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Acute stress response of the
HPA-axis in children with
Prader-Willi syndrome: new
insights and consequences for
clinical practice

Lionne N. Grootjen1,2,3*, Gerthe F. Kerkhof1,2,
Alicia F. Juriaans1,2,3, Demi J. Trueba-Timmermans1,2,3

and Anita C. S. Hokken-Koelega1,2,3

1Dutch Reference Center for Prader-Willi Syndrome, Rotterdam, Netherlands, 2Department of
Pediatrics, Subdivision of Endocrinology, Erasmus University Medical Center-Sophia Children’s
Hospital, Rotterdam, Netherlands, 3Dutch Growth Research Foundation, Rotterdam, Netherlands
Background: Prader-Willi syndrome (PWS) is associated with hypothalamic

dysfunction. It has been reported that the HPA axis might show a delayed

response during acute stress, and it is unknown whether the response of the

HPA-axis during acute stress changes with age in children with PWS.

Aim: To investigate the HPA-axis response during an overnight single-dose

metyrapone (MTP) test in children with PWS and to assess if the response

changes with age, whether it is delayed and if it changes with repeated testing

over time. In addition, we evaluated different cut-off points of ACTH and 11-DOC

levels to assess stress-related central adrenal insufficiency (CAI).

Methods: An overnight single-dose MTP test was performed in 93 children with

PWS. Over time, 30 children had a second test and 11 children a third one.

Children were divided into age groups (0-2 years, 2-4 years, 4-8 years and > 8

years).

Results: Most children did not have their lowest cortisol level at 7.30h, but at

04.00h. Their ACTH and 11-DOC peaks appeared several hours later, suggesting

a delayed response. When evaluated according to a subnormal ACTH peak (13-

33 pmol/L) more children had an subnormal response compared to evaluation

based on a subnormal 11-doc peak (< 200 nmol/L). The percentage of children

with a subnormal ACTH response ranged from 22.2 to 70.0% between the age

groups, while the percentage of a subnormal 11-DOC response ranged from 7.7

to 20.6%. When using the ACTH peak for diagnosing acute-stress-related CAI,

differences between age groups and with repeated testing over time were found,

whereas there was no age difference when using the 11-DOC peak.

Conclusion: Early morning ACTH or 11-DOC levels are not appropriate to

determine acute stress-related CAI in children with PWS, thus multiple

measurements throughout the night are needed for an accurate interpretation.
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Our data suggest a delayed response of the HPA-axis during acute stress. Using

the 11-DOC peak for the test interpretation is less age-dependent than the ACTH

peak. Repeated testing of the HPA-axis over time is not required, unless clinically

indicated.
KEYWORDS

acute-stress response, central adrenal insufficiency, hypothalamic - pituitary - adrenal
axis, children, Prader-Willi syndrome, hydrocortisone
1 Introduction

Prader-Willi syndrome (PWS) is a rare syndrome caused by the

lack of expression of genes in the PWS region on the paternally

derived chromosome 15, due to a paternal deletion, maternal

uniparental disomy (mUPD), an imprinting center defect (ICD)

or paternal chromosomal translocation (1, 2). Clinical findings

characterizing PWS are abnormal body composition, muscular

hypotonia, developmental delay, behavioral problems,

hyperphagia, obesity, short stature (2), and endocrine problems,

like hypothyroidism (3), growth hormone deficiency (4) and

hypogonadism (5). In addition, dysregulation of body

temperature and pain is also often found in PWS. Hypothalamic

dysfunction is likely to be the cause of most of these symptoms.

The mortality rate in subjects with PWS is high (3% per year

until the age of 30 years) (6). A large percentage of deaths in adults

is associated with the complications of obesity, but children had

mostly a mild viral illness or upper respiratory tract infection as the

cause of death. Also, sudden, unexpected deaths are described (7–

9). As small adrenal glands were found during autopsy in children

with PWS after an unexpected death (10, 11), it has been suggested

that acute stress-related central adrenal insufficiency (CAI) might

be partly responsible for these unexplained deaths.

In literature, there is no agreement on the prevalence of CAI

during acute stress in PWS (12). Several studies, in children and

adults, using different test methods and definitions of CAI, have

shown contradictory results. A previous study by our group

reported a prevalence of acute stress-related CAI of 60% in 25

children with PWS (median age 9.7 years) during an overnight

s i ng l e -do s e me t y r apone (MTP) t e s t , b a s ed on an

adrenocorticotropic hormone (ACTH) peak cutoff of < 33 pmol/

L, according to Steiner et al (13). Since then, the use of this ACTH

level as a cutoff for the diagnosis of CAI has been questioned (14)

and other cut-off points were used (15). Several studies using other

methods to diagnose CAI, found a prevalence in PWS ranging from

0-15% (14, 16–22). However, most of these studies used a low-dose

ACTH test, which is considered an appropriate method for

diagnosing primary and secondary adrenal insufficiency, but less

adequate for diagnosing tertiary adrenal insufficiency, originating

from (partial) hypothalamic insufficiency (14, 23). Recently, a study

in adults found a prevalence of CAI of 1.2% using the multiple-dose

MTP test, but this test does not test the acute stress-related response

of the HPA-axis (24). We previously established that children with
02
PWS are able to produce adequate cortisol levels in daily life (13, 25)

and do not suffer from CAI requiring daily hydrocortisone treatment.

However, based on the unexpected sudden deaths of children with

PWS, the question remained whether these children are able to

generate a sufficiently fast response of the HPA-axis during severe

acute stress. This can be testedwith an overnight, single-doseMTP test

or an insulin tolerance test (ITT), although the latter is not performed

in our clinic anymore, because of the risk of severe side effects.

