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ABSTRACT

Background: Overweight and obesity prevalence has been increased worldwide creating a true pandemic and it is now
affecting younger age groups. Objective: To determine the impact of Body Mass Index (BMI) on pulmonary function
of late adolescents. Methods: A cross-sectional study was carried out among 95 late adolescents aged 18 to 22 Years.
Participants were categorized into normal weight, overweight and obese groups based on their BMI. Pulmonary
function was measured by a digital spirometer (Spirolab, GIMA/ Italy) following the American Thoracic Society
guidelines. Results: The lowest FEVI/FVC ratio was found in obese females. The influence of BMI on Forced Vital
Capacity (FVC), Forced Expiratory Volume in one second (FEV1), and Peak Expiratory Flow (PEF), in both males
and females, was statistically insignificant. The BMI has an insignificant effect on the small airway parameters (FEF
50%, FEF 75%, and FEF 25%-75%) of the two sexes. A significant negative correlation was observed between BMI
and FEVI/FVC in both males and females. Furthermore, a significant negative correlation was found between BMI
and forced expiratory flow 50% (FEF50%) in males but not in females. Conclusion: A high BMI has an insignificant
impact on most of the lung function parameters of adolescents, except for the FEVI1/FVC ratio.
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INTRODUCTION

The Body Mass Index (BMI) is a person’s weight (in kilograms) divided by the square of height (in meters) [1]. A
high BMI is an indicator of the increased fat content of the body. The BMI can be used as a screening test for weight
categories that are associated with increased morbidity [2]. A recent report documented a high prevalence of obesity
and associated non-communicable diseases among the UAE expatriates [3]. It is noticed that overweight and obesity
are creating a true pandemic and now affecting younger age groups [4].

The major complications of increased weight include a heightened demand for ventilation, elevated work of breathing,
respiratory muscle inefficiency, and diminished respiratory compliance. This is even worse in individuals who are
obese [5]. Obesity is a chronic disease characterized by the excessive accumulation of body fat that is harmful to
individuals and is also known to increase morbidity and decrease life expectancy in affected subjects [3]. Men with
body fat above 25% and women with body fat above 30% are considered obese [6]. Obesity can alter lung function
in several ways and the effect does not depend on the degree of obesity alone, it also depends on age and sites of fat
distribution. It is reported that, in moderate obese humans, the reduced lung compliance added with the increased
inspiratory threshold will elevate the work of breathing by three to four times compared with that in normal-weight
individuals [6]. Additionally, decreased pulmonary gas exchange, lower control of breathing with limitations in
exercise capacity is associated with the high-fat content in the bodies of obese people [3].
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The Pulmonary Function Test (PFT) is one of the important tools for the assessment of pulmonary function [7].
Although the impact of obesity on lung function has been reported in many previous studies, controversies are still
present in terms of which respiratory parameters are affected [8,9]. Reports on the relationship between BMI and
respiratory parameters of the UAE adolescent population are rare.

Study Point

It is important to identify if there is an association between BMI and respiratory parameters in young adults and which
parameter is affected. Results may help in the diagnosis of respiratory diseases in obese patients presenting with
atypical lung function results. In this study, the impact of different degrees of body weight, as grouped by BMI, on
lung function indicators was evaluated using spirometry.

METHODS

A cross-sectional study was carried out among 95 students aged 18 to 22 years old. The study was approved by the
institutional Research Ethics Committee (No. REC-041-2018). All the participants gave their informed consent before
taking part in the study. A self-administered questionnaire requesting information about age, gender, height, weight,
current respiratory symptoms, and past medical history was used for data collection. Participants with respiratory
symptoms, chronic medical illness including asthma and COPD, or cigarette smokers were excluded from the study.
Standardized weight and height scales were used to measure the weight and height of each participant. The calculated
BMI (weight in kg/ height in m?) was used to group the participants into three groups as follows, a) BMI between
18.5 kg/m?-24.9 kg/m? were included in-Group 1 (Healthy adolescents-Normal), b) Individuals with BMI between
25 kg/m2-29.9 kg/m? were included in-Group 2 (Overweight) c) Individuals with BMI > 30 kg/m? were included in-
Group 3 (Obese). A digital spirometer (Spirolab, GIMA/Italy) was used for the measurement of lung function of each
participant as per the guidelines of the American Thoracic Society (ATS) [10].

