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Abstract 

Background The acute respiratory disease caused by the coronavirus (COVID-19) has spread rapidly worldwide 
yet has not been eliminated. The infection is especially deadly in vulnerable populations. The current studies indi-
cate that pregnant women are at greater risk of getting seriously ill. Even though fetuses protect against disease, 
the additional finding showed that the COVID-19 pandemic could increase fetal and maternal morbidities. In a situ-
ation where COVID-19 and new strains of the virus are still not controlled, scientists predicted that the world might 
experience another pandemic. Consequently, more research about the effects of COVID-19 infection on pregnancy 
outcomes is needed. This study aimed to compare the pregnancy outcomes of Iranian pregnant women in the first 
year of the pandemic with the previous year.

Methods This prospective cross-sectional study was performed to compare the pregnancy outcome dur-
ing the COVID-19 pandemic among Iranian pregnant women who gave birth during the pandemic and one year 
before the pandemic (2019–2020 and 2020–2021). The sample size was 2,371,332 births registered at hospitals 
and birth centers platforms. The studied variables include stillbirth, congenital anomaly, birth weight, preeclampsia, 
gestational diabetes, cesarean section, ICU admission, mean of the gestational age at birth, preterm births, NICU 
admission, neonatal mortality and the percentage of deliveries with at least one complication such as blood transfu-
sion and postpartum ICU admission. Analyzing data was done by using SPSS version 25 software.

Results We found statistical differences between pregnancy and birth outcomes during the COVID-19 pandemic 
compared to one year before. The risk of preeclampsia, gestational diabetes, cesarean section, preterm birth and NICU 
admission were clinically significant. Also, there was a significant decrease in mean gestational age.

Conclusion The COVID-19 pandemic has affected the pregnancy outcome by increasing morbidities and complica-
tions during pregnancy, birth, and postpartum. In addition, extensive quarantine outbreaks disrupted the healthcare 
system and hindered access to prenatal services. It is necessary to develop preventive and therapeutic care protocols 
for similar pandemic conditions.
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Background
Since the earliest report of the epidemic and unknown 
cause of pneumonia in Wuhan, China, in December 2019 
[1] and identifying the novel coronavirus as its causa-
tive agent [2], now called SARS-CoV-2. According to a 
World Health Organization report, over 651 million were 
infected with (COVID-19) and over 6 million associ-
ated deaths related to the COVID-19 global outbreak [3]. 
The same data reported 7,560,629 registered cases and 
144,672 related deaths in Iran [4]. Acute disease caused 
by the coronavirus (COVID-19) has spread rapidly and 
has not been controlled yet. The COVID-19 pandemic 
crisis threatens the healthcare system, lifestyle, social 
structures, the global economy, and all aspects of life in 
the world [5, 6].

COVID-19 is particularly deadly in vulnerable popula-
tions [7]; the studies indicate that pregnant women are at 
greater risk of getting seriously ill, but the transmission 
rates from mother to fetus are rare [8]. Pregnant women 
and their fetuses are considered a high-risk population 
during the outbreak of infectious diseases because physi-
ological and mechanical changes in pregnancy generally 
increase susceptibility to infection. In addition, the pre-
dominance of the T-helper 2(Th2) system to protect the 
fetus in pregnancy makes the mother more vulnerable to 
viral diseases, which are more inhibited by the system[9]. 
Since the beginning of the coronavirus epidemic, preg-
nant women have been introduced as a vulnerable group, 
and special instructions have been published world-
wide to protect them from contracting the disease [5]. 
Although studies have shown that the manifestations and 
consequences of COVID-19 illness in pregnant women 
are similar to those in their non-pregnant cohorts, hos-
pitalization of infected cases in the intensive care unit 
increased among pregnant women, indicating a lower 
threshold for interventions for pregnant women [10]. In 
addition, the pandemic affected lifestyle, the quality and 
quantity of prenatal care, and increased chronic anxiety.

Additionally, COVID-19 might be at increased risk 
for other adverse outcomes, such as elective cesarean 
Sect. [11–13]. The impact of the COVID-19 pandemic on 
pregnancy was not limited to severe respiratory disease 
and maternal mortality; the nationwide quarantine out-
break might disrupt essential maternal child health ser-
vices [14, 15]. A meta-analysis study revealed an overall 
increase in the chances of stillbirth, maternal death, rup-
ture of ectopic pregnancy, and maternal depression dur-
ing the pandemic. The results have shown a significant 
variation in the high and low financial resources and the 
severity of the disease impact in global regions [16]. Like-
wise, fetal outcomes worldwide have worsened [17, 18].

