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A prospective study of psychosocial stress and fertility

In women
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The objective of this study was to compare average stress
levels during the month of conception to those of previous
infertile months. We postulated that stress level during the
actual month of conception would be lower than that
during previous non-conception cycles. Thirteen normal
women from the general community, who were attempting
pregnancy, kept daily records of coital activity and basal
body temperature, and twice a month completed self-
administered questionnaires and provided a 12 h overnight
urine sample. On average, women reported significantly
more favourable mood states on standard psychometric
tests, during the month of conception than during the
previous non-conception cycles. In addition, they felt sig-
nificantly less ‘hassled’ during the month of conception.
However, mean urinary hormone excretion of adrenaline,
noradrenaline and cortisol did not significantly differ
between conception and non-conception cycles and there
was little relationship between the psychological measures
of mood state and excretion of adrenaline and cortisol.
There was no evidence of increased coital frequency during
the month of conception when mood states were improved,
suggesting that stress effects on libido were unlikely to
account for the findings. The results support the conclusion
that psychosocial stress influences fertility in females but
as yet mechanisms remain unclear.
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Introduction

A line of argument often used in support of a psychosocial
cause of infertility is the belief that relief from stress alone
can promote fertility and lead to conception (Sandler, 1968;
Nijs et al, 1984). Coupled with this is the notion that
conception frequently follows adoption. Proponents of this
line of argument emphasize that adoption resolves the conflicts,
such as anxiety, insecurity or guilt regarding a woman’s
capacity as a mother, which inhibit conception (Mai, 1971).
Although anecdotal reports of conception after adoption are
numerous, the majority of investigations in this area do not
support a causal association (Aronson and Glienke, 1963;
Rocket al.,, 1965; Weir and Weir, 1966). There are, however,
a number of methodological problems with these studies, for
example, no authors have considered the possibility that for
some couples adoption may have a detrimental effect on
conception.

Tied also to the idea of relief from stress is the observation
that a proportion of infertile couples seeking fertility treatment
achieve pregnancy prior to any active treatment (Harrison
et al, 1981; Dunphyet al, 1990). While attendance at an
infertility clinic may assist to relieve anxiety and promote
psychological well-being for some couples, for others a definit-
ive diagnosis of infertility can exacerbate levels of stress
(Connollyet al., 1992). Again, however, no study has assessed
whether changes in stress levels before and after clinic attend-
ance are concomitant with conception.

As part of a larger study, prospectively investigating the
relationship between lifestyle, psychosocial stress and fertility
in women, we had the unique opportunity to examine the level
of stress experienced during consecutive non-conception and
conception cycles of 13 normal women, actively attempting
pregnancy. In accordance with the ‘relief from stress’ notion,
we postulated that if psychosocial stress inhibits conception,
the level of stress during the actual month of conception should
be lower than that during previous unsuccessful cycles. The
level of stress experienced was assessed in a number of

There is compelling evidence for an association between stresgays including standardized psychometric questionnaires and
and infertility. Such evidence originated from the pioneeringmeasurement of urinary catecholamine and cortisol excretion.
work of Selye (1950) who observed ovarian atrophy inin addition to providing an objective measure of stress, the
rats exposed to a variety of noxious stimuli. More recently,assessment of urinary stress hormone concentrations was
laboratory studies in both experimental animals and humansxpected to give some insight into the potential biological
have shown interactions between the physiological pathwaysechanisms through which stress and fertility might interact.
activated during stress and the reproductive axes (Moberg,

1987). While it is generally accepted that some physical )

stressors such as undernutrition and exercise can affect humiterials and methods

reproductive function, the role of psychosocial stress in thissubjects

regard remains equivocal due, in part, to the difficulty inThirteen women participated in the study. The women, who were all
separating cause and effect (Edelmann and Connolly, 198@ctively attempting to conceive, were recruited from the general
Wright et al., 1989). community of Perth, Western Australia as part of a larger study
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investigating psychosocial stress, lifestyle and fertility. All women measured by oxidation at the electrochemical detector. All samples
were Caucasian and their meanSD age was 31.& 3.2 years. Six  from the same woman were assayed in the same batch. The within-
women (46.2%) were in the highest quartile for socio-economicassay precision for adrenaline and noradrenaline was 12.7% (mean
status, three in the upper middle quartile, two in the lower middlel.69 ng/ml) and 7.2% (mean 20.2 ng/ml) respectively.

quartile and two in the lowest quartile. Eight women (61.5%) had Catecholamine and cortisol concentrations were adjusted for dilu-

previously conceived in their current relationship and five womention with the acid preservative, and to account for differences in urine

(38.5%) were nulligravid. The meah SD number of cycles required volume, concentrations for all three hormones were converted to an
to achieve pregnancy [positivB-human chorionic gonadotrophin excretion rate and expressed as ng/min.

