Serial mediation effects of social support and antepartum depression on the relationship between fetal attachment and anxiety in high-risk pregnant couples of South Korea
Anxiety in high-risk pregnant couple
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Abstract
Purpose
This study examined the direct effects of fetal attachment, social support, and antepartum depression on anxiety in pregnant women with high-risk pregnancy-related conditions and their husbands. Furthermore, it aimed to explore the serial mediation effects of social support and antepartum depression in the relationship between fetal attachment and anxiety.

Methods
A survey-based study was conducted among pregnant women diagnosed with high-risk pregnancy conditions at 24–32 weeks and their husbands, recruited from a pregnant women’s online community between January 20, 2021 and July 20, 2022. Data were collected from 294 individuals (147 couples) using self-report questionnaires. Correlations between variables were analyzed using the IBM SPSS software ver. 26.0 (IBM Corp.), and the mediation effects were assessed using the PROCESS macro, model 6.

Results
In the maternal model, maternal-fetal attachment directly affected anxiety (p=.005), with antepartum depression partially mediating this relationship (95% confidence interval [CI], –0.26 to –0.01). In the paternal model, paternal-fetal attachment had no direct effect on anxiety (p=.458). However, social support and antepartum depression fully mediated the relationship between paternal-fetal attachment and anxiety (95% CI, –0.14 to –0.03).

Conclusion
The findings indicate that social support in the relationship between fetal attachment and depression in high-risk pregnant women and their partners can have direct or indirect effects on the negative emotions of high-risk pregnant couples. It is necessary to assess the level of anxiety in couples experiencing high-risk pregnancies and provide comprehensive nursing interventions that address fetal attachment, social support, and antepartum depression in order to reduce anxiety.
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Introduction
In Korea, the age of marriage in 2021 is 33.7 years for men and 31.3 years for women, indicating that couples’ first marriage age is delayed, and their average age for childbirth is 33.5 years. While the proportion of women under 35 has decreased by 17% from 2010 to 2020, the number of elderly pregnant women over age 35 increased by 16.9% [1,2]. In the case of elderly pregnant women, perinatal complications and mortality rates increase proportionate to age, and the risk of premature birth increases, affecting the fetus’ well-being and life [3]. Furthermore, 20% to 30% of all pregnancies are high-risk, and the number of pregnant women treated for high-risk pregnancies has increased approximately five-fold over the past 10 years [4]. High-risk pregnancy is an obstetric condition with negative risk factors for birth outcomes that pose actual and potential risks to the health or well-being of the mother and fetus [5].
Perceptions of high-risk pregnancy may differ between women and men, but couples may experience a variety of emotional burdens and anxiety during a high-risk pregnancy [6]. Anxiety in high-risk pregnant women contributes to impaired fetal development and is a risk factor for increased physical distress and preterm birth [7]. The more severe the high-risk pregnancy complications or the poorer the fetal health, the more difficulty hospitalized high-risk pregnant women experience in maintaining close relationships with their spouse and family [8], and have anxiety levels that are twice as high as low-risk pregnant women [9]. Further, pregnant women with gestational diabetes and their spouses had higher rates of anxiety, or 32.4% and 36.6%, respectively [10]. It is expected that these women may experience high levels of anxiety due to the burden of healthcare, as they are more medically involved with frequent diagnostic testing and monitoring than low-risk pregnant women [8,11]. Correspondingly, previous studies have identified several key factors associated with anxiety among high-risk pregnant women. These factors include fetal attachment, social support, maternal depression, and spousal depression [7,12,13].
Consolidated research findings from attachment theory perspectives suggest that parents developing an emotional bond with their fetus during pregnancy can reduce the uncertainty, stress, depression, and anxiety associated with high-risk pregnancies and positively influence parental health behaviors and the adjustment to parenthood [14]. Maintaining a high-quality attachment to the fetus also has important implications for the couple’s ability to fulfill their parental role during pregnancy, contributing to the newborn’s development after birth [15]. Low parental fetal attachment during pregnancy may jeopardize the child’s emotional stability through childhood and may lead to poor interpersonal relationships [14]. This study developed a conceptual framework based on the attachment theory by psychologist John Bowlby [16,17] and a comprehensive literature review to create a hypothetical model (Appendix 1).
High-risk pregnant women may perceive pregnancy as a crisis in which they may face unexpected and uncertain circumstances, leading to lower fetal attachment, higher anxiety, and antepartum depression [18]. As negative fetal attachment is associated with postpartum depression, it is important to support parent-fetal attachment and mental health during pregnancy [14,19]. Husbands of pregnant women diagnosed with high-risk pregnancies also experience fear and grief due to the emotional burden of the diagnosis and limited coping mechanisms; this may lead them to perceive the high-risk pregnancy as an act of negligence on the part of the mother or to view the pregnancy and birth process as uncertain, making it difficult for them to develop fetal attachments and transition to parenthood [6,20].
For these high-risk pregnant women, social support can be a factor in mitigating pregnancy and labor crises. Emotional, material, and informational support, as well as professional help from healthcare providers, are also useful sources of support [21]. High-risk pregnant women may experience frequent hospital visits and, if hospitalized, exhibit higher levels of depression and anxiety, which can impact the health of the fetus and treatment outcomes [22]. Consequently, they often require more social support compared to low-risk pregnant women. Moreover, adequate social support for high-risk pregnant women has been shown to increase positive emotions, decrease negative emotions, and alleviate social isolation [23]. Specifically, informational support within social support systems is deemed crucial for women experiencing high-risk pregnancies [13,23]. Research on the social support of husbands in high-risk pregnancies is scarce. Still, a qualitative study in Turkey discovered that husbands had very little social support and did not seek help when they experienced psychological distress [6]. As husbands of women with high-risk pregnancies have fewer social networks and are more likely to rely on their partners, the less social support a pregnant woman has, the more likely she will develop depression [6,24]. In contrast, high-risk preterm women had a 10% higher rate of antepartum depression than low-risk women, and such depression increased with the severity of pregnancy complications. In terms of variable relatedness, maternal-fetal attachment in preterm labor positively relates to social support [13], and maternal-fetal attachment in high-risk pregnancies negatively relates to antepartum depression and anxiety [25].
Despite these important factors that may influence social support, antepartum depression, and anxiety, research describing the relationships among these variables has been fragmented, with most studies exploring the relationships among individual variables in women experiencing high-risk pregnancies. Similarly, although existing literature has confirmed the importance of fetal attachment for women experiencing high-risk pregnancies and their husbands in influencing social support, antepartum depression, and anxiety, research describing the relationships between these variables has been largely fragmented; most merely explore the associations between individual variables in a sample of pregnant women.
While domestic studies assessing anxiety in women experiencing high-risk pregnancies and their spouses are difficult to find, international studies have reported on couples experiencing a single pregnancy complication, such as gestational diabetes or risk of preterm birth [10,26]. In particular, antepartum depression in high-risk pregnant women is associated with depression in their husbands [26], and anxiety in husbands is also associated with gestational diabetes [10], suggesting that each spouse’s emotional state affects and is affected by the other. Thus, it is important to examine couples’ adjustment to pregnancy using data on fetal attachments, social support, antepartum depression, and anxiety in couples experiencing high-risk pregnancies as the number of women diagnosed with high-risk pregnancies increases in Korea.
This study will first determine the levels of fetal attachment, social support, antepartum depression, and anxiety in women diagnosed with high-risk pregnancies and their husbands. Then, the study will determine the effects of fetal attachment on anxiety in high-risk pregnant couples through a two-mediator serial mediation model involving social support and antepartum depression in high-risk pregnant women and their husbands at the time of the high-risk pregnancy.
This study proposes a model that fetal attachment influences the behavior and emotional states of pregnant women in high-risk pregnancies. It assumes that adequate social support (serving as a secure base) may reduce antepartum depression (emotional distress) and subsequently affect anxiety levels.
The hypotheses of the study are as follows:
H1. Fetal attachment is positively associated with social support.
H2. Fetal attachment is negatively associated with antepartum depression.
H3. Fetal attachment is negatively associated with anxiety.
H4. Social support is negatively associated with anxiety.
H5. Social support is negatively associated with antepartum depression.
H6. Antepartum depression is positively associated with anxiety.
H7. Social support significantly mediates the effect of fetal attachment on anxiety.
H8. Antepartum depression significantly mediates the effect of fetal attachment on anxiety.
H9. Social support and antepartum depression sequentially mediate the effect of fetal attachment on anxiety.

