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ABSTRACT A

Background: Pregnancy is characterized by profound changes in the function of several integrated physiological control
systems. During pregnancy due to various physical, hormonal, and physiological changes, there is the effect on pulmonary
function. There are documented variations among western and Indian women toward changes in forced vital capacity (FVC)
and peak expiratory flow rate (PEFR) in advanced pregnancy. Aims and Objectives: The objectives are as follows: (i) To
evaluate the extent of changes of lung function in pregnancy in comparison to non-pregnant counterpart and (ii) to determine
the effect of gestational age on the pulmonary function of pregnant women. Materials and Methods: A total of 150 study
participants comprising 50 pregnant women of gestational age 29-34 weeks, 50 pregnant women of gestational age >34 weeks,
and 50 height and age-matched controls (non-pregnant ladies) were included in the study. FVC, forced expiratory volume in
one second and PEFR were taken using HELIOS 401 (Spirometer) in standing position. Results: A reduction in percentage
predicted values of FVC is seen in the pregnant females as compared to their non-pregnant counterpart. There is also a
gradual not significant decline in the values of FVC as a period of gestation increases. There was no significant difference
observed between non-pregnant and pregnant subjects. PEFR was found to decrease as a period of gestation increased.
PEFR was found to be significantly decreased during pregnancy in comparison to non-pregnant state. Conclusion: Decline
in FVC and PEFR during pregnancy among Indian women was found in this study which is in contrary to literature of
western countries. Clinicians should be take care of these changes while dealing with Indian pregnant women.
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INTRODUCTION exercise.!'> Gestational hormones secreted during pregnancy

are responsible for initiation and maintenance of these changes

During pregnancy, there occur changes in several physiological
systems in the body. These changes, i.e., respiratory, circulatory,
and hematological changes can be seen both at rest and during
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in physiological systems. Changes in physiological processes
are necessary for progression of pregnancy and in utero
growth of fetus. These changes are almost fully established
by the end of 1% trimester.?!

Approximately 60-70% of pregnant females experience
breathlessness even during activities of daily living by the
30" week of gestation even without a history of the cardiac
or pulmonary disease.[®

Due to these hormonal changes, there are structural changes
in rib cage as well;”! there is a relaxation of the ligaments
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attachments to ribs which causes an increase in the subcostal
angle of the rib cage form 68 to 103° even in early pregnancy
before the uterus enlarged enough. During the late stages
of pregnancy, enlarges uterus elevates the diaphragm
approximately 3—4 cm and thus the circumference of the
lower rib cage increases approximately 4-5 cm.!”!

This displacement and structural changes effect forced vital
capacity (FVC) of pregnant ladies. Other than this, hormonal
influences affect the pulmonary flow parameters and alter
them during pregnancy.

In western medical literature, vital capacity and peak
expiratory flow rate (PEFR) did not show significant changes
throughout the course of pregnancy in spite of structural
changes.”®! Whereas some studies on Indian populations
show that the vital capacity and the PEFR increase in the later
stages of pregnancy.*!%

Increased nutritional demand, altered eating habits due to
morning sickness and advancing gestation result in muscular
weakness and decreased contraction force of voluntary
and involuntary muscles. Decreased force of contraction
by main respiratory muscles, i.e., the anterior abdominal
wall muscles and internal intercostals muscles contributes
to decline in PEFR during pregnancy apart from decline in
alveolar PCO, which acts as bronchoconstrictor. However,
enlarged uterus during 3™ trimester further reduces PEFR
by limiting movements of the diaphragm. In addition, some
degree of obstruction to the expiratory flow, especially late in
pregnancy also contributes to the decrease.

Physiological changes in the pulmonary system during
pregnancy can be assessed by various parameters of
pulmonary function tests, and thus proper evaluation of
any respiratory ailment can be done if normal physiological
changes in pulmonary function tests are kept in mind.
Moreover, precise knowledge regarding these tests helps
the clinician to diagnose the extent of adaptation in pregnant
women and thus helps them to prevent overtreatment of
normal physiological changes."!! In addition, to diagnose
respiratory illness, pulmonary function test also helps the
clinician for providing better antenatal care, in the assessment
of fitness for anesthesia and to record the worsening of pre-
existing lung disease.

Therefore, this study was conducted to assess less studied
physiological changes, i.e., changes in FVC and PEFR among
Indian antenatal women during advanced pregnancy and to
determine the effect of gestational age on these pulmonary
function parameters.

MATERIALS AND METHODS

The study was carried out at patients came to Outpatient
Department of Obstetrics in Rohilkhand Medical College

and Hospital, Bareilly (UP), India, by the Department of
Physiology.

Ethical Approval

Prior approval was taken from Institutional Ethical Committee
of Rohilkhand Medical College and Hospital, Bareilly.

Study Design

This was a cross-sectional study.

Study Groups

The subject of the proposed study was selected randomly
from a pregnant subject attending the antenatal clinic of
Rohilkhand Medical College and Hospital Bareilly within
the study period from January 2014 to December 2014.
Every day maximum of 2 patients was taken provided their
age and height matched control were available. Systemic
random sampling was used to obtained daily patients. First
patient was selected by lottery method, and 2™ patient was
30" patient from 1% chosen patient. Timing of registration
was used for placing patients chronologically. Chronological
gap was taken depending on previous year average of 60 new
patient’s registration every day.