Interestingly, one study in 36 children with PWS found a delayed

response of cortisol during an insulin tolerance test (ITT) in 64% of

them in comparison with healthy children (16), which indicated that

the response of the HPA-axis during acute stress is delayed.

The clinical consequences of under- or over diagnosing acute

stress-related CAI are significant. Underdiagnosing can lead to

potentially life-threatening situations such as an adrenal crisis

during acute stress, and over diagnosing can lead to overuse of

hydrocortisone, which might lead to unnecessary side effects. It is,

therefore, important to expand the knowledge about acute stress-

re la t ed adrena l insuffic iency in PWS and to create

recommendations on the necessity, frequency and repeating the

diagnostic procedures for CAI in PWS (12). It has been reported

that there is a negative correlation between age and the HPA-axis

(18, 21), which suggest that the response of the HPA-axis during

acute stress could change with age.

We analyzed the ACTH, 11-deoxycortisol (11-DOC) and

cortisol levels at different time-points during an overnight single-

dose MTP test in 93 Dutch children with PWS and investigated

whether the response to the single-dose MTP test changes with age,

using two different cut-off points of acute stress-related CAI based

on either the ACTH or 11-DOC peak. In addition, we investigated

whether the response of ACTH and 11-DOC after a single-dose of

MTP is normal or delayed in (young) children with PWS. With this

study, we aimed to increase our insights in the response of the HPA

axis during acute stress in children with PWS and whether this

would have consequences for clinical practice. We hypothesized

that the hormonal responses after a single-dose of MTP are different

between children and adults with PWS because these changes are

associated with age. In addition, we hypothesized that only few

children with PWS have CAI requiring daily hydrocortisone

treatment or an increased dose during mild to moderate stress,

but that the response of the HPA-axis during severe acute stress as

tested during the single-dose MTP test, would be delayed in

children with PWS.
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2 Materials and methods

2.1 Patients

All participants were diagnosed with PWS, confirmed by

methylation analysis of the PWS region, and participated in the

Dutch PWS Cohort study (26, 27).
2.2 Design

In this prospective study, all children underwent at least one

single-dose MTP test during an overnight stay at the Pediatric

Intensive Care Unit of the Erasmus Medical Center/Sophia

Children’s Hospital (Rotterdam, The Netherlands). MTP tests

were performed between March 2006 and June 2022. When a

child was ill at the time of the MTP test, the test was not

performed. All children visited the Dutch PWS Reference Center

in Rotterdam and received multidisciplinary care by the PWS team

in collaboration with pediatric endocrinologists and pediatricians in

other Dutch hospitals. The Dutch PWS Cohort study was approved

by Medical Ethics Committee of the Erasmus University Medical

Center. Written informed consent was obtained from parents and

children older than 12 years. Assent was obtained from children

younger than 12 years. The study was conducted according to the

guidelines of the Declaration of Helsinki II (28).
2.3 Overnight single-dose metyrapone test

Metyrapone was administered at 23.30h, in a dose of 30mg/kg

(maximum dose of 3 g) at the Pediatric Intensive Care Unit of the

Erasmus Medical Center/Sophia Children’s Hospital (Rotterdam,

The Netherlands). The GH dose was given around 19.00-20.00h in

the evening prior to the start of the MTP test, thus approximately 3-

4 hours before the first blood draw. Metyrapone blocks the synthesis

of cortisol by inhibiting 11-b-hydroxylase type 1, which converts

11-deoxycortisol to cortisol. The decline in plasma cortisol

stimulates ACTH production, which causes 11-deoxycortisol to

accumulate before the enzyme blockade. In four healthy adults, the

maximal decrease in cortisol levels was found at 2 hours after oral

administration of MTP and maintained for 7 hours post-dose

(40mg/kg) (29). After oral administration, metyrapone is

absorbed and eliminated rapidly from the circulation (elimination

half-life ≈ 2h). Metyrapol (the active metabolite of metyrapone) has

an elimination half-life of ≈ 4h (30). In other studies, serum levels of

ACTH, 11-DOC and cortisol were only measured at 7.30h in the

morning (31–33), but in our study, blood samples for the analysis of

ACTH, 11-deoxycortisol and cortisol were obtained at 23.30h,

04.00h, 06.00h and 07.30h. The tubes for ACTH determination

were immediately stored on ice after the blood draw. During the

MTP test, blood pressure, heart rate and oxygen saturation were

measured. After the fasting blood sampling at 07.30h, a single dose

of 25mg hydrocortisone was orally administered. The MTP results

were defined inconclusive if cortisol was not suppressed (cortisol <
Frontiers in Endocrinology 03
200 nmol/L) during the metyrapone test (MTP) at any blood draw

(04.00h, 06.00h, 07.30h). We used two measures to diagnose CAI.

According to Steiner et al (32), a patient has CAI requiring daily

hydrocortisone treatment, if the ACTH peak is < 13 pmol/L at all

timepoints (04.00h, 06.00h, 07.30h) and a subnormal response, not

requiring daily hydrocortisone treatment, if the ACTH peak is

between 13 – 33 pmol/L, and normal if ACTH peak is > 33 at either

04.00h, 06.00h or 07.30h (32). Based on the 11-deoxycortisol levels,

an 11-DOC peak lower than 200 nmol/L at all timepoints was

defined as subnormal (34).
2.4 Assays

Tubes for adrenocorticotropic hormone (ACTH) determination

were immediately stored on ice after the blood draw. Blood samples

were measured in the Biochemical and Endocrine laboratories of

the Erasmus University Medical Center, Rotterdam. ACTH and

cortisol levels were analyzed with Siemens Immulite 2000XPi and

11-deoxycortisol (11-DOC) with UPLC-MSMS (Waters TQS,

Etten-Leur, The Netherlands).
2.5 Statistics

Statistical analyses were performed using IBM SPSS Statistics

25. Categorical variables were reported using frequencies (N (%))

and continuous variables were expressed as median ± interquartile

range (IQR), as not all variables had a normal distribution.

