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Introduction: Pregnancy is characterized by a sequence of dynamic physiological changes 
that impact multiple organ system functions and is associated with various changes in 
pulmonary anatomy and physiology. Precise knowledge of the pulmonary function test 
parameters helps to understand and manage the course and outcome of pregnancy leading 
to safe delivery. It also helps to avoid misdiagnosis and unnecessary interventions. The aim 
of this study was to evaluate the effect of normal pregnancy on pulmonary function tests 
among pregnant women in Debre Berhan Referral Hospital, Ethiopia.
Methods: A total of 176 study participants (first, second, and third trimester; and control) 
were involved under a comparative cross-sectional study design and convenience sampling 
technique. Anthropometric data, oxygen saturation of arterial blood, and pulmonary function 
tests were measured. Data were tabulated and statistically analyzed using SPSS version 20.0 
statistical software. Means of all parameters were compared using one-way ANOVA fol-
lowed by Tukey’s post hoc multiple comparison test. Statistical significance was preset at a 
p-value of less than 0.05.
Results: Mean of FVC for the controls, first, second, and third trimesters was 2.59 ± 0.26, 
2.13 ± 0.15, 1.93 ± 0.27, and 1.90 ± 0.11 liters, respectively. Except for FEV1%, the mean 
values of FVC, FEV1, PEFR, and FEF 25–75% in the pregnant group (all the three trimesters) 
were significantly decreased from the controls (P<0.05). Strong negative correlation was 
seen between SaO2 and RR (r= −0.865; P <0.01). As the pregnancy progressed from first to 
the third trimester, dynamic pulmonary function tests (FVC, FEV1, FEF25-75%, and PEFR) 
were dropped and the respiratory rate increased.
Conclusion: The results had shown the tendency of obstructive pattern while pregnancy 
becoming advanced. We have observed also a remarkable decline of SaO2 in pregnant 
women that might be counterbalanced by raised respiratory rate.
Keywords: pregnancy, high altitude, FVC, trimester, oxygen saturation

Background
Pregnancy causes physiological and anatomical changes in different body systems.1–3 

The physiological changes occurring in a pregnant woman are vast and widespread. 
These include changes in genital organs, an increase in breast size, weight gain, and 
other systemic alterations including respiratory, cardiovascular, body water metabo-
lism, hematological, and metabolic changes.4 These adaptations are necessary to meet 
the increased metabolic demands of the mother and the fetus.

The combination of hormonal changes and mechanical effects of the enlarging 
uterus leads to a change in the pulmonary physiology of a mother.1,5 Progressively 
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enlarging uterus causes a diaphragm position to rise 
approximately 4 cm above its usual resting position that 
favors the lung to hold less air.6 As a result, lung volumes 
are compromised including functional residual capacity 
(FRC), total lung capacity (TLC), and vital capacity 
(VC).7,8 Dynamic pulmonary function tests like FVC, 
FEV1, FEV1%, and FEF25-75% also decrease due to the 
gravid state of advanced pregnancy.1,2

Besides the size of the gravid uterus, many of the 
physiological changes in the respiratory system are 
mediated by increased progesterone levels.9 Progesterone 
is a known stimulant of breathing, and its level in the 
blood gradually rises approximately from 25 ng/mL at 
six weeks of gestation to 150 ng/mL at term.10,11 This 
progressive increment is responsible for the raised respira-
tory depth and rate.12,13 Progesterone increases tidal 
volume by 200mL (from 500mL to 700mL) and minute- 
ventilation approximately by 40%. This is by increasing 
the sensitivity of the respiratory center to carbon dioxide. 
Progesterone-mediated hypersensitivity to CO2 increases 
the respiratory rate by 10% which attributes to the raised 
oxygen consumption during pregnancy.13 It also causes a 
fall in the functional residual capacity that comprises resi-
dual and expiratory reserve volume. As a consequence, 
alveolar ventilation increases.3 Total lung capacity is mini-
mally decreased because of the reduction in residual 
volume.13 Moreover, pregnancy-induced elevated proges-
terone causes bronchial and tracheal smooth muscle 
relaxation. Therefore, the upward displacement of the dia-
phragm along with reduced strength of expiratory muscles 
may hamper forceful expiration.5 Progesterone increases 
respiratory rate and tidal volume which in turn drives an 
increment of both alveolar and minute ventilation and 
hence a fall in PaCO2.7,9,14 PaCO2 might reach to a 
mean of 20–30 mmHg in the last 12 weeks of pregnancy,6 

resulting in constriction of bronchial smooth muscle.5 

Even, progesterone accompanies reduced chest wall com-
pliance through structural changes in the ribcage and 
abdominal compartments.15

