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Congenital Adrenal Hyperplasia is a group of autosomal recessive dis-
orders resulting from deficiency of enzymes essential for the synthesis 
of cortisol. Disease of the adrenal cortex, but there may be involvement 
adrenomedullary. Cortisol and epinephrine are directly related to the 
individual’s stress response. Lower values of epinephrine in children 
with congenital adrenal hyperplasia could be related to increased clinical 
complications and hospitalizations rate. We evaluated the serum values 
of metanephrines and normetanephrines in children and adolescents with 
classic congenital adrenal hyperplasia and primary hypothyroidism and 
possible correlations with disease and hospitalizations. Cross-sectional 
study involved 29 patients (10 simple virilizing and 19 salt-wasting), and 
control group of 28 patients with primary hypothyroidism (10 overt and 
18 subclinical). There were no differences in age (p = 0.24) and meta-
nephrine (p = 0.34) or normetanephrine values (p = 0.85) between groups. 
Hospitalization rate was higher in the cases than in the controls (51 x 12). 
We conclude the serum values of metanephrine and normetanephrine 
in patients with congenital adrenal hyperplasia were within the normal 
values of reference, with no significant difference of group with primary 
hypothiroidism. The number of hospitalizations in the case was high in 
relation to the control, mainly in salt-wasting.
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1. Introduction

Congenital adrenal hyperplasia (CAH) is a group of 
autosomal recessive disorders resulting from ge-
netic defects which cause a deficiency of enzymes 

essential for the synthesis of cortisol and, sometimes, 
aldosterone. The most frequent form of the disease, ac-
counting for 90-95% of all cases of CAH, involves a mu-
tation causing deficiency of the enzyme 21-hydroxylase 
(21-OHlase). The clinical manifestations of CAH depend 
on the degree of enzyme deficiency, ranging from milder 

to more severe forms1.  

Three major clinical phenotypes have been described: 
salt-wasting (SWCAH), which affects 75% of patients 
with the classic form; simple-virilizing (SVCAH), which 
affects the remaining 25%; and nonclassical CAH. Treat-
ment aims at adequate glucocorticoid replacement, with or 
without mineralocorticoids as needed, in order to prevent 
adrenal crisis and minimize the virilizing effects of the 
disease [1-3].

The most common form of CAH (classic 21-hydroxy-
lase deficiency) affects approximately 1:15,000 live births 
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[4,5]. Since the introduction of cortisone therapy by Wilkins 
et al. in the early 1950s, children with CAH have been 
able to survive to adulthood [2]. In Brazil, the incidence of 
SWCAH ranges from 1: 7,500 to 1: 10,000 live births [6].

Although CAH is a disease of the adrenal cortex, there 
might be an impairment of the adrenomedullary function 
in these patients. The medulla represents about 10% of 
the adrenal gland and is responsible for the production of 
epinephrine (80%) and norepinephrine (20%), in addition 
to minimal amounts of dopamine. These hormones are se-
creted into the bloodstream upon direct stimulation of the 
adrenal glands by sympathetic nerves [7].

Epinephrine synthesis is related to the presence of 
cortisol, produced in the adrenal cortex. Cortisol induces 
the enzyme phenylethanolamine-N-methyl transferase en-
zyme, which catalyzes the conversion of norepinephrine 
to epinephrine in marrow chromaffin cells [7].

Cortisol and epinephrine are directly related to the in-
dividual stress response, and act to prevent hypoglycemia 
as counterregulatory hormones. Thus, lower values of 
epinephrine in children with CAH may be related to in-
creased complication and hospitalization rates [8].

The objective of the study was to compare the serum 
values of metanephrine and normetanephrine in pediatrics 
patients with classic CAH to those of patients with prima-
ry hypothyroidism, as well as to assess potential correla-
tions with disease control, clinical complications, and the 
hospitalization rate. 

