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ABSTRACT The relationship between psychological
stress and reduced fecundity has been a matter of specula-
tion and investigation for decades. Most previous studies
have been compromised, however, by a number of problems
including ambiguous direction of causation, poorly opera-
tionalized variables, and the confounding of psychological
with energetic stress. We present a two-part study of the
relationship between moderate anxiety, both acute and
chronic, and daily measures of ovarian steroid and cortico-
steroid levels in saliva. Anxiety, as a particular form of psy-
chosocial stress, was measured by the Spielberger Stait-
Trait Anxiety Inventory as well as by a self-reported daily
stress score. In the first part, 23 college juniors taking the
Medical College Admissions Test (MCAT) were studied the
month before and the month after the test, and again sev-

The role of psychological stress in the natural regula-
tion of human fertility has long been a matter of interest
and conjecture (Kelly, 1942; Sandler, 1960; Eisner, 1963).
Clinicians in psychology, psychiatry, and reproductive
medicine often cite mood states such as anxiety as poten-
tial causes of conception difficulty (Domar et al., 2000;
Smeenk et al., 2001; Boivin, 2003; Cwikel et al., 2004;
Anderheim et al., 2006). Anthropologists, too, have
appealed to psychological factors to explain certain fea-
tures of human reproduction such as low rates of concep-
tion prior to the harvest in agricultural communities
(Malina and Himes, 1977). Wasser and colleagues
(Wasser and Isenberg, 1986; Wasser et al., 1993; Wasser
and Place, 2001) formulated an explicit evolutionary hy-
pothesis to explain the supposed suppressive effect of
psychological stress on female fecundity by casting
female psychological stress as a symptom of the lack of
social support and other resources necessary for a high
probability of reproductive success. Recently, Nepom-
naschy et al., (2006) have documented high rates of early
conception loss associated with elevated cortisol levels
among Guatemalan women and included psychological
stress among the possible causes of the association.

The evidence for a suppressive effect of psychological
stress on female fecundity independent of other causes
has, however, always been equivocal and plagued with
methodological difficulties. Early clinical studies relied
heavily on anecdotal data, such as reports of pregnancy
following adoption (Sandler, 1965) or psychotherapy
(Sharman, 1952). Later studies often confounded the
directionality of causation by using infertility patients as
subjects and comparing their levels of psychosocial stress
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eral months later, and compared at the same time points
with 27 controls. In the second part, chronic anxiety levels
were assessed in 95 women between 27 and 41 years of age
and analyzed in relation to daily levels of salivary ovarian
and corticosteroids over one menstrual cycle. The sample
sizes are sufficient to allow for confidence in negative
results. No statistically significant differences in ovarian
or corticosteroid levels were observed whether between the
MCAT and control subjects in part one, between the MCAT
subjects before and after the MCAT test in part one, or
between high and low anxiety subjects in part two. The
results indicate that moderate levels of anxiety, whether
acute or chronic, are not associated with suppressed ovar-
ian function in healthy women. Am J Phys Anthropol
000:000-000, 2007.  ©2007 Wiley-Liss, Inc.

with fertile controls (Harrison et al., 1981, 1986;
O’Moore et al., 1983; Domar et al., 1990). A large litera-
ture has now accumulated emphasizing infertility diag-
noses and treatments as causes of psychosocial stress
rather than the reverse (Seibel, 1997; Schneider and
Fothofer, 2005; Schmidt, 2006). Most meta-analyses con-
clude that clinical data are derived from designs that are
inadequate to address the question of causation unam-
biguously (Istvan, 1986; Berg and Wilson, 1990; Wright
et al., 1991; Harlow et al., 1996; Boivin, 2003).

