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Abstract

Research Question: Are self-reported symptoms of stress and depression associated with pregnancy
outcomes within the first year after referral to a tertiary recurrent pregnancy loss unit?

Design: Prospective cohort study with online questionnaires using the Major Depression Inventory (MDI)
and Cohen’s Stress Scale (PSS) at referral and after one year. The study was conducted between 2010 and
2014. A total of 301 women with recurrent pregnancy loss completed the first questionnaire. One year
after referral, 185 women (61%) completed a follow-up questionnaire.

Results: A score above the threshold for major depression on the MDI at referral was not a predictor for
outcome in the first pregnancy after referral; OR (95% Cl) for live birth 1.71 (0.66; 4.44), nor. was increasing
scores on the PSS: OR 0.98 (95% Cl 0.94; 1.02). At follow-up, women who had achiéved apregnancy which
ended with the birth of a live born child had significantly lower scores on both,the,MDI+13.45 (11.05)
versus 11.04 (11.07), difference -2.41 (95% Cl -4.60; -0.23) and the PSS: mean 17.69(7.59) versus 13.03
(6.83), difference -4.66 (95% Cl -6.04; -3.28), respectively. This was not.the case for women who did not
have a successful pregnancy. Women with recurrent pregnancy lossafter a child were less likely to report
symptoms corresponding to major depression than women with.only losses (n=7 (5%) vs. 19 (12%), p=0.04).

Conclusions: Self-reported emotional distress did not impact.future chance of live birth in this cohort. A live
born child decreased emotional distress.

Key words Recurrent pregnancy loss, depression, stréss, prospective cohort study
Key message In this longitudinal cohort study of women with recurrent pregnancy loss, self-reported

emotional distress was not a predictor forfuture pregnancy outcomes, but a live born child decreased
emotional distress.



Introduction

Involuntary childlessness due to reduced fertility is a severe low-control stressor (Schmidt 2006) where the
couple can do little or nothing to influence the nature or the outcome of their situation (Terry & Hines
1998). Reduced fertility affects both couples who are infertile, e.g. those who have not achieved a clinical
pregnancy after > 12 months’ attempt with regular, unprotected sexual intercourse (Zegers-Hochschild et
al. 2017) and couples with recurrent pregnancy loss (RPL). Several studies have documented that
depressive symptoms and psychological stress are common conditions among women with RPL (Andalib et
al. 2006, Craig et al. 2002, Kolte et al. 2015, Li et al. 2012, Mevorach-Zussman‘et al..2012, Nakano et al.
2013, Rowsell et al. 2001, Stirtzinger and Robinson 1989, Sugiura-Ogasawaraet.al. 2002, Sugiura-
Ogasawara et al. 2013, Toffol et al. 2013). However, whether thisimpactsfuture pregnancy outcomes is
less clear. A study of 61 Japanese women with RPL showed that depression increased the risk of
subsequent pregnancy loss in RPL patients (Sugiura-Ogasawara et al. 2002). Another study showed higher
stress levels among women with RPL (N=45) than controls)(N=40), but also that higher stress levels were
associated with a better chance of live birth in the'first pregnancy after referral for women with RPL (Li et

al. 2012).

We have described differences inperceived stress and major depression between 301 newly referred
patients with RPL and 1813 participants in the Soon Parents Study (Kolte et al. 2015). Compared with the
Soon Parents Study'participants, significantly more RPL patients fulfilled the criteria for major depression;
8.6% (N=26)x5.2.2% (N=40); adjusted OR 5.53 (95% Cl: 2.09; 14.61), using the Major Depression Inventory
(MDI). Furthermote, significantly more patients had a high perceived stress level on the Perceived Stress
Scale (PSS): 41.2% (N=124) versus 23.2% (N=42) in the comparison group, adjusted OR 1.59 (95% ClI: 1.03;

2.44) (Kolte et al. 2015).

