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ABSTRACT

Normal values of spirometry for the healthy popolatare affected by different anthropometric, derapbic
(Height, weight, sex, and age), ethnic, geograpimd climatic factors. This study aimed to measwemnal values of
spirometry for Yemeni undergraduate students in vehsity of Science and Technology in Sana'a city.
By using spirometer, 155 spirometry datasets catebetween May, 2016 to Oct.2017 were carriedooubealthy and
non-smoking individuals62 males and 93 females aged between 18-25 ydaitiple regression analysis was used to
develop predicted equations for use in Yemeni patparh. The result of the Forced Vital Capacity (FUCwas
(3.87+£0.63 versus 2.79+0.39, P vat0e001), and that of Forced Expiratory Volume in fiist second was3(68t0.58
versus 2.520.38 P value0.001). Moreover, the ratio of FVC/FEV1 wésl(735.27versus90.3#10.58,P value=0.001)
and that of Maximum Voluntary Ventilation MVV (L/m) was (140.03+28.41 versus 92.63+19.48, P val@8d) which
were significantly higher in males than femalesedpective of gender, all spirometric parametecseased with the
increase of age and had a positive correlation hgilght and weighfThey also hado correlation between parameters and
Body mass index. Our measured values of spiromefeye significantly lower than Caucasian predicteduss.
There is a real need for further larger studieslévelop predicted equations based on normal sptramealues for

Yemeni population, including all ages and both geadiving in different climates of the country.
KEYWORDS: Pulmonary Function Tests, Predicted Equations o8metry & Yemeni Population

INTRODUCTION

In pulmonary medicine, proper history with physieabmination and pulmonary function tests (PFTsyioles
an important step in assessing the respiratorystathe measurement of PFTs is very importanteénidentification and
management of respiratory diseases (obstructivestrictive) as well as measuritite severity of these diseases (Fawibe
et al. 2017). Spirometry is the most widely andignred test used for early detecting and diagnosfridironic obstructive
pulmonary diseases (COPD) which expected to béhihe cause leading to death in 2020 (Laghi et al. 2010), also used
for monitoring lung function decline (Chavez et 2009). Moreover, spirometry is used to monitor éfiectiveness of
therapy, to screen individuals at risk of havingnpanary diseases such as smokers or individuals agcupational
exposure to toxic substances in occupational ssreey to monitor adverse reactions to drugs withmkm pulmonary
toxicity (Brusasco et al. 2005). Spirometry is alsighly informative, accessible, inexpensive andyeto perform
(Barreiro et al. 2004, Tan et al. 2011, Chhabra.€2014).
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Spirometry is the measurement of the air movingnd out of the lung during respiratory breathingafi® et al.
2001). It determines how much and how fast airlmamhaled and exhaled (Al-Ashkar et al. 2003). Mdghe biological
indices in medicine such as plasma concentratiathemical substances or hormones have “normal salgplicable to
all individuals in the population (Chhabra et @12), but pulmonary function tests, unlike thene affected by ethnicity,
gender, age, weight, standing height, environmemgahetic, socio-economic and occupational fac{eeswvibe et al.
2017). For the interpretation of tests, the resoitsequently must be compared with expected norataés of the subject
with a particular gender, age, ethnic, racial arigind physical characteristics. These are callgedipted” values
developed by analysis of data collected from nooisng and healthy individuals of the same popufatiGhhabra et al.
2014). Therefore, it is essential to know the ndrnaamge-upper and lower limit of normal-ULL and LLbF these

measurements for each racial group, taking othealmas into consideration (Quanjer et al. 2012)

In the last few decades, many researchers haveucteilung function studies in many countries ttedetheir
own normal reference values of spirometry. Theysdtbwide differences in predicted values accordinthe difference
in ethnicity (Fawibe et al. 2017). Consequentlyedicted values for a specific population cannotpplied on another
population, for example, the application of Cauaagiredicted values on a non-Caucasian populagisults in a major
error of interpretation, and thus affecting the agament (Stanojevic et al. 2010). Therefore, lieisessary that a patient’s

data are interpreted in the light of normal preatictalues for the same ethnicity (Miller et al. 2D0

Many reference values of spirometry are availdtlg,most of them are related to western populat&aying the
rest of the world uncovered, despite of the effeftifferent ethnicity on lung functions. For exale, American Thoracic
Society (AST) recommended the use of the Third dweati Health and Nutrition Examination Survey (NHASIHI) as a
reference for the spirometric function for the A&n-American and Mexican-American populatigtankinson et al.
1999). The European Community for Steel and Coatlpced reference values for the Europe populaiimyéns et al.
2008). Global Lung Function Initiative (GLI) in 2R1s also applicable globally to another differettinic group such as
Australia, Brazil, France, ltaly, Israel and Unitéthgdom (Quanjer et al. 2012). All of these survadid not give any

significant attention to the Arab world.

