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Abstract
Objective: Pregnancy brings about significant changes in respiratory function, as evidenced by alterations 
in lung volumes and capacities, which are attributable to the mechanical impediment caused by the growing 
foetus. This study was undertaken in order to identify changes in respiratory function during normal pregnancy 
and to determine whether such changes are more pronounced in twin pregnancy than in singleton pregnancy. 
Methods: Respiratory function was assessed in 50 women with twin pregnancies and in 50 women with singleton 
pregnancies (during the third trimester in both groups), as well as in 50 non-pregnant women. We measured 
the following pulmonary function test parameters: FVC; FEV1; PEF rate; FEV1/FVC ratio; FEF25-75%; and maximal 
voluntary ventilation. Results: All respiratory parameters except the FEV1/FVC ratio were found to be lower in 
the pregnant women than in the non-pregnant women. We found no significant differences between women 
with twin pregnancies and those with singleton pregnancies, in terms of respiratory function. Conclusions: 
Despite its higher physiological demands, twin pregnancy does not appear to impair respiratory function to any 
greater degree than does singleton pregnancy. 
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Resumo
Objetivo: A gravidez traz mudanças significativas na função respiratória, evidenciada por alterações nos volumes 
e capacidades pulmonares, que são atribuíveis ao impedimento mecânico causado pelo feto em crescimento. 
Este estudo foi realizado a fim de identificar alterações na função respiratória durante a gravidez normal e 
determinar se tais alterações são mais pronunciadas em gestação gemelar que em gestação única. Métodos: 
Foi avaliada a função respiratória de 50 mulheres com gestações gemelares e de 50 mulheres com gestações 
únicas (durante o terceiro trimestre em ambos os grupos), bem como de 50 mulheres não grávidas. Medimos 
os seguintes parâmetros de função pulmonar: CVF, FEV1, taxa do PFE, relação VEF1/CVF, FEF25-75% e ventilação 
voluntária máxima. Resultados: Todos os parâmetros, exceto a relação VEF1/CVF, foram menores nas mulheres 
grávidas do que nas mulheres não grávidas.Não foram encontradas diferenças significativas entre as mulheres 
com gestações gemelares e aquelas com gestações únicas em relação à função respiratória. Conclusões: Apesar 
das demandas fisiológicas maiores da gestação gemelar, essa não parece causar um comprometimento maior 
da função respiratória do que a gestação única.
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Introduction

Pregnancy causes many changes in the human 
body, not all of which are visible. Like other 
organ systems, the respiratory system, which is 
highly efficient and sensitive, undergoes profound 
changes as a result of maternal adaptation to 
pregnancy. The respiratory system represents 

the best example of selective adaption of a 
system during pregnancy.(1) The anatomical and 
physiological adaptation of the respiratory system 
in pregnancy must be studied in the interest of 
properly diagnosing and managing associated 
respiratory pathologies during pregnancy.(2)
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might the laxity of the ligaments of the ribs, both 
of which could affect lung volumes. Therefore, 
it seems likely that pregnancy-related changes in 
respiratory function would be greater in women 
with twin pregnancy than in those with singleton 
pregnancy, although that has not been tested. 
Despite numerous reports of changes in PFT results 
during pregnancy, not much work has been done 
on twin pregnancies. The aim of this study was 
to provide pertinent data by comparing women 
with twin pregnancies, women with singleton 
pregnancies, and non-pregnant women, in terms 
of respiratory function.

