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Background: Women undergoing in vitro fertilization-embryo transfer
(IVF-ET) treatment were generally found to experience varying degrees of
psychological distress across the treatment. Existing studies focused on total
scores and diagnostic thresholds to characterize the symptoms’ severity, which
might hinder scientific progress in understanding and treating psychological
distress.

Aims: We aimed to investigate (a) how depression and anxiety symptoms are
interconnected within a network, and (b) the changes of the network (symptom
connections and network centralities) over time, in women undergoing in
vitro fertilization-embryo transfer.

Methods: A 4-wave longitudinal study was designed with 343 eligible women
recruited from the Reproductive Medicine Center of a tertiary hospital in
China. The network models were created to explore the relationship and
changes between psychopathology symptoms both within and across anxiety
and depression, with anxiety measured by the Generalized Anxiety Disorder-7
and depression measured by the Patient Health Questionnaire-9. Symptom
network analysis was conducted to evaluate network and network properties,
network centrality, and bridge centrality, as well as change trajectory network.

Results: For the strength centrality, “inability to control worry” and “worrying
too much” were the most central symptoms at T1; however, these symptoms
decreased. The centrality of “sadness” and “guilt” tended to increase steadily
and became dominant symptoms. For bridge centrality indices, several bridge
symptoms were identified separately from T1 to T4: “irritability,” “"concentration
difficulties,” "nervousness,” and ‘restlessness;” “guilt” exhibited increased
bridge symptoms. Furthermore, the change trajectory network indicated that
“suicide ideation” became more closely related to guilt but not to worrying too
much over time.

Conclusion: This study provides novel insights into the changes in central
features, connections, and bridge symptoms during IVF-ET treatment and
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identified several bridge symptoms separately at different stages, which could
activate the connection between psychopathology symptoms. The results
revealed that sense of guilt was associated with worsening psychopathology
symptoms, indicating that future psychological interventions should target
guilt-related symptoms as a priority.
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in vitro fertilization, depression, anxiety, network analysis, long-term

Introduction

Infertility is recognized as a global health problem by the
World Health Organization, affecting 20-30% of the female
population of reproductive age in modern society (Bai et al,
2019b; Vitagliano et al., 2021). In China, approximately 15.5% of
reproductive-age women seek treatment for infertility each year
(Zhou et al., 2018). In vitro fertilization-embryo transfer (IVE-ET)
treatment experience is becoming a life crisis for some and may
be particularly devastating for women due to infertility itself,
intrusive medical treatments, high financial costs, and uncertainty
over treatment effects (Peterson et al., 2007; Wichman et al., 2011;
Hakimi and Cameron, 2017; Renzi et al., 2020). A growing body
of literature shows that infertile women undergoing IVF-ET
treatment experience elevated levels of psychological distress, of
which anxiety and depression are the most common (Van den
Broeck et al., 2010; Gdanska et al., 2017; Bai et al., 2019a) and is
associated with significant adverse treatment outcomes (Smeenk
etal,, 2001; Quant et al.,, 2013; Aimagambetova et al., 2020).

The most popular framework to investigate depression,
anxiety, and their co-occurring symptoms is the common cause
theory that the co-occurrence of symptoms is caused by an
unobserved common cause (Borsboom, 2008; Schmittmann et al.,
2013). Within this context, in studies of infertile women, it has
been hypothesized that depression causes symptoms such as
hopelessness, sleep disturbances, and fatigue (Hughes and da
Silva, 2011; Huang et al., 2019; Kim et al., 2020), whereas anxiety
causes symptoms such as worry, restlessness, and fear (Karatas
etal., 2010; Cao et al.,, 2022). Thus, most mental health research in
the infertile women field focused on the total scores or frequencies
of distress symptoms to represent psychological distress severity
(Lakatos et al., 2017; Cui et al., 2021; Liu et al., 2021; Dadhwal
et al, 2022). However, this methodology risks obscuring
important variations between specific symptoms and the
connections among symptoms due to the assumption that these
disorders are separate entities in the common cause model.
Psychological symptoms are often the result of direct symptom-
symptom connections but not of common causes (Cramer et al.,
2010). Furthermore, the common cause perspective does not
adequately explain the finding that changes in one symptom can
predict changes in other symptoms in the following week
(Bringmann et al., 2015). In conclusion, the traditional perspective
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and approach might hinder scientific progress in understanding
and treating psychological distress (Boschloo, 2018; Jones
etal., 2019).

The recently emerged network approach, on the other hand,
describes psychological distress as systems of connected symptoms
rather than as reflecting an unobserved cause (Borsboom, 2017).
The symptom’s co-occurrence is based on the network modeling
of dynamical systems that mutually cause, maintain, and form the
basis of symptomatology (Barrat et al., 2008). For example, in the
depression of infertile women, hopelessness may be highly
correlated with sleep disturbance, not because they have a
common cause (depression), but because hopelessness is directly
associated with sleep disturbance. One of the advantages of
applying network analysis to the study of psychological distress in
infertile women undergoing IVF-ET treatment is to offer a visual
depiction of the complex connections among symptoms (Beard
et al., 2016; Rouquette et al., 2018). From a clinical point of view,
network analysis can also identify the most central symptoms
the
Resembling the domino effect, the central symptom may have a

within infertility-related  psychopathology network.
greater influence on the network because of its high degree of
interconnections (Park and Kim, 2020). The identification of
central symptoms is critical for clinicians to develop effective
intervention programs. Further, the network model emphasizes
the crucial role of bridge symptoms which connect two mental
disorders, and the activation of these bridge symptoms is likely to
result in the development and maintenance of both disorders
(Jones et al,, 2019). As such, identifying bridge symptoms between
depression and anxiety to prevent co-occurrence has substantial
implications for mental health improvement among women
undergoing IVF-ET. This could be achieved by implementing
targeted and prioritized treatment for bridge symptoms,
contributing to the control and prevention of the onset of other
depression and anxiety symptoms.

Another key issue that needs attention is understanding how
depression and anxiety symptoms change over the diverse stages
of IVF-ET treatment. IVF-ET involves different stages, including
ovulation induction, oocyte retrieval, and embryo transfer, in
which patients face various challenges (Gameiro et al., 2016). A
prospective United Kingdom study using three time point data
found that women undergoing IVF-ET treatment experienced the
highest levels of psychological distress at the stage of the pregnancy
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test (Yong et al, 2000). The systematic review indicated that
women experienced elevated anxiety and depressive symptoms
during IVF-ET treatment (Verhaak et al., 2007). In a recent
Chinese longitudinal study, women showed the highest depression
scores in stage T1 (on the first day of entering the cycle) and the
highest anxiety scores in stage T2 (the day human chorionic
gonadotropin was administered; Liu et al., 2021). However, to our
knowledge, no studies have focused on changes in the relationship
between depression and anxiety among women during IVF-ET
treatment. Thus, it is essential to investigate the interactions and
changes in anxiety and depressive symptoms across the entire
treatment pathway.

Therefore, network analysis has the potential to obtain a
detailed and fine-grained description of these symptom-symptom
interactions and their development, which provides more
clinically useful insights than the classic model (Rouquette et al.,
2018). However, to our knowledge, the available studies have not
explored the connections between anxiety and depressive
symptoms among women undergoing IVF-ET treatment using
network analysis.

