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Abstract: Background: Obesity has an increasing prevalence worldwide in both industrial and developing countries. It also
leads to serious complications among most body systems including the respiratory system; which has not been well studied and
proven in Arab countries. Objective: To evaluate the association between obesity degrees, and pulmonary function parameters.
Methods: Non-asthmatic children aged 5 to 14 years old were enrolled in this study. We obtained height and weight for each
child then we calculated body mass index. We performed pulmonary function tests using spirometer. Results: This study
included a total of 99 children (51 boys, 49 girls), the mean age was 10.5 years. Spirometric parameters such as Forced Vital
Capacity (FVC) was higher in children with overweight and obesity. While Forced Expiratory Volume during the first second
(FEV1) in addition to FEV1 to FVC Ratio were lower in children with overweight and obesity. There also was a negative
linear correlation between Body Mass Index in percentiles and FEV1, FEV1/FVC Ratio, which reflects an airway obstruction
inappropriate with lung volumes. Conclusion: we recommend conducting the measurement of pulmonary function via
spirometer within the investigations of children with overweight and obesity to detect pathological changes as early as

possible.
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1. Background

Obesity is a challenging public health issue affecting both
high and low-income countries [1]. According to the Global
Nutrition, there was 330 million obese and overweight child
aged 5-19 years old in 2016 [2]. In Arab countries, The
prevalence of obesity among adolescents ranged from 5.7%
in Tunisia to 24.8% in Kuwait [3]. Positive Energy Balance
in addition to Genetic predispositions are the principle
reasons for childhood obesity [4]. Overweight in children is
defined as BMI at or above the 85th percentile for age and
sex, while obesity is defined as BMI for age and sex at or
above 95" percentile [5]. Obesity increases risk for
Metabolic Syndrome [6], Coronary Artery Disease (CAD)
[7], Diabetes Mellitus Type 2 [8], many types of malignancy
[9] and early death in adulthood [10], It also causes
respiratory diseases such as Sleep Apnea [11] and about a
quarter of all Asthma cases in children [12]. Forno found in
his review on pulmonary function test results in adults with

obesity that there was an inverse correlation between BMI
and lung volumes (FEV1, FVC) with normal FEVI/FVC
ratio which reflects a restrictive ventilatory deficit [13].
While in children, the most common observed abnormality in
spirometric parameters was the inverse association between
BMI and FEVI1/FVC ratio which reflect an obstructive
ventilatory deficit or airway dysanapsis [14]. The
cardiovascular complications of obesity have been known
and proven by researchers [15] while studies on respiratory
complications are still limited with inconsistent results [16]
as well as these complications tend to be silent and can cause
-without treatment- irreversible pulmonary hypertention and
heart failure [17], this confirms the importance of
investigating it early in childhood period. And that is what
our study aims to.

2. Methods and Materials

One hundred-fourteen non-asthmatic children aged 5 to 14



American Journal of Pediatrics 2021; 7(3): 154-158

years old who were admitted to our pediatric outpatient
department from May 2020 to May 2021 were enrolled in this
study. Fifteen patients were excluded (12 had respiratory
infection, 1 had scoliosis, 2 were unable to do lung function
due to mental retardation). We obtained consent forms from
children and their parents. Height was measured to the nearest
0.5 cm on a standard height board without shoes. Weight was
measured to the nearest 0.1 kg without heavy clothes.

BMI was calculated by dividing the weight (kilograms) by
the square of the height (meters).

Pulmonary function tests were recorded in the sitting
position, using Vitagraph ALPHA, model 6000, spirometer
according to the recommendations of the ATS-ERS 2019 [18].
The following data were obtained by Forced Expiratory
maneuver: FEV1, FVC, FEVI/FVC ratio. During the
measurement, volume and flow curves were closely monitored
to detect artifacts and confirm enough efforts.

Statistical Analysis
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This study was a cross-sectional Analytic study.
Quantitative Variables were expressed as Means and standard
deviations. Qualitative variables were expressed as
frequencies and percentiles. One-way ANOVA Test was used
to assess the differences between BMI related groups of
children and spirometric indicides. Chi-square Test was used
to assess the statistical significance of the difference between
categorical variables. Pearson Correlations were calculated to
analyse the association between BMI percentiles and
pulmonary function parameters FEV1, FVC, FEV1/FVC
ratio. SPSS, version 20 was used for Statistical analysis.
Statistical significant was considered for P values less than
0.05.

3. Results

A total of 99 children (51 boys, 51.5%) were enrolled in
this study with a mean age of 10.5 years. table 1.

Table 1. Shows the distribution of 99 children according to age groups, the largest proportion 36.4% was in the 12 to 14 year old group.

Age groups (years) number Percent%
[6-8] 17 17.2%
[8-10] 23 23.2%
[10-12] 23 23.2%
[12-14] 36 36.4%

They were divided into 4 groups: 22 Normal weight (BMI>5%) (22.2%), 25 overweight (BMI > 85%) (25.3%), 26 obese
(BMI = 95%) (26.3%) and 26 morbidly obese (BMI > 99%) (26.3%). table 2.

