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Pregnancy dramatically affects the hypothalamic-pituitary-
adrenal axis leading to increased circulating cortisol and
ACTH levels during gestation, reaching values in the range
seen in Cushing’s syndrome (CS). The cause(s) of increased
ACTH may include placental synthesis and release of biolog-
ically active CRH and ACTH, pituitary desensitization to cor-
tisol feedback, or enhanced pituitary responses to cortico-
tropin-releasing factors. In this context, challenges in
diagnosis and management of disorders of the hypothalamic-
pituitary-adrenal axis in pregnancy are discussed.

CS in pregnancy is uncommon and is associated with fetal
morbidity and mortality. The diagnosis may be missed be-
cause of overlapping clinical and biochemical features in

pregnancy. The proportion of patients with primary adrenal
causes of CS is increased in pregnancy. CRH stimulation test-
ing and inferior petrosal sinus sampling can identify patients
with Cushing’s disease. Surgery is a safe option for treatment
in the second trimester; otherwise medical therapy may be
used.

Women with known adrenal insufficiency that is appropri-
ately treated can expect to have uneventful pregnancies.
Whereas a fetal/placental source of cortisol may mitigate cri-
sis during gestation, unrecognized adrenal insufficiency may
lead to maternal or fetal demise either during gestation or in
the puerperium. Appropriate treatment and management of
labor are reviewed. (Endocrine Reviews 26: 775–799, 2005)
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I. Introduction

NORMAL HUMAN GESTATION dramatically affects
the maternal hypothalamic-pituitary-adrenal (HPA)

axis. Increasing placental production of estrogen stimulates
hepatic corticosteroid-binding globulin (CBG) production,
thus stimulating cortisol production and increasing circu-
lating levels of bound cortisol. However, both circulating and
urinary free cortisol levels also increase steadily during ges-
tation, reaching values that are in the range seen in Cushing’s
syndrome (CS). Plasma ACTH levels parallel the rise in cor-
tisol. The cause(s) of this increase in ACTH is not clear, but
may include placental synthesis and release of biologically
active CRH and ACTH, pituitary desensitization to cortisol
feedback, or enhanced pituitary responses to corticotropin-
releasing factors such as vasopressin and CRH. These pos-
sibilities will be discussed in the context of the decreased
suppression of the HPA axis by exogenous glucocorticoids,
blunted diurnal rhythm of cortisol and blunted response of
ACTH to exogenous CRH, a normal response to stressors of
venipuncture and labor, and the enhanced cortisol response
to exogenous ACTH.

CS occurs rarely in pregnancy, with fewer than 150 cases
in the world literature. When untreated, fetal mortality is
nearly 20%; treatment reduces, but does not abolish, this
adverse outcome. Maternal morbidity includes hyperten-
sion, hyperglycemia, and eclampsia.

The clinical diagnosis may be missed because of the over-
lapping features of weight gain, hypertension, fatigue, hy-
perglycemia, and emotional changes that occur in preg-
nancy. The biochemical diagnosis is difficult to establish
because of the normal hypercortisolism of pregnancy. The
proportion of patients with primary adrenal causes of CS is
increased in pregnancy. This poses diagnostic problems be-
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cause the increased ACTH levels of normal pregnancy are
not suppressed by the hypercortisolism; thus, in contrast to
nonpregnant patients, an undetectable ACTH level cannot be
used as a criterion for this diagnosis. We and others have
used ovine CRH and inferior petrosal sinus sampling (IPSS)
to identify patients with Cushing’s disease (CD). Surgery is
a safe option for treatment in the second trimester; otherwise,
medical therapy may be used, which must be chosen care-
fully to avoid adverse maternal and fetal effects.

Women with known adrenal insufficiency (AI) that is ap-
propriately treated can expect to have uneventful pregnan-
cies of normal length without fetal compromise. However, if
unrecognized, AI often leads to maternal or fetal demise
either during gestation or in the puerperium. Emesis, fatigue,
and altered food preferences of pregnancy contribute to a
lack of clinical recognition of AI. Excessive emesis, hypo-
glycemia, and hyponatremia are important clues to its pres-
ence. Women are at increased risk for adrenal crisis post-
partum, implying a potential contribution of a fetal/
placental source of cortisol to prevention of crisis during
gestation. Appropriate treatment, including increased sen-
sitivity to mineralocorticoid replacement and management
of labor, is reviewed.

II. HPA Axis Physiology in Normal Pregnancy

A. Circulating hormone levels and their origins

1. Circulating and urinary glucocorticoids and CBG. Pregnancy
is associated with a state of increased HPA axis function (1,
2) as shown by elevations in urine free cortisol (UFC), plasma
17-hydroxysteroids [17-hydroxycorticosteroids (17-OHCS)],
total and free plasma cortisol, and CBG values during preg-
nancy (3–10). It is assumed that increased circulating estro-
gens from the placenta stimulate hepatic production of CBG,
which remains elevated until at least the 12th postpartum
day (10). Presumably, free cortisol concentrations drop tran-
siently, as CBG increases, reducing negative feedback and
increasing ACTH stimulation so that cortisol production in-
creases to maintain a normal free cortisol level. However, as
described below, free cortisol levels also are elevated, par-
ticularly in the second and third trimesters (5, 7, 8, 10, 11).

Total and free plasma cortisol concentrations rise in par-
allel across gestation (11, 12), with plasma cortisol reported
as 2- to 3-fold elevated compared with nonpregnant controls
(5, 13). The increases in plasma cortisol are noted as early as
the 11th week of gestation (12). In one series there was an
almost 5-fold increment between the first trimester and de-
livery (Fig. 1) (3). As shown by Mukherjee and Swyer (14),
there is a wide range of normal variation in the third tri-
mester plasma cortisol from 16.3–55 �g/dl (450–1518 nmol/
liter). The circadian rhythm of cortisol is preserved, although
it may be partly blunted (3–5, 10, 14, 15).

Plasma free cortisol elevations of 2- to 4-fold were reported
across several studies, suggesting greater tissue exposure to
glucocorticoids during pregnancy (4, 7, 16, 17). The greatest
increase in free cortisol index appears between the first and
second trimesters, reaching a plateau in the third trimester
(7). Salivary cortisol, another measure of plasma free cortisol,

is more than 2-fold increased compared with nonpregnant
controls in the third trimester (10, 17).

Urine cortisol and its metabolites also increase in parallel
with cortisol throughout gestation. In 1953, Gemzell (1) dem-
onstrated that 17-OHCS levels were elevated 4-fold in preg-
nancy; this increase is mainly due to increased cortisol (9).
Mean 24-h UFC is elevated at least 180% during gestation
compared with nonpregnant levels (4). The aforementioned
elevations in cortisol and its metabolites are consistent with
a hypothesis that the maternal adrenals and the fetal-
placental unit, in addition to estrogen-stimulated CBG ele-
vations, all contribute to hypercortisolism in pregnancy (10,
18).

One explanation for the elevation in free cortisol is that
pregnancy may represent a state refractory to cortisol action
(7). Allolio et al. (17) demonstrated significant correlations
between serum progesterone and salivary cortisol during
late pregnancy. They suggested that elevated free plasma
cortisol levels may result from antiglucocorticoid effects of
elevated progesterone concentrations in pregnancy (17).
Other theories include an altered set point to the negative
feedback mechanism controlling ACTH secretion (4, 5). An
alternate hypothesis is that placental ACTH represents an
autonomous continuous source that is superimposed upon
normal pituitary ACTH production (4).

The fetus is protected in early gestation from the effects of
maternal hypercortisolism by placental 11-� hydroxysteroid
dehydrogenase 2 (11�-HSD 2), which converts active glu-
cocorticoids, cortisol, and corticosterone to their inactive 11-

FIG. 1. Serial increases in serum cortisol (E) and ACTH (F) during
pregnancy in normal controls throughout pregnancy. This graph was
modified from the series of five normal pregnant women from the
series by Carr et al. (3) in 1981. The bars adjacent to the right axis are
summary data derived from a recent series (173) to denote the range
of serum cortisol observed in CS in pregnancy (�, median and range;
n � 52); ACTH values for CD (Œ, median and range; n � 18) and
adrenal CS (‚, median and range; n � 17). [Reprinted and modified
with permission from B. R. Carr et al.: Am J Obstet Gynecol 139:
416–422, 1981 (3). © Elsevier.]
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keto metabolites (19, 20). The enzyme is located in the syn-
cytial trophoblastic cells. The capacity of placental 11�-HSD
2 is sufficient to ensure that fetal cortisol levels are much
lower than maternal levels (19). Whereas fetal cortisol con-
centrations are affected by 11�-HSD 2 enzyme activity, ap-
proximately three fourths of fetal cortisol originates from
fetal adrenal gland production in term infants (21–23). Dexa-
methasone, in contrast, is a poor substrate for 11�-HSD 2 and
can cross the placenta readily (20). In nonpregnant subjects
conversion of cortisol to cortisone predominates; however, in
late gestation there is a reversal of this reaction in the uterus,
which favors production of the active hormone (24). These
effects may favor late fetal development, including lung mat-
uration (24). Altered 11�-HSD 2 activity has been implicated
in fetal programming, and this role has been a focus of
research in the pathogenesis of adult disease, including the
metabolic syndrome (20, 25, 26). Impaired activity of the
enzyme and possible excessive fetal glucocorticoid exposure
are observed in intrauterine growth retardation and pre-
eclampsia, which are commonly associated with preterm
infants (22).

2. Plasma ACTH. ACTH is a 39-amino acid peptide normally
derived, in the pituitary corticotropes, from successive cleav-
age of a larger precursor peptide, proopiomelanocortin
(POMC). This reaction gives rise to a series of related pep-
tides including �-endorphin and �-MSH (27). Parallel rises
in plasma ACTH, �-endorphin, and �-lipotropin are ob-
served through pregnancy, consistent with their origin from
POMC (28). A placental source of ACTH was postulated for
many years before the demonstration of ACTH and immu-
noreactive �-endorphin and lipotropin within the placenta in
the 1970s (29–31). Demura et al. (32) later showed the pres-
ence of equimolar concentrations of ACTH and �-endorphin
in trophoblastic tissues consistent with their origin from a
common precursor. Short mRNA related to the gene encod-
ing POMC was subsequently detected in human placenta
(33), and trophoblastic cells synthesize POMC-derived pep-
tides in vitro (34, 35). Whether POMC itself has a specific
action in pregnancy is unknown (3).

In one series, plasma POMC was undetectable in non-
pregnant women but became detectable by the third month
and then steadily increased toward midgestation (36).
Plasma POMC correlated with plasma CRH but showed no
diurnal variation, was not suppressed by glucocorticoid ad-
ministration, and did not correlate with plasma ACTH or
cortisol (36).

Plasma ACTH levels rise through pregnancy, reaching
maximal levels during labor and delivery (Fig. 1); in one
study, levels increased almost 3-fold from the end of the first
to the third trimester (23–59 pg/ml measured by RIA; 5–13
pmol/liter) (3). Compared with healthy nongravid women,
basal plasma ACTH levels in pregnancy have been varyingly
reported as low (3, 14) or high (37) using RIA. Diurnal pat-
terns of plasma ACTH and �-endorphin concentrations par-
allel each other and are preserved throughout pregnancy,
and circulating cortisol and ACTH levels are strongly cor-
related (14, 15, 17). The elevated ACTH levels observed in
late pregnancy suggest that a source of ACTH exists that is
not subject to normal feedback control (3). Placentally de-

rived ACTH may be a significant contributor to hypercor-
tisolism in pregnancy. In vitro stimulation of ACTH produc-
tion from superfused human placenta was first described in
1986 (38), and release of bioactive ACTH has been demon-
strated in early and late gestation (39). Petraglia et al. (40)
demonstrated that CRH modulates release of placental
ACTH.

