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1 THE AIM AND SCOPE OF THIS RESEARCH TOPIC
Globally, while students are undertaking fundamental research as part of their education in Obstetric and Pediatric Pharmacology, most of this research needs to be conveyed to the broader audience. We acknowledge that many student researchers may find peer review daunting. Therefore, at Frontiers, where peer review is considered a collaborative process, our interactive peer review is tailored to provide researchers with hands-on guidance and constructive feedback. This specific Research Topic is to encourage emerging researchers to publish their work with Frontiers in Pharmacology. In addition, our Research Topic Editors are committed to advancing emerging researchers’ and students’ success at publications.
This Research Topic features 12 articles, including 5 original and 7 review articles, in a multidisciplinary collaboration among obstetrics and gynecology, pharmacology, and pediatrics. These articles cover several diseases, including pregnancy complications, children’s diseases, uterine fibroids, and ovarian disorders.
2 OVERVIEW OF CONTRIBUTORS
2.1 Diseases during pregnancy
Adverse pregnancy outcomes are known to have long-term health implications for the child. Fetal arrhythmias are common cardiac abnormalities associated with high mortality by reason of ventricular dysfunction and heart failure (Keenan et al., 2022). Qin et al. conducted a network meta-analysis to understand the efficacy and safety of various therapeutic medicines for fetal tachycardias, one of the fetal arrhythmia types. The authors concluded that flecainide monotherapy and a combination of digoxin and flecainide should be the superior therapeutic strategies for fetal tachycardia.
Ectopic pregnancy (EP) has the implantation of a fertilized ovum outside the endometrial cavity (Barnhart, 2009), most often occurring in a fallopian tube. Predictive factors of damage to the Fallopian tube may guide the treatment for patients with tubal pregnancy (Cabar et al., 2006). Some potential predictors of trophoblastic invasion of the fallopian tubes have been reported in EP. Teshima et al. investigated the link between VEGF tissue expression and the depth of trophoblastic infiltration into the tubal wall in patients with ampullary pregnancy, which is not associated with the previous finding that serum VEGF was correlated with the trophoblast invasion in the tubal wall from EP patients. This study indicates that the tissue expression of VEGF at the EP implantation site may not be primarily responsible for providing the local microenvironment triggering the trophoblast invasion.
The use of prescription drugs is prevalent during pregnancy, Pregnant women can have severe health consequences for infants if misuse of prescription drugs occurs. Currently, the knowledge about maternal-fetal safety and efficacy of drug use is limited. Hudson et al. present an overview of the current understanding of maternal-fetal drug exposure, discuss biospecimen-guided sampling design and methods for measuring fetal drug concentrations throughout gestation, and propose strategies for advancing pharmacology research in the maternal-fetal population.
Some women experience health problems during and after pregnancy. Pregnant individuals with arterial hypertension have significantly high risks of maternal mortality (Vaidy and Vaidya, 2023). Brandão et al. reported that assessment by ambulatory blood pressure monitoring (ABPM) verified the presence of hypertension in pregnant women. The ethnicity, self-reported hypertension, and the presence of hypertension during pregnancy are associated with arterial hypertension measured by ABPM. Measurement of arterial hypertension by ABPM will help improve quality of life and longevity.
Antiphospholipid syndrome (APS) is an autoimmune disorder that causes an increased risk of blood clots (Garcia and Erkan, 2018). As a result, pregnant women with APS show an increased risk of miscarriage. Wu et al. conducted a bibliometric analysis to review the studies in the field of APS and revealed that the research on APS has increased steadily in the past 10 years. Clinical studies on the mechanism and treatment of APS are recognized as encouraging research hotspots to reduce APS-associated miscarriages.
Preeclampsia complicates 2%–4% of all pregnancies and accounts for about 46,000 maternal deaths and 500,000 fetal or newborn deaths yearly (Magee et al., 2022). In the review article by Veiga et al., some inflammatory markers, including leptin, total cholesterol, triglycerides, C-reactive proteins, and TNFa, were elevated in pregnant women with preeclampsia compared to pregnant control women, indicating the correlation between the inappropriate inflammatory responses and preeclampsia pathophysiology.
2.2 Children diseases
Apnea of prematurity is a developmental disorder affecting most highly preterm infants and associates with long-term morbidity, including poor neurodevelopmental outcomes (Williamson et al., 2021). Caffeine has been used for many years to treat apnea of prematurity (Chavez and Bancalari, 2022). However, the long-term use of caffeine may cause adverse effects. In the review article by Dai et al., caffeine alters the circadian rhythms in humans and animals, and the relationship between preterm infants and circadian rhythms linked to caffeine therapy could help in the clinical practice to encourage precision therapy. Further investigation into the effect of caffeine on circadian rhythms regarding safety, dose efficacy, and duration of treatment during pregnancy is needed. In addition, obstructive sleep apnea hypopnea syndrome (OSAHS) is a sleep-related breathing disorder associated with substantial morbidity. A clinical trial by Zheng et al. tested the safety and efficacy of esketamine during drug-induced sleep endoscopy (DISE) in children with OSAHS, and compared it with dexmedetomidine, a selective alpha-2 adrenergic agonist, and recommended agent for DISE. Their studies demonstrated that esketamine provided a more effective and safer depth of anesthesia for pediatric DISE with OSAHS than dexmedetomidine.
Children experience severe repercussions from poisoning due to less capability of neutralizing harmful substances. In addition, developmental exposure to adverse exposure can increase the risk of diseases in the adult stage. Althobaiti et al. performed a retrospective cohort study on 122 children exposed to various toxic substances in Makkah, Saudi Arabia, including pharmaceutic products, household products, plant envenomation, and animal envenomation. They identified the poison forms, poisoning routes, and presenting symptoms. Their studies indicate that acute poising among children is a significant health Research Topic that necessitates more attention to raise awareness of safety requirements.
2.3 Uterine and ovarian diseases
Uterine fibroids (UFs) are the most common pelvic tumors among women of reproductive age, affecting more than 75% of women. Although benign, UFs are associated with significant morbidity, including heavy menstrual bleeding, pelvic pain, and reproductive dysfunction. UFs are the leading cause of hysterectomy (Bulun, 2013; Yang et al., 2022). Women of African descent are at a higher risk of developing UFs and frequently experience much more severe symptoms (Li et al., 2023). Sub-Saharan Africa is known to have the largest population of black women. However, most UFs studies do not include people from the continent of Africa. Sefah et al. reviewed the existing literature, emphasizing that the prevalence of UFs on Africa is not well investigated. Therefore, conducting future research on African women is highly needed.
Epithelial ovarian cancer (EOC) is the most common type of ovarian cancer that affects the female reproductive system and continues as a leading cause of death from gynecological malignancies (Qu et al., 2022). Baghban et al. reviewed the studies on the role of exosomes in EOC. They revealed that research on the exosome and EOC had been expanded, and China is much more involved than other countries in research, financial support, and international cooperation. The interest of exosome-oriented research on EOC includes exosomes as prognostic and diagnostic biomarkers, the role of exosomes in proliferation, migration, and metastasis, epithelial-mesenchymal transition, and chemoresistance. In this Research Topic, another review article by Izadi et al. presented an overview of mesenchymal stem cells (MSC)-derived exosomes as a promising approach for treating infertility in women with polycystic ovary syndrome (PCOS). MSC-derived exosomes exhibited therapeutic effects on the PCOS via modulating immunity response, exerting an anti-inflammatory effect, and suppressing apoptosis of granulosa cells. These two reviewer articles highlight and suggest the promising role of exosomes in targeting ovary diseases, including PCOS and ovarian cancer.
3 CONCLUSION
In conclusion, this Research Topic has provided original research and updated reviews of early-stage researchers related to basic and translational research in obstetrics and gynecology, pharmacology, and pediatrics. These studies further advance our understanding of the risk and pathogenesis of infertility, adverse pregnancy outcomes, uterine fibroids, and ovarian diseases. The evidence collected from this Research Topic is also expected to be translated into more precise and practical clinical approaches to predict and treat relevant human disorders in the future.
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Background: Fetal arrhythmias are common cardiac abnormalities associated with high mortality due to ventricular dysfunction and heart failure, particularly when accompanied by hydrops. Although several types of common fetal tachycardias have been relatively identified medications, such as digoxin, flecainide, and sotalol, there is no first-line drug treatment protocol established for the treatment of various types of fetal tachycardias.
Methods: We conducted a network meta-analysis using a Bayesian hierarchical framework to obtain a model for integrating both direct and indirect evidence. All tachycardia types (Total group), supraventricular tachycardia (SVT subgroup), atrial flutter (AF subgroup), hydrops subgroup, and non-hydrops subgroup fetuses were analyzed, and five first-line regimens were ranked according to treatment outcomes: digoxin monotherapy (D), flecainide monotherapy (F), sotalol monotherapy (S), digoxin plus flecainide combination therapy (DF), and digoxin plus sotalol combination therapy (DS). Effectiveness and safety were determined according to the cardioversion rate and intrauterine death rate.
Results: The pooled data indicated that DF combination therapy was always superior to D monotherapy, regardless of the tachycardia type or the presence of hydrops: Total, 2.44 (95% CrI: 1.59, 3.52); SVT, 2.77 (95% CrI: 1.59, 4.07); AF, 67.85 (95% CrI: 14.25, 168.68); hydrops, 6.03 (95% CrI: 2.54, 10.68); and non-hydrops, 5.06 (95% CrI: 1.87, 9.88). DF and F had a similar effect on control of fetal tachycardias. No significant differences were observed when comparing S, DS with D therapies across the subgroup analyses for the SVT, hydrops, and non-hydrops groups. No significant differences in mortality risks were among the various treatment regimens for the total group. And no significant differences were found in rates of intrauterine death rates at the same cardioversion amount.
Conclusion The flecainide monotherapy and combination of digoxin and flecainide should be considered the most superior therapeutic strategies for fetal tachycardia.
Systematic Review Registration: (https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=288997), identifier (288997).
Keywords: fetal tachycardia, first-line therapy, digoxin, flecainide, network meta-analysis
INTRODUCTION
Fetal arrhythmias refer to abnormalities of either the heart rate or rhythm observed in a fetus, which can be further categorized into tachycardias and bradycardias (Carvalho, 2019). Tachycardias are potentially more life-threatening than bradycardias, with an overall mortality rate of 8%–9%, and can progress to ventricular dysfunction or fetal heart failure, leading to intrauterine death. Fetal tachycardias are often misdiagnosed or unnoticed until the observation of hydrops, which may cause serious consequences such as lifetime neurological complications and deaths (Carvalho, 2019). Fetal hydrops is associated with a 35% intrauterine mortality rate, despite treatment, compared with a 0%–4% mortality rate in non-hydrops fetuses (Simpson, 2006).
The most common types of fetal tachycardias are supraventricular tachycardia (SVT) and atrial flutter (AF). SVT accounts for 66% of all fetal tachycardia cases (Crosson and Scheel, 1996), whereas AF has been reported in 25%–30% of cases (Krapp et al., 2003). Some types of tachycardias are rarely observed, including atrial ectopic tachycardia (AET) and permanent junctional reciprocating tachycardia (PJRT). In most fetuses with tachycardia, critical cardiac malformations are also considered to be significantly associated with tachycardia onset; however, congenital heart diseases (CHDs) represent major comorbidities.
Echocardiography and fetal cardiac magnetic resonance imaging (MRI) are the predominant methods used to diagnose fetal tachycardias. The optimal and timely administration of transplacental medications is necessary to regulate arrhythmias, which can develop into fetal hydrops, cardiomegaly, atrioventricular valve regurgitation, or intrauterine death (Nii et al., 2006; Carvalho et al., 2007). Patients should receive first-line treatments as soon as arrhythmias are detected or proceed to further treatments if necessary. Transplacental anti-arrhythmic therapy for fetal tachycardia was first reported in 1980 (Kerenyi et al., 1980). Since then, a series of treatment protocols have been described for fetal tachycardia, including the use of digoxin, flecainide, sotalol, amiodarone, verapamil, and propafenone. Digoxin is the most widely used first-line medication for controlling the heart rate in utero. Although several types of medication have been described for use as first-line treatment, well-designed multi-group comparison studies are difficult due to the limited cases of fetal tachycardiac patients. Several individual cohorts have reported on the efficacy and safety of currently available first-line treatments; therefore, a network meta-analysis can be conducted to demonstrate the differences across the various reported therapeutic strategies. Previously, two individual meta-analyses have investigated the efficacy of first-line treatments for fetal tachycardias (Alsaied et al., 2017; Hill et al., 2017). However, these studies only made pairwise comparisons among several therapeutic strategies using a typical meta-analysis approach, which may be associated with the potential existence of type II statistical errors. Moreover, recent European Society of Cardiology (ESC) guidelines indicated the need for future follow-up studies to establish specific and effective treatment protocols with minimal risks (Brugada et al., 2020). A rich body of retrospective studies that examine this issue is available, and a network meta-analysis can be applied to evaluate the efficacy and safety of various proposed first-line treatment regimens for fetal tachycardias.
METHODS
Study Protocol
This analysis was conducted in accordance with a predetermined protocol, following the recommendations of a guideline for the reporting of systematic reviews of prognostic factor studies (Riley et al., 2019). The data collection and reporting were performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2015) and the PRISMA Extension Statement for Reporting of Systemic Review Incorporating Network Meta-Analyses (Hutton et al., 2015).
Search Strategy
We searched the PubMed, Web of Science, Medline, Embase, and Cochrane Library databases to identify studies comparing and evaluating the effects of various drug regimens used to regulate fetal tachycardias from database inception to July 2021, with no limits on the study design, country of origin, tachycardia type, administration route (placental, intravenous, intramuscular or other administration routes), or whether combination treatment was applied. Additional studies for inclusion were identified from among the references of relevant reviews (Alsaied et al., 2017; Hill et al., 2017; Carvalho, 2019; Yuan, 2020; Veduta et al., 2021). The search strategy was established previously, and the terms included digoxin; flecainide; sotalol; amiodarone; tachycardia(s); fetus; supraventricular tachycardia or SVT; and atrial flutter or AF. The PubMed search strategy was described as [Anti-Arrhythmia Agents (MeSH Terms)] OR [Amiodarone (MeSH Terms)] OR [Digoxin (MeSH Terms)] OR [Sotalol (MeSH Terms)] OR [Flecainide (MeSH Terms)] AND [Tachycardia (MeSH Terms)] OR [Tachycardia, Supraventricular (MeSH Terms)] OR [Atrial Flutter (MeSH Terms)] OR [Hydrops (MeSH Terms)] AND (fetus).
Study Selection
Two authors (Jiangwei Qin and Zhengrong Deng) independently performed the literature search and performed data extraction using a standardized, pre-established form that distinguished the tachycardia types or whether hydrops existed. The full texts of the identified studies were independently assessed for inclusion by two other authors (Yifei Li and Yimin Hua), based on predetermined criteria. Each identified study was assessed for the following inclusion criteria: 1) the study population included fetuses treated with medication for sustained SVT or AF, with a diagnosis of fetal tachycardia based on the results of echocardiography or cardiac MRI; 2) the interventions were defined as anti-arrhythmia drugs administrated to the fetuses using a transplacental approach, so comparisons were made among first-line regimens: digoxin monotherapy (D), digoxin and flecainide combination therapy (DF), flecainide monotherapy (F), digoxin and sotalol combination therapy (DS), and sotalol monotherapy (S) (some drugs such as verapamil and DFS combination were discarded because they were not sufficient to produce results). As for combination therapy, to ensure that the evaluation of the efficacy of the drug is put first in this meta-analysis, considering that many doctors would promptly add drugs when a single drug is ineffective, our definition of combination drugs would be described as: if a second drug was started before the third day of treatment, it was defined as combination therapy; 3) the cardioversion success rate was assessed as the primary outcome, which was defined as the reversion to a normal sinus rhythm during or after the administration of therapeutic drugs using a transplacental approach, without recurrence or relapse until birth; 4) and the use of an appropriate cohort study design. Cardioversions that were successfully controlled during the fetal stage were considered successful, even if tachycardia recurred postnatally. The intrauterine death ratio was as used as a secondary endpoint in the treatment arms, while postpartum deaths were not included. The exclusion criteria included 1) AET and PJRT, due to inadequate sample size; 2) failure to report the primary outcomes of interest; 3) the initial diagnosis occurring after 37 gestational weeks; 4) the study did not distinguish between specific types of fetal tachycardia among the enrolled cases.
Non-treatment and placebo treatments are clinically unfavorable for patients and are ethically disallowed for consistent fetal tachycardia; therefore, every regimen was used as the reference baseline for all network meta-analysis comparisons for the results of each set of two-by-two comparisons can be clearly described. In this analysis, we only evaluated the therapeutic efficacy of first-line transplacental medication administration on fetal tachycardia and assessed the associated safety of each treatment option. We also collected the publication year of the study, the dosage of treatment for existing CHD comorbidities, and the occurrence of both maternal and neonatal adverse events.
Study Quality Assessment
The risks of bias and article quality were assessed with the Newcastle–Ottawa Scale (NOS) (Wells et al., 2014) according to 3 aspects: Selection (4 stars), Comparability (2 stars), Outcome (3 stars). Publication bias was assessed using funnel plots in Stata, version 16.
Data Assessment and Statistical Analysis
Five therapeutic regimens were evaluated, including monotherapies and combination therapies, namely D monotherapy, DF combination therapy, F monotherapy, DS combination therapy, and S monotherapy, data of which were then fed into the model (see Supplementary Materials). The sotalol and flecainide combination therapy, amiodarone monotherapy, and verapamil monotherapy were excluded from the meta-analysis due to inadequate data availability. Five subgroups were established according to the type of tachycardia, including total (means all the included patients), SVT, AF, hydrops, and non-hydrops groups. We used a Bayesian hierarchical model to establish a network analysis framework and used Markov Chain Monte Carlo (MCMC) simulation procedures to generate posterior distributions by R package (gemtc) (Harrer et al., 2021).
In Bayesian statistics, we calculated credible intervals (Crl) rather than confidence intervals around our estimates, and a 95% credible interval indicating that ‘there is a 95% probability that the true value of the parameter falls within our interval’ rather than ‘of every confidence interval calculated with each data set, 95% of the credible intervals (Crl) contain the true values of the parameters’ in frequentist statistics. The Bayesian hierarchical model uses uninformative priors on the effect in every comparison which doesn’t have a big impact on the posterior results, and the effects of a multi-arm study stem came from a multivariate (normal) distribution (Harrer et al., 2021). The model considered the replaceability of each treatment and used collected direct and indirect data based on uninformative priors, in order to obtain a relative accurate posterior result. The MCMC sampling allows to estimate the posterior distributions of our parameters, and thus generate the results of network meta-analysis (Harrer et al., 2021). Due to the inability to control for variables during observational studies, we did not assume that each study is an estimator of the same true effect size, but there are “study-specific” true effects estimated by each observed effect size and they are part of an overarching distribution of true effect sizes, and the variation between studies was estimated using a random-effects model.
A network plot was generated for the primary endpoint in each group using a random-effects model, using four Markov chains, 5,000 burn-in iterations, and 20,000 simulation iterations, where the parameters were considered enough for sensitive and well-converging network models, details on parameters could be accessed by command: ?mtc.run of R package (gemtc) (Harrer et al., 2021). Convergence assessments were performed using Gelman–Rubin plots. This plot used the term Potential Scale Reduction Factor (PSRF) to compare the variation within each chain to the variation between chains, and how both develop over time. The PRSF would gradually shrink down with increasing numbers of iterations, and should at least be below 1.05 in the end for an enough converged model. We also evaluated the consistency of our network model using the node-split method. Using the network meta-analysis results, we calculated the probability of a treatment being the first, second, third, fourth, or fifth ranking treatment; presented the comparison in one cumulative probability plot; data of each set of two-by-two comparisons would be arranged in a table. We only represented forest plot by comparing with D monotherapy. The same approach was used to assess the secondary outcome of mortality across the whole population.
We integrated the safety and efficacy data in the total tachycardia population by introducing a metric we referred to as the term safety index, which was calculated as the number of deaths divided by the number of successful cardioversions, to simultaneously assess the risks and benefits for each therapeutic regimen. It was derived from a pharmacologic concept——therapeutic index, which evaluates the safety of a drug and calculated as the median lethal dose divided by median effective dose. We hypothesized that a higher safety index value indicates reduced benefits of a regimen, because there were more death events with the same recovery events. Different with the comparison barely on death rate and cardioversion rate, safety index may complement the analysis of the data. For example:
-In study A, 20 of D group for first-line treatment and 10 of F, 12 of D for cardioversion and 7 of F, and 1 of D for death and 1 of F.
-In study B, also 20 of D group for first-line treatment and 10 of F, but 11 of D for cardioversion and 8 of F, and 4 of D for death and 2 of F.
-For cardioversion, the rate shows 23/40 of D < 15/20 of F, but for death, 5/40 of D < 2/20 of F, we may tell F is more efficiency but more unsecure.
-But as for safety index, 5/23 of D > 3/15 of F, we find that D would have more death events with the same recovery events. Two conclusions are in conflict in this example.
From our point of view, the difference may have relation with existence of the unrecovered but also alive population after first-line therapy, causing some data hidden behind. So safety index does provide another aspect for explaining the results.
The R (gemtc) package (van Valkenhoef et al., 2012) and Stata were used to perform statistical calculations for this network meta-analysis (Salanti, 2012; Shim et al., 2017; Shim et al., 2019; Harrer et al., 2021). We have put the R code and collected data in Supplementary Materials for convenience of replication.
RESULTS
Study Inclusion and Data Extraction
After the database search, 11,075 publications were identified, and 26 observational studies satisfied the established inclusion and exclusion criteria after screening and eligibility procedures were applied (shown in Figure 1). Any discrepancies were resolved between two reviewers by discussion until consensus was reached. Among the 26 included studies, one was a prospective study, and 25 were retrospective studies (van Engelen et al., 1994; Frohn-Mulder et al., 1995; Naumburg et al., 1997; Lisowski et al., 2000; Oudijk et al., 2000; Ebenroth et al., 2001; Jouannic et al., 2002; Krapp et al., 2002; Boldt et al., 2003; Jouannic et al., 2003; Oudijk et al., 2003; D'Alto et al., 2008; Pézard et al., 2008; Lulic Jurjevic et al., 2009; Hahurij et al., 2011; Shah et al., 2012; Uzun et al., 2012; van der Heijden et al., 2013; Ekman-Joelsson et al., 2015; Sridharan et al., 2016; Strizek et al., 2016; Ekiz et al., 2018; Karmegeraj et al., 2018; Miyoshi et al., 2019; O'Leary et al., 2020; Tunca Sahin et al., 2021). Only one randomized controlled trial (RCT; www.fasttherapytrial.com) (Edgar Jaeggi, MD, etc.) was retrieved during this search, but this RCT has not finished; therefore, it was treated as gray literature. Detailed reasons for the exclusion of identified articles are provided in Figure 1. The characteristics of the 26 included studies were summarized in Supplementary Table S1. 21 studies were conducted in Europe with 7 in Netherlands, and 3 studies were established in United States, 1 in Japan, 1 in India. Included gestational age at birth or when outcome recorded was ranged from 23 to 42 weeks but concentrated in 38 weeks. Quantitative data were organized into five groups according to treatment (D, DF, F, DS, and S). The maternal, neonatal and follow-up adverse events data were extracted regardless of the tachycardia type and specific regimens, because this information was not always reported in detail. The data set of extracted results that were used for statistical analyses are presented in the Supplementary Materials.
[image: Figure 1]FIGURE 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart describing study selection.
Combination Therapy of Digoxin and Flecainide Revealed Superiority for Cardioversion
For the primary outcomes, the data volumes and model stability were assessed for each of the five groups. The network plots represented the data size and the comparison size between two regimens, and the edge thickness corresponded to the numbers of studies included for comparisons. Total, SVT, and hydrops groups were found to form a complete network structure, with relationships identified across all treatment regimens; by contrast, some direct and indirect comparisons were lacking for the AF and non-hydrops groups, including F vs. DS and DF vs. S, suggesting that more attention should be paid when interpreting the results for these two groups (Figures 2A–E). Gelman–Rubin plots indicated that the shrink factor was stably maintained below 1.05 for all five groups (Supplementary Figures S1–S5), indicating enough converged models being applied. To assess inconsistencies, the node-split forest plots (Supplementary Tables S2–S8) revealed the effects of various comparisons when using only direct, only indirect, or all available evidence. Inconsistency was identified in all five groups due to one or more comparisons with p < 0.05, which indicated that the studies included systematically different populations. As shown in Figures 3A–E, 4A–E, the top two best-ranked regimens were consistently identified as DF and F. The odds ratio (OR) and 95% credible interval (95% CrI) when compared with D as the reference therapy was significantly different across all groups for DF: Total, 2.44 (95% CrI: 1.59, 3.52); SVT, 2.77 (95% CrI: 1.59, 4.07); AF, 67.85 (95% CrI: 14.25, 168.68); hydrops, 6.03 (95% CrI: 2.54, 10.68); and non-hydrops, 5.06 (95% CrI: 1.87, 9.88). Other therapies showed significant effects for specific groups when compared with different regimens, details were shown in Table 1. The results indicated there wasn’t one regimen having all statistically significant differences when comparing to the other therapies. Relatively, DF and F administrations demonstrated better efficacy for controlling fetal heart rate, regardless of the tachycardia type or the presence of hydrops, indicating the superiority of the two treatment protocols. DF demonstrated superiority on D in all five subgroups. In total group and AF group, DF had better effectiveness than DS. In AF group, superiority of F regimen could also be observed. Majority of comparisons showed no significant differences.
[image: Figure 2]FIGURE 2 | Network plot of the enrolled analyses. The network plots represent comparison sizes between two regimens, with edge thickness representing the number of related studies. (A) Total group. (B) SVT group. (C) AF group (lacking any direct comparisons between F and DS). (D) Hydrops group (lacking any direct comparisons between DF and DS). (E) Non-hydrops group (lacking any direct comparisons between DF and DS). (F) Death rate in the total group. (G) Safety index in the total group. D, digoxin monotherapy; DF, digoxin and flecainide combination therapy; DS, digoxin and sotalol combination therapy; F, flecainide monotherapy; S, sotalol monotherapy; SVT, supraventricular tachycardia; AF atrial flutter.
[image: Figure 3]FIGURE 3 | Forest plots of the enrolled analyses. The forest plots showed odds ratios (ORs) and 95% credible intervals (95% CrI) comparing the effectiveness and risks among five regimens, using D as the baseline reference (OR = 1). (A) Total group. (B) SVT group. (C) AF group. (D) Hydrops group. (E) Non-hydrops group. (F) Death rate in the total group. (G) Safety index in the total group. D, digoxin monotherapy; DF, digoxin and flecainide combination therapy; DS, digoxin and sotalol combination therapy; F, flecainide monotherapy; S, sotalol monotherapy; SVT, supraventricular tachycardia; AF atrial flutter.
[image: Figure 4]FIGURE 4 | Rank-line plots of the enrolled analyses. The cumulative probability of superiority is shown as a line chart, and the area under the curve (AUC) represents the rankings, with a larger AUC indicating a higher rank. (A) Total group. (B) SVT group. (C) AF group. (D) Hydrops group. (E) Non-hydrops group. (F) Death rate in the total group. (G) Safety index in the total group. D, digoxin monotherapy; DF, digoxin and flecainide combination therapy; DS, digoxin and sotalol combination therapy; F, flecainide monotherapy; S, sotalol monotherapy; SVT, supraventricular tachycardia; AF atrial flutter.
TABLE 1 | OR (95% Cl) data from the total, SVT, AF, hydrops, and non-hydrops groups.
[image: Table 1]Intrauterine Death
To assess the secondary outcome of death rates, a network plot (Figure 2F), Gelman–Rubin plot (Supplementary Figure S6), and inconsistency test (Supplementary Table S7) were used to examine intrauterine death. The results demonstrated no significant differences, indicating no differences in intrauterine death outcomes across the examined treatment regimens (Figure 3F and Table 2). As shown in Figure 4F, the two treatments found to be the most efficacious, DF and F, were also the top-ranked regimens for the death rate assessment. Therefore, we attempted to further assess the benefits and risks of each treatment regimen by analyzing the safety index.
TABLE 2 | OR (95% CI) data from the total group for the death rate and safety index according to treatment group.
[image: Table 2]Safety Index
It was necessary to mention that only the data of cardioversion must be no zero to assess a safety index, studies with substandard data were removed, resulting in a loss of data volume. For example, data of Jouannic, J, M. et al. in Supplementary Materials as we provided online, the cardioversion for total were 0 in D and DS groups, so we had to remove both data for code running. Figure 2G and Supplementary Figure S7 show acceptable results, but the inconsistency assessment (Supplementary Table S8) indicated an increase in the number of inconsistent comparisons, reducing the credibility of the cumulative probability plot. Table 2 showed the absence of significant results, preventing the determination of absolute ranking among these five regimens (Figures 3G, 4G). To summarize, the DF and F regimens demonstrated relatively superior efficacy for terminating fetal tachycardias, regardless of the tachycardia type or the presence of hydrops, with no significant difference in the associated risks such as death rate.
Quality Evaluation and Publication Bias
Supplementary Table S9 indicated that a low risk of bias was determined for all 26 studies included in this network meta-analysis (all studies obtained stars ≥7 (9 stars in total)) The publication bias of primary endpoints in the five groups is shown in Supplementary Figure S8, and no evident bias was observed for the total, SVT, hydrops, or safety index subgroups.
DISCUSSION
Oudijk et al. (2002) raised it very early that digoxin was the most common drug used but with effectiveness needing discussion, and flecainide was very effective in the control of fetal SVT based on their previous work and contribution. Jaeggi et al. (2011) established the response rate curve for digoxin monotherapy, sotalol monotherapy, and flecainide monotherapy over time, proposing associations between the fetal response to placental treatment and the fetal status, tachycardia type, and the type of anti-arrhythmia drug. Two meta-analyses reported by Hill et al. (2017) and Alsaied et al. (2017) both reached the same conclusion that flecainide monotherapy appears to be more effective as first-line therapy for fetal tachycardias than digoxin. In our results, after dividing the sample into four subgroups, the characteristics of the overall population were evaluated using network meta-analysis methods, which revealed that DF and F performed better than D, DS, and S in all five groups. In the AF group, significant differences were observed for multiple therapies. As secondary outcomes represented, no significance were observed among five regimens. Our results support the superiority of flecainide, particularly when combined with digoxin. As data showed, we suggested flecainide as the first-line regimen for balance between curative effect and side effects from monotherapy, digoxin should be promptly supplemented when flecainide monotherapy is ineffective to control fetal tachycardia as early as possible. Sotalol is considered for treatment alone or combined with digoxin when patients do not respond to above regimens. For AF group, DF and F come first, then S, finally DS and D.
We developed the safety index used in this study based on a pharmacology concept known as the therapeutic index, which is equal to the median lethal dose divided by the median effective dose. We borrowed the implication that a larger safety index value indicates reduced safety. Consequently, no differences were observed in results, which means there are similar amount of death events with the same amount of cardioversion events. However, due to the lack of detailed safety results provided by many of the studies included in this meta-analysis, inconsistencies were observed during the safety index analysis, suggesting that these outcomes should be considered with caution.
In addition, according to the Supplementary Materials on structural heart malformations we collected, in 26 inclusions, 3 studies didn’t mention whether they had included fetuses with malformations, 4 studies mentioned but lacked of data, 10 studies clarified exclusion of structurally impaired patients, and 9 studies provided data for malformations. Generally, there could been identified that 34 patients with malformations included in our network meta-analysis, accounting for 4.25% of total amount of data (799 patients). Because most of the literatures did not provide a detailed description of the treatment groups to which each structurally impaired patients belonged, we could not exclude in the raw data of the meta-analysis and therefore inform here. Existence of cases of cardiac malformations may affect the results and adverse events associated with these regimens in newborns.
Other extracted data included maternal, neonatal and follow-up adverse events. Reporting of the maternal adverse events were less than that of neonatal and follow-up (Supplementary Materials). We found that, all mothers’ safety were guaranteed with priority and most mothers could tolerate treatment. Apart from common side effects such as nausea, headache, or transient blurred visions, serious events like cardiac electrophysiological abnormalities could be resolved after dose reduction or change of treatment, however, which could have an influence on the continuity of treatment of the fetus. Also of interest, it seemed maternal side effects were less in flecainide than digoxin. As dosage data we collected in Supplementary Materials, most researchers were strict of the dosage, and were flexible after receiving feedback on the effect and adverse reactions of medication. Although the dosage is importantly affecting the effect of fetal treatment, due to consideration on the tolerance of the mothers, we could not obtain clear relationship between the dosage and the efficacy. The neonatal and follow-up adverse events have been also collected: relapses of tachycardia were the most common events in alive infants with or without successful cardioversion, such as Wolff-Parkinson-White syndrome, permanent junctional reciprocating tachycardias, ectopic atrial tachycardia, etc. They were receiving antiarrhythmic drugs either for recurrence and prophylaxis, and most recovered or had been stably controlled. But for patients companied with severe hydrops or other complex complications, though receiving therapies such as drug regimen (furosemide, isoprenaline, dopamine, digoxin, propafenone, propranolol, verapamil or adenosine, etc.), electric cardioversion, radiofrequency catheter ablation or even surgical cardiac repair according to the individual condition, part of infants could not survive of severe heart failure or may suffer from central nervous system complications for a life-long time, but our meta-analysis only took intrauterine death into account to avoid mixing fetal therapy and neonatal regimens. Based on the textual descriptions of the neonatal situation and follow-up records collected in various articles, we found that over time, the number of treatments available to children in the postnatal period increased, adverse events other than the nervous system were mostly controlled, and the age for all-cause death was increasingly concentrated in the neonatal period or related with premature birth which may due to incomplete development of the fetus, while neonatal death patients often had obvious comorbidities. Children who passed the neonatal period seemed to have better outcomes. This suggested that we are in need of more experiences, on the one hand, to ensure that pregnant fetuses can safely survive the developmental period in utero, and the other, to take precautions against and control neonatal comorbidities.
The etiological implications of SVT and AF are commonly thought to be associated with abnormalities of the sinus node, the atrioventricular junction, or the ventricles. Atrioventricular reentrant tachycardia (AVRT) accounts for 90% of feta tachycardias (Jaeggi et al., 2011), originating from an accessory pathway between the atria and ventricles that creates an extra electrical circuit. Typically, AVRT has a characteristic ventricular-atrial (VA) interval, with an atrial-ventricular ratio <1, indicating a short VA tachycardia. Most hydrops is associated with AVRT, which could affect treatment. Digoxin cannot pass completely through the placenta; therefore, even when the maternal dose approaches toxic levels, the fetal drug level may not be sufficient; therefore, flecainide and sotalol are recommended for the treatment of hydrops. AF, however, frequently develops during late pregnancy (Jaeggi et al., 2011) due to premature atrial contraction (Wacker-Gussmann et al., 2016). In AF patients, atrial rates are commonly much faster (300–500 bpm) and twice the ventricular rates because of a physiological block at the atrioventricular node, but the degree of blockage varies. Moreover, AF can also coexist with AVRT in the same fetus (Jaeggi et al., 2011). Although hydrops is a significant lethality factor, the effects of hydrops on drug transformation and distribution and the changes in the electrophysiological characteristics of drug responses require more in-depth study. The primary effect of flecainide is the significant inhibition of sodium ion influx. When used in large doses, flecainide acts as a β-receptor blocker that can block calcium ion channels. Digoxin can inhibit the sodium–potassium pump and increase the frequency of sodium–calcium exchange. By reducing the autonomy of the sinus node, digoxin slows the heart rate. When digoxin and flecainide are combined, they simultaneously reduce the heart rate through mutually beneficial antagonistic effects. Sotalol blocks β1 receptors and reduces sympathetic excitability, with little direct influence on cardiomyocytes, which may explain its relative safety and lack of strong curative effects. However, this article was unable to infer any clear relationships between the observed results and the pharmacological effects of these drugs from a deeper perspective.
In clinical practice, depending on the emergency level after assessing the tachycardia type, hemodynamic consequences, fetal development, and maternal choice, doctors can choose no intervention, drug therapy, or delivery. However, pharmacological therapy and delivery are not mutually exclusive options. Treatment is recommended until the delivery of a full-term baby, if permitted, with a strong correlation observed between postnatal SVT and later gestational age at fetal SVT diagnosis (Hinkle et al., 2017). In our data of neonatal and follow-up adverse events, premature infants often related with worse outcomes. However, the presence of significant polyhydramnios may have to give birth for safety or mother (Carvalho, 2019).
Currently, network meta-analyses are developing methods to result in higher accuracy. Some researchers indicated that the precise classification of scientific questions in network meta-analyses would help identify specific statistical methods and more customized model options for addressing medical questions. For example, in a network meta-analysis of drug efficacy, if the dose data is collected, a dose–response network meta-analysis can be performed to obtain a more reliable interpretation. However, we did not discuss this relationship in detail because dosage details are often difficult to collect.
Future RCTs could continue to apply Bayesian hierarchical models and verify the outcomes of this article. The existing model can also be optimized to facilitate the combine the two research designs. Future RCT studies that provide individual patient data can be used for meta-regression analyses that evaluate the intervention effects according to more individualized data rather than average values.
Strengths and Limitations
The use of Bayesian model analysis can prevent the second-class errors that ordinary meta-analyses are prone to producing when assessing multiple comparisons. In addition, our model incorporates a larger samples size (799 patients in total group, subgroups data could be accessed in Supplementary Materials) than previous meta-analyses.
Our included samples were limited to cases of SVT or AF, and other rarer manifestations were not included. In addition, Inconsistency identified in all seven data set indicated that the studies included systematically different populations, which were likely due to various causes, including differences in the severity of tachycardia, the gestation period, drug doses, and administration routes other than placental administration, such as muscular injection, umbilical vein injection, or oral administration, which were difficult to unify or control across these 26 observational studies. It should be noted that most of the samples in this paper have normal heart structure, so the conclusions in this paper are more suitable for children with normal heart structure. Whether the included retrospective studies applied similar practical treatment conditions was difficult to determine, and retrospective observation data is unable to meet randomization requirements. Prospective studies and ongoing RCT studies would provide more methodological control. However, Efthimiou et al. (2017) proposed that the inclusion of evidence from non-random studies (observational studies) can improve the accuracy of the results obtained from RCT-based network meta-analyses; therefore, this article can provide supplemental data for any follow-up studies. Due to the complexity of the Bayesian model, which requires similar distributions by default, the results may be influenced by non-similar distributions.
CONCLUSION
We conducted a network meta-analysis of first-line treatments used to manage fetal tachycardia using a Bayesian model. The superior effectiveness was remarkable for digoxin and flecainide combination therapy and flecainide monotherapy across all subgroup analyses (total, SVT, AF, hydrops, and non-hydrops). No significant differences in safety risks were identified among these therapies. Thus, the flecainide monotherapy and combination of digoxin and flecainide should be considered the most superior therapeutic strategies for fetal tachycardia. For details, it is suggested that flecainide acts as the first-line regimen for balance between curative effect and side effects from monotherapy, digoxin should be promptly supplemented when flecainide monotherapy is ineffective to control fetal tachycardia as early as possible. Sotalol is considered for treatment alone or combined with digoxin when patients do not respond to above regimens.
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Supplementary Figure S1 | Gelman Runbin plot of Total group. Gelman Runbin plots represented the model fitting results between each comparison, it indicated active results if the line’s shrink factor is stably below 1.05 as iterations increase. All Gelman Runbin plot (Supplementary Figures S1–S7) showed active results.
Supplementary Figure S2 | Gelman Runbin plot of SVT group.
Supplementary Figure S3 | Gelman Runbin plot of AF group.
Supplementary Figure S4 | Gelman Runbin plot of Hydrops group.
Supplementary Figure S5 | Gelman Runbin plot of Non-hydrops group.
Supplementary Figure S6 | Gelman Runbin plot of Death group.
Supplementary Figure S7 | Gelman Runbin plot of Safety Index group.
Supplementary Figure S8 | Funnel plots of enrolled analyses. The funnel plots represented the publication bias of results in 7 groups, no significant bias were found in Total, SVT, AF, Death and Safety Index groups. Hydrops and Non-hydrops groups may have risks of publication bias. (A) Total group; (B) SVT group; (C) AF group; (D) Hydrops group; (E) Non-hydrops group; (F) Death rate in Total group; (G) Safety Index in Total group. D, Digoxin; DF, Digoxin and Flecainide; DS, Digoxin and Sotalol; F, Flecainide; S, Sotalol.
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Background: Preeclampsia is a serious pregnancy complication that affects 5%–10% of the obstetric population.
Objective: To study inflammatory markers associated with preeclampsia.
Search Strategy: Searches of articles on the topic published over a 10-year period (2009–2019) were performed in three databases (PubMed, Cochrane, and Embase) using the keywords preeclampsia and inflammatory markers. The PubMed search using 10 years and humans as filters retrieved 124 articles. Using an advanced search strategy, 0 articles were identified in Embase and 10 articles in Cochrane. After screening and eligibility assessment, 13 articles were included in the systematic review and meta-analysis. Meta-analysis and quality assessment of the studies were performed using the Review Manager 5.3 program.
Results: For meta-analysis, women with preeclampsia were compared to control women, i.e., pregnancies without arterial hypertension. Leptin levels were significantly higher (p < 0.0002) in women with preeclampsia compared to controls. Total cholesterol was also significantly elevated in women with preeclampsia (p < 0.0001). There was no significant difference in HDL between groups, but women with preeclampsia had significantly increased LDL (p < 0.01). The same was observed for triglycerides, which were significantly increased in women with preeclampsia (p < 0.04) compared to controls. Analysis of TNF-alpha, an important inflammatory marker, showed higher levels in women with preeclampsia (p < 0.03) compared to controls. The same was observed for another important inflammatory marker, interleukin 6, which was significantly increased in women with preeclampsia (p < 0.0002). There was a significant increase of C-reactive protein in women with preeclampsia (p < 0.003) compared to controls.
Conclusion: Women with preeclampsia have increased levels of inflammatory markers compared to control women.
Keywords: preeclaimpsia, inflammatory, markers, C reaction protein, HDL
INTRODUCTION
Hypertensive disorders are one of the most common complications of pregnancy worldwide and account for about 20% of deaths of pregnant women in Latin America according to data from a study by the World Health Organization published in 2014. These disorders are serious conditions whose prevalence ranges from 3% to 9% (Brown et al., 2018). Among hypertensive disorders, preeclampsia is a matter of concern because of its impact on maternal and neonatal health. Preeclampsia is a leading cause of maternal and perinatal morbidity and mortality, affecting approximately 5% of all pregnancies worldwide (Jeyabalan, 2013; Brown et al., 2018; Wang et al., 2021).
Preeclampsia is a disorder of pregnant women that occurs after 20 weeks of gestation, although it can present as late as 4–6 weeks postpartum. The clinical manifestations include hypertension and proteinuria in 24 h > 0.3 g/L, with or without edema, but the disease may even affect all organ systems (Rana et al., 2019).
Increased maternal inflammatory status and oxidative stress associated with excess adipose tissue are considered the main biological triggers of abnormal early placentation among obese subjects. Placental defects can lead to increased resistance in the maternal-fetal circulation, triggering the development of preeclampsia. (Mayrink et al., 2018).
Adiponectin and leptin are adipokines, hormones produced mainly by adipose tissue, that are responsible for the regulation of lipid metabolism, placental angiogenesis, insulin sensitivity, inflammatory processes, and trophoblast invasion (Thagaard et al., 2019a; Kaze et al., 2021; Bhat et al., 2022). Adipokines appear to be involved in the complex mechanisms of early pregnancy and implantation and may therefore play a potential role in the development of preeclampsia. In early pregnancy, maternal leptin concentration correlates strongly with pre-pregnancy body mass index. Subsequently, placental production of leptin contributes to the increase in maternal leptin concentration during pregnancy (Thagaard et al., 2019a; Kaze et al., 2021; Bhat et al., 2022). Beneventi et al., 2020 investigated maternal and fetal plasma levels of leptin in pregnancies complicated by obesity and preeclampsia. The authors found that pregnant women with obesity had higher serum leptin levels than normal-weight subjects with and without hypertension or normotensive subjects with obesity (Larsen et al., 2019; Beneventi et al., 2020; Abraham and Romani, 2022).
From a practical and clinical point of view, maternal serum adiponectin and leptin can be used as markers to identify women with a predisposition to developing hypertension during pregnancy and thus can permit early detection. The importance of further studies on these adipokines lies in the fact that these proteins may be useful in the future not only as metabolic predictors but also for the prevention of arterial hypertension, diabetes, and diabetes. Atherogenesis as has been shown experimentally (Farkhondeh et al., 2020; Kim et al., 2022).
The objective of this study was to investigate inflammatory markers such as adiponectin and leptin associated with preeclampsia.
METHODS
The search strategy followed the recommendations of Berstock et al., 2019 (Berstock and Whitehouse, 2019). Articles published from January 2009 to November 2019 in PubMed, Embase, and Cochrane were eligible. First, we selected keywords from related articles. Medical Subject Headings (MeSH) were then used to find more related keywords with similar meanings: (“inflammatory markers” [MeSH Terms] OR (“preeclampsia” [All Fields] AND (“inflammatory markers and preeclampsia”) [MeSH Terms] [All Fields]. Searches were performed in the three databases. PubMed searches using 10 years and humans as filters resulted in 124 potential articles. Searching only the title in Embase resulted in 0 articles and the Cochrane database search retrieved 10 articles, all involving humans. After a first selection, 84 articles were not selected because they were unrelated to the topic of the systematic review, 3 articles involved animals, 4 articles were reviews, and 4 articles were duplicates. Thirty-five articles remained for abstract reading; of these, 22 were also unrelated to the topic of the systematic review and were excluded. Finally, 13 articles were included in the systematic review and meta-analysis (Figure 1). This review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines following the PICO framework (P = patients, I = intervention, C = comparator group, and O = outcome) (Eriksen and Frandsen, 2018).
[image: Figure 1]FIGURE 1 | Flowchart for selection of studies.
Two researchers with experience in compelling systematic reviews (E.C.V. and _KBS_) independently and blindly retrieved the articles and evaluated the titles and abstracts following the inclusion and exclusion criteria according to the PICO components (Eriksen and Frandsen, 2018). The selected articles were then critically evaluated for inclusion in the review or exclusion. Disagreements regarding the selection of studies were resolved by a third reviewer (HK).
The following data were extracted from the studies selected for the systematic review and entered into a table: author names and year of publication, study design, the definition of preeclampsia (systolic blood pressure, diastolic blood pressure, and/or diabetes), number of participants in the study, maternal age (years), inflammatory markers study and outcome (Table 1). The RevMan version 5.3 program (Cochrane Collaboration, Oxford, United Kingdom) was used for meta-analysis. A random-effect model was used to estimate heterogeneity.
TABLE 1 | Characteristics of studies on women with preeclampsia.
[image: Table 1]STATISTICAL ANALYSIS
In the statistics of the preeclampsia groups, the means, standard deviations and the total number of women were described, and in the control groups also each author. And also the mean difference, randomized with a confidence interval of 95%.Meta-analysis was carried out with the Review Manager 5.3 software program (Cochrane Collaboration, Oxford, United Kingdom) by comparing the means and standard deviations of the preeclampsia and the control groups. The random-effects model was used in the case of heterogeneity (DerSimonian and Kacker, 2007; von Hippel, 2015).
RESULTS
In the meta-analyses, we first evaluated leptin whose levels were significantly increased (p < 0.0002) in the group of women with preeclampsia compared to the control group (Figure 2A). Total cholesterol was also elevated in the group with preeclampsia (p < 0.0001) compared to the control group (Figure 2B). There was no difference in HDL between groups (p = 0.66), probably because of the high standard deviation in one of the articles analyzed (Figure 2C); however, LDL was significantly increased in women with preeclampsia (p < 0.01) compared to control (Figure 2D). There was also a difference in triglycerides (p < 0.04) between the experimental group and the control group (Figure 3A). When we analyzed other inflammatory markers such as tumor necrosis factor alpha (TNF-α), we observed significantly increased levels of this marker in the group of women with preeclampsia (p < 0.03) compared to women with normal pregnancies (Figure 3B). The same was observed for interleukin 6 (IL-6) (Figure 3C), with this marker being significantly increased in the group of women with preeclampsia (p < 0.002). There was a significant increase of C-reactive protein in women with preeclampsia (p < 0.003) compared to pregnant women without hypertension (Figure 3D).
[image: Figure 2]FIGURE 2 | Meta-analyses of inflammatory markers among pregnant women with preeclampsia and control pregnant women (control), that is, without preeclampsia. (A)—Meta-analyses of Leptin (ng/ml) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (B)—Meta-analyses of Total cholesterol (mg/dl) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (C)—Meta-analyses of HDL (mg/dl) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (D)—Meta-analysis of LDL (mg/dl) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia).
[image: Figure 3]FIGURE 3 | Meta-analyses of inflammatory markers among pregnant women with preeclampsia and control pregnant women (control), that is, without preeclampsia. (A)—Meta-analysis of Triglycerides (mg/dl) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (B)—Meta-analysis of TNFα (pg/ml) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (C)—Meta-analysis of IL6 (pg/ml) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia). (D)—Meta-analysis of C-reactive protein (mg/dl) among preeclampsia (woman pregnant with preeclampsia) and control (woman pregnant without preeclampsia).
The following results of the risk of bias assessment should be highlighted. All articles were classified as low risk of bias for selective reporting. When we analyzed incomplete outcome data and other bias in the 13 articles, 12 were rated as low risk of bias and only one as unclear risk of bias (Figure 4). Regarding random sequence generation, most articles (10 articles or 76.92%) were at low risk of bias and only 3 articles were at unclear risk of bias. When we analyzed blinding of participants and personnel and blinding of outcome assessment, slightly less than half of the articles (6 articles) were rated as low risk of bias and the remaining 7 articles as unclear risk of bias. Most articles had an unclear risk of bias only for allocation concealment, with only one article showing low risk of bias (Figure 5).
[image: Figure 4]FIGURE 4 | Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
[image: Figure 5]FIGURE 5 | Risk of bias summary: review authors’ judgements about each risk of bias item for each included study.
DISCUSSION
The main finding of this study was that women with preeclampsia had increased levels of inflammatory markers compared to pregnant women without this condition. The inflammatory markers showing a significant difference were leptin, TNF-α, IL-6, and C-reactive protein.
Adiponectin is an anti-inflammatory factor, that is, associated with the physiopathology of preeclampsia. Several authors have studied the association between adiponectin and preeclampsia and found conflicting results. Most studies report an increase of adiponectin in the third trimester of gestation in patients with preeclampsia compared to control (Pérez-Pérez et al., 2020; Pheiffer et al., 2021; Lara-Barea et al., 2022), while others found the Other adipokines such as resistin, visfatin and vaspin in gestational diabetes and preeclampsia have been described but their physiological role has yet to be established and work has been more descriptive regarding these other adipokines (Miehle et al., 2012). In pregnant women plasma levels of resistin are elevated compared to non-pregnant women, however in gestational diabetes there are inconsistent data in the literature with some studies demonstrating elevation of resistin while others found decreased levels. Visfatin has anti-apoptotic properties and recombinant human visfatin treatment of human fetal membranes causes a significant increase in inflammatory cytokines, but its role in preeclampsia and gestational diabetes remains contradictory. In the case of vaspin, serum levels are not associated with markers of insulin resistance in pregnant patients. Recent studies associate resistin and visfatin as predictors of gestational diabetes mellitus and also that these adipolines are found in tissues such as adipose, subcutaneous adipose, placenta and cord blood (Bawah et al., 2019; Valencia-Ortega et al., 2022). Meta-analysis of the adiponectin results was not possible in our study because the selected articles did not report these results.
Leptin is an adipokine expressed in adipose tissue, that is, involved in energy expenditure and the modulation of insulin resistance (Thagaard et al., 2019b). This hormone is also produced by trophoblastic cells of the placenta (Beneventi et al., 2020). A recent study suggests that high preconceptual leptin levels may be a body mass index-independent risk factor for gestational diabetes mellitus and also a body mass index-dependent risk factor for hypertensive pregnant women (Peltokorpi et al., 2022).
Some studies measuring leptin in the second and third trimesters of gestation found an increase in leptin levels in pregnant women with preeclampsia compared to the control group (Thagaard et al., 2019b; de Knegt et al., 2021). Our meta-analysis supports these results since leptin was also found to be increased in patients with preeclampsia. Another study suggested that leptin may be a predictor in the obese population and elevated leptin levels have also been associated with cardiovascular disease (Nzelu et al., 2020; Stefańska et al., 2021).
The systematic review of Black et al., 2018 (Black and Horowitz, 2018) examined 73 studies published between 1998 and 2016 and revealed that some inflammatory markers such as IL-6, IL-8, TNF-α, and C-reactive protein may be useful for identifying women at risk of developing preeclampsia, in agreement with the results of our meta-analysis. Likewise, two other systematic reviews (30,31) also identified elevated levels of TNF-α, IL-6, and IL-10 in studies on preeclampsia.
With respect to IL-6, studies have demonstrated a significant increase of this cytokine in pregnant women with preeclampsia complications when compared to pregnant controls (Nzelu et al., 2020; Stefańska et al., 2021). Another studied used inflammatory marker is TNF-α. The results are contradictory, with most studies reporting an increase of this marker in preeclampsia, including the present study in which meta-analysis showed a significant difference in TNF-α levels compared to control. On the other hand, some studies did not find a significant difference between pregnant women with preeclampsia and pregnant controls (Lau et al., 2013; Black and Horowitz, 2018).
C-reactive protein is an acute-phase protein of inflammation and is frequently studied as a marker of preeclampsia. Our results also showed an increase in this protein, in agreement with the literature. In one systematic review, most studies (18 studies) showed elevated levels of C-reactive protein in women with preeclampsia compared to the control groups, while a minority of 10 studies found that C-reactive protein levels did not differ from controls (Black and Horowitz, 2018).
Abnormal lipid profiles have also been linked to both preeclampsia and impaired metabolic health in obese people. High levels of LDL have been observed in patients with preeclampsia in the third trimester of gestation compared to normotensive controls (Alahakoon et al., 2020). Our results revealed no significant difference in LDL between the preeclampsia and control groups. There was also no difference in HDL between the groups analyzed. Other studies found low HDL levels and high triglyceride levels in patients with preeclampsia when compared to controls (Dong et al., 2021; Zhou et al., 2021). In our study, triglyceride levels were higher in patients with preeclampsia than in the control group. Furthermore, high triglyceride and LDL levels and low HDL levels have been associated with impaired cardiovascular health (Soppert et al., 2020).
Future perspectives for this topic should include more clinical and experimental research on inflammatory markers in preeclampsia and gestational diabetes mellitus with a substantial number of women studied and further research is needed on these more common cardiovascular markers and others less common cardiovascular markers.
CONCLUSION
We concluded that some inflammatory markers in our meta-analysis such as leptin, total cholesterol, triglycerides, TNFα and C-reactive protein were increased in pregnant women with preeclampsia compared to pregnant control women, so inflammatory markers are important markers of preeclampsia.
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Polycystic ovary syndrome (PCOS) is a multifactorial metabolic and most common endocrine disorder that its prevalence, depending on different methods of evaluating PCOS traits, varies from 4% to 21%. Chronic low-grade inflammation and irregular apoptosis of granulosa cells play a crucial role in the pathogenesis of PCOS infertility. Mesenchymal stem cells (MSCs)-derived exosomes and extracellular vesicles (EVs) are lipid bilayer complexes that act as a means of intercellular transferring of proteins, lipids, DNA and different types of RNAs. It seems that this nanoparticles have therapeutic effects on the PCOS ovary such as regulating immunity response, anti-inflammatory (local and systemic) and suppress of granulosa cells (GCs) apoptosis. Although there are few studies demonstrating the effects of exosomes on PCOS and their exact mechanisms is still unknown, in the present study we reviewed the available studies of the functions of MSC-derived exosome, EVs and secretome on apoptosis of granulosa cells and inflammation in the ovary. Therefore, the novel cell-free therapeutic approaches for PCOS were suggested in this study.
Keywords: mesenchymal stem cell, exosome, extracellular vesicle, apoptosis, chronic inflammation
INTRODUCTION
Polycystic ovary syndrome (PCOS) is a multifactorial metabolic disease and common endocrine condition that leads to increased production of androgens, decreased production of the estrogens and progesterone and consequences of infertility (Xu and Qiao, 2022). Common biochemical hallmarks of polycystic ovary syndrome are the absence of ovulation with high levels of androgens, luteinizing hormone (LH), luteinizing hormone/follicle-stimulating hormone ratios while follicle-stimulating hormone (FSH) remains normal or low (Eid et al., 2005). The global prevalence of this disorder varies from 4% to 21% depending on different methods of evaluating PCOS traits and diagnostic criteria (Lizneva et al., 2016), which can be recognized as the most common cause of infertility or failed birth in recent years (Rotterdam, 2004; Lizneva et al., 2016). It seems the principal ovarian consequences of PCOS are growth arrest in the early antral follicles and abnormal folliculogenesis (Franks et al., 2008). Although the current treatments include various gonadotropin (Artini et al., 1996), clomiphene citrate (Legro et al., 2007) and metformin (Sam and Dunaif, 2003), but, it has been pointed out that each of these treatments have various advantages and disadvantages (Elnashar et al., 2006; Legro et al., 2007). Therefore, alternative and non-invasive treatments improving follicle growth, resumption of oocyte maturation and different leading factors of PCOS are needed. There is evidence that mesenchymal stem cells (MSCs) have anti-inflammatory, fibrogenesis inhibiting, antioxidant, and regenerative effects (Zhao et al., 2019). These roles can give to the MSCs a potential therapeutic application in various abnormalities such as the female reproductive disorders (Mutlu et al., 2015; He et al., 2018).
In addition to intercellular interactions such as autocrine, paracrine or endocrine signaling, recently, extracellular vesicles (EVs) as a new tool for intercellular communication has attracted the attention of researchers. Although, some researchers consider the secretion of EVs as a mechanism of the cell to dispose of useless molecules (Van der Pol et al., 2012). But using the extracellular vesicles, various active biomolecules including nucleic acids, proteins and lipids can be transferred from origin cells to target cells (György et al., 2011; Koniusz et al., 2016). Precise characterization of the EVs content has opened up their promising applications in diagnosis and therapy, as well as the development of innovative drug delivery systems (Barile and Vassalli, 2017). According to their biosynthesis mechanism and size, those can be divided in to microvesicles (50–3000 nm), exosomes (40–100 nm) and apoptotic bodies (800–5000 nm) (Yamamoto et al., 2016). Origin-based contents, genetic materials and ability to content shuttling to other cells make exosomes as an attractive research subject for manipulating the functions of different cells locally and/or remotely (Han et al., 2016). In various physiological and pathological processes including reproduction, gametogenesis, embryogenesis and differentiation, exosomes are secreted by most cell types into the extracellular environment and have been detected in various body fluids (Raposo and Stoorvogel, 2013; Machtinger et al., 2016) so that they act as a means of transferring proteins, lipids, DNA and diversity of RNA species between cells (Barile and Vassalli, 2017). The presence of EVs in reproductive bio-fluids such as follicular fluid and ovarian fluid shows their role in the intercellular communication necessary for the proper functioning of the reproductive system (Machtinger et al., 2016). Considering the positive role of MSC-derived exosomes, the goal of this study is to review the available reports on their role in treatments of the various reproductive processes and present a potential role of the exosome in in vitro maturation of oocyte and the improve of infertility in PCOS women.
Mesenchymal stem cells-derived exosomes
Growing evidence from a various experimental and clinical trials support the effectiveness of MSCs on treating different diseases such as renal fibrosis, cardiovascular disorders, neurological diseases and female reproductive disorders (Du and Taylor, 2009; Goradel et al., 2018; Liang et al., 2018; Liu et al., 2018; Sneddon et al., 2018); these cells can be harvested from the varieties of tissues including bone marrow, umbilical cord, adipose tissue, placental tissue, menstrual blood and dental pulp (Priester et al., 2020).
In spite of the therapeutic potential of MSCs, large-scale MSC expansion for clinical use is limited owing to the cells’ capacity to divide in culture for a limited number of passages. Also, the cells could be associated with some challenges including difficulty of their transportation, transplant rejection and commercialization (Mendt et al., 2019). Therefore, in the recent decades, great efforts have been taken to find alternatives to reducing problems of MSCs usage while preserving their positive properties.
MSCs are a massive source for exosome production and are used in various research fields due to their greater availability and high proliferative ability (Cheng et al., 2017; Cheng et al., 2021). Exosomes, which are lipid bilayer nanoparticles that secrete into the microenvironment from various types of cells especially mesenchymal stem cells that offer promising therapeutic potential. In addition to other bioactive molecules that we have detailed in our previous study (Izadi et al., 2021), exosomes have various types of signaling molecules such as mRNA and miRNA (Valadi et al., 2007). Higher biological stability, easier storage, easier penetration into target tissues and low immunogenicity are some of the considerable advantages that make exosomes more useful compared to their source cells for medical applications (El Andaloussi et al., 2013; Zhang et al., 2016). Exosomes secreted from different cells have almost similar protein molecules with biological activities including immune modulation, regeneration, and tissue repair and angiogenesis promotion. Exhibiting the same activities in all MSC-derived exosomes may be related to the existence of a common protein signature (van Balkom et al., 2019). Additionally, some types of MSCs secrete exosomes with unique characteristics (Tang et al., 2021). Rising evidence suggests that MSCs-derived exosomes have immunomodulation, anti-inflammatory (Urbanelli et al., 2015; Izadi et al., 2021) and anti-apoptosis effects (Fu et al., 2020; Wen et al., 2020), therapeutic potential of female reproductive disorders (Liao et al., 2021; Zohrabi et al., 2022).
Potential applications of MSCs-derived exosomes in PCOS patient
Many studies have shown that chronic low-grade, increase in pro-inflammatory cytokines, decrease of anti-inflammatory cytokines, insulin resistance, hypersensitivity of Helper T-cells (Th1); Th1-type immunity and the ratio of Th1 to Th2 cells, as well as Th1 cytokines such as IFN-γ and IL-2 are increased during immune reactions in PCOS patients (Qin et al., 2016) and hyperandrogenism play a crucial roles in PCOS pathogenesis (González et al., 2014a). Moreover, it has been reported that chronic inflammation in PCOS can lead to poor oocyte quality, ovarian dysfunction, disrupts oocyte development, and affect endometrial receptivity (Velez et al., 2021).
Few recent studies have reported that human umbilical cord mesenchymal stem cells (huMSCs) therapy can improve ovarian dysfunction by the systemic immunomodulation and local immune response in the ovary of PCOS patients (Xie et al., 2019). In a letrozole-induced PCOS mouse model, the beneficial effect of human bone marrow derived mesenchymal stem cells (BM-hMSCs)on the partial restoration of ovaries, the number of corpora lutea, and antral follicles has been reported (Chugh et al., 2021a). Notably, an increasing number of studies have discovered that the communication between MSCs and target tissue such as ovarian microenvironment is through the exosomes and secretome (Harrell et al., 2019; Xu et al., 2019). Also, another study reported that huMSCs--derived exosomes ameliorates the granulosa cells immune response through the inhibition of NF-κB signaling pathway in the PCOS (Zhao et al., 2022).
Recently, a study showed that MSCs-derived exosomes cause the decreased concentration of IL-1β and TNF-α, while the secretion of TGF-β increased in in vitro culture of mononuclear cells. Also, it demonstrated that MSCs-derived exosomes can increase Th2 (Th2-related anti-inflammatory cytokine such as IL-10 that is reduced in PCOS patients) and Treg and decrease Th1 (Chen et al., 2016). Apoptosis plays the key role in follicular atresia and cyclic growth and regression of follicles in the human ovary (Tilly, 1996). It has been reported that factors involved in the induction of apoptosis in the ovaries (Jansen et al., 2004) and also the number of atretic follicles increase in PCOS patients (Laven et al., 2001). EVs derived from huMSCs have also shown anti-apoptotic and fertility recovery effects and promoted secretive functions of granulosa cells in induced POI mice (Liu et al., 2020). Also it can reduce ovarian damage and protect GCs through anti-apoptotic and anti-inflammatory effects and improve ovarian function in chemotherapy-induced POF mice (Deng et al., 2021).
Therefore, exosome as a novel cell-free therapeutic strategy can be used promisingly in diseases of inflammatory origin by maintaining the immune balance (Chen et al., 2016).
The effects of bioactive compounds in the MSC-derived exosomes and secretome
Although recently there have been many studies on exosomes as a novel avenue for female infertility treatment, precise mechanisms of MSCs-derived exosomes on female reproductive diseases are also unclear. Given that chronic inflammation is associated with the pathogenesis of PCOS, there is also a positive feedback loop between inflammation, androgen production and metabolic disorders in PCOS (González et al., 2014b; Fox et al., 2019); Since, near to 50% of PCOS patients show high secretion of androgens (Marti et al., 2017; McAllister et al., 2019), therefore, the main strategy to treat PCOS can be suppression of androgen secretion (McAllister et al., 2019).
It has been reported that cytokine IL-10 that is found in secretome improves fertility through the suppressing androgen secretion by ovarian theca cells and reducing inflammation (Chugh et al., 2021b). Bone morphogenetic proteins (BMPs) are multifunctional growth factors that play an important role in folliculogenesis and female fertility; these proteins are secreted by BM-hMSCs (Yoshino et al., 2011). The theca cells in the ovary proliferate rapidly and increased androgen production in PCOS (Bremer, 2010; Zhang et al., 2012), it has been reported that BMP-2 can inhibit the proliferation of different cells in vitro (Hardwick et al., 2004; Chen et al., 2012; Zhang et al., 2012). Another study showed that BMP-2 can treat hyperandrogenemia in PCOS by suppressing steroidogenesis (Chugh et al., 2021a). Therefore, BMP-2 may improve the hyper-androgenemia in PCOS.
In PCOS and other ovarian disorders, the effect of exosome therapy has been reported to affect apoptosis by delivering genetic material such as miR-323-3p miR-146a and miR-10a (Xiao et al., 2016; Zhao et al., 2019), miR-664-5p (Sun et al., 2019), and miR-21(90).
Mesenchymal stem cells have the ability to secrete a large number of growth factors such as fibroblast growth factor (FGF), insulin-like growth factor-1 (IGF-1), VEGF, TGF-β, and EGF (Labouyrie et al., 1999; Izumida et al., 2005; Yoon et al., 2010) which may have the effect of reinitiate meiosis and improve oocyte maturation (Ling et al., 2008). A clinical trial in which the retrograde injection method was used to transplant MSCs based on a collagen scaffold into the ovaries of patients with some ovarian disorders suggests that EVs can be transferred by intra-ovarian injection (Ding et al., 2018). The biologically active molecules and their effects are summarized in Table 1 and Figure 1.
TABLE 1 | Therapeutic potential of MSC-derived secretome in ovarian and in vitro culture.
[image: Table 1][image: Figure 1]FIGURE 1 | Effects of MSCs-derived exosomes, EVs, and Conditioned media on inflammation and granulosa cells apoptosis in PCOS and various ovarian disorders.
Potential applications of MSCs-derived exosomes in enrichment IVM culture medium
Although in vitro fertilization (IVF) is an effective treatment for infertility in PCOS women, it is also associated with an increased risk of ovarian hyperstimulation syndrome (OHSS) (Shalom-Paz et al., 2012). Therefore, minimizing the risk of ovarian stimulation while providing an acceptable fertility success rate should be the focus of treatment efforts. Currently, to prevent OHSS, immature oocytes are collected from small antral follicles within unstimulated or very little stimulated ovaries then these oocytes are matured in vitro. Patients with PCOS could potentially benefit from IVM, as it reduces the risk of OHSS as well as costs (Shalom-Paz et al., 2012; Ho et al., 2019). But since the IVM and success rate of fertilization of oocytes matured in vitro is not satisfactory, therefore, to overcome these limitations faced by IVM, several studies have been conducted that focus on effects of cultural media containing various additives for improving oocyte quality (Jee et al., 2008; Ben-Ami et al., 2011; Blanco et al., 2011; Ishizuka et al., 2013; Sánchez et al., 2015). Primarily, an optimal culture medium is needed to increase the efficiency of IVM, which can be achieved by better understanding the molecular events that trigger oocyte maturation (Chian et al., 2004). Before ovulation, the LH surge triggers a cascade of cellular and molecular events in the ovarian follicle including resumption of oocyte meiosis, cumulus expansion, follicular wall rupture, and cumulus-oocyte mass extrusion (Richards et al., 2002). Despite mural granulosa cells and external theca cells expressing high LH receptors, oocyte and cumulus cells express little or no LH receptors and therefore do not respond to LH exposure in vitro (PENG et al., 1991). Therefore, it seems the effects of LH on cumulus-oocytes may be through the release of the paracrine mediators from granulosa cells (Conti et al., 2006). Also, recently, it was reported that LH stimulation of isolated human granulosa cells causes the increase of EGF-like growth factors (Ben-Ami et al., 2006; Ben-Ami et al., 2009). Several experimental studies in animals and cell culture have demonstrated that EGF and IGF-1 can improve maturation in cumulus surrounded (Sakaguchi et al., 2000; Sakaguchi et al., 2002) and denuded oocytes as well as in vitro which is similar to what happens in vivo (Das et al., 1991; Lonergan et al., 1996).
