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Background: The epidemiologic literature on women's perceived stress in relation to perinatal outcomes has been inconclusive and does not consider the preconception window of exposure.



Objective: To evaluate whether women's preconception perceived stress is related to live birth, gestational age, and birthweight in a cohort receiving fertility treatment.



Methods: This observational study included women seeking fertility care at the Massachusetts General Hospital (2004–2019). During preconception, women provided information on their psychological stress using the short version of the validated Perceived Stress Scale 4 (PSS-4). We used regression models to evaluate the associations of stress with live birth (N = 768 attempting to conceive) and perinatal outcomes (N = 413 live births) while adjusting for confounders. Stratified analyses by mode of conception [natural, intrauterine insemination (IUI), and IVF (in vitro fertilization)] and selected socioeconomic factors (race, education, and income) were also conducted.



Results: Higher psychological stress was negatively associated with the overall probability of live birth (adjusted RR = 0.95, 95% CI: 0.92, 0.98), particularly among women conceiving using IVF. However, we found no association between women's psychological stress and gestational age and birth weight in the overall analyses and also stratified by mode of conception. Similarly, we observed no differences in women's psychological stress with any of the measured outcomes by socioeconomic factors.



Discussion: These results highlight the importance of considering the preconception window and mode of conception when evaluating the relationship between women's preconception stress and live birth.
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Introduction

The inability to achieve a pregnancy after more than a year of unprotected sex, defined as infertility, has increased during the past decades (1) and it is affecting up to 15% of all couples worldwide (2, 3). Each year, only around 10% of US reproductive aged women try actively to get pregnant (4, 5). Therefore, birth rates have declined in the US general population (6). Moreover, the number of babies born using medically assisted reproduction in the USA is growing and it is estimated to be >250,000 births per year (7–9) and over 1 million over the next 10 years. This increase in assisted reproductive technology (ART) treatments is primarily explained by the delay in women's childbearing in Western Countries (10), given women's participation in the labour force, as well as the options available for using contraceptive methods (11). The Centers for Disease Control and Prevention (CDC)'s 2020 Fertility Clinic Success Rates Report has calculated a 37% live birth rate success following assisted reproductive technologies (12). Higher stress and psychiatric disorders have been found among women who have difficulties conceiving, and those who take medications to treat infertility have reported higher rates of psychological stress as well as anxiety, depression, and overall poor quality of life (13). In addition, experiencing infertility and undergoing infertility treatments, frequently hidden even to family members and friends, can be a source of physical and emotional stress for the couples involved (14, 15).

Among pregnant women, maternal psychological stress has been associated with pregnancy complications, particularly pregnancy loss (16, 17). Some studies have demonstrated a link between maternal stress and preterm birth (18–22). However, the epidemiologic literature on the relationship between maternal stress and birthweight showed mixed results (20, 23, 24). In addition, it is unclear whether the relationships of maternal perceived stress with pregnancy and perinatal outcomes differ by mode of conception. This is particularly important as it could help physicians when choosing the type of infertility treatment at the clinic. For example, intrauterine insemination (IUI) treatment has shown less effectiveness as an infertility treatment compared with in vitro fertilization (IVF), so couples undergoing IUI may experience more stress than those undergoing IVF. Perceived stress was positively related to female factor infertility among 286 women and 236 men seeking to become parents through fertility treatment in Canada (25) and female factor infertility is more prevalent in IUI cycles because IVF was traditionally the preferred treatment for couples with male factor infertility (26). However, in a smaller study including 120 Indian couples attending a fertility center, no differences in stress were observed among those undergoing IUI compared with those opting for IVF (27). Also, IUI has been the preferred treatment for unexplained infertility, which can be very stressful not only for the women but for the couple (26). So, additional studies clarifying these associations are needed.

Stress has also been related to important socioeconomic factors often affecting health (28, 29). For example, income and education were more strongly associated with stress in Black adults compared with White adults (30). Also, adverse birth outcomes have been more prevalent among women of color (e.g., Black, Hispanic) (31) and lower income (32). Thus, evaluating perceived stress and birth outcomes by socioeconomic status is also warranted. To address these important knowledge gaps, we aimed to investigate whether self-reported women's preconception psychological stress was associated with birth outcomes among women attending a fertility center. Taking advantage of evaluating this selected group of women seeking fertility care and at high risk of experiencing stress, we also explored whether the association between maternal stress and the examined outcomes differed by mode of conception (natural, IUI, and IVF) and selected the socioeconomic factors (race, education, income). Women in our study were attending a fertility center seeking fertility care as they were unable to conceive after several months/years of trying. This makes our study population at high risk for psychological stress given their concerns of fertility potential. These fertility problems may be a consequence of female or male factors as well as unexplained ones, which can be related to other underlying diseases (all contributing to stress) (26).