The present study is a follow-up study of the RPL patients in the above-mentioned study. Our primary

research questions are: 1) Is major depression or increasing scores on the perceived stress scale predictors



for outcome of first pregnancy after referral? 2) Does a pregnancy ending with a live birth after referral
decrease scores on the MDI or the PSS one year after referral compared with scores at referral? 3) Are
there differences in reported stress and depressive symptoms between women with a child before RPL
(secondary RPL) and women with RPL without a previous live birth (primary RPL)? 4) Does mode of

conception impact psychometric scores?

Materials and methods

The present study is a follow-up study of a previous publication, where the cohort’is,described in detail
(Kolte et al. 2015). The cohort consists of 301 patients who had experienced >3 consecutive pregnancy
losses (early miscarriages or non-visualized pregnancy losses) before referral to the Danish RPL Unit at
Copenhagen University Hospital, Rigshospitalet. One year after referral,‘all participants received a follow-
up questionnaire with the MDI and Cohen’s PSS as well as supplementary questions regarding pregnancies
after referral. The clinical staff in the RPL Unit was not informed about individual patients’ participation in
the study, so medical investigation and treatment was not influenced by the study. Patients were offered
referral to their general practitioner based on,their/psychometric scores by AMK, but no psychological
treatment was offered at the RPL Unit..Information on whether patients received treatment for mental

distress was not gathered.

The MDI is a validated,and widely used scale of self-reported depressive symptoms. The scale comprises 10
items on a 6-point Likert scale. Scores range from 0 (no depression) to 50 (extreme depression). The scale
corresponds directly with the ICD-10 definition of depression and with the DSM-IV definition of major
depression;including an additional question on low self-esteem. The scale and the classification system are
described'in detail elsewhere (Olsen et al. 2003). The PSS is a validated scale of perceived stress, designed
to measure how uncontrollable, unpredictable and overwhelming respondents find their lives. It contains

10 items on a 5-point Likert scale, and scores range from 0 (no stress) to 40 (extreme stress). Usage and



calculation of scores are described elsewhere (Cohen et al. 1983, Cohen and Williamson 1988). The PSS is

not a diagnostic tool and comparisons can only be made between individuals in a given study.

From the Danish RPL Unit’s database we extracted information on patients’ routine medical investigations
at referral. As ‘abnormal findings’ in the medical work-up we included uterine abnormalities, karyotype
abnormalities (patient and partner), cycle length (shorter than 21 days or longer than 34 days) and

presence of lupus anticoagulant.

We dichotomized outcome of pregnancies after referral into ‘live birth” or ‘no live birth’. Women who were
pregnant at time of follow-up were allocated based on the outcome of that pregnancy. Women who did
not become pregnant in the first year after referral were not included in‘the analyses of pregnancy
outcomes after referral. Pregnancies and deliveries were divided by.mode of conception (spontaneous

conception or conception after medically assisted reproductien (MAR) treatment.

Non-respondent analysis

We wanted to evaluate whether there wererany systematic differences between respondents and non-
respondents of the second questionnaire. Therefore, we compared number of live born children before and
after referral; number of pregnancy lossés before referral; outcome of pregnancies in the first year after
referral, number of womeén,who did not become pregnant after referral; MDI and PSS scores at referral;
age; education; household income; country of origin; working or unemployed; daily smoking and alcohol
intake betweeh.respondents and non-respondents of the second questionnaire. These data were drawn

from the firstiguestionnaires and the RPL Unit’s database.

Statistics

Normally distributed parameters were compared with Student’s T-test, presented as mean differences and
95% confidence intervals (95% Cl). If Levene's Test for Equality of Variances was significant (p<0.05), equal

variances were not assumed. For non-normally distributed parameters, we used the Mann-Whitney U Test



with results presented as the test value U and p-values. Distributions of scores were evaluated by visual

inspection. P-values <0.05 were considered significant.

For binary outcomes we used the x* test and logistic regression as appropriate.

Major depression was analysed as a dichotomous independent variable with live birth as the dependent
variable. In a separate analysis, we analysed PSS scores at referral as a continuous independent.variable
with live birth as the dependent variable. We ran both unadjusted logistic regression.analyses and analyses
adjusted for number of pregnancy losses before referral and maternal age. As we previously found that
MDI and PSS scores were correlated (Kolte et al. 2015), we chose to do separate analyses and not include

both MDI and PSS in the same logistic regression analysis.

