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Emotional health and its impact on assisted reproductive technology

outcomes: a systematic review and meta-analysis

Abstract

This systematic review and meta-analysis addresses ongoing controversy surrounding
the association between pre-treatment anxiety, stress and depression and assisted
reproductive technology (ART) outcomes. Medline, Embase and PsycINFO were
searched up to November 2019. Eligible studies were observational studies reporting
the association between pre-treatment anxiety, stress or depression and ART outcomes
in men, women or couples undergoing ART. The association between pre-treatment
anxiety, stress and depression and ART outcomes were extracted, and meta-analyses
carried out if >3 studies assessed the same outcome over the same number of cycles
and reported results homogenously. This review reports a potential association between
decreased sperm motility with increased male state anxiety, and no significant
association between women’s pre-treatment emotional health and ART outcomes in
terms of live birth, clinical pregnancy, chemical pregnancy, oocyte retrieval, embryos
transferred or fertilization. Meta-analyses showed a standardised mean difference
(SMD) of -0.08 (95% CI -0.20-0.04, 12 0%, n=6) for clinical pregnancy and
anxiety/stress and -0.08 (95% CI -0.21-0.04, 12 0%, n=3) for clinical pregnancy and
depression, and a SMD of -0.01 (95% CI -0.29-0.27, 12= 53%, n=5) for chemical
pregnancy and anxiety/stress and 0.08 (95% CI -0.51-0.67 12= 83%, n=3) for chemical

pregnancy and depression.

Keywords: infertility; assisted reproductive technology; mental health; anxiety;

depression
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Introduction

Infertility is defined as lack of clinical pregnancy after 1 year of regular sexual intercourse
(Zegers-Hochschild et al., 2009). Medical assistance for infertility is often in the form of
assisted reproductive technology (ART), such as in vitro fertilization (IVF). Despite
significant research, the direction of causality between emotional health and ART outcomes
remains unclear; meta-analyses reporting a small, significant negative effect of anxiety, stress
and depression on pregnancy rates (Matthiesen et al., 2011; Purewal et al., 2017) are balanced
by those reporting no significant effect (Boivin et al., 2011; Nicoloro-SantaBarbara et al.,
2018). Potential mechanisms for psychological stress-mediated disruption of fertility include
glucocorticoid-mediated inhibition of gonadotropin-releasing hormone and reduced uterine
receptivity (Palomba et al., 2018). Poor emotional health is also linked to unhealthy lifestyle
choices (Strine et al., 2005) and psychotropic medication use. While it appears selective
serotonin reuptake inhibitors do not reduce pregnancy chances in women, there is evidence of
associated reduced sperm quality in men (Sylvester et al., 2019). Poor emotional health may
also increase the likelihood of discontinuing treatment (Gameiro et al., 2012). Due to the
importance of ART success for patients, this association must be investigated. Therefore, this
systematic review aims to assess the impact of men, women and couple’s pre-treatment

emotional health on ART outcomes.
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Materials and Methods

This review was prospectively registered on PROSPERO (CRD42020158395).

Defining Anxiety, Stress and Depression

Depression is defined as a symptom complex including low mood, activity and energy (7The
ICD-10, 1992). State anxiety is defined as transient psychological and physiological reactions
to adverse events, and trait anxiety as individual differences in tendency to experience state
anxiety (Martens, 1971). Stress is defined as feeling in danger due to a perceived threat in the
environment (Martens, 1971). Emotional health will be used as a term to encompass these

factors.

Eligibility Criteria

Original data on men, women or couples in ART treatment were included. ART was defined
as extracorporeal handling of gametes or embryos to induce pregnancy. This includes IVF,
intracytoplasmic sperm injection, zygote intrafallopian transfer and gamete intrafallopian
transfer but excludes intrauterine insemination. Procedures involving donor materials were
excluded to avoid confounding due to the mental state of the donor. Studies must have
measured pre-treatment emotional health through validated psychometric scales. Pre-
treatment measurement avoided confounding stress from hormonal treatment or feedback on
progress. Studies must have reported primary or secondary outcomes (see data items).
Clinical pregnancy was defined as ultrasound-confirmed pregnancy, and chemical pregnancy
as pregnancy detected through human chorionic gonadotropin measurement. Interventional
studies were excluded to avoid confounding effects of treatments. Reviews, animal studies

and non-English language papers were excluded.
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Information sources and search

Medline, Embase and PsycINFO were searched up to November 2019. See Table 1 for
search strategy. Grey literature was searched through inclusion of conference abstracts and
clinicaltrials.gov, with authors of relevant trials contacted. A reference search of previous
reviews (Boivin et al., 2011; Matthiesen et al., 2011; Nicoloro-SantaBarbara et al., 2018;
Purewal et al., 2017) was undertaken. If studies presented incomplete data, missing data was

requested.

Study selection

The first author screened titles and abstracts, with subsequent screening of full text articles
against eligibility criteria. The second author checked decisions with discrepancies resolved

by a third reviewer.

Data collection and data items

Data extracted included study and population data (see Tables 2 and 3). Measures of
association between emotional health and ART outcomes were extracted, such as odds ratios
(ORs), risk ratios (RRs) and mean validated questionnaire scores of pregnant and
nonpregnant groups. Primary outcomes were live birth, clinical pregnancy and chemical
pregnancy, and secondary outcomes were oocytes harvested, embryos transferred,

fertilization and sperm parameters.