In the current study, we aimed to extend the previous
literature on three points. First, we characterized the depression
and anxiety symptoms network structure in a large longitudinal
sample of women undergoing IVF-ET treatment. Second, we used
a novel method to identify the central and bridge symptoms
within the networks (Jones et al., 2019). Finally, we investigated
whether the network changed over the course of treatment in two
ways, firstly, by looking at the network structure patterns at each
of the four cross-sectional time points separately, and secondly, by
exploring the connections between symptoms in a longitudinal
network considering changes in individual components over time.

Given the paucity of studies exploring psychological distress
among IVF-ET women from a network analysis perspective, as
well as the fact that current state-of-the-art network methods are
not confirmatory, we do not propose specific hypotheses for our
research questions. However, drawing on previous studies on
network analyzes of psychological distress (Beard et al., 2016;
Wang et al., 2020) and incorporating the characteristics of
psychological distress in Chinese infertility patients (Cao et al,
2022), we may tentatively suggest that (1) there would be positive
connections between most of the different symptoms of
psychological distress, (2) network structures would be similar
over time, and (3) in terms of the patterns of interconnections and
network properties (strength centrality and bridge centrality)
would change over time, but we did not have specific expectations
in this regards.

Materials and methods
Setting
A longitudinal study was designed to assess the depressive

and anxiety symptoms of women throughout the IVF-ET
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treatment. Eligible women were recruited at the Reproductive
Medicine Center in a public hospital in Shandong Province,
China, from March 2019 to May 2020. The eligibility criteria
were: being a woman undergoing the first cycle of IVE
consenting to take part in the study, and having no
hypertension, diabetes, coronary heart disease, or other major
diseases. Exclusion criteria were: not being interested in the
study and diagnosed psychiatric disorders. To be specific,
women who self-reported a past or current diagnosis of
psychiatric illness and/or psychotropic substance use
were excluded.

Participants

A total of 420 IVF-ET women were invited to participate in
this study, but 77 (18.3%) of them did not participate in the
assessment at baseline, mainly because they refused due to
non-interest, or did not have enough time to complete the
assessment, or had a history of psychiatric disorders. There were
343 participants who eventually completed the baseline self-report
questionnaires on the day of admission (T1) in a private room at
the Reproductive Medicine Center. Information on demographics,
clinical characteristics, and psychological well-being (depression
and anxiety) was collected. Waves two to four were conducted
upon the IVF-ET cycle start (T2), on the day of oocyte retrieval
(T3) and on the day before the pregnancy test 2weeks after
embryo transfer (T4), respectively. Additionally, participants
completed depression and anxiety questionnaires from T2 to T4.
At T2, 269 participants followed; at T3, 261 continued
participating; and at T4, 212 participants were left. The main
reason for missing follow-ups was not filling the questionnaires
on time. We adopted a sample size calculation analysis in the
context of cross-sectional network models proposed by Constantin
et al. (2021), which was implemented by the powerly package in
R. For a network model consisting of 16 nodes with a sensitivity
of 0.6, a probability of 0.8, and a density of 0.2, a sample size of 211
participants was recommended. The cross-sectional network
models from T1 to T4 in the present study all met the
recommended sample size, although the sample size decreased
across the four waves. It should be noted that there is no
established method for a formal power analysis available for
longitudinal network models, although the sample size was similar
to that used in another study of the roughly same model (Miers
et al., 2020).

Measures

Demographics and clinical characteristics

The demographic items included questions on age, body mass
index (BMI), ethnicity, education level, location, working status,
family income (Yuan/monthly), and family type (living with a
spouse or not). We assessed clinical characteristics, including
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duration of infertility and causes of infertility (if male, female, or
both, or unexplained).

Depression

The Patient Health Questionnaire-9 (PHQ-9) was used to
assess depression symptoms from T1 to T4 (Johansson et al.,
2021). The scale contains nine items on a four-point scale from 0
(not at all) to 3 (almost every day) and a total score ranging from
0 to 27, with higher scores indicating more severe depression
symptoms (Kroenke et al., 2001). A validated study suggested that
a cut-off score of 10 or above should be used to identify a
participant with depression symptoms (Levis et al., 2019). The
PHQ-9 has been shown to be a reliable and valid brief depression
assessment tool in infertile women (Evans-Hoeker et al.,, 2018; Bai
etal,, 2019a), with Cronbach’s alpha values ranging from 0.874 to
0.912 for the four waves in this study. The items of the PHQ-9 and
their reference names are presented in Supplementary Table S1.

Anxiety

The Generalized Anxiety Disorder Scale-7 (GAD-7) was
used to assess anxiety symptoms from T1 to T4 (Spitzer et al.,
2006). The scale has seven questions with scores ranging from
0 (not at all) to 3 (almost every day) for each item, yielding a
total score between 0 and 21, with higher scores indicating
higher levels of anxiety symptoms. A validated study has
suggested that a cut-off score of 10 or above should be used to
identify a participant with anxiety symptoms (Spitzer et al.,
2006). The GAD-7 has been shown to be a reliable and valid
brief anxiety assessment tool for infertile women (Bai et al.,
2019a; Barra et al.,, 2020), with Cronbach’s alpha values ranging
from 0.928 to 0.957 for the four waves in this study. The items
of the GAD-7 and their reference names are listed in
Supplementary Table S1.

Statistical analysis

Continuous variables are reported as means (standard
deviation), and categorical measures are summarized as numbers
clinical

(percentage).  Sample and

characteristics were compared between the withdrawal (n=133)

sociodemographic

and follow-up (n=210) groups using Chi-square tests and
independent samples ¢-fests. The significance level was set at 0.05,
using SPSS (version 24.0; IBM Corp., Armonk, NY, United States).
We then performed the network analysis, including network
estimation, network stability, and network differences in R
(software).

Network estimation

To illustrate the development of the relationship between
depression and anxiety symptoms in women undergoing IVF-ET,
for each stage, we estimated a least absolute shrinkage and
selection operator (LASSO) regularized network that included
PHQ-9 and GAD-7 items. Gaussian graphical models with the
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graphical lasso were constructed using the R software package,
qgraph (Friedman, 2008). A Gaussian graphical model is an
undirected weighted network where edge weights can
be interpreted as partial correlation coeflicients (i.e., controlling
for the effects of all other items in the network; Rouquette et al.,
2018). A regularization technique, the LASSO procedure uses a
penalized regression method that reduces overfitting by
performing shrinkage and model selection simultaneously
(Tibshirani, 1996; Epskamp and Fried, 2018). We employed the
extended Bayesian information criterion (EBIC) to estimate the
optimal value of the penalty parameter using the R package
bootnet (Foygel and Drton, 2010). As network analysis does not
deal with missing data, the available complete data at each stage
were used to estimate the network; therefore, n varied for each
network. To facilitate visual comparisons, all networks were
developed using a fixed node placement based on the
Fruchterman-Reingold algorithm (Fruchterman and Reingold,
1991; Epskamp et al., 2012).