All statistical analyses were performed using IBM Statistical Package for Social Sciences, version 22 (IBM,

Armonk, New York, USA).

Results

Of the 301 participants in the original study S'were lost to follow-up (2%). Of the remaining 296 women, 64
(22%) did not become pregnant in the first year after referral. The first pregnancy after referral ended as a
pregnancy loss for 130 women (56%) and in a live birth in 102 cases (44%). During the first year after
referral, 72 women (31%) had only experienced one or more pregnancy losses and 160 (69%) had a

pregnancy which ended with a live birth. 185 women (61%) completed the follow-up questionnaire.

Association between medical investigations and MDI and PSS scores at follow-up

Among the 185 respondents of the second questionnaire 112 (61%) had a normal medical work-up; 40
(21%) had an incomplete work-up; 5 (3%) had an abnormal karyotype, 11 (6%) had irregular menstrual
cycles and 17 (9%) had an abnormal uterine anatomy. None of the participants were positive for the lupus

anticoagulant. Compared with all respondents of the first questionnaire there were no statistically



significant difference in the percentages of the different abnormal results, nor the percentage of women

with normal or abnormal results (data not shown).

There was no association between abnormal results of medical investigations and psychometric scores at

follow-up, neither for each abnormal result nor for all abnormal results combined, see supplementary table

Mode of conception and emotional distress

Women who had conceived by medically assisted reproduction (in vitro fertilization (IVF), intracytoplasmic
sperm injection (ICSI), and/or insemination) at least once before referraldid not have significantly different
mean scores on neither the MDI nor the PSS than women who had conceived spontaneously

(supplementary table 2).

Predictive value of MDI and PSS scores at referral

Among women with major depression at referral, 23:(89%) became pregnant in the first year after referral,
which was comparable to the rest of the cohort, of which 209 (77%) became pregnant, p=0.22. In the first
pregnancy after referral, 16 (70%)0f the women with major depression had a live born child vs. 114 (55%)
in the rest of the cohort; adjusted OR (95% Cl) for live birth: 1.71 (0.66; 4.44). Thus, major depression was
neither a predictor for.6btaining a pregnancy, neither for the chance of live birth in the first pregnancy after
referral. At referral, 122 women reported high stress levels, defined as >18 on the PSS. Of these, 98 (80%)
obtained a pregnancy in the first year after referral. Among women with lower self-reported stress levels,
134 (77%):became pregnant, p=0.50. Likewise, PSS scores at referral did not impact the likelihood of a live
born child’in the first pregnancy after referral; adjusted OR (95% Cl) for live birth: 0.98 (0.94; 1.02) for each

step of increased PSS score (Table 1).

Changes in MDI and PSS scores according to outcome



Among women who had a child after referral (n=100), both MDI and PSS scores were significantly lower at
follow-up than at referral: MDI scores mean (SD): 13.45 (11.05) versus 11.04 (11.07), difference -2.41 (95%
Cl -4.60; -0.23) and PSS scores: mean 17.69 (7.59) versus 13.03 (6.83), difference -4.66 (95% Cl -6.04; -3.28).
This was not observed for the patients who did not have a live birth (n=58) or did not become pregnant in

the first year after referral (n=27) (Table 2).

MDI and PSS scores according to live born children before referral

Fewer women with secondary RPL fulfilled the criteria for major depression at réferral than those with
primary RPL: 7 (5%) vs. 19 (12%), p=0.04. Mean scores on the PSS were not statistically significantly
different; secondary RPL: Mean score 16.04 (SD 6.42), primary RPL: Mean score 17.28 (SD 7.40); mean

difference 1.23 (95% CI -0.36; 2.89).