Synthesis of results and summary measures

Data were combined in a meta-analysis if >3 studies reported the same exposure and outcome
in a homogenous manner over the same number of cycles. Anxiety and stress were combined
due to their similarity (Martens, 1971). Where state and trait anxiety were both reported, state

anxiety was preferentially used. Meta-analyses were conducted using a random effects model
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for generic inverse data to produce a standardised mean difference (SMD). The SMD is a
measure of the mean difference between validated questionnaire scores of pregnant and non-
pregnant groups. A random effects analysis was used due to substantial heterogeneity.
Heterogeneity was assessed using I2. Where I? was <60%, a control analysis with a fixed
effects model was conducted, but no results differed significantly. Sensitivity analysis was
performed if variation in Agency for Healthcare Research and Quality (AHRQ) standards
was present. ‘Poor’ quality studies were excluded, and the meta-analysis repeated. Funnel

plots were drawn to detect publication bias.

Risk of bias in individual studies

The Newcastle Ottawa Scale for Cohort Studies was used to assess quality, with adapted
criteria for cross-sectional studies. Scores were converted to AHRQ standards of poor, fair

and good (Table 4).

[Table 1 near here]
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Results
Study selection

The literature search identified 4376 studies and reference searching identified 18 studies.
Following duplicate removal, 3424 studies remained, with 290 remaining following title and
abstract screening. The narrative and quantitative syntheses included 29 and 11 papers
respectively (Figure 1).

[Figure 1 near here]

Study characteristics

In total there were 5750 patients (4961 women and 789 men). See Table 2 for study

characteristics and Table 3 for sample characteristics.

Study results

Clinical pregnancy

Of the 12 studies (n=2538) considering stress/anxiety and clinical pregnancy, 8 found no
significant association (Anderheim et al., 2005; Cesta et al., 2018; Maroufizadeh et al., 2019;
Miller et al., 2019; Thiering et al., 1993; Turner et al., 2013; Visser et al., 1994), including
the largest study(Lintsen et al., 2009). All studies were female-only. Eugster et al.(2004)
found a trend towards significance only for state anxiety (p=0.06). In contrast, Sanders &
Bruce(1999) found lower trait anxiety was associated with increased pregnancy chances.
Sohrabvand et al.(2008) found mean undefined anxiety scores to be associated with
pregnancy rate. Klonoff-Cohen et al.(2001) found acute positive affect, as a measure of state
anxiety, to have a RR of 0.95 for no clinical pregnancy, with a confidence interval of 0.9-
1.01(p=0.08). In our meta-analysis (Figure 2), 6 studies produced a SMD of -0.08 (95% CI -

0.20-0.04, 1> 0%). Sensitivity analysis did not significantly change results and the funnel plot
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did not implicate publication bias.
[Figure 2 near here]

Fewer studies (8, n=1894) considered depression and clinical pregnancy, and 5 found
no significant difference (Anderheim et al., 2005; Klonoff-Cohen et al., 2001; Maroufizadeh
et al., 2019; Visser et al., 1994), again including the largest study (Lintsen et al., 2009). All
subjects were female. Sohrabvand et al.(2008) found significantly reduced pregnancy chances
with increased depression scores. Thiering et al.(1993) reported that depressed women were
less likely to achieve pregnancy over the first 5 cycles. However, Sanders and Bruce(1999)
found higher depression scores to be significantly associated with pregnancy. Our meta-
analysis (Figure 3) of 3 studies produced a SMD of -0.08 (95% CI -0.21-0.04, 1> 0%). Study
quality was consistent, precluding sensitivity analysis, and funnel plotting showed no
indication of bias.

[Figure 3 near here]

Chemical pregnancy

In total, 7 studies (n=1347) assessed stress/anxiety and chemical pregnancy. Most only
considered women, but Merari et al.(2002) included men and Cooper et al.(2007) assessed
couples independently and together. Of the studies which measured women’s stress/anxiety
and pregnancy, 4 found no significant association (An et al., 2013; Boivin & Takefman,
1995; Cooper et al., 2007; Merari et al., 2002). Smeenk et al. (2001) and Verhaak et al.
(2001) found state anxiety only to be associated with likelihood of pregnancy. Kalaitzaki et
al.(2020) found a non-significant difference in mean stress scores between pregnant and non-
pregnant subjects yet found a significant effect on logistic regression (OR 0.73 95% CI 0.59-
0.91). Both studies considering the male partner alone found no significant

association(Cooper et al., 2007; Merari et al., 2002). When Cooper et al.(2007) analysed
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couples, the pregnant group experienced significantly more stress, but only for sexual
concerns. The meta-analysis of 5 female-only studies produced a SMD of -0.01 (95% CI -
0.29-0.27, I>= 53%) (Figure 4). Quality was consistent between studies and the funnel plot
did not suggest publication bias.

[Figure 4 near here]

Fewer studies (5, n=1049) considered depression and chemical pregnancy. All 5
included women, while only 1 considered men. Merari et al.(2002) found male partners in
non-pregnant couples to have significantly increased depression scores compared to pregnant
couples but found no significant association between female depression and chemical
pregnancy. Similarly, the two largest studies (An et al., 2013; Smeenk et al., 2001) found no
significant difference. Kalaitzaki et al.(2020) found no significant difference between
negative emotion scores of pregnant and non-pregnant women, but reported increased
pregnancy chances with higher scores on logistic regression (OR 1.67, 95% CI 1.16-2.39).
However, Verhaak et al.(2001) reported significantly higher depression scores in non-
pregnant women. When Smeenk et al.(2001) used composite scores of anxiety and
depression, it was significant on regression analysis (-0.17, p=0.01). A total of 3 female only
studies were included in the meta-analysis, which found a SMD of 0.08 (95% CI -0.51-0.67
I’= 83%) (Figure 5). Consistent quality of studies precluded sensitivity analysis and a funnel
plot did not suggest bias.