In a situation where COVID-19 and new variants 
detected through the epidemic have not been wholly 

controlled, scientists predicted that the planet might 
experience another pandemic. Therefore, an evidence-
based approach is needed to improve maternal and 
newborn care quality, infection prevention, and control 
against pandemics. Therefore, this study aimed to com-
pare the pregnancy outcomes of Iranian pregnant women 
within the first year of the pandemic with the previous 
year.

Material and methods
The Iran Ministry of Health reported the first confirmed 
cases of COVID-19 in Iran on February 30, 2020; through 
a retrospective cross-sectional study, we studied the 
impact of the COVID-19 pandemic on pregnancy out-
comes among all the pregnancies that terminated within 
the first year of the COVID-19 pandemic, and one year 
before the pandemic (February 2019 to February 30, 
2020, and from March 1, 2020, to March 1, 2021). The 
desired information was structured data from a preexist-
ing information extraction from all hospitals’ birth reg-
istry platforms, which typically collected data related to 
pregnancy and birth [A1]. This study’s sample size was 
2,371,332 births registered during two years, including 
1,221,333 births in 2020 and 1,149,999 births in 2021 
(all pregnancy termination with and without COVID-19 
infection). To determine the COVID-19 pandemic effect 
on pregnancy-related outcomes, we evaluated variables 
namely: Stillbirth (a baby with no vital sign delivered at 
or after 24  weeks), Congenital Anomaly, Birth Weight, 
Preeclampsia, Gestational Diabetes, Cesarean Section 
(Considering that the database did not allow extrapola-
tion of data on the urgency of cesarean section or opera-
tive vaginal delivery, the variable of cesarean included 
emergency and elective cesarian section. The Variable of 
Vaginal Delivery included both normal vaginal delivery 
and operative vaginal delivery involving the application of 
forceps or a vacuum). ICU admission, mean of the Ges-
tational Age at birth, Preterm Births (extremely preterm 
(less than 28 weeks), very preterm (28 to 32 weeks) and 
moderate to late preterm (32 to 37 weeks), NICU admis-
sion, Neonatal Mortality and the percentage of deliveries 
with at least one complication like blood transfusion and 
postpartum ICU admission. Birth weight z-scores were 
calculated to adjust the birth weight for gestational age; 
the third-degree polynomial function was fitted to the 
50th centile for the estimated fetal weight using World 
Health Organization fetal growth charts, and z-scores 
were calculated between 24 and 29 + 6  weeks gestation. 
Centile limitation was considered by using z-scores. Vari-
ables were defined according to clinical diagnosis reg-
istered at the hospital’s data pool. The research ethics 
committee of the Shahid Beheshti University of Medical 
Sciences approved this study".
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Statistics analysis
After importing the data from the Excel platform to the 
SPSS version 25, we cleaned up the data, Set the KPIs, 
omitted useless data, and built a data management road-
map for data analysis. We used descriptive and inferential 
statistics to compare pregnancy outcomes among births 
between the two years of collected data (before and after 
the COVID-19 pandemic). Statistical significance levels 
by P < 0.05 were all two-sided. We used pooled stand-
ard deviation by considering Cohen’s d Effect Size (ES) 
for Standardized differences between the two groups 
(Table 1).

Results
Our baseline results focused on comparing maternal and 
neonatal outcomes of all pregnancies during the COVID-
19 pandemic and the year before. The maternal age less 
than 18 years old age, was excluded. Due to inaccessible 
whole data related to pregnant women diagnosed with 
a positive RT-PCR for COVID-19, evaluating the differ-
ence between COVID-19 positive cases and controls was 
not the aim of this study.

Maternal outcome
Birth complications
We did not find a significant relationship between the 
COVID-19 pandemic and deliveries with at least one 
birth complication. In addition, the need for mother 
blood transfusion was not statistically significant during 
the COVID-19 era and the year before.

ICU hospitalization
Five thousand four hundred forty postpartum women 
were hospitalized in ICU for any reason before the 
COVID-19 pandemic era, and 5520 during the pandemic 

era (including COVID-19 positive cases), 1.47% increase 
during the pandemic. Considering the ratio of births in 
the previous year to births during the COVID-19 pan-
demic, the risk of ICU hospitalization during the post-
partum period was higher in the COVID-19 pandemic 
era; however, it was not statistically significant.

