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Background: Maternal stress during pregnancy can raise the risk of mental disorders in offspring. The continuous emergence of clinical concepts and the introduction of new technologies are great challenges. In this study, through bibliometric analysis, the research trends and hotspots on prenatal stress (PS) were explored to comprehend clinical treatments and recommend future scientific research directions.

Methods: Studies on PS published on the Web of Science Core Collection (WoSCC) database between 2011 and 2021 were reviewed. Bibliometric analysis was conducted according to the number of publications, keywords, journals, citations, affiliations, and countries. With the data collected from the WoSCC, visualization of geographic distribution; clustering analysis of keywords, affiliations, and authors; and descriptive analysis and review of PS were carried out.

Results: A total of 7,087 articles published in 2011–2021 were retrieved. During this period, the number of publications increased. Psychoneuroendocrinology is the leading journal on PS. The largest contributor was the United States. The University of California system was leading among institutions conducting relevant research. Wang H, King S, and Tain YL were scholars with significant contributions. Hotspots were classified into four clusters, namely, pregnancy, prenatal stress, oxidative stress, and growth.

Conclusion: The number of studies on PS increased. Journals, countries, institutions, researchers with the most contributions, and most cited articles worldwide were extracted. Studies have mostly concentrated on treating diseases, the application of new technologies, and the analysis of epidemiological characteristics. Multidisciplinary integration is becoming the focus of current development. Epigenetics is increasingly used in studies on PS. Thus, it constitutes a solid foundation for future clinical medical and scientific research.
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INTRODUCTION

In a woman's life, pregnancy is an important event (1). Prenatal stress (PS) refers to the exposure of pregnant women to stressors during pregnancy that may indirectly affect the fetus (2). In other words, PS is the stress experienced by pregnant women before giving birth (3). Exposure to adverse stimuli during pregnancy can cause perpetual negative effects on emotion and cognition, thereby increasing the risk of psychiatric disorders in offspring (4, 5). Maternal stress has been described as an important component in the development of offspring's cerebrum, altering the susceptibility to diseases in later life (6). A severe case of PS can lead to lifelong neuropsychiatric complications (7, 8). The consequences of this negative impact can also be passed from generation to generation (9). Maternal PS can be acute, such as by exposure to sudden incidents or other accidents, or chronic and associated with ongoing events (10). Life stress events including work stress, family conflict, and economic difficulties adversely affect women during pregnancy (1). In rodent models, harmful stimulation during pregnancy can induce behavioral changes, including abnormal social behaviors, heightened anxiety-like behavior, and cognitive deficits in offspring (5, 11). Although little is known about it, the complex interaction of the cellular and molecular mechanisms leads to abnormal and pathological results caused by maternal PS. To solve these complex risks, further understanding of the changes in neural development caused by the molecular and cellular mechanisms of the maternal physiological stress response is urgently needed (12). Currently, most reviews on PS have retrospectively analyzed or summarized a few articles (13–15). Key institutions, authors, or publications in this field cannot be found in these reviews, and they fail to expand on topics. Hence, a beginner would spend considerable time and effort reviewing current publications on PS, and predictions of the frontiers in this field are lacking. Accordingly, for researchers, improving the efficiency and guiding studies are important. They must obtain data or information on the latest state of research, measure current practice, and identify gaps. Therefore, solving this series of problems and visualizing the research status, hotspots, and frontiers of PS are imperative.

Bibliometrics, first proposed by Pritchard in 1969, is an integrated analysis method of quantifying the content of the literature (16). As a mature and popular investigation method in information science, bibliometrics is an effective tool to study the discipline status and objectively reflect the discipline development (17). It also plays a major part in predicting development directions and evaluating research value in a certain field (18). Moreover, bibliometrics can effectively provide proof to make funding decisions and implement strategies (19). Bibliometric analysis results have been obtained in many research fields, such as medicine (20), CO2 conversion technology (18), epilepsy occurrence, circadian rhythm (21), and berberine extraction (16). Nevertheless, bibliometric research on PS remains rare. Accordingly, the present study aimed to systematically analyze studies on PS and clarify the hotspots and current state in this research field by using CiteSpace (22) and VOSviewer (23).