Given that each oocyte is surrounded by cumulus granulosa, mural granulosa, theca cells and follicular fluid to form ovarian follicles as reproductive units, therefore, the oocyte can be affected by each of these components (Di Pietro, 2016). However, new exosome-based therapeutic approaches in PCOS are few. Recently, regulation of steroidogenesis, promotion of cell growth and inhibition of apoptosis in the cumulus cells by exosomal miR-323-3p has been reported in the women with PCOS (Zhao et al., 2019). Also, animal studies revealed beneficial effects of EVs (Liao et al., 2021), exosomes derived from amniotic fluid stem cells (Xiao et al., 2016) and bone mesenchymal stem cells (Sun et al., 2019) on various ovarian disorders and fertility recovery. These nanoparticles inhibit apoptosis in the damaged granulosa cells through the delivery of miR-146a, miR-10a (Xiao et al., 2016), miR-664-5p (Sun et al., 2019), and miR-21(90). Studies have shown that exosomes derived from huMSCs can increased of Bcl-2 and caspase-3 whereas decreased the expression of Bax, cleaved caspase-3, and cleaved poly (ADP-ribose) polymerase (PARP) to attenuation of cisplatin-induced ovarian granulosa cell apoptosis in vitro (Sun et al., 2017; Zhang et al., 2020). In addition, BM-hMSCs conditioned media could regulate the steroidogenesis, inhibit androgen secretion and suppress inflammatory pathways in a cellular model (Chugh et al., 2021a; Chugh et al., 2021b). Moreover, it has been reported that in vitro maturation of mouse oocytes with or without cumulus cells can be improved by its co-culture with conditioned medium of MSCs (Ling et al., 2008). Therefore, According to the beneficial effects of MSCs-derived exosomes, EVs and secretome can have the potential to optimize the culture media for oocyte maturation in PCOS.
CONCLUSION
Although the pathogenesis of PCOS is still controversial and remains unclear, several studies implicate chronic inflammation in the pathogenesis of PCOS and others implicate irregular granulosa cell apoptosis in PCOS infertility. In this study, we present a promising opportunity to develop novel cell-free therapy approaches to restore fertility in PCOS condition. According to the recent studies, MSCs-derived exosomes, EVs and secretomes inhibit inflammation and apoptosis, regulate steroidogenesis and inhibit androgen production in in vitro as well as in vivo. Consequently, it is worthwhile to challenge the effectiveness and efficiency of the exosomes in enriched culture media for improving oocyte development as well as PCOS treatment.
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Tissue concentration of vascular endothelial growth factor is not related to the depth of trophoblastic invasion in ampullary pregnancies—A pilot study
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Introduction: The factors that modulate trophoblastic invasion into the tubal wall remain uncertain. Moreover, it is known that the concentration of vascular endothelial growth factor (VEGF) is increased in cases of deeper trophoblastic invasion in the fallopian tubes.
Objective: This study aimed to assess if there is a correlation between VEGF tissue expression and the depth of trophoblastic infiltration into the tubal wall in patients with ampullary pregnancy.
Methods: A cross-sectional study was conducted in patients with a diagnosis of tubal pregnancy in the ampullary region who underwent salpingectomy. Inclusion criteria were spontaneously conceived singleton pregnancies, diagnosis of tubal pregnancy in the ampullary region, and radical surgical treatment. A lack of agreement regarding the location of the tubal pregnancy and impossibility of either anatomopathological or tissue VEGF analysis were the exclusion criteria. Histologically, trophoblastic invasion into the tubal wall was classified as grade I when limited to the tubal mucosa, grade II when it reached the muscle layer, and grade III when it comprised the full thickness of the tubal wall. A total of 42 patients fulfilled the inclusion criteria and were selected to participate in the study. Eight patients were excluded. After surgery, tissue VEGF expression was measured by immunohistochemistry and the point counting technique.
Results: Histological analysis revealed that eight patients had stage I tubal infiltration, seven had stage II, and 19 had stage III. The difference between the percentage of VEGF expression in the trophoblastic tissue was not significant in relation to the degree of trophoblastic invasion (p = 0.621) (ANOVA). Trophoblastic tissue VEGF showed no statistical difference for prediction of both degrees of trophoblastic invasion (univariate multinomial regression).
Conclusion: The depth of trophoblastic penetration into the tubal wall in ampullary pregnancies is not associated with tissue VEGF expression.
Keywords: first trimester hemorrhage, VEGF, vascular endothelial growth factor, ampullary pregnancy, trophoblast, pregnancy ectopic, tissue expression
1 INTRODUCTION
Ectopic pregnancy (EP) is an obstetric complication in which the fertilized ovum implants outside the intrauterine cavity (Cunningham et al., 2022). The most common site of ectopic implantation is the fallopian tube (approximately 95% of cases), but other sites such as the ovaries and abdomen can be involved too (Tang et al., 2022). Seventy percent of fallopian tube pregnancies are located in the ampullary segment (Cunningham et al., 2022; Tang et al., 2022). EP is the most common cause of maternal mortality in the first trimester of pregnancy, justifying its clinical relevance (Creanga et al., 2017; Lisonkova et al., 2019). Its incidence has increased over the last decades and can be explained by the increased incidence of its risk factors, including pelvic inflammatory disease, the use of emergency contraceptive methods, and pregnancies conceived by assisted reproductive treatments (ACOG Practice Bulletin No, 2019).
Some potential predictors of trophoblastic invasion of the fallopian tubes in cases of EP, such as serum beta-hCG, transvaginal ultrasound, and maternal serum concentrations of vascular endothelial growth factor (VEGF), have been reported. Serum concentration of beta-hCG has high sensitivity and specificity in predicting trophoblastic tubal invasion and could be used to choose the best treatment for these patients (Cabar et al., 2010; Erol et al., 2015).
VEGF participates in the processes of implantation and placentation (Leung et al., 1989) and cellular VEGF production is increased in hypoxic conditions (Ladoux and Frelin, 1993). The implantation environment in the oviduct is very different from that of the well-vascularized endometrium, and production and secretion of VEGF seem to be elevated in EP in an attempt to acclimatize to an unfavorable environment (Zou et al., 2013; Zarezade et al., 2015).
The mechanisms that facilitate the trophoblastic invasion in the wall of the fallopian tube are unknown. We hypothesize that since there is a greater expression of VEGF in the EP implantation site, VEGF trophoblastic tissue concentration would be correlated with the depth of trophoblastic invasion into the wall of the oviduct.
Thus, the objective of the present study was to verify the correlation between trophoblastic tissue expression of VEGF in ampullary pregnancies and the depth of trophoblastic invasion into the tubal wall.
2 MATERIALS AND METHODS
A prospective study was conducted on patients with a diagnosis of tubal pregnancy in the ampullary region who underwent salpingectomy. Inclusion criteria were spontaneously conceived singleton pregnancies, diagnosis of tubal pregnancy in the ampullary region, and radical surgical treatment (salpingectomy). Cases in which there was no agreement regarding the location of the tubal pregnancy upon surgical description and histological analysis were excluded. Assessment of gestational age was made based on the last menstrual period. Institutional Review Board approval was obtained and informed consent was also obtained from each patient before participation in the study.
A total of 63 consecutive cases of EP were recorded during the study period. Of these, 21 patients were not included for different reasons: in one case, it was not possible to obtain the informed consent, and 20 patients were treated by a conservative approach (clinical or surgical). Forty-two patients fulfilled the inclusion criteria and were selected to participate in the study. Eight patients were excluded: in three patients, the tubal implantation site could not be identified, two showed no trophoblastic tissue in histological analysis, and in three, it was not possible to identify trophoblastic tissue VEGF.
To confirm the diagnosis, patients were routinely subjected to a serum beta-hCG determination; a transvaginal ultrasound was also performed. After diagnostic confirmation, if the patient could be enrolled in the protocol, informed consent was obtained.
After surgery, the fallopian tubes were immediately fixed in 10% formalin and sectioned serially for light-microscopic analysis. An average of 10 sections stained with hematoxylin-eosin was analyzed. To facilitate the identification of trophoblastic tissue invaded by the trophoblast, histological material was also stained with Masson’s trichrome to identify muscular fibers. Histological assessment was performed by a single well-experienced pathologist who was blinded to the clinical and laboratory characteristics of the patients.
Ampullary pregnancies were classified histologically according to the depth of trophoblastic infiltration into the tubal wall (Natale et al., 2003). In stage I, trophoblastic infiltration was limited to the tubal mucosa; in stage II, trophoblastic infiltration extended to the tubal muscularis; and in stage III, complete tubal wall infiltration with or without rupture of the serosa was observed. Immunohistochemical staining for human placental lactogen or cytokeratin 7 (hPL or CK7) was performed to identify trophoblastic cells and determine the depth of trophoblastic invasion in the tubal wall.
To analyze VEGF tissue expression, immunohistochemical reactions were performed on histological sections of the uterine tube fragments and studied by the biotin-streptavidin peroxidase method.
Histological sections of 3-μm thickness were obtained and collected on glass slides previously treated with 2% organo-silane adhesive solution (Sigma Aldrich Co., St. Louis, Missouri, United States). The slides were stained by hematoxylin-eosin for morphological analysis.
Next, the histological sections were deparaffinized in xylene at 60°C for 30 min, followed by two xylol baths at room temperature for 30 min and hydrated in a series of decreasing concentrations of ethanol, running water, and distilled water. After being washed in Tris-saline buffer (20 mM TBS and pH 7.4), the samples underwent the following protocol:
Rescue of the antigenic sites was performed with a steam cooker by immersing the slides in citrate (pH 6.0) for 1 min at 125°C. After this, the slides were washed with running water, distilled water, and PBS/Tween (Phosphate buffered saline-Twen® Tablets).
The slides were then incubated with monoclonal mouse anti-human VEGF (clone VG-1) (Santa Cruz, Biotechnology, Santa Cruz, CA, United States). Immunoglobulin G (IgG) from normal mice was used as control monoclonal antibodies. Tissues known to be positive were used as a positive control and omitted primary antibody as a negative control. (Positive control: Human tonsil, kidney, skin; negative control: omit primary antibody, isotype control, absorption control. The dilution used for all antibodies was 1: 800, carried out in a diluent solution, and applied over the cuts of the tissue. The slides were incubated overnight.
The slides were then washed in PBS/Tween and incubated in an oven at 37°C with Novolink Polymer secondary antibodies (Leica Biosystems Newcastle Ltd.).
After this step, the slides were washed in PBS/Tween and followed by the development of the chromogen 3, three diaminobenzidine (DAB) (Sigma Chemical Corporation code: D5637, St Louis, Missouri, United States). The slides were washed extensively in tap water and distilled water and counterstained with Harris hematoxylin (Merck, Darmstadt, Germany). Then, they were washed in running water and in distilled water, dehydrated, diaphanized, and mounted with resin for Entellan microscopy (Merck, Darmstadt, Germany).
Evaluation of VEGF immunostaining in tubal tissue was performed by the stereological point-counting method (with modifications) based on Gundersen et al. (Gundersen et al., 1988) and using an image analysis system (Image-Pro Plus 6.0). (Fallopian tube tissues containing placental tissue were studied). Briefly, this system consists of a camera (Olympus Co., St Laurent, Quebec, Canada) coupled with a microscope (Olympus BX-51, Olympus Co., Tokyo, Japan), which captures images and sends them to a monitor with a scanning system (Oculus TCX, Coreco, Inc., St. Laurent, Quebec, Canada). A reticulum with 100 points was distributed over the orthogonally captured image. The assessment was performed by one observer, who was blinded, in 10 randomized fields of uterine tube tissue at increased magnification (×400). The percentage (p) of marked points in the reference compartment for VEGF was expressed according to the formula: p = (Pi × 100)/Pt; where Pi is the number of points that matches the positive marking by immunohistochemistry and Pt is the total number of points analyzed. The percentage (p) of VEGF was calculated from the sum of the results of all fields analyzed for each sample. (Figures 1–A,B).
[image: Figure 1]FIGURE 1 | (A) and (B): Histological images of two different fallopian tube segments affected by ectopic pregnancy after immunohistochemistry and microscopic view with tissue VEGF analysis using the point counting technique. (×400 magnification).
Qualitative data were described using absolute and relative frequency (percentage) and were compared using Linear-by-Linear Association exact test.
For a summary of quantitative variables, median, minimum, maximum, mean and standard deviation (SD) were used. The difference between groups of trophoblastic invasion with respect of trophoblastic tissue VEGF was tested by parametric ANOVA test.
Multinomial logistic regression was used to compare the performance of the trophoblastic tissue VEGF expression associated to outcome the degree of trophoblastic invasion into the tubal wall. This analysis was applied to estimate the beta values and the odds ratios (OR) with 95% confidence interval (CI95%). The degree GI of trophoblastic invasion was considering the reference category.
p <.05 was considered statistically significant; all tests were two-tailed.
All statistical analyses were performed on a personal computer with the Statistics for Macintosh 22.0 (IBM Corp., Armonk, NY).
3 RESULTS
The final sample consisted of 34 patients. The age of the women ranged from 11 to 40 years (29.8 ± 6.6 years), and there was no significant difference in mean maternal ages among the three histological groups (p = 0,706). Twenty four patients (70.4%) were Caucasian, and 14 (29.4%) were non-Caucasian. With respect to obstetric history, 18 patients (52.9%) were nulliparous and five (14.7%) had a history of EP in the contralateral fallopian tube. Histological analysis showed that eight patients (23.5%) had stage I tubal infiltration, 7 (20.6%) had stage II, and 19 (55.9%) had stage III. The gestational age ranged from 4 to 13.6 weeks (7.6 ± 2.1 week, and there was no significant difference in mean gestational ages among the three histological groups (p = 0,604).
According to ANOVA test, the difference between the percentage of trophoblastic tissue VEGF was not significant in relation to the degree of trophoblastic invasion (p = 0.621) (Table 1).
TABLE 1 | Sociodemographic and clinical characteristics of patients associated to Trophoplastic invasion.
[image: Table 1]Univariate multinomial regression analysis was performed and the variable trophoblastic tissue VEGF was included in order to compare its performance as a predictive factor of depth of trophoblastic invasion into oviduct wall. We observed that trophoblastic tissue VEGF showed no statistical difference for prediction of both degrees of trophoblastic invasion (Table 2).
TABLE 2 | VEG tissue expression associated trophoplastic invasion, as determinated by univariate multinomial regression analysis.
[image: Table 2]4 DISCUSSION
In the past, the objective of EP treatment was to remove all trophoblastic tissue implanted in the uterine tube to preserve the patient’s life. Nowadays, due to the development of subsidiary tests, it has become possible to carry out more conservative treatments–both clinical and surgical.
Therefore, search for markers that can allow early diagnosis and selection of cases in which the tubal lesion is less deeper and does not compromise its function is of great interest.
In the studied population, 23.5% of patients had trophoblastic invasion limited to the mucosa, 20.6% had invasion limited to the muscle layer, and the remaining 55.9% had invasion throughout the thickness of the tubal wall. These findings are similar to the study by Cabar et al. (2006), which reported degrees of trophoblastic invasion as 27.6%, 28.6%, and 43.8%, respectively. Probably, the main explanation for this finding is the difficulty in early diagnosis of some cases of EP. There was any difference between groups regarding age, ethnicity, marital status, comorbidities, previous delivery, abortion nor ectopic pregnancies (Table 1).
It is known that VEGF expression is increased under unfavorable tissue conditions, including an hypoxic environment, such as occurs in the site where the embryo implants in the fallopian tube. In such cases, besides the increased levels of VEGF, an increase in the concentration of flt -1 receptor (VEGFR-2) is also observed, as shown by Vuorela et al. (Vuorela et al., 2000). Evans et al. (Evans et al., 1998) observed that the levels of VEGF and its receptor are elevated when choriocarcinoma cells are grown in a low-oxygen environment. Therefore, in addition to the increase in serum VEGF at the site of tubal implantation, its flt -1 receptor is also possibly increased, thereby lowering its free fraction.
Moreover, according to Evans et al. (1998), serum progesterone and beta-hCG concentrations are also increased in early stages of pregnancy and have an important relationship with the increase of VEGF, thus contributing to trophoblastic invasion. The authors stated that progesterone enhances VEGF production in epithelial cells of the retina and hCG increases VEGF in granulosa cells (Evans et al., 1998). Since the serum levels of progesterone and hCG are lower in EP, despite local hypoxia, VEGF production may remain unchanged due to the negative effect of the decreasing of other hormones.
Previous studies have shown that estrogen increases VEGF secretion in humans and animals (Torry et al., 1996; Torry and Torry, 1997). Similarly, with decreased serum levels of estrogen, progesterone, human chorionic gonadotropin, and possibly other cytokines and growth factors still unknown in EP could increase their concentrations via VEGF, but this conclusion is not supported by a statistically significant relationships.
We intended to associate the depth of trophoblastic invasion into the tubal wall and maternal trophoblastic tissue VEGF expression. From a study by Lam et al. (2004) showing higher VEGF concentrations in implantation sites of EP and according to the study of Cabar et al. (Cabar et al., 2010), who showed that serum VEGF is increased in cases of deeper trophoblastic invasion, our initial hypothesis was that higher trophoblastic tissue VEGF expression could lead to a deeper invasion of trophoblastic cells into the wall of the uterine tube. We believed that this information could bring better understanding about the factors that facilitate trophoblastic invasion into the fallopian tube.
However, the percentage of trophoblastic tissue VEGF was similar in the three degrees of trophoblastic invasion (p = 0.621) and did not attain statistical difference. This finding suggests that VEGF at the site of tubal implantation appears not to be related to trophoblastic invasion, and perhaps others cytokines and other still unknown growth factors may contribute to this process. (Table 2) Zarezade et al. (2015) found similar results when investigating the expression of VEGF mRNA and VEGF receptor 1 (VEGFR1) and 2 (VEGFR2) in women with EP compared to women who underwent hysterectomy. The authors concluded that the expression of VEGF and its receptors is lower in women with EP compared to women with normal tubes.
Through this study, we tried to understand the reason why trophoblastic tissue invasion finds favorable conditions in some cases and reaches the deepest layers of the fallopian tube. The mechanism that explains factors determining the depth of tissue invasion in ectopic pregnancies remains unknown. We believe this information is important as it could help to understand the histopathological mechanism involved in this process, providing new fronts for the diagnosis and treatment of this pregnancy complication. To our knowledge, this information is not yet available in the literature.
As a conclusion, we found that, despite previous studies indicating that serum VEGF is related to trophoblast invasion in the tubal wall in EPs, the present investigation did not find this association between tissue expression of this molecule and the depth of trophoblast invasion in the tubal wall in EPs. The tissue expression of VEGF at EP implantation site may not be primarily responsible for local modifications conducive to the development of a trophoblast.
The principal limitation of the study was the sample size, since we did not have a great number of cases. We believe that further studies, with larger sample sizes, should be carried out in order to better understand this histopathological process.
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Objectives: A growing body of studies related to antiphospholipid syndrome (APS) have been published in recent years. Nevertheless, there is a lack of visualized and systematic analysis in the literature on APS. Hence, this study sought to conduct a bibliometric analysis to identify research status and discover frontiers in the field.
Methods: Articles and reviews concerning APS were acquired from the Web of Science Core Collection (WoSCC) database. CiteSpace, VOSviewer and a bibliometric online analysis platform were employed to conduct a visualization and knowledge-map analysis.
Results: A total of 1,390 publications regarding APS were identified. Globally, Italy contributed the most publications. The University of Padua was the most productive institution. Lupus ranked first in both the most published and most co-cited journals. Savino Sciascia and Spiros Miyakis were the most prolific and most co-cited authors, respectively. “Vitamin K antagonists (VKA)” and “immunoglobulin A (IgA)” were current research foci. Burst analysis of keywords suggested that “neutrophil extracellular trap (NET),” “direct oral anticoagulant (DOAC),” “open label,” “outcome,” “hydroxychloroquine (HCQ),” and “arterial thrombosis (AT)” were significant future research frontiers.
Conclusion: The scientific literature on APS has increased steadily in the past 10 years. The clinical studies on the treatment and mechanism research of APS are recognized as promising research hotspots in the domain of APS. The research status and trends of APS publications from the bibliometric perspective can provide a practical guide and important reference for subsequent studies by researchers and physicians in the domain.
Keywords: antiphospholipid syndrome, bibliometric, CiteSpace, hotspots, VOSviewer
INTRODUCTION
Antiphospholipid syndrome (APS), also known as Hughes syndrome, is a systemic autoimmune disorder characterized by vascular (arterial, venous, microvascular) thrombosis and/or obstetric morbidity (Cohen and Isenberg, 2021). APS was first described by Professor Graham Hughes in 1983 (Hughes, 1983). It may occur alone, when it is called primary APS, or coexist with another autoimmune condition [mainly systemic lupus erythematosus (SLE)], that is, secondary APS (Luigi Meroni et al., 2019). The incidence and prevalence of APS are estimated to be approximately 2.1/100,000 per year and 50/100,000, respectively (Duarte-Garcia et al., 2019). The last 4 decades have witnessed a prominent evolution in the understanding of APS, and diagnostic methods have changed correspondingly. Although the classification criteria are frequently said to be unutilized for diagnosis, they are often applied to confirm the diagnosis in the domain of APS (Petri, 2020). The most famous seminars on the classification of APS were the conferences held at Sapporo in 1998 (Wilson et al., 1999) and Sydney in 2004 (Miyakis et al., 2006), which eventually reached an international consensus on the APS classification standard. The classification criteria for APS based on the Sydney standard are met when at least one clinical criterion (thrombosis or pregnancy morbidity) and at least one laboratory criterion [lupus anticoagulant (LA), anticardiolipin (aCL), or anti-beta two glycoprotein I (aβ2GPI) antibodies] are present. The above three antibodies are also collectively referred to as antiphospholipid antibodies (aPL). It was reported that the prevalence of aPL in the population was approximately 1–5%, but only a small proportion would develop APS (Cervera, 2017).
Of note, the aPL have recently been discovered in a considerable number of individuals with acute coronavirus disease 2019 (COVID-19), particularly in severe patients (Zhang et al., 2020; Karahan et al., 2022; Trahtemberg et al., 2021; Borghi et al., 2020), but it is still controversial whether they play a direct role in thrombosis or their existence is only a symptom of the disease’s main infectious proinflammatory state (Foret et al., 2021). A more clinically challenging situation is the presence of catastrophic APS (CAPS), which is characterized by rapidly progressive small vessel thrombosis in multisystem organs within 1 week. Although CAPS is extremely infrequent, developing in less than 1% of individuals with APS (Rodriguez-Pinto et al., 2018), treatment must be started immediately to combat a mortality rate of up to 30% (Cervera et al., 2018). The pathophysiology of CAPS remains unclear; however, it has been hypothesized that several triggering factors, such as infection, surgery, trauma, and malignancy, may cause endothelial injury, which leads to an overproduction of cytokines and a thrombotic storm in the microcirculation (Rodriguez-Pinto et al., 2016).
A substantial number of research on APS has been conducted over the last 10 years. Nevertheless, the continuously expanding amount of studies makes it challenging for scholars to maintain pace with the most recent findings. Although some literature reviews and meta-analyses can present summary findings, these means usually fail to achieve the capture of changing trends in publications, the evaluation of research contributions, and the prediction of research hotspots. Bibliometric analysis is a method that employs statistical and mathematical techniques to analyze scientific literature both qualitatively and quantitatively, which is used to detect research status and hotspots in a specific area (Lin et al., 2022). Moreover, bibliometrics can use relevant parameters to present contributions from different countries, institutions, and authors to help with subsequent experimental strategies and funding decisions (Deng et al., 2022a). Bibliometric analysis has been broadly used in the medical area (Aksoy et al., 2021; Ma et al., 2021; Wu et al., 2021; Zhu et al., 2021; Shen et al., 2022). However, no targeted bibliometric analysis of scientific literature on APS has been carried out to date. Therefore, this study sought to present a bibliometric analysis of APS literature published during 2012–2021, thereby depicting the current research status, identifying the hotspots and development trends, and providing new references for future research directions of APS.
MATERIALS AND METHODS
Data collection
Web of Science (WoS) is a broad and reputable database channel for obtaining international academic sources, including more than 12,000 international academic periodicals (Wu et al., 2021). Publications regarding APS were extracted from the Science Citation Index Expanded (SCI-Expanded) of the WoS Core Collection (WoSCC) and downloaded within 1 day on 24 May 2022. To ensure high relevance of the content, terms referring to “antiphospholipid syndrome” were searched by title (TI).
The retrieval formula was as follows: TI = (antiphospholipid syndrome OR anti phospholipid syndrome OR anti-phospholipid syndrome OR antiphospholipid antibody syndrome OR anti phospholipid antibody syndrome OR anti-phospholipid antibody syndrome OR Hughes syndrome). The time range was limited from 2012 to 2021. Only English-language articles and reviews were included in this study. A total of 1,390 documents were ultimately acquired and stored as “plain text.” Afterward, since CiteSpace can identify only files with a given name, these files were named “download_.txt”. Finally, these publications were imported into CiteSpace software for de-duplication (Figure 1).
[image: Figure 1]FIGURE 1 | Flowchart of study retrieval and selection.
Data analysis
Microsoft Excel 2019 was used to evaluate the count of annual publications with APS research via a line chart. In addition, bibliometric analyses were carried out by three bibliometric tools. CiteSpace (version 5.8. R3), a Java-based tool, is a useful bibliometric software for analyzing scientific publications and presenting the knowledge framework via visualization results. Knowledge maps can intuitively capture the research hotspots and predict development trends within a specific area (Ma et al., 2021). In this work, the cooperation analysis of institutions and authors was conducted via CiteSpace. In addition, it was applied to implement a co-citation analysis of references and detect the burst references and keywords. In the network maps, each circle represents a research object, and the size of the circle is proportional to the publication or citation count. The line connecting the circles indicates the co-authorship or co-cited relationship, with thicker lines representing stronger collaboration or relevancy. The color of the line represents the time of the first co-authorship or occurrence, with a more yellow color meaning closer to 2021 and a more red color meaning closer to 2012. Centrality is an index used to evaluate the importance of elements in a map. The range of centrality is from 0 to 1. The higher centrality of an element means more frequent cooperation with other elements. Elements with a centrality value >0.1 usually imply significant influence, and the outermost ring of the element is displayed in purple. The following were CiteSpace’s arguments: timespan: 2012–2021 (slice length = 1), selection criteria: g-index (k = 25), pruning: pathfinder, pruning sliced networks, pruning the merged network.
VOSviewer (version 1.6.17), another practical bibliometric tool created by Van Eck and Waltman, can construct and visualize bibliometric networks, allowing for a better comprehension of the framework and evolutionary trajectory of scientific research (van Eck and Waltman, 2010). Moreover, VOSviewer can offer three various types of maps: network, overlay, and density visualization maps. In the present research, this application was used to perform a co-occurrence analysis of the keywords and citation and co-citation relationships of journals.
Furthermore, the co-authorship of countries was conducted using a bibliometric online analysis platform (https://bibliometric.com/).
RESULTS
Analysis of publication trends
After removing duplicates by CiteSpace software, a total of 1,390 publications of APS (1,056 articles and 334 reviews) were obtained from SCI-Expanded of WoSCC. Figure 2A exhibits the distribution of annual publications of APS literature, and research trends can be divided into two periods. From 2012 to 2016, the production of publications showed a gradual declining trend and reached a low point of 104 in 2016. From 2016 to 2021, the output of documents presented a rapid growth trend, with a peak in 2021. The quantity of papers published in 2021 was 1.68 times that in 2016.
[image: Figure 2]FIGURE 2 | (A) Annual outputs of antiphospholipid syndrome (APS) from 2012 to 2021. (B) Map distribution on the sources of APS publications. (C) International cooperation analysis among countries by an online analysis platform. The curve between countries reflects the closeness of cooperation, thicker lines indicate closer cooperation. (D) International cooperation analysis among institutions by CiteSpace. Each circle represents an institution, and the size of the circle is proportional to the publication count. The circles with higher centrality (>0.1) are displayed with purple rings. The lines represent the strength of the co-authorship relationship, with thicker lines representing stronger collaboration. The color of the line represents the time of the first co-authorship, with a more yellow color meaning closer to 2021 and a more red color meaning closer to 2012.
A bibliometric online analysis platform for visualization of country collaboration
Figure 2B shows a world map revealing the production of each country. A total of 1,713 institutions from 73 countries were involved in 1,390 documents. The top 10 countries on APS are displayed in Table 1. The top three countries with the most publications were Italy (273, 19.64%), the United States (258, 18.56%), and the United Kingdom (155, 11.15%). In addition, considering the influence of the demographic profile of various countries on the quantity of papers published, a ratio indicator of the number of articles published per million population was adopted. After adjusting for population size, Israel ranked first with 7.27 articles per million people. In terms of centrality, the top three countries were France (0.12), the United Kingdom (0.10) and the United States (0.09). The cooperation relationships among the countries are shown in Figure 2C. The width of the line represents the frequency of collaboration between two countries, and thicker lines indicate closer cooperation. As illustrated in Figure 2C, Italy collaborates closely with the United Kingdom, Spain, and the United States.
TABLE 1 | Top 10 countries with the highest productivity related to antiphospholipid syndrome (APS).
[image: Table 1]CiteSpace for visualization of institution collaboration
Among the top 10 most productive institutions (Table 2), four were located in Italy, two in the United Kingdom, and one each in Brazil, Spain, Israel, and Serbia. Table 2 lists that the University of Padua contributes the largest number of documents (69, 4.96%), followed by the University of Milan (62, 4.46%), the University of Sao Paulo (53, 3.81%), the University of Turin (52, 3.74%), and King’s College London (50, 3.60%). As exhibited in Figure 2D, each node denotes an institution, and the size of the node signifies the amount of papers produced by the institution. With respect to centrality, the University of Milan and the University College London ranked first with 0.27, followed by the University of Brescia (0.14) and the University of Belgrade (0.09). Figure 2D demonstrates that the research on APS in Italy and the United Kingdom is led by the University of Padua and King’s College London, respectively.
TABLE 2 | Top 10 most productive institutions related to APS.
[image: Table 2]CiteSpace for visualization of authors and co-cited authors
A total of 5,844 authors were responsible for these 1,390 publications. As presented in Table 3, Savino Sciascia is the most prolific author (44, 3.17%), followed by Ricard Cervera (39, 2.81%), Amelia Ruffatti (37, 2.66%), Pier Luigi Meroni (37, 2.66%), and Angela Tincani (36, 2.59%). Figure 3A illustrates that a certain degree of collaboration is observed among the various authors. The authors with the highest centrality were Laura Andreoli (0.34), Gerard Espinosa (0.31), and Angela Tincani (0.27), indicating their important bridging roles in APS research.
TABLE 3 | Top 10 authors with the most publications involved in APS.
[image: Table 3][image: Figure 3]FIGURE 3 | (A) CiteSpace visualization map of authors in APS research. (B) CiteSpace visualization map of co-cited authors involved in APS. Each circle represents an author, and the size of the circle is proportional to the publication count (A) or the number of citations (B). The circles with higher centrality (>0.1) are displayed with purple rings. The lines represent the strength of the co-authorship (A) or co-cited relationship (B), with thicker lines representing stronger collaboration (A) or relevancy (B). The color of the line represents the time of the first co-authorship, with a more yellow color meaning closer to 2021 and a more red color meaning closer to 2012.
Co-cited authors are two authors cited by another literature at the same time. Table 4 displays that the top 10 co-cited authors are cited > 240 times. Miyakis S owned the most co-citations (962), followed by Cervera R (624), Pengo V (479), Erkan D (364), and Ruiz-Irastorza G (345). Regarding centrality, Sciascia S ranked first with 0.05. Figure 3B shows that Miyakis S is most frequently co-cited with Tektonidou MG, and the connection between the two authors is given in yellow. Notably, none of the top 10 co-cited authors have a purple outer ring (centrality > 0.1).
TABLE 4 | Top 10 co-cited authors with the most citations involved in APS.
[image: Table 4]VOSviewer for visualization of journals and co-cited journals
All documents related to APS research were distributed in 396 journals. Table 5 summarizes that the top 10 most active journals contribute 33.96% of the publications in this area (472). In detail, Lupus offered the highest volume of articles (168, 12.09%), followed by Autoimmunity Reviews (59, 4.24%), Clinical Rheumatology (39, 2.81%), Current Rheumatology Reports (38, 2.73%), and Rheumatology (37, 2.66%). The density map is used to exhibit the journals with publications ≥7 (Figure 4A). Of the top 10 periodicals, seven journals were Q1 in the Journal Citation Reports (JCR) 2021 standards, and Autoimmunity Reviews possessed the highest impact factor (IF; 17.390). In summary, these ten journals laid a firm foundation for future APS research.
TABLE 5 | Top 10 most productive journals related to APS.
[image: Table 5][image: Figure 4]FIGURE 4 | (A) VOSviewer density map of journals with publications ≥7 in APS research. The size of the title of the journal is proportional to the publication output. The more publications the journal produces, the closer the bottom background color is to red. (B) VOSviewer density map of co-cited journals with citations ≥120 involved in APS. The size of the title of the journal is proportional to the citation count. The more citations a journal receives, the closer the bottom background color is to red.
Table 6 indicates that the most frequently co-cited journal is Lupus (4,012), followed by Arthritis and Rheumatology (3,330), Journal of Thrombosis and Haemostasis (3,247), Blood (2,694), and Autoimmunity Reviews (2,240). Of these top 10 co-cited periodicals, seven journals had citation times surpassing 1,600. A density map is employed to show the co-cited journals with citations ≥120 (Figure 4B). Of these periodicals, the New England Journal of Medicine (New Engl J Med) possessed the highest IF (176.079), followed by Annals of the Rheumatic Diseases (27.973) and Blood (25.476).
TABLE 6 | Top 10 co-cited journals with the most citations related to APS.
[image: Table 6]Analysis of highly-cited articles
Analyzing highly-cited papers helps to comprehend the basis of disciplinary research. Based on the number of citations, the top 10 most cited publications on APS are exhibited in Table 7. Of them, six belonged to original articles and four belonged to reviews. All these documents were published during 2012–2019, and all of them were cited more than 210 times. The highest number of citations was Giannakopoulos et al. (Giannakopoulos and Krilis, 2013) in the New Engl J Med (394), followed by Andreoli et al. (Andreoli et al., 2017) in Annals of the Rheumatic Diseases (334) and Cervera et al. (Cervera et al., 2015) in Annals of the Rheumatic Diseases (329). These studies were frequently regarded as a knowledge base in APS research.
TABLE 7 | Top 10 most cited publications on APS.
[image: Table 7]CiteSpace for visualization of co-cited references and references burst
Reference co-citation analysis is a significant tool for exploring the evolution and discovering the developmental frontiers in a given domain. CiteSpace is utilized for clustering analysis of co-cited references, and the whole network map is classified into 10 distinct clusters based on the log-likelihood ratio (LLR) algorithm (Figure 5A). In cluster analysis, the mean silhouette (S) value is an index of cluster homogeneity, and S >0.7 denotes the conviction of the clustering results. The modularity (Q) value is an index of the degree of grouping of nodes, and Q >0.3 denotes the significance of the clustering structure (Chen et al., 2012). The Q value was 0.5902 and the S value was 0.8428 in this work, indicating the reliability of the results. As described in Figure 5A, each cluster is represented by a different color, and the smaller the number label, the larger the cluster profile, meaning that the cluster contains more co-cited references (dots). Table 8 illustrates that “vitamin K antagonists (VKA)” is the largest cluster (#0), followed by “agapss” (#1), “CAPS” (#2), and “β2GPI” (#3). The timeline view in Figure 5B presents the evolution process of each cluster. The elements on the horizontal axis represent co-cited references; the position of the element on the horizontal axis denotes the time of the first occurrence; and the line connecting the elements denotes the co-cited relationship. The size of the element is proportional to the citation count of the reference. A more yellow color indicates closer to the year 2021, and a more red color indicates closer to the year 2012. The research hotspots have shifted from “β2GPI” (#3), “risk factors” (#5), and “CAPS” (#2) to “pregnancy” (#4), “VKA” (#0), and “immunoglobulin A (IgA)” (#6).
[image: Figure 5]FIGURE 5 | (A) Ten clustering maps of reference co-citation analysis based on CiteSpace. Each cluster is represented by a different color, and the smaller the number label, the larger the cluster profile and the more co-cited references (dots) it contains. (B) Timeline view map of reference co-citation analysis generated by CiteSpace. The elements on the horizontal axis represent co-cited references; the position of the element on the horizontal axis denotes the time of the first occurrence; and the line connecting the elements denotes the co-cited relationship. The size of the element is proportional to the citation count of the reference. A more yellow color indicates closer to the year 2021, and a more red color indicates closer to the year 2012. (C) Top 20 references with the strongest citation bursts by CiteSpace. Each rectangle represents a year. Green rectangles indicate the time interval, and red rectangles indicate the duration of the burst from the beginning to the end.
TABLE 8 | The clusters information of co-cited references on APS.
[image: Table 8]Burst detection is a useful approach for capturing rapid increases in the popularity of references or keywords, which denotes that the topic has received great attention over a set period. Figure 5C lists the top 20 references with the strongest citation bursts. The red segments in this picture signify the duration of the reference outbreak, and the green lines denote the time period. Of these co-cited references, Ruiz-Irastorza et al. (Ruiz-Irastorza et al., 2010) in Lancet had the strongest strength of burst (26.11), followed by Garcia et al. (Garcia and Erkan, 2018) in the New Engl J Med (24.52) and Pengo et al. (Pengo et al., 2018) in Blood (24.15). Notably, of these top 20 references, articles from Pengo V occupied one-fifth of the seats (4), demonstrating the profound influence of Pengo V in the APS field. While the outbreak of most references has ended, there are still five references in the citation burst, implying that these areas are research directions to focus on in the future.
VOSviewer for visualization of keywords co-occurrence and evolution and CiteSpace for visualization of keywords burst
The co-occurrence analysis of keywords reveals the dominating motifs within a specific field. In the clustering analysis, after merging keywords with the same content, 48 items were identified and classified into 5 clusters (minimum amount of frequencies of a keyword ≥40). As exhibited in Figure 6A, a keyword is represented as a node, and the size of the node reflects the frequency of the keyword.
[image: Figure 6]FIGURE 6 | (A) Network clustering map of keywords’ co-occurrence analysis based on VOSviewer. The minimum threshold for the number of keyword frequencies is 40. Keywords were divided into 5 clusters: cluster 1 (red), cluster 2 (green), cluster 3 (blue), cluster 4 (yellow), and cluster 5 (purple). Each keyword is represented as a node, and the node size is proportional to the frequency. The line between nodes denotes a co-occurrence relationship. The distance between nodes denotes the degree of relevancy, and the closer the distance, the higher the degree of relevancy. (B) Overlay map of keywords’ co-occurrence analysis based on VOSviewer. The node color denotes the corresponding average occurrence time according to the color gradient in the lower right corner. Nodes displayed in blue represent keywords that appear relatively early, while nodes displayed in red represent keywords that appear later. (C) Top 20 keywords with the highest occurrence times.
The line between nodes denotes a co-occurrence relationship. The distance between nodes denotes the degree of relevancy, and the closer the distance, the higher the degree of relevancy. The five clusters, which were centered on APS, risk factors, thrombosis, aPL, and classification criteria, were each marked with a different color. Nodes with comparable characteristics were split into a color-marked cluster and displayed in red (cluster 1, studies on pathogenesis), green (cluster 2, studies on risk factors and prevention), blue (cluster 3, studies on diagnosis), yellow (cluster 4, studies on treatment), and purple (cluster 5, studies on classification).
Figure 6B illustrates the dynamic evolution of keywords over time. Keywords that presented comparatively earlier are marked in blue, while keywords that emerged relatively later are marked in red. Keywords such as “therapy,” “aCL antibodies,” “recurrent pregnancy loss,” “anticoagulant,” and “antibody syndrome” were the major topics in the early stage. Keywords such as “venous thromboembolism (VTE),” “expression,” “risk,” “arterial thrombosis (AT),” and “hydroxychloroquine (HCQ)” evolved more recently, implying that these themes are attracting much attention at present.
As shown in Figure 6C, the top 10 keywords appear >140 times. The most commonly occurring keyword was APS (847), followed by SLE (463), antibodies (395), thrombosis (390), and classification criteria (374). Figure 7 presents the top 25 burst keywords. From 2017 to the present, the terms “neutrophil extracellular trap (NET),” “direct oral anticoagulant (DOAC),” “open label,” “outcome,” “HCQ,” and “AT” are still in the outbreak period.
[image: Figure 7]FIGURE 7 | Top 25 keywords with the strongest citation bursts by CiteSpace. Each rectangle represents a year. Green rectangles indicate the time interval, and red rectangles indicate the duration of the burst from the beginning to the end.
DISCUSSION
General information
Through bibliometrics, this study performs a systematic and visual analysis of the APS field and detects the research status and hotspots in the domain. The annual literature volume and trend can reveal the pace of development in a given field. According to qualitative and quantitative analysis using CiteSpace and VOSviewer software, scientific publications related to APS have been increasing continuously over the last 10 years. While the number of documents fluctuated and declined at certain time points, the overall trend gradually increased and reached its peak in 2021, with 175 papers, suggesting that the field of APS has attracted increasing attention from experts and scholars. In the work of Deng et al. and Liu et al., similar increasing trends were described (Deng et al., 2022b; Liu et al., 2022).
As shown in Table 1, Italy is the most productive country (273, 19.64%), followed by the United States (258, 18.56%) and the United Kingdom (155, 11.15%), which together account for 49.35% of the total. However, after adjusting for population size, Israel ranked on top, with 7.27 articles per million people. Of note, apart from Brazil and China, the rest of the top 10 countries all belong to developed countries. The main causes of differences in literature output between countries may be attributed to disparities in socioeconomic position, general research ability, and population size (Fan et al., 2017). In addition, only one of the top 10 countries had a centrality greater than 0.1, implying a lack of strong influence from these countries in the domain of APS. Regarding institutional contributions (Table 2), the University of Padua (Italy) had the greatest number of publications (69, 4.96%), whereas the University of Milan and the University College London ranked first in centrality value with 0.27, suggesting the high impact of these institutions in the field of APS. Among the top 10 institutions, eight were from developed countries, and there were four organizations from Italy, which helped reveal why Italy has been a leader in this field for the past decade. As shown in Figure 2C and Figure 2D, the close cooperation among countries and institutions is mainly focused on developed countries. To better foster the prosperity of this field, geographical barriers should be broken down, and exchanges and collaboration between developed and developing countries in this field should be further strengthened.
For authors (Table 3) and co-cited authors (Table 4), Savino Sciascia (44, 3.17%) contributes the most documents, while Miyakis S owns the most co-citations (962). Five authors had a crucial bridging role among the top 10 authors (centrality >0.1). Notably, although Miyakis S had not published many papers, he topped the list of the top 10 co-cited authors. This phenomenon may be attributed to the high-impact article he has contributed (Miyakis et al., 2006). Professor Savino Sciascia is from San Giovanni Bosco Hospital in Italy. In 2013, Savino Sciascia and his colleagues developed and validated a risk score [global APS score (GAPSS)] in patients with SLE (Sciascia et al., 2013). The use of GAPSS significantly improved the prediction of the risk of thrombosis or pregnancy loss in SLE and transformed the concept of aPL as diagnostic antibodies to aPL as a risk factor for clinical events. In 2015, Savino Sciascia and his colleagues evaluated the clinical relevance of GAPSS in primary APS patients (Sciascia et al., 2015). They found higher GAPSS values in patients with only thrombosis compared to those with only pregnancy loss; individuals with recurrent thrombosis had higher GAPSS values than those without recurrence. They proposed that GAPSS values ≥11 were closely related to a higher risk of thrombotic recurrence. The study showed that the GAPSS was a useful method that significantly enhanced risk stratification regarding thrombosis in primary APS.
The analysis of journals indicated that Lupus is the most active periodical (168, 12.09%), followed by Autoimmunity Reviews (59, 4.24%) and Clinical Rheumatology (39, 2.81%) (Table 5). Scholars interested in APS research can pay more attention to these magazines because of their large volume of publications on APS. Regarding the sources of these top 10 magazines, nine are from countries in Western Europe and North America. None of the journals from Asian countries appeared on the list. Thus, Asian countries may enhance the construction of journals in the field of APS. For co-cited journals (Table 6), Lupus was the journal with the highest citations (4,012), followed by Arthritis and Rheumatology (3,330), Journal of Thrombosis and Haemostasis (3,247), Blood (2,694), and Autoimmunity Reviews (2,240). Of note, Lupus came out on top in both the most published and most co-cited journals, demonstrating its dominance in the area of APS. Of these top 10 co-cited journals, eight periodicals were located in the Q1 JCR region, implying that high-impact magazines had an interest in APS-related research. In addition, a 40% agreement rate is achieved between the top 10 periodicals and co-cited periodicals, implying a certain degree of focus on the simultaneous development of quantity and quality in these journals.
The impact of a publication can be reflected by the number of citations to some extent. Table 7 displays the top 10 most cited documents on APS. Specifically, Giannakopoulos et al. published “The pathogenesis of the antiphospholipid syndrome” in the New Engl J Med in 2013 (Giannakopoulos and Krilis, 2013), which was the most cited study (394). This essay provided a detailed overview of the thrombotic mechanisms of APS, including post-translational redox modifications of β2GPI, conformations of β2GPI, the “two hit” model, endothelial nitric oxide synthase, endothelial cells and monocytes, tissue factor, factor XI, platelets, annexin A5 anticoagulant shield and HCQ, complement and neutrophils, and disturbance of innate immunity, which were involved in the pathophysiology of APS. In summary, the top 10 publications with the highest citations were focused on the following topics: pathogenesis, the management of pregnancy, epidemiology, diagnosis and treatment.
The analysis of hotspots and frontiers
Reference co-citation analysis is a useful method to evaluate progress and identify hotspots within a specific field. As shown in Table 8, before 2014, the topics appearing more often are “β2GPI” (#3), “risk factors” (#5), “CAPS” (#2), and “anti-annexin A5 antibodies” (#9). After 2017, the more common subjects are “VKA” (#0) and “IgA” (#6), implying that the issues of the above clusters are the current research focuses in the domain. As the third most frequent cause of mortality worldwide (Bitsadze et al., 2022), VTE is considered to be the most common clinical feature of APS. VKA, primarily warfarin, is recognized as the gold standard for secondary prevention of thrombotic APS (Fujieda and Amengual, 2020). In individuals with APS and a first onset of VTE, a VKA with an international normalized ratio (INR) aim of two to three is recommended (Tektonidou et al., 2019). Proof from previous studies indicated that higher anticoagulation strength (INR 3.0–4.5) provided no additional benefit (Crowther et al., 2003; Finazzi et al., 2005). Due to the risk of bleeding with long-term VKA use, regular INR monitoring is essential. Prothrombin time-INR (PT-INR) is the standard way for monitoring the anticoagulant strength of VKA. However, in LA-positive APS patients, thromboplastin can be affected, resulting in PT-INR being raised (Cohen et al., 2021). Thus, more effective anticoagulation monitoring tools merit additional consideration. IgA isotypes of aPL are not presently included in standard diagnostic procedures for APS, and their value as a diagnostic marker is still up for debate (Sciascia et al., 2017). Several studies have demonstrated a link between the IgA isotypes and thrombosis (Pericleous et al., 2016; Tebo et al., 2016). Recently, Reshetnyak et al. reported that IgA aCL and IgA aβ2GPI had a high specificity (95% and 93%) but a low sensitivity (54% and 44%) in detecting APS (Reshetnyak et al., 2022). The diagnostic value of IgA aPL is worthy of further study in the future. The timeline view of co-cited references visually displays the evolutionary trajectory of each cluster (Figure 5B).
References with citation bursts mean the sudden rise of citations of specific publications in a given stage, which can serve as a practical technique to find emerging themes attracting great interest during some period of time. The top 20 references with the strongest citation bursts are presented in Figure 5C. It is worth noting that while the bursts in most references were finished, five documents (20%) in the top 20 remain in a state of burst, focusing on the diagnosis and treatment of APS, suggesting that these research topics are the most up-to-date ones at the moment. Of these five papers, the essay with the highest burst strength (24.52) was published by Garcia et al. (Garcia and Erkan, 2018) in the New Engl J Med in 2018. This paper expounded on evidence-based recommendations for the recognition and diagnosis of APS, as well as therapy recommendations for patients with persistently positive aPL. Pengo et al. (Pengo et al., 2018) offered the second-ranked essay (24.15), which compared the efficacy and safety of rivaroxaban versus warfarin in high-risk triple-positive (presence of LA, aβ2GP1, and aCL) APS patients. The results showed 11 (19%) events in the rivaroxaban arm and 2 (3%) in the warfarin arm. Finally, the trial was terminated early due to an excess of events in patients in the rivaroxaban group. Schreiber et al. (Schreiber et al., 2018) offered the third-ranked essay (15.55), which described the pathogenesis, diagnosis, and treatment of APS in detail and provided an outlook on future research subjects. Dufrost et al. (Dufrost et al., 2018) offered the fourth-ranked essay (13.1), which evaluated the prevalence of recurrent thrombosis in patients with APS receiving DOACs treatment and detected risk factors related to recurrent thrombosis. The results indicated a higher thrombotic risk in a portion of individuals with APS treated with DOACs. Cohen et al. (Cohen et al., 2016) offered the fifth-ranked essay (12.28), which compared the efficacy and safety of rivaroxaban and warfarin in patients with thrombotic APS for the first time. The results showed that compared to the use of warfarin, the use of rivaroxaban resulted in a 100% increase in endogenous thrombin potential and a 40% reduction in peak thrombin generation, with a similar incidence of adverse effects.
In addition to references, keywords also serve as a representation of the main motifs and core contents in a given field. Based on the co-occurrence analysis of high-frequency keywords (Figure 6A), five current research directions for APS were recognized, which are as follows: “the pathogenesis of APS,” “the prevention and risk factors for APS,” “the research on the diagnosis of APS,” “the treatment of APS” and “the classification for APS.” Moreover, we conduct the evolution process of high-frequency keywords to better understand the mutative course of the APS research themes (Figure 6B). Keywords are marked with various colors depending on the average occurrence time of the items, that is, red keywords arise on average later than blue keywords. In the early period, the majority of blue keywords appeared in cluster 3 (blue, focusing on diagnosis) and cluster 5 (purple, focusing on classification). In recent years, most of the red keywords appear in cluster 1 (red, focusing on pathogenesis), cluster 2 (green, focusing on risk factors and prevention) and cluster 4 (yellow, focusing on treatment), suggesting that after 2018, more studies will be concentrated on the pathogenesis, risk factors and prevention and treatment of APS.
Furthermore, we identified the top 25 burst keywords between 2012 and 2021. Of these, we primarily focus on those topics that continue to explode into 2021, which indicates that these subjects are potential research frontiers for the future. As shown in Figure 7, these keywords are mainly associated with clinical studies on the treatment and mechanism research of APS, including NET, DOAC, open label, outcome, HCQ, and AT. Neutrophils contribute to thrombosis by releasing substances into the extracellular space, primarily DNA and histones, defined as NETs (Meng et al., 2017). A cross-sectional study found that NETs contribute to activated protein C resistance, which plays a role in the hypercoagulable condition of APS individuals (Foret et al., 2022). Mazetto et al. (Mazetto et al., 2022) recently reported that patients with thrombotic APS have elevated levels of gene expression associated with neutrophil activity and the release of NETs, which may be involved in thrombus formation.
In terms of treatment, as mentioned earlier, warfarin is considered the gold standard for secondary prevention of thrombotic APS (Fujieda and Amengual, 2020). However, the presence of APS patients on warfarin requiring frequent blood draws to monitor INR and warfarin intolerance has led to considerable interest in the use of DOACs instead of VKA (Ghembaza and Saadoun, 2020). The major benefits of DOACs versus VKA are their standardized dose regimen, faster and more predictable anticoagulant reaction, absence of frequent laboratory monitoring, and less major bleeding (Wiggins et al., 2020). Several recent randomized controlled and open-label studies have compared the efficacy of DOACs versus VKA in patients with APS (Cohen et al., 2016; Pengo et al., 2018; Ordi-Ros et al., 2019), and their outcomes appear to be contradictory, but it is worth noting that these trials were conducted in diverse APS populations. The results of Pengo et al.’s study (all of 120 patients were triple aPL positive) indicated that 12% of those using rivaroxaban experienced thromboembolic events, compared to 0% of those taking warfarin (Pengo et al., 2018). The outcomes of Cohen et al.’s study (28% of 116 patients were triple aPL positive) showed that neither the VKA nor rivaroxaban groups had experienced recurrent thrombosis after 210 days of follow-up (Cohen et al., 2016). The results of Ordi-Ros et al.’s study (61% of 190 patients were triple aPL positive) suggested that the VKA and rivaroxaban groups had no statistical difference in the rate of recurrent thrombosis, although higher AT occurred in the rivaroxaban group (Ordi-Ros et al., 2019). A more recent meta analysis of seven randomised controlled studies demonstrated that VKA is a more effective treatment option for individuals with APS than DOACs, especially rivaroxaban, given that DOACs use is linked to a 69% higher risk of thromboembolic events (Koval et al., 2021). To demonstrate the effectiveness of DOACs in different subgroups of APS patients and different types of DOACs for the treatment of APS, further high-quality studies are warranted.
Moreover, additional treatment with HCQ, an antimalarial agent, has been frequently mentioned in the literature in recent years. HCQ has already been demonstrated to reduce the risk of thrombosis in individuals with SLE (Petri, 2011). Kravvariti et al. (Kravvariti et al., 2020) reported the results of a randomized controlled study, which suggested that HCQ could also reduce the incidence of thrombosis and lower APL titers in APS patients. A similar result was reported in a retrospective study by Nuri et al. (Nuri et al., 2017), which found that HCQ could also decrease APL levels and significantly diminish the recurrence rate of AT in individuals with APS. Several studies have attributed the thromboprophylaxis effects of HCQ to its anti-inflammatory, immunoregulatory, metabolic and antithrombotic properties (Ben-Zvi et al., 2012; Andrade and Tektonidou, 2016).
Stroke and transient ischaemic attack (TIA) are the two symptoms of APS that occur most frequently in the arterial circulation. It was reported that the prevalence of stroke and TIA in individuals with APS was 13.1% and 7.0%, respectively (Cervera et al., 2002). An analysis of five cohort studies suggested that low-dose aspirin reduced the risk of first AT in patients with aPL (Arnaud et al., 2015). A greater probability of recurrence exists in APS patients with AT compared to those with VTE. However, the optimal anticoagulant target after AT is still up for debate. For individuals with AT, the Galveston guidelines suggested either high-intensity warfarin at an INR >3.0 or combined treatment with low-dose aspirin plus warfarin (INR 2.0–3.0) (Ruiz-Irastorza et al., 2011). Adequate and robust antithrombotic treatment strategies after AT is an urgent issue that needs to be addressed.
Limitations
The study had several limitations. First, although limiting the search to titles can improve the accuracy and relevance of our search results, it is inevitable that articles related to the topic may be missed, and using a combination of titles and logical operators may further improve the accuracy of the search results (Cheng et al., 2022a; 2022b). Second, the bibliometric information included only data from the WoSCC database, leaving out data from other major databases, which might result in the exclusion of a few relevant studies. Third, we looked only at documents published in English and excluded those published in other languages, which indicated that non-English speaking countries’ contributions may be neglected to some extent. Last, the data extraction took place on 24 May 2022, which might slightly influence the analysis results by the time.
CONCLUSIONS
This is the first bibliometric analysis of the quantity and quality of APS-related publications, which suggests that global research on APS has increased continuously over the past 10 years. Globally, Italy and the United States are the leading countries in the field. The University of Padua, the University of Milan, and the University of Sao Paulo are the top three most prolific institutions. Lupus ranks first in both the most published and most co-cited journals. Savino Sciascia and Spiros Miyakis are the most productive and most co-cited authors, respectively. Notably, “VKA” and “IgA” are current research foci in the domain of APS. The clinical studies on the treatment and mechanism research of APS are recognized as promising research frontiers. In conclusion, this bibliometric study presents the current research status and frontiers in the APS field, which can explore potential collaboration opportunities and provide a reference for subsequent investment decisions and research directions.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
TW, WH, and ZY designed the study. TW and WH wrote the original draft. JQ, YL, and YZ collected the data. HJ, JW, and JZ verified the data. TW, ZJ, and LC performed software analyses. ZY supervised the research and revised the manuscript. All authors contributed to the article and approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ABBREVIATIONS
aCL, anticardiolipin; AT, arterial thrombosis; APS, antiphospholipid syndrome; aβ2GPI, anti-beta two glycoprotein I; aPL, antiphospholipid antibodies; CAPS, catastrophic antiphospholipid syndrome; COVID-19, coronavirus disease 2019; DOAC, direct oral anticoagulant; GAPSS, global antiphospholipid syndrome score; HCQ, hydroxychloroquine; IF, impact factor; IgA, immunoglobulin A; INR, international normalized ratio; JCR, Journal Citation Reports; LA, lupus anticoagulant; LLR, log-likelihood ratio; NET, neutrophil extracellular trap; PT, prothrombin time; SLE, systemic lupus erythematosus; Q, modularity; S, silhouette; SCI-Expanded, Science Citation Index Expanded; TIA, transient ischaemic attack; TI, title; New Engl J Med, New England Journal of Medicine; VKA, vitamin K antagonists; VTE, venous thromboembolism; WoS, Web of Science; WoSCC, Web of Science Core Collection.
REFERENCES
 Aksoy, U., Kucuk, M., Versiani, M. A., and Orhan, K. (2021). Publication trends in micro-CT endodontic research: A bibliometric analysis over a 25-year period. Int. Endod. J. 54 (3), 343–353. doi:10.1111/iej.13433
 Andrade, D., and Tektonidou, M. (2016). Emerging therapies in antiphospholipid syndrome. Curr. Rheumatol. Rep. 18 (4), 22. doi:10.1007/s11926-016-0566-z
 Andreoli, L., Bertsias, G. K., Agmon-Levin, N., Brown, S., Cervera, R., Costedoat-Chalumeau, N., et al. (2017). EULAR recommendations for women’s health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome. Ann. Rheum. Dis. 76 (3), 476–485. doi:10.1136/annrheumdis-2016-209770
 Arnaud, L., Mathian, A., Devilliers, H., Ruffatti, A., Tektonidou, M., Forastiero, R., et al. (2015). Patient-level analysis of five international cohorts further confirms the efficacy of aspirin for the primary prevention of thrombosis in patients with antiphospholipid antibodies. Autoimmun. Rev. 14 (3), 192–200. doi:10.1016/j.autrev.2014.10.019
 Ben-Zvi, I., Kivity, S., Langevitz, P., and Shoenfeld, Y. (2012). Hydroxychloroquine: From malaria to autoimmunity. Clin. Rev. Allergy Immunol. 42 (2), 145–153. doi:10.1007/s12016-010-8243-x
 Bitsadze, V., Khizroeva, J., Alexander, M., and Elalamy, I. (2022). Venous thrombosis risk factors in pregnant women. J. Perinat. Med. 50 (5), 505–518. doi:10.1515/jpm-2022-0008
 Borghi, M. O., Beltagy, A., Garrafa, E., Curreli, D., Cecchini, G., Bodio, C., et al. (2020). Anti-phospholipid antibodies in COVID-19 are different from those detectable in the anti-phospholipid syndrome. Front. Immunol. 11, 584241. doi:10.3389/fimmu.2020.584241
 Cervera, R. (2017). Antiphospholipid syndrome. Thromb. Res. 151 (1), S43–S47. doi:10.1016/S0049-3848(17)30066-X
 Cervera, R., Piette, J. C., Font, J., Khamashta, M. A., Shoenfeld, Y., Camps, M. T., et al. (2002). Antiphospholipid syndrome: Clinical and immunologic manifestations and patterns of disease expression in a cohort of 1, 000 patients. Arthritis Rheum. 46 (4), 1019–1027. doi:10.1002/art.10187
 Cervera, R., Rodriguez-Pinto, I., and Espinosa, G. (2018). The diagnosis and clinical management of the catastrophic antiphospholipid syndrome: A comprehensive review. J. Autoimmun. 92, 1–11. doi:10.1016/j.jaut.2018.05.007
 Cervera, R., Serrano, R., Pons-Estel, G. J., Ceberio-Hualde, L., Shoenfeld, Y., de Ramon, E., et al. (2015). Morbidity and mortality in the antiphospholipid syndrome during a 10-year period: A multicentre prospective study of 1000 patients. Ann. Rheum. Dis. 74 (6), 1011–1018. doi:10.1136/annrheumdis-2013-204838
 Chen, C., Hu, Z., Liu, S., and Tseng, H. (2012). Emerging trends in regenerative medicine: A scientometric analysis in CiteSpace. Expert Opin. Biol. Ther. 12 (5), 593–608. doi:10.1517/14712598.2012.674507
 Cheng, K., Guo, Q., Shen, Z., Yang, W., Wang, Y., Sun, Z., et al. (2022a). Bibliometric analysis of global research on cancer photodynamic therapy: Focus on nano-related research. Front. Pharmacol. 13, 927219. doi:10.3389/fphar.2022.927219
 Cheng, K., Guo, Q., Yang, W., Wang, Y., Sun, Z., and Wu, H. (2022b). Mapping knowledge landscapes and emerging trends of the links between bone metabolism and diabetes mellitus: A bibliometric analysis from 2000 to 2021. Front. Public Health 10, 918483. doi:10.3389/fpubh.2022.918483
 Cohen, H., Efthymiou, M., and Devreese, K. M. J. (2021). Monitoring of anticoagulation in thrombotic antiphospholipid syndrome. J. Thromb. Haemost. 19 (4), 892–908. doi:10.1111/jth.15217
 Cohen, H., Hunt, B. J., Efthymiou, M., Arachchillage, D. R. J., Mackie, I. J., Clawson, S., et al. (2016). Rivaroxaban versus warfarin to treat patients with thrombotic antiphospholipid syndrome, with or without systemic lupus erythematosus (raps): A randomised, controlled, open-label, phase 2/3, non-inferiority trial. Lancet. Haematol. 3 (9), e426–e436. doi:10.1016/S2352-3026(16)30079-5
 Cohen, H., and Isenberg, D. A. (2021). How I treat anticoagulant-refractory thrombotic antiphospholipid syndrome. Blood 137 (3), 299–309. doi:10.1182/blood.2020004942
 Crowther, M. A., Ginsberg, J. S., Julian, J., Denburg, J., Hirsh, J., Douketis, J., et al. (2003). A comparison of two intensities of warfarin for the prevention of recurrent thrombosis in patients with the antiphospholipid antibody syndrome. N. Engl. J. Med. 349 (12), 1133–1138. doi:10.1056/NEJMoa035241
 Deng, P., Shi, H., Pan, X., Liang, H., Wang, S., Wu, J., et al. (2022a). Worldwide research trends on diabetic foot ulcers (2004-2020): Suggestions for researchers. J. Diabetes Res. 2022, 7991031. doi:10.1155/2022/7991031
 Deng, P., Wang, S., Sun, X., Qi, Y., Ma, Z., Pan, X., et al. (2022b). Global trends in research of gouty arthritis over past decade: A bibliometric analysis. Front. Immunol. 13, 910400. doi:10.3389/fimmu.2022.910400
 Duarte-Garcia, A., Pham, M. M., Crowson, C. S., Amin, S., Moder, K. G., Pruthi, R. K., et al. (2019). The epidemiology of antiphospholipid syndrome: A population-based study. Arthritis Rheumatol. 71 (9), 1545–1552. doi:10.1002/art.40901
 Dufrost, V., Risse, J., Reshetnyak, T., Satybaldyeva, M., Du, Y., Yan, X. X., et al. (2018). Increased risk of thrombosis in antiphospholipid syndrome patients treated with direct oral anticoagulants. Results from an international patient-level data meta-analysis. Autoimmun. Rev. 17 (10), 1011–1021. doi:10.1016/j.autrev.2018.04.009
 Fan, G., Han, R., Zhang, H., He, S., and Chen, Z. (2017). Worldwide research productivity in the field of minimally invasive spine surgery: A 20-year survey of publication activities. Spine 42 (22), 1717–1722. doi:10.1097/BRS.0000000000001393
 Finazzi, G., Marchioli, R., Brancaccio, V., Schinco, P., Wisloff, F., Musial, J., et al. (2005). A randomized clinical trial of high-intensity warfarin vs. Conventional antithrombotic therapy for the prevention of recurrent thrombosis in patients with the antiphospholipid syndrome (WAPS). J. Thromb. Haemost. 3 (5), 848–853. doi:10.1111/j.1538-7836.2005.01340.x
 Foret, T., Dufrost, V., Salomon du Mont, L., Costa, P., Lakomy, C., Lagrange, J., et al. (2022). A new pro-thrombotic mechanism of neutrophil extracellular traps in antiphospholipid syndrome: Impact on activated protein C resistance. Rheumatology 61 (7), 2993–2998. doi:10.1093/rheumatology/keab853
 Foret, T., Dufrost, V., Salomon Du Mont, L., Costa, P., Lefevre, B., Lacolley, P., et al. (2021). Systematic review of antiphospholipid antibodies in COVID-19 patients: Culprits or bystanders?Curr. Rheumatol. Rep. 23 (8), 65. doi:10.1007/s11926-021-01029-3
 Fujieda, Y., and Amengual, O. (2020). New insights into the pathogenic mechanisms and treatment of arterial thrombosis in antiphospholipid syndrome. Eur. J. Rheumatol. 8 (2), 93–99. doi:10.5152/eurjrheum.2020.20058
 Garcia, D., and Erkan, D. (2018). Diagnosis and management of the antiphospholipid syndrome. N. Engl. J. Med. 378 (21), 2010–2021. doi:10.1056/NEJMra1705454
 Ghembaza, A., and Saadoun, D. (2020). Management of antiphospholipid syndrome. Biomedicines 8 (11), E508. doi:10.3390/biomedicines8110508
 Giannakopoulos, B., and Krilis, S. A. (2013). The pathogenesis of the antiphospholipid syndrome. N. Engl. J. Med. 368 (11), 1033–1044. doi:10.1056/NEJMra1112830
 Hughes, G. R. (1983). Thrombosis, abortion, cerebral disease, and the lupus anticoagulant. Br. Med. J. 287 (6399), 1088–1089. doi:10.1136/bmj.287.6399.1088
 Karahan, S., Erol, K., Yuksel, R. C., Artan, C., and Celik, I. (2022). Antiphospholipid antibodies in COVID-19-associated pneumonia patients in intensive care unit. Mod. Rheumatol. 32 (1), 163–168. doi:10.1080/14397595.2021.1892257
 Koval, N., Alves, M., Plácido, R., Almeida, A. G., Fonseca, J. E., Ferreira, J. J., et al. (2021). Direct oral anticoagulants versus vitamin K antagonists in patients with antiphospholipid syndrome: Systematic review and meta-analysis. RMD Open 7 (2), e001678. doi:10.1136/rmdopen-2021-001678
 Kravvariti, E., Koutsogianni, A., Samoli, E., Sfikakis, P. P., and Tektonidou, M. G. (2020). The effect of hydroxychloroquine on thrombosis prevention and antiphospholipid antibody levels in primary antiphospholipid syndrome: A pilot open label randomized prospective study. Autoimmun. Rev. 19 (4), 102491. doi:10.1016/j.autrev.2020.102491
 Lin, W., Luo, Y., Liu, F., Li, H., Wang, Q., Dong, Z., et al. (2022). Status and trends of the association between diabetic nephropathy and diabetic retinopathy from 2000 to 2021: Bibliometric and visual analysis. Front. Pharmacol. 13, 937759. doi:10.3389/fphar.2022.937759
 Liu, Y., Zheng, B., Hong, J., and Liu, Y. (2022). Mapping theme trends and knowledge structure of sjögren’s syndrome (SS), A bibliometric analysis from 2010 to 2021. Clin. Rheumatol. 41 (9), 2779–2789. doi:10.1007/s10067-022-06196-x
 Luigi Meroni, P., Toubi, E., and Shoenfeld, Y. (2019). Are anti-phospholipid syndrome and systemic lupus erythematosus two different diseases? A 10-year late remake. Isr. Med. Assoc. J. 21 (7), 491–493.
 Ma, D., Yang, B., Guan, B., Song, L., Liu, Q., Fan, Y., et al. (2021). A bibliometric analysis of pyroptosis from 2001 to 2021. Front. Immunol. 12, 731933. doi:10.3389/fimmu.2021.731933
 Mazetto, B. de M., Hounkpe, B. W., da Silva Saraiva, S., Vieira-Damiani, G., Dos Santos, A. P. R., Jacinto, B. C., et al. (2022). Association between neutrophil extracellular traps (NETs) and thrombosis in antiphospholipid syndrome. Thromb. Res. 214, 132–137. doi:10.1016/j.thromres.2022.05.001
 Meng, H., Yalavarthi, S., Kanthi, Y., Mazza, L. F., Elfline, M. A., Luke, C. E., et al. (2017). In vivo role of neutrophil extracellular traps in antiphospholipid antibody-mediated venous thrombosis. Arthritis Rheumatol. 69 (3), 655–667. doi:10.1002/art.39938
 Miyakis, S., Lockshin, M. D., Atsumi, T., Branch, D. W., Brey, R. L., Cervera, R., et al. (2006). International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J. Thromb. Haemost. 4 (2), 295–306. doi:10.1111/j.1538-7836.2006.01753.x
 Nuri, E., Taraborelli, M., Andreoli, L., Tonello, M., Gerosa, M., Calligaro, A., et al. (2017). Long-term use of hydroxychloroquine reduces antiphospholipid antibodies levels in patients with primary antiphospholipid syndrome. Immunol. Res. 65 (1), 17–24. doi:10.1007/s12026-016-8812-z
 Ordi-Ros, J., Saez-Comet, L., Perez-Conesa, M., Vidal, X., Riera-Mestre, A., Castro-Salomo, A., et al. (2019). Rivaroxaban versus vitamin K antagonist in antiphospholipid syndrome: A randomized noninferiority trial. Ann. Intern. Med. 171 (10), 685–694. doi:10.7326/M19-0291
 Pengo, V., Denas, G., Zoppellaro, G., Jose, S. P., Hoxha, A., Ruffatti, A., et al. (2018). Rivaroxaban vs warfarin in high-risk patients with antiphospholipid syndrome. Blood 132 (13), 1365–1371. doi:10.1182/blood-2018-04-848333
 Pericleous, C., Ferreira, I., Borghi, O., Pregnolato, F., McDonnell, T., Garza-Garcia, A., et al. (2016). Measuring IgA anti-β2-glycoprotein I and IgG/IgA anti-domain I antibodies adds value to current serological assays for the antiphospholipid syndrome. PLoS One 11 (6), e0156407. doi:10.1371/journal.pone.0156407
 Petri, M. (2020). Antiphospholipid syndrome. Transl. Res. 225, 70–81. doi:10.1016/j.trsl.2020.04.006
 Petri, M. (2011). Use of hydroxychloroquine to prevent thrombosis in systemic lupus erythematosus and in antiphospholipid antibody-positive patients. Curr. Rheumatol. Rep. 13 (1), 77–80. doi:10.1007/s11926-010-0141-y
 Reshetnyak, T., Cheldieva, F., Cherkasova, M., Lila, A., and Nasonov, E. (2022). IgA antiphospholipid antibodies in antiphospholipid syndrome and systemic lupus erythematosus. Int. J. Mol. Sci. 23 (16), 9432. doi:10.3390/ijms23169432
 Rodriguez-Pinto, I., Espinosa, G., Erkan, D., Shoenfeld, Y., and Cervera, R.CAPS Registry Project Group (2018). The effect of triple therapy on the mortality of catastrophic anti-phospholipid syndrome patients. Rheumatology 57 (7), 1264–1270. doi:10.1093/rheumatology/key082
 Rodriguez-Pinto, I., Moitinho, M., Santacreu, I., Shoenfeld, Y., Erkan, D., Espinosa, G., et al. (2016). Catastrophic antiphospholipid syndrome (CAPS): Descriptive analysis of 500 patients from the international CAPS registry. Autoimmun. Rev. 15 (12), 1120–1124. doi:10.1016/j.autrev.2016.09.010
 Ruiz-Irastorza, G., Crowther, M., Branch, W., and Khamashta, M. A. (2010). Antiphospholipid syndrome. Lancet 376 (9751), 1498–1509. doi:10.1016/S0140-6736(10)60709-X
 Ruiz-Irastorza, G., Cuadrado, M. J., Ruiz-Arruza, I., Brey, R., Crowther, M., Derksen, R., et al. (2011). Evidence-based recommendations for the prevention and long-term management of thrombosis in antiphospholipid antibody-positive patients: Report of a task force at the 13th international congress on antiphospholipid antibodies. Lupus 20 (2), 206–218. doi:10.1177/0961203310395803
 Schreiber, K., Sciascia, S., de Groot, P. G., Devreese, K., Jacobsen, S., Ruiz-Irastorza, G., et al. (2018). Antiphospholipid syndrome. Nat. Rev. Dis. Prim. 4, 17103. doi:10.1038/nrdp.2017.103
 Sciascia, S., Amigo, M. C., Roccatello, D., and Khamashta, M. (2017). Diagnosing antiphospholipid syndrome: ‘Extra-Criteria’ manifestations and technical advances. Nat. Rev. Rheumatol. 13 (9), 548–560. doi:10.1038/nrrheum.2017.124
 Sciascia, S., Sanna, G., Murru, V., Roccatello, D., Khamashta, M. A., and Bertolaccini, M. L. (2013). Gapss: The global anti-phospholipid syndrome score. Rheumatology 52 (8), 1397–1403. doi:10.1093/rheumatology/kes388
 Sciascia, S., Sanna, G., Murru, V., Roccatello, D., Khamashta, M. A., and Bertolaccini, M. L. (2015). The global anti-phospholipid syndrome score in primary APS. Rheumatology 54 (1), 134–138. doi:10.1093/rheumatology/keu307
 Shen, J., Shen, H., Ke, L., Chen, J., Dang, X., Liu, B., et al. (2022). Knowledge mapping of immunotherapy for hepatocellular carcinoma: A bibliometric study. Front. Immunol. 13, 815575. doi:10.3389/fimmu.2022.815575
 Tebo, A. E., Willis, R., Jaskowski, T. D., Guerra, M., Pierangeli, S. S., Salmon, J., et al. (2016). Clinical significance and correlations between anti-β2 glycoprotein I IgA assays in antiphospholipid syndrome and/or systemic lupus erythematosus. Clin. Chim. Acta. 460, 107–113. doi:10.1016/j.cca.2016.06.025
 Tektonidou, M. G., Andreoli, L., Limper, M., Amoura, Z., Cervera, R., Costedoat-Chalumeau, N., et al. (2019). EULAR recommendations for the management of antiphospholipid syndrome in adults. Ann. Rheum. Dis. 78 (10), 1296–1304. doi:10.1136/annrheumdis-2019-215213
 Trahtemberg, U., Rottapel, R., Dos Santos, C. C., Slutsky, A. S., Baker, A., and Fritzler, M. J. (2021). Anticardiolipin and other antiphospholipid antibodies in critically ill COVID-19 positive and negative patients. Ann. Rheum. Dis. 80 (9), 1236–1240. doi:10.1136/annrheumdis-2021-220206
 van Eck, N. J., and Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 84 (2), 523–538. doi:10.1007/s11192-009-0146-3
 Wiggins, B. S., Dixon, D. L., Neyens, R. R., Page, R. L., and Gluckman, T. J. (2020). Select drug-drug interactions with direct oral anticoagulants: JACC review topic of the week. J. Am. Coll. Cardiol. 75 (11), 1341–1350. doi:10.1016/j.jacc.2019.12.068
 Wilson, W. A., Gharavi, A. E., Koike, T., Lockshin, M. D., Branch, D. W., Piette, J. C., et al. (1999). International consensus statement on preliminary classification criteria for definite antiphospholipid syndrome: Report of an international workshop. Arthritis Rheum. 42 (7), 1309–1311. doi:10.1002/1529-0131(199907)42:7<1309::AID-ANR1>3.0.CO;2-F
 Wu, H., Li, Y., Tong, L., Wang, Y., and Sun, Z. (2021). Worldwide research tendency and hotspots on hip fracture: A 20-year bibliometric analysis. Arch. Osteoporos. 16 (1), 73. doi:10.1007/s11657-021-00929-2
 Zhang, Y., Xiao, M., Zhang, S., Xia, P., Cao, W., Jiang, W., et al. (2020). Coagulopathy and antiphospholipid antibodies in patients with COVID-19. N. Engl. J. Med. 382 (17), e38. doi:10.1056/NEJMc2007575
 Zhu, S., Liu, Y., Gu, Z., and Zhao, Y. (2021). A bibliometric analysis of advanced healthcare materials: Research trends of biomaterials in healthcare application. Adv. Healthc. Mat. 10 (10), e2002222. doi:10.1002/adhm.202002222
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Wu, Huang, Qi, Li, Zhang, Jiang, Wang, Zhang, Jiang, Chen and Ying. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
		ORIGINAL RESEARCH
published: 09 November 2022
doi: 10.3389/fphar.2022.992595


