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Abstract
Purpose This study aimed to compare the effects of using single and double surgical masks (SM) on maternal oxygen 
saturation in pregnant women.
Methods In this prospective study, single or double SM were worn by term pregnant women who applied for routine con-
trols. The vital signs of the participants such as oxygen saturation, pulse, respiratory rate, fever, systolic and diastolic blood 
pressure were measured at admission and 30 min later.
Results There were 223 participants in the single SM group and 231 participants in the double SM group. Thirty minutes 
after putting on the mask, there was no significant difference in the proportion of patients whose oxygen saturation fell below 
95 (3.6 vs 5.6%, p = 0.301). No significant difference was observed between the admission and 30 min oxygen saturation 
levels of the pregnant women in the single SM group. However, maternal oxygen saturation after 30 min of the pregnant 
women in the double SM group was significantly lower (97.4 ± 1.1 vs 96.6 ± 1.3, p < 0.001). No significant changes were 
observed in the vital signs of either groups.
Conclusion When using double SM, oxygen saturation is significantly reduced compared to pre-mask values. Nevertheless, 
it seems difficult to say that these decreases have clinical significance.
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Introduction

At the end of 2019, a novel coronavirus (SARS-CoV-2) was 
identified as a pneumonia agent and it spread all over the 
world in a short time. All countries are struggling with the 
Coronavirus 2019 (COVID-19) infection, which has been 
declared a pandemic by the world health organization [1]. 
COVID-19 infection is thought to be transmitted by small 
droplets that are dispersed through speech, breathing, cough-
ing or sneezing [2]. Therefore, restrictions in social relation-
ships, avoiding traveling and staying at home were suggested 
to the public to reduce human-to-human transmission [3].

Face masks are the critical components of personal pro-
tective equipment, especially for healthcare workers dealing 
with infectious diseases [4, 5]. The use of masks during the 
Covid-19 pandemic has been proven to be protective against 
the virus. After the pandemic declaration, many organiza-
tions, including the World Health Organization, recom-
mended that everyone use masks in public places to limit 
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the spread of Sars-Cov-2 [6, 7]. In many countries, wearing 
a mask has been made compulsory and it is prohibited to 
enter health institutions without a mask.

The severity of COVID-19 infection in pregnant and non-
pregnant women is similar, but pregnant women are exposed 
to the same risk distribution at younger ages [8]. In some 
studies, it was determined that pregnant women need more 
intensive care and mechanical ventilation [9]. It has also 
been suggested that COVID-19 infection may cause preterm 
birth and fetal growth restriction in pregnant women [10].

It is common for pregnant women to wear double surgical 
masks (SM) in public places (hence in health institutions) 
because they feel more secure and believe that protection is 
increased. Studies on the use of masks in pregnant women 
are extremely limited. To the best of our knowledge, there 
is no study conducted on the effect of wearing double SM 
on maternal oxygen saturation in pregnant women. The aim 
of this study was to investigate the effects of using single vs 
double SM on maternal oxygen saturation and other vital 
signs in pregnant women.

Material and methods

This study was designed as a prospective longitudinal study 
and approved by the University Ethics Committee (approval 
number: 2020/2858). The study was conducted according 
to the Helsinki declaration and the informed consent of all 
participants was obtained.

The G * Power 3.1 statistical analysis program (Dus-
seldorf, Germany) was used to calculate the power of the 
study. The α error probability, effect size and power of the 
study were determined as 0.05, 0.20 and 0.90, respectively. 
Accordingly, the required sample size for each group was 
216.

The study was conducted between October 23, 2020 and 
January 26, 2021. Healthy singleton pregnant women over 
37 weeks who applied to a university hospital obstetrics out-
patient clinic for normal obstetric examination were included 
in the study. Women with an active upper respiratory infec-
tion, fever, morbid obesity, multiple pregnancies, smoking, 
chronic lung disease, obstetric emergencies, unwillingness to 
participate in the study, and those whose initial oxygen satu-
ration was below 95 percent were excluded from the study.