Methods

This was a cross-sectional study involving 40 
women with twin pregnancies and 60 women 
with singleton pregnancies. In all of the pregnant 
women, respiratory function was assessed at 
36 weeks of gestation. In a control group of 
50 non-pregnant women, age-matched to the 
pregnant women, respiratory function was assessed 
in the first half of the menstrual cycle. The 
pregnant women were recruited from among those 
seen at the antenatal clinics of the Department 
of Obstetrics and Gynaecology at Jawaharlal 
Nehru Medical College, in the city of Aligarh, 
India. The controls were volunteers recruited 
from among the relatives of pregnant women 
seen at the same antenatal clinics, as well as 
from among the hospital staff and students. All 
of the women recruited were between 20 and 
32 years of age and had a moderate income, 
most being homemakers. Of the 40 women 
with twin pregnancies, 35 were primiparous, 
as were 48 of the 60 women with singleton 
pregnancies and 43 of the 50 non-pregnant 
women. All of the women evaluated were healthy, 
non-smokers without lung disease, cardiovascular 
disease, or current respiratory infection. None 
were taking medication that is believed to alter 
respiratory function, although some were taking 
supplemental iron, calcium, or both. Women 
with acute complications of pregnancy, such as 
preeclampsia and polyhydramnios, were excluded. 
The study was approved by the local institutional 
ethics committee, and all of the participants gave 
written informed consent. For each subject, a 
detailed history was taken, a physical examination 
was performed, and baseline investigations were 
conducted, in order to rule out cardiorespiratory 
disease and anaemia.

In pregnant women, alterations in pulmonary 
function are attributable to hormonal changes 
and to the mechanical impediment caused by the 
growing foetus. In the mucosa of the upper airway, 
elevated levels of oestrogen cause hyperaemia, 
hypersecretion, and oedema, leading to nasal 
obstruction, especially in the third trimester.(3) 
In addition, progesterone can cause a type of 
chemoreceptor resetting that results in a slight 
increase in PaO2 and a consequent decrease 
in PaCO2, leading to a state of compensated 
respiratory alkalosis.(4) The increasing size of the 
foetus with advancing gestation constitutes a 
mechanical impediment to the normal process 
of maternal ventilation. As the uterus expands, 
there is a ≤ 4 cm cephalad displacement of the 
diaphragm, with a compensatory increase in 
the transverse and anteroposterior diameters 
of the chest, caused by hormonal effects that 
relax the ligaments.(5)

It has been found that tidal volume increases 
progressively throughout pregnancy, because 
of increased diaphragm excursion, although 
inspiratory capacity and vital capacity remain 
almost unchanged.(6) The increased demand for 
oxygen without any compensatory increase in the 
respiratory rate increases the risk of developing 
maternal hypoxia.

Knowledge of the expected changes in 
pulmonary parameters is fundamental to the 
understanding of how any disease state affects 
pregnancy and vice versa. Pulmonary function 
tests (PFTs) permit an accurate and reproducible 
assessment of the functional state of the respiratory 
system and allow quantification of the severity of 
lung diseases. This information is also essential 
for the assessment of whether a patient is a 
candidate for anaesthesia, as well as of the dangers 
associated with obstetrical analgesia, given that 
all of the narcotics and hypnotics used for such 
analgesia are respiratory depressants.(7)

Due primarily to advances in assisted 
reproductive techniques, the incidence of twin 
pregnancy has shown a rising trend over the last 
decade.(8) Because the increased maternal and 
foetal demands for oxygen are higher in twin 
pregnancies, we hypothesized that respiratory 
changes would be more pronounced in twin 
pregnancy than in singleton pregnancy. In 
addition, because the uterus is larger in twin 
pregnancy, the cephalad displacement of the 
diaphragm might be expected to be greater, as 
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the basis of age, height, weight, blood pressure, 
and haemoglobin levels (Tables 1 and 2). We 
observed a significant difference between the study 
subjects (both groups) and the control subjects 
in terms of body weight and body mass index. 
The American Thoracic Society PFT guidelines, 
established in March of 1991, are based on the 
height, age, gender, and race of the individual 
under testing, suggesting that pregnancy-related 
weight gain has no significant effect on lung 
function. We found that haemoglobin levels 
were significantly lower in the twin pregnancy 
group than in the control group.