Different studies from other countries like MalajsCanadian and Northern India respectively haed thwn

reference values (Bandyopadhyay 2011, Tan et &ll,20hhabra et al. 2014).

Few Arab countries, including Saudi Arabia (Belatwl. 2014), Sudan (Bashir et al. 2012), OmanRaWwas et al. 2009),

Jordon (Sliman et al. 1981), have produced their mference values for spirometric functions asligted equations.

In Yemen, there have not published studies yetrdigg the normal spirometric values. Therefore, phesent
study aimed at measuring spirometric values amaaitty Yemeni undergraduate students in the Faailiyledicine
and Health Sciences at University of Science anthii@logy, Sana’a, in which the spirometric valuesevcarried out
from May, 2016 to Oct. 2017.

OBJECTIVES OF THE STUDY

To measure the normal values of spirometry and tredation to anthropometric measurements for Yémen
undergraduate students in the Faculty of Medicime ldealth Sciences at University of Science anchfielogy in Sana’a

city.
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METHODS

A cross-sectional study was conducted at the PlyggidDepartment, on one hundred fifty five (n=1%®meni
adult participants; 62 males and 93 females agagidas (18-25) years who were selected from theestisdof the Faculty
of Medicine and Health Sciences, University of 8cee and Technology, Sana'a, Yemen. According ttusien and
exclusion criteria of this study, only Yemeni naiis of either gender, who had never smoked cigaread no history of
previously diagnosed cardiorespiratory diseasedjistory of abdominal, thoracic or eye surgery, anchistory of heart
attack in the last six months, were without carelépiratory symptoms and without any evidence otlicaespiratory
abnormality on physical chest examinations, ancevedrie to perform spirometry satisfactory, wergible to participate
in this study. The height in centimeter (cm) wasamged for the participants who stood up with theick to the wall
without shoes and their feet are flat on the groand opposed at medial malleoli. They stood umbas$ possible with
the eyes level and looked straight ahead (Milleale2005) by a stadiometer. By a sensitive el@itrbalance, the weight
in Kilograms (kg) was measured for the participamt® were barefoot and wore light clothing. Thegheiand weight of
each participant were used to calculate Body MasteX (BMI) by this formula: body mass index = wdigh
(kilograms)/height (meter2). Spirometry was perfedhusing a spirometer (Spiro lab Il MIR Italy) whihas an auto
sensor turbine for body temperature, pressure atdrwapor saturated (BTPS) changes. This equipmastcalibrated
daily with a 3L syringe. Measurement of spiromeparameters was made in an upright sitting positith a nose clip
closed to the nostril§.ight clothing around the neck and chest was loedea fully allow the chest expansion and prevent
alteration of the test result (Miller et al. 200Bach participant made to be familiar with the miaetand technique of the
test after the explanation of the test proceduestSwere performed while the participants wergeseeomfortably on
chairs. The spirometric parameters (FVC, FEV1, FIEVC % and MVV) were recorded and each maneuverthadeet
the American Thoracic Society (ATS) acceptabilitgaeproducibility criteria (Miller et al. 2005). both criteria were not
met, the procedure was repeated at least threemiwl eight maneuvers at a short period of timerder to avoid fatigue
which may lead to littleadded values of additiomaneuvers (Miller et al. 2005)he highest values of FVC, FEV1 and

their ratios were selected and recorded for eadicjpant.
Data Analysis

Suitable tables were used for the presentatiorats. dAfter the data collection of data, they weanteeed into the

computer and analyzed by using the statistical agekor social science SPSS (version 23).

