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.ABSTRACT

	INTRODUCTION: Cushing’s syndrome (CS) is a potentially life-threatening disorder caused by excessive cortisol production due to either adrenocorticotropic hormone (ACTH) or autonomous adrenal cortisol secretion. CS is associated with an increased risk of cardiovascular complications and comorbidities such as      hypertension (HTN), dysglycemia, and coagulopathies. Although rare, pregnancy in patients with CS poses significant maternal-fetal risks. Hypercortisolism exacerbates physiological changes in pregnancy, leading to increased maternal morbidity in 60-70% of cases, primarily due to HTN, diabetes mellitus, glucose intolerance, and heart failure. Given the high risk of adverse outcomes, evaluating the association between CS and pregnancy is crucial.
OBJECTIVE: This study aims to assess the impact of CS on pregnancy in terms of disease control and maternal and neonatal outcomes.
METHODS: A systematic review will be conducted following the Joanna Briggs Institute methodology for systematic reviews of etiology and risk. Observational studies (prospective and retrospective cohorts, case series with at least three participants), regardless of the year of publication, involving pregnant women diagnosed with CS before, during, or within 12 months after pregnancy will be included. Eligible study designs will include cohort studies and case series. Maternal outcomes include disease control, preterm birth, gestational diabetes, HTN, and miscarriage. Newborn outcomes include perinatal mortality, congenital malformations, low birth weight, and small-for-gestational-age status. Comprehensive search strategies have been developed for the Embase, MEDLINE, LILACS, and CENTRAL databases. Two independent reviewers will assess study eligibility, extract data, and evaluate the risk of bias. Effect estimates for dichotomous outcomes will be calculated using relative risk with 95% confidence intervals (95% CIs). Proportional meta-analyses will be conducted using Stata version 18 with the metaprop_one command. 
CONCLUSION: This systematic review will provide insights into the maternal and fetal risks associated with CS during pregnancy. The findings will help guide clinical management and counseling for women with CS who wish to conceive. 
PROSPERO Registration Number: CRD42024597682
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1. INTRODUCTION