A second problem is that psychological stress is often
confounded with physiological stress, particularly with
catabolic physiological states that are independently
known to suppress ovarian function in women (Biller et
al., 1990; Berga et al., 1997, 2000, 2003; Jasienska and
Ellison, 1998; Warren et al., 1999; Meczekalski et al.,
2000; Perkins et al., 2001; Ellison, 2003; Genazzani,
2005; Brundu et al., 2006; Jasienska et al., 2006). In
many studies elevated cortisol levels are interpreted as a
biomarker of psychological stress although they are
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more properly interpreted as markers of catabolic energy
mobilization. Psychological stress is but one among a
number of possible upstream causes of cortisol elevation,
others of which include exercise, low blood sugar, infec-
tion, cold, hypoxia, and many other states and conditions
(Larsen, 2003). Because of these multiple pathways of
causation, robust inferences from cortisol levels in the
upstream direction are not possible. But while the
upstream associations of elevated cortisol levels are non-
specific, the downstream associations are specific and ro-
bust. Elevated cortisol levels lead to catabolic processes
that raise blood glucose and inhibit fat and protein anab-
olism. Thus the proper interpretation of elevated cortisol
is as a marker of catabolic state, not as a marker of psy-
chological stress.

An additional problem that often plagues the study of
psychological stress and its effects on human fertility
regulation is the poor operationalization of the concept of
psychological stress itself. Differences that are attributed
to the effects of “stress” can variously refer to differences
in a “stressor,” i.e., the kind and degree of stress applied;
differences in “stress response,” i.e., the physiological
consequences of the stressor; or differences in “perceived
stress,” i.e., the reported experience of the subject. Yet
many studies fail to adequately distinguish among these
different aspects of the concept of stress. For example,
studies of the effects of stressful life events are essen-
tially studies of different stressors. Studies that show
different responses to a common stressor, like public
speaking, depending on sex or menstrual status are
essentially studies of differences in stress response.
Studies based on reported stress levels are essentially
studies of differences in perceived stress that might be
modified by personality, coping style, or personal history.

Psychological stress is also an overly general and het-
erogeneous category, potentially including emotions and
states as disparate as anxiety, depression, pain, shock,
confusion, and remorse, among others. At the very least
it is incumbent on researchers to be as specific as possi-
ble about the aspect of stress they are studying (stressor,
stress response, perceived stress), the nature and speci-
ficity of the operational variables they are using to rep-
resent and measure psychological stress, and to be as
specific as possible about the variety of stress (anxiety,
depression, etc.) that they are focusing on.

Studies of the relationship of psychological stress to
female fecundity often suffer from one or more of the dif-
ficulties listed above. As a result, despite a history of in-
terest and speculation, there is little hard evidence of an
effect of psychological stress alone, independent of the
confounded effects of catabolic state or other known sup-
pressors of ovarian function, on female reproductive
physiology. This might be because previous research
designs have been inadequate, or it might be because
psychological stress by itself does not affect female fe-
cundity. We have attempted to address this problem by
designing a study of the effect of moderate chronic and
acute anxiety, a specific psychological stressor, on ovar-
ian steroid levels among Boston women. We have limited
our study to anxiety because it is one of the aspects of
psychological stress most consistently proposed as hav-
ing a negative effect on female fecundity in both clinical
and anthropological literature. We take advantage of the
Spielberger State-Trait Anxiety Inventory (STAI, Spiel-
berger, 1983, 1989) to operationalize perceived anxiety
since it is well validated and widely used. We use sali-
vary steroid levels to index ovarian function since they

have been demonstrated to be very sensitive to other
regulators of female fecundity, such as metabolic stress
(Ellison, 2003), and because ovarian steroids have been
shown to correlate with fecundity within and between
women (Lipson and Ellison, 1996; Venners et al., 2006).
Our subjects are blind to their own steroid levels, reduc-
ing the possibility of reverse causation, i.e., low fecun-
dity causing anxiety rather than the reverse. We incor-
porate multiple levels of control into our design, i.e.,
between subjects and controls and between and within
subjects over time. And we use sample sizes sufficient to
render negative results meaningful. We thus hope to
avoid many of the problems we outline above while
addressing the question, “Are moderate levels of anxiety,
such as women might be expected to experience with
some regularity, either chronic or acute, associated with
suppressed levels of ovarian steroids independently of
the confounding effects of catabolic state?”

The study consists of two parts. The first part exam-
ines the relationship of moderate acute anxiety to ovar-
ian steroid levels using the Medical College Admissions
Test (MCAT) as an acute situational stressor. The second
part examines the relationship of chronic stress to ovar-
ian steroid levels by comparing women with different
trait anxiety scores on the STAI.