[Figure 5 near here]
Studies that failed to define pregnancy (Nouri et al., 2014; Tamhankar et al., 2013)

were not included in this synthesis.

Live birth

Of the 7 studies (n=1205) considering anxiety/stress and live birth, 7, 2 and 1 assessed
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women, men and couples respectively. Of those considering women, 3 found no association
(de Klerk et al., 2008; Pasch et al., 2012; Pottinger et al., 2016). Pasch et al.(2012) combined
live births and ongoing pregnancy at the end of the study period as an outcome measure. An
et al.(2013) did not report associations between baseline stress and live birth. However,
Klonoff-Cohen et al.(2001) reported a RR of 1.25 (1.01-1.54) for female anxiety and no live
birth, but a RR of 0.5 (0.28-0.89) for concern about infertility and no live birth. Nouri et
al.(2014) reported that 18% vs 31% of couples with increased vs decreased male stress
respectively achieved live birth, with no measures of significance. Cooper et al.(2007) found
couples who achieved live birth had significantly higher global stress scores and did report
significant associations for men and women separately but only in specific areas, such as
need for parenthood. Insufficient homogeneity of data reporting prevented meta-analysis.
Fewer studies (4, n=906) considered depression and live birth, and An et al. (2013)
did not report association with baseline depression. The 3 female-only remaining studies
found no association (de Klerk et al., 2008; Klonoff-Cohen et al., 2001; Pasch et al., 2012).
However, negative affect as a measure of depression and anxiety was associated with

significantly reduced chances of live birth(de Klerk et al., 2008).

Sperm parameters

In total 4 studies (n=330) looked at anxiety/stress and sperm parameters, and 1 considered
depression. Bartolo et al.(2016) considered state anxiety, trait anxiety and depression in first
time and repeat ART patients. Concentration, motility and morphology were measured, and
the only significant association was increased state anxiety and decreased slow progressive
motility in first time ART patients. Similarly, Clarke et al.(1999) found significant negative
correlations between state anxiety and concentration and motility, and no significant

association with lateral head displacement. Vellani et al.(2013) found significant negative
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regression coefficients between state and trait anxiety and concentration, motility, DNA
fragmentation and volume. The only non-significant correlation was state anxiety and
volume. Nouri et al.(2014) reported no difference between volume, concentration and

motility in stressed and non-stressed groups.

Oocyte aspiration, embryo transfer and fertilization

Of 4 studies (n=1361) considering oocyte aspiration (Cesta et al., 2018; Donarelli et al.,
2016; Klonoff-Cohen et al., 2001; Smeenk et al., 2001), 3 only considered women, and 1
assessed men, women and couples. The only significant correlation reported was the smallest
study(Klonoff-Cohen et al., 2001) reporting significant correlations between chronic negative
affect as a measure of trait anxiety and number of oocytes retrieved. Definitions of success
varied, from yes/no undergoing oocyte aspiration to different successful follicle size. Only 3
female-only studies (n=927) considered embryo transfer (Cesta et al., 2018; Klonoff-Cohen et
al., 2001; Smeenk et al., 2001), again with varying definitions of success. Only Klonoft-
Cohen et al. (2001) found a significant correlation between chronic negative affect and
number of embryos transferred. Of 2 studies(Harlow et al., 1996; Klonoff-Cohen et al., 2001)

(n=246) considering fertilization, both found no significant difference.

Risk of bias

Newcastle-Ottawa scores ranged from 4-9. Most studies (n= 26) were assigned a ‘Good’

AHRAQ standard, and 3 a ‘Poor’ standard. See Table 4 for detailed scoring.

[Tables 2, 3 and 4 near here]
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Discussion

Summary of results

Overall, we report no significant association between state anxiety, trait anxiety, stress or
depression and chemical or clinical pregnancy, and studies reporting significant associations
found positive and negative associations. Few studies considered live birth, sperm
parameters, oocyte aspiration, embryo transfer or fertilization, and these were heterogeneous
and found no clear relationship. Of studies measuring sperm parameters, 3 found associations
between state anxiety and motility (Bartolo et al., 2016; Clarke et al., 1999; Vellani et al.,
2013), and 2 found associations between state anxiety and concentration (Clarke et al., 1999;

Vellani et al., 2013).

Limitations

While studies were mostly of satisfactory quality, there was large variation in manner and
timing of assessment of exposure and outcome (Table 2). Often measures of exposure were
reported for specific concerns, where differences in stress type were unlikely to affect
biological response e.g. concern about missing work vs procedures. The sample populations
were also heterogeneous, with some studies excluding repeat ART patients and others not.
Unsuccessful treatments have been shown to affect emotional health (Harata et al., 2012) and
repeated exposure to a stressor leads to reduced biological response (Grissom & Bhatnagar,
2009), so subjective experience and biological response likely vary between these patients.
Habituation of stress response may occur less in cases of mental illness (Grissom &
Bhatnagar, 2009), further complicating this relationship. Many studies did not consider
mental health diagnoses in design or analysis. Cause and type of infertility varied and not all

studies controlled for confounders such as lifestyle factors or psychotropic medication. As the

http://mc.manuscriptcentral.com/thuf Email: biol103@york.ac.uk

Page 12 of 47



Page 13 of 47 Human Fertility

Page 13 of 24

studies were observational and did not adequately control for confounders, no conclusions

about causality can be made. In addition to data weaknesses, the combining of stress and

coNOULT A~ WN =

anxiety into one variable may introduce confounding through lack of consideration of coping

10 strategies.

14 Future research needs

17 Our review highlights future research needs: increased consensus on eligible patients and

19 appropriate measures of exposure are required for more robust data, and composite scores of
anxiety and depression may prove useful to measure overall psychological difficulty.

