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A B S T R A C T

Objective: Recent reports have shown a considerable number of couples received infertility treatment, raising
new concerns about the association between infertility treatment and perinatal depressive symptoms. However,
the conclusions of existing studies were inconsistent. Therefore, we conducted a meta-analysis to determine
whether infertility treatment increase the risk of developing perinatal depressive symptoms.
Methods: A systematic literature search was performed in several databases up to July 2018 for relevant articles.
Pooled odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using a random-effects model.
Subgroup and sensitivity analyses were performed to explore possible sources of heterogeneity.
Results: Twenty-two studies with a total of 69,201 individuals were included in this study. The pooled OR of the
association between infertility treatment and perinatal depressive symptoms was 1.01(95% CI: 0.83, 1.23), with
substantial heterogeneity (I2=63%, P < .001). However, in subgroup analyses, a significantly positive asso-
ciation between infertility treatment and depressive symptoms was observed only in some Asian countries (six
studies), and the pooled OR was 1.73 (95% CI:1.07, 2.81). An inverse association was found in 6–12months after
delivery (OR=0.56, 95% CI:0.33, 0.96). Sensitivity analyses validated evidence of the robustness of the find-
ings.
Conclusion: The results show that women who receive infertility treatment do not appear to be at increased risk
of significant perinatal depressive symptoms compared with those after spontaneous conception.

1. Introduction

Perinatal depression (PND), defined as depressive symptoms oc-
curring either during pregnancy or postpartum, is one of the most
common medical complications in fertility women [1,2]. The pre-
valence of antenatal depressive symptoms ranges from 14% to 23% [3],
while over 22% of women develop postpartum depressive symptoms
within the first year after delivery [4]. In some high-income countries,
antenatal depressive symptoms are estimated to be 17–18%, which
decrease to 13–15% after delivery [5]. Relatively, the mean prevalence
of postpartum depressive symptoms and antenatal depressive symptoms
in low and middle-income countries is estimated to be 19.8% and
15.6% [6]. Perinatal depressive symptoms have adverse effects on the
couple's relationship, the mother-infant relationship and the child's
development [7]. Untreated depressive symptoms can not only bring
multiple adverse outcomes to the mother, but also adversely affect the
mental and emotional health of the child through school age [8–11].As
present, the etiology of perinatal depressive symptoms is widely

considered to be multifactorial involving psychological and social fac-
tors beyond biological aspects [12–15]. Risk factors such as previous
depression [16,17], emotional instability [18], lack of social support
[19], cesarean delivery [20] and low socioeconomic status [10], asso-
ciated with perinatal depressive symptoms were reported in previous
studies. With more and more people using infertility treatment to
achieve pregnancy, the effect of infertility treatment on the risk of
perinatal depressive symptoms has also attracted close attention of re-
searchers.

Infertility is defined as the failure to achieve a clinical pregnancy
after 12months or more of regular unprotected sexual intercourse
[21,22]. It is a problem for infertile women wishing to have a baby and
it is also costly for society [23]. It affects 8%–12% of the childbearing
population [24], and 56% of individuals seek infertility treatment
[25,26]. The World Health Organization recognizes infertility as a
global public health issue [7,22]. Fortunately, with the rapid develop-
ment of infertility treatment including fertility enhancing drugs and
assisted reproductive technologies (ART), it becomes easier for
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countless infertile couples to achieve pregnancy successfully. The
number of women who use infertility treatment especially ART is in-
creasing. More than 10% of the childbearing population resort to ART
[27]. While the increasing availability of infertility treatment can help
reduce the burden of infertility worldwide, the experience of infertility
and its treatment may bring infertile women stress at the same time
[28]. Infertility treatment may lower the couple's marital satisfaction. It
also has an adverse effect on their self-esteem and quality of life, which
lasts for a long time during pregnancy and postpartum [7,29]. How-
ever, studies have shown that these factors are associated with an in-
creased risk of developing perinatal depressive symptoms [30–32]. This
suggests that there may be an association between infertility treatment
and perinatal depressive symptoms.

