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ackground: Previous studies have found increased rates of musculoskeletal problems in adults with
llergic disease, but whether this association holds true for children is unknown.
bjective: To investigate the association of bone, joint, and muscle problems in children with a history of
llergic disease.

Methods: Data were obtained from the 2007 Child and Adolescent Health Measurement Initiative. Uni-
variable and multivariable logistic regression models accounting for the sampling design were used to
evaluate associations of bone, joint, and muscle problems with allergic diseases, such as asthma, hay fever,
food allergies, and eczema. Associations were summarized with odds ratios (ORs) and 95% confidence in-
tervals (CIs).
Results: The survey included 91,642 individuals aged 0 to 17 years. Multivariable modeling found statisti-
cally significant associations between the number of allergic diseases and bone, joint, and muscle problems
(1 allergic disease: adjusted OR, 1.28; 95% CI, 1.04e1.56; P ¼ .02; 2 allergic diseases: adjusted OR, 2.55; 95%
CI, 1.92e3.39; P < .001; 3 allergic diseases: adjusted OR, 2.70; 95% CI, 1.88e3.86; P < .001; and 4 allergic
diseases: adjusted OR, 4.35; 95% CI, 2.46e7.69; P < .001). Severe eczema (but not mild eczema) was asso-
ciated with bone, joint, and muscle problems (adjusted OR, 2.81; 95% CI, 1.64e4.81; P < .001) and with bone
problems (adjusted OR, 6.08; 95% CI, 1.94e19.12; P ¼ .002).
Conclusion: Self-reported allergic diseases in children were associated with bone, joint, and muscle prob-
lems, and associations strengthened with allergic disease severity and number of allergic diseases. Severe
eczema may be associated with bone problems in children. Bone, joint, and muscle problems must be
considered in children with severe allergic disease, and prospective studies are necessary to define this
association.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Allergic disease, including food allergy, asthma, hay fever, and
eczema, are prevalent in US children (aged <18 years),1,2 with
prevalence rates of 10% to 12.5% in the US pediatric population in
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the past decade.2e4 Recent population-based studies have reported
that children and adults with allergic disease have increased rates
of other nonallergy medical problems, such as sleep disruptions,5

injury requiring medical attention,6 psychological and behavioral
disorders,6 and epilepsy.7 Specifically in children, eczema has been
associated with anemia,8 obesity,9e11 low bone mineral density
(BMD),12 juvenile idiopathic arthritis, autoimmune diseases, and
Henoch-Schönlein purpura.13e15

A recent prospective study of 34,500 adults (aged 18e85 years)
from the 2012 National Health Interview survey found that adults
with eczema had a higher incidence of fractures and other bone or
sevier Inc. All rights reserved.
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joint problems compared with those without eczema.16 However,
sparse data directly address the association between allergic con-
ditions and musculoskeletal problems within the pediatric popu-
lation. We hypothesized that children with allergic disease would
have a higher prevalence of musculoskeletal disease. Thus, using a
nationally representative children’s health survey, we aimed to
determine whether pediatric patients with a history of allergic
disease (ie, eczema, hay fever, food allergy, and asthma) had a
higher prevalence of coexisting bone, joint, or muscle problems.

Methods

Study Design and Subject Identification

Data were obtained from the Child and Adolescent Health
Measurement Initiative.17 This survey of 91,642 households was
designed to estimate the prevalence of health issues in childhood
(aged 0e17 years), with approximately 1,800 interviews (range,
1,725e1,932) collected per state. Results were weighted to repre-
sent the population of noninstitutionalized children in each state.
The National Center for Health Statistics conducted the study using
the State and Local Area Integrated Telephone Survey program in
Cantonese, English, Korean, Mandarin, Spanish, and Vietnamese.
After verbal consent was obtained, 1 child from the family was
randomly selected as the subject of the interview process. Specific
questions were asked for children in early childhood (aged 0e5
years) and middle childhood and adolescence (aged 6e17 years),
with additional questions asked for children of all ages. This study
was exempt from institutional review board evaluation.

Parents or guardians were specifically asked if the patient ever
had or currently had eczema, asthma, food allergy, or hay fever. If
the patient had a history of allergic disease, parents were asked
whether it was mild, moderate, or severe.7 This line of questioning
was also used for bone, joint, or muscle problems.