(BHCG) test as confirmed by the women’s general practitioners],

from the time of entering the study, was 4101.4. Statistical analysis

) Differences between day 7 and day 21 measures and differences

Study design between the conception and non-conception cycles were compared
From the time of entry into the study, each participant was requestegithin women by paired-tests. For the comparisons between concep-
to complete a questionnaire, twice during each menstrual cycle. Ifion and non-conception cycles the psychological and hormonal values
addition 10 women collected a 12 h overnight urine sample for theyere derived from the average of the measures taken on day 7 and
determination of urinary catecholamine and cortisol excretion. TheSQl of the Cyc|e; those for the non-conception Cyc|e were an average
activities were timed to coincide approximately with the mid-follicular of gJ| non-conception cycles. As the hormonal values were positively
and mid-luteal phase of the cycle (day 7 and day 21 of a 28 day cyclelkewed, log transformation was applied prior to all analyses. Hence,

The questionnaire was designed to gain an understanding of th@r hormone excretion rates, geometric means and the 95% confidence
women’'s feelings and attitudes during the course of the menstrughtervals are displayed in the Tables. Pearson correlation coefficients
cycle. The questionnaire incorporated two standard psychometric tesjgere calculated to measure the association between hormonal and
as indices of the level of psychosocial stress experienced. Thesgsychological measures. The incidence of intercourse between concep-
were: the A-State form of the State-Trait Anxiety Inventory tion and non-conception cycles was compared by péitedt.
(Spielbergeret al, 1970); and the Bi-polar Profile of Mood States  Responses to questions regarding sleep and work characteristics
(POMS; McNair and Lorr, 1982). The questionnaire also soughtand feelings of time pressure and hassles were collapsed into three
details of other aspects of general feelings including quality and’:ategories with scores of 1-2 , 3, and 4-5 representing ‘good’,
quantity of sleep, level of work satisfaction, feelings of mental and‘moderate’ and ‘poor’ aspects respectively. The frequency distribution
physical tiredness associated with work, feelings of time pressuresf responses was compared between conception and non-conception

and satisfaction with leisure time. These questions were derived frorgycles byy2-test, treating day 7 and day 21 questionnaires as separate
the lifestyle study of Palmesat al. (1980), and the women were asked gpservations.

to respond with reference to how they felt during the last week on a

scale of 1-5 representing good to poor aspects respectively. In

addition, a question was asked on the frequency of feeling hassm%esults

over the time period. Hassles were defined as irritants that range . o )

from minor annoyances to fairly major pressures, problems orf h€ 13 women exhibited significantly improved mood states

difficulties. Again, this was scored on a 5-point scale. on all six POMS scales during the conception cycle and thus
Overnight urine samples were collected for a period of ~12 h, intareported themselves to be more composed, agreeable, elated,

clean 2 | plastic bottles containing ~80 ml of 6.5% acetic acid toconfident, energetic and clear-headed at this time. The lower

prevent degradation of catecholamine content. On return to théevel of anxiety during the conception cycle was also confirmed

laboratory, the urine sample volume was noted and an aliquot oy the State anxiety tesP(< 0.01) (see Table I). There was

urine stored at —20°C until assayed for urinary free cortisol, adrenaling, significant difference between women’s psychological test

and noradrenaline. scores from questionnaires completed on day 7 and day 21 of

To determine ovulation and the likelihood of conception, they o 5y conception cycles, with the exception of the POMS
women recorded daily basal body temperature changes, coital activit

and periods of menstrual bleeding on a graph. Basal body temperatugémf'dent_un_Sure scale in which more .favourable scores were
was recorded with a digital oral thermometer accurate to 0.1°d€Ported during the luteal phase (pairetest, P < 0.05).