[image: image2]
Assessment by ABPM verified the presence of hypertension in patients with self-reported hypertension, pregnant women, as well as differences between ethnicities in women aged 38-39 years in the Ribeirão Preto cohort
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Introduction: Arterial hypertension is a global health problem and one of the main risk factors for cardiovascular diseases (CVD), and therefore for morbidity and mortality among adult men and women. Factors related to obstetric history, family history, sociodemographic characteristics, and lifestyle habits are known determinants of arterial hypertension.
Methods: Case-control study of women belonging to the 1978/79 birth cohort conducted in the city of Ribeirão Preto/SP. Sociodemographic data, presence of comorbidities, maternal comorbidities, paternal comorbidities, comorbidities during pregnancy, and biometric and biophysical markers associated with blood pressure measured by 24-h ambulatory blood pressure monitoring (ABPM) were assessed in women aged 38–39 years. We want to study which variables of the previous sentence are related to the presence of hypertension measured by ABPM.
Results: Data from 281 women were analyzed. Our results showed that ethnicity, a history of hypertension, and gestational hypertension reported by the women were significantly associated with the presence of hypertension measured by ABPM. Other factors such as marital status, educational level, comorbidities of the woman, paternal or maternal comorbidities, anthropometric measurements or serum levels of cardiovascular markers were not associated with the presence of hypertension measured by ABPM.
Conclusion: We conclude that ethnicity, self-reported hypertension, and gestational hypertension are associated with arterial hypertension measured by ABPM.
Keywords: ambulatory blood pressure monitoring, comorbidities, hypertension during pregnancy, blood pressure, hypertension
INTRODUCTION
Birth cohort studies have been high priority on the research agenda of developed countries for scientific and technological advancement (Brandstetter et al., 2019). Arterial hypertension is a chronic disease and a public health problem in Brazil and in the world. In addition, it is one of the main risk factors for cardiovascular diseases (CVD) and a leading cause of death worldwide (Brant et al., 2022) (Ribeiro et al., 2016) Arterial hypertension is characterized by persistently raised blood pressure, i.e., systolic blood pressure (SBP) ≥ 130 mmHg and/or diastolic blood pressure (DBP) ≥ 80 mmHg, measured with the correct technique on three different occasions in the absence of antihypertensive medication (Whelton et al., 2018).
After pregnancy, women with hypertensive disorders of pregnancy such as gestational hypertension and preeclampsia are at increased risk of developing CVD (Honigberg and Natarajan, 2020). Preeclampsia is a specific pregnancy syndrome that affects about 5%–8% of pregnancies and is a leading cause of maternal, fetal and neonatal mortality. The condition is characterized by raised blood pressure after the 20th week of gestation (Rana et al., 2019).
Metabolic syndrome is defined by the health word organization (WHO) as a cluster of conditions that include arterial hypertension, abdominal obesity, dyslipidemia, and altered glucose metabolism (Fahed et al., 2022). It is estimated that about one quarter of the world’s population has metabolic syndrome, corresponding to more than one billion people. In Brazil, a prevalence of metabolic syndrome in the adult population of 29.6% has been reported, which can reach more than 40% in age groups over 60 years (Oliveira et al., 2020; de Siqueira Valadares et al., 2022).
Studies of blood pressure measurements are uncommon in the Brazilian population and most existing ones are restricted to certain locations and using different information, a fact impairing comparison of the data (Jardim et al., 2020). In addition, different diagnostic criteria exist for estimating the population prevalence of arterial hypertension, such as cut-off point and the use or not of associated medications (Zhou et al., 2021)
Arterial hypertension is a chronic disease whose incidence is increasing worldwide and that is reported to be one of the main causes of CVD, with a consequent impact on mortality, morbidity, and quality of life (Mills et al., 2020). Knowledge of the most important and prevalent risk factors related to the pathophysiology of this disease in women will permit to prevent this condition by proposing early interventions and more appropriate treatments (Carey et al., 2018). Our hypothesis was that with the technique measured by ambulatory blood pressure monitoring the study would be able to identify hypertension in the woman’s gestational phase, in self-reported hypertension and other variables in women aged close to 40 years.
MATERIALS AND METHODS
Study design
Analytical, retrospective, case-control study that included female patients of the Ribeirão Preto Cohort 1978/1979. The 1978/79 cohort, as the group of participants is called, is the first National Cohort in Brazil and has 6827 live births in the city of Ribeirão Preto. In addition to the assessment at birth, these individuals were also assessed at school age, at military enlistment, at 23–25 years, and in their 5th assessment (2016/2017), in adulthood (38–39 years), in which 1775 were evaluated. Individuals being 929 women. Reinforcing the data of the participants of this study were carried out on women who were aged between 38 and 39 years. These women were invited to attend spontaneously interviews and examinations at the University of São Paulo, at the Hospital das Clínicas of the Faculty of Medicine of Ribeirão Preto. Of the 929 patients who attended, 281 were accepted to have the ambulatorial blood pressure monitoring (ABPM) placed. The placement of the ABPM device was an option for the participants and not a criterion of the study. Measurement blood pressure was performed for 24 h from ABPM placement. ABPM analysis measures data on mean 24-h systolic and diastolic blood pressure, and mean systolic and diastolic blood pressure during wakefulness and sleep. After these data, the study´s cardiology physicians lauded the participants´ABPM and classified them as hypertensive or normotensive (de Souza et al., 2022). The inclusion criteria were female participants, not pregnant at the time of the interview and who accepted the measurement by ABPM. And the exclusion criterion was male and women who refused to be measured by ABPM.
Evaluation of anthropometric measurements
The evaluation of anthropometric measurements was made through measurements of weight, height, calculation of Body Mass Index (BMI), waist circumference (WC), and neck circumference (NC).
Arterial stiffness assessment
Pulse wave velocity (PWV) analysis is a simple, non-invasive, and reliable diagnostic method for the assessment of arterial stiffness. (47) The computerized system Sphygmocor® Software Version 9.0, AtCor Medical Pty Ltd., was used to record and analyze PWV. The measurement of PWV was performed with the participant in the supine position after a 5-min rest and an acclimatized room (22–24°C). An inelastic measuring tape graduated in centimeters, was used to measure the distances between the carotid wrist and the sternal notch and between the sternum notch and the femoral wrist. External transducers were placed directly on the skin in the right carotid artery and the right femoral artery. Capture the recording of pulse waves for a minimum time interval of 10 s. The PWV measurement is automatically calculated by the ratio of the carotid-femoral distance and the time interval between the two pulses.
Blood and urine collection
The participants had blood collection performed at the Gynecology Laboratory of the Hospital das Clínicas of the Faculty of Medicine of the University of São Paulo in the city of Ribeirão Preto. Blood collection was not performed on an empty stomach. From each subject, 20 ml of whole blood was collected and stored in conical plastic tubes (BD-Becton Dickinson, Plymouth, United Kingdom). The women did not use any medication that could alter the results of laboratory tests. Blood samples were processed within a maximum of 2 h after collection. The serum was stored at −80°C for measurement of all serum variables at the same time.
Serum concentrations of creatinine, total cholesterol, high-density lipoprotein, low-density lipoprotein, triglycerides, C-reactive protein, homocysteine, basal insulin, and glucose were quantified in an automated biochemistry analyzer (Weiner, Rosario, Argentina). The glomerular filtration rate was estimated from creatinine and cystatin C using the CKD-EPI 2009 equation. (15) Glycated hemoglobin (HbA1c) was determined by HPLC (Bio-Rad D-10, Hercules, CA).
Questionnaire applied to women
The questionnaire asked about demographic variables such as skin color, marital status, social benefit, and educational level (Years of schooling). After the questionnaire, ABPM was measured, and for each demographic variable mentioned above, evaluated the presence of hypertension.
In the questionnaire, the patient was asked about the presence of comorbidities. Among the questions on the questionnaire, the patient was asked if she was aware of the presence of the following comorbidities: high blood glucose/diabetes, hypercholesterolemia, hypertension, obesity, thrombosis, arrhythmia, angina, infarction, stroke, kidney disease. After this questionnaire, the participants placed the ABPM, and the presence of hypertension measured by the ABPM was evaluated. With this, we obtained two groups about to with concerning these variables of the presence of comorbidities, the hypertensive related to these comorbidities and the normotensive related to these comorbidities.
In the questionnaire, the women were asked about the following paternal and maternal comorbidities: knowledge of the father’s disease, paternal high blood glucose/diabetes, hypercholesterolemia reported by the father, cardiovascular disease described by the father, paternal hypertension, paternal obesity, paternal thrombosis, paternal arrhythmia, paternal angina, paternal infarction, paternal stroke, paternal kidney disease, knowledge of the mother’s disease, maternal high blood glucose/diabetes, hypercholesterolemia reported by the mother, cardiovascular disease reported by the mother, maternal hypertension, maternal obesity, maternal thrombosis, maternal arrhythmia, maternal angina, maternal infarction, maternal stroke, and maternal kidney disease. And for each variable of paternal or maternal comorbidity, evaluated the presence or absence of hypertension.
Another evaluation performed was the presence of hypertension measured by MAPA in pregnant women with the following questions for women if they were aware of the following comorbidities during pregnancy: self-reported preeclampsia and gestational hypertension.
Blood pressure measurement by ambulatory blood pressure monitoring
In this study, blood pressure was measured by ABPM. The installation of the device (A&D Company Limited, Kitamoto-shi, Saitama-ken, Japan) was offered to all women on the day of the interview but the decision to use the device was voluntary.
The patient was classified as hypertensive based on ABPM if the mean SBP ≥130 mmHg or mean DBP ≥80 mmHg (Whelton et al., 2018; Flynn et al., 2022). The obstetric history on the presence of hypertensive syndromes and current hypertension was obtained with the questionnaire during the interview and not from the medical record (Barbieri et al., 2006; Malta et al., 2018; Hurrell et al., 2022).
Statistical analysis
Continuous and semi-continuous variables were compared using a Gauss curve. Data were found to be nonparametric by the Kolmogorov-Smirnov and Shapiro-Wilk tests and were therefore reported as median and percentiles (25–75). The geometric mean was used when the sample showed a high frequency of modal values (>20%). Two independent groups were compared by the Mann-Whitney test with Bonferroni correction. Categorical data were expressed as absolute (n) and relative (%) frequency. The contingency matrices were analyzed by Pearson’s chi-squared test and complex matrices with p ≤ 0.05.
RESULTS
Of the 929 patients of the cohort, only 281 underwent ABPM. Twenty-four-hour SBP and DBP were recorded, as well as sleeping and awake SBP and DBP, and are expressed as median and percentiles (Table 1). The median SBP was 113 mmHg and the median DBP was 72 mmHg. Blood pressures differed between the sleep and wake periods, with a median SBP and DBP of 117 and 76 mmHg during the wake period, respectively, while SBP was 106 mmHg and DBP was 65 mmHg during the sleep period.
TABLE 1 | Description of ABPM results (n = 281).
[image: Table 1]Figure 1 shows the demographic variable of the e. A significant difference (p = 0.001) was only observed for ethnicity, with a higher prevalence of hypertensive women among white patients. In Table 2 there was no difference in marital status, i.e., if the women were married or lived with a partner, if they were separated or divorced, or if they were single or widowed, concluding that marital status does not influence the presence or absence of hypertension measured by ABPM. Receiving social benefit or educational level also did not affect the presence or absence of hypertension measured by ABPM.
[image: Figure 1]FIGURE 1 | ABPM Hypertension between ethnicities.
TABLE 2 | Evaluation of the presence of hypertension (ABPM) according to demographic variables.
[image: Table 2]Table 3 and Figure 2 shows that there was a statistically significant difference between patients with self-reported hypertension and with hypertension measured by ABPM when asked about the presence of current hypertension. In Table 3 no significant difference was observed between women with hypertension and normotensive measured by ABPM when asked about the presence of high blood glucose or diabetes, or the presence of hypercholesterolemia. ABPM also did not detect hypertension in women with obesity (Figure 2). There was also no difference in the presence of other self-reported comorbidities such as thrombosis, arrhythmia, angina, infarction, stroke, or chronic kidney disease between hypertensive and normotensive women.
TABLE 3 | Evaluation of the presence of hypertension (ABPM) according to the patient’s self-reported comorbidities.
[image: Table 3][image: Figure 2]FIGURE 2 | ABPM Hypertension between self reported hypertension and obese women.
As can be seen in Table 4, there was no difference between patients with hypertension and without hypertension measured by ABPM when asked about the presence of paternal comorbidities. The women were asked whether they had knowledge of the father’s disease, whether their father had high blood glucose or diabetes, and whether they had knowledge of hypercholesterolemia or CVD reported by the father. The women undergoing ABPM were also asked about other paternal comorbidities such as hypertension, obesity, thrombosis, arrhythmia, angina, infarction, stroke, and kidney disease, and no association of the presence of hypertension with these variables was found.
TABLE 4 | Evaluation of the presence of hypertension (ABPM) according to paternal comorbidities.
[image: Table 4]Table 5 shows the analysis of the presence of maternal comorbidities reported by the participants according to the presence of hypertension measured by ABPM. Knowledge of maternal diseases such as high blood glucose, diabetes, hypercholesterolemia reported by the mother, CVD reported by the mother, hypertension, obesity, thrombosis, arrhythmia, angina, infarction, stroke or kidney disease did not differ between hypertensive and non-hypertensive women.
TABLE 5 | Evaluation of the presence of hypertension (ABPM) according to maternal comorbidities.
[image: Table 5]When we evaluated the presence of hypertensive disorders of pregnancy, we found a significant difference in patients classified as hypertensive by ABPM when asked about gestational hypertension (p < 0.0001) and we found no presence of hypertension measured by ABPM when the patient was asked about having preeclampsia (Figure 3).
[image: Figure 3]FIGURE 3 | ABPM Hypertension between gestational hypertension and self reported hypertension.
Table 6 shows the evaluation of the presence of hypertension measured by ABPM according to anthropometric parameters (waist circumference, neck circumference, weight, height, BMI, weight-to-height ratio and no significant difference was observed between hypertensive and non-hypertensive women. As can be seen in Table 7, there was no significant difference in markers of CVD (serum triglycerides, cholesterol, LDL, HDL, creatinine, glucose, C-reactive protein, homocysteine, basal insulin, and glycated hemoglobin) between hypertensive and non-hypertensive women based on ABPM. Also in Table 7, there was no difference in pulse wave velocity between hypertensive and non-hypertensive women.
TABLE 6 | Evaluation of the presence of hypertension (ABPM) according to anthropometric measurements.
[image: Table 6]TABLE 7 | Evaluation of the presence of hypertension (ABPM) according to serum levels of cardiovascular disease markers.
[image: Table 7]DISCUSSION
The main findings of the present study were: that white women had hypertension detected by the ABPM; women who reported that they were aware of being hypertensive in the interview when they were measured by the ABPM had their hypertension demonstrated by blood pressure data; gestational hypertension measured by the ABPM presented hypertensive.
Two approaches were used in this study to assess the presence of arterial hypertension: one was through a questionnaire, the women answered if they knew if they were hypertensive and answered positively and the other was through quantitative measures such as measured by ABPM confirming hypertension. Hypertension was reported during the interview by 19.1% of the women, and the prevalence of hypertensive among women measure by ABPM was 4.98% In addition, 4.95% of the participants reported preeclampsia during a pregnancy.
In our study, we demonstrated a statistically significant difference in white skin color in which women were detected as having hypertension by ABPM while other ethnicities such as black and mixed women did not have this difference. The studies by Mendes et al. (2018) and Paula et al. (2020) discuss the differences between hypertensive and normotensive people when the topic is ethnicity or race. Other demographic characteristics such as marital status and educational level did not show a statistical difference showing the presence or absence of hypertension when measured by the ABPM.
Regarding cardiovascular comorbidities, our study found no significant associations between hypertension measured by ABPM and diabetes, obesity, infarction, stroke, chronic kidney disease, or other comorbidities. Comparing these data with the literature, it is known that hypertension is associated with several risk factors for cardiovascular diseases (CVD), including lipid disorders such as high levels of cholesterol and triglycerides, obesity, and tobacco and alcohol consumption. It is also known that the presence of more than one risk factor for CVD such as heart attack, chronic kidney disease and stroke are increased in patients with hypertension (Levine et al., 2018; Unger et al., 2020). In our study, due to the small number of women, we did not find this association. Regarding paternal and maternal comorbidities, our study did not find hypertension to be associated with these comorbidities It is also known that paternal and maternal comorbidities influence the presence of hypertension, another result different from the literature in our study (Levine et al., 2018; Unger et al., 2020).
Our study also assessed the presence of hypertension measured by ABPM according to with median measures of anthropometric parameters, including abdominal circumference, neck circumference, weight, height, BMI, waist-to-height ratio. There was no significant difference in these parameters, i.e., the anthropometric measurements, always considering that the anthropometric parameters are with median values, of the participants are not related to the presence of hypertension. In the literature we find that we found that in the study by Cassani et al. (2009) only waist circumference was associated with hypertension detected by conventional blood pressure measurement, while other anthropometric parameters were not associated with hypertension, as observed in our study with median measurements. Schommer et al. (2014) also reported an association of waist circumference with hypertension in 10- to 18-year-old adolescents (Cassani et al., 2009; Schommer et al., 2014).
When hypertensive patients based on ABPM were evaluated in our study regarding the presence of hypertensive disorders of pregnancy, there was a significant difference when these patients were asked about the presence of gestational hypertension, women who reported gestational hypertension were hypertensive based on ABPM. However, there was no relationship between the presence of self-reported preeclampsia and hypertension measured by ABPM. Metoki et al. (2022) recommend ABPM in hypertensive and overweight pregnant women. In a review article, Bello et al. (2018) recommend the use of ABPM in pregnant women as a tool to guide the diagnosis and management of hypertensive disorders of pregnancy (Bello et al., 2018; Metoki et al., 2022).
We also observed no significant differences in serum cardiovascular markers such as LDL, HDL, C-reactive protein, triglycerides or cholesterol between women with hypertension measured by ABPM and non-hypertensive women, also in this case the evaluation of cardiovascular markers was with average values (Babkowski et al., 2021). Kidambi et al. (2020) reported that, in African Americans, 24-h ABPM is a limited predictor of CVD.
The pulse wave velocity measure is a measure of arterial stiffness and there was no relationship with the detections of the presence of hypertension in women, probably due to the low mean age of women.
Our study has several strengths such as the assessment of many different variables–from demographic variables such as participants’ comorbidities and paternal and maternal comorbidities of the participants to anthropometric and serum dosage variables–to determine the presence of hypertension measured by the ABPM. This study also serves to reinforce the use of the ABPM to measure hypertension in women aged close to 40 years to encourage future research and cohorts to investigate hypertension in this age group in women. However, among the limitations of the study are that the women who underwent evaluation by ABPM were relatively few (n = 281), that is, the acceptance of the placement of the ABPM voluntarily by women was low, with only 281 accepting to do this specific evaluation. Of the total of 929 women who participated in the cohort. Another limitation is that these women were evaluated at a relatively young age (38–39 years) for the development of cardiovascular diseases, it is consolidated in the literature that cardiovascular diseases, including hypertension, appear more frequently in older age groups, more specifically over 50 and over 60 years.
CONCLUSION
We conclude that ethnicity, self-reported hypertension, and the presence of hypertension during pregnancy are associated with arterial hypertension measured by ABPM. We did not find this association for the other parameters analyzed in part because the women analyzed in the study were aged 39–39 years. However, the identification of risk factors in women by ABPM is important for preventing future CVD, reducing morbidity and mortality and improving quality of life and longevity.
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The safety and efficacy of esketamine in comparison to dexmedetomidine during drug-induced sleep endoscopy in children with obstructive sleep apnea hypopnea syndrome: A randomized, controlled and prospective clinical trial
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Background and Purpose: Data and high-quality studies of anesthetic methods for children with obstructive sleep apnea hypopnea syndrome (OSAHS) who undergo drug-induced sleep endoscopy (DISE) are limited. Research on pediatric DISE using esketamine has never been reported before. To test the safety and efficacy of esketamine during DISE in children with OSAHS, we compare esketamine (Group K) with dexmedetomidine (Group D) in this study.
Methods: 100 children with ASA Ⅰ∼Ⅱ grade, prepared for an elective adenotonsillectomy under general anesthesia, were enrolled in this study and randomized into two groups. Midazolam 0.1 mg/kg was administered intravenously for both groups. In Group D a 1 μg/kg bolus of dexmedetomidine was given over 10 min followed by the infusion rate 1 μg/kg/hr to the end of DISE. Group K received a 1.0 mg/kg IV bolus of esketamine over 10 s followed by the infusion rate 1 mg/kg/hr to the end of DISE.
Results: Group K had a higher percentage of success than Group D (p = 0.008). The onset time of Group K was shorter than that of Group D (p = 0.000). The University of Michigan Sedation Scale (UMSS) score of Group K was higher than that of Group D (p = 0.005). The risk of adverse effects (AEs) was lower in Group K (p = 0.000). In Group D, systolic and diastolic blood pressure (SBP and DBP) and heart rate (HR) all decreased, while in Group K, SBP, DBP, and HR hardly changed.
Conclusion: Esketamine in comparison to dexmedetomidine provides more effective and safer depth of anesthesia for OSAHS pediatric DISE by ensuring short onset time, deep sedation, and few AEs.
Clinical Trial Registration: ClincalTrials.gov, identifier NCT04877639
Keywords: dexmedetomidine, esketamine, drug-induced sleep endoscopy (DISE), obstructive sleep apnea hypoapnea syndrome, pediatrics
INTRODUCTION
Obstructive sleep apnea hypopnea syndrome (OSAHS) is generally believed to be a common health problem (Li et al., 2010). 2%–4% of children with OSAHS are associated with a substantial morbidity (Park et al., 2011), including failure of growth, impaired neurocognitive and neurobehavioral abnormalities (Miano et al., 2011), systemic hypertension, pulmonary hypertension (Goldbart et al., 2010), cor pulmonale, etc (Kelly et al., 2010). A great number of children with OSAHS are cured after adenotonsillectomy. However, 10%–20% of children have continuing symptoms after surgery (Bhattacharjee et al., 2010). One of the reasons for uncured OSAHS is failure to identify all sites of the upper airway obstruction (Marcus et al., 2012).
There has been increased interest in using drug-induced sleep endoscopy (DISE), an emerging endoscopic technology, to assess upper airway obstruction in patients with OSAHS in a sleep-like state induced and maintained by anesthetic drugs. Using a flexible nasal endoscope, DISE locates the sites and patterns of airway collapse accurately, predicts the benefit of surgery, and customizes a targeted surgical approach for each patient (Capasso et al., 2016).
To mimic physiological sleep with decreased oxygen saturation levels, the ideal anesthetic administration during DISE should involve the use of titrable pharmacological agents with short biological half-life and minor influence on muscle tone and respiratory drive (Liu et al., 2020). Dynamic evaluation of DISE in children with OSAHS is often achieved by using sedatives and anesthetics including benzodiazepines, pentobarbital, remifentanil, propofol, ketamine, dexmedetomidine, and their combination (Cho et al., 2015; Liu et al., 2020). Propofol acts through the inhibitory neurotransmitter GABA to diminish behavioral responsiveness as if in a state of non-rapid eye movement (NREM) sleep (Murphy et al., 2011). It may compromise the airway due to muscular flaccidity and respiratory drive suppression. As a selective alpha-2 adrenergic agonist, dexmedetomidine is a highly recommended agent for DISE owing to its analgesic, amnesic and anxiolytic characteristics. Ehsan reviewed and concluded that drugs such as dexmedetomidine have the least impact on respiratory control and may be most effective in DISE (Ehsan et al., 2016). Though dexmedetomidine successfully induces sedation for non-invasive procedures, it does not provide sufficient depth of anesthesia when used as a sedative/anesthetic alone for invasive procedures (Mahmoud and Mason, 2015). Based on his review, Liu thought that the optimal scheme might be made by combining ketamine with dexmedetomidine (Liu et al., 2020). As a non-competitive n-methyl-d- aspartic acid (NMDA) receptor antagonist, ketamine offers good analgesia and amnesia with natural respiratory pattern, however, its role as a sedative has been restricted by the occurrence of vomiting and psychomimetic side effects (Sruthi et al., 2018; Wang et al., 2019). The substance ketamine is a racemate comprising two enantiomers─mirror-like configurated molecules S (+)- and R (−)- ketamine. Compared to both the racemic and R (−)-ketamine, S (+)-enantiomer demonstrated the greater efficacy with lower dosage in experimental studies on animals (Schmidt et al., 2005).
Children with OSAHS are vulnerable to upper airway obstruction during sedation and anesthesia because they are more sensitive to the respiratory inhibitive effects of hypnotics and sedatives. We need to avoid using airway intervention to improve airway patency for them. Thus, it poses a challenge to obtain perfect dynamic airway assessment during DISE for these patients. It is urgent and critical to find good anesthetic drugs for their DISE. Data and high-quality studies of anesthetic methods for OSAHS pediatric DISE are limited (Liu et al., 2020). Research on pediatric DISE using esketamine has never been reported before. To test the safety and efficacy of esketamine during DISE in children with OSAHS, we compare esketamine (Group K) with dexmedetomidine (Group D) in this study.
MATERIALS AND METHODS
Ethics approval
This study, approved by the Ethical Board for Clinical/Scientific Research Project of Zhongnan Hospital of Wuhan University (Approval Number: 2021071), was conducted in accordance with the International Conference on Harmonization Guidelines for Good Clinical Practice and the Declaration of Helsinki. Trial Registration: ClincalTrials.gov. Identifier: NCT04877639. Chinese Clinical Trial Registry: http://www.chictr.org. Number: ChiCTR2100045914.
Study design, setting and population
100 children with ASA Ⅰ∼Ⅱ grade who are prepared for an elective adenotonsillectomy under general anesthesia were enrolled between 17 May 2021 and 22 November 2021 at Department of Otorhinolaryngology⁃Head and Neck Surgery of Zhongnan Hospital of Wuhan University in the study. Inclusion criteria included 1) 3–12 years old, and 2) informed consent from subjects’ legal guardian. Exclusion criteria were 1) ASA physical status>Ⅲ, 2)a baseline oxygen saturation<95%, 3)Body Mass index (BMI) > 30 kg/m2, 4)Mallampati score iv, 5) chronic heart/lung/liver/kidney diseases, iind-iiird degree a-v block, psychiatric illness, (6 drug abuse or history of chronic analgesic use, and 7) allergy against the study medications (dexmedetomidine or esketamine). The subjects were numbered according to their treatment order and randomized into two groups (Group D and Group K). Randomization was achieved by computer generated random numbers hidden in a sealed opaque bag. A nurse, who was not involved in the study, read the numbers and assigned two groups.
In the inpatient ward, an intravenous (IV) catheter was inserted for all children in the two groups. Midazolam 0.1 mg/kg was administered intravenously for both groups. In Group D a 1 μg/kg bolus of dexmedetomidine (U2102003, Hu Nan Ke Lun Pharmaceutical Co. Ltd., China) was given over 10 min followed by the infusion rate 1 μg/kg/hr to the end of DISE. Group K received a 1.0 mg/kg IV bolus of esketamine (210126BL, Jiang Su Heng Rui Pharmaceuticals, China) over 10 s followed by the infusion rate 1 mg/kg/hr to the end of DISE. The dexmedetomidine and esketamine were each diluted in a 50 ml syringe separately and labeled as infusion A and B respectively, and administered using syringe pumps (WZS-50F6 Double channel micro-infusion pump, Smiths medical, China) by an anesthesiologist, who covered all syringes and infusion sets as well as the screen of the syringe pumps by aluminum foil paper to assure blindness of the study.
With their heads remaining neutral, the patients in both groups were supine and could breathe spontaneously. Throughout the procedure the patients received continuous oxygen, and their pulse oximetry, electrocardiogram and blood pressure were monitored. The level of sedation was monitored with an A-2000 BIS monitor (BIS LoC 2 channel, BIS Complete Monitoring System, 2011 Covidien 11c, Singapore). After UMSS>3 and BIS 65–75, the nostrils, the nasopharynx, the oral cavity and the hypopharynx were checked by a flexible fibrous laryngoscope to ascertain airway obstructions. The base of tongue and supraglottic structures were also checked. The patients in both groups were given propofol 0.5 mg/kg when they moved during DISE. After DISE, intubation was employed and then mechanical ventilation was achieved by IPPV. An elective adenotonsillectomy under general anesthesia was performed at last.
Observational index
Demographic and PSG data: Demographic and polysomnography (PSG) data, including age, gender, height, weight, American Society of Anesthesiologists (ASA) physical status, Body Mass Index (BMI), respiratory disturbance index (RDI), apnea hypopnea index (AHI), severity of OSAHS and Mallampati Score (Smith et al., 2020), were gathered.
Vital signs: Heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), electrocardiogram (ECG), respiratory rate (RR) and pulse oxygen saturation (%, SpO2) were collected before medication and DISE (T0), 5 min after medication and before DISE (T1), 1 min after start of DISE (T2), 1 min after completion of DISE (T3), 1 min after tracheal intubation (T4), 1 min after extubation (T5) and 30 min after extubation (T6).
Time for each procedure: Onset time, DISE time, operation duration, recovery time and residence time were recorded.
Percentage of success: The ratio of completed DISE cases and total cases was calculated.
UMSS score, BIS and ABJ score: Depth of sedation was evaluated by the University of Michigan Sedation Scale (UMSS) (Malviya et al., 2002; Haberland et al., 2011) at T1 and the bispectral index (BIS) (Ibrahim et al., 2001) at T0, T1, T2, T3, T4, T5, and T6. Awakening and behavior judgment score for newborns and children (ABJ score) (Pees et al., 2003) was recorded at T6.
Adverse effects (AEs) and corresponding treatments: AEs such as hypoxemia (SpO2<90%, Apnea>20s), laryngospasm, patient movement, abortion of examination, PONV, delirium and propofol rescue were observed during and after DISE. Hypoxemia was relieved by oxygen therapy. Laryngospasm was treated by the positive pressure ventilation and/or administration of propofol. Propofol 1.0 mg/kg was used for delirium or uncontrolled movements. 0.15 mg/kg of Ondansetron and/or 0.25 mg/kg of dexamethasone (below 10 mg) were given for postoperative nausea and vomiting (PONV) (Martin et al., 2019). Other AEs were minor and transient, which needed no special treatment.
Statistical analysis
Power analysis performed by using the nQuery Advisor with an inter-group difference of 20.4 and a standard deviation of 23, α = 0.05, ß = 0.2 (power = 80%), assuming a dropout rate of 10%, indicated that at least 22 subjects would be needed for each group. The sample size of each treatment group was estimated based on the differences and variations observed in a previous study by Evans et al. (2003).
Continuous variables with normal distribution (Height, Recovery time, HR, SBP, DBP, BIS) were presented as mean ± standard deviation, and continuous variables with non-normal distribution (Age, Weight, BMI, RDI, AHI, Onset time, DISE time, Operation duration, Residence time, RR and SpO2) were represented by median (interquartile range). Frequency (%) was used for categorical variables (Gender, UMSS score, ABJ score, severity of OSAHS, ASA physical status, Mallampati score, Percentage of success and AEs).
Continuous variables with normal distribution were compared between the two groups by independent sample t test, and these variables at different time points within each group were compared by repeated measure ANOVA. Continuous variables with non-normal distribution were compared between the two groups by Wilcoxon rank sum test. Non-rank categorical variables (Percentage of success, AEs) were tested by Chi-square test, and rank categorical variables (UMSS score, ABJ score, severity of OSAHS, ASA physical status, Mallampati score) were tested by Wilcoxon rank sum test. All statistical analysis was conducted with SPSS26 software. P < 0.05 was considered statistically significant.
RESULTS
Demographic and polysomnography data
100 children were enrolled in the study. Of them, 2 did not meet the inclusion criteria, 1 declined to participate, 5 had no PSG, 2 changed scheme, and 7 failed to undergo the complete DISE, and thus we dropped these 17 children from the study. Their data were not used in analysis, but the 7 children who had early termination of DISE were included in the calculation of percentage of success (Figure 1).
[image: Figure 1]FIGURE 1 | Flow diagram illustrating patients’ enrollment throughout the study.
Demographic and PSG data had no difference between the two groups (p > 0.05). PSG monitoring demonstrated some degree of OSAHS on 68 subjects, of whom 57 had mild OSAHS, 6 had moderate OSAHS, and 5 had severe OSAHS (Table 1).
TABLE 1 | Demographic and PSG data.
[image: Table 1]Vital signs
Baseline HR, SBP and DBP did not differ between the two groups. Compared with T0, SBP and DBP at T1 T2 T3 T4 T5 T6, and HR at T1 T3 T5 in Group K were not significantly different. Compared with T0, HR, SBP and DBP all decreased at T1 in Group D. Compared with Group D, children receiving esketamine had higher HR, SBP and DBP at T1,T2,T3,T4, T5, and T6 (Figures 2A,B,C,).
[image: Figure 2]FIGURE 2 | Hemodynamic changes and the bispectral index (BIS) records. (A) Heart rate (HR). (B) Systolic blood pressure (SBP). (C) Diastolic blood pressure (DBP). (D) The bispectral index (BIS). Data are expressed as mean ± SD, Compare between two groups *p < 0.05. Compare within time points of the same group #p < 0.05.
The SpO2 values recorded were 100% (95% CI, 99%–100%) for the esketamine group and 100% (95% CI, 98%–100%) for the dexmedetomidine group respectively. SpO2 values did not differ between the two groups (p = 0.135).
No abnormal ECG and RR were observed in both groups.
Time for each procedure
Onset time, from starting of dexmedetomidine or esketamine infusion to DISE beginning, was 12 (95% CI, 10.25–14) min in Group D, and onset time of Group K was 2 (95% CI, 2–3) min. The onset time of Group K was shorter than that of Group D (p = 0.000) (Table 2) (Figure 4B).
TABLE 2 | Time for each procedure.
[image: Table 2]DISE time, from the beginning to the end of endoscopy, was 12.0 (95% CI, 12.0–12.0) min in both groups. DISE time had no significant difference between the two groups (Table 2) (p = 0.851).
The mean operation duration of the two groups, from the beginning to the end of the operation, was 50 (95% CI, 35–60) min. The operation duration had no significant difference between the two groups (Table 2) (p = 0.204).
Recovery time, from discontinuing of dexmedetomidine or esketamine infusion to eye opening on verbal contact, was 54.18 ± 18.81 min in Group D, and recovery time of Group K was 50.40 ± 17.39 min. The recovery time had no significant difference between the two groups (Table 2) (p = 0.344).
The mean residence time at PACU, from entering PACU to leaving PACU, was 30 (95%CI, 30–37) min. The residence-time at PACU had no significant difference between the two groups (Table 2) (p = 0.649).
University of michigan sedation scale score, bispectral index and awakening and behavior judgment score
UMSS score: Depth of sedation was evaluated by UMSS after completion of bolus dose administration. Most subjects had a UMSS score of 2 or 3 at the time of evaluation. The number of subjects with each score varied between the two groups. For the subjects receiving dexmedetomidine, 11 had a score of 2 and 28 had a score of 3. For the subjects receiving esketamine, 1 had a score of 2, and 42 had a score of 3. Group K had a higher UMSS score than Group D (p = 0.005) (Table 3) (Figures 3A,B).
TABLE 3 | UMSS score and Awakening and behavior judgment (ABJ) score.
[image: Table 3][image: Figure 3]FIGURE 3 | Different effects of two groups during drug-induced sleep endoscopy in children with obstructive sleep apnea hypopnea syndrome. (A)The number of subjects with each UMSS score in two groups. (B) UMSS score. (C)The number of subjects with each ABJ score in two groups. (D)ABJ score. Data are expressed as median (interquartile range) or frequency (%), Compare between two groups *p < 0.05, **p < 0.01, ***p < 0.001.
BIS: BIS at T0, T1, T2, T3 and T4 had no significant difference between the two groups. Group K had higher BIS at T5 and T6 than Group D (Figure 2D).
ABJ score: All subjects had an ABJ score of 2 or 3. The number of subjects with each score varied between the two groups. Of the subjects receiving dexmedetomidine, 2 had a score of 2 and 38 had a score of 3. And of the subjects receiving esketamine, 1 had a score of 2 and 42 had a score of 3. The ABJ scores didn’t vary between the two groups (p = 0.514) (Table 3) (Figures 3C,D).
Adverse effects, propofol rescue and percentage of success
AEs: In Group D, 26 of 47 patients experienced AEs, and 8 of 43 patients experienced AEs in Group K. The number of AEs varied greatly between the two groups (p = 0.000). The risk of AEs and propofol rescue was higher in Group D than in Group K (p = 0.000) (Table 4) (Figures 4C,D).
TABLE 4 | Adverse effects, Propofol rescue and Percentage of success.
[image: Table 4][image: Figure 4]FIGURE 4 | Different effects of two groups during drug-induced sleep endoscopy in children with obstructive sleep apnea hypopnea syndrome. (A)Percentage of success. (B)Onset time. (C)Total AEs. (D)Propofol rescue. Data are expressed as median (interquartile range) or frequency (%), Compare between two groups *p < 0.05, **p < 0.01, ***p < 0.001.
Percentage of success: The ratios of completed DISE cases and total cases, were 85.11% (40/47) in Group D and 100% (43/43) in Group K respectively. Overall, DISE was successfully completed in 92.22% (83/90) of cases. In Group D, DISE was not completed in 7 patients. Group K had a higher percentage of success than Group D (p = 0.008) (Table 4) (Figure 4A).
DISCUSSION
In this prospective, randomized and blinded clinical trial, esketamine iv can provide higher percentage of success, shorter onset time, deeper sedation and fewer AEs, therefore it is superior to dexmedetomidine iv.
It can be seen from this study that the respective percentage of success was 85.11% (40/47) in Group D and 100% (43/43) in Group K. Since 7 patients failed to undergo the complete DISE in Group D, Group K had a higher percentage of success than Group D (p = 0.008). The reasons for increased risk of DISE failure of Group D were probably delayed onset and slighter sedation.
Our findings revealed that esketamine had quicker onset than dexmedetomidine. The respective onset time was 12 (95% CI, 10.25–14) min in Group D and 2 (95% CI, 2–3) min in Group K, which was consistent with Pees’ (Pees et al., 2003) and Tekeli’s research (Tekeli et al., 2020). Our difference from Pee’s research (Pees et al., 2003) was the subjects were adults in Pee’s but children in ours. Our study showed no significant difference in recovery time between the two groups (p = 0.344). It was probably because drugs including dexmedetomidine and esketamine had been eliminated during the whole period of DISE followed by adenotonsillectomy.
The UMSS score of Group K was higher than that of Group D, which proved that esketamine had preferred sedation. This result was similar to Pees’ (Pees et al., 2003). Contrary to the previous studies made by Lo YL and Haberland CM (Haberland et al., 2011; Lo et al., 2015), difference in BIS between the two groups at T0, T1, T2, T3, and T4 were not significant. The BIS was one of the most accurate and sensitive indicators of accessing conscious state by a single numeric value, scaled from 0 to 100 (Lo et al., 2015; Jones et al., 2021). However, according to Ibrahim AE (Ibrahim et al., 2001), BIS scores associated with depth of anesthesia were dependent upon the anesthetic agent being used. They were relatively ineffective during sedation with ketamine, nitrous oxide, or dexmedetomidine, and could be unpredictable in the presence of opioids. Further research was needed.
AEs occurred in 8 of 43 patients in Group K and 26 of 47 patients in Group D. The risk of AEs was proved to be lower in Group K (p = 0.000).
No abnormal ECG and RR were observed in both groups. SpO2 between the two groups had no significant difference (p = 0.135). It was shown that neither dexmedetomidine nor esketamine had airway intervention or significant oxygen desaturation. This gave further support to earlier experimental results (Mahmoud et al., 2009; Ehsan et al., 2016). Compared with T0, HR, SBP and DBP all decreased at T1 in Group D. In accordance with Nelson’s research (Nelson et al., 2003), dexmedetomidine might cause marked hemodynamic instability, especially bradycardia and hypotension.
Compared with T0, SBP and DBP at T1 T2 T3 T4 T5 T6, and HR at T1 T3 T5 in Group K were not significantly different. Our research revealed for the first time that esketamine, administered along with midazolam, had little influence on the circulatory and respiratory system during OSAHS pediatric DISE.
The pharmacokinetic parameters of esketamine and S-norketamine are both similar in the pure isomer and the racemate. Also, there were no sex differences in the pharmacokinetics of esketamine and S-norketamine in the pure isomer. However, compared with racemate ketamine, esketamine had a shorter recovery time and orientation recovery time, which present potential clinical advantages (Wang et al., 2019). Esketamine possesses a higher efficiency and mainly acts on N-methyl-D-aspartate (NMDA) receptor and integrates sedation, analgesia, and the anesthesia effect (Smits et al., 2017; Van de Bunt et al., 2017; Kalmoe et al., 2020; Harder et al., 2022; Li et al., 2022). Its analgesic effect is twice that of ketamine; therefore, lower clinical doses of esketamine are demanded, and side effects (such as nightmare, delirium, and agitation) are decreased (Zhang et al., 2022). It has been adopted in some European countries for decades and has been used in Chinese hospitals in recent years. Besides treating depression, esketamine is applied for clinical sedation and analgesia associated with same-day bidirectional endoscopy (Long et al., 2022), pediatric dental surgery (Xin et al., 2021) and mechanical ventilation in ICU patients (Song et al., 2022) When it is used for bronchoscopy, esketamine relaxes bronchiolar muscles and inhibits bronchial constriction (Huang et al., 2022).
The following are several limitations of our research:
First, the DISE technique doesn’t reliably induce REM sleep, which is closely connected with upper airway obstruction (Capasso et al., 2016);
Second, the depth of sleep and wakefulness cannot be assessed effectively in an accurate and consistent way. Based on previous research, adequate depth of sedation and anesthesia for DISE in OSAHS children was UMSS score of 3 or BIS 65–75 in this study (Stierer and Ishman, 2015; Lo et al., 2015; Shields et al., 2005; Malviya et al., 2002). The scores for pediatric awakening depth were very few. A reliable and valid one was ABJ score for newborns and children (Pees et al., 2003). So UMSS score, BIS and ABJ score were adopted in our study.
Third, this study, carried out at a clinical DISE center specializing in the care of OSAHS children, is only a reflection of the experience of a single center.
Fourth, in the absence of dose-response studies, we cannot determine the effect of using larger or smaller doses in our study.
Fifth, in our study DISE was not done alone but performed before adenotonsillectomy.
Last but not least, the majority of pediatric patients in our study have mild OSAHS or even suspected ones.
Further research on dosage related effects of esketamine for pediatric DISE needs to be done at multiple centers. The relationship between BIS scores and depth of anesthesia under esketamine for OSAHS pediatric DISE should be explored.
CONCLUSION
Esketamine in comparison to dexmedetomidine provides more effective and safer depth of anesthesia for OSAHS pediatric DISE by ensuring short onset time, deep sedation, and few AEs.
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Caffeine is the globally consumed psychoactive substance and the drug of choice for the treatment of apnea of prematurity (AOP), but its therapeutic effects are highly variable among preterm infants. Many of the molecular underpinnings of the marked individual response have remained elusive yet. Interestingly, the significant association between Clock gene polymorphisms and the response to caffeine therapy offers an opportunity to advance our understanding of potential mechanistic pathways. In this review, we delineate the functions and mechanisms of human circadian rhythms. An up-to-date advance of the formation and ontogeny of human circadian rhythms during the perinatal period are concisely discussed. Specially, we summarize and discuss the characteristics of circadian rhythms in preterm infants. Second, we discuss the role of caffeine consumption on the circadian rhythms in animal models and human, especially in neonates and preterm infants. Finally, we postulate how circadian-based therapeutic initiatives could open new possibilities to promote precision caffeine therapy for the AOP management in preterm infants.
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1 INTRODUCTION
Caffeine, one of the bioactive methylxanthines that exist in a variety of natural and processed foods and beverages, is the most frequently consumed psychoactive substance in the world (Gonzalez de Mejia and Ramirez-Mares, 2014; van Dam et al., 2020; Rodak et al., 2021). Studies have confirmed that ingested caffeine has profound effects on the function and health of various systems in the human body through the combination of several molecular mechanisms including the antagonism of adenosine receptors, inhibition of phosphodiesterase, and mobilization of intracellular calcium (Nehlig et al., 1992; Cappelletti et al., 2015; Rodak et al., 2021; Yang et al., 2021). Among these effects of caffeine, the most well-known are those on the central nervous system, such as the regulation of sleep-wake states, learning-memory functions, cognitive-behavioral performances, attention-alertness functions, and mood-consciousness states (Nehlig et al., 1992; Snel and Lorist, 2011; Spaeth et al., 2014; Urry and Landolt, 2015). Therefore, it is no surprise that many people are accustomed to taking caffeinated beverages or foods to combat sleep deprivation induced fatigue and circadian rhythm sleep disorder caused by shift work or rapid transmeridian travel (Landolt, 2015; Clark and Landolt, 2017; Arendt, 2018), while some other people intentionally avoid caffeine in their daily life so as not to interfere with regular sleep habits (Snel and Lorist, 2011).
On the other hand, the therapeutic use of caffeine is very common in clinical practice. Caffeine acts as a potent analgesic adjuvant and is often added to a variety of over-the-counter and prescription analgesics due to its anti-inflammatory and vasoconstrictive effects (Cappelletti et al., 2015; van Dam et al., 2020; Rodak et al., 2021). More strikingly, caffeine is the drug of choice for the treatment of apnea of prematurity (AOP) (Eichenwald et al., 2016; Kumar and Lipshultz, 2019; Moschino et al., 2020; Long et al., 2021) and becomes one of the most commonly prescribed medications in the neonatal intensive care unit (NICU) (Hsieh et al., 2014; Krzyżaniak et al., 2016), evidenced by its short-term and long-term efficacy and safety in reducing apnea, facilitating extubation, preventing bronchopulmonary dysplasia, ameliorating retinopathy of prematurity, reducing patent ductus arteriosus, and improving neurodevelopmental outcome that have been demonstrated in the Caffeine for Apnea of Prematurity (CAP) trial (Schmidt et al., 2006; Schmidt et al., 2007). Assuredly, compared with other methylxanthines, caffeine has higher therapeutic index, longer half-life, and better tolerability (Henderson-Smart and De Paoli, 2010; Henderson-Smart and Steer, 2010; Abdel-Hady et al., 2015). Inspiringly, caffeine has been clinically applied in the treatment of AOP for nearly 50 years, which has created a typical successful story in pediatrics (Kreutzer and Bassler, 2014; Dobson and Hunt, 2018; Williamson et al., 2021).
Recently, the association between caffeine and circadian rhythms has attracted widespread attentions (Landolt, 2015). Many intriguing phenomena occurred, and the underlying mechanisms have been tentatively investigated by several studies conducted in adults and animals (Spaeth et al., 2014), but we still know very little about the truth. Fortunately, however, our previous study revealed that the circadian rhythms in premature infants might play a sophisticated role in determining the efficacy of caffeine therapy (Guo et al., 2022). Therefore, it will be very interesting to summarize the current relevant studies to know about the progress of this research field.
To the best of our knowledge, there is no comprehensive summary of the most recent advances in the circadian rhythms in preterm infants and caffeine therapy. Thus, to fill this knowledge gap, in this review, we begin by introducing the coexistence of tough challenges and new insights in the current caffeine therapy for AOP. Then, our novel findings (Guo et al., 2022) push us to delineate the functions and mechanisms of human circadian rhythms first for better understanding the deep theoretical logic underlying those clinical phenotypes. As a key part of circadian development, an up-to-date knowledge of the formation and ontogeny of human circadian rhythms during the perinatal period are also concisely discussed. Undoubtedly, what attracts our attention the most is the research progress on the effects of caffeine on human circadian rhythms, especially for premature infants, and the progress on the sophisticated roles of circadian rhythms in the response to caffeine therapy for those babies with AOP. Therefore, based on the increasing evidence, a new possibility opens up in this area of research in light of the circadian rhythms.
2 TOUGH CHALLENGES AND NEW FINDINGS IN CURRENT CAFFEINE THERAPY FOR AOP
To be honest, the tough challenges are always there for the current AOP therapy with caffeine. The optimal dose regimen, timing and duration of therapy, necessity of therapeutic drug monitoring, and variable clinical outcomes of caffeine in preterm infants remain controversial (Gentle et al., 2018; Davis, 2020; Saroha and Patel, 2020). Impressively, however, those problems related to the clinical use of caffeine in preterm infants have been widely concerned and discussed as the continuous deepening of research, especially as the application of several innovative research technologies, such as artificial intelligence, predictive modeling, and machine learning (Koch et al., 2017; Shirwaikar, 2018; Faramarzi et al., 2021; Dai et al., 2022). Interestingly, several novel findings in those studies provide valuable references for determining the optimal initial dose, tailoring the maintenance dose, enhancing clinical decision making, and then for promoting the achievement of consensus on those tough challenges (Abdel-Hady et al., 2015; Eichenwald, 2020; Moschino et al., 2020).
The clinical response bears the brunt. The most tough and urgent problem is the significant interindividual variability in response to caffeine therapy (He et al., 2021). It remains unclear why some preterm infants have well-controlled outcomes while others have not. To make matters worse, the frequent episodes of apnea among those lacking efficacy cannot be well controlled by solely increasing the dose of caffeine (Saroha and Patel, 2020).
Tentatively to explore the underlying factors that determine the interindividual response to caffeine therapy, a single-center and retrospective study was conducted by our team (He et al., 2021; Guo et al., 2022). In line with previous study (Saroha and Patel, 2020), the plasma concentration of caffeine could not explain the variable efficacy for preterm infants yet (He et al., 2021). Arguably, such highly variable response could not be explained either by the genetic polymorphisms of various genes encoding the metabolic enzymes and transporters (Guo et al., 2022). However, genetic polymorphisms involved in caffeine’s target receptors, directly and indirectly, and quite unexpectedly, in regulation of circadian rhythms were significantly associated with the variable response to caffeine therapy (Guo et al., 2022). Such novel finding bears good clinical significance and is inspirational for future studies to delve into the biological mechanisms.
3 THE FUNCTIONS AND MECHANISMS OF HUMAN CIRCADIAN RHYTHMS
Due to the rotation of Earth, almost all life forms on the planet have evolved a biological timer to adapt to the daily changes in the environment (Du Pre et al., 2014; Dong et al., 2020; Jha et al., 2021). The endogenous biological clock is commonly called as the circadian (from Latin, meaning “about a day”) rhythms (Dong et al., 2020; Ruan et al., 2021). It is proven that the inherent period of the human pacemaker clock is close to 25 h in most people (Ohdo et al., 2019; Dong et al., 2020). However, because of the entrainment by environmental time signals, or so-called zeitgebers (from German, meaning “time givers”) (Bicker et al., 2020; Ruan et al., 2021), the inherited circadian pacemaker manifests itself in a 24-h pattern (Ohdo et al., 2019; Dong et al., 2020).
3.1 The functions of human circadian rhythms
Circadian rhythms regulate various behavioral, physiological, psychological, and endocrine functions in humans (Froy, 2007; Ribas-Latre and Eckel-Mahan, 2016; Allada and Bass, 2021; Kinouchi et al., 2021; Thosar and Shea, 2021; Zhang and Jain, 2021). One can imagine that circadian dysfunction would cause multiple negative impacts, both short term and long term, which lead to the increased susceptibility to many diseases, decreased quality of life, and even reduced life expectancy (Froy and Miskin, 2007; Jagannath et al., 2013; Roenneberg and Merrow, 2016; Valenzuela et al., 2016; Logan and McClung, 2019; Xu and Lu, 2019; Allada and Bass, 2021). Interestingly, the onsets and symptoms of many diseases, such as stroke, asthma, and depression, also display clear circadian characteristics (Jagannath et al., 2013; Hsieh et al., 2018; Cederroth et al., 2019; Dobrek, 2021; Ruan et al., 2021), which are called as the circadian pathology signs (Cederroth et al., 2019). Speaking of pharmacology, circadian rhythms affect the absorption, distribution, metabolism, and excretion (ADME) or called the pharmacokinetic processes as well as the efficacy and adverse effects of many drugs, which is well known as the chronopharmacology or chronotherapy (Dallmann et al., 2016; Ohdo et al., 2019; Dong et al., 2020; Dobrek, 2021; Nahmias and Androulakis, 2021). Given the importance of circadian rhythms, three researchers who discovered the basic of biological clock in studies of Drosophila were awarded the Nobel Prize in 2017 (Dobrek, 2021; Ruan et al., 2021).
3.2 The mechanisms of human circadian rhythms
Back in the 1990s, the discovery of several circadian clock genes, such as Clock, Bmal1, Per, and Cry (Takahashi, 2004), proved that almost all human cells express these genes and have the capacity to generate circadian oscillations (Du Pre et al., 2014; Takahashi, 2017), which thwarted the previous neuro-centric view that the master clock is located only in the brain (Takahashi, 2017). As is generally believed and well understood, at the systemic level, the human circadian system consists of the inputs, circadian oscillators, and outputs (Figure 1) (Takahashi, 2017; Cederroth et al., 2019; Huang et al., 2020; Ruan et al., 2021), while at the cellular level, it consists of several cell-autonomous molecular oscillators that composed of three transcriptional-translational feedback loops that are widespread throughout the body (Figure 2) (Du Pre et al., 2014; Takahashi, 2017; Logan and McClung, 2019; Huang et al., 2020; Sumova and Cecmanova, 2020; Ruan et al., 2021).
[image: Figure 1]FIGURE 1 | The physiological basis of human circadian rhythms. ipRGCs, intrinsically photosensitive retinal ganglion cells; RHT, retinohypothalamic tract; SCN, suprachiasmatic nuclei.
[image: Figure 2]FIGURE 2 | The molecular mechanism of human circadian rhythms. BMAL1, brain and muscle ARNT-like 1; CCGs, clock-controlled genes; CLOCK, circadian locomotor output cycles kaput; CRY, cryptochrome; DBP, D-box binding protein; E4BP4, E4 promoter-binding protein 4; NPAS2, neuronal PAS domain-containing protein 2; PER, period; RORE, ROR/REV-ERB response elements; RORs, retinoic acid receptor-related orphan receptors.
3.2.1 Physiological basis
The regulation and maintenance of human circadian rhythms depend on the synergy of the input pathways, central and peripheral clocks, and output pathways (Figure 1) (Huang et al., 2020). The input pathway senses and transmits the environmental rhythm signals to the central circadian clocks (Ruan et al., 2021), which act as the biological rhythm pacemaker to transmit the generated rhythm signals to the periphery through the output pathway (Du Pre et al., 2014; Jha et al., 2021), and then cooperate with the endogenous clock systems of peripheral tissues and organs to regulate the gene expression, cellular function, physiological activity, and metabolism of the body (Huang et al., 2020).
Light, the major input signal in the suprachiasmatic nuclei (SCN) of the circadian system, is perceived by the intrinsically photosensitive retinal ganglion cells (ipRGCs) (Zele et al., 2011), which express the photopigment melanopsin and are modulated by the rods and cones in the retina (Van Cruchten et al., 2017). Then, the ipRGCs generated and transmitted electric rhythm signals to the central clock system that located in the SCN of the hypothalamus through a neural pathway called the retinohypothalamic tract (RHT) (Logan and McClung, 2019; Dong et al., 2020; Jha et al., 2021).
The SCN is comprised of neurons that express the neuropeptide arginine vasopressin (AVP) and vasoactive intestinal polypeptide (VIP), which are essential for the circadian light transduction (Ono et al., 2021). The AVP and VIP neurons in the SCN master pacemaker are also regulated by the neurotransmitters released by the ipRGCs, such as excitatory glutamate and pituitary adenylate cyclase-activating polypeptide (PACAP) (Dong et al., 2020; Jha et al., 2021; Ruan et al., 2021). Subsequently, the SCN transmits such perceived rhythm information via neuronal and hormonal signals (Logan and McClung, 2019), and coordinates other oscillators in extra-SCN brain regions and peripheral tissues and organs, such as heart, lung, liver, and kidney (Takahashi, 2017; Huang et al., 2020).
It is worth mentioning that in addition to be regulated by the SCN master pacemaker, the peripheral clocks could also directly and SCN-independently receive external stimuli, such as food intake, exercise, temperature, and humidity (Figure 1) (Du Pre et al., 2014; Xu and Lu, 2019; Huang et al., 2020).
3.2.2 Molecular mechanism
Three interlocked transcriptional feedback loops constitute the complex molecular clock networks at the cellular level (Figure 2) (Takahashi, 2017; Ruan et al., 2021). The core loop regulates human circadian rhythms with a period of approximately 24-h through a negative feedback mechanism (Huang et al., 2020; Allada and Bass, 2021). The circadian locomotor output cycles kaput (CLOCK) or neuronal PAS domain-containing protein 2 (NPAS2) forms heterodimers with the brain and muscle ARNT-like 1 (BMAL1) via binding to the E-box elements to regulate the transcription of clock-controlled genes (CCGs), including those encoding the period (PER) and cryptochrome (CRY) proteins (Takahashi, 2017; Logan and McClung, 2019; Dong et al., 2020). PER and CRY proteins accumulate in the cytoplasm in the morning (Ruan et al., 2021), then heterodimerize and translocate into the nucleus as negative regulators directly interact with CLOCK-BMAL1 to suppress their transcriptional activity in the late afternoon or evening (Takahashi, 2017; Xu and Lu, 2019). As the suppression progresses, PER and CRY proteins are gradually degraded via the ubiquitination through specific E3 ligase complexes and via the proteasome (Takahashi, 2017). At the same time, the transcription activity of CLOCK-BMAL1 is restored, and a new cycle will restart over the next morning (Ruan et al., 2021).
Besides, another two families of nuclear receptors, REV-ERBs and retinoic acid receptor-related orphan receptors (RORs), are also the direct targets of CLOCK-BMAL1 that stabilize the core loop, regulate the transcription in a distinct phase, and thus form the secondary or called the stabilization loop (Xu and Lu, 2019). The REV-ERBs inhibit the transcription of BMAL1 by competitively binding to the ROR/REV-ERB response elements (RORE) (Hsieh et al., 2018; Ruan et al., 2021). Conversely, the RORs are the positive regulators that bind to the RORE to promote the transcription of BMAL1 (Logan and McClung, 2019; Huang et al., 2020).
The third loop involves the proline- and acidic amino acid-rich basic leucine zipper (PAR-bZIP) factors, such as the D-box binding protein (DBP) and the repressor E4 promoter-binding protein 4 (E4BP4), which competitively bind to the D-box elements, and are driven by the core loop and stabilization loop, respectively (Takahashi, 2017; Ruan et al., 2021). DBP and E4BP4 contribute to circadian robustness by synergistically regulating the expression of RORs and PER proteins (Takahashi, 2017; Dong et al., 2020; Ruan et al., 2021).
Collectively, these three interactive feedback loops regulate the transcription and translation of CCGs by binding to the cis-elements, including E-box, RORE, and D-box, in their gene promoter and enhancer element regions (Dong et al., 2020; Ruan et al., 2021). In addition to these three transcriptional-translational feedback loops, several post-transcriptional and post-translational mechanisms, such as phosphorylation, acetylation, and ubiquitination of circadian proteins, also play important roles in regulating the circadian rhythms (Figure 2) (Takahashi, 2017; Xu and Lu, 2019; Huang et al., 2020).
4 THE FORMATION AND DEVELOPMENT OF HUMAN CIRCADIAN RHYTHMS
The physiological and molecular mechanisms of human circadian rhythms have been well described, but the formation and development during ontogenesis remain poorly understood (Astiz and Oster, 2020; Sumova and Cecmanova, 2020). Moreover, most studies were performed in rodents and non-human primates, which hinders our understanding of the developmental circadian physiology for humans (Rivkees, 2003; Sumova and Cecmanova, 2020). Nevertheless, the existing evidence reveals that the formation and development of circadian rhythms are the continuously morphological, structural, and functional maturation processes of tissues and organs with ontogenesis (Rivkees, 2003; Seron-Ferre et al., 2012).
4.1 The formation of circadian rhythms: Does fetus have circadian rhythms?
As early as 1975, a rat study (Deguchi, 1975) found, for the first time, that the mammalian fetal clock oscillators could be detected already at or before birth and be entrained by the mother. Subsequent studies have revealed that the fetus of rat, hamster, sheep, baboon, and other mammalians exhibited the circadian rhythms of metabolic activity (Reppert, 1992; Serón-Ferré et al., 1993; Mirmiran and Lunshof, 1996; Seron-Ferre et al., 2012) and the expressions of canonical clock genes (Seron-Ferre et al., 2007; Du Pre et al., 2014; Sumova and Cecmanova, 2020).
In human fetus, circadian rhythms in several physiological and endocrine functions, including heart rate (Lunshof et al., 1998), breathing patterns (Patrick and Challis, 1980), limb movements (Einspieler et al., 2021), sleep-wake states (Peirano et al., 2003; Bennet et al., 2018), and hormone levels (Serón-Ferré et al., 2001a) have been detected at different stages of pregnancy (Seron-Ferre et al., 2007; Du Pre et al., 2014; Wong et al., 2022). Impressively, Frigato et al. (2009), first observed the rhythmic expression of clock genes such as Per2 in the HTR-8/SVneo cells derived from human extravillous trophoblast. As part of a series of important discoveries, Perez et al. (2015) went on to find the rhythmic expression of various circadian genes, including Clock, Bmal1, Per2, and Cry1 in human full-term placenta.
It is incredible that no obvious circadian rhythms were found in the anencephalic fetus despite an intact maternal circadian rhythms were detected through the 24-h period fetal heart rate monitoring for anencephaly (Mirmiran and Lunshof, 1996), which demonstrated that the fetal brain, especially in the SCN, is required for the generation of fetal circadian rhythms (Mirmiran and Lunshof, 1996). It is still unclear when the fetal SCN clock first appeared morphologically, yet through the in vitro autoradiography by 125I-labeled melatonin, the SCN is apparent as discrete nuclei in the human fetus and already has melatonin receptors at 18 weeks of gestational age (GA) (Reppert et al., 1988). Besides, it has been demonstrated that the VIP and AVP neurons were first observed at 31 weeks of GA in the ventrolateral part of the fetal SCN (Swaab et al., 1990; Swaab et al., 1994). Therefore, it is currently recognized that the circadian rhythms in humans are formed and developed during the perinatal period (Rivkees, 1997; Sumova and Cecmanova, 2020), while the components of the circadian system like the SCN are established and functional early in human fetus (Serón-Ferré et al., 1993).
4.2 Prenatal circadian rhythms: Complex interaction of maternal, placental, and fetal circadian systems
Pregnancy presents an unusual circadian physiology pattern in which the fetal circadian system is completely embodied within that of the mother (Mark et al., 2017), and the two systems are connected by the placenta and interact with each other through this interface (Mark et al., 2017; Astiz and Oster, 2020; Bates and Herzog, 2020). Generally, placenta is responsible for the bidirectional transference of nutrients, hormones, metabolites, and gases (i.e., oxygen and carbon dioxide) between the mother and fetus (Seron-Ferre et al., 2012; Valenzuela et al., 2015; Astiz and Oster, 2020). Meanwhile, the placenta conveys the maternal circadian timing cues, such as physical activity, feeding behavior, temperature, heart rate, blood pressure, and hormonal levels, to the fetus (Serón-Ferré et al., 2001a; Seron-Ferre et al., 2012). In particular, multiple hormones produced by the mother, including melatonin, dopamine, glucocorticoids, estrogen, and progesterone, have profound effects on the development and entrainment of the fetal circadian rhythms (Mirmiran and Lunshof, 1996; Rivkees, 1997; Seron-Ferre et al., 2007; Mark et al., 2017). In addition, hormones such as human chorionic gonadotropin (hCG), secreted by the placenta, also exhibit obvious circadian characteristics (Waddell et al., 2012; Mark et al., 2017; Bates and Herzog, 2020). It will be very interesting to know how those hormones affect the formation of the fetal circadian rhythms.
4.2.1 Melatonin
Melatonin, known as the hormone of night (Seron-Ferre et al., 2007), can be secreted by various organs, including the pineal gland, ovary, and placenta (Itoh et al., 1999; Lanoix et al., 2008; Reiter et al., 2013; Reiter et al., 2014). However, melatonin is not synthesized by the fetal pineal gland or other organs (Mark et al., 2017), so the fetus must rely on the maternal melatonin for photoperiodic information since the unaltered melatonin readily crosses the placenta and distributes to the fetal tissues (Waddell et al., 2012; Reiter et al., 2014; Valenzuela et al., 2015). During normal human gestation, the nighttime peak melatonin level decreases slightly between the first and second trimesters, but begins to increase after 24 weeks, then increases to significantly high levels after 32 weeks, thereafter reaches its peak at the end of pregnancy, and finally returns to the pre-pregnancy level on the day after parturition (Nakamura et al., 2001; Mark et al., 2017). Late in human pregnancy, uterine contractions become intensest during the night as melatonin levels are at their highest (Nakamura et al., 2001), and the peak melatonin at the end of pregnancy is thought to promote uterine contractions that necessary for delivery (McCarthy et al., 2019).
Studies have demonstrated that the onset of human term delivery is more commonly between the late night and the early morning (Glattre and Bjerkedal, 1983; Cooperstock et al., 1987). Similar circadian characteristics of delivery were also observed in preterm labors after 28 weeks of GA (Lindow et al., 2000; Iams et al., 2002), but not in those before 28 weeks (Vatish et al., 2010), which might be explained by the immaturity of fetal circadian system or other pathological factors that bypass the physiological circadian process of labor (Vatish et al., 2010). Interestingly, studies revealed that the elevated nocturnal levels of melatonin synergized with oxytocin to trigger and maintain the uterine contractions during labor and that melatonin sensitized the human uterine to oxytocin (Reiter et al., 2014; Carlomagno et al., 2018; Chuffa et al., 2019). Consistently, women who engage in shift work during pregnancy have an increased incidence of spontaneous miscarriages, preterm deliveries, and low birth weight infants (Zhu et al., 2004; Croteau et al., 2006). Disruptions of the melatonin rhythms due to the shift work might be responsible for these adverse pregnancy outcomes (Reiter et al., 2014). In addition, as a free radical scavenger and an antioxidant, melatonin plays an important role in protecting the fetus and placenta from oxidative stress to promote the embryonic development and to treat the preeclampsia, intrauterine growth restriction, and the undernourished pregnancy (Reiter et al., 2014; Valenzuela et al., 2015; Rodrigues Helmo et al., 2018; Chuffa et al., 2019).
4.2.2 Dopamine
As the antiphase and functionally antagonistic of melatonin, dopamine has been proposed as a “light-phase” entrainment signal of the circadian systems (Iuvone and Gan, 1995; Astiz and Oster, 2020). Plasma dopamine levels in humans peak around the waking time (about 08:00) and drop to a nadir in the middle of sleep (about 03:00) (Sowers and Vlachakis, 1984). Increased dopamine concentrations were detected in women’s amniotic fluid between the second and third trimesters, and were significantly higher than those in maternal and fetal plasma (Peleg et al., 1986), because dopamine could freely cross through the placenta into the fetal circulatory system (Watanabe et al., 1990). Furthermore, D1-dopamine receptors could be detected in the fetal SCN as early as 22 weeks of GA (Rivkees and Lachowicz, 1997). However, it remains unknown when and how the maternal dopamine entrains the circadian rhythms in fetus during the pregnancy (Bates and Herzog, 2020).
4.2.3 Glucocorticoids
Cortisol, the glucocorticoid stress hormone, is regulated by the circadian of the hypothalamic-pituitary-adrenal (HPA) axis (Mark et al., 2017; Oster et al., 2017; McCarthy et al., 2019). During gestation, cortisol levels in maternal plasma peak in the early morning (from 07:30 to 08:30) and drop to a nadir at night (from 18:30 to 01:30) (Patrick et al., 1980). The maternal plasma cortisol levels increase progressively between 11 and 22 weeks of GA and then stay high until the initiation of delivery (Patrick et al., 1980; Carr et al., 1981). Such elevated maternal cortisol is critical for fetal tissue development, especially the maturation of the brain and lung (Matthews et al., 2004), and helpful for dampening the maternal stress signals to protect the fetus (McCarthy et al., 2019). Conversely, excessive cortisol level is detrimental for the fetal development that delaying the fetal and placental growth and increasing the risk of behavioral and mental disorders later in life (Busada and Cidlowski, 2017; Van den Bergh et al., 2020).
The placental glucocorticoid barrier regulates the glucocorticoids’ passage from the mother to the fetus via the enzyme 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) that converts the biologically active glucocorticoids (i.e., cortisol and corticosterone) to their inactive forms (i.e., cortisone and 11-dehydrocorticosterone) (Edwards et al., 1996; Burton and Waddell, 1999). In humans, the glucocorticoids passage from the maternal to fetal circulation is gradually reduced due to the increasing placental 11β-HSD2 expression with advancing gestation (Burton and Waddell, 1999; McTernan et al., 2001). Impressively, glucocorticoid receptors have been identified in the fetal circulation, and maternal glucocorticoids could entrain fetal circadian rhythms through binding to these receptors (Bates and Herzog, 2020). Moreover, studies have found that the suppression of maternal adrenal function with glucocorticoid treatment resulted in a temporary disappearance of the fetal heart rate, breathing, and limb movement rhythms (Verdurmen et al., 2013). Interestingly, these inhibitory effects were dependent on the GA when the glucocorticoid therapy was started and disappeared with the restoration of the maternal HPX axis (Mulder et al., 2004), indicating the fetal rhythms depended on the maternal adrenal functions (Koenen et al., 2005).
4.2.4 Sex hormones
The effects of sex hormones on the entrainments of fetal circadian rhythms are still under investigation. Estrogen and progesterone are two sex hormones that are essential for the successful pregnancy (Mark et al., 2017). During the first 3 months of pregnancy, estrogen and progesterone are synthesized and secreted by the ovary. After that, the placenta replaces the corpus luteum to secrete these two hormones, and estrogen is also produced by the uterus (McCarthy et al., 2019). The levels of estrogen and progesterone increase steadily over the human gestation due to an increased secretion from the ovary and placenta (Mark et al., 2017). During gestation, estrogen levels in maternal plasma peak in the morning and become lowest at midnight (Patrick et al., 1979; Challis et al., 1980), whereas a significant antiphase oscillation of the estrogen occur in the progesterone levels (Junkermann et al., 1982; Magiakou et al., 1996), which might be regulated by the circadian of placental glucocorticoids (Serón-Ferré et al., 1993).
Estrogen promotes the synthesis of progesterone (Babischkin et al., 1997), which regulates maternal immunity to facilitate implantation (Hardy et al., 2006), maintains uterine quiescence during pregnancy (Peters et al., 2017), and causes myometrial contractions to trigger labor at the end of pregnancy (Brown et al., 2004). Interestingly, these two hormones were found to inhibit the expression of 11β-HSD2 in human placental extracts, which possibly increased the transport of glucocorticoids from the mother to the fetus (Sun et al., 1998), thereby indirectly influencing the fetal circadian rhythms.
Collectively, much less is known about other rhythmic signals such as leptin, placental lactogen, prolactin, or hCG that generated by the mother or placenta on the development and entrainment of fetal circadian rhythms (Astiz and Oster, 2020; Bates and Herzog, 2020). Because the interactions among maternal, placental, and fetal circadian systems are critical to the establishment, maintenance, and success of pregnancy, and the interactions also affect the growth, development, and even postpartum life of the fetus (Mark et al., 2017; Bates and Herzog, 2020), further studies are still needed to elucidate the complex interactions among the three circadian systems and to bridge the above knowledge gaps.
4.3 Postnatal circadian rhythms: Progressive maturation along with ontogenesis
After birth, neonates immediately begin to establish their own physical and physiological independence while losing the protect of the maternal-placental barrier (Joseph et al., 2015; Wong et al., 2022). From now on, the ontogenesis of the newborn begins to be greatly affected by the external environment (Brooks and Canal, 2013; Hazelhoff et al., 2021). Increasing evidence indicates that human postnatal circadian rhythms gradually mature along with the ontogenesis (Rivkees and Hao, 2000; Rivkees, 2007; Bueno and Menna-Barreto, 2016), in which the external environment, especially the light, plays an important role in the development and maturation (Mirmiran and Ariagno, 2000; Nishihara et al., 2002; Challet, 2007). Particularly, it should be pointed out that, in early infancy, the maternal entrainment factors and maternal-fetal interactions retained during pregnancy are more important than the external environment (Löhr and Siegmund, 1999; Rivkees, 2001; Nishihara et al., 2002; Sumova et al., 2012).
4.3.1 Maternal effects
The first thing to be discussed is the role of hormones. During the first few weeks of life, circadian rhythms in human neonates occur as the retentions of the maternal influence in utero, but the endogenous rhythms appear only later (Rivkees, 1997; Rivkees and Hao, 2000; Brooks and Canal, 2013). For example, an antiphase oscillation of maternal cortisol circadian rhythms (i.e., the peak of cortisol levels occurred between 12:00 and 16:00) was found in the umbilical artery but not the umbilical vein of the term fetus (Serón-Ferré et al., 2001b), which reflects the activation of the intrinsic fetal HPA axis in response to the falling maternal transport of glucocorticoids during the nadir of the maternal rhythms (Mark et al., 2017). Moreover, the neonatal salivary cortisol levels were higher at night than in the morning within the first 8 weeks of postnatal age (PNA) (Iwata et al., 2013; Kinoshita et al., 2016), which were in consonance with the fetal cortisol rhythms (Serón-Ferré et al., 2001b), reflecting the preservation of fetal adrenal rhythms.
Neonates begin to exhibit the circadian salivary cortisol rhythms analogous to that of adults (i.e., higher cortisol levels in the morning than at night) until 2–3 months of PNA (Price et al., 1983; Spangler, 1991; Mantagos et al., 1998; Joseph et al., 2015). However, an adult-type salivary cortisol circadian of term infants appears to be established actually at 1 month and remains stable throughout the first year of life (Ivars et al., 2015). All in all, these studies prove that the fetal cortisol circadian rhythms are preserved in the first few weeks of life, until the adult-type circadian rhythms are established.
The rhythm of melatonin is another example. (Muñoz-Hoyos et al., 1992; Muñoz-Hoyos et al., 1998) found that the adult-type circadian melatonin rhythms occurred in both the umbilical artery and vein for neonates at birth, which depended on the maternal melatonin crossing the placenta, as melatonin levels in the umbilical artery are positively correlated to those in the maternal serum and a similar correlation between the maternal and neonatal melatonin levels in the first voided urine after delivery (Kivelä et al., 1990). Besides, although the increasing amounts of melatonin and its metabolite 6-sulfatoxymelatonin were detected in the urine of the term neonates during the first week of life (Kivelä et al., 1990; Muñoz-Hoyos et al., 1993), the stable circadian melatonin rhythms were not developed until approximately 9–12 weeks of PNA (Attanasio et al., 1986; Kennaway et al., 1992; Kennaway et al., 1996; Joseph et al., 2015).
The second thing to be discussed is the maternal care, primarily maternal feeding, but it is still the roles of hormones in nature (Löhr and Siegmund, 1999; Nishihara et al., 2002; Park et al., 2020). Various hormones in breast milk, such as glucocorticoids and melatonin, can be absorbed and transferred into the neonatal circulation through the gastrointestinal tract (Arslanoglu et al., 2012; Wong et al., 2022). Interestingly, the cortisol and cortisone concentrations in breast milk follow the circadian of maternal HPA axis activity (van der Voorn et al., 2016; Italianer et al., 2020). Moreover, the cortisone rhythm in human breast milk at 1 month postpartum was associated with the nighttime sleep states of newborns at the age of 3 months (Toorop et al., 2020). Similarly, studies have also demonstrated the presence of pronounced circadian melatonin rhythms in the maternal breast milk (Illnerová et al., 1993; Katzer et al., 2016), which might contribute to the synchronization of postnatal circadian rhythms for neonates and their mothers.
One more thing needs to be pointed out is that, in addition to the maternal influence on the neonatal circadian rhythms, the maternal circadian rhythms are in turn affected by the development of the neonatal circadian rhythms (Nishihara and Horiuchi, 1998; Nishihara et al., 2000; Nishihara et al., 2002). For example, the ultradian rhythms (i.e., rhythms with period lengths much less than 24 h) (Rivkees, 1997) of rest-activity states were already detected as early as the third week of life for term infants, and the amplitude of this rhythm gradually increased from the 6th to 12th week, then formed circadian rhythms with a 24-h monophasic pattern (Nishihara et al., 2002). During this period, as neonates develop their own circadian rest-activity rhythms, the mothers’ rhythms would inevitably be affected by their interrupted sleep at night to take care of their babies (Nishihara and Horiuchi, 1998; Nishihara et al., 2000).
4.3.2 Environmental effects
In the late postnatal period, environmental time cues replace the maternal effects and begin to play a critical role in the development of neonatal circadian rhythms (Rivkees, 1997; Rivkees, 2004; Brooks and Canal, 2013). Light is the most dominant zeitgeber (Löhr and Siegmund, 1999; Challet, 2007; Wong et al., 2022), so the importance of light cannot be overemphasized. The light entrainments are functionally affected by the maturity of the eyes, RHT, and SCN (Brooks and Canal, 2013; Hazelhoff et al., 2021).
For term infants, the structural development of the eyes occurs as early as in utero, with the first structure of the eyes beginning to form at 17 days of GA (Van Cruchten et al., 2017), while the development of pupil starts approximately at 17 weeks of GA (Hazelhoff et al., 2021), and thereafter the pupillary light reflex already present at 34 weeks of GA (Robinson and Fielder, 1990). As the sole photoreceptive area in humans (Brooks and Canal, 2013), major classes of photoreceptors in the retina including the ipRGCs, rods, cones, and melanopsin all emerge and develop in the first trimester (Van Cruchten et al., 2017; Hazelhoff et al., 2021).
Covering the eyes of term neonates during the phototherapy for neonatal hyperbilirubinemia would result in significantly increased plasma melatonin levels during the first 72 h of life, indicating the sensitivity of the neonatal pineal glands to the changes of environmental illumination and the functional maturation of the neonatal eyes in transmitting the ambient light cues (Jaldo-Alba et al., 1993). However, it remains unclear when human ipRGCs transmit the light cues to the SCN, but the melanopsin-dependent ipRGCs in mice could provide light signals to the SCN already on the day of birth (Sekaran et al., 2005), and even earlier in late gestation before birth (Rao et al., 2013).
Honestly, only several studies reported the developmental process of human RHT and SCN. RHT has been identified in neonates at 36 weeks of GA (Rivkees, 2004; Rivkees, 2007). On the other hand, it has been found that the SCN of baboons born at term was already responsive to light and could be entrained by the low-intensity (200 lux) lighting (Rivkees et al., 1997). Interestingly, the SCN in preterm baboons functionally responded to light from a stage that was equivalent to 24 weeks of GA for human infants (Hao and Rivkees, 1999). Theoretically, the ambient light signals might be projected from the ipRGCs on retina to the SCN via the RHT at least after birth for term neonates (Hazelhoff et al., 2021). Further maturations of the human SCN continues after birth (Rivkees, 2004; Rivkees, 2007).
The numbers of AVP neurons and total neurons in the SCN of term neonates at birth are only 13% and 20% of those in adults, respectively (Swaab et al., 1990). After birth, these nerve cells increase rapidly to a peak at 1–2 years of age, then decrease gradually to the adult levels (Swaab, 1995). However, the development of VIP neurons in the SCN is slower and does not reach the adult levels until about 3 years of age (Swaab et al., 1994). Interestingly, there is a clear sex difference (i.e., 2-fold higher in males than that in females) in the number of VIP neurons after 10 years of age (Swaab et al., 1994), which suggested a possibility that the SCN involves not only in the timing of circadian rhythms, but also in the temporal organization of sexually dimorphic reproductive functions (Swaab, 1995; Hofman, 1997).
The impact of light on the clock gene expression is also a research progress worthy of special attention. The light affects the expression of clock genes, such as Per1, Per2, and Cry1, in the SCN of rodents at different developmental stages after birth (Kováciková et al., 2005; Ciarleglio et al., 2011). Moreover, it is the cycled light rather than the constant light that promotes the development of their biological clocks (Abraham et al., 2006; Ohta et al., 2006; Bode et al., 2011). Impressively, human neonates, especially the preterm neonates who exposed to cycled light would have better weight gains (Mann et al., 1986; Brandon et al., 2002; Vasquez-Ruiz et al., 2014; Brandon et al., 2017), less crying and fussing behaviors (Guyer et al., 2012), less hospital stay (Vasquez-Ruiz et al., 2014; Brandon et al., 2017), earlier rest-activity rhythms (Rivkees, 2004; Rivkees et al., 2004), longer nighttime sleep duration (Guyer et al., 2015), and even more robust salivary melatonin rhythms (Vasquez-Ruiz et al., 2014) compared to those exposed to continuous light or darkness. Systematic reviews also witnessed the beneficial effects of cycled light over continuous bright light or darkness for preterm neonates (Morag and Ohlsson, 2016; Liao et al., 2018). Therefore, as early as the 1990s, the guidelines for perinatal care that proposed by the American College of Obstetricians and Gynecologists and American Academy of Pediatrics were recommended to introduce a regular day-night cycled light into the NICU and neonatal nursery (Mirmiran et al., 2003a; Guyer et al., 2015).
Besides the light cues, studies have pointed out that the environmental noise disrupted the neurodevelopment of newborns and thus affected the development of their circadian rhythms (Wachman and Lahav, 2011; Kuhn et al., 2013). However, music therapy did improve the heart rate, breathing, and sleep of newborns (Arnon et al., 2006; Loewy et al., 2013), which might exert a positive impact on the well-being and quality of life for neonates, especially for preterm infants in the NICU (Yue et al., 2021). Other environmental factors, such as ambient temperature (Tourneux et al., 2008), comforting touch (Smith et al., 2014), remodeling mattress (Deiriggi, 1990; Visscher et al., 2015), and nursing measures (Collins et al., 2015; Lan et al., 2018) were also found to affect the neonatal rhythms of several physiological parameters, but their roles on the development of circadian rhythms in neonates have not been extensively studied yet (Liao et al., 2018; Gogou et al., 2019).
5 THE CHARACTERISTICS OF CIRCADIAN RHYTHMS IN PRETERM INFANTS
Preterm birth is defined as a live birth that occurs before 37 completed weeks of GA (Walani, 2020), which causes the fetus to detach prematurely from the natural protective environment of the uterus (Vohr, 2013; Hazelhoff et al., 2021) and puts an early end of fetal development in the uterus, especially for the brain and lung, which are critical to the neonates’ survival after birth (Saigal and Doyle, 2008). Preterm infants have an increased risk of short-term and long-term morbidities (Deng et al., 2021), like the neurological and respiratory conditions (Vogel et al., 2018). Unfortunately, those babies continue to contribute disproportionately to neonatal mortality and even the childhood morbidity, which puts a heavy burden on health resources (Saigal and Doyle, 2008; Vohr, 2013).
Impressively, circadian rhythms in premature infants primarily occur as ultradian or irregular rhythms (Mirmiran et al., 2003a; Rivkees, 2007; Koch et al., 2021). It is hypothesized that the rhythms in preterm neonates appeared to be closely related to their GA (Begum et al., 2006; Darnall et al., 2006), due to the development of the fetal brain is related to the stages of pregnancy (Andescavage et al., 2017). On the other hand, the continuous active brain maturation occurs after birth (Matthews et al., 2018), so their endogenously-driven rhythms also change with the postmenstrual age (PMA) (Mirmiran et al., 2003a; Darnall et al., 2006). However, due to the remarkable heterogeneity in terms of methodological designs, the characteristics of the circadian rhythms in preterm infants have not been consistently described, and some studies have even found conflicting results (Mirmiran et al., 2003a). For comprehensively and precisely understanding the circadian rhythms in preterm infants, relevant advances are summarized in Tables 1–4 and discussed as follows:
TABLE 1 | Studies about the sleep-wake rhythms in preterm infants.
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It is well established that the sleep is essential for normal brain development and health throughout the whole life (Peirano et al., 2003; Gogou et al., 2019). Premature newborns spend more than 70% of their first several weeks sleeping after birth (Ardura et al., 1995; Wong et al., 2022), thereby maintaining the proper sleep homeostasis is even more important for their neurological development and functional maturation (Bennet et al., 2018; Uchitel et al., 2021). The direct behavioral observations, parental sleep questionnaires, video recordings, polysomnography, actigraphy, and electroencephalography (EEG) (Table 1) have been developed to investigate the sleep-wake states of neonates (Mirmiran et al., 2003a; Collins et al., 2015; Gogou et al., 2019).
Based on the behavioral, cardiopulmonary, and EEG patterns (Darnall et al., 2006; Dereymaeker et al., 2017), the sleep states of preterm infants are generally classified as: active sleep (AS), the precursor of adult rapid eye movement (REM) sleep; quiet sleep (QS), the precursor of adult non-REM sleep; and indeterminate sleep (IS), the transition between AS and QS patterns (Mirmiran et al., 2003a; Liao et al., 2018). More specifically, the AS could promote the synapse formation, neuronal differentiation and migration, and the development of brain functional connectivity networks (Kurth et al., 2017; Gogou et al., 2019), whilst the QS promote the myelination, replenishment of energy reserves, and cognitive development in premature infants (Liao et al., 2018; Gogou et al., 2019).
As summarized in Table 1, Curzi-Dascalova et al. (1993), found the AS and QS states can be discerned in preterm infants as early as 27 weeks of GA. The results varied due to the different GA of the enrolled cases, but most studies revealed that preterm infants experienced more total sleep time and AS, while less QS than term ones (Anders and Keener, 1985; Ardura et al., 1995; Sahni et al., 1995; Hoppenbrouwers et al., 2005; Guyer et al., 2015; Georgoulas et al., 2021), which might reflect the accelerated neurological maturation of preterm infants (Mirmiran et al., 2003a; Bennet et al., 2018). Besides, preterm infants had fewer total arousals and, more specifically, fewer arousals in the AS (Guyon et al., 2022), which seemed to cause a higher risk of sudden infant death syndrome (Mirmiran et al., 2003a; Bennet et al., 2018).
With developmental maturity, preterm infants have more sleep during nighttime but less during daytime (Antonini et al., 2000; Korte et al., 2001; Guyer et al., 2015; Lan et al., 2019; Guyon et al., 2022). Meanwhile, as the PMA increased, the AS proportion comes out of a decreasing trend, but it is not true for the QS, IS, wakefulness, and activity, which all experience an increasing trend (Anders and Keener, 1985; Curzi-Dascalova et al., 1988; Curzi-Dascalova et al., 1993; Borghese et al., 1995; Sahni et al., 1995; Ingersoll and Thoman, 1999; Mirmiran et al., 2003b; Holditch-Davis et al., 2004; Hoppenbrouwers et al., 2005; Foreman et al., 2008; Dorn et al., 2014; Guyer et al., 2015; Lan et al., 2019; Cailleau et al., 2020; Park et al., 2020; Georgoulas et al., 2021; Guyon et al., 2022). In addition, other factors like sex, illness severity, body weight, ventilatory support, maternal smoking, and ambient temperature also affect the sleep-wake patterns (Bach et al., 2000; Hoppenbrouwers et al., 2005; Foreman et al., 2008; Lan et al., 2019).
It is well understood that the sleep homeostasis in humans are regulated by two independent but synergistic processes (Borbély, 1982; Deboer, 2018): a Clock-dependent circadian process (Process C), controlled by the SCN circadian oscillator, determines the alternation of different sleep propensity (Cremer et al., 2016); and a Sleep-dependent homeostatic process (Process S) that is determined by the prior sleep pressure, which comes from the adenosine buildup in the basal forebrain during wakefulness (Deboer, 2018; Wong et al., 2022). However, due to the immature development of the central nervous system, especially the SCN, Process C and Process S are not stably present in preterm infants or even in term ones (Salzarulo and Fagioli, 1992; Schwichtenberg et al., 2016). As a result, preterm infants experience many sleep and wake episodes within the 24-h period, and those ultradian sleep-wake rhythms persist for several months until the Process C and Process S are gradually developed (Mirmiran et al., 2003a; Cremer et al., 2016).
As shown in Table 1, preterm infants exhibit ultradian or irregular sleep-wake rhythms with different periods in the early postnatal life (Mirmiran et al., 1990; Hayes et al., 1993; Borghese et al., 1995; Shimada et al., 1999; Scher et al., 2005; Dorn et al., 2014; Koch et al., 2021), which might be explained by the environmental factors, such as feeding patterns (Glotzbach et al., 1995; Thomas, 2000; Bueno and Menna-Barreto, 2016) and respiratory states (Palmu et al., 2013). As for when the sleep-wake rhythms begin to occur and entrain, Scher et al. (2005), observed the ultradian sleep-wake rhythms as early as 25 weeks of PMA. Mirmiran and Kok, (1991) found the circadian sleep-wake rhythms began to appear after 29 weeks of PMA. However, McMillen et al. (1991), found that the entrainment of circadian sleep-wake rhythms did not occur in 50% of the preterm infants at 47 weeks of PMA, and all cases did not begin to develop the circadian rhythms until approximately 54 weeks of PMA.
Besides, several studies also demonstrated that a definite sleep-wake cycling existed in preterm infants with the advanced GA and became more prominent as the PMA increased (Sisman et al., 2005; Soubasi et al., 2009; Lee et al., 2010). Therefore, it could be concluded that with the continuous development of the brain and neural functions, circadian sleep-wake rhythms in preterm infants are consolidated and eventually developed to a 24-h pattern, just as those in adults (Mirmiran et al., 2003a; Bennet et al., 2018).
5.2 Cardiorespiratory rhythms
Many physiological biomarkers of the cardiopulmonary system in adults, such as the heart rate, blood pressure, and respiratory rate, exhibit distinct circadian rhythms (Elstad et al., 2018). A complex network that composed of the brainstem respiratory center, autonomic nervous system, and a variety of central and peripheral chemoreceptors and mechanoreceptors is responsible for regulating the rhythmic oscillations of the cardiorespiratory system (Darnall et al., 2006; Longin et al., 2006). Due to the immaturity of this network (Hunt, 2006), cardiorespiratory events like apnea, periodic breathing, and bradycardia are common in premature infants (Hodgman et al., 1990; Darnall et al., 2006), which leads to the erratic cardiopulmonary rhythms with marked individual differences (Begum et al., 2006). Clinically, the incidence and duration of cardiorespiratory events are associated with the GA and PMA (Hellmeyer et al., 2012; Fairchild et al., 2016; Patel et al., 2016).
As shown in Table 2, some, but not all, preterm infants experienced circadian or ultradian rhythms for the heart rate, pulse rate, respiratory rate, blood pressure, and oxygen consumption at the first few weeks after birth (Begum et al., 2006; Mirmiran and Kok, 1991; Bauer et al., 2009; D'Souza et al., 1992; Updike et al., 1985). Interestingly, unlike the ultradian sleep-wake rhythms gradually grew into circadian rhythms after birth, these cardiopulmonary rhythms in premature infants appeared and disappeared erratically (Tenreiro et al., 1991; Dimitriou et al., 1999), e.g., presence on day 2 but absence on day 7 after birth for the heart rate rhythms, which might be caused by the residual of maternal effects (Dimitriou et al., 1999). Tenreiro et al. (1991) also proposed that the circadian components of these cardiopulmonary rhythms gradually and erratically came into phases with one another, while the regular light-dark and feeding patterns seemed to promote the presence of the dominant circadian rhythms, which developed as the increased coupling between the component oscillators.
In addition, the well-developed laryngeal reflexes and coordination of pharyngoesophageal-cardiorespiratory (PECR) responses are essential for the development and maintenance of cardiorespiratory rhythms (Gewolb and Vice, 2006; Hasenstab-Kenney et al., 2020). As shown in Table 2, pharyngeal stimulations cause a decrease of heart rate in premature infants with uncoordinated suck-swallow-respiration rhythms due to the immature laryngeal reflexes and PECR responses, which would aggravate the disturbance of cardiac and respiratory rhythms (Hasenstab et al., 2019; Hasenstab-Kenney et al., 2020). (Gewolb et al., 2001; Gewolb and Vice, 2006) found that the development and establishment of suck-swallow rhythms were associated with their PMA. The swallow rhythms appeared at 32 weeks of PMA first (Gewolb et al., 2001), followed by the stabilization of suck and suck-swallow rhythms between 36 and 40 weeks of PMA (Gewolb and Vice, 2006), then the suck-swallow-respiration rhythms began to coordinate and to integrate as the adaptation of feeding patterns and the maturation of neurodevelopment (Darnall et al., 2006).
