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Abstract 
Objective: during pregnancy, especially during its third
trimester, most pregnant women reported respiratory
discomfort (dyspnea), despite the absence of  previ-
ously coexisting respiratory illnesses. the aim of  this
study was to determine the reason for this discomfort.
Material and methods: the study included 24 women
examined before and after childbirth. Evaluation of
respiratory complains was made on the basis of  the
respiratory questionnaire of  St. george’s Hospital.
the data were correlated with the results of  static and
dynamic spirometric tests performed before and after
childbirth. 
Results: Pregnancy did not affect vital capacity (Vc).
Frequency of  perceived symptoms correlated positive-
ly with IRV and the ratio Ic/Vc. a negative correla-
tion was found between ERV and its derivative
ERV/Vc. there was no relationship between per-
ceived discomfort and parameters of  the flow-volume
loop. 
Conclusions: the extent of  perceived respiratory dis-
comfort (dyspnea) during pregnancy was primarily as-
sociated with a reduction in expiratory reserve (ERV).

Key words: pregnancy, respiratory symptoms, spiro-
metry

IntRodUctIon

Pregnancy affects the physiology of  respiration by
changing the parameters of  the chest, and the course
of  diseases of  the respiratory system [1-4]. Most preg-
nant women report periodically occurring breathing
difficulties and even dyspneic symptoms, despite the
lack of  previously recorded or co-existing with preg-
nancy respiratory illnesses. these problems may result
from hypoxia, changes in respiratory mechanics [5-7]
and the sensitivity of  the respiratory complex of  the
brain stem [8, 9]. the mechanics of  respiration, de-
pendent on the function of  respiratory muscle, are sig-
nificantly affected by the quality of  nutrition [10, 11].
Pregnant women usually breathe slower and deeper in
relation to non-pregnant ones, using, during their quiet
breathing, some part of  the expiratory reserve volume.
natural myorelaxant factors, acting on bronchi, in-
crease the tendency of  the airway to collapse, elevating
closing volume [7]. these phenomena may decrease
the oxygen saturation in the plasma of  blood and thus

elicit the perception of  dyspnea. Symptoms of  respira-
tory discomfort may, therefore, result from changes in
both respiratory mechanics and the tone of  bronchi
resulting from the action of  gestational hormones and
other factors observed during pregnancy. the aim of
this study was to determine the reasons for respiratory
complaints in pregnancy.

MatERIaL and MEtHodS

the study was performed in accord with the declara-
tion of  Helsinki for Human Research and the study
protocol was approved by an institutional Ethics com-
mittee.

the study sample consisted of  24 women in single
pregnancies. the age of  tested pregnant women
ranged from 17 to 32 years (26 ±3 years). Body height
ranged from 150 to 178 cm (164 ±6 cm) and body
mass from 50.6 to 99.5 kg (71.9 ±(10.4 kg) Since
smoking cigarettes, pipes, or hookah pipes accelerates
the process of  aging of  the lungs and lowers spiro-
metric indices, only pregnant non-smoking women
took part in the study [5, 12, 13]

Spirometry was carried out first in 37.7 ±1.2 week
of  pregnancy, 13 ±4 days before delivery, and then re-
peated approximately 39 ±12 days after delivery (the
mean interval between the first and second measure-
ment was 55 ±11 days). the applied test method used
a Lungtest 1000 pneumotachograph spirometer (MES,
cracow, Poland). ambient temperature, pressure and
humidity were measured by the measuring device ore-
gon Scientific Model Ba 888, which allowed the
recording of  the research results in conditions of
BPtS. Spirometry was performed in the standard way,
following regimes recommended by the European
Respiratory Society [14, 15]. all women were seating
during the test. Spirometry took from 20 to 40 min
and consisted of  three stages: (1) static components of
the vital capacity, (2) the dynamic parameters of  force-
ful inspiration and expiration in the whole range of
the forced vital capacity, including assessment of  the
flow-volume loop and volume-time curve, and (3)
maximum voluntary ventilation with assessment of
the breathing reserve.

Respiratory symptoms were assessed according to
the questions of  the St. george’s Hospital question-
naire [16], before the spirometric tests. Part I of  the
questionnaire included questions concerning symp-
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toms of  respiratory disease and their severity. Every
answer confirming the presence of  particular symp-
tom was scored, depending on its severity, from 1 to 4
points. In the case of  absence of  particular symptoms
no points were given. In part II we assessed the situa-
tions in which respiratory symptoms are felt. 

In the descriptive analysis of  results, the following
were used: the arithmetical mean – -x, median – Me,
range of  values, and standard deviation - Sd. normali-
ty of  distribution of  the reported results was exam-
ined using the Kolmogorov-Smirnov test with the Lil-
liefors amendment. the hypothesis of  the homogene-
ity of  the variance of  compared parameters was veri-
fied by Levene’s test. to assess the significance of  dif-
ferences in cases where the distribution of  the collect-
ed parameters was normal we used: a parametric t-test
for small groups (n ≤ 30) for homogeneous variances
of  paired variables, and the cochran-cox parametric
test. In cases where the Kolmogorov-Smirnov test
with the Lilliefors amendment did not confirm the hy-
pothesis of  the normal distribution of  variables, non-
parametric tests were used: the Wilcoxon matched-
pairs test for related variables and the Mann-Whitney
U test for unrelated variables. In assessing the relation-
ship between measured parameters and respiratory
symptoms, Spearman’s rank correlation coefficient
was used. to assess the statistical significance, the level
of  significance P<0.05 was used. 

