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        Abstract



        
          Background


          The COVID-19 pandemic led to a wave of anxiety and stress in all segments of society, especially among pregnant women. Stress poses a significant health concern for pregnant women, potentially impacting maternal and fetal well-being.

        


        
          Aim


          This study aims to explore the relationship between COVID-19 stress in pregnant women and the mode of delivery, APGAR score, and anthropometric indices of newborns.

        


        
          Methods


          A cross-sectional study was conducted in 2021, employing a survey method on 195 pregnant women who sought delivery at 22 Bahman Hospital in Khaf. Data collection involved the use of the standard COVID Stress Scale (CSS). SPSS-22 software was utilized for the analysis, employing Pearson correlation coefficient and multiple linear regression tests at a significance level of 0.05.

        


        
          Results


          Pregnant women who underwent cesarean sections exhibited significantly higher levels of COVID-19-related stress compared to those who had natural deliveries (p<0.001). A significant negative correlation was observed between the APGAR scores in the first and fifth minutes and the anthropometric indices (weight, length, and head circumference) of newborns concerning COVID-19 stress (p<0.001). Moreover, maternal stress emerged as a predictor for the type of delivery, APGAR scores, length, and head circumference of newborns (p<0.001).

        


        
          Conclusion


          The study underscores the adverse impact of COVID-19 stress on maternal pregnancy outcomes, particularly leading to elevated cesarean section rates. The substantial influence of this stress on the APGAR score and anthropometric indices of newborns highlights the significance of implementing screening, counseling, and stress reduction education for pregnant women during the COVID-19 pandemic and beyond.
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      1. INTRODUCTION


      In January 2020, the World Health Organization officially declared the COVID-19 pandemic as a global public health emergency [1, 2]. Health experts worldwide have stressed that the impact of the pandemic extends beyond physical health, affecting the mental well-being of people and giving rise to various levels of anxiety, depression, and stress disorders [3, 4].


      COVID-19 stress, also known as COVID-19 Stress Syndrome (CSS), refers to the psychological distress and anxiety experienced by individuals as a result of the COVID-19 pandemic. It encompasses various interconnected elements, including fear of SARS-CoV-2 infection, concern about the socio-economic impacts of the pandemic, fear of foreigners as potential sources of infection, and pandemic-related compulsive behaviors, such as excessive checking and reassurance-seeking. This syndrome is characterized by a range of symptoms, including worry, recurrent and distressing thoughts, and preoccupation with the implications of the stressor. It has been associated with factors, such as younger age, female gender, unemployment, and low educational attainment [5-8].


      Research conducted in different countries indicates a correlation between the pandemic and the prevalence of depressive, anxiety, and stress disorders across different demographic groups [9, 10]. These psychological effects have had a significant impact on society as a whole, particularly on vulnerable populations, such as pregnant women [11].


      Pregnancy is a crucial period in the life of a woman, as it profoundly influences her physical, mental, and social health. Pregnant women are more susceptible to mental disorders like depression, anxiety, and stress [7, 12]. The World Health Organization has identified these conditions during pregnancy as risk factors for postpartum depression, which affects approximately 10-15% of women within the first year after giving birth [8, 13]. Consequently, the failure to diagnose and treat depression, anxiety, and stress in expectant mothers can have adverse effects on the fetus, including low birth weight, elevated stress hormone levels, and developmental issues [14, 15].


      Emotional states and anxiety in pregnant women can impact fetal development through the release of chemicals like acetylcholine and epinephrine, which are transmitted to the fetus and increase fetal movements. Long-term stress can result in more severe fetal movements and premature birth, leading to complications, such as anemia, hyperactivity, excessive mobility, and poor nutrition [16].


      Amidst the pandemic, various population groups, including pregnant women, were exposed to heightened levels of vulnerability and trauma. The unfamiliarity surrounding the virus, coupled with limited information on transmission, risk factors, mortality rates, and the effects on pregnancy and fetal development, can pose risks to both physical and mental health. Stress, anxiety, and depression may increase among pregnant women due to the impact of COVID-19, potentially affecting the development of the baby [17, 18].


