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Objective: To investigate the impact of maternal second-trimester stress on pregnancy outcomes according to pre-pregnancy body mass index (BMI) and gestational weight gain (GWG).

Methods: We did a prospective study in Women’s Hospital, School of Medicine, Zhejiang University and included 960 pregnant women in our final analysis. Obstetric characteristics and the incidence of adverse pregnancy outcomes were examined in stressed and non-stressed women. The associations between maternal prenatal stress with adverse pregnancy outcomes were analyzed by logistic regression.

Results: The incidence of premature rupture of membranes (PROM) was significantly higher in stressed pregnant women than non-stressed pregnant women (p = 0.035), whereas no significant difference in the incidence rates of gestational diabetes mellitus (GDM), pregnancy-induced hypertension (PIH), primary cesarean delivery, preterm birth, macrosomia, low birth weight, fetal stress, admission into neonatal intensive care unit (NICU) or neonatal jaundice was found between two groups. Maternal second-trimester stress was an independent risk factor for the development of PROM (aOR = 1.468, 95% CI 1.037–2.079). Moreover, maternal second-trimester stress was significantly associated with PROM in pregnant women with normal pre-pregnancy BMI (aOR = 1.587, 95% CI 1.068–2.357) while no association was observed in either underweight or overweight and obese pregnant women. Meanwhile, no difference was found in the odds of PROM with maternal second-trimester stress in all GWG subgroups.

Conclusion: Maternal second-trimester stress is associated with a higher risk of PROM and it is significant in pregnant women with normal pre-pregnancy BMI. Therefore, interventions to reduce stress during second-trimester of pregnancy might be essential for lowering the prevalence of PROM in pregnant women with normal pre-pregnancy BMI.
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Introduction

Pregnancy can be a stressful life event rather than only a natural physiological process for many women, which causes various changes in women in terms of their roles in work, family and society and thereby causes varying degrees of prenatal stress (1). It is suggested that prenatal stress has impacts on the maternal endocrine and immune systems including stimulating the release of cortisol and pro-inflammatory cytokines (2, 3), which may ultimately lead to severe pregnancy complications and adverse pregnancy outcomes. Previous epidemiological studies have showed that maternal prenatal stress is associated with a variety of adverse pregnancy outcomes, including preterm birth, preeclampsia, premature rupture of membranes (PROM), neonatal morbidity, low birth weight and even long-term offspring psychiatric disease (4–6).

Meanwhile, it is worth noting that pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) also have independent effects on pregnancy outcomes (7, 8). At present, existing researches on the associations between stress and GWG were conflicting. Some studies found no association between levels of stress and GWG (9, 10). Other studies showed high stress was associated with greater GWG (11, 12) or with lower GWG (13). High maternal pre-pregnancy BMI led to unhealthy dietary behaviors under high-stress conditions, which might exacerbate the already elevated risk for adverse pregnancy and infant outcomes related to maternal obesity (14). Therefore, it is reasonable to consider pre-pregnancy BMI and GWG in determining effect of maternal prenatal stress on adverse pregnancy outcomes, which has not be studied yet.

On this background, our study aims to investigate the effect of maternal prenatal stress on adverse pregnancy outcomes according to pre-pregnancy BMI and GWG, which might provide evidence for detailed management of pregnant women with prenatal stress to prevent adverse pregnancy outcomes.



Methods


Study design and participants

This prospective study was designed to unravel the interplay between maternal prenatal stress and adverse pregnancy outcomes. Women who completed the Pregnancy Stress Rating Scale (PSRS) during second-trimester of pregnancy from August-2020 to February-2021 and delivered a singleton at Women’s Hospital, School of Medicine, Zhejiang University were included in this study. Women with a prior history of diabetes mellitus, hypertension, tumors, or major organ diseases and missing medical records were excluded. A total of 1,114 singleton pregnancies were initially eligible for this study in the second trimester. However, 15 experienced miscarriage, 5 had stillbirth and 134 had incomplete data. Therefore, 960 singleton pregnancies were included in the final analyses (Figure 1). This study was approved by the Human Ethics committee at Women’s Hospital, School of Medicine, Zhejiang University.
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FIGURE 1
 Analytic sample flow chart.