MATERIALS AND METHODS
Subjects

For Part I, focusing on acute anxiety, 23 subjects were
recruited from among Harvard College juniors planning
to take the Medical College Admissions Test (MCAT). In
addition, 27 controls not planning to take the MCAT
were recruited from the same undergraduate class. All
participants reported regular menstrual cycles at the
time of recruitment, were not using oral contraception,
were of normal weight-for-height, and were not engaged
in regular physical exercise. In addition to saliva sam-
ples and information on anxiety described below, sub-
jects and controls provided information on age and
menarcheal age. Height and weight were measured at
the beginning of two sample collection periods, one in
the spring before and after the MCAT exam, the other
the following fall.

In Part II, focusing on chronic anxiety, 95 subjects
were recruited from the Cambridge/Boston area. All sub-
jects were between the ages of 21 and 40, reported regu-
lar menstrual cycles, were not using oral contraception,
and had not been pregnant or lactating within 6 months
at the time of recruitment. In addition to saliva samples
and information on anxiety described below, subjects
reported on their daily hours of aerobic exercise during
the period of sample collection. Height and weight were
measured at the beginning and end of the sample collec-
tion period.

Anxiety measures

The STAI was administered to all participants in both
parts of the study. As noted earlier, the STAI is a widely
used and fully validated instrument for the assessment
of acute and chronic anxiety. The instrument consists of
two panels of questions, one focused on a subject’s per-
ception of her current psychological state, the other on
the subject’s perception of her customary state of mind.
Answers to the former set of questions provide an index

American Jowrnal of Physical Anthropology—DOI 10.1002/ajpa



NO ASSOCIATION OF ANXIETY WITH OVARIAN SUPPRESSION 3

TABLE 1. Mean (SE) values for age, height, and weight variables characterizing the subjects in the study of acute anxiety

Age Menarcheal Height Beginning weight Change in weight Beginning weight
Group (yrs) age (yrs) (ecm) spring (kg) spring (kg) fall (kg)
MCAT 20.0 (0.1) 12.5 (0.5) 164 (2) 57.0 (2.0) 0.7 (0.5) 57.0 (2.0)
Controls 20.0 (0.2) 12.4 (0.2) 163 (1) 60.0 (2.0) 0.2 (0.3) 60.0 (2)
P values 0.81 0.83 0.83 0.31 0.34 0.36

of “state” or acute anxiety; answers to the latter set of
questions provide an index of “trait” or chronic anxiety.
The STAI was administered twice to participants in Part
I, once the day before the MCAT exam, and once at the
beginning of the sample collection period the following
fall. The STAI was administered once to participants in
Part II, at the beginning of the sample collection period.

In addition to the STAI, all study participants were
asked to score their perceived stress level on a 5-point
scale (1, much less than usual; 2, somewhat less than
usual; 3, usual; 4, somewhat more than usual; 5, much
more than usual) on every day of saliva sample collec-
tion at the time of sample collection. While the STAI
asks questions about stress on an absolute scale, the
daily stress score asks about stress relative to each sub-
ject’s individual average level.

Salivary steroid measures

Saliva samples were collected each morning soon after
waking and stored using previously validated procedures
(Lipson and Ellison, 1989). Participants in Part I col-
lected samples daily for a two-month period centered on
the day of the spring administration of the MCAT exam,
and again for one full menstrual cycle, beginning and
ending on first day of menstrual bleeding, the following
fall. The inclusion of the fall sampling period allowed us
to consider whether there were any seasonal effects that
both the MCAT and Control groups might be subject to
in the spring. It also allowed us to compare the MCAT
group in the month immediately after the MCAT test
with a month much more distantly removed to deter-
mine whether effects of the MCAT test might continue
in the immediate post-test month and only attenuate
with more time. Participants in Part II collected saliva
samples for one full menstrual cycle. All participants
recorded the time and day of sample collection on the
sample tube.

