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Summary

Objective—To analyse gender differences in the clinical presentation and recovery of paediatric 

patients with Cushing’s disease (CD) after transsphenoidal surgery (TSS). Indeed, gender 

differences between paediatric patients with CD during presentation, after TSS and postoperative 

recovery have not been adequately studied.

Design—Data were obtained and retrospectively analysed from clinical reports and biochemical 

tests at the time of presentation, 5–9 days after TSS and at the 6 and 12 months postoperative 

follow-up visits to determine hypothalamic–pituitary–adrenal axis (HPAA) recovery.

Patients—Data from 102 paediatric patients (48 females, 54 males, mean age 12.9 ± 3.0) with 

CD who underwent TSS at the National Institute of Health (NIH) Clinical Center between 1997 

and 2011.

Results—There was equal distribution of paediatric CD between males and females (53% vs 
47%; n = 102, P = 0.484). Males were more likely than females to present with higher mean BMI 

Z-scores (2.2 ± 0.7 vs 1.9 ± 0.6, P = 0.0079), lower mean height Z-scores (−1.2 ± 1.3 vs −0.7 

± 1.1, P = 0.0467) and higher median plasma ACTH (12.2 vs 8.5 pmol/l; P = 0.0495). Females did 

not present more frequently with any single sign or symptom. No significant differences were 

found between males and females for CD cure rates 5–9 days after TSS (87.0% males vs 87.5% 

females, P = 1.0), long-term cure rates (86.5% vs 93.7%; n = 69; P = 0.4374) and HPAA recovery 

time (11.2 ± 2.5 vs 11.7 ± 2.5 months; n = 47; P = 0.1992).

Conclusions—Paediatric CD is found to have equal distribution between males and females, but 

male patients present with elevated BMI and potentially shorter height and higher plasma ACTH. 

There is no significant difference in the cure rate or HPAA recovery time after TSS between males 

and females.
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Introduction

In adults, Cushing’s disease (CD) has been shown to have a female preponderance and 

present with more severe symptoms,1 but gender differences in paediatric patients with CD 

have yet to be studied. The incidence of CD in children is very rare compared to adults, but 

the potential consequences affecting normal growth and development can be long-term.2–5 

We and others have reported that CD in children and adolescence leads to poor growth and 

development resulting in short stature, obesity, abnormal puberty and osteopenia.6–8 Gender 

differences between paediatric patients with CD during presentation, after TSS and 

postoperative recovery have not been adequately studied.

CD is the most common form of Cushing’s syndrome (CS) in childhood and adolescence, 

accounting for 75–80% of cases with most patients having the typical cushingoid 

appearance.2,5,8–10 There has been one study on a cohort of 50 paediatric patients with CD 

which described the relationship between gender and puberty: Storr et al.11 reported a higher 

incidence in prepubertal males but no increase in severity at presentation among either 

gender. More recently, a 2007 study reported that paediatric patients with CD had abnormal 

puberty due to excessive virilization caused by adrenal androgens.7

Here, we present a retrospective investigation of the most recent and largest cohort of 

paediatric patients with CD studying gender differences at three time points: at initial 

presentation, 3–9 days after TSS, and during recovery. Continuous and categorical data were 

collected and analysed from 102 paediatric patients with CD seen at the NIH within the last 

15 years with the aim to describe gender differences in paediatric CD and to determine 

whether the differences in paediatric CD are consistent with those found in adult CD.

Methods

Data from 102 paediatric patients (48 female, 54 male; mean age 12.9 ± 3.0) seen at the NIH 

Clinical Center between 1997 and 2011 were retrospectively collected. Patient 

characteristics are summarized in Table 1. Of the 102 children with Cushing’s disease, the 

majority were Caucasian (65%), 8% were African American, 4% were Asian, and the 

remainder other/unknown race. Twenty-five percent of the children were of Hispanic/Latino 

ethnicity. Eighty-one of 102 children (80%) were from the United States or Canada, while 

14 were from South America, 3 from the Middle East, 3 from Europe, and 1 from Oceania. 