In the present study, the values for all PFT 
parameters were lower among the pregnant women 
(both groups) than among the non-pregnant 
women (Table 3). Comparisons between various 
group pairings (Table 4) showed that all of the PFT 
parameters, with the exception of the FEV1/FVC 
ratio and MVV, were significantly lower for the 
pregnant women (twin or singleton pregnancy) 
than for the non-pregnant women. The MVV values 
were also lower among the pregnant women, 
although the difference was not significant. As 
can be seen in Figure 1, there were no significant 
differences in lung function between the twin 
and singleton pregnancy groups.

Discussion

In the present study, we have demonstrated that 
lung function in the last trimester of pregnancy 
does not differ significantly between women 
with twin pregnancies and those with singleton 
pregnancies. Nevertheless, the values for most 
respiratory parameters were seen to be significantly 
lower among pregnant women (twin or singleton 
pregnancy) than among non-pregnant women.

All PFTs were performed with a computerized 
spirometer (Medspiror; RMS, Chandigarh, India). 
Before the PFTs were performed, the procedures 
were thoroughly explained to the subjects, and 
the need to maintain an effective seal with the 
lips around the mouthpiece was emphasized, 
as was the need to use the nose clip during the 
procedure. Each subject was instructed to relax 
for at least 5 min prior to the PFTs.

For each subject, we measured the following 
parameters: FVC; FEV1; FEF25%-75%; PEF rate; FEV1/
FVC ratio; and maximal voluntary ventilation 
(MVV). All tests were performed in triplicate, 
and the highest of the three measurements was 
considered for analysis.

The Kolmogorov-Smirnov test was used in 
order to assess whether the data were normally 
distributed. To assess the statistical significance 
of differences, we employed one-way ANOVA 
with the Tukey-Kramer post hoc test for multiple 
comparisons, using the Statistical Package for the 
Social Sciences, version 17 (SPSS, Inc., Chicago, IL, 
USA). All normally distributed data are expressed 
as mean ± standard deviation unless otherwise 
stated. Medians (with 95% confidence intervals) are 
used in order to describe skewed data. All analyses 
were two-tailed, and values of p < 0.05 were 
considered statistically significant. We calculated 
that, in order to achieve a power of 80% for the 
detection of a one standard deviation difference 
between groups for each measurement, at the 
5% level of significance, it would be necessary 
to recruit at least 16 patients into each group.

Results

The three groups—twin pregnancy, singleton 
pregnancy, and control—were comparable on 

Table 1 - Descriptive statistics of baseline variables in the groups evaluated.a

Variable Group
NP SP TP

(n = 50) (n = 60) (n = 40)
Subject age, years 26.72 ± 4.16 26.84 ± 2.95 27.62 ± 3.16
Subject height, cm 154.71 ± 3.11 153.13 ± 2.45 154.45 ± 3.41
Subject weight, kg 54.54 ± 4.92 62.78 ± 5.83 64.78 ± 6.10
Subject BMI, kg/m2 22.37 ± 2.80 27.00 ± 3.42 27.13 ± 2.56
Subject SBP, mmHg 118.24 ± 9.14 119.52 ± 9.38 123.63 ± 8.92
Subject DBP, mmHg 77.42 ± 6.52 76.56 ± 5.82 75.24 ± 5.32
Subject haemoglobin, g/dL 11.82 ± 0.54 11.43 ± 0.43 11.29 ± 0.40
Gestational age of foetus, days - 252 ± 2.52 255 ± 2.17
NP: non-pregnant (control) group; SP: singleton pregnancy group; TP: twin pregnancy group; BMI: body mass index; 
SBP: systolic blood pressure; and DBP: diastolic blood pressure. aValues expressed as mean ± SD.