Methods
1. Study design
This study is part of a larger study exploring parenthood adjustment from pregnancy to postpartum among high-risk pregnant women and their husbands. This study uses a cross-sectional survey design to determine the effects of fetal attachment on anxiety in high-risk pregnant couples through a two-mediator serial mediation model involving social support and antepartum depression in high-risk pregnant women and their husbands at the time of the high-risk pregnancy. It is described by the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) reporting guidelines (https://www.strobe-statement.org/) [27].

2. Samples
The study sample consisted of paired pregnant women (24–32 weeks gestation) with high-risk conditions and their spouses. This gestational period, representing the mid-trimester, was chosen as it offers a relatively stable phase after the 20th week of pregnancy, allowing for assessing attachment and psychological state in high-risk pregnancies [26]. The women had high-risk pregnancy conditions, including 11 specific diseases: preterm labor, antepartum hemorrhage, preeclampsia, premature rupture of membranes, placental abruption, placenta previa, threatened abortion, polyhydramnios, oligohydramnios, incompetent internal os of the cervix, gestational diabetes mellitus, as well as advanced maternal age (≥35 years) [5]. Exclusion criteria were any diagnosed psychiatric disorders before pregnancy, diagnosed antepartum depression or anxiety during pregnancy, multiple pregnancies, or fetal anomalies during pregnancy. Due to the specific inclusion criteria and the relatively low prevalence of high-risk pregnancies compared to low-risk pregnancies, the data collection period was extended by more than 1 year to ensure an adequate sample size.
Based on an alpha (α) of 0.05, a power value of 0.80, and an effect size of f2=0.05. The effect size was calculated based on a previous study, which demonstrated a significant relationship of support and anxiety (r=–.41) and between fetal attachment and anxiety (r=–.20), fetal attachment and anxiety (r=–.30) in high-risk pregnant women report [13,28]. The minimum sample size of at least 159 participants was required. While surveys of pregnant women and their spouses had a dropout rate of more than 30% [29]; so, we recruited 206 pregnant women and 206 husbands to ensure the required sample size. After excluding 59 couples with incomplete responses or missing questions, 147 pairs of pregnant women and their husbands were used in the final analysis.