3. Plasma CRH and CRH-binding protein (CRH-BP). CRH was
isolated from human placenta in 1988 by Sasaki et al. (41) and
is identical to hypothalamic CRH in structure, immunore-
activity, bioactivity, and transcriptional sites (42). It has since
been demonstrated in extracts of placenta and in fetal plasma
and amniotic fluid (43–46). Placental CRH mRNA was iden-
tified between wk 7 and 40 of gestation; it increased more
than 20-fold in the 5 wk preceding parturition in parallel with
rising plasma CRH concentrations (47, 48).

Plasma CRH levels rise exponentially by 1000-fold as ges-
tation progresses (49), beginning around 8 wk gestation (50,
51). At the 35th week there is a sharp increase to a peak of
4000 pg/ml at 40 wk gestation (5, 52) (Fig. 2), with normal-
ization to nonpregnant values within 24 h of delivery (53–56).
CRH levels are significantly lower (20-fold) in umbilical cord
plasma than in the maternal circulation and are close to the
nonpregnant reference range (45). These data suggest that
the placenta is the source of elevated circulating CRH during
gestation (44, 45, 57, 58).

The regulation of placental CRH production is not well
understood. In one study circulating values were not
changed by administration of betamethasone, 12 mg (59),
whereas others found increased CRH concentrations in ma-
ternal and fetal plasma and amniotic fluid after betametha-
sone (60). There was no apparent circadian rhythm in plasma
CRH despite preservation of circadian patterns of ACTH and
cortisol (15). One hypothesis is that placental CRH drives the
maternal HPA axis in a constitutive, noncircadian, and non-
pulsatile fashion (15). Placental CRH mRNA is up-regulated

FIG. 2. Mean plasma CRH concentrations in seven women through-
out pregnancy. Sequential samples were obtained at 1- to 2-wk in-
tervals beginning at 12 wk gestation. [Reprinted with permission
from R. S. Goland et al.: Am J Obstet Gynecol 159:884–890, 1988 (52).
© Elsevier.]

Lindsay and Nieman • HPA Axis and Pregnancy Endocrine Reviews, October 2005, 26(6):775–799 777

D
ow

nloaded from
 https://academ

ic.oup.com
/edrv/article/26/6/775/2355164 by guest on 09 April 2024



by glucocorticoids, in contrast to negative feedback effects of
cortisol on hypothalamic CRH (61, 62). Robinson et al. (61)
suggested that the rise in CRH preceding parturition could
result from stimulation by elevated fetal glucocorticoids. In-
creased placental CRH might stimulate a further rise in fetal
glucocorticoids via ACTH, leading to a positive feed-forward
loop (61).

Systemic maternal effects of elevated CRH in pregnancy
are thought to be limited due to binding of free bioactive
CRH to CRH-BP, a 322-amino acid glycoprotein (63).
Whereas CRH-BP has been demonstrated primarily in the
brain in mammals, in the human it is also present in the liver
and placenta (64). Human CRH-BP binds to human but not
ovine CRH (65). Circulating CRH-BP levels in early and
midgestation are similar to nonpregnant levels, suggesting
that, in contrast to CBG, CRH-BP is not stimulated by ele-
vated estrogen levels in pregnancy (66). Between wk 34 and
35 of gestation, CRH-BP concentrations fall by around 60%,
leading to elevations in free CRH (66) (Fig. 3). When given
in vitro with CRH, at typical gestational concentrations,
CRH-BP reduces the amount of ACTH released by the pla-
centa but not the corticotrope, thereby potentially maintain-
ing the maternal stress response during the third trimester
(67).

CRH receptors (CRH-Rs) are present in reproductive tis-
sues, such as the placenta and endometrium, and also are
widely distributed throughout the central nervous system,
heart, lung, skeletal muscle, skin, and lymphatic organs (68).
CRH-Rs are located in nonpregnant myometrium, and CRH
during pregnancy may regulate myometrial contractility via
a direct effect on myometrial cells (49, 69). Two different
isoforms of these receptors exist, CRH-R1 and CRH-R2,
which share 70% sequence homology. In one recent study,
myometrium and choriodecidua expressed mRNA and pro-
tein for both receptors, whereas placenta expressed predom-
inantly CRH-R2 (68). CRH causes ACTH release from pri-
mary culture of human placental cells, suggesting that it is
an important regulator of ACTH levels in gestation (51). The

exact role of differential expression of CRH-Rs in the preg-
nant state and during uterine quiescence is currently an area
of active research (68).

There is no correlation between plasma CRH and ACTH
or total or free cortisol, suggesting either that placental CRH
is not the sole regulator of the maternal pituitary-adrenal
axis, or that regulation occurs in a paracrine fashion within
the placenta (17, 45). These findings may be consistent with
the concept that HPA axis function remains intact in normal
pregnancy despite observations consistent with desensitiza-
tion of maternal pituitary corticotrophs. The primary stim-
ulus for the increase in activity of the HPA axis in the third
trimester appears to be placental CRH.

Although CRH is a significant regulator of maternal and
fetal HPA axes in pregnancy, it also plays a more general role
in female reproduction (Table 1) (53). There is evidence that
CRH facilitates decidualization, implantation, and ovarian
function (53). Locally produced embryonic and endometrial
CRH impedes rejection during implantation by inducing
apoptosis in activated leukocytes carrying Fas ligand,
thereby protecting the fetus from the maternal immune sys-
tem (54, 70). Maternal CRH acts as a biological clock that
determines the length of gestation (55, 71), and premature or
accelerated activation of the placental CRH system may be
associated with earlier onset of labor and delivery (72). Pla-
cental CRH may also be a marker of antepartum risk for
preterm delivery (72). CRH is generally higher in women
with spontaneous labor compared with those requiring in-
duction, consistent with a central role in the onset of partu-
rition (73, 74).

The possible role of urocortin 1 and 2 in human repro-
duction has recently been examined. Table 2 illustrates the
putative effects of the urocortins and CRH described in a
recent review (75). The urocortins are members of the CRH
peptide family and share between 35 and 43% sequence
homology with CRH. In late ovine pregnancy, cortisol stim-
ulates pituitary urocortin mRNA, suggesting that urocortin
may be partly responsible for the mechanism of sustained
activation of the HPA axis (76). Urocortin stimulates in-
creases in ACTH in rat pituitary cell cultures and in plasma
with similar or greater potency than CRH (56, 76, 77). The
pituitary is the site with the highest immunoreactive uro-
cortin in man (78). Human placenta, chorion, and amnion
also express urocortin 1 (75). However, plasma urocortin 1
levels do not change through gestation until labor, when

FIG. 3. Comparison of the molar concentrations of CRH (�]) and
CRH-BP (�) in maternal plasma during the final 180 d of gestation
in pregnancies ending in spontaneous term labor (37–42 wk gesta-
tion). Each point represents the mean (� SEM) of samples grouped by
10-d intervals calculated retrospectively from the day of delivery
(mean of 59 samples at each time point). CRH and CRH-BP concen-
trations are significantly different (P � 0.002) at all points except at
the intersection of the two curves, 20 d before delivery. [Reprinted
with permission from M. McLean et al.: Nat Med 1:460–463, 1995
(71). © Nature Publishing Group (http://www.nature.com/).]

TABLE 1. Reproductive roles of CRH

Reproductive CRH Potential roles

Uterine CRH Decidualization
Blastocyst implantation and early

maternal tolerance
Placental CRH Maintaining proper fetoplacental

circulation
Fetal adrenal steroidogenesis
Onset of parturition

Ovarian CRH Inhibition of female sex steroid production
Follicular maturation
Ovulation
Luteolysis

[Reprinted with permission from S. N. Kalantaridou et al: Ann NY
Acad Sci 997:129–135, 2003 (53). © New York Academy of Sciences].
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levels increase (79, 80). Recent ex vivo studies are consistent
with a role for promotion of myometrial contractility (81).
Urocortin 1 causes relaxation of placental vasculature; it
stimulates prostaglandin E2 release in vitro (82) and may thus
enhance prostaglandin release in vivo. Urocortin has a stim-
ulatory effect on ACTH release equimolar to CRH (81) and
may maximize placental release of ACTH. Recent studies
demonstrate that urocortin 2 interacts with myometrial
CRH-R2s to stimulate myometrial contractility (83). Whereas
the urocortins probably stimulate contractility of the myo-
metrium, CRH acts in an inhibitory fashion via its effects on
a nitric oxide synthase-dependent pathway (75, 84). The uro-
cortins and CRH are bound to CRH-BP with similar avidity,
and their biological activity is significantly dependent upon
the free hormone availability.

4. Mineralocorticoids. Normal pregnancy is characterized by
adaptation of the renin angiotensin system (RAS) to in-
creased demands upon the maternal circulation. Normal ges-
tation is associated with increased vascular distensibility and
reduced peripheral vascular resistance (85). Whereas the in-
travascular volume in gravid subjects increases by approx-
imately 45%, blood pressure falls despite an increment of
25–50% in cardiac output (86, 87). Pregnancy is associated
with increases in glomerular filtration rate by 50% and an
increase in filtered sodium load of 5,000–20,000 mEq (88, 89).
Normal pregnant women retain 200–300 mEq of sodium; in
addition there is an increase in extracellular fluid by 4–6
liters (86).

Plasma progesterone concentrations increase progres-
sively throughout pregnancy to between 100 and 300 ng/ml
in parallel with increases in plasma estradiol levels (87, 90).
Acting as a mineralocorticoid receptor antagonist, proges-
terone reduces sodium reabsorption; it also contributes to
reduced systemic vascular resistance, causing smooth mus-
cle relaxation (91, 92). Conversely, increased estradiol and
estriol levels in pregnancy are associated with elevated renin
concentrations and up-regulation of the RAS (87, 93).

Against this backdrop of normal physiological changes
occurring in pregnancy, elevations in mineralocorticoid lev-
els appear necessary to maintain normal sodium balance and
volume homeostasis. Although the RAS is markedly stim-
ulated during pregnancy, both renin and aldosterone re-
spond physiologically, albeit at an altered set point. Blockade

of the mineralocorticoid receptor in animal models demon-
strates that aldosterone and the RAS are of critical impor-
tance to fetal growth and development (94).

a. RAS. The RAS comprises a cascade of events that pro-
ceeds from renin-mediated cleavage of the decapeptide an-
giotensinogen to angiotensin I, which is rate limiting. An-
giotensin I can then be cleaved by angiotensin-converting
enzyme to the octapeptide angiotensin II, which promotes
aldosterone synthesis and secretion. Whereas renin is pro-
duced predominantly in the kidneys, the RAS is up-
regulated during pregnancy, and the fetal-placenta unit is an
important additional site of RAS activity (95, 96).

Plasma renin activity (PRA) increases early in the first
trimester of normal pregnancy, reaching values almost 3- to
7-fold greater than the normal range by the third trimester
(87, 96, 97) (Fig. 4). Approximately 50% of this increase is
attributable to increased plasma renin substrate, and the
changes observed in pregnancy are independent of sodium
or potassium (87). A positive correlation exists between
plasma renin substrate and plasma estriol and estradiol, sup-
porting the view that increases are mediated by elevated
estrogens during pregnancy (87, 93). Increased concentra-
tions of renin are demonstrated within uterus, placenta, and
amniotic fluid (95, 98–101). The ovary produces renin and

TABLE 2. Urocortins and urocortin-related peptides expression, established functions, and putative effects in the different reproductive
tissues

Peptides and receptors expressed Functions

Ovary Urocortin 1; CRH; CRH1 and CRH2(a) receptors Putative: ovarian steroidogenesis (luteal regression)
Endometrium Urocortin 1; CRH; CRH1(a), CRH1(b), and CRH2(a)

receptors
Putative: cell growth; decidualization; implantation; local

hormonogenesis and blood flow
Placenta Urocortin 1; CRH; CRH1(a), CRH-Rc, and CRH2(b)

receptors; CRH1(a)
Established: ACTH, prostaglandins (PGs), and activin A

secretion; placental vasculature relaxation
Putative: control of labor

Myometrium Urocortin 1 and urocortin 2; CRH; CRH1(a), CRH1(b),
CRH2(a), and CRH2(b) receptors

Established: stimulation (urocortins) and inhibition (CRH) of
contractility

Putative: control of vascular tone
Prostate Urocortin 1; CRH receptors (rat) Putative: PGs secretion; influence on sperm transport;

myometrial contractility; local blood flow

CRH-RC, CRH spliced variant receptor C; CRH1, CRH type 1 receptor; CRH2(a), CRH type 2a receptor; CRH1(a), CRH type 1a receptor;
CRH 1(b), CRH type 1b receptor; CRH 2(b), CRH type 2b receptor; PGs, prostaglandins. [Reproduced with permission from P. Florio et al: Peptides
25:1751–1757, 2004 (75). © Elsevier].