The data were expressed as mean = SD (standardtidayi A two-group comparison was done by using a
student-test. Pearson correlation and simple limadels were used to study the correlation betwesppendent and
independent variables. In addition, an intergrogpgarison was done by utilizing One-Way Analysis \&#Hriance
(ANOVA) when three or more variables were companddltiple linear regression was used to identife fredicted

equations for participants regarding age, sex,tteignd weight.
The results were considered significant if P vatu®05.
ETHICAL CONSIDERATION

The study was approved by the Ethics Committeb®faculty of Medicine and Health Sciences at Uity of
Science and Technology, Yemen. There are no unteghemmplications through the using of a spirometed oral

informed consent was taken from the participantsr & full explanation of the nature of the stud@lge participants were
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free to leave the study at any stage.

RESULTS

The present study was conducted in the Physiologpafiment lab at University of Science and Techyplo
during the period from May 2016 to Oct. 2017.

This study was conducted on 155 participants madef 62 (40%) adult males and 93 (60%) adult fesalbo
completed the spirometric measurements accordinelATS reproducibility and acceptability criteffacluded in this
analysis. The response rate was 155/216*100=71.8%.

The mean age for males and females, respectivety24e04+1.93 and 20.82+1.89 year, the mean heigist w
166.40+4.46 and 154.55+5.84 cm, the mean weight 6861+14.95 and 54.40+10.47 kg, and the mean Bld$ w
22.92+5.05 and 22.80+4.44 kg/m2 (Table 1).

Table 1: Mean and SD of Demographic and Anthropomeic
Characteristics of Male and Female Participants

Males (n=62 Females (n=93)| Total (n=155
el Mean(tSD ) Meant(SD ) Mea(niSD : el e
Age (year) 21.94+1.93 20.82+1.89 21.26:1.98 3.58 <0.001
Height (cm) 166.40+4.46 154.55+5.84| 159.2%7.89 | 14.30| <0.001
Weight (kg) 63.61+14.95 54.40+10.47| 58.0813.21 | 4.21 <0.001
BMI (kg/m ?) 22.92+5.05 22.80+4.44 22.85:4.68 0.15 0.833

SD: Stander deviation

As shown in Table 2, the mean (£SD) values of spéawic measurements (FVC, FEV1, FEV1/FVC %, MVV) in
male adult participants were significantly higheaut spirometric values of adult female participgdRts0.001).

Table 2: Mean and SD Values for (FVC, FEV1, FEV1/FZ, and MVV)
of the Participants According to Sex

Male (n=62) | Female (n=93
Parameter Meafr_FSD) Mean-_SSD ) t-test | P-value
FVC (measured) 3.8#0.63 2.790.39 12.05| <0.001
FEV1 (measured) 3.68t0.58 2.520.38 13.84| <0.001
FEV1\FVC (measured)| 94.7%5.27 90.3#10.58 | 3.44 0.001
MVV (measured) 140.0328.41| 92.6319.48 | 11.46| <0.001

Table 3 shows that the mean values of FVC, FEV1MWY the participants with age group 20 year were

significantly higher than those with age grogp20 years, while for FEV1/FVC Ratio, there was ratistically
significance with age groups.

Table 3: Spirometric Parameters Values in Yemeni
Participants According to Age Groups

<20 (n=57 >20 (n=98
Parameter Mea(n-_+ SD) Mea(n-_+ SD) t-test | P-value
FVC (measured) 2.96t0.72 3.3%0.70 -3.52 0.001
FEV1 (measured) 2.670.69 3.160.71 -4.13 <0.001
FEV1\FVC (measured) | 90.14:10.21 93.388.20 -2.00 0.049
MVV (measured) 100.24:29.56 | 118.1933.24 | -3.37 0.001
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Regarding the relation between the mean (xSD) &€ FvEV1, FEV1/FVC % and MVV with the height group,

was clear that the spirometric parameter valuagased with increasing height (Table 4).

Table 4: Mean and SD of Spirometric Parameters oft8dy
Participants by Height Groups

FvC FEV FEV1\FVC MVV
Variable measured | measured| measured measured Test
MeanzSD | MeantSD MeanzSD MeanzSD
Height (cm)
141 - 150 2.66+0.33 2.430.35| 91.8%10.41 91.917.35
151 - 160 2.80t0.36 2.540.36 | 90.3%10.13 95.2819.15 ANOVA
161 -170 3.5#0.64 3.340.65 93.337.99 125.0%33.49
>170 4.57#0.55 4.340.45 95.1%#4.25 159.3932.33
p-value <0.001 <0.001 0.211 <0.001

Regarding the relation between the mean (+SD) c€ FWEV1, FEV1/FVC % and MVV with the weight group,

it was clear that the spirometric parameter valoesease with increasing weight except in weigh®0 kg because there

was a drop in values (Table 5).