MATERIALS AND METHODS


Data Sources and Search Strategies

Web of Science Core Collection (WoSCC) has been employed widely because it can provide a comprehensive and standardized set of data. In this study, the literature dataset was compiled on the basis of WoSCC. Articles were retrieved on the same day (March 7, 2022) to avoid various kinds of deviations because the database is updated rapidly. The timespan of literature retrieval was set between 2011 and 2021 to explore the global scientific trends in PS research. The search term was presented as follows: [TS (Topic)=(prenatal stress)] NOT [TS=(stress in early childhood) OR TS=(paternal pre-conception stress)]. Among various kinds of publications, original articles and reviews which were written in English were included in the research. A total of 7,087 publications were involved in this study. The retrieval strategy of our study is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of the research.




Data Collection and Cleaning

First, we extracted original data from the WoSCC database. The number of publications, authors, citations, publication year, affiliations, H-index, references, countries/regions, journals, and keywords were included in the recorded information. Although inexact analysis could not fully be prevented because of different forms of cited journals, the same abbreviated name of different authors, and multiple versions of cited references, most raw data in our study were considered reliable. Data were analyzed by VOSviewer v.1.6.10.0 and CiteSpace 5.8.R3.



Bibliometric Analysis

The number of articles and citations are important bibliometric indicators often used to indicate bibliographic materials. In this study, the number of publications (Np) was applied to evaluate production and the number of citations (Nc) was utilized to indicate impact because they are two main angles for assessing the research level (23). Co-citation is defined when both items are referenced by a third item. Keyword co-occurrence measures the keywords with the highest frequency in the same literature (24), and the analysis of co-occurrence keywords and co-cited references could explain research hotspots associated with PS. The H-index is used to assess researchers' academic contributions and predict scientific achievements in future (25). The H-index unifies productivity and impact by finding thresholds that connect Np and Nc. Thus, a researcher would have an H-index if he or she published H articles, and every article had been cited at least H times (26). In particular, the H-index could be employed to evaluate individual academic achievements and illustrate the publication of a journal, an affiliation, a country, or a region (27). To measure the impact and quality of journals, the impact factor (IF) obtained from Journal Citation Reports (JCR) has been widely regarded as a main indicator (28). Bibliometric maps were constructed to obtain a more comprehensive result according to co-occurrence and co-citation by using VOSviewer and CiteSpace in our study.




RESULTS


Overview of Publications on PS

A total of 7,087 articles and reviews published from 2011 to 2021 were retrieved through the retrieval method. Among them, the total Nc was 121,855, the average Nc per item was 21.07, and all publications' H-index was 132.



Annual Trend of Publication Quantity

The annual Np was associated with publication year, and the correlation coefficient (R2) was 0.961 (Figure 2A). The annual number of articles published increased from 404 in 2011 to 941 in 2020, and Np achieved the crest value in 2020. In the United States, China, and Canada, the annual Np generally maintains an increasing trend (Figure 2B). The polynomial fitting curve illustrated an annual trend of publication quantity (Figure 2A). This indicated that investigations on PS have rapidly developed with time.


[image: Figure 2]
FIGURE 2. (A) Curve fitting of the total annual growth trend of publications. (B) Number of publications by year from 2011 to 2021.




Contributions of Countries/Regions

The top 10 high-output countries/regions according to Np are listed in Table 1. The United States ranked first and published the most articles (2,751/38.82%). Canada (702/9.91%) ranked second, and China (674/9.5%) ranked third. The number of publications in the United States was more than triple the figure for Canada or China. Articles published by the United States were cited 63,711 times, accounting for 52.28% of the total Nc, followed by Canada (17,870) and England (13,464). Furthermore, the United States had the highest H-index (108), which was more than two times the figure obtained for China (41). The Np in England and Germany was slightly lower, but their H-index, Nc, and average citation per item were fairly higher than those of China. Figure 3A shows the number of articles published by different countries and regions. As shown in Figure 3B, the United States and Canada are central to this research field, and Figure 3C shows that the two countries conduct research in this field earlier than other countries.