Preeclampsia and gestational diabetes
Preeclampsia and gestational diabetes mellitus increased 
significantly during the pandemic. (Fig.  1 and Table  1) 
Cesarean section delivery.

The overall cesarean section (CS) rate was 56% 
in the pandemic era and 54% in the year before the 
pandemic[A1]. The rate of CS among first gravidae 
women was 55.1 in the pandemic era and 50.1 in the 
year before. There was a steady rise in the cesarean sec-
tion rate over time, with an average increase of 2% per 
calendar year and 5% for prim parous. Adjusting for this 
increase, the risk of cesarean section remained signifi-
cantly higher during the COVID-19 pandemic era (Fig. 1 
and Table 1).

Neonatal outcome
Stillbirth and neonatal mortality
The number of stillbirths was 9565 in 2020 and 9780 
in 2021 (0.26% and 0.41%). There was not a significant 
change in the risk of stillbirth (OR 0.78, 95% CI 0.51–
1.20, P = 0.26)  or neonatal mortality (OR 0.89, 95% CI 
0.54–1.47,  P = 0.64) in the COVID-19 era compared to 
the pre-COVID-19 era (Fig. 2).

Preterm birth
Forty-two deliveries were excluded from gestation analy-
sis as they had an uncertain gestation age at the birth or 
more than 42  weeks. There was a significant rise in the 

Table 1 Comparison of pregnancy out come before Covid-19 Pandemic and during Pandemic era

This table shows the variables that their changes were statistically significant between before and during pandemic era

Variables Before pandemic era During pandemic era P-value Effect size 
( PduringCovid19 
- PBeforeCovid19)

Effect size 
per million

N P N P

Preeclampsia Yes 25,188 2.1% 26,710 2.4%  < 0.001 2.36–0.26 = 2.10 2650
No 1,176,833 97.9% 1,104,864 97.6%

C/S among first gravida women Yes 601,612 50.1% 623,158 55.1%  < 0.001 55.07–5.019 = 50.05 50,200
No 600,409 49.9% 508,416 44.9%

Preterm birth Yes 102,862 8.6% 99,266 8.8%  < 0.001 8.77–0.21 = 8.56 2150
No 1,099,159 91.4% 1,032,308 91.2%

Neonates hospitalized in the NICU Yes 92,370 7.6% 90,898 7.9%  < 0.001 7.9–0.34 = 7.56 3411
No 1,128,963 92.4% 1,059,101 92.1%

Gestational diabetes mellitus Yes 54,259 4.5% 61,661 5.4%  < 0.001 5.45–0.93 = 4.51 9352
No 1,147,762 95.5% 1,069,913 94.6%
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preterm birth rate during the pandemic, from 8.6% to 
8.8%. (Fig. 1 and Table 1).

We found significant changes in the risk of moder-
ate to late preterm birth (32–37 weeks) compared to the 
COVID-19 pandemic era and no significant difference at 
less than 32 weeks (p < 001).

Birth weight
One hundred twenty samples were excluded from the 
birth weight analysis due to missing birth weight or ges-
tation at the birth of fewer than 20 weeks.

The mean birth weight was 3,143  g ± 554  g, equating 
to a mean birth weight z-score of -0.47 ± 1.60 compared 
to the WHO fetal growth charts. Even though there 

were no significant changes in birth weight z-score over 
time (P = 0.54), there was a trend towards an increase in 
z-score in the COVID era (Mean difference 0.05, 95% 
CI 0.00–0.07,  P = 0.059) compared to the pre-COVID 
pandemic.

Gestational age
Seventy-three newborns were excluded from the analysis 
of the mean age because of the invalid data.

The mean gestational age was 38.3  weeks ± 2.1 before 
and 38.2  weeks ± 2.1 during the pandemic. There was 
a significant decrease in gestational age over time 
(P < 0.001).

Fig. 1 Shows the percentages of significant variables before and during the COVID-19 pandemic era

Fig. 2 Shows the percentages of still birth and neonate death before and during the COVID-19 pandemic era
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Congenital anomaly
The number of babies born with a congenital anomaly 
at birth was 6240 in the COVID-19 era and 5571 in the 
years before the pandemic (OR 0.76, 95% CI 0.53–1.20, 
P < 0.24).