      Studies have shown higher levels of stress, anxiety, and depression in pregnant women during the COVID-19 pandemic compared to before the outbreak [19]. Research conducted in Turkey found that the pandemic lengthened anxiety and depression symptoms in pregnant women [20]. In Iran, few studies have focused on the impact of the COVID-19 pandemic during pregnancy and the subsequent psychological disorders with it. In this regard, a study conducted in Iran confirmed the effect of COVID-19 stress on the development of infants compared to the pre-pandemic period [21]. The new environmental conditions created by the COVID-19 pandemic led to a wave of anxiety and stress in all segments of society, especially pregnant women. Physiological changes in the immune, heart, and pulmonary systems during pregnancy make these people more susceptible to respiratory viruses than other women [22], which is why there are concerns about the consequences of high levels of stress caused by coronavirus on pregnant women [23] and newborns [24]. Given the vacuum of studies in this area and the importance of examining the impact of COVID-19 stress on the development of infants, this study aims to explore the relationship between COVID-19 stress and the mode of delivery, APGAR score, and anthropometric indices of newborns in pregnant women who sought delivery at 22 Bahman Hospital in Khaf.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Study Design and Setting


        This descriptive-analytical cross-sectional study was conducted in 2021, employing a survey method on 195 pregnant women who sought delivery at 22 Bahman Hospital in Khaf. In this study, after approving the research project and obtaining approval from the Ethics Committee in research at the Mashhad University of Medical Sciences, the researcher received a written introduction from the University and presented it to the relevant authorities at the 22 Bahman Hospital.

      


      
        

        2.2. Study Participants and Sampling


        After explaining the objectives of the study and obtaining consent to participate in the study, all pregnant women who had visited the study for childbirth were examined. Data collection was done for three months in 2021 in the maternity ward of the hospital. The researcher who was in charge of data collection was one of the midwifery personnel working in this maternity hospital and collected data based on the criteria of inclusion and exclusion of the study. The inclusion criteria for entry into the study were: consent to participate in the study, pregnant women with a live baby, ages 18 to 35, and singleton pregnancy. On the other hand, having respiratory symptoms with suspicion of COVID-19, the presence of known complications in pregnancy according to the gynecologist, the use of neurological and psychiatric drugs, the presence of anxiety disorders and depression diagnosed according to the neurologist and psychiatrist, a positive PCR test, and failure to fully answer the questions of the questionnaire were considered exclusion criteria in this study.

      


      
        

        2.3. Data Collection Tool and Technique


        The data were collected using a two-part questionnaire containing demographic information (age, employment status, education level, family income) and the Covid Stress Scale (CSS). The questionnaire was completed in person by midwifery personnel working in the hospital maternity ward with questions from pregnant women when visiting the maternity ward. The type of delivery, APGAR score, and anthropometric indicators of the born baby were also recorded in the same questionnaire.


        The coronavirus stress scale, or COVID Stress Scale, is a self-reported scale for assessing the stress associated with the pandemic, including fear of risk and covid-19, fear of socio-economic consequences, xenophobia, fear of contamination, traumatic stress symptoms, and mandatory checks designed by Taylor et al. in 2020. The 36-question questionnaire is ranked on a five-degree Likert scale from 0 to 4 (never to almost always). This scale was first translated into Persian and returned to English by Khosravani et al. (2021). Then, this translation was compared to the original English version so that no contradiction was observed between the translated and the original English version. After these processes, the final Persian version of the scale was evaluated for 20 patients with obsessive-compulsive disorder (OCD) and 20 patients with autism spectrum disorder to test the understandability of cases, which was understandable to all patients [25].


        The data were analyzed using the SPSS statistical software version 22. First, the availability of normal data distribution was examined using the coefficients of tilt and strain, and due to the availability of normal data distribution, statistical tests of Pearson correlation (to examine the relationship between research variables) and multiple linear regression (to determine the role of maternal stress in maternity type variables, first and fifth minute APGAR and anthropometric indicators of birth infants) were used. The data were analyzed at a significant level of 0.5.

      

    


    
      

      3. RESULTS


      In this research, 195 pregnant women referred to the maternity hospital of 22 Bahman Khaf Hospital were examined. The minimum age was 18 years, the maximum age was 35 years, and their average age was 27.90±4.04 years. Most of the studied women were housewives (39.5%), had a university education (42.6%), and had a monthly income of 5-10 million tomans (44.6%). The type of delivery of most of the investigated women was natural (67.7%) (Table 1).