3. Measurements
1) Parent-fetal attachment
(1) Paternal-fetal attachment
Paternal-fetal attachment was measured with the Korean version of the Paternal-Fetal Attachment Scale (K-PAFAS) developed by Noh and Yeom [30]. The instrument consists of 20 items on a 5-point scale, with responses ranging from 1 (not at all) to 5 (very much). These items ask about the father’s feelings, thoughts, expectations, and behaviors toward his unborn baby. The subscales comprise four factors: bonding with the unborn child, changes in fathering behavior, perceptions of fatherhood, and expectations for the unborn child. The total scores ranged from 20 to 100, with higher scores indicating higher levels of paternal-fetal attachment. The instrument’s reliability at the time of development was .89, with a Cronbach’s α of .93 in this study [30].

(2) Maternal-fetal attachment
Maternal-fetal attachment was measured with the Korean version of the Maternal Fetal Attachment Scales developed by Cranley [31] and Kim [32]. The instrument consists of a 24-item, 4-point scale, with responses ranging from 1 (never) to 4 (always). These items examine how mothers relate to and interact with their unborn babies. The subscales are organized into five factors: distinguishing oneself from the fetus, interacting with the fetus, speculating about fetal characteristics and intentions, self-commitment, and role acceptance. The total scores ranged from 24 to 96, with higher scores indicating higher fetal attachment. The instrument’s reliability at the time of development was demonstrated by a Cronbach’s α of .92, which was also .92 in this study [32].


2) Social support
Social support was measured with the Korean translation of the Multidimensional Scale of Perceived Social Support by Zimet et al. [33]. The instrument consists of three subdomains of perceived support from friends, family, and significant others, with 12 items in total, and a 5-point scale, with responses ranging from 1 (not at all) to 5 (very much). Total scores ranged from 12 to 60, with higher scores indicating higher levels of social support. In the study by Kim and Lim [34], Cronbach’s α was .89; in this study, it was .93 for pregnant women and .94 for spouses.

3) Antepartum depression
Antepartum depression was measured with the Korean translation tool [33] of the Edinburgh Postnatal Depression Scale (EPDS) developed by Cox et al. [35]. This tool consists of 10 self-reported questions on depression, anxiety and fear, guilt, and self-harm thoughts, with a 4-point scale ranging from 0 to 3 and a total score ranging from 0 to 30, with higher scores indicating more depression. Based on a study by Kim et al. [36] in which the cutoff point was 9/10 for pregnant women in Korea, the same cutoff point was used in the current study to identify depression. Further, Cox et al. [35] reported that the instrument’s reliability at the time of development was indicated by a Cronbach’s α of .87, with .84 in a subsequent study of pregnant women [37]; this study measured .83 for pregnant women and .85 for their spouses.

4) Anxiety
Anxiety was measured with the Korean translation of the State-Trait Anxiety Inventory (STAI) by Spielberger et al. [38] and Kim and Shin [39]. This instrument measures feeling anxious, tense, nervous, or worried in the present moment and comprises 10 positive and 10 negative items. This 20-item instrument is measured on a 4-point scale, with responses ranging from 1 (not at all) to 4 (very much so); total scores range from 20 to 80, commonly classified as “no or low anxiety” (20–37), “moderate anxiety” (38–44), and “high anxiety” (45–80). The reliability of the instrument’s Korean version was indicated by a Cronbach’s ⍺ of .84, and in this study, it was .93 for pregnant women and .92 for spouses [39].


4. Data collection
Data collection for this study began after obtaining approval from the institutional review board. The research team recruited high-risk pregnant women and their husbands in pairs from an online cafe for pregnant women between January 20, 2021, and July 20, 2022. If they met the inclusion criteria, they were contacted individually, the study’s purpose and content were explained, and written informed consent was obtained from those who wished to participate. The women and their husbands were then asked to complete the questionnaire individually to minimize potential sources of bias between couples, which took approximately 20 minutes. After completing the questionnaire, the subjects were given a small reward of 10,000 Korean won.

5. Ethical considerations
Ethical review and approval for this study were approved by the institutional review board (IRB) of Chungnam National University (IRB no., 202007-SB-094-01). Written informed consent was obtained from the participants.

6. Data analysis
The data collected were analyzed using the IBM SPSS ver. 26.0 (IBM Corp.) and the PROCESS macro program (https://www.processmacro.org/download.html) [40]. Differences in the general characteristics of women and their husbands were analyzed using a chi-square test, an independent t-test, and a one-way analysis of variance, and a post-hoc analysis was performed using Scheffé’s test. Relationships among the study variables were analyzed using Pearson’s correlation coefficients. After checking the multicollinearity of the main variables for regression analysis in each of the pregnant women and husbands, a PROCESS macro, model 6 (2-mediator) [40], was applied to analyze the total, direct, and indirect effects.