At high altitude, PaO2 in the atmosphere falls thereby 
the number of molecules of O2 present per breath 
decreases that leads to hypobaric hypoxia and this would 
be more pronounced during pregnancy.16,17 Moreover, 
ventilation has a positive correlation with the consumed 
energy cost and also, the power and endurance of respira-
tory muscles which have basic roles for ventilation 
activity.16 This has been shown by the fatigue of diaphrag-
matic muscle that may affect breathing at high altitude. 

Ventilatory studies at high altitudes have shown decreased 
forced vital capacity (FVC), forced expiratory volume in 1 
second (FEV1), and maximal mid expiratory flow rate 
(FEF25-75%).16,18

Over breathing is one of the many physiological adap-
tations of pregnancy which is made considerably in the 
progress of maternal and fetal possible needs. The increase 
in minute ventilation that accompanies pregnancy is often 
perceived as shortness of breath. About 75% of pregnant 
women have exertional dyspnea by 30 weeks of gestation. 
Shortness of breath at rest or with mild exertion is so 
common that it is often referred to as physiologic dyspnea 
and is completely reversible once pregnancy is over.4,15 

Understanding of the changes is critical in distinguishing 
the common dyspnea that occurs during normal pregnancy 
from pathophysiologic states associated with cardiopul-
monary diseases seen in pregnancy and anticipating dis-
ease worsening conditions during pregnancy in those 
women with cardiopulmonary diseases.1

Therefore, accurate knowledge of the physiological 
changes in pulmonary functions during normal pregnancy 
is necessary. In Ethiopia, there are few published findings 
on pulmonary function tests among pregnant women at 
altitude. Knowledge of predicted changes in the respira-
tory system associated with pregnancy helps clinicians to 
prevent misdiagnosis of physiological changes as patholo-
gical. Thus, the present study focused on the evaluation of 
pulmonary function tests among pregnant women of the 
different trimesters in Debre Berhan Referral Hospital, 
Shoa, Ethiopia.

Materials and Methods
Study Area
This study was carried out at Debre Berhan Referral 
Hospital. Debre Berhan is located in the North Shoa 
Zone of the Amhara Region, about 130 kilometers North 
East of Addis Ababa at an average altitude of 2840 meters 
above sea level.

Study Design and Period
The comparative cross-sectional study design was 
employed to assess the effect of normal pregnancy on 
pulmonary function outcomes among pregnant women 
who visited the ANC clinic of Debre Berhan Referral 
Hospital from January to March 2019. Non-pregnant 
women who came for family planning services were 
taken as controls. One hundred and seventy-six study 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

International Journal of Women’s Health 2020:12 1136

Amare and Haile                                                                                                                                                     Dovepress

http://www.dovepress.com
http://www.dovepress.com


participants were recruited and divided equally into four 
groups, each comprising 44 women. The groups include 
those in their first, second, and third trimesters, and also 
the non-pregnant women as controls.

Source Population
All pregnant and non-pregnant women in Debre Berhan 
town, North Shoa Zone, Amara region, Ethiopia.

Study Population
All pregnant women who visited the ANC clinic, and non- 
pregnant women who visited the family planning clinic of 
Debre Berhan referral Hospital.

Inclusion Criteria
Healthy pregnant women who were volunteered to parti-
cipate in the study. And, those clients came to use either of 
any family planning method.

Exclusion Criteria
Those participants who had a history of (smoking, general 
debility, recurrent or persistent expectoration, asthma or 
recurrent bronchitis, occupational exposure to lung toxins, 
having diabetes mellitus, any current or past cardiovascu-
lar or respiratory disorder) and with the sign of any bone 
deformity of the thoracic cage were excluded from the 
study.

Operational Definition
First Trimester
Designates gestational age from 1–12 weeks; Second 
Trimester: Designates gestational age from 13–26 weeks; 
Third Trimester: Designates gestational age from 27–40+ 
weeks; Control: Non-pregnant women they came for uti-
lization of family planning service.