Patients were included if they were diagnosed with CD and underwent TSS at the NIH 

before the age of 18; 6 of the patients in our cohort previously underwent TSS at a different 

institution, and their disease was not in remission prior to admission to the NIH. Data sets 

for patients were collected for the initial visit, after TSS and at approximately 6 (6.1 ± 1.5)-

month and/or (12.3 ± 0.9)-month follow-up visits.

The initial visit data included the age, height, weight, BMI Z-score, 24-h UFC, midnight 

serum cortisol levels, plasma total cholesterol, HDL, LDL, fasting insulin, fasting glucose, 

calculated homoeostasis model assessment–insulin resistance (HOMA–IR), bone age Z-

scores (BAZ), physical symptoms (webbed neck, facial plethora, acne, striae) and duration 
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since onset of symptoms. Physical symptom data were obtained from patient notes and 

surveys.

To further evaluate the clinically significant differences in BMI Z-scores between genders at 

initial presentation, we analysed other components of the metabolic syndrome based on 

accepted normal paediatric values. Cholesterol, HDL, LDL and triglyce-rides were defined 

as high risk if serum levels were greater than 5.18 mmol/l, less than 0.91 mmol/l, greater 

than 2.85 mmol/l and greater than 1.70 mmol/l, respectively. Patients with high fasting 

glucose levels above 6.99 mmol/l were determined to be diabetic, and patients with a 

HOMA–IR level above 2.6 mg/dl were considered insulin resistant.

For the identification of metabolic syndrome, Weber et al.12 showed that a BMI Z-score of 0 

890 provides good discriminatory ability, which we used for our patients. In addition, 

according to the WHO clinical criteria for metabolic syndrome,13 insulin resistance has to be 

first identified, followed by any two criteria amongst hypertension, elevated plasma 

triglycerides, low HDL cholesterol levels, high BMI, elevated urine albumin excretion rate 

or albumin/creatinine ratio.

Data collected at the time of surgery included adenoma size if visualized on MRI, 

histopathology of resected tumour, postoperative 24-h urinary free cortisol (UFC) and 

plasma cortisol. Adenoma size is reported as the size based on the largest reported diameter 

as reported by a neuroradiologist. The plasma cortisol and 24-h UFC measured on 

postoperative days 5–9 were used to determine if the patient was cured by the surgery; a 

UFC less than 27.6 nmol/day and/or plasma cortisol less than 55.2 nmol/l are defined as 

cured, as previously described14,15. Patients were administered hydrocortisone replacement 

postoperatively as previously described.16 Patients with continuous remission of signs and 

symptoms at a most recent follow-up date (>17 months) were considered cured long-term.

Data collected from follow-up visits included peak cortisol levels from ACTH (250 μg) 

stimulation test and 24-h UFC. Of the 102 patients (Figure 1), 76 (74.5%) returned for a 

follow-up visit; 30 (29.4%) patients came for a follow-up visit at approximately 6 months 

postoperative, 67 (65.7%) patients had a follow-up visit at approximately 12 months 

postoperative; 21 (20.6%) patients had both a 6- and 12-month visit; and 26 (25.5%) did not 

follow up at all. HPAA recovery was defined as ACTH stimulation test resulting in a peak 

cortisol level of ≥496–8 nmol/l as previously described.16

Data were described using simple descriptive statistics or frequency distributions and are 

presented as range and median or percents, and mean ± standard deviation (SD) for the 

description of age, BMI and height Z-scores. Continuous data were log-transformed if 

necessary and compared between the genders using t-tests, or Wilcoxon rank-sum test, as 

appropriate. Categorical data were compared by Fisher’s exact test, and the proportions of 

gender distributions were compared by the Z-test for proportions. SAS system software v. 