Features Analyzed

The features evaluated were as follows: age of patient in years;
sex; race/ethnicity; poverty level of the household (based on US
Department of Health and Human Services guidelines); visited a
health care professional for preventive services in the past 12
months; metropolitan statistical area (in states meeting the
500,000 threshold); injured or required medical attention in the
past 12 months (available only for patients aged 0e5 years); body
mass index (BMI) (available only for patients aged 10e17 years and
reported by telephone interview); eczema or skin allergy in the
past 12 months; severity of eczema; any history of asthma; current
asthma; severity of current asthma; hay fever or respiratory allergy
in the past 12 months; severity of hay fever or respiratory allergy;
food or digestive allergy in the past 12 months; severity of food or
digestive allergy; number of allergic diseases; any history of bone,
joint, or muscle problems; current bone, joint, or muscle problems;
severity of current bone, joint, or muscle problems; current prob-
lems involving bones; current problems involving joints; and cur-
rent problems involving muscles.

Two sets of multivariable models were considered. The first
multivariable model included the covariates of age group, sex, race/
ethnicity, poverty level of the household, and visited a health care
professional for preventive services in the past 12 months. The
second multivariable model included the covariates of sex, race/
ethnicity, poverty level of the household, visited a health care
professional for preventive services in the past 12 months, and BMI
(evaluated only for the subset of patients aged 10e17 years). For
example, the odds ratio (OR) for eczema in the first multivariable
model was 1.46 (P < .001), indicating that eczema was significantly
associated with a history of bone, joint, or muscle problems, even
after adjusting for age group, sex, race/ethnicity, poverty level of
the household, and visited a health care professional for preventive
services in the past 12 months. Data for poverty level were not
modified. The covariate metropolitan statistical area was not
included in either multivariable model because substantial data
were missing. The covariate injured or required medical attention
in the past 12 months was not included in either multivariable
model because this covariate was available only for patients aged
0 to 5 years.

Statistical Analysis

Mean ages, 95% confidence intervals (CIs) for themean ages, and
percentages for the other features studied were calculated after
accounting for the sampling using SAS procedures SURVEYMEANS
and SURVEYFREQ and using variable state as the stratum identifier,
variable idnumr as the primary sampling unit, and variable nschwt
as the sampling weight. Associations of the covariates of interest
with bone, joint, or muscle problems were evaluated using logistic
regression with SAS procedure SURVEYLOGISTIC and summarized
with ORs and 95% CIs. All tests were 2-sided, and P < .05 was
considered statistically significant.

Results

The mean age of the 91,642 patients studied was 8.6 years (95%
CI, 8.5e8.7 years). The remaining features studied are summarized
in Table 1.

Univariable and multivariable associations of eczema, severity
of eczema, history of asthma, current asthma, severity of current
asthma, hay fever, severity of hay fever, food allergy, severity of
food allergy, number of allergic diseases, and 1 or more allergic
diseases with a history of bone, joint, or muscle problems were
evaluated. Multivariable associations are summarized in Table 2.
Multivariable associations with current bone, joint, or muscle
problems are summarized in Table 3.

Univariable analysis of patients with severe bone, joint, or
muscle problems found significant associations with severe eczema
(OR, 5.07; 95% CI, 1.48e17.41; P ¼ .01) and severe hay fever (OR,
3.11; 95% CI, 1.13e8.59; P ¼ .03). No significant associations were
identified among severe bone, joint, or muscle problems and
asthma, food allergy, or number of allergic diseases. Multivariable
analysis found that severe bone, joint, or muscle problems were not
significantly associated with any specific allergic disease or number
of allergic diseases. The proportional odds assumption associated
with ordinal logistic regression for the end point of severity of
current problems (mild vs moderate vs severe) was not appropriate
for any of the features studied. Therefore, mild and moderate were
combined and compared with severe for the analyses.

