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Association Between Eczema and Stature
in 9 US Population-Based Studies
Jonathan I. Silverberg, MD, PhD, MPH; Amy S. Paller, MD, MS

IMPORTANCE Atopic dermatitis (eczema) is a chronic inflammatory disorder that is associated
with other chronic diseases (eg, asthma), major quality-of-life impairment, sleep disturbance,
and the use of potent topical and sometimes systemic corticosteroids, all of which might
affect growth in childhood and adolescence. However, previous smaller-scale studies found
conflicting results.

OBJECTIVE To determine whether eczema is associated with short stature.

DESIGN, SETTING, AND PARTICIPANTS We used data from 9 US population-based studies,
including the National Survey of Children’s Health (2003-2004 and 2007-2008), National
Health Interview Survey (children’s health, 2008-2012; adult health, 2010 and 2012), and
National Health and Nutrition Examination Survey (2003-2004 and 2005-2006).
Participants included 264 326 children and adolescents and 83 511 adults.

EXPOSURE History of eczema.

MAIN OUTCOMES AND MEASURES Percentiles of height for age and sex in children and height
in adults. We constructed multivariate survey linear or logistic regression models for
individual studies with Box-Cox transformed or dichotomized height, respectively. Pooled
analyses used generalized linear mixed models.

RESULTS Overall, eczema was not associated with significant differences of height
(continuous or <5th or <25th percentiles) in any of the studies or in the pooled analyses. We
found a significant interaction by age, such that eczema was associated with shorter stature
at 12 to 13 but not 14 to 15 or 16 to 17 years of age or in adulthood. Moderate to severe eczema
was associated with shorter stature (continuous and <25th percentile). In particular, short
stature (<5th percentile) was associated with eczema only when accompanied by an indicator
of insufficient sleep (ie, 0 to 3 nights of sufficient sleep per week) (1.3% of children with
eczema) but was not associated with asthma, hay fever, or use of prescription medication.
The interaction between eczema and insufficient sleep remained significant at 10 to 11 years
of age (P = .003) but not at other ages (P > .08 for all).

CONCLUSIONS AND RELEVANCE Eczema is not associated with short stature overall. However,
a small subset of children and adolescents with severe eczema accompanied by prominent
insufficient sleep may have potentially reversible vertical growth impairment.
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A topic dermatitis (AD) or eczema is a chronic inflamma-
tory skin disorder that affects approximately 10% of
children1 and adults2 in the United States. Eczema is as-

sociatedwithintenseitch,fatigue,sleepdisturbance,2 andanum-
ber of comorbid medical disorders, including asthma, hay fe-
ver, food allergy,3 recurrent ear infections, visual and dental
health problems,3 cutaneous and extracutaneous infections,4

mentalhealthcomorbidity,5 injuriesrequiringmedicalattention,6

and epilepsy.7

Eczema has a number of sequelae that may have a nega-
tive effect on vertical growth during childhood and adoles-
cence, such as sleep impairment, chronic inflammation,
treatment with systemic corticosteroids, and multiple
comorbid chronic medical conditions. Some studies8-10 pre-
viously demonstrated that children with eczema have sig-
nificantly shorter stature than those without eczema. How-
ever, another study11 found no association between eczema
and stature. Some of these studies had smaller sample sizes
that limited the ability to perform subset analyses and
thereby identify the major disease factors that might drive
short stature. Sleep disturbances secondary to eczema are
of particular interest because growth hormone secretion is
highly regulated by normal sleep architecture.12-14 Patients
with eczema have high rates of fatigue and sleep distur-
bance, which are major predictors of overall quality of life.15

We hypothesized that childhood eczema, particularly with
greater severity and more sleep impairment, is associated
with shorter stature. The present study analyzed data from
9 different large-scale studies to determine whether eczema
is associated with short stature.

Methods
Study Sources
After approval by Northwestern University’s institutional
review board, deidentified data were assessed from the fol-
lowing studies: the National Health Interview Survey (NHIS)
(annually in 2008-2012 for children’s health and 2010 and
2012 for adult health), the 2003-2004 and 2007-2008 National
Survey of Children’s Health (NSCH), and the 2003-2004 and
2005-2006 National Health and Nutrition Examination Sur-
vey (NHANES). Informed consent was obtained for each
study as per protocol. The characteristics of these studies are
summarized in eTable 1 in the Supplement. Using data from
the US Census Bureau, sample weights were created for each
study by their sponsors, which factored age, sex, race, eth-
nicity, household size, and educational attainment of the
most educated household member using a multistage area
probability sampling design. These sample weights are
needed to provide nationally representative prevalence esti-
mates for each state’s population of noninstitutionalized
adults. All frequency data are presented as raw values,
whereas prevalence estimates reflect this complex weighting.

Statistical Analysis
All data processing and statistical analysis were performed
using commercially available software (SAS, version 9.4; SAS

Institute, Inc). The frequency of missing values is presented
in eTable 2 in the Supplement. We performed complete data
analysis for all variables; that is, participants with missing
data were excluded, except for the following 4 exceptions for
which the missing values included more than 5% of respon-
dents: household income in the 2003-2004 and 2007-2008
NSCH and height in the 2003-2004 and 2005-2006 NHANES.
Therefore, we used the multiple imputation of missing
household income levels for the 2003-2004 NSCH16 and the
2007-2008 NSCH17 that were generated by the National Cen-
ter for Health Statistics. The National Center for Health Statis-
tics previously evaluated the nonresponse rates for the NSCH
and found minimal or no response bias for multiple
questions.18 Analysis of the pattern of missing values for
height in the NHANES revealed that missing values were
more likely in children aged 2 to 9 years and in respondents
from households with 1 person, but we found no major dif-
ferences across sex, race/ethnicity, household income, or his-
tory of eczema, asthma, or hay fever. Therefore, sensitivity
analyses that excluded children aged 2 to 9 years and respon-
dents from households with 1 person were performed.

We performed outlier detection for height and excluded the
outliers. All heights were standardized to inches, and pediatric
heights were converted into percentiles of height for age and
sex using the growth charts from the Centers for Disease
Control and Prevention,19 termed height percentiles through-
out this report. Height percentiles were transformed using the
Box-Cox family of power transformations40 to approach nor-
mality of distribution and constancy of error variance. For mod-
els of pediatric height percentiles and adult height, multivari-
ate linear regression models were constructed for individual
studies using commercially available software (SURVEY Proce-
dures; SAS Institute, Inc) that accounted for the surveys’ com-
plex weighting factors. The dependent variables consisted of
transformed height percentiles in children and adolescents and
height in adults, and the independent variables included his-
tory of eczema and eczema severity. Coefficients from regres-
sion models should be interpreted with caution because the
transformed height variables are not the same scale as the origi-
nal raw variables. Furthermore, Box-Cox transformations are
nonlinear; thus, reverse transformation of coefficients is not pos-
sible. Therefore, coefficients should be interpreted as mea-
sures of overall association by their direction (positive or nega-
tive) and significance. Because similar results were found in
models of untransformed variables, only data for transformed
variables are shown.