Correlation between age and the results of the MTP test were

analyzed with Spearman’s Rho. Differences between the different

age-categories were analyzed by Kruskall-Wallis tests. Categorical

data were compared by Chi-Square tests. The longitudinal changes

in patients who were tested multiple times were analyzed with

Wilxocon signed rank test, McNemar test, Friedman test or the

Cochran’s Q test. Level of significance was set at a p-value of 0.05.
3 Results

We performed 166 tests, of which 13 (7.8%) had incomplete lab

results. Of the 153 complete tests, 17 (10.9%) were inconclusive, due

to inadequate suppression of the cortisol levels (<200 nmol/L) at

04.00h, 06.00h or 07.30h. In total, 136 tests were included in this

study. In 93 children, we performed one test, in 30 children we also

performed a second test, in 11, a third one and in 2, a fourth one.
3.1 Baseline characteristics

Table 1 presents the baseline characteristics of the 93 children,

including 58 (62.4%) boys. Of all children, 50 had a paternal

deletion and 34 a mUPD. The median (IQR) age at the first MTP

test was 0.97 (0.48; 4.81) years.
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3.2 ACTH, 11-DOC and cortisol levels
during the overnight singe-dose MTP test
in various age groups

An inverse correlation between age and serum levels of ACTH

was found at time point 06.00h (r=-0.246, p=0.004), but there was

no correlation between age and 11-DOC levels at any time point.

An inverse correlation was also found between age and cortisol

levels at time points 04.00h, 06.00h and 07.30h (r=-0.346, -0.328

and -0.390, resp. (all p-values <0.001). Based on the correlation

between age and the results of the MTP test, we decided to present

our results per age group.

Table 2 presents the results of the MTP test per age group. At

baseline (23.30h), there were no differences between the age groups.

At 06.00h, a difference in ACTH levels was found between the age

groups, with the highest ACTH levels found in children aged 0-2

years. At 04.00h and 06.00h, children aged > 8 years had lower

cortisol levels than children aged 0-2 years (p<0.001). At 07.30h,

cortisol levels were still suppressed in children aged > 8 years, while

in children aged 0-2 years, the cortisol levels had increased > 200

nmol/L. At none of the timepoints a difference in 11-DOC levels

was found between the age groups.
Frontiers in Endocrinology 04
Figure 1 presents the timing of the lowest cortisol levels and

ACTH and 11-DOC peak levels per age group. The lowest cortisol

levels were found at 04.00h in all age groups, however, 88.5% of

children did not have their ACTH peak and 83.8% not their 11-

DOC peak at the same time, indicating a delayed response of the

HPA-axis after the MTP administration.

Seventy-five percent of the children aged > 8 years had their

ACTH peak at 07.30h and 76% had their 11-DOC peak at 07.30h.

Sixty percent of the children aged 0-2 years had their ACTH peak at

06.00h and 50% of them had their 11-DOC peak at 06.00h.

Timing of the peak ACTH and 11-DOC and lowest cortisol

levels were neither significantly different between boys and

girls nor between the different genetic subtypes (all p-values

> 0.206)
3.3 The use of different cut-off points to
diagnose subnormal acute stress-related
response per age group

Table 3 presents an overview of the subnormal acute stress-

related response based on the different cut-off points of ACTH and

11-DOC peak levels after a single MTP administration per age

group. Since most ACTH and 11-DOC peaks were not at 07.30h (as

presented in Table 2; Figure 1), we investigated the ACTH and 11-

DOC levels at all time points during the entire overnight MTP test.

An abnormal ACTH peak (< 13 pmol/L) was not significantly

different between the age groups as it was found in 1 only child. The

prevalence of a subnormal ACTH peak (13 – 33 pmol/L) was

different between the age groups (p=0.007), being 22.2% in children

aged 0-2 years and 70.0% in children aged > 8 years. The prevalence

of a subnormal 11-DOC peak (< 200 nmol/L) was 20.6% in children

aged 0-2 years. 7.7% in those aged 4-8 years and 10.0% in those aged

> 8 years (p = 0.641).
TABLE 2 Results of the MTP test in children with PWS based on age groups.

23.30h 04.00h 06.00h 07.30h

ACTH
(pmol/

L)

11-
DOC
(nmol/

L)

Cortisol
(nmol/

L)

ACTH
(pmol/

L)

11-
DOC
(nmol/

L)

Cortisol
(nmol/

L)

ACTH
(pmol/

L)

11-
DOC
(nmol/

L)

Cortisol
(nmol/

L)

ACTH
(pmol/

L)

11-
DOC
(nmol/

L)

Cortisol
(nmol/

L)

Age
0-2
year

4.0
(2.8; 6.2)

1.8
(0.6; 6.5)

131
(79; 263)

16.9
(11.3;
30.0)

236.2
(155.3;
277.6)

70
(40; 113)*

42.8
(25.0;
72.4)#

299.0
(195.9;
343.0)

236
(117; 349)

*

32.2
(13.8;
77.8)

269.4
(166.5;
345.0)

315
(196; 441)

*

Age
2-4
year

3.0
(1.8; 4.4)

2.1
(0.5; 5.4)

196
(107; 361)

11.2
(6.6;
22.1)

181.9
(83.2;
242.8)

53
(28; 74)*

20.8
(15.6;
44.0)#

223.1
(150.0;
307.0)

218
(97; 334)*

21.8
(9.7;
64.2)