Univariable associations with current bone problems were
notable for a significant association with severe eczema (OR, 4.40;
95% CI, 1.36e14.27; P ¼ .01) and severe asthma (OR, 5.07; 95% CI,
1.47e17.43; P ¼ .01). No statistically significant associations were
identified between bone problems and hay fever, food allergy, or
number of allergic diseases with univariable modeling. Multivari-
able analysis found a significant association between severe
eczema and bone problems (OR, 6.08; 95% CI, 1.94e19.12; P¼ .002);
however, in children aged 10 to 17 years, this association was not
significant when adjusted (model 2) for BMI (OR, 2.48; 95% CI,
0.67e9.26; P ¼ .18). Bone problems were not significantly associ-
ated with asthma, hay fever, food allergy, or number of allergic
diseases.

Univariable associations with current joint problems were
notable for a significant association with a history of asthma (OR,
1.96; 95% CI, 1.15e3.33; P ¼ .01), hay fever (OR, 1.89; 95% CI,
1.16e3.11; P¼ .01), and 1 or more allergic diseases (OR,1.69; 95% CI,
1.03e2.77; P ¼ .04). No significant associations were identified
between current joint problems and eczema, asthma, hay fever, or



Table 1
Summary of Patient Characteristics (N ¼ 91,642)a

Characteristic No. (%) of
patients

Age group, y
0e5 27,566 (33)
6e9 18,179 (22)
10e17 45,897 (45)

Sex (n ¼ 91,532)
Female 43,997 (49)
Male 47,535 (51)

Race/ethnicity (n ¼ 90,096)
Hispanic, any race 11,523 (20)
White, non-Hispanic 61,377 (56)
Black, non-Hispanic 8,873 (14)
Multiracial, non-Hispanic 4,329 (4)
Other, non-Hispanic 3,994 (5)

Poverty level of the household
<100% FPL 10,971 (19)
100%e199% FPL 15,591 (21)
200%e399% FPL 30,792 (31)
�400% FPL 34,288 (29)

Visited a health care professional (n ¼ 90,816) 79,667 (88)
Metropolitan statistical area (n ¼ 63,157) 49,374 (85)
Required medical attention (n ¼ 27,543)b 2,856 (10)
Body mass index (n ¼ 44,101)c

Weight
Underweight 2,186 (5)
Healthy weight 29,121 (63)
Overweight 6,754 (15)
Obese 6,040 (16)

Eczema (n ¼ 91,543) 11,330 (12)
Severity of eczema (n ¼ 11,305)
Mild 7,824 (67)
Moderate 2,845 (26)
Severe 636 (7)

History of asthma (n ¼ 91,525) 12,025 (14)
Current asthma (n ¼ 91,404) 7,925 (9)
Severity of current asthma (n ¼ 7,908)
Mild 5,761 (71)
Moderate 1,807 (23)
Severe 340 (6)

Hay fever (n ¼ 91,455) 16,460 (16)
Severity of hay fever (n ¼ 16,405)
Mild 11,486 (68)
Moderate 4,331 (28)
Severe 588 (4)

Food allergy (n ¼ 91,502) 4,657 (5)
Severity of food allergy (n ¼ 4,618)
Mild 2,333 (50)
Moderate 1,340 (30)
Severe 945 (20)

No. of self-reported allergic disorders (n ¼ 91,162)
0 60,199 (67)
1 20,945 (22)
2 7,305 (7)
3 2,209 (2)
4 504 (1)

No. of self-reported allergic disorders (n ¼ 91,162)
0 60,199 (67)
�1 30,963 (33)

History of bone, joint, and muscle problems (n ¼ 91,553) 3,001 (3)
Current bone, joint, and muscle problems (n ¼ 91,541) 2,105 (2)
Severity of current bone, joint, and muscle problems (n ¼ 2,084)
Mild 979 (46)
Moderate 823 (40)
Severe 282 (14)

Current bone problems (n ¼ 1,993) 945 (47)
Current joint problems (n ¼ 1,993) 748 (39)
Current muscle problems (n ¼ 1,993) 844 (39)

Abbreviation: FPL, federal poverty level.
aSample sizes for features with missing data or for subsets or interest are indicated
in parentheses. Percentages were calculated after accounting for the sampling.
bOnly available for patients 0 to 5 years old.
cOnly available for patients 10 to 17 years old.
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food allergy in univariable modeling. Multivariable models 1 and 2
(model 2 adjusted for BMI) found associations between current
joint problems and a history of asthma (OR, 1.87; 95% CI, 1.15e3.05;
P ¼ .01 and OR, 2.30; 95% CI, 1.34e3.97; P ¼ .003, respectively). The
presence of 1 or more allergic diseases also was significantly
associated with current joint problems in multivariable models 1
and 2 (OR, 1.57; 95% CI, 1.02e2.42; P ¼ .04 and OR, 1.75; 95% CI,
1.03e2.97; P ¼ .04, respectively).

