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Abstract
This meta-analysis investigated whether state anxiety and depression scores during assisted
reproductive technology (ART) treatment and changes in state anxiety and depression scores
between baseline and during ART treatment are associated with treatment outcomes.
PubMed, PsycInfo, Embase, ScienceDirect, Web of Science and Scopus were searched for
studies to include in the meta-analysis. Meta-analytic data were analysed using random
effects models to estimate standardised mean differences. 11 studies (2202 patients) were
included. Women who achieved a pregnancy had significantly lower depression scores during
treatment than women who did not become pregnant -0.302 (95% CI: -0.551 - -0.054, z = 2.387, p = 0.017; I2= 77.142%, p = 0.001). State anxiety scores were also lower in women who
became pregnant -0.335 (95% CI: -0.582 - -0.087: z=-2.649, p=0.008; I2 =81.339%, p = 0.001).
However, changes in state anxiety (d=-0.056; 95% CI: -0.195 - 0.082, z = -0.794; I2= 0.00%) and
depression scores (d=-0.106; 95% CI: -0.296 - 0.085, z = -1.088; I2= 0.00%) from baseline to
treatment were not associated with ART outcomes. Clinics should aim to promote better
psychosocial care for patients to help them manage the psychological and physical demands
ART treatment, giving realistic expectations.
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Introduction
Infertility is experienced by nearly one in six couples and many of these couples go on to seek
assisted reproductive technology (ART) treatment to help them conceive (Farquhar et al.,
2015). However, it is estimated that only a quarter of women will get pregnant after a single
ART cycle in the UK (Kushnir et al., 2017), so most couples will experience negative pregnancy
results and repeat treatment. A recent meta-analysis found that rates of depression and
anxiety increased after ART treatment failure, but depression decreased after successful
treatment (Milazzo et al., 2016). Another recent meta-analysis also found no increased risk of
depressive symptoms in women after they conceived using fertility treatment compared to
those had spontaneous pregnancy (Gressier et al., 2015).

However, common psychological reactions during ART include stress, anxiety and depression
(Eugster & Vingerhoets, 1999). Many women experience ART treatments as stressful, with
stress and state anxiety levels increasing during oocyte retrieval and pregnancy test stages
(Boivin et al., 1995; An et al., 2013). Turner et al. (2013) found that women with higher stress
and anxiety levels on the day prior to oocyte retrieval had a lower chance of obtaining positive
pregnancy results. It is perhaps not surprising that some women drop out of treatment due
to a variety of psychological and physical burdens (Gameiro et al., 2012).

Moreover, meta-analyses have found small but significant associations between baseline
(before ART treatment has started) depression, state and trait anxiety scores and reduced
pregnancy chances with ART (Purewal et al., 2017a; Separate paper by Authors under review;
Mattheisen et al., 2011). However, Boivin et al. (2011) found no impact of baseline
psychological distress (combined depression and anxiety scores) on ART treatment success.
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To date, no meta-analysis has investigated whether depression and anxiety scores during ART
treatment and changes in levels of anxiety or depression from baseline (pre-treatment) to
treatment are associated with ART outcomes, despite studies (e.g., Boivin et al., 1995; An et
al., 2013) reporting increases in anxiety and depression rates over the course of treatment.
The aims of this meta-analysis are therefore to a) investigate the impact of state anxiety and
depression scores during ART treatment on ART treatment outcomes and b) investigate
whether changes in levels of state anxiety and depression from baseline to during treatment
predict ART treatment outcomes.

Methods
This meta-analysis is part of a larger project that also investigated whether baseline
psychological distress is associated with ART outcomes (Purewal et al, 2017a) and if
investigated lifestyle (smoking and alcohol use) and BMI are predictors of ART outcomes
(Purewal et al., 2017b.

The systematic review and meta-analysis was performed following PRISMA and MOOSE
guidelines (Stroup, et al., 2000).

Eligibility criteria
Eligible studies were considered if they reported:
a) Prospective studies which reported maternal depression and state anxiety scores
during ART treatment (e.g., during oocyte retrieval or the day of embryo transfer) and
ART outcomes, ideally with baseline measures (before treatment has started) of
depression and state anxiety scores. Studies which reported depression and state
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anxiety scores after embryo transfer were excluded. Trait anxiety scores were
excluded because we were interested in the effects of treatment stage on state
anxiety scores, not stable trait scores;
b) Studies were included if they used a standardised psychological measure (e.g., BDI –
Beck’s Depression Inventory and STAI – State-Trait Anxiety Inventory-State scale)
reporting continuous or categorical (cut off score) data;
c) Studies were included if they reported only original data, reported live birth rates or
pregnancy outcome data and ART treatments were included (e.g., IVF, ICSI, ZIFT).
Other exclusion criteria were if it was not possible to calculate unadjusted effect sizes
for predictor variables (e.g. predictor data grouped by outcome, only adjusted data
reported, percentages without numbers reported c) and therefore meta-analysis of
unadjusted effect sizes could not be achieved.