234.2
(122.8;
276.8)

323
(214; 416)

*

Age
4-8
year

3.7
(2.8; 5.1)

4.0
(0.9;
11.8)

209
(121; 329)

13.5
(8.2;
37.2)

199.0
(137.6;
277.8)

38
(14; 78)*

31.8
(20.2;
55.3)#

266.0
(220.5;
343.5)

113
(72; 309)*

26.1
(11.0;
84.6)

281.0
(186.5;
377)

173
(91.3;
269.0)*

Age >
8

years

4.0
(3.1; 6.4)

1.1
(0.5; 6.3)

110
(49; 243)

19.2
(8.7;
48.4)

204
(143.3;
254.2)

14
(14; 29)*

28.6
(14.7;
78.1)#

261.1
(187.0;
302.8)

43
(14; 90)*

40.8
(18.5;
80.6)

280
(219.2;
402.9)

81
(27; 154)*
fro
Data presented as median (IQR), * p-value < 0.001, # p<0.05 for the difference between the age groups in ACTH, cortisol or 11-DOC levels at 04.00h/06.00h/07.30h.
TABLE 1 Baseline characteristics.

Number 93

Male (%) 58 (62.4)

Genotype (%)
Deletion
mUPD
Other

50 (53.8)
34 (36.6)
9 (9.6)

Age (years) 0.97 (0.48; 4.81)

Age at start GH (years) 0.70 (0.40; 1.91)
Data presented as n (%) or as median (IQR).
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3.4 Results of repeated MTP tests
over time

Table 4 presents the results of the repeated MTP tests. Thirty

children had 2 tests over time and 11 children had 3 tests. The

prevalence of an abnormal ACTH peak < 13 pmol/L was very low

and not different over time, but a higher prevalence of a subnormal

ACTH peak between 13-33 pmol/L was found at the second test,

when children were older. No differences in ACTH peak levels were

found between the first, second and third test in 11 children with 3

MTP tests. The prevalence of an subnormal response based on a 11-

DOC peak < 200 nmol/L (10-13%) did not change over time.

At the first test, 18 children were still prior to the start of GH

treatment, but all children started GH before the second test. A 11-

DOC peak < 200 nmol/L was found in one of these eighteen patients

at the first MTP test and in three patients at the second MTP test

(p=0.625). An ACTH peak of < 13 nmol/L was found in none of the

patients at the first test and in one patient at the second MTP

test (p=0.999).
4 Discussion

This is the largest study to date investigating acute stress-related

CAI in young children with PWS with the overnight single-dose

MTP test. Most children had their lowest cortisol levels at 04.00h,

but their ACTH and 11-DOC peak levels appeared several hours

later at 06.00h or 07.30h, which might indicate a delayed response

of the hypothalamic–pituitary–adrenal axis to acute stress in
Frontiers in Endocrinology 05
children with PWS. As most (young) children with PWS did not

have their ACTH and 11-DOC peak levels and lowest cortisol levels

at 07.30h, multiple measurements during the overnight, single-dose

MTP test appear to be needed in children with PWS for an adequate

interpretation of the HPA-axis response to a single-dose of MTP.

The prevalence of a subnormal ACTH peak (13 - 33 pmol/L) during

the overnight single-dose MTP was different between the age groups

(ranged from 22.2 to 70.0%), but the prevalence of a subnormal 11-

DOC peak (< 200 nmol/L) did not significantly change with age

(ranged from 7.7 to 20.6%). In addition, the prevalence of a

subnormal stress response based on the 11-DOC peak did not

change with repeated MTP testing over time. We, therefore,

conclude that the 11-DOC peak provides more consistent

information than the ACTH peak to interpret the single-dose

MTP test. We also showed that repeated MTP testing over time

provides similar results.

Our study gives insight in the prevalence of acute stress-related

CAI in children with PWS. Steiner et al. showed that an ACTH

plasma level < 33 pmol/L as well as 11-DOC levels < 200 pmol/L are

cut-off points with a high sensitivity of diagnosing CAI (32).

However, they also showed that patients with an ACTH peak

level between 13-33 pmol/L did not require daily substitution

with hydrocortisone treatment and mentioned that an ACTH

peak level < 33 pmol/L could lead to overdiagnosis of CAI. They

concluded that plasma ACTH levels of 13 pmol/L would probably

be sufficient to produce cortisol levels within the normal range (32).

ACTH levels between 13-33 pmol/L, however, indicated a

subnormal response during the MTP test, not requiring daily

hydrocortisone treatment (32), but this would not exclude the
TABLE 3 ACTH and 11-DOC peak levels and per age group.

0-2 year
(n=63)

2-4 year
(n=7)

4-8 year
(n=13)

>8 years
(n=10) p-value

Peak ACTH < 13 pmol/L 1 (1.6) 0 0 0 0.923

Peak ACTH 13-33 pmol/L 14 (22.2) 2 (28.6) 7 (53.8) 7 (70.0) 0.007

Peak ACTH > 33 pmol/L 48 (76.2) 5 (71.4) 6 (46.2) 3 (30.0) 0.005

Peak 11-DOC <200 nmol/L 13 (20.6) 1 (14.3) 1 (7.7) 1 (10.0) 0.641
fron
Data presented as n (%).
A B C

FIGURE 1

The percentage of children that had their cortisol trough time (A), ACTH peak time (B) and 11-DOC peak time (C) per timepoint, in response to the
overnight, single-dose MTP test, presented per age group. The cortisol trough time, ACTH peak time and 11-DOC peak time were significantly
different between the age groups (p<0.001, p=0.025, p=0.007).
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need for hydrocortisone medication during stressful events. We

investigated all three ACTH cut-off levels in the present study.