However, it is worth noting that the findings of studies on the as-
sociation between infertility treatment and perinatal depressive symp-
toms are inconsistent [33–36]. A previous meta-analysis of observa-
tional studies found that women conceived through infertility treatment
are not associated with postpartum depressive symptom [7]. In this
meta-analysis, only eight studies with small sample size were included
which may have resulted in limited statistical power to detect a po-
tential increase in the risk of postpartum depressive symptoms. More-
over, all the included studies were conducted in high-income countries,
which may weaken the generalizability of the results in this study.
Therefore, we conducted a meta-analysis of observational studies to
further investigate the association between infertility treatment and
perinatal depressive symptoms.

2. Materials and methods

2.1. Search strategy

The meta-analysis was conducted on the basis of the items outlined
in the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [37]. PubMed, Web of Science, China
National Knowledge Infrastructure (CNKI), Chinese Scientific Journals
Full text Database (CQVIP) and wan fang databases were searched for
relevant available articles published up to July 2018. The following
terms were used in combination: 1) assisted reproductive technology,
assisted reproductive technologies, assisted conception, assisted re-
production, in vitro fertilization, test tube baby, intracytoplasmic sperm
injection, artificial insemination, intrauterine insemination, cervical
canal insemination, embryo implantation, ovarian stimulation, ovula-
tion induction, infertility treatment and fertility treatment; and 2)
prenatal, antenatal, antepartum, perinatal, periparum, pregnancy, ma-
ternal, postpartum, puerperal, puerperium and postnatal; and 3) de-
pression, mood disorder, affective disorder, baby blues, depressive
disorder, dysthymia, depressive symptoms, mental health and mental
illness. Furthermore, we reviewed citations in the retrieved articles and
relevant reviews to search for additional relevant studies.

2.2. Exposure and outcomes

The exposure of interest was any types of infertility treatment which
included ART and fertility enhancing drugs. ART included artificial
insemination (AI), in vitro fertilization and embryo transfer (IVF-ET),
intracytoplasmic sperm injection (ICSI) and other forms of treatment.
Fertility enhancing drugs included gonadotropins, clomiphene citrate,
human chorionic gonadotropin, gonadotropin-releasing hormone ana-
logs, progesterone and other unspecified fertility drugs.

The outcome of interest was probable depression or depressive
symptoms in perinatal period which was indicated by validated as-
sessment tools, such as Edinburgh postnatal depression scale (EPDS),
Postpartum depression screening scale (PDSS) and Beck depression
inventory (BDI). However, mental illnesses occurring as late as
12months after childbirth are often defined as postpartum [3,38,53]. In
our study, the perinatal period was defined as the time range from the

beginning of pregnancy to 1 year after delivery in order to detect more
cases.

2.3. Study selection

At the stage of titles and abstracts screening, we purposely broa-
dened the inclusion criteria to obtain any relevant study. First, studies
were considered for inclusion if they were published in Chinese or
English and reported on infertility treatment with perinatal depressive
symptoms. Then the full texts of all selected studies were reviewed.
Studies were included if they 1) were observational studies targeted on
women who received infertility treatment and had a delivery success-
fully, 2) involved the diagnosis or evaluation of PND, 3) reported odds
ratio (OR) with the 95% confidence intervals (CI) or provided sufficient
information to calculate effect sizes. Conversely, studies were excluded
if they 1) were review articles, conference abstracts, case reports, ex-
perimental studies, 2) did not provided any information to calculate
effect sizes, 3) had incomplete or unclear data, or 4) were duplicate
publications. If more than one study involved the same population, the
most recent and comprehensive study was selected.

2.4. Data extraction and quality assessment

Data from the selected relevant studies were extracted by using a
data extraction form, which was designed by the authors during the
protocol stage of this review. The following data were extracted from
each study by two investigators (SBC and TTW) independently: first
author and year of publication, study location, study design, study
period, type of infertility treatment, sample size, assessment method of
perinatal depressive symptoms, assessment time, OR with 95% CI for
the risk of perinatal depressive symptoms, whether adjusted for con-
founding factors, quality assessment and covariates adjusted for.

The quality of the studies was assessed and scored by two in-
vestigators independently (SBC and TTW) using the Newcastle-Ottawa
quality assessment scale (NOS) for case-control studies or cohort studies
and an 11-item checklist which was recommended by Agency for
Healthcare Research and Quality (AHRQ) for cross-sectional studies. In
this meta-analysis, we define articles quality as follows: high quality
≥7; low quality< 7.