(Terumo ET-CIIS, Mordialloc Victoria, Australia or Becton Dickinson Furthermore, there was no significant difference between

E4030, Knoxfield Victoria, Australia). women'’s test scores from questionnaires completed on day 7
and day 21 of the conception cycle. No difference was detected
Hormone assays in overnight catecholamine or cortisol excretion rates within

Urinary free cortisol was assayed, without prior extraction, using thewvomen between the conception and non-conception cycles

Amerlex cortisol radioimmunoassay (Amersham International, Little(Table II).

Chalfont, Buckinghamshire, UK). All samples from the same woman  Correlation coefficients were calculated between the psycho-

were assessed in the same assay. The within-assay precision, expresggfical measures and hormonal concentrations separately for

as the coefficient of variation, was 9.2% (mean §.68d). the conception and non-conception cycles. There was little
Urinary free adrenaline and noradrenaline were measured by, o|ation hetween hormonal concentrations and scores on
high pressure liquid chromatography (HPLC) with electrochemical

detection as described by Bioanalytical Systems (1988). In briefthe psychological tests during the non-conception cycles, with

adrenaline and noradrenaline were separated from impurities by catidhe exception of a negative association between noradrenaline
exchange chromatography followed by suspension with alumina. ThEXcretion and scores on the composed-anxioes {-0.3362,
components were then separated by HPLC using a reverse phaBe= 45, P < 0.05) and clear-headed—confused=( —0.3670,
column and electrochemical detection. Adrenaline, noradenaline and = 45, P < 0.05) scales of the POMS. During the conception
the internal standard 3,4-dihydroxybenzylamine (DHBA) werecycle there was a significant inverse relationship between
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Table I. Comparison of emotional state during conception and non-conception cycles

Psychological Non-conception Conception Difference P (t-test)

measure cycle cycle (paired d&ta)

POMS scalds
Composed-anxious 215 1.75 26.6* 1.66 5.08+ 1.05 0.0004
Agreeable—hostile 225 1.14 27.3*+ 1.12 4.81+ 0.62 <0.0001
Elated—depressed 2181.28 26.9+ 1.21 5.59+ 0.93 <0.0001
Confident-unsure 21+ 1.28 249+ 1.45 3.75x 1.00 0.0029
Energetic—tired 15.4 1.17 20.4+ 1.80 5.05+ 1.98 0.0258
Clear-headed-confused 24:51.84 27.3+ 1.58 2.75+ 0.95 0.0135

State anxiety 40.3+ 2.71 32.2+ 1.79 8.09+ 2.44 0.0091

3/alues are means SEM.
bA higher score indicates a more favourable mood state with POMS (Bi-polar Profile of Mood States).
A higher score indicates greater anxiety with State anxiety.

100% -
Table Il. Comparison of hormone excretion rates for conception and 90% -
non-conception cycles
80% A
Hormonal excretion Non-conception Conception P (t-testp 70% -
rate (ng/min) cyclg cycle?
60% - B3
Catecholamin_es 509% - o2
Noradrenaline 12.4 (10.4, 14.7) 12.8(10.1, 16.2) 0.7777 T
Adrenaline 1.20 (0.91, 1.58) 1.11 (0.74, 1.66) 0.5150 40% -
Cortisol 54.2 (40.9, 71.7) 49.2 (35.2, 68.7)  0.6499 30%
&/alues are geometric means (95% confidence intervals). 20% A
bt-test on paired data.
10% -

noradrenaline excretion and the composed-anxious scale 0% 4

(r = —0.5164,n = 19, P < 0.05), the agreeable-hostile scale NC C NG © NC C NC C

(r = —0.5794,n = 19,P < 0.01) and the energetic-tired scale Amount Quality Work Leisure

(r = —0.5088,n = 19, P < 0.05). of sleep of sleep satisfaction satisfaction
Figures 1 and 2 show the frequency distribution of responses P=0.062 P=0539 P=0.357 P=0.425

to the questions on sleep habits, work characteristics and

: : : igure 1. Subjective estimates of amount of sleep, quality of sleep,
feelings of time pressure and hassles. The question on hass’séa isfaction with work and satisfaction with the leisure time for

exhibited a significant difference between the non-conceptiog,omen during non-conception cycles (NC) and conception cycles
and conception cycles. Women reported feeling significantlyC). The height of each bar segment represents the proportion of
less hassled during the conception cycles compared to thguestionnaires with each response=favourable, 2= moderate,
previous unsuccessful cycleB € 0.0116,x%test). There was 3 y unfavourable responses. There were no significant differences
also a trend for women to have more adequate sleep and firfy tesv-

their work less mentally tiring during the conception cycle ) ] . .
although this was not significant. of mood state during conception and prior non-conception

