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Abstract

Design: Hypercortisolism during pregnancy is a risk factor for prematurity. Long-term exposure to hypercortisolism
may lead to permanent comorbidities, such as hypertension or diabetes, even after remission. Our aim was to
determine whether women with a history of Cushing's disease (and being eu-, hypo- or hypercortisolic at the time of
pregnancy) had the same risks of comorbidities, and especially prematurity, during pregnancy.

Methods: It was a retrospective multicentric study focusing on mothers with a history of Cushing's disease or diagnosed
during pregnancy, followed in French tertiary referral centers. We compared the outcomes of pregnancies depending
on the cortisolic status at the time of pregnancy.

Results: A total of 60 patients (78 pregnancies including 21 with hypercortisolism, 32 with hypocortisolism and 25 in
eucortisolism in 25) were evaluated. The overall rate of preterm birth was 24.3%, with a peak in women diagnosed
during pregnancy (62.5%), a high risk in hypercortisolic (33%) and hypocortisolic (19.3%), and a low risk (8%) in
eucortisolic women Gestational diabetes and hypertension were observed in 21% and 10.4% of the whole cohort, with
a higher risk in hypercortisolic women. Cesarean delivery was performed in 33.7% of the cohort.

Conclusions: Being non-eucortisolic at the time of pregnancy increases the risk of prematurity and comorbidities
compared to the general population. Women with a history of Cushing's disease should thus be carefully monitored
during pregnancy. The high rate of cesarean delivery emphasizes the fact that these pregnancies should always be
considered at risk.
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Introduction

While pregnancy is a rare event in patients with Cushing’s
syndrome (CS), it is even less frequent in patients with
Cushing’s disease (CD). Indeed, only 15-40% of the cases
of hypercortisolism during pregnancy are due to CD (the
remaining being mainly adrenal adenomas), while it
represents 70-80% of the etiologies of hypercortisolism in
other circumstances (1, 2, 3). The low rate of pregnancy
in CD is probably due to the frequent associated secretion
of androgens and also to the fact that the treatment of CD
might lead to hypogonadotrophic hypogonadism. This
low prevalence likely explains why the detailed outcomes
of the pregnancies in women with a history of CD have
mainly been analyzed in series of case reports of CS (4, 5,
6,7,8,9, 10, 11, 12, 13).

Prematurity has been associated with
sociodemographic, obstetric and behavioral characteristics
in the general population. Interestingly, it has also
been associated with stress, anxiety and depression,
features that are frequently seen in patients with CS
(14). Moreover, some discordant studies suggested that
women with physiologically higher cortisol levels might
be at higher risk of prematurity (15, 16). As such, one
could consider that hypercortisolic women at the time of
pregnancy would be at higher risk than eucortisolic and
hypocortisolic women to present with pre-term birth.
To our knowledge, this point has never been specifically
studied via a comparison between women exposed to
hypercortisolism and presenting with different cortisolic
status at the time of pregnancy due to a previous exposure
to hypercortisolism. The most well-documented literature
review about women with a history of CS and pregnancy
reported the outcomes of 122 patients, including 40 with
CD: prematurity (43%) and intra-uterine growth restriction
(21%) were the most frequent fetal comorbidities.
Gestational diabetes, hypertension and prematurity
were more frequently observed in hypercortisolic vs
eucortisolic women. Of note, rates of complications
seemed even higher in patients diagnosed with CS during
pregnancy (4). Finally, in a dedicated multicentric study
about the outcomes of pregnant patients with adrenal
insufficiency, Bothou et al. reported 21.4% pre-term birth
in their cohort (17). While these data brought important
clues to optimize the management of CS or adrenal
insufficiency during pregnancy, a proper comparison was
difficult because these patients were followed in different
centers, with different ways of management. Moreover, a
comparison with the data of the cohort with each specific
country could not be performed.

To try to improve our knowledge of CD and pregnancy,
the Baby-Cush study was launched in France as a
multicentric retrospective study. Our aim was to analyze
the outcome of the pregnancies of patients followed
for a history of CD in France. We specifically wanted to
determine the risk of preterm birth depending on cortisol
status (hypocortisolic, eucortisolic or hypercortisolic)
during pregnancy, comparing it to the rates observed in
the French population, and also to better characterize the
maternal and fetal events occurring during pregnancy.
Our hypothesis was that women exposed to previous
hypercortisolism, whatever their status at the time
of pregnancy, might be at higher risk of complicated
pregnancy than the general population. CD is indeed
known to induce sequelae, and we thought that, added
to hypertension or diabetes, the risk of preterm birth
might be higher in these women because of their history
of hypercortisolism.