Subjects and methods


Study population

This study includes women who participated in the Environment and Reproductive Health (EARTH) Study, a prospective cohort gathered with the aim to evaluate environmental and dietary determinants of fertility at the Massachusetts General Hospital (MGH) Fertility Center (33). Between 2004 and 2019, 1,324 women between the ages of 18 and 45 years seeking fertility care at the center were eligible to participate and 991 of those contacted by the research staff enrolled prior to conception in the study (recruitment is not ongoing as the study has already ended). This analysis includes 768 women who self-reported preconception perceived stress at study entry and were followed up. Of these 768 women, 413 had a singleton live birth and had information on perinatal outcomes including gestational age and birthweight (Supplementary Figure S1). The remaining women (N = 355) did not have a live birth and thus have no information on perinatal outcomes. Median [interquartile range (IQR)] elapsed time between assessment of stress and perinatal outcome assessment was 352 (263, 494) days.



Procedures

Data on self-reported preconception perceived stress was collected in a questionnaire at study entry, when women were already assigned an infertility diagnosis. The 768 women included in this analysis underwent one or more medical assisted treatments (N = 923 for IUI and N = 878 for IVF) or got pregnant naturally (N = 163). Of these, 413 had a live birth when participating in the study and have information on perinatal outcomes (the rest of the women did not have a child). A total of 355 women did not have a live birth and thus were not included in the birthweight/gestational age analyses.



Ethical approval

The Human Subject Committees of the Harvard T.H. Chan School of Public Health and MGH (#1999P008167) approved this study. Trained research study staff collected all the signed informed consents from the study participants.



Self-reported perceived assessment

We used the short form of the Perceived Stress Scale (PSS-4) to assess perceived stress (34). The women responded concerning the past 3 months: “how often have you felt that you were unable to control the important things in your life?,” “how often have you felt confident about your ability to handle your personal problems?,” “how often have you felt that things were going your way?,” and “how often have you felt difficulties were piling up so high that you could not overcome them?.” The responses included never (0), almost never (1), sometimes (2), fairly often (3), and very often (4) following a Likert scale. Self-reported perceived stress was evaluated as the total scores of each item with a range from 0 (lowest score/stress) to 16 (highest score/stress). We used the total score as a continuous exposure as well as a categorical variable divided in approximate quartiles (Q1 = 0–2, Q2 = 3–4, Q3 = 5–7, Q4 = 8–15; the lowest quartile was the reference group) based on the overall distribution among these women. We used perceived stress as a continuous variable to increase study power when performing stratification. The validity of the PSS-4 to evaluate psychological stress has been previously confirmed when compared with other validated depression and anxiety instruments among 37,451 European subjects (35) and in other smaller studies (36, 37). Furthermore, PSS-4 (short version) has demonstrated high correlation with PSS-10 (long version) (r = 0.91) and similar correlations with the PSS-10 with depressive symptoms (r = 0.41 and r = 0.46, respectively) among Mexican women (38). Similar to other studies (39), the four-item PSS demonstrated acceptable internal consistency (Cronbach's alpha coefficient = .81) among the women in this study.



Pregnancy and perinatal outcome assessment

Live birth was defined as the birth of a neonate on or after 24 weeks of gestation. The probability of pregnancy and other intermediate reproductive outcomes such as implantation rate were not considered for analyses, as we would not be able to investigate the associations with perceived stress among women conceiving naturally. Gestational age (weeks) was abstracted by trained study staff from delivery records and validated using the American College of Obstetricians and Gynecologists (ACOG) guidelines for dating births following medically assisted reproduction (40). Birthweight (g) was also abstracted from delivery records. Perinatal outcomes were assessed continuously to increase the study power in all the analyses including the stratifications by mode of conception and socioeconomic status.



Covariate assessment

At study entry, trained study staff collected data on the women's date of birth, weight, and height. We calculated body mass index (BMI) as weight (in kilograms) divided by height (in meters) squared. At enrollment, women completed questionnaires including for information on sociodemographic factors, lifestyle, and medical history. They also completed a comprehensive questionnaire on family, medical, reproductive, and psychological stress, consumer products use, smoking history, and physical activity. Total physical activity was calculated as the sum of vigorous, moderate, and light self-reported leisure exercise (41). Census tract level median family income in the past 12 months (in 2011 inflation-adjusted dollars) from the American Community Survey 2007–2010 was used as a proxy for socioeconomic status. Infertility was diagnosed using the Society of Assisted Reproductive Technology definitions (42). We abstracted mode of conception [natural, IUI, and IVF including intracytoplasmic sperm injection (ICSI)] from medical records and infant sex information was obtained at birth.



