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LDT: Serum and Salivary Cortisol in Children
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Context: The low-dosel-ugACTH test (LDT) is widely usedasess central adrenal
insufficiency (CAl); however, the serum cortisot-aif value is controversial. Salivary
cortisol (SC) could be a more accurate measurefoe@Al.

Objective: to assess a new maximum cut off value of serutisobafter LDT in paediatric
patients, taking into account the measurement tf erum and salivary cortisol

Design and Setting:prospective study in a paediatric tertiary reflecemter.

Working Hypothesis: the combine analysis of serum and salivary cdritesponse to LDT
might improve LDT for CAl diagnosis.

Participant and outcome measurement145 pediatric patients underwent LDT. Serum and
salivary cortisol levels were measured. Sufficimsponse (CAS) was established
accordingly to the reference serum cortisol cutvaffie>497 nmol/L

Results:LDT study showed CAS in 72 and CAl in 73 patien®onsidering the lower
guartile of maximum salivary cortisol value (21 drpin CAS group (Gr), an intermediate
(InCAl) and a real (RCAI)Gr were defined within tG&AIGr. Regarding the median
maximum value of serum cortisol levels in the INnGAla new serum cortisol cut-off value
of 450 nmol/L was established. Furthermore, 91 %efpatients in the RCAIG were below
this cut-off value.

Conclusion: The combined evaluation of maximum serum and saligartisol levels to

LDT might be useful to define an INnCAIGr and avaithecessary hormone replacement
therapy. However, rigorous patient follow-up isuigd

We propose the combined evaluation of maximum serum total and salivary cortisol responses after
low doses ACTH test for Central Adrenal Insufficiency diagnosis in paediatrics.

Introduction

Adrenal insufficiency (Al) is a life —threateningsdrder that can result from primary or
central (C) adrenal disease due to impairment pbthalamic-pituitary axis.

The diagnosis of Al is challenging because of itspecific clinical signs, and the
limitations of diagnostic tests of adrenal rese®agnosis relies, mainly for the CAl, on
laboratory testing of serum cortisol levels. In kst years the low dose 1- pgr ACTH test
(LDT) for the diagnosis of CAIl has gained wide guemce. (1-7). However, the lack of

6102 8uUnp /0 UO J8sn ¢ $s800Yy Jaquisiy A18100g auloopud Aq Lyy86+S/70£00-6102 /012101 /I0pAdesSqe-8|o1ie-aouBApe,/Wad(/woo dnooiwspese//:sdiy wol) papeojumoq



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

JCEM

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

ENDOCRINE =
SOCETY Ema

The Journal of Clinical Endocrinology & Metabolis@opyright 2019 DOI: 10.1210/jc.2019-00304

cortisol assays standardization, the differentpestocols applied as the timing of blood
sample after ACTH stimulation (30 or 60 minute)e preparation of 1ug of ACTH and the
high variability in the serum cortisol levels diagtic thresholds, challenge the reliability of
the dynamics test of the hypothalamic-pituitaryeswdd axis, (2,8-9), particularly in
paediatric patients in whom the gold standard t@ss¢silin tolerance test (ITT) and
metyrapone test, are considered of risk. In additocorrect diagnosis of CAl is required,
since over diagnosis may lead to unnecessary drichdatal hormone replacement therapy.

The current accepted maximum serum total cortiBG)) (cut-off of 497 nmol/L after
ACTH test (10-11) for a CAl diagnosis has beengediin the latest years, principally for the
LDT. Lower serum TC cut-off levels are proposedaprove the specificity. (2,11). In a
paediatric meta-analysis Kazlauskaite et al, (bya&d that after a LDT, a serum TC levels
less than 441.4 nmol/L was highly considered taligpteCAI. However, maximum serum TC
levels response to LDT between 441.4 -606.9 nmwelk considered as an indeterminate
area and CAI could not be defined.

Serum free cortisol (FC) level has been shown ¢@ige a more accurate measurement
of the circulating glucocorticoid status than sefli@(12), but measuring it, is not generally
available.