Assessment of maternal prenatal stress

Maternal prenatal stress was measured using PSRS compiled by Chen Zhanghui et al. (15). PSRS consists of 30 items and reflects three aspects: (a) navigating safely through pregnancy, labor, and delivery, (b) identifying with the maternal role and (c) coping with altered body shape and physical activities. Responses are rated on a 4-point Likert scale ranging from 0 (no stress) to 3 (severe stress). The average score of all items is calculated to assess the level of prenatal stress, and the average score of >0 was considered to be stressful since this study only explored whether pregnant women have stress symptoms.



Clinical characteristics

The clinical variables included: (1) General information: maternal age, pre-pregnancy mental disorder, education level, occupation, pre-pregnancy weight and height, GWG, delivery weight of pregnant women; (2) Gravidity, parity, maternal basic disease; (3) Antenatal care visit, complications of pregnancy, mode of delivery; (4) Neonatal information: gestational age, birth weight, admission into neonatal intensive care unit (NICU) and neonatal jaundice. And these clinical characteristics were obtained from medical records.

Pre-pregnancy BMI was categorized into underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2) and obese (≥30.0 kg/m2) groups. According to the standard definition of IOM guidelines in 2009 (16), appropriate GWG was 12.0–18.0 kg for underweight, 11.5–16.0 kg for normal weight, 7.0–11.5 kg for overweight and 5.0–9.0 kg for obesity, respectively. Accordingly, falling below the thresholds was defined as inadequate GWG, while exceeding the thresholds was defined as excess GWG.



Primary pregnancy outcomes

The primary pregnancy outcomes were obtained from medical records after delivery and included gestational diabetes mellitus (GDM), pregnancy-induced hypertension (PIH), primary cesarean delivery, PROM, preterm birth, macrosomia, low birth weight, fetal stress, admission into NICU and neonatal jaundice.

GDM was diagnosed as abnormal blood glucose at any point by 75 g OGTT including fasting plasma glucose (FPG) ≥5.1 mmol/L, 1 h-postprandial plasma glucose (PG) ≥10.0 mmol/L and 2 h-PG ≥8.5 mmol/l according to international association of diabetes and pregnancy study group (IADPSG) criteria. PIH was diagnosed in women with no previous history of hypertension when repeated blood pressure were elevated (≥140/90 mmHg) after 20 gestational weeks, which includes gestational hypertension, preeclampsia and eclampsia. Primary cesarean delivery was defined as cesarean section performed to women with no previous history of cesarean delivery. The definition of PROM was rupture of membranes before the onset of labor. Labor between 28 weeks’ and 37 weeks’ gestational age was considered as preterm birth. Newborns with birth weight ≥ 4,000 g were defined as macrosomia while <2,500 g were defined as low birth weight. Fetal stress was an abnormal condition of a fetus mainly marked by altered heart rate or rhythm during gestation or at the time of delivery. Neonatal jaundice was defined as the yellowing discoloration of the skin and sclera of a neonate, which was caused by increased levels of bilirubin in the blood.



Statistics

All data were analyzed using SPSS 22.0 software. Maternal sociodemographic and obstetric characteristics and the occurrence of adverse pregnancy outcomes were reported as frequency (%). Categorical variables were evaluated by chi-squared test in different categories. The associations of maternal prenatal stress with adverse pregnancy outcomes were assessed with logistic regression. First, univariate logistic regression was employed to evaluate the relationship between maternal stress and adverse pregnancy outcomes. Second, multivariate logistic regression was used to assess the correlation between maternal stress and adverse pregnancy outcomes with adjustments for confounding factors. The confounding factors included maternal age, parity, gravidity, pre-BMI, pre-pregnancy mental disorder, education levels and occupation by directed acyclic graph (DAG) as shown in Figure 2. p < 0.05 was considered significant.
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FIGURE 2
 The directed acyclic graph illustrating confounding factors in the stress-PROM nexus.