      Based on the results, the average APGAR score in the first and fifth minutes was 5.55±1.14 and 8.06±0.93, respectively. The average weight and length of neonates at birth was 2314.36±624.95 grams and 44.21±4.83 cm. The average head circumference of neonates at birth was 32.18±2.13 cm, and the average stress score caused by COVID-19 in the studied women was 1.85±0.84 (Table 2).


      
        Table 1 Demographic characteristics of the studied women.


        
          
            
              	Variable

              	Frequency

              	Percent
            

          

          
            
              	Occupation

              	Homemaker

              Employed

              Self-employed

              	77

              60

              58

              	39.5

              30.8

              29.7
            


            
              	Education

              	illiterate

              non-academic

              academic

              	71

              41

              83

              	36.4

              21

              42.6
            


            
              	Monthly income

              (million tomans)

              	≤ 5

              5-10

              > 10

              	62

              87

              46

              	31.8

              44.6

              23.6
            


            
              	Type of delivery

              	Natural

              Cesarean

              	132

              63

              	67.7

              32.3
            

          
        


      


      
        Table 2 Mean and standard deviation of APGAR score and anthropometric indicators of newborns at birth and stress caused by COVID-19 in the examined women.


        
          
            
              	Variable

              	Lowest Score

              	Highest Score

              	Mean

              	Standard Deviation

              	Skewness

              	Kurtosis
            

          

          
            
              	APGAR first minute

              	4

              	8

              	5.55

              	1.14

              	0.15

              	- 0.82
            


            
              	APGAR 5th minute

              	5

              	9

              	8.06

              	0.93

              	0.96-

              	0.56
            


            
              	weight (gram)

              	1500

              	3500

              	2314.36

              	624.95

              	0.01

              	- 1.43
            


            
              	length (cm)

              	38

              	55

              	44.21

              	4.83

              	0.54

              	- 1.04
            


            
              	head circumference (centimeters)

              	29

              	36

              	32.18

              	2.13

              	0.44

              	- 1.07
            


            
              	Stress

              	0.39

              	3.58

              	1.85

              	0.84

              	0.29

              	- 0.87
            

          
        


      


      
        Table 3 Correlation between type of delivery, first and fifth minute APGAR and anthropometric indices of newborns with the level of stress caused by COVID-19.


        
          
            
              	Variable

              	Fear of Danger

              	Fear of Socio-economic Results

              	Xenophobia

              	Fear of Contamination

              	Symptoms of Traumatic Stress

              	Compulsory Checking

              	Stress in General
            

          

          
            
              	Type of delivery

              	0.37*

              	0.44*

              	0.40*

              	0.46*

              	0.40*

              	0.35*

              	0.44*
            


            
              	APGAR first minute

              	- 0.28*

              	- 0.31*

              	-0.29*

              	- 0.36*

              	- 0.32*

              	-0.25*

              	- 0.33*
            


            
              	APGAR 5th minute

              	- 0.34*

              	-0.34*

              	- 0.42*

              	-0.31*

              	-0.33*

              	- 0.40*

              	- 0.39*
            


            
              	weight (gram)

              	- 0.33*

              	- 0.38*

              	- 0.38*

              	- 0.43*

              	- 0.38*

              	- 0.28*

              	-0.40*
            


            
              	length (cm)

              	- 0.37*

              	- 0.43*

              	- 0.43*

              	- 0.51*

              	-0.44*

              	-0.35*

              	-0.46*
            


            
              	head circumference (centimeters)

              	- 0.26*

              	- 0.30*

              	- 0.35*

              	-0.36*

              	- 0.30*

              	-0.23*

              	-0.33*
            

          
        


        
          Note: p< 0.001 *
        


      


      
        Table 4 Regression coefficients related to the impact of stress caused by COVID-19 in pregnant mothers on the variables of delivery type, first and fifth-minute APGAR score and anthropometric indices of newborns.