NICU hospitalization
Neonatal Intensive Care hospitalization (NICU)was 
significantly higher than before the pandemic era 
(P < 001). (Fig. 1 and Table 1).

Discussion
We found that the risk of preeclampsia and gestational 
diabetes in the pandemic era was higher than before the 
COVID-19 pandemic. In addition, during the pandemic 
era, there was a considerable increase in the Cesarean 
Section rate among nulliparous women for elective or 
maternal/fetus indications. Also, we observed a signif-
icant effect of the pandemic on overall preterm birth, 
ill newborns who need NICU hospitalization, and the 
mean gestational age decreased significantly.

Several studies claim that coagulation disorders and 
intravascular clot formation have been observed in 
severe cases of COVID-19 in non-pregnant people [19]. 
This virus disrupts the function of the endothelial sys-
tem in direct or indirect ways, leading to severe inflam-
mation and inappropriate antiviral responses [20, 21]. 
Also, it has been seen that COVID-19 causes specific 
vascular pathology, similar to the changes that occur in 
preeclampsia during pregnancy [22]. We found a spe-
cific relationship between the infection with COVID-19 
and the risks of severe preeclampsia. There are limited 
studies on this field, but our findings agree with Papa-
georghiou et al. study[23].

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) binds to angiotensin-converting 
enzyme 2 (ACE2) receptors, expressed in critical met-
abolic organs and tissues, including pancreatic beta 
cells and adipose tissue. Thus, it can cause ketosis-
prone diabetes, lead to glucose metabolism disorder, 
and destroy pancreatic beta cells [24]. This mecha-
nism is the cause of diabetes mellitus development in 
patients with COVID-19 [25]. The covid-19 can also 
cause an autoimmune attack on pancreatic islet cells 
due to abnormal immunity [26]. On the other hand, it 
has been widely proven that reducing physical activ-
ity during pregnancy increases the risk of gestational 
diabetes mellitus (GDM). The GDM incidence rate 
was significantly higher during the COVID-19 pan-
demic. Liu et  al. [27] and V Zanardo et  al. [28] find-
ings showed that the COVID-19  pandemic  negatively 

affected GDM  prevalence during pregnancy compared 
to the COVID-19 pandemic.

Although cesarean section (CS) rates in Iran increased 
over time [29], this study showed an increase of 2% com-
pared to a year before. This study showed that the over-
all CS rate increased significantly compared to one year 
before. The physicians elected elective termination of 
pregnancy to aid the management of maternal COVID-
19 disease or as a preventive issue to protect the mother 
and neonate from unwanted COVID-19 complications 
[30, 31], and pregnant women choose elective preg-
nancy termination by CS to give birth as short as possi-
ble because they do not have other choices such as home 
birth, home birth is not common in Iran and midwives 
do not have permission to give birth at home except in 
emergency cases.

As Debrabandere et  al. found a significant rise in CS 
deliveries during the pandemic, our findings agree with 
this study [32]. Zhang et al., in a survey of non-infected 
women in 9 Chinese cities during the COVID-19 lock-
down period, found a significant increase in the rate of 
cesarean deliveries [33]. However, the benefit of the CS or 
elective termination of pregnancy during the pandemic is 
unclear. Li et al., reported no evidence of any difference 
between the CS rate before and during the pandemic era 
in Wuhan [34]. However, the benefit of the CS or elective 
termination of pregnancy during the pandemic is unclear. 
Considering the short-term and long-term complications 
of cesarean section for the mother and the baby [35], it is 
not known that CS was beneficial during the pandemic. 
Therefore, additional good-quality studies are needed; in 
Parallel, Iran’s health system and national media should 
consider childbirth education and Public awareness 
regarding the advantages of physiological birth.