The controls were taken from the relatives of pregnant women
participating in the study and from among hospital staff from
the same socioeconomic group according to modified Prasad’s
Social Classification criteria for socioeconomic status.!*

Exclusion Criteria

1. Women with previous diagnosed disease or symptoms of
respiratory or cardiovascular diseases, anemia.

2. Antenatal ladies with multiple pregnancy, hydramnios,
and any other pregnancy-related disorders.

3. Women on therapy for any other ailments were excluded
from the study.

4. Those subject who are doing regular exercise or yoga
beyond normal population average were also excluded
from the study.

Inclusion Criteria

1. Only female subject in the 3™ trimester of pregnancy
free from any complication and systemic diseases were
included in this study.

Sample size

Statistically, accurate sample size was calculated using
G-Power software came out as 146 based on extend of
difference in FVC in previous studies. Hence, the study
was conducted on 100 pregnant ladies in 3™ trimester as the
case (50 subjects in Group A [29-34 weeks of gestation],
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50 subjects in Group B [35-40 weeks of gestation] and
50 non-pregnant women as a control.

After taking informed written consent from each subject,
a detailed history was recorded. A thorough clinical
examination was done to rule out complications.

Pulmonary function test (spirometry) was done by HELIOS
401 in standing position after making both cases and controls
comfortable and relaxed. Both the case and the control
were evaluated at the same time to rule out any effect of
environmental factors.

RESULTS

In the present study 150 subjects, 100 cases of third-trimester
normal pregnancy and 50 non-pregnant as controls were
included after applying inclusion and exclusion criteria.

Table 1 shows the distribution of participants according
to age and height in relation to their groups. In Group A,
majority participants were in a group of 20-20 years followed
by 23-25 years. In Group B majority participants were in
the age group 23-25 years and in Group C as well majority
participant work was also in the age group of 23-25 years.
All three groups were statistically similar according to the
age wise distribution of participants.

Majority of participants in Group A and Group C had a height
in the range of 141-150 cm, whereas majority participants
of Group B had height in the range of 151-160 cm. This
difference in distribution according to the height among
participants of different groups was statistical insignificance.

Table 2 shows distribution of participants according to age
and anthropometric indices. Mean age in Group A participant
was 24.14, whereas the mean age of Group B and Group C
participants was 24.86 and 24.02, respectively. All three groups
were statistically similar according to the mean age and mean
height. However, body mass index was significantly higher in
Group B participants (women with gestation period >35 weeks)
as compared to Group C (non-pregnant women) and women of
Group A (women with gestation period 29-35 weeks).

Table 3 shows the mean FVC values for all three groups.
These three groups were statistically difference according to
mean FVC, and on Tukey post hoc analysis, this difference
was found statistically significant between Group B (women
with gestation period >35 weeks) and Group C participants
(Non-pregnant women).

Table 4 shows the mean forced expiratory volume in one
second (FEV1)/FVC ratio of participants of different groups.
There was no statistical difference between the participants
of these groups according to FEV1/FVC ratio.

Table 1: Distribution of participants of different groups according to age and height

Factors Frequency (%) P value
Group A Group B Group C
Age group wise distribution
>19.00 4 (8.0) 1(2.0) 6 (12.0) Chi-square=5.74
20.00-22.00 17 (34.0) 15 (30.0) 13 (26.0) Monte carlo Simulated P=0.67
23.00-25.00 15 (30.0) 16 (32.0) 15 (30.0)
26.00-28.00 5(10.0) 9 (18.0) 9(18.0)
29.00-30.00 9 (18.0) 9 (18.0) 7(14.0)
Height range wise distribution
<140.00 0 (0) 1(2.0) 0 (0) Chi-square=4.48
141.00-150.00 27 (54.0) 21 (42.0) 29 (58.0) Monte carlo Simulated 2=0.70
151.00-160.00 22 (44.0) 27 (54.0) 20 (40.0)
161.00-170.00 1(2.0) 1(2.0) 1(2.0)
Total 50 (100.0) 50 (100.0) 50 (100.0)

SD: Standard deviation

Table 2: Comparison of participants of different groups according to age, height, and BMI

Parameters Mean+SD P-value (ANOVA test)
Group A Group B Group C

Age 24.14£3.6 24.86+3.41 24.02+3.29 0.419

Height 150.68+4.24 151.6+4.9 150.24+3.32 0.26

BMI 25.0543.3 27.89+3.65 20.45+2.24 <0.001

SD: Standard deviation, BMI: Body mass index
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Table 5 shows a comparison of mean PEFR of participants of
different age group. The difference in PEFRs of participants
in different age group was statistically significant. By
post hoc analysis statistically significant difference was
found between pregnant (Group A and Group B) and non-
pregnant (Group C).

