may predispose toward poorer dental hygiene include: 1) decreased attention toward 

brushing teeth and flossing in children who are preoccupied with the symptoms and 

management of their AD; 2) potentially increased oral infections secondary to impaired 

innate or cellular immunity 3) chronic oral, inhaled and intranasal corticosteroid usage for 

comorbid rhinoconjunctivitis and asthma; 4) oral antihistamine associated xerostomia; 5) 

mutations of fillagrin localized to the oral cavity (45-47) may predispose to impaired barrier 

function and integrity in the oral cavity. It is possible that atopic children with oral disease 

may also be predisposed to infections of other organ systems such as the sinuses or lungs. 

Unfortunately, the NSCH did not include any questions related to these types of infections. 

Future studies are warranted to elucidate these points.

The strengths of this study include being large-scale, US population-based, comprehensive 

survey of atopic and other comorbid disorders, and controlling for confounding 

demographic variables in multivariate models. However, the study also has some 

limitations. Eczema was defined using self-report by parental questionnaire. The NSCH 

question for eczema asked about “eczema or any other kind of skin allergy”. This rather 

broad question may result in overestimates of prevalence for AD per se by inclusion of other 

entities such as allergic contact dermatitis but such entities are relatively uncommon 

compared to AD in pediatric age groups. Moreover, previous studies similarly used single 

questions utilizing parental recall of physician-diagnosed eczema that have been validated 

(48, 49). The NSCH question asked about eczema diagnosed by a “doctor or other health 

care provider”, which is more specific and accurate than self-diagnosis. Parental report of 

severity of AD has previously been validated and was found to have moderate correlation to 

physician-assessed disease severity and a strong correlation with psychological comorbidity 

in AD (50). Thus, the results of the survey with this question are likely meaningful and 

accurate.

It is important to note that the impaired sleep, increased healthcare utilization and other 

comorbidities observed in AD are likely worsened by the presence of other comorbid asthma 

and hay fever. Moreover, the recurrent ear infections and dental problems observed in the 

study may be, in part, due to a genetic predisposition to aberrant immune responses and part 

of a spectrum of allergic disease.
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The present study found that severity of AD was directly related to the prevalence and 

severity of both atopic and non-atopic comorbidities. In addition, eczema severity was 

associated with overall poorer health outcomes and increased healthcare utilization, as well 

as impaired sleep, recurrent ear infections, visual problems, and impaired dental hygiene. 

This study helps better understand the disease course of AD and identifies multiple 

important comorbidities that should be addressed by dermatologists, allergists and primary 

care providers alike. Moreover, it suggests that aggressive treatment to reduce the severity of 

eczema may reduce the risk of developing, or the severity of, the associated comorbidities. 

Future studies should analyze the effects of eczema prevention and treatment strategies on 

these comorbidities.
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aOR adjusted odds ratio

AD atopic dermatitis

NSCH National Survey of Children's Health
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Figure 1. Association of childhood eczema prevalence and severity with comorbid atopic disease
(A) Distribution of eczema severity. Eczema severity was divided into mild, moderate or 

severe. Data are presented as the percent (95% CI) of subjects who responded yes to having 

been told by a doctor to have eczema in the past 12 months. (B) Association of childhood 

eczema with comorbid atopic disease. Prevalence of ever asthma as well as asthma, allergic 

rhinitis and food allergies within the past 12 months was compared between eczema vs. no 

eczema. Data are presented as the percent (95% CI) of subjects who responded yes or no to 

having been told by a doctor to have eczema in the past 12 months, respectively. (C) 

Association of eczema with severity of comorbid atopic disease. Severity of asthma, allergic 

rhinitis and food allergies was divided into mild, moderate or severe. Data are presented as 

the percent (95% CI) of subjects who responded yes to having been told by a doctor to have 

eczema in the past 12 months.
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Table 1
Subject characteristics (n=79,667)

Variable No eczema Eczema P-value#

Age (yr) – mean (95% CI) 8.4 (8.3–8.5) 7.5 (7.3–7.7) < 0.0001

Race/ethnicity – no. (%)

< 0.0001

 African-American 6495 (13.5) 1618 (22.2)

 Hispanic 8582 (20.4) 1215 (15.6)

 White 46777 (57.1) 6326 (52.5)

 Other/mixed 6186 (9.0) 1079 (9.7)

Female sex – no. (%) 33165 (48.3) 5016 (49.8) 0.25

Household income (Poverty level) – no. (%)

0.76

 0 – 99% 8023 (18.2) 1253 (17.5)

 100 – 199% 11356 (20.4) 1756 (20.4)

 200 – 399% 22966 (30.9) 3478 (32.0)

 ≥400% 26835 (30.5) 3921 (30.1)

#
Rao-Scott chi square test.

Parental refusal to answer a particular question or response of “don't know” occurred for the questions pertaining to eczema in 79 (0.1%), age in 0 
(0.0%), race/ethnicity in 76 (0.1%), sex in 92 (0.2%), and household income in 0 (0.0%), respectively.
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