REVIEW ARTICLE

NJOG 2011 Nov-Deg; 6(2): 2-6

Stress and Recurrent Miscarriage

Bhandari S
Department of Obs/Gyn, KIST Medical College Hospital

Stress has long been suspected as a possible cause of unexplained recurrent miscarriage. But while a relationship has
been noted, we didn't know exactly how a woman's stress could cause miscarriage. Three “Super-systems”-the endocrine,
immune, and nervous systems engage in multiple interactions during the body's response to stress. Here we briefly discuss
the possible mechanisms of stress induced changes on these systems leading to miscarriage.
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INTRODUCTION

Recurrent miscarriage is defined as three or more
consecutive spontaneous miscarriages.! It is estimated
that up to 1-5% of couples trying to establish a family
are affected.? There have been numerous proposed
causes of recurrent miscarriage: parental chromosomal
abnormalities, uterine anatomic anomalies, endometrial
infections, endocrine etiologies (luteal phase defect,
thyroid dysfunction, uncontrolled diabetes mellitus), anti
phospholipid syndrome, inherited thrombophilias, and
alloimmune causes. However, in 50% of these women, the
cause is unknown.?

Stress has long been suspected as a possible cause of
unexplained recurrent miscarriage, but the mechanisms by

which stress may lead to recurrent miscarriage have not yet
been identified. The majority of research has examined the
role of psychological support within this patient population.
This support has been provided in a number of ways ranging
from weekly interviews with a psychiatrist or gynecologist
and/or visual re-assurance in the form of ultrasound scans.
It has been assumed that psychological support reduces
the miscarriage rate by reducing “Stress” within this
patient population. In addition it provides indirect support
for a role of stress in the etiology of unexplained recurrent
miscarriage (Table 1). Other studies have attempted to
directly assess the effect of stress exposure on miscarriage
rate; these studies have yielded conflicting results (Table
2).

Table 1. Studies of psychological interventions relevant to stress and miscarriage

Authors, year Study type Outcome Intervention overview
Stray Pedersen®, Clinical guidelines and treatment Pregnancy Couples receiving antenatal counseling and
1984 evaluations: ‘tender loving care’ success after psychological support in a clinical setting had
patient-centred routine clinical recurrent 86% pregnancy success, compared to 33% in
care spontaneous controls given no antenatal care
abortions
Clifford® et al, Supportive care in early pregnancy conferred
1997 a significant beneficial effect on the outcome
of the pregnancy (79% success for women
<40 years <6 misc. offered supportive care).
RCOG®-UK Women with unexplained recurrent first
trimester miscarriage have an excellent
2003 pregnancy outcome without pharmacological
intervention offered supportive care alone in
a dedicated miscarriage clinic.
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Table 2. Studies of stress exposure and miscarriage

Authors, year  Stress exposure Study, design Results
O’Hare’ et al, Stressful life events: Retrospective  Psychosocial stress may be a factor in the etiology of miscarriage.
1995 LEDS life event case control Alternatively, there may be a common determinant (e.g.

Fenster® et al,
1995

Neugebauer® et
al, 1996

Hjollund?®, 2000

Hamilton
Boyles'! et al,
2000

Arck®? et al,
2001

Sugiura-
Ogasawara®® et
al, 2002

Nelson* et al,
2003

Neponmaschy®®
et al, 2006

inventory/past
3 months

Psychologic work
stress+social support
stressful life events/
past 6 months;
stressful job by
strain+tdemands/
control

Stressful life events/
past 4-5 months

Work stress and
strain: daily diary kept

Stressful life events:
life event inventory

High stress
perception, cytokine
profile (PSQ, SOZU;
tissue biopsy)

Psychological factors
and personality traits:
interview, extensive
screening; Symptom
Checklist 90-R; NEO 5
Factor Index

Psychosocial stress:
perceived stress
scale, prenatal
social environment
inventory, index of
spousal abuse

Stress biomarker:
cortisol (daily flux,
peaks from urine
samples 3 times per
week, medical exam 1
time per month)

Prospective
case control

Retrospective
case control

Prospective
cohort

Retrospective
case control

Retrospective
cross sectional

Prospective
cross

sectional

Case control,
mixed
prospective
and
retrospective

Prospective,
cross

sectional

personality, lifestyle or environmental) predisposing to both stress
and miscarriage.