We found a significant association between infection 
with COVID-19 and the mean gestational age, preterm 
birth rate, and NICU admission, as infected women’s 
pregnancy termination was earlier than those without 
infection. These women’s babies experienced a higher 
rate of preterm birth and NICU admission, consistent 
with reports of previous studies that found COVID-19 
infection to be a risk factor for lower gestational age and 
higher preterm birth and NICU admission rate [27, 36, 
37]. However, some studies reported that COVID-19 
infection was associated with lower preterm birth and 
NICU admission rates during the pandemic lockdown 
[18, 38–40]. On the other hand, some authors believe 
there is no link between COVID-19 infection and pre-
term birth [41]. These events could be related to the 
increased preeclamptic pregnancies during the COVID-
19 pandemic, although SARS-CoV-2 infection can lead to 
exaggerated systemic inflammatory responses, contrib-
uting to premature birth pathogenesis[36]. It seems that 
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due to the experts’ belief, the priority of early pregnancy 
termination is the subsequent treatment of COVID-19; 
even in mild cases of the disease, the rate of cesarean 
delivery and, as a result, preterm delivery has increased 
[42], differing to the studies that shown as a result of the 
lockdowns during the covid-19 era and reduced work 
hours decreased physical or emotional stress for preg-
nant women working outside the home. It reduced the 
time of being exposed to air pollution, and preterm labor 
was decreased [43].

We observed that stillbirth, congenital anomaly, and 
neonatal mortality rates did not vary before and during 
the pandemic. Additionally, the mean birth weight did 
not change remarkably.

There was no significant effect of the COVID-19 pan-
demic era on rates of deliveries with birth complications, 
need for mother blood transfusion, and ICU hospitaliza-
tion overall.

Our study has some limitations. One of these limita-
tions was the lack of access to precise statistics on mater-
nal mortality and pregnant women with COVID-19 
during the research period. The only available data were 
a limited number of articles from regional studies. So, 
these components were not mentioned in the study due 
to the unreliability of the statistics.

Despite some limited aspects of this population study, 
it may have enhanced the accuracy of the analysis. In 
addition, this study is unique because it analyzes the 
entire population of pregnant women who have given 
birth in any Iranian hospitals during this period.

This study showed that the pandemic is not having a 
remarkable effect on maternal outcomes in labor and 
delivery. However, an increased rate of CS delivery, pre-
term birth, and NICU hospitalization  can be caused by 
fear of consequences or lack of sufficient knowledge in 
this field.

While we found an increased cesarean section rate 
among Iranian pregnant women, there seems to be sig-
nificant global variation in obstetric practice that has 
changed during the worldwide pandemic.

COVID-19, like other crises such as war and natural 
disasters, has profoundly affected clinical practice due 
to its sensitive nature. Jordan sibeoni’s study results 
present how Counseling and Psychological Clinical 
Services practice was disorganized by the pandemic 
and the working conditions that accompanied it, espe-
cially the loss or impediments of many of its ordinary 
or usual features: lived-time, lived space, colleagues, 
sensory qualities, embodied encounters, and connec-
tions with patients [44, 45]. Future evidence-based 
assessment designs and innovative approaches to 
COVID-19 effect on pregnancy and birth management 
can be implemented because COVID-19 will likely pose 

a challenge to maternal childcare systems in the future, 
and we will have to find ways to manage patients with 
COVID-19 while not neglecting non-infected pregnant 
women. Studies could help to improve a pandemic cri-
sis management model for directing clinical practice.

Study limitation
The strengths of this study were appropriate sample 
size, reliable data related to the study goals, and low 
missing data.

COVID-19 is an essential factor affecting maternal 
mortality rates. One of this study’s limitations was the 
lack of access to precise statistics on pregnant women 
with COVID-19 during the research period and mater-
nal mortality rates during the pandemic era and limited 
access to part of the data and information related to 
pregnant women who were infected or were hospital-
ized for Covid-19 as well, So, these components were 
not mentioned in the study due to the unreliability of 
the statistics.

Acknowledgements
The authors of this study are grateful to all of the heads of the labor birth 
departments of Iran Medical University hospitals, those with whom we have 
had the pleasure to work during this project.

Authors’ contributions
(Roya Gholami, Elham Kalhori, Mahshid Taheri, Nahid Khodakarami) designed 
the study Roya and Nahid wrote the manuscript text,  Nasrin Borumandnia 
made analysis and prepared figures and table, all authors reviewed the 
manuscript.

Funding
This study was funded by the Men’s Health and Reproductive Health Research 
Center of Shahid Beheshti University of Medical Sciences.

Availability of data and materials
The datasets generated and analyzed during the current study are not pub-
licly available due to national policy considerations. However, they are avail-
able from the corresponding author on reasonable request after providing an 
administration process.