Results


Participants’ characteristics

Sociodemographic and obstetric characteristics of non-stressed and stressed pregnant women were shown in Table 1. Stressed pregnant women had a higher level of education than non-stressed pregnant women (p = 0.019) while there’re no significant difference in maternal age, gravidity, parity, occupation, GWG or pre-pregnancy BMI between two groups.



TABLE 1 Sociodemographic and obstetric characteristics of non-stressed and stressed women.
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The impact of maternal second-trimester stress on adverse pregnancy outcomes

The incidence of PROM was significantly higher in stressed pregnant women than non-stressed pregnant women (p = 0.035), whereas no significant difference in the incidence rates of GDM, PIH, primary cesarean delivery, preterm birth, macrosomia, low birth weight, fetal stress, admission into NICU or neonatal jaundice was found between two groups, as shown in Table 2.



TABLE 2 Descriptive statistics between maternal second-trimester stress and pregnancy complications and pregnancy outcomes.
[image: Table2]

Univariate and multivariate models of logistic regression analysis revealed that maternal second-trimester stress was an independent risk factor for the development of PROM (aOR = 1.468, 95% CI 1.037–2.079), as shown in Table 3. And no significant association was observed between maternal second-trimester stress and GDM, PIH, primary cesarean delivery, preterm birth, macrosomia, low birth weight, fetal stress, admission into NICU or neonatal jaundice.



TABLE 3 Correlation between maternal second-trimester stress and pregnancy complications and pregnancy outcomes.
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Correlation between maternal second-trimester stress and PROM according to pre-pregnancy BMI and GWG

The proportions of PROM were 16.3, 27.4 and 26.9% in stressed women with underweight, normal and overweight and obese pre-pregnancy BMI, respectively. And the proportions of PROM were 29.3, 23.3, and 25.7% in stressed women with inadequate, adequate and excess GWG, respectively.

Then we assessed the associations of maternal second-trimester stress with PROM in subgroups stratified by pre-pregnancy BMI and GWG, respectively (Table 4). The results showed maternal second-trimester stress was positively associated with PROM in pregnant women with normal pre-pregnancy BMI (aOR = 1.587, 95% CI 1.068–2.357) while no association was observed in either underweight or overweight and obese pregnant women. Meanwhile, no difference was found in the odds of PROM with maternal second-trimester stress in all GWG subgroups.



TABLE 4 Correlation between maternal second-trimester stress and PROM according to pre-pregnancy BMI and GWG.
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Discussion

In our study, we found that maternal second-trimester stress was positively associated with PROM, which was significant in pregnant women with normal pre-pregnancy BMI but not significant in underweight or overweight and obese pregnant women as well as in three GWG subgroups. This is the first work to report the association between maternal second-trimester stress and adverse pregnancy outcomes according to pre-pregnancy BMI and GWG.

In the second trimester, maternal stress increased the risk of PROM. This finding was consistent with a previous study in twin pregnancies, which showed that maternal stress was an independent risk factor for the development of preterm PROM (PPROM) (5). However, the mechanism of psychological stress causing PROM has not yet been elucidated. It is reported that second-trimester plasma and hair cortisol levels were higher in women who delivered preterm compared with those who delivered at term (17, 18), suggesting that cortisol and hypothalamic–pituitary–adrenal (HPA) axis may play important roles in the relationship between stress and preterm birth. Besides, prenatal stress might alter inflammatory cytokine production and then lead to preterm birth (19). In this way, cortisol, HPA axis and changed inflammatory cytokine production might also play roles in the relationship between stress and PROM, since PROM was one of the leading causes of preterm delivery (20). The definitive molecular mechanisms involved in maternal stress inducing PROM is worthy of further investigation.