Table 5: Mean and SD of Spirometric Parameters of
Study Participants by Weight Groups

. FVC measured | FEV measured | FEV1\FVC measured | MVV measured
Hetset (L) Mean+SD MeanzSD Mean+SD MeanzSD Ut
31-40 2.55+0.38 2.440.37 96.024.51 100.3%#7.33
41 -50 2.7%0.41 2.530.39 90.8810.28 97.2%23.19
51-60 3.26+0.68 2.990.70 91.7310.11 109.3833.22
61-70 3.51+0.70 3.360.71 93.836.95 124.8935.45 | ANOVA
71-80 3.81+0.91 3.5%0.88 92.227.04 136.2%35.88
>80 3.6t0.91 3.35%0.93 92.57.79 117.2635.06
p-value <0.001 <0.001 0.701 <0.001

In Table 6 which shows the mean and SD of spiramg@rameters in male and female participants byl,BM

there was a statistical significance in all spirtnoeparameters of males except in FEV1/FVC %, #trate was not a

statistical significance in all parameters of feesadxcept in MVV.

Table 6: Mean and SD of Spirometric Parameters of
Males and Females by BMI

. Male Female
VElLe BMI Mean+SD |p-value] MeanzSD |p-value Test
<18.5 3.22+0.45 2.61+0.37
18.5-24.9 3.97+0.55 2.78+0.43
FVC measured > 25 2012070 0.002 > 8740 43 0.222
Total 3.87+0.63 2.79+0.39
<18.5 3.05+0.30 2.35+0.35
18.5-24.9 3.78+0.52 2.49+0.36
FEV measured >25 | 3.78:064| 20022662044 %07 |anOvA
Total 3.68+0.58 2.52+0.38
<18.5 95.46+6.15 89.76+12.65
18.5 - 24.9 94.88+5.60 89.86+10.7/1
FEV1\FVC measure >o5 94 21+4.10 0.844 913949 88 0.842
Total 94.79+5.27 90.37+10.58
MVV measured <18.5 120.94+23.1 0.009 | 87.55+13.31 0.027
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18.5 - 24.9148.58+25.2P 89.59+19.08
>25 [130.99+31.39 101.99+20.86
Total ]140.03+28.41 92.63+£19.48

On studying the correlation between height, wead BMI with spirometric parameters, it was cldattFVC,
FEV1 and MVV had a significant positive correlatiasith height and weight, and had no correlationhvBiMI. On the
other hand, FEV1/FVC % had no significant correlativith height, weight and BMI (Table 7).

Table 7: Correlation of FVC, FEV1, FEV1/FVC Ratio and MVV with
Height, Weight and BMI in All Participants

Height\cm Weight\kg BMI (kg/m?)
Parameter r p-value R p-value r p-value
FVC (measured) .725* | <0.001 | .464**| <0.001| 0.144  0.075
FEV (measured) .709** | <0.001 | .461**| <0.001| 0.148 0.067
FEV1\FVC (measured) | 0.089 | 0.639 | 0.044] 0.854 -0.007 0.933
MVV (measured) 586** | <0.001 | .332**| <0.001| 0.076 0.346

Note: ** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.@%el (2-tailed)
Table 8 shows that the measured values for FVC,1FBM MVV in Yemeni participants were significantly
lower than the corresponding Caucasian predictdgegavith a maximum mean difference percentageMs F15.5%),
while the measured values for FEV1/FVC ratio in mmparticipants were significantly larger than tiredicted values

of Caucasian.

Table 8: Comparison of the Measured and the Predied Values Based on
Reference Caucasian Values of Different Spirometriparameters
for Yemeni Adult Students (n=155)

] Mean
Parameter Meslsel;rrijsvg bz Pri;lj;c;?;jsvslue difference | t-test | P-value
percentage
FVC (liter) 3.22+0.73 3.8%0.68 15.5% 7.40 <0.001
FEV1 (liter) 2.98:0.74 3.3@0.56 9.7% 4.25 <0.001]
FEV1I\FVC % 92.14+9.08 83.760.86 -10.0% -11.43| <0.001
MVV (liter) 111.5933.00 120.4916.36 7.4% 3.01 0.003

The predicted equations for the spirometric paransedare shown in Tables 9 and 10 as:
X =a+ (H*b)+ (S*c)+ (W*d)

Where, (X) is the mean predicted spirometric patan value, (a) is a constant, and (b, c, d) agrassion

coefficients for independent variables; (H) heigBjsex and (W) weight.