Information sources and search
Six bibliographic databases were searched: PubMed, PsycInfo, Embase, ScienceDirect, Web
of Science and Scopus. In PubMed, we used the following keywords in keywords and
abstracts: ("Pregnancy"[Mesh] OR “Pregnancy” OR “pregnant” OR "live birth" OR "birth rate")
AND (“IVF” OR “intracytoplasmic” OR “intracytoplasmic sperm injection” OR “in vitro
fertilization” OR “ICSI” OR “assisted reproductive technology” OR “in vitro fertilisation”) AND
("psychological stress" OR "depressive disorder" OR "anxiety " OR "anxiety disorder " OR
"adjustment disorder" OR "emotions" OR "psychosomatic medicine "OR "psychological
adaption" OR "distress" OR "depression" OR "stress" OR "occupation stress" OR "stressful life
events" OR "major life events" OR "stressors"). The searches were limited to 1979/01/01-
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present (November 2016) and humans. Hand searches of references cited in relevant papers
were also conducted.

Study selection, data collection process and data items

Using PRISMA guidelines (Moher et al., 2009) all authors independently screened titles,
abstracts and full-text reports and disagreements were resolved by discussion between all
authors. Data were extracted and independent (depression and state anxiety scores at
baseline and during ART treatment) and dependent variables (live birth or pregnancy) and
sample sizes were recorded. When two or more dependent variables were reported (e.g.,
serum pregnancy, clinical pregnancy and live birth), the data considered ‘gold standard’
(Maheshwari et al., 2008) was recorded (in this case, live birth; however, no study reported
live birth data, so clinical pregnancy rates were used). Other data were also extracted, such
as patient characteristics (e.g., average female age, whether they are first time ART users or
previously used ART, number of oocytes retrieved, percentage with primary infertility);
treatment characteristics (e.g., treatment location, ICSI use (all/some vs none used ICSI ),
average number of embryos transferred, single or multiple cycle recorded, pregnancy
verification (pregnancy test vs ultrasound scan) and study characteristics (e.g., publication
date; design of study).

Summary measures and synthesis of results
The meta-analyses were performed on Comprehensive Meta-Analysis V2 (Borenstein et al.,
2005) using weighted effect sizes with a random effects model. The extracted data (e.g., state
anxiety and depression mean scores, standard deviations and sample sizes for pregnant and
not pregnant groups at two time points; Time 1) baseline and Time 2) during ART treatment
were inputted. These data were converted into standardised mean differences and used to
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compare women who became pregnant and women who did not. Outliers were identified as
studies with residuals greater than 1.96 and they were removed from the analysis as
recommended.

Heterogeneity
The I2 statistics were used to quantify heterogeneity, with 50-90% representing potentially
substantial heterogeneity (Deeks et al. 2009). As recommended by Deeks et al. (2009), we
intended to conduct moderator analyses to investigate significant heterogeneity if we had 10
studies or more which provided data on potential moderators (e.g., average female age,
duration of subfertility, bFSH and number of oocytes , see Van Loendersloot et al. 2010).
However, apart from mean maternal age for state anxiety during ART (where we had 10
studies per confounder variable), there were insufficient numbers of studies to analyse
moderators hence these analyses could not be performed.

Risk of bias
To assess the quality of studies, the Newcastle-Ottawa Scale (NOS) (Wells et al., 2009) was
used. SP and OvdA independently assessed the quality of each selected study and crosschecked with each other to reach 100% consensus. The scale awarded a maximum of nine
stars to each study: four stars for the adequate selection of cases and controls, two stars for
comparability of cases and controls, and three stars for the adequate ascertainment of the
exposure in both the case and control groups. High quality was defined as scoring at least
seven stars; medium quality as scoring five or six stars and low quality as four or less.
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Risk of bias analyses were conducted to examine whether effects were robust under different
methodological assumptions. These included when ultrasound was used to diagnosis
pregnancy and NOT pregnancy test; when only first time ART user’s data is included; when
results from a single cycle are used (not multiple cycles); when only IVF treatments are used;
when only psychological data is collected before or during the oocyte retrieval period and not
after; when only high quality studies were included; and when studies were recent (studies
published from 2010 onwards were considered recent).

Publication bias
We tested for publication bias by examining funnel plots for evidence of asymmetry.
Asymmetric funnel plots can occur because of biased publication strategies e.g. if small,
imprecise studies are only published if they support a particular hypothesis, but are not
published if they do not support the hypothesis (Sterne & Egger, 2001). We used Duval and
Tweedie’s trim and fill method (Duval & Tweedie, 2000), which imputes studies where
evidence of asymmetry is present and tested for the significance of these effects using Egger’s
t-test.

Results
Study selection
The screening process is summarised in the study PRISMA flow chart (Fig 1). A total of 11
studies (An et al., 2011; Gourounti et al., 2011; Gurhan et al., 2009; Hashemi et al., 2012;
Karlidere et al., 2008: Li et al., 2011: Lintsen et al., 2009; Saravelos et al., 2016; Taguchi et al.,
2015; Turner et al., 2013; Zaig et al., 2012) were included in the meta-analysis.
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Study characteristics
An overview of the study characteristics is presented in Table 1. Data from 2202 4 patients
were included in the meta-analyses. Most studies collected psychological data before or
during the oocyte retrieval period, (An et al., 2011; Gourounti et al., 2011; Gurhan et al., 2009;
Hashemi et al., 2012; Li et al., 2011: Lintsen et al., 2009; Saravelos et al., 2016; Turner et al.,
2013; Zaig et al., 2012) with only Karlidere et al.’s (2008) and Taguchi et al.’s (2015) collecting
data on the day before and on the day of embryo transfer, respectively.