24 However, assessing the effect of psychological interventions on ART outcomes may be more
26 patient centred. It is paramount to consider the association between men’s and couples’

28 emotional health on outcomes, due to a paucity of research in these areas.

32 Conclusions

35 We report a potential association between male state anxiety and sperm motility and no
37 evidence of an association between female emotional health and ART outcomes. However,
this does not indicate causation due to the observational design of studies and potential
42 confounding. Further research is needed into the association between of male and couple’s

44 emotional health on ART outcomes due to paucity of data.
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Figure Captions

Figure 1. PRISMA flow chart for article selection.

Figure 2. Forest plot of comparison of anxiety/stress scores and clinical pregnancy chances.

Figure 3. Forest plot of comparison of depression scores and clinical pregnancy chances.

Figure 4. Forest plot of comparison of anxiety/stress scores and chemical pregnancy chances.

Figure 5. Forest plot of comparison of depression scores and chemical pregnancy chances.
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Population Exposure Outcome

Assisted reproduction  Psychological stress  Live birth

technology Semen analysis
Synonyms ART Pregnancy rate

Broader terms

Stress
Distress

Pregnancy
IVF outcome
Sperm

Narrower
terms

In vitro fertilisation
IVF
Intracytoplasmic
sperm injection
ICSI

Depressive disorder
Depression

Anxiety

Anxiety disorder

Sperm motility
Sperm count
Sperm
morphology
Oocyte retrieval
Implantation rate

Related terms

Low mood
Major life events
Adjustment disorder

Alternative
spellings and
variants

Assisted reproductive

techn*®

Table 1. Search box of terms in PEO format for literature search.

http://mc.manuscriptcentral.com/thuf Email: biol103@york.ac.uk



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

0AIqQuId pue d1e)8) uswjIe
juomidpun  Aoueudaid [eorwdy)) IVLS Karxuy I ISOI/AAI dAndadsoIg 2 uIAlog
(oyg1oads
-An1naey)
Idd SSanS
[I-1ag uorssaidog
Amow [810) ‘Aynowr
aArssagoid pider
‘Amowr dA1ssaIgoxd (yren
mors ‘A3ojoydiow pue J3e38) (pouyapun) [euonoaas 9102
V/N Uonenuad’uod wiadg IVLS Karxuy I v SSOI)  °IB 39 ojo)ieyg
(uorssaxdap)
gmbDd uorssaxdaq
00T
Iojsuen juswean aunf
oA1quud a10J2q (Korxue) (ore15) -6661 110Y0d (S007) e
JuIMIdpUN Koueugaid [earur)) qiuowr | dMDd Korxuy I ISOI/AAIL oI\  9ANDAdsord 39 WRYIIpUY
1ag uorssaxdog
Iojsuen 0102
oA1quio YMIq 9A1] (oress)  dn mojjog oI 110100 (€102)
juomidpun  ‘Aoueudaird [eordy)) IVIS Korxuy  uowt 7| ISOI/AAI  -600Z uef  9A10adsoid ‘839 uy
dno.a3
[nJssaddnsun (S31949) poriad
Jo JUIWRINSBIW dansodxd poridd dn uondI?INI0d
uonisodwo) d.Inseaw dWodInQ Jo Surmiy,  jJodunsedjy  dunsodxy Mmoo JUDWI) B T, Bl UuSdIsap ApmyS

L 40 97 abed

A)j1194 uewnH

— NN <IN ONO®



O
<

14

YN deIoA@EQL]o1] (jlew] jJnyl/wod enusdidudsnuewdw//:dny MW

47

Ly

0] 4

94500  IDQWERIP Ul WW 9] < 910J9q sAep (91819) (paurgopun) -600C 110409 9107 ‘1B 6¢

juoMIopUN SO[OI[0F JO JoquInN [ WNWIXBA IVIS Kprxuy v yoIelN  2Andadsoiq AER | ERLI 0T wm
L

(uorssaxdop) 9t

SAQVH uorssaxdo WM

$00Z 92d =

d0kd (Karxue) (Sre15) -2002 Hoyoo (8000) ¢

JAI pa19jud YHIq 9AT'] SAVH Korxuy ISOI/AAL Q24 2Anoadsold [ 39 MIIIAP ¢

6C

S00¢ 8¢

(oy1oads [udy [z

30kd YHIq SAT] -Annaoy) -200T 110700 (L007) 9

AAI PaIIud  “‘Adoueudard [eorwoy) 1dd ssang ISOI/AAI AeN oAnoadsord ‘(e 39 Jddoo)y ST

144

juowoe[dsIp 14

peoy [e1de] [44

‘eozojewrdds oow ww

[£10} ‘UOT)BIIUAOUOD judwean) 61

wads aow 910J9q (91819) 110400 (6661) g

V/N  ‘uonenuaouod wiadg SYOIM 9-f IVLS Kprxuy ISOI/AAIL oAndadsord e MR /)|

91

(Te10uag) Sl

SSd EREAN 4

€l

IoJsuen Koueugaid [eoruro (oygroads 107 92 4}

0AIquId ‘Iojsuen) 0AIquud SSdd  -Anmiey) -1102 110100 (8107) !t

JuIMIdpUN ‘uoneirdse 914000 -IdINOD Ssang ISOI/AAI 1dag dAndadsolg ‘8 39 81D om

aIreuuOoNsang) (oyroads 8

Anaoyup  -Aynaay) 5

oYL SSaInS c

14

RJsuen (yren 110709 (S661) ¢

4

L

A)j1194 uewnH

LY 40 £z abed



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

2) ) %)
JAI pPa19jud

9[0Kd
AAI PISIUQ

2] ) %)
AAI pPaI9IUd

2] )i%)
AAI PRIIUd

uonedse

syIq QA1 ‘Aoueugard
[BOIUI[D ‘paLIdJSuRY)
SOAIqUID ‘UOTJRZI[1}IQ)
‘parentdse s934000