Saliva samples were assayed for estradiol, progester-
one, and cortisol using previously described methods
(Ellison, 1988; Lipson and Ellison, 1996). Inter-assay
variability was 15% for estradiol, 9% for progesterone,
and 8% for cortisol. Intra-assay variability was 7% for
estradiol, 10% for progesterone, and 7% for cortisol.
Ovarian steroids were assayed from all daily samples.
Values were aligned on the day of the midcycle estradiol
drop as described elsewhere (Lipson and Ellison, 1996).
From these daily values the following indices were calcu-
lated: mid-luteal progesterone, being the average of val-
ues from days —5 to —9 relative to menses; mid-follicu-
lar estradiol, being the average of values from days —6
to —10 relative to the day of the midcycle estradiol drop;
and late follicular estradiol, being the average of the val-
ues from days —1 to —5 relative to the day of the mid-
cycle estradiol drop. Cortisol was assayed in one-third of
the daily samples, the sample from every third day being
assayed unless the sample that day was collected after 9
a.m., in which case the next daily sample was used. All

subjects provided the same number of cortisol samples
for analysis. Cortisol values from these samples were
averaged over relevant time periods for analysis.

Statistics

The design of Part I allows for comparisons between
groups (MCAT vs. control) at three points in time (spring
before test, spring after test, and fall) as well as compar-
isons within subjects between these three time points.
Comparisons are made using one-tailed, paired and
unpaired ¢-tests with the Bonferroni correction for multi-
ple contrasts applied where warranted. One-tailed tests
are used since the direction of group differences is pos-
ited a priori. Significance is recognized at an alpha level
of 0.05. The sample size provides for detection of moder-
ate effect sizes (Cohen’s d = 0.70) with a power coeffi-
cient (beta) of 0.80 and smaller effect sizes (d = 0.50)
with a power coefficient of 0.50. Pearson product-
moment correlation is used to assess the relationship of
cortisol levels to anxiety measures and to ovarian steroid
levels, with significance recognized at an alpha level of
0.05. The sample size provides for the detection of mod-
erate correlations (r = 0.30) with a power coefficient of
0.80, and smaller correlations (r = 0.20) with a power
coefficient of 0.50.

In Part II subjects were assigned to one of four groups
on the basis of their trait anxiety scores on the STAIL
Group A was composed of subjects with scores lower
than the reported normal range (<26, N = 14). Group B
was composed of subjects with scores within the reported
normal range (26-35.9, N = 41). Groups C and D were
composed of subjects with scores above the reported nor-
mal range (>36), subdivided into two equal groups.
Group C had scores from 36 to 45.9 (N = 20), and Group
D had scores greater than 46 (N = 20). Comparison
between groups is made using one-way ANOVA with sig-
nificance recognized at an alpha level of 0.05. The sam-
ple size provides for the detection of moderate effect
sizes (f = 0.45) with a power coefficient >0.95, and for
smaller effect sizes (f = 0.23) with a power coefficient of
0.50.

RESULTS
Part I: Acute anxiety

Subject characteristics. Table 1 presents means and
standard errors for selected characteristics of subjects
and controls in Part I. The two groups show no signifi-
cant differences in age, menarcheal age, height, weight
in the fall, weight in the spring, or change in weight
between fall and spring. There is no significant differ-
ence between the mean trait anxiety score for the two
groups for either the spring or fall administration of
the STAIL

The MCAT as a stressor. Stress and anxiety scores are
compared before and after the MCAT to determine
whether the test was indeed perceived as a stress and
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TABLE 2. State anxiety and trait anxiety score means (SE) for MCAT and Control subjects in the spring at the time of the MCAT
exam, and in the following fall

Group State anxiety; spring Score; fall Trait anxiety; spring Score; fall
MCAT 49.3 (2.4)*° 34.6 (1.7) 38.0 (2.0) 34.7 (1.6)
Controls 38.3 (2.2) 40.6 (2.6) 38.9 (1.8) 37.8 (1.6)

2 P = 0.002, MCAT state anxiety spring vs. control state anxiety spring.
b P < 0.0001, MCAT state anxiety spring vs. MCAT state anxiety fall. All other relevant comparisons are statistically non-

significant.