Pulmonary function in advanced uncomplicated singleton and twin pregnancy

J Bras Pneumol. 2014;40(3):244-249

247

http://dx.doi.org/10.1590/S1806-37132014000300007

hyperventilation, as the increase in oxygen demand 
by the growing foetus far exceeds the supply 
obtained by normal breathing. Hyperventilation 
in pregnancy is attributed to the effects that 
progesterone has on the respiratory drive; 
progesterone not only increases the sensitivity 
but also reduces the threshold of the respiratory 
centre.(10) Hyperventilation causes the alveolar 
PaCO2 to drop, resulting in bronchoconstriction. 
The lower PEF rates and MVV values obtained 
for the pregnant women evaluated in the present 
study can also be attributed to the decline in the 
strength of contraction of the main respiratory 
muscle (viz., the anterior abdominal muscle) 
and the internal intercostal muscles during the 
pregnant state. Studies suggest that this decrease 
in the muscular force of contraction is due to 
maternal weight gain, as well as pregnancy-related 
oedema, altered eating habits, and inadequate 
nutrition, all of which limit maternal respiratory 
effort during pregnancy.(11-13) Another factor that 
might have contributed to lowering the PEF rate 
and the MVV is the relatively low haemoglobin 
level observed in the pregnant women. Although 
none of the subjects had a haemoglobin level < 
10 g/dL, even a borderline change in haemoglobin 
can make a difference.

We found that the FEV1/FVC ratio was lower 
among pregnant women than among non-pregnant 
women, although the difference was less than 
significant. That might be because, despite the 
fact that both FEV1 and FVC were lower in the 
study subjects than in the control subjects, the 

The decrease in FVC among the pregnant 
women evaluated in our study can be attributed 
to the mechanical pressure of the enlarged gravid 
uterus, which results in the upward displacement 
of the diaphragm and a consequent restriction of 
lung mobility. In addition, the elevation of the 
diaphragm brings about a relative decrease in 
the negative intrapleural pressure, which hampers 
forceful expiration.(9) Apart from the mechanical 
factor, hormonal changes during pregnancy have 
a significant influence on tracheobronchial 
smooth muscle tone, the reduction of which 
can decrease FVC.

Our finding that FEV1, FEF25-75%, the PEF rate 
and MVV were lower among the pregnant women 
might be due to the decline in alveolar PaCO2 
during pregnancy, which effectively acts as a 
bronchoconstrictor. Pregnancy is associated with 

Table 2 - Results of one-way ANOVA comparing 
baseline variables between different group pairs.

Variable NP vs. SP NP vs. TP SP vs. TP
p p p

Age 0.346 0.925 0.236
Height 0.244 0.751 0.198
Weight 0.015 0.005 0.061
Body mass index 0.023 0.014 0.138
Systolic blood 
pressure

0.543 0.064 0.142

Diastolic blood 
pressure

0.150 0.098 0.248

Haemoglobin 0.175 0.028 0.079
NP: non-pregnant (control) group; SP: singleton pregnancy 
group; and TP: twin pregnancy group.

Table 3 - Descriptive statistics of pulmonary function test results for the groups of women evaluated.a

Variable Group
NP SP TP

(n = 50) (n = 60) (n = 40)
FVC

% of predicted value 92.48 ± 8.43 86.48 ± 4.37 85.56 ± 7.85
Actual value, L 2.64 ± 0.42 2.47 ± 0.29 2.44 ± 0.34

FEV1

% of predicted value 94.53 ± 6.24 88.64 ± 5.62 86.34 ± 4.39
Actual value, L 2.37 ± 0.18 2.17 ± 0.25 2.14 ± 0.18

FEV1/FVC ratio 85.19 ± 2.61 85.52 ± 2.32 85.73 ± 2.21
FEF25-75%

% of predicted value 92.12 ± 6.61 86.79 ± 5.76 85.64 ± 6.23
Actual value, L 3.48 ± 0.42 3.21 ± 0.27 3.19 ± 0.34