9.2 (SAS Institute, Inc, Cary, NC, USA) and PEPI v. 4.0 (Gahlinger & Abramson, Salt Lake 

City, UT, USA) were used to analyse the data. A two-sided P-value of less than 0–05 was 

considered statistically significant.
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Results

Among our 102 patients, there was equal distribution between males and females (53% vs 

47% P = 0.484). There also was an equal gender distribution of CD in prepubertal and 

pubertal patients; six prepubertal and 31 pubertal males compared to nine prepubertal and 28 

pubertal females (P = 0 385). Mean breast Tanner stage for females was 3 (IQR 3–5),-while 

mean testicular volume by Prader orchidometer in males was 8 ml (IQR 5–10). Regarding 

the female group’s menstrual cycle, we have data for 39 of the total 48 patients who were 

initially evaluated. Their age ranged from 6.53 to 18.19 years with a mean of 12.87 ± 3 

years. Sixteen patients were premenarchal, four presented with primary amenorrhoea, 5 with 

secondary amenorrhoea and 8 with irregular menstruation (73.9% of the postmenarchal 

patients had either amenorrhoea -or irregular menstruation). Paediatric female patients did 

not present more frequently with any single sign or symptom, and preoperative MRI showed 

similar tumour sizes based on the largest measured diameter.

All patients had high midnight cortisol, plasma ACTH and 24-h UFC levels at initial 

presentation, and there were no statistically significant differences between males and 

females except for a borderline difference in plasma ACTH (Table 1). The med ian midnight 

cortisol for the group was 419.5 nmol/l (males 456 8 vs females 400.2 nmol/l; P = 0 3972; 

normal <110 4 nmol/median plasma ACTH was 10.0 pmol/l (males 12.2 vs females 8.5 

pmol/l; P = 0.0495; normal <10.1 pmol/l), and the median 24-h UFC/BSA was 375–5 

nmol/day/m2 (males 400.9 vs females 300.2 nmol/day/m2; P = 0 1746).

Initial visit characteristics of the 102 patients are summarized in Table 1. Analysis at initial 

presentation showed males presenting with CD with higher mean BMI Z-scores (2.2 ± 0.7 

vs 1.9 ± 0.6, P = 0.0079), and borderline lower mean height Z-scores (−1.2 ± 1.3 vs −0.7 

± 1.1, P = 0.0467) Table 2.

Statistical analysis of metabolic syndrome revealed that females had an increased risk based 

on LDL (68 8% females vs 43.6% males P = 0.0208) (Table 3). There were no other 

significant findings when comparing the remaining metabolic significant findings when 

syndrome parameters in males and females. Of note, a high proportion of the cohort was 

found to be at risk for metabolic syndrome. Of the patients who had cholesterol readings, 23 

of 71 (32–4%) individuals were considered high risk; 11 of 39 (28.2%) males and 12 of 32 

(37.5%) females. LDL levels were high or borderline and at risk in 54.9% of patients, while 

HDL levels were low and considered at risk in only 7.1% of patients. Triglyceride levels 

were considered at risk in 12 of 71 patients (16.9%); five of 39 (12.8%) males and seven of 

32 (21.9%) females. There were 11 of 102 (10.8%; four males vs seven females) with 

inappropriately elevated fasting glucose levels and defined as patients with diabetes. Fasting 

insulin levels were considered at risk in 49 of 61 (80.3%); 25 of 31 (80.7%) males and 24 of 

30 (80.0%) females. The HOMA–IR ratio showed 54 of 61 patients (88.5%) with insulin 

resistance; 27 of 31 (87.1%) males and 27 of 30 (90.0%) females.