Risk of bias within studies: The quality of the studies was high or median (An et al., 2011;
Gourounti et al., 2011; Gurhan et al., 2009; Hashemi et al., 2012; Karlidere et al., 2008: Li et
al., 2011: Lintsen et al., 2009; Saravelos et al., 2016; Taguchi et al., 2015; Turner et al., 2013;
Zaig et al., 2012) with none scoring a ‘low’ score (4 or less stars). All studies used pregnancy
diagnosis (An et al., 2011; Gourounti et al., 2011; Gurhan et al., 2009; Hashemi et al., 2012;
Karlidere et al., 2008: Li et al., 2011: Lintsen et al., 2009; Saravelos et al., 2016; Taguchi et al.,
2015; Turner et al., 2013; Zaig et al., 2012), with pregnancy ultrasound scan used to verify
pregnancy in most cases (An et al., 2011; Gourounti et al., 2011; Karlidere et al., 2008; Li et
al., 2011; Lintsen et al., 2009; Saravelos et al., 2016; Turner et al., 2013; Zaig et al., 2012).
Most studies were published after 2010 (An et al., 2011; Gourounti et al., 2011; Hashemi et
al., 2012; Li et al., 2011; Saravelos et al., 2016; Taguchi et al., 2015; Turner et al., 2013; Zaig
et al., 2012) and used the STAI to measure state anxiety ((An et al., 2011; Gourounti et al.,
2011; Gurhan et al., 2009; Hashemi et al., 2012; Karlidere et al., 2008: Lintsen et al., 2009;
Saravelos et al., 2016; Turner et al., 2013; Zaig et al., 2012) ), with half of the depression
studies using BDI ((An et al., 2011; Gurhan et al., 2009; Karlidere et al., 2008: Saravelos et al.,
2016). The most common ART procedure was IVF (Gurhan et al., 2009; Li et al., 2011; Taguchi

10
et al., 2015; Turner et al., 2013; Zaig et al., 2012) or IVF/ICSI (An et al., 2011; Gourounti et al.,
2011; Hashemi et al., 2012; Karlidere et al., 2008; Lintsen et al., 2009; Saravelos et al., 2016).

Only five studies reported baseline data (An et al 2011; Gurhan et al 2009: Li et al 2011;
Linsten et al., 2009; and Turner et al., 2013). All baseline data are reported in Table 1. Only
two studies (An et al. 2011; Linsten et al., 2009) reported statistical comparisons between
patient’s anxiety baseline (time 1) scores and anxiety during ART treatment (time 2) by
pregnancy outcomes and both studies found no significant anxiety score gains from baseline
to during ART treatment. Table 1 also includes the main summary of each study’s results.
Each study’s calculated standardised means differences between pregnant and not pregnant
women for depression and state anxiety scores and changes in depression and state anxiety
scores from baseline to during treatment are presented in forest plots (figures 2-5).

Synthesis of Results
Depression During ART
Results of individual studies and synthesis of results: Depression was measured in eight
studies (An et al 2011; Gourounti et al 2011: Gurhan et al 2009: Karlidere et al 2008: Li et al
2011; Saravelos et al 2016; Taguchi et al 2015; Zaig et al 2012). Results revealed that women
who achieved pregnancy reported lower depression mean scores than women who did not
achieve a pregnancy -0.302 (95% CI: -0.551 - -0.054, z = -2.387, p = 0.017) with significantly
high levels of heterogeneity (I2= 77.142%, p = 0.001). See Figure 2 for forest plots.

Risk of bias
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The effects of depression remained consistent in the sensitivity analyses, which considered
studies which only used first time ARTpatients (An et al., 2011; Gurhan et al., 2009; Karlidere
et al., 2008; Li et al., 2011; Lintsen et al., 2009), reported pregnancies diagnosed by ultrasound
s, single cycle results only (An et al 2011; Gourounti et al 2011; Gurhan et al 2009
Karlidere et al 2008; Li et al 2011; Taguchi et al 2015; Zaig et al 2012), data collected before
or during oocyte retrieval (An et al 2011; Gourounti et al 2011; Gurhan et al 2009; Li et al
2011; Saravelos et al 2016; Zaig et al 2012) and high quality studies (An et al., 2011; Gourounti
et al., 2011; Karlidere et al., 2008; Li et al., 2011; Saravelos et al., 2016; Zaig et al., 2012) (See
Table 2). However, the effect became smaller when the analysis was conducted in fewer
studies reporting IVF outcomes (not ICSI) (Gurhan et al 2009; Li et al 2011; Taguchi et al 2015;
Zaig et al 2012) and recent studies (An et al 2011; Gourounti et al 2011; Li et al 2011; Saravelos
et al 2016; Taguchi et al 2015; Zaig et al 2012).

Publication bias
Data analyses generally indicated low levels of publication bias risk for depression. The trim
and fill data analyses revealed only 1 additional study would be needed to ensure the funnel
plot was generally symmetrical and Egger’s regression intercept was not significant (t(6) =1.77
).