After a routine prenatal visit, patients who agreed to 
participate in the study were randomized. The height and 
weight of all participants were measured. Demographic and 
obstetric histories were recorded. The gestational age was 
calculated according to the last menstrual period and con-
firmed by an early period ultrasound in the first trimester. If 
there is a difference of more than a week, the early period 
ultrasound was taken as basis. After letting the participants 
rest for 10 min, their temperature, pulse, oxygen saturation 

and blood pressure were measured in a sitting position. Oxy-
gen saturation was measured from the index finger with the 
same model finger type pulse oximetry devices (Berry®, 
China). Fever was measured from the frontal region with an 
infrared fever thermometer (Braun®, Germany). Single or 
double SM were given for them to put on after the research-
ers gave instructions for using the product. All participants 
wore the same brand of SMs that comply with ISO standards 
(B-good®, Honnes, Turkey).

While wearing the masks (single or double), the partici-
pants performed a non-stress test (NST) in the left lateral 
position. The oxygen saturation, fever, maternal heart rate 
and blood pressure of the participants were measured in the 
sitting position 30 min after putting on the mask. Partici-
pants were asked about their tolerance of the mask at this 
stage. They were asked to give a score of 1–10. The study 
continued until a sufficient sample size was reached in both 
groups (single and double masks).

Statistical analysis

All the data collected were analyzed using the Statistical 
Package for the Social Sciences, version 23, SPSS Inc., Chi-
cago, IL (SPSS). Descriptive characteristics were calculated 
for the relevant variables. The normal distributions of the 
data were evaluated with the Kolmogorov–Smirnov test and 
histograms. Continuous and categorical variables were given 
as median (25, 75% interquartile range), mean ± standard 
deviation or number (%). The independent samples T test, 
the paired samples T test, the Chi-squared test and logistic 
regression analyses were used.

Results

A total of 454 eligible pregnant women participated in the 
study. There were 223 patients in the single SM group and 
231 patients in the double SM group. The mean age of the 
pregnant women participating in the study was 28.3 ± 5.7. 
The gestational age of the pregnant women at the time of 
admission was 37.9 ± 0.9 weeks. There was no significant 
difference in age, body mass index (BMI), parity, gravidity, 
gestational age in the groups at admission. In addition, there 
was no significant difference between the baseline values of 
fever, maternal heart rate, respiratory rate and blood pressure 
of the two groups (Table 1).

In the single SM group, no significant difference was 
observed between the oxygen saturations measured at the 
time of admission and 30 min later. In the double SM group, 
the maternal oxygen saturations after 30 min were signifi-
cantly lower than pre-mask levels (97.4 ± 1.1 vs 96.6 ± 1.3, 
p < 0.01) (Fig. 1). Nonetheless, there was no significant 
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difference in the number of pregnant women whose oxygen 
saturation below 95 after 30 min (3.6 vs 5.6%, p = 0.301). 
There were no pregnant women in either group whose oxy-
gen saturation < 92 after wearing a mask (or masks).

Tolerance of the mask was significantly lower in the dou-
ble SM group (7.0 ± 1.4 vs 6.4 ± 1.8, p < 0.001).

No significant change was observed in the heart rate, sys-
tolic blood pressure, diastolic blood pressure, respiratory 
rate or fever values of the pregnant women in either group 
(Table 2).

There was no significant difference between the gesta-
tional age at delivery, route of delivery, newborn weights 
or 5th minute APGAR scores of the two groups (Table 3). 
When adjusted according to age and initial oxygen satura-
tion, there was no increase in the probability of oxygen satu-
ration decreasing below 95% after the use of double SMs 
(adjusted OR 1.82, 95% confidence interval 0.65–3.94, 
p = 0.305) (Table 4).

Discussion

In this study, the short-term effects of the use of single and 
double SM on maternal oxygen saturation and other vital 
signs in term pregnant women were investigated. It was 
observed that maternal oxygen saturation did not change in 
pregnant women wearing a single SM, but it decreased sig-
nificantly in pregnant women wearing double SMs compared 
to pre-mask values. It was observed that the use of double 
SMs did not significantly change other vital signs such as 
pulse, systolic and diastolic blood pressures, respiratory rate 
and fever.

