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ABSTRACT

Background: Obesity in children is a growing concern. There is little information on the effects of obesity on pulmonary function in
non- asthmatic children.

Objectives: Identify abnormalities of Pulmonary Function Testing (PFT’s) in a cohort of non-asthmatic obese children and if present
note the correlation between the degree of abnormality and the severity of obesity.

Method: A cohort of 35 subjects underwent standardized PFT’s [spirometer, static and dynamic lung volumes, and Diffusion Capacity
for Carbon Monoxide (DLCO)]. Measurements were reported as percent predicted value for age, gender, height and ethnicity.

Results: 14 females and 21 males between 10 and 20 years of age were enrolled. The median BMI was 34.5 Kg/m? . Isolated
PFT abnormalities or abnormalities suggestive of lower airway obstructive defect or restrictive defect were noted in 20 patients (57%).
Spiro metric measurements were generally unremarkable, with the exception of decreased in FEF,, ., in 9 subjects (25%), without
direct correlation with BMI. Changes in static lung volumes suggestive of reduced respiratory system compliance was observed, with 16
subjects (45%) exhibiting a decrease in ERV and 6 subjects (17%) with decreased in FRC. DLCO/VA was increased in 12 participants
(36.3%). A negative correlation between BMI and FRC (Rho -0.39, p-value 0.021) and BMI and DLCO/VA (Rho -0.42, p-value 0.015)

was found.

Conclusion: In our cohort of obese, non-asthmatic children we observed PFT abnormalities suggestive of decreased respiratory
system compliance and gas diffusion impairment that correlated with increasing BMI.

INTRODUCTION

Obesity in children is a growing problem [1]. Obesity has more
than doubled in children and tripled in adolescents in the past 30
years. The percentage of children, ages 6-11 years, in the United
States who were obese increased from 7% in 1980 to nearly 18% in
2010. Similarly, the percentage of adolescents, ages 12-19 years, who
were obese increased from 5% to 18% over the same period. In 2010,
more than one third of children and adolescents were overweight or
obese [2].

Obesity in children, as in adults, can lead to various health
problems, such as insulin resistance, diabetes, cardiovascular disease,
musculoskeletal issues, and decreased exercise tolerance. In addition,
obesity has been identified as a major risk factor for the development
of asthma and is associated with profound changes in pulmonary
physiology resulting in development of sleep-disordered breathing,
and altered susceptibility to pulmonary infection [3].

There is a paucity of information on the relationship between
obesity and lung function in children and adolescents. Data on
Pulmonary Function Tests (PFTs) in obese children with and without
asthma is scarce.

The most consistently reported effect of obesity on PFT in adults
is a reduction in the Functional Residual Capacity (FRC). Obesity
produces a “stiffening” of the entire respiratory system, likely due to
a combination of effects on lung and chest wall compliance [4]. The
reduction in lung compliance appears to be exponentially related to
Body Mass Index (BMI) [5].

The effects of obesity on airway flow rates are controversial.
Forced Expiratory Volume in the first second (FEV1) and Forced
Vital Capacity (FVC) tend to decrease with increasing BMI. The
FEV1-to-FVC ratio is typically well preserved or increased indicating
that both FEV1 and FVC are affected to the same extent [6].

While studies on the Diffusing Capacity of The Lung for Carbon
Monoxide (DLCO) in obese patients have been conflicting, Enache I
.et al. found that DLCO was unaltered or reduced in obese subjects

[7].

The primary objective of our study is to identify abnormalities

of PFTs in non-asthmatic obese children. We hypothesized the
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PFTs abnormalities seen in obese adults also exist in children and
adolescents and that these pulmonary function abnormalities are
correlated to the degree of obesity.

METHODS AND MATERIALS

Thirty five children from 10 to 20 years of age were recruited from
the obesity clinic and CHANGE program (weight loss intervention
program) at Winthrop University Hospital. Subjects participating in
our study had a BMI (Weight (kg) / (Height (m)) %) > 95th percentile
for age and gender. Participants had no prior or current physician
diagnosis of asthma based on typical asthma symptoms, such as
recurrent wheeze, cough, and shortness of breath resolving with or
without an inhaled bronchodilator.