High Altitude
It is an elevation of between 1500m to 3500m above sea 
level.19

FVC: The volume of air that can forcibly be blown out 
after maximum inspiration; FEV1: This is the speed of air 
forcibly expelled from the lungs in the first one second 
from maximal inspiration; FEV1%: The percentage of the 
FVC expired in the first one second of maximal forced 
expiration following full inspiration; FEF25-75%: Indicates 
expiratory flow in the middle portion of the FVC; PEFR: 
The highest flow achieved from maximal lung inflation 
and forced expiration.20

Sample Size Determination
The sample size was determined by considering the fol-
lowing assumptions: α (two-sided) = 0.05; power = 0.80; 
effect size = 2.6; SD = 8.7, and the total sample size was 
becoming 176 mothers. These 176 mothers were purposely 
allocated into four groups each containing 44 mothers 
(first trimester, second trimester, third trimester, and 
controls).

Sampling Procedure and Technique
All the women who visit the ANC and family planning 
clinic of Debre Berhan referral Hospital were considered. 
Those pregnant and non-pregnant women that fulfilling 
inclusion criteria were included through convince 
sampling.

Data Collection Tools and Process
Height and weight measuring scale, Spiropro handheld 
spirometer with extra pneumotachometer with mouthpiece 
(Jaeger, digital Spiropro, 150×9×40 mm, 0.2kg, recharge-
able, and touch sensitive display), and pulse oximetry 
(Oxi-Max N-65) were used. The height was taken in 
centimeters (nearest to 0.1 cm) without shoes, feet 
together, standing as tall as possible with the eye level 
and looking straight ahead, and using an accurate measur-
ing device. Weight was also measured in kilograms (near-
est to 0.1 kg) of the subject wearing light clothing and 
barefooted on the weighing scale. The PFTs were mea-
sured with a spirometer under recommendations of the 
American Thoracic Society (ATS) at room temperature 
by the same investigator to ensure its validity. Before 
each measurement, the spirometer was calibrated by a 
volume of 1 liter syringe. Following receipt of consent, 
the study participants rested for 15 minutes before mea-
surements and the investigator informed study participants 
about the whole procedure and allowed to do multiple 
trials before the start of the experiment to familiarize the 
subjects with the test procedures. The study participants 
were asked to sit comfortably in a chair. After appropriate 
placement of the nose clip, they were instructed to seal the 
lips around the sterile mouthpiece. The study participant 
was asked to breathe in maximally and then forcefully 
expire the air, as fast and as far as possible. Each partici-
pant performed the test at least three times, as per the 
requirement of ATS so that at least two of the maneuvers 
were reproducible. In some cases, the tests were made 
more than three times, when the participant failed to 
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produce reliable value. Maternal SaO2 is also measured in 
the sitting position at the dominant index finger. 
Respiratory rate was recorded by inspection and palpation 
on the chest and abdomen.

Data Quality Control
To assure the quality of the data, the following measures 
were undertaken. Training has been given to data collec-
tors about the objective of the study, data collection pro-
cedures, and relevance of the study before actual data 
collection. The principal investigator was actively 
involved in supervising data collection and checking the 
completeness of the sheet daily. The collected data were 
reviewed before entry. The spirometer was regularly 
checked for ambient conditions (temperature of 17–20°C, 
65–74% humidity, and a barometric pressure of 1018– 
1025 hPa).

Data Processing and Analysis
Data were coded, entered, and cleaned after checking for 
completeness and consistencies. SPSS version 20.0 statis-
tical software package was used for analysis. Mean ± SD 
of all study groups were compared for statistical signifi-
cance by independent “t” test and one-way ANOVA. 
Statistical significance was preset at P< 0.05.

Ethical Considerations
Ethical approval was obtained from the Ethical Review 
Committee of the Department of Physiology, Addis Ababa 
University. Full information was given to participants on 
the purpose and significance of the study. The informed 
and written consent was then obtained from all participants 

and it was conducted in accordance with the declaration of 
Helsinki.32

Result
Characteristics of Study Participants
A total of 176 study participants were involved in this 
study. Out of these, 132 were pregnant women correspond-
ingly allocated to each trimester and the rest were 44 
controls. Anthropometric measurements, respiratory rate, 
oxygen saturation of arterial blood, and dynamic pulmon-
ary function tests were measured for all 176 individuals.

The mean age of first, second, third trimesters; and 
control were (24.41 ± 2.34, 25.02 ± 2.31, 25.07 ± 3.17, 
and 24.36 ± 1.57 years) respectively (Figure 1). An insig-
nificant difference of age was seen in all groups.