PEF rate, L/min 417 ± 8.61 313.52 ± 8.05 311.52 ± 6.79
MVV, L/min 104.32 ± 14.45 98.53 ± 13.62 97.68 ± 14.21
NP: non-pregnant (control) group; SP: singleton pregnancy group; TP: twin pregnancy group; and MVV: maximal 
voluntary ventilation. aValues expressed as mean ± SD.
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differences in comparison with singleton pregnancy. 
Studies have shown that, in pregnant women, the 
plasma level of relaxin correlates positively with 
the number of foetuses.(15) It is evident that the 
respiratory changes in pregnancy are mediated 
and determined mainly by the hormonal changes 
occurring in the body, especially changes in the 
levels of progesterone and oestrogen. Although 
twin pregnancy is associated with greater oxygen 
demand and more uterine distension, the lung 
volume changes observed in the women with 
twin pregnancies evaluated in the present study 
were similar to those seen in the women with 
singleton pregnancies. This effect can be thought 
to be mediated by higher levels of progesterone 
in twin pregnancy. Therefore, we conclude that 
no significant differences in lung function exist 
between women with twin pregnancies and those 
with singleton pregnancies. In healthy women, 
the respiratory system copes well with the extra 
demands placed upon it by a twin pregnancy, and 
no special consideration is required with respect to 
the dose adjustment of inhalational anaesthetics.

References

1. Dutta DC. Physiological changes during pregnancy. In: 
Obstetrics and Gynecology. 4th edition. Calcutta: New 
Central Book Agency; 1998. p. 46-57. 

2. Elkus R, Popovich J Jr. Respiratory physiology in pregnancy. 
Clin Chest Med. 1992;13(4):555-65.

3. Hegewald MJ, Crapo RO. Respiratory physiology in 
pregnancy. Clin Chest Med. 2001;32(1)1-13. http://
dx.doi.org/10.1016/j.ccm.2010.11.001

4. Christopher FC, Gertic FM, Johnston D. Physiological 
changes associated with pregnancy. Update in Anaesthesia. 
1998;9:72-6. [Adobe Acrobat document, 6p.]. Available 
from: http://e-safe-anaesthesia.org/e_library/02/Pregnancy-
physiological_changes_Update_2008.pdf

5. Kolarzyk E, Szot WM, Lyszczarz J. Lung function and 
breathing regulation parameters during pregnancy. 
Arch Gynecol Obstet. 2005;272(1):53-8. http://dx.doi.
org/10.1007/s00404-004-0691-1

6. Contreras G, Gutiérrez M, Beroíza T, Fantín A, Oddó H, 
Villarroel L, et al. Ventilatory drive and respiratory muscle 
function in pregnancy. Am Rev Respir Dis. 1991;144(4):837-
41. http://dx.doi.org/10.1164/ajrccm/144.4.837

7. Phatak MS, Kurhade GA. A longitudinal study of antenatal 
changes in lung function tests and importance of 
postpartum exercises in their recovery. Indian J Physiol 
Pharmacol. 2003;47(3):352-6.

8. Alikani M, Cekleniak NA, Walters E, Cohen J. Monozygotic 
twinning following assisted conception: an analysis of 
81 consecutive cases. Hum Reprod. 2003;18(9):1937-43. 
http://dx.doi.org/10.1093/humrep/deg369

9. Wise RA, Polito AJ, Krishnan V. Respiratory physiologic 
changes in pregnancy. Immunol Allergy Clin North 
Am. 2006;26(1):1-12. http://dx.doi.org/10.1016/j.
iac.2005.10.004

pregnancy-related decline was not as great for 
FEV1 as it was for FVC.

Our study has at least one limitation. Because 
the study sample was relatively small, our findings 
and conclusions might not be generalisable to the 
general population. A study with a larger sample 
size might provide more conclusive evidence.

In the present study, the measures of pulmonary 
function evaluated did not differ significantly 
between the twin and singleton pregnancy groups. 
It is known that the decline in alveolar PaCO2 
during pregnancy increases airway resistance,(14) 
which is reduced by pregnancy-related increases 
in the circulating levels of relaxin, progesterone, 
and cortisol.(15) In twin pregnancy, there might 
be a balance between these two opposing forces, 
which would explain why we found no significant 

FVC FEV1 FEV1/FVC FEF25-75%

Pulmonary function parameters

96

94

92

90

88

86

84

82

80

Pe
rc

en
ta

ge
 o

f 
pr

ed
ic

te
d

Non-pregnant      Singleton pregnancy

Twin prefnancy

Figure 1 - Comparison of pulmonary function 
parameters among the three groups evaluated.