Subjects with contraindication for performing PFTs, such as
hemoptysis, pneumothorax, and recent eye, thoracic or abdominal
surgeries were excluded from the study. Children with obesity due
to a genetic syndrome, known cardiovascular disease, neuromuscular
disorders, musculoskeletal deformities, or other restrictive pulmonary
processes were not considered.

The local Institutional Review Board approved the study.
Informed consent and assent from each subject and their parents
were obtained at the time of enrollment.

Potential participants were evaluated for cardiopulmonary
disease prior to enrollment. Weight and height were measured with
a calibrated weighing scale and stadiometer following standard
anthropometric methods.

PFTs were performed by the pediatric pulmonary department
using Med graphic Ultima PFX equipment according to the American
Thoracic Society/European Respiratory Society guidelines [8]. Spiro
metric measurements (FVC, FEV,, FEVI/ FVC, PEF, FEF,, ., ) static
lung volumes (ERV, FRC, RV), and dynamic lung volumes (TLC,
VC) were recorded. Lung volumes were determined using nitrogen
washout technique. All measurements were reported using a normal
range of 80% to 120% of predicted value for age, gender, height, and
ethnicity. Weng scale for FRC and Weng and NHANES III scale
were utilized for the remaining measurements. DLCO was performed
with single breath technique and results were corrected for alveolar
volume (DLCO/VA); 75% to 120% of predicted value using Weng
scale was considered within normal limits.
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STATISTICAL ANALYSIS

Descriptive statistics are presented as mean + SD. The
Kolmogorov-Smirnov test was used to evaluate normality of PFT
variables across whole sample and by gender. The variables were then
compared between genders using two independent sample t-tests.
Pearson’s correlation coefficients with 95% confidence intervals
were calculated using Fisher’s Z-transformed data. Priori analyses
of covariance (ANCOVA) models were developed using gender and
BMI as the indicator variables.

This was an exploratory study that is limited in terms of statistical
power due to its small sample size. As a result, no formal power
calculation was carried out.

All calculations were performed using SAS 9.3 (SAS Institute, Inc)
RESULTS

Of the 35 participants in the study, 14 were females and 21 were
males. Twenty one participants were Caucasian (60%), 6 were African
American (17%), and 8 were Hispanic (23%). Ethnic distribution of
participants in the study was similar to the ethnic distribution in the
county where the study was conducted.

Their median BMI was 34.5 Kg/m? (Interquartile Range (IQR)
29.9-37). The demographic characteristics of the study group are
presented in Table 1.

Spiro metric measurements were in general normal, with the
exception of an isolated decrease in FEF,, . in 9 patients (25%), with
abnormal values ranging from 50% to 78% of the normal predicted
value, without direct correlation with BMI.

Abnormalities of lung volumes were more frequently seen. In
terms of static lung volumes, 16 subjects (45%) had reduced ERV
(with values ranging from 33% to 74% of the normal predicted value)
and 6 (17%) had decreased FRC (ranging from 54% to 77% of the
normal predicted value), suggestive of decreased lung compliance.
An increase in RV was observed in 12 subjects (34%), of these, 2
(5.7%) also had an increase in FRC and TLC suggestive of a lower
airway obstructive defect.

Dynamic lung volumes of subjects included in the study were
generally within normal limits for the predicted values. The only
exceptions were 3 subjects that had an increase in TLC (range 125-
138% of predicted value) and 2 subjects that had a decrease in TLC
associated with reduced FRC and RV, suggestive of restrictive lung
defect.

DLCO/VA was measured in 33 subjects. It was increased in 12
participants (36.3%) with abnormal values ranging between 123%
and 149% of the normal predicted value. None of the participants in
the study had a decrease in DLCO/VA.