5.3 Body temperature rhythms
The human body temperature is precisely regulated by a network that consists of the skin thermal sensors, hypothalamic thermoregulatory center, autonomic nervous system, and several thermoregulation effector systems including brown adipose tissue, peripheral vasomotricity, and sweat glands (Bach et al., 1996; Jost et al., 2017). Due to the immaturity of the regulatory network, especially the dysfunction of the autonomic nervous system, their body temperature during the first few days of life is susceptible to the rapidly changed external environment temperature (Jost et al., 2017). Therefore, premature infants are typically nursed in the incubators to treat the autonomic dysregulation of body temperature (Thomas, 2001). Interestingly, Bueno and Menna-Barreto (2016), found a positive correlation between the wrist temperature and environment temperature inside the incubator, but no significant association between the period or potency for them. Similarly, Thomas (2001) demonstrated that the circadian of incubator temperature did not appear to be the primary determinant of the body temperature rhythms.
As summarized in Table 3, due to the heterogeneity of the body temperature monitoring, the GA of preterm infants, and sample size, the body temperature rhythms have not yet been consistently described. Several studies observed the ultradian body temperature rhythms within the first few days of life (Glotzbach et al., 1995; Mirmiran et al., 2003b; Koch et al., 2021), and the circadian rhythms by approximately 1–3 months of PNA (Mirmiran et al., 2003b; Bueno and Menna-Barreto, 2016). Interestingly, Thomas and Burr (2002), found that the acrophase of circadian abdominal skin temperature rhythms was related to the parental co-sleeping and length of hospital stay for preterm infants at 44–46 weeks of PMA. However, some studies demonstrated that the body temperature rhythms were only found in some, but not all preterm infants (Mirmiran et al., 1990; Mirmiran and Kok, 1991; D'Souza et al., 1992; Updike et al., 1985; Thomas, 2001). For example, Tenreiro et al. (1991) found that the ultradian and circadian rhythms of skin temperature appeared and disappeared erratically during 6–17 weeks of PNA, which was similar to the cardiopulmonary rhythms.
5.4 Hormonal rhythms
As summarized in Table 4, due to the difficulties in sample collection and analysis, studies on hormonal rhythms in preterm infants are still very limited until now, and nearly all focused on the cortisol and melatonin rhythms. With regard to the cortisol, due to the immature of HPA axis (Bolt et al., 2002), no significant circadian or ultradian rhythms were observed during the early postnatal periods (Economou et al., 1993; Jett et al., 1997; Kidd et al., 2005; Dorn et al., 2014). Nevertheless, studies have found that healthy preterm infants had higher nighttime cortisol levels than daytime at birth, and that cortisol levels tended to decrease gradually after birth (Kidd et al., 2005; Dorn et al., 2014). Impressively, premature infants with perinatal stress like respiratory distress experienced higher cortisol levels at nighttime after birth compared with those healthy preterm and term neonates (Economou et al., 1993; Gunes et al., 2006).
It remains unclear when premature infants develop the circadian cortisol rhythms. Antonini et al. (2000) found the salivary cortisol circadian rhythms emerged and persisted at approximately 8–12 weeks of PNA, which was in line with term infants. However, Ivars et al. (2017) found that the cortisol rhythms were established by 1 month of corrected age, persisted throughout the first year of life, but delayed by topical corticosteroid medication. In addition, Ivars et al. (2017) also suggested that the establishment of cortisol rhythms was related to the GA rather than PNA, because the maturation of adrenal cortex was depend on the GA of preterm infants (Bolt et al., 2002).
Circadian melatonin rhythms could not be detected in preterm infants under different ambient illumination conditions during the early postnatal life (Commentz et al., 1996; Mantagos et al., 1996; Biran et al., 2019). Several studies demonstrated that the blood melatonin and urine 6-sulfatoxymelatonin levels were positively correlated with the GA (Biran et al., 2019) and birth weight of preterm infants (Muñoz-Hoyos et al., 2007), but the serum melatonin levels and urine 6-sulfatoxymelaton excretion increased during the first 7 days and even 52 weeks of PNA (Kennaway et al., 1992; Commentz et al., 1996; Muñoz-Hoyos et al., 2007), which might be attributed to the gradual maturation of the pineal gland where the melatonin is mainly synthesized (Commentz et al., 1997).
However, Commentz et al. (1996) found the urine melatonin and 6-hydroxymelatonin sulfate excretion in male preterm infants during 2–7 days of PNA were negatively associated with the GA, indicating that the melatonin levels might be related to the sex. As for the establishment of circadian melatonin rhythms, Kennaway et al. (1992) observed the appearance of urine 6-sulfatoxymelaton circadian rhythms was approximately at 18–21 weeks of PNA, which was delayed by 9 weeks than those term infants and 2–3 weeks after correcting for GA.
6 THE EFFECTS AND MECHANISMS OF CAFFEINE ON CIRCADIAN RHYTHMS
The potential association between caffeine consumption and circadian rhythms has attracted extensive attention in the past decades (Landolt, 2015). However, the underlying mechanisms remain largely elusive. Various research attempts in the non-human field also reinforce this impression (Spaeth et al., 2014). In this section, we briefly introduce the up-to-date progress that achieved in human and non-human mammals, while the effects on premature infants will be delineated in the next section.
6.1 The effects of caffeine on circadian rhythms
In humans, several clinical observational studies with small sample size have witnessed the alterations of circadian sleep-wake (Landolt et al., 1995a; Landolt et al., 1995b; McHill et al., 2014; Weibel et al., 2021), body temperature (Wright et al., 1997; Wright et al., 2000; McHill et al., 2014), blood pressure (Green and Suls, 1996; Guessous et al., 2014), heart rates (Green and Suls, 1996; Kohler et al., 2006; Crooks et al., 2019), melatonin (Wright et al., 1997; Wright et al., 2000; Burke et al., 2015), and cortisol rhythms (Lovallo et al., 2005; Rieth et al., 2016) in adults who consumed caffeine by comparison with placebo controls.
In rodents, caffeine disrupted the mesors, amplitudes, and acrophases of the circadian heart rate, temperature, motor activity, and sleep-wake rhythms (Pelissier et al., 1999; Pelissier-Alicot et al., 2002; Vivanco et al., 2013; Panagiotou et al., 2019). Caffeine also potentiated the light-induced phase shift, which responded to the rest-activity circadian rhythms, indicating that caffeine enhanced the clock sensitivity to light (Antle et al., 2001; Vivanco et al., 2013; van Diepen et al., 2014; Jha et al., 2017; Ruby et al., 2018). In addition, caffeine lengthened the period and amplitude of circadian clocks in mammalian cells in vitro and in mice ex vivo and in vivo (Oike et al., 2011; Narishige et al., 2014; Burke et al., 2015). At the cellular level, caffeine also altered the expression of circadian clock genes, such as Clock, Bmal1, and Per1 in the liver and jejunum of mice under ad libitum feeding conditions (Sherman et al., 2011).
6.2 The mechanisms of caffeine on circadian rhythms
Caffeine influences the circadian rhythms by modulating the endogenous cAMP/Ca2+ signaling pathway, the core components of the mammalian circadian pacemaker (Harvey et al., 2020; O'Neill et al., 2008), through a variety of complex mechanisms (Aguilar-Roblero et al., 2007; Narishige et al., 2014; Burke et al., 2015; Landolt, 2015; Jagannath et al., 2021) (Figure 3). Basically, caffeine antagonizes all types of adenosine receptors (A1, A2A, A2B, and A3 receptors) and mainly functions by non-specifically antagonizing the A1 and A2A receptors (Nehlig et al., 1992; Cappelletti et al., 2015; Rodak et al., 2021; Yang et al., 2021). The blockade of adenosine receptors indirectly regulates the production of cAMP by inhibition (A1 and A3 receptors) or stimulation (A2A and A2B receptors) of adenylate cyclase (Nehlig et al., 1992; Kumar and Lipshultz, 2019; Yang et al., 2021). Caffeine also prevents the degradation and increases the intracellular cAMP levels by non-selectively inhibiting phosphodiesterase (Nehlig et al., 1992; Cappelletti et al., 2015; Kumar and Lipshultz, 2019; Yang et al., 2021). In addition, caffeine mobilizes intracellular Ca2+ transmission from the endoplasmic reticulum through activating the ryanodine receptor channels (Aguilar-Roblero et al., 2007; Kumar and Lipshultz, 2019) and the inositol triphosphate receptors (Yang et al., 2021).
[image: Figure 3]FIGURE 3 | The mechanisms of caffeine on circadian rhythms. A1, A3, A2A, and A2B, adenosine receptors; AC, adenylate cyclase; Ach, acetylcholine; AMP, adenosine monophosphate; ATP, adenosine triphosphate; AP-1, activator protein 1; BMAL1, brain and muscle ARNT-like 1; CaMKⅡ, Ca2+/calmodulin-dependent protein kinase Ⅱ; cAMP, cyclic adenosine monophosphate; CLOCK, circadian locomotor output cycles kaput; CRE, cAMP response element; CREB, cAMP responsive element binding protein; CRTC, CREB regulated transcription coactivator; DA, dopamine; ER, endoplasmic reticulum; ERK, extracellular regulated protein kinases; GABA, γ-aminobutyric acid; Gi, inhibitory adenylate cyclase G protein; Glu, glutamate; Gs, stimulating adenylate cyclase G protein; GTP, guanosine triphosphate; IP3R, inositol triphosphate receptor; NE, norepinephrine; P, phosphorylation; PDE, phosphodiesterase; PER, period; PKA, protein kinase A; RyR, ryanodine receptor; 5-HT, serotonin.
The increased cytosolic cAMP/Ca2+ activates the protein kinase A (PKA) and Ca2+/calmodulin-dependent protein kinase Ⅱ (CaMKⅡ), thereby leading to the phospho-dependent activation of cAMP response element binding protein (CREB), which in concert with its coactivators to activate the cAMP response element (CRE) (Narishige et al., 2014; Harvey et al., 2020; Reichert et al., 2022). Besides, the increased intracellular Ca2+ levels also result in the phosphorylation of extracellular regulated protein kinases (ERK), which drives to form the activator protein 1 (AP-1) transcription factor (Jagannath et al., 2021). Then, interestingly, CRE and AP-1 together drive the Per gene transcription (Narishige et al., 2014; Jagannath et al., 2021), which in turn participates in the transcriptional feedback loops that regulate circadian rhythms (Figure 3).
In addition, caffeine affects the release of neurotransmitters, such as γ-aminobutyric acid, dopamine, glutamate, acetylcholine, norepinephrine, and serotonin, between synaptic neurons in almost all brain areas by blocking the adenosine receptors (Nehlig et al., 1992; Cappelletti et al., 2015; Yang et al., 2021) (Figure 3), thereby significantly influencing the sleep-wake rhythms (Kumar and Lipshultz, 2019).
7 THE EFFECTS OF CAFFEINE ON CIRCADIAN RHYTHMS IN PRETERM INFANTS
Caffeine is widely prescribed to treat or prevent the AOP (Eichenwald, 2020; van Dam et al., 2020) and has recently been attempted to prevent the encephalopathy (Williamson et al., 2021; Yang et al., 2021) for preterm neonates in the NICU. Therefore, studies on the caffeine treatment in preterm infants mainly focus on the respiratory and neurodevelopmental outcomes (Schmidt et al., 2006; Schmidt et al., 2007), while less attention has been paid to its effects on their circadian rhythms.
In fact, the ultradian or irregular circadian rhythms due to the neurodevelopmental immaturity of preterm infants with different GA during the early postnatal life (Begum et al., 2006; Darnall et al., 2006) are more likely to mask caffeine’s effects. Moreover, preterm infants with different PNA and/or PMA experience different circadian characteristics (Mirmiran et al., 2003a; Darnall et al., 2006), so whether the response to caffeine therapy are partly related to the maturation of the circadian system in preterm infants remains to be explored.
Thus, relevant advances are summarized here to delineate those effects of caffeine on the circadian rhythms in preterm infants. Besides, theophylline and aminophylline, another two methylxanthines and fully metabolized in the body to produce the main metabolite caffeine (Bory et al., 1979; Pacifici, 2014), are also commonly used in the treatment of AOP (Henderson-Smart and De Paoli, 2010; Henderson-Smart and Steer, 2010; Eichenwald et al., 2016). The real effects of theophylline and aminophylline are thus thought to be related to caffeine in nature (Bory et al., 1979). Collectively, studies involving the effects of caffeine, theophylline, and aminophylline on the circadian rhythms in preterm infants are summarized in Tables 5, 6 and described as follows:
TABLE 5 | Studies about the effects of methylxanthine on sleep-wake rhythms in preterm infants.
[image: Table 5]TABLE 6 | Studies about the effects of methylxanthine on cardiorespiratory rhythms in preterm infants.
[image: Table 6]7.1 The effects on sleep-wake rhythms
The well-studied effects of caffeine on sleep-wake rhythms in preterm infants are still limited as the sample sizes were small and the study designs were heterogeneous (Table 5). Some studies revealed that the sleep-wake patterns were not significantly changed after short-term treatment with caffeine or theophylline during short observation periods (Gabriel et al., 1978; Curzi-Dascalova et al., 2002; Chardon et al., 2004; Seppä-Moilanen et al., 2021).
However, some other studies observed significant effects of caffeine on the sleep-wake rhythms, although these effects were not entirely consistent (Dietrich et al., 1978; Thoman et al., 1985; Hayes et al., 2007; Hassanein et al., 2015; Koch et al., 2020). For example, Koch et al. (2020), found that the AS decreased while the wakefulness increased but QS unchanged as caffeine concentrations and the PNA increased over the first 5 days of life in preterm infants more than 28 weeks of GA, but no clear effects on the sleep-wake states were found in preterm infants less than 28 weeks of GA, and no such PNA effects were found in no-caffeine cohort. Hassanein et al. (2015) also detected significant decreases in the AS, QS, and drowsiness, while increases in the quite alert, active alert, and crying in preterm infants half an hour after caffeine administration. Similar methylxanthine-induced changes in the AS and wakefulness states were also observed in studies conducted by Hayes et al. (2007) and by Thoman et al. (1985). However, Dietrich et al. (1978) found the AS and wakefulness increased while the QS and IS decreased during theophylline therapy.
In addition, Lee et al. (2010) discovered that the appearance of sleep-wake cycling was associated with the aminophylline use and more prominent. However, in the prospective follow-up study of the CAP trial (Marcus et al., 2014), no significant differences in sleep states were found in preterm infants aged 5–12 years who had been treated with caffeine after birth compared with the placebo group, which possibly due to the apparent discrepancy in total recording and sleep time between the two groups.
This is also true for some animal studies. Denenberg et al. (1982) found that theophylline reduced the AS, while increased wakefulness, delayed the development of QS, and affected the intermediate states of sleep-wake and AS-QS transitions in newborn rabbits. Montandon et al. (2009) also discovered that the sleep time was reduced, sleep onset latency was increased, and non-REM sleep was fragmented in adult rats treated with caffeine compared to controls during the neonatal period.
Due to the heterogeneous designs and inconsistent results of the above studies, it is difficult to draw clear conclusions. Nonetheless, it can be summarized that caffeine affects the sleep patterns in preterm infants, especially the AS and wakefulness, and the effects might persist into the childhood and even the adulthood. If this hypothesis holds true, then the inhibition of adenosine receptors by caffeine would exactly explain the altered sleep-wake states in preterm infants, as the association between caffeine, adenosine, and sleep has been well documented in adults (Huang et al., 2011; Porkka-Heiskanen and Kalinchuk, 2011; Huang et al., 2014a; Urry and Landolt, 2015; Reichert et al., 2022). In addition, the alteration of sleep-wake patterns might be partially responsible for the caffeine-induced increase in cerebral cortical activity (Supcun et al., 2010; Hassanein et al., 2015) and decrease in apneic episodes (Dietrich et al., 1978; Montandon et al., 2009; Seppä-Moilanen et al., 2019; Seppä-Moilanen et al., 2021).
7.2 The effects on cardiorespiratory rhythms
Current studies have confirmed that caffeine acts both peripherally and centrally to stimulate respiration mainly via inhibiting the adenosine A1 and A2A receptors (Abdel-Hady et al., 2015; Eichenwald et al., 2016; Dobson and Hunt, 2018). Caffeine activates the medullary respiratory center, improves sensitivity to carbon dioxide, increases respiratory muscle strength, enhances diaphragmatic contractility, and induces bronchodilation (Kassim et al., 2009; Parikka et al., 2015; Dekker et al., 2017; Sanchez-Solis et al., 2020; Williams et al., 2020), which synergistically cause the increased minute ventilation and oxygen consumption, while cause the decreased apnea, periodic breathing, and intermittent hypoxia (Seppä-Moilanen et al., 2021; Seppä-Moilanen et al., 2019; Dobson et al., 2017; Rhein et al., 2014; von Poblotzki et al., 2003; Bauer et al., 2001; Carnielli et al., 2000).
In addition, caffeine or theophylline therapy increases the cardiac output, stroke volume, and metabolic rate (Walther et al., 1986; Walther et al., 1990; Carnielli et al., 2000; Bauer et al., 2001; Soloveychik et al., 2009; Shivakumar et al., 2019), but decreases blood flow velocities in cerebral and intestinal arteries (Pryds and Schneider, 1991; McDonnell et al., 1992; Bucher et al., 1994; Chang and Gray, 1994; Govan et al., 1995; Lundstrøm et al., 1995; Lane et al., 1999; Hoecker et al., 2002; Hoecker et al., 2006; Dix et al., 2018; Hwang et al., 2018; Abdel Wahed et al., 2019) for preterm infants, which appeared to be related to the enhanced endothelial function through antagonism of adenosine receptors, inhibition of phosphodiesterase, and through promotion of intracellular calcium concentrations (Higashi, 2019). Although the clinical significance remains unclear, this reduced perfusion activity was a reminder that caffeine might have adverse effects on the developing brain and gastrointestinal tract (McDonnell et al., 1992; Lane et al., 1999; Hoecker et al., 2002; Hoecker et al., 2006; Atik et al., 2017; Abdel Wahed et al., 2019).
Unlike the cardiopulmonary system, the effects of caffeine on the cardiorespiratory rhythms in preterm infants have not been specifically studied. Nonetheless, the effects of caffeine on the heart rate, respiratory rate, blood pressure, and oxygen saturation have been examined. As summarized in Table 6, some studies found that a loading of caffeine or theophylline increases the heart rate (Hassanein et al., 2015; Dekker et al., 2017; Parikka et al., 2015; von Poblotzki et al., 2003; Carnielli et al., 2000; Soloveychik et al., 2009; Dix et al., 2018; Govan et al., 1995; Chang and Gray, 1994; Bucher et al., 1994; McDonnell et al., 1992; Saliba et al., 1989), blood pressure (Soloveychik et al., 2009; Supcun et al., 2010; Hassanein et al., 2015; Dix et al., 2018; Huvanandana et al., 2019), respiratory rate (Williams et al., 2020), and oxygen saturation (Hassanein et al., 2015), which were in line with those studies with multiple caffeine dosing (Walther et al., 1986; Walther et al., 1990; Hoecker et al., 2006; Shivakumar et al., 2019). Those findings reflected the complex effects, directly or indirectly like the enhanced autonomic nervous system responsiveness (Huvanandana et al., 2019), of caffeine on the cardiopulmonary system. However, several other studies did not find similar effects (Pryds and Schneider, 1991; Dani et al., 2000; Bauer et al., 2001; Hoecker et al., 2002; Ulanovsky et al., 2014).
Unfortunately, no research has touched this area yet in premature infants until now. It is worth mentioning that neonatal caffeine treatment upregulates adenosine receptors in cardiorespiratory related nuclei of the rat brain (Gaytan et al., 2006; Gaytan and Pasaro, 2012), and this effect persists into the adulthood (Bairam et al., 2009), which underscores the urgent to study the potential long-term effects of caffeine on the cardiorespiratory system in preterm infants (Montandon et al., 2008). In view of the complex and profound effects of caffeine in this field, systematic and in-depth research is still necessary.
7.3 The effects on other rhythms
Two studies recorded the body temperature of preterm infants and incubator temperature during short-term caffeine administration. Chardon et al. (2004) found that caffeine has no significant effect on the skin temperature and incubator temperature. However, Bauer et al. (2001) observed that a lower incubator temperature was sufficient to maintain a normal body temperature for preterm infants after caffeine treatment, which might be related to the increased metabolism caused by methylxanthines (Bucher et al., 1994; Carnielli et al., 2000; Bauer et al., 2001). However, the effects of caffeine on circadian body temperature rhythms have not been extensively studied. Similarly, although caffeine has been shown to affect melatonin (Wright et al., 1997; Wright et al., 2000; Burke et al., 2015) and cortisol (Lovallo et al., 2005; Rieth et al., 2016) rhythms in adults, these effects in premature infants still need to be addressed.
Collectively, the relevant research on the circadian rhythms in premature infants receiving caffeine therapy is still scarce. Although existing studies have suggested the possible effects of caffeine on the circadian rhythms, heterogeneity in study designs and inconsistency in conclusions weaken the power of those evidence. More research is needed in the future to confirm the effects of caffeine and the underlying mechanisms. The story should not end here.
8 CIRCADIAN-BASED CAFFEINE THERAPEUTIC STRATEGIES FOR AOP: NEW POSSIBILITY OPENS UP
It is estimated that more than 15 million neonates are born preterm globally each year, and the preterm birth appears to be increasing in most countries (Vogel et al., 2018; Walani, 2020; Deng et al., 2021). Premature babies may have various problems like AOP. Unfortunately, the tough challenges are always there for the current AOP therapy, such as significant interindividual variability in the response to caffeine (Saroha and Patel, 2020; He et al., 2021). Intriguingly, one most recent study revealed that the Clock gene polymorphisms were significantly associated with the response to caffeine therapy in preterm infants (Guo et al., 2022). Although the molecular action mechanism through which there is a better response is unknown, these results show that the circadian rhythms might play a critical role in response to the therapy. In this way, a new possibility opens up in this area of research (Figure 4), and we tentatively propose three initiatives.
[image: Figure 4]FIGURE 4 | The circadian-based therapeutic strategies of caffeine in preterm infants with apnea of prematurity. ADME, absorption, distribution, metabolism, and excretion.
8.1 Considering the circadian changes
As discussed above, the efficacy of caffeine appeared to interact with the circadian rhythms in premature infants. Studies have demonstrated the significant effects and underlying mechanisms of caffeine in adults and in animals (Landolt, 2015), but it remains unclear whether the similar mechanisms also exist in those preterm infants. The effects of caffeine on the circadian rhythms, especially the sleep-wake rhythms, are advised to be considered into the strategy of the caffeine therapy (Figure 4).
In addition, studies have revealed that several circadian-related problems like sleep, breathing, and blood pressure in premature infants may persist into childhood and even adulthood (Weisman et al., 2011; Huang et al., 2014b; Sipola-Leppanen et al., 2015; Caravale et al., 2017; Durankus et al., 2020). Based on the existing evidence, it is feasible to propose that caffeine’s effects on circadian rhythms may ameliorate those problems and promote the maturation of circadian rhythms in preterm infants to the level of normal term infants.
8.2 Considering the chronopharmacology
The concept of chronopharmacology holds that the ADME processes and the sensitivity of a biological target to a drug are determined by the endogenous biological circadian oscillations (Ohdo et al., 2019; Bicker et al., 2020; Dong et al., 2020; Dobrek, 2021). Variable efficacy and safety profiles would be exhibited for many drugs if they are administered at different times of the day (Dallmann et al., 2016; Cederroth et al., 2019; Nahmias and Androulakis, 2021). For preterm infants, interestingly, several circadian-related gene polymorphisms were found to be significantly associated with the response to caffeine therapy for AOP (Guo et al., 2022). It remains unclear whether caffeine administrated at different times of the day would cause changes in the ADME processes and the therapeutic effects, but it really opens a possibility to applicate the chronopharmacology in the NICU.
Although less research is currently available, there are rare but thought-provoking reports that arouse our strong interests (Smolensky et al., 1987; Pelissier-Alicot et al., 2002), which will lead us into a wonderland in the future. For examples, Pelissier-Alicot et al. (2002) found that the pharmacokinetic profiles of caffeine in rats, such as the clearance, volume of distribution, and area under the plasma concentration-time curve (AUC), depended strongly on the time of day of administration, while the daily rhythmicity of heart rate, body temperature, and locomotor activity in rats also changed with the dosing time of caffeine. Similarly, Smolensky et al. (1987) demonstrated that the pharmacokinetic profiles and therapeutic effects of theophylline in asthmatic children varied with the dosing time. These findings attract us that the circadian rhythms might play a critical role in the ADME processes as well as the efficacy and safety of caffeine therapy in preterm infants.
Currently, caffeine is now commonly administered once daily in preterm infants (Long et al., 2021). The question is whether we are willing to make positive attempts to tailor the dosing time according to the principles of chronopharmacology. If the significant association between circadian-related gene polymorphisms and response to caffeine therapy in preterm infants (Guo et al., 2022) were true and phenotypically manifested, then the administration at different time points of the day is more likely to witness those potentially altered pharmacokinetics of and clinical response to caffeine.
Maintaining normal circadian rhythms are necessary to stay health. Essentially, caffeine interferes with these rhythms to a certain extent, and its arousal effects are very important for the AOP management among various pharmacological mechanisms. Therefore, whether to apply caffeine in accordance with the circadian rhythms to maintain the stabilities of these rhythms as much as possible, or to subtly counteract these rhythms to amplify its arousal effect and achieve a better therapeutic effect, all these aspects deserve our in-depth consideration (Figure 4).
8.3 Considering the other external stimuli
If the homeostasis of circadian rhythms were necessary for health, then correcting the possible adverse effects due to preterm birth is a matter that needs to be taken seriously in the NICU, including the effects on the treatment drugs being used. As discussed above, several external stimuli or known as zeitgebers, such as light, sound, temperature, nursing, and parental care, etc., play important roles in the maturation of circadian rhythms. Cycled light (Abraham et al., 2006; Ohta et al., 2006; Bode et al., 2011), music therapy (Arnon et al., 2006; Loewy et al., 2013), appropriate incubator temperature (Tourneux et al., 2008), comfortable nursing (Collins et al., 2015; Lan et al., 2018), and even the adequate parental care (Löhr and Siegmund, 1999; Nishihara et al., 2002; Park et al., 2020) are helpful for the development and maturation of the circadian rhythms in neonates.
Therefore, the beneficial effects of those external stimuli on the circadian rhythms for premature infants cannot be ignored in the NICU, taking the application of caffeine to manage the AOP for example (Figure 4). Coordinating all treatment strategies with the principles of circadian rhythms will be a constructive attempt to improve the disease management and care for premature infants. Assuredly, we have to admit that only rare evidence is available currently, and the realization of the therapeutic strategies cannot be achieved overnight. However, any kind of discussions, attempts, and efforts in this field should well be encouraged in the future.
9 CONCLUSION
Due to the tough challenges and potential role of circadian rhythms in the response to current caffeine therapy for the AOP management, a comprehensive review was conducted here. Studies have revealed that the human circadian system begins to form in early pregnancy, receives the maternal circadian signals through the placenta before birth, and progressively matures under the influence of the external cues and the mother after birth. Preterm infants experience the ultradian or irregular rhythms during the early postnatal life, which are progressively developed into circadian rhythms as the maturation of neurodevelopment. Caffeine alters the circadian rhythms in humans and animals, and its promising role in preterm infants has also been revealed. The proposed novel circadian-based therapeutic strategies could open new possibilities in the clinical practice to promote the precision caffeine therapy. Arguably, as studies going on, it is believed that in the near future, these initiatives will remain powerful approaches to enhance our biological understanding of the relationship between preterm infants, circadian rhythms, and caffeine therapy.
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Leiomyomas, or uterine fibroids as they are commonly known, are mostly seen in women of reproductive age. However, they can go undetected in most women, and approximately 25% of women show clinical symptoms. Although fibroids are a global burden impacting 80% of premenopausal women, they are more prevalent among Black women than among women of other races. Based on clinical diagnosis, the estimated cumulative incidence of fibroids in women ≤50 years old is significantly higher for black (>80%) versus white women (∼70%). The cause of leiomyomas is not clearly known, but studies have shown evidence of factors that drive the development or exacerbation of the disease. Evidence has linked risk factors such as lifestyle, age, environment, family history of uterine fibroids, and vitamin D deficiencies to an increased risk of uterine fibroids, which impact women of African descent at higher rates. Treatments may be invasive, such as hysterectomy and myomectomy, or non-invasive, such as hormonal or non-hormonal therapies. These treatments are costly and tend to burden women who have the disease. Sub-Saharan Africa is known to have the largest population of black women, yet the majority of uterine fibroid studies do not include populations from the continent. Furthermore, the prevalence of the disease on the continent is not well determined. To effectively treat the disease, its drivers need to be understood, especially with regard to racial preferences. This paper aims to review the existing literature and build a case for conducting future research on African women.
Keywords: fibroid, Africa, causes and treatment, perspective, types and classification, race, lifestyle
INTRODUCTION
Uterine fibroids, also known as leiomyomas, are tumors made of smooth muscle and connective tissue from the myometrium or muscular outer layer of the uterus (Nowak, 1993; Fleischer et al., 2008; Suo et al., 2009; Bulun, 2013; Ke et al., 2013). They can be found in premenopausal women and are observed to regress post-menopause (Levy, 2008; Giannubilo et al., 2015; Sarkodie et al., 2016; Ghosh et al., 2018; Giuliani et al., 2020; Ulin et al., 2020; Ali et al., 2021). Uterine fibroids are common in over 70% of women by the onset of menopause and are clinically apparent in 25% of women of reproductive age (Stewart et al., 2017). These tumors are benign neoplasms and are not predicted to lead to cancer (Bulun, 2013; Orellana et al., 2021).
Fibroids can form in various locations around the uterus and can take different forms (Bulun, 2013; Zepiridis et al., 2016). Approximately 20%–50% of women with fibroids show symptoms of heavy menstrual bleeding, which can lead to anemia, bladder dysfunction, and pregnancy complications (Khan et al., 2014; Stewart et al., 2017; Marsh et al., 2018). Notably, most fibroids go undetected by women and may be small and asymptomatic (Laughlin et al., 2011; Zimmerman et al., 2012; Sheng et al., 2020). Although extensive research has been done, it is still inconclusive as to what causes some fibroids to be asymptomatic and others symptomatic (Divakar, 2008; Marsh et al., 2013; Giuliani et al., 2020). It is hypothesized that the size and location of the fibroid may play a role. Fibroids up to the size of a watermelon have been recorded, while some are as small as a tiny stone (Peddada et al., 2008; Fasubaa et al., 2018; Maanongun et al., 2021). Fibroids can be singular tumors or, less commonly, a cluster and are not limited in size (Hodge et al., 2008; Bulun, 2013).
LOCATION
Fibroids can develop within 3 anatomical parts of the uterus and are classified as subserosal, intramural, and submucosal fibroids (Bajekal, 2000; Cook et al., 2010; Zepiridis et al., 2016) (Figures 1–3). Myomas have been found to originate from the plasticity of myometrial cells during tissue development and maintenance; the cells undergo cellular reprogramming and mutations (Longo and Bulun, 2013; Navarro et al., 2021). According to the International Federation of Gynecology and Obstetrics (FIGO), uterine fibroids are categorized into eight different subtypes (Table 1). The FIGO categorization also has a type 8, which includes lesions on extrauterine locations such as the cervix or broad ligament (Gomez et al., 2021). Subtypes are determined by the position of the myoma in relation to the endometrial cavity.
[image: Figure 1]FIGURE 1 | Typical healthy uterus. In a healthy uterus, there are no lesions. The endometrium is a thin layer that surrounds the uterine cavity and myometrium. Both fallopian tubes and ovaries are present. The uterine cavity is empty. No part of the uterus is distended or disformed.
[image: Figure 2]FIGURE 2 | Uterus with multiple fibroid types 0: Pedunculated submucosal, 100% of the fibroid is in the uterine cavity. 1: Submucosal, greater than 50% of the fibroid is within the myometrium and the other portion is distorting the endometrium and uterine cavity. 2: Submucosal, less than 50% of the fibroid is within the myometrium and the majority is distorting the endometrium and uterine cavity. 3: Intramural, the fibroid is within the myometrium but touches the endometrium, and it does not distort the uterine cavity. 4: Intramural, the fibroid is completely within the myometrium. 5: Intramural, the fibroid is predominantly within the myometrium with less than 50% extending outside of the myometrium. 6: Subserosal, greater than 50% of the fibroid is located outside of the myometrium. 7: Pedunculated subserosal, 100% of the fibroid is outside of the myometrium. See Table 1 for classification details.
[image: Figure 3]FIGURE 3 | Side view of the uterus with multiple fibroid types -Key: See Table 1. 0: Pedunculated submucosal, 100% of the fibroid is in the uterine cavity. 1: Submucosal, greater than 50% of the fibroid is within the myometrium and the other portion is distorting the endometrium and uterine cavity. 2: Submucosal, less than 50% of the fibroid is within the myometrium and the majority is distorting the endometrium and uterine cavity. 3: Intramural, the fibroid is within the myometrium but touches the endometrium and does not distort the uterine cavity. 4: Intramural, the fibroid is completely with the myometrium. 5: Intramural, the fibroid is predominantly within the myometrium with less than 50% extending outside of the myometrium. 6: Subserosal, greater than 50% of the fibroid is located outside of the myometrium. 7: Pedunculated subserosal, 100% of the fibroid is outside of the myometrium. See Table 1 for classification details.
TABLE 1 | Classification of uterine fibroids by FIGO.
[image: Table 1]Submucosal
Myomas that cause intramural distortion or reside within the uterine cavity are submucosal fibroids (Puri et al., 2014) (Figures 2, 3). Submucosal fibroids disrupt the endometrial blood supply, which impacts implantation of the embryo (Garcia and Tureck, 1984; Eldar-Geva et al., 1998). In a systematic review completed by Pritts et al., submucosal fibroids were found to lower fertility rates. Submucosal fibroids are also likely to be symptomatic, as they can lead to intermenstrual bleeding and hemorrhage (Divakar, 2008; Wilde and Scott-Barrett, 2009; Bulun, 2013; Puri et al., 2014). Submucosal fibroids can negatively impact the implantation rates of assisted reproductive technology (ART) because the uterine cavity is occupied (Eldar-Geva et al., 1998; Guo and Segars, 2012).
Intramural
Intramural fibroids reside in the myometrium cavity without distorting the endometrial cavity (Wilde & Scott-Barrett, 2009) (Figures 2, 3). Intramural myomas impact the establishment of early pregnancy (Eldar-Geva et al., 1998; Pritts et al., 2009). Intramural fibroids produce significantly lower pregnancy rates, implantation rates, and ongoing pregnancy/live birth rates and even significantly higher rates of spontaneous abortion (Pritts et al., 2009). This effect on implantation is seen even when the fibroid does not reach the uterine cavity (Zepiridis et al., 2016; Farhi et al., 1995; Ramzy et al., 1998; Surrey et al., 2001; Jun et al., 2001). One study found that in women who underwent myomectomy, intramural fibroids were the most common type of fibroid to be removed (Casini et al., 2006).
Subserosal
Subserosal fibroids reside predominantly outside the myometrium (Klatsky et al., 2008) (Figures 2, 3). Subserosal myomas have been found to impact the establishment of early pregnancy (Pritts et al., 2009). However, they have been associated with a very minimal effect on fertility (Zepiridis et al., 2016). Women with subserosal fibroids were found to have no significant differences from those without fibroids (Pritts et al., 2009). Subserosal fibroids tend to be asymptomatic unless they are large, which can cause substantial pressure or pain (Bulun, 2013; Gomez et al., 2021).
Pedunculated
Fibroids of the final subtype do not reside in a specific location. Pedunculated fibroids can occur both within and outside the uterine cavity (Klatsky et al., 2008), and they are attached to the uterus by a vascular stalk (Gomez et al., 2021) (Figures 2, 3). These fibroids are likely to be asymptomatic unless they are torsioned (Divakar, 2008; Wilde and Scott-Barrett, 2009), but they can also become symptomatic if they grow and begin to push on other masses or detach and become parasitic to the pelvis (Gomez et al., 2021). Parasitic myomas are rare cases where a pedunculated subserosal myoma detaches from the uterus and develops an alternative blood supply from other sources, such as the omental or mesenteric vessels (Cucinella et al., 2011).
Fibroid cell types and architecture
Fibroids have several specific cellular characteristics (Figure 4). A study performed in mice found myometrial proliferation of fusiform smooth muscle cells in the tissue area of the tumor (Romagnolo et al., 1996). The cytoplasm and nuclei of the tumor cells had a normal appearance but displayed high mitotic factors (Romagnolo et al., 1996). There were several fibrous stroma, and within each stroma, spindle cells with high cell proliferation and fibrosis occurred simultaneously. Additionally, it was suggested that fibroids caused narrowing of the lumen in the uterine horn based on their placement (Romagnolo et al., 1996).
[image: Figure 4]FIGURE 4 | Representative photographs of tissue slices showing differences in the gross appearance of fibroids. (A) Classical irregular whorled pattern. (B–D) Patterns of nodules. (E,F) Trabecular structures. (G) Characteristics of multiple patterns. This example shows a trabecular/nodular pattern. (H) Not categorized. This example shows a tightly gyrated pattern. (I) Myometrial tissue shown for comparison. Note the seedling fibroid embedded in the tissue (white). Ruler (cm) shown for size. This figure and description were adapted from Jayes et al., 2019.
Broader slicing of fibroid tissues reveals various patterns in the tissues (Figure 4). These patterns fit into a few main categories. One is the whorled pattern, which is spiraled or twisted; this is the typical pattern expected for fibroids (Khan et al., 2014). In a study that sliced 19 fibroid tissues, approximately 40% of the fibroids examined displayed a whorled pattern (Jayes et al., 2019). Furthermore, approximately 50% displayed a nodular pattern with numerous nodes ranging in size. Another 50% displayed an interweaving trabecular pattern, which is beam-like. Many of the tissues displayed multiple patterns and were classified in both categories (Jayes et al., 2019).
Effects
Uterine fibroids also play a drastic role in various aspects of reproductive health; they cause approximately 5%–10% of infertility cases (Desai & Patel, 2011; Guo and Segars, 2012; Zepiridis et al., 2016). This can be caused by the location of fibroid growth, which can block the fallopian tubes and disable the passage of the gamete. In addition, fibroids can impact the success rate of women using assisted reproductive technologies (ARTs) (Eldar-Geva et al., 1998; Guo and Segars, 2012).
However, due to the increased hormones during pregnancy, many pregnant women tend to experience large growth of their fibroids. Importantly, after giving birth, 70% of postpartum women experience shrinkage of their fibroids (Laughlin et al., 2011; Guo and Segars, 2012; Delli Carpini et al., 2019). This shrinkage is hypothesized to be caused by uterine ischemia when the placenta is torn from the uterine wall, causing immense blood loss. To alleviate this blood loss, the uterus experiences clotting, reducing blood flow and also cutting off the blood supply to the myomas, causing them to shrink (Burbank, 2004).
Symptomatic fibroids are associated with two other classes of symptoms, abnormal uterine bleeding and pelvic pressure and pain (Stewart, 2001; Al-Mahrizi ad Tulandi, 2007; Khan et al., 2014; Whitaker and Critchley, 2016; Giuliani et al., 2020). Abnormal bleeding tends to occur during menstruation and is known as menorrhagia or hypomenorrhea. This bleeding pattern is prolonged and excessively heavy (Gupta et al., 2014; Ghosh et al., 2018; Sohn et al., 2018), causing women in some cases to have to change sanitary products every hour. This symptom is most often seen in submucosal fibroids due to their location, as mentioned previously. Pelvic pressure and pain are caused by enlargement of the uterus. The placement of fibroids can distort the shape of the uterus. Anterior fibroids have been linked to urinary issues and constipation. Rarely, as mentioned above, pedunculated fibroids can cause pain if there is a torsion (Stewart, 2001).
Prevalence
Studies have shown that the prevalence of uterine fibroids is difficult to determine. As a majority of the cases are asymptomatic, methods of prevalence determination can impact the incidence recorded. A study found that using only clinical diagnosis, the prevalence of fibroids is approximately 33%, but when using ultrasound, it rises to approximately 50% of women, and with histological assessment, the incidence rises to approximately 77% of women (Okolo, 2008).
Uterine fibroids have been noted to be present at a high rate, especially in Black women. A study conducted approximately 30 years ago found that fibroids are 3 to 4 times more likely to occur in Black women than white women (Marshall, 1997). This percentage difference has been determined to be statistically significant; it is approximately 3 times more likely for Black women to develop fibroids than white women even when adjusted for age (Baird et al., 2003). Another study that included multiple races supported the significantly higher prevalence for Black women. They found a prevalence rate of 25.5% in Black women, 7.5% in white women, 5.8% in East Asian women, and 5.5% in South Asian women (Chibber et al., 2016). Studies that include Black, white and Asian women are sparse and generally focus on Black and white women. This may be due to the lower prevalence of fibroids in the Asian race indicated in the literature. Recent studies in the United Kingdom have recorded a rate of 70% of white women and approximately 80% of Black women suffering from uterine fibroids (Bulun, 2013; Khan et al., 2014; Florence and Fatehi, 2022). Furthermore, studies have shown that Black women are more likely to have multiple fibroids. In a study performed in 28 hospitals in Maryland, 57% of Black women had seven or more fibroids, whereas 36% of white women had seven or more fibroids (Kjerulff et al., 1996).
In addition to race being an established risk factor, early age at menarche has been associated with an increased risk of uterine fibroids (Dragomir et al., 2010; D'Aloisio et al., 2010; Faerstein, 2001; Wise, 2004; Marshall et al., 1998; Samadi et al., 1996). However, the cumulative incidence of UFs increases as women approach menopause to more than 80% (Cramer, 1990; Baird et al., 2003). This finding could provide further clinical implications for studies.
Causes
The causes of leiomyomas are not well known, and research is still needed to understand their formation. However, some drivers of the disease are discussed below.
NON-HORMONAL
Genetic modifications
Several studies point to specific genetic mutations that lead to the development of fibroids, specifically the “MED12, HMGA2, COL4A5/COL4A6, FAS or FH genes” (Eggert et al., 2012; Segars et al., 2014). MED12 is one of the more frequently studied genes. MED12, the gene that codes for the mediator subunit 12 protein, is found on chromosome X. Alterations to MED12 have been found in the majority of women with fibroids in whom chromosomal changes have been noticed (Markowski et al., 2012; Bulun, 2013). These alterations can range from clonal chromosomal abnormalities to simple or complex rearrangements or deletions. In addition to MED12, another common alteration that has been found in fibroids with chromosomal changes is HMGA2. HMGA2 codes for the high mobility group AT2 hook proteins. In some cases of fibroid chromosomal rearrangement, the HMGA2 locus has been targeted and upregulated. MED12 and HMGA2 make up approximately 80%–90% of fibroids with chromosomal abnormalities, but these two alterations are mutually exclusive (Markowski et al., 2012; Bulun, 2013).
Additionally, approximately 40% of women with these tumors have chromosomal abnormalities in “trisomy 12, translocation involving chromosomes (t12; 14) (q14–q15; q23–q24), deletions on chromosome 7 (q22q32), 3q and 1p, and rearrangements of 6p21, 10q22 and 13q21–q22” (Hodges et al., 2002) (Table 2). In a study of Japanese women, there was an association between chromosomes 10, 11, and 22 and leiomyomas, and in white women, there was an association with chromosome 17 (Ordulu, 2016). In a UK-based study, the United Kingdom-based biobank that contains Icelandic (Rafnar et al., 2018) and Finnish (Välimäki et al., 2018) data found a variant among loci in chromosomes 16 and 22 in white women. A study on African women and European women also found an association between chromosome six and fibroids (Giri et al., 2017). In Black women, there was a strong link between chromosomes 22 and eight and fibroids (Hellwege et al., 2017). An additional study by Zhang et al., 2015, found an association between chromosome one and fibroids in Black women.
TABLE 2 | Chromosomal associations by race.
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Another factor that has been linked to fibroid development is inflammation. Studies on the association between chronic inflammation and leiomyomas are minimal. One study conducted by Protic et al. found an abundance of CD68-positive macrophages, which are associated with inflammation, and inflammatory cells in leiomyoma tissues. They found that there were far more CD68 macrophages in leiomyomas and their surrounding tissues than in the distant myometrium. Furthermore, they found an abundance of inflammatory cells in early-stage cellular leiomyomas, thus forming a link between leiomyomas and inflammation (Protic et al., 2016). Fibrotic disorders such as uterine fibroids are associated with altered ECM pathology, which can be a result of excessive wound healing initiated by the inflammatory response (Zannoti et al., 2021). The results of a study by Kabodmehri et al., 2022, which looked at chronic endometriosis and uterine fibroids, displayed different results than hypothesized. Women with fibroids showed a higher rate of chronic endometriosis than those without fibroids, but that difference was not significant. Within the fibroid group, women with submucosal fibroids were more likely to have endometriosis than women with subserosal or intramural fibroids (64% vs. 37%), and this difference was significant (Kabodmehri et al., 2022). The sample size in the Kabodmehri et al. study was small, but it drew attention to the overall role inflammation plays. If inflammation is frequent in women with submucosal fibroids, then it could play a role in the excessive bleeding that these women experience.
Hormonal
Cholesterol-based hormones have been shown to impact tumor growth (Obochi et al., 2009; Chimento et al., 2019). Such hormones include progesterone, estradiol, and vitamin D3 (Table 3). Furthermore, estradiol and progesterone work together to maintain viability for tumor development (Ishikawa et al., 2010; Reis et al., 2016). Progesterone completes the development and proliferation of leiomyomas (Kim et al., 2009; Ishikawa et al., 2010; Reis et al., 2016), and estradiol increases the availability of progesterone receptors on the cells and allows for more sensitivity to progesterone, thus increasing development (Ishikawa et al., 2010; Kim et al., 2013; Reis et al., 2016). These studies do not provide vast racialized data, often only focusing on one or two races.
TABLE 3 | BMI and hormonal levels by race.
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Cancerous diseases, such as breast cancer, are heavily impacted by hormones such as estradiol and progesterone. Additionally, there are racial differences in hormone levels. Black women had the highest level of estradiol at approximately 166 pg/ml adjusted for BMI, whereas white women had an adjusted level of approximately 142 pg/ml. Asian women were in the middle, with 156 pg/ml (Pinheiro et al., 2005) (Table 3). Several other studies have confirmed this trend. A Haiman et al., 2002, study reported estradiol levels in Black women of 136.1 pg/ml and in white women of 115.9 pg/ml. A study with Asian and white women reported estradiol levels of 547 pg/ml for Asian women and 359 pg/ml for white women, which were again higher for Asian women than for white women (Huddleston et al., 2011). A study with Black and Asian women reported estradiol levels in Black women of 21.4 pg/ml and in Asian women of 16.6 pg/ml (Song et al., 2018). Although these estradiol concentrations were low, they still showed a similar trend as that observed in the Pinheiro study, with Black women having a higher estradiol concentration than Asian women.
Progesterone
Progesterone is vital to the growth of fibroids, as it works to proliferate cells and maintain their rapid growth (Kim et al., 2009; Ishikawa et al., 2010; Reis et al., 2016). Black women had a concentration of 1,321 ng/d adjusted for BMI, white women had an adjusted concentration of 1,289 ng/d, and Asian women had the lowest concentration of 1,205 ng/d (Pinheiro et al., 2005). Although these differences were not statistically significant, there was a difference (Pinheiro et al., 2005). This kind of difference was also seen in the Haiman et al., 2002, study, where Black women again had the highest progesterone levels of 15.0 ng/ml and white women had a level of 11.0 mg/ml (Table 3).
Vitamin D
Another discovered cause of uterine fibroids appears to be a lack of vitamin D. One study found that Black women are severely more likely than white women to be vitamin D deficient, with 42% of Black women being deficient and only 4% of white women being deficient (Kakarala et al., 2007). Using an assay of 25-hydroxyvitamin D (25(OH)D), which is a commonly recognized marker of vitamin D, researchers were able to determine the status of vitamin D in women. The results showed that only 10% of black women and 50% of white women had sufficient vitamin D levels, and women with sufficient vitamin D levels were 32% less likely to have fibroids than women who were deficient (Baird et al., 2013). An optimal level of vitamin D is 25(OH)D at 40–60 ng/ml (Ciebiera et al., 2018).
1,25-Dihydroxyvitamin D3, a biologically active form of vitamin D3, has been shown to decrease tumor proliferation and can induce apoptosis in cancer cells (Halder et al., 2012). Vitamin D is introduced into the body through the skin from UV rays or from 7-dehydrocholesterol or dietary resources in the inactive form. In the liver, it is converted to 25(OH)D and then converted to the active form of 1,25(OH)D in the kidney. It is then carried by vitamin D-binding protein (VDBP) to the skin and different cells (Pike & Christakos, 2017; Ciebiera et al., 2018). VDBP is necessary for maintaining “circulating vitamin D and modulation of the bioavailability, activation, and end-organ responsiveness of the hormone and its metabolites” (Alzaman et al., 2016).
White Americans had a vitamin D level of 26.7 ng/ml in the body, whereas Black Americans had a level of 20.3 ng/ml (Alzaman et al., 2016). Asians may lie in the middle in terms of vitamin D levels, although it is unclear, but they do show a lower level of vitamin D than whites (Siddiqee et al., 2021). However, a population study showed that from 1999 to 2018, white people had a crude cancer rate of 559.1 per 100,000 people, and Black people had a rate of 408.5 per 100,000 people (CDC Wonder). This contradicts the association between VitD levels among the various races, as shown in Table 3.
Lifestyle
Some studies have associated obesity with uterine fibroids. A literature review performed by Qin et al., 2021, including relevant literature from 1992 to 2020, found a positive correlation between obesity and fibroids. A study on Ghanaian women also showed that there is a greater likelihood of fibroids in obese women (Sarkodie et al., 2016). One study found that obese women accounted for 24% of those undergoing myomectomies and hysterectomies for leiomyomas (Camanni et al., 2010). It is important to note that the correlation has not been completely determined, as some studies have found no association between BMI and fibroids. Possible explanations for obesity increasing the incidence of uterine fibroids include altered sex hormone metabolism, reduced sex hormone binding globulin (SHGB) level, and systematic inflammation (Soave and Marci, 2018).
In terms of altered sex hormone metabolism, it is hypothesized that since adipose tissue is known to affect endocrine tissue, an increase in body fat would increase the amount of estrogen in the body, and estrogen is a driver for uterine fibroids (Soave and Marci, 2018). The reduced SHGB level poses a similar problem, because if there are fewer binding sites, there will be more free estrogen in the bodies of obese women. Finally, systemic inflammation could be a driver, as when fat cells accumulate, there is an increase in inflammatory cytokines in the body that could drive the growth of ECM in fibroids (Soave and Marci, 2018). Various studies show that Black women have the highest average BMI, followed by white women and Asian women, at approximately 32.6, 29.1, and 25.1, respectively (Thomas et al., 2013; Zhou et al., 2020; Liu et al., 2021) (Table 3).
Hormonal levels seemed to fluctuate between the BMI categories, but some overall trends were observed for estradiol and vitamin D (Table 4). In terms of estradiol, some of the findings contradict what is hypothesized about the correlation between estradiol and BMI. In a study by Freeman et al., it was observed that as BMI increases, estradiol level decreases. This refutes the previous hypothesis that estradiol increases as BMI increases. Although a study done by Key et al., 2003, supports the hypothesis of estradiol increasing as BMI increases, they found an estradiol level of 34.8 pmol/L for women with a BMI ≤24 [image: image], 43.2 pmol/L for women with a BMI of [image: image], and 54.9 pmol/L for women with a BMI [image: image] (Table 4).
TABLE 4 | Hormonal levels by BMI.
[image: Table 4]There is also an unclear association between progesterone levels and BMI. One study found a decrease in progesterone levels as BMI increased, from 0.19 ng/ml in women with a BMI ≤24 [image: image] to 0.17 ng/ml in women with a BMI [image: image] and [image: image] (Bellver et al., 2022). Another study found that progesterone levels increased as BMI increased, from 0.96 ng/ml in women with a BMI ≤24 [image: image] to 1.60 ng/ml in women with a BMI of [image: image] (Esfahlan et al., 2011).
In terms of vitamin D, there was a trend of vitamin D levels decreasing as BMI increased in a Wei et al., 2019, study that reviewed the United Kingdom population. Individuals with a BMI ≤24 [image: image] had an average level of 90.4 nmol/L, individuals with a BMI of [image: image] had a level of 83.3 nmol/L, and individuals with a BMI [image: image] had a level of 77.9 nmol/L.
Treatments
UFs have been associated with fertility complications, and depending on the location of the fibroids, they can contribute to recurrent pregnancy loss (Freytag et al., 2021). Fibroid categorizations are dependent on the location of the fibroid in the uterus, and treatment is determined with consideration of fertility preservation. Currently, the removal of UFs ranges from invasive (hysterectomy, myomectomy) to minimally invasive (uterine artery embolization, high-frequency magnetic resonance-guided focused ultrasound surgery) to non-invasive pharmaceuticals (Table 5). Pharmaceutical therapies are classified by their mechanism: 1) therapies aimed at controlling the symptoms of UFs, such as progestins, oral contraceptives, and antifibrinolytics, and 2) therapies aimed at reducing the size of fibroids, such as gonadotropin-releasing hormone agonists and antagonists. However, these therapies are not curative (Soliman et al., 2015).
TABLE 5 | Uterine fibroid treatments.
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Treatment for fibroids is often surgical, as it has proven to be the most effective method (Ishikawa et al., 2010; Sheng et al., 2020; Florence and Fatehi, 2022). Surgical options depend on the severity of the case (Table 5). One non-invasive option is endometrial ablation, which removes the thickness of the endometrium but requires the use of permanent contraception post-surgery. Another option is uterine artery embolization, which reduces the blood flow to specific fibroids to alleviate symptoms (Levy, 2008; Khan et al., 2014; Giuliani et al., 2020; Florence and Fatehi, 2022). High-frequency magnetic resonance-guided focused ultrasound surgery is another non-invasive option that destroys the fibroid with high-frequency ultrasound (Levy, 2008; Khan et al., 2014; De La Cruz and Buchanan, 2017; Yerezhepbayeva et al., 2022).
A more invasive option is a myomectomy, which will remove the fibroids themselves, although many women require multiple myomectomies for recurrent fibroids (Levy, 2008; Florence and Fatehi, 2022). The most invasive treatment is a hysterectomy, in which the uterus is removed (Clayton, 2006; Levy, 2008; Stewart et al., 2016; Faustino et al., 2017). Unfortunately, approximately ⅓ of hysterectomies performed are due to uterine fibroids (Stewart et al., 2016). An analysis of the hysterectomy trends in India found that fibroids were the cause of 40% of the hysterectomies performed, followed by chronic cervicitis at 13.6% and dysfunctional uterine bleeding at 12%. The study found that there was a wide array of diseases that could require a hysterectomy, but fibroids were the most prominent (Bala et al., 2015). A full hysterectomy is not always needed; if the risk of bleeding out is low or the fibroids are smaller in size, doctors may opt for more conservative treatment in hopes of saving the uterus. As time progresses, there have been more advances in less invasive techniques to attempt and treat fibroids, with hopes that non-surgical treatments will be effective.
Hormonal
Progesterone and estrogen modulators along with other hormonal interventions have shown an ability to slow and reduce fibroid growth (Table 5) (Farris et al., 2019). Progesterone modulators include mifepristone, which is a selective progesterone receptor modulator (SPRM) that works to decrease the size of leiomyomas (Farris et al., 2019; Giuliani et al., 2020). Other utilized forms of SPRMs include but are not limited to Proellex and asoprisnil (Farris et al., 2019). Additionally, combined forms of oral contraceptives to regulate both progesterone and estrogen levels in the body have been shown to treat fibroids (Khan et al., 2014; Florence and Fatehi, 2022). Combined oral contraceptive pills are prescribed to women with or without fibroids to control heavy menstrual bleeding. In women with fibroids, oral contraceptives are not expected to shrink the tumor. They work to suppress endometrial proliferation and thus reduce menstrual bleeding (Kashani et al., 2016).
A common treatment to shrink fibroids involves GnRH agonists. These agonists were accepted by the FDA in 1999 in the form of leuprolide acetate for short-term use prior to surgery. GnRH agonists are the synthetic model of the gonadotropin-releasing hormone GnRH. These agonists have been shown to have greater binding affinity and longer half-lives (Kashani et al., 2016). GnRH agonists work to bind to and downregulate the GnRH receptors. This downregulation decreases the production of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) and leads to a hypoestrogenic state, which causes the tumors to shrink. GnRH agonists have been shown to decrease fibroid size by 30%–65% (Kashani et al., 2016). The hypoestrogenic state caused by agonists is not sustainable, and a study showed that women using agonists needed some add-back therapy to reverse some of the symptoms of the hypoestrogenic state (Kashani et al., 2016).
GnRH antagonists have also been used to treat symptomatic fibroids (Levy, 2008; Khan et al., 2014; Kashani et al., 2016). These antagonists work similarly to agonists, but antagonists have an amino acid substitution from the original GnRH and competes with it for the binding sites (Kashani et al., 2016). Antagonists have been shown to decrease the volume and symptoms of the fibroid. A study showed that when used for 19 days, there was a 41% decrease in the volume of the fibroids. A downside of both antagonists and agonists is that they can cause many adverse side effects because of the hypoestrogenic state and cannot be used for an extended period of time. In the United Kingdom, the injectable GnRH antagonists cetrorelix and ganirelix are rarely used, as they have only been part of observational studies (Kashani et al., 2016). One study with nearly 400 women from across the world determined relugolix to be a GnRH antagonist that is suitable for everyday use and has been proven to reduce menstrual bleeding (Al-Hendy et al., 2021). Another GnRH antagonist that has been shown to decrease heavy menstrual bleeding is elagolix (Schlaff et al., 2020).
Finally, an emerging therapy to treat uterine fibroids is vitamin D. In Eker rats, the active metabolite in vitamin D has been observed to stop the proliferation and production of fibroid cells and their extracellular matrix, thus reducing their volume (Baird et al., 2013; Khan et al., 2014; Sheng et al., 2020).
Non-hormonal
One non-hormonal treatment is tranexamic acid, which is a lysine derivative that prevents fibrin degradation and stabilizes clot formation (Table 5) (Florence and Fatehi, 2022). Fibrin is necessary to form clots and stop bleeding (Litvinov and Weisel, 2016). Heavy menstrual bleeding is a prevalent symptom for those suffering from uterine fibroids, which affects the coagulation and homeostatic factors of platelets. Thus, tranexamic acid is used to inhibit the activation of plasminogen to plasmin. This inhibition decreases fibrinolysis, clot breakdowns, menstrual flow and blood loss (Khan et al., 2014; Kashani et al., 2016). Tranexamic acid was FDA approved in 2009 and is given to women both with fibroids and without fibroids to treat heavy menstrual bleeding (Kashani et al., 2016).
Another non-hormonal treatment is non-steroidal anti-inflammatory drugs (NSAIDs), which are used to control uterine bleeding. NSAIDs reduce prostaglandin synthesis by inhibiting the cyclooxygenase enzyme. Endometrial prostaglandin receptors are known to promote the growth of new vasculature in tumors, which can lead to abnormal bleeding. Thus, reducing the synthesis of prostaglandin with NSAIDs reduces the amount of menstrual bleeding (Kashani et al., 2016).
Additionally, the green tea extract epigallocatechin gallate (EGCG) has been shown to decrease the size of uterine fibroids both in vivo and in vitro (Khan et al., 2014; Grandi et al., 2022). EGCG has been shown to provide anti-inflammatory, antiproliferative, antioxidant and anticancer effects (Al-Hendy et al., 2021). These effects help shrink fibroids. One study found a 17.8% uterine fibroid size reduction (Grandi et al., 2022); another study found a 32% size reduction after four months of use (Al-Hendy et al., 2021).
African perspective
Prevalence across africa
On the continent of Africa, other challenges arise for women suffering from uterine fibroids. Upon reviewing several countries on the continent, published documentations of prevalence were difficult to obtain (Figure 5). Notably, there are publications about uterine fibroids by authors across the African continent, but many of them do not include prevalence data (Morhason-Bello and Adebamowo, 2022). This may be due to the lack of medical record digitization until recently.
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Furthermore, the rates of uterine fibroid prevalence varied greatly among African countries (Figure 5). Even within countries, the occurrence rates differed vastly. The smallest prevalence was found to be 3.1% in a 5-year study conducted in a teaching hospital in Kano, Nigeria (Muhammad et al., 2013). Over 12,000 women were screened in this study, and 386 of them had leiomyomas. Another study performed in Nigeria with 4500 women found an incidence of 67% (Elugwaraonu et al., 2013). The highest occurrence was found in Ghana, in a study at a teaching hospital in Kumasi where histology showed that 79% of the women had uterine fibroids (Titiloye et al., 2018).
The values found in many countries on the African continent do not match those from the global perspective (Figure 5), particularly those accepted as the prevalence values for Black women. The majority of the studies revealed fibroid occurrences of less than 30% (Mutai et al., 2015; Ernest et al., 2016; Bineta et al., 2018; Hortence et al., 2021; Adawe et al., 2022). There may be severe undercoverage, as some of the available studies do not have access to many regions and are usually conducted in one hospital, resulting in a sampling bias.
Diagnosis
Typically, to diagnose a fibroid, a woman must come to a hospital or health facility equipped with an ultrasound system (Sarkodie et al., 2016). The combined use of a physical examination and ultrasound helps physicians identify the presence of fibroids (Sarkodie et al., 2016; Igboeli et al., 2019). The determination can also be made using patient history and laboratory investigation. Further testing to detect specific fibroids, such as hysterosalpingography and hysterosonography, can be performed.
There can be challenges in obtaining a diagnosis, some economic and some behavioral. Sociocultural stigma and perceptions and financial handicaps of UF create a barrier to seeking treatment and management of this chronic disease. In a study employed to understand the delay in treatment and diagnosis of disease, many attributed it to perceiving symptoms as “normal” or stating “life must continue” or “bills need to be paid” (Ghant et al., 2016). Furthermore, this delay could be caused by women not having the time, transportation, or money to see a professional (Igboeli et al., 2019). Avoidance-based coping, altered perception of normalcy, limited knowledge of the disease, and lack of financial means deter women from seeking care (Dominic et al., 2019). Thus, women will wait to seek diagnosis until their situation becomes highly symptomatic. Often, they will use orthodox options as a last resort (Okon et al., 2020).
Treatment
After diagnosis of leiomyomas, treatment is administered. Some women may opt to try traditional practices before an orthodox method (Igboeli et al., 2019; Okon et al., 2020). Orthodox treatments in Africa include “expectant management, surgery, uterine artery embolization, ablative techniques, and medical management” (Akinola et al., 2003; Okon et al., 2020). Of these treatments, surgery is utilized most often. In one study with 656 women seeking gynecological treatment at Korle Bu Teaching Hospital, of those who had fibroids, 79% underwent surgical treatment (Ofori-Dankwa et al., 2019). Furthermore, of the surgical treatments, myomectomy is the most common, with one study reporting that 85% of fibroid treatments were myomectomies and the other 15% were hysterectomies (Okon et al., 2020). Hysterectomy is performed at a lower rate than myomectomy because it eliminates the possibility of further pregnancy. The high usage of surgery as a treatment for uterine fibroids in Africa could be due to numerous reasons. One is that, as discussed previously, women tend to wait to seek a diagnosis, and in those cases, the fibroids tend to be highly symptomatic or large and reduce the possibility of using other treatments. Additionally, as mentioned in the discussion of overall treatments, surgery is the standard of uterine fibroid treatment worldwide, as it has proven to be effective (Florence and Fatehi, 2022).
The non-surgical treatment methods that are being used in other countries, such as progesterone modulators, are too expensive for African women to afford (Igboeli et al., 2019). One study assessed the costs of uterine fibroid treatments in US dollars, and it was found that women who chose surgical options, as opposed to hormonal or non-hormonal options, overall incurred the lowest costs. This was due to fewer missed days of work and less repeated treatment and overall procedure cost (Carls et al., 2008). Additionally, none of these non-surgical treatments offer as permanent an option as myomectomies and hysterectomies (Igboeli et al., 2019). Thus, the women would have to continue ongoing treatment, which could take away time and resources. In terms of treatments such as vitamin D, which can be supplemented, there has not been adequate research to formulate a standard treatment or widespread acceptance of it as a treatment. As research continues, this may become a helpful treatment used worldwide.
FUTURE DIRECTIONS
Several issues exist surrounding our understanding of and determination of appropriate treatment options for fibroids. First, there is a common understanding that Black women are at a higher risk of developing fibroids than women of any other race. It is therefore necessary to assess the prevalence of the disease on the African continent through a systematic review of medical charts. The data generated can support or refute current understandings and provide options for fibroid prevention and treatment. A medical chart review will provide a clearer picture of the prevailing burden and trend of the disease across generations.
This article suggests that nearly half of uterine fibroids are caused by chromosomal abnormalities. Further research into genetic drivers of the disease, such as chromosomal aberrations, and their stratification by race will shed more light on why the burden is higher for Black women than for white or Asian women. Additionally, by understanding the chromosomal abnormalities that occur, there may be emerging technologies to assess fibroid causes and prevention.
As mentioned previously, the present data covering the association between BMI and fibroids vary. Some studies found no association, while others found significant results showing that fibroids increase as BMI increases. These studies need to be continued with large populations and include data from all races. Such findings are critical now, as average BMI continues to increase across races. Lifestyle is a driver that patients and physicians can actively correct, whether by diet or exercise. A woman with a history of fibroids in her family needs to understand the role that lifestyle can play in the occurrence of the disease. This understanding is especially important for Black women, as they are known to have the highest BMI among other races as well as the highest prevalence of leiomyomas. Incorporating African women into these studies can help determine if the correlation between fibroids and BMI also exists in African women living outside of Western cultures, where their diet and environment are different.
Similarly, a driver that requires further investigation is inflammation. Inflammatory cells are present in the fibroid tissue and extracellular matrix. This may be due to its endogenous origins along the reproductive tract. Effort should be directed at evaluating women with prior inflammatory conditions and assessing whether treating such inflammation can lead to a decrease in fibroid volume or symptoms. Larger population studies will aid in understanding the correlation between fibroids and inflammation and help researchers design better research interventions.
A key research area is understanding the fibroid internal cellular architecture and the various patterns displayed in the tissues. By creating personalized 3D fibroid organelles in the laboratory using tissue samples from women with fibroids, researchers across the African continent can 1) create a fibroid biobank, 2) develop molecular tools to study the drivers of the disease and 3) test both conventional pharmaceutical and herbal drugs. This can help us to study the role of locations in fibroid patterns. Additionally, beyond the patterns identified, these 3D cultures will provide an understanding of the fibroid tissue layers and their ECM. The organelles will continue to produce important biomarkers, which will aid in the establishment of new treatments for the disease and mechanisms to inhibit their proliferation. Furthermore, the establishment of an immortal cell line from African fibroid tissues will be crucial in the sequencing of fibroids and analysis between races. Additionally, by understanding the signaling pathways that fibroid tissue undergoes as it grows in a culture medium, researchers can provide clearer answers to timelines women can expect for their fibroids, especially if specific drivers are more likely to cause fibroids to grow.
Additionally, it has been demonstrated that histological assessments provide the widest scope to accurately identify the prevalence of uterine fibroids. Researchers should aim to develop better diagnostic tools to identify emerging fibroids at an early stage or as the condition changes from asymptomatic to symptomatic.
Non-surgical treatments have proven to be effective in many cases but unfortunately cause severe side effects and often require patients to endure long-term therapy. These treatments tend to be more costly than surgery. Further research should be conducted to help mitigate the side effects of hormonal treatments, provide women with options outside of surgery, and find cost-effective treatment for women. Fibroids have been shown to be highly hormone dependent, which means that women suffering from them could benefit from seeing an endocrinologist. During the annual physical examination, hormone levels should be assessed for high-risk women as a means to identify fibroids, particularly as they evolve from asymptomatic to symptomatic.
The current standard of care, which involves myomectomy and hysterectomy, has evolved with precision medicine. In many advanced countries, myomectomies and hysterectomies can take place laparoscopically, which can lower recovery times and overall costs for women. This is not usually the case in sub-Saharan Africa. As technologies advance, the proper equipment to perform these procedures needs to be expanded worldwide.
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Background: Epithelial ovarian cancer (EOC) is the most common type of ovarian cancer. About 90% of ovary tumors are epithelial. The current treatment for EOC involves surgical debulking of the tumors followed by a combination of chemotherapy. While most patients achieve complete remission, many EOCs will recur and develop chemoresistance. The cancer cells can adapt to several stress stimuli, becoming resistant. Therefore, new ways to fight resistant cells during the disease are being studied. Recently, exosomes, which reflect cell behavior in normal and pathological conditions such as epithelial ovarian cancer, are of academic interest as new biomarkers for diagnosis and therapy. Consequently, the current study aimed to investigate the research output of exosomes in EOC.
Method: A bibliometric method was used for analyzing publications on exosome and epithelial ovarian cancer from the beginning to 15 October 2022 by searching keywords in Scopus, PubMed and Google scholar. Annual scientific publications, authors, citations, journals, co-authorships, and keywords co-occurrence were analyzed and plotted using Microsoft Office Excel and VOS viewer. 39 original journal articles and 3 reviews have been published since 2015 up to 15 October 2022.
Results: The findings showed that China is the top country in research output, international collaborations, organization, author, and sponsorship. The top journals were the Journal of Ovarian Research, Oncotarget, and Tumor Biology, all in the United States. The top institution was Shanghai Jiao Tong University in China. The top author was Xipeng Wang. Co-occurrence analysis showed that academics’ interest is toward:1) 1) Exosomes as prognostic biomarkers of EOC as well as their role in the proliferation and migration of cells. 2) The role of exosomes in metastasis through different mechanisms; 3) The role of exosomes in epithelial-mesenchymal transition of ovarian cancer cells; 4) The diagnostic role of EVs in EOC; and 5) Conferring chemoresistance in EOC through the exosomal transfer of miRNAs.
Conclusion: Research on the exosome and EOC has an increasing trend, and China is much more involved than other countries in research, financial support, and international cooperation. These findings could aid researcher in understanding novel ideas and subjects interested by sponsors in this field.
Keywords: MicroRNAs, female, cancer, ovarian, extracellular vesicle
1 INTRODUCTION
Despite decades of efforts for improving the effectiveness of treatment approaches, epithelial ovarian cancer (EOC) is still the most lethal of all gynecological malignancies (Obermair et al., 2021). From a clinical point of view, the standard approach of EOC management is still debulking surgery and chemotherapy (Gadducci et al., 2022; Lodewijk et al., 2022). However, innovative surgical and medical developments were associated with only marginal survival improvements. The negative prognosis of patients suffering from OCE is normal because of late-stage diagnosis and the chemoresistance development during the illness period (Ma et al., 2014; Akter et al., 2022; Wanyama et al., 2022). Overdiagnosed, EOC remains an asymptomatic disease until the development of diffuse peritoneal carcinomatosis, including abdominal disease (van Baal et al., 2018). In addition, the transvaginal ultrasound combined with tumor markers carbohydrate antigen 125 (CA-125) serum level dosage as a promising screening method attracted attention, but yet had limitations in identifying EOC as an early-stage disease (Fishman et al., 2005; Olivier et al., 2006). Accordingly, 70% of patients diagnosed with EOC are frequently at the end stage of the disease with a 5-year survival rate of less than 40% (Meng et al., 2016a), so the necessity of developing non-invasive tools with highly sensitive for ensuring an early-stage diagnosis is one of the main challenges in biomarker investigate. Drug resistance development is another significant point in EOC investigations (Liu et al., 2018; Bukowski et al., 2020). In this regard, new advanced methods have been presented to date, precise approaches for detecting and treating different cancers (Bartosh et al., 2016; Baghban et al., 2022; Miri et al., 2022). One of the most newly known biomarkers of diseases is extracellular nano-vesicles, called exosomes (Hubert et al., 2015; Nawaz et al., 2016; Yousafzai et al., 2018; Ghafourian et al., 2022). Exosomes are produced by cells and carry several genetic materials and proteins playing key roles in the signaling and crosstalk of cells (Mashouri et al., 2019; Afshar et al., 2021; Bayat et al., 2021; Zhankina et al., 2021; Akbar et al., 2022). It has been reported that exosomes and their cargoes are an appropriate tool for maintaining the homeostasis of cancer tissues as they are able to mediate intercellular communication (Salido-Guadarrama et al., 2014; Caruso Bavisotto et al., 2019). Moreover, researchers propose that a panel of exosome-derived circulating miRNAs may aid to come for diagnosing early-onset of cancer and monitoring disease over cancer therapy (Wang and Chen, 2014). In this regard, increasing attention has been concentrated on the function of exosomes and their molecular cargo in EOC (Li and Wang, 2017).
In light of the above-mentioned, the present bibliometrics study focuses on analyzing and examining the scientific productivity developed specifically on exosomes in EOC up to 15 October 2022 to observe its evolution. In this context, the scientific productivity by year, countries, subject areas, organizations, sponsors, authors, citations, keyword co-occurrence, and co-authorships mapping related to exosomes and EOC were extracted from the titles and keywords of the included documents and analyzed. According to the best of our knowledge, there is no similar study on the subject of the exosome in EOC. The findings and statistics attained are of great value for academics working on this topic or beginning their initial steps.
2 METHODS
The current research focuses on bibliometric analysis, which applies methods and software that allow identification, documentation and combination of diverse properties of the knowledge area (Donthu et al., 2021). Scientific mapping is performed according to the obtained data and different networks are resulted that define their relations between diverse factors. The proper expression of these networks will determine the upcoming lines of strengthening the scientific production of this field. Documents are tracked and selected according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1) (Moher et al., 2009). The data for this study, dating from the beginning to 2022 (15 October 2022), will be extracted using the PoP software (version 8) from Scopus, PubMed and Google scholar using the following search terms in title and keywords: “epithelial ovarian cancer” and “exosomes” or “exosome” or “exosomal” or “extracellular vesicles” or “extracellular vesicle”. Then, those articles investigating ovarian cancer in general (which also includes epithelial ones) or microvesicles and extracellular vesicles (which also contain exosomes) were excluded as this study aims to investigate the studies focusing on only EOC and only exosomes. All the information including metadata on citation information and abstract, among other information will be exported in CSV format to the Microsoft Office Excel software for data analysis after merging the obtained files. Additionally, the VOSviewer software bibliometric analysis software, which enabled to build diverse illustrations of scientific mapping, will be employed to generate the collaboration and word co-occurrence networks.
[image: Figure 1]FIGURE 1 | Steps of identifying and selecting documents according to preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines.
3 RESULTS
3.1 Scientific productivity by years and subject areas
The primary research yielded 111 documents in Scopus, PubMed and Google scholar. Only articles published in English were included. After the exclusion of duplicate, irrelevant journal articles and non-journal articles, 39 articles on exosome and EOC were selected for bibliometric analysis; 36 of which were original articles (Zhang et al., 2016a; Meng et al., 2016b; Zhang et al., 2016b; Labani-Motlagh et al., 2016; Ying et al., 2016; Chen et al., 2017; Hu et al., 2017; Li et al., 2017; Wu et al., 2017; Chen et al., 2018; Qiu et al., 2018; Zhang et al., 2018; Zhou et al., 2018; Zhang et al., 2019a; Keserű et al., 2019; Tang et al., 2019; Zhu et al., 2019; Cheng et al., 2020; Li et al., 2020; Lu et al., 2020; Luo and Gui, 2020; Maeda et al., 2020; Masoumi-Dehghi et al., 2020; Alharbi et al., 2021; Xiong et al., 2021a; Cai et al., 2021; Gao et al., 2021; Li et al., 2021; Liu et al., 2021; Ma et al., 2021; Zhu et al., 2022a; Chen et al., 2022; Jeon et al., 2022; Lai et al., 2022; Yang et al., 2022), and the rest of them were review articles (Li and Wang, 2017; Lucidi et al., 2020; Shiao et al., 2021). The first English article is “Characterization of exosomes derived from ovarian cancer cells and normal ovarian epithelial cells by nanoparticle tracking analysis” in 2015 (Zhang et al., 2016a). The scientific production evolution has been illustrated in Figure 2. 2021 is the year with the greatest scientific production with 8 articles and a 4-fold increase in publication compared to the first year, 2015. In the case of 2022, as the year is not completed it is soon to judge about.
[image: Figure 2]FIGURE 2 | Trend of productivity by years in terms of number of publications in the field of exosome and EOC.
Selected articles on exosome and OEC has been published in the context of 11 areas based on area categories of the Dimension database. “Biomedical and clinical sciences” has the maximum publication share (37.36%), followed by “oncology and carcinogenesis” (34.06%), “biological sciences” (6.50%), “biochemistry and cell biology” (4.58%), “multidisciplinary” (3.30%) “multidisciplinary” (3.30%) “multidisciplinary” (7.69%), “biochemistry and cell biology” and “immunology” (5.49%), “chemical sciences”, “microbiology” and “medicinal and biomolecular chemistry” (2.20%) and “medical biotechnology”, “clinical sciences” and “reproductive medicine” (1.10%) (Figure 3).
[image: Figure 3]FIGURE 3 | Trend of productivity by subject areas in terms of number of publications in the field of exosome and EOC.
3.2 Countries
A total of 14 countries including China, Germany, Sweden, Hungary, Japan, the United States, Italy, Iran, Thailand, South Korea, Taiwan, Australia, Saudi Arabia, and Chile had published at least one article related to the exosome and EOC from 2015 to 2022. As observed in Figure 4, China with 29 is the top country.
[image: Figure 4]FIGURE 4 | Trend of productivity by countries in terms of number of publications in the field of exosome and EOC.
In order to analyze country co-authorship or international collaboration, all 14 countries were included in the analysis. This analysis resulted in 9 clusters that 3 of which contains only two or more country. These three clusters contain 8 countries and 2 out of these 3 clusters are linked together. These results have been illustrated in Figure 5. It shows that authors in eight countries have international collaboration. Among these countries, China has the best international collaboration.
[image: Figure 5]FIGURE 5 | Country co-authorship networks (criteria: countries with at least 1 article in the field of exosome and OEC).
3.3 Organizations
A total of 63 organizations including 25 hospitals and 38 universities and colleges published at least one journal article from 2015 up to 15 October 2022. Among these organizations, the Shanghai Jiao Tong University in China with 6 articles is ranked as the first producer university and the Tongji University in China with 5 articles is ranked as the second one. Table 1 shows the ranking of organizations with more than one journal article in this field between 2015 to 15 October 2022.
TABLE 1 | Trend of productivity by institutions.
[image: Table 1]To analyze the organizations’ collaboration, the organizations’ co-authorship network was obtained using VOSviewer software (Figure 6). All 63 identified organizations were included in the primary analysis and it resulted in 26 clusters that 9 of them has no collaboration with other organizations. The largest cluster contains 8 organizations including, which has been shown in detail in Figure 6.
[image: Figure 6]FIGURE 6 | Organization co-authorship network (criteria: organizations with at least 1 article in the field of exosome and OEC).
3.4 Authors
245 authors are identified in 39 articles implying a productivity index of 0.16 articles per author. Authors with more than 2 articles in the field of exosome and EOC have been presented in Table 2. Xipeng Wang (Ying et al., 2016; Chen et al., 2017; Li and Wang, 2017; Wu et al., 2017; Chen et al., 2018; Zhou et al., 2018; Li et al., 2020), Xinjing Wang (Ying et al., 2016; Chen et al., 2017; Wu et al., 2017; Chen et al., 2018; Zhou et al., 2018; Li et al., 2020), and Qinyi Zhu (Ying et al., 2016; Chen et al., 2017; Wu et al., 2017; Zhou et al., 2018; Li et al., 2020) are the most productive author with 7, 6, and 5 articles in the field of exosome and EOC. Most citations are also related to the same authors with values of 887, 811, and 651, respectively. It is worth notable that these authors are in the same group.
TABLE 2 | Most productive authors in terms of number of publications in the field of exosome and EOC.
[image: Table 2]Regarding the author collaboration trend in producing journal articles, there is no single authorship document and all articles display a contribution of two or more authors that authors in 25 of which have different affiliations. The participation of several authors with diverse affiliations in one manuscript displays thematic maturity (Berelson, 1952; López López, 1996).
For authors’ co-authorship analysis, only the authors with at least 2 articles were included in this analysis; so, 25 of 246 authors were entered into the network analysis. As it was demonstrated in Figures 6, 7 groups were resulted by clustering the co-authorships among these 25 authors. Only 2 clusters link together and the rest of them have no link with each other. In this network, a total of 70 links were found between authors.
[image: Figure 7]FIGURE 7 | Author co-authorship networks (criteria: authors with at least 2 articles in the field of exosome and OEC).
3.5 Citations
A primary analysis of citations showed that the selected articles had been cited 2,101 times, and the mean citation to each article was 53.87 times. 2018 is the year with the maximum number of citations, with 549 citations (26.13%). For articles with the maximum citations, three original articles by Ying et al. (Ying et al., 2016) with 272 citations, Zhou et al. (Zhou et al., 2018) with 230 citations and Meng et al. (Meng et al., 2016b) with 220 citations were first, second, and third, respectively. Table 3 indicates ten articles with the maximum citations in detail. As observed 7 out of these 10 articles focused on the delivery of microRNAs (miRNAs) by exosomes.
TABLE 3 | The most cited articles in the field of exosome and EOC.
[image: Table 3]On the other hand, the authors’ co-citation analysis (ACA) indicates how often authors of the former articles are co-cited by authors of subsequent articles. These groups cause clusters with central nodes whose size shows the co-citation trend reached by each author. Figure 8 demonstrates a scientific mapping by ACA. The structure contains 10,504 authors, 15 of which meet the threshold recognized in fifteen citations, resulting in 3 clusters. The authors with the maximum citations were: Xipeng Wang (33 co-citations), Klaus Pantel (28 co-citations), and Heidi Schwarzenbach (27 co-citations).
[image: Figure 8]FIGURE 8 | Author co-citation analysis (ACA) (criteria: at least fifteen citations).
In fact, each cluster in Figure 8 forms a “school of thought” (Zupic and Čater, 2015), which allows us to observe the methods shared between the authors. Cluster 1, which is red, is composed of 7 academics including Xin Chen (15 co-citations), Ahmedin Jemal (24 co-citations), Rebecca l. Siegel (18 co-citations), Xinjing Wang (19 co-citations), Xipeng Wang (33 co-citations), Xiaoli Wu (17 co-citations), and Qinyi Zhu (17 co-citations). This school of thought focuses on different accepts of cancer research (Ying et al., 2016; Siegel et al., 2019). The green cluster 2 is made up of five authors, who focus on cancer biomarkers: Cicek Gercel-Taylor (17 co-citations), Klaus Pantel (28 co-citations), Volkmar Müller (16 co-citations), Heidi Schwarzenbach (27 co-citations), and Douglas D. Taylor (17 co-citations). Among the main lines of this school are tumor-derived exosomes as diagnostic biomarkers of ovarian cancer (Taylor and Gercel-Taylor, 2008) and exosomal microRNAs as EOC markers (Pan et al., 2018). Finally, cluster 3, which is blue, concentrates on 3 researchers: (17 co-citations), Anil K. Sood (17 co-citations), and Clotilde Théry (17 co-citations). These authors address the functions of extracellular vesicles in cancer therapy (Zhao et al., 2022a; Singh et al., 2022).
3.6 Journals
According to the bibliographic coupling of resources, a total of 30 journals with five clusters were identified (Figure 9). The most productive ones are the Journal of ovarian research, Oncotarget, and Tumor biology, with three articles each. The Oncotarget has the maximum number of citations received by accumulating 492 (Table 4). A total number of 25 journals only published one article in the field of exosome and OEC. 9 out of which (15 out of 39 documents) were published mostly in the United States. 19 out of 25 journals are Q1 suggesting the high quality of the research in this field.
[image: Figure 9]FIGURE 9 | Bibliographic coupling of journals (criteria: journals with at least one article in the field of exosome and OEC).
TABLE 4 | Journals with at least one article in the field of exosome and EOC.
[image: Table 4]3.7 Funding sponsors
The main financial sponsors for “exosome and EOC” research was presented in Table 5. The obtained results showed that the National Natural Science Foundation of China was the top funding sponsor with sponsoring 20 projects on this topic.
TABLE 5 | Sponsors of research in the field of exosome and EOC.
[image: Table 5]3.8 Keywords
Despite the current relevance of using keywords in some analyses, 3 articles without the keyword section were recognized after reviewing selected articles. In the rest of the articles, the co-occurrence analysis of author keywords is used. For this purpose, at least 2 author keyword co-occurrences were considered as the criteria. 20 out of 114 diverse keywords met the inclusion criteria. As revealed in Figure 10, the analysis of involved keywords resulted in 5 clusters. The keywords with the maximum number of co-occurrences in each group are as follows: Exosomes (14 co-citations), ovarian cancer (12 co-citations), epithelial ovarian cancer (10 co-citations), exosome (9 co-citations), biomarker (4 co-citations), prognosis (4 co-citations), EOC (3 co-citations), biomarkers (3 co-citations), extracellular vesicles (3 co-citations), hypoxia (3 co-citations), microRNAs (3 co-citations), metastasis (2 co-citations), macrophages (2 co-citations), epithelial-mesenchymal transition (2 co-citations), epithelial ovarian cancer (EOC) (2 co-citations), diagnosis (2 co-citations), chemoresistance (2 co-citations), migration (2 co-citations), proliferation (2 co-citations), proteomics (2 co-citations).
[image: Figure 10]FIGURE 10 | Co-occurrence author keyword (criteria: at least 2 author keyword co-occurrences).
4 DISCUSSION
The present research mainly purposed to study the international research activities in the field of exosome and EOC from the start of data published in this field up to 15 October 2022. It is emphasized that this research included studies focused on EOC, not ovarian cancer in general and exosomes alone, not microvesicles and extracellular vesicles. There are several bibliometric reviews on different aspects of ovarian cancer (Wang et al., 2016; El Bairi et al., 2021; Gupta et al., 2021; Khedkar et al., 2021; Liu et al., 2022; Xu and Li, 2022) but there is no bibliometric review on EOC and applications of exosomes in EOC. The analysis of productivity by year showed that despite the growth of research interest in exosomes in different fields, research on exosomes and EOC has opened up in recent decades, and it is in the early stages. According to the findings of the current study, China is ranked the first publisher of journal articles in this field. This can be contributed to a large number of highly ranked institutions in publication and more funding sponsors in this region. However, Wang B et al., in 2019 and Wang Y et al., in 2017 stated that the United States ranked as the first producer in the field of exosomes and China ranked second at that time (Wang et al., 2017; Wang et al., 2019). Moreover, Yuanxia Liu et al. reported that the United States and UK are the first and second article producer from inception to 2021 (Liu et al., 2022). When it comes to funding sponsors of the research, Chinese sponsors especially the National Natural Science Foundation of China are impressive. This is since China efforts to impact high-tech technologies and promote their research and development sections and businesses.
Regarding the journal that publishes the articles, the Journal of Ovarian Research is the top publisher of journal articles in the field of exosome and EOC based on our analysis. Wang Y et al. and Wang B et al. stated that Plos One, Journal of Biological Chemistry, and Scientific Reports are the top publishers of articles in the exosome field (Wang et al., 2017; Wang et al., 2019). Furthermore, Bernardo Pereira Cabral et al. reported that Oncotarget led published most cancer-related articles between 2012–2017 (Cabral et al., 2018). All of these journals are among high-ranking journals showing the field of study is novel and high-tech.
Citation analysis showed that 7 out of these 10 most cited articles focused on the delivery of microRNAs (miRNAs) by exosomes. The maximum co-occurrence author keywords showed the research flashpoints in the studied area over the study period. According to this analysis, the academics are interested to work on: 1) Exosomes as prognostic biomarkers of EOC and their role in the proliferation and migration of cells. 2) The role of exosomes in metastasis through different mechanisms; 3) The role of exosomes in epithelial-mesenchymal transition of ovarian cancer cells; 4) The diagnostic role of EVs in EOC; and 5) Conferring chemoresistance in EOC through Exosomal transfer of miRNAs.
5 STUDY LIMITATIONS AND SAMPLING BIAS
The sampling bias is one of the key limitations of this study. As mentioned, this study focuses on research investigating specifically EOC and exosome. Therefore, sampling criteria excluded the published reports on extracellular vesicles, microvesicles and ovarian cancer, while exosomes are a subclass of extracellular vesicles and microvesicles. Moreover, EOC is one type of ovarian cancer. Therefore, considering exosome and EOC alone cannot make a general conclusion for highly cited or most productive authors in this field of ovarian cancer.
To reduce this limitation, according to citation analysis results which showed most cited articles focused on the delivery of miRNAs by exosomes, an extra search was conducted using the PubMed database on studies in the field of ovarian cancer and exosomal miRNA. 20 other articles other than those found above were found in this field. These articles are related to different countries including the United States, China, Hungary, Australia, Korea, Japan, Germany and the UK. The most cited article in this area is related to the United States with 487 citations, which is considerable. The information related to these articles has been listed in Table 6.
TABLE 6 | List of articles in the filed of miRNA, exosome and ovarian cancer.
[image: Table 6]6 CONCLUSION
The present research findings showed the increasing trend of research activities in the field of exosomes and EOC. The scientific production was made up of 39 journal articles found in the international databases of Scopus, PubMed and Google scholar. China is the main contributor to the publications, institutions, funding, and international collaborations on the studied topic. The United States ranked first in terms of journals published articles on the studied topic. Moreover, results show that the scientists working in this area are mostly interested into apply microRNA delivery using exosomes in EOC contexts. However, it showed be noted that these results only related to studies in the field of EOC, not ovarian cancer in general or nanoscale extracellular vesicles, not all scales extracellular vesicles. These findings could be helpful for academics working in the field of exosomes and EOC to develop their studies and find new pipelines along the way.
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Background: Poisoning occurs when a person is exposed to an external substance at a too high dose for them. It is possible for young children to be exposed to chemicals. Lungs, the heart, CNS, the digestive tract, and kidneys can be poisoned. In 2004, over 45,000 children and teenagers died from acute poisoning, representing 13% of all accidental poisoning deaths worldwide. Poisoning patterns vary by exposure type, age group, poison type, and dose.