FIG. 4. Sequential changes in PRA (F) and in PRA normalized to the
postpartum (PP) substrate values (E) (mean � SE) throughout preg-
nancy (*, P � 0.05; ***, P � 0.001). [Reprinted with permission from
M. Wilson et al.: Am J Med 68:97–104, 1980 (87). © Elsevier.]
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prorenin (102, 103). However, other factors, including
changes in salt intake, blood pressure, effects of progester-
one, increased renin substrate concentration, and the feto-
placental unit, influence the plasma renin concentration (87,
95, 104, 105). The response of plasma renin to posture or
saline loading in pregnancy is similar in direction and mag-
nitude compared with nonpregnant subjects, consistent with
intact physiological regulation (106). However, urinary ex-
cretion of sodium before and after saline infusion is lower in
pregnancy, in keeping with an increased sodium require-
ment for homeostasis (106).

Angiotensinogen is the substrate for renin that releases
angiotensin I. Increases in plasma angiotensinogen are sim-
ilar to those of renin, reaching a plateau by the 20th week of
gestation (96), and are also presumed related to increased
estrogen exposure (107). Angiotensinogen has been demon-
strated in homogenates of human placenta, amnion, chorion,
and endometrium (95). In addition to immunohistochemis-
try, PCR techniques have confirmed angiotensinogen mRNA
in human placenta and decidua (95). In pregnancy, an in-
creased proportion of angiotensinogen exists as a high mo-
lecular weight form (108), the exact role of which is unknown
(88). It is increased in pregnancy-associated hypertension
and potentially could reduce the formation of angiotensin II
due to conformational changes (109). However, these
changes are usually accompanied by inversely proportional
changes in renin secretion in normal physiology, thereby
limiting the effect on blood pressure (110, 111).

b. Aldosterone regulation. In normal pregnancy, plasma and
urinary aldosterone increase, in association with enlarge-
ment of the zona fasiculata (18, 86, 112). Plasma aldosterone
concentrations are elevated 5- to 7-fold during the first tri-
mester (18) and continue to increase until the 38th week of
gestation when 10 to 20-fold elevations are reached (18, 86,
113). In contrast to desoxycorticosterone (DOC) and cortisol,
aldosterone is not bound substantially to plasma proteins
(113). There exists a disproportionate rise in plasma aldo-
sterone concentrations compared with the magnitude of re-
nin secretion, suggesting a possible increase of some other
unknown pregnancy-associated factor that contributes to
plasma aldosterone concentrations in pregnancy (97, 114).

The diurnal rhythm of plasma aldosterone concentrations
is preserved during pregnancy (115). Aldosterone responses
to salt loading, posture, diuretics, volume depletion, and
administration of mineralocorticoid suggest that the RAS is
under tight physiological control (85, 116, 117). Furthermore,
serum potassium levels remain constant in pregnancy de-
spite increased plasma aldosterone, perhaps because of the
mineralocorticoid antagonist effects of progesterone (96). Ev-
idence in favor of a hypothesis that elevations in aldosterone
levels are not excessive includes the observation of natriure-
sis after administration of an aldosterone inhibitor (118).
Significantly, aldosterone levels are reduced in pregnancy-
associated hypertension (96). Women with pregnancy-
induced hypertension have a 2-fold greater increase in
plasma aldosterone-plasma renin ratio compared with nor-
mal pregnant women (97), whereas in primary hyperaldo-
steronism, plasma aldosterone is increased in association
with reduced renin (119).

c. Other mineralocorticoids. Corticosterone, deoxycortisol,
and cortisone parallel the 2- to 3-fold rise seen in cortisol
during gestation (18). Plasma DOC, a potent mineralocorti-
coid, increases from 2-fold normal during the first trimester
to peak levels of 60–100 ng/100 ml in the third trimester
(120–122) and may contribute to sodium retention in preg-
nancy. Early studies showed increased responsiveness of
urinary measures of DOC to ACTH stimulation during the
first and second trimesters compared with nonpregnant con-
trols; these observations suggest that DOC represents a sub-
stantial nonsuppressible source of mineralocorticoid that is
relatively independent of the RAS (123). In the third trimes-
ter, whereas total DOC levels are unchanged after ACTH
stimulation, free DOC levels are elevated, possibly due to
displacement of free DOC from CBG-binding sites (121, 123,
124). Similarly, during the third trimester, DOC levels are not
suppressed by salt intake or dexamethasone (121), lending
credence to the hypothesis that DOC may promote sodium
retention (107). The fetoplacental unit probably contributes
to circulating DOC levels, as increased concentrations of
DOC have been demonstrated in mixed cord blood (125).
Nolten et al. (120) have speculated that placental progester-
one might be converted to DOC by the fetal adrenals. Further
support for this hypothesis is provided by the observation
that DOC sulfate has been found in high concentrations in
umbilical cord blood.

B. Regulation of the HPA axis

1. ACTH stimulation of cortisol secretion. It was known as early
as 1955 that, during late pregnancy, the adrenal glands have
increased responsiveness to ACTH compared with non-
gravid women (126–128). Subsequent studies measuring uri-
nary 17-oxogenic steroids or 11-hydroxycorticosteroids or
plasma cortisol after im tetracosactin, corticotropin gel, or
synthetic ACTH demonstrated 1- to 2-fold elevations in nor-
mal pregnancy compared with nonpregnant subjects (129).
There was speculation that the apparent increased respon-
siveness might be due, in part, to delayed clearance of cor-
tisol (126), because of a delayed peak response at 120 min.
There also is a greater absolute rise in the unbound cortisol
response, which increases as pregnancy advances (7).

A recent study examined aldosterone and cortisol re-
sponses to low-dose ACTH stimulation in normal pregnancy
and preeclampsia (2, 3, 5, and 7 �g/h for 80 min), demon-
strating a similar pattern of enhanced responsiveness of cor-
tisol release in the third trimester of pregnancy compared
with nonpregnant women (130). The mean maximum cor-
tisol response in pregnancy was 34.9 �g/dl (963 nmol/liter)
compared with 18.4 �g/dl (507 nmol/liter) in a group of
nonpregnant controls, despite administration of lower doses
(1, 2, 3, and 5 �g/h) to the control women to account for their
lower relative plasma volume (130).

McKenna et al. (131) examined responses of six healthy
women to 1 �g ACTH during the 24th to 34th weeks of
gestation. The mean peak cortisol response was 44 �g/dl
(1215 nmol/liter) (99% CI, 33.2–55.6 �g/dl; 917-1535 nmol/
liter) and was attained at a mean of 27 min after cortrosyn.

2. Stimulation of ACTH secretion by CRH and vasopressin. Ex-
ogenous human CRH, 1 �g/kg, failed to increase plasma
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cortisol or ACTH in seven pregnant women 1 wk before their
expected delivery date (132). Although two women experi-
enced transient flushing, no other maternal or fetal side ef-
fects were noted (132). In contrast, in the same women stud-
ied at 4–5 wk postpartum, there was a prompt ACTH
response to administered CRH. Other investigators using a
higher dose (2 �g/kg) during third trimester pregnancies
demonstrated ACTH and cortisol increments that were sim-
ilar to those of nonpregnant women (133). Whereas dimin-
ished CRH responsiveness may be due to effects of CRH-BP,
in vitro studies of pituitary columns continuously perfused
with CRH demonstrated initially brisk responses of �-
endorphin secretion, which gradually declined to baseline
after a period of hours (134). These observations are consis-
tent with a hypothesis proposed by Schulte et al. (132) that
blunting of the CRH response may arise due to high endog-
enous cortisol concentrations with desensitization of the pi-
tuitary corticotrophs.

As noted earlier, plasma CRH levels are relatively non-
variant during the third trimester (17), suggesting that cir-
cadian and pulsatile secretion of ACTH from the corticotrope
may be driven by another secretagogue (15). Arginine va-
sopressin has been postulated to fill this role, as it is secreted
in a pulsatile fashion with a circadian increase in amplitude
(15). Goland et al. (135) suggested that chronic placental CRH
stimulation of the pituitary-adrenal axis during pregnancy
leads to enhanced responsiveness to vasopressin and down-
regulation of the response to exogenous CRH.

3. The stress response. An individual’s ability to mount an
appropriate stress response during the antenatal period is
preserved in normal pregnancy (136). ACTH and cortisol
levels are subsequently increased during the stress of labor
(see below).

4. Suppression of the axis by glucocorticoids.The HPA axis re-
sponse to exogenous glucocorticoids during pregnancy is
blunted. A range of reported dosing protocols and end points
make interpretation of dexamethasone suppression tests
more difficult in normal pregnancy. Early studies of human
pregnancies showed suppression of urinary 17-OHCS of ap-
proximately 55% after 4–6 mg dexamethasone (129). Women
in the third trimester treated with high-dose glucocorticoids
(dexamethasone, 24 mg) before delivery exhibit suppressed
ACTH levels within the first 24 h postpartum compared with
untreated controls (137), but these effects are short lived
(138). After iv administration of 4 mg dexamethasone to
women in the second trimester with congenital adrenal hy-
perplasia, approximately 60% suppression of plasma cortisol
was noted within 2 h that continued for up to 8 h. Up to 90%
suppression was achieved after 12 mg dexamethasone given
in a divided dose (139).

Odagiri et al. (13) demonstrated a 40% vs. 87% suppression
of plasma cortisol and similar effects on UFC after 1 mg
dexamethasone in normal second- to third-trimester preg-
nancy compared with nongravid controls (Fig. 5). Whereas
the majority of nonpregnant women showed a consistent
suppression of plasma cortisol, there was a wide range of
variation in responses in pregnant women. Advancing ges-
tation was associated with increasing loss of suppressibility

after 1 mg dexamethasone (13). This decrease in the sup-
pressive action of dexamethasone has been attributed to CBG
effects on cortisol, tissue refractoriness to glucocorticoids, or
resetting of the maternal HPA feedback mechanism (13).
Other theories posit that antiglucocorticoid effects of pro-
gesterone might contribute to tissue resistance (13, 140).
Other confounding factors, such as extrapituitary sources of
ACTH and CRH, probably also contribute. Although preg-
nancy may alter the absorption of dexamethasone, there are
contradictory reports examining its bioavailability. In one
series, bioavailability via the oral route was 72% of the im
route (141). In another series, the bioavailability of an 8-mg
oral dose was similar to 6-mg im dosing (142).

5. The HPA axis during parturition. Plasma CRH, ACTH, and
plasma cortisol concentrations increase severalfold with the
onset of labor and delivery (3, 45, 143). Peak CRH levels occur
within 48 h before delivery and fall during labor, consistent
with a preeminent role for CRH in parturition (73). Whereas
CRH levels fall during delivery, ACTH secretion is maximal
during labor and delivery, demonstrating that the axis is not
completely suppressed (73). Labor and childbirth are situa-
tions of acute stress, and peripheral maternal plasma ACTH
levels are 10-fold elevated during labor compared with non-
pregnant individuals (144). ACTH does not cross the pla-
centa (137), and there is a 2-fold gradient in plasma ACTH
in cord blood compared with higher levels in maternal blood
during delivery (14, 144). In one early study, vaginal delivery
was associated with higher plasma cortisol than during ce-
sarean section (C-section) (14). A subsequent study demon-
strated ACTH, �-endorphin, and �-lipotropin levels that
were highest immediately after vaginal delivery compared
with those after C-section; although both groups fell rapidly
to the normal range, ACTH levels were highest in the C-

FIG. 5. Change in plasma cortisol before and after the administration
of 1 mg of dexamethasone (Dex.) in pregnant women (F). Blood was
drawn at 0800 h. A single dose of dexamethasone was administered
orally at 2300 h, and blood was drawn at 0800 h on the following day.
[Reprinted from E. Odagiri et al.: Endocrinol Jpn 35:685–690, 1988
(13). © Endocrine Society of Japan.]
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section group at 30 min post delivery, reflecting surgical
stress (28).