TABLE 3. Mean (SE) daily stress scores before and
after the MCAT exam in the spring and again the
following fall for MCAT and control subjects

TABLE 4. Mean (SE) values for steroid indices for MCAT and
control groups in the month before and the month after the
MCAT exam in the spring, and the following fall

Group Before After Fall
MCAT 3.7 (0.2)*P 2.9 (0.1) 2.8 (0.1)
Control 2.9 (0.1) 3.0 (0.1) 2.7 (0.1)

2 P < 0.0001, MCAT before vs. MCAT after.
b P < 0.0001, MCAT before vs. control before.

associated with increased levels of anxiety. Table 2
presents means and standard errors for state and trait
anxiety scores for the MCAT and control groups in the
spring and fall; Table 3 presents means and standard
errors for average daily stress scores for the month
before the MCAT, the month after the MCAT, and the
fall. State anxiety scores are significantly higher in the
MCAT group than the control group in the spring at
the time of the MCAT (P = 0.02), but not in the fall.
Within subjects, the MCAT group shows a significant
drop in state anxiety between the spring and the fall
(P < 0.0001). The control group shows no significant
change in state anxiety scores over the same period. The
average daily perceived stress score is significantly
higher among the MCAT takers than among the controls
during the month prior to the MCAT (P < 0.001) but not
during the month following the test or the following fall.
Within subjects, there is a significant drop in average
daily perceived stress score among the MCAT group
from the month preceding the MCAT to the month after
(P < 0.0001), but not for the control group.

There are no significant differences between the
MCAT and control groups in average cortisol levels at
any of the three periods, the month before the MCAT,
the month after the MCAT, or the following fall. Nor are
there significant correlations between average cortisol
and either state anxiety scores or daily stress scores,
within or between individuals, at any time period.

Effects on ovarian steroids. Table 4 summarizes aver-
age ovarian steroid levels for the MCAT and control
groups at all three periods. There are no significant dif-
ferences in the ovarian steroid levels between the two
groups at any time period. Nor are there any significant
changes in ovarian steroid levels within subjects
between time periods.

There are no significant correlations between cortisol
and ovarian steroid levels at any time period.

Part Il: Chronic anxiety

Table 5 summarizes the mean values for selected sub-
ject characteristics by group. There are no significant
differences between groups for age, height, weight,
change in weight, cycle length, or reported exercise. Sub-
jects do differ significantly (P < 0.0001) in state anxiety

Spring

Group Before MCAT After MCAT Fall
Mid-follicular estradiol (pmol/L)

MCAT 23 (1) 25 (3) 24 (2)

Controls 25 (2) 23 (1) 25 (1)
Late follicular estradiol (pmol/L)

MCAT 31 (3) 32 (3) 32 (3)

Controls 31(2) 32 (3) 31(2)
Mid-luteal progesterone (pmol/L)

MCAT 235 (25) 244 (27) 279 (34)

Controls 258 (25) 257 (37) 227 (17)
Cortisol (nmol/L)

MCAT 10.7 (1.7) 8.5(0.8) 9.6 (0.8)

Controls 9.1(1.1) 9.0 (1.2) 9.5 (0.8)

None of the relevant pair-wise differences are statistically sig-
nificant.

scores, but not in daily stress scores. These results are
consistent, given that the daily stress score is standar-
dized on what each subject perceives as her “usual” level
of stress, whereas the STAI purports to measure non-
standardized levels of anxiety. Subjects who are chroni-
cally anxious should experience an elevated level of
absolute, non-standardized anxiety as “usual.”

There are no significant differences between the
groups in any of the steroid indices (Table 6).

DISCUSSION

The design of the present study allows for a sensitive
exploration of the relationship between moderate anxiety
and ovarian steroid production with minimal potential
for a number of possible confounding effects. Most impor-
tantly, there is little chance of impaired ovarian function
being itself a source of anxiety among the study subjects.
All subjects reported regular menstrual cycles and no
history of gynecological pathology or infertility. At the
time of the study they were blind to their own ovarian
steroid levels. The comparisons made between groups in
both parts of the study were also free of confounded dif-
ferences in age, weight, weight change, or exercise lev-
els. Hence the potential for psychological stress and met-
abolic stress to be confounded was minimized.

Psychological anxiety was identified as the independ-
ent variable in both parts of the study. In Part I the
MCAT was used as a situational stressor. Both the STAI
and subjects’ daily stress scores confirm that MCAT sub-
jects perceived themselves as more anxious and more
stressed during the month leading up to the MCAT than
the control group, and also than they themselves were in
the month after the MCAT and the following fall. The
acute nature of this difference in anxiety levels is under-
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TABLE 5. Mean (SE) values for age, height, weight, change in weight between beginning and end of cycle,
cycle length, and exercise variables characterizing the subjects in the study of chronic anxiety

