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Summary. Introduction: The association between obesity and asthma control/quality of life commonly
relies on body mass index (BMI) as the anthropomorphic measure. Due to limitations of BMI and the
existence of alternative measures, such as neck circumference (NC), we examined the association
between NC and asthma control/quality of life, with particular attention to male—female differences.
Materials and Methods: The AsthMaP-2 Project is an observational study of youth with physician—
diagnosed asthma. NC was stratified according to age- and sex-specific cutoffs and associated with
asthma control (via Asthma Control Test [ACT]) and quality of life (via Integrated Therapeutics Group
[ITG]—Asthma Short Form). Results: The mean + SD age was 11.9+ 3.6 years, and 53% were male
(N=116). The mean BMI percentile was at the 71+ 28 percentile. Thirty-one participants (27%) met
criteria for high NC. Males with high NC had significantly worse asthma control (P= 0.02) and lower
quality of life than those with low NC. No similar association was found for females and the proportion of
variability in ACT and ITG was best explained by BMI percentile. Conversely, for males, the proportion of
variability in these scores explained by NC was larger than BMI percentile alone (Cohen’s £ = 0.04-0.09,
a small to medium effect size). Discussion: Among male youth with asthma, combined use of NC and
BMI percentile explained asthma control and quality of life better than BMI alone. Future studies of
asthma should include measurement of NC and other anthropogenic measures of regional adiposity to
clarify sex differences in asthma. Pediatr Pulmonol.  © 2016 Wikey Periodicals, Inc.
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INTRODUCTION

Approximately, 17% of youth in the United States are
considered obese.! Obesity is associated with an
increased prevalence of asthma, increased severity,
decreased control, and poor response to therapy.””
However, the pathophysiological link between the obesity
and asthma has yet to be fully explained. This is further
complicated by emerging male—female differences with
regard to patterns of adiposity* and accompanying risk of
co-morbid diseases,” such as asthma.

Studies evaluating the relationship between obesity and
asthma have most commonly utilized body mass index
(BMI) as the anthropomorphic measure of adiposity.” BMI
is defined as the ratio of body weight (kg) to the square of
height (cm). In youth, BMI is compared to reference ranges
to determine a percentile. Recently, it has become clear that
the use of BMI has limitations, including but not limited to
its inadequacy in describing regional adiposity and
inability to differentiate between lean body mass and fat
mass.>**Other anthropomorphic measurements for obesity
include percent body fat, waist-to-hip circumference ratio,
and waist circumference. Of note, these measures are all
associated with increased exercise-induced asthma symp-
toms while BMI is not.”

Neck circumference (NC, measured at the neck
midpoint) is an additional anthropomorphic measure of
obesity. It is associated with cardiovascular disease risk,'®
another disease for which the predictive value of BMI
could be improved upon.'" Further, NC has been shown to
better correlate with visceral adiposity than BMI does in
multiple populations.'*™'® The objective of this study was
to examine the association between NC and asthma
control/quality of life in youth with asthma, with
particular attention to male—female differences. We
hypothesized that higher NC would be associated with
worse asthma control/quality of life in both sexes. Some
of the results of these studies have been previously
reported in the form of an abstract.'’

MATERIALS AND METHODS
Study Cohort

The Asthma Severity Modifying Polymorphisms
(AsthMaP)-2 Project is a single-center longitudinal
observational study of asthma. AsthMaP-2 follows a
convenience sample of youth between the ages of 6 and
20 years. Participants must have physician—diagnosed
asthma for at least 1 year prior to the time of recruitment
from the emergency department, inpatient units and
outpatient clinics of an urban pediatric medical center.
Individuals who report a medical history of chronic or
complex cardiorespiratory disease are ineligible. Specific
methodology from the prior AsthMaP cohort has been
published elsewhere.'® ! This study was approved by our
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Institutional Review Board and consent/assent were given
by parents and participants. Study data were collected and
managed using REDCap (Research Electronic Data
Capture) tools hosted at Children’s National Medical
Center.