At follow-up women with primary RPL had a significant'decrease-in scores on the MDI, mean difference
(95% Cl) -3.11 (-5.55; -0.67), which women with secondary.RPL did not report, mean difference 0.55 (-1.78;
2.88). The difference between the groups was sighificant: -3.66 (95% Cl: -7.05; -0.26). Both groups had a
significant decrease in reported stress levels, -3.48 (-5.00; -1.96) and -1.98 (-3.40; -0.55), respectively. The
difference between the groups was not statistically significant, mean difference -1.50 (-3.60; 0.60), see also

Table 3.

Non-respondent analysis

Significantly more of the non-respondents of the second questionnaire had not achieved a pregnancy in the
first yearwafter referral, compared to the respondents. However, significantly more of the non-respondents’

pregnancies in the first year ended in a live birth (81% vs. 63%, p=0.006).

Non-respondents were more often of non-Danish ancestry, had a shorter education and lower household
income. All other investigated parameters were comparable in the two groups, including MDI and PSS

scores at referral (Supplementary Table 3).



Discussion
In this study of women with RPL we did not demonstrate a prognostic impact on reproductive outcome of
symptoms of depression or perceived stress. Having a live born child after referral decreased both

depressive symptoms and reported stress levels in this cohort.

Pre-natal or pre-conception mental illness, as well as obstetrical complications and stressful.events may be
risk factors for post-partum depression (O'Hara and McCabe 2013). Therefore, it may seem/paradoxical that
we find lower scores on the MDI among women who have a child after referral than,among women who do
not. To us this suggests an association between their at referral unfulfilled wish to have a child and
emotional distress, which is seemingly alleviated by a live born child. This.isifurther supported by our
finding of a lower prevalence of symptoms of major depression among women with secondary vs. primary
RPL. It is however a limitation that we do not have information"on'whether the women with depressive
symptoms or high stress levels at baseline subsequently'received treatment. Our study would have
benefited from a comparison group of women without RPL who were also trying to conceive. This was

unfortunately not available.

To our knowledge, there have not’been published other studies which have investigated the impact of a
live birth on maternal mental health among women with RPL. A systematic review on women who
conceived after ART did not show significantly higher self-reported depressive symptoms compared with
women who conceived spohtaneously (Ross et al. 2011). In contrast, a Danish register-based study showed
that a live birth is a risk factor for depression among women who have undergone ART treatment,
especiallysin the first 42 days after delivery (Sejbaek et al. 2015). It should however be noted that as the
Sejbaek et al study is register based, only clinical depressions treated at a psychiatric department are
included and the study population is also different. Major depression can be defined as “A period of two
weeks or longer during which there is either depressed mood or loss of interest or pleasure, and at least

four other symptoms that reflect a change in functioning” (National Institute of Mental Health 2018). The
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MDI was developed specifically to cover the diagnostic criteria in both the European ICD-10 and the North
American DSM-IV definitions of depressive disorders (Olsen et al. 2004). Online questionnaires have
benefits in that they are easy to administer; the participants can access them when it is convenient for
them and they do not have to return an answer sheet by post or come to a scheduled appointment.
However, the inability for the researcher to control when the questionnaire is completed may be a
limitation. Questionnaire based studies have inherent limitations due to e.g. recall bias, response. bias, a
desire to be a good ‘subject’ etc. However, the MDI has been validated against the WHO-recommended
Present State Examination (PSE) diagnostic interview, where it showed both high'sensitivity and specificity

(Bech et al. 2001, Olsen et al. 2003).

As the questionnaires were sent out before the first consultationd@at the'RPL unit and precisely one year
later, the time span between pregnancies and psychometric:measurements will have varied. A study where
administration of questionnaires is timed by pregnancies Would be interesting, but unfortunately not
possible in the setting of the present study. Face-to-face interviews in addition to the online questionnaires

would have provided important information.and studies of the women’s partners are sorely lacking.

Stress and depression are major causes'of,personal hardship as well as societal expenses (Marcus et al.
2012) and maternal stress may have negative effects on the future health of her unborn child through fetal
programming (Babenko‘et ali2015). Depression has been associated with non-communicable disease such
as heart disease (Nicholsonset al. 2006), perhaps through a pro-inflammatory state causing both depression
and cardiovasculardisease (Wright et al. 2014). This is supported by the association between depression
and circulating levels of pro-inflammatory cytokines, most notably interleukin-6, tumor necrosis factor a

and c-reactive protein (Dowlati et al. 2010, Kohler et al. 2017).

