
The constant increase in asthma and atopy prevalences—
despite improved treatment and knowledge of many aspects of
the diseases—has raised growing concern. Accumulating evi-
dence suggests that these increases in atopic diseases are large-
ly attributable to environmental and lifestyle factors, and the
lack of systemic childhood infections has in many studies
emerged as a major factor. In addition to current high stan-
dards of hygiene and the lack or scarcity of such infections,
another factor characteristic of our present-day lives could be
involved. This review briefly outlines the possibility that pro-
longed maternal stress associated with sustained excessive cor-
tisol secretion could affect the developing immune system—
especially TH1/TH2 cell differentiation—and further increase
the susceptibility to asthma and atopy in genetically predis-
posed individuals. This hypothesis is critically evaluated in the
light of current knowledge. (J Allergy Clin Immunol
2002;109:923-8.)

Key words: Asthma, atopy, stress, maternal, T-cell differentiation,
fetus

It has become increasingly clear that factors involved
in the substantial increases in asthma and atopy preva-
lences during the last few decades are environmental in
nature and associated with Western lifestyles and living
conditions.1 The decreased exposure to systemic child-
hood infections has been proposed as a major contributo-
ry factor. This hygiene hypothesis2,3—the apparent
inverse relationship between childhood infections and the
subsequent occurrence of atopic diseases—has gained
acceptance as one of the most plausible explanations for
the current trends in atopic diseases. Indeed, several
recent studies have lent further support to this hypothe-
sis.4-6 In the absence or scarcity of certain childhood
infections, the postnatal maturation of the immune sys-
tem might not proceed optimally.7 Because atopic asthma
is associated with predominant activation of TH2 cells,
infections that elicit a strong TH1 response and a long-

lasting memory immunity, thus antagonizing TH2 cell
differentiation, might in early life be able to commit the
biased TH2 response to a TH1 immunity in genetically
predisposed children.8 Monocytes and alveolar
macrophages from atopic individuals exhibit decreased
IL-12 production, which is consequently associated with
decreased IFN-γ and increased IL-5 production of T
helper cells in vitro.9,10 In normal children, the initially
low TH2 immunity is converted to TH1 immunity by the
age of 5 years.11 In atopic individuals, this conversion
does not take place properly; instead, the TH2 immunity
associated with the production of IL-4, IL-5, IL-9, IL-10,
and IL-13 is consolidated.12 The key factor in the patho-
genesis of atopic diseases has been found to be the effi-
cacy of this immune deviation process. Recent research
has provided convincing evidence that the risk for atopy
and asthma is associated with a diminished capacity to
produce IFN-γ during fetal life.12,13

There is also compelling evidence that the gut is
strongly involved in the proper maturation of the immune
system. Atopy has recently been shown to be inversely
related to orofecal and foodborne infections.5 Moreover,
even the composition of the nonpathogenic intestinal
microflora might play a role.14 The apparent involvement
of both the respiratory tract and the gut (or more precise-
ly, the gut- and bronchus-associated lymphoid tissues) is
not unexpected, inasmuch as the 2 organs have a com-
mon embryologic origin.

In addition to the lack of systemic childhood infec-
tions, there might be an another factor that could play a
major role in the increases of atopic diseases: the influ-
ence of sustained maternal stress during pregnancy on
the developing immune system. The significance of the
prenatal intrauterine environment on the individual’s
subsequent health is well recognized. Severe stress might
reduce gestational age and infant birth weight15,16 and
further increase the individual’s susceptibility to chronic
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diseases in later life.17 To date, hardly any attention has
been devoted to the influence of persistently elevated
maternal cortisol levels on the developing immune sys-
tem or on the TH1/TH2 balance of the child.