State Anxiety During ART
Results of individual studies and synthesis of results: State anxiety was measured in ten
studies (An et al 2011; Gourounti et al 2011; Gurhan et al 2009; Hashemi et al 2012; Karlidere
et al 2008; Li et al 2011; Lintsen et al 2009; Saravelos et al 2016; Turner et al 2013; Zaig et al
2012). Results revealed that women who achieved a pregnancy reported lower state anxiety
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mean scores than women who did not achieve a pregnancy -0.335 (95% CI: -0.582 - -0.087:
z=-2.649: p=0.008) with evidence of high levels of significant heterogeneity (I2 =81.339%, p =
0.001). See figure 3 for forest plot of results from individual studies and synthesis of results.
Mixed effects meta-regression was performed to test whether mean maternal age moderated
the effect of state anxiety on outcomes. This revealed no effect of age (slope = -0.06, 95% CI
[-0.20, 0.08]. We were not able to perform moderator analyses on any other variables due to
the small numbers of studies (less than 10 studies per moderator variable).

Risk of bias analysis
The effect for state anxiety was robust under different methodological conditions, such as
studies which diagnosed pregnancy by ultrasound (not pregnancy test) (An et al., 2011;
Gourounti et al., 2011; Karlidere et al., 2008; Li et al., 2011; Lintsen et al., 2009; Saravelos et
al., 2016; Turner et al., 2013; Zaig et al., 2012), single cycle outcomes (An et al 2011; Gourounti
et al 2011; Gurhan et al 2009; Hashemi et al 2012; Karlidere et al 2008; Li et al 2011; Lintsen
et al 2009; Turner et al 2013; Zaig et al 2012), data collected before or during oocyte retrieval
(An et al 2011; Gourounti et al 2011; Gurhan et al 2009; Hashemi et al 2012; Li et al 2011;
Lintsen et al 2009; Saravelos et al 2016; Turner et al 2013; Zaig et al 2012) and high quality
studies (An et al., 2011; Gourounti et al., 2011; Hashemi et al., 2012; Karlidere et al., 2008; Li
et al., 2011; Lintsen et al., 2009; Saravelos et al., 2016; Zaig et al., 2012). However, the effects
became smaller for first time ART users (An et al., 2011; Gurhan et al., 2009; Karlidere et al.,
2008; Li et al., 2011; Lintsen et al., 2009), IVF only (Gurhan et al 2009; Li et al 2011; Turner et
al 2013; Zaig et al 2012), and recent studies only An et al 2011; Gourounti et al 2011; Hashemi
et al 2012; Li et al 2011; Saravelos et al 2016; Turner et al 2013; Zaig et al 2012). See Table 1.
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Publication bias
Some evidence of publication bias was present for state anxiety. The trim and fill data
analyses for state anxiety revealed 2 additional studies were needed to make the funnel plot
symmetrical. However, state anxiety’s Egger’s regression intercept was not significant (t(8)
=2.235).

Changes in depression scores from baseline to during ART treatment
Results of individual studies and synthesis of results: Depression was reported at baseline
and during ART treatment in three studies (An et al 2011; Gurhan et al 2009: Li et al 2011).
Results revealed that changes in reported depression scores from baseline (time 1) to during
ART treatment (time 2) were not associated with ART outcomes -0.106 (95% CI: -0.296 - 0.085,
z = -1.088) with low and non-significant heterogeneity (I2= 0.00%). See Figure 4 for forest
plots.

Risk of bias analysis
The non-significant effects of depression remained consistent in the sensitivity analyses, (see
table 2).

Publication bias
There was limited evidence of publication bias, possibly due to the small number of included
studies. The trim and fill data analyses for changes in depression revealed no additional
studies were needed to make the funnel plot symmetrical. Egger’s regression intercept was
also not significant (t(1) =0.38).
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Changes in state anxiety scores from baseline to during ART treatment
Results of individual studies and synthesis of results: State anxiety was reported at baseline
(time 1) and during ART treatment (time 2) in five studies (An et al 2011; Gurhan et al 2009;
Li et al 2011; Lintsen et al 2009; Turner et al 2013). Results revealed that changes in reported
state anxiety mean scores from baseline to during ART treatment were not associated with
ART outcomes -0.056(95% CI: -0.195 - 0.082, z = -0.794) with low, non-significant
heterogeneity (I2< 0.00%). See Figure 5 for forest plots.

Risk of bias analysis
The small effect for state anxiety was generally consistent under different methodological
conditions (see table 2).

Publication bias
Some evidence of publication bias was present for changes in state anxiety. The trim and fill
data analyses for state anxiety revealed 2 additional studies were needed to make the funnel
plot symmetrical. However, the state anxiety’s Egger’s regression intercept was not significant
(t(3) =3.28).

Discussion
Summary of evidence
This is the first meta-analysis that investigated the relationship between anxiety and
depression experienced during ART and ART outcomes. The analysis of the available research
has shown that depression and state anxiety scores reported during ART treatment stages
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(most studies reported before or during the oocyte retrieval stage) are significantly associated
with ART treatment outcomes. Although the significant effect sizes for depression (-0.302)
and state anxiety (-0.335) were small, they were generally consistent under different
methodological conditions and there was little evidence of publication bias. However, there
was no evidence that changes in depression or state anxiety scores from baseline (time 1) to
during ART treatment (time 2) were associated with ART treatment outcomes. Heterogeneity
was high for depression and state anxiety during ART suggesting that the effects varied
between studies. However, our findings were consistent under different methodological
assumptions, although the number of studies included in the latter analyses were small.