When comparing the anthropometric measurements of 
each group; the height of third-trimester women was sig-
nificantly (P < 0.01) higher than the control group. The 
weight of all trimesters increased significantly (P < 0.01) 
when compared to the control group. The BMI of the first- 
trimester group did not show significant variation when 
compared to the control group. But, it was increased sub-
stantially in the second and third trimesters (P < 0.01). 
BMI across all study groups lied within a normal range.

Assessing Arterial Blood Oxygen 
Saturation and Respiratory Rate of Study 
Participants
The mean respiratory rate was significantly increased in all 
trimesters as compared to the control group. Likewise, arter-
ial blood oxygen saturation of pregnant women was signifi-
cantly decreased when compared to the control group (Table 
2). The respiratory rate of pregnant women was showing 

Figure 1 Mean age of study participants in Debre Berhan Referral Hospital, January to March 2019.
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increasing pattern as gestational age rises. However, arterial 
blood oxygen saturation was significantly dropping as gesta-
tional age upsurges. The arterial blood oxygen saturation and 
respiratory rate of study participants have revealed a strong 
negative correlation (p<0.01, r = - 0.865) (Figure 2).

Assessing Dynamic Pulmonary Function 
Testes
As presented in Table 3, the parameters of PFTs were com-
pared across each group. Comparing first trimester and sec-
ond-trimester pregnant women, the mean of FEV1%, FEF25- 

75%, and PEFR did not show a significant difference. 
Meanwhile, the mean FVC (P <0.05) and FEV1 (P < 0.01) 
of first trimester women have shown significant increment 
when compared to second-trimester women. Except for 
unchanged FEV1% mean value, other PFTs parameters were 
significantly (P < 0.01) decreased in third-trimester women 
when compared to first trimester women. Mean values of 
PFTs parameters of the control group were significantly (P < 
0.01) increased when compared to all the groups of pregnant 
women; except, FEV1% remained insignificant.

Discussion
In this study, the mean difference in age and height of 
pregnant women were statistically insignificant as com-
pared to the control group. This is in agreement with 
previous finding.1,5,7,21,22 Hence, possible variation in 
indices of PFTs due to age and height would not be a 
factor for this study. The difference in mean weight and 
BMI was statistically significant amongst pregnant and 
control groups. The present study showed that both weight 
and BMI were increased significantly per the rising of 
gestational age (Table 1). Other studies revealed the 
same result.1 This might be because of the normal weight 
gain, and uterine enlargement which occurs in pregnancy.

Our study showed that the mean RR was significantly 
increased from the first trimester to the third trimester 
which is in agreement with several studies.11,21,23 

Likewise, the mean RR of the control group was markedly 
decreased when compared to all the three trimesters (Table 
1). Other studies also reported a 10%,9 and borderline 
increment of RR during pregnancy.4 This might be due 
to the increasing pattern of progesterone; from 25 ng/mL 
at 6 weeks of gestation to 150 ng/mL at term thereby 

Figure 2 Correlation between mean arterial blood oxygen saturation and respiratory rate of study participants in Debre Berhan Referral Hospital, January to March 2019.
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triggering the primary respiratory center by increasing the 
sensitivity of the respiratory center to carbon dioxide.10,11 

Furthermore, gestational hyperventilation is attributed to 
upward displacement of the diaphragm, hypervolemia, 
increased cardiac output, and increased demand a growing 
fetus.21 However, another study reported no change in 
respiratory rate during pregnancy.24 This is probably, 
because, sometimes increase in ventilation occurs without 
an increase in respiratory rate; and accomplished mainly 
by a rise in tidal volume only.

This study found a strong negative correlation between 
RR and SaO2 (P< 0.01; r = - 0.865). This can be due to the 
considerable reduction in the partial pressure of oxygen in 
Debre Berhan as compared to sea level which can trigger a 
compensatory rise in respiratory rate.

