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ABSTRACT

The combined effects of obesity and exercise on respiratory system have not been investigated in subjects with
normal resting spirometry.The objective was to recognizethe exercise-related breathing issues in non-asthmatic
obese individuals, pre and post asub-maximal challenge. Our hypothesis was examined on thirteen age-matched
obese (BMI>35) and ten normal-weight (BMI<25) males who did not do any type of sport whatsoever. Pulmonary
function tests (PFTs) were performed at baseline and 30 minutes after exercise at 5, 10, 20 and 30-mint post-
challenge time points. All subjects completed the sub-maximal exercise challenge for 8 minutes.Exercise intensity
was determined based on HRpeak, in relation to VO2max values. Baseline spirometry revealed no difference
between the two groups.A significant reduction was observed in values for proximal airways(p<0.05), however, no
significant difference was observed between OG and NWG in post-challenge percent change in FEV1.The results
showeda significant difference in spirometry from pre- to post-exercise time points in the high-BMI subjects
(p<0.05). FEVY/FVC ratio increased significantly in OG (p<0.05). It seems that obesity and exercise are
concomitantly affecting PFT results. Obesity has a considerable impact on spirometry variables which are thought
to be boosted by exercise in subjects with normal airway function. The share of obesity and exercise effects on
respiratory system can be independently, though not preciselyproved.

Keywords: obese; respiratory system; exercise; spirometry
Abbreviations: OG = obese group; NWG = normal-weight group

INTRODUCTION

Today, obesity is considered as a major healtleis&steady trend of increasing obesity has beserobd over the
past several decades [1].Different body compositicgspecially obesity may affect the respiratorgteay to
variousdegrees [2]and cause changes in the respirsstem during and after physical activity [Skveral studies
have demonstrated a reduction in lung complianagese individuals [4]which appears to be expoaéntielated
to BMI[5].

In many studies [6,7], it has been observed thatptrcentage and distribution of body fat may hsigaificant
effects on pulmonary function. In fact, increasingdy fat percentage decreases the activity of éspiratory
muscles and causes a general decrease in the dyoampatibility of the lungs and in lung capaciy.[n the same
line, numerous investigations [9,10,7]have suggkedteat increasing fat percentage, especially in tipper
body,plays a more effective role in such a decre@besity may be associated with a reduction ial \dapacity
(VC) and Forced Expiratory Volume in one second\(EEdepending upon the age, type of body fat diation
[11] and severity of obesity.

141
Pelagia Research Library



Mustafa Moradi and Muhammad Hossein Sepehri Euro. J. Exp. Bio., 2014, 4(4):141-146

In addition, exercise seems to be another exadegofactor that influencesthe respiratory systerterms of airway
resistance and compliance features [12,13]. Inerkdat mass may negativelybe associated with ggstinring
[14,15] and post-challenge [16] spirometric lungdtion. Lean and obese subjects, also develop arpyr flow
limitation at peak exercise [17],however these piggical changes are more pronounced in obesessishjas
compared to normal weight subjects.

Although the association between obesity and puémofunction has been extensively reported in sdwdudies
[1,2,3], little, if any, attention has been givenhealthy and non-athlete obese men's pulmonatiéumfollowing

an exercise challenge. However, unknown exerciseei respiratory difficulties can be a potenti@cduraging
factor among obese people who are going to paatieiin fitness programs.It is currently hardly kmoas far as
obese subjects with a normal FEV1/FVC ratioare eamed, whether exercise deterioratestheirspiromessults,
orobesity-related conditions aid exercise to dgvét® effects on the respiratory system.

MATERIALS AND METHODS

Sudy population

13non-athlete obese and 10 normal-weight subjedstrol group) were screened for havinga BMI retipely
greater than 35 kgfrand lower than 25 kg/mThe subject's clinical records and other relevita were reviewed
to identify those with any possible underlying @ise that could have affected their pulmonary fenctiObese
individuals were assessed for not having hypentengill details of the study were explained to #odunteers after
the written consent was obtained.

Measurements

Body weight and height were measured with baretdgpésts wearing thin clothing. BMI was calculates! ody
weight/height. All subjects underwent PFTs in four interval tirpeints following an exercise challenge in
accordance with the American Thoracic Society dinde [18]. FVC was measured by forced exhaling int
spirometry lasting maximally for 6 seconds. Tworoefucible maneuvers within 3% of each other wemrdopmed
before exercise and the best maneuver was usedldolate post-challenge falls in FEV1 [12].Sincey amastic
change in temperature influences the airway calPgrexercise challenge and PFTs from pre to pastcise were
performed atambient temperature of 20°C (Celsimg) RH <30.Ten percent fall in FEV1 was considersdaa
significant reduction in spirometry indices [19,P2).