Trait anxiety Age Height Weight Change in Cycle length Hours of
Group score range (yrs) (cm) (kg) weight (kg) (days) exercise per week
A 20-25.9 32 (1) 161 (1) 57 (1) 0.0 (0.2) 29.5 (1.6) 3.6 (0.8)
B 26-35.9 29 (1) 164 (1) 61 (1) 0.0 (0.2) 29.4 (0.5) 2.8 (0.4)
C 36-45.9 29 (1) 164 (1) 61 (1) 0.1 (0.2) 29.9 (0.9) 2.5 (0.4)
D 46-74 29 (1) 163 (1) 59 (2) —0.1(0.3) 29.2 (1.0) 2.3 (0.8)
P values 0.27 0.54 0.35 0.95 0.97 0.55

TABLE 6. Means (SE) of hormonal indices for subjects in the chronic anxiety study group by level of chronic anxiety score

on the STAI

Mid-follicular Late-follicular Mid-luteal Cortisol
Group estradiol (pmol/L) estradiol (pmol/L) progesterone (pmol/L) (nmol/L)
A 25 (2) 35 (2) 265 (26) 7.8 (0.8)
B 26 (1) 35 (2) 244 (17) 7.5 (0.5)
C 28 (2) 35 (2) 2178 (26) 8.6 (0.7)
D 26 (2) 37 (3) 320 (27) 8.0 (0.8)
P values 0.82 0.94 0.10 0.67

No two-way comparisons were statistically significant.

scored by the lack of any difference in trait (chronic)
anxiety levels between the MCAT subjects and the con-
trols either in the spring or in the fall.

In Part I subjects were assigned to groups on the ba-
sis of their trait anxiety scores. The groups differed sig-
nificantly in their state anxiety scores, as expected. Sub-
jects who are chronically anxious should be more acutely
anxious than less chronically anxious subjects at any
given point in time. The chronic nature of this anxiety
difference between groups was underscored, however, by
the absence of any group differences in daily stress
scores. Although chronically anxious subjects should
report greater “absolute” levels of anxiety than less
chronically anxious subjects on any given day, they
should also perceive this higher level of absolute anxiety
as “usual” for themselves.

The absence of group differences in cortisol levels indi-
cates that the differences in anxiety levels that were
established by the study design were not reflected in dif-
ferences in HPA axis activity. This is consistent with the
interpretation of elevated cortisol levels as a marker of
catabolic mobilization of energy reserves. Such a mobili-
zation is usually a transient feature of acute situational
stress. It is possible, even likely, that the cortisol levels
of the MCAT subjects were elevated on the morning of
the test itself. But there is no evidence that the more
moderate anxiety experienced for the preceding month
was associated with catabolic activation of this kind. Nor
is there any evidence that the differences in chronic anx-
iety isolated in Part II are associated with differences in
average cortisol levels. We cannot say whether transitory
elevations of cortisol may have occurred in our subjects,
though it would be very unusual if they did not. Our
study, however, was designed to detect sustained cortisol
elevation corresponding either to sustained periods of
situational stress (Part I) or to chronic stress (Part II).
Sustained cortisol elevation has been demonstrated to be
effective in disrupting pituitary gonadotropin and ovar-
ian steroid profiles in experimental studies with sheep,
whereas episodic cortisol does not produce a definitive
effect (Breen et al., 2005). Ovarian responses can only be
properly assessed over entire ovarian cycles, due to the
changing pattern of ovarian steroid production within

cycles. Our design for Part I included assessment of
ovarian function both in the month immediately follow-
ing the MCAT exam and again 6 months later. At least
one study of ovarian responses to weight loss indicated
that effects of acute stress in 1 month could carry over
into the succeeding month (Lager and Ellison, 1990).
Repeating our assessment of ovarian function 6 months
after the MCAT test allowed us to control for this possi-
bility.

The design of the study can thus be judged to have
successfully isolated acute and chronic anxiety differen-
ces between subjects who are otherwise comparable and
blind to their own ovarian steroid levels and without
confounding effects of differences in catabolic state. This
allows for a clear test of the hypothesized association
between anxiety and ovarian steroid production with
sufficient statistical power to render negative findings
persuasive. No evidence was found for an effect of either
acute or chronic anxiety on ovarian steroid levels. Given
the power of the study design, the negative findings pro-
vide a basis for rejecting the notion that moderate anxi-
ety by itself, disassociated from confounded effects of
metabolic stress, causes significant suppression of ovar-
ian steroid production.