2.5. Statistical analyses

To perform the meta-analysis, data were entered and analyzed using
Stata Version 12 (Stata Corp, College Station, Texas, USA) and Review
Manager Version 5.3 (The Nordic Cochrane Centre, Cochrane
Collaboration, Copenhagen, Denmark). Individual and pooled OR and
associated 95% CI were calculated using a fixed effects model in the
case of absence of between-study heterogeneity and a random effects
model in the case of significant between-subject heterogeneity [39].
Hazard ratio (HR), incidence rate ratio and relative risk (RR) were di-
rectly considered as OR. Statistical heterogeneity among studies was
evaluated using the Cochran Q test with P < .1 considered as sig-
nificant heterogeneity and I2 statistics that was a quantitative indicator
used to estimate the proportion of variance between studies (I2≤ 25%
represents low heterogeneity, 26–50% represents moderate hetero-
geneity, 51–75% represents substantial heterogeneity, and 76–100%
represents high heterogeneity). Subgroup analyses for perinatal de-
pressive symptoms were performed by assessment time, study location,
study design, sample size, quality of studies and adjustment status of
confounding factors. Sensitivity analyses were performed to examine
the influence of different exclusion criteria on the overall results. We
conducted sensitivity analyses in which some studies were removed and
the rest were analyzed to evaluate whether the results were affected
statistically significantly. Publication bias was visually estimated by
generating a funnel plot, and Egger's linear regression test was per-
formed to explore the asymmetry of the funnel plot [40]. All reported P
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values were two-sided and P < .05 was considered statistically sig-
nificant unless otherwise specified.

3. Results

3.1. Literature search

The literature search yielded a total of 2684 potentially relevant
citations, three additional articles were found through other sources.
Among these studies, 250 duplicate studies were removed. Of the re-
mains, 2399 studies were excluded by reviewing titles and abstracts.
Then, 38 studies were identified and retrieved for full-text screening, 16
additional papers were excluded. The reasons were as following: lit-
erature review articles (3 studies), case report (1 study), not focus on
depressive symptoms (2 studies), mental health of women who were
ready for IVF treatment (2 studies) and unable to extract outcome
measures (8 studies). Finally, 22 studies [23,33–35,41–58] were in-
cluded in the meta-analysis. The flowchart of the literature search is
shown in Fig. 1.

3.2. Study characteristics

The characteristics of the 22 studies, which included 69,201 parti-
cipants (ranged between 126 and 40,337 individuals) and were

published between 2000 and 2018, were shown in Table 1. Thirteen
studies (59.1%) were cohort in design, five (22.7%) were case-control,
and four (18.2%) were cross-sectional. Eight studies (36.4%) were
conducted in Europe, six (27.3%) in Asia, six (27.3%) in Oceania, and
two (9.1%) in North America. Eight studies (36.4%) evaluated the as-
sociation of infertility treatment with the risk of perinatal depressive
symptoms, as the rests evaluated the association of ART with the risk of
perinatal depressive symptoms. The time points for depressive symp-
toms assessment were divided into six parts: first and second trimester,
third trimester, 0–3months after delivery, 3–6months after delivery,
6–12months after delivery and unknown evaluation time points. The
unknown evaluation time point means that studies only reported the
approximate evaluation time of depressive symptoms. And eighteen
studies (81.8%) only evaluated depressive symptoms during pregnancy
(first and second trimester, third trimester) or postpartum (0–3months
after delivery, 3–6months after delivery and 6–12months after de-
livery), while others (4/22 studies, 18.2%) assessed depressive symp-
toms during both periods. According to our broad definition, we con-
sider all of these periods to be an assessment of perinatal depressive
symptoms. Most of included studies (15/22 studies, 68%) took the
EPDS as the assessment tool, while the rests used different tools such as
Hospital anxiety and depression scale (HADS), Postpartum depression
screening scale (PDSS) and Beck depression inventory (BDI). Eight
studies (36.4%) adjusted some potential confounding factors (such as

Fig. 1. Flow diagram of literature search.
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age, education, social support, history of depression, type of delivery,
sex of infant and so on), and the remaining studies did not adjusted any
factors when estimating the effect. Sixteen studies (72.7%) had a
quality assessment score of greater than or equal to 7 and six studies
(27.3%) had a quality assessment score of< 7, indicating that the
methodological quality was generally good. The detailed characteristics
of the included studies are shown in Table 1.