In the immediate postpartum period, plasma CRH, ACTH,
and cortisol levels fall rapidly toward the nonpregnant
range, consistent with their biological half-lives (145). Both
CRH and ACTH normalize within 2 h from delivery whereas
normalization of plasma cortisol levels is more protracted
(58). In one series, mean postpartum 24-h plasma cortisol
levels were 5.4 �g/dl (149 nmol/liter) compared with the
second (18.8 �g/dl; 518 nmol/liter) and third trimesters (20.3
�g/dl; 560 nmol/liter) (4). Diurnal patterns of ACTH are
present in the postpartum period (14, 15, 17).

In the immediate postpartum period 82% of women in one
series did not have normal cortisol suppression after 1 mg
dexamethasone (146). This abnormality may persist for up to
2–3 wk in a significant proportion of women (147). Owens et
al. (147) observed normal responses to dexamethasone by the
fifth postpartum week.

III. Cushing’s Syndrome (CS) in Pregnancy

A. Frequency

CS is rarely associated with pregnancy, probably because
hypercortisolism prevents normal follicular development
and ovulation. The first description of CS occurring in preg-
nancy was reported by Hunt and McConahey (148) in 1953.
Since then, at least 136 pregnancies have been reported in 122
subjects as individual cases and small case series (149–171).
Multiple pregnancies occurred in about 10% of the patients
(151, 172). The mean gestational age at diagnosis is approx-
imately 18 wk (173).

B. Maternal and fetal morbidity and mortality

CS is associated with significant maternal morbidity and
mortality in approximately 70% of cases. The most common
complications in pregnancy are hypertension and diabetes or
impaired glucose tolerance (158, 164, 174). In smaller num-
bers of cases, pregnancies were associated with poor wound
healing, osteoporosis, fracture, severe psychiatric complica-
tions, maternal cardiac failure, and death (154, 156, 175, 176)
(Table 3). Maternal death is rare: one death was reported in
the month after delivery as a result of cerebrovascular dis-
ease and disseminated intravascular coagulation caused by
pheochromocytoma (177). Another woman died due to com-
plications from adrenalectomy and C-section (160).

Regarding fetal outcome, in a series of 136 pregnancies

complicated by CS there were 107 (79%) live births (173).
Forty-three percent of births were premature. There were
eight stillbirths, six intrauterine deaths/spontaneous abor-
tions, and one ectopic pregnancy. Six therapeutic abortions
were undertaken, and in three cases the outcome was un-
certain. One infant died from respiratory distress and hyaline
membrane disease (171). Intraventricular hemorrhage
caused another infant death (178). Fetal AI occurs rarely, and
signs of glucocorticoid excess have not been reported, sug-
gesting that placental degradation of cortisol protects the
fetus (171).

C. Causes

The causes of CS can be broadly divided into excessive
ACTH secretion by a corticotrope or ectopic tumor or au-
tonomous adrenal hypersecretion of cortisol that is indepen-
dent of ACTH (Table 4). Adrenal adenomas underlie a dis-
proportionately high proportion of CS cases, accounting for
approximately 40–50% of cases in pregnancy, compared
with about 15% in nonpregnant women (149, 159). Con-
versely, CD appears to be less common in pregnancy, with
rates of 58–70% in the general population compared with
33% in 122 pregnant women (149, 159, 179). Ectopic ACTH
secretion has been reported to cause CS in four patients, two
of whom had a diagnosis of pheochromocytoma (174, 177).
Pheochromocytoma also was associated with one case of
apparent ACTH-independent hypercortisolism in preg-
nancy (180). There was at least one case of CS where remis-
sion was observed during pregnancy (181). The increased
incidence of adrenal CS in pregnancy is not understood. It is
possible that women with CD are less ovulatory than those
with primary adrenal disease, perhaps because they are more
hyperandrogenic (182). Most patients with ectopic ACTH
secretion have severe hypercortisolism and amenorrhea,
which probably accounts for the reduced prevalence of this
condition in pregnancy (158, 174, 177).

D. Screening and diagnosis

1. Clinical features. Pregnant women with CS have clinical
features similar to those who are not pregnant, except that the
pregnant women report preservation of menses until con-
ception. Typically, women show weight gain, hypertension,
bruising, and hirsutism. Unfortunately, CS is often not de-
tected until 12–26 wk gestation (149, 157), possibly partially
because changes in physical appearance are ascribed to preg-
nancy rather than CS (3).

TABLE 3. Frequency of maternal and fetal complications arising in CS during pregnancy

Maternal morbidity Fetal morbidity
Hypertension (68%) Prematurity (43%)
Diabetes or IGT (25%) Stillbirths (6%)
Preeclampsia (14%) Spontaneous abortion/IUD (5%)
Osteoporosis and fracture (5%) Infant death in two cases (acute hepatitis; sepsis and gastroenteritis)
Cardiac failure (3%) IUGR (21%)
Psychiatric disorders (4%) Hypoadrenalism (2%)
Wound infection (2%) Single reports of cleft lip, patent ductus, and coarctation
Maternal death (2%) Intraventricular hemorrhage in two cases postpartum

IUGR, Intrauterine growth retardation; IUD, intrauterine death.
[Reprinted from J. R. Lindsay et al.: J Clin Endocrinol Metab 90:3077–3083, 2005 (173). © The Endocrine Society.]
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2. Screening tests. In nongravid women, screening tests for CS
establish enhanced cortisol production or a deranged diurnal
rhythm, or document blunted suppression of cortisol after
dexamethasone suppression. The normal gestational
changes in the HPA axis alter these parameters and com-
plicate the screening process for CS (3, 13, 133) (Fig. 1). As
reviewed above, these changes include estrogen-dependent
increases in CBG, increases in plasma cortisol and ACTH,
and a 2- to 3-fold increase in plasma free cortisol and UFC (3,
133).

The mean morning plasma cortisol level of 37 �g/dl in
pregnant women with CS is similar to the range observed by
Carr and Simpson (3) in normal pregnancy (Fig. 1). Thus, as
in the nonpregnant individual, morning plasma cortisol con-
centrations generally do not establish the diagnosis of CS.

The nocturnal nadir of plasma cortisol is lost in CS but is
preserved in pregnancy, albeit with a higher absolute value
(3–5, 176, 183, 184). An elevated midnight or evening plasma
cortisol has helped to confirm hypercortisolism in some preg-
nant women (153, 161, 164, 179). However, no studies have
developed a diagnostic threshold for interpretation of the test
in pregnant patients. Similarly, salivary cortisol levels reflect
serum levels and are elevated in patients with CS (185).
However, there is only one case report that documents the
potential utility of this noninvasive measure in pregnancy
(185).

In nonpregnant women, UFC increases above 4-fold nor-
mal are virtually diagnostic of CS. Whereas UFC excretion is
normal in the first trimester, it increases up to three times the
upper limit of normal during the second and third trimesters.
There is a mean 8-fold increase of UFC in pregnant CS pa-
tients (range, 2- to 22-fold) (173). This overlap of UFC values
in pregnant women with and without CS suggests that only
UFC values in the second and third trimester greater than
three times the upper limit of normal can be taken to indicate
CS (186). However, most studies characterized relatively few
pregnant women using measurement of UFC by RIA. The
current “gold standard” techniques for UFC measurement
are structural assays such as mass spectroscopy, which have
lower normative ranges than do antibody-based assays.
Thus, it would be very helpful to have additional information
on normative data using these modern methodologies.

As discussed earlier, suppression of both plasma and uri-
nary free cortisol by dexamethasone is blunted in pregnancy
(4, 29). Thus, the 1-mg dexamethasone suppression test has
more limited utility in pregnancy than in the general pop-
ulation because of increased risk for false-positive results.

In summary, standard screening is likely to yield a higher
proportion of false-positive diagnoses unless pregnancy-

specific cutoff points are developed for UFC and the 1-mg
dexamethasone suppression test. Midnight plasma or sali-
vary cortisol may be better, but require further study.

3. Tests for the differential diagnosis. Hypercortisolism, regard-
less of the cause, inhibits ACTH secretion by normal corti-
cotropes. As a result, plasma ACTH levels are suppressed in
nonpregnant patients with autonomous adrenal disorders
and are inappropriately normal or increased in those with
tumoral ACTH production. In such patients, a two-site im-
munoradiometric assay reliably discriminates low (�10 pg/
ml; 2.2 pmol/liter) or suppressed (� 5 pg/ml; 1.1 pmol/liter)
ACTH levels (187) to identify ACTH-independent primary
adrenal causes of CS. In that setting no further biochemical
testing is needed, and imaging of the adrenal glands will
localize the abnormality to a unilateral adrenal adenoma or
carcinoma or bilateral adrenal disorders.

However, pregnant patients with adrenal causes of CS do
not consistently have suppressed plasma ACTH values,
probably reflecting effects of placental CRH that is not sup-
pressed by hypercortisolism (see above). As a result, the
recommended diagnostic ACTH thresholds for adrenal CS in
the general population are not valid in pregnancy and may
lead to missed diagnoses (187).

In nonpregnant individuals, the 8-mg overnight dexa-
methasone suppression test distinguishes CD from ectopic
ACTH secretion with a sensitivity ranging from 60–80% and
a specificity of more than 80% when a cutoff point of plasma
cortisol suppression above 80% is used (187, 188). However,
some authors advocate abandoning the test altogether; al-
though it can detect patients with CD with relatively high
sensitivity, it does not accurately exclude those with ectopic
ACTH secretion due to a wide range of suppression of
plasma cortisol for each diagnosis (188). The efficacy of the
8 mg dexamethasone suppression test for the differential
diagnosis of ectopic ACTH secretion in pregnancy is un-
known due to the limited number of reported cases (161, 163,
171, 178, 179, 189–191). The test may help discriminate ad-
renal forms of CS from CD, which may be useful given the
difficulties in interpretation of plasma ACTH and the in-
creased prevalence of adrenal disorders in pregnancy. In a
recent systematic review, no patient with a primary adrenal
cause of CS showed suppression, whereas four of seven
patients with CD did (173).

In nonpregnant individuals with CD, the tumor cortico-
tropes retain ACTH (and hence cortisol) responsiveness to
CRH stimulation, whereas adrenal tumors and the majority
of ectopic ACTH-producing tumors do not respond (192).
Ovine CRH (the analog available in the United States) is a
Food and Drug Administration (FDA) category C drug, rec-
ommended for use in pregnancy only when absolutely clin-
ically indicated. Animal studies showed no teratogenic or
adverse behavioral effects after 100 �g human CRH during
organogenesis (193). Plasma ACTH responses to human
CRH, 1 �g/kg, were reduced in third-trimester normal preg-
nancies (132). Although the CRH stimulation test has not
been systematically studied in CS in pregnancy, in reports in
the literature (and from our personal experience from three
patients tested), there was a substantial rise in plasma cortisol
(44–130%), consistent with surgically confirmed CD (161,

TABLE 4. Etiology of CS in pregnancy

Etiology Cases [n (%)]

CD 40 (33)
Adrenal adenoma 56 (46)
Carcinoma 12 (10)
Carney’s complex 1 (0.8)
Pheochromocytoma 1 (0.8)
ACTH-independent hyperplasia 4 (3)

Ectopic CS 4 (3)
Unspecified 4 (3)
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164, 165), and no adverse effects were observed (161, 164,
165).