DISCUSSION

In our study, the percentage predicted value of FVC was
found to be remain unchanged during whole pregnancy
(Group A - 90.58 + 13.42 and Group B - 89.34 + 15.8) and in
controls (Group C - 96.66 + 14.97). A reduction in percentage
predicted values of FVC is seen in the pregnant females
(Group A and Group B) as compared to their non-pregnant

counterpart (Group C). There is also a gradual decline in the
values of FVC as a period of gestation increases which was not
significant (P = 0.9). FVC values were significantly lower in
late pregnancy as compared to non-pregnant state (P = 0.03).
Our study endorsed previous studied facts about adaptations
and decline in pulmonary function during pregnancy especially
more profound during the past trimester. In our study, there
was no significant difference observed between non-pregnant
and pregnancy. Even during the pregnancy no significant
changes in FEVI/FVC ration observed. In our study, PEFR
was found to decrease as a period of gestation increased.
PEFR values were found to be significantly decreased during
pregnancy in comparison to non-pregnant state.

Studies done by Milne et al.!! and Grindheim et al.l'*! show
a significant rise in FVC in the third trimester. A few studies

Table 3: Comparison of FVC of participants of different group

FvC

Group A Group B Group C P-value (ANOVA test)
Mean+SD Mean+SD Mean+SD

90.58+13.42 89.34+15.80 96.66+14.97 0.03

Tukey’s post hoc test analysis of FVC between different exposure groups

Exposure group Comparison group

Group A Group B 0.9

Group A Group C 0.1

Group B Group C 0.03

SD: Standard deviation, FVC: Forced vital capacity

Table 4: Comparison of FEV1/FVC ratio of participants of different group

FEV1/FVC (%)

Group A Group B Group C P-value (ANOVA Test)
Mean+SD Mean+SD Mean+SD

105.3£18.10 107.08+17.48 112.16+16.80 0.13

Tukey’s post hoc test analysis of FVC between different exposure groups

Exposure group Comparison group

Group A Group B 0.87

Group A Group C 0.13

Group B Group C 0.32

SD: Standard deviation, FVC: Forced vital capacity

Table 5: Comparison of PEFR of participants of different group

PEFR

Group A Group B Group C P-value (ANOVA test)
Mean+SD Mean+SD Mean+SD

58.08+9.87 51.96+12.56 66.28+18.81 <0.001

Tukey’s post hoc test analysis of FVC between different exposure groups

Exposure group Comparison group

Group A Group B 0.08

Group A Group C 0.01

Group B Group C <0.001

SD: Standard deviation, FVC: Forced vital capacity
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such as those done by Mokkapatti et al.,'¥ Puranik et al.,!'>!
and Monga and Kumari.['" show a decrease in FVC in
the third trimester. A study of FVC in pregnant women by
Sunyal et al!' and workers showed reduced FVC in all
trimesters as compared to control with maximum decreases
in the third trimester. A study by Deepal et al.l'" showed
no significant changes in FVC during all trimesters of
pregnancy. A study by Grindheim ef al.!'¥] shows an increase
in FVC as pregnancy progresses and this increase persists
postpartum. Our study correlates with that of Mokkapatti
et al.,"" Monga and Kumari,'® Puranik et al.,'> Phatak and
Kurhade!™ and Harirah et al.,*” and Neeraj et al.*'! A few
studies like those by Deepal et al.!'® found that difference in
the FEV /FVC ratio in the pregnant women in comparison to
non-pregnant women was statistically insignificant. Dash S
FEV /FVC showed no significant alteration in comparison to
non-pregnant status. On the other hand, few studies showed a
reduction in the FEV /FVC ratio such as Mokkapatti ez al.,/'
Siddique, and Sunyal ef al.'”? PEFR has been widely studied
previously with varied results. As per studies on PEFR by
Neeraj et al.,*'! there was a decrease in PEFR in the third
trimester. A work on PEFR by Sunyal et al.l'” showed that
there was a gradual decrease in PEFR during all trimesters
of pregnancy, but the decline was significant in the 2" and
3" trimesters of pregnancy. Other studies showing decline
are by Shailaja and Srikanth,”” Phatak and Kurhade,!”
Mokkapatti et al.,'"¥ Monga and Kumari'®! Puranik et al.,I'”
Sroczynski,”! and Harirah et al.?? A study by Brancazio
et al.® and Deepal et al.'® however, showed that PEFR
does not change with pregnancy.

Robust sampling system, i.e., statistically correct sample
size and scattered sample throughout the year, individual
matched control and application of quantitative statistical
tests are important strengths of this study as these eliminate
factors like environment and draining area of patients from
Pulmonary functions. By eliminating these factors, this study
tried to give a real insight into the effects of pregnancy on
pulmonary functions. In spite of this external validity of the
study can vary as this is a hospital-based study. For better
validity a community-based study should be planned further
based on findings of the present study.

CONCLUSION

In our study, we found that there was a decline in FVC and
PEFR during pregnancy among Indian women. These may be
due to lack of proper nutrition, less height, and other factors
such as lack of adequate care and lack of exercise habits.
Clinicians should be take care of these changes while dealing
with Indian pregnant women.
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