[image: Figure 3]
FIGURE 3. Mapping of countries of studies related to PS. (A) Geographic distribution of PS-related research articles from 2011 to 2021. (B) Network of 110 countries. (C) Visualization of countries according to the APY. Countries in yellow published articles later than those in blue.



Table 1. Top 10 productive countries/regions.
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Analysis of Affiliations

The top 10 affiliations with the largest number of publications related to PS are shown in Table 2. The University of California system ranked first in terms of Np, followed by Harvard University and the University of London. The University of California system also had the highest Nc (12,376), H-index (59). Most affiliations were from the United States, except the University of London in England, McGill University, and the University of Toronto in Canada. Figure 4A shows the co-occurrence of different affiliations.


[image: Figure 4]
FIGURE 4. Network of affiliations and authors related to PS. (A) Network of affiliations. Of the 5,601 affiliations, 131 affiliations had at least 25 documents. (B) Network of authors. Of the 28,795 authors, 140 authors had at least 10 documents.



Table 2. Top 10 productive affiliations.
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Performance of Authors

The top 10 authors with the most publications published 391 articles, which accounted for 5.52% of the total articles (Table 3). Wang H from the Wuhan University ranked first in the field of PS investigation, followed by King S from McGill University in Canada and Tain YL from Chang Gung University in Taiwan, China. Sandman CA had an high Nc. A majority of the top 10 authors were from the United States and Canada. Figure 4B shows the co-occurrence of different authors.


Table 3. Top 10 authors with the most publications.
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Analysis of Journals

The top 10 journals with the most publications are shown in Table 4. PLOS One (174 publications, IF: 3.24) published the most articles related to PS, followed by Psychoneuroendocrinology (122 publications, IF: 4.905) and Scientific Reports (88 publications, IF: 4.38). About 12.98% of the retrieved publications were in the 10 journals (920/12.98%). In the 10 journals, except International Journal Of Developmental Neuroscience (IF: 2.457), the rest were journals with a high IF (defined as >3.000), and Psychoneuroendocrinology (IF = 4.905) had a higher average citation per item (34.59).


Table 4. Top 10 most active journals.
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Analysis of Article Global Citations (GCS)

The annual number of GCS for the top 10 articles is shown in Figure 5. The article published in CURR OPIN PSYCHIATR and written by Schetter CD in 2012 ranked first, with a GCS of 551. In this article, the authors pointed out that risk factors, such as stress, anxiety, and depression, had adverse effects on children and mothers during pregnancy. Anxiety in pregnancy, which was associated with shorter gestation, had adverse effects on child outcomes such as fetal neurodevelopment. Anxiety was especially potent during pregnancy. During pregnancy, exposure to racism, chronic strain, and depressive symptoms in mothers were related to lower birth weight in infants. These risk factors which could be distinguished and with pathways associated with distinct birth outcomes need further investigation (29). Harris et al. summarized that an adverse fetal environment was related to an increased risk of psychological, cardiovascular, neuroendocrine, and metabolic disorders in adulthood (30). Biaggi et al.'s study showed the complicated etiology of antepartum anxiety and depression. Knowing specific risk factors might help to create screening tools for high-risk women, and the use of screening tools to identify women at risk of anxiety and depression during pregnancy should be common practice (31). Howard et al. pointed out that, during pregnancy, mental disorder was one of the most common diseases that could be harmful to the family, mother, and child, and they summarized the evidence on interventions, risk factors, epidemiology, and identification for nonpsychotic mental disorders (32). Schetter pointed out that depression and chronic stress were the key risk factors in the etiology of low birth weight and anxiety in pregnancy in the etiology of preterm birth. The effect of PS on neural development was emphasized, and the resilience resources of pregnant women were conceptualized (33). Brown discussed the role of environmental risk factors during perinatal and fetal life (34). Glover showed that, during pregnancy, the mother's emotional state could influence her child for a long time, especially in the development of the nervous system. The mechanisms of fetal programming were just beginning to be revealed, and the correlation between psychometric indicators and biological indicators was often limited. Therefore, it was necessary to determine the most effective interventions during pregnancy in improving child outcomes (35). Malkova et al.'s study provided a new insight that, during pregnancy, environmental risk factors induced autistic-like behaviors in offspring (36). Research of Buss et al. emphasized the importance of the intrauterine environment and suggested that the early stage of life might be accompanied with the origin of neuropsychiatric disorders (37). In general, these publications were different in the research of PS and had far-reaching significance, and these publications raised the number of subsequent publications in the field.