        
          
            
              	Variable

              	Non-standard Coefficient

              	Standard Coefficient

              	t value

              	Significance Level

              	Correlation Coefficient

              	Coefficient of Determination
            


            
              	B value

              	Standard Error

              	β value
            

          

          
            
              	Constant

              	3.45

              	1.13

              	-

              	3.05

              	0.003

              	0.63

              	0.37
            


            
              	Cesarean delivery

              	0.59

              	0.16

              	0.33

              	3.77

              	<0.005
            


            
              	APGAR first minute

              	0.08

              	0.06

              	0.1

              	1.33

              	0.18
            


            
              	APGAR 5th minute

              	-0.32

              	0.05

              	-0.36

              	5.89

              	<0.005
            


            
              	Weight (gram)

              	0.0002

              	0.00

              	0.02

              	0.15

              	0.88
            


            
              	Length (cm)

              	-0.10

              	0.02

              	-0.55

              	4.43

              	<0.005
            


            
              	Head circumference (centimeters)

              	-0.12

              	0.04

              	-0.31

              	2.79

              	<0.006
            

          
        


      


      Pearson's correlation test showed that there is a positive and significant relationship between cesarean delivery and stress caused by COVID-19 in general and its components (P<0.001). In other words, the amount of stress caused by COVID-19 was higher in women who had a cesarean delivery than in women who had a normal delivery. A negative and significant relationship was observed between APGAR scores of the first and fifth minutes and anthropometric indices (weight, length and head circumference) of newborns with stress caused by COVID-19 in general and its components (P<0.001). This means that in pregnant women whose stress level of COVID-19 was lower, the first and fifth-minute Apgar scores, weight, length, and head circumference of their babies were higher (Table 3).


      Multiple linear regression was used to investigate the effect of stress on the variables of delivery type, first and fifth-minute APGAR and anthropometric indices of newborns. The results of the mentioned test showed that the stress caused by COVID-19 in pregnant mothers is between the type of delivery (P<0.005). Also, the stress caused by COVID-19 in pregnant mothers was the predictor of APGAR scores of the fifth minute, length and head circumference of neonates (P<0.005) (Table 4).

    


    
      

      4. DISCUSSION


      Stress management is critical in providing health services to pregnant mothers to improve the health of mothers and babies. The present study aimed to determine the relationship between the stress caused by COVID-19 and the type of delivery, APGAR score, and anthropometric indices of newborns at birth in pregnant women referring to the maternity hospital of 22 Bahman Khaf Hospital.


      The findings of the present study showed that the amount of stress caused by COVID-19 was higher in women who had a cesarean delivery than in women who had a normal delivery. Neonates of pregnant mothers who had higher levels of stress due to COVID-19 had lower first and fifth-minute APGAR scores, weight, length and head circumference than other neonates. Also, other findings indicated that the stress caused by COVID-19 in pregnant mothers is the predictor of the type of delivery of the mothers, fifth-minute APGAR scores, and length and head circumference of the neonates.


      In the explanation of this research finding, it can be mentioned that the birth process is always accompanied by stress. However, when another stressful factor, such as the stress caused by the coronavirus disease, is added to the stress of pregnancy and childbirth, the mental and emotional conditions of the pregnant woman worsen. This issue has probably affected the type of delivery of the pregnant woman as well as the anthropometric indices of the newborns.


      Also, in explaining this research finding, it can be mentioned that COVID-19 is associated with increased anxiety and stress in pregnant women, so pregnant women are worried about their health, their family members, and their unborn neonate during the coronavirus pandemic [8, 26]. Factors such as lack of information, fear of pregnancy and childbirth, and concerns about health and family contribute to this stress [26]. These stressors have been associated with negative pregnancy outcomes and labor complications, ultimately leading to a higher likelihood of cesarean delivery [26, 27].


      Research conducted by Mehdizadehkashi et al. (2021) supports these findings, showing a correlation between high-stress levels during the pandemic and an increased rate of cesarean delivery [28]. Similarly, Bahrami et al. (2013) found that higher levels of stress in pregnant women are associated with a higher probability of elective cesarean delivery [29]. Other studies by Halvorsen et al. (2008) and Nerum et al. (2006) have demonstrated that pregnant women with higher stress and anxiety are more likely to prefer elective cesarean sections due to their fear of natural childbirth [30, 31].