Table 4 - Results of one-way ANOVA comparing 
pulmonary function test results between different 
group pairs.

Variable NP vs. SP NP vs. TP SP vs. TP
p p p

FVC 0.013 0.004 0.381
FEV1 0.034 0.029 0.257
FEV1/FVC ratio 0.306 0.321 0.432
PEF rate 0.001 0.001 0.062
FEF25-75% 0.004 0.006 0.247
MVV 0.543 0.477 0.982
NP: non-pregnant (control) group; SP: singleton pregnancy 
group; TP: twin pregnancy group; and MVV: maximal 
voluntary ventilation.

http://dx.doi.org/10.1016/j.ccm.2010.11.001
http://dx.doi.org/10.1016/j.ccm.2010.11.001
http://dx.doi.org/10.1007/s00404-004-0691-1
http://dx.doi.org/10.1007/s00404-004-0691-1
http://dx.doi.org/10.1164/ajrccm/144.4.837
http://dx.doi.org/10.1093/humrep/deg369
http://dx.doi.org/10.1016/j.iac.2005.10.004
http://dx.doi.org/10.1016/j.iac.2005.10.004


Pulmonary function in advanced uncomplicated singleton and twin pregnancy

J Bras Pneumol. 2014;40(3):244-249

249

http://dx.doi.org/10.1590/S1806-37132014000300007

13. Pereira A, Krieger BP. Pulmonary complications of 
pregnancy. Clin Chest Med. 2004;25(2):299-310. http://
dx.doi.org/10.1016/j.ccm.2004.01.010

14. Jensen D, Wolfe LA, Slatkovska L, Webb KA, Davies 
GA, O’Donnell DE. Effects of human pregnancy on the 
ventilatory chemoreflex response to carbon dioxide. Am J 
Physiol Regul Integr Comp Physiol. 2005;288(5):R1369-
75. http://dx.doi.org/10.1152/ajpregu.00862.2004

15. Johnson MR, Abbas AA, Allman AC, Nicolaides KH, 
Lightman SL. The regulation of plasma relaxin levels 
during human pregnancy. J Endocrinol. 1994;142(2):261-5. 
http://dx.doi.org/10.1677/joe.0.1420261

10. DeCherney AH, Pernoll ML. Maternal physiology during 
pregnancy. In: Benson RC, DeCherney AH, Nathan L, 
editors. Current obstetrics & gynecologic: diagnosis 
and treatment. 9th edition. New York: Lange Medical 
Books/McGraw Hill; 2003. p. 159-60.

11. Singhal U, Saxena K. Effect of anaemia on respiratory 
and metabolic parameters during third trimester of 
pregnancy. Indian J Physiol Pharmacol. 1987;31(2):130-5.

12. Puranik BM, Kurhade GA, Kaore SB, Patwardhan SA, 
Kher JR. PEFR in pregnancy: a longitudinal study. Ind 
J Physiol Pharmacol. 1995;39(2):135-9.

About the authors

Anwar Hasan Siddiqui
Assistant Professor. Department of Physiology, Jawaharlal Nehru Medical College, Aligarh, India.

Nazia Tauheed
Assistant Professor. Department of Anaesthesiology and Critical Care, Jawaharlal Nehru Medical College, Aligarh, India.

Aquil Ahmad
Assistant Professor. Department of Physiology, Jawaharlal Nehru Medical College, Aligarh, India.

Zehra Mohsin
Associate Professor. Department of Obstetrics and Gynaecology, Jawaharlal Nehru Medical College, Aligarh, India.

http://dx.doi.org/10.1016/j.ccm.2004.01.010
http://dx.doi.org/10.1016/j.ccm.2004.01.010
http://dx.doi.org/10.1152/ajpregu.00862.2004
http://dx.doi.org/10.1677/joe.0.1420261

	OLE_LINK1