For those pregnant women with CRH and dexamethasone
test responses consistent with CD, and pituitary lesions
larger than at least 6 mm, usually no additional testing is
necessary, just as in the nonpregnant population. For others,
IPSS may be warranted. The test involves catheterization of
the petrosal sinuses draining the pituitary gland and simul-
taneous sampling from these and a peripheral vein for ACTH
measurement before and after administration of CRH. The
central-to-peripheral ACTH gradient in patients with CD is
not found in other causes of CS, providing a very high di-
agnostic accuracy in the differential diagnosis of ACTH-
dependent CS in the nonpregnant population (194). CS in
pregnancy may represent one spectrum of disease in which
the test may have special value given the difficulties with
differentiation of normal physiological changes of preg-
nancy. The perceived risk of ionizing radiation probably has
limited its use in pregnancy, reflected by only one published
case in the literature using IPSS (165). Two additional cases
have since been undertaken at our institution, indicating that
the test can be used safely and effectively in a center with
clinical expertise (173). Specific precautions, including a di-
rect jugular approach for catheter insertion and use of ad-
ditional lead barrier protection, are necessary during preg-
nancy. We advocate that IPSS should only be considered
during pregnancy after completion of careful noninvasive
assessment and only in centers with special expertise using
the technique. Also, because it is not known whether preg-
nant patients with adrenal disease have complete pituitary
suppression, the usual criteria for interpretation may not
exclude these patients.

In summary, although no diagnostic algorithm has been
developed prospectively, we recommend a combination of
UFC and assessment of midnight salivary cortisol for screen-
ing of CS in pregnancy. In patients with confirmed CS, a low
ACTH should prompt imaging of the adrenals. However, in
cases with borderline ACTH, a combination of the 8-mg
dexamethasone suppression test and CRH stimulation test-
ing is suggested to establish the presence of, and distinguish
between, the ACTH-dependent forms. IPSS may be neces-
sary in a portion of cases with discordant biochemical or
imaging findings.

4. Imaging

a. Adrenal. Early reports of patients with adrenal CS were
characterized by either the absence of imaging or reliance on
x-ray tomography or pyelography (154, 169, 195). In other
patients imaging was deferred until the postpartum period
(196). Despite inadequate tumor definition using these mo-
dalities, several women had successful localization and sur-
gery (148, 170). In more recent reports, about 50% of women
had detailed ultrasound imaging, which is safe and effective
in most. However, ultrasound appears to be less sensitive at
smaller tumor size so that several cases required additional
modalities for tumor localization (166). Magnetic resonance
imaging (MRI) and computed tomography (CT) have been
used effectively, although the former is preferred during
pregnancy due to the risk of ionizing radiation (153, 180, 198).
Specific precautions for the use of MRI are detailed below.

b. Pituitary. Pituitary MRI should be obtained in all non-
pregnant patients with ACTH-dependent CS (187). A recent
consensus statement concluded that pituitary MRI may pro-
vide a definitive diagnosis in the setting of responses to CRH
and dexamethasone consistent with CD when a greater than
6-mm pituitary adenoma is identified (187). However, the
use of MRI is not routine in pregnant women because of
safety issues. Because of potential (but unproven) teratogenic
effects of MRI in the first trimester during organogenesis, it
is considered contraindicated at that time, but is considered
safe after 32 wk gestation. Between 12 and 32 wk, the po-
tential and largely unknown risks of MRI must be balanced
with the potential benefit, recognizing that MRI will detect
an incidental tumor (�6 mm) in up to 10% of healthy indi-
viduals. Evidence of a size criterion for pituitary incidenta-
loma stems from nonpregnant series (199). However, as the
normal pituitary increases in size up to 2-fold by the third
trimester, there may be an increased number of incidenta-
lomas identified in pregnancy using these criteria compared
with the nonpregnant population. The use of the contrast
agent gadopentetate dimeglumine (gadolinium) is contrain-
dicated in pregnancy, because it is FDA category C. In one
series of nonpregnant individuals, the sensitivity of MRI for
detection of CD decreased from 52% with contrast to 38%
without (200). Pituitary MRI alone correctly identified an
adenoma during pregnancy in five of eight patients with CD,
three of whom had macroadenomas (161, 163–165, 171). This
was not sufficiently sensitive for detection of microadenomas
(171). Of interest, pituitary macroadenomas, reported in
about half of those with reporting of imaging or operative
findings, are overrepresented compared with nonpregnant
series (163, 165, 191, 201, 202).

E. Treatment of CS

As cited previously, untreated CS is associated with sig-
nificant maternal morbidity, including diabetes, hyperten-
sion, heart failure, and preeclampsia (191, 196, 203), and
adverse fetal outcomes, including premature births, sponta-
neous abortions, stillbirth, perinatal death, and intrauterine
growth retardation (149, 159). It is assumed that these out-
comes could be prevented by reducing UFC excretion to the
upper part of the range observed in normal pregnancy (186,
204, 205). However, treatment for pregnant patients with CS
tends to have been implemented sporadically, generally late
in the course of the pregnancy. As a result, the ability of
treatment to prevent adverse outcomes is not well estab-
lished. We recently reviewed 136 pregnancies in which treat-
ment outcomes were available. When no active treatment
was given, there were 59 live births (76%) compared with 50
live births (89%) in women in whom treatment was instituted
at a mean gestational age of 20 � 1 wk (173). Even in cases
with apparent remission after successful treatment, the pro-
gression to eclampsia and premature delivery in a case
treated at our institution illustrates that successful treatment
may not prevent adverse outcomes (173).

Most patients underwent adrenalectomy for adrenal ad-
enomas, although several had adrenal carcinoma (153, 157,
174). The live birth rate after unilateral or bilateral adrenal-
ectomy is approximately 87%; although the patient group is
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heterogeneous, adrenalectomy appears beneficial (149, 157,
158, 173).

Forty women, including four who were treated at our
institution, have been reported with CD. Approximately 20%
underwent transsphenoidal surgery (164). The remainder
received medical therapy and/or adrenalectomy, and one
case of unrecognized pregnancy had external pituitary irra-
diation (148, 158, 206–208). A high proportion, either pre-
senting late in pregnancy or before modern management,
was left untreated (209, 210). In contrast to medical therapy,
which is discussed below, surgery seems to be more uni-
formly successful (161, 163, 164, 179).

Primary medical therapy was given to 20 women, usually
to prolong pregnancy or to prepare for delivery (171, 211).
Metyrapone, which seems generally well tolerated, has been
used most often (155, 204) and has had no adverse effects on
maternal hepatic functioning or fetal development in the
small number of cases reported to date. There is one report
of fetal hypoadrenalism after metyrapone (151). However,
although metyrapone is effective, there is the potential for
exacerbation of hypertension and progression to preeclamp-
sia, which may limit its use (155, 178). Ketoconazole has been
used successfully without adverse event in three anecdotal
reports of pregnancies (211–213), including in an individual
who had discontinued contraception while using ketocon-
azole, 600-1000 mg, for CD (211). Despite known antiandro-
genic effects through inhibition of aromatase activity, a nor-
mal male infant was delivered at 37 wk (211). In the rat,
ketoconazole crosses the placenta and is teratogenic and
abortifacient, so that the drug is FDA category C. Although
ketoconazole has been advocated recently as a potential op-
tion in patients requiring medical therapy, we recommend its
use only in individuals who are intolerant of metyrapone and
are in need of emergency medical therapy. Cyproheptadine
appeared safe in three women, but is not effective (214–216).
Aminoglutethimide is avoided because it can induce fetal
masculinization (217). Similarly, mitotane is contraindicated
as it has teratogenic effects (202).

Thus, we recommend surgical treatment of CS in pregnancy,
except perhaps late in the third trimester, with medical treat-
ment being a second choice. There does not appear to be a
rationale for supportive treatment alone. Perhaps the mixed
experience with treatment of CS indicates that this disease is not
recognized early enough during the course of pregnancy to
impact outcome. Regardless of the chosen treatment strategy,
the prognosis for the fetus remains guarded when hypercor-
tisolism persists. An increased suspicion for diagnosis of this
rare disease would likely facilitate early treatment and result in
improved outcome for both mother and fetus.

IV. Adrenal Insufficiency in Pregnancy

A. Overview

Although AI in pregnancy is uncommon, it is important to
recognize it to optimize maternal and fetal outcomes. AI can
present acutely or with a more insidious set of chronic symp-
toms. Primary AI (so-called Addison’s disease) refers to in-
trinsic adrenal pathology with atrophy of the adrenal cortex
and insensitivity to ACTH and angiotensin II stimulation,

resulting in impairment of aldosterone and/or cortisol se-
cretion. Urinary and plasma cortisol and aldosterone levels
are low or undetectable (218). Plasma aldosterone-to-renin
ratios are reduced in association with elevated PRA (218,
219). Secondary or tertiary AI arises from impaired ACTH or
CRH secretion due to hypothalamic or pituitary disease or,
more commonly, as a result of exogenous corticosteroid ad-
ministration. However, secondary AI is not associated with
mineralocorticoid deficiency, as the zona glomerulosa re-
mains responsive to the action of the RAS.

B. Frequency

The prevalence of primary AI in the predominantly Cau-
casian nonpregnant population is estimated to range be-
tween 39 and 117 per million (220–222). Although the ma-
jority of cases of primary AI affect women (�92%) (223), the
exact prevalence of AI occurring in association with preg-
nancy is unknown. By 1953, there were approximately 50
cases of AI in pregnancy reported, and since then a similar
number have been published (148, 224, 225). In one of the
largest series, during a 12-yr period between 1976 and 1987
in Tromso, Norway, five women with AI gave birth to six
children. From this series of 15,700 deliveries, the estimated
incidence of pregnancy in women with AI was 1:3000 births
per 12-yr period (225). In 1968, Mason et al. (221) estimated
one case of AI in pregnancy per 12,000 gestations.

C. Causes

The presentation and causes of AI have been reviewed
extensively (226, 227). Autoimmune adrenalitis is the most
common cause of primary AI in developed countries,
whereas tuberculosis is a more common etiology worldwide.
Whereas the glands are small in autoimmune primary ad-
renal disease, they are large in tuberculous or fungal infec-
tion, bilateral metastases, hemorrhage, or infarction. A recent
Italian survey illustrated the current prevalence and etiology
in a group of 322 patients with AI presenting between 1969
and 1999. Most patients were female, and 83% of them had
an autoimmune cause for AI. The mean age at presentation
was 30 yr and, although tuberculosis was relatively uncom-
mon (12%), that condition was more prevalent in males who
had a mean age of presentation of 53 yr (227). The association
of AI with type 1 diabetes mellitus has been well described
in the general population and in pregnancy (228–231).

At least seven pregnancies in association with autoim-
mune polyglandular syndrome (APS) type 2 or Schmidt’s
syndrome (primary autoimmune hypoadrenalism, type 1
diabetes mellitus, thyroid autoimmune disease), have been
reported since the syndrome was originally described in 1926
(225, 232–237). This condition is more common in women
and is more common than the other forms of APS. APS 2 has
a complex inheritance pattern with varying degrees of ge-
netic susceptibility. A high index of clinical suspicion should
be present for the diagnosis in offspring of individuals with
APS (232, 233, 238). The prevalence of APS 2 is probably
overrepresented in the literature of AI in pregnancy, because
it is a unique multisystem endocrine disease. Three cases
with APS presented as a new diagnosis of AI during preg-
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nancy (233, 234, 236). An awareness of the association of type
1 diabetes or thyroid disease with AI is necessary to ensure
adequate screening and recognition of APS before or during
pregnancy. In addition to the morbidity associated with AI,
untreated hypothyroidism is associated with higher inci-
dence of infertility and miscarriage as well as gestational
hypertension and low birth weight (235, 236). Macrosomia
and eclampsia are common complications of uncontrolled
gestational diabetes, and appropriate management poses a
particular challenge beyond that of isolated hypoadrenalism
in APS 2 (232).