Anthropomorphic Measurements

All anthropomorphic measurements were taken using
standard techniques as follows: (i) Weight (average of two
measurements) to the nearest 0.1kg by digital scale
(ScaleTronix, White Plains, NY); (ii) height (average of
three measurements) to the nearest 0.1 cm by stadiometer
(Holtain Limited, Crymych, Pembrokeshire, UK); and
(iii) neck circumference (NC) (average of three measure-
ments) measured at mid-neck height, between mid-
cervical spine and below the cricothyroid cartilage, with
the subject standing upright and facing the investigator,
having their shoulders relaxed'® to within 1 mm with
plastic tapes. BMI was calculated from average weight
and height values collected from each participant and
plotted on CDC growth charts according to age and
sex to determine BMI percentile (http://www.cdc.gov/
healthyweight/assessing/bmi/childrens_BMI/tool_for_
schools.html). NC was stratified according to a previously
defined set of age- and sex-specific NC measurement
cutoffs shown by Nafiu et al.>* A NC equal to or greater
than the age- and sex-specific cutoff was considered “high”
and a NC less than the cutoff was considered “low.” For
example, a 6-year-old male with a NC = 30.0 cm would be
classified as “high” since the NC cutoff for 6-year-old
males is 28.8 cm.

Outcome Measures

The Asthma Control Test (ACT"R’) and Childhood
Asthma Control Test (C-ACT®) were used to assess
asthma control.>>** Scores on the ACT and C-ACT range
from 0 to 27 and 5 to 25, respectively. Scores of 23 and 22
or higher, respectively, on the ACT and C-ACT indicate
adequate asthma control.”> As the minimally-important
difference for the ACT has been established to be around
two points,? scores below 20 are commonly considered
indicative of inadequate asthma control.

The Integrated Therapeutics Group—Asthma Short
Form (ITG) was used to assess quality of life.**Domains
include self-reported functional limitation and symptoms.
The ITG is scored between 0 and 100 where low scores
indicate lower asthma-related quality of life.?’

Statistical Analysis

The statistical analyses focused on two predictors (BMI
percentile and NC) and five outcomes (ACT, ITG, and its
three subscales). Normality of continuous quantitative
outcomes was assessed using the Shapiro—Wilk normality
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test and evaluation of histograms. ACT score was found
to be non-normally distributed; therefore, square-
transformations were applied for analyses.

Analyses were performed on data collected at study
enrollment. Initial analyses compared asthma outcomes
between NC groups (meets/exceeds cutoff =high vs.
does not meet cutoff = low) using analysis of covariance
with adjustment for sex and age. A P-value <0.05 was
considered evidence of some association with sex. Further
analyses were stratified by sex and adjusted for age. Mean
ITG and ACT scores were compared between NC groups
and between BMI percentile groups (<85th vs. >85th
percentile) using Student’s ¢ tests. Frequencies of NAEPP
chronic severity classification groups were compared
between NC groups using an exact x2 test. Assessment of
the contribution of NC in addition to BMI percentile was
tested using hierarchical linear regression models. A full
model including BMI percentile and NC as predictors was
compared to a constrained model including only BMI
percentile or NC. The difference in r* values for the
models described the proportion of variability in outcome
that could be attributed to NC. A likelihood-ratio test
assessed whether the proportion of variability attributable
to NC was significantly different from zero. For each pair
of hierarchical models, Cohen’s f* was calculated to
measure the effect size (i.e., the contribution) of NC to the
outcome. All analyses were performed using Stata V13
(College Station, TX).

RESULTS

The AsthMaP-2 cohort included 116 youths at the time
of these analyses. The mean =+ SD age was 11.9+3.6
years, and 53% were male. The mean BMI £ SD percentile
for age and sex was 71 £ 28%. Fifty-two youths (45%)
exceeded a BMI percentile of 85 and therefore were
classifiable as overweight/obese. NC met or exceeded high
criteria (i.e., above age- and sex-specific cutoffszz) in 31
(27%) of the participants. Of the 114 cases with
information available, 105 (92%) had persistent asthma
as defined by NAEPP criteria.”® Participant demographics
and clinical characteristics are shown in Table 1.