Sporadic pregnancy losses as well as RPL have likewise been associated with an increased risk of
cardiovascular disease, with immunological and endocrinological disturbances proposed as causal factors

(Oliver-Williams et al. 2013). Decreased vagal tone, manifested by diminished heart rate variability has
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been demonstrated among women with stress and depression (Kim et al. 2005) and is associated with
increased cardiac mortality (Makikallio et al. 2001). Decreased heart rate variability has been demonstrated
among women with RPL (Kataoka et al. 2015). In this study, indices of lower heart rate variability were also
associated with scores on the Kessler-6 and the perinatal grief scale among women with RPL. The results
from these studies highlight the emerging and complex interplay between inflammation, cardiovascular
health, mental disease and reproductive failure (Frazier et al. 2018, Nakamura et al. 2008,.Raison.et al.
2006). Maternal immune tolerance of the fetus is essential for a successful pregnancy.and evidence is
gathering that stress in all forms may influence the necessary adaptive changes, deregulating this complex
system, as reviewed by Nepomnaschy et al. (Nepomnaschy et al. 2007). It would have strengthened our if
we had had biological markers of emotional distress, making it possible to investigate the role of the

hypothalamic-pituitary-adrenal axis in RPL and the interaction with emotional distress.

Our results are conflicting with a previous study of 61 women where depression led to a higher risk of loss
in the next pregnancy (Sugiura-Ogasawara et al. 2013).,Their study of 61 women with two prior
miscarriages used a different scale to investigate depressive symptoms, namely the SCL-90R and combined
with semi-structured interviews. They'had'a 22% miscarriage rate in the next pregnancy and found that
miscarriage was significantly associated with depressive symptoms on the SCL-90R (Sugiura-Ogasawara et
al. 2002). In their publication from 2012, Li et al. found that women with RPL who had a live birth in the
next pregnancy after asséssment scored lower in the positive affect domain of the Positive and Negative
Affect Schedule (PANAS) than those who miscarried again, indicating that symptoms of depression
increased the likelihood of a live birth (Li et al. 2012). The authors also measured NK cell numbers and
cortisol but found no correlation with self-reported emotional distress. The authors conclude that
moderate stress may improve outcome after RPL. There can be multiple reasons why our results differ from
other published studies; populations, screening tools, definitions of RPL, study design, follow-up length and

study size all differ.
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It seems clear that large, well-planned studies on pregnancy outcomes, major depression, perceived stress
and later risk of non-communicable disease, especially coupled with measurements of biomarkers before,

during and after pregnancy are sorely lacking in women with RPL.

To our knowledge, our study is by far the largest study of stress, depression, RPL and subsequent
outcomes, but is still limited by the number of included patients. Follow-up of the group of women who did
not respond to the second questionnaire was based solely on information in the RPL Unit’s database and
could therefore be incomplete. However, in the group of respondents of the second questionnaire there
were no significant discrepancies between the information proved by the patients and that in the database
(data not shown). Therefore, we found it reasonable to include the non-respondents’ data in the analysis of
pregnancies after referral. The results of the non-respondent analysis indicate that they may have had less
contact with the RPL Unit in the intervening year as they 1).were.less likely to have been pregnant and 2)
were more likely to have had a birth in the year after referral.. There may also be a socio-demographic
aspect as they were more likely to have an immigrant background and a lower socio-economic position

than respondents.

In conclusion, we found that majoridepression and perceived stress among women with RPL were not
predictors for chance of live birthiafterreferral. Women who had a positive pregnancy outcome had lower
levels of self-reported stressiand depressive symptoms after one year. More longitudinal studies with
repeated measurements ef‘emotional distress are needed to firmly conclude the putative impact of
emotional distress onroutcome after RPL and the risk of post-partum emotional distress in this patient
group. Future longitudinal studies would benefit from including face-to-face interviews, the women’s

partners, measurements of biomarkers such as TNF-q, IL-6, CRP and cortisol.