Patients and methods

Patients

The Baby-Cush study was designed as a retrospective
multicentric study involving 10 French expert tertiary
referral Centers (Angers, Brest, Grenoble, Kremlin-Bicetre,
Marseille, Nice, Nimes, Nantes, Paris-La Pitié Salpetriere
and Toulouse). Women were included if they had at least
one pregnancy and a diagnosis of CD before or at the time
of pregnancy, between January 1989 and January 2020.
All patients gave their consent for the use of anonymized
data extracted from medical datafiles, as approved by the
Ethics Committee of Aix-Marseille University (reference
2020-01-23-02).

Clinical, hormonal and pregnancy outcomes
The following data were retrieved from datafiles:

- Medical and obstetrical history before pregnancy
including diabetes, high blood pressure, miscarriage
and previous pregnancies.

— Secretory cortisolic status at the time of pregnancy
including data about the management of CD and
ongoing treatments during the pregnancy. Each
dataset was fulfilled by the investigator in charge of the
patient at the time of inclusion, and he/she defined
the cortisolic status at the time of pregnancy based on
clinical and hormonal parameters (hypercortisolism
was defined by the mean of two to three 24-h urinary
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free cortisol measurements and when necessary,
midnight salivary cortisol and/or midnight plasma
cortisol; hypocortisolism was defined by 08:00 h
plasma cortisol). For hypocortisolic patients, the dose
of hydrocortisone at pregnancy onset and the dose
changes performed during the pregnancy were also
registered.

— Follow-up data of any pregnancy occurring during CD,
or after the diagnosis of CD (whatever the treatment),
based on maternal (gestational diabetes, high blood
pressure, preeclampsia) and fetal (preterm birth, birth
weight, APGAR score at 1 and 5 min) outcomes. The
delivery mode was also noted, as well as the reason
in case of cesarean. The diagnosis of high blood
pressure and gestational diabetes was based on the
guidelines used at the time of the pregnancy: as such,
we considered such events when they were noted in
the medical records of each patient.

Our primary criterion was the rate of preterm birth
(i.e. birth before 37 weeks of gestation) in the whole
population. Our secondary criteria were the rate of preterm
birth before 34 weeks of gestation, the mode of delivery,
the APGAR scores at 1 and 5 min as well as the rate of high
blood pressure, preeclampsia and gestational diabetes.
All these data were evaluated for the whole cohort and
for the patients depending on their cortisolic status at
the time of pregnancy (eucortisolism, hypocortisolism,
hypercortisolism). Of note, as some patients were
presented with several pregnancies, their secretory status
might have changed from one pregnancy to the other;
they were thus included several times in different groups.

Statistical analysis

Quantitative data are reported as mean +s.p.. The secretory
status (hypercortisolic, eucortisolic or hypocortisolic) at
the time of pregnancy and its impact on the outcomes was
analyzed with Fisher’s exact test, showing the odds ratio
(OR) and the 95% CI. For quantitative data, comparison
was performed with one-way ANOVA. All statistical tests
were two-tailed, and P < 0.05 was considered significant.
Statistical analyses were performed with R (v3.5.2).

Results

General characteristics of the population

A total of 60 patients (78 pregnancies) were included
in this retrospective study. CD had been diagnosed at a

mean of 5.09 + 5.07 years before pregnancy. Two of our
patients changed their cortisol secretory status during the
pregnancy because they were operated during the second
trimester, we included them in the hypercortisolic group.
Eight patients had two pregnancies with different cortisol
secretory status: four were in hypo- and then eucortisolism,
two in hyper- and then eucortisolism, one in hyper- and
then hypocortisolism, and one in eucortisolism and then
hypercortisolism. One patient had three pregnancies, the
first being hypercortisolic, while the two others being
hypocortisolic. Miscarriage was reported in one patient. A
total of 76 live births (1 neonatal death) was thus reported.

During pregnancy, hypertension was reported in
eight patients (10.4%), while twice as many patients
(n = 16, 21%) presented with diabetes, and majority of
them (75%) were treated with insulin (the remaining
patients had dietary advice). One third of deliveries
(n = 26, 33.7%) were done by cesarean: fifteen of
these were preterm, including four before 34 weeks of
gestation. Cesarean delivery was performed because of
disturbed labor progress (n = 7), preeclampsia (n = 35),
fetal bradycardia (n = 3), abnormal fetal position (n = 2),
cholestasis (n = 1) and fetal suffering due to cardiac septal
hypertrophy (n = 1). Two cesarean deliveries had been
planned (missing data for five pregnancies). A higher rate
of cesarean delivery (58%) was reported for hypocortisolic
vs eucortisolic patients (12% cesarean, P=0.002), while
there was a tendency, though not significant, for higher
rate in hypercortisolic vs hypocortisolic patients (23.8%
vs 58%, P=0.079).