For models of short stature, pediatric height percentiles
were dichotomized (<5th or <25th percentile). In addition,
adult heights were divided empirically into less than the 5th
or less than the 25th percentile by combining 1 or 5 vigintiles
(20 groups). Again, multivariate logistic regression models
were constructed for dichotomized percentiles in individual
studies using software (SURVEY Procedures) that accounted
for the surveys’ complex weighting factors. In addition,
generalized linear mixed models with identity (height per-
centiles) or logit (<5th or <25th percentile) link function
were constructed for pooled analysis of all studies that
included a random effect for the individual study (PROC
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GLIMMIX; SAS Institute, Inc). The complex weighting fac-
tors for all studies could not be combined given the varied
sampling and study designs and were therefore not
included in the generalized linear mixed models. Multivari-
ate models included a history of or current eczema, asthma,
and hay fever; age; race/ethnicity; household income; high-
est level of education in the household; US birthplace; num-
ber of persons in the home; use of prescription medication;
and maternal/paternal height when available. We estimated
least squares means, adjusted odds ratios, and 95% CIs. Our
a priori hypothesis was that sleep disturbance in eczema is
associated with growth retardation. The 2003-2004 and
2007-2008 NSCH assessed the number of nights per week
with sufficient sleep. However, the distribution of this vari-
able was bimodal and highly skewed; therefore, it was
dichotomized into 0 to 3 vs 4 to 7 nights of sufficient sleep,
similar to a previous study.3 The dichotomized variable for
nights of sufficient sleep and a statistical interaction term
between sufficient sleep and a history of eczema were
included as covariates. Interactions were also tested
between eczema and a history of asthma and/or hay fever or
use of prescription medication. Estimates of effect size for
significant interactions between 2 variables were conducted
for the levels of one variable at a fixed level of the other
variable. Least squares means and adjusted odds ratios (95%
CIs) were estimated for each combination of factors
included in the interaction effects.

Results
Prevalence of Eczema and Other Atopic Disorders
We collected data on 264 326 children and adolescents and 83 511
adults, representing all age, sex, racial/ethnic, household edu-
cational attainment, and household income groups. The pooled
US prevalence of eczema in childhood was 11.4% (95% CI,
11.3%-11.5%); in adults, it was 8.8% (95% CI, 8.6%-9.0%). Among
the children with eczema, 23.0% (95% CI, 22.5%-23.5%) had a
history of asthma and 31.9% (95% CI, 31.4%-32.4%) had hay fe-
ver and/or respiratory allergies; 13.1% (95% CI, 12.9%-13.4%) of
adults with eczema had a history of asthma and 33.2% (95% CI,
31.4%-34.9%) had hay fever and/or respiratory allergies.

In generalized linear mixed models that controlled for ran-
dom effects for different studies, prevalence of eczema was
significantly associated with female sex, higher household in-
come, more people in the household, a higher level of house-
hold educational attainment, and US birthplace in children and
adults (eTable 3 in the Supplement). Eczema prevalence was
significantly lower in Hispanic and Asian children and adults
but significantly higher in those who self-identified as multi-
racial or race other than Hispanic or Asian. In contrast, ec-
zema prevalence was significantly higher in black children but
lower in black adults.

Association Between Height Percentiles and Eczema
To model height percentiles across studies that had different
levels of variance and skew, we performed Box-Cox transfor-
mations for pediatric height percentiles (λ = 0.50) and adult

height (λ = −0.75). Eczema was not associated with signifi-
cant differences of transformed height percentiles in any of the
8 studies of children and adolescents (survey linear regres-
sion) (Figure 1). Furthermore, we found no significant asso-
ciation between eczema and height percentiles in the pooled
analysis using generalized linear mixed models of all 8 data sets
(β = −0.002 [95% CI, −0.008 to −0.004]; P = .44).

Given that vertical growth and eczema activity may vary at
different ages, generalized linear mixed models including 2 stud-
ies of children and adolescents aged 0 to 17 years (2003-2004
NSCH and 2005-2006 NHANES ), 1 study of adolescents aged 10
to 17 years (2007-2008 NSCH), and 5 studies of adolescents aged
12 to 17 years (NHIS for 2008-2012) were stratified by 2-year age
intervals. Least squares mean height percentiles were signifi-
cantly lower at ages 4 to 5 and 12 to 13 years, higher at ages 6 to
7 and 8 to 9 years, and not different at ages 10 to 11, 14 to 15, or
16 to 17 years (eFigure in the Supplement). Finally, eczema was
not associated with significant differences in any of the 4 adult
studies using transformed height distributions (Figure 1). Simi-
lar results were found in sensitivity analyses of the NHANES data
that excluded children aged 2 to 9 years and participants from
a household with 1 person.

Association Between Short Stature and Eczema
To determine whether a subset of patients with eczema
were at higher risk for very short stature, we constructed
survey logistic regression models for each of the 8 pediatric
and 4 adult studies. We found no significantly different
odds of being at less than the 5th or less than the 25th per-
centile in people with eczema in any of the 12 studies, sug-
gesting that overall eczema is not associated with very short
stature (Table 1).

Association Between Moderate to Severe Eczema
and Shorter Stature
The 2007-2008 NSCH assessed for self-reported eczema se-
verity in those children and adolescents who were reported to
have eczema. The associations20 and comorbidities3,21 of mod-
erate to severe eczema from this cohort were described pre-
viously. Moderate to severe eczema was associated with sig-
nificantly lower transformed height percentiles compared with
mild disease (β = −0.07 [95% CI, −0.12 to −0.02]; P = .004)
(Figure 2). In contrast, mild eczema was not associated with
lower height percentiles compared with no eczema (β = −0.001
[95% CI, −0.03 to 0.03]; P = .95). Moderate (β = 2.06 [95% CI,
1.28-3.33]; P = .003) and severe (β = 2.29 [95% CI, 1.17-4.48];
P = .02) eczema were associated with significantly higher odds
of having less than 25th but not less than the 5th height per-
centiles (Table 2).