3.3. Meta-analysis results

The random-effects model results with the ORs of perinatal de-
pressive symptoms in relation to ever experience of infertility treatment
are shown in Fig. 2. Among the 22 studies, only 6 studies showed sta-
tistically significant association between infertility treatment and
perinatal depressive symptoms. No significant difference was reported
in the incidence of significant perinatal depressive symptoms between

Table 1
Characteristics of studies on the associations between infertility treatment and perinatal depressive symptoms.

Study Study design Sample size Assessment time Time classification Assessment method Quality score

GarciaBlanco et al. (2018)
Spain

Cohort 243: 60 IVF; 183 controls Pregnancy: the third trimester The third trimester BDI/SF 8

Mori et al. (2018) Japan Cohort 2709: 162 IT; 189 ART; 2352
controls

Postpartum: EPDS≥ 9 9
the day before hospital
discharge

0–3months

1month 0–3months
2months 0–3months
4months 4–6months
6months 4–6months

Joelsson et al. (2017) Sweden Cross-
sectional

3583: 468 sub-fertile women;
143 ART; 2972 controls

NA / EPDS≥ 12 7

Gambadauro et al. (2017)
Sweden

Cohort 3283: 167 IVF; 3116 controls Pregnancy: EPDS≥ 12 8
17weeks First and second

trimester
32 weeks Third trimester
Postpartum:
6 weeks 0–3months
6months 4–6months

Vikstrom et al. (2017) Sweden Case-control 12,085: 3532 IVF; 8553
controls

Postpartum: 12months 6–12months ICD–10 7

Gao et al. (2017) Xi'an, China Case-control 756: 170 Tube baby; 133 OI;
456 controls

NA / EPDS≥ 12 5

Tendais et al. (2016) Portugal Cohort 267: 36 IT; 231 controls Pregnancy: EPDS≥ 12 7
8–15weeks First and second

trimester
20–24weeks First and second

trimester
28–34weeks Third trimester
Postpartum:
After childbirth 0–3months
3months 0–3months

Lynch et al. (2014) US Cross-
sectional

40,337: 503 IT; 39,834
controls

Postpartum: 2–4months 0–3months PRAMS questionnaire 7

Listijono et al. (2014) Australia Case-control 189: 94 ART; 95 controls Postpartum: 4 weeks 0–3months EPDS 6
Raguz et al. (2014) Canada Cohort 228: 76 IT; 152 controls Pregnancy: 18–24weeks First and second EPDS≥ 13 8

Postpartum: 4months Trimester 4–6months
Fisher et al. (2013) Australia Cohort 549: 272 ART; 277 controls Pregnancy: 31.6 ± 2.5 weeks Third trimester EPDS≥ 12 7
Fisher et al. (2013) Australia Cohort 592: 297 ART; 295 controls Pregnancy: 31.6 ± 2.5 weeks Third trimester EPDS≥ 14 7
Warmelink et al. (2012)

Netherlands
Cross-
sectional

428: 32 IT; 396 controls Postpartum: 2–6months 4–6months HADS≥ 8 7

McMahon et al. (2011)
Australia

Cohort 541: 275 ART; 266 controls Postpartum: 4months 4–6months MINI and EPDS 7

Akyuz et al. (2010) Turkey Cohort 156: 51 IT; 105 controls Postpartum: 4–6 weeks 0–3months PDSS≥ 65 8
Monti et al. (2009) Italy Case-control 64: 25 ART; 39 controls Pregnancy: 30–32weeks Third trimester EPDS≥ 12 6

Postpartum:
1 week 0–3months
3months 0–3months

Wang et al. (2008)
Shenyang, China

Case-control 274: 4 IVF-ET; 270 controls Postpartum: 6 weeks 0–3months EPDS≥ 13 6

Repokar et al. (2007) Finland Cohort 746: 367 IVF or ICSI; 379
controls

Pregnancy: 18–20weeks First and second
trimester

BDI/SF 7

Xie et al. (2006) Changsha,
China

Cross-
sectional

320 Postpartum: 6 weeks 0–3months EPDS≥ 13 6

Fisher et al. (2005) Australia Cohort 745: 45 IVF; 12 OI and AI;
678 controls

Postpartum: Days 1 and 5 0–3months EPDS>12 7

Yokoyama et al. (2003) Japan Cohort 990: 359 IT; 631 controls NA / DSM-IV 7
Gibson et al. (2000) Australia Cohort 126: 65 IVF; 61 controls Postpartum: 12months 6–12months EPDS≥ 13 7