In the univariable analysis, current muscle problems were
significantly associated with a history of eczema (OR, 2.24; 95% CI,
1.43e3.49; P < .001). No other significant associations were noted
between muscle problems and other allergic diseases or number of
allergic diseases in univariable models. Multivariable models 1 and
2 found associations between current muscle problems and a his-
tory of eczema (OR, 2.16; 95% CI, 1.36e3.44; P ¼ .001 and OR, 2.33;
95% CI, 1.28e4.22; P ¼ .005, respectively). No other significant as-
sociations were observed between muscle problems and other
allergic diseases or number of allergic diseases in a multivariable
setting.

Discussion

Allergic diseases as an aggregate were associated with bone,
joint, or muscle problems, and the associations were strengthened
by allergic disease severity and by the presence of multiple allergic
diseases.

Eczema

In our cohort, a history of eczema was associated with bone,
joint, or muscle problems. This association strengthened with
increasing severity of eczema (ie, only severe eczema was associ-
ated with bone problems in the first multivariable analysis).
However, for patients aged 10 to 17 years, there was no statistically
significant associationwhen the multivariable analysis adjusted for
BMI.

An increasing body of literature describes bone problems in
adults with eczema, particularly fracture and bone or joint injury.16

Similarly, eczema in adults is associated with decreased BMD,
osteoporosis, and increased risk of bone fractures.18 Although these
trends are less clear in children, a study of 3,049 children and ad-
olescents (aged 8e19 years) reported decreased BMD in children
with atopic dermatitis.12 However, this finding has not been re-
ported consistently, and prior studies have not accounted for
BMI.12,19

Asthma

Children with asthma were more likely to have current or pre-
vious bone, joint, or muscle problems. However, separate multi-
variable associations between asthma and severe bone, joint, or
muscle, bone-only, or muscle-only problems were not statistically
significant. Although a history of asthma was associated with joint
problems, the association did not hold in children with current
asthma. Although our study did not find a specific association with
bone problems, a population-based study using data from the
Rochester Epidemiology Project found increased risk of limb rather
than axial skeleton fractures in children with asthma.20 Although
the increased fracture riskmay be attributable to corticosteroid use,
some authors have attributed the risk to the disease process of
asthma and its severity rather than use of corticosteroids.21 They
speculated that children with asthma had increased rates of frac-
ture because asthma was associated with obesity and decreased
physical activity; however, this association was not directly



Table 2
Multivariable Associations of Self-reported Allergic Disorders With a History of Bone, Joint, or Muscle Problems

Featurea Multivariable model 1b Multivariable model 2c

OR (95% CI) P value OR (95% CI) P value

Eczema (n ¼ 89,070:43,067) 1.46 (1.20e1.78) <.001 1.31 (1.02e1.69) .04
Severity of eczema (n ¼ 11,025:4,386)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.30 (0.90e1.88) .17 1.35 (0.87e2.11) .18
Severe 2.81 (1.64e4.81) <.001 3.24 (1.57e6.70) .002

History of asthma (n ¼ 89,053:43,072) 1.91 (1.53e2.39) <.001 2.02 (1.55e2.65) <.001
Current asthma (n ¼ 88,934:43,017) 1.85 (1.42e2.42) <.001 1.89 (1.37e2.62) <.001
Severity of current asthma (n ¼ 7,656:4,322)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.47 (0.91e2.36) .11 1.47 (0.92e2.35) .11
Severe 2.39 (1.27e4.51) .007 1.54 (0.72e3.29) .27