Association Among Eczema, Sleep Disturbance,
and Shorter Stature
Several measures of sleep disturbance were reported in dif-
ferent studies. The 2003-2004 and 2007-2008 NSCH assessed
for the number of nights with sufficient sleep, whereas the 2012
NHIS assessed for fatigue, daytime sleepiness, and insomnia
in children. Overall, we found no significant interaction be-
tween eczema and insufficient sleep as predictors of height per-
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centiles (P = .47) (Figure 2B). However, we found a signifi-
cant interaction between eczema and nights of sufficient sleep,
such that adolescents with eczema and 0 to 3 nights of suffi-
cient sleep per week had significantly higher odds of less than
the fifth height percentiles (Table 3). Only 1.3% of children with
eczema had 0 to 3 nights of sufficient sleep and short stature,
suggesting that only a small fraction of children with eczema
are at higher risk for short stature. Furthermore, this interac-
tion remained significant only at ages 10 to 11 years (P = .003)
and not at other ages (P > .08 for all), suggesting that the as-
sociation may be reversible. We found no significant associa-
tions between nights of insufficient sleep and having less than
25th height percentiles. Also, we found no significant interac-
tions of eczema with fatigue, daytime sleepiness, or insom-

nia as predictors of overall height percentiles, less than the 5th
height percentile, or less than the 25th height percentile
(P ≥ .15). Finally, we found no significant interactions be-
tween eczema and history of asthma and/or hay fever (P = .44)
or between eczema and use of prescription medication (P = .41).

Association Between Parental and Child Stature
in Relation to Eczema
The NHIS from 2008 through 2012 assessed for height in
other members of the child’s household, including the
mother and father (26 283 parents [22.5% of those cohorts]).
As expected, pediatric height percentiles were significantly
associated with maternal height (survey linear regression;
β = 0.04 [95% CI, 0.03-0.04]; P < .001) and paternal height

Figure 1. Association Between History of Eczema and Height Percentiles
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Survey linear regression models were
constructed with Box-Cox–
transformed percentiles of height for
age and sex in children and
adolescents and for height in adults
as the dependent variables using a
normal link function. The
independent variable was history of
eczema. Multivariate models
included history of or current asthma,
history of or current hay fever, age,
race/ethnicity, household income,
highest level of educational
attainment in the household, US
birthplace, number of persons in the
home, and use of prescription
medication. Least squares means
(β values), 95% CIs, and P values are
presented for each study. A, National
Health and Nutrition Examination
Survey (NHANES) 2005-2006 in
children and adolescents. B, National
Health Interview Survey (NHIS) 2008
in children and adolescents. C, NHIS
2009 in children and adolescents. D,
NHIS 2010 in children and
adolescents. E, NHIS 2011 in children
and adolescents. F, NHIS 2012 in
children and adolescents. G, National
Survey of Children’s Health (NSCH)
2003-2004 in children and
adolescents. H, NSCH 2007-2008 in
children and adolescents. I, NHANES
2003-2004 in adults. J, NHANES
2005-2006 in adults. K, NHIS 2010
in adults. L, NHIS 2012 in adults.
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Table 1. Association Between Eczema and Short Staturea

Percentile of Height
for Age by Study

No Eczema Eczema

P Value
Frequency, No.
of Participants

Prevalence, %
(95% CI)

Frequency, No.
of Participants

Prevalence, %
(95% CI)

AOR
(95% CI)

Children and Adolescents (n = 264 326)