The best of three acceptable and reproducible spirometry readings was recorded for each participant. Differences
between the groups were determined using the one-way Analysis of Variance test (ANOVA). Post-hoc Tukey Test was
used for multiple comparisons. The association between the BMI and the respiratory parameters was determined with
Pearson’s correlation. The GraphPad Prism software (version 5.0) was used for analysis. A p-value of less than 0.05
was considered significant.

RESULTS

Demographic Characteristics of the Study Group

A total of 41 participants (18 males and 23 females) had normal BMI between 18.5 kg/m? and 24.9 kg/m?* and were
included in Group 1. Those with higher BMI were classified as overweight or Group 2 (BMI between 25 kg/m? and
29.9 kg/m?) and obese or Group 3 (BMI > 30 kg/m?). Table 1 shows the mean age, height, weight, and BMI of the
three groups.

Table 1 Anthropometric data of participants

Males Females
Parameters  Normal Overweight Obese —value Normal Overweight Obese —value
n=18 n=11 n=11 P n=23 n=16 n=16 P

Age (Years) 19.89+0.44 19.73+0.54 | 2036047 <0.67 | 1952+0.37 1894=044  1931+0.51 <0.63
Height (cm) 165.3+9.45 1748+191 1763+134 <050 1604+136 163.1+0.99 | 159.5+1.18 <0.15
Weight (kg)  65.72+2.38 | 81.73 +£2.20 113.4+7.61*  <0.0001 | 56.39+1.67 | 70.56+1.08 93.50+2.68* <0.0001
BMI (kgm?) | 21.53 £0.57 | 26.72+0.50 1 34.41+ 1.13* <0.0001 | 21.98+0.46 26.54+0.32 36.79+1.08* <0.0001

The Impact of BMI on Pulmonary Function

The FVC was 4.16 + 0.19 L in normal-weight males. However, it was 4.70 £ 0.39 L and 4.48 £ 0.30 L in overweight
and obese males, respectively (Figure 1A). In females, the FVC was 2.94 £0.12 L, 3.45£ 0.21 L, and 3.61 £ 0.32 L in
normal, overweight, and obese individuals, respectively (Figure 1E). The differences between the three groups were
statistically insignificant.
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The recorded FEV1 values were 3.84 £ 0.11 L, 3.80 £ 0.29 L, and 3.76 + 0.2 4L in normal, overweight, and obese
males, respectively (Figure 1B). In females, the three groups showed mean FEV1 values of 2.68 + 0.09 L, 2.87 +
0.14 L, and 2.64 + 0.15 L, respectively (Figure 1F). The one-way ANOVA test revealed an insignificant statistical
difference.

The FEV1/FVC% values were 93.52 + 2.03 in normal-weight males, 83.32 + 5.49 in the overweight, and 85.17 +3.39
in the obese ones (Figure 1C, p>0.05). A significant reduction in the FEVI/FVC% was found in females. The ratio
values were reduced from 92.60 + 1.61 in the normal-weight to 85.38 + 3.53% in the overweight and 78.02 + 4.56%
in the obese females (Figure 1G, p<0.05).

The PEF did not show any statistically significant difference between the three groups in both males (Figure 1D) and
females (Figure 1H).
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Figure 1 Effects of BMI on FVC, FEV1, FEV1/FVC, and PEF in males (A, B, C, and D) and females (E, F, G, and H)
The Influence of BMI on the Small Airway Parameters

The FEF 25% values across the three groups were found to be the same in both males (Figure 2A) as well as in females
(Figure 2E). ANOVA test revealed an insignificant difference in both males and females (p=0.97).

The mean expiratory flow rates (FEF50%) were lower in obese males compared to normal and overweight participants
of the same gender (Figure 2B, p=0.21). The same pattern was also observed in the FEF50% of females (Figure 2F,
p=0.59) and FEF75% of both males (Figure 2C, p=0.30) and females (Figure 2G, p=0.44).