The most common cause of secondary AI in the adult
population is administration of exogenous corticosteroids for
conditions such as asthma and inflammatory bowel and der-
matological or rheumatic diseases (239, 240). The adverse
effects of exogenous steroids and their contribution to fetal
growth retardation, suppression of the fetal HPA axis, and
effects on neurological functioning have previously been
reviewed extensively in both animal models and in humans
(241–245). The true prevalence of AI after long-term glu-
cocorticoid replacement in either the nonpregnant or preg-
nant population is unknown. An assessment of the HPA axis
is warranted for women receiving at least 5 mg prednisone
or equivalent per day for more than 3 wk (246). In these cases
glucocorticoid reserve should be tested formally before dis-
continuing a tapering regimen (see below), and stress dosing
of glucocorticoids should be administered as clinical suspi-
cion arises. These patients are at particular risk in times of
stress and may be at increased risk during pregnancy.

Asthma complicates approximately 4% of pregnancies,
and current guidelines support the use of inhaled or systemic
corticosteroids for treatment in pregnancy (247). Although
chronic oral or high-dose corticosteroid use for asthma in
pregnancy is associated with gestational diabetes, preterm
labor, and preeclampsia, there have been few reports of ad-
renal crisis in pregnancy (248). Similarly, whereas steroid
dependency is common in up to 36% of patients with Crohn’s
disease, there have been only isolated cases presenting in
adrenal crisis (249). In contrast, recent series highlight the
potential risks of maternal adrenal suppression in women
treated with standard short-term doses of betamethasone for
preterm delivery (131, 250).

Postpartum pituitary necrosis (Sheehan’s syndrome) is a
well-recognized complication of pregnancy, which results
after obstetric shock and usually presents with failure to
lactate or to resume normal menses in the postpartum period
(251). The diagnosis should be considered in postpartum
women with hypoglycemia or coma or in stable cases at
longer-term follow-up (252). Approximately 20% of cases of
Sheehan’s syndrome arise due to antepartum hemorrhage
(253). Although it is the most widely cited cause of hypop-
ituitarism in association with pregnancy, this condition has
become less common with improved obstetric care (253, 254).

Lymphocytic hypophysitis has considerable overlap in
clinical presentation with Sheehan’s syndrome, and these
two conditions are the primary differential diagnoses for
postpartum hypopituitarism (255). Lymphocytic hypophy-
sitis was first described in 1962 by Goudie and Pinkerton
(197), and since then at least 130 cases have been described
(256). Approximately 90% of cases present in the last trimes-

ter of pregnancy or in the early postpartum period. Lym-
phocytic hypophysitis is characterized by inflammatory le-
sions of the pituitary, which simulate a pituitary space-
occupying lesion, and often is diagnosed at biopsy of what
was considered to be a tumor. The presentation may occur
with symptoms of hypoadrenalism or hypothyroidism or
other autoimmune conditions, such as pernicious anemia,
and may be responsive to glucocorticoids in a proportion of
cases.

Other causes of primary hypopituitarism in the adult pop-
ulation are pituitary or other intracranial neoplasms and
their associated treatments. In one large series of hypopitu-
itarism in the United Kingdom, 77% had been treated with
surgery and 35% with pituitary radiotherapy (257). Iatro-
genic causes of secondary AI are important, given the po-
tential for early identification. Careful follow-up after trans-
sphenoidal surgery or pituitary irradiation is recommended.
In macroadenomas, ACTH deficiency usually occurs late, in
association with a progressive decline in GH, gonadotropin
reserve, and TSH production. These all contribute to dimin-
ished reproductive function, ensuring that pregnancy is rare
except in cases undergoing assisted reproduction. However,
since the availability of ovulation induction with gonado-
tropins, women with established hypopituitarism can expect
near normal fecundity, although their pregnancies are con-
sidered high risk (258).

D. Maternal and fetal morbidity and mortality

Early reports of AI in pregnancy highlighted the potential
risks of mortality (259, 260). Cohen (261) reported a 35%
mortality rate for AI in pregnancy in the 70 yr before 1930,
which decreased to 18% between 1940 and 1947. In one of the
largest early series, Brent (224) observed high rates of adrenal
crisis and mortality (45%) in 39 cases of AI in pregnancy
before 1946. In contrast, Hendon and Melick (262) subse-
quently found only one death in 14 cases in 1955. Indeed,
more recent series demonstrate the potential for successful
maternal outcome after the availability of cortisone in the
1950s. There have been no reported maternal deaths since the
1950s (219, 263). Several subsequent cases have illustrated the
potential for safe outcomes for both mother and fetus in
previously undiagnosed and untreated cases, probably re-
flecting less severe AI and improved obstetric care (225, 235,
264). Significantly, unrecognized cases may be protected by
transplacental passage of cortisol from fetus to mother. Pri-
mate studies showed that up to 60% of fetal cortisol is nor-
mally transmitted to the mother, representing 6.6% of total
maternal cortisol under normal conditions (236). Conse-
quently, the need for treatment of AI may be recognized only
in the immediate postpartum period (236). In cases with AI
during pregnancy, careful attention to management of glu-
cocorticoid replacement is required to enhance maternal out-
comes and avoid adrenal crisis. Unfortunately, adrenal crisis
can occur despite appropriate titration of glucocorticoid re-
placement, emphasizing the importance of close and careful
clinical follow-up (225). Whereas maternal hypotension is a
presentation of adrenocortical failure, side effects of treat-
ment for AI include hypertension and exacerbation of pre-
eclampsia (225, 265). It is also important to recognize that,
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whereas the early emphasis is on careful antenatal care,
follow-up in the distant postpartum period is critical given
a report of late maternal death at 8 months postpartum (225).

Intrauterine growth retardation and low birth weight are
the most commonly reported adverse effects for the fetus
from mothers with untreated AI. Osler and Pedersen (228)
demonstrated the association of fetal growth retardation
with AI in a series of 15 cases in 1962; their observations have
since been confirmed in a series of additional case reports by
ultrasound (228, 236, 266, 267). In contrast, a later series of 34
pregnancies by Hilden and Ronnike (268) showed no dis-
crepancy in gestational age or fetal weight compared with
the general population. Careful treatment of AI with phys-
iological glucocorticoid replacement in pregnancy can lead
to successful pregnancy outcomes, including birth weights
appropriate for gestational age (269).

The true prevalence of fetal mortality occurring in AI in
pregnancy is unknown, and reported cases may be biased
toward publication of successful pregnancy outcomes. How-
ever, there have been multiple reports of intrauterine death
occurring in AI in pregnancy (265, 270, 271). Many of these
reported cases occurred in previously unrecognized cases or
before the availability of modern glucocorticoid regimens
(265, 270, 271). Although there have been several reports of
women with AI presenting during gestation with previous
recurrent or subsequent abortions, there does not appear to
be an increased risk from AI alone, when appropriately
treated (229, 272–274). Of note, several such cases were as-
sociated with positive anticardiolipin antibodies or circulat-
ing lupus anticoagulant (272–274). Furthermore, adverse ef-
fects of associated conditions, including diabetes, likely
contributed to fetal morbidity or mortality in other reports
(228). There is no evidence of an increased prevalence of
congenital defects resulting from AI (229).

Pregnancies in women with panhypopituitarism should
be viewed as high risk. One single center series reported 18
patients with live births in 61%, miscarriage in 28%, midtri-
mester uterine death rate in 11%, and a high rate of fetal loss
in twin pregnancy (258).

E. Diagnosis

1. Clinical and laboratory features. The majority of cases of AI
in pregnancy already have a confirmed diagnosis at presen-
tation. However, some patients present in the third trimester
of pregnancy and may be unmasked during the stress of
labor or intercurrent illness (266). A search for a possible new
diagnosis of AI in pregnancy should be prompted by classic
symptoms of excessive fatigue, malaise, weight loss, vom-
iting, or biochemical disturbance (264, 265). In women with
hypoglycemia, testing of the HPA axis should be done before
excluding other causes arising in pregnancy, and this symp-
tom may be exacerbated by GH deficiency in those with
secondary AI (275, 276). Patients may present with seizures
or mental confusion that may require intensive care man-
agement (275).

Normal pregnancy is associated with a small reduction in
serum sodium (5 mEq or less); if hyponatremia is more
severe, primary AI should be excluded (264, 265). Notably,
hyponatremia and metabolic acidosis are associated with a

poor fetal outcome (270). Hyperkalemia was absent in sev-
eral cases of newly diagnosed primary AI and may not reflect
the severity of adrenocortical dysfunction (264, 270). Exclu-
sion of AI should be considered in cases with unexplained
orthostasis or hypotension, even in the postpartum period
(264, 273, 277). Signs of mineralocorticoid deficiency may
signal impending adrenal crisis, which has a potentially high
mortality in unrecognized cases in the community (260).
However, patients with secondary AI do not often exhibit
orthostasis and hypotension or hyperkalemia. As a result,
absence of these features cannot be used to exclude AI.

We advocate a low threshold for consideration of AI (pri-
mary) in patients with a personal or family history of auto-
immune disease or other relevant clinical features (264, 270,
278). The presence of other potentially associated organ-
specific autoimmune disease, such as type 1 diabetes or viti-
ligo, should raise clinical suspicion of AI in the presence of
typical symptoms (228–231, 265). Severe abdominal pain
associated with increased pigmentation (melanoderma) may
herald the onset of AI, and the possibility of acute adrenal
hemorrhage should be considered (274). In some cases the
presentation is associated with persistent vomiting that can
be associated with or confused with hyperemesis gravida-
rum, potentially leading to a fatal outcome if left undiag-
nosed (264). Indeed one woman presented with severe weak-
ness and psychotic behavior reflecting the diverse range of
symptoms attributable to adrenocortical dysfunction (236).

Most patients with secondary AI have been identified be-
fore pregnancy, particularly if they have had previous glu-
cocorticoid treatment as detailed above. It is less common for
new-onset hypopituitarism to occur during pregnancy (256,
279).

Apart from the preservation of mineralocorticoid secre-
tion, the principal differences in secondary AI compared
with primary adrenal disease arise due to local effects from
space-occupying lesions at the pituitary, such as headache or
visual field disturbance, as well as associated hypopituitar-
ism (225, 256, 279, 280). Significantly, due to the typical
sequence of loss of pituitary reserve, ACTH deficiency is
usually a late presentation of a primary pituitary etiology,
and the patient is likely to have presented with earlier signs
of pituitary dysfunction. A presentation with disturbed go-
nadotropin function resulting in amenorrhea is a frequent
initial presentation in nonpregnant women. A failure of lac-
tation or resumption of menses in the postpartum period
may be the first sign of hypopituitarism. Involution of nor-
mal breast tissue may occur due to loss of prolactin reserve.
Symptoms of fatigue and cold intolerance as well as skin or
hair changes suggest thyroid dysfunction (279). Diabetes
insipidus should prompt a search for large tumors such as
craniopharyngiomas or lymphocytic hypophysitis (279).
However, mild diabetes insipidus may coexist even in as-
sociation with Sheehan’s syndrome (252).

2. Screening tests for the diagnosis of AI. The diagnostic ap-
proach for evaluation of possible AI depends on the degree
of clinical suspicion and pretest probability. Empirical treat-
ment with glucocorticoids is recommended when the clinical
suspicion for adrenal crisis is high due to the potential as-
sociated morbidity and mortality (265). In this setting it is
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important to obtain samples for measurement of plasma
cortisol and plasma ACTH levels while gaining iv access
immediately before emergency treatment. Testing is first di-
vided into assessment of the functional integrity of the HPA
axis followed by a search for the underlying cause of AI. A
variety of approaches, including random plasma cortisol or
dynamic testing with ACTH stimulation, the insulin toler-
ance test (ITT), the metyrapone test, and lastly the CRH
stimulation test, are available for confirmation of AI. How-
ever, most of these tests of HPA reserve have not been val-
idated in pregnancy.

a. Random cortisol. In the nonstressed general population
and pregnancy, an undetectable early morning plasma cor-
tisol (�3.0 �g/dl; 83 nmol/liter) confirms AI in the setting
of a typical clinical presentation (131). In the first and early
second trimesters the diagnosis can be excluded if the patient
is clinically stable when basal plasma cortisol levels are
greater than 19 �g/dl (525 nmol/liter) (131, 281). Whereas a
basal plasma cortisol greater than 19 �g/dl (525 nmol/liter)
may be adequate for exclusion of AI in the nonstressed non-
pregnant population, a normal nonpregnant reference range
plasma cortisol is insufficient to exclude AI in the third tri-
mester of pregnancy (281).