Pre- and post-TSS BMI Z-scores were available in 27 females, and pre-TSS, 24 had a BMI 

Z-score higher than 0 89 (88 9%), whereas post-TSS, 16 met the criteria for metabolic- 

syndrome12 (59.3%). In our male group, we had data for BMI Z-scores pre- and 
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postoperatively in 30 patients. Pre-TSS, 28 had a BMI Z-score higher than 0.89 (93.3%), 

and post-TSS, only 19 males (63.3%). These data show that there was a decrease in the 

prevalence of metabolic syndrome post-TSS in females and males of 29.6% and 30%, 

respectively, taking into consideration only the patients’ BMI status. According to the WHO 

clinical criteria for metabolic syndrome,13 of the 21 female patients, eight met the criteria 

pre-operatively (38.1%) and two postoperatively for metabolic syndrome (9.5%). 

Concerning the male patients, initially, 10 met the criteria (50%) compared to only one of 

them after the resection (5%). There was, therefore, a decrease of 28.6% and 45% 

postoperatively in the prevalence of metabolic syndrome in the female and male group, 

respectively.

The bone age Z-score (BAZ) was calculated before and after TSS. In the female group, 24 

had a mean BAZ of 0.5 ± 1.7 pre-TSS and −0.2 ± 1.3 post-TSS after 1.2 ± 0.2 years. We had 

data from 30 males who had a mean BAZ of 1 ± 1.3 pre-operatively and 0.5 ± 1.5 

postoperatively after a period of 1.2 ± 0.3 years. For patients who were Tanner stages 1–4 at 

the time of TSS, and in whom we had at least 1 year of follow-up growth data, the mean 

annual growth velocity following TSS was 7.35 ± 4.06 cm, as compared to noted growth 

deceleration/plateau prior to surgery.17

No significant gender differences were found on the immediate and long-term cure rates, or 

HPAA recovery. Of the 102 patients, 89 individuals (87.2%) were found to be cured 5–9 

days after TSS (87.0% males vs 87.5% females, P = 1.0). For the patients who returned for a 

follow-up at a later time (>17 months), 62 of 69 (89.9%) patients remained cured (86.5% 

males vs 93.7% females; P = 0.4374). Of the 76 patients who returned for either a 6 or 12 

month follow-up visit, 47 recovered HPAA function (21 males vs 26 females; P = 0.0578) 

with an average recovery time of 11.5 ± 2.5 months (11.2 ± 2.5 months for males vs 11.7 

± 2.5 months for females; n = 47; P = 0.1992). Due to the fact that many patients had 

difficulties coming for follow-up at the NIH, there was an attempt to contact them by 

telephone so that we could be informed about their current situation. Of the 26 patients who 

were not seen for follow-up, we managed to communicate with six patients, five of whom 

were cured, and their length of follow-up in months ranged from 4.6 to 64.2 with a median 

of 33.3 months (Fig. 1).

Of the 76 patients who were evaluated for postoperative complications, 16 (five female) 

were found to have hypopituitarism. In the female group, diabetes insipidus (DI) occurred in 

four and hypothyroidism in two of them. In the male group, eight presented with 

hypothyroidism, five with DI, four with hypogonadism and one with growth hormone 

deficiency. All patients were administered the appropriate hormonal replacement 

medication.

Discussion

This is the first comprehensive study of paediatric patients with CD treated at the NIH 

Clinical Center since 1993, with the exception of a recent manuscript focusing on surgical 

outcomes.18 We investigated a new and larger group of 102 patients seen over the last 15 

years. Our study shows an equal distribution of CD in paediatric males and females. We 
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have also found significant differences showing that males present with a higher BMI and 

possibly shorter stature. As the pubertal growth spurt in males occurs later than in females, 

the timing of puberty and its relationship to stature is inherently different between males and 

females; however, comparing Z-scores which are corrected for gender should normalize this 

difference in gender-specific ages of maturation. Physical signs of CD manifested equally in 

both genders with potentially higher biochemical levels of ACTH in the males. Pre-operative 

pituitary MRI showed tumours of similar size in both genders. Interestingly, a study in adult 

patients with CD that had shown the expected female preponderance also showed males 

presenting at a younger age with more severe clinical symptoms, and increased UFC and 