[image: Figure 5]
FIGURE 5. Yearly number of global citations of articles with high global citations (GCS). The GCS of each article is shown by the size and colors of the circle.




Co-Cited Reference Analysis

The co-citation network emphasizes research topics closely related to specific fields, which is different from global citation analysis (38). The minimum number of citations per reference was 76 due to a large number of cited references. A total of 271,109 references were cited by the retrieved publications, and we selected 149 references for co-citation analysis (Figure 6A). The line between two nodes indicated that both nodes were cited in an article, and the shorter line denoted that the relationship between the two articles was closer. The size of the node represented the total link strength and the total number of common references to the document. In addition, references were divided into different clusters using different color nodes. There were 69 references in cluster 1 (in red), which mainly elaborated the effect of PS on offspring and pathogenesis. Cluster 2 (in green) included 41 references mainly focused on clinical research, which showed that PS could cause many adverse effects on offspring. Cluster 3 (in blue) included 39 references centered on effects of anxiety, depression, and stress exposure during pregnancy on adverse maternal and infant outcomes. Research on the HPA axis in PS and interventions might be helpful. Research into different clusters has a certain relationship, but the relationship is not close. For further studies on the co-citation of clinical research and underlying mechanism references, 28 references in cluster 2 (13 references not found in WoSCC were excluded) were analyzed through density visualization. Density visualizations usually highlight important study fields and present the whole structure of the research (39). Clinical research and underlying mechanisms of PS were the themes of cluster 2 co-cited references (Figure 6B). For instance, “depression,” “anxiety,” “fetal programming,” and “cortisol” were widely cited. References about clinical research in PS such as “antenatal maternal anxiety,” “children,” “birth,” “mothers,” and “infant temperament” were mainly cited. Moreover, the keyword “cortisol” was in the middle of the map, and it appeared more than once, suggesting that the topic was closely associated with PS and should be further explored.


[image: Figure 6]
FIGURE 6. Co-cited reference network of PS-related research. (A) Network of co-cited references. Of the 2,71,109 references, 149 references were cited at least 76 times. (B) Density visualization of keywords of cluster 2 in the network of co-cited references. Each keyword in density visualization has a color indicating its density. Red indicates high frequency, and yellow indicates low frequency.




Research Hotspots Analysis

Figure 7A shows that cluster 1 mainly focused on basic research on PS, cluster 2 was mainly about clinical research on PS and explored the effects of PS on newborn growth and development, and cluster 3 investigated prenatal risk factors and adverse consequences caused by PS. The most frequent occurrences of keywords were “prenatal stress,” “pregnancy,” “stress,” “oxidative stress,” and “depression,” indicating that studies associated with PS mainly concentrated on clinical studies. In Figure 7B, based on the average publication year (APY), we divided the colors of all keywords using VOSviewer. The keywords with a high frequency in recent years were as follows: “salivary cortisol” (cluster 2, APY: 2016, 40), “in utero” (cluster 3, APY: 2016, 67), “autism” (cluster 3, APY: 2017, 13), and “autism spectrum disorder” (cluster 1, APY: 2018, 55). In addition, “cortisol,” “oxidative stress,” and “DNA methylation” were the main topics in this field. The applications of epigenetics to studies on PS and low birth weight of infants were relatively latest compared with those illustrated in Figures 7A,B. In addition to the search terms, the keywords extracted from abstracts and titles of 7,087 publications (Figure 8) were analyzed using CiteSpace. As shown in Figure 8, among the top 25 representative burst keywords, “air pollution,” “cord blood,” “determinate,” “mood,” and “pig,” were the most novel. “Female rat,” “pig,” and “restraint stress” were the terms of basic research, and “randomize controlled trial,” “cord blood,” and “mood” were the terms of clinical research, which indicates that the retrieval of this study included clinical and basic research studies. Furthermore, the latest research hotspots in 2021 are shown in Table 5.