At the time of their assessments, those participants with
a high NC had significantly poorer asthma control as
indicated by lower ACT and a lower quality of life viaITG
scores (Table 2). The mean ACT score for the high NC
group was 17 4 compared with the low NC group whose
mean ACT was 19+5 (P=0.004). ITG composite,
functional, and daytime scores were all significantly
lower in the high NC group. The mean ITG composite for
high NC individuals was 55 & 21 compared to 66 + 28 for
those with a low NC (P = 0.02). The mean ITG functional
score for high NC participants was 60 =+ 24 compared to
71£31 (P=0.02) for those with a low NC. For ITG
daytime score, those with a high NC had a mean score of
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51£24 versus 62+ 31 for those with low NC values
(P =0.02). There was no significant association between
NC and ITG nighttime or NAEPP chronic severity
classification.

We saw male—female differences for group effects for
the associations between NC and several asthma out-
comes (P <0.05 for ACT score and for ITG composite,
functional, and daytime scores). In sex-stratified age-
adjusted analyses, male participants with a high NC had
significantly worse asthma control and lower quality of
life than males with a low NC as indicated by lower ACT
and ITG scores (Table 3). The mean 4+ SD ACT score for
high NC males was 19 £ 4 compared with low NC males
whose mean ACT was 22 + 3 (P =0.02). The mean ITG
composite score for high NC males (59 +£20) was
significantly lower than that for low NC males
(73 £19; P=0.04). The mean ITG functional score for
high NC males (60 £ 25) was also significantly lower than
in low NC males (76 &= 21; P = 0.03). Although mean ITG
daytime and nighttime scores were lower in the high NC
versus low NC males, the difference was not statistically
significant (P=0.10 and 0.10, respectively). Females
showed a similar pattern with those in the high NC
category having lower mean ACT scores than the low NC
females (18 =5 vs. 204 3; P=0.07), but this and ITG
scores were not significantly different among females.

When participants were categorized by BMI percentile
(<85th vs. >85th percentile), comparisons of mean
asthma control and quality of life measures showed no
significant differences in either males or females (Table 4).

These findings were furthered using hierarchical
regression analyses (adjusted for age) to determine
whether the addition of NC significantly added to the
ability of BMI percentile to explain the variability seen in
asthma control and quality of life (Table 5). Even though
BMI percentile and NC are closely related to each other
(r2 =0.32; P <0.001), the addition of NC affected models
differently by sex. For males only, BMI and NC percentile
in combination explain a statistically significantly greater
portion of the variability in ACT and ITG composite and
nighttime scores than does BMI percentile alone. The
Cohen’s f* effect sizes in males ranged from 0.04 to 0.09,
using conventional standards, a small to medium effect
size. This was not the case in females where the addition
of NC to the model did not significantly contribute to
describing the outcomes.

To visualize the relationship between BMI and NC, we
plotted BMI percentiles against the percent difference
between the actual NC and the NC cutoff for each
participant. The resulting scatterplot is shown in Figure 1
and is divided into four quadrants using lines at the
[INCactuai—NCeyrofty /NCeyiofe = 0 and at a BMI percentile
of 85, the value which the CDC considers overweight.
Mean ACT and ITG composite and daytime scores are
overlaid for each quadrant according to sex. The plot is
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TABLE 1— Participant Demographics and Clinical Characteristics

Total cohort Low NC High NC
P-value
N (out of N (%) or N (out of N (%) or N (out of N (%) or (High vs.
116) Mean + SD 85) Mean + SD 31) Mean + SD Low NC)

Age, years 116 119+3.6 85 114+3.8 31 11.7+£3.1 0.63
Sex, % male 116 61 (53%) 85 48 (56%) 31 13 (42%) 0.16
Race*