Cushing’s syndrome (CS) is a potentially life-threatening disorder characterized by excessive cortisol production, either due to excessive secretion of adrenocorticotropic hormone (ACTH) or autonomous cortisol production by the adrenal glands. When CS is caused by ACTH overproduction secondary to a pituitary lesion, it is classified as Cushing’s disease (CD). This disorder is associated with a heightened risk of cardiovascular complications and various comorbidities, including arterial hypertension, diabetes mellitus, and coagulopathies (1).
The precise current incidence and prevalence of CS remain unclear, but it is recognized as a rare disease, with an estimated incidence ranging from 0.7 to 2.4 new cases per million people annually. Prevalence rates vary significantly across different ethnic and cultural populations (2–4). CD, which involves excess cortisol and androgen production, is linked to lower fertility rates compared with adrenal adenomas, which primarily cause cortisol overproduction (5). Hormonal hypersecretion in CD suppresses gonadotropin release, often resulting in amenorrhea or oligomenorrhea (6). However, some women with CS can conceive, particularly those who have achieved disease control or undergone fertility treatments (7, 8).
During pregnancy, the endocrine system undergoes significant changes due to placental hormone secretion. The pituitary gland increases in volume as lactotrophic cell hyperplasia enhances hormonal secretion. Prolactin and estrogen levels rise throughout pregnancy, while placental growth hormone (GH) suppresses pituitary GH production. Additionally, the placenta synthesizes corticotropin-releasing hormone (CRH), stimulating the release of ACTH and cortisol (9).
Although rare, pregnancy in women with CS presents considerable maternal-fetal risks. Hypercortisolism exacerbates physiological changes seen in normal pregnancies, leading to maternal morbidity in 60%–70% of cases, primarily due to arterial hypertension, diabetes mellitus, glucose intolerance, and heart failure (10). The prevalence of preeclampsia and eclampsia is also higher in pregnant women with CS than in those without the disease (10).
A systematic review of cases published between January 1952 and April 2015 identified 263 pregnancies in women with active CS, all diagnosed and treated before conception. Adrenal adenoma was the most common cause of CS during pregnancy (44.1%). Pregnant women with active CS had significantly higher rates of gestational diabetes mellitus (36.9% vs. 2.3%, p = 0.003), gestational hypertension (40.5% vs. 2.3%, p < 0.001), and preeclampsia (26.3% vs. 2.3%, p = 0.001) compared with those with controlled disease (11).
Additional maternal complications included osteoporosis and fractures (5%), psychiatric disorders (4%), and heart failure (3%). Among newborns, 50% were delivered prematurely, with a neonatal mortality rate of 25%–40%, while maternal mortality was approximately 4%. Fetal complications included miscarriage (5%) and intrauterine growth restriction (21%) (6, 10).
Many women with CS conceive while undergoing pharmacological treatment, often without prior fertility planning. For some patients with CD, transsphenoidal surgery alone is insufficient for disease control, necessitating additional pharmacologic treatment. These may include cortisol synthesis inhibitors (e.g., ketoconazole) or tumor-targeting agents such as dopaminergic agonists and somatostatin receptor ligands. While these therapies effectively manage pituitary adenomas, their impact on fetal development raises concerns. Two key issues arise during pregnancy: the potential teratogenic effects of these medications and the influence of elevated estrogen levels on adenoma growth (12).
Diagnosing CS during pregnancy is particularly challenging due to overlapping clinical and biochemical changes. Healthy pregnancies are characterized by physiological increases in ACTH, CRH, cortisol, and urinary-free cortisol, making it difficult to distinguish between normal and pathological cortisol elevations. Additionally, dexamethasone suppression testing may be unreliable in pregnant women. Imaging studies may also be inconclusive, particularly in cases of small corticotroph adenomas, which may go undetected due to the lack of contrast administration or pituitary hyperplasia. Despite these challenges, an accurate diagnosis is critical, as active CS significantly increases maternal and fetal risks (3).
Given the potential for severe complications, further investigation into the association between CS and pregnancy is essential. The only existing systematic review on this topic focuses on CD and pregnancy and includes studies published only in 2015. Furthermore, a proportional meta-analysis of key maternal and fetal outcomes has not been conducted, which this study aims to address (11).

1.1 – Review Question

a. Does CS in pregnant women increase the risk of adverse maternal and fetal outcomes?
b. Does pregnancy in women with CS worsen disease control?

2. methods

This systematic review will follow the Joanna Briggs Institute methodology for systematic reviews of etiology and will be reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (13,14). The review protocol has been registered in the International Prospective Register of Systematic Reviews under registration number CRD42024597682.

2.1 Eligibility criteria
2.1.1 Inclusion criteria
Observational studies (prospective and retrospective cohorts, case series with at least three participants), regardless of the year of publication, that meet the participants–exposure–outcomes (PEO) structure will be included:

2.1.1.1 Participants (P):
Pregnant women of childbearing age diagnosed with CS before, during, or within 12 months after pregnancy.

2.1.1.2 Exposure (E): 
Diagnosis of CD confirmed by two positive initial tests (24-h urinary cortisol, late-night salivary cortisol, or dexamethasone suppression test) in women diagnosed before pregnancy, elevated serum ACTH levels, confirmation of an ACTH secreting adenoma through pathological analysis after pituitary surgery or post-surgical remission. For patients without pituitary surgery, CD will be diagnosed if plasma ACTH levels exceed 15 pg/mL and at least one of the following criteria is met: petrosal sinus catheterization with a central-peripheral ACTH ratio ≥2.0 before or ≥3.0 after CRH or desmopressin stimulation, presence of a pituitary adenoma >6 mm on magnetic resonance imaging during a high-dose dexamethasone suppression test, along with ACTH and cortisol responses consistent with CD (15).