Hay fever (n ¼ 88,997:43,045) 1.94 (1.60e2.35) <.001 1.86 (1.46e2.37) <.001
Severity of hay fever (n ¼ 16,067:9,213)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.83 (1.26e2.64) .002 2.00 (1.31e3.05) .001
Severe 2.14 (1.28e3.57) .004 1.91 (1.03e3.54) .04

Food allergy (n ¼ 89,035:43,057) 2.24 (1.73e2.90) <.001 2.19 (1.53e3.14) <.001
Severity of food allergy (n ¼ 4,502:1,901)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.88 (1.15e3.08) .01 1.86 (1.01e3.41) .046
Severe 2.48 (1.36e4.54) .003 2.85 (1.37e5.90) .005

No. of self-reported allergic disorders
(n ¼ 88,725:42,945)

0 1.0 [Reference] NA 1.0 [Reference] NA
1 1.28 (1.04e1.56) .02 1.22 (0.94e1.58) .13
2 2.55 (1.92e3.39) <.001 2.57 (1.78e3.72) <.001
3 2.70 (1.88e3.86) <.001 2.33 (1.43e3.80) <.001
4 4.35 (2.46e7.69) <.001 5.30 (2.60e10.81) <.001
�1 1.70 (1.41e2.05) <.001 1.66 (1.31e2.11) <.001

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
aSample sizes for multivariable models are indicated in parentheses (model 1:model 2).
bMultivariable model 1 included the covariates of age group, sex, race/ethnicity, poverty level of the household, and visited a health care professional for preventive services in
the past 12 months.
cMultivariable model 2 included the covariates of sex, race/ethnicity, poverty level of the household, visited a health care professional for preventive services in the past 12
months, and body mass index for the subset of patients 10 to 17 years old.
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evaluated in their study.21 Quick et al22 reported that children with
asthma have slender long bones with thicker cortices than children
without asthma when assessed by peripheral quantitative
computed tomography. This finding generated the hypothesis that
the increased fracture risk could be associated with changes in
cortical bone geometry in the asthmatic population. However,
these data did not control for BMI, physical activity, or use of
corticosteroids.

Other Allergic Diseases

Few studies have investigated the association of musculoskel-
etal problems with childhood hay fever or food allergies. In our
cohort, hay fever and food allergies were associated with current or
previous bone, joint, or muscle problems. Hay fever was associated
with joint problems; however, the association did not strengthen
with disease severity. Hay fever and food allergies are often asso-
ciated with other allergic processes, such as asthma and eczema,
which may be confounding variables.

Musculoskeletal Problems

Commonmusculoskeletal conditions in children include trauma
or sports injuries, pain syndromes, skeletal deformity, rheumatic
conditions, neuromuscular conditions, and neoplasms.23 Our data
revealed a total prevalence rate of 3.4% for bone, joint, or muscle
problems, with older children (aged 10e17 years) being affected
more frequently. Prevalence rates were not significantly different
by sex, race/ethnicity, or household income levels; however,
affected children aged 0 to 5 years were more likely to have
required medical attention during the past year.
Prior studies reported that greater than 6% of all visits to
outpatient pediatric clinics are attributable to musculoskeletal
pain24 and approximately one-third of pediatric medical problems
are associated with the musculoskeletal system.25 Data from the
2012 National Health Interview Survey indicated that for patients
aged 0 to 17 years 10.9% of reported health conditions affected the
musculoskeletal system; prevalence increased to 22.6% in children
aged 13 to 17 years.26 In 2012, 19 million pediatric health care visits
were prompted by musculoskeletal concerns.23,27

In our cohort, childrenwith allergic diseases weremore likely to
have musculoskeletal problems than children without allergic
diseases, and these associations were strengthened by allergic
disease severity. Determining which specific populations have a
higher risk of musculoskeletal disease may help focus preventive
measures or potential interventions to improve patient health.
Potential but untested interventions for patients with allergic dis-
eases could include increased screening for musculoskeletal dis-
orders, improved dietary intake, and increased weightbearing
activities.
Potential Confounding Factors