Aim: This study assessed the pattern of acute poisoning with drugs, chemicals, and natural toxins among children (<12 years old). The study was done in Makkah region and registered in the poison control center in Makkah, the forensic chemistry center in Haddah during 2020–2021.



Methods: A retrospective cohort study was done on 122 children exposed to toxic substances in Makkah. The children were 12 years old and had good health for a maximum of one year. Stratified random sampling was used to divide cases into groups of similar poisons (pharmaceutical products, household products, plant envenomation, and animal envenomation). Then each group got a random samples. The data were analysed with SPSS software.



Results: The mean age of children was 5.2 years, with 59% being boys. The mean temperature, pulse, systolic, diastolic, and respiratory rates were 36.77, 98.29, 109.1, 69.17, and 21.49. The most documented pharmaceutical products (200 mg) were carbamazepine (5 mg), methanol, risperidone (5 mg), propranolol (5 mg), and olanzapine (5 mg). The most common poison forms were tablets (42.6%), syrups (15.6%), capsules (13.9%), and solutions (13.1%). The most common poisoning routes were ingestion (82.8%), dermal (5.7%), injection (4.9%), and inhalation (6.6%). Accidental poisoning was 83%, with a 30-minute lag for 30.3% of children, and most (69.7%) occurred at home. Benzodiazepines were the most commonly used category class drug (18%), with normal pupils and an ECG of 85.2%. Sixty-seven percent had blood tests. Sickness was 9.48, and the positive result was 213.01. The most common presenting symptoms were GIT and neurological (23.8%). 31.1% had mild, moderate, or severe toxicity. Most cases (68%) were complex. 34.4% were intubated, 9.8% had repeated-dose-activated charcoal for enhanced elimination, and 27.8% were on IV fluids. Children with GIT, CVS, respiratory, dermal, and neurological symptoms had a higher percentage of severe toxicity (p < 0.05). Slight toxicity was associated with whole bowel irrigation, intubation for oxygen therapy, N-acetylcysteine or sedation, fluids, and phenytoin (P < 0.05). Complicated cases had a higher mean AST/IUL than non-complicated cases (75.5 vs. 20.08, p < 0.05). The level of toxicity did not correlate with the mean of all lab tests (p > 0.05). The age of the children correlated positively with their systolic BP (r = 0.22, p < 0.01).