In addition, we explored which symptoms were most
central to the resulting networks by examining strength
centrality, the absolute sum of edge weights connected to a
node. Previous research indicated that strength centrality is the
simplest centrality coefficient (Miers et al, 2020). The
advantages of strength centrality include its clear relationship
with well-understood psychometric measures and its accessible
robust estimates (Epskamp et al., 2016; Haslbeck and Waldorp,
2018). We performed the centrality plot function from the R
package qgraph for this analysis (Epskamp et al, 2012).
We then estimated the bridge centrality indices to identify the
symptoms as a bridge between anxiety and depressive
symptoms using the bridge function via the R package
networktools (Jones, 2017). Three indices were investigated:
bridge betweenness, bridge closeness, and bridge strength. The
only difference between network and bridge centrality is that
the two related symptoms come from different symptom
communities. The bridge centrality of the nodes accesses the
role of a symptom in connecting two mental disorders (Jones
et al,, 2019). The analysis of checking the stability of the
network structure was described in the section titled

Supplementary Information.

Network differences

To investigate the changes in the networks from T1 to T4,
global connectivity (network structure and global strength) and
local connectivity (edge weights) for dependent samples were
examined. The network structure invariance test investigated
whether the structure of the network was identical over time. The
global strength invariance test, which represents the overall
connectivity (weighted absolute sum of all edges in the network)
was the same each time. We used a permutation test called the
Network Comparison Test (NCT) in the R package to complete this
analysis (van Borkulo et al., 2017). A significance level of 0.05
(p<0.05) was applied, and a Bonferroni correction was used for
multiple comparisons.
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TABLE 1 Baseline sociodemographic data, and clinical characteristics
of women undergoing IVF-ET (n=343).

Variables Mean (SD)/n (%)

Age, mean (SD), years 30.68+4.10
BMI, mean (SD), kg/m* 23.38+£3.40
Ethnicity
Han 339 (98.8%)
Minority 4 (1.2%)

Marital status

First marriage 291 (84.8%)

Remarriage 52 (15.2%)
Education
High school or less 186 (54.2%)

College or above 157 (45.8%)

Location
Rural 99 (28.9%)
Suburban 100 (29.2%)
Urban 144 (42.0%)
Occupation
Unemployed 87 (25.4%)
Employee 256 (74.6%)
Family income (Yuan/monthly)
<4,000 Yuan 168 (49.0%)
>4,000 Yuan 175 (51.0%)
Family type

Only live with your spouse 273 (79.6%)

Others 70 (20.4%)
Duration of infertility, mean (SD), 3.47+2.46
years
Causes for infertility

Male 50 (14.6%)

Female 202 (58.9%)

Both 23 (6.7%)

Unexplained 68 (19.8%)

IVE-ET, in vitro fertilization and embryo transfer; BMI, body mass index.

Change trajectory network

To explore whether the network changed, we also used
longitudinal data to connect the change trajectories on the
nodes to each other, as reccommended by previous studies (von
Klipstein et al., 2018; Miers et al., 2020). Ordinary Least
Squares (OLS) regression was performed to estimate the
(linear) slope of the score for each node per participant from
T1 to T4. Thus, the slope scores refer to the change in each
node over time for each individual. All slopes were then used
as variables to evaluate the network, in which we set the same
parameters as the cross-sectional network (LASSO and EBIC
model selection).
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Results

The baseline demographics and clinical characteristics of the
participants are presented in Table 1. The difference between the
general participant characteristics of those who dropped from this
study (n=133) and those of the participants who completed all
four assessments (n=210) is shown in Supplementary Table S2.
The results showed that there were no significant differences in
demographic and clinical information, except for age. The missing
participants were mostly older (t=2.593, p=0.01).

Network estimation and comparison

Before characterizing the depression/anxiety symptom
network and quantifying the property differences over the course
of IVF-ET treatment, we used the bootstrap method to evaluate
the stability of the symptom networks. As shown in
Supplementary Figures S1, S2, most of the edges and centrality
(strength and bridge betweenness) were stable. Detailed results are
provided in the Supplementary Information section. Thus, the
network differences in this study could reflect a relatively solid
change in the pattern of psychological symptom interaction over
the course of IVF-ET treatment.

Figures 1 A-D present the estimated networks at the four time
The detailed
Supplementary Tables S3-S6. The network comparison test

points. edge weights are shown in
showed that no global differences were found between network
structures and global strengths from T1 to T4: M=0.216-0.275,
p=0.26~0.84, and $=0.036 ~0.063, p=0.75~0.92 (global strength
at T1=7.48;at T2=7.51;at T3="7.45; at T4=7.51). However, local
differences were observed in multiple edges and nodes over time.
Locally, over the course of IVE-ET treatment, network differences
were found not only in network properties (strength centrality and
bridge centrality), but also in symptom connections (edge weights).

For the network properties, first, the strength centrality of each
symptom in each stage is illustrated in Figure 2A. At T, “inability
to control worry” and “worrying too much,” from the anxiety
symptoms, exhibited the highest network strength. During the
course of the IVE-ET cycle, although these symptoms decreased,
they were still relatively high when compared with other symptoms.
Additionally, “sadness” and “guilt” from the depression symptoms
exhibited relatively high network strength at T1, and these
symptoms increased during the IVF-ET cycle. Second, the bridge
centrality (bridge betweenness) of each symptom in each stage is
shown in Figure 2B. At T1, the highest was “irritability” from the
GAD-7, but it fell sharply after the IVF-ET cycle started. Further,
“concentration difficulties,” “nervousness,” and “restlessness”
exhibited the highest bridge centrality at T2, T3, and T4, respectively.
Of concern, “guilt from the PHQ-9, showed the lowest level of
bridge centrality at T1, while during the IVF-ET cycle, the symptoms
increased and exhibited relatively high bridge betweenness when
compared with other symptoms. Importantly, these symptoms may

not necessarily be closely related to others. However, they are located
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FIGURE 1

Networks of Depression/anxiety Symptoms at T1 (A; n=343), at T2 (B; n=269), at T3 (C; n=261), at T4 (D; n=212), and T1-T4 Slopes Network (E;
n=210). The blue nodes indicate the PHQ-9 items, and the orange nodes indicate the GAD-7 items. Positive edges appear green, negative red, and
stronger and saturated edges represent strong regularized partial correlations. Anh, Anhedonia; Sdn, Sadness; Slp, Sleep; Enr, Energy; App,
Appetite; Glt, Guilty; Cnc, Concentration; Mtr, Motor; Scd, Suicide; Nrv, Nervous; Cnt, Control; Wrr, Worry; Rlx, Relax; Rst, Restless; Irr, Irritable; Afr,
Afraid; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7.

in the middle of two mental disorders and may play an important
role in mediating the relationship between network symptoms.

In terms of edge weights, as shown in Figures 1 A-D, there were
some similar patterns of connection in the depression/anxiety
symptoms network at different time points, such as a persistent
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strong connection between “worrying too much” and “inability to
relax” within the GAD-7, as well as “concentration difficulties” and
“motor symptoms” within the PHQ-9. More notably, significant
changes were found in the connections between some network
symptoms over time. There were no connections between
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FIGURE 2
Nodes Strength and Bridge Betweenness Centrality Estimates for the PHQ-9 Items and the GAD-7 Items Completed at T1, T2, T3 and T4. Figure 2
A depicts nodes strength centrality, and Figure 2 B depicts nodes bridge betweenness centrality. PHQ-9: Patient Health Questionnaire-9; GAD-7:
Generalized Anxiety Disorder-7.