Salivary cortisol (SC) is mostly in the free formdais in equilibrium with plasma FC,
therefore, it is a surrogate for the concentratibserum FC. Its measurement correlates well
with both, total and biological active serum FC(1S¢veral studies (14-17) have proposed
that salivary sampling might be useful to defineeadl function after Synthetic ACTH test in
both, healthy volunteers as well as in patientpacted of having adrenal insufficiency.

Therefore, we have hypothesized that the combiag/sis of the maximum serum TC
and SC response to LDT might improve the diagnos@Al in paediatric population.

In this study, a new LDT cut-off value of serum Te®els taking into account the
measurement of both serum TC and SC was establistzepediatric population. In addition,
an intermediate group was defined to allow the @aoce of hormone replacement therapy.

Subjects and Methods

Subjects
The study group consisted of 145 pediatric ambuygtatients suspected of having CAl that
underwent LDT at our Institution. Clinical charatgséic and diagnosis are showedatle 1
Diagnoses leading to the indication of the LDT weleonic corticosteroid treatment: n=18,
12.4%, multiple pituitary insufficiencies, n=79,.8% (idiopathic and secondary to central
nervous system (CNS) tumors or their treatments,@dBormations such as Septo-optic-
dysplasia), and miscellaneous (Prader Willi sgnar, Autoimmune disease, genetic
syndromes), n=48,33.1%.

Suspected CAl was defined by the presence of kistod/or clinical compatible with
CAl (orthostatic hypotension, abdominal pain, naused vomiting), fasting morning, serum
TC levels less than 276 nmol/L and ACTH inappragriaw for serum TC levels. Patients
with other hormonal deficiency were on adequatéagment therapy and those on chronic
physiological hydrocortisone therapy (doses: 9 n2gday) were evaluated with at least 48 hs
of therapy suspension. (18)

Puberty was defined as testis volumé ml in males and breast Tanner stage 2 in
females.

Exclusion criteria were: girls on estrogen therapypothalamus-pituitary tumor surgery
less than 1 year previously, primary adrenal insigfificy evidenced by high levels of ACTH.

Low dose ACTH test (LDT)
LDT was performed in an out patient setting, inttth@ning accordingly to previous report
(18). Briefly: one ampoule of 250 pg /ml of tetraaotide acetateas diluted with ClI Na
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0.9% to reach the appropriated concentration bgguerel with long-term experience in the
dilution process. Each dose was stored at 4°Q@dp 12hs before administration. A dose of
1pg per m2, up to 1.5ug total dose, was admingtesantravenous bolus. Saliva samples
were obtained using the Salivette tubes contaisymghetic swabs.or hyssop. Patients were
fasting and those older than 5 years were requésteéase their mouth with water just before
obtaining the first sample.

Serum and salivary cortisol were measure simultasigpat baseline, 30 and 60 minutes,
after synthetic ACTH injection.

The highest value of the tested parameters, ared or 60 minutes, was regarded as the
maximum response value. Reference cut-off vala8 pg /dl (497 nmol/l) of serum TC
levels was considered as a sufficient responsd. (119)

Patients were classified in two groups (Gr) aceaydo the reference serum TC levels
cut- off (10) : a CA sufficient response (CAS) Gidaa CA Insufficient (1) response (CAl)

Gr. In addition, taking into account the lower guarof SC in CAS Gr, CAl patients were
sub-classified into an intermediate (In) and REAICAI Gr.

This study was approved by the Ethics Committeta@iGarrahan Paediatric Hospital.
Informed consent was obtained from parents ane pisti

Assays

Serum Cortisol was measured by Immulite 2000 Chemmimescent . Intra-assay CV
were for level 1: 103 nmol/L = 6% and level 2: 54@Gmol/L, 3.9% Interassay CV for level
1=6.9% level 2 =4.2%

Salivary cortisol was measure using enzyme immwaatELISA) Euroimmun. Intra-
assay CV were for level 1: 5.5 nmol/Ll, 4.2% amneele2: 35.8 nmol/L , 3.2% Interassay CV
for levell: 7.9% and for level2: 4.7%

Statistical analysis

The statistical analysis was performed using Sta@900 Analytical Software

Data not distributed homogenously, were analyzeddmparametric tests.