Previous meta-analyses have found small associations between baseline depression, state
and trait anxiety and stress and reduced pregnancy chances with ART (Purewal et al., in press;
Mattheisen et al., 2011). However, we found baseline depression (d=-0.177) and state anxiety
(d=-0.096) demonstrated a weaker effect on ART outcomes (Purewal et al., 2017a) than the
effect size found reported in this current paper. It therefore appears that depression and
state anxiety taken at certain stages of the ART treatment cycle (i.e., before or during-mainly
the oocyte retrieval stage) are relevant factors in predicting ART outcomes, but there is no
evidence that changes in levels of depression or state anxiety from baseline to during
treatment is associated with ART outcomes. However, the numbers of studies in the baseline
vs during ART treatment analyses were relatively small and more extensive investigations are
needed for definitive answers.
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These findings are interesting and help to frame future investigations. High levels of
heterogeneity were obtained for the effect of depression and state anxiety scores during ART,
but we were unable to fully investigate the source of heterogeneity because there were
insufficient numbers of studies to test for moderator effects (such as BMI, number of oocytes
retrieved, poor responders)c) (Deeks et al., 2009). However, we were able to investigate the
moderating effect of age on state anxiety and ART outcomes and found no impact, but the
sample size was small (K=10). These results are interesting and highlight there are many
potential explanations for the associations between depression and state anxiety during ART
procedures and ART outcomes that could lead to variability across studies. Increases in
anxiety or depression scores may be associated with other variables that are linked to
negative outcomes. Future research needs to examine whether women with poor prognosis
(e.g., older women, women with high BMI, smoking, previous unsuccessful IVF experiences,
knowledge of negative test results or of poor responses, medical comorbidities) experience a
greater association between state anxiety and depression and ART outcomes than women
with better prognosis (see Van Loendersloot et al. 2010). Some of these relationships are
complex and inter-related. For example, depression and anxiety are often comorbid with
obesity and binge eating (Luppino et al., 2010; Nicholls et al., 2016). Obesity has also been
found to negatively impact ART outcomes (Purewal et al. in press; Rittenberg et al., 2011;
Metwally et al., 2007).

Alternatively, there is some suggestion, largely from animal studies, that anxiety and
depression may be linked to changes in immune system function associated with miscarriage
(for review, see Qu et al., 2017). It is possible that these factors vary across study populations
or have different effects across different IVF treatment protocols, contributing to
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heterogeneity. Moreover, the association between depression and anxiety scores during ART
treatment and outcomes could arise because women who respond poorly to the stimulation
cycle may experience higher levels of anxiety or depression to the knowledge of poor test
results. For example, the number of oocytes retrieved predicts IVF outcomes (Stolwijk et al.,
1996; Smeenk et al., 2000) a higher number of oocytes is associated with lower state anxiety
and depression scores (Gourounti et al. (2011). Boivin & Takeman (1995) also reported that
greater stress during ART treatment was significantly correlated with lower numbers of
oocyte retrieved and embryos transferred. More research is necessary to tease out these
relationships and understand the underlying mechanisms (Purewal et al. in press). Future
research should adopt a more holistic approach that investigates how psychological variables
interconnect with physiological factors. However, given the ethical issues that would need to
be confronted to explore some of these factors (e.g. manipulating whether patients should
be blind to their baseline results and to how they are responding to the treatment) it may
remain difficult to fully map the factors underpinning these associations.

Whether anxiety and depression during ART are markers for other factors linked to poorer
outcomes, or contributors to poorer outcomes, a conservative response to our findings might
be to provide tailored psychosocial care for patients during different ART stages to help them
manage the psychological and physical toil of undergoing certain aspects of treatment (i.e.,
receiving news of poor response). This is likely to have a positive influence, as a number of
studies have examined the effect of psychological interventions on ART outcomes with
generally positive results. For example, Hämmerli et al.’s (2009) meta-analysis found
psychological interventions were effective at improving ART pregnancy rates but did not
reduce depression or anxiety. Chow et al. (2016) recently found evidence that psychosocial
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interventions improved psychological and pregnancy outcomes in their critical review.
Frederiksen et al. (2015) performed a meta-analysis on 39 studies and found significant
effects of psychosocial interventions on ART clinical pregnancy and that reductions in anxiety
were associated with improvement in pregnancy rates. These findings indicate that attempts
to manage and reduce psychological distress during ART can be successful in improving
pregnancy outcomes. Recent research has further highlighted the importance of psychosocial
adjustment in women who went through treatment successfully (Toscano & Montgomery,
2009) and unsuccessfully (Gameiro & Finnigan, 2017). The psychological treatment and
support needs of infertile patients who fail to fulfil their goal of parenthood has been
previously described (Boivin et al, 2005). A recent systematic review and meta-analysis of the
longer term mental health of infertile patients who failed to become parents emphasizes the
need for appropriately tailored psychosocial support for those individuals who eventually
relinquish their parenthood goals (Gameiro and Finnigan, 2017).