In the present study, the mean arterial blood oxygen 
saturation was significantly dropped as gestational age 
increased while the mean SaO2 of the control group 
became higher (Table 2). Previous studies have shown 
similar findings.25 However, increased SaO2 with 
advanced gestation,23 and unchanged mean SaO2 

(~97%),7,26 were reported. The reduced SaO2 for Debre 
Berhan pregnant women might be due to diminished par-
tial pressure of oxygen which reduces alveolar oxygen 
tension. Other possible reasons could also due to the 
increment of maternal plasma volume by 45%, and red 
blood cell mass by 20–30% during pregnancy. In the 
meantime, this disproportionate increment of plasma 
volume with red blood cell mass might cause arterial 
oxygen to be dissolved more and then unable to be 
detected by pulse oximetry easily.27

The Mean FEV1 of all the three trimesters was found to 
be significantly decreased as compared to the control 
group. Previous studies support our findings.1,2,5,7,11 In 
other studies, however, FEV1 was significantly reduced 
only in the third trimester while it was showing an insig-
nificant difference between the first and second trimester 
when compared to the control group.28

Our study found an insignificant difference in mean 
FEV1% between pregnant and non-pregnant control 
groups which is consistent with other similar studies.29 

Unlike our results, a substantial decline of FEV1% was 
reported by numerous studies.2,11,28 Other findings also 
stated that raised FEV1% in all trimesters as compared to 
non-pregnant counterparts.7 The mean FEV1% of second 

Table 1 Comparison of Anthropometric Measurements of Study 
Participants in Debre Berhan Referral Hospital, January to March 
2019

Gestational 
Age

Height (m) Weight (kg) BMI (kg/m2)

T1 1.57 ± 0.01 58.57 ± 3.81 a* 19.77 ± 1.02
T2 1.58 ± 0.02 60.80 ± 3.82 a* 20.87 ± 1.08 a*

T3 1.59 ± 0.03 a* 66.02 ± 3.87 a* 21.69 ± 1.22 a*

Control 1.58 ± 0.02 55.43 ± 4.27 20.03 ± 1.08

Notes: Values are expressed as mean ± SD; n=44; aCompared to control; *P< 0.01. 
Abbreviations: T1, first trimester; T2, second trimester; T3, third trimester; BMI, 
body mass index.

Table 2 Mean of Arterial Blood Oxygen Saturation and 
Respiratory Rate of Study Participants in Debre Berhan 
Referral Hospital, January to March 2019

Gestational Age RR (Breath/Minute) SaO2 (%)

T1 17.77 ± 1.93 a* 95.50 ± 1.50 a*

T2 19.80 ± 1.29 a* 94.23 ± 1.13 a*

T3 21.50 ± 1.44 a** 91.23 ± 1.14 a**

Control 13.66 ± 1.08 97.14 ± 1.81

Notes: Values are expressed as mean ± SD; n=44; aCompared to control; *P<0.05, 
**P< 0.01. 
Abbreviations: T1, first trimester; T2, second trimester; T3, third trimester; RR, 
respiratory rate; SaO2, oxygen saturation of arterial blood.

Table 3 Comparison of Mean PFTs Across Pregnant Women of Each Trimester and Control in Debre Berhan Referral Hospital, 
January to March 2019

Parameters T1 T2 T3 Control

FVC(L) 2.13 ± 0.15 a** 1.93 ± 0.27 a** b* 1.90 ± 0.11 a** b** 2.59 ± 0.26

FEV1 (L) 1.87 ± 0.08 a** 1.73 ± 0.22 a** b** 1.60 ± 0.07 a** b** c* 2.29 ± 0.22

FEV1% (%) 86.50 ± 4.10 86.11 ± 3.99 86.73 ± 3.49 86.73 ± 3.70

FEF25-75% (L/s) 1.80 ± 0.06 a** 1.74 ± 0.22 a** 1.59 ± 0.12 a** b** c* 2.07 ± 0.11

PEFR (L/s) 4.30 ± 0.58 a** 4.43 ± 0.52 a** 3.78 ± 0.34 a** b** c* 4.75 ± 0.38

Notes: Values are expressed as mean ± SD; n=44; aCompared to control; bCompared to T1; cCompared to T2; *P<0.05, **P< 0.01. 
Abbreviations: T1, first trimester; T2, second trimester; T3, third trimester.
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and third-trimester pregnant women was slightly 
decreased as compared to non-pregnant women.1 The 
present study revealed that mean FVC in the third trime-
ster significantly reduced when compared to the control 
group; which was in agreement with others.5,7,22 The 
decrease in FVC is attributable to the mechanical pressure 
of enlarging gravid uterus, elevating the diaphragm, and 
restricting the movements of lungs that hamper the force-
ful expiration. The current study implied a significant 
decrease in mean FEF25-75% in all the trimesters of preg-
nancy as compared to the control group, and a similar 
result was reported.2 The reductions in FEF25-75% might 
be due to reduced lung volumes as the pregnancy is get-
ting advanced.9