Statistical analysis

We presented the women's and children's demographic as well as reproductive and perinatal characteristics using median ±IQRs or percentages. We also presented the full distribution of the specific PSS-4 items and total score among the examined women using means (SD) and percentiles. We used adjusted log-binomial models with random intercepts to account for correlation between outcomes/cycles among the same woman, to estimate the association between self-reported psychological stress and probabilities of live birth; the results were presented as risk ratios (RR) (95% CI). We used adjusted linear regression models to evaluate the relationships between women's stress and both gestational age and birthweight, and presented the results as betas (95% CI). To allow for better interpretation of the results when using stress as a categorical variable, we presented population marginal means (43). The variables related with both stress and birth endpoints that were not in the causal pathway were considered as confounders (44, 45). Adjusted models included age (years), smoking status (current and ever/never smoked), physical activity (h/week), race (White and Black/Asian/other), education (college degree and other), BMI (kg/m2), infertility diagnosis (female factor and male/unexplained), mode of conception (natural, IUI, and IVF including ICSI), and infant sex at birth (female and male, only for perinatal outcomes). We also conducted stratified analyses by mode of conception (natural, IUI, and IVF) and selected socioeconomic indicators including race (White and Black/Asian/other), education (college degree and other), and census-tract median annual household income (<100,000 and ≥100,000$). We used SAS to conduct all the analyses (version 9.4; SAS Institute Inc., Cary, NC, USA).




Results

The women in this analysis had a median (IQR) BMI of 23.3 kg/m2 (21.2, 26.4) and age of 35 years (32, 38). Most women were white (83%), reported never smoking (75%), and were generally highly educated (60% with at least a college degree) (Table 1). Of the 1,964 total treatment cycles and natural pregnancies among the 768 women included, 35% (N = 682) resulted in a pregnancy and 28% (N = 544) resulted in a live birth. A total of 1,801 (92%) cycles were used in the medically assisted technologies. The women in our study underwent a mean (SD) of 2.58 (2.01) treatment cycles. They had a median (IQR) PSS-4 score of 5 (3, 7) ranging from 0 to 15. A total of 45 women (6%) scored above 10 for PSS-4 and only 4% (N = 29) of the women reported a total PSS-4 score of 0. Median (IQR), gestational age (weeks), and birthweight (g) were 39 (38, 40) and 3,317 (3,015, 3,680), respectively (Table 1).


TABLE 1 Women and children’s characteristics in the Environment and Reproductive Health (EARTH) study.
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We observed a negative association between total PSS-4 scores and live births (Table 2), with monotone decreases over quartiles of stress scores. Specifically, the adjusted marginal means (95% CI) of the probability of having a live birth for women in the first (lowest), second, third, and fourth (highest) quartiles of self-reported perceived stress were 0.41 (0.34, 0.48), 0.38 (0.33, 0.44), 0.34 (0.30, 0.40), and 0.32 (0.26, 0.37), respectively (p for trend = 0.02). In the stratified analyses, this association remained among women who conceived using IVF, compared with the naturally or using IUI (Figure 1). We found no association between women's psychological stress and gestational age and birth weight in the overall analyses (Table 2), which was also stratified by mode of conception (Figure 1). Similarly, we observed no differences among the women's psychological stress in association with any of the measured outcomes by socioeconomic factors (Table 3).


TABLE 2 Adjusteda birth outcomes by self-reported perceived stress in the Environment and Reproductive Health (EARTH) study.
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FIGURE 1
Adjusted maternal and perinatal outcomes by self-reported perceived stress stratified by mode of conception in the Environment and Reproductive Health (EARTH) study. Models are adjusted for age, BMI, race, smoking, education, physical activity, primary infertility diagnosis, and infant sex at birth (only for perinatal outcomes).



TABLE 3 Adjusteda birth outcomes for continuous self-reported perceived stress score stratified by social determinants in the Environment and Reproductive Health (EARTH) study.

[image: Table 3]



Discussion

In this observational prospective study, we examined whether women's perceived stress, assessed using the PSS-4 scale during preconception, was associated with live birth and perinatal outcomes in the EARTH study. We also explored this relationship among three groups of women [(1) conceiving naturally; (2) conceiving using IUI; and (3) conceiving using IVF] and also among women belonging to different groups based on socioeconomic factors. We found that psychological stress was negatively associated with the probability of live birth and this association remained for those women conceiving using IVF. We did not find that women's stress was associated with gestational age or birth weight. Similarly, we did not find any associations by socioeconomic status. These results support the association between women's preconception stress and live birth among subfertile women. They also highlight the importance of considering the mode of conception as well as the preconception period when evaluating these relationships. Given the impact of socioeconomic factors on stress as well as the growing number of babies born using ART, future studies to confirm the observed findings in other (and larger) study cohorts are warranted.