Mean Apgar scores were 9.53 + 0.87 at 1 min and
9.84 +0.375 at 5 min. Mean birth weight was 3212 + 751.4
g (Individual data are shown in Fig. 1).

Outcomes of pregnancies according to
cortisolic status

We compared the outcomes of pregnancies depending on
the cortisolic status at the time of pregnancy. A total of 21
pregnancies (27%) occurred in hypercortisolism, 32 (41%)
in hypocortisolism and 25 (32%) in eucortisolism.

In the group of hypercortisolic patients, 6 were
diagnosed during pregnancy (Supplementary Table 1,
see section on supplementary materials given at the
end of this article) and 2 shortly after delivery (in the
first 3 months). Two patients were operated during the
second trimester of pregnancy, while 7 were operated
2-8 months after delivery. In the group of 13 women
with a diagnosis of CD before pregnancy, only 3 were on
medical treatment (ketoconazole, n=2; cabergoline, n=1)
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Figure 1

Individual birth term and pregnancy weight based on cortisolic
status. (A) Individual birth weight (median + s.p.) in women
being hypercortisolic, hypocortisolic or eucortisolic at the time
of pregnancy. (B) Individual pregnancy term (median + s.0.) in
women being hypercortisolic, hypocortisolic or eucortisolic at
the time of pregnancy. Note that C sections were performed in
18 pregnancies of hypocortisolic women (28-41 weeks of
gestation, median 38.5 weeks, including 6 preterm), 5
pregnancies of hypercortisolic women (34-38 weeks of
gestation, median 37 weeks, including 3 preterm) and 3
pregnancies of eucortisolic women (38, 39 and 40 weeks of
gestation).

which was stopped before pregnancy (as pregnancy was
planned). All the others (n = 10) had Cushing’s disease
with unequivocal biology in favor of the diagnosis;
however, as they presented only moderate consequences
of hypercortisolism, none was provided a medical
treatment before and/or during pregnancy.

In the group of hypocortisolic patients, 20 (63%)
presented with secondary adrenal insufficiency, while
12 (37%) presented with primary adrenal insufficiency
due to bilateral adrenalectomy (details are provided
in Table 1). The mean dose of hydrocortisone was
22.0 +7.67mgvs 23.9 + 6.99 mg at the end of pregnancy
(P=0.412). Two patients (out of 28 with available data,
i.e. 7.1%) presented an episode of adrenal crisis during
the pregnancy: one also had gestational diabetes and
delivery occurred at 37 weeks of gestation; the other had
no other comorbidity during pregnancy and delivery
occurred at 39 weeks of gestation. In these two patients,
the dose had been increased during pregnancy, from
30 to 40, and 20 to 30 mg/day. In the whole group of
patients with hypocortisolism, 11 women increased the
dose during pregnancy (from 30 to 100% increase, mean
50%). The remaining 21 patients had an unchanged

dose of hydrocortisone. Finally, one patient presented an
adrenal crisis immediately after delivery.

As shown in Table 2, the rate of preterm birth was 33%
in hyper, 19.3% in hypo- and 8% in eucortisolic patients.
Though the difference in terms of prematurity was not
significant between the three groups, there was a tendency
for a higher risk of preterm birth in hypercortisolic
vs eucortisolic patients (P=0.059). Of note, in the
hypercortisolic patients at the time of pregnancy, preterm
birth was observed in 5/8 patients (62.5%) who were
newly diagnosed during or immediately after pregnancy
and in 2/13 patients (15.4%) with a history of CD. For
these two patients, both presented hypertension (with
preeclampsia in one), and one had a pregnancy denial
(diagnosis at 6 months gestation). In the hypocortisolic
patients, the mean dose of hydrocortisone at the
beginning of pregnancy was not significantly different
between preterm vs non-preterm groups (24 + 5.47 vs
21.1 + 7.52 mg/day, P=0.429). The dose at the end of
pregnancy was also not statistically different (25 + 6.1 vs
24.4 + 9.4 mg/day, P=0.869).