AI, artificial insemination; ART, assisted reproductive technologies; BDI/SF, Beck depression inventory-sort form; DSM-IV, Diagnostic and Statistical Manual of
Mental Disorders; EPDS, Edinburgh postnatal depression scale; HADS, Hospital anxiety and depression scale; ICD–10, International Classification of Diseases,10th
edition; ICSI, intracytoplasmic sperm injection; IT, infertility treatment; IVF, in vitro fertilization; IVF-ET, in vitro fertilization and embryo transfer; MINI, Mini
international neuropsychiatric interview; OI, ovulation induction; PDSS, Postpartum depression screening scale; PRAMS, pregnancy risk assessment monitoring
system; NA, not available.
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pregnant women who used infertility treatment and those with a
spontaneous pregnancy (OR=1.01, 95% CI: 0.83, 1.23), with evidence
of significant between-study heterogeneity (I2=63%, P < .001).

3.4. Subgroup analyses

Table 2 shows the results of the subgroup analyses of the stability of
the major findings and explored the sources of potential heterogeneity.
After subgroup analyses, quality score (test for subgroup differences

[TSD]: I2= 66.8%, P= .08), study location (TSD: I2= 55.9%, P= .08)
and assessment time (TSD: I2= 55.4%, P= .05) were identified as the
first three of the most relevant heterogeneity moderators. However,
there were not statistically significantly differences for risks of devel-
oping perinatal depressive symptoms in these three subgroup analyses.

In subgroup analysis stratified by assessment time, nine studies
presented data on prenatal depressive symptoms, while seventeen stu-
dies on postpartum depressive symptoms. The pooled ORs and corre-
sponding 95% CIs of the association between infertility treatment and
perinatal depressive symptoms classified by time points for depressive
symptoms assessment (first and second trimester, third trimester,
0–3months after delivery, 3–6months after delivery, 6–12months after
delivery and unknown evaluation time points) were 0.95 (95% CI:0.71,
1.26), 0.73 (95% CI:0.36, 1.45), 1.21 (95% CI:0.95, 1.56), 0.89 (95%
CI:0.68, 1.16), 0.56 (95% CI:0.33, 0.96) and 1.40 (95% CI:0.93, 2.10),
respectively. An inverse association between infertility treatment and
perinatal depressive symptoms was only found in 6–12months after
delivery. In subgroup analysis stratified by study design, the pooled ORs
for cohort, case-control and cross-sectional studies were 0.94 (95%
CI:0.76, 1.16), 1.73 (95% CI:0.69, 4.34), 1.17 (95% CI:0.65, 2.10),
respectively. A significantly positive association between infertility
treatment and perinatal depressive symptoms was observed only in
some Asian countries (One study is from Turkey, two studies are from
Japan, and three studies are from China), and the pooled OR was 1.73
(95% CI:1.07, 2.81). The pooled ORs were 0.94 (95% CI:0.79, 1.13)
among sixteen studies with high-quality assessment score and 2.08
(95% CI:0.87, 4.96) among six studies with low-quality assessment
score. In the subgroup analysis stratified by sample size, we observed no
evidence of positive association for studies with sample size < 500
(OR=1.24, 95% CI:0.68, 2.26), sample size 500–1000 (OR=1.06,
95% CI:0.78, 1.45) and sample size> 1000(OR=0.91, 95% CI:0.80,
1.05). In subgroup analysis stratified by adjustment status of con-
founding factors, the pooled ORs were 0.87 (95% CI:0.64, 1.20) among
studies that adjusted confounding factors and 1.11 (95% CI:0.85, 1.44)
among studies that did not adjust.

Fig. 2. Forest plot for the effect of infertility treatment on perinatal depressive
symptoms. The size of gray box is positively proportional to the weight assigned
to each study, and horizontal lines represent the 95% CIs. (OR, odds ratio; CI,
confidence interval).

Table 2
Subgroup analysis for the association between infertility treatments and perinatal depressive symptoms.