The FEF 25%-75% reached up to 5L in normal and overweight individuals. However, it was less in obese individuals
(Figure 2D, p=0.25). Similarly, in normal or overweight females the FEF-25%-75% value reached nearly 3.75L, but
only 3L in obese females (Figure 2H, p=0.15).
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Figure 2 Effects of BMI on FEF50%, FEF 5%, FEF25-75% in males (A, B, C, and D) and females (E, F, G, and H)
Correlation of BMI vs. FVC, FEV1 and FEV1/FVC in Males and Female

A correlation between BMI and FVC shows that as the BMI increases the FVC seems to increase. This pattern was
observed to be the same in both males (Figure 3A; r=0.14, p=0.36) and females (Figure 3B; r=-0.19, p=0.14). The
relation is statistically insignificant within the BMI range of our participants. In contrast, a correlation between BMI
and FEV1 demonstrates a progressive reduction in FEV1 with the increase in BMI. However, this was statistically
insignificant in both males (Figure 3C; r=-0.10, p=0.52) and females (Figure 3D; r= -0.08, p=0.56). Nonetheless, a
correlation between BMI and FEV1/FVC revealed a strong negative correlation between these parameters. As evident
from the results, as the BMI increases, the FEV1/FVC seems to be reduced. This pattern was observed to be the same
among males (Figure 3E; r=-0.36, p*= 0.02) and females (Figure 3F; r=-0.31, p*= 0.02).
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Figure 3 Correlation of BMI vs. FVC in males (A) and females (B), BMI vs. FEV1 in males (C), and females (D) and BMI
vs. FEV1/FVC in males (E) and females (F)

Correlation of BMI vs. FEF25%, FEF50% and FEF75% in Males and Female

A correlation between BMI and forced expiratory flow parameters (FEF25%, FEF50%, and FEF75%) showed the
effect of increasing BMI on the small airways of the lungs. The results showed that as the BMI increases the forced
expiratory flow rates decrease. This pattern was significant for FEF50% in males (Figure 4C; r=-0.36, p*=0.02) but
insignificant in females (Figure 4D; r= -0.05, p=0.67). Although there was a weak negative correlation observed
between BMI and FEF25% in both males (Figure 4A; r=-0.12, p=0.44) and females (Figure 4B; r=-0.007; p=0.95),
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the correlation was statistically insignificant. The same pattern was observed with BMI and FEF75% correlation in
males (Figure 4C; r=-0.14; p=0.37) and females (Figure 4D; r=-0.16, p=0.23).

10 10
A g 5 B
@
8 302 8
— R IO ¢
] 4 6* = . .
&2 6 “.\ a 6 oo 3.. ¢
= e o = oot e *
o 4 <& o 4 C”t“b gt.’ *
w i * *
T8 ' (
&
2 . 2 .
0 0
10 20 30 40 50 10 20 30 40 50
BMI BMI
c 10 D 10
8 8
< - ‘E
U L 2 'Y Iy
s ° %)?:\.‘ 5 6 . 2 %
] =] + ¢ ¢
£ % * £ ¥ PR
D 4 AR R 4 J&"OL’
w * ¢ 9 T * * o
(s w » *®
12 T *
2 Py 2 e
» @
0 0
10 20 30 40 50 10 20 30 40 50
BMI BMI
E & F s
5 5 +
o4 o 4
g S et 2 > ¥
%3 ’*k:z . s *® o
~ * 0 4 n + %
by 2 4 e w2 Jit;zitl‘*woc.‘g‘_‘m
w ud *
@ & T2 . 5
* & ¢+
1 1 * ¥
@
0 0

10 20 30 40 50
BMI

10 20 30 40 50
BMI

Figure 4 Correlation of BMI vs. FEF25% in males (A) and females (B), BMI vs. FEF50% in males (C), and females (D)
and BMI vs. FEF75% in males (E) and females (F)

DISCUSSION

Obesity is a worldwide public health problem and a recognized cause of poor lung function. It causes a reduction in
both dynamic and static lung volumes [11,12]. However, insignificant results were also reported [13-15]. The negative
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impact of increased BMI on the respiratory system can be explained by the direct mechanical effect of fat deposition in
the chest wall and abdomen that causes movement restriction of the respiratory muscles [16,17]. Another explanation
is the increased production of inflammatory cytokines from the adipose tissue and the associated increase in immune
cells that induce structural and inflammatory changes within the small lung airways [16,17].