Mean total PSS-4 scores among women in this study were similar to those in other reported studies in pregnant women in Spain (mean = 5.43) (35) and France (mean = 5.6) (46). However, participants in China (mean∼6) (47) and Korea (mean∼8) (48) reported higher mean PSS-4 scores. In agreement with our negative associations on women's stress and live birth, peri-implantation and early pregnancy weekly perceived stress (self-reported using the Likert scale) were positively associated with pregnancy loss among 797 US women participating in the Effects of Aspirin in Gestation and Reproduction (EAGeR) trial (16). The same conclusion has been reported in a systematic review and meta-analysis on psychological stress and miscarriage (17). We hypothesize that stress and some pregnancy-related hormones might interact with the peripheral and local immunocompetent cells (certain T-cell subsets, mast cells, or natural killer cells) leading to changes in cytokine production, which can result in an increased risk of miscarriage (49). We did not observe any associations between women's preconception perceived stress and gestational age among women in our study. On the contrary, among the 396 pregnant women from the general population in Ethiopia, perceived stress was associated with pregnancy loss before 12 weeks of gestation (21). Midpregnancy perceived stress was positively associated with preterm birth (gestational age <37 weeks) and low birthweight (<2,500 g) in a group of predominantly Puerto Rican women (N = 1,267) from the general population and participating in the research study Proyecto Buena Salud (24). The authors also found that increased stress over the course of pregnancy was positively related to gestational age. In another study, changes in perceived stress scores during pregnancy were correlated with gestational age among 78 women in Texas, with greater decreases in stress scores associated with longer gestational age (22). Stress was also associated with preterm birth in a case-control study including 340 women at Linköping University hospital (18). It has been shown that circulating cortisol, as a biomarker of stress, has been related to preterm birth (50). We also did not observe any association between women's perceived stress and birthweight. Contrary to our results, racial and ethnic disparities in birth outcomes were reported among 93,375 women in Nebraska, with preterm birth and low birthweight being more prevalent among non-Hispanic Black and Hispanic White women, compared with the non-Hispanic white women (51). Women of color are reported to experience double social stress resulting from the interaction between racial and gender discrimination and health and socioeconomic disparity (52). Also, it has been demonstrated that excessive burden was imposed by physiological impacts of stress caused by health disparities associated with chronic stressors, including perceived discrimination, neighborhood stress, daily stress, family stress, acculturative stress, environmental stress, and maternal stress (49). However, we did not find any differences by the examined socioeconomic factors in the relationships of preconception maternal stress with any of the examined birth outcomes.

The association between stress and live birth remained among women who conceived using IVF. One potential explanation is that IVF is a more aggressive infertility treatment compared with IUI (26). However, in a smaller study including 120 Indian couples attending a fertility center, no differences in stress were observed among those undergoing IUI and those opting for IVF (27). An explanation for the null findings in this Indian study is the possibility of lack of power to detect associations as only 60 couples undergoing IUI and 60 undergoing IVF were included. Also, the authors evaluated a different scale for stress, which included questions related to sexual and relationship concerns, among others. We did not observe any associations between preconception stress and birthweight in the main analyses and also for those stratified by mode of conception. Women with higher psychological stress, measured using the Measure of Psychological Stress (MSP-9), during the second trimester (24th–28th weeks) of pregnancy have increased risk for delivering a newborn with macrosomia (birthweight >4,000 g) when compared with women with lower psychological stress in a large cohort of predominantly White women living in an urban area (23). Among 353 pregnant women in Ghana, prenatal maternal stress was associated with reduced birth length, but associations of stress with low birthweight were only observed among girls and not boys (20). Some discrepancies between the results in these studies and our study may be due to different instruments used to collect the information on perceived stress, the window of exposure (preconception vs. prenatal), and the group of women (fertile vs. subfertile). Further evaluation of the relationships between maternal stress and birth outcomes is warranted specially among women belonging to different socioeconomic backgrounds. It is also needed to examine stress before conception given the observed results.

Our study has important limitations. First, extrapolation of these results to women in the general population may be limited given the fact that we enrolled women seeking fertility care. Second, this group of women was mostly White and with high socioeconomic status, which limits out ability to investigate the associations among individuals of color separately, with very low income, etc. Third, misclassification of the exposure by self-reporting perceived stress is possible. Fourth, residual confounding by stress during pregnancy is a concern as we have only one measure of stress during preconception. Fifth, some of the stratified analyses are underpowered given the small sample sizes. Thus, future studies in larger cohorts should be conducted to confirm these results. The strengths include the use of the PSS-4, which is a validated instrument and it has been used worldwide to evaluate psychological stress, as well as the unique opportunity to evaluate stratification by mode of conception. Other strengths of our study include the assessment of both live birth and perinatal outcomes among the same study participants and adjustment of important covariates to reduce the concern of confounding. However, unmeasured confounding (e.g., partner living together, family/social support network, emotional overload, quality of sleep, and general health) is possible as this is an observational study. Related to this, there may be other factors underlying the stress (e.g., depression, trauma, significant life events) that we did not account for.