NSCH 2003-2004b

<5th 4031 11.2 (10.6-11.8) 390 10.9 (9.1-12.7) 0.91 (0.72-1.14) .39

≥5th 39 316 88.8 (88.2-89.4) 3570 89.1 (87.3-90.9) 1 [Reference] NA

<25th 10 203 26.2 (25.4-26.9) 1021 27.4 (24.9-29.8) 1.00 (0.86-1.16) .99

≥25th 33 144 73.8 (73.1-74.6) 2939 72.6 (70.2-75.1) 1 [Reference] NA

NSCH 2007-2008b

<5th 3869 11.6 (10.7-12.4) 499 12.2 (10.0-14.3) 1.34 (0.97-1.86) .08

≥5th 36 414 88.4 (87.6-89.3) 4555 87.8 (85.7-90.0) 1 [Reference] NA

<25th 9845 27.8 (26.6-28.9) 1191 27.3 (24.1-30.5) 1.11 (0.87-1.43) .40

≥25th 30 438 72.2 (71.1-73.4) 3364 72.7 (69.5-75.9) 1 [Reference] NA

NHIS 2008c

<5th 138 5.2 (4.2-6.3) 17 8.2 (3.9-12.5) 1.78 (0.86-3.70) .12

≥5th 2437 94.8 (93.7-95.8) 231 91.8 (87.5-96.1) 1 [Reference] NA

<25th 662 24.4 (22.3-26.4) 74 29.0 (22.0-36.0) 1.20 (0.79-1.82) .40

≥25th 1913 75.6 (73.6-77.7) 174 71.0 (64.0-78.0) 1 [Reference] NA

NHIS 2009c

<5th 192 5.7 (4.5-6.8) 15 4.5 (1.7-7.4) 0.98 (0.50-1.93) .96

≥5th 3091 94.3 (93.2-95.5) 294 95.5 (92.6-98.3) 1 [Reference] NA

<25th 881 25.0 (23.0-27.1) 69 18.4 (13.3-23.5) 0.74 (0.50-1.09) .13

≥25th 2402 75.0 (72.9-77.0) 240 81.6 (76.5-86.7) 1 [Reference] NA

NHIS 2010c

<5th 211 5.7 (4.7-6.6) 19 5.4 (2.5-8.3) 0.88 (0.47-1.63) .67

≥5th 3241 94.3 (93.4-95.3) 345 94.6 (91.7-97.5) 1 [Reference] NA

<25th 7087 25.3 (24.7-25.9) 700 23.5 (21.6-25.4) 1.06 (0.73-1.53) .76

≥25th 18 781 74.7 (74.1-75.3) 2074 76.5 (74.6-78.4) 1 [Reference] NA

NHIS 2011b

<5th 209 5.8 (4.8-6.7) 17 5.2 (2.1-8.3) 0.84 (0.41-1.73) .64

≥5th 3342 94.2 (93.3-95.2) 414 94.8 (91.7-97.9) 1 [Reference] NA

<25th 891 24.6 (22.8-26.3) 106 24.1 (19.0-29.2) 0.86 (0.62-1.20) .37

≥25th 2660 75.4 (73.7-77.2) 325 75.9 (70.8-81.0) 1 [Reference] NA

NHIS 2012b

<5th 231 6.1 (5.1-7.1) 24 7.0 (3.5-10.4) 1.23 (0.69-2.20) .49

≥5th 3507 93.9 (92.9-94.9) 368 93.0 (89.6-96.5) 1 [Reference] NA

<25th 943 24.5 (22.7-26.1) 107 28.0 (22.2-33.8) 1.28 (0.91-1.80) .16

≥25th 2795 75.5 (73.8-77.3) 285 72.0 (66.2-77.8) 1 [Reference] NA

NHANES 2005-2006

<5th 101 8.4 (6.2-10.6) 16 12.6 (5.4-19.9) 1.39 (0.72-2.69) .33

≥5th 946 91.6 (89.4-93.8) 149 87.4 (80.1-94.6) 1 [Reference] NA

<25th 383 33.6 (29.7-37.5) 55 31.2 (22.0-40.4) 0.83 (0.51-1.35) .45

≥25th 664 66.4 (62.5-70.3) 110 68.8 (59.6-78.0) 1 [Reference] NA

Adults (n = 83 511)d

NHIS 2010

<5th 1178 4.2 (3.9-4.5) 128 4.1 (3.2-4.9) 0.97 (0.73-1.28) .80

≥5th 23 320 95.8 (95.5-96.1) 2513 95.9 (95.1-96.8) 1 [Reference] NA

<25th 7679 28.4 (27.8-29.1) 873 29.6 (27.5-31.6) 0.93 (0.81-1.06) .28

≥25th 16 819 71.6 (70.9-72.2) 1768 70.4 (68.4-72.5) 1 [Reference] NA

NHIS 2012

<5th 1495 4.0 (3.8-4.3) 113 4.0 (3.0-4.9) 0.79 (0.59-1.05) .11

≥5th 30 528 96.0 (95.7-96.2) 2477 96.0 (95.1-97.0) 1 [Reference] NA

(continued)
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(β = 0.03 [95% CI, 0.02-0.04]; P < .001). Parental height was
not associated with one’s child having eczema (survey logis-
tic regression OR for the mother, 1.02 [95% CI, 0.98-1.06];
P = .31; survey logistic regression OR for the father, 1.03 [95%
CI, 0.93-1.13]; P = .63). Furthermore, we found no interactions
between a history of eczema and maternal or paternal height
quartiles as predictors of the child’s height (P = .39 and
P = .43, respectively), and a history of eczema did not modify
the effects of parental height on the child’s height (P ≥ .09 for
all).

Discussion

In the present study, we analyzed data from 9 US population-
based studies and found that, in general, eczema in child-
hood or adulthood is not associated with short stature. In a
single study that assessed for eczema severity, albeit self-
reported, moderate to severe eczema was associated with sig-
nificantly shorter stature compared with mild disease. In con-
trast, mild disease was not associated with shorter stature

Table 2. Association Between Eczema Severity and Short Stature in Adolescents From the NSCH 2007-2008a

Percentile
of Height
for Age

Eczema Severity

Mild Moderate Severe
Frequency, No.
of Participants

Prevalence, %
(95% CI)

Frequency, No.
of Participants

Prevalence, %
(95% CI)b

AOR
(95% CI) P Value

Frequency, No.
of Participants

Prevalence, %
(95% CI)b

AOR
(95% CI) P Value

<5th 314 10.6
(8.2-13.0)

141 11.6
(7.9-15.3)

1.01
(0.55-1.86)

.98 43 23.4
(12.0-34.8)

1.60
(0.71-3.58)

.26

≥5th 2685 89.4
(87.0-91.8)

1109 88.4
(84.7-92.1)

1
[Reference]

NA 256 76.6
(65.2-88.0)

1
[Reference]

NA

<25th 765 23.4
(19.9-27.0)

337 31.3
(24.5-38.0)

2.06
(1.28-3.33)

.003 87 40.4
(28.3-52.5)

2.29
(1.17-4.48)

.02

≥25th 2234 76.6
(73.0-80.1)

913 68.7
(62.0-75.5)

1
[Reference]

NA 212 59.6
(47.5-71.7)

1
[Reference]

NA

Abbreviations: AOR, adjusted odds ratio; NA, not applicable; NSCH,
National Center for Health Statistics.
a Binary survey logistic regression models were constructed with height (in

inches) as the binary dependent variable (<5th vs �5th and <25th vs �25th
percentiles) and history of eczema as the binary independent variable.

Multivariate models were constructed that included history of or current
asthma, history of or current hay fever, age, sex, race/ethnicity, household
income, highest level of educational attainment in the household, US
birthplace, number of persons in the home, and use of prescription
medication. Adjusted ORs (95% CIs) were estimated.

Table 1. Association Between Eczema and Short Staturea (continued)

Percentile of Height
for Age by Study

No Eczema Eczema

P Value
Frequency, No.
of Participants

Prevalence, %
(95% CI)

Frequency, No.
of Participants

Prevalence, %
(95% CI)

AOR
(95% CI)

<25th 9879 28.3 (27.6-28.9) 866 32.7 (30.3-35.2) 0.99 (0.86-1.15) .96

≥25th 22 144 71.7 (71.1-72.4) 1611 67.3 (64.8-69.7) 1 [Reference] NA

NHANES 2003-2004

<5th 225 3.1 (2.6-3.6) 61 3.7 (2.6-4.8) 1.11 (0.76-1.62) .60

≥5th 6360 96.9 (96.4-97.4) 1153 96.3 (95.2-97.4) 1 [Reference] NA

<25th 1682 23.5 (22.3-24.7) 299 22.1 (19.5-24.6) 0.86 (0.70-1.06) .15

≥25th 4903 76.5 (75.3-77.7) 854 77.9 (75.4-80.5) 1 [Reference] NA

NHANES 2005-2006

<5th 285 4.4 (3.7-5.1) 17 4.0 (1.8-6.2) 0.93 (0.44-1.95) .85

≥5th 4503 95.6 (94.9-96.3) 308 96.0 (93.8-98.2) 1 [Reference] NA

<25th 1556 28.6 (27.0-30.2) 89 24.7 (19.2-30.3) 0.64 (0.44-0.95) .03

≥25th 3232 71.4 (69.8-73.0) 236 75.3 (69.7-80.8) 1 [Reference] NA

Abbreviations: AOR, adjusted odds ratio; NA, not applicable; NHANES,
National Health and Nutrition Examination Survey; NHIS, National Health
Interview Survey; NSCH, National Center for Health Statistics.
a We constructed binary survey logistic regression models with percentile of

height for age as the binary dependent variable (<5th vs �5th or <25th vs
�25th) and history of eczema as the binary independent variable. Multivariate
models were constructed that included history of or current asthma, history of
or current hay fever, age, sex, race/ethnicity, household income, highest level
of educational attainment in the household, US birthplace, number of persons
in the home, and use of prescription medication (when available). Adjusted
ORs (95% CIs) were estimated.

b Analyses were limited to adolescents aged 10 to 17 years, based on previous

NSCH studies that validated caregiver-reported height in those ages. Heights
were converted to percentiles of height for age and sex using growth charts
from the Centers for Disease Control and Prevention (CDC).19

c Analyses were limited to adolescents aged 12 to 17 years, based on previous
NHIS studies that validated caregiver-reported height in those ages. Heights
were converted to percentiles of height for age and sex using growth charts
from the CDC.19

d Analyses included adults aged 18 to 85 years. Percentiles of height were
calculated empirically based on the height distribution across all included
data sets.
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compared with no eczema. Eczema accompanied by only 0 to
3 nights of sufficient sleep per week was associated with less
than the fifth height percentile. This association occurred at
ages 10 to 11 years and appeared to reverse at older ages. Fi-
nally, eczema did not modify the association between child and
parental height. Together, these results suggest that, al-
though eczema is not associated with short stature overall, a
small subset of pediatric patients with moderate to severe dis-
ease may experience a negative effect on their growth. The as-
sociation of short stature with eczema and sleep insuffi-
ciency at 10 to 11 but not 12 to 13, 14 to 15, or 16 to 17 years of
age or in adulthood suggests that any growth impairment that

may occur in adolescence secondary to eczema is related to
sleep impairment and probably reversible.