When considering comorbidities of pregnancy, there
was a significant increased risk of gestational diabetes in
patients with hypercortisolism vs the others (P=0.008,
OR=6.98; IC 95% (1.40; 48.13) for hyper- vs eucortisolic;
P=0.002, OR=8.86; IC 95% (1.81; 60.42) for hyper- vs
hypocortisolic). No significant difference was observed
for high blood pressure or preeclampsia, although
preeclampsia was reported in roughly 10% patients with
hyper- or hypocortisolism, while no such event was
reported in eucortisolic patients (P=0.256).

Considering birth, Apgar scores at 1 and 5 min as well
as birth weight were not statistically different among the
three groups (Table 2). Following delivery, one newborn
presented with a cervical angioma requiring respiratory
assistance, one preterm with a ventricular brain
hemorrhage; they were both from hypercortisolic mothers
and had no sequelae. Two newborns from hypocortisolic
mothers presented with abnormal esophagus motility.
No specific fetal complication was reported in babies
from eucortisolic women. In the three women treated
with steroidogenesis inhibitors before pregnancy, no fetal
complication was reported.

Discussion

In women with a history of CD, being non-eucortisolic
at the time of pregnancy increases the risk of preterm
birth. Indeed, our overall rate of 24.3% preterm birth
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Table 1 Main characteristics between patients with hypocortisolism due to primary or secondary adrenal insufficiency (SAI).

SAI* ACTH deficiency P-values

Patients, n 12 20 —
Hydrocortisone dose, mg/day

Initial 26.67 +7.48 18.75 +5.09 0.001

Final 29.58 + 8.64 20.83 +8.95 0.012
Patients with adrenal crises during pregnancy 2 0 0.133
Hypertension 1 2 0.999
Preeclampsia 1 2 0.999
Gestational diabetes 3 0 0.044
C-sections 6 10 0.758
Preterm birth 3 5 0.876

<37 weeks 3 3 —

<34 weeks 0 2 —
Birth weight, g 2886.67 + 468.07 3042.38 + 836.86 0.558
Apgar score

1 min 9.44 +1.01 9.38 +1.09 0.899

5 min 10 9.89 +0.47 0.490

*Adrenal insufficiency following bilateral adrenalectomy.

was much higher than the rate of 7.5% reported in the
French population and the rate of 8.4% reported in 57
629 French patients with gestational diabetes (18, 19).
However, this increased risk was only observed in patients
with hypercortisolism at the time of pregnancy (33%
preterm birth), and, to a lesser degree, for patients with
hypocortisolism (19.3% despite a seemingly adequate
replacement therapy by hydrocortisone, varying from
22 to 24 mg/day between the beginning and the end of
pregnancy). In contrast, when patients were eucortisolic,
the rate of preterm birth was comparable to the one of
the French population despite their history of CD (19).
In CD, surgery is usually followed by a transient period
of corticotroph deficiency: when possible, physicians
should thus advice their patients to wait for recovery
before pregnancy (a situation which should happen
in the majority of cases in the following 1-3 years).
Tang et al. recently reported a rate close to our results
(26-28% of preterm birth) in 27 patients with pregnancy
associated CD (i.e. CD onset during gestation or within
12 months after delivery or abortion) (5). Caimari et al.
reported an even higher rate of pre-term birth (65.8%),
in a review which included 80% of patients with active
hypercortisolism at the time of pregnancy (2/3 of the
cases) (4). Our rate was similar when focusing exclusively
on patients newly diagnosed during pregnancy, while the
rate of preterm birth was much lower (and comparable
to hypocortisolic patients) when only focusing on
hypercortisolic patients with a history of CD. Despite
that high rate of preterm birth, the birth weight was
not statistically different to the French population; this
is probably due to a high rate of gestational diabetes in

hypercortisolic patients, leading to a relative macrosomia
as shown in Fig. 1.