These equations were suitable for male and femagests with age ranged between 18-25 years, vétghh

ranged between 142-183 cm and body weight rangeeeba 37-123 kg.

Table 9: Predicted Equations for FVC, FEV1, FEV1/FMC% and
MVYV in the Present Study (Male)

Variable Equation
FVC measured = -8.359+ (Height in cm x 0.070) + (Weight\kg x 09)
FEV1 measured | =-8.607+ (Height in cm x 0.071) + (Weight\kg x 08)
FEV1\FVC Not done because all variables except sex had no a
measured statistical significance to the outcome
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Table 9: contd.,
MVV measured | = 108.204+ (Age x 1.033) + (Weight\kg x 0.144)

Table 10: Predicted Equations for FVC, FEV1, FEV1/WC% and
MVYV in the Present Study (Female)

Variable Equation
FVC measured =-0.489+ (Height in cm x 0.019) + (Weight\kg x 07)
FEV1 measured =-1.199+ (Height in cm x 0.006) + (Weight\kg x 08)
FEV1\FVC Not done because all variables except sex had not a
measured statistical significance to the outcome
MVV measured =61.990+ (Age x 0.565) + (Weight\kg x 0.347)

DISCUSSIONS

Pulmonary function tests (PFTs) with the propertdnis and physical examination collectively are used
respiratory care to identify the pattern of redpira disorder (obstructive, restrictive) and itwesdty (Al-Ashkar et al.
2003).

Spirometry is the most important test to measueeviimtilatory function of the respiratory systena{ibe et al.

2017), and is able to identify the obstructive péilyy 5-15 years prior to other techniques (Jolra. e

The current study aimed to measure the spiromegiges among healthy undergraduate Yemeni studégts
males and 93 females) in the Faculty of Medicing Health Sciences at University of Science and meldyy, Sana’a,
Yemen. Similar to most of the previous studies,ardmng the demographic and anthropometric variaklgs study
concluded that height, age, sex and weight coeeldth the variation of pulmonary function valu&elacy et al. 2014,
Fawibe et al. 2017).

This study also showed that all the spirometri@paaters are affected by the sex of the particip&Wv€, FEV1,
FEV1/FVC, and MVV were significantly higher in mal¢han females. This is similar to results repoligather studies
(Ali et al. 2007, Alghadir et al. 2011, Bashir €t2012, Belacy et al. 2014, Desai et al. 2016)s Tlould be explained by
the differences in respiratory muscles strength,ffae mass, size and shape of the thoracic cHuygese possible reasons
were more in males than females due to the effe@hdrogen hormones which makes the adult males thevbigger size
of the lungs and airways than the adult femalesn@ésha et al. 1985, Stocks et al. 1995, Saleeim2@E2). In our study,
the FEV1/FVC ratio was more in males than femalési|e other studies reported that the FEV1/FVCoratas more in
females than males (Al-Rawas et al. 2009, Chhabed. 2014, Fawibe et al. 2017) but the study oduf et al. 2013)
suggested that the FEV1/FVC% did not correlate géhder

This study also found that the FVC, FEV1, and M\Myh#ficantly increased with increasing age. FEV1{-¥Iso
increased with age but this relation was not sigaiift. Our study does not agree with the studyBefldcy et al. 2014)
which was performed on a sample of Saudi adultscandluded that age has no effect on lung functidtweover, other
studies have shown a negative correlation betwgeraad spirometric parameters (Ferguson et al.,Z88€kabady et al.
2002, Garcia-Rio et al. 2004, Nku et al. 2006, étlal. 2007, Kang et al. 2013, Chhabra et al. 26afyibe et al. 2017).
The result of our study may be explained due tandreow age group of our sample (between 18-25syeahere the lung
function increases slightly between the age of @@ou25., After that, there is a decline with afaléschetti et al. 2004).
Therefore, the highest values of spirometric patamseoccur in this age group (Bashir et al. 20her studies

(Hankinson et al. 1999, Tan et al. 2011) which ceslewide age ranges (8-80 years and 20-90 yeapeataeely),
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suggested that the age was an effective indepeifaent on lung functions. The study of Al-Rawasakt(2009) agrees

with the present study only in FEV1/FVC% ratio whiacreased with increasing age.