The mean= SEM incidence of sexual intercourse during cycles of 13 women revealed a powerful effect. The women
non-conception cycles was 7.68 0.61 acts. This compared exhibited significantly improved mood states on all six POMS
to 7.22+ 0.81 acts during the conception cycle (not significant,sca|e$ and lower state anxiety. Indeed for the first three POMS
pairedt-test). To reflect better the chance of conception pegcales, all of the 13 women reported more positive emotions
cycle, the incidence of intercourse was calculated for the @uringthe concepti_on cycle. Putinto per;pective,the differenpe
day period encompassing the time of expected ovulation, baséq level of state anxiety between conception and non-conception
on basal body temperature observations. Here too there w&¥cles approximated that observed in a college population
no difference in the incidence of intercourse (249.36 and Under normal and exam conditions (Spielbergeel., 1970).
2.78 = 0.40 non-conception cycle and conception cycle't is also interesting to note that the women reported feeling

respectively). significantly less hassled, and tended to have more adequate
sleep (not significant) during the conception cycle.
) ) This is the first study in which the level of stress experienced
Discussion

during the actual month of conception has been compared
The objective of this study was to compare average stressith the level during previous unsuccessful months within a
levels during the month of conception to those of previousgroup of conceiving women. It should be pointed out that the
infertile months in a group of normal women. If stress inhibitsvalues of the POMS and state scores during the conception
conception, it was postulated that during the actual month ofycle were based on two measures only (days 7 and 21), and
conception, stress levels should be reduced. The comparistinerefore may not have been as accurately determined as the
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by altering behaviour relating to fertility or by biological
mechanisms directly affecting the reproductive organs or
gametes produced. Although our study was not specifically
designed to elucidate mechanisms, some speculation as to
possible pathways can be made. Feelings of stress may be
accompanied by suppressed libido and a reduction in the
frequency of intercourse. Itis well established that the probabil-
ity of conception is influenced by the frequency and/or timing
of intercourse in relation to the fertile phase of the cycle
(Pepperellet al, 1977; Bongaarts and Potter, 1983; World
Health Organization, 1983). In a recent prospective study,
Stoleru et al. (1993) found that the effect of psychological
disturbances on the time to pregnancy in a group of fertile

NC o C NG C NG C NG C couples was related to the frequency of intercourse. However,
Mental  Physical Time Hassles in the present study, frequency of intercourse was not a
tiredness  tiredness  pressure contributing factor since there was no apparent difference in
P=0.112  P=0.716 P=0.638 P=0.012 the incidence of intercourse between conception and non-

) L . ) ) conception cycles. Thus, mechanisms can be narrowed down
Figure 2. Subjective feelings of mental and physical tiredness P Y

associated with work, feelings of time pressure and feelings of to biological effects of stress on the production or quality of

being hassled, during non-conception cycles (NC) and conception 9ametes, or subsequent fertilization, implantation and preg-
cycles (C). The height of each bar segment represents the nancy maintenance.