Results
1. General characteristics and antepartum depression, anxiety in high-risk pregnant couples
The average age of the pregnant women in this study was 35.7±3.7 years, while the average age of their husbands was 37.4±4.5 years. Mothers aged 35 and above accounted for 66.7%. Most women, 81.0%, and men, 70.7%, were 30–39. There was a statistically significant difference in age distribution between genders (χ²=59.21, p<.001). Most participants had a high level of education, and women with a college degree or higher accounted for 94.6%, which was higher than men’s 87.1% (χ²=21.45, p<.001). A notable difference was observed in employment status, with 98.0% of men being employed compared to only 36.1% of women (χ²=127.40, p<.001).
Among the high-risk pregnancy diagnoses (multiple responses), cervical incompetency (22.4%), gestational diabetes (21.8%), and preterm labor (21.1%) were the most common and followed by placenta previa (7.5%), abruption of the placenta (7.5%), and rupture of membranes (6.1%).

2. Differences in anxiety by general characteristics in high-risk pregnant couples
Anxiety was higher among women with high-risk pregnancies when they were not working currently (t=3.29, p=.001), had experienced high physical discomfort (F=4.24, p=.016), had poor maternal health (F=25.09, p<.001); and when fetal health was poor (F=10.06, p<.001). For husbands of high-risk pregnant women, not having a job was associated with higher anxiety (t=2.91, p=.004) (Table 1).
Table 1. Differences in anxiety according to subjects’ characteristics in high-risk pregnancy couples (N=294)
	Characteristic	Women (n=147)	Men (n=147)
	No. (%)	Mean±SD	t or F (p)	No. (%)	Mean±SD	t or F (p)
	Age (yr)			0.42 (.658)			1.89 (.154)
	 ≤29	5 (3.4)	42.8±10.41		1 (0.7)	38.0±0.00	
	 30–39	119 (81.0)	44.3±10.41		104 (70.7)	38.0±8.82	
	 ≥40	23 (15.6)	42.2±9.41		42 (28.6)	41.5±11.61	
	Education			1.22 (.300)			0.12 (.887)
	 High school	8 (5.4)	42.25±8.14		19 (12.9)	39.79±7.65	
	 College	104 (70.8)	44.80±10.66		101 (68.7)	39.11±10.02	
	 Graduate	35 (23.8)	41.83±9.35		27 (18.4)	38.37±10.35	
	Working status			3.29 (.001)			2.91 (.004)
	 Working	53 (36.1)	40.36±10.14		144 (98.0)	38.77±9.50	
	 Not working/parental leave	94 (63.9)	45.97±9.82		3 (2.0)	55.00±11.53	
	Monthly income (1 million KRW)			1.91 (.058)			0.25 (.805)
	 ≤399	43 (29.3)	46.44±8.76			39.37±8.66	
	 ≥400	104 (70.7)	42.95±10.75			38.93±10.22	
	Planned pregnancy			–1.45 (.149)			0.45 (.653)
	 Yes	112 (76.2)	43.27±9.80			39.69±9.68	
	 No	35 (23.8)	46.14±11.53			37.06±9.88	
	Physical discomfort (0–100)			4.24 (.016)a<b,c			
	 Low (0–33)a	13 (8.9)	37.85±10.65				
	 Moderate (34–66)b	45 (30.6)	42.36±9.59				
	 High (67–100)c	89 (60.5)	45.65±10.18				
	Mother’s health status			25.09 (<.001)a,b<c			
	 Gooda	37 (25.2)	37.73±7.15				
	 Moderateb	61 (41.5)	42.16±8.50				
	 Poorc	49 (33.3)	50.88±10.46				
	Fetus health status			10.06 (<.001)a<c			
	 Gooda	105 (71.4)	41.71±9.17				
	 Moderateb	39 (26.5)	49.33±11.04				
	 Poorc	3 (2.1)	52.67±7.77				


SD, standard deviation; KRW, Korean won.



3. Comparing fetal attachment, social support, antepartum depression, and anxiety in high-risk pregnant couples
Women with high-risk pregnancies had a maternal-fetal attachment score of 74.07 out of 96 (77.16 on a 100-point scale). Husbands of pregnant women with high-risk pregnancies had a paternal-fetal attachment score of 83.18 out of 100, with husbands scoring higher than pregnant women on attachment (t=–4.71, p<.001). Social support was 48.80 for pregnant women, similar to 48.88 for husbands (t=–0.09, p=.924). Antepartum depression was 7.81 for pregnant women, compared to 5.80 for their husbands (t=3.31, p=.001), and anxiety was 43.95 for pregnant women, compared to 39.06 for their husbands (t=4.18, p<.001).
Regarding levels of mental health, 31.3% of women and 21.8% of men were at risk for antepartum depression (EPDS score ≥10), while 43.5% of women and 34.0% of men reported high levels of anxiety (score ≥45). Although the prevalence of depression and anxiety was quite high, there were no gender differences in mental health (Table 2).
Table 2. Differences in study variables between women and men who experienced high-risk pregnancy (N=294)
	Variable	Women (n=147)	Men (n=147)	t or χ2	p
	Fetal attachment	77.16±10.04	83.18±11.77	–4.71	<.001
	Social support	48.80±7.56	48.88±7.16	–0.09	.924
	Antepartum depression	7.81±5.20	5.80±5.18	3.31	.001
	EPDS score			3.42	.064
	 <10	101 (68.7)	115 (78.2)		
	 ≥10 (at risk)	46 (31.3)	32 (21.8)		
	Anxiety	43.95±10.27	39.06±9.76	4.18	<.001
	Anxiety score			2.80	.094
	 <45	83 (56.5)	97 (66.0)		
	 ≥45 (high)	64 (43.5)	50 (34.0)		


Values are presented as mean±standard deviation or number (%). The fetal attachment score for the woman in the pair, normalized to a 100-point scale.EPDS, Edinburgh Postnatal Depression Scale.