Declarations

Ethics approval and consent to participant
The study was conducted by the Helsinki Declaration and approved by the 
ethics committee of Shahid Beheshti University of Medical Sciences, with the 
code "IR.SBMU.RETECH.REC.1400.227" on Sep 2021. As it was a retrospective 
chart review involving a large number of appropriately anonymized records, 
the need for consent to participate was deemed unnecessary according 
to national regulations, and the ethics committee of the Shahid Beheshti 
University of Medical Sciences would not consider informed consent and 
authorization were required. All methods were performed under the relevant 
guidelines and regulations approved by the research deputy and the ethical 
committee of Shahid Beheshti University of Medical Sciences.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.



Page 7 of 8Gholami et al. BMC Pregnancy and Childbirth          (2023) 23:811  

Author details
1 Department of Midwifery, Faculty of Nursing and Midwifery, Tehran Medical 
Sciences, Islamic Azad University, Tehran, Iran. 2 Urology and Nephrology 
Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 
3 Iran Scientific Association of Midwifery, Tehran, Iran. 4 FBW Gynecology Plus, 
Ashford, South Australia, Australia. 5 Men’s Health and Reproductive Health 
Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 

Received: 11 March 2023   Accepted: 31 October 2023

References
 1. WHO. Pneumonia of Unknown Cause-China. Disease Outbreak News. 

http:// www. who. int/csr/ don/ 05- janua ry- 2020- pneum onia- of- 
unkown- cause- china/ en/. (2020).

 2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu 
R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao GF, Tan W; China Novel 
Coronavirus Investigating and Research Team. A Novel Coronavirus from 
Patients with Pneumonia in China, 2019. N Engl J Med. 2020;382(8):727–33. 
https:// doi. org/ 10. 1056/ NEJMo a2001 017.

 3. WHO. Overview, WHO Coronavirus (COVID-19) Dashboard. 2022. https:// 
covid 19. who. int/ region/ emro/ count ry/ ir. 

 4. WHO. Overview, Global, Iran (Islamic Republic of ).  https://covid19wh-
oint/region/emro/country/ir. 3 January 2020.

 5. Ahlers-Schmidt CR, Hervey AM, Neil T, Kuhlmann S, Kuhlmann Z. Con-
cerns of women regarding pregnancy and childbirth during the COVID-
19 pandemic. Patient Educ Couns. 2020;103(12):2578–82.

 6. Bank W. The Global Economic Outlook During the COVID-19 Pandemic: A 
Changed World. Retrieved from The World Bank: https://www worldbank 
org/en/news/feature/2020/06/08/the-global-economic-outlook-
during-the-covid-19-pandemic-a-changed-world#:~: text= Efforts% 
20to% 20contain% 20COVID% 2D19, potential% 20growth% 20and% 
20productivity% 20growth https://www worldbankorg/en/news/
feature/2020/06/08/the-global-economic-outlook-during-the-covid-
19-pandemic-a-changed-world#:~:text= Efforts% 20to% 20contain% 
20COVID% 2D19, potential% 20growth% 20and%20productivity% 
20growth"/>. 2020

 7. Rodriguez-Wallberg KA, Wikander I. A global recommendation for restric-
tive provision of fertility treatments during the COVID-19 pandemic. Acta 
Obstet Gynecol Scand. 2020;99(5):569.

 8. Egloff C, Vauloup-Fellous C, Picone O, Mandelbrot L, Roques P. Evidence 
and possible mechanisms of rare maternal-fetal transmission of SARS-
CoV-2. J Clin Virol. 2020;128:104447.

 9. Dashraath P, Wong JLJ, Lim MXK, Lim LM, Li S, Biswas A, et al. Coronavirus 
disease 2019 (COVID-19) pandemic and pregnancy. Am J Obstet Gynecol. 
2020;222(6):521–31.

 10. Lindberg LD, VandeVusse A, Mueller J, Kirstein M. Early impacts of the 
COVID-19 pandemic: Findings from the 2020 Guttmacher Survey of 
Reproductive Health Experiences. New York, NY: Guttmacher Institute. 
2020;10(2020.31482).

 11. Masjoudi M, Aslani A, Khazaeian S, Fathnezhad-Kazemi A. Explain-
ing the experience of prenatal care and investigating the association 
between psychological factors with self-care in pregnant women during 
COVID-19 pandemic: a mixed method study protocol. Reprod Health. 
2020;17(1):1–7.

 12. Barišić A. Conceived in the covid-19 crisis: Impact of maternal stress and 
anxiety on fetal neurobehavioral development. J Psychosom Obstet 
Gynaecol. 2020;41:246.