Previous studies found conflicting results about whether
eczema is associated with short stature. A previous case-
control study of 35 British adults with childhood onset and 35
without AD11 found no significant differences of stature re-
lated to a history of AD. Furthermore, growth impairment was
not related to body surface area affected, potency of topical
corticosteroids used, or comorbid asthma.11 In contrast, an ear-
lier study of 89 British children8 found that 10% had standing
heights of less than the third percentile, with growth impair-
ment being associated particularly with widespread eczema,
comorbid asthma, and use of potent topical corticosteroids.
Another study9 found that children with lesional body sur-
face area of less than 50% had normal heights, whereas those
with lesional body surface area greater than 50% were signifi-
cantly shorter. However, those studies were unable to gener-
ate estimates of risk for short stature in the pediatric and adult
population with eczema owing to small sample size and se-
lection bias of being a single referral center for the manage-
ment of eczema. A recent study of 2372 Korean elementary
schoolchildren10 found that AD, particularly when associated
with sleep disturbance, was associated with shorter stature.
Similarly, we found that eczema with only 0 to 3 nights of suf-
ficient sleep per week was associated with shorter stature. To-
gether, the results of the present study and the above-
mentioned studies suggest that severe eczema accompanied
by sleep impairment may contribute to reversible growth im-
pairment in childhood. Distinguishing between the effects of
itch per se and sleep disturbances in eczema is difficult. The
associations observed for 0 to 3 nights of sufficient sleep per
week may represent a distinct subset of patients with AD who
have comorbid sleep disturbances (approximately 15% of chil-
dren with AD) or may be a proxy measure of very severe AD.
Either way, self-reported insufficient sleep appears to be a use-
ful approach to identifying those children and adolescents at
higher risk for growth impairment. Future studies are needed
to determine the particular role of sleep impairment in AD and
its effects on stature.

The mechanisms underlying the association between se-
vere eczema and short stature are not fully understood. Our
results suggest that the association is largely due to the harm-
ful effects of poor sleep. Growth hormone secretion during
sleep plays an important role in vertical growth, and disor-
ders that are associated with impaired sleep, such as obstruc-
tive sleep apnea, are associated with short stature.22-25 How-
ever, children with eczema have a number of other known risk
factors for growth impairment, including use of systemic
corticosteroids26 and perhaps topical corticosteroids,27 de-
pression and other psychological comorbidity,5,6 and restric-
tive diets that may result in malnutrition.28 We were not able
to control for these risk factors in the present study. In addi-
tion, chronic inflammation from eczema per se may contrib-
ute toward growth impairment. Previous studies29-31 found
growth impairment in multiple chronic inflammatory dis-
eases, including Crohn disease and hepatitis B and C virus in-
fection. We found no significant effects for history of asthma
and/or hay fever or use of prescription medications. Future

Figure 2. Association of Moderate to Severe Eczema and Sleep
Insufficiency With Lower Height Percentiles
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No eczema, 0-3 nights/wk sleep 
(AOR, –0.004 [95% CI, –0.02 to 0.01]; P = .65)
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(AOR, –0.01 [95% CI, –0.04 to 0.01]; P = .32)
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(AOR, –0.05 [95% CI, –0.12 to 0.01]; P = .13)
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Survey linear regression models were constructed with Box-Cox–transformed
percentiles of height for age and sex in adolescents aged 10 to 17 years as the
dependent variable using a normal link function. A, National Survey of
Children’s Health (NSCH) 2007-2008. The dependent variables were eczema
severity (moderate to severe vs mild). Least squares mean (β value), 95% CI,
and P value are presented. B, NSCH 2003-2004 and 2007-2008. The
dependent variables included history of eczema, number of nights with
sufficient sleep (0-3 vs 4-7), and an interaction term between them.
Multivariate models included history of or current asthma, history of or current
hay fever, age, race/ethnicity, household income, highest level of educational
attainment in the household, US birthplace, number of persons in the home,
and use of prescription medication. AOR indicates adjusted odds ratio.
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studies are warranted to confirm the association between se-
vere eczema and growth impairment using objective mea-
sures of disease severity and to determine the mechanisms
thereof.

A recent study of adults from the 2012 NHIS found that
sleep disturbance is a major driver of poor overall health sta-
tus, lost workdays, and increased use of health care services
in adults with eczema.15 Several other studies in children and
adults32-36 found that sleep disturbance is one of the most im-
portant factors to have a negative effect on health-related qual-
ity of life. The present study demonstrates that sleep distur-
bance may have additional harmful consequences by retarding
growth. Together, these studies emphasize the need for more
rigorous screening for sleep disturbances in patients with pe-
diatric eczema and for developing safer and more effective in-
terventions aimed at reducing sleep disturbance in child-
hood eczema. The interaction between eczema and the number
of nights of insufficient sleep but not fatigue, daytime sleepi-
ness, or insomnia suggests that nights of sufficient sleep may
be a simple and useful patient-reported outcome of chronic
sleep disturbance in eczema. Future studies are needed to vali-
date the use of this outcome in eczema.

This study has several strengths, including the 9 differ-
ent US population-based studies with prospective data col-
lection and a very large, random-sampled, diverse popula-
tion that allowed for subset analyses and controlling for a
large number of potential confounding factors. However,

this study has potential limitations. Eczema history was
based on self-report in all studies and was not assessed
clinically or verified with any diagnostic testing. However,
self-report of eczema using different instruments has been
validated and found to have good correlation with results of
a clinical examination.37,38 Caregiver-reported height was
previously validated in the NSCH for children and adoles-
cents 10 years or older.39 None of the studies categorized the
type of prescription medications used. Thus, we were not
able to control for the use of high-dose topical and/or oral
corticosteroids or other specific treatments that may affect
stature adversely. Future longitudinal studies with objective
measures of eczema severity and height measurement and
with assessment of the specific medications used are
needed to identify which subset of patients with eczema, if
any, is predisposed to short stature.