Data are reported as mean (SD) or median (intetitieanges) when the Shapiro Wilk
test showed normal or not normal distribution resipely.

Correlation between maximum TC and SC was evaluagesipearman s rho correlation
analysis.

Receiver operating characteristic (ROC) curve wasvd to determine the performance
of serum cortisol for predicting adrenal insuffiody, using new salivary cortisol cut-off

The sensitivity, specificity and likelihood ratiagre calculated.

Comparisons between two groups were made by Wilt&ank Sum Test.

Comparison among groups of maximum serum TC regpaas made with one way
AQV and Bonferroni comparison of means, as maxincontisol response had a normal
distribution.

Statistical significant was considered with p vakess than 0.05.

Conversion factor for nmol/L tpg/dl: divide by 27.59
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Results:

The clinical characteristics of the 145 patientduded in the study are showntable 1
There was a predominance of boys vs. females, pt&B0males and 57 females) and
pubertal patients, p<0.01(86 pubertal and 59 piteeqal).

In 86.1% of the patients, reference serum TC difitevel response after LDT was
achieved at 30min while in 13.9% of them occurre@Cmin.

In accordance with maximum serum TC cut-off leslErum TC> 497 nmol/L)
previously reported (10), 72 patients were considéo have a sufficient adrenal response
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(CAS Gr) while 73 patients had insufficient respof8Al Gr) . The median (interquartile
range) of maximum serum TC and SC levels in the GhSvere 587.6 nmol/L (546.2-971),
and 31.4 nmol/L (21-43.5), and in the CAI Gr wef® 4mol/L (336.5-452.4), and 16
nmol/L (10-28.6), respectively. As it is shown iable 2 median SC values were
significantly higher in the CAS Gr in comparisond@al Gr, p<0.01.

A significant positive correlation between maximaarum TC and SC response to LDT
was found, p Spearman; 0.6; p<0.001.

In order to define a new serum TC cut off leveg kbwer quartile of maximum SC (21
nmol/L) in the CAS Gr was applied in CAIl Gr. Inghivay, two sub groups of patients were
defined: an Intermediate (In) CAl Gr and a Real @RI Gr wherein SC was higher than/
equal to or less than 21 nmol/L respectivélyg 1 panel A.

Median (interquartile range) maximum serum TC a@d(@mol/L ) response values were
as follows : In-CAI Gr (n= 28 patients) 450 (395345) and 32 (24.2-35.5), respectively and
R-CAI Gr, (n= 45 patients) 364 (311.7-422) and 1(8.8-15), respectivelyrigl panel B

Significant differences in maximum serum TC lewedponses were found among CAS
Gr, In-CAl Gr, and R-CAI Gr (p< 0.001). Consideritige median maximum TC (450
nmol/L) in the In-CAl Gr as a new cut off, 91 %tbk patients in the RCAI Gr had TC
bellow the cut-off value. As a result, In the In-I0Br 14/28 (50%) had TC between 450 and
494 nmol/L and SG 21 nmol/L.Fig 1 panel B.

Roc curve analysis revealed thd50nmo/L has a sensitivity (95% C.I) of 63.5(50.4-
75.3) and specificity(95% C.1) 82.9(73.0-90.3), +BR'2, -LR: 0.44

In Fig 2 individuals, values are depicted accordingly @ iteference maximum serum TC
cut off value and the new maximum serum and salieartisol cut off values.