American Indian/Alaskan Native 116 10 (8.6%) 85 9 (11%) 31 1 (4.9%) 0.21

Asian 116 0 (0.0%) 85 0 (0.0%) 31 0 (0.0%) N/A

Black/African-American 116 107 (92.2%) 85 79 (93%) 31 28 (96.7%) 0.64

Native Hawaiian/other pacific 116 0 (0.0%) 85 0 (0.0%) 31 0 (0.0%) N/A

islander

White 116 12 (10.3%) 55 8 (9%) 31 4 (13%) 0.58
Ethnicity, % hispanic 116 7 (6.0%) 84 7 (8%) 31 2 (6%) 0.74
Public health insurance 116 94 (81%") 85 66 (78%) 31 27 (87%) 0.26
BMI, percentile 116 71428 85 62 +28 31 96+6 <0.001
BMI 116 22+7 85 20+4 31 30+6 <0.001
NC, % high 116 31 27%) 85 0 (0%) 31 31 (100%) N/A
Age of asthma onset, years 114 5+4 84 4+4 31 5+4 0.59
Premature birth 115 17 (1 5%2) 85 9 (11%) 31 8 (26%) 0.04
Allergic rhinitis 115 54 (47%) 85 39 (46%) 31 15 (48%) 0.81
Atopic dermatitis 115 68 (59%) 85 54 (64%) 31 14 (45%) 0.08
Parent with asthma 115 68 (59%) 85 47 (55%) 31 21 (68%) 0.23
Sibling with asthma 115 70 (61%°) 85 54 (64%) 31 17 (55%) 0.40
FEV; (% predicted) change with 100 10+18 74 11420 28 8+9 0.40

bronchodilator
Post bronchodilator FEV 104 100 £ 87 74 100+ 101 28 101 £25 0.95

(% predicted)
FEV/FVC (% predicted) change with 99 7+10 74 7+11 28 6+7 0.54

bronchodilator
Post bronchodilator FEV /FVC (%) 109 81+10 74 86+9 28 84 +7 0.24
FEF,5_75 (% predicted) change with 108 71 +£28 74 50+93 28 37+ 44 0.32

bronchodilator
Post bronchodilator FEF,5_75 102 90 +27 74 89 +25 28 93432 0.55

(% predicted)
Serum IgE, IU/mL 111 553 +728 51 560 £ 681 60 531 +£855 0.87
Blood eosinophils, % 111 6+5 84 6+5 31 5+4 0.50
ACT 115 20+4 54 21+4 61 18+4 <0.01
ITG composite 110 66121 85 70 +20 31 58 20 0.01
ITG functional 111 70 +22 85 73+22 31 61422 0.02
ITG daytime 113 63 +24 85 68 +23 31 54422 0.01
ITG nighttime 112 64 +27 85 67 +26 31 58 +29 0.13

NG, neck circumference; IgE, immunoglobulin E; BMI, body mass index; ACT, asthma control test; ITG, integrated therapeutics group’s child

asthma short form.

12 unsure and 2 uninsured.

22 unsure.

310 with no sibling.

“Individuals could select all race options that applied.

notable for the worst control and quality of life (i.e.,
lowest ACT and ITG scores) in the upper right quadrant,
where both BMI percentile and NC are above their
respective cutoffs.

DISCUSSION

In our investigation, we studied the relationship
between asthma and obesity using neck circumference
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(NC) as an alternative measure to BMI. Notably, we found
ACT and ITG scores to be significantly associated overall
with NC among youth with asthma, indicating inadequate
asthma control, and poor quality of life, but these
associations varied by sex. Among the males, the lower
ACT scores associated with high NC exceeded the
minimal clinically important difference (i.e., 2 points®).
Additionally, among males only, NC significantly added
to the ability of BMI percentile to explain variability in



TABLE 2— Comparison of Asthma Control Test and Inte-
grated Therapeutics Group’s Child Asthma Short Form
Scores Between High and Low Neck Circumference Groups

Low NC High NC

Dependent variable N Mean+SD N Mean+SD P-value

ACT'? 84  194£5 31 1744 0.004
ITG composite’' 82  66+28 28  55+21 0.02
ITG functional' 83 71431 28 60424 0.02
ITG daytime' 85 62431 28  51+24 0.02
ITG nighttime 84 64437 28  55+29 0.15

ACT, asthma control test; ITG, integrated therapeutics group’s child
asthma short form.

IShowed evidence of a sex effect (P < 0.05).

Raw values presented, but analyses were sex- and age-adjusted using
square-transformed data.

asthma control and quality of life. Although there were
trends toward worse asthma control among females with
high NC, we did not detect significant associations for
quality of life.