[image: Figure 7]
FIGURE 7. PS keyword network. (A) The 137 keywords that appear more than 80 times are divided into four categories according to different colors: the first category: red, the second category: green, the third category: blue, and the fourth category: yellow. The size of the node indicates the frequency of occurrence. (B) Visualization of the keywords according to APY. The yellow keywords appear later than the blue keywords.
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FIGURE 8. Top 25 representative burst keywords.



Table 5. Latest research hotspot.
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Analysis of Research on PS Caused by COVID-19

The COVID-19 pandemic not only caused social panic but also had a negative impact on the physical and mental health of pregnant women and newborns. Therefore, research publications on PS related to COVID-19 were analyzed. The Np associated with PS in 2020 increased sharply during the COVID-19 pandemic (Figure 2A). To further understand the hotspots and trends associated with PS induced by COVID-19, we screened and analyzed 78 publications about PS associated with COVID-19 among the 7,087 publications we retrieved. Except for COVID-19, pregnancy, anxiety, stress, depression, and mental health occurred most frequently (Figure 9). Furthermore, Figure 9 presents the pathogenesis of PS induced by COVID-19. COVID-19 caused panic among the public. During this period, pregnant women and babies were negatively affected to varying degrees, influencing the brain development, weight, emotion, and psychology of infants and young children. The degree of its impact has reached the molecular level, such as in genes. Therefore, during the COVID-19 pandemic, women should take corresponding protective measures to reduce or even avoid the interference of adverse factors during pregnancy. Medical institutions should also strengthen the psychological health care of pregnant women in this period.


[image: Figure 9]
FIGURE 9. Network of keywords of PS caused by COVID-19, and 367 keywords are divided into 22 categories according to different colors. The size of the node indicates the frequency of occurrence.




Bibliographic Coupling Analysis

Bibliographic coupling refers to two articles quoting one or more references from the same article. Usually, the number of citation coupling can be used to quantitatively measure the static relationship between the two articles. The more the number of citation coupling, the stronger the correlation between the two articles. The strength of the coupling depends on the number of common references (citations). Bibliographic coupling can be divided into article coupling, discipline coupling, author coupling, and journal coupling. In addition, there are country coupling and language coupling. Bibliographic coupling is applied to the fields of information science, bibliometrics, science, etc. The analysis of bibliographic coupling is shown in Figure 10. The top 10 countries were the United States (69,885 times), Canada (19,296 times), England (13,651 times), Germany (9,441 times), the Netherlands (9,385 times), China (8,450 times), Australia (7,457 times), Italy (6,309 times), France (4,741 times), and Switzerland (4,367 times). The top 10 documents were Braveman (2014, 904 times), Schetter (2012, 568 times), Harris (2011, 531 times), Biaggi (2016, 513 times), Donofrio (2014, 483 times), Howard (2014, 465 times), Rodgers (2013, 463 times), Schetter (2011, 460 times), Berk (2013, 441 times), and Davidson (2012, 424 times). The top 10 affiliations were McGill University (4,855 times), the University of California Irvine (4,607 times), the University of Pennsylvania (3,857 times), King's College London (3,502 times), the University of California, Los Angeles (3,460 times), Columbia University (3,276 times), the University of Toronto (2,891 times), the University of California San Francisco (2,874 times), the University of Calgary (2,555 times), and the University of British Columbia (2,492 times). The top 10 journals were PLOS One (4,294 times), Psychoneuroendocrinology (4,220 times), Neuroscience (2,769 times), Journal of Affective Disorders (2,452 times), Neuroscience & Biobehavioral Reviews (2,198 times), Proceedings of the National Academy of Sciences of the United States (2,198 times), Biological Psychiatry (2,038 times), Translational Psychiatry (1,838 times), Hormones and Behavior (1,743 times), and Behavioral Brain Research (1,571 times). The top 10 authors were Bale, Tracy L. (3,138 times), Sandman, Curt A. (2,181 times), Glover, Vivette. (1,939 times), Davis, Elysia Poggi. (1,868 times), Schetter, Christine Dunkel. (1,796 times), Buss, Claudia. (1,644 times), Entringer, Sonja. (1,526 times), King, Suzanne. (1,483 times), Glynn, Laura M. (1,304 times), and Wadhwa, Pathik D. (1,253 times).