“nervousness” from the GAD-7 and “sleep difficulties” from the
PHQ-9 at T1, whereas a constant and stable connection from T2 to
T4 was formed between the two after the patients started the IVF-ET
cycle (p<0.001). Additionally, PHQ-9 items “motor symptoms” and
“suicide ideation” had a medium degree of connection from T1 to
T2, suddenly disappearing at T3, and a weak connection re-emerging
at T4 (p<0.05). PHQ-9 items “guilt” and “concentration difficulties”
had a consistent connection over the course of the IVF-ET
treatment, peaking on the day of the oocyte retrieval (at T3, p<0.05).

Change trajectory network

The network using the change trajectories of the depression/
anxiety components is shown in Figure 1E. The detailed edge weights
are shown in Supplementary Table 57. The change trajectory network
largely overlapped with the cross-sectional networks (from T1 to
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T4). Changes in “worrying too much” and “inability to relax” from
the GAD-7, as well as “concentration difficulties” and “motor
symptoms” from the PHQ-9 were closely related to each other over
time. Notably, within the original T1, the suicide ideation symptom
was related to guilt in the same symptom community; also exhibiting
a cross-community connection with worrying too much in the
anxiety symptoms community. Over time, the cross-community
connection between suicide ideation and worrying too much
disappeared, and the connection with guilt was further strengthened.
Thus, changes in suicidal ideation were positively correlated with
changes in feeling bad about oneself but not with worrying too much.

Discussion

The novelty of the present study stems from the application of
a network analysis to understand the interactions and changes in
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anxiety and depressive symptoms during the different phases of
the IVF-ET treatment in women. This study identified the central
and bridge symptoms, which play a particularly crucial role in
different networks at various stages. We found that anxiety-related
symptoms may be more central than depression-related symptoms
at baseline, but the opposite is true over time; “irritability;’
“concentration difficulties;,”
showed the highest bridge centrality at T1, T2, T3, and T4,

respectively, and “guilt” exhibited increased bridge symptoms over

nervousness” and “restlessness

the course of treatment. Furthermore, a constant and stable
connection between “nervousness” and “sleep difficulties” was
established from T2 onward; over time “suicide ideation” became
more closely related to “guilt” but not to “worrying too much”
These findings might be of interest, and may have potential
implications for future research at different stages of prevention
and intervention efforts. However, these findings need to
be interpreted with caution and require future validation, as this
may be a chance finding with a limited sample size. In what
follows, we discuss these findings in light of strength centrality,
bridge centrality, and network connections.

In terms of strength centrality, a previous study in psychiatric
patients found that sadness and worry were the most central
symptoms in the network of anxiety and depressive symptoms
(Beard et al.,, 2016). In the present study, the inability to control
worry and worrying too much from the anxiety symptoms were the
most central symptoms in the network at T1. Although the centrality
of these symptoms decreased during IVF-ET treatment, they were
still relatively high compared to other symptoms. Notably, a relatively
high strength centrality of sadness and guilt from the depression
symptoms was present at T1 and tended to increase steadily over
time, becoming the most central symptoms. Thus, as the IVF-ET
cycle started, anxiety symptoms centrality decreased, whereas
depression problems were more severe due to the contributions from
other non-anxiety-related aspects. These findings are partly
inconsistent with the findings that anxiety symptoms are considered
more central than depression symptoms in a network estimated
from the symptomatology of major depression (Park and Kim,
2020). It also suggests that anxiety-related symptoms and depression-
related symptoms may play an important role at different stages of
treatment: anxiety-related symptoms of inability to control worry
and worrying too much may contribute to the formation of the
depression/anxiety symptoms network, while depression-related
symptoms, particularly sadness and guilt, although not prominent
at baseline, might have a significant role in maintaining the
persistence of the depression/anxiety symptoms network by being
closely related to other symptoms over the course of treatment.
Previous research has indicated that women during IVF-ET
treatment are, especially, worried about unsuccessful pregnancy and
the fear of loss of control concerning their future without a child
(Schaller etal., 2016; Gozuyesil et al., 2020), which may be similar to
what is suggested by the central symptoms identified in the data.
Researchers have proposed that the inability to reproduce naturally
could cause feelings of guilt, which may trigger varying degrees of
distress symptoms, potentially explaining why guilt is a central
symptom as well as sadness over time (Rooney and Domar, 2018).
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When referring to the occurrence of depression and anxiety
over the IVE-ET treatment, this current study identified several
bridge symptoms at different treatment stages such as irritability,
concentration difficulties, nervousness, and restlessness, and that
guilt exhibited increased bridge symptoms over time. Only at
baseline did irritability show the highest bridge centrality. Some
prior studies have established that irritability acts as a bridge
mental state which reflects momentary expressions of shared
symptoms of depression and anxiety; however, the bridge property
of irritability may be less relevant in the context of comorbidity
development (Groen et al,, 2020). Although the anxiety symptom
of nervousness was low at T1, it exhibited the highest bridge
centrality at T3. The oocyte retrieval day determined whether the
IVF treatment was effective, that is, whether oocytes to continue
fertilization are present or not, a situation in which patients often
feel nervous about (Miller et al., 2019). This may explain why the
nervousness node is the strongest bridge symptom connecting the
two mental disorders at T3. Additionally, the symptom of
restlessness showed the lowest bridge centrality at T1, being the
highest at T4, which is partially in line with previous research.
After embryo transfer and before the pregnancy test, patients are
always concerned about the cost, whether the treatment will
be successful, and what to do if it fails (Liu et al., 2021). A prior
study from a sample of patients diagnosed with both depression
and anxiety disorders has also suggested that restlessness was a
significantly stronger bridge than other symptoms (Kaiser et al.,
2021). Similarly, we also identified that, although showing the
lowest bridge centrality at T1, concentration difficulties showed
the highest bridge effect betweenness at T2, and guilt increased
over time. An earlier study indicated that concentration difficulties
were a bridge symptom in the general population, but not guilt
(Wang et al., 2020). This might further suggest that feelings of guilt
are a particularly key symptom link between depression and
anxiety disorders among women undergoing IVF-ET treatment,
endorsing previous findings from another perspective. Feeling
guilt is common among infertile individuals (Rockliff et al., 2014),
especially females (Martins et al., 2011). Traditionally, cultural
expectations place the need for women to reproduce, and women
are easily blamed for pregnancy failure, which could be a powerful
psychological stressor triggering depression and anxiety (Wang
etal.,, 2015).