Exercise challenge

All subjects completed a recommended-8-minutesingnan treadmill. During the first 2 minutes, exeecwas at
such intensity that the heart rate would reacheastl to 80% to 90% of the predicted maximum hestd, rand
during the remaining six minutes it should contimtehis heart rate[21]. Vfhax index was assessed by modified
Bruce test [22]. To consider the intensity presaditior the obese subjects, OG's Predicted HRpealasgessed in
relation toVQmax values[23,24]. For obese individuals, the éqnat00-0.5 x Age was used [24].

All subjects wore wireless heart rate monitors édify exercise intensity (Polar Vantage XL; Finland@ihe protocol
of the study was accredited by the scientific boafdthe Physical Education Department of ShahidGhaam
University of Ahvaz.

Satigtical analysis

Descriptive statistics of the baseline lung funttigere calculated for spirometry tests. The valuese expressed
as the mean + SD. (SPSS 16; Chicago, IL). One walysis with repeated measures on the last fagsgdvias used
to compare post-exercise values with baseline dReapiratory parameters between two groups welgzathusing

an Independent T test. Pearson product—-momentlatores were used to identify relationships betwsginometry

results.The significance level was defined am5.

RESULTS AND DISCUSSION

Relation between spirometry variables

Strong correlations were found between the preped exercise percentage change values for spirpimOG
and NWG. The percentage of change in FVC signiflgacorrelated with that of FEV1 (OG, r = 0.49; NW6G=
0.55; P<0.05), FEK (OG, r =0. 69; NWG, r = 0.76; P<0.05) and REF (OG, r = 0.56; NWG, r = 0.63; P<0.05).
Peak decrease in FVC significantly correlated itk increase in FEV1/ FVC (OG; r = -0.77; P<0.05).
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Baseline lung function

Mean resting lung function values from spirometrg aresented in Tablel. Resting values appearedonbe
significantly different between OG and NWG. All naal-weight and obese subjects' resting valuesvighin
normal expectations. Great- but statistically nigmificant- fall was observed in resting OG's PHRlfle 1). In
addition, no significant difference was observedween OG and NWG at baseline peak percentage change
FEV1/ FVC ratio.

Tablel.Subject's Characteristics and Spirometry vales at Baseline

Obese (n=13) leans (n=10) Pvalue

Age wr 263763 27.70£7 68 163

Height, em 174=13 17716 363

Weight kg 1235115 736202 =001
BMI, kg/'m? 36.67=6.3 23.3=7.8 <001
VOimaxml/ (kgmin) 23472 31.64+6.12 129

FVC, Yopredicted 03.91(x4.11) 0027 (x3.13) 337

FEV,, Yepredicted 7. 83 (x7.1) 10062 (£6.13) A33

FEF2s.75, Yopredicted 94,94 (= 4.67) 06.13 (=399 129

FEFsg+,. Yopredicted 0491 (£8.38) 0780 (£0.60) 12

PEF, %opredicted 100 {x12.39) 1092 (=6.90) 106

FVC, L 414 (=59 4 80(= 44 J04

FEV1, L 30772 433 (= 60) 462

FEF25.75%, L's 413 (=87 4534(=73 143

FE-F::.:]‘!,-‘: LE— 391 (: g_,} —'1-—'1--' (: -'IS} 155

PEF. L's 6.13 (= 86) 6.00 (= 38) 398

FEV/FVC ratio, % 83.70(x62) E100(=7.5) 342

Abbreviation; BMI=Body Mass Index FEV;=Forced Expiratory Volume in the first second; FVC=Forced Vital Capacity; FEFs.7s= Forced
Expiratory Flow at 25-75 percent; FEFso~=Forced Expiratory Flow at 50 percent; PEF=Peak Expiratory Flow; VO,max= Maximum Oxygen
Consumption.

All data are shown as mean (SD).

P<.01

Post exercise lung function

Mean post exercise lung function values from spéatignfor 30-min after exercise in 5 and 10 min ingds are
shown in figure 1 through3.No significant differenin VE was found between OG and NWG (117.37 L/amid
122.74 L/min respectively) during the challengealPdeart rate during the challenge was 180+13 &#k15
beats/min for NWG and OG respectively. OG had aiigant decrease in pulmonary function indice$diming the
exercise on treadmill. The FEV1/FVC ratio was digantly greater for OG at 10-min after challeng§e(.05).