13

Authors’ roles

AMK initiated and performed the study, performed all statistical analyses and wrote the paper. LRO
provided the questionnaires, contributed to data interpretation and critically revised the manuscript. OBC
and LS contributed to data interpretation and critically revised the manuscript. HSN supervised AMK in data
analysis, participated in data interpretation and critically revised the manuscript. All authors approved the

final manuscript.

Funding

No specific funding was sought for this study.

Conflicts of interest

None declared.

Ethics approval

According to Danish legislation, questionnaire/studies are exempt from IRB approval. The Danish RPL Unit’s
database is approved by the Danish'Data Protection Agency, registration number 2009-41-3686.

References

Andalib A., RezaieA:; Oreizy’F., Shafiei K., Baluchi S., 2006. A study on stress, depression and NK cytotoxic
potential in women with recurrent spontaneous abortion. Iran J Allergy Asthma Immunol 5, 9-16.

Babenko O.,Kovalchuk'l.,, Metz G.A., 2015. Stress-induced perinatal and transgenerational epigenetic
programming of brain development and mental health. Neurosci Biobehav Rev 48C, 70-91.

Bech P:;;,Rasmussen N.A., Olsen L.R., Noerholm V., Abildgaard W., 2001. The sensitivity and specificity of the
Major Depression Inventory, using the Present State Examination as the index of diagnostic validity. J Affect
Disord 66,,159-64.

Cohen S., Kamarck T., Mermelstein R., 1983. A global measure of perceived stress. ] Health Soc Behav 24,
385-96.

Cohen S., Williamson G. Psychological stress in a probability sample of the United States. In: Spacapan S,
Oscamp S, eds. The social psychology of health: Claremont Symposium on Applied Social Psychology.
Newbury Park, CA: Sage, 1988:31-67.

Craig M., Tata P., Regan L., 2002. Psychiatric morbidity among patients with recurrent miscarriage. J
Psychosom Obstet Gynaecol 23, 157-64.



14

Dowlati Y., Herrmann N., Swardfager W., Liu H., Sham L., Reim E.K., Lanctot K.L., 2010. A meta-analysis of
cytokines in major depression. Biol Psychiatry 67, 446-57.

Frazier T., Hogue C.J.R., Bonney E.A., Yount K.M., Pearce B.D., 2018. Weathering the storm; a review of pre-
pregnancy stress and risk of spontaneous abortion. Psychoneuroendocrinology 92, 142-54.

National Institute of Mental Health. Major Depression. Available at:
https://www.nimh.nih.gov/health/statistics/major-depression.shtml#part 155028 Accessed September 3
2018

Kataoka K., Tomiya Y., Sakamoto A., Kamada Y., Hiramatsu Y., Nakatsuka M., 2015. Altered autonomic
nervous system activity in women with unexplained recurrent pregnancy loss. J Obstet Gynaecol Res 41,
912-8.

Kim C.K., McGorray S.P., Bartholomew B.A., Marsh M., Dicken T., Wassertheil-Smoller S., Curb J.D.,
Oberman A,, Hsia J., Gardin J., Wong N.D., Barton B., McMahon R.P., Sheps D.S., 2005.-Depressive
symptoms and heart rate variability in postmenopausal women. Arch Intern Med 165,:1239-44.

Kohler C.A., Freitas T.H., Maes M., de Andrade N.Q., Liu C.S., Fernandes B.S., Stubbs:B., Solmi M., Veronese
N., Herrmann N., Raison C.L., Miller B.J., Lanctot K.L., Carvalho A.F., 2017. Peripheral‘eytokine and
chemokine alterations in depression: a meta-analysis of 82 studies. Acta Psychiatr Scand 135, 373-87.
Kolte A.M., Olsen L.R., Mikkelsen E.M., Christiansen O.B., Nielsen H.S., 2015..Depression and emotional
stress is highly prevalent among women with recurrent pregnancy loss. Hum.Reprod 30, 777-82.