A comparison of the mean values of PFT measurements overall
and by gender is shown in Table 2. There were no statistically
significant differences in the Spiro metric measurements or in
dynamic and static lung volumes between males and females. Males
had a higher DLCO/VA than females (p = 0.035). There were no
statistical differences in values of PFT’s between children younger
and older than 15 years of age (data not shown).

The correlation between the PFT variables and BMI is shown in
Table 3. A statically significant negative correlation between BMI and
FRC was found (Rho -0.39, p-value 0.021) (Figurel). Similarly, there
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was a statistically significant negative correlation between BMI and
DLCO/VA (Rho -0.41, p-value 0.014) (Figure2).

DISCUSSION

In our cohort of non-asthmatic, obese children, 57% of the
participants had PFT abnormalities.

In terms of static lung volumes, the most prominent observed
changes were decreases in FRC (17% of the participants) and ERV
(45% of the participants). The decrease in FRC was negatively
correlated with the BMI. Studies in obese adults found similar lung
volume abnormalities [9,10]. These changes suggest a reduction in
lung compliance that may be the result of increased pulmonary blood
volume and early closure of dependent airways [11]. The reduction
of chest wall compliance due to increased adipose tissue surrounding
the ribs, diaphragm, and abdomen also contributes to decreased
overall respiratory compliance [12].

Other studies have had similar conclusions. Li, AM. et al. [13]
studied a cohort of 64 children, ages 10 to 14 years, with primary

Table 1: Demographic characteristics of the study group.

Variable N\IZ:n=t3§)D
AGE (year) 1472

BMI (kg/m?) 345457

Height (cm) 163.7+7.2

Weigh (kg) 93.4+£19.7

Table 2: PFT’s results overall and by gender.
Mean * SD Mean * SD Mean * SD
Variable (n = 35) Male (n =21) Female (n=14) P -value

ERV 73.5+26.7 72.3+26.2 75.1£28.2 0.765
IC 1148+17.8 116.3+19.9 112.7 £ 14.7 0.571
FvVC 100.9 £ 10.4 1014 £ 11 100.1£9.9 0.737
FEV1 99.5+10.6 100.3+9.5 98.3+12.4 0.593
FEV1-FVC 98.5+7.3 99.3+7.6 97.3+7.1 0.426
FEFE25-75 96.1+21.9 98 +22.3 93.1+21.7 0.528
FRC 96.1+20.5 100.1+22.9 89.7 £ 14.6 0.153
RV 110.7 £ 35 118 £ 38.6 98.9+253 0.124
TLC 96.9 + 15 100.5 + 16.6 90.9 +10.1 0.069
RV/TLC 104.7+£225 107.7+20.3 99.9+25.8 0.335
DLCO 100.3+22.3 109.1+23.3 88.4+14.4 0.007
DLCO/VA 112+£17.9 117.6 £ 18.1 104.4 £ 15.3 0.035

Table 3: Fisher’s Z transformed correlations of all PFT variables with BMI for
overall study subjects

Variable Sample Fisher's z Bias Correlation P-
Correlation Adjustment Estimate (95 % Cl) value
ERV -0.22 -0.22 -0.0033 -0.21(-0.52,0.13)  0.217
IC -0.04 -0.04 -0.0005555 -0.04(-0.37,0.31)  0.838
FvVC -0.07 -0.07 -0.00106 -0.07(-0.4,0.27)  0.682
FEV, -0.2 -0.2 -0.00294 -0.2(-0.5,0.15) 0.251
FEV,/FVC -0.2 -0.21 -0.00299 -0.2(-0.5,0.14) 0.244
FEF ,ey 750 -0.28 -0.28 -0.00406 -0.27(-0.56,0.07)  0.109
FRC -0.39 -0.42 -0.00596  -0.39(-0.64,-0.06) 0.021
RV -0.29 -0.3 -0.00439 -0.29(-0.57,0.06)  0.097
TLC -0.29 -0.3 -0.0044 -0.29(-0.57,0.06)  0.096
RV/TLC -0.12 -0.12 -0.00175 -0.11(-0.43,0.23)  0.519
DLCO/VA -0.42 -0.45 -0.00656  -0.41(-0.66,-0.08) 0.014
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Figure 1: Correlation between the decrease in FRC and BMI.
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Figure 2: Correlation between DLCO/VA variation and BMI.

obesity and found a negative correlation between FRC and BMI, but
was not noted to be statistically significant as in our study.