Physiological changes such as elevation of the diaphragm, 
decrease in functional residual capacity, increased ventila-
tion and respiratory drive occur during pregnancy. There-
fore, pregnant women have higher PO2 and lower PCO2 
levels compared to non-pregnant women and have a com-
pensated respiratory alkalosis. Mucosal edema and obstruc-
tion reach the highest level in the upper respiratory tract in 
the period close to term in pregnant women. Accordingly, 

Table 1  Comparison of 
demographic characteristics and 
vital signs at admission

BMI body mass index
a Data are presented as mean ± standard deviation; bMedian (25%, 75% interquartile range); cn (%)
P values were obtained by the independent aT test; bthe Mann Whitney U test or the cChi-Square Test
Significant p values are shown in bold font

Single surgical mask 
group (n = 223)

Double surgical 
mask group (n = 231)

P value

Age (years) 28.7 ± 5.7 27.9 ± 5.7 0.141a

BMI (kg/m2) 30.2 ± 5.4 29.8 ± 4.6 0.409a

Gestational age at admission (week) 38.0 ± 0.9 37.9 ± 1.0 0.611a

Parity 1 (0, 2) 1 (0, 2) 0.053b

Gravidity 3 (2, 4) 2 (2, 4) 0.359b

Tolarence score for mask 7.0 ± 1.4 6.4 ± 1.8  < 0.001a

Vital signs
 Oxygen saturation at admission 97.3 ± 1.0 97.4 ± 1.1 0.238a

 Oxygen saturation below 95 after 30 min 8 (3.6) 13 (5.6) 0.301c

 Fever at admission (centigrade) 36.4 ± 0.3 36.4 ± 0.3 0.921a

 Maternal heart rate at admission (beats/min) 96.4 ± 15.9 94.4 ± 12.9 0.156a

 Respiratory rate at admission (per min) 19.3 ± 1.5 19.1 ± 1.4 0.085a

 Systolic blood pressure at admission (mmHg) 110.3 ± 10.0 109.1 ± 8.2 0.172a

 Diastolic blood pressure at admission (mmHg) 70.6 ± 8.3 70.1 ± 8.5 0.484a

Fig. 1  Maternal oxygen saturation of pregnant women at admission 
and 30 min after putting on the masks
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it would not be surprising that mask studies in the pregnant 
population are different from the non-pregnant population.

Person et al. and Chen et.al investigated the effects of 
5–6 min of short walking on vital signs in non-pregnant 
individuals wearing masks. In these studies, no changes 
were found in parameters such as oxygen saturation, heart 
rate and blood pressure in individuals using both N95 and 
SMs [11, 12].

In a study by Roberge et al. conducted on a total of 22 
pregnant women in the second and third trimesters, it was 
stated that the use of N95 masks did not reduce oxygen 

saturation even during physical activity [13]. In that study, 
the number of participants was limited and the pregnant 
women were at different gestational weeks. Considering that 
the physiological changes occurring in the respiratory sys-
tem during pregnancy vary according to gestational weeks, 
it can be thought that such studies will yield different results 
in different weeks of gestation. In contrast, the present study 
consists only of term pregnant women.

Tong et al. investigated the effects of long-term use of N95 
masks on healthy pregnant women at 27–32 weeks of ges-
tation [14]. In this study, a 23% reduction in maternal tidal 
volume occurred in pregnant women using N95 masks, but no 
change was found in maternal oxygen saturation and maternal 
and fetal heart rates. In a study conducted by Toprak et al. 
During the COVID-19 pandemic period, it was observed that 
the use of N95 or SMs in term pregnant women significantly 
decreased maternal oxygen saturation [15]. It was determined 
that this decrease was more pronounced with the N95 mask. 
In the aforementioned study, no analysis was made regard-
ing whether the decreases in maternal oxygen saturation were 
below the clinically significant level of 95 percent. In the pre-
sent study, it was observed that the use of a single SM did 
not show a significant decrease in maternal oxygen saturation 
in term pregnant women. However, it was observed that the 
use of double SMs resulted in a decrease in maternal oxygen 
saturation. No significant difference was found in the number 
of pregnant women whose maternal oxygen levels were below 
95 percent. Pregnant women use surgical masks more often. 
One of the reasons is that respiratuar masks are more expen-
sive. Pregnant women who cannot reach the FFP2 and FFP3 

Table 2  Vital signs of pregnant women at admission and 30 min after putting on the masks

NST non-stress test
Data are presented as mean ± standard deviation
All P values were obtained by the paired sample T test
Significant p values are written in bold font