      Contrary to the findings of the present study, a study by Sinaei et al. (2021) revealed no significant relationship between perceived stress and the type of delivery. The high rate of cesarean section among pregnant women was attributed to factors, such as the opinion of the doctor, clinical conditions, and the preferences of pregnant women [32]. This discrepancy could be attributed to variations in geographical environments, cultural and social conditions, as well as the mental and physical state of the participants. Additionally, the previous study did not specifically examine stress related to COVID-19, focusing instead on general stress levels.


      The results of the present study showed that there is a negative and significant relationship between the Apgar score of the first and fifth minutes with the stress caused by COVID-19 in general and its components. In other words, in mothers whose neonates had higher Apgar scores in the first and fifth minutes, the level of stress caused by COVID-19 was significantly lower. The study findings indicated that stress caused by COVID-19 in pregnant women can predict the APGAR scores of newborns. This finding was supported by the study conducted by Nodoushan et al., which identified COVID-19-related stress as a predictor of APGAR scores [21]. Elevated levels of cortisol and other adrenal hormones due to high levels of COVID-19 stress can potentially lead to decreased APGAR scores in the first and fifth minutes after birth [14]. Consistent with these findings, Bahrami et al. (2013) found a significant relationship between maternal depression and stress and APGAR scores, with lower scores observed in the group of mothers with depression and stress disorders [29].


      Similarly, the study conducted by Marcus et al. (2009) demonstrated a negative and significant correlation between newborn APGAR scores and maternal anxiety, stress, and depression [33]. In contrast, studies by Keenan et al. (2007), Suri et al. (2007), and Diego et al. (2009) did not find a relationship between newborn APGAR scores and stress or depression disorders [34-36]. The differences in sample characteristics, as well as the focus on stress caused by COVID-19 in pregnant women, could explain the discrepancies between these findings and the results of the present study. Additionally, the studies by Keenan and Diego focused on severely depressed mothers, while the study of Suri et al. specifically examined teenage mothers.


      The relationship between the stress caused by COVID-19 and birth weight in neonates was found to be negative and significant in the present study. Mothers whose neonates had a higher birth weight experienced significantly lower levels of stress caused by COVID-19. This suggests that increased stress and decreased mental health in pregnant women during the COVID-19 pandemic can contribute to the occurrence of premature and unhealthy births. A study by Nodoushan et al. on 560 pregnant women also found a correlation between the stress levels of mothers during the pandemic and the weight of their neonates [21]. In contrast, a study conducted in Australia showed contradictory results, indicating that stress during pregnancy caused by COVID-19 could not predict the weight of the baby [37]. This discrepancy could be attributed to geographical differences, as Australia implemented strict measures to prevent the entry of the coronavirus, while Iran did not have such strict entry requirements, resulting in more COVID-19 cases in the community.


      Additionally, it should be noted that malnutrition and psychological anorexia in mothers with stress and depression can lead to lower maternal weight gain during pregnancy, and, as a result, lower birth weight of the baby is important [38, 39]. Maternal nutritional status is one of the most important parameters for maternal weight gain during pregnancy [40, 41]. Additionally, mothers who suffer from stress and depression have higher levels of cortisol and norepinephrine. Cortisol causes a reduction in uterine blood flow, which limits the supply of oxygen and nutrients to the fetus, leading to neonatal weight loss at birth and other neonatal disorders [41, 42].


      In line with this finding of the present study, the results of the study by Bahrami and colleagues (2013), Skouteris et al. (2009), and Diego et al. (2009) showed that the possibility of a low-birth-weight neonate is more likely in mothers with high levels of anxiety, stress, and depression [29, 34, 43]. Contrary to this finding of the present study, the results of the studies by Keenan et al. (2007) and Suri et al. (2007) showed that there is no relationship between stress and depression during pregnancy and weight loss in newborns [35, 36]. To interpret this discrepancy in the findings, we can refer to the following: the study of pregnant mothers with different age groups, history of pregnancy, previous childbirth, number of children, different geographical environments, cultural and social conditions, and different mental, psychological, and physical conditions.