Koueugaid [eorwoy)

uoneZIII

Koueugaid eorur))

HSIA
oI [enu|

NSIA
K3071093eUA3
IST /st
Sunrem uQ

1Je]S JUdUBAT)

(10933e
dAnE3AU)

SVNVd
‘(Kyorxue)

SINOd

(uorssaxdap
-pareo)
SINOd

(suonowd
dADE3AU)

HANVJS

SSd

IVLS

IVLS

Idd

(yren
pue 91e)s)
Karxuy

uorssaxdo(

uorssaxdo(

(Te1ouas)
Ssans

(yren
pue 91e)s)
Karxuy

(ren
pue d1e)8)
Karxuy

(oygroads
-Ky1naey)
Ssa1S

[ LAIZ/LAID/dAI

I

dAI

dAI

ISOI/dAL

8661
ounf

-€661
Amg

S1oc
aunf

—Krenuer

¢10T 22d

110409
dAnddsoIg

110409
oAndadsorg

110409
aAnoadsorg

110409
dAndadsolg

(1002)
‘Te 39 udyo)H
|.who=o—V~

(6102 '1®

19 Dlez)Ie[eY]

(9661)

‘[€ 39 Mo[IeH

#002)

‘I8 19 19)s3n7

L 40 gz abed

A)j1194 uewnH

O— AN NITNOMNOANOD = ANNTNONOANANO —ANNMITNONONO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®



O
<

1%

YN deIoA@EQL]o1] (jlew] jJnyl/wod enusdidudsnuewdw//:dny MW

[474

Ly

210J2q yuow ov

AAI pPRI2IUd Koueugaad [eowur) [ 1Se91 1Y IVLS Krxuy AAI  -L10Z uer oAndadsorg ‘Te 39 D[ MM
1OvAa uorssarda MM

IoJsuen juowean) (yren WM
0A1quio JO 11838 210J9q pue 93e3s) (T007) ¢
juomidpun  Aoueudaid [eorwdy)) sAep G1-01 IVLS Korxuy AAI 9A103dSOId I8 )9 LIBIRIA  7¢
LE

(Te1ouag) 0

SSd §SaNS 6¢C

8¢

(uorssaxdap) [T

SAQvH uorssaxdaq 9

T4

L10T 144

2] ) %) (K2rxue) (91819) UOIBN 6107) T8I EC

AAI PRI9IUd Koueugaid [eorur)) SAVH Karxuy AAI -q24 0ANOadso1d  YIpeZInoJaey ww
Od-Iag uoissaxda(q MM

juowedn) 8l

uonedse Jo uess mw
914200 910J9q syjuowr (91819) 00T (6000 cl
JuoMIdpUN Koueugaid [eorur)) 7 WNWIXBIA IVLS Karxuy ISOI/AAI -2007  2Anodadsord [P WISUIT 4,
€l

(Knnaoyur zL

noqe LL

UIdOU0D) oL

o[eos (ory100ds 6

uonoeyy  -AIIiay) 8

Amaaguy ssang m

(e1ouag) w

SSd ssang ¢

[4

L

A)j1194 uewnH

LY 40 67 abed



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

9[0kd
AAI PaIIUd

Iojsuen
oA1quId
JuIMIdpUN

9[0kd
AAI PIJUd

Iojsuen
0AIqQuId
JuaMIopUN

2) ) %)
AAI PRIIUD

V/N

=) ) %)

Koueugaid eorur)

Koueugaxd
[BOTWIAYD ‘SOAIQUID
JO Ioqunu ‘i g <
SO[OI[[0F JO JoquINN

Koueugaid eorur))

UHIq 9AI]

Apms jo pus £q yuiq
9AI] 10 Aoueu3axd
[earuro SurosuQ

IQ 9AT] (paulyopun)
Koueudaid ‘ounjoa
puB UONBNUIIUOD
‘Aymowr wiradg

010J9q SYOIM

syjuowt ¢-|

910J0q syjuow

Karxuy

o[ne) ueIURI]

1ad

IVLS

(passaxdop
-pareo)
SINOd

IVLS

K101U9AUT
ssans ayey
pue sowjoH

d-s4dao

IVLS

Idd

(pauyopun)
Karxuy

uorssaxdo(

(yren
pue d1e)8)
Krxuy

uorssaxdo(q
(ren

pue d1e)8)
Karxuy

(Te1ouas)
SSaInS

uorssaxdo(

(91e19)
Kprxuy

(oygroads
-K1n1y)
Ssa1S

(pauyopun)

4!
WNWIXEIA

‘TueIpON

ordnniy

ISOI

ISOI/AAI

LATD/AAIL

dAI

dAI

dAI

L0O0T uef
-900¢ uef

000¢
UoIeIN
“6661 Uef

€661
424-0661
ad

¢10¢
-€00¢

00T
-000¢C

4014
ounf

-800¢C
UoIeIN

810C 9°4

110409
dAnddsoIg

110409
oA1dadsoig

110409
oAndadsoig

[euonaas
SSOId

aAndadsonay

110409
dAnddsoIg

110409
aAndadsorg

110409

(80027) 1839

PUBAQRIYOS

(1002

‘[ 39 Yudow§

(6661)