However, accordingly to the SC value defined witthie CAS Gr, a number of patients
had discrepant TC and SC responses in the thre@grin the case of CAS Gr, 17 out of 72
patients (23.6%) had SC less than 21 nmol/L. Innh&€Al Gr 14/28 patients (50%) had
serum TC levels below 450 nmol/L but S@1 nmol/L. For medical reasons, in four patients
hydrocortisone replacement therapy was startethelmemaining patients, no clinical
features of adrenal insufficiency were detectedsewral normal serum basal cortisol levels
were found during at least 0.5-3.64.years of follgw

In the R-CAI Gr, 4 out of 45 patients (8.8%) hacuse TC levels greater than 450
nmol/L but SC less than 21 nmol/L. At least durird.88 years of follow -up none of these
patients received hydrocortisone replacement tlyesaqze no clinical sings of adrenal
insufficiency were detected and several normalmdrasal TC levels were founiig 2

Discussion

In this study the combined analysis of maximum setotal and salivary cortisol levels
response to LDT in order to define a new maximurarsecortisol cut off level, resulted in
the establishment of an intermediate group anévwo@ance of unnecessary hydrocortisone
replacement therapy in a considerable percentagati@nts.

The assessment of hypothalamic-pituitary-adrenaAlRHaxis is still an ongoing
challenge. On this line, in the meta-analysis bpi@set al.( 20) the authors determined the
diagnostic accuracy of ACTH tests (low and higkejoin both adults and pediatrics
patients. The results showed low to moderate acguyacause of low sensitivity. For this
reason, when positive ACTH test is detected, itlmaconsidered as an acceptable reliable
test. However they are not as reliable in rulingtbe condition when negative. (20 )

In this study, we propose the combined evaluatianaximum serum total and salivary
cortisol responses after LDT, in order to obtamare accurate serum TC cut off for CAl
diagnosis in a paediatric population suspectediwiriy CAl.
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Using the recommended threshold for stimulatedrsér@ of 497 nmol/L (10), 72
patients of 145 (49.6%) were considered as havig@ficient response, CAS Gr, whereas
73 (50.3%) had a subnormal response, belonginget@€Al Gr. Subsequently, SC, a
surrogate of the biological active FC was meassiediltaneously with serum TC through
the LDT.

In agreement with previously reported studies atpesand significative correlation
between maximum serum TC and SC in the LDT wasimmdda (16,21) suggesting that SC
might be useful to be considered to evaluate maxirmerumTC cut- off level at LDT. We
did not find any correlation between basal seruman@ SC levels (data not shown),
probably due that SC falls bellow detectable ledelsng periods when serum TC
concentration are too low (22).

According to the reference cut-off (10), most serdi@- response was obtained at 30min
(86%), in agreement with other studies (7, 15-However, in 14% of the patients it was
observed at 60 min after LDT. Therefore, a longefrLlshould be evaluated to avoid
misdiagnosis.

Although median SC between sufficient and insugintigroups was significantly
different, there was considerable overlap.

In Cetinkaya et al study (16) maximum SC cut o¥els to define CAl by the ROC curve
analysis, using reference serum TC cut off leyels) ) showed good specificity, but very
low sensitivity. Moreover, in agreement with otlséudy (19) we might propose that SC as
the unique measurement at LDT is not useful foragmessment of CAl diagnosis.

Furthermore, in the absence of differences in th&opol as well as the methodology
applied, different serum SC cut -off value was régub (23).

Considering the first quartile of SC cut-off valnethe CASGr distribution, two
subgroups of patients were defined in the CAI GR-&CAIl and an In CAIl Gr establishing
450 nmol/L as a new maximum serum TC cut- off gallhe reasonability of this new
serum TC cut-off value is supported by the fact thahe RCAIGr, 91% of patients had
serum TC levels bellow this new cut-off value

In agreement with Ospina et al meta analysis stsidyijar positive and negative
likelihood ratio was obtained( 20)

Moreover, in the paediatric metanalysis study byl&askaite et al (1) and in adult
populations studies (8, 24) a similar serum TCatuvalue was recommended.

In this cohort 24% of patients had a discrepandwé&en maximum serum TC and SC
levels to LDT response. Several reasons might exfhase different responses to LDT. It
could be speculated that higher or lower serum GR@Is modify serum CBG bound
cortisol fraction concentration. Accordingly to ser CBG levels, serum non-CBG bound
cortisol fraction and therefore SC concentratioange (25-26). However, in this cohort
serum CBG levels and serum Cortisol distributiotwleen serums specific binding proteins
were not measured.