Subgroup variables No. of studies Pooled OR(95%CI) I2 (%) P for heterogeneity Test for subgroup differences

I2 (%) P

Total 22 1.01(0.83–1.23) 63.0 < .001
Assessment time
First and second trimester 4 0.95(0.71–1.26) 0 .69 55.4 .05
Third trimester 6 0.73(0.36–1.45) 73.4 .002
0–3months postpartum 11 1.21(0.95–1.56) 46.4 .045
4–6months postpartum 4 0.89(0.68–1.16) 0 .49
6–12months postpartum 2 0.56(0.33–0.96) 0 .78
Not available 3 1.40(0.93–2.10) 51.5 .13

Location
Europe 8 0.84(0.58–1.20) 71.0 < .001 55.9 .08
Asia 6 1.73(1.07–2.81) 77.0 < .001
Oceania 6 0.86(0.65–1.14) 2.0 .40
North America 2 0.95(0.65–1.41) 0 .97

Study design
Cohort 13 0.99(0.89–1.10) 60.0 .003 0 .75
Case-control 5 1.14(0.78–1.66) 77.0 .001
Cross-sectional 4 1.04(0.77–1.40) 66.0 .03

Sample size
<500 10 1.24(0.68–2.26) 73.0 < .001 0 .45
500–1000 7 1.06(0.78–1.45) 58.0 .03
>1000 5 0.91(0.80–1.05) 6.0 .37

Quality score
<7 6 2.08(0.87–4.96) 79.0 < .001 66.8 .08
≥7 16 0.94(0.79–1.13) 51.0 .01

Adjustment status of confounding factors
Adjusted 8 0.87(0.64–1.20) 68.0 .002 21.0 .26
Unadjusted 14 1.11(0.85–1.44) 58.0 .003

CI, confidence interval; OR, odds ratio.
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3.5. Sensitivity analyses and publication bias

Sensitivity analyses were performed to examine the influence of
different exclusion criteria on the overall risk estimate for perinatal
depressive symptoms associated with infertility treatment. In the thir-
teen studies with ART as an exposure, we found no significant change in
our result (OR=0.89; 95% CI: 0.63, 1.25),with substantial hetero-
geneity (I2= 68.8%, P < .001). Exclusion of 6 studies that were low
methodologic quality yielded similar results (OR=0.94; 95% CI: 0.79,
1.13), with substantial heterogeneity (I2= 50.9%, P= .01). Further
exclusion of 14 studies in which the confounding factors were not ad-
justed when assessing the risk of developing perinatal depressive
symptoms associated with infertility treatment also yielded similar re-
sults (OR=0.87; 95%CI: 0.64–1.20), yet heterogeneity was still pre-
sent (I2= 68.4%, P= .002).The results showed no significant change of
the overall risk estimates for perinatal depressive symptoms when any
one study was excluded, with a range from 0.97 (95% CI:0.81, 1.17) to
1.05 (95% CI:0.89, 1.27) (Fig. 3).

For publication bias, Egger's linear regression test along with the
result of the funnel plot was applied to assess the asymmetry of the
funnel plot and evaluate the significance of publication bias. Fig. 4
shows no visual asymmetry in the visual examination of funnel plots
and Egger regression asymmetry tests found no evidence of a significant
publication bias for the analysis that investigated the relationship of
infertility treatment with perinatal depressive symptoms (P=0.686).

4. Discussion

The main goal of our meta-analysis was to examine the association
between infertility treatment and the risk of developing perinatal de-
pressive symptoms, which showed that women who receive infertility
treatment do not appear to be at increased risk of significant perinatal
depressive symptoms compared with those after spontaneous concep-
tion (OR=1.01, 95% CI:0.83, 1.23). Only one study in this meta-
analysis reported higher EPDS scores in the ART group compared with
the control group at 3months postpartum [35]. To the best of our
knowledge, this study may be the most comprehensive meta-analysis
assessing the association between infertility treatment and perinatal
depressive symptoms, which can not only encourage infertile couples to
receive infertility treatment but also eliminate misunderstandings of the
general population about infertility treatment.