2. Patients and Methods

A cross-sectional study of 29 patients with classic CAH 
(cases) and 28 patients with primary hypothyroidism 
(controls) was conducted at the endocrinology outpatient 
clinic of a pediatric university hospital, from 2017 to 
2019. Patients with other associated diseases and/or using 
medications that could alter the dosage of catecholamines, 
such as tricyclic antidepressants, levodopa, drugs con-
taining adrenergic receptor agonists (eg decongestants), 
amphetamines, buspirone, psychoactive agents, prochlor-
perazine, reserpine were excluded. In addition, patients 
were instructed not to drink soft drinks, coffee, tea, or use 
tobacco before the exams were collected. All patients un-
derwent a complete physical examination, and had blood 
collected for serum dosage. The levels of of androstene-
dione, testosterone, metanephrine, and normetanephrine 
were measured for cases, while free thyroxine (fT4), 
thyrotrophin (TSH), metanephrine, and normetanephrine 
were measured for controls. 

Normetanephrine and metanephrine were measured 
in plasma by high-performance liquid chromatography 
(HPLC) and radioimmunoassay (RIA), respectively. The 

reference ranges were < 90 pg/mL for metanephrine and < 
196 pg/mL for normetanephrine.

Depending on whether their androstenedione levels 
were within or outside normal range, patients with CAH 
were classified as having good control or poor control, re-
spectively. 

The study was approved by the institution’s research 
ethics committee. 

3. Statistical Analysis

The hypothesis of normality was rejected by the Shap-
iro-Wilk test; thus, nonparametric measures were used. 
The Mann-Whitney U test was used for comparison of 
age, metanephrine, and normetanephrine between the two 
groups (case vs. control) and subgroups thereof, while the 
chi-square test was used to compare sex distribution.

The statistical significance threshold was set at 5%. All 
analyses were processed in the SAS® System software 
environment, version 6.11 (SAS Institute, Inc., Cary, 
North Carolina).

4. Results 

The clinical characteristics of patients in the case group 
and control group are shown in table 1. 

All patients were receiving glucocorticoid replacement 
therapy (22 were using prednisolone and 7 dexametha-
sone). The median hydrocortisone equivalent dose was 
9.76 mg/m2/day, and the mean was 10.57 ± 7.37 mg/m2/
day. Of the 10 patients with SVCAH, 5 also received flud-
rocortisone regularly for mineralocorticoid replacement, 
with the mean and median dose of 0.05 mg/day; of the 19 
patients with SWCAH, 17 were also on fludrocortisone, at 
the mean dose of 0.22 mg/day (median, 0.20 mg/day).

Table 1. Clinical characteristics of cases and controls

Clinical features Cases (CAH) Controls (hypothyroid-
ism)

N 29 28
Female 15 16

Prepubescent 16 8
Pubescent 13 20

Age (years)
Range 0.41-20 4.9-15.25

Median 7.41 11.63
Mean ± SD 9.32 ± 6.31 11.25 ± 2.48

SWCAH / SVCAH 19 / 10 -
Median / mean hydrocorti-

sone equivalent dose, mg/m2/
day

9.76 / 10.57 ± 7.37 -

Overt / subclinical hypothy-
roidism - 10/18

Notes: SD, standard deviation; SWCAH, salt-wasting congenital adrenal 
hyperplasia; SVCAH, simple virilizing congenital adrenal hyperplasia.
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Of the 28 patients with hypothyroidism, 10 of them 
had overt hypothyroidism, diagnosed after 2 years of age, 
and had serum fT4 values within the normal range at the 
time of the study, with replacement doses of levothyrox-
ine ranging from 1 to 2.17 mg/kg/day. The remaining 
18 were diagnosed with subclinical hypothyroidism and 
maintained T4L values within the normal range through-
out their follow-up, without the need for replacement with 
levothyroxine.

Table 2 reports the age and metanephrine and normeta-
nephrine levels of cases and controls, and the correspond-
ing descriptive statistic (p-value) of the Mann-Whitney 
test. The median age in the control group is higher than 
in the case group, because of the later age of onset of ac-
quired hypothyroidism. Thus, as noted in Table 1, there 
are no infants or preschool children in the control group. 
In the case group, there were 2 infants and 2 adults (aged 
20), which explains the greater deviation of age in this 
group. Nevertheless, the age difference was not significant 
(p = 0.24).