In conclusion, we found that women's preconception psychological stress was negatively associated with the probability of live birth and this association remained among women using IVF. Women's preconception stress was not, however, associated with gestational or birthweight in the overall or stratified analyses. These results support the association between women's preconception stress and live birth among subfertile women. They also highlight the importance of considering the mode of conception and the preconception period when evaluating these relationships. Given the impact of socioeconomic factors on stress as well as the growing number of babies born using ART, future studies to confirm the observed findings in other (and larger) study cohorts are warranted.



Data availability statement

The datasets presented in this article are not readily available due to privacy and confidentiality reasons. Requests to access the datasets should be directed to lminguez@hsph.harvard.edu.



Ethics statement

The studies involving humans were approved by the Human Subject Committees of the Harvard T.H. Chan School of Public Health and MGH (#1999P008167). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

LM-A: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Software, Visualization, Writing – original draft. PW: Investigation, Software, Visualization, Writing – review & editing. IS: Conceptualization, Investigation, Methodology, Resources, Writing – review & editing. JF: Data curation, Project administration, Resources, Writing – review & editing. RH: Conceptualization, Funding acquisition, Investigation, Methodology, Supervision, Writing – review & editing. JC: Conceptualization, Investigation, Methodology, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article.

The project was financed by Grants (R01ES022955, R01ES033651, R01ES009718, and R01ES034700) from the National Institutes of Health (NIH). This project was also supported by NIH Research Grant 1U54 AG062322-01 funded by The National Institute on Aging (NIA) and the Office of Research on Women's Health (ORWH).



Acknowledgments

The authors gratefully acknowledge all members of the EARTH study team, specifically the Harvard T.H. Chan School of Public Health research staff Myra Keller, Ramace Dadd, and Alex Azevedo, and the physicians and staff at the Massachusetts General Hospital Fertility Center. A special thank you to all of the study participants.



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgwh.2024.1293255/full#supplementary-material

Supplementary Figure S1

Flowchart of the study.



References

1. Evers JL. Female subfertility. Lancet. (2002) 360(9327):151–9. doi: 10.1016/S0140-6736(02)09417-5

2. Inhorn MC, Patrizio P. Infertility around the globe: new thinking on gender, reproductive technologies and global movements in the 21st century. Hum Reprod Update. (2015) 21(4):411–26. doi: 10.1093/humupd/dmv016

3. Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. National, regional, and global trends in infertility prevalence since 1990: a systematic analysis of 277 health surveys. PLoS Med. (2012) 9(12):e1001356. doi: 10.1371/journal.pmed.1001356

4. Curtin SC, Abma JC, Ventura SJ, Henshaw SK. Pregnancy Rates for U.S. Women Continue to Drop. Atlanta, GA: NCHS data brief (2013). (136). p. 1–8.

5. Mosher WD, Jones J, Abma JC. Intended and unintended births in the United States: 1982–2010. Natl Health Stat Report. (2012) 55:1–28.

6. CDC. Centers for disease control and prevention. Births: provisional data for 2018 (2019). Available online at: https://www.cdc.gov/nchs/data/vsrr/vsrr-007-508.pdf (Accessed December 6, 2021).

7. Zegers-Hochschild F, Mansour R, Ishihara O, Adamson GD, de Mouzon J, Nygren KG, et al. International Committee for Monitoring Assisted Reproductive Technology: world report on assisted reproductive technology, 2005. Fertil Steril. (2014) 101(2):366–78. doi: 10.1016/j.fertnstert.2013.10.005

8. Schieve LA, Devine O, Boyle CA, Petrini JR, Warner L. Estimation of the contribution of non-assisted reproductive technology ovulation stimulation fertility treatments to US singleton and multiple births. Am J Epidemiol. (2009) 170(11):1396–407. doi: 10.1093/aje/kwp281

9. Dyer S, Chambers GM, de Mouzon J, Nygren KG, Zegers-Hochschild F, Mansour R, et al. International Committee for Monitoring Assisted Reproductive Technologies world report: Assisted Reproductive Technology 2008, 2009 and 2010. Hum Reprod. (2016) 31(7):1588–609. doi: 10.1093/humrep/dew082

10. te Velde ER, Pearson PL. The variability of female reproductive ageing. Hum Reprod Update. (2002) 8(2):141–54. doi: 10.1093/humupd/8.2.141

11. Leridon H. Demographic effects of the introduction of steroid contraception in developed countries. Hum Reprod Update. (2006) 12(5):603–16. doi: 10.1093/humupd/dml025

12. CDC. Centers for Disease and Control and Prevention. 2021 assisted reproductive technology fertility clinic success rates report (2021). Available online at: https://www.cdc.gov/art/artdata/index.html (Accessed April 2023).