RESULtS

Most pregnant women reported respiratory symptoms
despite the lack of  co-existing respiratory illnesses in
their personal case histories. the intensity of  com-
plaints was mild. More than half  of  the respondents
reported the presence of  occasional cough. one third
of  the women reported the presence of  dyspnea, and
most of  them suffered because of  fatigue. Respiratory
discomfort was induced by fast walking, climbing
stairs, or even performing household activities. Most
respondents reported that standard daily activities take
more time than usual and require longer rest. It was
noted that symptoms intensified after entering smoky
rooms. none of  the women surveyed in pregnancy re-
ported respiratory ailments after childbirth. 

Spirometric examination did not reveal significant
functional changes in vital capacity (Vc) after delivery
compared with that before it (Fig. 1). Significant changes
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Fig. 1. Vital capacity before vs. after delivery.

Fig. 2. tidal volume before vs. after delivery.

Fig. 3. Inspiratory capacity before vs. after delivery.

Fig. 4. Inspiratory capacity as a fraction (x100) of vital capac-
ity before vs. after delivery.

Fig. 5. Expiratory reserve volume as a fraction (x100) of vital
capacity before vs. after delivery.
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were observed in the measurements of  tidal volume
(tV), inspiratory capacity (Ic), and expiratory reserve
volume (ERV) (Figs. 2-5). comparing data obtained
from the questionnaire with the spirometric results, a
positive correlation was found between the respiratory
symptoms and tidal volume (tV), forced inspiratory
time (FIt), value of  diastolic blood pressure and pulse
rate measured before the spirometric test. Parameter
tPIF/FIt correlated negatively. a number of  cases,
where respiratory symptoms were clearly perceived, cor-
related with IRV, expressed in both absolute values and
percentage of  the vital capacity (IRV/Vc). a similar re-
lationship was noticed in Ic/Vc. Equally high, but neg-
ative, was the correlation between ERV and its deriva-
tive ERV/Vc with the occurrence of symptoms (Fig. 6).

dIScUSSIon

the present study confirmed that pregnancy did not
affect Vc, assessed in static spirometry. However, tV
increased, IRV remained unchanged, and ERV de-
clined. the enlarged volume of  tV appearing in preg-
nant women may be associated with greater mobiliza-
tion of  respiratory muscles. Similar observations were
obtained by das et al [17], Puranik et al [18], and Ko-
larzyk et al [10]. Reductions in FVcEx were noted by
Mokkapatti et al [19]. Shifting of  air volume among
components of  Vc is mainly due to the restricted res-
piratory mobility of  the diaphragm moved upward by
the enlarging uterus. this leads to a reduction in the
longitudinal dimension of  the chest and the compen-
satory enlargement of  the antero-posterior and trans-
verse dimension of  the thorax, accompanied by the in-
crease of  the costal angle [20, 21]. 

there was no relationship between perceived dis-
comfort and the parameters of  the flow-volume loop.

the range of  perceived problems was instead associat-
ed with a reduction in ERV during normal resting
breathing, with normal parameters of  forced ventila-
tion. the correlation analysis of  collected material
shows that reduced ERV could be a reason quoted of-
ten in pregnant women’s respiratory discomfort. Simi-
lar distributions of  observed spirometry values were
noted by Ziora et al [11] in women suffering because
of  anorexia nervosa, and that was associated with fa-
tigue of  the respiratory muscles. 

Significant roles in respiratory efficiency are ex-
pected from such parameters as FEV1 and PEF, 
which are of  great importance in the assessment of
the state of  airways and the strength of  respiratory
muscles. FEV2 and FEV3 reflect the state of  distal
bronchi. das et al [17] observed no changes in FEV1
and PEF, and Mokkapatti et al [19] noted a statistically
insignificant decrease in these parameters. In our
study the values of  FEV1, PEF, MEF and FEF
recorded before and after childbirth were similar,
while FEV0.5 and FEV3, were significantly lower 
than expected. Values of  FEV1 expressed as a per-
centage of  FVc were lower due to larger than expect-
ed FVc. the values of  MEF25, FEF25/75 and deriva-
tives - MEF expressed in relation to FVc, were lower
than expected. other values did not differ. deeper
analysis of  the flow-volume loop revealed significant
differences. duration of  forced expiration FEt in the
last month of  pregnancy was significantly shorter
than after birth, as described above, which, in the ab-
sence of   differences in expiratory flow rates and the
lack of  difference in FVcEx, indicates a notable im-
provement in the efficiency of  forceful ventilation.
the same forced vital capacity is exhaled by pregnant
women faster, and mid-expiratory flows (MEF) are
higher.
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Fig. 6. associations between the frequency of respiratory symptoms and changes in spirometric indices in pregnant women.
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a large surface area under the curve (aEx) usually
accompanies high respiratory efficiency and greater
physical activity. Its positive correlation with respirato-
ry symptoms could be related to the fact that pregnant
women who are young, healthy, and adapted to physi-
cal activity realize their limitations. Higher diastolic
blood pressure and heart rate, parameters not directly
related to respiratory efficiency, could indicate extra-
respiratory reasons for occurring symptoms [4, 9].
Knuttgen and Emmerson [22] and Kociecki [23]
found no changes in frequency of  resting ventilation.
In our study, as in that of  alaily and carroll [24], re-
duced frequency of  breathing is observed. a reduction
of  breathing frequency coinciding with deeper breath-
ing is a mechanism compensating for changes in the
mechanics of  ventilation.

We conclude that respiratory ailments reported by
pregnant women are mostly associated with changes in
the components of  vital capacity, and do not result
from changes in the diameter of  the bronchial tree.

Conflicts of interest: no conflicts of interests were declared by
the authors in relation to this article.
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