‘I8 39 sIopues

(9107) '1®
19 193unyog

(Z102)
‘Te 39 yased

#1020
‘Te 39 LINON

(6102

L 40 0¢ abed

A)j1194 uewnH

O— AN NITNOMNOANOD = ANNTNONOANANO —ANNMITNONONO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

Iojsuen
0AIqQuId
JuaMIoOpUN

V/N

Iojsuen
oA1quIo
JuIMIdpUN

9[04 JAI

ue pPIIdud

9[0kd
AAT PIoIUQ

Koueugaid [eorwoy)

uoneudwdery YN
‘Aymou 8303 JuUnod
[€101 ‘UON)BIIUIOUOD
‘QUIN[OA UG

Koueugaad [eowur)

Koueugaxd eorur))

(pauyopun)
Koueu3aig

2%
juaunean
210J9q
skep 71-¢

1I)S JUSUIRA)
910J9q Yjuow

| tunwirxejp

(passaxdop

-pajeo)
SINOd ‘Od
-1ad ‘1a4

IVLS

IVLS

SSd

IVLS
d-sdo

IVLS

O1Hd
1agd

uorssaxdo(

(91819)
Karxuy

(ren
pue 91e)8)
Karxuy

(e1ouas)
ssang

(yren
pue d1e)8)
Krxuy

uorssaxdo(
(ren

pue 91eI8)
Karxuy
(oyg1oads
-ANna3)

ssang

uorssaxdo(

!

syjuowr
[qEN
pamorrog

ISOI/dAL

dAI

dAI

dAI

dAI

6661

800¢
UoIRIN

-900¢
Amg

600¢ dos

-600¢C
aunf

¢10¢

Rd-110¢C
ounf

110409
oAndadsorg

[euonaas
SN g)

110409
oA1dadsoig

110409

oAndadsoIg

11040o
oAndadsorg

(1002

‘[€ 39 YeRrUIIA

(€102)

"€ 39 TUB[PA

(€100

‘[€ 39 Jouan,

(€661)

‘[& 39 Sury L,

(€102) 1819
Jeyjueyuie I,

A)j1194 uewnH

O— AN NITNOMNOANOD = ANNTNONOANANO —ANNMITNONONO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®

LY 40 L€ abed



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

"2]DIS §52.438 Wa]qo4d Q1)13.42f wp.430.4d Yo.40282.4 J1]11.42 U1

[p120850Y24Sd 2.43U20-13]NW U2SPYUIAO)) =SSTA-TIWNOD DL1Punoysan(y Aiifur ul yyvagy [puoyousy =OJHA ‘C1opudaul wajqoad A31713.42,7
=]d] 2IPIS $52.418 PaA122.1d =SS d ‘DIUdLIDAXD dA1D32U pup 241150d JO 2|DIS =NV S D]VIS 102fv 243U puv 2411504 =SYNVJ IS11429Y2
2413021[pv uo1ssaLdo( =THY( ‘S2]IS UoissaLdap saipnis [p2130j01uUdPIdr 40f 42JUd)) =(J-SHD) ‘A1ojudau] U01SSa4da(J ¥22g =[(q ‘SIIVIS
POO Jo aj1fosd =SINOJ @]vIs uoissa.dap puv (aixun [pj1dsof] =SAVH Xopul Su1oqjjom [p.1ouad [po130]oydasg =gmHd ‘C1opuaaur (3a1xup
NDAJ-2]D]S L23.42q121dS =] [S ‘Paji0da. jou svm pipp uaym Ldwia 1fo] 2.0 s]120) "2]qpa1jddp j0u = /N "So138112100.40YD Apnys fo a]qv] 7 2]qD]

(uorssaxdap)
IST9/YD
-woydwAg
-supydoy  uorssaxdo(g
Iojsuen 6861
oA1quio (ore1s) UB(-9861 110400 (r661)
JuaMIOpUN Koueugaid [eorur)) IVLS Korxuy  ordnny AAIL AelN  oAnodadsord ‘[ 39 JISSIA

L 40 7€ abed

A)j1194 uewnH

O— AN NITNOMNOANOD = ANNTNONOANANO —ANNMITNONONO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®



Page 33 of 47 Human Fertility

coNOULT A~ WN =

http://mc.manuscriptcentral.com/thuf Email: biol103@york.ac.uk



L 40 v¢ abed

}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

S

%001 puelIRyION (+007)
8¢ ST -SOX (€9°7)88°¢€ (0se)Tee d 3% SUL ‘T8 39 13s3ny
O pue (9107) '1e
ON W9 LLe (LTS T9e=IN(ELPTEe=d AW DLIT Ale)) 39 [PpaeUOQq
S
pUBLISYION (8002) 'I®
91¢ €L (06'1) 09°¢ (01°¢) 8'C¢ d 68¢ oYL 33 Y9 9P
(0010 9¢=(INdIN
(00'10°s¢=0Ad (00'1)0°'SE D pue (L002)
09 69 =(DdN (00 DovE=(Dd JdW D6l VSN ‘1839 1adoo)
(6661)
V/N V/N ON W 1} VSN [B MR
(8102)
96¢ 621 (#8°1) 09°C (F1v) 8°€€ d S8t uopams I8 19 813D
(S661)
(8'1)78 v=d (06 D1°¢e=d uewINe |,
€T L1 ON (€DY0Y =dN (0€4)TS €€ =dN d ot epeue) % uiAlog
(
08°2)0T 9=1eadoy
(08°7)0L p=,wny (0TH)y9¢ =readoy (9102)
V/IN VIN  %0S -S9A i1 (0T )1 pE =W i N 48! [eSmiod ‘[ 39 ojo)ieg
(01°7) 0T ¥=dN (S002) 'I®
18 8S %9 -S9X (09°7) 0L v=d 1°C¢ d 991 UopIMS 19 WIRYIIPUY
(05°€) 00'L =dN (06°¢) (€100
TLI 26 (0£7€) 08°9=d ' ee=dN (01°) 1°€€=d d ¥9C eury) e uy
|
njssadonsun [NJSS$aINs oSh TV %am—muhwmﬁm Jo D/ 9ZIS
Jquny PqunN  SNOIAdIJ uone.Inp uBdA sjudned jJo a3e uBdN /IN  drduesg Anyuno))