[image: Figure 10]
FIGURE 10. Bibliographic coupling analysis of PS-related research. (A) Network of bibliographic coupling countries. (B) Network of bibliographic coupling documents. (C) Network of bibliographic coupling affiliations. (D) Network of bibliographic coupling journals. (E) Network of bibliographic coupling authors.





DISCUSSION

In our study, a bibliometric analysis was conducted on the basis of the WoSCC database using VOSviewer to explore the hotspots and developmental trends of investigations on PS. A total of 7,087 reviews and original articles published from 2011 to 2021 were retrieved. On the whole, the number of annual publications showed a gradual upward trend, and the largest number of documents was published in 2020 based on the polynomial fitting curve, which showed that the heat and depth of academic studies on PS are increasing with each passing year. The United States ranked first among the top countries/regions in the Np, which indicated that it was a high-yielding country in this field. In research on PS, seven American affiliations and four American authors belonged to the top 10 affiliations and authors, suggesting in this field, the United States possessed the best affiliations and professional researchers in the world, and the United States has a high Nc and H-index, indicating that the United States has developed rapidly in this field in the past 11 years. Nevertheless, countries other than Iran had a relatively higher average citation per item than China because they have conducted more in-depth research studies. Thus, researchers and affiliations in China should focus on enhancing the quality of studies on PS. Similarly, the quantity and quality of publications in Iran have some contradictions. Furthermore, of the top 10 productive journals, nine journals had high IF, which indicated that publishing PS research in high-quality journals is not difficult. Among the top 10 articles with high GCSs, one article was published in The Lancet and one was published in PNAS. This finding suggested that The Lancet and PNAS had published some potential research breakthroughs on PS. It also reminds researchers interested in this field to consider publishing articles in these journals.

In recent years, researchers have focused on the complex function of epigenetics and mechanistic research. In-depth studies have revealed signal pathways involved in various mechanisms. Rodgers et al.'s study demonstrated that, throughout adolescence or adulthood, male exposure to stress reprogrammed paternal germ cells and led to the transmission of HPA stress axis dysregulated phenotypes in offspring. Whether this reduction in stress responsiveness was harmful or beneficial to offspring may depend on their birth environment and genetic background factors. However, it provides a novel and important mechanism for the increased risk of neuropsychiatric diseases that mild stress could produce long-term changes in male germ cells (40).

The network of keywords indicates that cortisol plays a major role in the pathogenesis of PS. As a glucocorticoid hormone and major regulatory factor produced by the adrenal glands, cortisol increases when a person is stressed. The empirical literature has used the perceived stress scale as a psychological tool by which cortisol levels were commonly used as an index to measure maternal stress during pregnancy. In recent years, in addition to cortisol levels in blood, urine, and saliva, the hair cortisol concentration (HCC) has also attracted extensive attention as a biomarker of stress (41). Cortisol levels in saliva, blood, and urine are suitable for representing acute stress, whereas the HCC can serve as a biomarker of chronic stress. The HCC is associated with fetal gestational age (42). Moreover, the application of molecular biology and epigenetics in PS has become a hotspot over the last 5 years, as shown in Figures 7A,B. Cao Lei et al. pointed out that uterus exposure to environmental stress may lead to long-term epigenomic changes that have adaptation and developmental consequences in human and animal offspring. One of the most well-defined and widely studied mechanisms on the long-term effects of uterostress exposure is epigenetics, specifically DNA methylation. To support such an idea, evidence from prenatal studies on animals and humans that PS may result in persistent, widespread, and functionally ordered features of DNA methylation has been presented. In turn, DNA methylation may mediate exposed phenotypic associations. The advantages of using stressors in quasi-random assignment experiments have also been emphasized. Furthermore, there are future challenges that still need to be addressed in this area. Genes may change the transcription or alternative splicing of target genes in tissues through epigenetic changes (including non-coding RNA and DNA methylation, downstream functional changes, and histone posttranslational modification) and retain the memory of early metabolic stress (43). The outbreak of COVID-19 in 2019 could adversely affect pregnant women and fetuses. Figure 9 shows that “fear,” “social distancing,” and “anxiety” “disorders” frequently occurred, showing that COVID-19 exerts a negative impact on pregnant women and newborns. COVID-19 is a new stressor that influences individuals preparing for childbirth in a phenomenon called COVID-19-specific prenatal distress. This disease can exacerbate stress during pregnancy and is associated with increased anxiety during pregnancy (44). The key to formulating strategies that support pregnant women during the COVID-19 pandemic is to identify potential risks and protective factors associated with general antenatal distress and COVID-19-specific prenatal distress. Emotional social support and interpersonal characteristics such as relationship satisfaction or a better relationship with mothers during pregnancy are related to decreased pregnancy-specific pain. However, during this pandemic, isolation measures limit access to resources such as prenatal care or caregiver support. Thus, tangible assistance such as financial support or assistance in household chores or instrumental support may become particularly important. Pain tolerance refers to a person's ability to manage and tolerate emotional pain. Psychological resilience refers to a person's ability to thrive in adversity or recover from challenges or setbacks.