Younger children (aged 0-2 years) were more likely to have a

normal ACTH peak compared to older children, who were more

likely to have a subnormal ACTH peak after MTP, while no

correlation between age and 11-DOC was found. Although the

prevalence of a subnormal ACTH peak changed with age, the

prevalence of a 11-DOC peak < 200 nmol/L did not change with

age, showing that a sufficient 11-DOC peak was reached even with a

lower ACTH peak level in the older children. This might suggest

that the response of the hypothalamic-pituitary-adrenal (HPA) axis

improves with age and that the adrenal gland becomes more

sensitive to ACTH during childhood. However, further research is

needed to gain more insight in the potential changes in the HPA-

axis during puberty. We found that the prevalence of a subnormal

11-DOC peak < 200 nmol/L decreased from 22.2% in children aged

0-2 years to 11.1% in children aged > 8 years, albeit not significantly.

We, therefore, conclude that using the cut-off point of 11-DOC

peak < 200 nmol/L is more consistent and probably more

appropriate than using the ACTH peak as cut-off point.

In other studies, serum levels of ACTH, 11-DOC and cortisol

were only measured at 7.30h in the morning (31–33) and the cut-off

point of 11-DOC for diagnosing CAI in adults is only based on the

measurement at 07.30h (32, 34). We found that the majority of the

very young children had their ACTH and 11-DOC peaks at 06.00h.

If only one measurement at 07.30h would have been performed,

many young children would have been wrongly diagnosed. In

addition, several tests would have been issued as inconclusive, as

most very young children had cortisol levels > 200 nmol/L at

07.30h, while their cortisol was sufficiently suppressed at an

earlier time point, mostly at 04.00h. Therefore, multiple

measurements during the overnight, single-dose MTP test are

needed for an accurate interpretation of the test in young

children with PWS.

Almost all children had their lowest cortisol level measured at

04.00h, but almost none of them had their ACTH or 11-DOC peak

at that same time. Metyrapone is quickly absorbed after oral

administration (30), and maximal suppression of cortisol is found

after 2 hours (29). In times of acute stress, the amygdala activates

the HPA axis by signaling the hypothalamus to release CRH (35),

which triggers the release of ACTH from the anterior pituitary,

which in turn stimulates the adrenal cortex to release cortisol (36).
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This is a fast process, as approximately 15 minutes after the onset of

stress, cortisol levels are rising (37, 38). We would, therefore, have

expected to find high levels of ACTH and 11-DOC at 04.00h, at 4.5

hours after the single-dose MTP. Our results are in line with the

findings of Oto et al., who found a delayed peak in ACTH and

cortisol levels during an insulin tolerance test (ITT) in children with

PWS compared to healthy children (16). Together, these findings

might indicate that there is a delayed response of ACTH and 11-

DOC in children with PWS during severe acute stress, when a fast

response of ACTH is required. It might also explain the difference

in results of our previous study (13) compared to the study

performed in adults (24). In that study, the 24-hour multiple dose

MTP test was used, leading to a much longer period for the HPA

axis to respond with adequate levels of 11-DOC at 24 hours after the

start. We have previously established that most children with PWS

are able to produce adequate cortisol levels in daily life (13, 25), thus

not requiring treatment with hydrocortisone in everyday life. But a

delayed response of the HPA-axis during acute stress, as found by

Oto et al. and suggested by our study, can result in symptoms

similar to acute stress-related CAI. Although this delayed response

of the HPA axis would formally not be marked as an insufficient

result of the MTP test, treatment during severe acute stress may

be needed.

Notably, although all children included in our study had at least

one cortisol measurement < 200 nmol/L, the early morning cortisol

levels were higher, especially in the very young children. According

to the interpretation of the MTP test in adults, results are

inconclusive when cortisol levels are not suppressed at 07.30h.

We measured the hormone levels multiple times during the night,

to provide more insight in the suppression of cortisol levels and the

peak ACTH and 11-DOC levels. We found that cortisol levels were

lowest at 04.00h in almost all children. Interestingly, although all

children had a sufficient suppression of cortisol after the single-dose

of metyrapone, cortisol levels increased again after 04.00h in the

very young children, which resulted in cortisol levels > 200 nmol/L

at 07.30h. It might be that the very young children have a faster

metabolism of metyrapone and therefore a faster elimination of

metyrapone and metyrapol, and that the HPA axis is already

restored in the early morning. Another explanation might be that

the dose of 30mg/kg is too low for very young children to maintain a

sufficiently long blockade of 11-b-hydroxylase type 1. Current

dosing is calculated as mg/kg, which results in a relatively low
TABLE 4 Longitudinal changes in ACTH and 11-DOC peak levels.

First MTP
(n=30)

Second MTP
(n=30)

p-value* Third MTP
(n=11)

p-value**

Age (years) 0.75 (0.37; 2.69) 3.05 (1.26; 5.66) <0.001 5.55 (3.55; 9.35) <0.001

Peak ACTH < 13 pmol/L 1 (3.3) 1 (3.3) 0.999 0 0.368

Peak ACTH 13-33 pmol/L 4 (13.3) 17 (56.7) <0.001 4 (36.4) 0.325

Peak ACTH > 33 pmol/L 25 (83.3) 12 (40.0) <0.001 7 (63.6) 0.197

Peak 11-DOC (<200 nmol/L) 4 (13.3) 3 (10.7) 0.999 1 (10.0) 0.368
fr
Data presented as n (%).
*=p-value for the difference between first and second MTP test.
**=p-value for the difference between all three tests (for n=11).
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dose in very young children (with a small body size), compared to

older children. For example, a young child of 5 kg with a body

surface area (BSA) of 0.3 m2 receives 150 mg metyrapone, which

corresponds to 500 mg/m2, while an older child of 50 kg with a BSA

of 1.6 m2 receives 1500 mg metyrapone, corresponding with a

much higher dose of 938 mg/m2. Dosing metyrapone in mg/m2

might solve this. However, this needs to be investigated further and

the dose should not increase the maximum of 3000mg. As most

infants with PWS were tube fed and received the MTP via the tube,

these very young children had a guaranteed intake of MTP. We

recommend to perform multiple measurements during the night,

when the overnight single-dose MTP test is performed to study

acute stress-related CAI in young children, as the HPA axis might

be restored in the early morning in young children with PWS.