Ayjie4 uewny

O— AN NITNOMNOANOD = ANNTNONOANANO —ANNMITNONONO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®



}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

(91'+)97'8=d (LL)0'0¢=d (8002) 1819
18 ST (20°9)TE L=dN (TT Y 67=dN d 901 UBI[  PUBAQEIYOS
S
pUBLIOYION (1002)
ON (00D)0L'€ (oL owee d 162 UL  °Ie 39 Yuddwg
(6661)
8¢ € %ET-SPA or'v)9ze d 06  EIEHSNY ‘e )9 SIdpues
0L1 =8¢< 93y
[LT=A¢< 991=L¢-7€ 9V (9102 ‘1
L91 8t ON 8¢ T=A¢-1 06 =1¢-ST 93V d SI¢ eolRWER[ )9 J93uUn)od
%S’ Ly=T<
%S 9¢=AT-1 (Z102)
St1 LS ON %9T=A1> (0S't)S$S¢€ d 70T VSN ‘[e 39 yased
¥102)
96 8¢ ON & (01'9)5°€€ W 8 eLysny ‘[& 39 LInoN
(6102)
6t €T %EE "SR (0S'1)S€T (05°9)S°6T d 4 [ovIS] € 39 JI[IIA
(v )L 9=(dNDA d (2002)
06 €T (-) -sex 0’99 L=(dDd (0£9)6°€e=d (08 )T'LE=IN PUBIN  DEII [ORIS]  °[B 39 LB
(6107 18R Y
701 8¢ OEPIV0OL (zs'91ce d Wl uel]  JPBZYNOIEIN
S
| QURENEEING (6007)
1€ 44 06 Dr'€ (oL 9Tee d €8L OUL  °[e 39 udspury
(1002)
‘e 39 udyo)
121 0€  %€EE -SPA (20°€)90'¥ (I¢1)8°9¢ d 151 vsSn -Jjouopy|
(6107) ‘18
0€ 1€ %LL-SPKX 01°20¢°¢ o) LE d 19 303310 39 D{BZIE[RY]
(9663)
d S6 N I8 19 MoLIeH

Ayjie4 uewny

O AN N<ITNOUNOVDANOD —ANNTNOMNONO —=—ANMTNONOVANO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®

LY 40 ¢ abeq



L 40 9¢ abed

}N2eNI0ADEQ | [01] :[lewT jJnyl/wod’|esauadididsnuewdw//:diy

"$2.N31f JUDILJIUSIS € 0] Pa1L0da. SLqQUINN “pariodad Jou Som vipp uaym Qduwid 3Ja] 249M 51120
"21qpo1yddp jou =p/N Juvudaiduou=gnN ‘yuvudaid=J ‘sajdnod =) ‘oppwaf =, djpus = ‘S21pnis papnjoul Jo $o13S11210040Yd 2]dwvs ¢ 2]qu [

S

pueIOYION (F661)

801 81 ON 9C1 oL ‘Te 39 JISSIA
S

pue[IoION (1002 ‘1

8h1 6S ON 002 L€ (oL oveg L0T YL 19 BRYIDA

(€002)

V/IN V/IN ON (FS'P)16°8¢€ 6 Al B39 TUB[PPA

(€100)

6C ST %PE-Sok (z89)Es¢ % VSN Te3d puang,

(00'%)0" cy=readoyg (€661) 1®

%99 -SOA (06'€)0"€€ =dum 4] 0€€  EIensny 39 SULIYL,

(€107 ‘1€ 19

661 101 00€ N Aejueque],

Ayjie4 uewny

O AN N<ITNOUNOVDANOD —ANNTNOMNONO —=—ANMTNONOVANO —ANMIT N O
AN r— = = = — — ———— AN AN AN AN AN ANANANANANOMOMO O OO O N NN S T

— NN <IN ONO®



Page 37 of 47 Human Fertility

coNOULT A~ WN =

http://mc.manuscriptcentral.com/thuf Email: biol103@york.ac.uk



coNOULT A~ WN =

Human Fertility

Selection Comparability Exposure Total AHRQ

standard
An et al. 2013) 3 2 2 7 Good
Anderheim et 3 2 1 6 Poor
al. (2005)
Bartolo et al. 3 1 2 6 Good
(2016)
Boivin & 4 2 3 9 Good
Takefman
(1995)
Cesta et al. 3 2 2 7 Good
(2018)
Clarke et al. 3 1 2 6 Good
(1999)
Cooper et al. 4 2 3 9 Good
(2007)
de Klerk et al. 3 2 3 8 Good
(2008)
Donarelli et al. 3 2 2 7 Good
(2016)
Eugster et al. 3 2 3 8 Good
(2004)
Harlow et al. 3 0 2 5 Poor
(1996)
Kalaitzaki et al. 3 2 3 8 Good
(2019)
Klonoff-Cohen 3 2 2 7 Good
et al. (2001)
Lintsen et al. 3 2 3 8 Good
(2009)
Maroufizadeh 3 2 2 7 Good
et al. (2019)
Merari et al. 3 2 3 8 Good
(2002)
Miller et al. 3 2 2 7 Good
(2019)
Nouri et al. 3 2 3 8 Good
(2014)
Pasch et al. 4 2 2 8 Good
(2012)
Pottinger etal. 3 2 3 8 Good
(2016)
Sanders et al. 3 1 3 7 Good
(1999)
Smeenk et al. 3 2 3 8 Good