The small number of studies included in this review is a limitation, particularly in the data
analyses examining changes in levels of state anxiety and depression and its association with
ART outcomes. So, we cannot say with authority yet, whether changes in levels of anxiety or
depression are associated with ART outcomes. Further, only a small number of studies
included first time ART patients (n=5), with all the others including a mix of first time ART
patients and patients who have had previous unsuccessful treatment. This is a shortcoming
because rates of depression and anxiety are known to increase after ART treatment failure
(Milazzo et al, 2016).
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In conclusion, depression and state anxiety during ART treatment are associated with poor
ART outcomes, but there is no evidence that changes in the levels of anxiety and depression
from baseline to during ART treatment are associated with ART outcomes. However, the
numbers of studies were small and more detailed empirical research is necessary to make a
more definitive review. These findings help to frame future research questions and
investigations and could help target psychological support during different stages of
treatment. However, more detailed empirical research is necessary, which measures
women’s psychological functioning during the course of treatment and its association with
ART outcomes.
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Figure legends
Figure 1- Figure 1: Flow Diagram of studies included in the meta-analysis.
Figure 2 – Forest plot of depression scores during ART shown as standardised mean
differences between pregnant and not pregnant women. (d= -0.302; 95% CI: -0.551 - -0.054,
z = -2.387, p = 0.017; I2= 77.142%, p = 0.001).
Figure 3- Forest plot of state anxiety scores during ART shown as standardised mean
differences between pregnant and not pregnant women. (d= -0.335; 95% CI: -0.582 - -0.087:
z=-2.649, p=0.008; I2 =81.339%, p = 0.001).
Figure 4 – Forest plot of changes in depression scores from baseline to during ART shown as
standardised mean differences between pregnant and not pregnant women. (d=-0.106; 95%
CI: -0.296 - 0.085, z = -1.088; I2= 0.00%).
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Figure 5 – Forest plot of changes in state anxiety scores from baseline to during ART shown
as standardised mean differences between pregnant and not pregnant women. (d=-0.056;
95% CI: -0.195 - 0.082, z = -0.794; I2= 0.00%).

Key message
Depression and state anxiety during ART treatment are associated with poor ART outcomes,
but there is no evidence that changes in the levels of anxiety and depression from baseline to
during ART treatment affect ART outcomes. Depression and state anxiety during ART may
have a stronger effect on ART outcomes than baseline depression/anxiety.
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Figure 1: PRISMA 2009 Flow Diagram of studies included in the meta-analysis
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Table1: Study characteristics

Authors and
country

1. An et al.2011.
China.

Psychological
variable
&Measurement

State AnxietySTAI
Depression –BDI

Time of
assessment
and period
of
enrolment
Baseline
and day of
oocyte
retrieval
Period of
enrolment
– 20092010

Method
of
pregnanc
y
diagnosis
ultrasoun
d scan

Study
Design and
sample size

Treatmen
t

Main findings

NewcastleOttawa Quality
Score

Prospective
, cohort
study
N=264.

IVF,ICSI.

At baseline
Depression (NS)
Pregnant (n=92,
1.5±1.3)
Not pregnant
(n=172, 1.6±1.5).
State anxiety (NS)
Pregnant (n=92,
36.1±8.8)
Not pregnant
(n=172, 37.6±10.0).

Selection ****

All first
time ART
users.

Data
from
single
treatmen
t cycle.

At day of oocyte
retrieval
Depression (NS)
Pregnant (n=92,
1.6±1.6)
Not pregnant
(n=172, 1.9±18).
State anxiety (NS)

Comparability **
Outcome ***
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Pregnant (n=92,
38.7±6.7)
Not pregnant
(n=172, 39.7±7.4).
2. Gourounti et al State Anxiety2011. Greece
STAI
DepressionCentre for
Epidemiological
Studies
Depression Scale
(CES-D)

3. Gurhan et al
2009. Turkey.

Depression –BDI
State Anxiety STAI

Before
oocyte
retrieval

ultrasoun
d scan

Period of
enrolment
November
2008 and
July 2009

Baseline
and day of
oocyte
retrieval
Period of
enrolment

Prospective
, cohort
study
N=160.
Mix of first
and
multiple
time ART
users.

HCG test

Prospective
, cohort
study
N=80

IVF,ICSI

Before oocyte
retrieval
Data
Depression
from
(p=<.001)
single
Pregnant (n=41,
treatmen 7.9±6.9)
t cycle.
Not pregnant
(n=119, 15.0±9.6).
State anxiety
(p=<.001)
Pregnant (n=41,
33.7±7.3)
Not pregnant
(n=119, 43.5±9.7).
IVF
At baseline
Depression
First cycle (p=<.05)
of
Positive test (n=39,
treatmen 10.1±5.2)
t.
Negative test (n=41,
12.7±6.2).

Selection****
Comparability **
Outcome ***

Selection ****
Comparability
Outcome **

32
September
2004 and
July 2005

4. Hashemi et al
2012. Iran.

State-anxiety STAI

Before
oocyte
retrieval
Period of
enrolment

All first
time ART
users.