Our findings were basically consistent with those in a good recent
systematic review and meta-analysis of medically assisted conception
and postpartum depressive symptoms published by Gressier et al. [7],
which found no significant risk for postpartum depressive symptoms
conceived by infertility treatment (OR=0.93, 95% CI:0.67, 1.31) and
ART (OR=1.04, 95% CI:0.71, 1.52). Both meta-analyses confined their
literature search to observational studies which included data on de-
pressive symptoms during the perinatal period. However, there were
some limitations in the previous one. Firstly, there were only eight
small sample-size studies in the meta-analysis, which may limit the
capacity to identify small or moderate effects on risk for perinatal de-
pressive symptoms. Secondly, it is hard to generalize the results of
previous meta-analysis in other countries and low socio-economic
samples as the included studies were only conducted in high-income
countries.

According to the subgroup analyses, there was a significantly posi-
tive association between the use of infertility treatment and perinatal
depressive symptoms in some Asian countries like Turkey, Japan and
China, where infertility treatment might be a private problem. Infertile
women in these countries are not willing to talk about this topic com-
pared with western countries [35]. When considering the time of as-
sessment of depressive symptoms, women seeking infertility treatment
presented a lower risk of developing depressive symptoms than natu-
rally conceived women. Women treated with infertility treatment have
been usually mentally prepared in advance to cope with depressive
symptoms [30]. Moreover, because infertility treatment itself was so
stressful, those women who were successful in having a baby with the
help of infertility treatment tend to be more satisfied during perinatal
period for a long time than naturally conceived women [33,59].

Assessing heterogeneity is a critical issue in meta-analysis, and it is
common to detect heterogeneity between studies [60]. Substantial
heterogeneity was demonstrated for the links between infertility
treatment and perinatal depressive symptoms. Though the results of
subgroup analyses did not find the sources of between-study hetero-
geneity, quality score (TSD: I2= 66.8%, P= .08), study location (TSD:
I2=55.9%, P= .08) and assessment time (TSD: I2=55.4%, P= .05)
were the three most likely factors contributing to the between-study
heterogeneity. However, both two subgroups showed no statistically
significant differences for risks of developing perinatal depressive
symptoms. In subgroup analysis stratified by study location, the results
indicated that significant heterogeneity was still found in the Asian and
European populations (I2= 76.8%, P= .001; I2= 71.5%, P= .001),
which may be related to the specific genetic and environmental back-
grounds. Other factors such as different assessment time and different
assessment tools of perinatal depressive symptoms, different thresholds
of EPDS and the different variables adjusted for across studies may also
lead to the heterogeneity. In additional, EPDS was assessed in different
ways, such as telephone interviews [57], face-to-face interviews [35]
and self-reported questionnaire [34]. Even we conduct subgroup ana-
lyses to find possible sources, heterogeneity still persists. Therefore the
results of this meta-analysis should be interpreted cautiously.

Fig. 3. Sensitivity analyses by excluding any study for infertility treatment and
perinatal depressive symptoms.

Fig. 4. Funnel plot of infertility treatment and perinatal depressive symptoms.
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There are several notable strengths in this meta-analysis. Firstly, a
large number of cases and participants from 12 countries were included
by a more comprehensive search strategy. Because of the rapid devel-
opment of infertility treatment, our results are of great interests to both
medical science and the infertile couples. Secondly, the results of the
sensitivity analyses based on various exclusion criteria supported the
robustness of the observed association between infertility treatment and
perinatal depressive symptoms. Thirdly, all included studies received
an appropriate score based on the criteria from the NOS, and the result
of Egger's test did not find the potential risk of publication bias. In
addition, we were also concerned about the antenatal depressive
symptoms of women who had successfully delivered through infertility
treatment, which may summary a more comprehensive result.

However, the study also has some limitations. Firstly, only openly
published articles were searched for and included, while other un-
published articles or gray literature that meet our inclusion criteria
might have been neglected. Moreover, although an attempt was made
to minimize the possible bias in the process of document retrieving with
specific searches in major English-Chinese databases (including master
and doctoral theses), there may still be some unidentified papers. And
because our research only included studies published in Chinese or
English, additional research in other populations was also needed to
generalize the results. Based on different cultural backgrounds, it is
difficult for infertile women from different countries to have a unified
attitude towards infertility and its treatment. For example, Chinese
women think infertility is a private problem. They are unwilling to
disclose their experience of receiving infertility treatment and feel
shameful about it [35,61]. Due to the limitations of the original data,
we did not fully consider the impact of potential cultural differences on
the results.