Several important confounding factors in this analysis should be
considered. Obesity has been associated with atopic dermatitis and
asthma; thus, obesity may be a confounding variable for bone, joint,
or muscle problems.9e11,28 Musculoskeletal pain is common,
especially in the knee and hip joints, in obese children.29 In our
data, the association of severe eczema and bone problems did not
remain significant after adjusting for BMI in children aged 10 to 17
years. However, BMI was only partially controlled for in our



Table 3
Multivariable Associations of Self-reported Allergic Disorders With Current Bone, Joint, or Muscle Problems

Featurea Multivariable model 1b Multivariable model 2c

OR (95% CI) P value OR (95% CI) P value

Eczema (n ¼ 89,059:43,058) 1.65 (1.32e2.07) <.001 1.54 (1.15e2.05) .004
Severity of eczema (n ¼ 11,022:4,383)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.69 (1.10e2.57) .01 1.72 (1.04e2.83) .03
Severe 3.91 (2.18e7.01) <.001 4.48 (2.03e9.92) <.001

History of asthma (n ¼ 89,042:43,063) 2.25 (1.74e2.91) <.001 2.41 (1.77e3.28) <.001
Current asthma (n ¼ 88,923:43,008) 2.50 (1.85e3.36) <.001 2.57 (1.79e3.68) <.001
Severity of current asthma (n ¼ 7,655:4,321)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 1.51 (0.90e2.55) .12 1.55 (0.93e2.58) .10
Severe 2.59 (1.34e5.02) .005 1.59 (0.69e3.62) .27

Hay fever (n ¼ 88,987:43,036) 2.22 (1.77e2.78) <.001 2.25 (1.70e2.98) <.001
Severity of hay fever (n ¼ 16,065:9,211)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 2.27 (1.47e3.51) <.001 2.40 (1.48e3.87) <.001
Severe 2.65 (1.50e4.70) <.001 2.20 (1.10e4.43) .03

Food allergy (n ¼ 89,024:43,048) 2.77 (2.08e3.70) <.001 3.01 (2.05e4.43) <.001
Severity of food allergy (n ¼ 4,502:1,901)
Mild 1.0 [Reference] NA 1.0 [Reference] NA
Moderate 2.05 (1.21e3.48) .008 2.07 (1.10e3.91) .03
Severe 3.01 (1.54e5.86) .001 3.10 (1.43e6.70) .004

No. of self-reported allergic disorders (n ¼ 88,715:42,936)
0 1.0 [Reference] NA 1.0 [Reference] NA
1 1.38 (1.08e1.75) .009 1.37 (1.02e1.86) .04
2 3.13 (2.24e4.37) <.001 3.38 (2.22e5.15) <.001
3 3.57 (2.40e5.30) <.001 3.26 (1.90e5.60) <.001
4 5.69 (3.05e10.63) <.001 7.36 (3.39e15.95) <.001
�1 1.99 (1.61e2.46) <.001 2.04 (1.55e2.69) <.001

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
aSample sizes for multivariable models are indicated in parentheses (model 1:model 2).
bMultivariable model 1 included the covariates of age group, sex, race/ethnicity, poverty level of household, and visited a health care professional for preventive services in the
past 12 months.
cMultivariable model 2 included the covariates of sex, race/ethnicity, poverty level of household, visited a health care professional for preventive services in the past 12
months, and body mass index for the subset of patients 10 to 17 years old.
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multivariable analysis because height and weight data were avail-
able only for a subset of patients (aged 10e17 years). In addition,
BMI was not accounted for in an adult study that found a positive
association between atopic dermatitis and bone fractures.16 How-
ever, adjusting for obesity did not change the significance of having
bone, joint, or muscle problems as a whole, suggesting that
although obesity may have a modifying or confounding role in the
association between eczema and bone problems, allergic diseases
may still be a contributing factor in the development of musculo-
skeletal problems. Furthermore, children with allergic disease may
be less physically active, which may also contribute to the associ-
ation of musculoskeletal problems. Using the same database as the
current study, Strom and Silverberg30 noted a higher risk of
sedentary behavior in children with severe allergic diseases. Chil-
dren with allergic diseases may have sleep disturbance,31,32

exercise-induced asthma exacerbation,33 and exacerbation of
dermatitis with increased heat and sweat; these all may contribute
to deconditioning and sedentary behavior.34