The median (interquartile range) plasma metanephrine 
level was 33 (25-42) in the case group, and 38 (31-42) in 
the control group (p = 0.34). The median normetanephrine 
level was 77 in both groups, with an interquartile range of 
58-99 in the case group and 64-92 in the control group (p 
= 0.85).

According to the chi-square test, the proportion of 
females in the case group (51.7%) was not significantly 
different from that of the control group (57.1%), with p = 
0.68.

Table 2. Age, and metanephrine and normetanephrine 
values by group (cases versus controls)

Variable
Cases (n = 29) Controls (n = 28)

p-value
Median IQR Median IQR

Age (months) 89 49 - 174 140 121 - 160 0.24

Metanephrine (pg/mL) 33 25 - 42 38 31 - 41 0.34
Normetanephrine (pg/

mL) 77 58 - 99 77 64 - 92 0.85

Note: Mann-Whitney test. IQR, interquartile range (Q1-Q3).

Figure 1(a) shows the trend of metanephrine values, 
which varied from approximately 25 to 40 pg/mL in the 
case group and from 30 to 40 pg/mL in the control group. 
Figure 1(b) shows the trend in normetanephrine values, 
which ranged from approximately 60 to 100 pg/mL in 
the case group and from 70 to 100 pg/mL in the control 
group. Outliers were disregarded in the box plot, since 
they would have skewed the analysis. 

Figure 1(c) we observe the mean, maximum and min-
imum values of metanephrine (pg/mL) of the case group 

studied according to the disease form (SVCAH and 
SWCAH). The values varied in SVCAH and SWCAH 
approximately of 22 to 47 and from 23 to 40, respectively. 
In figure 1. (d)  we observe the mean and maximum and 
minimum normetanephrine values (pg/mL) of the SVCAH 
and SWCAH subgroups studied. The trend of values in 
SVCAH varies from approximately 60 to 100 and from 60 
to 90 in SWCAH. Again, outliers were disregarded in the 
box plot, since they would cause deviation in the analysis. 

(a)

(b)

(c)
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(d)

Figure 1. Box plots of serum levels metanephrine (pg/
mL) and normetanephrine s (pg/mL): (a) metanephrine, 

cases vs. controls; (b) normetanephrine, case vs. controls; 
(c) metanephrine, cases SVCAH vs. SWCAH; (d) norme-

tanephrine, cases, SVCAH vs. SWCAH

The number of hospitalizations was significantly higher 
in the case group (n=51) than in the control group (n=12). 
Of the hospitalizations in the case group, 43 occurred in 
patients with SWCAH and 8 in those with SVCAH. (In 
this assessment, we excluded hospitalizations for elective 
procedures). Figure 2 shows this relationship.

As for reasons for hospitalization in the case group 
(SVCAH and SWCAH), 55% of them were due to in-
fectious processes (n = 28), abdominal infections (n = 
12) being the most frequent, followed by respiratory 
infections (n = 10), sepsis (n = 3), renal infections (n = 
2), neurological infections (n = 1) and other infectious 
causes (n = 1). In 37% of cases, hospitalization occurred 
due to dehydration (n = 19) and in the remaining 8% (n 
= 4) other causes (low weight, acute hemorrhagic edema 
of infancy, trauma). In the control group, the reasons for 
hospitalization for infections were reported in 83% of 
patients, with respiratory infections being the most fre-
quent (n = 6), followed by gastroenteritis (n = 1), neuro-
logical infection (n = 1) and other infectious causes (face 
cellulitis and bacterial superinfection in chickenpox) (n 
= 2). In the remaining hospitalizations, 17% (n = 2) were 
referred to as other causes and the reason for hospitaliza-
tion was arthralgia.

The median number of hospitalizations was 2.0 in the 
case group and 1.5 the control group. The mean was 4.4 in 
the case group, versus 3.3 in the control group.

Figure 2. Number of hospitalizations in the case (SVCAH 
+ SWCAH) and control groups

5. Discussion 

Few studies have assessed the adrenomedullary func-
tion in patients with CAH. Ours is the first to assess a 
broader pediatric age group and compare it to a control 
group. In the group of patients with CAH, there are ap-
proximately twice as many patients with the salt-wast-
ing form (65%) as compared to simple virilizing (34%). 
This proportion shows the higher prevalence of the 
most severe form of presentation of the disease, similar 
to the literature [1,4]. 