4. Association between fetal attachment, social support, and antepartum depression in high-risk pregnant couples
Among pregnant women with high-risk pregnancies and their husbands, fetal attachment positively correlated with social support (pregnant women: r=.30, p<.001; husbands: r=.48, p<.001), negatively correlated with depression (pregnant women: r=–.22, p=.006; husbands: r=–.18, p=.025), and negatively correlated with anxiety (pregnant women: r=–.35, p<.001; husbands: r=–.26, p<.001).
When we examined the study variables’ associations between pregnant women and their spouses, we found significant, positive correlations between fetal attachment (r=.17, p=.034), social support (r=.33, p<.001), antepartum depression (r=.26, p<.001), and anxiety (r=.34, p<.001) (Table 3).
Table 3. Relationships among fetal attachment, social support, antepartum depression, and anxiety in women and men who experienced high-risk pregnancy (N=294)
	Women	Men
	Fetal attachment	Social support	Antenatal depression	Anxiety
	r	p	r	p	r	p	r	p
	Fetal attachment	.17a)	.034	.48	<.001	–.18	.025	–.26	.001
	Social support	.30	<.001	.33a)	<.001	–.32	<.001	–.44	<.001
	Antepartum depression	–.22	.006	–.11	.176	.26a)	.001	.66	<.001
	Anxiety	–.35	<.001	–.24	.003	.72	<.001	.34a)	<.001


The left row shows the correlation coefficient between study variables in women with high-risk pregnancies. The upper column shows the correlation coefficient between variables measured in the husbands (men) of high-risk pregnant women.a)Correlations assessed between males’ and females’ reports are shown in the blank diagonal (147 couples).



5. Mediating effects of social support and antepartum depression on the relationship between fetal attachment and anxiety in high-risk pregnant couples
To examine social support and antepartum depression’s mediating effects on the relationship between fetal attachment and anxiety in pregnant women and their husbands, a serial multiple mediation model was tested using model 6 of the PROCESS macro proposed by Hayes [40]. The results are presented in tables and figures for pregnant women and their husbands, respectively (Table 4, Figure 1).
Table 4. Mediation effects of social support and antepartum depression in the relationship between fetal attachment and anxiety in women and men who experienced high-risk pregnancy (N=294)
	Variable	Women (n=147)	Men (n=147)
	β	t	p	95% CI	β	t	p	95% CI
	Direct effect								
	 Fetal attachment (X) → social support (M1)	0.30	3.90	<.001	0.09 to 0.27	0.48	6.75	<.001	0.21 to 0.38
	 Fetal attachment (X)→ antepartum depression (M2)	–0.20	–2.46	.015	–0.15 to –0.01	–0.03	–0.34	.729	–0.09 to 0.06
	 Social support (M1) → antepartum depression (M2)	–0.04	–0.55	.577	–0.14 to 0.08	–0.31	–3.47	<.001	–0.35 to –0.09
	 Fetal attachment (X) → anxiety (Y)	–0.16	–2.81	.005	–0.23 to –0.04	–0.05	–0.74	.458	–0.15 to 0.06
	 Social support (M1) → anxiety (Y)	–0.11	–2.06	.040	–0.31 to –0.01	–0.22	–3.21	.001	–0.50 to –0.11
	 Antepartum depression (M2) → anxiety (Y)	0.66	11.86	<.001	1.10 to 1.54	0.58	9.26	<.001	0.85 to 1.32
	Indirect effect								
	 Total	–0.18			–0.31 to –0.06	–0.21			–0.35 to –0.08
	 Indirect 1: fetal attachment (X) → social support (M1) → anxiety (Y)	–0.03			–0.09 to 0.09	–0.11			–0.18 to –0.04
	 Indirect 2: fetal attachment (X) → antepartum depression (M2) → anxiety (Y)	–0.14			–0.26 to –0.01	–0.01			–0.13 to 0.09
	 Indirect 3: fetal attachment (X) → social support (M1) → antepartum depression (M2) → anxiety (Y)	–0.01			–0.04 to 0.02	–0.08			–0.14 to –0.03
	Total effect								
	 Fetal attachment (X) → anxiety (Y)	–0.28	–4.54	<.001	–0.41 to –0.16	–0.22	–3.36	<.001	–0.35 to –0.09


CI, confidence interval.


[image: Fig. 1.]
Fig. 1. Serial mediating effect in high-risk pregnant women and men. (A) Model for women. (B) Model for men. c’ (c), direct effect (total effect).All coefficients are presented as standard effects: *p<.05, **p<.01, and ***p<.001.