CHRONIC VS ACUTE STRESS

Stress is generally defined as a state of altered home-
ostasis resulting from either external or internal stim-
uli.18 The stress response is initiated within the central
nervous system and translated into action by the hypo-
thalamic-pituitary-adrenal (HPA) axis and the autonomic
nervous system. These neuroendocrine pathways have
been shown to modulate inflammatory and immune
responses in which the nature of the stressor is a signifi-
cant determining factor.18

Important distinguishing characteristics concerning
stress include its duration (acute vs chronic) and the
intensity and persistence of the stressor (intermittent vs
sustained).19,20 Acute stress has been defined as stress
that lasts for a period of minutes to hours; what is called
chronic stress persists for days to months.19 The activa-
tion of the HPA axis in response to acute stress is rela-
tively well understood, whereas the mechanisms under-
lying the response to chronic stress are less clear.21

Numerous studies have shown that stress can be
immunosuppressive.22-25 However, recent research has
provided evidence that stress can also enhance immunity
and ameliorate autoimmune and inflammatory disorders.
It has been suggested that stress conditions that are found
to be immunoenhancing involve acute stress, whereas
those found to be immunosuppressive involve chronic
stress.19 Moreover, intermittent, repeated stress can
induce even more robust and long-lasting effects than
chronic, continuous stress.26 Breakdown of the regulari-
ty of the circadian cortisol rhythm is in any case an
important marker of chronic stress.19,27

The deleterious effects of chronic stress are well rec-
ognized.28-30 Exposure to increased secretion of stress
hormones for weeks, months, or years can result in
pathophysiologic changes.29 Chronic stress does not
inevitably lead to psychologic, neuroendocrine, or
immunologic habituation.28 Indeed, habituation appears
not to occur when stressors are long-term. Rather, the
longer an individual is exposed to a specific stressor, the
greater the likelihood of a change in baseline values28

and a reset of their HPA axis activity.31

In Western societies, ever-increasing competition and
occupational demands affect women to a growing extent.
Chronic work overload is common, and there is evidence
that salivary cortisol levels increase within a half hour of
waking in people persistently stressed by chronic work
overload.32 Noise, crowding, social isolation, and chron-
ic sleep deprivation are other frequently occurring stres-
sors associated with urban living in our time.

The relationship between stress and asthma from a
biopsychologic point of view has been thoroughly
reviewed previously.33 The focus of the present article is
on the possible effects of sustained maternal stress and

stress-induced elevation of cortisol levels on the develop-
ing fetal immune system, which might lead to an
increased risk of atopic diseases in genetically suscepti-
ble children. On the basis of the reasoning presented
below and knowledge of the interactions among behav-
ioral, neural, endocrine, and immune processes as well as
of the bidirectional interplay between the mother and
fetus, the following hypothesis is proposed:

Hypothesis. Chronically elevated levels of maternal
stress-induced hormones, especially cortisol, might
influence T helper cell phenotype differentiation in the
developing immune system and lead to increased risk of
atopic diseases in genetically predisposed children.

DISCUSSION

Arguments supporting the hypothesis

1. Immunomodulatory effects of stress and glucocorti-
costeroids. An increasing body of evidence shows that cor-
ticosteroids drive the TH1/TH2 balance toward a TH2
cytokine profile34-38 and might be among the most impor-
tant determinants in the microenvironment that ultimately
contributes to the development of a specific TH1/TH2 pat-
tern.34 The basal endogenous glucocorticoid level in each
individual appears to be a crucial determinant in immune
reactions; the impact of endogenous glucocorticoid levels
on immunoregulation is often neglected and is greatly
underestimated.34 Corticosteroids have been found to
inhibit the production of IL-12 in human monocytes and to
enhance their capacity to induce IL-4 synthesis in CD4+ T
cells.36,39 Inasmuch as IL-12 potently enhances IFN-γ pro-
duction in T cells and natural killer (NK) cells,40 inhibition
of IL-12 from antigen-presenting cells is considered to be
the major mechanism in the corticosteroid-induced TH2
shift.41 Corticosteroids have also been found to inhibit
monocyte/macrophage differentiation and many of their
functions42,43 and to decrease NK cell activity.44 (The
immunomodulatory effects of glucocorticoids, which have
been reviewed in detail elsewhere,45 are not discussed
here.) Furthermore, not only cortisol but also the other end
products of the stress response, cathecolamines, have been
shown to drive the immune responses to a TH2-type immu-
nity and to consolidate the effects of cortisol.46 Indeed,
Ikewana et al47 (among the first) have recently published
direct evidence that emotional stress in a murine model
causes a shift in the TH1/TH2 balance toward a TH2-dom-
inant immunity through the strong inhibition of IFN-γ pro-
duction. Parallel to the reduction of IFN-γ levels and ele-
vation of serum corticosterone levels, inhibition of the
generation of cytotoxic T lymphocytes and a reduction of
NK cell activity were found.