Conclusion: The results show how important it is to teach the public about poisoning and make rules for tracking and dealing with poisonings in Saudi Arabia.
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Introduction

Accidental poisonings take place when a person, typically a child, ingests a poisonous substance without intending to do so (as opposed to purposeful poisoning or overdosing) (1). Children are more likely to experience serious repercussions from poisoning due to the fact that their bodies are smaller, have a faster metabolic rate, and are less capable of neutralizing harmful substances (2). Children who are poisoned might experience psychological and physical repercussions over a long period of time, and the costs to society can be quite high (3).

Poisons ingested can be classified into medications (prescription or non-prescription), household items, and plants Their level of toxicity could be mild, moderate, or severe (4). Poisoning patterns vary depending on the type of exposure, age group, nature, and dose of the poison (5, 6).

Acute poisoning is a common occurrence in emergency rooms worldwide, necessitating extensive medical care and significant financial investment (7). A high number of acute poisoning cases were caused by drug poisoning. Natural poisons, such as toxic plants and animals and acute chemical poisonings in the home, are frequent, especially in children (8). There are various variations in the pattern and etiology of acute poisoning, even within the same geographical region (8).

The pattern and types of poisons vary depending on numerous factors such as demography, education, socioeconomic level, and local beliefs and practices in different parts of the world. As a result, each country needs its epidemiological surveillance to establish the scope and pattern of the disease so that preventative steps can be taken (9).

Knowing the overall trend of poisoning in a certain area can aid in identifying risk factors and enabling early discovery and treatment of such cases, lowering morbidity and mortality (8). Poisoning occurrences were treated differently depending on the patient's condition, the type of poisoning, and the length of exposure (10).

In Saudi Arabia (KSA), acute poisoning in children and adults has been reported in several Saudi cities, including Jeddah, Hafr Al Batin, Abha, and Al Riyadh (11). In Abha, there were 114 acute poisoning incidents in children between January 2000 and October 2003 (12). At King Khaled Hospital in the Al Majmaah region of Saudi Arabia, a study done in 2014 found that most instances were caused by animal envenomation (13). Alghadeer et al., 2018 found that most instances were asymptomatic, and most of the youngsters arrived at the hospital in under three hours (5).

Another perspective study conducted in Riyadh in 2019 found that toxic household goods were the most implicated substance class in children under the age of six (13), and recently in 2020, a study conducted at East Jeddah Hospital in Jeddah city found that unintentional poisoning occurred in 56.5% of recorded instances and 92.8% of incidents occurred at home (14).

This study aimed to assess the pattern of acute poisoning with drugs, chemicals, and natural toxins of children (≤12) in the Makkah region and registered in the poison control center in Makkah, Saudi Arabia. This study can provide additional information about the agents most commonly involved in poisoning in this region and prevention and management guidelines to avoid them.



Subjects and methods


Study design

A retrospective cohort study was done.



Study population, setting and time frame

122 children with toxicity from the Children's Hospital in Makkah region of Saudi Arabia and registered in the poison control center in Makkah, forensic chemistry center in Haddah during 2020–2021 were included. The inclusion criteria were all children taking toxic substances any way route, of both genders, and children who live in Makkah. The exclusion criteria were forensic toxicology children with poisoning, adults, those that do not need medical management or recommendation, and children from regions other than Makkah.



Sampling methodology

Stratified Random Sampling was done by dividing cases into groups according to the type of poisons with similar attributes (Pharmaceutical products-Household products-plant envenomation-animal envenomation). Then, from each group, a random sample was drawn. Children were classified into having mild, moderate, and severe toxicity as follows: (1) Mild; transient and spontaneously resolving symptoms, (2) Moderate; pronounced or prolonged symptoms, and (3) Severe or life-threatening symptoms. The sample size was calculated by this website (Qualtrics XM of sample size calculator). This equation was done at a confidence level of (95%) and a (5%) margin of error. The ideal sample size was (one hundred twenty-two).



Ethical considerations

No issues regarding animal subjects. This study has had the approval of the research ethics committee at the Department of the deanship of postgraduate studies at Umm al Qura University in the Makkah region and the poison control center in Makkah forensic chemistry center. Written informed consent for the research was not required in accordance with National legislation and institutional requirements. No identifiable human images or data was present in the study.



Data analysis

The data were analyzed using a statistical package for social sciences (SPSS) version 26. (Armonk, NY: IBM Corp.). Qualitative data were expressed as numbers and percentages to test the relationship between variables, and the Chi-squared test (χ2) was used. Quantitative data were expressed as mean and standard deviation (Mean ± SD), and non-parametric variables were tested using the Mann-Whitney (U) and Kruskal Wallis tests. Correlation analysis was performed using the Spearman's test, and a p-value of less than 0.05 was considered statistically significant.



Results

The mean age of the studied children was 5.2 ± 3.74 years, and the mean BMI was 26.67 ± 24.86 kg/m2, respectively. Of the children, 59% were males, and 58.2% had a Saudi nationality. 38.5% of children had mild toxicity, while 31.1% and 30.3% had moderate and severe toxicity. And most of the cases (68%) were complicated. However, 32% of cases were not complicated. For 30.3% of children, the duration since poisoning was 30 min, 26.2% was one hour, 21.3% was 2 h, 8.2% was 3–12 h, and for 13.9%, the duration was 12 h. For most children (69.7%), the poisoning happened at home.

Table 1 shows that the most common documented pharmaceutical products were Depakine, Olanzapine (5 mg), Cannabinoids, Carbamazepine, Hydrogen peroxide (6%), Methanol, Risperidone lorazepam, Propranolol, and valproate sodium (200 mg). A non-significant relationship was found between the level of toxicity and the taken pharmaceutical products (p > 0.05).


TABLE 1 Relationship between pharmaceutical products and the level of toxicity.
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Table 2 shows that the most common category class drug used were Benzodiazepine (18%), followed by Analgesic non opioid (15.6%), senna leaves rhubarb root (7.4%), and alcohol or NSAID (4.1%). A non-significant relationship was found between the level of toxicity and major category class drugs used (p > 0.05).


TABLE 2 Relationship between major drug's class and level of toxicity.
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Table 3 shows that the most common presenting symptoms were both GIT and neurological symptoms (23.8%), followed by only neurological symptoms (16.4%) and only GIT symptoms (13.1%). The table shows that children who were presented with (CVS, dermal and neurological symptoms) or (CVS and neurological symptoms) or (GIT, CVS, respiratory, dermal and neurological symptoms) or (GIT, CVS, dermal and neurological) or (Respiratory, dermal and neurological) had a significantly higher 100% of having severe toxicity (p < 0.05).


TABLE 3 Relationship between presenting symptoms and level of toxicity.
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Table 4 shows that almost one-quarter of children had activated charcoal (25.4%), 8.2% received N-acetylcysteine, (34.4%) were intubated, and (9.8%) had repeated-dose-activated charcoal for enhancement elimination, 9% had IV fluids as pre-hospital management, and 3.3% were ventilated. Almost one-third of children were on IV fluid (27.8%), 4.1% were on Activated charcoal or N-acetylcysteine or antibiotics, 7.4% were on Flumazenil, and 1.6% were on omeprazole injection. Children who had whole bowel irrigation were intubated for oxygen therapy and had N-acetylcysteine or sedation, fluids, and phenytoin had a significantly higher % of having severe toxicity (p < 0.05).


TABLE 4 Relationship between GIT decontamination, antidote, oxygen therapy, enhancement elimination, pre-hospital management, and current medications and level of toxicity.
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Table 5 demonstrated a non-significant relationship between the level of toxicity among studied children and their age, height, weight BM, gender, nationality, pharmaceutical products, or poison forms (p > 0.05).


TABLE 5 Relationship between level of the toxicity and the children's characters, weight, BMI. pharmaceutical products and poison forms (n = 122).
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Table 6 shows that the most common poison forms were tablets (42.6%), syrups (15.6%), capsules (13.9%), solutions (13.1%) poisoning by pharmaceutical products (80.3%), household products accounts (12.3%), plant envenomation (5.7%,) and by animal envenomation (1.6%) as for the route of poisoning, ingestion accounts for (82.8%), dermal route (5.7%), injection (4.9%), inhalation (6.6%). Accidental poisoning was (83%), and intentional poisoning accounts for (39%) of cases. A non-significant relationship was found between the level of toxicity and the taken pharmaceutical products, poison forms, route or mode of poisoning (p => 0.05).


TABLE 6 Relationship between level of toxicity and poison forms, route and mode of poisoning, time of exposure, and place of poisoning (No.:122).
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Table 7 shows that complicated cases had a significantly higher mean level of AST (IU/l) than non-complicated cases (75.5 vs. 20.08 (p < 0.05). On the other hand, a non-significant relationship was found between the presence of complicated cases and all other laboratory test results of the studied children (p > 0.05).


TABLE 7 Relationship between complicated cases and laboratory results (No.:122).
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Discussion

This study aimed to assess and analyse the patterns of acute poisoning cases with drugs, chemicals, and natural toxins for children in the Makkah region of Saudi Arabia registered in the Makkah poison control center and the Haddah forensic chemistry center.

In this study, male children accounted for 59% of the affected cases compared to 41% females. And the mean age was 5.2 ± 3.74 years. A previous Saudi study done in 2018 in Riyadh city found a prevalence of 49.7% among females, and the mean age of children was 2.7 ± 2.1 years (8).

Between 2010 and 2016, a review study conducted in the Riyadh region found that more than half of poisoning cases (62%) happened in youngsters under two (5). Another study conducted in the Jeddah region discovered that most cases occurred in male children (1), which was comparable with international studies (15, 16). Previously, the study that conducted in Sri Lanka reported that the majority of children who ingested poisons were under the age of five years (16). The WHO also reported an overall higher rate of poisoning in boys than girls in different world regions (15).

Paracetamol was shown to be the most dangerous pharmaceutical product (94%), followed by other pharmaceuticals such as Depakine, Olanzapine 5 mg, and Risperidone lorazepam. In the present study, the most common category class drug used were Benzodiazepine (18%), followed by analgesic non opioid (15.6%), senna leaves rhubarb root (7.4%), and alcohol or NSAID (4.1%). A study conducted in Jeddah in 2020 found that ingested medicines were the leading cause of acute poisoning (73.9%), a finding that was consistent with a previous study (14) in which medicinal products were the leading cause of poisoning. Previously, the most frequently involved drug class was weak analgesics dominated by paracetamol (n = 91, 35%), followed by opioids and benzodiazepines (17).

Many reports, especially from Saudi Arabia, support this finding, highlighting medicine's role in self-poisoning (5, 18). The drug administration providing a reason this to delivering medication in envelopes rather than child-resistant containers, easy access to drugs without prescriptions, and irresponsible home drug storage (19). Furthermore, Saudi Arabia's higher rating for unintended drug poisoning may be related to Saudi families' habit of storing unused prescriptions for future usage (5). The ready availability of medications and chemicals in various forms at home and a lack of parental monitoring to keep these materials in a safe place and out of reach of children were the most common causes of childhood poisoning.

In the present work, it was observed that the most common dosage forms were tablets (41.8%). According to a previous study conducted in Abha (20), tablets' most common poison types (19). The present work found that ingestion was the most common rote of poisoning (93.4%), followed by cutaneous poisoning (13.9%), inhalation (9.8%), and injection (9.8%). This result agrees with previous studies done in KSA (5, 20).

This work observed that accidental poisoning accounted for (68%) of cases compared to 31.1% for intentional poisoning. The same result was found in a previous study done in KSA (1, 8) and others (21). The study showed that for (30.3%) of children, the time of exposure was 30 min, for (26.2%) it was one hour, and for (21.3%) it was 2 h. A study done in India found that the time interval between exposure to poison and admission to the hospital was less than 3 h in 73 (35.96%) cases, 3 to 6 h in 92 (45.32%) cases, and more than 6 h in 38 (18.71%) cases (22). Another study in Iran discovered that the average time from incident to hospitalization was 144.3171 min (23). The poisoning occurred at home for the majority of the youngsters (69.7%). The same result was revealed from other studies (1, 21).

In the present study, most symptoms appear as GIT symptoms. In the study done in Majmaah, 25.6% of children had GIT symptoms (8). In Abha, the most common symptoms of poisoning were nausea, vomiting (40.4%), and (16.7%) abdominal pain (18). In an Iranian study, 28.2 percent of youngsters experienced gastrointestinal symptoms (23).

In the current study, 38.5 percent of children experienced mild toxicity, whereas 31.1% and 30.3% had moderate and severe toxicity, respectively. Furthermore, most cases (68%) were complicated. However, 32% of cases were uncomplicated. The high prevalence of mild cases was found in previous studies (1, 16, 24).

Almost one-quarter of children had activated charcoal (25.4%), (12.3%) had gastric lavage, and (2.5%) had dilution. Activated charcoal was found to limit the absorption of various toxins and medications in the stomach and intestine, including antipsychotics, antiepileptics, and salicylates (5, 25). Clinical trials have shown that multi-dose administration of activated charcoal can prevent severe intoxication from carbamazepine, quinine, phenobarbital, and theophylline (26).

In a previous study, only 6% of cases received a specific antidote, which could be attributed to the short time between poisoning and arrival at the hospital (25). Approximately 28% of children were treated by gut decontamination with activated charcoal in Riyadh, and only 1.8% were given specific antidotes (5).

The limitation of this study was having a retrospective study design and singular location. Incomplete and missing data may further affect the study's findings' generalization.



Conclusion

Based on the present study results, acute poisoning among children is a major public health issue in Saudi Arabia, so implementing a national policy for adequate and prompt management will result in a favorable outcome. In addition, children's exposure to harmful chemicals necessitates more attention, particularly among families, to raise their awareness of safety requirements within the home. Future studies are needed to clarify the role of various factors involved in childhood poisoning.