Regarding network connections, the current study found
strong links between anxiety symptoms of worrying too much and
inability to relax, as well as depression symptoms of concentration
difficulties and motor symptoms in the cross-sectional networks
from T1 to T4, in line with the trajectory network of changes over
time, providing further support for its local consistency. Notably,
some other symptoms changed over the course of the IVE-ET
treatment. First, a constant and stable connection between
nervousness and sleep difficulties from T2 to T4 was found but
not at baseline. This finding is in line with the work of Goldstein
and colleagues, who found a significant increase in disturbed sleep
from the start of ovarian stimulation injections that remained
stable over time, possibly relating to psychological distress during
IVF (Goldstein et al., 2017). Our findings could elucidate how the
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sleep and anxiety symptom of nervousness is interrelated, and this
might offer a useful modifiable target in sleep management. Our
findings tentatively showed how sleep and anxiety symptom of
nervousness was interrelated, but require more future research to
validate so as to potentially provide a useful and modifiable target
for sleep management, which recently was considered an original
and innovative parameter in the reproduction field (Caetano et al.,
2021). Another interesting finding was that the cross-cluster link
between suicide ideation and worrying too much disappeared,
whereas the connection with guilt was further strengthened in the
change trajectory network. This finding might not be surprising,
given the work of Massarotti et al., who found that when the cause
of infertility is exclusively female, women experience higher levels
of psychological distress across the treatment, which is probably
related to a sense of guilt (Massarotti et al., 2019). Additionally,
our results showed that the cause of infertility in 58.9% of the
participants in this sample was exclusively female which may
be consistent with this hypothesis. Given that this symptom of
guilt is implicated in suicidal ideation, it may be a key symptom
that to be
intervention studies.

needs considered first and foremost in

Overall, the present study proposed several potential pathways
for intervention development to contribute to meeting the mental
health needs of women during IVF-ET treatment. In a network at
risk, the connections between symptoms are close and powerful,
and the activation of one symptom may initiate others, leading to
more serious consequences (van Borkulo et al., 2015). Previous
studies have recommended that interventions should target
symptoms with a high centrality, which may be most closely
associated with other symptoms in the network, as these could
theoretically reduce the related risk (Levinson et al., 2017; Dobson
etal., 2021). Namely, for the treatment of mental health problems
associated with women receiving IVF-ET, these findings suggest
that researchers and clinicians may be able to pay attention to the
symptoms highlighted by our network analysis. For instance,
mind-body intervention, cognitive behavioral therapy, and brief
mindfulness intervention, targeting the inability to concentrate,
inability to relax, and guilt are likely to have the potential to relieve
patients from anxiety and depression symptoms (Ying et al., 2016;
Bai et al., 2019a).

An advantage of this study is that it is the first network analysis
of depression and anxiety in women undergoing IVF-ET
treatment utilizing longitudinal, 4-wave data. Importantly, to
explore whether the network changed over time, this study
investigated the connections between symptoms in a longitudinal
network, considering changes in individual components over
time. Furthermore, we identify bridge symptoms in networks
using a more objective assessment approach, instead of visual
inspection or nodes with the highest partial correlations with
other nodes (Jones et al., 2019). There were limitations to this
study. First, the use of self-report measures entails the risk of
report bias. Second, the sample had its own specific cultural
context (China) and included people in their first treatment cycle,
which may limit the generalizability of the results. Therefore,
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further research is needed to consolidate these preliminary results
among women in various cultures and different treatment cycles.
Third, while the recommended cut-off value is 0.25, which is
somewhat arbitrary and should not be taken as definite guidelines
(Epskamp et al.,, 2016), the bridge betweenness at T2 and T3,
which showed a CS lower than 0.25, should be interpreted with
caution. Fourth, although we used a considerably large sample in
the baseline, the reduced number of samples in the remaining
three waves, especially in change trajectory network model, may
affect the reliability of the parameter estimates, which means that
the results should be interpreted with caution. This study’s findings
need further validation through a larger, representative sample of
IVF-ET women. Finally, although the current sample included
participants with depression and anxiety scores in the clinical
range (at T1, 15.2% of participants scored above the PHQ-9
clinical cut-off of 10, and 12.5% of participants scored above the
GAD-7 clinical cut-off of 10), replication of the network in a
clinical sample with diagnoses of depressive and anxiety disorders
is required.

Conclusion

This is the first network analysis to focus on psychological
distress during IVF-ET treatment in women, which offers
promising insights into understanding the interactions and
changes in depression and anxiety symptoms. The present study
revealed central and bridge symptoms over different stages of
IVE-ET treatment aimed at providing clinical recommendations
for psychological interventions with the goal of decreasing the
co-occurrence of symptoms between various psychological health
issues. Further studies should continue to confirm their causal role
and to identify their neurological mechanism and cognitive
underpinnings in order to improve services for this population.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can
be directed to the corresponding author.

Ethics statement

The study followed the Declaration of Helsinki and was
approved by the Ethics Committee of the School of Nursing and
Rehabilitation, (2019-R-029). All
participants volunteered to complete the interviews without any

Shandong  University

incentive and provided written informed consent. The patients/
participants provided their written informed consent to participate
in this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1095365
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Wu et al.

Author contributions

LW designed the study, performed the analytical experiments,
and drafted and revised the manuscript. LS designed the study and
collected data. JW, YS, and XZ revised the article for important
intellectual content. YH and YL conducted data analysis and
revised the article. FC designed the trial, supervised the study, and
approved the manuscript. All authors contributed to the article
and approved the submitted version.

Funding

This study was supported by the Surface Project of National
Natural Science Foundation of China (Grant Number: 32071084).

Acknowledgments

We are greatly indebted to all the participants in this study.
We would also like to thank Anne C. Miers, Wouter Weeda, and
Huizhi Wang for their valuable help with the network analysis.

References

Aimagambetova, G., Issanov, A., Terzic, S., Bapayeva, G., Ukybassova, T.,
Baikoshkarova, S., et al. (2020). The effect of psychological distress on IVF outcomes:
reality or speculations? PLoS One 15:¢0242024. doi: 10.1371/journal.pone.0242024

Bai, C. E, Cui, N. X,, Xu, X,, Mi, G. L,, Sun, J. W,, Shao, D, et al. (2019a).
Effectiveness of two guided self-administered interventions for psychological
distress among women with infertility: a three-armed, randomized controlled trial.
Hum. Reprod. 34, 1235-1248. doi: 10.1093/humrep/dez066

Bai, C. E, Sun, J. W, Li, J,, Jing, W. H., Zhang, X. K., Zhang, X,, et al. (2019b).
Gender differences in factors associated with depression in infertility patients. J. Adv.
Nurs. 75, 3515-3524. doi: 10.1111/jan.14171

Barra, F, La Rosa, V. L,, Vitale, S. G., Commodari, E., Altieri, M., Scala, C., et al.
(2020). Psychological status of infertile patients who had in vitro fertilization
treatment interrupted or postponed due to COVID-19 pandemic: a cross-sectional
study. . Psychosom.  Obstet.  Gynaecol. 43,  145-152.  doi:
10.1080/0167482X.2020.1853095

Barrat, A., Barthlemy, M., and Vespignani, A.. (2008). Dynamical Processes on
Complex Networks. Cambridge: Cambridge University Press.