2. Maternal-fetal interactions: evidence obtained from
animal models. Henry et al48 examined in a rat model the
influence of restraint stress during the third week of preg-
nancy on the development of the HPA axis and corticoste-
roid receptors of the offspring. Basal and stress cortico-
sterone levels and hippocampal type I and type II
corticosteroid receptors were measured in 3-, 21-, and 90-
day-old male rats. In prenatally stressed rats the secretion
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of corticosterone after exposure to novelty was found to be
increased at 3 and 21 days and showed a longer duration
at 90 days. The decrease of both types of corticosteroid
receptors was found at 21 and 90 days of life. The authors
concluded that maternal stress-induced corticosterone that
crosses the placenta could play a decisive role in intrauteri-
nal immune modulation of the fetus and might lead to
long-term changes in HPA axis activity in the offspring.

Kay et al49 studied the effect of prenatal stress (noise
and light stress 3 times weekly throughout the pregnan-
cy) on immune function in rats. Measurements were per-
formed in the offspring at the age of 2 months. Prenatal
stress was found to suppress immune function, as shown
by (1) decreased NK cell cytotoxicity in splenic and
blood lymphocytes and (2) a decreased rate of prolifera-
tion of splenic lymphocytes to mitogens. Prenatal stress
did not alter the distribution of subsets of lymphocytes,
suggesting that the decreased proliferative and cytotoxic
activity resulted from functional modifications of effec-
tor mechanisms in the cells rather than from changes in
their migration between immune compartments. An
action of maternal stress hormones on the developing
fetal neuroendocrine system was considered a possible
mechanism underlying the findings.49

Coe et al50 examined in a primate model the effect of
adrenocorticotropic hormone (ACTH) administrated for
2 weeks, approximately 1 month before parturition, on
cell-mediated immunity in the offspring. Lymphocytes
obtained from infants after birth showed reduced respon-
siveness to allogenic cells in mixed lymphocyte cultures,
reduced proliferation rate to a mitogen, decreased sup-
pressor functions after stimulation with a mitogen, and
reduced cytolytic activity against target cells. Differences
were evident through 6 months of age, indicating that a
disturbance such as increased HPA axis activity during
the prenatal period can have long-lasting effects on post-
natal immunity, irrespective of the normal birth weight
and gestational age of the infant.50

Most recently, Coe and Lubach51 showed in a primate
model that corticosteroids in utero can influence the fetal
immune system, the result being prolonged effects on
immune responses after birth. Monkeys generated from
dexamethasone-treated pregnancies (0.125 mg/kg; injec-
tions for 2 days, 1 month before parturition) tended to have
depressed proliferative responses to a mitogen at the age of
1 to 1.5 years. Their cells were also less sensitive to in
vitro incubation with cortisol, suggesting downregulation
of hormone receptors on their cells. Higher levels of
adrenal activity in the monkeys from corticosteroid-treat-
ed pregnancies were considered to be responsible for both
the lower lymphocyte proliferative responses and the
decreased sensitivity of the cells to in vitro exposure to
cortisol.51 In line with these findings, maternal psycholog-
ic stress has also been found to diminish the proliferative
and cytokine responses of leukocytes and to induce gluco-
corticoid resistance in the offspring in a primate model.52

3. Maternal-fetal interactions: evidence obtained from
human beings. Wadhwa et al53 carried out a study of 54
women in their second trimesters to examine the associ-

ation between maternal psychosocial factors and stress-
related neuroendocrine parameters (ACTH, β-endorphin,
cortisol) during human pregnancy. Measures of prenatal
stress, social support, and personality were obtained
through use of a self-report questionnaire. Maternal-pla-
cental-fetal neuroendocrine parameters were found to be
significantly associated, both in magnitude and specifici-
ty, with features of maternal psychosocial functioning in
pregnancy, irrespective of the systemic alterations asso-
ciated with the endocrinology of pregnancy.