This is the first study describing the results of repeated

overnight single-dose MTP tests over time in children with PWS.

As a negative correlation between age and peak cortisol levels to the

low dose ACTH test was previously described (18, 21), there was a

need for investigating changes in the function of the HPA axis over

time. Our results show no difference over time in the prevalence of

an insufficient 11-DOC peak level. Repeating the MTP tests over

time is, therefore, not required, unless there is a clinical indication.

There are, to our knowledge, no overnight, singe-dose MTP test

results reported in healthy young children and thus no reference

values of peak ACTH and 11-DOC levels for the pediatric

population. Although our results suggest a delayed response of

the HPA-axis during acute stress, in line with Oto et al. (16), we

could not prove this hypothesis due to the lack of an adequate

control group. The use of age-matched healthy children as a control

group would have been the first-choice to compare the response of

the HPA-axis in (young) children with PWS. However, it would

have been unethical to perform the MTP test in healthy children,

since the test is invasive and requires overnight admission at the

paediatric ICU because of a potential risk of an adrenal crisis during

the night. Since data about the MTP test in children are very scarce,

we used the published cut-off levels for the test in healthy adults. As

there are hormonal differences between children, adolescents and

adults, our results should interpreted with caution. However, all

studies describing the results of the overnight single-dose MTP test

in adults have only drawn blood at 07.30h, so it is unknown how

ACTH and 11-DOC levels changed during the night. Although our

study provides more insight into the HPA axis response to a single-

dose of MTP as a proxy for acute stress in children with PWS,

further research, also on the cut-off levels in healthy children and

adolescents, is warranted.

In our previous study, the prevalence of acute stress-related CAI

was 60% (13). This prevalence was based on an ACTH peak < 33

pmol/L as the cut-off, recommended by Steiner et al (32). As it

might be that the use of a cut-off point of ACTH < 33 pmol/L leads

to overdiagnosis of stress-related CAI, we decided to differentiate

between an abnormal ACTH response (< 13 pmol/L at all

timepoints) requiring daily hydrocortisone treatment and

subnormal (ACTH response of 13-33 pmol/L), not requiring daily

hydrocortisone treatment and also evaluated a cut-off point of 11-

DOC < 200 nmol/L. In the present study, we found only 1 child with

an abnormal response of ACTH, but a subnormal response was
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found in a higher percentage of children. Over the years, we

observed a decline in the need for hydrocortisone stress-dose

medication during mild to moderate illness in the children

followed in our PWS Reference Center. Nonetheless, it remains

important to be aware that acute stress-related CAI may be part of

the PWS phenotype during childhood, due to a delayed acute stress

response of ACTH.

Untreated growth hormone deficiency may mask symptoms of

CAI, as low serum insulin-like growth factor-1 levels lead to higher

levels of the enzyme that converts cortisone to cortisol (39). In 18

patients who were prior to the start of GH, we repeated the MTP

tests during GH treatment and found no change in the prevalence of

acute stress-related CAI. Other studies in PWS also found no

difference between GH-treated patients and non-GH treated

patients (14, 24). These findings suggest that GH treatment in

children with PWS has no influence on the HPA-axis.

In conclusion, sing 11-DOC for the interpretation of the MTP

test seems more accurate and less age-dependent than ACTH peak

levels. The percentage of a subnormal ACTH response ranged

from 22.2 to 70.0% between the age groups and the percentage of a

subnormal 11-DOC response from 7.7 to 20.6%. Multiple

laboratory measurements during the night after MTP

administration are needed, as most younger children had their

lowest cortisol level at 04.00h and their ACTH and 11-DOC peak

at 06.00h. epeated testing for CAI should not be standard

procedure, but should only be performed when there is a

clinical suspicion of CAI. The increase in ACTH and 11-DOC

during MTP test was found several hours after the lowest cortisol

levels, suggesting a delayed response of ACTH during the

overnight MTP test. As this delayed response of ACTH might

lead to symptoms of CAI during acute stress, it seems safer to treat

children with PWS with hydrocortisone during surgical

procedures and severe acute illness (for example when the child

is admitted to the Intensive Care Unit), while standard use of

hydrocortisone during mild to moderate stressful conditions in

daily life might not be indicated.
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9. Tauber M, Diene G, Molinas C, Hébert M. Review of 64 cases of death in children
with prader-willi syndrome (PWS). Am J Med Genet A (2008) 146A(7):881–7.
doi: 10.1002/ajmg.a.32131

10. Schrander-Stumpel CTRM, Curfs LMG, Sastrowijoto P, Cassidy SB, Schrander
JJP, Fryns J-P. Prader-willi syndrome: causes of death in an international series of 27
cases. Am J Med Genet A (2004) 124A(4):333–8. doi: 10.1002/ajmg.a.20371

11. Stevenson DA, Anaya TM, Clayton-Smith J, Hall BD, Van Allen MI, Zori RT,
et al. Unexpected death and critical illness in prader-willi syndrome: report of ten
individuals. Am J Med Genet A (2004) 124A(2):158–64. doi: 10.1002/ajmg.a.20370