proportion of questionnaires with each responses favourable, It is possible that the stress factors identified in this study
o concamioy cyton Sy e o v someampon 61 peraing on ealefriy tough ahormonal patay
cycles P = 0.012,x2-test). There is e>§tenS|ve ewdenpe that acqte psychosocial stregsors
can potentiate the secretion of cortisol and catecholamines
(Mason, 1968; Frankenhauser, 1975; Biondi and Brunetti,
non-conception cycle values, which were the mean of all non1990). In humans, pathological conditions accompanied by
conception cycles scores. This, however, would be expecteglevated concentrations of circulating corticosteroids, such as
to reduce the ability to detect significant differences betweelCushing’s disease, and long-term treatment with exogenous
conception and non-conception cycles rather than to enhanggucocorticoids are associated with ovulatory dysfunction
it. It is important to note that only 13 women were included (Sakakuraet al, 1975; Aronet al, 1987). Women with
in the analyses, which limits the degree to which these resultiinctional hypothalamic amenorrhoea are reported to have
can be generalized to the wider community; however, thencreased day-time cortisol secretion compared to normal
statistical strength of these finding? € 0.03 toP < 0.0001) women (Suhet al., 1988). Furthermore, cortisol has immuno-
all but rules out chance effects and thus further studies of thisuppressant properties (Guyton, 1986), and thus, an effect on
type are warranted. the immunological conditions needed for implantation to occur
The question arises whether conception, itself, could haves also possible. Since the female reproductive tract contains
influenced the women’s emotional state. The conceptus, withinatecholamine receptors (Moran, 1975), catecholamines may
hours of fertilization, is reported to affect its mother’s potentially affect fertility, for example, by interfering with the
physiology through secretion of a platelet activating factortransport of gametes through the Fallopian tube or by altering
(O’Neill, 1985; O'Neill et al, 1985) and so an effect on uterine blood flow (Schenkest al., 1992).
emotion is not unrealistic. If such an effect did occur, the post- In our study, urinary free cortisol and catecholamine excre-
conception psychological test on approximately day 21 mayion rates were determined as an objective measure of the
have biased the mean test scores for the conception cyclevel of stress experienced, and to give insight into potential
This possibility was tested by comparing scores from day 2biological mechanisms. However, despite clear changes in
tests to the scores obtained on day 7, before conception couldood state among the 13 women, there was no difference in
have occurred. There was no significant difference betweeurinary excretion of cortisol or catecholamines between non-
the days on any scale of the POMS or the State anxiety tesonception and conception cycles. Furthermore, there was little
and so it is unlikely that the more favourable emotionsrelationship between the psychological measures and output
experienced during the conception cycle were a result obf cortisol or adrenaline during either infertile or conception
unconscious knowledge of pregnancy. There was also noycles, although higher noradrenaline excretion was associated
significant difference, on the majority of scales, between dayith less favourable moods on some scales of the POMS. The
7 and day 21 measures during the non-conception cycles. Thggneral failure of stress hormone excretion rates to be correlated
it is also unlikely that the observed differences in mood statevith mood states may possibly be explained by the overnight
between conception and non-conception cycles were causetllection regime since individual variability in hormone
by onset of a premenstrual syndrome in non-conception cyclegxcretion rate appears to be reduced when the body is at rest
negatively biasing responses on the day 21 measures. (Jenneret al, 1980). However, an alternative explanation is
For psychosocial stress to affect fertility it must do so eitherthat because the study women were from a ‘normal’ population,
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participating in their routine daily activities, the levels of Domar, A.D., Seibel, M.-M and Benson, H. (1990) The mind/body program
h ial st . d . fficient to ind for infertility: a new behavioural treatment approach for women with
PSychosocClal stress experiencea were insuricient to Iinduce infertility. Ferti. Steril, 53, 246—249.

measurable changes in stress hormone excretion, yet We®mar, A.D., Zuttermeister, P.C., Seibel, M. and Benson, H. (1992)
enough to affect fertility, Psychological improvement in infertile women after behavioural treatment:

An important factor that was not specifically addressed in_2 "ePlication.Fertil. Steril, 58, 144-147.

. . unphy, B.C., Kay, R., Robinson, J.N. and Cooke, I.D. (1990) The placebo
the present StUdy is the role of the male. It is not unreasonab eresponse of subfertile couples to attending a tertiary referral cdrerél.

to assume that any condition that causes stress in a womansteril, 54, 1072-1075.
may also lead to stress in her partner. Stoletwal. (1993) Edelmann, R.J. and Connolly, K.J. (1986) Psychological aspects of infertility.