In addition, 12 subjects (35%) in our study, had an elevated RV,
suggestive of air trapping. The RV elevation is likely a result of the
diminished ERV, which could be explained by the narrowing effect
on small airways secondary to obesity. These changes were previously
observed by Inselma LS et al [14].

As noted in adult studies [15], the majority of the children in the
study had normal dynamic lung volumes (including VC and TLC).

We did observe a restrictive lung disease pattern (decreased
TLC, RV, and FRC) in 2 subjects. These abnormal measurements
were less likely due to an intrinsic lung disease and more likely due
to obesity, since these children had no respiratory symptoms, had
normal DLCO/VA, but had higher BMIs (41.8Kg/m?* and 48Kg/m?).
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This restrictive defect can be explained by increased adipose tissue
surrounding the ribs, diaphragm, and abdomen resulting in chest
wall restriction.

The most frequent spirometric measurement change observed
in our study was a decrease in FEF,, __ in 25% of the subjects. This
flow limitation is suggestive of small airway obstruction. A reduction
in airway caliber in obesity may be attributed to a reduction in FRC
[16,17]. However, some studies have suggested that the narrowing
of the airways may not be due entirely to the reduced lung volumes,
since differences between obese and non-obese may persist even after
adjustment for lung volumes [9]. Additional studies have shown
that obesity is associated with an increased risk of airway hyper
responsiveness [18,19], suggesting that a pro-inflammatory state
associated with obesity can be responsible for this flow limitation.

Previous studies in obese, non-asthmatic children [13,14] found a
decrease in DLCO without correlation with BMI. These abnormalities
were explained by the authors as a result of structural changes in
the interstitium of the lung resulting from lipid deposition and/or
decreased alveolar surface area.

In our study, similar to studies in obese adults [20], we observed
an increase in the ratio of DLCO to alveolar volume in 36% of our
obese children. The increase in DLCO/VA was negatively correlated
with BMI. This increase in DLCO/VA observed in obese patients, is
believed to be due to an increase in pulmonary blood volume [15].
On the other hand, a low to normal DLCO or DLCO/VA and the
negative correlation with BMI in some of the obese children in our
study, may represent a loss of capillary bed (as seen with atelectasis)
[15] or alterations in the alveolar-capillary membrane due to lipid
deposition [13].

Our study has some limitations. We acknowledge that we have
investigated a relatively small number of subjects, however our
group was ethnically diverse (reflecting the ethnic distribution of
the county where the study was conducted), and was homogeneous
in terms of age and BMI distribution. All PFT measurements were
reported as percent of the normal predictive value for the age, height,
gender, and ethnicity. For this reason, we did not include a control
group. Despite these limitations, our findings add relevant clinical
data to the literature. Our study is one of the few prospective cross
sectional studies in non-asthmatic, obese children that includes
measurements of static and dynamic lung volumes, flow rates and
DLCO, and then correlates these values with the severity of obesity.
To better understand the natural history of these abnormalities,
larger longitudinal studies focused on assessing the changes in lung
function in relation to BMI variations over time are warranted.

CONCLUSION

In our cohort of obese, non-asthmatic children we observed PFT
abnormalities suggestive of decreased lung and chest wall compliance
(FRC) and gas diffusion impairment (DLCO) that correlate with
increased BMI.

Our findings also support the use of BMI to predict the effect of
obesity in pulmonary function. BMI is a simple tool that is widely
available in pediatric health care settings to classify the severity
of obesity. Our study is one of the few to date that has found a
statistically significant relationship between BMI and abnormalities
in lung volumes and DLCO in obese children.

Larger longitudinal studies are needed to support these findings
and expand our current knowledge regarding the effects of obesity on
pulmonary function in children.
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