Table 2. Shows the distribution of 99 children according to BMI percentiles, the largest proportion 52.5% was in the obese groups.

BMI% number Percent%
Normal weight 22 22.22%
overweight 25 25.24%
obese 26 26.26%
Morbidly obese 26 26.26%

There was a high prevalence of exposure to passive
smoking in home environment in the study population: 17
patient of normal weight group (77.3%) and 63 patients of
overweight and obesity group (81.8%) with no significant
difference (P value=0.2). There was also no significant
difference in age (p=0.4) or sex (p=0.7) between these two

groups of children. The spirometric parameters of the four
BMI-related groups of children are shown in table 3. BMI
was statistically significant with the% expected of FVC
(P=0.0001), FEV1 (P=0.0001) values and the FEV1/FVC
ratio (P=0.0001).

Table 3. The differences in mean values of pulmonary function parameters between children with normal weight group and children with overweight and
obesity group, FVC was higher in the second group while FEV1 and FEV1/FVC ratio were lower in it.

PFT parameters Normal weight n=22 Overweight and Obesity n=77 P-value
FVC% 91.18+3.1 78.88+7.05 0.01
FEV1% 90.04+4.8 100.58+10.5 0.04
FEV1/FVC% 91.77+2.9 77.05+7.6 0.03




156 Nurshan Mohamed Hamzah ef al.: The Effect of Obesity and Overweight on Pulmonary
Function in School-Aged Children

110

100

920

80

FEV1(%)

70

60

50
0 20 40

r=-0.67
P-value=0.0001

BMI

60 80 100 120

Figure 1. The negative linear correlation between BM1% and FEV1%.
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Figure 2. The negative linear correlation between BM1% and FEV1/FVC%.

By correlations we found a statisfically significant
negative linear correlation between BMI% and FEV1 figure
1, also between BMI1% and FEV1/FVC Ratio figure 2.

4. Discussion

In this study our results suggest that pulmonary function in
children with overweight and obesity defined by BMI
percentiles characterized by reduction in FEV1, FEV1/FVC
ratio and elevation in FVC. The reduction in FEV1 and
FEV1/FVC ratio reflects contraction in the airways similar to
asthmatic children, as known obesity is associated with
chronic low-grade systemic inflammatory condition [19] due
to Leptin, an adiponectin secured from white adipose tissue,
which increases the pro-inflammatory cytokines such as
TNF-a and IL-6 which cause bronchial hypersensitivity [20],
Leptin also enhances the chemo-attraction of Eosinophills
resulting in allergic reaction in the airways [21]. Leptin also
responsible for remodeling of the airways mediated by
Vascular Endothelial Growth Factor (VEGF), leading to
increased airway resistance [22]. High FVC levels reflects
lung volumes’ growth compatible with BMI, but not with
airways diameters. [23]

Davidson was found in his retrospective study of children

aged 6-17 years old a positive linear correlation between
BMI z-score and percent predicted FVC, and a negative
linear correlation with FEV1/FVC ratio as we found, for both
males and females, but unlike us he didn’t find a significant
association with FEV1 [24]. The negative linear correlation
between BMI and FEV1 in our study may be due to the
synergistic effect of passive smoking exposure to the
pulmonary function. Cibella investigated the effect of BMI
on pulmonary function in healthy children aged 10-17 years
and found that FVC (as percentile predicted) was higher in
children with overweight and obesity (P=0.0003) while
FEV1, and FEV1/FVC ratio was lower in them (P<0.0001)
which reflect a reduction in airway size inappropriate with
the growth of lung volumes [25]. Akin found a statistically
significant negative correlation among FEV1, FEVI/FVC
and BMI in children aged 5-15 years [26]. The inverse
association between BMI and FEV1/FVC ratio contributes to
a higher incidence of Asthma in obese males and females
[27]. Spathopoulos found that obesity in children
accompanised with reduced FVC with a normal FEV1/FVC
ratio [28]. The children ages in his study ranged between 7
and 11 years old while 59.6% of our study population were
more than 10 years old, which may suggest an effect of
puberty on pulmonary function due to increased muscle mass
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in males and peripheral distribution of fat in females. Webb
didn’t find a direct correlation between BMI and spirometric
values, her study included only 35 patients who had obesity
without comparison with normal weight group [29].

This study has some limitations, it didn’t include the effect
of fat distribution on Pulmonary function tests, we also
coudn’t exclude children exposed to passive smoking due to
its wide prevalence in our society.

5. Conclusion

In this study, we found that obesity with all its degrees
leads to pathological changes in lung function measured by
spirometer, which does not up to clinically explicit harm in
the childhood period.

A statistically significant linear relationship was found
between obesity scores and changes in lung function values, as
the higher the BMI values, the higher the FVC values, while the
FEV1 and FEVI/FVC values decrease, similar to the changes
seen in the context of asthma. However, this is a cross-sectional
study, more longitudinal studies are needed to investigate how
reduction of weight can affect pulmonary function in children
and adolescents. Further studies about the effect of passive
smoking exposure on respiratory system are needed too.
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