This study failed to show a correlation between maternal second-trimester stress and other adverse pregnancy outcomes, including GDM, PIH, primary cesarean delivery, preterm birth, macrosomia, low birth weight, fetal stress, admission into NICU and neonatal jaundice. A previous study found that high stress levels during pregnancy may lead the development of preeclampsia by enhancing cortisol levels (2). Numerous studies have showed that maternal prenatal stress may be associated with preterm birth (21, 22). Maternal stress was also linked to low birth weight due to excessive glucocorticoid exposure during pregnancy from a dysregulated maternal HPA axis (23). Both animal and human studies have found that maternal prenatal stress affects the brain and behavior of the offspring through HPA axis and immune system (24). Numerous epidemiological and case–control studies showed the effects of maternal stress on offspring neurodevelopment, cognitive development, negative affectivity, difficult temperament and psychiatric disorders (25). These results suggest that maternal prenatal stress has impact on pregnancy complications and adverse pregnancy outcomes. Our negative results showing no correlation between maternal second-trimester stress and other adverse pregnancy outcomes might be due to a small sample size and complexity of the pathophysiologic effect of maternal stress. The associations between maternal prenatal stress and adverse pregnancy outcomes and its mechanisms involved merit further study.

Furthermore, we assessed the associations of maternal second-trimester stress with PROM according to pre-pregnancy BMI and GWG. Our study is the first work to report the association between maternal prenatal stress and PROM stratified by pre-pregnancy BMI and GWG. Studies have reported that pre-pregnancy BMI and GWG have independent effects on pregnancy outcomes. It is showed that the risk of PPROM was higher for those women who were overweight or obese before pregnancy (26), which might result from up-regulation of proinflammatory cytokines and adipokines and alterations of the HPA axis in obesity (27). Excessive GWG was also correlated with a higher prevalence of PROM (28). Another study showed that insufficient weight gain was associated with a higher frequency of PPROM (29), and it might be due to lacking of collagen production or vitamins and antioxidants caused by nutritional deficiency, which could lead to premature weakening and rupture of the fetal membranes (30). However, our study found that the correlation between maternal second-trimester stress and PROM varied by pre-pregnancy BMI rather than GWG. Moreover, there is no association between maternal second-trimester stress and PROM in abnormal pre-pregnancy BMI women but significant association in women with normal weight before pregnancy on the contrary. It might be due to small sample size of abnormal pre-pregnancy BMI women and further studies with more larger samples are warranted to determine their relationship in abnormal pre-pregnancy BMI women. In term of these results, our study provided evidence for clinical management of pregnant women evaluated as stressful during second trimester and with normal weight before pregnancy. These results also indicate that multiple underlying mechanisms may play a role in PROM risk in women with prenatal stress and different pre-pregnancy BMI and GWG.

Nevertheless, our study also had several limitations, including the fact that assessments of maternal prenatal stress were limited to the period of second trimester without follow-up throughout pregnancy and collecting stressful events during pregnancy. Additionally, this study included a small sample from a single study site, which prevented us from dividing PROM into PPROM and term PROM. Meanwhile, the potential influence of recall bias and history of previous PROM in multiparous women should also be considered. Thus, to improve this study, a larger sample size and collecting complete information throughout pregnancy might lend even more credibility to detecting the relationship between prenatal stress and adverse pregnancy outcomes.

In summary, maternal second-trimester stress is associated with a higher risk of PROM and it is significant in pregnant women with normal pre-pregnancy BMI. Therefore, reducing second-trimester stress during pregnancy might be beneficial for lowering the prevalence of PROM in pregnant women with normal pre-pregnancy BMI.
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*p<0.05 was considered significant,
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Variable Non-stressed N (%) Stressed N (%) p value

GDM 130 (18.3%) 45 (18.1%) 0968
PIH 42.(5.9%) 15 (6.0%) 0932
Primary cesarean delivery 186 (26.1%) 65 (26.2%) 0979
Preterm birth 40 (5.6%) 17(6.9%) 0478
PROM 136 (19.1%) 63 (25.4%) 0.035*
Macrosomia 31 (4.4%) 8(3.2%) 0438
Low birth weight 16 (2.2%) 6(24%) 0876
Fetal distress 173 (24.3%) 67 (27.0%) 0395
Admission into NICU 251 (35.3%) 90 (36.3%) 0.769
Neonatal jaundice 103 (14.5%) 31(125%) 0442

*p<0.05 was considered significant,
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