. . . .14 Br. J. Med Psychol, 59, 209-219.
found male attitudes and feellngs towards havmg a ChIIq:rankenhauser, M. (1975) Experimental approaches to the study of

significan_tly predicted the time to pregnancy. In _the fertile  catecholamines and emotion. In Levi, L. (e@&jnotions — Their Parameters
group, this effect was related to the frequency of intercourse and MeasuremenRaven Press, New York, pp. 209-234.

as previously mentioned. However, for the whole group, malésuyton, A.C. (1986) Textbook of Medical PhysiologyW.B.Saunders,

: : - . o Philadelphia.
pSyCh9|09lcal factors predlcFed the risk of mfertlllty’ even af’[erHarrison, K.L, Callan, V.J. and Hennessey, J.F. (1987) Stress and semen
adjusting for frequency of intercourse. Stolegtial. (1996) quality in anin vitro fertilization program Fertil. Steril,, 48, 633—636.

suggested that in men, less favourable male attitudes anghrrison, R.F., O’'Moore, A.M., O'Moore, R.R. and McSweeney, J.R. (1981)
feelings towards having a child, and greater sexual problems, Stress profiles in normal infertle couples: pharmacological and

. . . . . psychological approaches to therapy. In Insler, V. and Bettendorf, G. (eds),
represent aetiological factors for infertility. Several studies Advances in Diagnosis and Treatment of InfertilBysevier/North-Holland,

suggest that stress may have a negative influence on semempp. 143-157.
quality (Hellhammeret al., 1985; Harrisonet al, 1987). Hellhammer, D.H., Hubert, W., Freischem, C.W. and Nieschlag, E. (1985)

; ; ; ‘ » Male infertility: relationships among gonadotropins, sex steroids, seminal
Notwithstanding controversy over what constitutes ‘normal parameters and personality attitudBsychosomMed. 47, 58-66.

sem_en, itis pOSSIble that any stress-relate(_j_reductlon n Sperﬁ@nner, D.A., Reynolds, V. and Harrison, G.A. (1980) Catecholamine excretion
quality could adversely affect the probability of pregnancy, rates and occupatiofErgonomics 23, 237—246.

especially if the female’s fertility is also compromised. If this Mai, F.M. (1971) Conception after adoption: an open questisychosom

was a factor in the present work it would imply that stress Med. 33 509-514. , »
| Is in both male and females covaried. Males were nOl%/lason. J.W. (1968) A review of psychoendocrine research on the pituitary—
evels : adrenal cortical systenPsychosomMed, 30, 576-607.

assessed in the present study due to possible lack of complianggsNair, D. and Lorr, M. (1982profile of Mood States Bipolar Form (POMS-
but given the strength of the present result such an examinationBl). Educational and Industrial Testing Service, San Diego.
is warranted. Moberg, G.P. (1987) Influence of the adrenal axis upon the gonads. In Clarke,

. . . . . J.R. (ed.)Oxford Reviews of Reproductive Bioloyl. 9. Clarendon Press,
Irrespective of mechanisms, the important finding from this ono(rd F)Jﬁ 456-496. P oY

study is that it supports the view that relief from stressmoran, N.C. (1975) Adrenergic receptors. In Blaschko, H., Sayers, G. and
promotes fertility and thereby the tenet that psychosocial stressSmith, A.D. (eds)Handbook of Physiologysection 7 Endocrinology Vol.

contributes to infertility. It is particularly interesting that this \1/1'7_Af2r§na' Gland American Physiology Society, Washington, DC, pp.

can be percelved Ina gr(_)up O_f ‘normal’ women who did notNijs, P., Koninckx, P.R., Verstraeten, Bt al. (1984) Psychological factors of
report themselves to be infertile nor appear to have extreme female infertility. Eur. J. Obstet Gynecol Reprod Biol., 18, 375-379.

levels of psychosocial stress. The question arises as to wheth@Neill, C. (1985) Examination of the causes of early pregnancy-associated

this effect is even more evident in an infertile group, and, if _fombocytopenia in mical. Reprod Fertil., 73, 567-577. "
. . O'Neill, C., Pike, I.L., Porter, R.Net al (1985) Maternal recognition of
so, whether an active programme to relieve stress (e.g. Domaryegnancy prior to implantation: methods for monitoring embryonic viability

et al, 1990, 1992) should be an important component of in vitro andin vivo. Ann NY Acad Sci, 442, 429-439.

infertility treatment. Palmer, C.D., Harrison, G.A. and Hiorns, R.W. (1980) Sleep patterns and life
style in Oxfordshire villages]. Biosoc Sci, 12, 437-467.

Pepperell, R.J., Brown, J.B. and Evans, J.H. (1977) Management of female
infertility. Med J. Aust, 774-780.
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