Overall, stressful work was not associated with an increased risk
of spontaneous abortion. However, interactions were observed
between stressful work and maternal age over 32 years (p = 0.04),

cigarette smoking (p = 0.02), and primigravidity (p = 0.06).
Relative to the odds ratio for stressful work in young, nonsmoking,
multigravid women without a history of two or more spontaneous
abortions, the odds ratios for spontaneous abortion given stressful
work were higher by 2.45 (95% confidence interval (Cl) 1.03-5.81)
for older women, 2.96 (95% Cl 1.16—7.52) for smokers, and 2.27
(95% Cl 0.97-5.27) for primigravid women.

70% of the women with chromosomally normal losses reported
having had one or more negative life events in the months
preceding loss, compared with 52% of the women with
chromosomally abnormal losses (adjusted odds ratio = 2.6, 95%
confidence interval (Cl) 1.3-5.2)

Physical strain around the time of implantation was associated with
later spontaneous abortion. The adjusted risk ratio for women who
reported physical strain higher than average at day 6 to 9 after the
estimated date of ovulation was 2.5 (95% Cl = 1.3-4.6).

Spontaneous abortion at 11 weeks or greater was associated with
more life event stress (adjusted odds ratio 2.9, 95% confidence
interval 1.4-6.2), whereas spontaneous abortion at any gestational
age was not, implying that life event stress increases the risk of
chromosomally normal spontaneous abortion.

In the decidua of women with high stress scores observed
significantly higher numbers of MCT+, CD8+ T cells and TNF- o +
cells per mm2 tissue (P < 0.05). No significant differences between
individuals with lower or higher stress scores could be observed
with respect to decidual CD56+ NK and CD3+ T cells. Stress-
triggered abortion in humans, identified by a questionnaire, can
be linked to immunological imbalances.

A high depression scale is associated with a high miscarriage rate in
those patients suffering recurrent miscarriage.

No relationship was found between psychosocial stress, as
determined by the three stress scales or cortisol level, and the risk
for spontaneous abortion. Women with high stress, as measured
by the PSE, were more likely to use cigarettes and marijuana during
pregnancy. High psychosocial stress during early pregnancy was
not related to spontaneous abortion but high stress was associated
with substance use during pregnancy.

Pregnancy exposed to increased cortisol were 2.7 times
(95%confidence interval=1.2-6.2)more likely to be unsuccessful
than those exposed to normal cortisol levels(p=0.03).
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Presently, the mechanisms by which psychological stress
may lead to pregnancy loss have not yet been identified. A
well-balanced network of endocrine, nervous and immune
system is essential for the maintenance of pregnancy.
The effect of stress on these three “super-systems” are
discussed below.

Stress and Endocrine System

Corticotropin releasing hormone (CRH): When a situation
is perceived as stressful, the Hypothalamic-Pituitary
-Adrenal (HPA) axis becomes activated, causing a cascade
of hormones to be produced that may (in turn) negatively
impact reproduction. The paraventricular nucleus of
the hypothalamus releases corticotropin-releasing
factor (CRF), which stimulates the pituitary gland. In
response to this stimulation, the pituitary gland releases
adrenocorticotropic hormone (ACTH). Finally, the release
of ACTH results in the secretion of glucocorticoids from the
adrenal cortex. Stress is a potent activator of CRH release
from the hypothalamus and extrahypothalamic sites. *®
A direct neural connection between CRH and GnRH has
been documented.?” CRH, the major regulator of the HPA
axis and the CRH-induced proopiomelanocortin peptide,
such as B-endorphin reduce the hypothalamic GnRH
pulse generator activity and concurrently inhibit GnRH
secretion.’® The resulting decrease in pulsatile release
of LH subsequently leads to anovulation, interruption of
endometrial decidualisation and pregnancy wastage.*
Receptors for CRH are identified in most of the female
reproductive tissues including the ovary, uterus and
placental trophoblast.® CRH in the ovarian theca and
granulosa cells is found to reduce ovarian steroidogenesis
in a dose-dependent manner which suggests that the
ovarian CRH may lead to ovarian failure in women exposed
to high psychological stress.> At the uterine level, an
excess of CRH may induce infertility and at the placental
level it may induce premature labor, because stress-
induced premature labor due to an excess placental CRH is
reversed by CRH antagonist.?>?* However, locally produced
normal concentration of CRH is proposed to be essential in
promoting endometrial decidualisation and implantation.?