The implications of these results must be limited, how-
ever, to the focused domain that was the target of the
research: a causal pathway leading from moderate anxi-
ety to suppressed ovarian steroid production. A number
of important possibilities beyond this narrow domain
remain unchallenged. Among them are the following.

Moderate anxiety may be associated with suppressed
ovarian steroid production when causation is in the op-
posite direction, from ovarian function status to anxiety
level. A number of studies document elevated anxiety
among women with diagnoses of infertility or who are
seeking infertility treatment (Mazure and Greenfield,
1989; Laffont and Edelmann, 1994; Hsu and Kuo, 2002),
observations that are consistent with this direction of
causation. Similarly, cortisol responses to experimental
situations involving psychosocial stress vary between
phases of the menstrual cycle and between sexes
(Kirschbaum et al., 1999; Kajantie and Phillips, 2006).
But in these cases, as well, there is evidence that stress
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responses are affected by ovarian steroids, not the other
way around (Kirschbaum et al., 1995, 1996).

Moderate anxiety may be associated with potential
causes of reduced fertility other than suppressed ovarian
steroid production. The effects of anxiety on male fecun-
dity are not assessed in this study. Nor are the effects of
moderate anxiety on other aspects of female reproductive
function or behavior. Studies that report lower success
rates of IVF associated with high anxiety levels in
women prior to the procedure are consistent with mecha-
nisms other than differences in ovarian steroid produc-
tion. For example, differences in tubal transport or
trophoblast attachment may be associated with anxiety
levels, perhaps mediated by catecholamine levels or
other proximal causes. Nepomnaschy et al. (2006) have
recently reported that early pregnancy loss in Guatema-
lan women is associated with elevated salivary cortisol
levels, suggesting the possibility of post-implantation
effects of HPA axis activity. Differences in anxiety levels
may also be associated with behavioral differences in the
frequency of intercourse that can contribute to fertility
differentials in couples not undergoing ART intervention.

The conclusions of the present study apply only to con-
ditions of moderate anxiety. More extreme anxiety levels,
such as occur during lifethreatening or other extreme
situations, may trigger significant HPA axis activity and
simultaneously inhibit ovarian function. The potential
impact of higher levels of psychological stress must be
separately assessed. It is also possible that the subjects
in our study, well-nourished residents of a major US city,
may not represent the full range of potential human
responses to moderate anxiety. Subjects who are under
chronic energetic stress, for example, or who have had
different developmental histories, might have different
set-points for HPA axis activation and/or ovarian
response (Jasienska and Ellison, 2006).

Most importantly, the conclusions of the present study
must be limited to situations in which moderate anxiety
is not confounded by evidence of metabolic stress. In
many situations, moderate anxiety may lead to metabolic
stress, either by influencing patterns of sleep, eating, or
exercise, or by directly activating endogenous systems of
catabolic activation such as the HPA axis. A number of
studies have found associations between functional hypo-
thalamic amenorrhea and elevated levels of psychologi-
cal stress (Berga et al. 1997, 2000; Brundu et al., 2006),
but in these instances there is also evidence of elevated
catabolic state, usually in the form of elevated cortisol
levels. The association can sometimes be subtle, requir-
ing direct evidence of individual metabolic state. For
example, restrained eating, or consciously eating below
appetite, has been associated with suppressed ovarian
steroid levels even when total caloric intake is the same
as in controls (Warren et al., 1999; Berga et al., 2003).
However, cortisol levels are also elevated in these sub-
jects, indicating that the subjects displaying restrained
eating are also experiencing a catabolic state. In the
study by Nepomnaschy et al. (2006) referred to above,
the authors note that many factors, including both psy-
chological stress and energetic stress, may have contrib-
uted to the observed elevations in cortisol that are asso-
ciated with early pregnancy loss.

The conclusion of this study can be stated, then, as fol-
lows: moderate anxiety in well-nourished, Western
women, whether acute or chronic, that is not associated
with signs of a catabolic state shows no evidence of caus-
ing suppressed levels of ovarian steroids. Within this do-

main the conclusion is relatively free of many of the con-
founders that have plagued much prior research.
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