In this study, we found insignificant effects of obesity on most of the lung ventilatory functions of late adolescents,
except for FEV1/FVC values in females. Our findings are similar to a regional study that reported an insignificant
difference in lung function indicators between obese and non-obese adults [18]. In that study, the author recommended
searching for an alternative explanation, other than obesity, to justify low spirometric values [18]. In another regional
study, the reduction in lung function becomes significant only when the effects of obesity are combined with smoking
[19]. Moreover, prolonged duration of obesity is required to develop marked obesity-related lung function effects
[20]. The short duration of obesity of our participants, being late adolescents with an average age of 19 years old,
could explain the absence of significant effects. The early development of obesity during childhood was found to
be associated with higher, rather than lower, FEV1 and FVC [21]. Similarly, in the current study, we observed an
increased FVC in both overweight and obese individuals with insignificant variations in the FEV1 values between the
two groups in either gender. Another important factor that is associated with reduced lung function is the way of fat
distribution. Mafort and colleagues claimed that the negative impact of obesity on lung function could be associated
with the pattern of body fat distribution, whether central or peripheral [17]. They found that the reduced lung function
is more likely to be related to central fat distribution in the thorax and abdomen than to peripheral fat distribution in
the hips and thighs. The patterns of fat distribution were not examined in the current study.

Obese individuals may develop bronchial hyper-responsiveness and asthma that is characterized by low FEV1/FVC
and low Forced Expiratory Flow rates (FEF) as a sign of small airway inflammation [22]. In this study, the correlation
between BMI and FEV1/FVC in both males and females showed that the ratio tends to decrease with high BMI.
Although the FEV1/FVC ratio of the obese females is significantly lower than that of the other participants, it remains
above the value of 0.7 (in most of the cases), which possibly excludes the element of airway obstruction. A gender
disparity in lung function impairment with females being affected more than males is a recognized finding [23]. A
negative correlation was also found between the BMI and FEV1 and the forced expiratory flow parameters. Although
the relationship is statistically insignificant, except for the FEF50, it is expected that morbid obesity with higher BMI
values would give significant results. Al-Alwan and colleagues have confirmed the association between obesity and
peripheral airway disease, especially among asthmatics [24]. On the other hand, the correlation between BMI and
the FVC shows that the FVC seems to increase with obesity. Variable findings were reported in similar age groups
[21]. It is worth noting that the hormonal changes during late adolescence and young adulthood are associated with
increased growth and changes in body muscle and fat deposition; this could explain the contradictory findings of
different studies.

Another interesting aspect that needs to be discussed in this context is the obesity paradox. Multiple epidemiological
studies have demonstrated the positive relationship between obesity and mortality, particularly cardiovascular
mortality [25,26]. Nonetheless, other studies have found an inverse correlation between Body Mass Index (BMI) and
mortality, which is termed the obesity paradox [27,28]. This implies that it could be healthier to be overweight than to
be normal or low weight. This concept needs to be discussed in the context of current study results. As depicted in the
results, most of the respiratory function parameters in obese/overweight participants were comparable to normal late
adolescents. However, further studies are necessary to categorically prove this observation.

A few limitations in this study need to be taken into consideration while extrapolating the results. Since the BMI was
used as a measure for obesity evaluation it did not distinguish fat mass and muscle mass of the body, and it cannot
determine the pattern of regional fat distribution in the participants. The relatively small sample size and the expected
variation in physical activity between the participants are other limitations that should be considered while interpreting
the results. In conclusion, our results confirm the previous finding that adolescents’ lung ventilatory function indicators
are not significantly affected by overweight and obesity. Another causative factor like smoking or pattern of body fat
distribution should be investigated whenever poor lung function is diagnosed in an obese adolescent.

CONCLUSION

An increased BMI did not significantly influence most of the lung function parameters of adolescents, except for
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FEV1/FVC values in females. However, in either gender, a trend to have decreased FEV1/FVC values was observed
as the BMI increases. Moreover, compromised forced expiratory flow rates were evident as the BMI increases in
adolescents, especially in males. Obesity will have a significant influence on respiratory parameters, particularly
on female adolescents as they face medical, psychological, and reproductive health challenges during this phase.
Therefore, early intervention is very much required to prevent short-term and long-term morbidity.
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