Glucocorticoids: Persistent  increase in  serum
concentration of glucocorticoids in humans and rhesus
monkeys evidently suppresses the hypothalamic-pituitary-
ovarian (HPO) axis.?® Glucocorticoids receptors are found
in the hypothalamic GnRH neurons and in the pituitary
gonadotrophs.?® Stress-like glucocorticoid concentration
blocks pituitary tissue concentration of GnRH* and the
responsiveness of the gonadotrophs to GnRH? with a
resulting attenuation of LH pulse frequency. An impaired
generation of LH surge subsequently results in anovulation
as well as menstrual disorders. Glucocorticoids receptors
have been demonstrated in the ovaries and ovarian
granulosa cell cytosol.?® A direct effect of glucocorticoids
could possibly result in follicular atresia by suppressing
the action of LH at the receptor level.?® Glucocorticoids
also induce estrogen deficiency by suppressing
granulosa cell aromatase activity.®® As a result, estrogen

deficiency is found in anxiety and depression-related
stress.3! Glucocorticoids also reduce blood flow, protein
synthesis, IGF-1 m-RNA expression and prostaglandins
synthesis in the uterus. Most of these estrogen-induced
uterine profiles are essentially important for blastocyst
implantation, endometrial decidualization and pregnancy
maintenance. Estrogen deficiency not only impairs luteal
steroidogenesis, it also jeopardizes receptor expression
of estrogen and progesterone in the uterus® which may
subsequently result in pregnancy wastage.*?

Prolactin(PRL): During pregnancy, the development of
increased luteinizing hormone/chorionic gonadotropin
(LH/CG) receptor binding in the corpus luteum is under
hormonal influence of PRL. Inhibition of pituitary PRL
secretion in the rat by bromocriptine during early
pregnancy decreased LH/CG receptor mRNA levels and
decreased progesterone secretion leading to abortion.*® In
human, chronic and transient hyperprolactinemia has also
been associated with luteal phase dysfunction. An increase
in plasma PRL due to stress is well known. Elevated PRL may
exert its antigonadal effects through reducing available
ovarian LH receptors.?*

Progesterone: Progesterone is essential during pregnancy
in allowing implantation to occur and for continued
maintenance of pregnancy.®® Stress has been linked
to decreased levels of progesterone in human.®
Progesterone replacement abrogates effects of stress
exposure by decreasing the levels of the abortogenic
proinflammatory cytokines.®” As progesterone may
stimulate the production of progesterone-
induced blocking factor (PIBF) by CD8'T cells,
pregnancy loss in the setting of reduced plasma
progesterone could be due to decreased inhibition
of LAK cells by PIBF.*®

Stress and Immune System

During pregnancy, a Thl ( type 1 T helper) to Th2 shift has
been postulated. Recent published data have elucidated
that cytokines produced by Thl cells, namely tumor
necrosis factor-a (TNF-a) and y-interferon ( y-IFN), mediate
abortion by targeting vascular endothelial cells, ultimately
resulting in ischemic death of the embryo by increased
procoagulant secretion.*

The concept of cytokine patterns determining the failure
or success of pregnancy leads to the still unanswered
question as to which factors mediate the switch to a Thl
cytokine response resulting in abortion. Various factors
have been shown to promote a shift of the pregnancy-
protective Th2 cytokine pattern towards a Thl cytokine
response. Endotoxin, a potent abortogenic substance,
stimulates macrophages to release TNF-a and IFN-y in
mice.* One study revealed a positive correlation between
increasing stress scores and number of decidua basalis
mast cells, CD8+T cells and TNF-a expression.*? Besides
the production of inflammatory cytokines, the secretion
of decidual mast cell tryptase might imply an additional
threat to pregnancy maintenance. It has recently been
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shown that mast cell tryptase cleaves proteinase-activated
receptor 2 (PAR-2) and, by unknown mechanisms, induces
wide spread inflammation.** A large proportion of primary
spinal afferent neurons, which express PAR-2, have been
shown to also contain the proinflammatory neuropeptide
substance P. Tryptase directly signals to neurons to
stimulate release of these neuropeptides, which mediate
inflammatory edema. This new mechanism of protease-
induced neurogenic inflammation may contribute to the
stress-triggered proinflammatory effects of mast cells in
human miscarriage decidua.