Beard, C., Millner, A. J., Forgeard, M. ], Fried, E. I, Hsu, K. J., Treadway, M. T.,
et al. (2016). Network analysis of depression and anxiety symptom relationships in
a psychiatric sample. Psychol. Med. 46, 3359-3369. doi: 10.1017/S0033291716002300

Borsboom, D. (2008). Psychometric perspectives on diagnostic systems. J. Clin.
Psychol. 64, 1089-1108. doi: 10.1002/jclp.20503

Borsboom, D. (2017). A network theory of mental disorders. World Psychiatry 16,
5-13. doi: 10.1002/wps.20375

Boschloo, L. (2018). Zooming in and zooming out: a network perspective on the
comorbidity of depression and anxiety. J. Am. Acad. Child Adolesc. Psychiatry 57,
914-915. doi: 10.1016/j.jaac.2018.07.880

Bringmann, L. E, Lemmens, L. H., Huibers, M. J., Borsboom, D., and Tuerlinckx, E.
(2015). Revealing the dynamic network structure of the Beck depression inventory-
I1. Psychol. Med. 45, 747-757. doi: 10.1017/S0033291714001809

Caetano, G., Bozinovic, I., Dupont, C., Leger, D., Levy, R., and Sermondade, N.
(2021). Impact of sleep on female and male reproductive functions: a systematic
review. Fertil. Steril. 115, 715-731. doi: 10.1016/j.fertnstert.2020.08.1429

Cao, D,, Bai, C., and Zhang, G. (2022). Psychological distress among infertility
patients: a network analysis. Front. Psychol. 13:906226. doi: 10.3389/
fpsyg.2022.906226

Constantin, M. A., Schuurman, N. K., and Vermunt, J. (2021). A general Monte
Carlo method for sample size analysis in the context of network models. PsyArXiv.
doi: 10.31234/0sf.io/j5v7u

Frontiers in Psychology

10

10.3389/fpsyg.2022.1095365

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/fpsyg.2022.1095365/

full#supplementary-material

Cramer, A. O., Waldorp, L. ], van der Maas, H. L., and Borsboom, D. (2010).
Comorbidity: a network perspective. Behav. Brain Sci. 33, 137-150. doi: 10.1017/
50140525X09991567

Cui, C., Wang, L., and Wang, X. (2021). Effects of self-esteem on the associations
between infertility-related stress and psychological distress among infertile Chinese
women: a cross-sectional study. Psychol. Res. Behav. Manag. 14, 1245-1255. doi:
10.2147/PRBM.S326994

Dadhwal, V., Choudhary, V., Perumal, V., and Bhattacharya, D. (2022).
Depression, anxiety, quality of life and coping in women with infertility: a cross-
sectional study from India. Int. J. Gynaecol. Obstet. 158, 671-678. doi: 10.1002/
ijgo.14084

Dobson, E. T., Croarkin, P. E,, Schroeder, H. K., Varney, S. T., Mossman, S. A.,
Cecil, K., et al. (2021). Bridging anxiety and depression: a network approach in
anxious adolescents. J. Affect. Disord. 280, 305-314. doi: 10.1016/j.jad.2020.11.027

Epskamp, S., Borsboom, D., and Fried, E. I. (2016). Estimating psychological
networks and their accuracy: a tutorial paper. Behav. Res. Methods 50, 195-212. doi:
10.3758/513428-017-0862-1

Epskamp, S., Cramer, A., Waldorp, L. J., Schmittmann, V. D., and Borsboom, D.
(2012). Qgraph: network visualizations of relationships in psychometric data. J. Stat.
Softw. 48, 367-371. doi: 10.18637/js5.v048.i04

Epskamp, S., and Fried, E. I. J. P. (2018). A tutorial on regularized partial
correlation networks. Psychol. Methods 23, 617-634. doi: 10.1037/met0000167

Evans-Hoeker, E. A., Eisenberg, E., Diamond, M. P, Legro, R. S., Alvero, R,,
Coutifaris, C., et al. (2018). Major depression, antidepressant use, and male and
female fertility. Fertil. Steril. 109, 879-887. doi: 10.1016/j.fertnstert.2018.01.029

Foygel, R., and Drton, M.. (2010). Extended Bayesian Information Criteria for
Gaussian Graphical Models. New York: Curran Associates, Inc, 604-612.

Friedman, J. J. B. (2008). Sparse inverse covariance estimation with the graphical
lasso. Biostatistics 9, 432-441. doi: 10.1093/biostatistics/kxm045

Fruchterman, T., and Reingold, E. (1991). Graph drawing by force-directed
placement. J. Softw. 21, 1129-1164. doi: 10.1002/spe.4380211102

Gameiro, S., van den Belt-Dusebout, A. W,, Smeenk, J. M., Braat, D. D., van
Leeuwen, F E., and Verhaak, C. M. (2016). Women's adjustment trajectories during
IVF and impact on mental health 11-17 years later. Hum. Reprod. 31, 1788-1798.
doi: 10.1093/humrep/dew131

Gdanska, P, Drozdowicz-Jastrzebska, E., Grzechocinska, B.,
Radziwon-Zaleska, M., Wegrzyn, P, and Wielgos, M. (2017). Anxiety and depression
in women undergoing infertility treatment. Ginekol. Pol. 88, 109-112. doi: 10.5603/
GP.a2017.0019

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1095365
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1095365/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1095365/full#supplementary-material
https://doi.org/10.1371/journal.pone.0242024
https://doi.org/10.1093/humrep/dez066
https://doi.org/10.1111/jan.14171
https://doi.org/10.1080/0167482X.2020.1853095
https://doi.org/10.1017/S0033291716002300
https://doi.org/10.1002/jclp.20503
https://doi.org/10.1002/wps.20375
https://doi.org/10.1016/j.jaac.2018.07.880
https://doi.org/10.1017/S0033291714001809
https://doi.org/10.1016/j.fertnstert.2020.08.1429
https://doi.org/10.3389/fpsyg.2022.906226
https://doi.org/10.3389/fpsyg.2022.906226
https://doi.org/10.31234/osf.io/j5v7u
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.2147/PRBM.S326994
https://doi.org/10.1002/ijgo.14084
https://doi.org/10.1002/ijgo.14084
https://doi.org/10.1016/j.jad.2020.11.027
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1037/met0000167
https://doi.org/10.1016/j.fertnstert.2018.01.029
https://doi.org/10.1093/biostatistics/kxm045
https://doi.org/10.1002/spe.4380211102
https://doi.org/10.1093/humrep/dew131
https://doi.org/10.5603/GP.a2017.0019
https://doi.org/10.5603/GP.a2017.0019

Wu et al.

Goldstein, C. A., Lanham, M. S., Smith, Y. R., and O'Brien, L. M. (2017). Sleep in
women undergoing in vitro fertilization: a pilot study. Sleep Med. 32, 105-113. doi:
10.1016/j.sleep.2016.12.007

Gozuyesil, E., Karacay Yikar, S., and Nazik, E. (2020). An analysis of the anxiety
and hopelessness levels of women during IVF-ET treatment. Perspect. Psychiatr.
Care 56, 338-346. doi: 10.1111/ppc.12436

Groen, R. N, Ryan, O., Wigman, J. T. W,, Riese, H., Penninx, B., Giltay, E. J., et al.
(2020). Comorbidity between depression and anxiety: assessing the role of bridge
mental states in dynamic psychological networks. BMC Med. 18:308. doi: 10.1186/
$12916-020-01738-z

Hakimi, O., and Cameron, L. C. (2017). Effect of exercise on ovulation: a
systematic review. Sports Med. 47, 1555-1567. doi: 10.1007/s40279-016-0669-8

Haslbeck, J. M. B., and Waldorp, L. J. (2018). How well do network models predict
observations? On the importance of predictability in network models. Behav. Res.
Methods 50, 853-861. doi: 10.3758/s13428-017-0910-x

Huang, L. H., Kuo, C. P, Lu, Y. C,, Lee, M. S., and Lee, S. H. (2019). Association
of emotional distress and quality of sleep among women receiving in-vitro
fertilization treatment. Taiwan. J. Obstet. Gynecol. 58, 168-172. doi: 10.1016/j.
tj0g.2018.11.031

Hughes, E. G., and da Silva, A. M. (2011). A pilot study assessing art therapy as a
mental health intervention for subfertile women. Hum. Reprod. 26, 611-615. doi:
10.1093/humrep/deq385

Johansson, P, Jaarsma, T., Andersson, G., and Lundgren, J. (2021). The impact of
internet-based cognitive behavioral therapy and depressive symptoms on self-care
behavior in patients with heart failure: a secondary analysis of a randomised
controlled trial. Int. J. Nurs. Stud. 116:103454. doi: 10.1016/j.ijnurstu.2019.103454

Jones, P. (2017). Networktools: Tools for Identifying Important Nodes in Networks.
R Package Version 1.1.2.