With keyword burst analysis, we extracted a total of 170 keywords, and the top 25 keywords are shown in Figure 8. We found that the “pituitary–adrenal axis” and “female rat” had the highest burst strength. We also observed that “determinant,” “cord blood,” “mood,” “air pollution,” “perinatal depression,” and “pig” were the latest keywords that appeared in the last 4 years (Figure 8). Evidence of the contribution of prenatal household air pollutant (HAP) exposure to elevated oxidative stress in children is mounting. Increased prenatal HAP exposure could reduce CBMC mtDNAcn, indicating cumulative prenatal oxidative stress injury (45). A significant correlation exists between prenatal exposure to air pollutants and the level of SOD2 promoter methylation in umbilical cord blood, and the level of SOD2 promoter methylation in maternal peripheral blood may be the main influencing factor. This association may explain the mechanisms of oxidative stress and adverse health outcomes in children caused by prenatal air pollution (46). Liu et al. first reported the effects of prenatal exposure to polycyclic aromatic hydrocarbons (PAHs) and maternal stress on infant reactivity and regulation (47). They found that prenatal exposure to PAHs and maternal perceived stress jointly reduce the social ability of infants at 4 or 12 months after birth. Additionally, prenatal exposure to PAHs reduces selenium levels at 4 months, indicating increased behavioral problems at 12 months. Individual differences in reactivity and regulation could be reliably measured early in life, which can help identify children who may be at increased risk of psychosis owing to PAHs exposure. Previous studies have shown that increased prenatal ambient air pollution exposure is related to decreased umbilical cord blood (45, 48). The measurement of biomarkers in cord blood may provide a complete source of molecular information for fetal exposure during pregnancy. Keshavarzi et al. studied the relationship between maternal anxiety, maternal serum, and fetal cord blood cortisol, revealing that high maternal anxiety increases fetal cord blood cortisol and may regulate fetal growth (49). These studies show that cord blood plays an increasingly important role in PS. Moreover, the environmental quality needs to be improved and psychosocial stress should be reduced to improve the development outcomes of children, especially those from disadvantaged communities wherein environmental exposure is too high.

To a certain extent, we can understand the hotspots, mainstream research, and development trends in this field through the visualization of publications and bibliometric analysis. This study can better promote the understanding of important nodes in the development trend of PS research by setting GCS as an index. However, our research has several limitations. First, only articles and reviews published from the WoSCC were incorporated. Second, full texts of publications could not be analyzed with VOSviewer, so some information might be omitted. Last, this study excluded articles newly published in 2021; as such, our information might be outdated to some extent.



CONCLUSION

Bibliometric analysis revealed that current research on PS is developing rapidly. The United States has contributed many outstanding scientific research achievements and breakthroughs in this field and ranked first among high-output countries. The University of California system has made novel progress and published most studies in this field. Epigenetics and maternal immunity activation in PS have become research hotspots. Moreover, children born during the COVID-19 pandemic need more attention and should be given more care.
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