      Further, the results of the current study showed that there is a negative and significant relationship between neonatal length and head circumference at birth and exposure to COVID-19 infection and its components in general. In other words, for mothers whose neonates had a greater length, the level of stress caused by COVID-19 in them was significantly lower. The stress caused by the coronavirus infection for pregnant women also affected the size and head circumference of the baby. In this context, a similar study showed that the length and head circumference of the baby are related to the stress level of the mother during the corona period [34]. Poor appetite and stress-related malnutrition in pregnant women may also result in the mother not gaining weight properly and ultimately reducing the length and head circumference of the baby at birth [39]. Consistent with this finding, results from a study by Field et al. (2009) showed a significant association between stress and depression during pregnancy and baby size at birth [40]. Baharami et al. (2012) showed that average birth size was not significantly associated with depression and stress disorders [29]. Among the reasons for the difference in findings with the present study, we can mention the following: the study of different groups of pregnant women in different trimesters of pregnancy, the demographic differences of the investigated pregnant women, different geographical conditions in the investigated studies, conducting studies before the covid-19 pandemic, and the nutritional status of pregnant mothers in the investigated studies.


      Contrary to the findings of the present study, the study of Pearson et al. (2023), which was conducted on 195 pregnant mothers, showed that the stress caused by COVID-19 during the pregnancy of the mother does not predict changes in birth outcomes, including birth weight, head circumference, and APGAR score [37]. This contradiction can be a result of the geographical differences between the two studies because the aforementioned study was conducted in Canada, where the frequency of the epidemic and the death rate due to COVID-19 was lower than in Iran, which is one of the countries. It had a high death rate compared to the population. Also, in confirmation of the findings of the present study, the results of the study by Bahrami (2012), Marcus (2009), Diego (2009), and Dancause (2011) showed that there is a significant relationship between stress, anxiety, and depression of the pregnant mother and the head circumference of the neonate [29, 33, 34, 44]. The head circumference of the neonate is a strong factor related to the growth and weight of the brain, so the brain growth of the neonate is related to IQ during childhood and adulthood and cognitive function [33, 45]. The size of the head circumference of the baby indicates the nutritional status of the mother and the weight and brain growth of the neonate, which can be affected by the stress taken by the mother. Therefore, malnutrition due to maternal malnutrition or maternal stress is associated with decreased head size [44, 46].

    


    
      

      5. STRENGTHS AND LIMITATIONS OF THE STUDY


      Although the present study is one of the few studies that investigated the effect of stress caused by COVID-19 on the type of delivery, APGAR score, and anthropometric indicators of newborns in Iran, it has some limitations. Due to its single-centered nature, it is not possible to generalize the data to other populations. Also, the cross-sectional nature of the study limits causal conclusions. Also, in this research, a questionnaire was used to collect data, and there is a possibility that the results of the study may be biased by self-reporting. Also, the physical condition of the participants (pain) and the time of completing the questionnaires (before delivery), which in itself increases the stress level, might have affected the responses of the subjects. Another limitation of the present study is the lack of attention to the underlying diseases of pregnant women, which was not investigated at the time of data collection, and finally, the correlation of this variable with other variables investigated in the present study was not found.

    


    
      

      CONCLUSION


      The results of the present study showed that the amount of stress caused by COVID-19 was higher in women who had a cesarean delivery than in women who had a normal delivery. As the average stress among mothers caused by COVID-19 increased, the first and fifth-minute APGAR score, weight, length, and head circumference of neonates decreased. Considering the negative effects of the stress of COVID-19 on the outcome of pregnancy in mothers (increasing the rate of cesarean section) and its effect on the APGAR score and anthropometric indicators of newborns, the necessity of screening, counseling, and training to reduce stress in pregnant mothers is revealed. Managers and health policymakers must prioritize stress management to provide health services to pregnant mothers by conducting practical programs. In addition, they should support pregnant women by providing conditions for a healthy pregnancy and reducing stress so that, finally, with the birth of healthy neonates, the health of society can be achieved. Also, policies for timely vaccination and infection control and preparing the health-treatment system for future infectious pandemics should be on the agenda of the officials.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	CSS

          	= COVID Stress Scale
        


        
          	OCD

          	= Obsessive-compulsive Disorder
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