HCG test

Prospective
, cohort
study
N=180.
Mix of first
and

Data
from
single
treatmen
t cycle.

IVF, ICSI,
ZIFT
Data
from
single

State anxiety (NS)
Positive test (n=39,
45.0±4.6)
Negative test (n=41,
47.6±7.8).
At day of oocyte
retrieval
Depression (p=.01)
Positive test (n=39,
15.2±5.7)
Negative test (n=41,
19±7.3).
State anxiety
(p=.01)
Positive test (n=39,
51.7±5.1)
Negative test (n=41,
55.0±5.5).
Before oocyte
Selection ***
retrieval
Comparability **
State anxiety (NS)
Positive test (n=19,
Outcome **
46.32±10.8)
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not
reported.

5. Karlidere et al
2008. Turkey.

Depression –BDI
State Anxiety STAI

Day before
embryo
transfer

Ultrasoun
d scan

Period of
enrolment
June
2001 to
July 2003

6. Li et al 2011.
China

State Anxiety –
Zung self rating
anxiety scale
(SAS)

Day of
oocyte
retrieval.

multiple
time ART
users.

treatmen
t cycle.

Negative test
(n=161,
47.45±10.6).

Prospective
, cohort
study
N=104

IVF, ICSI

Day before embryo
transfer
Depression
(p=.001)
Pregnant (n=49,
6.21±4.34)
Not pregnant (n=55,
10.55±5.49).
State anxiety
(p=0.001)
Pregnant (n=49,
33.21±7.91)
Not pregnant (n=55,
40.14±8.37).
At baseline
Depression (NS)
Pregnant (n=50,
52.66±12.34)
Not pregnant (n=57,
54.06±11.34).

All first
time ART
users.

Ultrasoun
d scan

Prospective
, cohort
study
N=107

Data
from
single
treatmen
t cycle.

IVF
Data
from
single

Selection ****
Comparability**
Outcome ***

Selection ****
Comparability **
Outcome ***

34
Depression –
Zung self rating
depression scale
(SDS)

7. Lintsen et al
2009. The
Netherlands.

State Anxiety STAI

Period of
enrolment
2007-2008.

Day before
oocyte
retrieval.
Period of
enrolment
2002-2004.

All first
time ART
users.

Ultrasoun
d scan

Prospective
, cohort
study
N=690 (at
baseline),
of which
n=413had
completed
questionnai
re on day

treatmen
t cycle.

IVF,ICSI

Data
from
single
treatmen
t cycle.

State anxiety (NS)
Pregnant (n=50,
39.66±8.04)
At day of oocyte
retrieval
Depression (NS)
Pregnant (n=50,
55.27±9.18)
Not pregnant (n=57,
56.39±10.93).
State anxiety (NS)
Pregnant (n=50,
42.66±7.12)
Not pregnant (n=57,
41.96±9.23).
Baseline
Selection ****
Depression (NS)
Comparability **
Pregnant (n=196,
1.2±1.8)
Outcome **
Not pregnant
(n=494, 1.4±2.4).
State anxiety (NS)
Pregnant (n=196,
176±4.7)

35
before
oocyte
retrieval.

Not pregnant
(n=494, 17.7±5.0).

All first
time ART
users.

8. Saravelos et al
2016. Hong
Kong.

Depression –BDI
State Anxiety STAI

Day of
oocyte
retrieval.

Ultrasoun
d Scan.

Period of
enrolment
2011-2014.

9. Taguchi et al
2015. Japan.

Zung self rating
depression scale
(SDS)

Day of
embryo
transfer.

HCG test

Prospective
, cohort
study
N=360
First time
ART users
or multiple
users not
specified.

IVF, ICSI

Prospective
, cohort
study
N=113

IVF

Data
from
multiples
treatmen
t cycle.

Data
from

Day before oocyte
retrieval
State anxiety (NS)
Pregnant (n=122,
18.4±5.8)
Not pregnant
(n=291, 18.5±5.8).
Day of oocyte
retrieval
Depression (NS)
Pregnant (n=175,
7.8±8.2)
Not pregnant
(n=185, 7.5±7.4).
State anxiety (NS)
Pregnant (n=175,
55.1±10)
Not pregnant
(n=185, 54.8±8.6).
Day of embryo
transfer
Depression (NS)

Selection ****
Comparability **
Outcome ***

Selection ***
Comparability **

36
Period of
enrolment
April 2012
to May
2012.

10. Turner et al
2013. US.

State Anxiety STAI

Day before
oocyte
retrieval.
Period of
enrolment
June 2009September
2009.

First time
ART users
or multiple
users not
specified.
ultrasoun
d scan

Prospective
, cohort
study.
N=36
included in
baseline
sample and
n=35
included in
day before
oocyte
retrieval
sample.
First or
second
time ART
users.

single
treatmen
t cycle.

Pregnant (n=36,
Outcome *
37.2±6.3)
Not pregnant (n=77,
36.7±6.8).

IVF

Baseline
Selection ***
State anxiety (NS)
Comparability
Pregnant (n=15,
37.53±12.33)
Not pregnant (n=21, Outcome **
43.57±14.44).

Data
from
single
treatmen
t cycle.