Another explanation for this discrepancy might élated to SC metabolism.
11betahydroxi steroid dehydrogenase type2 whickemrcortisol to cortisone is highly
express in the salivary glands (22). Thus, norragaktion in SC levels could be the
consequence of interindividual differences in @mitimetabolism. On this line, there are
evidences that stimulated salivary cortisone pr@wdetter reflection of serum cortisol (22,
27-28).

Gender and age specific difference in hypothalapiustary-adrenal axis activity during
childhood has been described (29-30), Attemptstabdish reference sex and age SC range
are being analysed in the CIRCOT data set (31nc€ming to this point although there was
a significative predominance of male and puberiepts, the proportion of them in the
subgroups analysed were similar.
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A limitation of the present study is related to thet that the new serum TC value cut-off
to the LDT proposed was confirmed in a short butiméong-term follow up of patients. For
safety reasons in paediatric population, we coeither validate the cut off with the gold
standard tests (ITT and/or metyrapone).

Another constraint is the uncertainty that curnestirrounds patients in whom
discrepancies between the results of the serumntCS& emerged in the course of the LDT.
Nevertheless, the present study does suggest dagurements of SC may improve the
interpretation of the LDT and allows further insigiot given by testing based on serum TC
or SC separately.

In addition, the same study using LC MS/MS methodgglmight be done. However,
currently normal serum and salivary cortisolfismne after LDT stimulation measured by
LC-MS/MS values are poorly known in pediatric pagiidn (32-34).

Conclusion

We suggest the following algorithfar the diagnosis of CAdepicted in Fig 3. As it is
shown after LDT, maximum serum TC response could be aefit or insufficient. In the
CAI Gr, SC could be of aid to differentiate an imtediate from a real insufficient group.

The recognition of a new lower cut-off of serum TQether with SC cut-off proposed,
allows avoidance of unnecessary hormone replacethergpy in an intermediate group in
which hormonal treatment relies on medical judgn@em/ or the presence of symptoms of
Al. However, if medical treatment is withheld; gorous patient follow-up is required, the
latter apply specially to discordant results in i AIGr and R-CAI Gr in whom outcome
are of difficult interpretation.
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Fig 1. Panel A. Maximum salivary cortisol post LDTin CAS Gr, CAI Gr, and in the
two subgroups. In-CAl, R-CAl obtained according tofirst quartile of CAS Gr. CAS:
central adrenal sufficient, Gr: group, CAI central adrenal insufficient, In: imezdiate, R:
real. Panel B. Maximum serum TC response post LP@rbups CAS, In-CAl, R-CAL.
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LDT: low dosel- pugr ACTH test; CAS: central adresafficient; TC: total cortisol, In:
intermediate, R: real. Conversion factor for nmabtlug/dl: divide by 27.59

Fig 2. Individuals values of maximum serum and saliary cortisol to LDT distributed
according to the reference serum cortisol cut offalue and the new serum and salivary
cortisol cut off values. TC: total cortisol, SC: salivary cortisol. parelintermediate central
adrenal insufficient (In CAl) group (Gr) , panel Real central adrenal insufficient (R-CAI)
Gr, panel C: central adrenal sufficient (CAS) Gladk circles: patients without hormone
replacement treatment. White circles: patientstiomy hormone replacement treatment was
initiated or continued after LDT results. Dotteddi reference cut —off. Solid line: new serum
and salivary cortisol cut-off