2.1.1.3 Outcomes (O):
1- Maternal outcomes
a. Frequency of CS recurrence (clinically and/or biochemically assessed) in women with prior disease control.
b. Mean 24-h urinary cortisol levels before pregnancy and after delivery.
c. Frequency of hormonal hypersecretion remission in women without adequate disease control before or during pregnancy.
d. Incidence of gestational diabetes mellitus and worsening diabetes in pre-existing cases.
e. Presence of hypertension and/or eclampsia (diagnosed based on blood pressure and presence of at least one preeclampsia complication after the 20th week: proteinuria, thrombocytopenia, liver dysfunction, renal impairment, pulmonary edema, headaches, or visual disturbances).
f. Frequency of preterm birth.
g. Frequency of headaches during pregnancy.
h. Frequency of adverse events related to CS medication use during pregnancy.
i. Incidence of symptomatic pituitary adenoma growth during pregnancy.
j. Frequency of adenoma apoplexy during pregnancy.
k. Lactation frequency.
l. Frequency of visual disturbances due to pituitary adenoma.
m. Frequency of spontaneous abortion.
n. Incidence of thromboembolic events.

2- Fetal and neonatal outcomes
a. Perinatal mortality, including stillbirth and neonatal death.
b. Frequency of low birth weight (<2,500 g).
c. Incidence of congenital anomalies.
d. Frequency of small-for-gestational-age births.
e. Incidence of fetal macrosomia.

2.1.2 Exclusion criteria
Studies that do not follow the PEO structure will be excluded, along with case-control studies, case reports, and case series with fewer than three participants.

2.2 Search strategy
A comprehensive search will be conducted across the following electronic databases: Embase, MEDLINE (via PubMed), LILACS (via Virtual Health Library), and Cochrane Central Register of Controlled Trials (CENTRAL).
The search strategy includes indexed terms for CD, CS, and pregnancy. Full search strategies are provided in Appendix A.
All references will be managed using EndNote for citation tracking and duplicate removal. Rayyan QCRI, a free web tool for systematic review screening, will be used for title and abstract selection (16). No language or publication year restrictions will be applied.

2.3 Study selection, methodological quality assessment, and data extraction
Two independent reviewers (D.B.B. and G.A.S.) will screen the titles and abstracts of studies retrieved from the search strategy. Studies deemed potentially eligible will be selected for full-text review and assessed against the eligibility criteria. Justifications for excluding studies after full-text review will be presented in a tabular format. Any disagreements will be resolved through discussion or consultation with the project coordinator (V.S.N.N.).
The methodological quality of included studies will be evaluated using the Joanna Briggs Institute risk of bias assessment tool for case series studies. This tool assesses whether inclusion criteria were clearly defined and consistently applied, whether the central health condition was measured reliably in all participants, accuracy and reliability of outcome measurement tools, consistency and accuracy of reported results, identification and consideration of potential confounders, appropriateness of statistical methods used for data analysis, clarity and detail in result presentation, generalizability of results beyond the studied population, and handling of lost-to-follow-up cases and their potential impact on results (17).
Findings from the risk of bias assessment will be presented in narrative form and tables. If applicable, these findings will be incorporated into a sensitivity analysis or meta-analysis. All included studies, regardless of their methodological quality, will undergo data extraction and synthesis whenever possible.
Two reviewers (D.B.B. and G.A.S.) will independently extract data using a standardized form, including extraction details (duration of illness, pre-pregnancy disease control status, age, type of treatment, adenoma classification [macroadenoma vs. microadenoma]), study design (observational type, sample size, follow-up duration), treatment details (use of medications before, during, and after pregnancy), and outcome measures (maternal and fetal outcomes as per eligibility criteria).
Discrepancies in data extraction will be resolved through consensus meetings with the project coordinator (V.S.N.N.) before finalizing the dataset.