Before testing the model for anxiety in high-risk pregnant women, a Durbin-Watson statistic was calculated to confirm any autocorrelation among the error terms; the resulting value of 2.00 was close to 2, indicating that no autocorrelation exists among the error terms. To check for multicollinearity among the independent variables, the tolerance ranged from 0.86 to 0.94, all of which was greater than 0.10, and the variance inflation factor scores ranged from 1.05 to 1.15, all of which were less than 10; hence, no multicollinearity exists among the independent variables.
In the maternal model, maternal-fetal attachment significantly influenced social support (β=0.30, p<.001), antepartum depression (β=–0.20, p=.015), and anxiety (β=–0.16, p=.005), supporting hypotheses H1, H2, and H3. While social support did not directly affect antepartum depression (β=–0.04, p=.577), it exhibited a direct effect on anxiety (β=–0.11, p=.040). Concurrently, antepartum depression emerged as a robust predictor of anxiety (β=0.66, p<.001), validating H4 and H6. To assess the mediating effects of social support and antepartum depression on the fetal attachment-anxiety relationship, we employed bootstrap analysis (10,000 samples). Results revealed no indirect effect of fetal attachment on anxiety via social support (β=–0.03; 95% confidence interval [CI], –0.09 to 0.001). However, a significant indirect association between fetal attachment and anxiety through antepartum depression was observed (β=–0.14; 95% CI, –0.26 to –0.01). The serial mediating effect of social support and antepartum depression was not significant (β=–0.01; 95% CI, –0.04 to 0.02). The total effect of maternal-fetal attachment on anxiety (β=–0.28, p<.001) exceeded its direct effect (β=–0.16; 95% CI, –0.23 to –0.04), corroborating the mediating roles of social support and antepartum depression. These findings support hypothesis H8 (Table 4, Figure 1).
In the paternal model, the Durbin-Watson statistic for the autocorrelation between the error terms in the regression model was 2.23, indicating no autocorrelation. When assessing multicollinearity among the independent variables, the tolerance limits ranged from 0.70 to 0.89, and the variance expansion index ranged from 1.12 to 1.42, indicating no multicollinearity exists among the independent variables.
Paternal-fetal attachment directly affected social support (β=0.48, p<.001) but not antepartum depression (β=–0.03, p=.729) or anxiety (β=–0.05, p=.458). H1 has been supported. Social support had a direct effect on antepartum depression (β=–0.31, p<.001) and anxiety (β=–0.22, p=.001). At the same time, antepartum depression was also found to be a significant predictor of anxiety (β=0.58, p<.001). H4, H5, and H6 have been supported. To test the significance of social support and antepartum depression’s mediating effects on the relationship between paternal-fetal attachment and anxiety, we conducted 10,000 bootstraps. First, social support’s simple mediating effect on the relationship between paternal-fetal attachment and anxiety was statistically significant (β=–0.11; 95% CI, –0.18 to –0.04). Second, antepartum depression’s simple mediating effect on the relationship between paternal-fetal attachment and anxiety was not significant (β=–0.01; 95% CI, –0.13 to 0.09). Finally, the test of the social support and antepartum depression’s serial, multiple mediating effects revealed a statistically significant (β=–0.08; 95% CI, –0.14 to –0.03). H7 and H9 have been supported. The total effect of paternal-fetal attachment on anxiety, considering both social support and antepartum depression as mediators, was significant (β=–0.22, p<.001). However, paternal-fetal attachment did not have a direct effect on anxiety when the mediators were included in the model, indicating that the relationship between paternal-fetal attachment and anxiety was fully mediated by social support and antepartum depression (Table 4, Figure 1).