Increased numbers of natural killer (NK) cells have been
found in the peripheral blood of women with recurrent
miscarriage.* Moreover, NK cells have been described
to be up-regulated during stress. Even mild psychological
stress and moderate physical activity rapidly recruit
large numbers of NK cells into the circulation, an effect
which subsides shortly after the stress ceases.”* NK cells
express high levels of B-adrenergic receptors, and their
adherence to endothelium and migration into the blood
are affected by catecholamine levels.** The increased NK
number and activity previously observed in recurrent
miscarriage (RM) patients may results from mobilization
of NK cells in response to stress of venepuncture which
is more pronounced in patients with primary recurrent
miscarriages than secondary recurrent miscarriages.*
Stress elevation of NK activity and NK cell mobilization
support a known pathophysiological link between NK
cells and reproductive failure. However, data on NK cells
underlying the influence of stress, as published by various
groups, are still contradictory; most results were acquired
by flow cytometry using peripheral blood lymphocytes.
Decidual NK cells have an unusual phenotype, CD3-CD16-
CD56+++, distinguishing them from peripheral blood NK
cells, which might explain the different observations on
stress and NK cells in different experimental settings.

Stress and Nervous System

The hormonal regulation of female reproductive
function has been studied in great detail, but the neural
innervation of the reproductive organs has received less
attention. A number of peptide neurotransmitters in the
autonomic and peripheral nerves contain substance P
(SP), vasoactive intestinal polypeptide (VIP), enkephalin
and neuropeptide tyrosine. SP shows direct effects on
vasculature and contracts smooth muscles of airways and
gut.* SP-containing nerve fibers have been observed in
the reproductive organs of female mammalian species.”’
The functions of these peptide-containing nerves in
reproduction have not yet been elucidated. However,
some evidence suggests that SP and VIP play an important
role in hemodynamics, and influence smooth muscle
contraction. It is highly probable that these interactions
could effect coordination of muscular activity, important
for the transport of sperm and ova in the fallopian
tubes, and subsequently, the uterine implantation of the
conceptus. Besides its ability to induce smooth-muscle
contraction, vasodilatation or ion secretion, SP is seen as

a potential immunomodulating peptide. SP modulates a
variety of immune responses, such as T cell proliferation,
immunoglobulin synthesis, lymphocyte traffic,
macrophage activation, mast cell degranulation, and
release of histamine and mast cell dependent granulocyte
infiltration.*® In murine pregnancy, blocking the SP specific
NK1 receptor completely abrogated the effect of stress in
boosting the abortion rate by reducing decidual levels of
TNF-a. *° Moreover, the activation of the stress hormone
cascade CRH-ACTH-cortisol in response to different modes
of somatosensory stimuli is signalled by SP containing
afferent nerve fiber. Catecholamine release from the
adrenal medulla is induced by hypothalamic centres when
these receive relevant stimuli from the periphery by SP
afferents, i.e., in hypoglycemia and stress.*® Observations
on the presence of neurotransmitter SP in normal tissues,
as well as the very high concentrations of SP in tissues
undergoing pathologic processes, support the hypothesis
that pregnancy failure may be the result of a deregulated
complex system between neurotransmitters, cytokines
and hormones.

CONCLUSIONS

Evidence continues to accumulate indicating that stress
can lead to miscarriage. Pathophysiological changes
in response to stress involve various systems. Animal
research is revealing some of the neuroendocrine-immune
pathways linking stress and miscarriage. Translation of
those results to human application is, however, a complex
process. More population-based prospective studies will
be needed to further explore the impact of stress on
human reproduction.
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