13. Rooney KL, Domar AD. The relationship between stress and infertility. Dialogues Clin Neurosci. (2018) 20(1):41–7. doi: 10.31887/DCNS.2018.20.1/klrooney

14. Luk BH-K, Loke AY. The impact of infertility on the psychological well-being, marital relationships, sexual relationships, and quality of life of couples: a systematic review. J Sex Marital Ther. (2015) 41(6):610–25. doi: 10.1080/0092623X.2014.958789

15. Freeman EW, Boxer AS, Rickels K, Tureck R, Mastroianni Jr L. Psychological evaluation and support in a program of in vitro fertilization and embryo transfer. Fertil Steril. (1985) 43(1):48–53. doi: 10.1016/S0015-0282(16)48316-0

16. Schliep KC, Hinkle SN, Kim K, Sjaarda LA, Silver RM, Stanford JB, et al. Prospectively assessed perceived stress associated with early pregnancy losses among women with history of pregnancy loss. Hum Reprod. (2022) 37(10):2264–74.35972454

17. Qu F, Wu Y, Zhu YH, Barry J, Ding T, Baio G, et al. The association between psychological stress and miscarriage: a systematic review and meta-analysis. Sci Rep. (2017) 7(1):1731. doi: 10.1038/s41598-017-01792-3

18. Lilliecreutz C, Larén J, Sydsjö G, Josefsson A. Effect of maternal stress during pregnancy on the risk for preterm birth. BMC Pregnancy Childbirth. (2016) 16:5. doi: 10.1186/s12884-015-0775-x

19. Shapiro GD, Fraser WD, Frasch MG, Séguin JR. Psychosocial stress in pregnancy and preterm birth: associations and mechanisms. J Perinat Med. (2013) 41(6):631–45. doi: 10.1515/jpm-2012-0295

20. Ae-Ngibise KA, Wylie BJ, Boamah-Kaali E, Jack DW, Oppong FB, Chillrud SN, et al. Prenatal maternal stress and birth outcomes in rural Ghana: sex-specific associations. BMC Pregnancy Childbirth. (2019) 19(1):391. doi: 10.1186/s12884-019-2535-9

21. Engidaw NA, Mekonnen AG, Amogne FK. Perceived stress and its associated factors among pregnant women in bale zone hospitals, Southeast Ethiopia: a cross-sectional study. BMC Res Notes. (2019) 12(1):356. doi: 10.1186/s13104-019-4383-0

22. Ruiz RJ, Fullerton J, Brown CE, Schoolfield J. Relationships of cortisol, perceived stress, genitourinary infections, and fetal fibronectin to gestational age at birth. Biol Res Nurs. (2001) 3(1):39–48. doi: 10.1177/109980040100300106

23. Mélançon J, Bernard N, Forest JC, Tessier R, Tarabulsy GM, Bouvier D, et al. Impact of maternal prenatal psychological stress on birth weight. Health Psychol. (2020) 39(12):1100–8. doi: 10.1037/hea0001017

24. Prenatal perceived stress and adverse birth outcomes among Puerto Rican women. J Womens Health. (2018) 27(5):699–708. doi: 10.1089/jwh.2016.6118

25. Grunberg P, Miner S, Zelkowitz P. Infertility and perceived stress: the role of identity concern in treatment-seeking men and women. Hum Fertil. (2022) 25(1):117–27. doi: 10.1080/14647273.2019.1709667

26. Carson SA, Kallen AN. Diagnosis and management of infertility: a review. JAMA. (2021) 326(1):65–76. doi: 10.1001/jama.2021.4788

27. Awtani M, Mathur K, Shah S, Banker M. Infertility stress in couples undergoing intrauterine insemination and in vitro fertilization treatments. J Hum Reprod Sci. (2017) 10(3):221–5. doi: 10.4103/jhrs.JHRS_39_17

28. Turner RJ, Avison WR. Status variations in stress exposure: implications for the interpretation of research on race, socioeconomic status, and gender. J Health Soc Behav. (2003) 44(4):488–505. doi: 10.2307/1519795

29. Schulz A, Israel B, Williams D, Parker E, Becker A, James S. Social inequalities, stressors and self reported health status among African American and white women in the Detroit metropolitan area. Soc Sci Med. (2000) 51(11):1639–53. doi: 10.1016/S0277-9536(00)00084-8

30. Cundiff JM, Bennett A, Carson AP, Judd SE, Howard VJ. Socioeconomic status and psychological stress: examining intersection with race, sex and US geographic region in the REasons for Geographic and Racial Differences in Stroke study. Stress Health. (2022) 38(2):340–9. doi: 10.1002/smi.3095

31. Bediako PT, BeLue R, Hillemeier MM. A comparison of birth outcomes among black, Hispanic, and black Hispanic women. J Racial Ethn Health Disparities. (2015) 2(4):573–82. doi: 10.1007/s40615-015-0110-2

32. Metcalfe A, Lail P, Ghali WA, Sauve RS. The association between neighbourhoods and adverse birth outcomes: a systematic review and meta-analysis of multi-level studies. Paediatr Perinat Epidemiol. (2011) 25(3):236–45. doi: 10.1111/j.1365-3016.2011.01192.x