The present study concluded that the height wasnibst important variable affecting all the spirorizet
parameters by a significant positive correlatiorcegt the FEV1/FVC ratio which was insignificantlyffeated.
Many studies have similar findings to our resulBs€t al. 2000, Falaschetti et al. 2004, Nku e2@06, Ali et al. 2007, Al-
Rawas et al. 2009, Bashir et al. 2012, Belacy e2@14, Chhabra et al. 2014, Desai et al. 2016,ilde&aet al. 2017).
Moreover, the study of Brandli et al. (1996) orample of a Swiss population and the study of (Facet al. 2007) on a
sample of a Kazakhstani population suggested hieablbserved changes in lung function are due tpardnges in height.
This could be explained by the taller persons wéeehbigger lung size which leads to more lung vasrand capacities.
In some studies, there was an exception for FEVC#\fatio which decreased with increasing heightRaivas et al.
2009, Kang et al. 2013).

Although our study found that the weight has a rckeffect on spirometric parameters. This effect \wasll
statistically significant. This conclusion is sianilto that of the other studies (Nku et al. 200&sHr et al. 2012, Belacy et
al. 2014, Chhabra et al. 2014), which suggestediieae was a small significantly positive correlatbetween weight and
spirometric parameters. In the study of Desai e{2016), it was suggested that the weight effectiedhe spirometric
indices but it was not significant. On the contrathe study of Pereira et al. (2007) reported thate was a negative
correlation between weight and spirometric pararsetaly for males not for females. The differeneween gender
could be as a reflection to a different obesitytgratabdominal pattern in males which more sigaifity affected the
ventilatory lung functions, but in females, a pbegpal pattern of obesity did not affect the parametPereira et al. 2007).
Furthermore, the study of Garcia-Rio et al. (20€@)cluded that the spirometric parameters weraffetted by weight
because their subjects were with a narrow weighgealn addition, this study showed that the spétim parameters
decreased at a maximum extreme of weilglB0 kg. The same result was found in Bashir ef24112). On the contrary,
Garcia-Rio et al. (2004) concluded that there wasignificant difference in spirometric parameterth both extremes in

the study subjects.

The present study found that all spirometric patensehad a weak positive correlation with BMI, ating
FEV1/FVC ratio did not have a significant corratatiwith BMI> This probably was because most of participants have
normal BMI. The average BMI of our healthy partiips was 22.85+4.68. Similarly, the study of GaRia et al. (2004)
on elderly European males and females concludedhee was no relationship between BMI and spitoimparameters,
which might be as a reflection of a narrow weighmge in their elderly subjects. They also said thatabsence of
relationship was because both FVC and FEV1 depentodly composition more than BMI which is a deteramit of
adiposity. The study of Ali et al. (2007) also saggd that the BMI did not significantly associatiéh spirometric
parameters, which might be because only subjedts marmal BMI ranging from 17-25 kg/m2 were incldd their
study. The study of Saleem et al. (2012) reported $pirometric parameters were higher in low BML8.5 kg/m2) in
both genders

Ethnicity has been considered as one of the majctofs responsible for a wide variation in normalues of
ventilatory functions (Hooper et al. 2013). Therefonecessary reference values must be relevarithgoethnic
characteristics of the local population (Fawibeakt2017). The differences in lung functions acawgdto ethnicity

explained by several factors mostly related toctheracteristics of body size and shape (IP et0fl0R
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By comparing our results to those of other studiigs different ethnicity, our study found that theeans of FVC
and FEV1 for male and female participants were Ipezgual to the measured values of the study peddron three
hundred healthy non-smoking Saudi students of émeesage group (18-25 years) (Belacy et al. 2014¢. dqual values
might be due to the similarity of age, weight arelght range between the two studies, as well assitmdarity of
geographic factors such as altitude between thedmmtries, while MVV measured values in our stwdsre larger.
The lower MVV among Saudi adults may reflect tHeiver physical fithess secondary to a sedentaegtyle than the

Yemeni adults.