Post-challenge maneuvers were normal for NWG extmpFEV1at 5-min after exercise (P>0.05). Sigrafit
differences were observed between OG and NWG, $t-@wallenge forced expiratory maneuvers(P>0.Gkjre
1). From 20 through 30 minutes after challengeestibjslowly returned to their baseline values.
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Figurel. Post-challenge percentage change in FVB)( FEV1 (B), FEFsoy (C), and FEFR:s.7s4 (D) from baseline until 30 min after exercise
in 5 and 10-min intervals. Values were significanyl greater for OG (P<0.05), except for FEV1. Valueare presented as mean + SE.
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Figure 2.post-challenge serial changes in FEV1/FVgitio, calculated from the forced vital capacity maeuver. The ratio was
significantly different at 5-min after exercise (P€.05). Values are presented as * SE.
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Figure3. post-challenge serial changes in PEF. Vaa were significantly greater for OG at 5-min afterexercise (P<0.05). Values are
presented as + SE

In the present study, we compared spirometry paexsién obese and normal-weight subjects and examin
whether pulmonary function in obese subjects wésctgd following a sub-maximal challenge. Eight utés of
exercise while running on the treadmill with 80-90R#Rkpeak was considered as a suitable challenge for
inducingairwayhyperresponsiveness.To eliminate @ossible pulmonary issue, the subjects were seldizised on

the criteria of having a well preserved FEV1/FV@aa

Our results of baseline spirometry values in OGiareonformity with the findings of other [25,1]slies which
have established a non-significant difference bebhmeon-asthmatic lean and obese men's spirometay bhathis
study, post-challenge FEV1 as an exercise bronghiabocation criterion, was meaningfully differaotih the
baseline measures. This is not unexpected as EtaiR]and Moradi et al [16] found a post-challergeak fall in
FEV1 in non-athletic subjects in room temperature.
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Many studies have shown that lung volumes decraasmdy weight increases [26,27,28,3]. One stuély $Bowed
that the RLV (Residual Lung Volume) temporarilyrieased during recovery from a maximal treadmill bys21%
after 5minutes. Increased RLV, preventing completbalation, causes FVC to decrease. Our data dugges
significant difference in FVC between OG and NWGbHahin and 10-min post-challenge time points (p5).{
figurel, A).

In contrast to NWG, where large airways were affddty exercise; in OG, exercise imposed its powanfluence
on distal airways. According to our findings, ieses that the most remarkable influence of obesitgwWing a sub-
maximal exercise is on expiratory flow. the greateduction was reported in FiRand FERs.7sin the obese group
(figure 1, C and D).

Obesity and exercise can independently affect rdiffe parts of the respiratory system. Intense és@rbeavily
influences airway resistance [30, 31, 2] and opesiecifically abdominal and chest wall fat pushingn the rib
cage and lungs and abdominal load pushing up odigiphragm and its downward motion [2] alter thechamical
properties of the lungs.Yap, et al [32]found thptr@metry parameters are highly dependent on méchian
properties of the lungs.

In addition, exercise-related effects may be laited to some factors such as the closure of scen@hgral
airways, increase in thoracic blood volume andteddungsthat leads to a reduction in dynamic caanpk and an
inevitable reduction in peak expiratory flow (figuB).

Obesity is known to causea restrictive ventilatdeficit, but the combination of obesityand physiaativity has
been attributed to mixed obstructive and restricpulmonaryabnormalities [33]. Our results aredfae limited to
spirometry measurements that make it difficult tiedentiate between the contributions from obesitgl exercise
in obese individuals.All the same, the exact paagm of this influence, individually, remains obseuo the
researchers. It seems supposedly that exercisestthesredundant effects of obesity in terms ofapetry indices.
Exerciseseems to only affect airway resistance,iferease in FEV1/FVC ratio is thought to occur daese of
peripheral airway obstruction which in turn stemenf obesity [27]. No significant difference in pefak of FEV1

between two groups suggests that obesity may floeirce large airway resistance. The implicationhist while

obesity may affect small airway function, it mayt affect large airways [34].

CONCLUSION

Obesity with the exercise intervention may affeittpalmonary system compartments.We recommend efbes,
that appropriate pulmonary function testing is ieggi when fitness experts need subjecting obeseidtugls to
exercise therapy.
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