12. Kusz MJ, Gawlik AM. Adrenal insufficiency in patients with prader-willi
syndrome. Front Endocrinol (Lausanne) (2022) 13:1021704. doi: 10.3389/
fendo.2022.1021704

13. de Lind van Wijngaarden RFA, Otten BJ, Festen DAM, Joosten KF, de Jong FH,
Sweep FC, et al. High prevalence of central adrenal insufficiency in patients with
prader-willi syndrome. J Clin Endocrinol Metab (2008) 93(5):1649–54. doi: 10.1210/
jc.2007-2294

14. Obrynba KS, Hoffman RP, Repaske DR, Anglin K, Kamboj MK. No central
adrenal insufficiency found in patients with prader-willi syndrome with an overnight
metyrapone test. J Pediatr Endocrinol Metab (2018) 31(7):809–14. doi: 10.1515/jpem-
2017-0487

15. Endert E, Ouwehand A, Fliers E, Prummel MF, Wiersinga WM. Establishment
of reference values for endocrine tests. part IV: adrenal insufficiency. Neth J Med (2005)
63(11):435–43.
16. Oto Y, Matsubara K, Ayabe T, Shiraishi M, Murakami N, Ihara H, et al. Delayed
peak response of cortisol to insulin tolerance test in patients with prader – willi
syndrome. Am J Med Genet Part A (2018) 176A:1369–74. doi: 10.1002/ajmg.a.38713

17. Beauloye V, Dhondt K, Buysse W, Nyakasane A, Zech F, Schepper De J, et al.
Evaluation of the hypothalamic-pituitary- adrenal axis and its relationship with central
respiratory dysfunction in children with prader-willi syndrome. Orphanet J Rare Dis
(2015) 10:4–11. doi: 10.1186/s13023-015-0312-z

18. Farholt S, Sode-Carlsen R, Christiansen JS, Østergaard JR, Høybye C. Normal
cortisol response to high-dose synacthen and insulin tolerance test in children and
adults with prader-willi syndrome. J Clin Endocrinol Metab (2011) 96(1):173–80.
doi: 10.1210/jc.2010-0782

19. Connell NA, Paterson WF, Wallace AM, Donaldson MD. Adrenal function and
mortality in children and adolescents with prader-willi syndrome attending a single
centre from 1991-2009. Clin Endocrinol (Oxf) (2010) 73(5):686–8. doi: 10.1111/j.1365-
2265.2010.03853.x

20. Nyunt O, Cotterill AM, Archbold SM,Wu JY, Leong GM, Verge CF, et al. Normal
cortisol response on low-dose synacthen (1 mg) test in children with prader willi
syndrome. J Clin Endocrinol Metab (2010) 95(12):464–7. doi: 10.1210/jc.2010-0647

21. Corrias A, Grugni G, Crinò A, Di Candia S, Chiabotto P, Cogliardi A, et al.
Assessment of central adrenal insufficiency in children and adolescents with prader-
willi syndrome. Clin Endocrinol (Oxf) (2012) 76(6):843–50. doi: 10.1111/j.1365-
2265.2011.04313.x

22. Grugni G, Beccaria L, Corrias A, Crinò A, Cappa M, De Medici C, et al. Central
adrenal insufficiency in young adults with prader-willi syndrome. Clin Endocrinol (Oxf)
(2013) 79(3):371–8. doi: 10.1111/cen.12150

23. Dorin RI, Qualls CR, Crapo LM. Diagnosis of adrenal insufficiency. Ann Intern
Med (2003) 139(3):194–204. doi: 10.7326/0003-4819-139-3-200308050-00009

24. Rosenberg AGW, Pellikaan K, Poitou C, Goldstone AP, Høybye C, Markovic T,
et al. Central adrenal insufficiency is rare in adults with prader-willi syndrome. J Clin
Endocrinol Metab (2020) 105(7):e2563–71. doi: 10.1210/clinem/dgaa168

25. Damen L, Donze SH, Grootjen LN, Hokken-Koelega ACS. Long-term cortisol
levels in hair of children and adolescents with prader-willi syndrome.
Psychoneuroendocrinology (2021) 132:105335. doi: 10.1016/j.psyneuen.2021.105335

26. Festen DAM, De Lind Van Wijngaarden R, Van Eekelen M, Otten BJ, Wit JM,
DuivenvoordenHJ, et al. Randomized controlled GH trial: effects on anthropometry, body
composition andbodyproportions in a large group of childrenwith prader-willi syndrome.
Clin Endocrinol (Oxf) (2008) 69(3):443–51. doi: 10.1111/j.1365-2265.2008.03228.x

27. Bakker NE, Kuppens RJ, Siemensma EPC, Wijngaarden van Lind Tummers-de
RFA, Festen DAM, Heus Bindels-de GCB, et al. Eight years of growth hormone
treatment in children with prader-willi syndrome: maintaining the positive effects. J
Clin Endocrinol Metab (2013) 98(10):4013–22. doi: 10.1210/jc.2013-2012

28. World medical association declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA (2013) 310(20):2191–4. doi: 10.1001/
jama.2013.281053

29. Schöneshöfer M, Schefzig B, Arabin S. Short-term kinetics of serum adrenal
steroids and plasma ACTH after a single dose of metyrapone in man. J Endocrinol
Invest (1980) 3(3):229–36. doi: 10.1007/BF03348268