During the pre-pubertal period of low sex steroid
hormones (i.e., estrogen, progesterone, testosterone),
males predominate with regard to prevalence and severity
of asthma. Following onset of puberty, asthma has a
female predominance in both prevalence and severity.*’
As they mature through childhood and puberty, females
with asthma exhibit increased bronchial responsiveness
compared to males based on methacholine sensitivity.*~!
In fact, post-pubertal women with asthma are more likely
to be categorized as severe®? and more likely to be
hospitalized for acute asthma than men.” Although this
sex disparity in asthma is clear, the underlying etiology is
unknown.

Obesity is a state of chronic inflammation®* associ-
ated with an increased prevalence of asthma, decreased
symptom control, and poor response to therapy.z’3 The
study of this link requires accurate measures of obesity.
However, the optimal measure of adiposity for defining
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obesity is unclear. Unfortunately, many of the most
accurate measures (e.g., underwater weighing, dual-
energy x-ray absorptiometry (DXA), and isotope
dilution) are labor intensive and expensive, preventing
their use in large cohort studies. Therefore, BMI (and
BMI percentile in children) has become the most
commonly used surrogate measure of body type and
adiposity.

Increasingly, there are concerns regarding the rele-
vance of BMI with regard to regional adiposity and its
inability to differentiate between lean body mass and fat
mass.>® This is important in asthma research as there
appears to be a disparity between the two sexes with
adiposity playing a role.*'*?* Importantly, fat distribu-
tion differs between the sexes with women generally
accumulating subcutaneous fat around their hips and
buttocks while men accumulate visceral fat in their
abdomen (i.e., gynecoid vs. android patterns).351n
addition, sex differences exist in cardiometabolic disease
where NC is more strongly associated with increased risk
in females.*

We and others showed previously that obese
individuals with asthma tend to display non-eosinophilic
airway inflammation.'?’ There are at least two features
of asthma that are compounded by obesity: (i) physical
forces and (ii) inflammation. Regarding physical forces,
Al-Alwan et al. showed increased lung compliance in
obese individuals with asthma as opposed to obese
controls.*® On the other hand, there are studies showing
normal or decreased lung compliance in obese individ-
uals with asthma.®® This suggests that the physical
forces of excess weight are not solely responsible for the
altered lung volumes in these patients. Relevant
to asthmatic inflammation specifically, leptin is an
adipocyte-derived mediator of obstructive lung disease
in mice.*’

Our analyses have several potential limitations. First,
the data used in our analyses are cross-sectional data at
enrollment from a population composed largely of

TABLE 3— Sex-Stratified Comparison of Asthma Control Test and Integrated Therapeutics Group’s Child Asthma Short
Form Scores Between High and Low Neck Circumference Groups

Females

Males

Does not exceed NC cutoff Exceeds NC cutoff

Dependent variable N Mean + SD N

Mean +=SD  P-value N

Does not exceed NC cutoff Exceeds NC cutoff

Mean + SD N Mean +=SD  P-value

ACT! 36 20+3 18 18+5

ITG composite 35 66 +21 17 60 £21
ITG functional 35 70£23 17 62 £22
ITG daytime 37 62+ 25 17 51422
ITG nighttime 37 63+27 17 58 +£32

0.07 48 2243 13 19+4 0.02
0.18 47 73+19 11 59420 0.04
0.22 48 76 £21 11 60125 0.03
0.11 48 72+21 11 60120 0.10
0.60 47 71+£25 11 57423 0.10

ACT, asthma control test; ITG, integrated therapeutics group’s child asthma short form.
'Raw values presented, but analyses performed on square-transformed data.
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TABLE 4— Sex-Stratified Comparison of Asthma Control Test and Integrated Therapeutics Group’s Child Asthma Short

Form Scores between Body Mass Index Percentile Groups

Females

Males

BMI < 85th percentile

BMI > 85th percentile

BMI < 85th percentile  BMI > 85th percentile

Dependent variable N Mean + SD N Mean+SD  P-value N Mean £+ SD N Mean+SD  P-value
ACT! 27 20£3 25 18+4 0.07 33 22+3 27 21+4 0.29
ITG composite 26 68 +18 24 58 £21 0.06 33 72£20 25 69 +20 0.57
ITG functional 26 74+£20 24 63+24 0.09 33 7622 25 69 £22 0.25
ITG daytime 28 65+23 24 54+£24 0.09 33 71+£22 25 69 +21 0.604
ITG nighttime 28 66 +25 24 57+29 0.24 32 68 +25 25 69 +26 0.98

BMI, body mass index; NC, neck circumference; ACT, asthma control test; ITG, integrated therapeutics group’s child asthma short form.
'Unadjusted raw values presented, but analysis performed on square-transformed data. Results reflective of only those subjects with a NC

measurement.