Limitations

Due to its retrospective design and single-center setting, the study has limited general validity. The small sample size may also reduce the study's generalizability; therefore, we intend to conduct additional research involving multiple centres in different geographic regions.
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Prescription drug use is prevalent during pregnancy, yet there is limited knowledge about maternal-fetal safety and efficacy of this drug use because pregnant individuals have historically been excluded from clinical trials. Underrepresentation has resulted in a lack of data available to estimate or predict fetal drug exposure. Approaches to study fetal drug pharmacology are limited and must be evaluated for feasibility and accuracy. Anatomic and physiological changes throughout pregnancy fluctuate based on gestational age and can affect drug pharmacokinetics (PK) for both mother and fetus. Drug concentrations have been studied throughout different stages of gestation and at or following delivery in tissue and fluid biospecimens. Sampling amniotic fluid, umbilical cord blood, placental tissue, meconium, umbilical cord tissue, and neonatal hair present surrogate options to quantify and characterize fetal drug exposure. These sampling methods can be applied to all therapeutics including small molecule drugs, large molecule drugs, conjugated nanoparticles, and chemical exposures. Alternative approaches to determine PK have been explored, including physiologically based PK modeling, in vitro methods, and traditional animal models. These alternative approaches along with convenience sampling of tissue or fluid biospecimens can address challenges in studying maternal-fetal pharmacology. In this narrative review, we 1) present an overview of the current understanding of maternal-fetal drug exposure; 2) discuss biospecimen-guided sampling design and methods for measuring fetal drug concentrations throughout gestation; and 3) propose methods for advancing pharmacology research in the maternal-fetal population.
Keywords: maternal-fetal pharmacology, pregnancy, fetal drug exposure, prenatal testing, pharmacokinetics
INTRODUCTION
Prescription medication use during pregnancy is widespread. At least 70% of individuals take at least one prescription medication during pregnancy (Lupattelli et al., 2014; Haas et al., 2018; Centers for Disease Control and Prevention, 2022). These medications may be prescribed to treat an individual’s chronic conditions (e.g., depression, epilepsy, hypertension, thyroid disorders), acute illnesses (e.g., infections), and pregnancy-related illnesses (e.g., pre-eclampsia or gestational diabetes) (Wesley et al., 2021). Many of these drugs will cross the placenta and expose the fetus. The extent and impact of fetal exposure is unknown for most drugs.
In order to optimize drug dosing in pregnant individuals and prevent harm to the fetus, it is critical to understand physiologic changes during pregnancy that determine fetal drug exposure. However, determining fetal drug exposure is challenging. In utero sampling procedures to directly measure fetal drug concentrations are invasive and place both mother and baby at increased risk for adverse events. Preclinical in vitro and animal models are not always translatable to humans. Opportunistic samples obtained during prescribed clinical care leverages standard of care procedures (e.g., collecting amniotic fluid at the time of routine amniocentesis) and collect non-invasive surrogate samples related to fetal exposure (e.g., fetal hair or meconium) as an alternative approach to assessing fetal drug transfer.
When formulating this manuscript, we essentially wanted to answer the question, “How do we obtain drug levels from pregnant individuals for clinical studies or trials to measure fetal drug exposure?” To help answer this, we provide narrative for the current understanding of maternal-fetal drug transfer, evaluate the pros and cons of different opportunistic sampling approaches, and investigate potential alternative methods to better characterize fetal pharmacology.
CURRENT UNDERSTANDING OF MATERNAL-FETAL DRUG TRANSFER
Maternal anatomic and physiological changes during pregnancy
Human gestation length is about 280 days and is divided into three trimesters. The first trimester is usually dated from the start of the mother’s last menstrual period, which is 2 weeks before the estimated date of conception, and continues through week 12. This is often designated as the embryonic period. The second trimester comprises the most prolonged period and is defined as weeks 13–28. The third trimester begins at week 29 and continues until delivery, typically at week 40 for a full term delivery (Andersen et al., 2018). Each trimester is marked by maternal changes in anatomy and physiology, such as renal function. For example, the glomerular filtration rate and renal plasma flow increase up to 50% and 80%, respectively, during pregnancy (Cheung and Lafayette, 2013). As another example, increases in estradiol and progesterone are initiated at the beginning of pregnancy and are regulated by the placenta starting at week 10 (Weissgerber and Wolfe, 2006; Kumar and Magon, 2012). Pregnancy related changes in these hormones can, both directly and indirectly, affect the pharmacokinetics (PK) of drugs through competition for binding to plasma proteins, changes in the activity of metabolic enzymes (Table 1), and other anatomical and physiological changes such as changes in gastrointestinal motility. (Dickinson et al., 1989; Gerdin et al., 1990; Prevost et al., 1992; Tomson et al., 1994; Hakkola et al., 1996; Collier et al., 2002; McGready et al., 2003; Nishimura et al., 2003; De Haan et al., 2004; Dempsey et al., 2004; Franco et al., 2008; Hebert et al., 2008; Ke et al., 2014; Fa et al., 2018; Goh et al., 2021). These types of changes can affect drug absorption, distribution, metabolism, and excretion (ADME) as highlighted in Table 2 (Ke et al., 2014; Feghali et al., 2015; Kazma et al., 2020).
TABLE 1 | Summary of drug metabolizing enzyme activity by gestational age.
[image: Table 1]TABLE 2 | Selected maternal organ system changes that affect pharmacokinetics during pregnancy.
[image: Table 2]Fetal drug exposure
The placenta performs vital functions for the developing fetus and has several structural components. The basic structural unit of this disk-shaped organ is the chorionic villi that project into the intervillous space (Griffiths and Campbell, 2015). Chorionic villi are surrounded by the chorion which consists of the outer syncytiotrophoblast and inner cytotrophoblast layers (Griffiths and Campbell, 2015). Placental structural components and activity are vital for normal embryonic development to ensure sufficient oxygen, nutrient, and waste exchange between mother and fetus (Grigsby, 2016). Maternal-fetal drug exposure and PK are largely moderated by the placenta. Drugs in maternal blood can reach fetal blood by passing through the placental intervillous space, syncytiotrophoblast layer, and fetal connective tissue to reach the endothelium of fetal capillaries and enter the fetal circulation (Figure 1) (Griffiths and Campbell, 2015). Drugs in fetal circulation can also re-enter maternal blood in small amounts (Syme et al., 2004; Griffiths and Campbell, 2015).
[image: Figure 1]FIGURE 1 | In utero fetal drug transfer following maternal drug administration.
Placental transfer of drugs can occur via passive diffusion, facilitated diffusion, or active transport (Griffiths and Campbell, 2015; Pemathilaka et al., 2019). Minute transfer may occur via pinocytosis and phagocytosis, but these mechanisms are too slow to play a significant effect on fetal drug concentrations (Syme et al., 2004). Passive diffusion of drugs occurs for neutral, lipophilic, and unbound drugs with a molecular weight less than 500 Daltons (Pavek et al., 2009a; Feghali et al., 2015). Facilitated diffusion occurs when drugs are structurally related to endogenous compounds such as glucocorticoids (Griffiths and Campbell, 2015; Pemathilaka et al., 2019). Drug transporters, such as multidrug resistance proteins (MRPs), P-glycoprotein (P-gp), and breast cancer resistance protein (BCRP), require energy, usually in the form of adenosine triphosphate, to actively transfer drugs (Myllynen et al., 2009; Iqbal et al., 2012; Griffiths and Campbell, 2015; Pemathilaka et al., 2019). Drug transporters present in the placenta allow drug transfer from mother to fetus and vice versa (Griffiths and Campbell, 2015).
Placental transfer of drugs can be further complicated as the placenta contains a broad range of enzymatic activity (Prouillac and Lecoeur, 2010). Several cytochrome P450 (CYP) drug metabolizing enzymes have been isolated from the placenta and include CYP1, CYP2, and CYP3 (Myllynen et al., 2009; Prouillac and Lecoeur, 2010). These enzymes, along with active drug transporters, alter fetal exposure to varying amounts of parent drug, metabolites, and byproducts (Dallmann et al., 2019a).
The importance of placental effects is exemplified by a study that investigated illicit drug exposure in monozygotic and dizygotic twins (Boskovic et al., 2001). Similar concentrations of cocaine and cannabinoids were found for monozygotic twins who share the same placenta. More significant differences in drug concentrations were observed in dizygotic twins with separate placentas. Notably, one dizygotic twin tested positive for drugs while the other twin did not. This study demonstrates the variation in drug transfer across the placenta that can alter fetal concentrations.
Once a drug reaches the fetus, fetal ADME can impact fetal drug exposure. Fetal ADME differs substantially from maternal ADME and even infant ADME (Feghali et al., 2015; Allegaert and Van Calsteren, 2016). For example, expression levels of fetal CYP enzymes mature over the course of pregnancy and, in general, are much lower than infant and maternal expression levels (Lacroix et al., 1997; Hines, 2008). In addition, drugs and metabolites can become trapped in fetal tissues via two processes: 1) reabsorption from amniotic fluid and 2) ionization. First, drugs that are renally excreted by the fetus can recirculate through the amniotic fluid and be reabsorbed through fetal swallowing (Pritchard, 1966; Blackburn and Loper, 1992; Pavek et al., 2009b; Abduljalil et al., 2019). The fetal swallow reflex begins as soon as week 10 of gestation (De Vries et al., 1985). Second, he pH of fetal blood is slightly more acidic than maternal blood leading to ionization of weak bases. When ionized, these weak bases usually do not pass from the fetus back to the mother via the placenta (Pavek et al., 2009b). These fetal-specific aspects confound generalizations and complicate measurement of fetal drug exposure.
FETAL DRUG DETECTION FROM BIOLOGICAL FLUID AND TISSUE SPECIMENS
Methods for measuring fetal drug concentrations are invasive in nature and pose risks to both mother and fetus. To minimize risks, the collection of opportunistic surrogate samples during standard of care procedures increases feasibility for measuring fetal drug exposure. Several of these surrogate options are illustrated in Figure 2.
[image: Figure 2]FIGURE 2 | Illustration of surrogate sampling times throughout the stages of gestation.
Amniotic fluid
Background and sampling
Amniotic fluid provides protection and temperature regulation during fetal development, and its composition changes as pregnancy progresses (Beall et al., 2007). During early embryogenesis before fetal kidneys start to function, amniotic fluid is predominately thought to derive from maternal plasma (Beall et al., 2007; Orczyk-Pawilowicz et al., 2016). Its composition shifts following the first trimester with increased creatinine, urea, and uric acid concentrations, most likely a consequence of fetal swallowing and renal excretion (Brace and Wolf, 1989; Bloomfield et al., 2017). In utero sampling of amniotic fluid, known as amniocentesis, is performed for specific diagnostic testing. Amniocentesis is typically conducted after weeks 15–16 of gestation when the amnion and chorion have fused (Jindal and Chaudhary, 2020). Other options for obtaining amniotic fluid would be in cases of miscarriage, planned termination of pregnancy, or at delivery.
Maternal-fetal drug transfer
Drug concentrations have been evaluated in amniotic fluid from early and mid-gestation as well as at delivery (Table 3) (Bernard et al., 1977a; Bernard et al., 1977b; Szeto et al., 1978; Mandelbrot et al., 2001; Chappuy et al., 2004a; Chappuy et al., 2004b; Fokina et al., 2016; Paulzen et al., 2017a; Paulzen et al., 2018; Paulzen et al., 2020). While amniocentesis is not typically carried out prior to week 15 of gestation, drug concentrations in amniotic fluid have been reported during the first trimester from older practices. Dependent on gestational age and drug evaluation, conflicting results are reported between drug concentrations in amniotic fluid versus fetal tissue, fetal plasma, and maternal blood. For example, diclofenac and amikacin concentrations measured in amniotic fluid were lower than concentrations measured in fetal tissue samples. In contrast, ritodrine and quetiapine concentrations measured in amniotic fluid and umbilical cord blood were similar at delivery (Bernard et al., 1977a; van Lierde and Thomas, 1982; Siu et al., 2000; Paulzen et al., 2018). These discrepancies highlight crucial factors when considering amniotic fluid as a biospecimen, including drug permeability to fetal skin, amniotic fluid composition, and effects of fetal and maternal hepatic metabolism throughout pregnancy (Ward and Varner, 2019).
TABLE 3 | Description of studies that reported drug concentrations in surrogate specimens by gestational age and at delivery.
[image: Table 3]Limitations
Amniocentesis is an invasive test and carries certain risks to the mother and fetus. Risks of mid-trimester amniocentesis include rupturing the amniotic sac, miscarriage, needle injury to the fetus, Rh sensitization, and infection (Pruthi, 2020). Amniocentesis before week 15 of gestation is associated with a higher rate of miscarriages than mid-term amniocentesis and is rarely performed unless the benefits outweigh the risks (Wilson, 1995; Steinfort et al., 2021). With advancing gestation, additional risks include preterm birth, chorioamnionitis, and stillbirth (Daum et al., 2019). Therefore, amniocentesis would only be viable option in cases where an amniocentesis was performed for clinical indications. In these cases, the fetus often has anomalies or suspected genetic abnormalities, which may influence drug metabolism. Because amniocentesis is typically carried out mid-gestation, sampling opportunities may be limited during early and late pregnancy.
Umbilical cord blood
Background and sampling
The umbilical vein provides blood from mother to fetus with flow established within the umbilical cord by the end of week 5 of gestation (Spurway et al., 2012). Umbilical cord blood has a unique composition as it contains blood cells with varying stem cell markers, and differs from both newborn and maternal peripheral blood (Pranke et al., 2001). Composition is also influenced by fetal sex, gestational age, and mode of delivery (Glasser et al., 2015). Fetal gender appears to influence red blood cell values and white blood cells are reported to increase with gestational age and vaginal births (Glasser et al., 2015). Cord blood can be collected in utero (cordocentesis-usually of the fetal vein), typically between week 18–34 of gestation, and at the time of delivery (Jindal and Chaudhary, 2020). Other options for obtaining cord blood would be in cases of miscarriage, planned termination of pregnancy, or at delivery.
Maternal-fetal drug transfer
Umbilical cord blood measurements are predominantly reported mid-to late-gestation or at delivery (Kauffman et al., 1975; Pons et al., 1991; Mandelbrot et al., 2001; Hendrick et al., 2003; Paulzen et al., 2017a; Paulzen et al., 2017b; Paulzen et al., 2018; Paulzen et al., 2020). Most studies assumed cord blood was informative of fetal exposure. This assumption is supported by one study that measured similar gentamicin concentrations in fetal and cord serum following elective second trimester abortion (Kauffman et al., 1975). However, most of the reported studies only compared cord blood measurements with maternal serum. Because of differences in PK between the mother and the fetus, single pairs of samples from the mother and the umbilical cord blood can show ratios that vary widely depending on the interval after drug administration (Ward, 1995). Data evaluating the relationship between drug concentrations in cord blood and other fetal samples may provide further insight into fetal exposure.
Limitations
Cordocentesis is an invasive test with risks to the pregnancy. Procedure-related risks include bleeding from the puncture site (most common), fetal distress, pregnancy loss, and rarely vertical transmission of maternal infection (Society for Maternal-Fetal et al., 2013). Therefore, cordocentesis would only be a viable option when performed for clinical indications. In these cases, the fetus may have anemia, which may influence the activity of enzymes involved in drug metabolism. Like amniocentesis, cordocentesis is typically carried out mid-gestation, but can extend to late pregnancy. Technical aspects of cordocentesis limit its use during early pregnancy.
Placental tissue
Background and sampling
Placental chorionic villi serve as the functional and structural unit of the human placenta and are involved in the exchange of gas and nutrients between mother and fetus (Gude et al., 2004). During fetal development, chorionic villi grow and form branches as pregnancy progresses with high variability in vascularization, the degree of branching, and budding (Gude et al., 2004; Hannibal et al., 2018). Chorionic villus sampling (CVS) is conventionally conducted between weeks 10 and 14 during the first trimester (Jindal and Chaudhary, 2020). Other options for obtaining a chorionic villus biospecimen would be in cases of miscarriage, planned termination of pregnancy, or at delivery.
Maternal-fetal drug transfer
Studies to evaluate drug concentrations from the placental tissue by CVS have not been explored extensively. Some studies have evaluated concentrations of bupivacaine enantiomers, lidocaine, and fentanyl from the placental intervillous space following term deliveries (de Barros Duarte et al., 2009; Duarte et al., 2011). While these studies reported relatively high drug and drug metabolite concentrations, the translation of this work to chorionic villi samples rather than placental intervillous space is uncertain. In addition, CVS is typically conducted in early gestation, and the cited studies were carried out in late gestation following term deliveries. Measuring drug concentration in CVS biospecimens should be explored for estimating fetal drug exposure in the first trimester of pregnancy using convenience samples obtained as part of clinically indicated sampling.
Limitations
CVS is an invasive test with risks to pregnancy. Risks of CVS include infection, membrane rupture, and fetal loss (Jindal and Chaudhary, 2020). Therefore, collection of chorionic villi biospecimens is only an option in cases where a CVS is performed for clinical indications. This restricts in utero CVS biospecimen collection to early pregnancy. Overall, our understanding of drug concentrations measured from chorionic villi are quite limited.
Meconium
Background and sampling
Meconium is the initial substance present in the intestines of a developing fetus and constitutes the first stools of a newborn (Skelly et al., 2020). Meconium accumulates during the second trimester (weeks 13–16) when fetal swallowing begins (Skelly et al., 2020). Drug concentrations detected in meconium represent cumulative exposure from the second trimester through birth. Collection of meconium can typically be conducted within the first 24 to 48 h following birth dependent on the timing of the first newborn stool (Skelly et al., 2020).
Maternal-fetal drug transfer
Meconium is frequently used for detecting fetal drug exposure concentrations in newborns for suspected maternal illicit drug use. It has been studied extensively (Ostrea et al., 1989; Maynard et al., 1991; Ostrea et al., 2001; Bar-Oz et al., 2003; Eyler et al., 2005; Montgomery et al., 2006; Gray and Huestis, 2007; Montgomery et al., 2008; Concheiro et al., 2010; Marin et al., 2014; Colby, 2017). Although used extensively to detect illicit perinatal drug use, the convenience of this sampling supports the use of this biospecimen to determine in utero fetal drug transfer of non-illicit drugs. Meconium has been recognized as a sensitive biospecimen to detect in-utero drug exposure (Ostrea et al., 2001; Bar-Oz et al., 2003; Eyler et al., 2005; Gray and Huestis, 2007).
Limitations
Sampling of meconium can be limited if meconium is passed early in utero before birth (Farst et al., 2011). Meconium is also frequently contaminated with urine from diaper collection, complicating drug concentration interpretation (Gray and Huestis, 2007). While meconium sampling offers a wide window of drug detection, it is impossible to distinguish a single concentration time-point of drug exposure (Gareri et al., 2006). Drug concentrations measured in meconium represent the accumulation of drug exposure in utero over many weeks to months. Drug use just prior to delivery may not have had time to distribute and thus may relay inaccurate results (Farst et al., 2011). Furthermore, it is not clear when during pregnancy drugs first appear in meconium, or how the meconium concentration compares to the extent of maternal drug use.
Umbilical cord tissue
Background and sampling
The umbilical cord provides a pathway for blood transport from the placenta to the fetus (Spurway et al., 2012). Development of the umbilical cord begins between weeks 4 and 8 of pregnancy with the amnion enveloping tissue from the body stalk (Schöni-Affolter et al., 2007; Spurway et al., 2012). As an option for monitoring in utero fetal drug exposure, cord tissue can be collected following birth. Collection of cord tissue can be conducted relatively quickly as it does not require an invasive procedure, utilizes an otherwise discarded specimen, and may reflect a relatively long window of drug detection (Price et al., 2020).
Maternal-fetal drug transfer
Several studies have compared samples from the umbilical cord tissue versus meconium to assess fetal concentrations following prescribed medication intake and illicit drug use (Montgomery et al., 2006; Montgomery et al., 2008; Concheiro et al., 2010; Concheiro et al., 2013; Marin et al., 2014; Colby, 2017). Among these studies, investigators have suggested similar sensitivity and specificity between meconium and cord tissue, yet cord tissue may offer some advantages. For example, meconium collection varies based on newborn passage while cord tissue can be sent for testing immediately following delivery (Montgomery et al., 2006). Cord tissue has been utilized in standard clinical practice for estimating fetal drug exposure, which supports its use as a suitable biospecimen.
Limitations
Umbilical cord tissue sampling can only be performed following birth or termination of pregnancy. This results in a significant limitation in sampling, with no ability to use cord tissue when conducting fetal drug exposure analysis before birth. An important consideration for use of cord tissue is the possibility for drug metabolites to passively diffuse from cord plasma to cord tissue in utero and confound measured drug concentrations (Concheiro et al., 2010). Several studies reported possible “false negatives” from cord tissue because drug metabolites were found rather than the parent compound. Therefore, variations in maternal and fetal kinetic patterns suggest cord tissue drug concentrations may not accurately reflect the extent of maternal to fetal drug transfer (Ward, 1995).
Neonatal hair
Background and sampling
Fetal hair aids in utero skin protection and temperature regulation. Hairs project from all skin surface areas and the hair shaft becomes fully formed by the beginning of the third trimester (Holbrook and Odland, 1978). The foremost advantage of fetal hair as a biospecimen is its collection at any point during the first 3 months of life. After 3 months, neonatal hair is replaced with infant hair (Gray and Huestis, 2007).
Maternal-fetal drug transfer
Neonatal hair testing has identified fetal drug exposure from specific drugs of abuse (Eliopoulos et al., 1996; Klein and Koren, 1999; Boskovic et al., 2001; Ostrea et al., 2001; Bar-Oz et al., 2003; Gray and Huestis, 2007). A high correlation was reported for drug concentrations in paired maternal and neonatal hair specimens (Klein and Koren, 1999). These concentrations would be reflective of drug exposure relatively late in pregnancy as fetal hair grows during the third trimester.
Limitations
Similar to meconium and cord tissue, neonatal hair can only be collected following birth. Sampling may be limited in newborns born with limited hair or baldness (Gray and Huestis, 2007). In some cases, mothers are unwilling to consent to fetal hair collection for cosmetic or cultural reasons (Gray and Huestis, 2007). Drug concentrations measured in neonatal hair represent the accumulation of drug exposure in utero relatively late in pregnancy. It is not possible to distinguish a single concentration time-point of drug exposure. Furthermore, differing amounts of melanin in neonatal hair may confound measured drug concentrations. Higher amounts of melanin present in dark colored hair can bind more drug than lighter colored hair (Slawson et al., 1998).
ALTERNATIVE APPROACHES TO ESTIMATE MATERNAL-FETAL DRUG TRANSFER
While in utero PK studies are ideal, decreases in prenatal testing limit access to biospecimens collected before birth. The difficulties associated with biological fluid and tissue sampling during pregnancy have motivated the development of alternative methods to study fetal drug exposure.
Physiologically based pharmacokinetic (PBPK) modeling
Background
PBPK models are mathematical tools that integrate drug-specific information (e.g., metabolism, protein binding) and system-specific information (e.g., organ size, blood flow) to predict the effect of physiological conditions (e.g., pregnancy) on drug exposure (Edginton et al., 2006; Zhao et al., 2011; Dallmann et al., 2019a; Dallmann et al., 2019b; Silva et al., 2022). To model drug exposure in pregnant individuals, pregnancy-related virtual organs can be linked to the PBPK model. Model parameters (e.g., increased GFR) can then be modified to reflect pregnancy physiology (Dallmann et al., 2018). One advantage of PBPK models includes the ability to use published or opportunistic PK study data to predict fetal drug exposure. This combined approach allows for the simulation of clinical trials, improved trial design, and reduced number of pregnant individuals needed for PK dosing studies.
Maternal-fetal drug transfer
Pregnancy PBPK models have demonstrated excellent capabilities in the last few decades as predictive tools for maternal and fetal populations. These models build on existing information and data to describe maternal-fetal drug transfer throughout pregnancy. There is an increasing focus on methodologies for including placental transfer physiology to describe fetal exposure (De Sousa Mendes et al., 2017; Zhang et al., 2017; Zhang et al., 2018; George et al., 2020; Liu et al., 2020; Mian et al., 2020; Gingrich et al., 2021; Abduljalil et al., 2022a; Bukkems et al., 2022; Peng et al., 2022). Methodologies capitalize on available in vitro, in vivo, and ex vivo studies in animals and humans to inform models for fetal exposure. These combined advancements have allowed for the consolidation of physiological changes into reference databases for pregnancy models (Dallmann et al., 2017; Dallmann et al., 2019a; Abduljalil et al., 2022b). PBPK models and databases provide a quantitative framework for placental transfer and examining fetal exposure throughout pregnancy. This framework has the flexibility to incorporate changes in drug-specific and physiology-specific components to advance our understanding of maternal PK and fetal drug exposure.
Limitations
PBPK model validation still requires biologic sampling. While smaller sample sizes are required for PBPK modeling, pronounced physiological changes necessitate dynamic assumptions for model building. Additional data are needed throughout gestation to improve model accuracy, build inter-individual and intra-individual variability, and validate the PBPK models (Center for Drug Evaluation and Research, 2019).
Placenta-on-a-chip
Background
The placenta is responsible for regulating drug transfer to the fetus during pregnancy. To explore this, a “placenta-on-a-chip” system that mimics the structure and function of the human placenta has been assessed. This microdevice concept typically includes the static culture of trophoblast monolayers in Transwell inserts to mimic the placental passage of compounds (Poulsen et al., 2009). Some advanced models include human trophoblast cells and villous endothelial cells cultured in apposition on a semipermeable membrane under flow conditions (Blundell et al., 2018). This in vitro device offers the opportunity to carry out non-invasive experiments that do not interfere with the care of the mother or fetus.
Maternal-fetal drug transfer
An advanced placenta-on-a-chip model has been developed to study transporter-mediated drug efflux. The placental barrier’s multilayered architecture and hemodynamic environment were mimicked with a single device in vitro (Blundell et al., 2018). Examination of the model assessing glyburide transfer was consistent with some in vivo studies (Elliott et al., 1991; Langer et al., 2000). This model for drug transfer is appealing as it gains the capacity to precisely control and manipulate critical parameters of placental drug transport. Placenta-on-a-chip models have explored the transfer of other compounds, including caffeine and nanoparticles (Nadanaciva et al., 2011; Pemathilaka et al., 2019).
Limitations
These studies offer reasonable contributions to assessing the maternal-fetal transfer of different compounds using in vitro strategies; however, additional research is needed to confirm these models. Future development requires the incorporation of changes in drug transporters and metabolizing enzymes throughout gestation.
DISCUSSION
A better understanding of maternal-fetal pharmacology is critical for both the mother and fetus. Changes in anatomy and physiology during pregnancy can result in supra- or subtherapeutic dosing. In current practice, dosage adjustments for medications during pregnancy are rare due to limitations in literature and dosing guidance. Dosing adjustments may be necessary for drugs that put the fetus at increased risk. In particular, additional data are needed for drugs or medications that concentrate in the fetal compartment. Further investigation of fetal drug PK in pregnancy is a priority area with implications for both mother and fetus.
Improved methods and protocols are needed to collect concentration data throughout gestation. Convenience sampling is a method that would allow sample collection during already indicated in utero procedures. By utilizing multiple procedures, concentration time-point measurements can be collected during each trimester. For example, CVS is typically conducted in the first trimester, while amniocentesis is carried out during the second trimester and cordocentesis is available in the early third trimester. Further collection of these biospecimens in addition to cord tissue, meconium, and neonatal hair at or after delivery can provide additional PK data. Incorporation of PK data with alternative approaches can inform fetal drug exposure.
Given the inherent limitations of invasive sampling, alternative approaches are necessary to supplement our understanding of fetal drug disposition. Examples of alternative approaches include traditional animal models as well as in silico and in vitro methods. Historically, animal models have been utilized to study the passage of drugs from mother to fetus, yet these results are not always transferrable to humans (Bracken, 2009). Animal placental anatomy, gestation lengths, and translatability to the clinical setting should be considered when using this approach (Grigsby, 2016). PBPK modeling used to describe medications administered during pregnancy is becoming more popular, but data to validate this approach is essential. In attempt to provide pregnancy exposure data to the public, the FDA organizes registries that collect information on exposure to medical products during pregnancy (Food and Drug Administration, 2023). However, limited concentration data for validation of fetal exposure is available through these post-marketing registries. It is therefore necessary to supplement this data with well-designed, opportunistic trials as well as share study results from academic and government institutions. Placenta-on-a-chip and other experimental in vitro approaches (Myllynen and Vahakangas, 2013) have the potential to provide important information; however, these techniques currently lack integration of changes that occur throughout pregnancy. Excellent examples of combining multiple approaches to estimate human fetal drug exposure have recently been published (Balhara et al., 2022; Roelofsen et al., 2022). Alternative approaches can provide insight into fetal drug exposure during human pregnancy and inform dosing in clinical trials that include pregnant individuals.
The importance of including pregnant individuals in drug therapy studies cannot be overstated. The U.S. Food and Drug Administration (FDA) has recently focused attention on the importance of including pregnant individuals in clinical trials (Vasisht et al., 2021), and drawn attention to their extensive Final Rule on drug labeling for use during pregnancy (Food and Drug Administration, 2014). In addition, the FDA recommends that clinical research including pregnant individuals meet all ten conditions specified in the U.S. Department of Health and Human Services regulations (Food and Drug Administration, 2018). These regulations acknowledge the variations in local regulations involving pregnant minors in pregnancy-related research and outline how to consider risks to both the mother and fetus. Regulations for considering the fetal effects of new drugs are extremely limited, as pediatric regulations (21 CFR subpart D) do not apply to the fetus (Green et al., 2021). Only U.S. Health and Human Service regulations (45 CFR Part 46) apply to the fetus (Green et al., 2021). Rules and regulations from the FDA, European Medicines Agency, and other agencies outline ethical considerations associated with conducting clinical trials involving pregnant individuals (European Medicines Agency, 2005; International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), 2016; Food and Drug Administration, 2022).
Ethical considerations in fetal medicine are complex, involving the interests of the mother, the father, and the fetus. Medications administered to the mother during pregnancy cross the placenta to reach the fetus in varying amounts. Fetal exposure may be below or above the NOAEL (no observable adverse effect level), which is the threshold for an adverse fetal effect. Prospective studies to determine NOAEL without therapy intended to benefit the mother, fetus, or both is unethical. The extent of maternal drug disposition and the amount of maternal-fetal drug transfer varies for specific pathways throughout pregnancy. By utilizing available data, convenience biospecimen sampling, and alternative approaches, we can optimize clinical care and minimize risk to the mother and fetus during pregnancy.
CONCLUSION
Ethical considerations are unavoidable when considering pregnant individuals in clinical trials and research studies. Notably, anatomical and physiological changes throughout pregnancy can impact risk associated with medication or illicit drug use. Here, we present different sampling options from various biospecimens in utero and following birth to aid in quantifying maternal-fetal drug transfer. Biospecimen samples may opportunistically be collected during a procedure for a prenatal standard of care medical decision. Non-invasive approaches, including animal models, PBPK modeling, and in vitro methods, provide a gateway for scientists to explore fetal drug transfer without putting the mother or fetus at risk. These and other innovative methods are necessary to advance the field of maternal-fetal pharmacology.
Nonetheless, future exploration is necessary when investigating medications in pregnant populations.
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High-frequency magnetic resonance-guided focused ultrasound surgery

Myomectomy
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Fibroid removal

Yerezhepbayeva et al. (2022)
Khan et al. (2014)

Keseri et al. (2020)

Duc et al. (2018)

Florence and Fatehi, (2022)
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Giuliani et al. (2020)
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Stewart et al. (2016)
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Giuliani et al. (2020)
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Giuliani et al. (2020)
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Non-steroidal anti-inflammatory drugs
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Variable

pH

Complications

Complicated
cases

Mean + SD
734014

Non-
complicated
case
Mean +SD
735009

HCO3 (mmol)

2243+539

2316+ 4.46

Pa02 (mmHg)

832173

80.08 = 1675

So2

93.48+ 621

94.14+7.17

Paco2 (mmHg)

3949+ 1335

3831906

Na (mEqL)

13838+ 624

13851 +4.18

K (mEqL)

43107

408 = 0.06

Cl (mEqL)

103.07 + 1063

10121 +5.76

Mg (mg/dl)

1.7 £0.46

1732041

Cholinesterase
level (IUL)

3053.38 + 294296

3019.71 £ 219765

ALT (IUL)

68.66 + 162.63

3001913

AST (IUL)

755 +216.05

2008+ 13.08

Sbilirubin (mg/dl)

339+1479

095+ 1.07

RBCs (Cell/ml)

465052

486099

Hb (gm/dl)

13.28 +2.06

13.67 + 2.46

'WEBCs (Cell/ml)

12,79384 +
26,637.39

1931481 =
45,475.02

Urea (mg/dl)

30.08+9.96

319+884

BUN (mg/dl)

18+39.31

11.74+58

INR

111026

109021
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Variable Toxicity level X2 | p-value
Mild | Moderate | Severe

Type of poisons | No. (%) | No. (%) | No. (%)
Al types
Animal envenomation 1(50) 1 (50) 0(0.0)
Household products 3 (20 5(333) 7 (46.7)
Pharmaceutical products | 40 (408) | 29 (29.6) | 29 (29.6)
Plant envenomation 3 (429) 3 (429) 1(14.3)
products
[ 7092 | 9075 | 8(33) [143] 0487
| 40 (408) | 29 296) | 29 (29) |

[44@19) | 33314 [ 30067 [558] 0061
[ 300 | 5083 | 7667 |

[44383) | 3504) |36(313) 274] 0254
[ 329 | 329 | 1043 |

[ 46 (383) | 37308) | 37 (308) 091 0632
| 160) 1(50) 000) |

Route of poisons
Ingestion

[ 6086 | 8@ | 7033 262
[ 41G06) | 30 (297) | 30(297) |

45691 | 36(313) [ 34296 [202] 0363
[ 2086 | 2086 | 328 |

[ 46396) | 35(302) [ 35302 [152
[taen | 360 | 2033 |

[44686) | 35007) |35 307) 249
[ 3075 | 3675 | 209 |

Mode of poisoning
Accidental

[ 6@ [ 12608 [ 1182 [018] o094
[31073) | 26(13) | 26(313) |

Intentional
No (31673 | 26613 [ 26013 |I).48| 0787
Yes [16@) | 12618 | 1@82) |

Time of exposure

30 min

[32076) | 26 Go6) | 27 (318) [027] 0872
(15005 | 120629 | 1007 |

(31049 | 300633 [29022 [2a
[ 1660 | ses | se |

|39 w06) | 28(292) [ 29302 [1.08] 0581
[ 8(G08) | 10(85) | 8(3080 |

(4@ | 350613 [3177) 546
| 100 3(30) 6(60) |

More than 12 h

No [ 2w | 3105 [320605 1.06‘ 0.586
Yes [ 504 | 7412 | 504 |

Place of poisoning

Home

No (15405 [ 1009 [12029 042

Yes [32076) | 28(29) | 25(299) |

Hospital

[44376) | 36 08) | 37316 |233] 0311
[ 360 | 260 | 000 |

Outside home
No [36(96) | 30 (33) | 25275 144
Yes 8(25.8)
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Variable Toxicity leve X2-one-way Anova p-value
Moderate Severe
Age 563393 48634 518 365 2 0652
Height 10308 +31.73 9642599 1041 £25.12 » 0386
Weight 2738+ 146 22032949 2359956 3 0398
BMI 29.66+33.29 27.11 2361 243476 2 0191
Gender
— Female 20 (40) 18 (36) [ 12 24) 18 0.405
— Male 27 (375) 20 (27.8) | 25 (347)
Nationality
~ Non-Saudi 17 (333) 15 (29.4) | 19 (373) 208 0353
— Saudi 30 423) BG4 | 18054
‘products (1)
~ Depakin 1.(100) 0(0.0) 0(00)
— Olanzapine 5 mg 0(00) 1(100) 0(00) 138 0464
~ Cannabinoids 1.(100) 0(0.0) 0(0.0)
~ Carbamazepine 0(00) 0(0.0) 1 (100)
— Hydrogen peroxide 6% 1(100) 0(00) 0(0.0)
~ Methanol 0(0.0) 0(0.0) 1.(100)
- Two ical products (1) 44 (383) 36 (313) 35 (304)
— Risperidone 0(0.0) 1(100) 0(0.0)
Pharmaceutical products (2)
~ Lorazepam 0 (0.00 1(100) 0(00)
— Two pharmaceutical products (2) 46 (38.7) 36 (30.3) 37 3L 607 0415
~ Propranolol 1.(100) 0(0.0) 0(0.0)
~ Valproate sodium 200 mg 0(0.0) 1(100) 0(0.0)
Poison forms
—~ Capsule 0(00) 1(100) 0(00)
~ Inhalation 1.(100) 0(0.0) 0(00) 61 0412
~ Two poison forms 46 (38.7) 37 (3L1) 36 (303)
~ Tablet 0(00) 0(0.0) 1.(100)

BB Kkl Mialks iast.
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Variable

GIT decontamination

Total

No. (%)

Mild

Toxicity level

Moderate

Severe

p-value

- No GIT

71 (58.2)

19 (268)

2231

30 (423)

— Activated charcoal

31 (254)

20 (64.5)

8(25.8)

3097)

— Dilution

3(25)

2 (66.7)

1(33.3)

0 (00)

~ Gastric lavage

15 (123)

5(33.3)

7 (46.7)

320

— Ipecac syrup

1(08)

1(100)

0 (0.0)

0 (0.0)

— Whole bowel irrigation

1(08)

0(0.0)

0 (00)

1(100)

Antidote

~ No antidote

97 (79.5)

42 (433)

28 (289)

27 (278)

~ Atropine

1(08)

0(0.0)

1.(100)

0 (00)

— Deferoxamine

1(08)

1(100)

0 (0.0)

0 (0.0)

— Flumazenil

7(57)

1(143)

1(14.3)

5 (714)

— N-Acetyleysteine

10 (82)

20)

5 (50)

3 (30)

— Naloxone

4(33)

0(0.0)

2 (50)

2 (50)

— Physostigmine

1(08)

0(0.0)

1 (100)

0 (00)

~ Thiamin

1(08)

1 (100)

0(0.0)

0 (00)

Oxygen therapy

— No oxygen therapy

80 (65.6)

39 (48.4)

22(275)

19 (238)

— Intubated

42 (344)

8(19)

16 (38.1)

18 (429)

Enhancement Elimination

— No enhancement elimination

103 (84.4)

40 (38.8)

31 (30.1)

32 (3L1)

— Forced acidic diuresis

2(1.6)

0(0.0)

2 (100)

0 (00)

— Forced alkaline diuresis

325)

1(333)

1(33.3)

1(33.3)

1(08)

0(0.0)

0 (00)

1(100)

~ Hemoperfusion

1(08)

0(0.0)

1(100)

0 (00)

— Repeated-dose activated charcoal

12 (98)

6 (50)

3(25)

3 (25)

Pre-hospital Management

— No pre hospital

97 (795)

43 (44.3)

24 (247)

30 (30.9)

— Activated charcoal

1(08)

1 (100)

0(0.0)

0 (00)

— Atropine-Diazepam

1(08)

0.(0.0)

1 (100)

0.(0.0)

— Diazepam, phenytoin and phenobarbitone

1(08)

0(0.0)

0(0.0)

1 (100)

~ Drink juice

1(08)

0(0.0)

1 (100)

0 (00)

— Drink water

2(16)

0(0.0)

2 (100)

0 (00)

— Flumazenil

1(08)

0(0.0)

0 (0.0)

1(100)

— IV fluid

10 (82)

1(10)

8 (80)

1(10)

— IV fluid and vitamin

1(08)

0(0.0)

1.(100)

0.(0.0)

—~ Keppra 500 mg

1(08)

1(10)

0 (00)

0 (00

- Neacetylcysteine

1(08)

0(0.0)

0(0.0)

1 (100)

— Sedation, fluids, and phenytoin

1(08)

1 (100)

0(0.0)

1 (100)

— Ventilated

4033

1(25)

1(25)

2 (50)

Current medications

— No current medications

48 (39.3)

18 (37.5)

14 (292)

16 (333)

— Activated charcoal

5 (41)

2 (40)

1(20)

2 (40)

— Acyclovir and ceftriaxone

3(25)

1(333)

1(33.3)

1(333)

~ Antibiotic

5(4.1)

3 (60)

0 (0.0)

2 (40)

— Ceftriaxone, acyclovir, and vancomycin
— Fentanyl and midazolam

1(08)
1(08)

0(0.0)
0(0.0)

0 (00)
0.(00)

1(100)
1(100)

— Flumazenil

1(08)

1 (100)

0(0.0)

0 (00)

— IV fluid

32 (262)

12 (37.5)

15 (469)

5 (15.6)

— IV fluid, thiamin

1(08)

1(100)

0 (0.0)

0 (0.0)

— IV fluid, vitamin

1(08)

1 (100)

0 (0.0)

0 (0.0)

— Laxative

2(16)

1(50)

1(50)

0 (0.0)

— Mannitol, dezocine
~ Mechanical ventilation

1(08)
1(08)

0(0.0)
1 (100)

0 (00)
0(00)

1(100)
0(0.0)

1(08)

0(0.0)

1 (100)

0 (00)

- N-acetylcysteine

5 (4.1)

120

2 (40)

2 (40)

- NAD

2 (1.6)

0(0.0)

2 (100)

0 (0.0)

— Naloxone

1(08)

1 (100)

0 (0.0)

0 (0.0)

— Observation

2(16)

1(50)

1.(50)

0(0.0)

— Omeprazole injection

2(16)

0(0.0)

0(0.0)

2 (100)

— Pain killer, antibiotic

1(08)

1 (100)

0(00)

0 (00)

— Supportive treatment

1(08)

0(0.0)

1(0.0)

0 (00)

— Tazocine and IV fluid

1(08)

0(0.0)

0 (0.0)

1(100)

— Vancomycin

1(08)

1 (100)

0 (0.0)

0 (00)

~ Ventolin, Methylprednisolone, phenytoin, vancomycin, and acyclovir

1(08)

1(100)

0 (0.0)

0 (0.0)

— Vitamin

2 (16)

2 (100)

0 (0.0)

0 (0.0)
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Symptoms Total Toxicity level ( p-value

No. (%) Moderate Severe
— Only GIT symptoms 20 (13.1)
— GIT, CVS, respiratory, dermal, and neurological 2(16)
~ GIT, CVS, respiratory, and 2(16)
— GIT, CVS, dermal, and neurological 2(16)
- GIT, CVS, and i 1(08)
— GIT and respiratory 1(08)
~ GIT, respiratory, and dermal 2(16)
~ GIT, respiratory, dermal, and neurological 5(41)
— GIT, respiratory and neurological 12 (9.8)

— GIT and dermal symptoms 3(25)
~ GIT, dermal, and neurological 1(08)
— GIT and neurological 29 (238)
— Only CVS 1(08)
— CVS, respiratory, and neurological 325
— CVS, dermal, and neurological 2 (16)
- CVSand symptoms 1(08)
— Only respiratory 5 (4.1)
— Respiratory, dermal, and 1(08)
— Respiratory and neurological 5 (41)
~ Dermal and neurological 3(25)
— Only neurological symptoms 21 (164)
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Major drug class Toxicity level ? p-value

Moderate Severe
— 3,4-Methyl one
— Aerosol spray
~ Alcohol
— Analgesic

~ Analgesic non-opioid

— Antidiabetic drug
— Antidepressant

~ Antiepileptic, anticonvulsant
~ Antihistamine
~ Antipsychotic and antihypertensive

~ Antipyretic

~ Atypical antipsychotics

— Benzodiazepine

— Cannabis
~ CNS stimulant
— CNS stimulants, Hallucinogens

— Corrosive agent

— Detergent
~ General anesthetics
~ Glycopeptide antibiotics

~ Hallucinogens

— Heavy metal

—~ Hydrogen peroxide

— Proton pump inhibitors

— Psychoactive drugs
~ Second-generation antipsychotics

~ Sedative-hypnotics

— Selective serotonin reuptake inhibitors
— Senna leaves Rhubarb Root Powder

~ Supplement food

— Volatile substances
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Variable

Toxicity level

Moderate

Severe

p-value

~ — Olanzapine 5 mg

108)
1(08)

1 (100)

0(0.0)

0(00)

0 (0.0)

1(100)

0(0.0)

-G

1(08)

1 (100)

0(0.0)

0(00)

~ Carbamazepine

1(08)

0(00)

0(0.0)

1 (100)

— Hydrogen peroxide 6%

1(08)

1 (100)

0(0.0)

0 (0.0)

— Methanol

1(08)

0 (00)

0(0.0)

1(100)

~ Risperidone

1(08)

0 (00)

1 (100)

0(00)

~ Lorazepam

1(08)

0(00)

1(100)

0(00)

— Propranolol

1(08)

1 (100)

0(0.0)

0(00)

~ Valproate-Na (200 mg)

1(08)

0(00)

1(100)

0(00)

Dosage form

— Capsule

17 (139)

6 (35.3)

8 (47.1)

3(17.6)

~ Chewable tablet

1(08)

1 (100)

0(0.0)

0(00)

- Gas

2(16)

0(00)

1 (50)

1(50)

~ Injection

6(49)

2(333)

3(50)

1(176.7)

— Mouth wash

1(08)

0(00)

0(0.0)

1 (100)

— Powder

345)

0(00)

0(0.0)

3 (100)

— Solution

16 (13.1)

5(31.3)

5(313)

6(37.5)

— Suppository

1(08)

1 (100)

0(0.0)

0(0.0)

— Suspension

3(25)

2(66.7)

1(333)

0(00)

— Syrup

19 (15.6)

5(263)

5(26.3)

9 (47.4)

— Tablet

52 (426)

25 (48.1)

14 (26.9)

13 (25)

— Inhalation

1(0.8)

1 (100)

0(0.0)

0 (0.0)
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Secretome type Bioactive Source cell Target cells Effects Ref. No.

compounds type or tissue
Exosome miR-323-3p AMSCs cumulus cells Inhibit apoptosis in GCs, regulation of Zhao et al. (2019)
steroidogenesis
miR-146a, miR-10a AFSCs GCs Inhibit apoptosis in GCs. Xiao et al. (2016)
miR-664-5p BMSC GCs Inhibit apoptosis in GCs. Sun et al. (2019)
Conditioned media ~ IL-10 BM-hMSCs  intra-ovarian Reduce inflammation and androgen secretion Chugh etal. (2021b)
injection
BMP-2 BM-hMSCs H295R cells* Reduce Steroidogenesis Chugh etal. (2021a)
EGF, IGF-1 MSCs Oocyte Improve oocyte maturation Ling et al. (2008)
Extracellular vesicle  miR-21 AEMSCs GCs Inhibit apoptosis in GCs Thabet et al. (2020)

BMP, Bone morphogenetic proteins; GCs, granulosa, cells; BM-hMSCs, Human bone marrow mesenchymal stem cells; BMSC, Bone mesenchymal stem cell; AMSCs, Adipose
mesenchymal stem cells; AFSCs, Amniotic fluid stem cells; AFMSCs, Amniotic fluid mesenchymal stem cels.
Wiy iirg: coll sculture motel for-andsogen prediaction:
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Mouse et al, 2017

Kharb et al,, 2017

Australia

India

Randomized
controlled trial

Cross-sectional
study

Overweight type

1 or 2 diabetes

140/90 mmHg

102

50

319

Triglycerides, total
cholesterol, HDL, LDL,
vitamin D, adiponectin,
IL-6, MCP1

Triglycerides, total
cholesterol, HDL, LDL,
leptin, IGF-1

Vitamin D in obese
pregnant women is
associated with an increase
in cardiovascular risk
during pregnancy and this
association is mediated by
adiponectin

Alterations in biochemical
‘markers of growth and
obesity occur in mothers
and fetuses and
modifications in the
uterine environment can
contribute to prevent
future cardiovascular risk

Perichart-Pereira
et al,, 2017

Mexico

Prospective
cohort

140/90 mmHg

177

27

Insulin, total cholesterol,
HDL, LDL, triglycerides,
IL-1B, leptin, adiponectin

Maternal weight status
affected the concentrations
of insulin, leptin,
adiponectin, triglycerides
and C-reactive protein
throughout pregnancy

Gauster et al.,
2017

Austria

Cross-sectional
study

diabetes

17

31

TNF-a, HSP70, HO1

Diabetes increases
placental cellular stress in
the first trimester

Bashir et al,, 2017

Ferguson et al.,
2016

Saudi Arabia/
Egypt

United States

Cross-sectional
study

Prospective
birth cohort

140/90 mmHg

140/90 mmHg

158

441

27

20-40

Leptin, TNF-a, SOD, NO,
IL-6

C-reactive protein, IL-1§,
IL-6, IL-10, TNF-a

The combination of PE and
high altitude residence
resulted in significantly
clevated maternal serum
leptin

Demonstration of
significant associations
between biomarkers of
inflammation and
oxidative stress and PE

Estensen et al.,
2015

Norway

Longitudinal
study

140/90 mmHg

95

xn

STNERI, sVCAM.

Preeclamptic pregnancies
are characterized by
increased circulating levels
of systemic and vascular
inflammatory markers

Udenze et al,,
2015

Drost et al.,, 2014

Nigeria

The
Netherlands

Case-control
study

Retrospective
cohort

160/110 mmHg

130/90 mmHg

100

671

32

29

IL-6, CRP, TNF-a

Adiponectin, Leptin,
SVCAM.

‘The inflammatory
cytokines IL-6, TNF-a and
C-reactive protein are
elevated in severe PE

The authors demonstrated
an independent association
of preeclampsia with SE-
selectin and PAPPA, which
may contribute to future
cardiovascular events in
women post-PE

Du et al,, 2013

Babu et al., 2012

Can et al., 2011

United States

India

Turkey

Cross-sectional
study

Case-control
study

Cross-sectional
study

PE with diabetes

140/90 mmHg

140/90 mmHg

66

90

104

30

23

30

Cereactive protein, IL-1ra

C-reactive protein

C-reactive protein

In pregnant women with
diabetes, elevated
C-reactive protein and IL-
Ira were associated with
subsequent PE

Oxidative stress and the
inflammatory response are
greater in women with PE
compared to pregnant
women with gestational
hypertension

‘The results confirm that
inflammatory reactions are
closely associated with PE

PE, preeclam

SBP, epstilic Wiod pivesins: DEP; dinsolic hlood sresine





OPS/images/fphar-13-1021581/crossmark.jpg
©

|





OPS/images/fphar-14-1082066/fphar-14-1082066-g005.gif





OPS/images/fphar-13-966400/fphar-13-966400-g001.gif
Pubmed/Medine Embase Advanced Cochrane Advanced
i 0 e sewen
years, s, o .
Py

praneesy

P —






OPS/images/fphar-14-1082066/fphar-14-1082066-g006.gif
s s o T

mases S———

R PR





OPS/images/fphar-13-966400/fphar-13-966400-g002.gif
A Meta-analyses of Leptin (ng/mL) smong preeclampsiz (woman pregrant with
preeclampsia) and control (worman pregaant without preeclampsia).

8 Meta-analyses o Tota cholesterol (mg/dt) among preeciamsia (woman pregnant

withpreectampia) nd control(woman pregnant without preeciampsi)

[ R i W R .

DR MR B AR R -

o - o s e .
o900 20 g i

T L S

c Meta-analyses of HOL (mi/dL) among preeclampsa (woman pregnant with
preeclampsia) and control (woman pregnant without preeclampsia.

" o e ™5 e s s v
[ N R 1
I T T ——
sy s s e e bt o,
e i aan
B3 S4ESETE OEE e
e o e e

Vet a5 k<500 e





OPS/images/fphar-14-1082066/fphar-14-1082066-g007.gif
—

e

-






OPS/images/fphar-13-966400/fphar-13-966400-g003.gif
A

Meta-analysis of Triglycerides (mg/dL) among preeclampsia {woman pregnant

with preeclampsia) and control (woman pregnant without preeclampsia)

o e e ™5 et e S Prrtisee]
BE AAaonoir mms —
o o i
I R ——

preeclampsia and contrl (woman pregnant without preeclampsia.

N R T T
N SVE G UIPHORNDCOEEN
osomer w e g

e e e o

Meta-analyss of 16 (pg/mL) amang preeclampsia (woman pregnant with

c
preeciampsia) and control (woman pregnant without preeclampsia.

o e

nalsis of G reactive protein (m/dt) among preeclampsia (woran

pregnant with preeclamsia) and contol (woman pregnant without preeclampsia.

o R O - T o
AN R U S —
o o o iz -






OPS/images/fphar-14-1082066/fphar-14-1082066-g001.gif





OPS/images/fphar-14-1082066/fphar-14-1082066-g002.gif





OPS/images/fphar-14-1082066/fphar-14-1082066-g003.gif





OPS/images/fphar-14-1082066/fphar-14-1082066-g004.gif





OPS/images/fphar-13-1045783/inline_8.gif





OPS/images/fphar-13-1045783/inline_9.gif
25 - 29 kg/m*





OPS/images/fphar-14-1082066/crossmark.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Emerging researchers in frontiers in pharmacology: Obstetric and pediatric pharmacology 2022



		Editorial: Emerging researchers in frontiers in pharmacology: obstetric and pediatric pharmacology 2022



		1 The aim and scope of this Research Topic



		2 Overview of contributors



		2.1 Diseases during pregnancy



		2.2 Children diseases



		2.3 Uterine and ovarian diseases









		3 Conclusion



		Author contributions



		Publisher’s note



		References









		Efficacy and Safety of Various First-Line Therapeutic Strategies for Fetal Tachycardias: A Network Meta-Analysis and Systematic Review



		Introduction



		Methods



		Study Protocol



		Search Strategy



		Study Selection



		Study Quality Assessment



		Data Assessment and Statistical Analysis









		Results



		Study Inclusion and Data Extraction



		Combination Therapy of Digoxin and Flecainide Revealed Superiority for Cardioversion



		Intrauterine Death



		Safety Index



		Quality Evaluation and Publication Bias









		Discussion



		Strengths and Limitations









		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Publisher’s Note



		Supplementary Material



		References









		Association of LEPTIN and other inflammatory markers with preeclampsia: A systematic review



		Introduction



		Methods



		Statistical analysis



		Results



		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Publisher’s note



		References









		Mesenchymal stem cells-derived exosomes as a promising new approach for the treatment of infertility caused by polycystic ovary syndrome



		Introduction



		Mesenchymal stem cells-derived exosomes



		Potential applications of MSCs-derived exosomes in PCOS patient



		The effects of bioactive compounds in the MSC-derived exosomes and secretome



		Potential applications of MSCs-derived exosomes in enrichment IVM culture medium









		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Publisher’s note



		References









		Tissue concentration of vascular endothelial growth factor is not related to the depth of trophoblastic invasion in ampullary pregnancies—A pilot study



		1 Introduction



		2 Materials and methods



		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Publisher’s note



		References









		Research trends and frontiers on antiphospholipid syndrome: A 10-year bibliometric analysis (2012–2021)



		Introduction



		Materials and methods



		Data collection



		Data analysis









		Results



		Analysis of publication trends



		A bibliometric online analysis platform for visualization of country collaboration



		CiteSpace for visualization of institution collaboration



		CiteSpace for visualization of authors and co-cited authors



		VOSviewer for visualization of journals and co-cited journals



		Analysis of highly-cited articles



		CiteSpace for visualization of co-cited references and references burst



		VOSviewer for visualization of keywords co-occurrence and evolution and CiteSpace for visualization of keywords burst









		Discussion



		General information



		The analysis of hotspots and frontiers



		Limitations









		Conclusions



		Data availability statement



		Author contributions



		Publisher’s note



		Abbreviations



		References









		Assessment by ABPM verified the presence of hypertension in patients with self-reported hypertension, pregnant women, as well as differences between ethnicities in women aged 38-39 years in the Ribeirão Preto cohort



		Introduction



		Materials and methods



		Study design



		Evaluation of anthropometric measurements



		Arterial stiffness assessment



		Blood and urine collection



		Questionnaire applied to women



		Blood pressure measurement by ambulatory blood pressure monitoring



		Statistical analysis









		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Publisher’s note



		References









		The safety and efficacy of esketamine in comparison to dexmedetomidine during drug-induced sleep endoscopy in children with obstructive sleep apnea hypopnea syndrome: A randomized, controlled and prospective clinical trial



		Introduction



		Materials and methods



		Ethics approval



		Study design, setting and population



		Observational index



		Statistical analysis









		Results



		Demographic and polysomnography data



		Vital signs



		Time for each procedure



		University of michigan sedation scale score, bispectral index and awakening and behavior judgment score



		Adverse effects, propofol rescue and percentage of success









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Publisher’s note



		Abbreviations



		References









		Precision caffeine therapy for apnea of prematurity and circadian rhythms: New possibilities open up



		1 Introduction



		2 Tough challenges and new findings in current caffeine therapy for AOP



		3 The functions and mechanisms of human circadian rhythms



		3.1 The functions of human circadian rhythms



		3.2 The mechanisms of human circadian rhythms









		4 The formation and development of human circadian rhythms



		4.1 The formation of circadian rhythms: Does fetus have circadian rhythms?



		4.2 Prenatal circadian rhythms: Complex interaction of maternal, placental, and fetal circadian systems



		4.3 Postnatal circadian rhythms: Progressive maturation along with ontogenesis









		5 The characteristics of circadian rhythms in preterm infants



		5.1 Sleep-wake rhythms



		5.2 Cardiorespiratory rhythms



		5.3 Body temperature rhythms



		5.4 Hormonal rhythms









		6 The effects and mechanisms of caffeine on circadian rhythms



		6.1 The effects of caffeine on circadian rhythms



		6.2 The mechanisms of caffeine on circadian rhythms









		7 The effects of caffeine on circadian rhythms in preterm infants



		7.1 The effects on sleep-wake rhythms



		7.2 The effects on cardiorespiratory rhythms



		7.3 The effects on other rhythms









		8 Circadian-based caffeine therapeutic strategies for AOP: New possibility opens up



		8.1 Considering the circadian changes



		8.2 Considering the chronopharmacology



		8.3 Considering the other external stimuli









		9 Conclusion



		Author contributions



		Funding



		Acknowledgments



		Publisher’s note



		References









		Uterine fibroids — Causes, impact, treatment, and lens to the African perspective



		Introduction



		Location



		Submucosal



		Subserosal



		Pedunculated



		Fibroid cell types and architecture



		Effects



		Prevalence



		Causes









		Non-hormonal



		Genetic modifications



		Estradiol



		Progesterone



		Lifestyle



		Treatments



		Surgical



		African perspective



		Diagnosis



		Treatment









		Future directions



		Author contributions



		Funding



		Publisher’s note



		References









		The current trend of exosome in epithelial ovarian cancer studies: A bibliometric review



		1 Introduction



		2 Methods



		3 Results



		3.1 Scientific productivity by years and subject areas



		3.2 Countries



		3.3 Organizations



		3.4 Authors



		3.5 Citations



		3.6 Journals



		3.7 Funding sponsors



		3.8 Keywords









		4 Discussion



		5 Study limitations and sampling bias



		6 Conclusion



		Data availability statement



		Author contributions



		Publisher’s note



		References









		Patterns of acute poisoning for children during outbreak of Corona virus in Makkah region Saudi Arabia



		Introduction



		Subjects and methods



		Study design



		Study population, setting and time frame



		Sampling methodology



		Ethical considerations



		Data analysis



		Results









		Discussion



		Conclusion



		Limitations



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References









		Drug exposure during pregnancy: Current understanding and approaches to measure maternal-fetal drug exposure



		Introduction



		Current understanding of maternal-fetal drug transfer



		Maternal anatomic and physiological changes during pregnancy



		Fetal drug exposure









		Fetal drug detection from biological fluid and tissue specimens



		Amniotic fluid



		Umbilical cord blood



		Placental tissue



		Meconium



		Umbilical cord tissue



		Neonatal hair









		Alternative approaches to estimate maternal-fetal drug transfer



		Physiologically based pharmacokinetic (PBPK) modeling



		Placenta-on-a-chip









		Discussion



		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Publisher’s note



		References























OPS/images/fphar-13-935455/fphar-13-935455-g002.gif





OPS/images/fphar-13-1053210/fphar-13-1053210-t005.jpg
Studies

Seppii-Moilanen
et al. (2021)

Koch et al. (2020)

Hassanein et al.
(2015)

Lee et al. (2010)

Hayes et al. (2007)

Chardon et al.
(2004)

Curzi-Dascalova
et al. (2002)

Thoman et al.
(1985)

Gabriel et al. (1978)

Dietrich et al.
(1978)

Subjects

21 preterm infants (GA:
28.4-33.6 weeks)

52 preterm infants (GA: 29.9 +
1.96 weeks) vs. 12 preterm infants (GA:
334 + 175 weeks)

20 preterm infants (GA: 3170 +
116 weeks)

35 preterm infants (GA:
24.9-319 weeks)

14 preterm infants (GA: 28.6 +

2.3 weeks) vs. 13 preterm infants (GA:
30.3 + 1.5 weeks) vs. 10 preterm infants
(GA: 324 & 1.5 weeks)

11 preterm infants (GA: 311
1.8 weeks) vs. 11 preterm infants (GA:
303 £ 2.0 weeks)

10 preterm infants (GA: 32.6 +
0.21 weeks) vs. 5 preterm infants (GA:
32.7 + 0.3 weeks)

4 preterm infants (GA: 28-30 weeks) vs.
5 preterm infants (GA: 29-35 weeks) vs.
28 term infants (GA: 37-42 weeks)

6 preterm infants (GA: 30.4-32.9 weeks)

9 preterm infants (GA: 26-32 weeks)

Treatments

Caffeine citrate (loading
20 mg/kg; maintenance:
5 mg/kg/day)

Caffeine citrate (loading:
20 mg/kg; maintenance:
5-10 mg/kg/day) vs. no-
caffeine

Caffeine citrate (loading

20 mg/kg)

Aminophylline (loading:
5 mg/kg; maintenance:

1.5 mg/kg/8 h)

Caffeine vs. theophylline vs.
untreated control

Caffeine citrate (4.0 +
0.5 mg/kg/day) vs. no-caffeine

Caffeine citrate (loading:
20 mg/kgs maintenance:
5 mg/kg/day) vs. no-caffeine

Theophylline vs. no-
theophylline vs. untreated
control

Aminophylline (loading:
5.5 mg/kg; maintenance:

1.1 mg/kg/8 h)

Aminophylline (loading:
5.8 mg/kg; maintenance:

1.4 mg/kg/8 h)

Methods of
evaluation

Polysomnography

Videographic recordings

aEEG recordings

aBEG recordings

Videographic recordings;
Actigraphy

Actigraphy; EEG; Eye
movement monitors; Visual
observations

Polysomnography

Direct behavioral
observations

Polysomnography

Direct behavioral
observations; EEG

Main findings

® Caffeine do not affect the sleep-arousal
characteristics of preterm infants on the
second day of treatment

o In caffeine cohort with GA 2 28 weeks
AS] and wakefulness as caffeine
concentrations and PNA increased over
the first 5 days of life

© In caffeine cohort with GA < 28 weeks
no clear caffeine effects on sleep-wake
behavior

© In no-caffeine cohort: no PNA effects
on sleep-wake behavior

© Aloading dose of caffeine leads to AS],
Q1 drowsiness|, quite alert], active
alert], crying]

© The sleep-wake cycling is more
prominent in preterm infants receiving
aminophylline at 34-36 weeks PMA

© Aminophylline use s associated with
the appearance of sleep-wake cycling in
preterm infants

© Methylxanthine duration is associated
with: AS], wakefulnessT, sleep-related
movements]

© Methylxanthine vs. untreated: arousal
rate], wakefulness |, sleep-related
movement| at night (from 24:00 to
05:00)

© Caffeine has no significant effects on the
TST, AS, QS, and IS for preterm infants
during the inter-feeding
intervals (2-3 )

® Caffeine has no significant effects on the
AS, QS, IS, wakefulness, and state
transitions for preterm infants during
daytime (from 09:00 to 19:00) between
33 and 34 weeks PMA

 Theophylline vs. no-theophylline for
preterm infants at 2-5 weeks post-term:
waking activityT, alert], drowse or
transitionT, AS|

© Theophylline preterm vs. untreated
term infants: waking activityT, alert,
drowse or transitionT, AS, QS|

® Sleep cycles of AS, QS, and IS are
unaffected during short-term
theophylline treatment and after drug
withdrawal

© During theophylline therapy vs. before
theophylline therapy: AST, QS1, IS],
wakefulness]

Abbreviations: aEEG, amplitude-integrated electroencephalography; AS, active sleep; EEG, electroencephalography; GA, gestational age; IS, indeterminate sleep; PMA, postmenstrual age;
PNA, postnatal age; QS, quiet sleep; TST, total sleep time.
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Studies

Seppii-Moilanen
et al. (2021)

Williams et al.
(2020)

Shivakumar et al.
(2019)

Huvanandana
et al. (2019)

Dix et al. (2018)

Dekker et al.
(2017)

Parikka et al.
(2015)

Hassanein et al.
(2015)

Ulanovsky et al.
(2014)

Supcun et al.
(2010)

Soloveychik et al.
(2009)

Hoecker et al.
(2006)

von Poblotzki
et al. (2003)

Hoecker et al.
(2002)

Bauer etal. (2001)

Dani et al. (2000)

Carniell et al.
(2000)

Govan et al.
(1995)

Chang and Gray,
(1994)

Bucher et al.
(1994)

McDonnel et al.
(1992)

Pryds and
Schneider, (1991)

Walther et al.
(1990)

Saliba ct al. (1989)

Walther et al.
(1986)

Subjects

21 preterm infants (GA:
28.4-33.6 weeks)

32 preterm infants (GA:
27.27-31.49 weeks)

185 preterm infants (GA: 295 +
1.6 weeks)

40 preterm infants (GA:
23.6-33.3 weeks)

34 preterm infants (GA: 28.8 +
2.1 weeks)

13 preterm infants (GA:
26-28 weeks) vs. 10 preterm
infants (GA: 27-29 weeks)

17 preterm infants (GA:
237-319 weeks)

20 preterm infants (GA: 3170 +
1.16 weeks)

21 preterm infants (GA: 30.3 +
2.5 weeks)

51 preterm infants (GA:
24-33 weeks)

43 preterm infants (GA: 27.62 +
2.94 weeks)

16 preterm infants (GA:
24-33 weeks)

16 preterm infants (GA:
24.0-29.5 weeks)

16 preterm infants (GA: 31 =
1.2 weeks)

18 preterm infants (GA:
28-33 weeks)

20 preterm infants (GA: 304 +
3.0 weeks)

18 preterm infants (GA: 327 =
1.1 weeks)

20 preterm infants (GA: 28.0 +
2.0 weeks)

10 preterm infants (GA:
27-32 weeks)

13 preterm infants (GA:
26-34 weeks)

10 preterm infants (GA:
23-31 weeks)

16 preterm infants (GA:
25-34 weeks)

10 preterm infants (GA: 29.6 +
3.0 weeks)

7 preterm infants (GA: 31.3 +
2.0 weeks)

10 preterm infants (GA: 307 +
0.8 weeks)

Treatments

Caffeine citrate (loading: 20 mg/kg;
maintenance: 5 mg/kg/day)
Caffeine citrate (loading: 20 mg/kg)

Caffeine citrate (loading: 20 mg/kg:
maintenance: 5 mg/kg/day) s
aminophylline (loading: 5 mg/kg:
‘maintenance: 1.5 mg/kg/8 h)

Caffeine base (loading: 10 mg/kg)

Caffeine base (loading: 10 mg/kg)

Caffeine base (loading: 10 mg/kg)

Caffeine citrate (loading: 20 mg/kg)
Caffeine citrate (loading: 20 mg/kg)
Caffeine citrate (loading: 15-20 mg/kg;
maintenance: 5-10 mg/kg/day)
Caffeine base (loading: 10 mg/kg)

Caffeine citrate (5, 10, 20 mg/kg)

Caffeine citrate (loading: 25 mg/kg/4 h;
‘maintenance: 10 mg/kg/day)

Theophylline (5 mg/kg)

Caffeine base (loading: 25 mg/kg:
maintenance: 5 mg/kg/day)

Caffeine citrate (loading: 10 mg/kg;
maintenance: 5 mg/kg/day)

Caffeine citrate (loading: 10 mg/kg;
maintenance: 2.5 mg/kg/day) .
aminophylline (loading: 5 mg/kg;
maintenance: 1.25 mg/kg/12 h)

Aminophylline (loading: 5 mg/kg;
‘maintenance: 1.25 mg/kg/12 h)

Aminophylline (loading: 6 mg/kg)

Aminophylline (loading: 7.5 mg/kg)
Aminophylline (loading: 6 mg/kg)

Aminophylline (loading: 6.2 mg/kg)

Aminophylline (loading: 10 mg/kg)

Caffeine citrate (loading: 20 mg/kg:
‘maintenance: 5 mg/kg/day)

Caffeine citrate (20 mg/kg) or saline

Aminophylline (loading: 6.8 mg/kg;
maintenance: 2 mg/kg/8 h)

Methods of
evaluation

Polysomnography
EMG

Echocardiography

Intra-arterial blood
pressure monitor; ECG

Physiological parameter
monitor

Pulse oximeter

Pulse oximeter

Continuous cardiovascular
and respiratory monitoring

Cardiac monitor

Cardiac monitor

Continuous cardiovascular
monitoring

Continuous cardiovascular
and respiratory monitoring

Continuous
cardiorespiratory
monitoring

Continuous
cardiorespiratory
monitoring
Continuous
cardiorespiratory
monitoring

Pulse oximeter;
Continuous
cardiorespiratory
monitoring

Continuous
cardiorespiratory
monitoring

Pulsed Doppler; Intra-
arterial blood pressure
monitor

Cardiorespiratory monitor
Pulse oximeter; ECG

Pulse oximeter; Intra-
arterial blood pressure
monitor

Intra-arterial blood
pressure monitor

ECG; Oscillometry

ECG; Oscillometry

Pulsed Doppler;
Echocardiography

Main findings

® Caffeine leads to SpO, T, while HRV not
changed on the second day of treatment

® Aloading dose of caffeine leads to RRT

o Aminophylline leads to HRT, while
caffeine has no significant increase in
HR after 48 h of continued therapy
compared with pretreatment values

e Aloadingdose of caffeine leads to mean
arterial pressure variabilityT, pulse
pressure variability, HRV|

© Aloading dose of caffeine leads to HRT
and MABPT over time, while RR and
$20; not changed

o Aloading dose of caffeine leads to HR,
while RR and SpO; not changed

o Aloading dose of caffeine leads to HRT,
while RR not changed

® Aloading dose of caffeine leads to HRT,
MABPT, $pO,T

o A loading dose of caffeine has no
significant effects on HRV

© A loading dose of caffeine leads to
MABPT, while HR and $a0, not
changed

o A dose of caffeine leads to BPT, HRT

© Two divided loading dose of caffeine
lead to HRT, diastolic BPT, while RR not
changed

@ A dose of theophylline leads to HRT,
while RR and $pO; not changed

o A loading dose of caffeine has no
significant effects on BP and HR

® The RR, HR, and $a0; are not
significant changed at 48 h after
caffeine treatment

© The HR, MABP, and $a0 are not
significant changed after caffeine or
aminophylline treatment for at least
3 days

® A loading dose of theophylline leads to
HRT, RRT

© Aloading dose of theophylline leads to
HRT, while MABP not changed

@ Aloading dose of theophylline leads to
HRT, while MABP not changed

o A loading dose of theophylline leads to
HRI, while $20; not changed

o A loading dose of theophylline leads to
HRT, while MABP not changed

o A loading dose of theophylline has no
significant effects on MABP

® Caffeine leads to MABPT during first
3 days treatment, while HR not
changed

o Aloading dose of caffeine leads to HRT,
while MABP not changed

© Theophylline leads to HRT during first

7 days treatment, while MABP not
changed

Abbreviations: B, blood pressure; bpm, beats per minute; ECG, electrocardiography; EMG, electromyography; GA, gestational age; HR, heart rate; HRY, heart rate variability; MABP,
L R T T ——
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OR (95% Crl)-column vs. row

Death rate group

D DF F DS s
D # # 0.35 (-2.34, 3.45) 1.15 (-1.84, 4.56)
DF 077 (-2.25, 3.89) 235 (-1.31, 7.44) 1.15 (-2.57, 5.27) 1.96 (-2, 6.27)
F 09 (163, 361) 0.11(-3.22, 362) 1.27 (-1.96, 4.96) 2,07 (-1.38, 6.01)
DS # # # 0.79 (-1.88, 3.49)
s # # # #
Safety index group
[ oF F os s
D # # 253 (~1.35, 7.39) 089 (-26, 4.79)
DF 037 (-4.17, 4.84) # 2.92 (2.5, 9.09) 1.26 (-3.97, 6.76)
F 047 (-2.97, 3.84) 0.02 (~4.44, 4.99) 3 (-1.55, 8.46) 1.35 (2.9, 5.95)
DS # # # #
s # # # 1.66 (-1.71, 5.44)

Al network meta-analysis comparisons are represented in table but only Digoxin as baseline i forest piot (Figure 3). As shown in Table 2, no significant difference existed in death rate
group, but S appeared to be more safe though less efficacious. After considering both effectiveness and safety in the safety index group, no significant differences were observediin allfive

regimens.