Li W., Newell-Price J., Jones G.L., Ledger W.L., Li T.C., 2012. Relationship between psychological stress and
recurrent miscarriage. Reprod Biomed Online 25, 180-9.

Makikallio T.H., Huikuri H.V., Makikallio A., Sourander L.B., Mitrani R:D+ Castellanos A., Myerburg R.J.,
2001. Prediction of sudden cardiac death by fractal analysis‘of‘heart rate variability in elderly subjects. J Am
Coll Cardiol 37, 1395-402.

Marcus M., Taghi Yasami M., van Ommeren M., Chisholm D.;'Saxena S. Depression: A global public health
concern. Available at:

http://www.who.int/mental health/management/depression/who paper depression wfmh 2012.pdf?ua
=1 Accessed May 25, 2018

Mevorach-Zussman N., Bolotin A., Shalev.HiBilenko N., Mazor M., Bashiri A., 2012. Anxiety and
deterioration of quality of life factors associated with recurrent miscarriage in an observational study. J
Perinat Med 40, 495-501.

Nakamura K., Sheps S., Arck P.C.,.2008. Stress and reproductive failure: past notions, present insights and
future directions. J Assist Reprod.Genet 25, 47-62.

Nakano Y., Akechi T., Furukawa T.Ay; Sugiura-Ogasawara M., 2013. Cognitive behavior therapy for
psychological distress in patients with recurrent miscarriage. Psychol Res Behav Manag 6, 37-43.
Nepomnaschy P.A., Sheiner E.;)Mastorakos G., Arck P.C., 2007. Stress, immune function, and women's
reproduction. Ann N.Y'Acad Sci 1113, 350-64.

Nicholson A., Kuper H., Hemingway H., 2006. Depression as an aetiologic and prognostic factor in coronary
heart disease:'a.meta-analysis of 6362 events among 146 538 participants in 54 observational studies. Eur
Heart ) 27, 2763-74.

O'Hara M.W.,)McCabe J.E., 2013. Postpartum depression: current status and future directions. Annu Rev
Clin Psychol9,,379-407.

Oliver-Williams C.T., Heydon E.E., Smith G.C., Wood A.M., 2013. Miscarriage and future maternal
cardiovascular disease: a systematic review and meta-analysis. Heart 99, 1636-44.

Olsen L.R., Jensen D.V., Noerholm V., Martiny K., Bech P., 2003. The internal and external validity of the
Major Depression Inventory in measuring severity of depressive states. Psychol Med 33, 351-6.

Olsen L.R., Mortensen E.L., Bech P., 2004. Prevalence of major depression and stress indicators in the
Danish general population. Acta Psychiatr Scand 109, 96-103.

Raison C.L., Capuron L., Miller A.H., 2006. Cytokines sing the blues: inflammation and the pathogenesis of
depression. Trends Immunol 27, 24-31.




15

Ross L.E., McQueen K., Vigod S., Dennis C.L., 2011. Risk for postpartum depression associated with assisted
reproductive technologies and multiple births: a systematic review. Hum Reprod Update 17, 96-106.
Rowsell E., Jongman G., Kilby M., Kirchmeier R., Orford J., 2001. The psychological impact of recurrent
miscarriage, and the role of counseling at a pre-pregnancy counseling clinic. J Reprod Infant Psychol 19, 13.
Schmidt L. Infertility and assisted reproduction in Denmark. Epidemiology and psychosocial consequences.
Copenhagen: Medical Association's Publishers, 2006.

Sejbaek C.S., Pinborg A., Hageman |., Forman J.L., Hougaard C.0., Schmidt L., 2015. Are repeated assisted
reproductive technology treatments and an unsuccessful outcome risk factors for unipolar depression in
infertile women? Acta Obstet Gynecol Scand 94, 1048-55.

Stirtzinger R., Robinson G.E., 1989. The psychologic effects of spontaneous abortion. CMAJ 140, 799-801, 5.
Sugiura-Ogasawara M., Furukawa T.A., Nakano Y., Hori S., Aoki K., Kitamura T., 2002. Depressionias a
potential causal factor in subsequent miscarriage in recurrent spontaneous aborters. Hum Reprod 17,
2580-4.