African American youth living in the Washington, DC
area. As such, the range of phenotypes represented by the
study population may not fully represent the full range of
clinical phenotypes and may be affected by the mix of pre-
pubertal and pubertal youth. The lack of pubertal
measurement and sleep apnea symptoms are limitations.
Further, our analyses, particularly those examining sex-
differences were derived post-hoc using a limited sample
size. In particular, the power in many of our stratified
analyses is likely too low to truly rule out associations.
Additionally, while ACT and ITG are validated measures,
both are self-reported surveys and as such carry a degree
of subjectivity. The NC cutoffs were determined in the
original publication using ROC analyses** and we did not
assess inter-rater reliability for measurement of NC in our
population. These potential sources of random misclassi-
fication would tend to obscure associations but there is no
reason to suspect any misclassification would be more
common in females than males. Finally, because this is an
observational study, some of the subjects were not on

controller medications while others were, but with
variable compliance.

In conclusion, in a sample of primarily urban and
minority youth with asthma, increased NC was associated
with worse asthma control and decreased asthma-related
quality of life, and these associations varied by sex. For
males, lower ACT and ITG scores were associated with
high NC and NC significantly added to the ability of BMI
percentile to explain variability in asthma control and
quality of life. Although there were trends toward worse
asthma control among females with a high NC, we did not
detect significant associations for quality of life. Use of
BMI and NC percentile together explain differences in
asthma control and quality of life better than BMI alone,
but only in males. NC and other anthropomorphic
measures of regional adiposity may be useful in the
clinical evaluation of pediatric patients with asthma.
Future clinical studies of asthma should consider the
inclusion of NC measurement to clarify its role in males
and females.

TABLE 5— Sex-Stratified Contribution of Neck Circumference to the Relationship Between Body Mass Index Percentile and

Outcomes
Asthma Model with Model with BMI Model with BMI % variability in outcome Cohen’s f*
Sex outcome NC alone (r2) percentile alone (r2) percentile +NC (rz) attributable to NC (P—value)1 effect size
Female ACT? 0.081 0.142 0.147 0.5% (0.60) <0.01
ITG composite 0.056 0.096 0.099 0.3% (0.68) <0.01
ITG functional 0.046 0.093 0.094 0.1% (0.80) <0.01
ITG daytime 0.068 0.039 0.070 3.2% (0.19) 0.03°
ITG nighttime 0.008 0.073 0.082 0.9% (0.49) 0.01
Male ACT? 0.096 0.021 0.096 7.5% (0.029) 0.08°
ITG composite 0.081 0.004 0.085 8.1% (0.028) 0.09°
ITG functional 0.081 0.017 0.081 6.4% (0.049) 0.07°
ITG daytime 0.050 0.011 0.050 3.9% (0.13) 0.04°
ITG nighttime 0.052 0.002 0.075 7.3% (0.037) 0.08°

BMI, body mass index; NC, neck circumference; ACT, asthma control test; ITG, integrated therapeutics group’s child asthma short form.

"Likelihood-ratio P-value shown.
2Analyses performed on square-transformed data.

3By convention, a Cohen’s f* effect size of 0.02, 0.15, and 0.35 are considered small, medium and large, respectively.
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Fig. 1. Scatterplot of BMI percentile and percent difference
between actual NC and NC cutoff. Mean +SD ACT and ITG
composite, functional, and daytime scores are shown for all four
quadrants. The plot is notable for the worst control and quality of
life (i.e., lowest ACT and ITG scores) in the upper right quadrant,
where both BMI percentile and NC are above their respective
cutoffs. BMI, body mass index; NC, neck circumference; ACT,
asthma control test; ITG, integrated therapeutics group’s child
asthma short form; ITGc, ITG composite; ITGf, ITG functional;
ITGd, ITG daytime.
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