OR, odds ratio; Cri, credlble interval; D, digoxin monotherapy; DF, digoxin and flecainide combination therapy; DS, digoxin and sotalol combination therapy; F, flecainide monotherapy; S,

sotalol monotherapy: SVT, supraventricular tachycardia: AF, atrial flutter.
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Studies

Guyon et al. (2022)

Koch et al. (2021)

Georgoulas et al. (2021)

Park et al. (2020)

Cailleau et al. (2020)

Lan et al. (2019)

Cremer et al. (2016)

Bueno and
Menna-Barreto, (2016)

Guyer et al. (2015)

Dorn et al. (2014)

Palmu et al. (2013)

Lee et al. (2010)

Soubasi et al. (2009)

Foreman et al. (2008)

Sisman et al. (2005)

Scher et al. (2005)

Hoppenbrouwers et al.
(2005)

Holditch-Davis et al.
(2004)

Mirmiran et al. (2003b)
Korte et al. (2001)

Bach et al. (2000)

Antonini et al. (2000)

Shimada et al. (1999)

Ingersoll and Thoman,
(1999)

Sahni et al. (1995)

Glotzbach et al. (1995)

Borghese et al. (1995)

Ardura et al. (1995)

Hayes et al. (1993)

Curzi-Dascalova et al.
(1993)

Mirmiran and Kok,
(1991)

McMillen et al. (1991)

Mirmiran et al. (1990)

Curzi-Dascalova et al.
(1988)

Anders and Keener,
(1985)

Subjects

12 preterm infants (GA: 35.1 + 2.1 weeks)
vs. 21 term infants (GA: 39.8 + 0.8 weeks)

65 preterm infants (GA: 30.8 + 2.1 weeks)

175 preterm and term infants (GA:
2840 weeks)

94 preterm infants (GA: 26.2 + 1.4 weeks)

10 preterm infants (GA: 27-37 weeks) vs.
5 term infants (GA: 3940 weeks)

30 preterm infants (GA: 31.17 + 2.6 weeks)

38 preterm infants (GA: 29.0 + 2.6 weeks)

19 preterm infants (GA: 28-36 weeks)

34 preterm infants (GA: 30.0 £ 1.8 weeks)
vs. 21 term infants (GA: 39.7 £ 1.3 weeks)

60 preterm infants (GA: 30.0 £ 10.8 weeks)

12 preterm infants (GA: 24.7-30.3 weeks)

35 preterm infants (GA: 24.9-31.9 weeks)

96 preterm infants (GA: 30.18 + 2 weeks)

97 preterm infants (GA: 3272 +
2.28 weeks)

31 preterm infants (GA: 25-32 weeks)

33 preterm infants (GA: 23-29 weeks)

195 preterm infants (GA: 30.5 + 3.3 weeks)
vs. 88 term infants (GA: 39.4 £ 1.0 weeks)

134 preterm infants (GA: 28.8 + 2.6 weeks)

40 preterm infants (GA: 30.2 + 1.5 weeks)

10 preterm infants (GA: 34-36 weeks) vs.
10 term infants (GA: 37-42 weeks)

38 preterm infants (GA: 34 2 weeks)

9 preterm infants (GA: 31.3-34.6 weeks)

44 preterm infants (GA: 31.0 + 3.4 weeks)

vs. 40 term infants (GA: 39.6 + 1.3 weeks)

95 preterm infants (GA: 28.5 + 2.2 weeks)

35 preterm infants (GA: 31.0 % 2.0 weeks)

17 preterm infants (GA: 31.1 + 1.2 weeks)

49 preterm infants (GA: 28.6 + 2.6 weeks)

60 preterm infants (GA: 33.4 + 2.4 weeks)
vs. 63 term infants (GA: 39.5 £ 1.3 weeks)

13 preterm infants (GA: 26-36 weeks)

24 preterm infants (GA: 26.3-34.1 weeks)

12 preterm infants (GA: 25-32 weeks)

19 preterm infants (GA: 27-35 weeks) vs.
22 term infants (GA: 38-42 weeks)

11 preterm infants (GA: 26-32 weeks)

18 preterm infants (GA: 34.2 + 0.5 weeks)
vs. 20 term infants (GA: 38.8 + 0.2 weeks)

24 preterm infants (GA: 27-35 weeks) vs.
40 term infants (GA: >37 weeks)

Methods of evaluation

Polysomnography

Video recordings

Direct behavioral observations; EEG

Digitized waveforms

Video recordings

Actigraphy

Video recordings

Actigraphy; Sleep and feeding diaries by
the nurse

Actigraphy; Parental sleep diaries

Actigraphy

Polysomnography

EEG recordings

aEEG recordings

Video recordings

aBEG recordings

EEG-sleep recordings

Polysomnography

Direct behavioral observations

Video recordings

Actigraphy; Standardized diaries

EEG; Eye movement recordings

Slecp diagrams by the mother

Sleep diagrams by the mother; Parental
sleep questionnaires; Video recordings

Video recordings

Direct behavioral observations; EEG

Actigraphy

Motility monitoring system

Direct behavioral observations

Actigraphy

Polysomnography

Actigraphy

Sleep-wake activity diaries

Actigraphy

Polysomnography

Video recordings

Main findings

© Preterm vs. term infants: TST], AS], QST, arousal in
AS], arousal in QST

© With advancing PMA for preterm infants: TST and
SE during day sleep], TST and SE during night sleep1,
AS|, QST, arousal in AST, arousal in QS|

© Preterm infants spend about 43% of the time in AS,
38% in awake, and 19% in QS during the first 5 days of
life

© Sleep cycle durations of preterm infants range from
16 to 23 min with the average of 19 min

Preterm vs. term infants: AST, IST, QS|, awake|

© With advancing PMA for preterm infants: AS], IS,
QST, awakel

© With advancing PMA for preterm infants: AS], QST,
waking statesT

o Delayed feeding progression leads to delayed slecp-
wake state development

© Preterm vs. term infants: QS|
© With advancing PMA for preterm infants: QST

@ Sleep-wake patterns of preterm infants are associated
with the gender, illness severity, PMA, and body
weight

@ Preterm infants’ TST and percentage of sleep time are
longer at night than during the day

© With advancing PMA for preterm infants: TST|, SE,
percentage of sleep timel, frequency of sleep and
wake bouts|

© Preterm infants with higher GA have longer awake
times

© Preterm boys have shorter awake times than girls

Preterm infants exhibit the feeding-related 3-h period
ultradian activity-rest rhythms after birth

@ Daily pattern circadian thythms were observed for
most preterm infants since 35 weeks of PMA

® Preterm vs. term infants: TSTT, LSPT, nighttime
sleepT, nighttime activity |

 With advancing PMA for preterm infants: TST|,
LSPT, nighttime sleepT, daytime sleep|, activity at
daytime, activity at nighttimeT

® Preterm infants primarily exhibit the 4-h period
ultradian activity rhythms, with the most time in the
low activity patterns

 With advancing PMA for preterm infants: SET,
activity frequencies|, low activity patterns], middle
and high activity patterns|

® Only few premature infants exhibit about 20-50 min
period ultradian sleep-wake rhythms due to the
unstable respiratory states

© Preterm infants have frequent transitions of slecp
stages, spend most of time in AS, and the proportion
is correlated with PMA

@ The sleep-wake cycling is more prominent in preterm
infants with higher PNA at 34-36 weeks PMA

© The appearance of sleep-wake cycling is significantly
associated with PNA

© Preterm infants exhibit definite sleep-wake cycles with
advanced GA

@ The evolution of sleep-wake cycling is correlated with
positive significant interaction of PMA and GA

® With advancing PMA for preterm infants: AS|, QST,
drowsyT, awake[, defined statesT, diffuse states|

© Male vs. female preterm infants: AS, drowsy[,
awake, defined states|, diffuse states]

® The frequency of mature sleep-wake cycling in
preterm infants increased with PMA independent
of GA

® Most preterm infants exhibit about 37-100 min
period ultradian sleep state rhythms at
25-30 weeks PMA

© Preterm vs. term infants: AST, QS1, SE|

© With advancing PMA for preterm infants: AS|,
QST SET

® Preterm infants’ sleep-wake architecture is associated
with ventilatory support, gestational age, and
maternal smoking, but without sex or steroid
administration

© With advancing PMA for preterm infants: AS[, QST,
quiet and active waking statesT, large body
movements |

© Sleep-wake transitions in preterm infants increased
until 40 weeks PMA and changed to decrease after
43 weeks PMA

© With advancing PMA for preterm infants: AS|, QST

® Preterm vs. term infants: ultradian activity-rest
rhythmsT, circadian activity-rest rhythms], no
difference in TST

© With advancing PMA for preterm infants: nighttime
sleepT, daytime sleep|.

@ Cool exposure leads to: TST|, longest sleep period],
wakefulnessT, AST, QS|

© Male vs. female preterm infants: TST, longest sleep
period], wakefulnessT, AST, QS|

© With advancing PNA for preterm infants: daytime
sleep, nighttime sleep!, TST unchanged, nighttime
sleep > daytime slecp after 8 weeks PNA

75% of these preterm infants have an ultradian or
irregular slecp-wake thythms unrelated to feeding for
3-4 weeks after discharge from the hospital

© Circadian sleep-wake rhythms in preterm infants
were entrained at the mean age of approximately
45 weeks PMA, similar as term infants

© With advancing PMA for preterm infants: QST, AS|,
wakefulness|, bout lengths of QST, bout lengths of AS
and wakefulness do not change

© Preterminfants spend about 75% of their sleep time in
AS and 19% in QS between 30 and 39 weeks PMA

© With advancing PMA for preterm infants: AS|, QST

® Preterm infants exhibit feeding-related ultradian
sleep-wake rhythms at about 35 weeks PMA

 Most preterm infants exhibit both ultradian and
diurnal sleep-wake rhythms at 36 weeks PMA

@ From 36 weeks to 6 months PMA: QST,
wakefulnessT, AS|, frequency and degree of wi
sleep cyclicity

© Preterm vs. term infants: TSTT, daytime sleep[,
nighttime sleepT

® With advancing PMA for preterm infants: TST],
daytime sleepl., nighttime slecp does not change

© Preterm infants exhibit 80 min and 30 min periods
ultradian activity state rhythms

© With advancing PMA for preterm infants: ultradian
periodicities |, activity bout durations]

@ Preterm infants spend most of their sleep time in AS
rather QS after 27 weeks PMA.

 With advancing PMA for preterm infants: AS|,
Qs 1sT
® Only one of these preterm infants exhibit the 24-h

period circadian rest-activity rhythms at
29 weeks PMA

 PNA at the circadian sleep-wake rhythms entrained
are inversely correlated with GA for preterm infants,
with 50% of preterm infants begin to exhibit circadian
rhythms at 47 weeks PMA

® Preterm vs. term infants: earlier PMA at circadian
rhythms entrained

© Preterm infants exhibit ultradian rest-activity
rhythms rather than circadian rhythms at
28-35 weeks PMA

© With advancing PMA for preterm infants: mean sleep
cycle durationt, AST, QST, 15|

® Preterm vs. term infants: TSTT, LSPT, AST, QS|

 With advancing PMA for preterm infants: TSTT,
LSPT, AS|, QST, wakefulness]

Abbreviations: aEEG, amplitude-integrated electroencephalography; AS, active sleep; EEG, electroencephalography; GA, gestational age; IS, indeterminate sleep; LSP, longest sustained
sleep period; PMA, postmenstrual age; PNA, postnatal age; QS, quiet sleep; SE, sleep efficiency; TST, total sleep time.
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Studies

Koch et al. (2021)

Hasenstab-Kenney et al.
(2020)

Hasenstab et al. (2019)

Bauer et al. (2009)

Gewolb and Vice,
(2006)

Begum et al. (2006)

Gewolb et al. (2001)

Dimitriou et al. (1999)
Glotzbach et al. (1995)
D'Souza et al. (1992)

Tenreiro et al. (1991)

Mirmiran and Kok,
(1991)

Updike et al. (1985)

Subjects

65 preterm infants (GA: 30.8 £ 2.1 weeks)

40 preterm infants (GA: 27.0 £ 3.1 weeks)

48 preterm infants (GA: 27.7 + 0.5 weeks)

22 preterm infants (GA: 30.3 + 1.7 weeks)

20 preterm infants (GA: 29.4 + 2.1 weeks)
vs. 16 term infants (GA: 39.2 + 1.1 weeks)

124 preterm infants (GA: 23-36 weeks) 1s.
63 term infants (GA: 37-42 weeks)

20 preterm infants (GA: 29.4 £ 2.1 weeks)

22 preterm infants (GA: 23-28 weeks)
17 preterm infants (GA: 31.1 + 1.2 weeks)
9 preterm infants (GA: 26-29 weeks)

20 preterm infants (GA: 24-29 weeks)

12 preterm infants (GA: 25-32 weeks)

6 preterm infants (GA: 34-37 weeks)

Methods of evaluation

Surface EMG

Respiratory inductance
plethysmography; Nasal
thermistor; ECG

Respiratory inductance
plethysmography; Nasal
thermistor; ECG

Indirect calorimetry

Pharyngeal pressure transducer;
Thoracoabdominal strain gauge

ECG; Pulse oximetry

Pharyngeal pressure transducer; Nasal
thermistor; Cardiac monitor

Indwelling arterial cannula transducer
ECG
Skin electrodes monitor

Surface electrode monitor

Neonatal intensive care monitor

Noninvasive electrodes monitor

Main findings

The base HR are negatively correlated with GA during
the first 5 days of life

o Average oscillating period length of HR rhythms:
159 min

o Average amplitude of HR rhythms: 5.9 bpm

© Pharyngeal irritation leads to: HR|, duration of cardiac
rhythms responsesT, respiratory thythms changes|

@ Pharyngeal stimulation leads to HR decreased in 32%
preterm infants and remained stable in 61%

© HR decrease is related to extreme prematurity and
resulted in increased respiratory rhythms disturbance

© Oxygen consumptions are significantly associated with
the HR

© Circadian rhythms of oxygen consumptions with two
peaks in the afternoon and early morning are detected in
most preterm infants carly after birth

© With advancing PMA for preterm infants: percentage of
apneic swallows|, variation of breath interval|,
integration of swallow and respiratory rhythms

o Stabilization of suck and suck-swallow rhythms occurs at
about 36 weeks PMA, and coordination of respiration
and swallow rhythms occurs later

® Circadian cycles are observed among 23.8% neonates in
HR, 20% in PR, 27.8% in RR, and 16% in SpO; in first
3 days of life

© Percentages of circadian PR cycles are negatively
correlated with GA, but amplitudes are positively
correlated with GA and PMA

Swallow rhythms are stable after 32 wecks PMA,
percentage of swallows in runs increased with
increasing PMA

@ Stability of suck rhythms and sucks in runs are positively
correlated with PMA

Significant circadian and ultradian rthythms of BP are
shown on day 2 but not day 7 after birth

© Preterm infants exhibit feeding-related ultradian HR
rhythms at about 35 weeks PMA

© Three preterm infants exhibit circadian HR rhythms at
33-42 weeks PMA

© Circadian and ultradian HR rhythms are appeared and
disappeared erratically for the period of 6-17 weeks after
birth

® Circadian and ultradian rhythmicity of HR increases
with regular light-dark and feeding patterns

© Five of these preterm infants exhibit the 24-h period
circadian HR rhythms at 29-33 weeks PMA

® Three preterm infants exhibit circadian respiratory
pause frequency rhythms with peak occurring between
23:00 t0 05:00 during 10-20 days after birth

© Two preterm infants exhibit circadian transcutaneous
oxygen level rhythms with trough occurring between 00:
30 to 04:30 during 10-20 days after birth

Abbreviations: BP, blood pressure; bpm, beats per minute; ECG, electrocardiography; EMG, electromyography; GA, gestational age; HR, heart rate; PMA, postmenstrual age; PR, pulse rate;
RR, respiratory rate; SpO,, pulse oximeter oxygen saturation.
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Studies

Koch et al. (2021)

Bueno and
Menna-Barreto, (2016)

Mirmiran et al. (2003b)

Thomas, (2001)

Thomas and Burr, (2002)

Glotzbach et al. (1995)

D'Souza et al. (1992)

Tenreiro et al. (1991)

Mirmiran and Kok, (1991)

Mirmiran et al. (1990)

Updike et al. (1985)

Subjects

65 preterm infants (GA:

30.8 + 2.1 weeks)

19 preterm infants (GA:

28-36 weeks)

40 preterm infants (GA:

30.2 + 1.5 weeks)

26 preterm infants (GA:

30.9 % 2.1 weeks)

34 preterm infants (GA:

26-33 weeks)

17 preterm infants (GA:

311 % 1.2 weeks)

9 preterm infants (GA:
26-29 weeks)

20 preterm infants (GA:

24-29 weeks)

12 preterm infants (GA:

25-32 weeks)

11 preterm infants (GA:

26-32 weeks)

6 preterm infants (GA:
34-37 weeks)

Methods of evaluation

Zero heat flux method via the
skin electrode

Wrist skin thermistor record

Rectal digital ambulatory
record

Skin transducer monitor

Abdominal skin thermistor
record

Rectal and abdominal skin

thermistor record

Skin electrodes monitor

Surface electrode monitor

Skin transducer monitor

Rectal sensor monitor

Skin thermistor record

Main findings

 Average oscillating period length of ultradian BT rhythms within the first
5 days of life: 290 min

 Average amplitude of BT rhythms: 0.147°C

© Dominant circadian WT rhythms are present in preterm infants since the
first 2 weeks of life

 Preterm infants mainly exhibit 2-4 h period ultradian BT rhythms at
36 weeks PMA

® Preterm infants exhibit 12 and 24 h period circadian BT rhythms at
1-3 months after birth

® The amplitude of BT rhythms is correlated with PMA and light-dark
patterns

© 21 preterm infants exhibit circadian BT rhythms at mean of 33 weeks PMA

 The amplitude of BT thythms is correlated with PMA for not sick infants,
but not for sick infants

® Preterm infants have circadian ST rhythms at 44-46 weeks PMA
© The acrophase of circadian ST thythms is related to parental co-sleeping
and hospital stay length

® Preterm infants exhibit feeding-related ultradian RT and ST rhythms at
about 35 weeks PMA

o Amplitudes of RT rhythms of preterm infants at 35-37 weeks PMA are
much higher compared with 32-34 weeks PMA

® Four of these preterm infants exhibit light-related circadian ST rhythms at
34-42 weeks PMA

® Circadian and ultradian ST rhythms are appeared and disappeared
erratically during 6-17 weeks after birth

 Circadian and ultradian rhythmicity of ST increases with regular light-dark
and feeding patterns

® Seven of these preterm infants exhibit circadian BT rhythms with different
periods and out of time synchronization at 29-34 weeks PMA

® Five preterm infants exhibit circadian RT thythms with high values at night
and low values during the day at 28-34 weeks PMA

 Five preterm infants exhibit circadian ST rhythms with trough occurring
between 23:00 to 04:30 during 10-20 days after birth

Abbreviations: BT, body temperature; GA, gestational age; PMA, postmenstrual age; RT, rectal temperature; ST, skin temperature; WT, wrist temperature.
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OR (95% Crl)-column vs. row

Total group
D DF F DS s

D # # #
o IS 129 (0.23-2.48) 1,68 (0.41-297)
F 1.15 (0.42-1.93) # 117 (0.04-2.32) 0.39 (-0.71-1.38)
DS # # # #
s 0.76 (-0.1-1.76) # # 0.79 (-0.19-1.84)

SVT group
D # # # #
DF [ omse4on | 1,53 (0.13-3.04) 2.46 (08-4.15) 217 0.56-4.01)
F 122 (0.21-2.31) # 0.92 (-0.57-2.38) 0.63 (-0.73-2.14)
DS 0.31 (-0.96-1.64) # # #
S 061 (-0.78-1.84) # # 0.29 (-1.24-1.63)

AF group
D # #
F # 25.31 (0.5-95.34)
DS # # # #
s 144 (-251-6.49) # # AT -

Hydrops group
D # # # #
DF _ 2.33 (-1.45-6.87) 6.03 (0.83-12.98) 4.56 (-0.25-10.31)
F 3,64 (0.9-7.11) # 3.63 (-0.88-9.52) 219 (-2.18-7.11)
DS 0.01 (-5.17-4.52) # # #
s 143 (-2.58-5.75) # # 1.43 (-2.43-6.12)

Non-hydrops group
D # # # #
DF [ soser-osy | 251 (~1.24-7.35) 4.8 (0.89-9.86) 3.24 (-1-8.21)
F 253 (0.24-5.5) # 229 (-1.11-5.92) 0.73 (-2.84-4.08)
DS 0.26 (-2.23-3.22) # # #
S 1.79 (-0.48-5.03) # # 1.55 (-0.86-4.38)

“To clearly observe and interpretate the results, we use *#’ to replace the opposite and negative OR (95% Cr) in the cell that corresponds to another cel with a positive OR (95% Cri). For
example, in Total group, (1, 2) or (D, DF) equal to 2.44 (1.51, 3.52) meant patients with DF (column) are 2.44 times more liely to obtain the reversion to a normal sinus rhythm than D (row),
with a confidence interval at (1.51, 3.52). However, in network meta-analysis, (2, 1) or (DF, D) equal to -2.44 (~1.51, -3.52) exactly, so ‘#' was left to replace and avoid confusion. A red
background emphasized statistically significant result.

Al network meta-analysis comparisons are represented in table but only Digoxin as baseline in forest plot (Figure 3). As shown in Table 1, DF demonstrated superiority on D in all five
subgroups. In total group and AF group, DF had better effectiveness than DS. In AF group, superiority of F regimen could also be observed. Majority of comparisons showed no significant
differences.

OR, odds ratio; Cri, credlble interval; D, dligoxin monotherapy; DF, digoxin and flecainide combination therapy; DS, digoxin and sotalol combination therapy; F, flecainide monotherapy; S,
sotalol monotherapy: SVT, supraventricular tachycardia: AF, atrial flutter.
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Studies

Biran et al.
(2019)

Ivars etal. (2017)

Dorn et al.
(2014)

Kidd etal. (2005)

Antonini et al.
(2000)

Jett et al. (1997)

Mantagos et al.
(1996)

Commentz et al.
(1996)

Economou et al.
(1993)

Kennaway et al.
(1992)

Subjects

209 preterm and term infants (GA:
24.0-419 weeks)

51 preterm infants (GA: 23.3-31.9 weeks) vs.
130 term infants (GA: 37-42 weeks)

60 preterm infants (GA: 330 + 10.8 weeks)

11 preterm infants (GA: 26-29 weeks)

9 preterm infants (GA: 31.3-34.6 weeks)

14 preterm infants (GA: 25.6 + 1.3 weeks)

23 preterm infants (GA: 33-36 weeks)

64 preterm and term male infants (GA:
26-42 weeks)

60 preterm and term infants (GA: 33.5 +
1.5 weeks)

14 preterm infants (GA: 29-35 weeks) 1s.
17 term infants (GA > 37 weeks)

Methods of evaluation

Plasma melatonin and urine 6-
sulfatoxymelatonin levels by RIA

Salivary cortisol levels by RIA

Salivary cortisol levels by ELISA

Salivary cortisol levels by RIA

Salivary cortisol levels by RIA

Plasma cortisol levels by RIA

Plasma melatonin levels by RIA

Urine melatonin and 6-

hydroxymelatonin sulfate levels
by RIA

Serum cortisol levels by IFA

Urine 6-sulfatoxymelatonin levels
by RIA

Main findings

© No obvious rhythms of plasma melatonin and urine 6-
sulfatoxymelatonin excretion were found in these neonates
during first 55 days of life

o Salivary cortisol circadian rhythms in preterm infants are
established by 1 month CA and persisted throughout the first
year

© The establishment of salivary cortisol circadian rhythms is
correlated with GA and delayed by topical corticosteroid
medication

© No circadian or ultradian rhythms of salivary cortisol are
found in preterm infants during the first 3 wecks of life except
one at 34.3 weeks PMA

o Salivary cortisol levels in day 1 are higher than day 7 and
14 after birth, nighttime cortisol levels are higher than
daytime

 No circadian salivary cortisol rhythms are found during the
first 4 wecks of life

® Five infants exhibit unsustainable adult-type rhythms after
39 weeks PMA

o Salivary cortisol levels are negatively correlated with PNA

@ Salivary cortisol circadian thythms in preterm infants are
emerged and persisted at approximately 8-12 wecks after
birth

@ No circadian rhythm of plasma cortisol is found in preterm

infants during the first 4 days of life

 No circadian thythm of plasma melatonin is found in preterm
infants under cyclic or constant light conditions during the
first 4 days of life

© No circadian rhythm of urine melatonin and 6-
hydroxymelatonin sulfate excretion are found in these infants
during the first 7 days of life

® Urine melatonin and 6-hydroxymelatonin sulfate excretion in
these infants are negatively correlated with GA

© A free running serum cortisol thythm is found in healthy
preterm and term infants during the first 4 weeks of life

@ Sick preterm and term infants exhibit higher serum cortisol
levels at 20:00, while healthy infants exhibit lower levels at
20:00

Appearance of thythmic urine 6-sulfatoxymelaton in preterm
infants are delayed by 9 weeks than term infants and
2-3 weeks after correcting for GA

® Urine 6-sulfatoxymelaton excretion in preterm infants is
gradually increased during the first 52 weeks after birth but
lower than term infants

Abbreviations: CA, corrected age; ELISA, enzyme linked immune sorbent assay; GA, gestational age; IFA, immunofluorescence assay; PMA, postmenstrual age; PNA, postnatal age; RIA,

CaAlGiTmuROasaT
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Average BMI

<24 kg/m*

- 29kg/m*

>30 kg/m*

Sources

Estradiol Level 37.7 pg/ml 33.6 pg/ml 30.3 pg/ml Freeman et al. (2010)
34.8 pmol/L 43.2 pmol/L. 54.9 pmol/L Key et al. (2003)
278.9 pg/ml 279.9 pg/ml 258.2 pg/ml Bellver et al. (2022)
117.81 pg/ml 149.83 pg/ml - Esfahlan et al. (2011)

Progesterone Level 019 ng/ml 0.17 ng/ml 0.17 ng/ml Bellver et al. (2022)
096 ng/ml 1.60 ng/ml - Esfahlan et al. (2011)

Vitamin D Level (25(OH)D) 90.4 nmol/L 83.3 nmol/L 77.9 nmol/L Wei et al. (2019)
849 765 73.2 (serum) [ Lagunova et al., 2009
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erine fibroids by anatomical positionil

FIGO | Subtype Positioning
0 Submucosal - Subtype 0 100% endometrial cavity or intracavity
1 [ Submucosal - Subtype 1 > 50% intramural

2 Submucosal - Subtype 2 < 50% intramural

3 Intramural In contact with the endometrium

4 Intramural 100% intramural

5 Intramural Subserosal >50% intramural

6 Subserosal Subserosal <50%

7 Subserosal Pedunculated
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Race Chromosomes/Genes S es
White 17,6, 16,22 Ordulu, (2016)
Giri et al. (2017)
Rafnar et al. (2018)
Vilimiki et al. (2018)
Asian 10,1122 Ordulu, (2016)
Black 6,22,8,1 Giri et al. (2017)
Hellwege et al. (2017)
Zhang et al. (2015)
Population MED12, HMGA2, COL4A5/COL4A6, FAS or FH genes Segars et al. (2014)

Eggert et al. (2012)
Bulun, (2013)
Markowski et al. (2012)
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Hormonal levels by race

White Asian Sources
Average BMI 324 kglm? 29.0 kglm® 247 kglm? Liu et al. (2021)
33.1 kg/m® 292 kg/m? - Thomas et al. (2013)
322 kgim? - - Dodgen and Spence-Almaguer, (2017)
- - 25.54 kglm? Zhou et al. (2020)
Estradiol Level 166 pg/ml 142 pg/ml 156 pg/ml Pinheiro et al. (2005)
136.1 pg/ml | 1159 pg/ml - Haiman et al. (2002)
225.2 pg/ml 191.5 pg/ml - Marsh et al. (2011)
21.4 pg/ml - 166 pg/ml Song et al. (2018)
- 359 pg/ml 547 pg/ml I Huddleston et al. (2011)
- - 195.66 pmol/L Needham et al. (2015)
- - 74.1 pmol/L Ausmanas et al. (2007)
Progesterone Level 1321 ng/d s ng/d 1205 ng/d Pinheiro et al. (2005)
150 ng/ml | 100 ngiml - Haiman et al. (2002)
Vitamin D Level (25(OH)D) 20.3 ng/ml 267 ng/ml - Alzaman et al. (2016)
183 ng/ml |30 ng/ml - Zhu et al. (2016)
- [ - 19.15 ng/ml Siddigee et al. (2021)
- - 53.7 nmol/L Chen et al. (2017)
- - 45.1 nmol/L Wei et al. (2019)
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ABPM hypertension No Yes Pearson X
n % n % Sig

Knowledge of the father’s disease No 43 16.4% 2 14.3% 0.834
Yes 219 83.6% 12 85.7%

Paternal high blood glucose/diabetes No 151 70.9% 9 75.0% 0.760
Yes 62 29.1% 3 25.0%

Hypercholesterolemia reported by the father No 141 68.4% 7 58.3% 0.466
Yes 65 31.6% 5 41.7%

Cardiovascular disease reported by the father No 165 93.8% 10 90.9% 0.709
Yes 11 63% 1 9.1%

Paternal hypertension No 106 50.7% 5 41.7% 0542
Yes 103 49.3% 7 58.3%

Paternal obesity No 155 72.1% 11 91.7% 0.137
Yes 60 27.9% 1 8.3%

Paternal thrombosis No 196 94.7% 11 91.7% 0.655
Yes 11 5.3% 1 83%

Paternal arrhythmia No 182 87.9% 10 83.3% 0.638
Yes 25 121% 2 16.7%

Paternal angina No 171 822% 8 727% 0428
Yes 37 17.8% 3 27.3%

Paternal infarction No 177 82.7% 9 75.0% 0496
Yes 37 17.3% 3 25.0%

Paternal stroke No 197 91.2% 1 91.7% 0.956
Yes 19 8.8% 1 83%

Paternal kidney disease No 186 88.6% 10 83.3% 0.583
Yes 24 11.4% 2 16.7%
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ABPM hypertension No Yes Pearson X
n % n % Sig

Knowledge of the mother's disease No 6 23% 0 0.0% 0570
Yes 260 97.7% 14 100.0%

Maternal high blood glucose/diabetes No 173 67.1% 8 57.1% 0444
Yes 85 329% 6 42.9%

Hypercholesterolemia reported by the mother No 136 54.0% 10 714% 0201
Yes 116 46.0% 4 28.6%

Cardiovascular disease reported by the mother No 80 44.9% 8 72.7% 0073
Yes 98 55.1% 3 27.3%

Maternal hypertension No 102 39.5% 4 28.6% 0413
Yes 156 60.5% 10 714%

Maternal obesity No 148 57.1% 10 714% 0292
Yes 11 429% 4 28.6%

Maternal thrombosis No 239 94.1% 14 100.0% 0349
Yes 15 59% 0 00%

Maternal arthythmia No 201 79.1% 13 92.9% 0213
Yes 53 209% 1 7.1%

Maternal angina No 199 77.7% 1 84.6% 0559
Yes 57 223% 2 154%

Maternal infarction No 229 89.1% 13 92.9% 0.658
Yes 28 109% 1 7.1%

Maternal stroke No 243 942% 12 85.7% 0202
Yes 15 58% 2 14.3%

Maternal kidney disease No 229 90.2% 14 100.0% 0218
Yes 25 9.8% 0 0.0%
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ABPM hypertension o Yes Mann-whitney
Median 25% 75% Median 25% 75% Sig
Waist circumference 87.0 790 980 930 85.0 107.0 0113
Neck circumference 350 330 370 358 340 380 0094
Weight 718 624 872 7.1 6.5 973 0361
Height 162.0 1580 1660 1608 157.0 1660 0756
BMI 276 240 332 29.1 260 333 0340
Waist-height ratio 054 049 061 054 0.53 0.69 0112

Data expressed as median and percentile (25%-75%). Mann-Whitney test.
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ABPM hypertension

Triglycerides
Cholesterol

LDL

HDL

Creatinine

Glucose

C-reactive protein
Homocysteine

Basal insulin
Glycated hemoglobin
PWV @

Median

108.0
1745
100.0
46.9
0.80
88.0
031
77
27.2
53
70

25%

760
1520
820
402
071
790
0.12
68
147
50
62

75%

1530
197.0
1235
55.1
0.88
97.0
0.66
93
53.0
56
78

Yes

Median

150.5
1955
1035
464
0.84
854
0.40
77
336
53
79

25%

98.0
161.0
85.0
38.2
0.69
77.0
021
65
29.0
5.1
6.6

75%

197.0
2120
1330
61.1
0.93
100.1
0.55
9.3
43.0
54
85

Mann-whitney
Sig

0.100
0221
0710
0752
0.632
0.649
0389
0.806
0519
0935
0.130

(a) Pulse wave velocity; Data expressed as median and percentile (25%-75%). Mann-Whitney test.
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Median 25% 75%
ABPM mean 24-h SBP 113.0 108.0 1200
ABPM mean 24-h DBP 720 68.0 790
ABPM mean awake SBP 117.0 1110 1220
ABPM mean awake DBP 76.0 720 84.0
ABPM mean sleep SBP 106.0 100.0 1130
ABPM mean sleep DBP 65.0 60.0 710

Data expressed as median and percentiles. ABPM, ambulatory blood pressure
monitoring; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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ABPM hypertension No Yes Pearson X
n % n % Sig
Marital status With a partner 172 64.4% 10 714% 0932
Separated/Divorced 28 10.5% 1 7.1%
Single 64 24.0% 3 214%
Widowed 3 11% 0 0.0%
Social benefit No 181 702% 9 64.3% 0.641
Yes 77 29.8% 5 357%
Educational level (years of schooling) 12 or more 114 42.9% 4 28.6% 0559
5t08 2 10.5% 1 7.1%
9to 11 120 45.1% 9 64.3%
<4 4 1.5% 0 0.0%
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ABPM hypertension

High blood glucose/diabetes
Hypercholesterolemia
Hypertension

Obesity

Thrombosis

Arthythmia

Angina

Infarction

Stroke

Kidney discase

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

No

232
35
209
57
213
54
147
120
260

243
21
246
19
265

86.9%
13.1%
78.6%
21.4%
79.8%
202%
55.1%
44.9%
97.4%
26%

92.0%
8.0%

92.8%
7.2%

99.3%
07%

99.6%
0.4%

89.1%
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Yes

92.9%
7.1%
78.6%
21.4%
28.6%
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100.0%
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Score Total (83)

Awakening and behavior judgment

2 3 (3.61%)

3 80 (96.39%)
UMSS

2 12 (1446)
3 70 (84.34)
4 1(1.20%)

Group D (40)

2 (5.00%)
38 (95.00%)

11 (27.50%)
28 (70.00%)
1 (2.50%)

Group K (43)

1(233%)
42 (97.6%)

1(2.33%)
42 (97.67%)
0/(0.00%)

University of Michigan Sedation Scale. Data presented as frequency (%). Group D vs. Group K *p < 0.05, **p < 0.01, ***p < 0.001.

p-value

0514

0.005**
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Symptoms D group (n = 47) K group (n = 43) p-value

Patient movement 14 (29.8%) 0 (0.0%)
Cry 2 (4.3%) 1(23%)
Sleepy 3 (6.4%) 0 (0.0%)
Laryngospasm 1(2.1%) 0 (0.0%)
Hypoxemia 4(8.5%) 6 (14.0%)
Allergy 1(2.1%) 0 (0.0%)
PONV 0 (0.0%) 0 (0.0%)
Sore throat 0 (0.0%) 0 (0.0%)
Nystagmus 0/(0.0%) 0 (0.0%)
Hypertension 0(0.0%) 0 (0.0%)
Delirium 0(0.0%) 0 (0.0%)
Coughing 1(21%) 0 (0.0%)
Salivation 0 (0.0%) 1(2.3%)
Overnight respiratory events 0 (0.0%) 0 (0.0%)

Related to drugs
Certainly 23 (48.9%) 6 (14.0%)
Probably 3 (6.4%) 2 (4.7%)
Total 26 (55.3%) 8 (18.6%) 0,000+
propofol rescue 9 (19.1%) 1(23%) 0.000%+*
Percentage of success 40 (85.11%) 43 (100%) 0.008**

PONV, postoperative nausea and vomiting. Data presented as frequency (%). Group D vs. Group K *p < 0.05, *p < 0.01, ***p < 0.001.
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Characteristic

Gender (n%)
Male

Female

Age(m)

Height (cm)
Weight (kg)

BMI (kgm-2)
RDI

AHI

Severity of OSAHS
No

I

1l

1

ASA physical status
I

1t

Mallampati Score
I

1l

1

PSG, polysomnography; BMI, body mass index; RDI, respiratory disturbance index; AHI, Apnea-hypopnea Index. OSA, obstructive sleep apnea; ASA, American Society of

Total (n = 83)

42 (50.6%)

41 (49.4%)

79 (60.50-99)
122,90 + 1537

24 (18-30)

15,53 (14.50-18.01)
14 (1.00-3.45)

14 (0.98-3.38)

15 (18.1%)
57 (68.7%)
6 (7.2%)
5 (6.0%)

17 (20.5%)
66 (79.52%)

64 (77.11%)
17 (20.48%)
2 (241%)

Group D (n = 40)

19 (47.5%)

21 (525%)

70.50 (56.25-99)
119.94 + 16.39
2100 (17.13-26.38)
15.38 (14.44-16.89)
1.25 (1.00-3.03)
1.25 (1.00-3.03)

9 (22.5%)
24 (60.0%)
4(100%)
3 (7.5%)

8 (20.0%)
32 (80.0%)

30 (75.0%)
9 (225%)
1(2.5%)

Group K (n = 43)

23 (53.5%)

20 (46.5%)

8350 (69.75-100.25)
12571 + 13.94
2550 (18.00-32.63)
1608 (14.67-18.68)
165 (0.95-3.65)
165 (0.95-3.63)

6 (14.0%)
33 (76.7%)
2 (47%)
2 (4.7%)

9 (20.9%)
34 (79.1%)

34 (79.1%)
8 (18.6%)
1(2.33%)

p-value

0.600

0.433
0.100
0.050
0.183
0.600
0.498
0.426

0916

0.905

Anesthesiologist. Data presented as mean + SD, median (interquartile range) or frequency (%). p presented the comparison between the two groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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Time (min)

Onset (min)
DISE(min)
Operation (min)
Recovery (min)

Residence (min)

e,

Total

3(2-12)

12 (12-12)

50 (35-60)
4755 + 16,639
30 (30-37)

Group D Group K
12 (10.25-14) 2(2-3)

12 (12-12) 12 (12-12)

50 (40-60) 45 (35-60)
5418 + 18812 5040 £ 17.389
30 (30-35) 30 (30-40)

nterquartile range). Compare between two groups *p < 0.05, **p < 0.01, ***p < 0.001.

p-value

0.000%
0.851
0204
0344
0.649
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Title Cou

Ref

Exosomal miRNA confers chemo resistance via targeting Cav1/p-gp/M2-type macrophage axis in ovarian  United States | 2018 91 Kanlikilicer et al.

cancer (2018)

Exosome-Derived microRNA: Efficacy in cancer United States | 2021 5 Padda et al. (2021)

‘microRNAs as biomarkers of ovarian cancer China 2020 10 Zhang and Lu (2020)

Expression of CD24 in plasma, exosome and ovarian tissue samples of serous ovarian cancer patients Hungary 2019 1 Soltész et al. (2019)

Detection of plasma exosomal miRNA-205 as a biomarker for early diagnosis and an adjuvant indicator of | China 2022 7 Zhu et al. (2022b)

ovarian cancer staging

Ovarian cancer cell invasiveness is associated with discordant exosomal sequestration of Let-7 miRNA and |~ Australia 2014 99 Kobayashi et al.

miR-200 (2014)

miR-139 Controls Viability of Ovarian Cancer Cells Through Apoptosis Induction and Exosome Shedding |~ China 2019 5 Xiao et al. (2019)

Inhibition By Targeting ATP7A

Serum exosomal miRNA-145 and miRNA-200c as promising biomarkers for preoperative diagnosis of ovarian | Korea 2019 34 Kim et al. (2019)

carcinomas

Targeted delivery of exosomal miR-484 reprograms tumor vasculature for chemotherapy sensitization China 2022 7 Zhao et al. (2022b)

MiR-200b is upregulated in plasma-derived exosomes and functions as an oncogene by promoting China 2021 13 Xiong et al. (2021b)

‘macrophage M2 polarization in ovarian cancer

Quantitative and stoichiometric analysis of the microRNA content of exosomes. United States | 2014 478 Chevillet et al. (2014)

Exosomal MicroRNA as Biomarkers for Diagnosing or Monitoring the Progression of Ovarian Clear Cell | Japan 2022 3 Horie et al. (2022)

Carcinoma: A Pilot Study

MicroRNA profiling of plasma exosomes from patients with ovarian cancer using high-throughput sequencing | China 2019 8 Zhang et al. (2019b)

Ubiquitous release of exosomal tumor suppressor miR-6126 from ovarian cancer cells China 2016 31 Kanlikilicer et al.
(2016)

Unbiased RNA-Seq-driven identification and validation of reference genes for quantitative RT-PCR analyses of | United States | 2021 8 Dai et al. (2021)

pooled cancer exosomes

Upregulated expression of serum exosomal miR-375 and miR-1307 enhance the diagnostic power of China 2019 38 Su etal. (2019)

(CA125 for ovarian cancer

Exosomes as a potential tool for a specific delivery of functional molecules Germany 2013 28 Nazarenko et al.
(2013)

Exploring the potential of engineered exosomes as delivery systems for tumor-suppressor microRNA. United States 2020 37 Kobayashi et al.

replacement therapy in ovarian cancer (2020)

Human CAP cells represent a novel source for functional, miRNA-loaded exosome production Germany 2019 - Zeh et al. (2019)

‘The passenger strand, miR-21-3p, plays a role in mediating cisplatin resistance in ovarian cancer cells UK 2015 85 Pink et al. (2015)
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| Ministry of science and technology of the People’s Republic of China | 2
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Science and technology commission of Shanghai municipality 1
Shanghai hospital development center 1

| Shanghai municipal education commission 1

 National cancer institute 1
Japan society for the promotion of science 1
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Iran National Science Foundation 1
National research foundation of Korea 2

T Agencia nacional de investigacion y desarrollo 1
National health and medical research council 1
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Journal of ovarian research 3 68 United States 49 1
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Tumor biology 3 137 United States 92 1
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Cancer immunology research i 186 United States 101 1
Cell death and disease 1 16 United States 128 1
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International journal of molecular sciences 1 16 Switzerland 198 1
International journal of oncology 1 64 Greece 128 1
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Journal of cellular and molecular medicine 1 7 UK 138 2
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Molecular cancer 1 76 United States 146 1
Molecular oncology 1 84 Netherlands 97 1
Oncology reports 1 152 Greec 101 1
Oncotargets and therapy L 19 New Zealand 66 1
Journal of gene medicine 1 1 United States % 2
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Epithelial ovarian cancer-secreted exosomal miR-222-3p induces polarization of tumor- | Oncotarget 2016 | 225 Ying et al. (2016)
associated macrophages
Exosomes released from tumor-associated macrophages transfer miRNAs that inducea = Cancer immunology research 2018 186 Zhou et al. (2018)
Treg/Th17 cell imbalance in epithelial ovarian cancer
Diagnostic and prognostic relevance of circulating exosomal miR-373, miR-200a, miR-  Oncotarget 2016 | 182 Meng et al.
200b and miR-200c in patients with epithelial ovarian cancer (2016b)
Macrophages derived exosomes deliver miR-223 to epithelial ovarian cancer cellsto elicit  Journal of experimental and clinical | 2019 | 181 Zhu et al. (2019)
a chemoresistant phenotype cancer research
Exosomes derived from hypoxic epithelial ovarian cancer cells deliver microRNAs to ~ Cancer letters 2018 160 Chen et al. (2018)
‘macrophages and elicit a tumor-promoted phenotype
Exosomes derived from hypoxic epithelial ovarian cancer deliver microRNA-940 to  Oncology reports 2017 152 Chen et al. (2017)
induce macrophage M2 polarization
Exosomal metastasis-associated lung adenocarcinoma transcript 1 promotes International journal of biological 2018 99 Qiu et al. (2018)
angiogenesis and predicts poor prognosis in epithelial ovarian cancer sciences
TGEp1 in fibroblasts-derived exosomes promotes epithelial-mesenchymal transition of = Oncotarget 2017 85 Li et al. (2017)
ovarian cancer cells
Exosomal microRNAs as tumor markers in epithelial ovarian cancer Molecular oncology 2018 | 84 Pan et al. (2018)
The emerging roles and therapeutic potential of exosomes in epithelial ovarian cancer  Molecular cancer 2017 | 76 Li'and Wang
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Covariates Trophoblastic invasion )4

GI (n=8) GII (n=7) GIII (n = 19)
Age (average; SD) 30.6 (67) 263 (5.5) 308 (6.9) 0.297"
Ethnicity (%)
White 6 (75.0) 4(57.1) 14(737) 07747
non white 2(250) 3(429) 5(263)
Marital status (1:%)
with partner 6 (75.0) 1(143) 5(263) 0,053
no partner 2 (25.0) 6(85.7) 14 (73.7)
Comorbidities (%)
No 5 (625) 6(85.7) 15 (78.9) 0.480°
Yes 3(37.5) 1(14.3) 4(21.1)
Previous delivery (n:%)
No 10125 5(714) 12 (632) 00417
Yes 7 (87.5) 2(286) 37 (36.8)
Abortion (1:%)
No 5 (62.5) 4(57.1) 12 (632) 1.00°
Yes 3(37.5) 3 (429) 7(368)
Ectopic pregnancy (%)
No 6 (75.0) 7 (100) 16 (842) 0.783°
Yes 2(25.0) 0(0.0) 3(158)
VEGE tissue (average; SD) 20.8 (10.9) 197 (14.1) 165 (7.6) 0.547"

LLANOVA; 2.

ar Association exact test.
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Trophoblastic invasion B(SE) OR 95% CI P

Lower Upper
Group 1T VEGF tissue (%) -0.01 (0.05) 099 0,90 1,09 0,842
Group 11l VEGF tissue (%) -0.05 (0.04) 0,96 0,88 1,04 0299

Reference category = Group 1
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Journal of Autoimmunity
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Count (% of 1,390)
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Journal of Rheumatology

New England Journal of Medicine

Thrombosis Research

Citation

4012
3,330
3247
2,694
2,240
2234
1,643
1,398
1,384
1,204

(2021)

2.858
15.483
16.036
25.476
17.390
27.973
6.681
5.346
176.079
10.407

JCR (2021)

Q
Q1
Q
Q
Q1
Q
Q
Q
Q1
Q

T





OPS/images/fphar-13-1035229/fphar-13-1035229-t007.jpg
Rank

Title

‘The pathogenesis of the antiphospholipid syndrome

EULAR recommendations for women’s health and the management of family
planning, assisted reproduction, pregnancy and menopause in patients with systemic
lupus erythematosus and/or antiphospholipid syndrome

Morbidity and mortality in the antiphospholipid syndrome during a 10-year period:
a multicentre prospective study of 1,000 patients

Rivaroxaban vs. warfarin in high-risk patients with antiphospholipid syndrome

EULAR recommendations for the management of antiphospholipid syndrome in
adults

Guidelines on the investigation and management of antiphospholipid syndrome
Diagnosis and management of the antiphospholipid syndrome

‘The hyperferritinemic syndrome: macrophage activation syndrome, Still's disease,
septic shock and catastrophic antiphospholipid syndrome

Rivaroxaban versus warfarin to treat patients with thrombotic antiphospholipid
syndrome, with or without systemic lupus erythematosus (RAPS): a randomised,
controlled, open-label, phase 2/3, non-inferiority trial

Antiphospholipid syndrome

First author

Giannakopoulos,
B

Andreoli, L

Cervera, R

Pengo, V
Tektonidou, MG

Keeling, D

Garcia, D

Rosario, C

Cohen, H

Schreiber, K

Journal

New England Journal of
Medicine

Annals of the Rheumatic
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New England Journal of
Medicine

BMC Medicine
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Nature Reviews Disease
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Cluster ID Size

0 116
1 106
2 100
3 87
4 86
5 55
6 39
A 36
'8 19
9 6

Silhouette

0.865
0797
0831
0842
0791
0835
0903
0912
0944
0994

Label (LLR)

Vitamin K antagonists
Agapss

Catastrophic antiphospholipid syndrome
Beta (2)-glycoprotein I

Pregnancy

Risk factors

Immunoglobulin A

Rivaroxaban

Signal transduction

Anti-annexin A5 antibodies

Mean year

2017
2014
2011
2009
2015
2010
2018
2014
2015
2013

Rank: based on the size. “Size” denotes the amount of co-cited references that a cluster contains. LLR: log-likelihood ratio.
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1 Ttaly 273 (19.64) 459 007
2 United States 258 (18.56) 0.78 009
3 United Kingdom 155 (11.15) 231 010
4 Spain 135 (9.71) 285 005
5 France 130 (9.35) 1.93 012
6 China 115 (8.27) 0.08 007
7 Brazil 104 (7.48) 0.49 002
8 Japan 78 (5.61) 0.62 002
9 Israel 67 (4.82) 7.27 006
10 Netherlands 55 (3.96) 3.15 0.04
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Institution

Univ Padua (Italy)

Univ Milan (Italy)

Univ Sao Paulo (Brazil)

Univ Turin (Italy)

Kings Coll London (United Kingdom)
UCL (United Kingdom)

Univ Brescia (Italy)

Hosp Clin Barcelona (Spain)

Tel Aviv Univ (Israel)

Univ Belgrade (Serbia)

Count (% of 1,390)

69 (4.96)
62 (4.46)
53 (3.81)
52 (3.74)
50 (3.60)
49 (353)
47 (3.38)
42 (3.02)
39 (2.81)
28 (2.01)

Centrality

0.03
027
0.04
0.02
0.05
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0.14
0.04
0.03
0.09
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Rank Author Count (% of 1,390) Centrality

1 Savino Sciascia 44 (3.17) 004
2 Ricard Cervera 39 (281) 0.00
3 Amelia Ruffatti 37 (2.66) 011
4 Pier Luigi Meroni 37 (2.66) 005
5 Angela Tincani 36 (2.59) 027
6 Laura Andreoli 28 (201) 034
7 Vittorio Pengo 27 (194) 001
8 Gerard Espinosa 27 (1.94) 031
9 Doruk Erkan 25 (1.80) 0.09
10 Maria Gerosa 23 (1.65) 0.17

Rank: based on the publication count.
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Rank Co-cited author Citation Centrality
1 Miyakis § 962 000
2 Cervera R 624 0.01
3 Pengo V 479 0.00
4 Erkan D 364 001
5 Ruiz-Irastorza G 345 0.00
6 ASherson RA 327 0.00
7 Sciascia § 299 005
8 Meroni PL 286 0.00
9 Pierangeli S 251 0.00
10 Galli M 242 002

Rank: based on the citation count.





OPS/images/fphar-13-1035229/fphar-13-1035229-g007.gif
. s