A high rate of metabolic comorbidities was also
observed in our cohort. A comparison with the French
population (based on 13 384 pregnancies in 2016) indeed
showed a higher rate of high blood pressure (10.4% vs
2.3%), preeclampsia (6.6% vs 2%) and gestational diabetes
(21% vs 10.8%) in our patients (19). Bronstein et al.
reported that uncontrolled hypercortisolism during
pregnancy was associated with hypertension (68%),
diabetes or glucose intolerance (25%), preeclampsia (14%),
osteoporosis and fractures (5%), cardiac failure (3%),
psychiatric disorders (4%), wound infections (2%), and
maternal death (2%) (1). In another review, miscarriage
and neonatal or maternal death were also significantly
higher compared to our data (28% vs 1.3%, 4.9% vs
1.3% and 0.8% vs 0%, respectively) (4). The profiles of
patients were however different as these reviews were not
specifically focusing on CD but included patients with
adrenal carcinoma, ectopic ACTH secretion or adrenal
aberrant receptors, groups in which the authors identified
a higher rate of mortality and comorbidities than in CD.
Moreover, different outcomes in the previous reviews
might have been influenced by the older data (1953-
1973), the period of time during which the management
and the monitoring of pregnancy were likely different
than in the last 30 years. Finally, 17 women presented at
least 1 miscarriage before the diagnosis of CD, including
8 women who had 2 or 3 miscarriages (data not shown).
This means that a total of 29 miscarriages were observed
in our cohort. However, as our study was retrospective,
we had no data on the delayed diagnosis. As such, it was
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not possible to determine whether these miscarriages
happened while being eu- or hypercortisolic (though not
yet diagnosed).

When looking at comorbidities in the subgroups based
on different secretory status at the time of pregnancy,
a significant statistical difference was only observed for
gestational diabetes, with a higher risk in hypercortisolic
patients compared to the other groups. The rates of high
blood pressure and preeclampsia seemed higher in hyper
and hypocortisolic patients compared to eucortisolic
patients; however, statistical significance could not be
shown probably because of an insufficient number of
events. Interestingly, the higher rate of cesarean delivery
was observed in hypocortisolic patients (53%). This rate
is higher than the one reported in the French population
(20%) (19) but is similar to the one reported by
Bothou et al. in a large series of 128 patients with adrenal
insufficiency (58%) (17). The details of the reasons for
these cesarean deliveries clearly showed that they had not
been performed forthe fear of the obstetricians related to
the adrenal insufficiency or the pituitary tumor.

Apart from prematurity, we did not observe any
major fetal complication in the three groups of patients.
Apgar scores were not statistically different among hyper-,
hypo and eucortisolic patients. Increased fetal morbidity
had been emphasized by several studies, including intra-
uterine growth restriction in 20% cases, stillbirth in 6%
or intrauterine death in 5% (1, 4). These rates were not
reported in our cohort. However, all the patients were
followed in tertiary referral centers. This was also the case
in the study by Bothou et al., in which the authors had not
reported any major fetal comorbidity (17). This illustrates
the fact that such fragile patients should be closely
followed by expert endocrinologists and gynecologists
during pregnancy to minimize the risk of comorbidity
(other than preterm birth).

To our knowledge, our study is the first to compare three
different cortisolic status in terms of pregnancy outcomes.
This allowed us to draw some conclusions on the risks of
each status but led to relatively small numbers of patients in
each group. This likely explains why statistical significance
could not be obtained for some parameters such as blood
pressure. The retrospective nature of the study led to
missing hormonal data for a number of patients. We thus
could not determine the levels of exposure in each patient,
especially the ones being hypercortisolic at the time of
pregnancy. Though we know that all these patients were
followed on a regular basis with free cortisol (salivary, and
urinary when available), not all descriptive data could be
retrieved. However. as these natients were all followed in

tertiary referral centers, the monitoring was very similar.
This is why we considered that the comorbidities depicted
here were due to the disease rather than erroneous or
incomplete medical workup during the pregnancy. As this
was not the aim of the study, we did not collect data on
thyroid status, while T4 levels out of target recommended
for central hypothyroidism might have modified the
outcomes of pregnancies. Finally, retrospective collection
of data did not allow to search for known factors of
prematurity such as lower level of education, low income,
smoking or genitourinary infections (14).

To conclude, CD markedly modified the outcome of
pregnancy, especially when patients were not eucortisolic.
Despite the fact that hypercortisolism was probably mild
in most of our patients, we reported a high rate of preterm
birth and comorbidities, which should make physicians
emphasize the need for a proper contraceptive method
for these patients. Despite the fact that hypocortisolism
was replaced with so-called physiological doses (20), we
reported a rate of comorbidities closer to hypercortisolic
than eucortisolic patients. This should make us rethink
of the appropriate dose of hydrocortisone during
pregnancy and probably discuss the need for lower doses
of hydrocortisone during pregnancy (even though we
did not find any significant difference in terms of dose of
hydrocortisone between patients with or without preterm
birth). Finally, as eucortisolic patients had the same
outcome as the general population, a history of CD should
not be considered a risk factor per se for comorbidities
during pregnancy, provided eucortisolism is obtained.
Perspective should now be focusing on the outcomes
of children exposed to mild endogenous or exogenous
hypercortisolism during pregnancy to determine potential
outcomes for their development.
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