To date, direct evidence of the influence of stress on T-
helper phenotype differentiation in the developing
immune system from human beings has been scanty.
There are several obvious problems, both ethical and
practical (associated particularly with prospective stud-
ies), that might partly explain the scarcity of the available
human data. Nonetheless, tentative evidence from human
beings has been reported by Wright et al,54 who exam-
ined adverse life events and perceived stress as predictors
of wheezing in children with family histories of asthma
and/or allergy. When each child was 2 to 3 months of
age, the primary caregiver (n = 261) was administered a
questionnaire on adverse life events during the previous
year and the 10-item Perceived Stress Scale related to the
previous month. This study revealed that the mean stress
score was significantly higher in caregivers of children
with histories of wheeze, reported by the age of 6
months, than in caregivers of children with no history of
wheeze. Maternal perceived stress appeared to be associ-
ated with infant wheeze and to perhaps lead to wheeze in
genetically predisposed children.

4. Cortisol crosses the placenta. Although it has been
well established that corticosterone in rats crosses the
placenta,55 the available data on cortisol in human beings
have been somewhat controversial.56,57 Recent research,
however, has confirmed that maternal cortisol, to a sig-
nificant extent, crosses the placenta. Gitau et al58 mea-
sured plasma cortisol concentrations in paired maternal
and fetal venous samples (n = 43) at 13 to 35 weeks’ ges-
tation; they found that fetal cortisol concentrations were
significantly and linearly associated with maternal corti-
sol concentrations but that neither correlated with gesta-
tional age of the fetus. They further found that though
most maternal cortisol is metabolized during the passage,
the remaining 10% to 20% can still double the much
lower fetal cortisol concentration. Consistent results
were also obtained in an earlier study of maternal-fetal
cortisol transfer that revealed that 15% of maternal corti-
sol crossed the placenta unmetabolized.59 Maternal cor-
tisol thus might have a major effect on the fetal cortisol
concentration and further the differentiation of the T-
helper cell phenotypes and the development of a TH2-
type immunity in the child.

5. Placental corticotropin-releasing hormone. Placen-
tal corticotropin-releasing hormone (CRH), which is
identical to the corresponding hypothalamic peptide, is
synthesized in trophoblast cells and released into both
maternal and fetal circulations.60 Cortisol stimulates the
expression of the CRH gene in the placenta to cause,
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paradoxically, a significant increase in CRHmR-
NA.53,61,62 Placental CRH stimulates both the maternal63

and the fetal64,65 adrenal cortisol production, thus estab-
lishing a positive feedback loop.53

Normally, the body has a tightly regulated control sys-
tem to keep cortisol within an optimal time-integrated nar-
row range, which is quite stable in an individual subject.31

Unchecked excessive activity is undoubtedly detrimental
to the organism,31 and during pregnancy the situation is
even worse because the fetus too might be affected. 

It must, however, be kept in mind that cortisol is essen-
tial to the normal maturation of T cells during ontoge-
ny.66 In normal pregnancy, as it advances, there is a pro-
gressive (and significant) increase in plasma
concentrations of stress hormones, including CRH,
ACTH, β-endorfin, and cortisol, with a peak at labor and
delivery and then a rapid return to nonpregnancy levels.53

Important questions therefore concern the magnitude
(quantity and duration) of the elevation of maternal cor-
tisol that might be deleterious and the period during preg-
nancy that is most critical to such cortisol elevation.

6. Occurrence of asthma, atopy, and psychosocial
stress increased. The substantial increase in asthma and
atopy prevalences, especially among children and young
adults, in many affluent countries during the last decades
has been shown in a number of epidemiologic stud-
ies.67,68 With respect to stress, much of the evidence is
obtained from longitudinal studies of work-related stress.
Corporate reorganizations and organizational downsizing
might be major factors involved here. Indeed, an associ-
ation between organizational downsizing and long-term
sickness absence among the reduced staff has been
shown.69 Increased work load and time pressure might
become significant stressors in such situations. A Euro-
pean survey on working conditions confirmed that the
incidence of work-related time pressure and stress have
increased considerably in the past 20 years.70