Conclusions
Childhood eczema is not associated with short stature over-
all, although severe disease with prominent sleep distur-
bance is associated with higher odds of short stature in early
adolescence. Future studies are warranted to better charac-
terize sleep disturbances and other risk factors and mecha-
nisms of growth impairment in eczema and to determine
whether such impairment is reversible.
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Table 3. Association Among Eczema, Insufficient Sleep, and Short Stature in Adolescents From the NSCH 2003-2004 and 2007-2008a

Eczema Sufficient Sleep, Nights/wk

Percentiles of Height for Age and Sex

≥5th <5th
Frequency, No.
of Participants

Prevalence, %
(95% CI)

Frequency, No.
of Participants

Prevalence, %
(95% CI)b

AOR
(95% CI) P Value

No 4-7 35 586 88.8 (87.9-89.6) 3714 11.3 (10.4-12.1) 1 [Reference] NA

No 0-3 5268 90.1 (88.0-92.1) 421 9.9 (7.9-12.0) 0.84 (0.62-1.14) .26

Yes 4-7 3806 88.2 (86.2-96.1) 480 11.8 (9.8-13.8) 1.26 (0.93-1.70) .13

Yes 0-3 698 84.2 (76.7-91.6) 68 15.8 (8.4-23.3) 2.22 (1.09-4.53) .03

<25th ≥25th

Frequency, No.
of Participants

Prevalence, %
(95% CI)

Frequency, No.
of Participants

Prevalence, %
(95% CI)b

AOR
(95% CI)

P Value

No 4-7 29 798 72.8 (71.7-74.0) 9502 27.2 (26.0-28.3) 1 [Reference] NA

No 0-3 4410 74.4 (71.7-77.1) 1279 25.6 (22.9-28.3) 0.98 (0.79-1.22) .86

Yes 4-7 3128 72.0 (68.8-75.2) 1158 28.0 (24.8-31.2) 1.10 (0.61-1.41) .43

Yes 0-3 590 71.9 (64.3-79.5) 176 28.1 (20.5-35.7) 1.55 (0.97-2.48) .07

Abbreviations: AOR, adjusted odds ratio; NA, not applicable; NSCH,
National Center for Health Statistics.
a Binary survey logistic regression models were constructed with height (in

inches) as the binary dependent variable (<5th vs �5th and <25th vs �25th
percentiles) and history of eczema, nights of sufficient sleep per week (0-3 vs
4-7), and an interaction term between them as the binary independent

variables. Multivariate models were constructed that included history of or
current asthma, history of or current hay fever, age, sex, race/ethnicity,
household income, highest level of educational attainment in the household,
US birthplace, number of persons in the home, and use of prescription
medication. Adjusted ORs (95% CIs) were estimated at each level of
combination for eczema and nights of sleep.
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Meeting of the International Society of Atopic
Dermatitis; May 22, 2014; Nottingham, England.

REFERENCES

1. Shaw TE, Currie GP, Koudelka CW, Simpson EL.
Eczema prevalence in the United States: data from
the 2003 National Survey of Children’s Health.
J Invest Dermatol. 2011;131(1):67-73.

2. Silverberg JI, Hanifin JM. Adult eczema
prevalence and associations with asthma and other
health and demographic factors: a US
population-based study. J Allergy Clin Immunol.
2013;132(5):1132-1138.

3. Silverberg JI, Simpson EL. Association between
severe eczema in children and multiple comorbid
conditions and increased healthcare utilization.
Pediatr Allergy Immunol. 2013;24(5):476-486.

4. Silverberg JI, Silverberg NB. Childhood atopic
dermatitis and warts are associated with increased
risk of infection: a US population-based study.
J Allergy Clin Immunol. 2014;133(4):1041-1047.

5. Yaghmaie P, Koudelka CW, Simpson EL. Mental
health comorbidity in patients with atopic
dermatitis. J Allergy Clin Immunol. 2013;131(2):428-
433.

6. Garg N, Silverberg JI. Association between
childhood allergic disease, psychological
comorbidity, and injury requiring medical attention.
Ann Allergy Asthma Immunol. 2014;112(6):525-532.

7. Silverberg JI, Joks R, Durkin HG. Allergic disease
is associated with epilepsy in childhood: a US
population-based study. Allergy. 2014;69(1):95-103.

8. Kristmundsdottir F, David TJ. Growth
impairment in children with atopic eczema. J R Soc
Med. 1987;80(1):9-12.

9. Massarano AA, Hollis S, Devlin J, David TJ.
Growth in atopic eczema. Arch Dis Child. 1993;68
(5):677-679.

10. Park MK, Park KY, Li K, Seo SJ, Hong CK. The
short stature in atopic dermatitis patients: are
atopic children really small for their age? Ann
Dermatol. 2013;25(1):23-27.

11. Patel L, Clayton PE, Jenney ME, Ferguson JE,
David TJ. Adult height in patients with childhood
onset atopic dermatitis. Arch Dis Child. 1997;76(6):
505-508.

12. Honda Y, Takahashi K, Takahashi S, et al. Growth
hormone secretion during nocturnal sleep in
normal subjects. J Clin Endocrinol Metab. 1969;29
(1):20-29.

13. Parker DC, Sassin JF, Mace JW, Gotlin RW,
Rossman LG. Human growth hormone release
during sleep: electroencephalographic correlation.
J Clin Endocrinol Metab. 1969;29(6):871-874.

14. Sassin JF, Parker DC, Mace JW, Gotlin RW,
Johnson LC, Rossman LG. Human growth hormone
release: relation to slow-wave sleep and
sleep-walking cycles. Science. 1969;165(3892):513
-515.

15. Silverberg JI, Garg NK, Paller AS, Fishbein AB,
Zee PC. Sleep disturbances in adults with eczema
are associated with impaired overall health: a US
population-based study [published online August
31, 2014]. J Invest Dermatol. doi:10.1038/jid.2014.325.

16. Pedlow S, Luke JV, Blumberg SJ. Multiple
imputation of missing household poverty level
values from the National Survey of Children with
Special Health Care Needs, 2001, and the National
Survey of Children’s Health, 2003. http://www.cdc.
gov/nchs/data/slaits/mimp01_03.pdf. Accessed
August 1, 2014.

17. Blumberg SJ, Foster EB, Frasier AM, et al.
Design and operation of the National Survey of
Children’s Health, 2007. Vital Health Stat 1. June
2012;(55):1-149.

18. Skalland BJ, Blumberg SJ. Nonresponse in the
National Survey of Children’s Health, 2007. Vital
Health Stat 2. June 2012;(156):1-22.

19. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000
CDC growth charts for the United States: methods
and development. Vital Health Stat 11. May 2002;
(246):1-190.

20. Silverberg JI, Simpson EL. Associations of
childhood eczema severity: a US population-based
study. Dermatitis. 2014;25(3):107-114.

21. Silverberg JI, Simpson EL. Association between
obesity and eczema prevalence, severity and
poorer health in US adolescents. Dermatitis. 2014;
25(4):172-181.

22. Saggese G, Meossi C, Cesaretti G, Bottone E.
Physiological assessment of growth hormone
secretion in the diagnosis of children with short
stature. Pediatrician. 1987;14(3):121-137.

23. Bar A, Tarasiuk A, Segev Y, Phillip M, Tal A. The
effect of adenotonsillectomy on serum insulin-like
growth factor-I and growth in children with
obstructive sleep apnea syndrome. J Pediatr. 1999;
135(1):76-80.