2.4 Meta-analysis
If at least two studies report comparable outcomes, a meta-analysis will be conducted using Stata Statistical Software 18 (StataCorp, College Station, Texas).
To calculate global frequencies of dichotomous outcomes, proportional meta-analyses will be conducted using the “metaprop_one” command, applying a normal random-effects logistic model (18). The number of events will serve as the numerator, while the number of pregnancies and newborns will be used as the denominator for maternal and fetal outcomes, respectively.
To avoid overestimation of adenoma control and underestimation of tumor growth during pregnancy, the denominator for these outcomes will only include pregnancies in which they were explicitly assessed.
For continuous outcomes, where available, means and standard deviations will be extracted from primary studies. The effect of exposure will be estimated by calculating the difference in means (before pregnancy vs. after pregnancy) with a 95% CI.
To assess inconsistencies among the included studies, reviewers will visually inspect the forest plots for variations in effect sizes and apply the Higgins’ I2 statistic and the chi-square test. Statistical heterogeneity will be considered significant if p < 0.10 for the chi-square test and I2 > 50%, indicating substantial inconsistency. If heterogeneity is detected, meta-regression will be conducted to explore potential sources of variation. The following covariates will be analyzed: maternal age during pregnancy, year of study publication, use of medications at conception, history of transsphenoidal surgery before pregnancy, incidence of adenoma apoplexy during pregnancy, and prevalence of macroadenomas and macroprolactinomas. The Knapp–Hartung correction will be applied to determine the significance of meta-regression coefficients (19). A predictive interval will be calculated for random-effects models when I2 > 30% and at least five studies are included in the meta-analysis. This interval estimates the expected variation in treatment effect across different populations, including future patients (20).
If quantitative synthesis is not feasible, a descriptive synthesis will be provided, supplemented with tables and qualitative analysis.

2.5 Sensitive analysis
To evaluate the robustness of the findings, sensitivity analyses will be performed based on the risk of bias in the included studies.
Additionally, subgroup analyses will be conducted based on the underlying cause of CS, including CD (pituitary adenoma), ectopic ACTH syndrome, and adrenal-origin CS.

2.6 Quality of evidence assessment
For continuous outcomes (before vs. after pregnancy), evidence quality will be assessed using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system. Observational studies are generally classified as low quality. However, if a study demonstrates a large effect size and no identifiable bias, the evidence may be upgraded to moderate or high quality (21).

2.7 Publication bias
Conventional tests for publication bias—Egger’s test, Begg’s test, and funnel plots—are primarily designed for comparative data. These tests assume that studies with positive results are more frequently published than those with negative results. Although statistical tests for publication bias can be applied to proportional meta-analyses, there is currently no evidence that proportional data are adequately adjusted for these tests (22). Moreover, the assumption that positive results are more frequently published may not hold for proportional data, as there is no standardized definition of a positive outcome in proportional meta-analyses. As a result, these statistical tests are not recommended for this type of analysis. Instead, a qualitative assessment of publication bias (22) will be conducted in the present study, following established guidelines.

3. Conclusion
Cushing’s syndrome is a rare yet complex disorder with a high risk of complications, particularly in the context of pregnancy. This condition can lead to adverse maternal and fetal outcomes, necessitating careful management and early intervention.
This systematic review aims to analyze the interaction between CS and pregnancy, providing valuable insights into maternal-fetal care in high risk cases.
The findings will contribute to the development of evidence-based care strategies, helping clinicians optimize diagnosis, treatment, and patient outcomes during pregnancy.
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APPENDIX