Figure 1 illustrates the normal physiological 3-fold rise in
plasma cortisol observed during the third trimester of nor-
mal pregnancy (3, 120, 131, 282). In nongravid women, an
elevated plasma ACTH level in the setting of normal plasma
cortisol is considered presumptive evidence of subclinical
AI, and further testing is indicated. Measurement of plasma
ACTH is usually reserved for determination of the cause of
AI; however, it may have more utility for diagnosis in preg-
nancy if it is elevated or undetectable, as levels stay within
the normal range during gestation.

Patients with a clinical presentation consistent with AI and
an indeterminate plasma cortisol (3–30 �g/dl; 83–828 nmol/
liter) during gestation, and particularly during the third tri-
mester, require formal dynamic testing of the HPA axis if the
clinical suspicion is high (278). Unfortunately, as with plasma
cortisol, the dynamic tests of adrenal reserve and their di-
agnostic cutoff points have not been validated during
pregnancy.

b. Standard or high-dose cosyntropin stimulation test. Admin-
istration of cosyntropin (1–24 corticotropin) is the most com-
monly employed test used for the diagnosis of AI. The stan-
dard cosyntropin test (SCT) is performed by administering
a supraphysiological dose of 250 �g im or iv and measuring
plasma cortisol levels after 30 and 60 min. The test may be
performed at any time of the day, and the 30-min cutoff point
is considered the most consistent measure for diagnosis
(283). The standard test performs well in patients with pri-
mary AI with high sensitivity and specificity (97 and 95%,
respectively) (284) but is less sensitive for detection of early
hypopituitarism (285). Defining cutoff points for a normal
response to cosyntropin has been the focus of many previous
series, and much debate, but published criteria are limited to
the nonpregnant population (283). Discrepancies between
results from the SCT and the ITT have also been a recent
matter of debate given a number of nonpregnant patients

who may pass the SCT but fail an ITT (285–287). Conversely,
higher cutoff points for the diagnosis based on ITT criteria
may result in a higher proportion of normal subjects
misdiagnosed.

Cosyntropin is licensed by the FDA as a category C drug
for administration in pregnancy only when clearly indicated.
Animal reproduction studies have not been conducted, and
it is not conclusively known whether it can cause fetal harm
when administered to pregnant women or can affect repro-
duction (package insert, Amphastar Pharmaceuticals). A
plasma cortisol value of less than 18 �g/dl (497 nmol/liter)
after cosyntropin, 250 �g, was used for the diagnosis of AI
in previous case reports (275, 288). However, these criteria
are probably not accurate for use in pregnancy, given in-
creased plasma cortisol responses to 250 �g ACTH ranging
between 60 and 80% above nonpregnant responses in the
second and third trimesters of normal pregnancy (120). Due
to the lack of data in pregnancy on the plasma cortisol re-
sponse to SCT, existing thresholds for the plasma cortisol
response may be no more useful than basal cortisol levels
used alone. In several series, basal cortisol levels were un-
detectable before an abnormal plasma cortisol after ACTH
stimulation in confirmed AI during pregnancy (233, 270).

SCT seems the most cost-effective, safe, and reliable dy-
namic test for use in suspected primary AI in pregnancy
(289–291). There is insufficient information to recommend
specific cutoff points during pregnancy. However, based on
previously reported 0800 h third trimester plasma cortisol
levels and on results from low-dose cosyntropin stimulation
testing (see below), we would exclude AI if basal and/or
stimulated plasma cortisol levels in the third trimester after
SCT are at least 30 �g/dl (828 nmol/liter) (131).

c. Low-dose cosyntropin stimulation test. Whereas the SCT
has good reliability for detection of moderate or severe AI,
it has limited utility in early AI, probably because mild ad-
renal dysfunction can be overcome by the supraphysiologi-
cal ACTH dose. The 1 �g low-dose cosyntropin test (LCT)
has been extensively studied in nonpregnant subjects and
has sensitivity approaching 93% using cortisol criteria of
18.1–20.0 �g/dl (500–550 nmol/liter) (283, 292, 293). The test
is conducted by administering 1 �g ACTH(1–24) iv, with
sampling for plasma cortisol at baseline and at intervals until
60 min. There has been controversy as to whether the LCT
test offers additional sensitivity for detection of secondary AI
(284, 292, 294, 295). A recent meta-analysis addressed this
issue and found a sensitivity of 61% at a specificity of 95%
using receiver operating curve analysis for nonpregnant pa-
tients taking glucocorticoids or with pituitary disease (284).
Significantly, the SCT and LCT summary measures were no
different at similar measures of sensitivity and specificity.
Added to these issues the LCT has disadvantages compared
with the SCT with regard to preparation, dilution, and en-
suring an accurate dose administration. The LCT, however,
has recently been examined in secondary AI in pregnancy
(131).

McKenna et al. (131) examined responses to LCT during
the 24th–34th wk of gestation. This prospective case-control
trial enrolled 18 pregnant women at risk of preterm labor,
who were receiving antenatal corticosteroids, and six healthy
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controls with low-risk pregnancies. The women who had
received at least two weekly courses of two doses of 12 mg
betamethasone, 24 h apart, were assessed after a median of
3 d from betamethasone administration. The six normal preg-
nant women had a mean peak cortisol response of 44 �g/dl
(1215 nmol/liter) (99% confidence interval, 33.2–55.6 �g/dl;
917-1535 nmol/liter), which was attained at 27 min after LCT.
In the corticosteroid-treated group, the peak cortisol was
delayed at 37 min and did not exceed the normal unsup-
pressed response, 30 �g/dl (828 nmol/liter). Only one sub-
ject had a peak cortisol greater than the nonpregnant cutoff
of 18–20 �g/dl (497–552 nmol/liter) used for the nonpreg-
nant population (131). These preliminary observations sug-
gest that a diagnosis of AI is confirmed using existing non-
pregnant thresholds in the majority of cases. Using a
threshold above 30 �g/dl (828 pmol/liter) after LCT, the test
will have increased sensitivity for the diagnosis of AI. Sig-
nificantly, this study demonstrated that in most cases the
diagnosis could be predicted by 0800 h plasma cortisol be-
cause only 17% of subjects with a subnormal LCT had basal
plasma cortisol greater than 3 �g/dl (82.8 nmol/liter) (131).

d. ITT. The ITT has been considered the “gold standard
test” for assessment of the HPA axis in the general popula-
tion, and the most accurate dynamic test for secondary AI.
However, there are no reports to support its use in preg-
nancy, which should probably be considered a relative con-
traindication, given the potential risks for the fetus. The ITT
may be considered a useful adjunct to testing with cosyn-
tropin in the postpartum period for more formal assessment
of HPA and GH reserve. The test is conducted by adminis-
tering 0.1–0.15 U/kg iv and measuring glucose and cortisol
at intervals until 60 min. The traditional cutoff point for
normal responses in the nonpregnant population is 18 �g/dl
(497 nmol/liter), in the setting of confirmed hypoglycemia
(40 �g/dl; �2.2 mmol/liter). However, the diagnostic accu-
racy is not 100%, and a range of diagnostic cutoff points has
been used (283).

e. Metyrapone stimulation test. The metyrapone test was
developed to assess the functional integrity of the HPA axis.
Metyrapone blocks the CYP11B1 (11-� hydroxylase) enzyme,
thereby inhibiting the final step in cortisol synthesis with a
consequent build up in the cortisol precursor 11-deoxycor-
tisol, which is relatively devoid of glucocorticoid activity. As
a result, there is a stimulus for production of ACTH and an
increase in 11-deoxycortisol. The overnight metyrapone
stimulation test is conducted by administering metyrapone,
30 mg orally, with a snack at midnight (296). Cortisol and
11-deoxycortisol are measured at 0800 h the following morn-
ing. AI is confirmed in the nonpregnant population with an
11-deoxycortisol level less than 7 �g/dl (193 nmol/liter), in
the setting of cortisol levels 2–7.5 �g/dl (55–207 nmol/liter)
(281). We do not recommend using the metyrapone test in
pregnancy due to the risk of precipitating adrenal crisis.

f. CRH stimulation test. The CRH stimulation test has utility
for differentiation of tertiary vs. secondary AI in nonpregnant
subjects (132). Whereas in patients with secondary AI there
is little or no ACTH response, those with tertiary disease
usually have an exaggerated and prolonged ACTH response

(246). However, in pregnancy the normal cortisol and ACTH
response is typically reduced, and therefore this test prob-
ably has limited utility for the diagnosis of AI (132). In ad-
dition to the need for further validation in the general and
pregnant population, the test is expensive and requires mul-
tiple sampling time points. For these reasons we do not
recommend the CRH test for the diagnosis of AI in
pregnancy.

3. Differentiation of primary and secondary AI. Cases of primary
AI must be distinguished from Sheehan’s syndrome or other
secondary causes in view of their associated anterior pitu-
itary hormone deficiencies (297–299). Plasma ACTH levels
differentiate primary (elevated) from secondary adrenal fail-
ure (low or normal) and can help to confirm primary AI in
nonpregnant patients with borderline plasma cortisol levels.
It is for this reason that simultaneous plasma cortisol and
plasma ACTH levels should be drawn in the initial workup
for AI, immediately before empirical treatment of adrenal
crisis. ACTH levels are normally within the reference range
in the absence of AI. An ACTH level above 100 pg/ml (22
pmol/liter) is generally consistent with primary AI, even in
late pregnancy (281). In primary AI in pregnancy, elevated
ACTH levels in the range of 400-2000 pg/ml (88–440 pmol/
liter) have been reported (219, 264, 274). However, ACTH
levels fluctuate widely day to day, and a single value cannot
be relied upon for diagnosis of either primary or secondary
AI (266). It is prudent to measure ACTH on multiple occa-
sions to improve diagnostic accuracy. To avoid falsely low
results, it is important to collect the sample in prechilled
EDTA tubes, with transport in an ice bath and prompt re-
frigerated centrifugation and plasma separation.

Approximately 90% of nonpregnant patients with “idio-
pathic” AI are positive for 21-hydroxylase antibodies, and
antibodies to 17�-hydroxylase and side chain cleavage en-
zymes are positive in approximately 30% (300, 301). Positive
adrenal antibodies predict the development of AI and may
be elevated in other forms of organ-specific autoimmune
disease (302). In one series of 123 women, positive testing for
adrenal antibodies detected subclinical AI in 3.2% of cases
(302). The presence of adrenal antibodies provides confir-
matory evidence for an autoimmune etiology but cannot be
relied upon for diagnosis of AI, given a 10% prevalence of
negative testing in patients with proven AI. Positive adrenal
antibodies should prompt a search for other endocrine de-
ficiencies that might require treatment.

The presence of mineralocorticoid deficiency is highly sug-
gestive of primary AI arising from adrenocortical atrophy.
Although formal dynamic testing of mineralocorticoid re-
serve is not usually required, a failure of plasma aldosterone
to reach 5 ng/ml (0.14 nmol/liter) at 30 min after cosyntropin
supports a diagnosis of primary AI in nonpregnant subjects
(283, 303). Whereas plasma aldosterone levels and PRA are
elevated in normal pregnancy, there are no data on these
values in patients with AI (87), and cutoff points for AI in
pregnancy have not been established.