33. Minguez-Alarcon L, Gaskins AJ, Chiu YH, Souter I, Williams PL, Calafat AM, et al. Dietary folate intake and modification of the association of urinary bisphenol A concentrations with in vitro fertilization outcomes among women from a fertility clinic. Reprod Toxicol. (2016) 65:104–12. doi: 10.1016/j.reprotox.2016.07.012

34. Warttig SL, Forshaw MJ, South J, White AK. New, normative, English-sample data for the Short Form Perceived Stress Scale (PSS-4). J Health Psychol. (2013) 18(12):1617–28. doi: 10.1177/1359105313508346

35. Vallejo MA, Vallejo-Slocker L, Fernández-Abascal EG, Mañanes G. Determining factors for stress perception assessed with the Perceived Stress Scale (PSS-4) in Spanish and other European samples. Front Psychol. (2018) 9:37. doi: 10.3389/fpsyg.2018.00037

36. Mitchell AM, Crane PA, Kim Y. Perceived stress in survivors of suicide: psychometric properties of the perceived stress scale. Res Nurs Health. (2008) 31(6):576–85. doi: 10.1002/nur.20284

37. Cohen S, Williamson G. Perceived stress in a probability sample of the United States. In: Spacapan S, Oskamp S, editors. The Social Psychology of Health: Claremont Symposium on Applied Social Psychology. Newbury Park, CA: Sage (1988), pp. 31–67.

38. Flores-Torres MH, Tran A, Familiar I, López-Ridaura R, Ortiz-Panozo E. Perceived stress scale, a tool to explore psychological stress in Mexican women. Salud Publica Mex. (2021) 64(1):49–56.35438916

39. Lee E-H. Review of the psychometric evidence of the perceived stress scale. Asian Nurs Res. (2012) 6(4):121–7. doi: 10.1016/j.anr.2012.08.004

40. Committee opinion no 611: method for estimating due date. Obstet Gynecol. (2014) 124(4):863–6. doi: 10.1097/01.AOG.0000454932.15177.be

41. Gaskins AJ, Williams PL, Keller MG, Souter I, Hauser R, Chavarro JE. Maternal physical and sedentary activities in relation to reproductive outcomes following IVF. Reprod Biomed Online. (2016) 33(4):513–21. doi: 10.1016/j.rbmo.2016.07.002

42. SART. Preliminary SART clinic summary report: SART (Society for Assisted Reproductive Technologies), (vol 2017). (2015).

43. Searle SR, Speed FM, Milliken GA. Population marginal means in the linear model: an alternative to least square means. Am Stat. (1980) 34:216–21.

44. Rooney KL, Domar AD. The impact of lifestyle behaviors on infertility treatment outcome. Curr Opin Obstet Gynecol. (2014) 26(3):181–5. doi: 10.1097/GCO.0000000000000069

45. Sharma R, Biedenharn KR, Fedor JM, Agarwal A. Lifestyle factors and reproductive health: taking control of your fertility. Reprod Biol Endocrinol. (2013) 11:66. doi: 10.1186/1477-7827-11-66

46. Lesage FX, Berjot S, Deschamps F. Psychometric properties of the French versions of the Perceived Stress Scale. Int J Occup Med Environ Health. (2012) 25(2):178–84. doi: 10.2478/s13382-012-0024-8

47. Leung DY, Lam TH, Chan SS. Three versions of Perceived Stress Scale: validation in a sample of Chinese cardiac patients who smoke. BMC Public Health. (2010) 10:513. doi: 10.1186/1471-2458-10-513

48. Hyon JY, Yang HK, Han SB. Association between dry eye disease and psychological stress among paramedical workers in Korea. Sci Rep. (2019) 9(1):3783. doi: 10.1038/s41598-019-40539-0

49. Arck PC. Stress and pregnancy loss: role of immune mediators, hormones and neurotransmitters. Am J Reprod Immunol. (2001) 46(2):117–23. doi: 10.1111/j.8755-8920.2001.460201.x

50. Giurgescu C. Are maternal cortisol levels related to preterm birth? J Obstet Gynecol Neonatal Nurs. (2009) 38(4):377–90. doi: 10.1111/j.1552-6909.2009.01034.x

51. Su D, Samson K, Hanson C, Anderson Berry AL, Li Y, Shi L, et al. Racial and ethnic disparities in birth outcomes: a decomposition analysis of contributing factors. Prev Med Rep. (2021) 23:101456. doi: 10.1016/j.pmedr.2021.101456

52. Djuric Z, Bird CE, Furumoto-Dawson A, Rauscher GH, Ruffin M, Stowe RP, et al. Biomarkers of psychological stress in health disparities research. Open Biomark J. (2008) 1:7–19. doi: 10.2174/1875318300801010007



OPS/images/fgwh-05-1293255-t003.jpg
Live birth, proportion
RR (95% CI)

097 (094, 1.01)

Race

Black, Asian, other
097 (0.90, 1.07)