In addition, time pressure, experienced formerly most-
ly by men, has now become a problem seen increasingly
in women; in a recent study, nearly one half of a popula-
tion of employees in the fields of health care and educa-
tion reported time pressure as a major stress factor, which
resulted in stress symptoms, headache, and neck and
shoulder pain in many of them.71

Indirect evidence of increased occurrence of mental
stress can also be obtained from statistics regarding drug
consumption. In Finland, for example, the consumption
of anxiolytics and hypnotics and sedatives has risen sub-
stantially in the past 15 years; in the case of hypnotics
and sedatives, the increase has been 123%.72,73

Weaknesses of the present data

1. Complexity of the neuroimmunomodulatory mecha-
nisms involved in the maternal-fetal interactions
leads to considerable difficulties in determining the
relative role of a single variable. In human beings,
the response to a stressor appears to be dependent not
only on the nature, duration, and severity of the stres-
sor but also on its interplay with a variety of host fac-

tors. In addition, physical states, personality traits,
and coping ability have all been found to be of
importance.74 In human studies it is also difficult to
quantify stress and to determine differences in the
resistance of the individuals to the stress examined.75

Moreover, data obtained from women are scanty,
because psychoneuroimmunologic research has tra-
ditionally included more men than women. The exis-
tence of possible confounding variables in women,
such as menstrual cycle, menopause, and use of oral
contraceptives, has been suggested as partly explain-
ing such choices.76 As regards work-related stress,
methodologic problems in research—eg, problems
having to do with time pressure and work load—are
also considerable. Time pressure, in particular, might
be difficult to discover by standard quantitative sur-
vey methods.71

2. It has also been difficult to develop animal models of
longer duration or intermittent life stressors and to
reliably link the physiologic changes with clinical
disease in human beings.20 In the literature, the term
chronic stress is often used to describe experimental
systems in which an acute stress is repeated on a
daily basis for a number of days.21

3. Direct evidence obtained from human beings is still
very scanty. There are several major problems with
performing prospective studies of pregnant women
perceiving significant chronic stress. Such studies are
difficult to design because, as noted above, the weeks
of gestation that are most sensitive to the
immunomodulatory effects of maternal cortisol are
not known. Also unknown is the nature of the stres-
sor that would have the strongest effect. Stress
appears not to be a uniform, nonspecific reaction.
Different stressors are proposed to have different
effects—eg, on immune responses.46

4. Pregnancy per se poses major problems for the study
of stress-induced immunomodulation. The physio-
logical response of pregnant women is complicated
by the “background” changes in neuroendocrinal
functions during pregnancy.53

Testing the hypothesis

Despite the problems associated with performing a
prospective study, the hypothesis must be tested. A lon-
gitudinal study with a large sample of pregnant women
recruited from maternity clinics and a follow-up of at
least 5 years might satisfactorily reveal whether the
occurrence of asthma and atopy is increased in children
whose mothers have reported significant psychosocial
stress during pregnancy. Confounding factors are many
and need to be carefully considered in the analysis.

CONCLUDING REMARKS

The idea that the maternal psychological state affects
the intrauterine environment and even the fetus itself is
not new.69 There is convincing evidence that stress or
anxiety during pregnancy can lead to preterm births,
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reduced birth weights,15,77-79 and infant morbidity80,81

and that it can increase susceptibility to several chronic
diseases and compromised immune function.17,81,82

Accumulating evidence obtained from both animal and
human studies48-54 strongly suggests that maternal stress
can alter the development of immune responses in the
offspring.

Corticosteroids are known to be strong immunomodu-
lators and to drive the TH1/TH2 balance toward a TH2 type
response.34-39,41 Inasmuch as maternal cortisol is able to
cross the placenta,58 it is hypothesized that prolonged
excessive maternal cortisol secretion affects the develop-
ing immune system and T-helper cell differentiation
favoring TH2 immunity. In genetically susceptible chil-
dren, this might lead to the development of asthma and
atopy in later life. Chronic stress could be one additional
factor in Western lifestyles that is involved in the current
unfavorable trends of asthma and atopy prevalences.
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