(2001)
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Sohrabvand et 4 2 3 9 Good
al. (2008)

Tamhankar et 2 0 2 4 Poor
al. (2013)

Thiering et al. 3 1 2 6 Good
(1993)

Turner et al. 3 2 3 8 Good
(2013)

Vellani et al. 3 1 3 7 Good
(2013)

Verhaak et al. 3 2 3 8 Good
(2001)

Visser et al. 3 0 3 6 Poor
(1994)

Table 4. Quality assessment for included studies. Criteria for conversion to AHRQ
standards: Good= 3 or 4 stars in selection AND 1 or 2 in comparability AND 2 or 3 in
outcome. Fair= 2 stars in selection AND 1 or 2 in comparability AND 2/3 in outcome. Poor=
0 or 1 star in selection OR 0 stars in comparability domain OR [ star in outcome.
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.g Records identified through Additional records identified
g database searching through other sources
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]
i
) A
pu— Records after duplicates removed
(n =3424)
oo
£
c
] 3
s
2 Records screened N Records excluded
(n=3424) & (n=3134)
—
— I
Full-text articles assessed Full-text articles excluded
Z for eligibility (Total n = 258)
E (n=290) (Not ART n=16)
L) (Doesn’t record exposure
= l n=86)
(Doesn’t record outcome
L Studies included in n=14)
qualitative synthesis (Repeat cohort n=11)
(n=29) (Compounding treatment
n=11)
. l (Interventional studies
k] n=52)
% Studies included in (Reviews n=59)
£ quantitative synthesis (Incomplete information
(meta-analysis) n=12)
(n=11)
From: Moher D, Liberati A, Tetzlaff J, Aitman DG, The PRISMA Group (2009). Preferred Reporting ftems for ic Reviews and Meta-

Human Fertility

PRISMA 2009 Flow Diagram

Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more i

visit www.pri:

org.

PRISMA flow chart for article selection.
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Std. Mean Difference Std. Mean Difference
Study or Subgroup _Std. Mean Difference ___SE_Weight _IV, Random, 95% CI v, Random, 95% CI

1 0 2.1.1 Anxiety and Clinical pregnancy
Anderheim, 2005 -01672 04723 127%  -047[0.50,0.17) -t

11 Eugster 2009 -06136 03274 35%  -0611.26,0.03) —
Lintsen, 2009 -0.0204 00765 643%  -0.0200.17,043) [ ]

12 Maroufzad, 2019 00069 01896 105%  0.010.36,0.38) -+
Miller, 2019 -01414 02632 54%  -0.14[0.66,0.37) —
Tumer, 2013 04307 03217 36%  -0.43[1.06,0.20] —s

‘] 3 Subtotal (95% CI) 100.0% 0.08 [-0.20, 0.04] L]
Heterogeneity: Tau"= 0.00; Chi*= 497, df= 5 (P = 0.42); P'= 0%

14 Testfor overall effect Z= 1.28 (P = 0.20)

-4 -2 2 4
Preanancy less likely Preanancy more likely
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Forest plot of comparison of anxiety/stress scores and clinical pregnancy chances.
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Std. Mean Difference Std. Mean Difference
Study or Subgroup __Std. Mean Difference SE_Weight IV, Random, 95% CI 1V, Random, 95% CI
Anderheim, 2005 -0.0418 0172 145% -0.04 1-0.38, 0.30)
Lintsen, 2009 00898 00765 735% -0.09 0.24, 0.06]
Maroufizad, 2019 -0.1005 01897 120% -010(047,027)
Total (95% CI) 100.0% 0.08 [-0.21,0.04]

Heterogeneity: Tau®= 0.00; ChP= 0,07, df= 2 (P = 0.96), F= 0%

Testfor overall effect Z=1.28 (P = 0.20) N

) i
Pregnancy less likely Pregnancy more likely

Forest plot of comparison of depression scores and clinical pregnancy chances.
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Std. Mean Difference Std. Mean Difference
1 Study or Subgroup Std. Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
0 Boivin 1995 -03466 03224 130%  -0351098,029) —=1
Cooper 2007 02893 01775 242% 0.29-0.06,0.64) ™
1 1 Kalaitzaki, 2018 -0.1891 02567 17.2% 0.19-0.69,0.31) -
Merari, 2010 03267 02347 189%  033}0.13,079) r—
12 Verhaak, 2001 02337 01544 267%  -023}054,007) =
Total (95% CI) 1000%  -0.01[-0.29,0.27) *
‘] 3 Heterogenelty. Tau®= 0.05; Chi*= 8.58, df= 4 (P = 0.07); "= 53%

4 -2
Testfor overall effect Z= 0.06 (P = 0.96) Pregnancy less likely Pregnancy more likely
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Forest plot of comparison of anxiety/stress scores and chemical pregnancy chances.
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$td. Mean Difference $td. Mean Difference
Study or Subgroup _Std. Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
04189 02501 31.1% 0.42(-0.09,083) fa—
03269 02347 324% 0.33(0.13,079) r—
04347 01555 365%  -043[074,-013 -
1000%  0.08[-0.51,067) -
eity: Tau"= 0.23; ChP*= 11.92, df = 2 (P = 0.003), P= 83% i ;
Foct Z= 0.26 (P = 0.60) Pregnancy less likely Pregnancy more likley

Forest plot of comparison of depression scores and chemical pregnancy chances.
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