Discussion
This study identified social support and antepartum depression’s mediating effects on the relationship between fetal attachment and anxiety in high-risk pregnancies. As a result, while the serial mediation effect did not appear in the maternal model, an effect did appear in the paternal model, confirming gender differences.
In this study, high-risk pregnant women’s maternal-fetal attachment score of 74.07 was 9.21 points lower than the attachment score of 83.28 for low-risk pregnant women at 16 weeks gestation [41] and similar to the 76.64 reported for high-risk pregnant women at 20 weeks gestation or more [21]. This may reflect a reduced fetal attachment among women experiencing high-risk pregnancies due to the latter’s uncertainty about the fetus’ health and survival [42]. The husband’s paternal-fetal attachment score of 83.18 was 4.96 points lower than the research by Noh and Yeom [30] of 88.14. While different assessment tools were employed, standardization to a 100-point scale allows for comparative analysis. The results indicate that pregnant women scored lower (77.16) than their spouses (83.18). Furthermore, both these scores appear to be comparatively lower than those observed in low-risk pregnant women and their partners. The social support score 48.80 for high-risk pregnant women was similar to the 48.57 score for women with preterm labor [34] but higher than the 45.47 social support score for women with low-risk pregnancies [43]. The social support score of husbands of high-risk pregnant women was 48.88 points, which was higher than the 47.67 points scored by husbands of low-risk pregnant women [43]. The gap between mother’s and father’s scores is smaller in high-risk situations (0.08). Both parents report higher social support scores in high-risk pregnancies compared to low-risk ones. This suggests that subjects with various high-risk pregnancy diagnoses and those experiencing a single pregnancy complication sought and received more social support than those with low-risk pregnancies.
High-risk pregnant women’s antepartum depression score was 7.81, with an incidence of 31.3%, which was slightly higher than 6.82, with an incidence of 23.6% of low-risk pregnant women [44]. The depression score for husbands is 5.80, which is 1.20 points higher than the 4.60 score for husbands of low-risk pregnant women [45]. The husband’s anxiety score was 39.06, compared to 34.59 for the husbands of low-risk pregnant women [46]. Both antepartum depression and anxiety scores were higher for mothers than for fathers. High levels of anxiety (scores of 45 or higher) were observed in 43.5% of high-risk pregnant women, consistent with anxiety levels being twice as high compared to low-risk pregnant women [9]. These results affirm that the prevalence of depression and anxiety tends to be greater among women and men undergoing high-risk pregnancies compared to those with low-risk pregnancies [9-11,26,47]. Hospitalized high-risk pregnant women reported higher levels of antepartum depression and anxiety than in the low-risk pregnancy group [42], thus indicating that hospitalization during pregnancy constitutes a contributing factor to antepartum depression and anxiety. This suggests that both outpatient and hospitalized high-risk pregnant women are at increased risk for depression and anxiety, and early and periodical screenings and strategies for social-psychological interventions are needed to reduce depression and alleviate anxiety.
The factors associated with anxiety among women with high-risk pregnancies were not having a job, having high physical discomfort, and having poor maternal health and fetal health. This is consistent with previous studies that anxiety among high-risk pregnant women was associated with not having a job, poor subjective health, and poor fetal health [48]. This is likely because financial difficulties and concerns about maternal and fetal health and safety during pregnancy trigger anxiety. Although no statistical difference was observed in antepartum depression and anxiety levels between high-risk pregnant women and their spouses, there was a 9.5% higher prevalence of the depression-risk group and high-anxiety group among women. This finding corroborates the study by Chae [49], suggesting that even among low-risk pregnant women, levels of prenatal depression and anxiety tend to surpass those of their spouses. Thus, pregnant women not only undergo typical physiological and psychological adaptations associated with pregnancy but also contend with the direct experience of high-risk pregnancy, thereby encountering heightened levels of negative emotions.
The study variables significantly correlated with each other for both pregnant women and husbands experiencing high-risk pregnancies. This is consistent with research demonstrating that maternal-fetal attachment positively relates to social support and that maternal-fetal attachment and social support negatively relate to antepartum depression and anxiety in high-risk pregnancies [13,18]. Furthermore, each study variable was positively correlated between women experiencing high-risk pregnancies and their husbands. This is consistent with a study that reported that fetal attachment and anxiety are mutually influenced in couples experiencing high-risk pregnancies and that the pregnant woman’s antepartum depression correlated with that of her husband, suggesting that each couple’s depressive feelings affect the other [26]. It can be interpreted as a result that the social dynamics, emotional experiences, and psychological states of pregnant women and their husbands may influence each other. Considering these results, we suggest that comprehensive informational and psychological support is crucial not only for high-risk pregnant women but also for these couples through such a couple-centered education [50]. Interventions should be tailored to address the specific needs identified in our study, such as financial concerns, communication, and health-related worries. Cognitive-behavioral therapy, stress management techniques, and personalized counseling could be effective in mitigating anxiety and depression [51].
Results confirming the double mediating effects of social support and antepartum depression on the relationship between maternal-fetal attachment and anxiety, did not significantly mediate the relationship between maternal-fetal attachment and anxiety. However, antepartum depression emerged as a significant mediator, with higher maternal-fetal attachment associated with lower levels of antepartum depression, which in turn led to decreased anxiety. The serial multiple mediation analysis, considering the combined effects of social support and antepartum depression, did not yield significant results. This suggests that the mediating effect on anxiety did not follow a sequential path through both social support and antepartum depression. Despite this, the total effect of maternal-fetal attachment on anxiety, accounting for both social support and antepartum depression as mediators, was significant and larger than the direct effect of maternal-fetal attachment on anxiety. This confirms the presence of mediating effects, primarily through antepartum depression, in the relationship between maternal-fetal attachment and anxiety. Examining the effects of fetal attachment, social support, and antepartum depression on anxiety in women with high-risk pregnancies, we found that maternal-fetal attachment negatively and directly affected anxiety, social support mediated the relationship between maternal-fetal attachment and anxiety, and antepartum depression mediated the relationship between maternal-fetal attachment and anxiety. Hence, social support for high-risk pregnant women moderates the relationship between maternal-fetal attachment and anxiety, while antepartum depression increases anxiety. These findings are limited by the lack of studies of high-risk pregnant women using the same instrument as this study. However, the findings are similar to those of a previous study reporting that social support partially mediated the relationship between fetal attachment and depression in low-risk pregnant women, ultimately reducing depression, and social support may directly affect anxiety, reducing anxiety [52]. This suggests that social support is important for pregnant women and effectively reduces depression and anxiety; however, studies are lacking that verify social support’s mediating effect among high-risk pregnant women.