ACTH.1

As our statistical analysis revealed higher BMI Z-levels in males, we further investigated 

lipid profiles and other risks associated with metabolic syndrome in our cohort. It is 

important to point out that following cure, elements of metabolic syndrome improved in the 

majority of the patients. Interestingly, despite the increased BMI Z in males, we found 

females were at significantly higher risk based on LDL than that of males. No other 

significant differences were identified in the other parameters for metabolic syndrome in 

males and females. Nonetheless, it is noteworthy to report the high prevalence of risk factors 

contributing to metabolic syndrome. Assessing the risk for metabolic syndrome in paediatric 

patients with CD would further define the long-term implications of the disease. The 

incidence of metabolic syndrome in paediatric patients with normal BMI has been reported 

to be 3–4%,19 but Cruz and Goran show an increased incidence of 30% in children who are 

overweight (BMI >95 percentile) and with those who are insulin resistant.20

Our data suggest that paediatric patients with CD are at a higher risk of metabolic syndrome 

showing 68% of patients are considered obese, while 89% had HOMA–IR values indicating 

insulin resistance at initial presentation. Keil et al.21 previously described a similar pattern of 

increase in fasting insulin, LDL, HOMA, glucose, cholesterol and triglycerides in a smaller 

subset of our patients.

TSS is the treatment of choice for CD22–24; long-term cure after TSS has been shown to 

reverse hypercortisolism, increase growth velocity, and improve bone mineral density.25,26 

The most recent visit of each patient was at an average of 2.6 ± 2.4 years after TSS. It has 

been reported that long-term surveillance is required for all patients who underwent TSS to 

detect disease recurrence.25,26 Analysis of the data did not reveal any gender differences of 

paediatric CD cure rates or recovery of HPAA after TSS, although a longer period of follow-

up would be ideal. The reported average remission rate for CD after TSS is 72% with an 

average time of relapse of 4.2 years.27,28

Why males present with higher BMI Z, shorter stature and higher plasma ACTH is unclear. 

In other paediatric pituitary tumours, such as prolactinomas boys tend to have more 

aggressive disease but this is also accompanied by larger tumour size.29 We may speculate 

that overall paediatric pituitary adenomas are more aggressive in boys; in prolactinomas, 

however, hormonal secretion does not lead to any symptoms in prepubertal boys (other than 

when the tumour produces mass effects).30 ACTH-producing adenomas have a hormonal 

phenotype which makes them detectable earlier. The molecular signatures of paediatric 
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pituitary tumours are not known, and it is possible that paediatric pituitary adenomas are 

different from those in adults.

The retrospective design of our study has a number of limitations. For example, while 

importing data to analyse the risks of metabolic disorder in our cohort, many patients had 

missing values for total cholesterol, HDL, LDL, fasting insulin and fasting glucose. This is 

because these parameters of study were not added to our protocol until 2004. There were 

also a significant number of patients (20) who were neither seen for follow-up nor able to be 

contacted by telephone. This lack of data limits the conclusions we can draw. In addition, 

due to the descriptive nature of the study, there were numerous comparisons with a few 

borderline statistically significant differences that need to be considered with caution.

In conclusion, paediatric CD is found to have unexpectedly and contrary to the situation in 

adults, an equal distribution between males and females. There are no significant differences 

in the cure rate or HPAA recovery time after TSS. However, male patients presented with 

higher BMI, possibly shorter height and increased plasma ACTH, suggesting a more 

aggressive form of CD in boys, as is the case in paediatric prolactinomas. Further studies are 

needed to elucidate the molecular and patho-physiological basis for this gender-dependent 

biologic behaviour of paediatric pituitary adenomas.
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Fig. 1. 
Flow diagram regarding patients’ follow-up.
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Table 1.