Day before oocyte
retrieval
State anxiety
(P=0.05)
Pregnant (n=15,
34.93±11.18)
Not pregnant (n=20,
44.35±13.63).
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11. Zaig et al 2012.
Israel.

Depression CESD Center for
Epidemiologic
Studies
Depression scale
State Anxiety STAI

At
ovulation
induction
Period of
enrolment
January
2006 to
December
2007.

Ultrasoun
d scan

Prospective
, cohort
study
N=108
First or
second
time ART
users.

IVF
Data
from
single
treatmen
t cycle.

At ovulation
Selection ****
induction
Comparability
Depression (NS)
Pregnant (n=45,
Outcome ***
34.06±9.4)
Not pregnant (n=63,
34.93±9.47.
State anxiety (NS)
Pregnant (n=45,
42.42±11.4)
Not pregnant (n=63,
44.07±11.79).

Note: BDI – Beck’s Depression Inventory; ICSI = intracytoplasmic sperm injection; IVF = in vitro fertilisation; NS= non-significant differences between women who were
pregnant and women who were not pregnant; p= value; STAI – State-Trait Anxiety Inventory-State scale. The sample size refers to data that is extracted from the papers
and used in the meta-analysi
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Table 2: Sensitivity analyses

d [95% CI OR]

Heterogeneity (I2)

DEPRESSION DURING ART TREATMENT
Pregnancy

diagnosed -0.323 [-0.617,-0.029], z=-2.152, p=0.03

80.784%, p=0.001

with ultrascan only (k=6)
First ART (k=5)

-0.357 [-0.637, 0.077], z=-2.498, p=0.013

Single cycle only (k=7)

-0.363 [-0.628, -0.097], z=-2.678, p=0.007 72.610%, p=0.001

Only IVF (k=4)

-0.174 [-0.428, 0.080], z=-1.342, NS

Data collected before or -0.268 [-0.519, -0.018] z=-2.100, p=0.036

66.010%, p=0.019

37.932%, NS
72.556%, p=0.003

during oocyte retrieval
period (k=6)
High quality (k=6)

-0.323 [-0.617, -0.029] z=-2.152, p=0.031 80.784%, p=0.001

Recent only (k=6)

-0.175 [-0.408, 0.058], z=-1.470, NS

69.277%, p=0.006

STATE ANXIETY DURING ART TREATMENT
Pregnancy
with

diagnosed -0.330 [-0.614, -0.046], z=-2.279: p=0.023 84.317%, p=0.001

ultrascan

only

(k=8)
First ART (k=5)

-0.280 [-0.588, 0.028], z=-1.075, NS

475.503%, p=0.001

Single cycle (k=9)

-0.388 [-0.666, -0.110], z=-2.737, p=0.006 80.793%, p=0.001

IVF only (k=4)

-0.332 [-0.731, 0.068], z=-1.625, NS

66.888%, p=0.029

Data collected before or -0.273 [-0.515, -0.032], z=-2.215, p=0.027 78.766%, p=0.001
during oocyte retrieval
period (K=9)
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High quality (k= 8)

-0.261 [-0.524, -0.003], z=-1.941, p=0.052 82.857%, p=0.001

Recent only a (k=7)

-0.280 [-0.587, 0.026], z=-1.793, NS

81.130%, p=0.001

CHANGES IN DEPRESSION FROM BASELINE TO DURING ART TREATMENT
Pregnancy
with

diagnosed -0. 088 [-0.299, 0.123], z=-0.816, NS

ultrascan

<0.001%, NS

only

(k=2)
First ART (k=2)

-0. 088 [-0.299, 0.123], z=-0.816, NS

<0.001%, NS

Single cycle only (k=2)

-0. 088 [-0.299, 0.123], z=-0.816, NS

<0.001%, NS

Only IVF (k=2)

-0. 093 [-0.380, 0.195], z=-0.633, NS

Data collected before or -0.106 [-0.296, 0.085], z = -1.088, NS

<0.001%, NS
<0.00%, NS

during oocyte retrieval
period (k=3)
High quality (k=2)

-0.088 [-0.299, 0.123], z = -1.816, NS

<0.001%, NS

Recent only a (k=2)

-0. 088 [-0.299, 0.123], z=-0.816, NS

<0.001%, NS

CHANGES IN STATE ANXIETY FROM BASELINE TO DURING ART TREATMENT
Pregnancy

diagnosed -0.048 [-0.194, 0.098], z=-0.941: NS

<0.001%, NS

with ultrascan only (k=
4)
First ART (k=3)

-0.031 [-0.180, 0.119], z=-0.401, NS

<0.001%, NS

Single cycle (k=4)

-0.048 [-0.194, 0.098], z=-0.641, NS

<0.001%, NS

IVF only (k=3)

-0.130 [-0.396, 0.136], z=-0.957, NS

<0.001%, NS
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Data collected before or -0.056 [-0.195, 0.082], z = -0.794, NS

<0.00%, NS

during oocyte retrieval
period (K=5)
High quality (k=3)

-0.031 [-0.180, 0.119], z=-0.401, NS

<0.001%, NS

Recent only a (k=3)

-0.091 [-0.293, 0.111], z=-0.887, NS

<0.001%, NS

aStudies

published from 2010 onwards; NS = p value was not significant.
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