FIG 3. Algorithm. After LDT, maximum serum T€&497 nmol/LI could be considered as
sufficient response. In the intermediate group wéhum TC between 450-497 nmol/L and
SC>21 nmol/L, the response could also be consideradiffisient with clinical regards. In
the intermediate group, patients with serum TCOdimol/L and S&21 nmol/L the
response is of difficult interpretation, as itirs patients in R-CAl Gr with serum TC between
450-497 nmol/L and SC <21 nmol/L . The initiationnot of substitutive treatment in the
latest groups is under individual medial criteria case of deciding not to initiate hormone
replacement treatment an strict clinical and béwsteal follow-up should be carried out.
When serum TC is <450 nmol/L and SC is < 21 nmdlie, response could be considered
real insufficient. Gray color represents the intedmte group. Discontinue arrows
correspond to discordant results in each interniediad real insufficient group. LDT: low
dosel- ugr ACTH test; TC: total cortisol; SC salyweortisol. Conversion factor for nmol/L
to ug/dl: divide by 27.59

Tablel. Clinical Features and Diagnosis of 145gpeisi included in the study.

Age mean +SD, yee 11.3+4.¢

Sex Male n (%) 88 (60.6)
Female n (%) 57 (39.3

Tanner pubertal status n (%)

Pre pubertal 59 (40.7

Pubertal 86 (59.3)**

Patients etiologies

Chronic corticoid treatment n (%) 18 (12.4)

Multiple pituitary insufficiencies #. n(%) (## diagsis and™ treatment) 79 (54.5

Miscellaneous: PWS, autoimmune disease, Genetidregmes n (%) 48 (33.1

* male vs female p<0.01

** pubertal vs prepubertal p<0.01

Puberty was defined as testis volumé ml in males and breast Tanner stage 2 in females

Multiple pituitary insufficiency (idiopathic and sendary to central nervous tumor (CNS),

PWS: Prader Willi Syndrome.

# Hormonal deficiency were as follow (%): GH andHE$43.6); isolated TSH: (21); Isolated GH: (11.GH
and LH-FSH: (8.4); isolated Diabetes Insipidus (5).6); TSH and DI: (4.2); GH and DI: (2.8) GH,TSidd
DI:(1.4); TSH and LH-FSH: (1.4).

## The pituitary insufficiency group consisted atipnts with the following diagnosis (%NS tumors and
their treatments(a: surgery, chemotherapy and tlagliapy), b: medical treatment, c: chemotherapy, d:
chemotherapy and rediotherapy (31.6) : (Chiasntatimethalamic glioma posterior fossa medulloblastofna
pineoblastom®& giant prolactinonf , Langerhans cell histiocyto$ig.5), leukemia and retinoblastof{&.3),
idiopathic hypopituitarism (32.9), septo-optic digspa and other CNS malformation. (21.5)
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Table2: Clinical features and hormonal laboraforgings of 145 patients included in the
study. LDT: Maximum serum and salivary cortisolpesse.

Group CAS CAI CAIl
Intermediate Real

Patients: r 72 73 28 45

Age meanzSD (year) 10.4:5.5 12.2+4.0 11.9:3.1 12.44.4

Sex n (%

Male 40 43 18 (37.5) 30 (62.5)

Female 32 25 10 (40.0) 15 (60.0)

Tanner pubertal

status n (%) 37 22 9 (40.9) 13(59.0)
Prepubetal 35 51 19 (37.2) 32 (62.0)
Pubertal

LDT maximum TC

(median; interquartile 587.6 400 450* 364.1

range) nmol/L 546.2-971 336.5-452.4 391.7-463.5 311.7-422.1

LDT maximum SC

(median; interquartile 31.4** 16 32%+* 11.3

range) nmol/L 21-43.5 10-28.6 24.2-35.5 8.8-15.1

CAS : Central Adrenal Sufficient response. CAl:tcahadrenal insufficient response. LDT: low dospr
ACTH test. TC: total cortisol, SC: salivary cortisBubertal was defined as testis volurmé ml in males and
breast Tanner stage 2 in females.

Total cortisol Intermediate vs Real CAl  * p<0.01

LDT saivary cortisol CAS vs CAI *Fp<@L

LDT saivary cortisol Intermediate vs Real ***p<0.01

Conversion factor fopg/dl to nmol/l: multiply by 27.59

10
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