Garg and Silverberg6 reviewed the same population, specifically
children 0 to 5 years of age, and described a positive association
between allergic diseases and injury. The association was believed
to be multifactorial and possibly influenced by psychiatric and
behavioral problems. Sleep disturbance has also been associated
with allergic disease andmay contribute to injury.31 Increased rates
of injuries have also been reported in child athletes with chronic
lack of sleep.32

Prior studies have reported associations between atopic
dermatitis and conditions such as juvenile idiopathic arthritis and
Henoch-Schönlein purpura.13,14 Although our data are not granular
enough to further investigate these associations, future research
may be directed toward evaluating autoimmune phenomena in
patients with allergic diseases to explore the association between
TH1- and TH2-dominant diseases.

Children and adults with eczema have been noted to have
increased health care use.35,36 However, in our cohort, individuals
with bone, joint, or muscle problems were not more likely to have
visited a health care professional for routine care during the past
year. Associations of bone, joint, or muscle problems and allergic
diseases remained after accounting for health care use in the
multivariable analysis.

Corticosteroids may be prescribed to patients with allergic
disease; the association between corticosteroid use and low BMD
has been previously investigated. In adults with asthma, a clear
inverse association exists between inhaled corticosteroid use and
BMD.37 Data are conflicting regarding BMD in children with
asthma who require inhaled corticosteroids.38e40 However, a
recent review of the literature and meta-analysis failed to find
any association between prolonged use of inhaled corticosteroids
and decreased BMD or bone fracture in children.41 Alternatively,
children with allergic diseases may require systemic glucocorti-
coid treatment, and systemic glucocorticoideinduced osteopo-
rosis is known to be the most common type of iatrogenic and
secondary osteoporosis.42 In one study, the prevalence of
vertebral fractures in children receiving long-term systemic cor-
ticosteroids was 6% after 1 year of treatment,43 and the relative
risk of fracture may be higher than 30% compared with the
general pediatric population.44 Corticosteroids may also limit
growth in children.42 In eczema, use of topical corticosteroids
does not affect BMD in adults with atopic dermatitis in a 2-year
follow-up study.45
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Strengths and Limitations

This study is strengthened by the large number of participants
included in the population-based survey, which captured preva-
lence data on allergic diseases and other comorbidities. The pop-
ulation studied was a representative sample from the United States.
Multivariable analyses were conducted to control for many po-
tential confounders. Finally, dose responses were noted for many of
the associations between bone, joint, or muscle problems and
allergic disease; we noted that associations with bone, joint, or
muscle problems strengthened with severity of individual allergic
diseases and with the number of allergic diseases per individual.

Limitations of this study include the possibility of survey and
recall bias, which may falsely exaggerate associations between
bone, joint, or muscle problems and allergic diseases. There is
potential for misclassification bias because self-reporting may
exaggerate disease prevalence. However, use of self- and parent-
reported data has been validated in other studies that used a
mild, moderate, or severe scale for both eczema and asthma.46,47

bone, joint, or muscle problems were not defined in the survey;
therefore, it is impossible to comment on specific bone, joint, or
muscle problems, such as bone fracture, bone or joint injury, and
low BMD. In addition, data regarding specific risk factors for bone,
joint, or muscle problems (eg, corticosteroid use, psychosocial and
behavioral factors) were not available. BMI and injury data were
available for only a subset of the population. The cross-sectional
design of the study precluded determination of causality. Finally,
more recent versions of the National Survey of Children’s Health are
available; however, they do not evaluate both bone, joint, or muscle
problems and allergic diseases.48

Conclusion

Bone, joint, or muscle problems were associated with self-
reported allergic diseases in children, and associations were
strengthened in a dose-dependent manner with regard to allergic
disease severity and number of allergic diseases. These findings
should prompt further research to determine the specific types of
bone, joint, or muscle problems associatedwith this population and
to examine directionality of the association between allergic dis-
ease and bone, joint, or muscle problems. Additional research ef-
forts should be taken to explore the contribution of comorbid
disorders, physical deconditioning, and other biologically plausible
explanations for the epidemiologic observations. Further charac-
terization of these associations may have implications for screening
and interventions in this population.
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