In our study, the mean FVC, FEV1, and FEF25%-75% of 
the third-trimester pregnant women significantly decreased 
as compared to the control group. This finding was compar-
able with other studies.1,21,22 The present study revealed that 
persistent mean FEV1% throughout pregnancy. This might 
be due to a proportional decrement of FEV1 and FVC 
thereby the ratio of FEV1/FVC has appeared like unity. In 
contrast, the sustained mean values of FVC, FEV1, and 
FEV1% were presented from first to the third trimester.7 

However, another study described a definite increase of 
FEV1% due to less drop in FEV1 as compared to FVC.22

In line with ours, studies reported a significant fall in 
FEV1 of the third trimester as compared to the first 
trimester.5,28 However, other studies found a highly sig-
nificant decrease in FEV1 and FEF25-75% in the first trime-
ster than the third trimester.2,11

We found that significantly lower mean PEFR values 
in pregnant women as compared to the non-pregnant 
control which is in agreement with several studies.1,5,7,11 

Other findings, however, accounted for no substantial 
change in PEFR in the first and second trimester except 
that a significant decrease in the third trimester.4 Other 
complementary studies found a significant decrease in 
PEFR only in the third trimester.21,22 Our findings showed 
an extensive drop in PEFR for each trimester as compared 
to the control group. The decrease in mean PEFR may be 
attributed to the lesser force of contraction of main expira-
tory muscles or could be due to the mechanical effect of 
enlarging gravid uterus affecting the vertical dimension 
by restricting the diaphragmatic movement. In line with 
the current study, several researchers reported a progres-
sive decline in PEFR as gestation advanced from the first 
to third trimester.4,5,7,30 A maximum decrease of PEFR 
was documented in the first trimester which may be 

attributable to hormonal changes.11 However, in this 
study, PEFR was highly dropped in the third trimester. 
This is probably because the PEFR maneuver involves a 
muscular element that is negatively affected due to the 
downward displacement of the diaphragm around full- 
term pregnancy.31

Conclusion
During pregnancy, the mean of respiratory parameters 
declines as gestational age progresses from first to the 
third trimester. Moreover, mean PFTs of each trimester 
of pregnancy significantly reduced when compared to 
non-pregnant controls. Except for FEV1% other pulmon-
ary function tests including FVC, FEV1, PEFR, and 
FEF25-75% decreased significantly. Thus the present study 
concluded PFTs of pregnant women would show a ten-
dency of restrictive pattern. These outcomes might arise 
from a combination of hormonal changes and mechanical 
adjustments of the enlarging uterus that has a significant 
effect on the pulmonary physiology of the pregnant 
mother. It was also concluded that the raised respiratory 
rate would happen when gestational age increased. On the 
other hand, oxygen saturation of arterial blood declined as 
pregnancy advances. These alterations are compulsory to 
meet the increased metabolic demands of the mother and 
fetus. Therefore, the present study concluded that preg-
nancy at altitude can bring about compensatory changes to 
balance with the changes occurring in dynamic pulmonary 
function tests. However, longitudinal studies may reveal 
better results with larger sample sizes; therefore, future 
studies need to be done with large sample size and long-
itudinal studies taking parity, chest size, type of preg-
nancy, and other socioeconomic factors into 
consideration.

Abbreviations
AAU, Addis Ababa University; ANC, Antenatal Care; 
ANOVA, Analysis of Variance; ATS, American Thoracic 
Society; BMI, Body Mass Index; CI, Confidence Interval; 
cm, Centimeter; CO2, Carbon Dioxide; COPD, Chronic 
Obstructive Pulmonary Disease; FEF25-75%, Forced 
Expiratory Flow Rate at the Middle Part of FVC; FEV1, 

Forced Expiratory Volume in one Second; FEV1%, FEV1 to 
FVC ratio x 100; FVC, Forced Vital Capacity; L/s, Liter per 
Second; PaCO2, Partial Pressure of Carbon Dioxide; PaO2, 

Partial Pressure of Oxygen; PEFR, Peak Expiratory Flow 
Rate; PFTs, Pulmonary Function Tests; RR, Respiratory 
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Rate; SaO2, Oxygen Saturation of Arterial Blood; SD, 
Standard Deviation.
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