Sugiura-Ogasawara M., Nakano Y., Ozaki Y., Furukawa T.A., 2013. Possible improyement of depression after
systematic examination and explanation of live birth rates among women with recurrent miscarriage. J
Obstet Gynaecol 33, 171-4.

Terry D.J., Hines, G.J., 1998. Adjustment to a low-control situation: reexamining the role of coping
responses. J Pers Soc Psychol 74, 5.

Toffol E., Koponen P., Partonen T., 2013. Miscarriage and mental health: results of two population-based
studies. Psychiatry Res 205, 151-8.

Wright L., Simpson W., Van Lieshout R.J., Steiner M., 2014. Depression-and cardiovascular disease in
women: is there a common immunological basis? A theoretical'synthesis. Ther Adv Cardiovasc Dis 8, 56-69.
Zegers-Hochschild F., Adamson G.D., Dyer S., Racowsky.C., de Mouzon J., Sokol R., Rienzi L., Sunde A.,
Schmidt L., Cooke I.D., Simpson J.L., van der Poel S., 2017. Thesinternational Glossary on Infertility and
Fertility Care, 2017. Hum Reprod 32, 1786-801.



ACCEPTED MANUSCRIPT

Author bio

Astrid Marie Kolte is a medical doctor and obtained her PhD on recurrent pregnancy loss in 2016. She is
currently a postdoctoral researcher at Copenhagen University Hospital Rigshospitalet. She has published on
several aspects in recurrent pregnancy loss such as stress, depression, immunology, genetics and evolution.




17

Tables

Table 1 - Chance of live birth in the first pregnancy after referral according to Perceived
Stress Scale (PSS) and Major Depression Inventory (MDI) scores at referral

Unadjusted analysis, Adjusted analysis,
OR (95% Cl) OR (95% CI)b
PSS score® 0.98 (0.95;1.02) 0.98 (0.94; 1.02)
Major depression on MDI 1.91(0.75; 4.82) 1.71 (0.66; 4.44)

®Per step increase
bAdjusted for age and number of pregnancy losses prior to referral

Table 2 - Changes in Perceived Stress Scale (PSS) and Major Depression Inventory (MDI)
mean scores at referral and one year later depending on pregnancy outcomes within
the first year after referral

Referral Follow-up Mean difference (95% C4.)°
Mean (SD) Mean (SD) Referral vs. follow-up

Perceived Stress Scale

Live birth (N=100) 17.69 (7.69) 13.03 (6.83) -4.66 (-6.04; -3.28)
?N”_"S’ gegna”cy losses  1691(7.18) 1593 (7.28) -0.98.(22:89;:0:92)

No pregnancies (N=27) 13.93 (7.25) 14.15 (7.96) 0.22 (-2.27; 2.72)
Major Depression Inventory

Live birth (N = 100) 13.45(11.05)  11.04 (11.07) -2.41 (-4.60; -0.23)
(ON”'gSp)reg”a”cy losses  1550(9.66) 1174 (10.55) -0.76 (-3.80; 2.86)

No pregnancies (N=27) 12.96 (12.19) 13.59 (11.81) 0.63 (-5.19; 6.45)

®Paired samples T-test

Table 3 - Changes in Perceived Stress Scale (PSS) and Major Depression Inventory (MDI)
mean scores at referral and one year later depending,on type of recurrent pregnancy

loss (RPL)
Referral Follow-up Mean difference (95% C.1.)°

Mean (SD) Mean (SD) Referral vs. follow-up
Perceived Stress Scale
Primary RPL 17:63 (7.78) 14.16 (7.65) -3.48 (-5.00; -1.96)
Secondary RPL 16,01 (7.09) 14.04 (6.71) -1.98 (-3.40; -0.55)
Major Depression Inventory
Primary RPL 14.78 (11.82)  11.67 (11.19) -3.11 (-5.55; -0.67)
Secondary RPL 11.04(8.98)  11.58(10.82) 0.55 (-1.78; 2.88)

®Paired samples T-test