Education

Undergrad or less
0.96 (091, 1.01)

Colleague degree
0.98 (0.94, 1.02)

Income, $

<100,000
095 (0.88, 1.03)

>100,000
094 (088, 1.01)

Gestational age, weeks
Beta (95% CI)

0.1 (-0.06, 0.07)

—0.04 (=0.14, 0.06)

~0.01 (-0.10, 0.08)

—0.01 (~0.07, 0.07)

~0.02 (0.1, 0.10)

~0.01 (-0.09, 0.07)

Birthweight, g
Beta (95% CI)

~0.16 (-19.5, 19.2)

—247 (-59.8,10.4)

151 (=249, 28.0)

-891 (-310,13.2)

—21.0 (-603, 18.6)

~7.95 (~34.6, 18.9)

*Models are adjusted for age, BM|, race, smoking, education, physical activity, primary infertility diagnosis, mode of conception, and infant sex at birth (only for perinatal

outcomes).





OPS/images/fgwh-05-1293255-t002.jpg
Live birth, | Gestational age, | Birthweight, g
proportion weeks

(N=768 N=413 (N=413
women, 1,964 singleton singleton
cycles) pregnancies) pregnancies)

Continuous PSS-4 scores
RR (95% CI) | B estimate (95% CI) | f estimate (95% CI)

095 (0.92,0.98) | 0005 (~0.006, | —424 (-213,12.8)
| 0.05)
p-Value 0009 085 0.63
Categorical Predicted marginal means (95% CI)

PSS-4 scores
Q1(0-2) | 041 (034, 0.48) 387 (38.3,39.1) | 3,336 (3,213, 3,459)
Q2(3-4) | 038 (033, 0.44) 393 (389,39.6) | 3,391 (3,282, 3,501)
Q3 (5-7) | 034(0.30,040)" | 385 (382,389) | 3,242 (3,143, 3342)
Q4 (8-15) | 032(026,037)* | 390 (387,394) | 3,381 (3267, 3495)

p-trend 0.02 085 0.86

"Models are adjusted for age, BMI, race, smoking, education, physical activity
primary infertility diagnosis. mode of conception, and infant sex at birth (only for
perinatal outcomes).

“p-Value = 0.03 when comparing that quartile with the lowest quartile of exposure.
“*p-Value = 0.09 when comparing that quartile with the lowest quartile of
exposure.





OPS/images/fgwh-05-1293255-t001.jpg
Women's characteristics

(N=768 women, 1,964 cycles)
median (IQR or N (%)

Age, years 35.0 (320, 38.0)
Race, N (%)
White 642 (83)
Black 29 (4)
Asian 68 (9)
Other 29 (4)
Body mass index (BMI), kg/m’ 233 (212, 264)
Smoking, N (%)
Never smoked 578 (75)
Past smoker 175 (23)
Current smoker 15 (2)

“Total physical activity, h/week

5.49 (2.70, 9.70)

Education, N (%)

High school o less 59 (8)
College only 247 (32)
Graduate degree 462 (60)
Census-tract median income”, $ 100,000 (77,150, 129,000)
Total PSS-4 scores, n 5(3,7)
Mode of conception®, N (%)
Natural 163 (8)
1 923 (47)
IVF/ICS 878 (45)
Live birth®, N (%) 544 (27)
Initial infertility diagnosis, N (%)
Male factor 189 (25)
Female factor 239 (31)
Unexplained 340 (44)
Children’s
(N=413 singleton pregnancies)
Gender, N (%)
Male 206 (50)
Female 207 (50)
Gestational age, weeks 38 (39, 40)

Birthweight, g

3317 (3,015, 3,680)

Csl,

IUI, intrauterine
injection

IVF, in vitro

sperm

*This variable is based on census tract corresponding to participant address; only

available on N = 396 maternal participants.
o

564 olmervations or cycies.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Women's preconception psychological stress and birth outcomes in a fertility clinic: the EARTH study

		Introduction



		Subjects and methods



		Study population



		Procedures



		Ethical approval



		Self-reported perceived assessment



		Pregnancy and perinatal outcome assessment



		Covariate assessment



		Statistical analysis











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers Global Women's Health

Women's preconception psychological
stress and birth outcomes in a fertility
clinic: the EARTH study





OPS/images/fgwh-05-1293255-g001.jpg
0.6

0.15

ge
s 2

-0.05

Adjusted Beta (95% CI)
5
28

-0.15

I (SRS
So5888

220

Adjusted Beta (95% CI)

[P Y
338

Live Birth

99 093

Natural N=163)  TUI (N=923)

é 0.95

IVF (N=878)

Gestational Age, weeks

-0.01

-0.11

Natural N=62)  TUI (N=183)

Birthweight, g

-1.86
-15.1

Natural N=62)  IUI (N=183)

0.05

IVF (N=168)

726

IVF (N=168)









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Global Women's Health