Secondly, another important limitation was that we were unable to
explain the effects of underlying infertility on depressive symptoms. On
the one hand, our meta-analyses cannot distinguish whether the ob-
served risk of depressive symptoms in infertile women after infertility
treatment was associated with underlying infertility, or the treatment
itself. On the other hand, in all included studies, we did not find a study
that regarded women who had a diagnosis of infertility as an unbiased
control. Moreover, our study was not looking at all women who went
through infertility treatment, as it only looked at women who received
infertility treatment and had a delivery successfully. Because of the
limitation in included studies, the observed risk between infertility
treatment and perinatal depressive symptoms was not evidence of
causation. Therefore, further studies are needed to clarify the relation
among infertility, infertility treatment and perinatal depressive symp-
toms.

Thirdly, nearly 41% included original studies are case-control stu-
dies or cross-sectional studies, which is particularly vulnerable to po-
tential recall bias and information bias. Thus, real relationships be-
tween infertility treatment and perinatal depressive symptoms may be
hidden due to the bias in these studies. And the subgroup analyses by
specific types of infertility treatment were dropped because of the
limited number of included studies on specific types of infertility
treatment. Thus, we performed a sensitivity analysis on data taking into
account ART only. More relevant studies should be included in future
systematic reviews to provide further support for our results.

Fourthly, perinatal depressive symptoms are complex with kinds of
causative factors, including environmental, psychological and social
factors. Although we extracted the OR and 95%CI adjusted for most
covariates, some potential confounding factors were not adjusted for in
some studies [34,35,42–47,49,53,55–58]. Indeed, it is difficult to find
an unbiased comparison group that is similar in all characteristics to the
infertility treatment group. Given that only eight studies (36.4%)
[23,33,41,48,50–52,54] adjusted some potential confounding factors
(such as age, education, social support, history of depression, type of
delivery and sex of infant), other unadjusted confounding factors for
perinatal depressive symptoms such as socio-demographic factors and

obstetric factors may potentially produce biases when observed the
association between infertility treatment and perinatal depressive
symptoms. In our study, we conducted sensitivity analyses to consider
the effects of those potential confounding factors. Results showed that
exclusion of studies without any adjustment or with low methodolo-
gical quality yielded similar results for all estimates. It is worth noting
that some confounding factors that cannot be adjusted within included
studies, such as cultural-specific, genetic and environmental factors,
may also affect our results. Due to the limitation of obtaining adequate
data, we could not present the role of those potential confounding
factors in the association between infertility treatment and perinatal
depressive symptoms through subgroup analysis processes.

In addition, few of the included studies have a diagnostic assessment
tool for perinatal depression and the screening tools used for assessing
perinatal depressive symptoms varies in included studies, so our review
cannot address the true relationship between infertility treatment and
perinatal depression, but the potential risk associated with perinatal
depressive symptoms. Instruments such as Diagnostic and Statistical
Manual of Mental Disorders by the American Psychiatric Association
have high specificity and sensitivity for diagnosing depression, while
other instruments, such as EPDS or BDI, have low specificity and should
be regarded as screening tools. It seems that screening tools tend to
overestimate the prevalence relative to diagnostic assessment tools,
which may lead to an overestimated risk for developing perinatal de-
pressive symptoms associated with infertility treatment in our meta-
analysis. Despite the limitations in validated screening tools of de-
pressive symptoms, these screening tools are still essential for assessing
depression because they are more convenient and more cost-effective
for use in busy medical clinics and epidemiological surveys than formal
diagnostic tools. As an alternative, validated screening tools may be the
best choice to assess depressive symptoms.

In conclusion, we found that there seems to be no increased risk of
significant perinatal depressive symptoms in women after infertility
treatment compared with the control group. Even so, psychological
counseling and stress management for infertile women are still essential
during and following treatment, especially for women with risk factors
of perinatal depressive symptoms. It is worth mentioning that we esti-
mated the effect of infertility treatment on depressive symptoms at
different periods, but unfortunately we did not explore the association
between specific infertility treatment and perinatal depressive symp-
toms. The association between different types of infertility treatment
and perinatal depressive symptoms may present different results.
Therefore, more high-quality articles and reviews are needed to further
improve this research.
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