24. Bonuck KA, Freeman K, Henderson J. Growth
and growth biomarker changes after
adenotonsillectomy: systematic review and
meta-analysis. Arch Dis Child. 2009;94(2):83-91.

25. Marcus CL, Carroll JL, Koerner CB, Hamer A,
Lutz J, Loughlin GM. Determinants of growth in
children with the obstructive sleep apnea
syndrome. J Pediatr. 1994;125(4):556-562.

26. Wang SJ, Yang YH, Lin YT, Yang CM, Chiang BL.
Attained adult height in juvenile rheumatoid
arthritis with or without corticosteroid treatment.
Clin Rheumatol. 2002;21(5):363-368.

27. Munro DD. Topical corticosteroid therapy and
its effect on the hypothalamic-pituitary-adrenal
axis. Dermatologica. 1976;152(suppl 1):173-180.

28. Keller MD, Shuker M, Heimall J, Cianferoni A.
Severe malnutrition resulting from use of rice milk
in food elimination diets for atopic dermatitis. Isr
Med Assoc J. 2012;14(1):40-42.

29. Bianchi ML, Leonard MB, Bechtold S, et al;
International Society for Clinical Densitometry.
Bone health in children and adolescents with
chronic diseases that may affect the skeleton: the
2013 ISCD Pediatric Official Positions. J Clin Densitom.
2014;17(2):281-294.

30. Gerner P, Horning A, Kathemann S, Willuweit K,
Wirth S. Growth abnormalities in children with
chronic hepatitis B or C. Adv Virol. 2012;2012:670316.
doi:10.1155/2012/670316.

31. Walters TD, Griffiths AM. Mechanisms of
growth impairment in pediatric Crohn’s disease. Nat
Rev Gastroenterol Hepatol. 2009;6(9):513-523.

32. Beikert FC, Langenbruch AK, Radtke MA,
Kornek T, Purwins S, Augustin M. Willingness to pay
and quality of life in patients with atopic dermatitis.
Arch Dermatol Res. 2014;306(3):279-286.

33. Bender BG, Leung SB, Leung DY. Actigraphy
assessment of sleep disturbance in patients with
atopic dermatitis: an objective life quality measure.
J Allergy Clin Immunol. 2003;111(3):598-602.

34. Hon KL, Leung TF, Wong KY, Chow CM, Chuh A,
Ng PC. Does age or gender influence quality of life
in children with atopic dermatitis? Clin Exp Dermatol.
2008;33(6):705-709.

35. Ricci G, Bendandi B, Bellini F, Patrizi A, Masi M.
Atopic dermatitis: quality of life of young Italian
children and their families and correlation with
severity score. Pediatr Allergy Immunol. 2007;18(3):
245-249.

36. Beattie PE, Lewis-Jones MS. An audit of the
impact of a consultation with a paediatric
dermatology team on quality of life in infants with
atopic eczema and their families: further validation
of the Infants’ Dermatitis Quality of Life Index and
Dermatitis Family Impact score. Br J Dermatol.
2006;155(6):1249-1255.

37. Flohr C, Weinmayr G, Weiland SK, et al; ISAAC
Phase Two Study Group. How well do
questionnaires perform compared with physical
examination in detecting flexural eczema? findings
from the International Study of Asthma and
Allergies in Childhood (ISAAC) phase two. Br J
Dermatol. 2009;161(4):846-853.

38. Susitaival P, Husman L, Hollmén A,
Horsmanheimo M. Dermatoses determined in a
population of farmers in a questionnaire-based
clinical study including methodology validation.
Scand J Work Environ Health. 1995;21(1):30-35.

39. Akinbami LJ, Ogden CL. Childhood overweight
prevalence in the United States: the impact of
parent-reported height and weight. Obesity (Silver
Spring). 2009;17(8):1574-1580.

40. Box GEP, Cox DR. An analysis of
transformations. J R Stat Soc Series B Methodol.
1964;26(2):211-252.

Association Between Eczema and Stature Original Investigation Research

jamadermatology.com JAMA Dermatology Published online December 10, 2014 E9

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archderm.jamanetwork.com/ by a BIBLIOSAN remote cilea clas User  on 12/14/2014



Supplementary Online Content 

 

Silverberg JI, Paller AS. Association between eczema and stature in 9 US population-based 
studies. JAMA Dermatol. Published online December 10, 2014. 
doi:10.1001/jamadermatol.2014.3432. 

 

 
eTable 1. Study Characteristics 

eTable 2. Frequency of Missing Values for Variables Used in the Study 
 
eTable 3. Associations of Eczema in Children and Adults 
 
eFigure. Lack of Association Between History of Eczema and Height-Percentiles at Any Age 
During Childhood and Adolescence 
 
 
This supplementary material has been provided by the authors to give readers additional 
information about their work. 

 

© 2014 American Medical Association. All rights reserved.   1 
 

Downloaded From: http://archderm.jamanetwork.com/ by a BIBLIOSAN remote cilea clas User  on 12/14/2014



eTable 1. Study Characteristics 
Study Size Age (yr) Type Languages Height assessment 

NSCH  
2003 – 2004 

102,353 0 – 17 Telephone English 
Spanish 
Korean 

Mandarin 
Cantonese 

Vietnamese 

Caregiver-report 

NSCH  
2007 – 2008 

91,642 0 – 17 Telephone English 
Spanish 
Korean 

Mandarin 
Cantonese 

Vietnamese 

Caregiver-report 

NHIS 
2008 

8,815 0 – 17 Household English 
Spanish 

Caregiver-report 

NHIS 
2009 

11,156 0 – 17 Household English 
Spanish 

Caregiver-report 

NHIS 
2010 

11,277 0 – 17 Household English 
Spanish 

Caregiver-report 

NHIS 
2010 

27,157 18 – 85 Household English 
Spanish 

Caregiver-report 

NHIS 
2011 

12,850 0 – 17 Household English 
Spanish 

Caregiver-report 

NHIS 
2012 

13,275 0 – 17 Household English 
Spanish 

Caregiver-report 

NHIS 
2012 

34,525 18 – 85 Household English 
Spanish 

Caregiver-report 

NHANES 
2003 – 2004 

10,122 0 – 85 Household interview 
Health examination 

 

English 
Spanish 

Physical examination 

NHANES 
2005 – 2006 

10,348 0 – 85 Household interview 
Health examination 

 

English 
Spanish 

Physical examination 

NHANES, National Health and Nutrition Examination Survey; NHIS, National Health Interview Survey; 

NSCH, National Center for Health Statistics.
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eTable 2. Frequency of Missing Values for Variables Used in the Study 
Study Variable Freq (%) 
NSCH 2003 – 2004 Height 1316 (2.7) 