Appendix A: Search strategy

PubMed
#1 “Pituitary ACTH Hypersecretion” [Mesh] OR (ACTH Hypersecretion, Pituitary) OR (Hypersecretion, Pituitary ACTH) OR (Cushing Disease, Pituitary) OR (Cushing Diseases, Pituitary) OR (Pituitary Cushing Disease) OR (Pituitary Cushing Diseases) OR (Pituitary-Dependant Hypercortisolism Disorder) OR (Hypercortisolism Disorder, Pituitary-Dependant) OR (Hypercortisolism Disorders, Pituitary-Dependant) OR (Pituitary-Dependant Hypercortisolism Disorder) OR (Pituitary-Dependant Hypercortisolism Disorders) OR (Pituitary-Dependant Cushing Syndrome) OR (Cushing Syndrome, Pituitary-Dependant) OR (Pituitary-Dependant Cushing Syndrome) OR (Pituitary-Dependant Hypercortisolism) OR (Hypercortisolism, Pituitary-Dependant) OR (Hypercortisolisms, Pituitary-Dependant) OR (Pituitary-Dependant Hypercortisolism) OR (Pituitary-Dependant Hypercortisolisms) OR (Cushing Disease) OR (Disease, Cushing) OR (Pituitary Cushing Syndrome) OR (Cushing Syndrome, Pituitary) OR (Inappropriate ACTH Secretion Syndrome) OR (Inappropriate Adrenocorticotropic Hormone Secretion) OR (Adrenocorticotropic Hormone, Inappropriate Secretion) OR “Cushing Syndrome” [Mesh] OR (Syndrome, Cushing) OR (Cushing’s Syndrome) OR (Syndrome, Cushing’s) OR (Hypercortisolism) OR ACTH Secreting Pituitary Adenoma OR “ACTH Secreting Pituitary Adenoma” [Mesh] OR (ACTH Secreting Pituitary Adenomas) OR (Pituitary Adenomas, ACTH Secreting) OR (Corticotroph Adenoma) OR (Adenoma, Corticotroph) OR (Adenomas, Corticotroph) OR (Corticotroph Adenomas) OR (Pituitary Corticotropin-Secreting Adenoma) OR (Corticotropin-Secreting Adenoma, Pituitary) OR (Corticotropin-Secreting Adenomas, Pituitary) OR (Pituitary Corticotropin-Secreting Adenoma) OR (Pituitary Corticotropin-Secreting Adenomas) OR (ACTH Producing Pituitary Adenoma) OR (ACTH Producing Pituitary Adenoma) OR (ACTH Producing Pituitary Adenomas) OR (Pituitary Adenoma, ACTH Producing) OR (Pituitary Adenomas, ACTH Producing) OR (Pituitary Adenoma, ACTH Secreting) OR (Pituitary Adenoma, ACTH Secreting) 
#2 “Pregnancy” [Mesh] OR (Pregnancies) OR (Gestation) OR (Pregnant women) OR (Pregnant) OR (Lactating women) OR (Maternal iodine intake) OR (Postpartum) OR (Pregnant patient)
#1 AND #2

EMBASE
#1 “adrenocortical hyperplasia” OR “Cushing”s disease” OR “cushing syndrome” OR “acth induced; Cushings disease” OR “itsenko cushing disease” OR “pituitary ACTH hypersecretion” OR “acth secreting adenoma”/exp - ACTH secreting pituitary adenoma OR “ACTH producing adenoma” OR “ACTH producing adenomas” OR “ACTH producing pituitary adenoma” OR “ACTH producing pituitary adenomas” OR “ACTH producing pituitary tumor” OR “ACTH producing pituitary tumors” OR “ACTH producing pituitary tumour” OR “ACTH producing pituitary tumours” OR “ACTH producing tumor” OR “ACTH producing tumors” OR “ACTH producing tumour” OR “ACTH producing tumours” OR “ACTH secreting adenomas” OR “ACTH secreting pituitary adenoma” OR “ACTH secreting pituitary adenomas” OR “ACTH secreting pituitary tumor” OR “ACTH secreting pituitary tumors” OR “ACTH secreting pituitary tumour” OR “ACTH secreting pituitary tumours” OR “ACTH secreting tumor” OR “ACTH secreting tumors” OR “ACTH secreting tumour” OR “ACTH secreting tumours” OR “adrenocorticotropic hormone secreting adenoma” OR “corticotroph adenoma” OR “corticotroph adenomas” OR “corticotropinoma” OR “corticotropinomas” 
#2 “pregnancy”/exp OR “childbearing” OR “childbearing” OR “gestation” OR “gravidity” OR “intrauterine pregnancy” OR “labor presentation” OR “labour presentation” OR “pregnancy maintenance” OR “pregnancy trimesters”
#1 AND #2

Lilacs (BVS)
#1 MH: “Hipersecreção Hipofisária de ACTH” OR (Hipersecreção de ACTH Hipofisária) OR (Hipersecreção de ACTH Pituitária) OR (Hipersecreção Pituitária de ACTH) OR (Doença de Cushing) OR (Síndrome da Secreção Inadequada de ACTH) OR (Secreção Inadequada de Hormônio Adrenocorticotrópico) OR MH:C10.228.140.617.738.250.725$ OR MH:C19.700.355.800$
#2 MH: “Síndrome de Cushing” OR MH:C19.053.800.367$
#3 MH: “Gravidez” OR (Gestação) OR MH: G08.686.784.769
#1 AND #2 AND #3
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