30. Health Products Regulatory Authority. Summary of product characteristics
metopirone®. Pharm Med. doi: 10.1093/med/9780199609147.003.0027
frontiersin.or
g

https://doi.org/10.1038/ejhg.2008.165
https://doi.org/10.1210/jc.2012-3888
https://doi.org/10.1016/j.beem.2016.11.003
https://doi.org/10.1016/j.beem.2016.11.003
https://doi.org/10.21037/tp.2017.09.04
https://doi.org/10.21037/tp.2017.09.04
https://doi.org/10.1136/jmg.38.11.792
https://doi.org/10.1002/ajmg.a.30777
https://doi.org/10.1186/s13023-019-1214-2
https://doi.org/10.1186/s13023-019-1214-2
https://doi.org/10.1002/ajmg.a.32131
https://doi.org/10.1002/ajmg.a.20371
https://doi.org/10.1002/ajmg.a.20370
https://doi.org/10.3389/fendo.2022.1021704
https://doi.org/10.3389/fendo.2022.1021704
https://doi.org/10.1210/jc.2007-2294
https://doi.org/10.1210/jc.2007-2294
https://doi.org/10.1515/jpem-2017-0487
https://doi.org/10.1515/jpem-2017-0487
https://doi.org/10.1002/ajmg.a.38713
https://doi.org/10.1186/s13023-015-0312-z
https://doi.org/10.1210/jc.2010-0782
https://doi.org/10.1111/j.1365-2265.2010.03853.x
https://doi.org/10.1111/j.1365-2265.2010.03853.x
https://doi.org/10.1210/jc.2010-0647
https://doi.org/10.1111/j.1365-2265.2011.04313.x
https://doi.org/10.1111/j.1365-2265.2011.04313.x
https://doi.org/10.1111/cen.12150
https://doi.org/10.7326/0003-4819-139-3-200308050-00009
https://doi.org/10.1210/clinem/dgaa168
https://doi.org/10.1016/j.psyneuen.2021.105335
https://doi.org/10.1111/j.1365-2265.2008.03228.x
https://doi.org/10.1210/jc.2013-2012
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1007/BF03348268
https://doi.org/10.1093/med/9780199609147.003.0027
https://doi.org/10.3389/fendo.2023.1146680
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Grootjen et al. 10.3389/fendo.2023.1146680
31. Berneis K, Staub JJ, Gessler A, Meier C, Girard J, Müller B. Combined stimulation
of adrenocorticotropin and compound-s by single dose metyrapone test as an
outpatient procedure to assess hypothalamic-pituitary-adrenal function. J Clin
Endocrinol Metab (2002) 87(12):5470–5. doi: 10.1210/jc.2001-011959

32. SteinerH,BährV,ExnerP,OelkersPW.Pituitary function tests: comparisonofACTH
and11-deoxy-cortisol responses in themetyrapone test andwith the insulinhypoglycemia test.
Exp Clin Endocrinol Diabetes (1994) 102(1):33–8. doi: 10.1055/s-0029-1211262

33. Rose SR, Lustig RH, Burstein S, Pitukcheewanont P, Broome DC, Burghen GA.
Diagnosis of ACTH deficiency. Horm Res (2000) 38103:73–9.

34. Jubiz W, Meikle AW, West CD, Tyler FH. Single-dose metyrapone test. Arch
Intern Med (1970) 125(3):472–4. doi: 10.1001/archinte.1970.00310030082008

35. Jankord R, Herman JP. Limbic regulation of hypothalamo-pituitary-
adrenocortical function during acute and chronic stress. Ann N Y Acad Sci (2008)
1148:64–73. doi: 10.1196/annals.1410.012
Frontiers in Endocrinology 09
36. Ehlert U, Gaab J, Heinrichs M. Psychoneuroendocrinological contributions to
the etiology of depression, posttraumatic stress disorder, and stress-related bodily
disorders: the role of the hypothalamus-pituitary-adrenal axis. Biol Psychol (2001) 57
(1-3):141–52. doi: 10.1016/s0301-0511(01)00092-8

37. Blackburn-Munro G, Blackburn-Munro R. Pain in the brain: are hormones to
blame? Trends Endocrinol Metab (2003) 14(1):20–7. doi: 10.1016/s1043-2760(02)
00004-8

38. Dedovic K, Duchesne A, Andrews J, Engert V, Pruessner JC. The brain and the
stress axis: the neural correlates of cortisol regulation in response to stress. Neuroimage
(2009) 47(3):864–71. doi: 10.1016/j.neuroimage.2009.05.074

39. Agha A, Monson JP. Modulation of glucocorticoid metabolism by the growth
hormone - IGF-1 axis. Clin Endocrinol (Oxf) (2007) 66(4):459–65. doi: 10.1111/j.1365-
2265.2007.02763.x
frontiersin.org

https://doi.org/10.1210/jc.2001-011959
https://doi.org/10.1055/s-0029-1211262
https://doi.org/10.1001/archinte.1970.00310030082008
https://doi.org/10.1196/annals.1410.012
https://doi.org/10.1016/s0301-0511(01)00092-8
https://doi.org/10.1016/s1043-2760(02)00004-8
https://doi.org/10.1016/s1043-2760(02)00004-8
https://doi.org/10.1016/j.neuroimage.2009.05.074
https://doi.org/10.1111/j.1365-2265.2007.02763.x
https://doi.org/10.1111/j.1365-2265.2007.02763.x
https://doi.org/10.3389/fendo.2023.1146680
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Acute stress response of the HPA-axis in children with Prader-Willi syndrome: new insights and consequences for clinical practice
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Design
	2.3 Overnight single-dose metyrapone test
	2.4 Assays
	2.5 Statistics

	3 Results
	3.1 Baseline characteristics
	3.2 ACTH, 11-DOC and cortisol levels during the overnight singe-dose MTP test in various age groups
	3.3 The use of different cut-off points to diagnose subnormal acute stress-related response per age group
	3.4 Results of repeated MTP tests over time

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