Eczema 176   (0.2) 
Asthma 218   (0.2) 
Hay fever 326   (0.3) 
Nights of sleep 623   (0.6) 
Age 0       (0.0) 
Race/ethnicity 1092 (1.0) 
Sex 80     (0.1) 
Household income 0       (0.0)* 
Highest level of education in the household 432   (0.4) 
US birthplace 959   (0.9) 
Number of persons  
in the home 13     (0.01) 

Prescription medication use 82     (0.1) 
NSCH 2007 – 2008 Height 960   (2.1) 

Eczema 99     (0.1) 
Eczema severity 24     (0.03) 
Nights of sleep 634   (0.7) 
Asthma 117   (0.1) 
Hay fever 187   (0.2) 
Age 0       (0.0) 

  
 

Race/ethnicity 1546 (1.7) 
Sex 110   (0.1) 
Household income 0       (0.0)* 
Highest level of education  

   
612   (0.7) 

US birthplace 961   (1.4) 
Number of persons  

   
325   (0.4) 

Prescription medication use 52     (0.1) 
NHIS 2008 – 2012 Height 1527 (1.9) 

Eczema 106   (0.1) 
Asthma 109   (0.1) 
Hay fever 196   (0.2) 
Fatigue 5       (0.01) 
Sleepiness 7       (0.01) 
Insomnia 8       (0.01) 
Age 0       (0.0) 
Race/ethnicity 178   (0.2) 
Sex 0       (0.0) 
Household income 4186 (3.6) 
Highest level of education in the household 4436 (3.8) 
US birthplace 46     (0.04) 
Number of persons  

   
4186 (3.6) 

Prescription medication use 21     (0.01) 
NHANES 2004 - 2005 Height 1941 (9.9) 

Eczema 10     (0.07) 
Asthma 32     (0.2) 
Hay fever 19     (0.2) 
Age 0       (0.0)       

 Race/ethnicity 0       (0.0) 
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Sex 0       (0.0) 
Household income 1048 (2.9) 
Highest level of education in the household 162   (0.5) 
US birthplace 7       (0.02) 
Number of persons  

   
0       (0.0) 

Prescription medication use 0       (0.0) 
Note: multiple imputation of missing values for household income were used. Missing values were 
encountered in 9.2% of subjects in the raw datasets. 

NHANES, National Health and Nutrition Examination Survey; NHIS, National Health Interview Survey; 
NSCH, National Center for Health Statistics. 
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eTable 3. Associations of Eczema in Children and Adults 

 
 
Generalized 
linear models 
were 
constructed 
with history of 
eczema as the 
binary 
dependent 
variable and 
socio-
demographic 
factors as the 
binary/categor
ical 
independent 
variables. 
Models 
included a 
random effect 
for the study 
source. Pooled 
prevalence, 
OR and 95% 
CI were 
estimated. All 
associations 
were 
significant 
with a P-value 
<0.0001. 

 

Variable – no. (%) Children (n=264,326) Adults (n=83,511) 
% Prev (95%CI) Pooled OR (95% CI) % Prev (95% CI) Pooled OR (95% CI) 

Sex     
   Male 11.1 (11.0 – 11.3) 1.00 [ref] 7.5 (7.2 – 7.8) 1.00 [ref] 
   Female 11.7 (11.5 – 11.8) 1.006 (1.006 – 1.007) 9.9 (9.6 – 10.2) 1.533 (1.533 – 1.534) 
Race     
   Caucasian 10.4 (10.3 – 10.6) 1.00 [ref] 10.0 (9.7 – 10.3) 1.00 [ref] 
   Black/African-American 17.3 (16.9 – 17.8) 1.574 (1.573 – 1.574) 7.4 (7.0 – 7.9) 0.713 (0.712 – 0.713) 
   Hispanic 10.0 (9.7 – 10.3) 0.767 (0.766 – 0.767) 6.1 (5.7 – 6.5) 0.587 (0.587 – 0.588) 
   Asian 12.1 (11.2 – 13.1) 0.983 (0.982 – 0.985) 7.9 (7.0 – 8.7) 0.832 (0.830 – 0.833) 
   Multiracial / other 13.6 (13.1 – 14.2) 1.267 (1.266 – 1.269) 13.8 (12.2 – 15.4) 1.035 (1.034 – 1.035) 
Household income (% FPL)    
   0 – 99 11.7 (11.4 – 12.1) 0.923 (0.923 – 0.924) 8.5 (8.0 – 9.0) 0.737 (0.737 – 0.738) 
   100 – 299 11.3 (11.0 – 11.6) 0.886 (0.886 – 0.887) 8.3 (7.8 – 8.7) 0.696 (0.696 – 0.696) 
   300 – 399 11.3 (11.1 – 11.6) 0.948 (0.947 – 0.948) 8.8 (8.4 – 9.3) 0.919 (0.919 – 0.920) 
   ≥ 400    11.8 (11.5 – 12.0) 1.00 [ref] 10.2 (9.8 – 10.6) 1.00 [ref] 
No. of people in household    
   1 3.2 (0.2 – 7.7) 0.264 (0.261 – 0.268) 9.3 (8.9 – 9.7) 1.570 (1.569 – 1.571) 
   2 13.2 (12.7 – 13.7) 1.215 (1.214 – 1.217) 9.7 (9.3 – 10.1) 1.511 (1.510 – 1.512) 
   3 11.9 (11.7 – 12.1) 1.152 (1.151 – 1.152) 8.3 (7.8 – 8.8) 1.289 (1.288 -  1.290) 
   ≥4 11.0 (10.9 – 11.2) 1.00 [ref] 7.6 (7.2 – 8.0) 1.00 [ref] 
Highest level of household education    
  <High school 8.4 (7.9 – 8.8) 0.668 (0.668 – 0.669) 6.3 (5.7 – 6.8) 0.579 (0.579 – 0.580) 
   High school or GED 10.1 (9.8 – 10.3) 0.789 (0.789 – 0.790) 7.1 (6.7 – 7.5) 0.623 (0.623 – 0.624) 
  >High school 11.8 (11.6 – 12.0) 1.00 [ref] 9.9 (9.6 – 10.2) 1.00 [ref] 
Birthplace in the US     
   No 6.8 (6.3 – 7.3) 0.481 (0.480 – 0.482) 5.8 (5.4 – 6.1) 0.575 (0.575 – 0.576) 
   Yes 11.6 (11.5 – 11.7) 1.00 [ref] 9.6 (9.4 – 9.8) 1.00 [ref] 
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eFigure. Lack of Association Between History of Eczema and Height-Percentiles at Any 

Age During Childhood and Adolescence 

 

Mixed models were constructed with Box-Cox transformed height-for-age and gender 

percentiles in children and adolescents as the dependent variable using a normal link function. 

Models included a random effect for the individual study. The independent variable was history 

of eczema. Multivariate models included ever or current history of asthma, ever or current 

history of hay fever, age, Race/ethnicity, household income, highest level of education in the 

household, US birthplace, number of persons in the home and prescription medication use. 

Least-squares means (95% CIs) are presented for each study. 
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