Jones, P. ], Ma, R., and McNally, R. J. (2019). Bridge centrality: a network
approach to understanding comorbidity. Multivariate Behav. Res. 56. doi:
10.1080/00273171.2019.1614898

Kaiser, T., Herzog, P., Voderholzer, U,, and Brakemeier, E. L. (2021). Unraveling
the comorbidity of depression and anxiety in a large inpatient sample: network
analysis to examine bridge symptoms. Depress. Anxiety 38, 307-317. doi: 10.1002/
da.23136

Karatas, J. C., Barlow-Stewart, K., Meiser, B., McMahon, C., Strong, K. A., Hill, W,
etal. (2010). Psychological adjustment, knowledge and unmet information needs in
women undergoing PGD. Hum. Reprod. 25, 1481-1489. doi: 10.1093/humrep/
deq086

Kim, M., Moon, S. H., and Kim, J. E. (2020). Effects of psychological intervention
for Korean infertile women under in vitro fertilization on infertility stress,
depression, intimacy, sexual satisfaction and fatigue. Arch. Psychiatr. Nurs. 34,
211-217. doi: 10.1016/j.apnu.2020.05.001

Kroenke, K., Spitzer, R. L., and Williams, J. B. (2001). The PHQ-9: validity of a
brief depression severity measure. J. Gen. Intern. Med. 16, 606-613. doi:
10.1046/j.1525-1497.2001.016009606.x

Lakatos, E., Szigeti, J. F, Ujma, P. P, Sexty, R., and Balog, P. (2017). Anxiety and
depression among infertile women: a cross-sectional survey from Hungary. BMC
Womens Health 17:48. doi: 10.1186/s12905-017-0410-2

Levinson, C. A., Zerwas, S., Calebs, B., Forbush, K., Kordy, H., Watson, H., et al.
(2017). The core symptoms of bulimia nervosa, anxiety, and depression: a network
analysis. J. Abnorm. Psychol. 126, 340-354. doi: 10.1037/abn0000254

Levis, B., Benedetti, A., and Thombs, B. D.DEPRESsion Screening Data
(DEPRESSD) Collaboration (2019). Accuracy of patient health Questionnaire-9
(PHQ-9) for screening to detect major depression: individual participant data meta-
analysis. BMJ 365:11476. doi: 10.1136/bmj.11476

Liu, Y. E, Fu, Z,, Chen, S. W, He, X. P, and Fan, L. Y. (2021). The analysis of
anxiety and depression in different stages of in vitro fertilization-embryo transfer in
couples in China. Neuropsychiatr. Dis. Treat. 17, 649-657. doi: 10.2147/NDT.
5287198

Martins, M. V., Peterson, B. D., Almeida, V. M., and Costa, M. E. (2011). Direct
and indirect effects of perceived social support on women's infertility-related stress.
Hum. Reprod. 26, 2113-2121. doi: 10.1093/humrep/der157

Massarotti, C., Gentile, G., Ferreccio, C., Scaruffi, P, Remorgida, V., and
Anserini, P. (2019). Impact of infertility and infertility treatments on quality of life
and levels of anxiety and depression in women undergoing in vitro fertilization.
Gynecol. Endocrinol. 35, 485-489. doi: 10.1080/09513590.2018.1540575

Miers, A. C., Weeda, W. D., Blote, A. W.,, Cramer, A. O. J., Borsboom, D., and
Westenberg, P. M. (2020). A cross-sectional and longitudinal network analysis
approach to understanding connections among social anxiety components in youth.
J. Abnorm. Psychol. 129, 82-91. doi: 10.1037/abn0000484

Miller, N., Herzberger, E. H., Pasternak, Y., Klement, A. H., Shavit, T., Yaniv, R. T,
etal. (2019). Does stress affect IVF outcomes? A prospective study of physiological

Frontiers in Psychology

11

10.3389/fpsyg.2022.1095365

and psychological stress in women undergoing IVE. Reprod. Biomed. Online 39,
93-101. doi: 10.1016/j.rbmo.2019.01.012

Park, S. C., and Kim, D. (2020). The centrality of depression and anxiety symptoms
in major depressive disorder determined using a network analysis. J. Affect. Disord.
271, 19-26. doi: 10.1016/j.jad.2020.03.078

Peterson, B. D., Newton, C. R,, and Feingold, T. (2007). Anxiety and sexual stress
in men and women undergoing infertility treatment. Fertil. Steril. 88, 911-914. doi:
10.1016/j.fertnstert.2006.12.023

Quant, H. S., Zapantis, A., Nihsen, M., Bevilacqua, K., Jindal, S., and Pal, L.
(2013). Reproductive implications of psychological distress for couples undergoing
IVE J. Assist. Reprod. Genet. 30, 1451-1458. doi: 10.1007/s10815-013-0098-7

Renzi, A., Di Trani, M., Solano, L., Minutolo, E., and Tambelli, R. (2020).
Alexithymia, infertility-related stress and quality of life in women undergoing an
assisted reproductive treatment. Stress. Health 36, 654-662. doi: 10.1002/smi.2967

Rockliff, H. E., Lightman, S. L., Rhidian, E., Buchanan, H., Gordon, U., and
Vedhara, K. (2014). A systematic review of psychosocial factors associated with
emotional adjustment in in vitro fertilization patients. Hum. Reprod. Update 20,
594-613. doi: 10.1093/humupd/dmu010

Rooney, K. L., and Domar, A. D. (2018). The relationship between stress and
infertility. Dialogues Clin. Neurosci. 20, 41-47. doi: 10.31887/DCNS.2018.20.1/
klrooney

Rouquette, A., Pingault, J. B., Fried, E. I, Orri, M., Falissard, B., Kossakowski, J. J.,
et al. (2018). Emotional and behavioral symptom network structure in elementary
school girls and association with anxiety disorders and depression in adolescence
and early adulthood: a network analysis. JAMA Psychiat. 75, 1173-1181. doi:
10.1001/jamapsychiatry.2018.2119

Schaller, M. A., Griesinger, G., and Banz-Jansen, C. (2016). Women show a
higher level of anxiety during IVF treatment than men and hold different concerns:
a cohort study. Arch. Gynecol. Obstet. 293, 1137-1145. doi: 10.1007/
s00404-016-4033-x

Schmittmann, V. D., Cramer, A., Waldorp, L. J., Epskamp, S., Kievit, R. A., and
Borsboom, D. (2013). Deconstructing the construct: a network perspective on
psychological phenomena. New Ideas Psychol. 31, 43-53. doi: 10.1016/j.
newideapsych.2011.02.007

Smeenk, J. M., Verhaak, C. M., Eugster, A., van Minnen, A., Zielhuis, G. A., and
Braat, D. D. (2001). The effect of anxiety and depression on the outcome of in-vitro
fertilization. Hum. Reprod. 16, 1420-1423. doi: 10.1093/humrep/16.7.1420