While our mean values of the present study wegelathan the mean values obtained by the studpqeed on
2250 healthy Sudanese aged between 7-86 yearsi(Bast. 2012). This may be as a reflection of papulation at a
higher altitude than Sudanese which makes us mgrexic and provides us with more ventilation, mareg volumes,
and capacities or makes effects of hot climate ndaBese which decreases ventilation. The effediofate on lung
function was reported by many studies (Brandlile1@96, Nku et al. 2006), and the effect of attéwon lung function was

reported by Saleem et al. (2012).

But in comparing our measured values of FVC and Fa&rameters with those of Gordian, Australian,acianm
and Nigerian studies (Sliman et al. 1981, Goreletl®95, Tan et al. 2011, Fawibe et al. 2017), theye smaller.
This observation could be as a result of a diffeeem many factors between us and these countuiels as genetic
constitution which is related to height. Their plgtion is taller than ours. Therefore, their papdmts had bigger lung
sizes, more lung volumes and capacities, moraidétibnd air pollution, nutritional and socio-ecomostate, and physical
activity (Saleem et al. 2012). On the contrary,feasured value of FEV1/FVC% ratio in our study \eager than theirs.
This is because the FEV1/FVC% ratio depends orratie between the maximum effort in the first set¢needed for
FEV1) and the sustained effort needed for the wRdIE. the later may be better in these populattbas in the Yemeni
population (Belacy et al. 2014).

In the present study, we found that our measurégesaf spirometric parameters (FVC, FEV1, and M\Wére
generally lower than the predicted values basedresprogrammed Caucasian reference values, whilengasured value
of a ratio between FEV1/FVC % was significantlygar than the predicted values of Caucasian. Ouitseagree with the
results of previous studies (Al-Rawas et al. 20€08hadir et al. 2011, Bashir et al. 2012, Musadirial. 2013, Belacy et al.
2014), where the non-Caucasians races have dedrdasalynamic lung volume to Caucasians (Alghatliale 2011).
This might be explained by the fact that the Caiacess taller (height) than the non-Caucasian, Witiould be attributed
to the genetic factors that control the body grofkthnkinson et al. 1999). On the contrary, the éiglalue of FEV1/FVC
% in Yemeni adults are compared to those of thec@&sians, Canadians and Australians. This obsenvaiis not only in
Yemeni adults or Arab studies, but was also in exgent with ATS statement (Miller et al. 1992), whizoncluded that
the non-Caucasian races show similar or higher FEVQ% to the Caucasian. This is because the FEVCfe\depends
on the ratio between the maximum effort in thetfemcond (needed for FEV1) and the sustained dffareeded for the
whole FVC. The later may be better in the Cauca#iian in other ethnic groups (Belacy et al. 20T4je larger lung

volume in the Caucasian contributed to increasedbeu of alveoli and larger chest cavities (Donnethal. 1991).

In our equation, height was the most important joted of spirometric parameters and some anthropaene
variables such as age and weight, which improved abcuracy of the estimation, while BMI did not réfigantly

contribute to the prediction. The predicted equafior FEV1/FVC ratio was not done because all \Heis except sex

Impact Factor (JCC): 2.8973 - This Article can be Bwnloaded fromwww.bestjournals.in
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were not statistically significant with the outcome

Because the other factors, which affect the lumgtion such as the genetic factors and environrhéattors (air
pollution, altitude, nutritional and socioeconomégk not easily quantified. They could not be takea consideration as
predictor factors. This observation agrees with yrarevious studies in their equations (Facchirale2007, Pereira et al.
2007, Chhabra et al. 2014).

CONCLUSIONS

This study has assessed the normal spirometricesadind predicted equations for both sexes; Yemault a
students. The mean FVC, FEV1, MVV, FEV1/FVC % whigher in males than females. Height and age hpdsdive
correlation with spirometric parameters and weigbsitively affected the spirometry but with smadirielation, while

BMI was not significantly associated with spirontefrarameters.

In addition, this study concluded that the intetation of spirometric lung function tests of Yemeuliults, based
on the Caucasian prediction set as a default inymwestern made spirometers, is generally not vdiebause the
spirometric, parameters in Yemeni participantslaner than the Caucasian reference values. Cona#yuthere is a real
need for further larger studies to cover the lasgeple size representing all Yemeni populationalbfige groups to

derive reference values and predicted equationshadduld be beneficial in clinical practice.
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