Patients with secondary AI should undergo additional
testing to determine the extent of hypopituitarism; GH test-
ing may be especially useful as it usually antedates other loss
of other pituitary hormone reserve.
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4. Retesting in the postpartum period. Formal retesting of the
HPA axis should be considered when a diagnosis has been
made during gestation, particularly in cases of adrenal hem-
orrhage, which may manifest as reversible AI (273, 275).
However, formal retesting should not be considered in the
immediate postpartum period because biochemical values
do not usually return to prepregnancy levels until at least 7 d
after delivery (304).

5. Imaging. Patients with positive adrenal antibodies have an
autoimmune etiology and do not require imaging. Imaging
of the adrenal glands can detect the large glands associated
with tuberculous or fungal infection, bilateral metastases,
hemorrhage, or infarction (274, 277, 305). Ultrasound imag-
ing is safe but may have limited resolution. MRI without
gadolinium administration is preferred to CT in pregnancy.
Although MRI provides excellent soft tissue enhancement
and has improved resolution compared with ultrasound
(306, 307), during the differential diagnosis we recommend
deferment of adrenal imaging until the postpartum period,
provided that the patient is clinically stable (277).

Pituitary MRI without gadolinium administration should
be considered early in the evaluation of secondary AI to
exclude a pituitary macroadenoma or space-occupying le-
sion (279, 308, 309). As it has limited specificity for differ-
entiation of lymphocytic hypophysitis from other pituitary
masses, a biopsy may be required (but is rarely necessary) for
a definitive diagnosis (256, 310). In Sheehan’s syndrome, a
CT scan may reveal absence of pituitary enhancement, con-
sistent with pituitary ischemia (252). At longer-term follow-
up, an empty sella may be seen (252). However, because
documentation of this diagnosis is not needed for treatment,
we recommend that CT scans be deferred to the postpartum
period to reduce exposure to radiation.

F. Treatment

Patients with primary or secondary AI are best managed
by a multidisciplinary clinic that includes an endocrinologist
and an obstetrician who have access to an experienced pi-
tuitary surgeon. The primary focus for endocrinology is di-
rected at diagnosis and monitoring the adequacy of miner-
alocorticoid and/or corticosteroid replacement therapy in
the antenatal period, during crisis and labor, and for conti-
nuity during the postpartum period. The team must decide
on the optimal timing for surgical removal of craniophar-
yngiomas or other large intracranial neoplasms; although
surgery may be left to the postpartum period in selected
cases, the second trimester is widely believed to be the op-
timal time for surgery during gestation (279).

Glucocorticoid and mineralocorticoid treatment is not as-
sociated with teratogenicity or increased fetal loss (311). In a
large early report of women in 260 pregnancies treated with
pharmacological doses of corticosteroids, there were eight
stillbirths, 15 premature infants, and seven congenital ab-
normalities, two of which were cleft palate (312). Walsh and
Clark (313) described the potential for successful pregnancy
with normal labor and fetal outcome, in the absence of in-
creased congenital birth defects, maternal infections, poor
wound healing, or hemorrhage in patients on long-term cor-

ticosteroids. They also demonstrated normal progress and
development up to age 6 yr during screening of a limited
number of children whose mothers were treated with phar-
macological corticosteroids in pregnancy (313). Due to the
potential for fetal adrenal hypoplasia, we recommend careful
monitoring of the mother during the antenatal period, and of
the infant in the early postpartum period, in cases treated
with pharmacological corticosteroid doses (314).

1. Glucocorticoid replacement. Corticosteroid therapy became
available for treatment of AI in the 1950s and was associated
with improved outcomes in pregnancy. The early use of DOC
was subsequently replaced by cortisone (17-hydroxy-11-
dehydrocorticosterone) (315, 316). The aim of treatment in
pregnancy is to achieve a physiological glucocorticoid re-
placement dose to enhance maternal and fetal outcomes
(262). The most dangerous periods during pregnancy are in
undiagnosed cases during the first trimester when symptoms
of adrenal crisis can be mistaken for pregnancy-associated
emesis, and during the stress of labor and delivery (270).
With adequate replacement there is often prompt resolution
of buccal hyperpigmentation in newly diagnosed cases (262).
During the first and second trimesters, careful monitoring
and titration of therapy is required to avoid corticosteroid
overreplacement and the potential for inducing symptoms or
signs of CS (267) and, in women with coexisting type 1
diabetes, to prevent recurrent hypoglycemia (229).

Several glucocorticoid preparations are available for
chronic replacement during pregnancy. Hydrocortisone is
our preferred choice at a replacement dose of 12–15 mg/m2

of body surface area (253). The daily dose is usually divided
in two: two thirds given on wakening and the remaining one
third of daily requirement in the afternoon, to mimic the
normal diurnal variation. Stable isotope studies indicate a
normal adult cortisol secretion rate of 4–8 mg/m2 � d, and
present replacement regimens for the nonpregnant popula-
tion may lead to overreplacement in a proportion of cases
(317). It is interesting to note that the replacement doses of
hydrocortisone in women with AI, when taking the oral
contraceptive pill, are not higher than those of a similar
weight not on the pill. Consistent with these observations,
glucocorticoid doses rarely need to be increased during preg-
nancy, even in the third trimester. One series described the
natural history of five pregnancies in patients undergoing
treatment for AI in pregnancy (225). Adverse effects included
psychosis, personality change, and increased pigmentation.
The hydrocortisone dose was increased in two women; two
required an increase in mineralocorticoid dose, two re-
mained stable, and one commenced therapy during preg-
nancy (225).

Other choices for glucocorticoid replacement include
prednisone, prednisolone, or cortisone acetate. Prednisone
and cortisone acetate are both inactive and require reduction
of a ketone group to a hydroxyl group on carbon 11. Al-
though they may be used for chronic therapy, they should
not be considered for treatment of adrenal crisis. Whereas
cortisol (hydrocortisone) and cortisone acetate have rela-
tively short biological half-lives (8–12 h), prednisone and
prednisolone have longer half-lives of 24–72 h (318). There-
fore, although these agents are more useful in pharmaco-
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logical doses for inflammatory conditions, hydrocortisone
may be a more useful physiological replacement therapy.
Furthermore, the fetus is relatively protected from excessive
glucocorticoid exposure by the enzyme 11�-HSD 2. Glu-
cocorticoids can cross the placenta. In contrast to hydrocor-
tisone, dexamethasone is not degraded by 11�-HSD 2. Thus,
we recommend hydrocortisone for use in pregnancy in terms
of its efficacy and safety profile.

2. Mineralocorticoid replacement. Mineralocorticoids are re-
quired only in primary AI and are usually initiated at the
time of diagnosis of AI. Before the availability of 9�-fluoro-
hydrocortisone, salt tablets (3–6 g sodium chloride given
orally) were used for treatment of mineralocorticoid defi-
ciency (262, 315). Modern regimens use oral fludrocortisone
at a usual daily dose of 0.1 mg, which can range between 0.05
and 0.2 mg (318). Mineralocorticoid dosages are usually sta-
ble through pregnancy; however, in some cases doses are
reduced during the third trimester to avoid side effects of
edema or exacerbation of hypertension (319). In contrast,
other women with primary AI have had a stable clinical
course in the absence of mineralocorticoid treatment (229).
This may be explained, in part, by the mineralocorticoid
action of hydrocortisone. Ongoing careful clinical assess-
ment will detect potential side effects of treatment during the
various stages of pregnancy (319). Low plasma aldosterone
in the setting of elevated PRA may have utility for assessment
of the adequacy of mineralocorticoid replacement therapy,
but this has not been formally validated in pregnancy.

3. Education. The management of AI in pregnancy relies upon
education of the patient at diagnosis with reinforcement of
the basic principles of management regularly at follow-up.
As in the nonpregnant population, an individual’s adherence
to the prescribed treatment regimen may avoid adrenal cri-
sis, which is a particular challenge, given the frequency of
nausea or vomiting during the first trimester. Consequently,
prepregnancy counseling should be conducted to ensure that
women with planned or unplanned pregnancy know to
present themselves to endocrinology and obstetric care early
in gestation, given the inherent risks associated with delayed
management. It is important to advise patients to continue
the replacement dose of corticosteroid even in the presence
of nausea. Women should be taught to give hydrocortisone,
100 mg im, in the event of emesis or other gastrointestinal
symptoms that preclude effective absorption of an oral dose
and should be advised to seek parenteral therapy in the
setting of protracted nausea or vomiting. Women should be
encouraged to present early during systemic illness for iv
hydrocortisone treatment. All patients with AI, particularly
during pregnancy, should be advised to wear a medic alert
bracelet or necklace so that they may be identified in an
emergency (MedicAlert Foundation International, 2323 Col-
orado Avenue, Turlock, CA 95382; telephone, 888-633-4298
or www.medicalert.org).

4. During labor. Normal vaginal delivery is a reasonable ex-
pectation for women with AI. Indications for delivery by
C-section are similar to those in a nonpregnant individual
(225). Routine replacement therapy can be continued until
the onset of labor. During labor the patient’s normal dose of

hydrocortisone is doubled, provided that oral intake is tol-
erated. Alternatively, a parenteral dose of 50 mg hydrocor-
tisone may be given during the second stage of labor, with
further dosing dependent on the progress of labor (219).
Before C-section, stress doses of hydrocortisone, 100 mg iv or
im, are given at the onset and continued at 6- to 8-h intervals
after delivery (253). The doses of hydrocortisone then can be
tapered over 48 h to a regular replacement dose (253, 318).
Physiological glucocorticoid replacement can continue dur-
ing breast feeding, as less than 0.5% of the absorbed dose is
excreted per liter of breast milk (266, 311).

5. Acute treatment for adrenal crisis diagnosed during pregnancy.
During pregnancy an undiagnosed patient with AI may tol-
erate the first, second, or third trimesters but experience an
acute deterioration during the labor and delivery. Alterna-
tively, an associated urinary tract infection, hyperemesis,
preeclampsia, or significant antepartum hemorrhage may
precipitate an adrenal crisis in gestation. The presentation of
adrenal crisis, as in the general population, is often associated
with hypotension, hypoglycemia, or coma (320). Acute treat-
ment of AI includes prompt rapid glucocorticoid replace-
ment with hydrocortisone, 100–200 mg, given iv as a single
bolus. Thereafter, 50–100 mg boluses are given every 6–8 h
during the acute period, based on maximal cortisol produc-
tion rates of 200–400 mg/d (265). Women with hypoglyce-
mia should receive 5% dextrose infusions (321), and those
with hypotension should receive normal saline. Fludrocor-
tisone is not indicated in the acute period and has been
associated with pulmonary edema due to salt and water
retention (265). Treatment with cortisone or prednisone,
which has been associated with a poor maternal outcome in
individual cases, is not recommended for adrenal crisis due
to the requirement for metabolism to the active forms (259).
A transfer to routine oral therapy is warranted when acute
symptoms have settled or when the patient is tolerating oral
fluids.

6. Postpartum. After delivery all women should recommence
mineralocorticoid and/or corticosteroid replacement, usu-
ally at the dose they received before gestation, within the first
24–48 h after delivery. In a limited number of cases, stress
coverage may be required during recovery from surgery or
intercurrent illness. Assessment of the HPA axis in infants
from mothers with AI who received appropriate physiolog-
ical glucocorticoid replacement is usually not necessary.
However, infants born to mothers receiving pharmacological
doses of agents that cross the placenta require more formal
assessment to exclude AI.

V. Summary

In conclusion, the HPA axis plays an important physio-
logical role in normal pregnancy, contributing to regulation
of maternal fertility, parturition, blood pressure control, and
sodium balance. Although disorders of the HPA axis are rare,
CS and adrenocortical hypofunction, when untreated, are
associated with significant maternal and fetal morbidity and
potential mortality. This review illustrates some of the dif-
ficulties in interpretation of diagnostic testing in pregnancy

Lindsay and Nieman • HPA Axis and Pregnancy Endocrine Reviews, October 2005, 26(6):775–799 791

D
ow

nloaded from
 https://academ

ic.oup.com
/edrv/article/26/6/775/2355164 by guest on 09 April 2024



and provides a framework for the management of CS and
hypoadrenalism occurring in pregnancy.
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