Spitzer, R. L., Kroenke, K., Williams, J. B., and Lowe, B. (2006). A brief measure
for assessing generalized anxiety disorder: the GAD-7. Arch. Intern. Med. 166,
1092-1097. doi: 10.1001/archinte.166.10.1092

Tibshirani, R. (1996). Regression shrinkage and selection via the lasso. J. R. Stat.
Soc. B 58,267-288. doi: 10.1111/j.2517-6161.1996.tb02080.x

van Borkulo, C., Boschloo, L., Borsboom, D., Penninx, B. W., Waldorp, L. J., and
Schoevers, R. A. (2015). Association of Symptom Network Structure with the course
of [corrected] depression. JAMA Psychiat. 72, 1219-1226. doi: 10.1001/
jamapsychiatry.2015.2079

van Borkulo, C., van Bork, R., Boschloo, L., Kossakowski, ]., Tio, P., Schoevers, R.,
et al. (2017). Comparing network structures on three aspects: A permutation test.
Psychol. Methods:26:476. doi: 10.1037/met0000476

Van den Broeck, U.,, D'Hooghe, T., Enzlin, P, and Demyttenaere, K. (2010).
Predictors of psychological distress in patients starting IVF treatment: infertility-
specific versus general psychological characteristics. Hum. Reprod. 25, 1471-1480.
doi: 10.1093/humrep/deq030

Verhaak, C. M., Smeenk, J. M., Evers, A. W, Kremer, J. A., Kraaimaat, F. W,,
and Braat, D. D. (2007). Women's emotional adjustment to IVF: a systematic
review of 25 years of research. Hum. Reprod. Update 13, 27-36. doi: 10.1093/
humupd/dml040

Vitagliano, A., Petre, G. C., Francini-Pesenti, F, De Toni, L., Di Nisio, A,,
Grande, G., et al. (2021). Dietary supplements for female infertility: a critical review
of their composition. Nutrients 13:3552. doi: 10.3390/nu13103552

von Klipstein, L., Borsboom, D., and Arntz, A. (2018). The exploratory value of
cross-sectional partial correlation networks: Predicting relationships between
change trajectories in borderline personality disorder. PLoS One 16:0254496. doi:
10.1371/journal.pone.0254496

Wang, Y., Hu, Z., Feng, Y., Wilson, A., and Chen, R. (2020). Changes in network
centrality of psychopathology symptoms between the COVID-19 outbreak and after
peak. Mol. Psychiatry 25, 3140-3149. doi: 10.1038/s41380-020-00881-6

Wang, J. Y., Li, Y. S., Chen, J. D, Liang, W. M., Yang, T. C,, Lee, Y. C,, et al. (2015).
Investigating the relationships among stressors, stress level, and mental symptoms
for infertile patients: a structural equation modeling approach. PLoS One
10:€0140581. doi: 10.1371/journal.pone.0140581

Wichman, C. L., Ehlers, S. L., Wichman, S. E., Weaver, A. L., and Coddington, C.
(2011). Comparison of multiple psychological distress measures between men and

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1095365
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.sleep.2016.12.007
https://doi.org/10.1111/ppc.12436
https://doi.org/10.1186/s12916-020-01738-z
https://doi.org/10.1186/s12916-020-01738-z
https://doi.org/10.1007/s40279-016-0669-8
https://doi.org/10.3758/s13428-017-0910-x
https://doi.org/10.1016/j.tjog.2018.11.031
https://doi.org/10.1016/j.tjog.2018.11.031
https://doi.org/10.1093/humrep/deq385
https://doi.org/10.1016/j.ijnurstu.2019.103454
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.1002/da.23136
https://doi.org/10.1002/da.23136
https://doi.org/10.1093/humrep/deq086
https://doi.org/10.1093/humrep/deq086
https://doi.org/10.1016/j.apnu.2020.05.001
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1186/s12905-017-0410-2
https://doi.org/10.1037/abn0000254
https://doi.org/10.1136/bmj.l1476
https://doi.org/10.2147/NDT.S287198
https://doi.org/10.2147/NDT.S287198
https://doi.org/10.1093/humrep/der157
https://doi.org/10.1080/09513590.2018.1540575
https://doi.org/10.1037/abn0000484
https://doi.org/10.1016/j.rbmo.2019.01.012
https://doi.org/10.1016/j.jad.2020.03.078
https://doi.org/10.1016/j.fertnstert.2006.12.023
https://doi.org/10.1007/s10815-013-0098-7
https://doi.org/10.1002/smi.2967
https://doi.org/10.1093/humupd/dmu010
https://doi.org/10.31887/DCNS.2018.20.1/klrooney
https://doi.org/10.31887/DCNS.2018.20.1/klrooney
https://doi.org/10.1001/jamapsychiatry.2018.2119
https://doi.org/10.1007/s00404-016-4033-x
https://doi.org/10.1007/s00404-016-4033-x
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1093/humrep/16.7.1420
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1111/j.2517-6161.1996.tb02080.x
https://doi.org/10.1001/jamapsychiatry.2015.2079
https://doi.org/10.1001/jamapsychiatry.2015.2079
https://doi.org/10.1037/met0000476
https://doi.org/10.1093/humrep/deq030
https://doi.org/10.1093/humupd/dml040
https://doi.org/10.1093/humupd/dml040
https://doi.org/10.3390/nu13103552
https://doi.org/10.1371/journal.pone.0254496
https://doi.org/10.1038/s41380-020-00881-6
https://doi.org/10.1371/journal.pone.0140581

Wu et al.

women preparing for in vitro fertilization. Fertil. Steril. 95, 717-721. doi: 10.1016/j.
fertnstert.2010.09.043

Ying, L, Wu, L. H, and Loke, A. Y. (2016). The effects of psychosocial
interventions on the mental health, pregnancy rates, and marital function of infertile
couples undergoing in vitro fertilization: a systematic review. J. Assist. Reprod. Genet.
33, 689-701. doi: 10.1007/s10815-016-0690-8

Frontiers in Psychology

12

10.3389/fpsyg.2022.1095365

Yong, P, Martin, C., and Thong, J. (2000). A comparison of psychological functioning
in women at different stages of in vitro fertilization treatment using the mean affect
adjective check list. J. Assist. Reprod. Genet. 17, 553-556. doi: 10.1023/a:1026429712794

Zhou, Z., Zheng, D., Wu, H,, Li, R,, Xu, S., Kang, Y,, et al. (2018). Epidemiology
of infertility in China: a population-based study. BJOG 125, 432-441. doi:
10.1111/1471-0528.14966

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1095365
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.fertnstert.2010.09.043
https://doi.org/10.1016/j.fertnstert.2010.09.043
https://doi.org/10.1007/s10815-016-0690-8
https://doi.org/10.1023/a:1026429712794
https://doi.org/10.1111/1471-0528.14966

	Psychological distress among women undergoing in vitro fertilization-embryo transfer: A cross-sectional and longitudinal network analysis
	Introduction
	Materials and methods
	Setting
	Participants
	Measures
	Demographics and clinical characteristics
	Depression
	Anxiety
	Statistical analysis
	Network estimation
	Network differences
	Change trajectory network

	Results
	Network estimation and comparison
	Change trajectory network

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