Paediatric CD patient characteristics and data at initial presentation

Patient characteristics (N = 102) Mean ± SD

Males/Females (n) 54/48

Age (years) 12·9 ± 3·0

BMI Z-score 2·1 ± 0·7

Height Z-score −1·0 ± 1·2

Median (Range)

Midnight Cortisol (nmol/l) (normal <121·4 nmol/l) 419·5 (27·6–3753·6)

Plasma ACTH (normal <10·1 pmol/l) 10 (0·77–69·4)

Mean UFC/BSA (nmol/day/m2) 375·5 (15·9–23702·8)

Time since onset of symptoms (months) 32·05 (1·71–175·79)

Mean time to full recovery (months) (n = 47) 12 (4·8–15·2)

(by peak cortisol of >496·8 nmol/l)

Patient characteristics
Male (N = 54)
Mean ± SD

Female (N = 48)
Mean ± SD P-value

Age at Onset (years) (n = 83) 9·0 ± 2·9 10·2 ± 3·3 0·0787

BMI Z-score 2·2 ± 0·7 1·9 ± 0·6 0·0079

Height Z-Score −1·2 ± 1·3 −0·7 ± 1·1 0·0467

Male (N = 54)
Median (Range)

Female (N = 48)
Median (Range) P-value

Adenoma size (mm) (n = 48) 5 (3–20) 6 (3–32) 0·1260

Midnight cortisol (nmol/l) (n = 101) 456·8 (27·6–959·1) 400·2 (56·6–3753·6) 0·3972

Plasma ACTH (pmol/l) 12·2 (1·1–69·4) 8·5 (0·8–35·2) 0·0495

UFC/BSA (nmol/day/m2) 400·9 (18·6·4594) 300·2 (15·9–23702·8) 0·1746

Fasting glucose (mmol/l) 5·1 (3·7–14·9) 5·0 (3·0–14·2) 0·7852

Fasting insulin (mg/dl) (n = 61) 27·9 (9·0–226·0) 27·6 (2·7–96·2) 0·5786

HOMA (mg/dl) (n = 61) 6·5 (1·9–46·3) 6·6 (0·6–20·7) 0·8566

Total cholesterol (mmol/l) (n = 71) 4·7 (2·4–7·5) 4·7 (3·1–11·9) 0·2369

HDL (mmol/l) (n = 70) 1·4 (0·8–2·4) 1·3 (0·7–2·1) 0·0969

LDL (mmol/l) (n = 71) 2·7 (0·6–6·7) 3·2 (1·8–10·3) 0·0968

Triglyceride (mmol/l) (n = 71) 0·9 (0·3–4·0) 1·1 (0·4–6·2) 0·1233
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Table 2.

Percent of paediatric CD males (N = 54) and females (N = 48) with sign/symptom at initial clinical 

presentation

Sign/Symptom Male (%) Female (%) P-value

Obesity 74·1 60·4 0·2030

Acne 73·5 86·7 0·2275

Facial Plethora 75·0 60·0 0·2659

Striae 71·4 81·3 0·4004

Buffalo Hump 51·9 50·0 1·000

Diabetes 7·4 14·6 0·3405

Myopathy 44·0 35·3 0·7504
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Table 3.

Description of metabolic syndrome risk at time of presentation in paediatric patients with CD

Plasma component
%Total at risk
(N = 102)

%Males at risk
(N = 54)

%Females at risk
(N = 48) P-value

Total cholesterol (n = 71) 32·4 28·2 37·5 0·1428

LDL (n = 71) 54·9 43·6 68·8 0·0208

HDL (n = 70) 7·1 7·9 6·3 1·000

Triglycerides (n = 71) 16·9 12·8 21·9 0·1514

Fasting glucose (n = 102) 10·8 7·4 14·6 0·1307

Fasting insulin (n = 61) 80·3 80·7 80·0 1·000

HOMA-IR (n = 61) 88·5 87·1 90·0 1·000
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