Single surgical mask group Double surgical mask group

At admission After 30 min P value At admission After 30 min P value

Oxygen saturation (%) 97.3 ± 1.0 97.2 ± 1.2 0.052 97.4 ± 1.1 96.6 ± 1.3  < 0.001
Maternal heart rate (beats/min) 95.4 ± 14.0 94.3 ± 13.8 0.156 94 ± 13 94 ± 14 0.351
Systolic blood pressure (mm/Hg) 100.7 ± 10.4 110.3 ± 10.0 0.520 110.3 ± 8.7 109.2 ± 8.2 0.061
Diastolic blood pressure (mmHg) 70.7 ± 8.3 70.0 ± 7.9 0.244 70.1 ± 8.6 69.5 ± 9.1 0.391
Respiratory rate (per min) 19.3 ± 1.5 19.2 ± 1.7 0.286 19.1 ± 1.4 19.0 ± 1.4 0.340
Fever (centigrade) 36.4 ± 0.3 36.4 ± 0.2 0.247 36.4 ± 0.3 36.4 ± 0.2 0.663

Table 3  Comparison of obstetric and neonatal outcomes of the two 
groups

a Mean ± standard deviation, independent T test
b Number (%), the Chi-square test
c Median (25%, 75% IQR), Mann–Whitney U test

Single surgi-
cal mask group 
(n = 223)

Double surgi-
cal mask group 
(n = 231)

P value

Gestational age at 
delivery (week)

38.5 ± 1.0 38.5 ± 1.0 0.977a

Route of delivery
 Cesarean delivery 151 (76.3) 188 (83.9) 0.051b

 Vaginal delivery 47 (23.7) 36 (16.1)
Newborn weight 

(g)
3263.0 ± 428.3 3199.3 ± 531.9 0.170a

5 min APGAR 
score

7 (7–8) 7(7–8) 0.055c

Table 4  Odds ratios in double 
surgical mask group compared 
to single surgical mask group

a Adjusted for age and oxygen saturation at admission
b Single surgical mask group is the reference group

Crude OR (95% CI) Adjusted OR (95% CI)a

Oxygen saturation after 30 min < 95% 1.60 (0.65–3.94) p = 0.305b 1.82 (0.70–4.74)b p = 0.215b
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masks try to protect themselves by wearing double surgical 
masks instead.

In a study by Dennis et al. to determine vital sign reference 
intervals in term pregnant women, the average respiratory rate 
was found to be 18 ± 1.5 per/minute [16]. This is a higher value 
than for non-pregnant individuals. However, the use of N95 
masks has been shown in some studies to slightly increase the 
respiratory rate [15]. The respiratory rate in the present study 
seems to be compatible with the physiological increase in a 
term pregnancy.

With these findings, it seems difficult to say that the use 
of double masks in pregnant women has clinical significance 
in terms of maternal oxygen saturation levels. Studies with 
maternal blood gas may contribute to this issue. In addition, 
an evaluation of fetal oxygenation could be a guide in future 
studies.

In a study conducted in a non-pregnant population, it was 
found that wearing various respiratory protection equipment 
increased heart rate [17]. In the aforementioned study, this 
effect was found to be more pronounced, especially with 
equipment that covers the whole face. Similar results have 
been obtained in studies with N95 masks [13, 15]. In another 
study, it was stated that the heart rate of individuals wearing 
SM was lower than that with N95 [4]. In the present study, nei-
ther single nor double SM had a significant effect on maternal 
heart rate. A feeling of shortness of breath (air hunger) begins 
in the first or second trimester in 60–70 percent of pregnant 
women, the frequency increases in the second trimester, and 
then is generally stable in the third trimester [18]. Therefore, 
mask tolerance in pregnant women is expected to be less than 
in non-pregnant women. In the current study, mask tolerance 
was significantly less in the double SM group. The absolute 
humidity rate inside surgical masks is lower than in N95 masks 
[19]. Mayer et al. stated that as the temperature increases, the 
tolerance of the mask decreases [20]. Therefore, different 
results may occur in different climates. This study was con-
ducted in autumn and winter.

The strengths of this study are that it is prospective and 
it is the largest study on surgical masks in pregnant women. 
However, this study has some limitations. Although there was 
no difference in APGAR scores between the groups, the fetal 
effects of maternal oxygen saturation (such as Doppler stud-
ies) were not evaluated in the study. Moreover, the maternal 
blood gas evaluation was not performed. The effect of single 
or double SM use on the different trimesters of pregnancy was 
not tested. Studies involving respiratory mask groups (such as 
FFP2, FFP3) are needed.

Conclusion

It was observed that the single surgical mask did not sig-
nificantly reduce oxygen saturation in pregnant women at 
term. However, oxygen saturation decreases significantly in 
pregnant women using double surgical masks. There was 
no significant difference in the number of patients whose 
oxygen saturation was below 95 in the double SM group.
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