 13. Yang H, Wang C, Poon L. Novel coronavirus infection and pregnancy. 
Ultrasound Obstet Gynecol. 2020;55(4):435–7.

 14. Burki T. The indirect impact of COVID-19 on women. Lancet Infect Dis. 
2020;20(8):904–5.

 15. Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam Y, et al. 
Early estimates of the indirect effects of the COVID-19 pandemic on 
maternal and child mortality in low-income and middle-income coun-
tries: a modelling study. Lancet Glob Health. 2020;8(7):e901–8.

 16. Chmielewska B, Barratt I, Townsend R, Kalafat E, van der Meulen J, 
Gurol-Urganci I, et al. Effects of the COVID-19 pandemic on maternal and 

perinatal outcomes: a systematic review and meta-analysis. The Lancet 
Global Health. 2021;9(6):e759–72.

 17. Khalil A, Von Dadelszen P, Draycott T, Ugwumadu A, O’Brien P, Magee L. 
Change in the incidence of stillbirth and preterm delivery during the 
COVID-19 pandemic. JAMA. 2020;324(7):705–6.

 18. Been JV, Ochoa LB, Bertens LC, Schoenmakers S, Steegers EA, Reiss IK. 
Impact of COVID-19 mitigation measures on the incidence of pre-
term birth: a national quasi-experimental study. Lancet Public Health. 
2020;5(11):e604–11.

 19. Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19. J Thromb 
Haemost. 2020;18(9):2103–9.

 20. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, 
et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in 
Covid-19. N Engl J Med. 2020;383(2):120–8.

 21. Bernard I, Limonta D, Mahal LK, Hobman TC. Endothelium infection and 
dysregulation by SARS-CoV-2: evidence and caveats in COVID-19. Viruses. 
2020;13(1):29.

 22. Mendoza M, Garcia‐Ruiz I, Maiz N, Rodo C, Garcia‐Manau P, Serrano B. 
Pre‐eclampsia‐like syndrome induced by severe COVID‐19: a prospective 
observational study. BJOG. 2020;127(11):1374–80.

 23. Papageorghiou AT, Deruelle P, Gunier RB, Rauch S, García-May PK, Mhatre 
M, et al. Preeclampsia and COVID-19: results from the INTERCOVID pro-
spective longitudinal study. Am J Obstet Gynecol. 2021;225(3):289-e1-. 
e17.

 24. Rubino F, Amiel SA, Zimmet P, Alberti G, Bornstein S, Eckel RH, et al. New-
onset diabetes in Covid-19. N Engl J Med. 2020;383(8):789–90.

 25. Yang J-K, Lin S-S, Ji X-J, Guo L-M. Binding of SARS coronavirus to its 
receptor damages islets and causes acute diabetes. Acta Diabetol. 
2010;47(3):193–9.

 26. Suwanwongse K, Shabarek N. Newly diagnosed diabetes mellitus, DKA, 
and COVID-19: Causality or coincidence? A report of three cases. J Med 
Virol. 2021;93(2):1150–3.

 27. Liu Y, Dai M, Tang S. Effect of initial COVID-19 outbreak during first trimes-
ter on pregnancy outcome in Wuxi China. BMC Pregnancy Childbirth. 
2022;22(1):1–7.

 28. Zanardo V, Tortora D, Sandri A, Severino L, Mesirca P, Straface G. COVID-19 
pandemic: Impact on gestational diabetes mellitus prevalence. Diabetes 
Res Clin Pract. 2022;183:109149. https:// doi. org/ 10. 1016/j. diabr es. 2021. 
109149.

 29. Rafiei M, Ghare MS, Akbari M, Kiani F, Sayehmiri F, Sayehmiri K, et al. Preva-
lence, causes, and complications of cesarean delivery in Iran: A systematic 
review and meta-analysis. Int J Reprod Biomed. 2018;16(4):221.

 30. Arab W, Atallah D. Cesarean section rates in the COVID-19 era: False 
alarms and the safety of the mother and child. European Journal of 
Midwifery. 2021;5.

 31. Chen L, Zhao Y, Qiao J. More on Clinical Characteristics of Preg-
nant Women with Covid-19 in Wuhan, China. Reply. N Engl J Med. 
2020;383(7):697.

 32. Debrabandere ML, Farabaugh DC, Giordano C. A Review on Mode of 
Delivery during COVID-19 between December 2019 and April 2020. Am J 
Perinatol. 2021;38(04):332–41.