The double mediation effect in the paternal model results showed that paternal-fetal attachment had no direct effect on antepartum depression and anxiety. However, full mediation effects occurred through social support and antepartum depression in the relationship between paternal-fetal attachment and anxiety. Therefore, paternal-fetal attachment may influence anxiety through the mediation of social support and antepartum depression, with positive social support reducing anxiety but antepartum depression increasing it. Direct comparisons are difficult because studies have not used the same instruments to examine social support and antepartum depression’s mediating effects on the relationship between paternal-fetal attachment and anxiety in husbands of high-risk pregnant women. However, a study of 93 couples with low-risk pregnancies couples in Germany found that paternal-fetal attachment did not directly affect anxiety in fathers [53]. A systematic review revealed that poor spousal social support during pregnancy can lead to depression not only during pregnancy but also in the postpartum period [20]. Hence, researchers must depart from existing studies that perceive husbands of high-risk pregnant women as supporters of their wives and recognize that husbands also need social support to facilitate their adaptation to the pregnancy process and are vulnerable to antepartum depression and anxiety. Husbands of high-risk pregnant women, often limited in their access to medical professionals, need comprehensive support [54]. This includes accurate, up-to-date medical information about high-risk pregnancies, crucial for informed support [6]. Equally important is emotional support through peer networks of other husbands in similar situations. These groups facilitate experience sharing and coping strategies and provide a safe space for expressing concerns, significantly contributing to the men’s psychological well-being [54]. The elucidation of the sequential mediating effects of social support and antepartum depression provides valuable insights for healthcare professionals.
These findings can inform the development of targeted interventions to support expectant fathers, potentially leading to improved outcomes for the entire family unit. Further, antepartum care should approach pregnant women and their husbands as a family unit. Positive perceptions of social support and interventions to promote mental health are needed to strengthen fetal attachment and manage anxiety in high-risk pregnant women and their husbands. The need exists for couple-centered antepartum education rather than targeting only the pregnant woman. Nurses caring for high-risk pregnant women should identify high-risk pregnant women and their husbands as a family unit and regularly assess their prenatal attachment and anxiety levels to determine if they are candidates for intervention at each prenatal visit. By providing these couples with education and guidance on understanding high-risk pregnancies, building a relationship with their unborn child, seeking social support, and managing their emotions, nurses could help reduce antepartum depression and anxiety.
This study also includes some limitations. As the study was conducted during the coronavirus disease 2019 pandemic, anxiety levels should be interpreted with caution given the psychology during a period in which pregnant women experienced a heightened risk of coronavirus infection and restricted activity. The lack of consideration of outpatient versus hospitalized subjects and the unequal sample sizes for each of the 11 high-risk pregnancy conditions should be used with caution in interpreting the results. Despite these limitations, this study differs from other studies in that it recruited high-risk couples to simultaneously evaluate both the woman’s and husband’s adjustment to pregnancy and identified the differences in these adjustments by checking for correlations of study variables between couples. Given these limitations, future studies should compare whether the high-risk pregnancy experience differs by high-risk pregnancy diagnosis and whether the experience differs between inpatient and outpatient treatment groups. Future research should further explore the dynamics of emotional synchrony and mutual influence in couples facing high-risk pregnancies. Longitudinal studies are also needed to determine how these relationships evolve and their long-term impact on family well-being. Additionally, research should aim to expand the scope and generalize the results by including high-risk groups at various levels and diverse populations.
The demonstrated serial mediation effect suggests that interventions aimed at enhancing fetal attachment may indirectly reduce anxiety by improving perceived social support and decreasing antepartum depression. This finding has important implications for clinical practice, suggesting that comprehensive interventions addressing fetal attachment, social support, and antepartum depression may be more effective in managing anxiety in high-risk pregnancies than those targeting these factors in isolation. Nursing interventions for high-risk pregnancies should include couple-centered education, with joint sessions on coping with the challenges of pregnancy and improving communication. Emotional support programs, such as individual and group counselling with a focus on cognitive behavioral therapy, should be provided to address stress. Peer support networks for fathers will facilitate sharing of experiences and guidance. In addition, practical support should be provided, including resources for managing household tasks, medical appointments and preparing for parenthood, to reduce stress for both parents.

Conclusion
The present study discovered that for mothers in high-risk pregnancies and in the relationship between fetal attachment and anxiety, fetal attachment directly affected anxiety, with higher fetal attachment reducing anxiety through higher social support and lower antepartum depression. For husbands, fetal attachment had no direct effect on anxiety in the fetal attachment-anxiety relationship, but higher fetal attachment reduced anxiety through higher social support, and such social support reduced anxiety through lower antepartum depression. In women undergoing high-risk pregnancies and their partners, the prevalence of antepartum depression and heightened anxiety was significantly higher compared to those in the low-risk pregnancy group. Moreover, within the high-risk cohort, the rates of antepartum depression and anxiety were disproportionately higher among the women than their partners. Consequently, this indicates a crucial need for systematic screening and early intervention for both depression and anxiety in couples experiencing high-risk pregnancies. This indicates that social support may directly and indirectly affect negative emotions in couples with high-risk pregnancies. Therefore, it is suggested that an approach that includes spouses, as well as women experiencing high-risk pregnancies, is needed to assess their anxiety levels early and develop and implement social psychological nursing interventions and social support enhancement strategies to reduce anxiety during pregnancy.
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Appendix 1.Conceptural framework of this study. c’ (c), direct effect (total effect).
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