 33. Zhang J, Zhang Y, Ma Y, Ke Y, Huo S, He L, et al. The associated factors of 
cesarean section during COVID-19 pandemic: a cross-sectional study in 
nine cities of China. Environ Health Prev Med. 2020;25(1):1–7.

 34. Li M, Yin H, Jin Z, Zhang H, Leng B, Luo Y, et al. Impact of Wuhan lock-
down on the indications of cesarean delivery and newborn weights dur-
ing the epidemic period of COVID-19. PLoS ONE. 2020;15(8):e0237420.

 35. Mascarello KC, Horta BL, Silveira MF. Maternal complications and cesarean 
section without indication: systematic review and meta-analysis. Revista 
de saude publica. 2017;51.

 36. Wei SQ, Bilodeau-Bertrand M, Liu S, Auger N. The impact of COVID-19 
on pregnancy outcomes: a systematic review and meta-analysis. CMAJ. 
2021;193(16):E540–8.

 37. Smith V, Seo D, Warty R, Payne O, Salih M, Chin KL, Ofori-Asenso R, 
Krishnan S, da Silva Costa F, Vollenhoven B, Wallace E. Maternal and neo-
natal outcomes associated with COVID-19 infection: A systematic review. 
PLoS One. 2020;15(6):e0234187. https:// doi. org/ 10. 1371/ journ al. pone. 
02341 87.

 38. Bian Z, Qu X, Ying H, Liu X. Are COVID-19 mitigation measures reducing 
preterm birth rate in China? BMJ Glob Health. 2021;6(8):e006359.

https://doi.org/10.1056/NEJMoa2001017
https://covid19.who.int/region/emro/country/ir
https://covid19.who.int/region/emro/country/ir
https://doi.org/10.1016/j.diabres.2021.109149
https://doi.org/10.1016/j.diabres.2021.109149
https://doi.org/10.1371/journal.pone.0234187
https://doi.org/10.1371/journal.pone.0234187


Page 8 of 8Gholami et al. BMC Pregnancy and Childbirth          (2023) 23:811 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 39. Richter F, Strasser AS, Suarez-Farinas M, Zhao S, Nadkarni GN, Jabs EW, 
et al. Neonatal outcomes during the COVID-19 pandemic in New York 
City. Pediatr Res. 2022;91(3):477–9.

 40. Maeda Y, Nakamura M, Ninomiya H, Ogawa K, Sago H, Miyawaki A. Trends 
in intensive neonatal care during the COVID-19 outbreak in Japan. Arch 
Dis Child Fetal Neonatal Ed. 2021;106(3):327–9.

 41. Shah PS, Xiang YY, Yang J, Campitelli MA. Preterm birth and stillbirth rates 
during the COVID-19 pandemic: a population-based cohort study. CMAJ. 
2021;193(30):E1164–72.

 42. Qi H, Luo X, Zheng Y, Zhang H, Li J, Zou L, et al. Safe delivery for COVID-19 
infected pregnancies. BJOG. 2020;127(8):927–9.

 43. Berghella V, Boelig R, Roman A, Burd J, Anderson K. Decreased incidence 
of preterm birth during coronavirus disease 2019 pandemic. Am J Obstet 
Gynecol MFM. 2020;2(4):100258.

 44. Sibeoni J, Manolios E, Costa-Drolon E, Meunier J-P, Verneuil L, Revah-Levy 
A. Clinical practice during the COVID-19 pandemic: a qualitative study 
among child and adolescent psychiatrists across the world. Child Adolesc 
Psychiatry Ment Health. 2021;15:1–15.

 45. Mohammadpour M, Sadeghkhani O, Bastani P, Ravangard R, Rezaee 
R. Iranian’s healthcare system challenges during natural disasters: the 
qualitative case study of Kermanshah earthquake. BMC Emerg Med. 
2020;20(1):1–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The impact of covid-19 pandemic on pregnancy outcome
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Material and methods
	Statistics analysis

	Results
	Maternal outcome
	Birth complications
	ICU hospitalization
	Preeclampsia and gestational diabetes

	Neonatal outcome
	Stillbirth and neonatal mortality
	Preterm birth
	Birth weight
	Gestational age
	Congenital anomaly
	NICU hospitalization


	Discussion
	Study limitation

	Acknowledgements
	References