The control group of the study was composed of pa-
tients with primary hypothyroidism, whether overt or 
subclinical (only elevated TSH values), who presented se-
rum fT4 values within the normal range at the time of as-
sessment. The group was selected to be the control group, 
because, while clinically and laboratory compensated, 
they do not generally present problems that can interfere 
with the results. And, since collections are collected from 
exams regularly, their inclusion in the study would not 
cause extra procedures. None of the 18 patients with sub-
clinical hypothyroidism used levothyroxine at the time of 
the study as they all maintained serum fT4 values within 
the normal range.

In our control group, we found no differences in meta-
nephrine and normetanephrine serum values between pa-
tients with untreated subclinical hypothyroidism and those 
with overt hypothyroidism treated with levothyroxine. In 
a previous study by Kim et al, there was no difference in 
catecholamine levels between patients with congenital hy-
pothyroidism and euthyroid controls [7].

In the case group, both patients with SWCAH and 
those with SVCAH showed plasma metanephrine and 
normetanephrine levels within the normal reference range, 
with no statistically significant difference. This differs 
from three published studies that studied adrenal medul-
lary function in patients with equivalent epidemiological 
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profiles. 
Kim and colleagues [7] evaluated adrenal medullary 

activity in 21 newborns, 9 with CAH (case group) and 12 
with congenital hypothyroidism (control group). New-
borns with CAH showed significantly lower plasma levels 
of adrenaline than controls, indicating that adrenomedul-
lary function may be impaired during fetal development 
and at birth.

Merke et al [8] evaluated 97 individuals, 38 of whom 
had CAH, 39 healthy controls, and 20 who had undergone 
bilateral adrenalectomy. Significantly lower plasma levels 
of epinephrine, metanephrine, and normetanephrine were 
observed in patients with CAH and in adrenalectomized 
controls in relation to healthy individuals. 

Lisá et al [9] studied 37 patients with moderate or severe 
SWCAH and found low plasma levels of metanephrine 
and normetanephrine9. It should be noted in our study that 
even patients with poor disease control had metanephrine 
and normetanephrine levels within the normal range.

In both the SVCAH and SWCAH subgroups, there was 
a greater variation in metanephrine levels than in norme-
tanephrine, although they remained within the reference 
range, as shown in Figure 1(c). 

When assessing the number of hospitalizations, we ob-
served a 4.2-fold higher rate in the case group compared 
to the control group, being the main cause as infectious 
pathologies, among them gastroenteritis, followed by de-
hydration. In addition to a trend towards a higher number 
of hospitalizations in patients with SWCAH, when com-
pared to SVCAH. This shows a greater number of clinical 
complications by patients with the most severe form of the 
disease. Similarly, Merke et al. described that the number 
of hospitalizations and hospitalizations in patients with 
CAH was significantly higher in the group with SWCAH 
than in those with SVCAH in the first 2 years after diag-
nosis, and that adrenal crisis was the main cause of hospi-
talization [8,10].

Probably, patients with CAH, when submitted to stress-
ful situations, such as fever, infections and other clinical 
complications, present a deficit in the metabolic and hor-
monal response, reflecting the greater number of hospital-
izations in this group [4,10,11].

In addition to another factor that may have influenced 
the number of hospitalizations between the case and con-
trol groups, it is the age group difference between them. 
The population of the case group in our study had a medi-
an age below that of the control group, 89 months and 140 
months, respectively, the age group most prone to infec-
tious processes. Moreira and Novaes [12] showed the high-
est number of hospitalizations in Brazil, in the age group 
of children under one year old, from 1 to 4 years old, and 

from 5 to 9 years old in relation to the age group of 10 to 
19 years old12. 

Finally, our study assessed plasma metanephrine 
and normetanephrine levels in a very broad age group 
of patients (up to 20 years old). Perhaps a study with a 
larger sample is needed to evaluate specific pediatric age 
groups, such as the neonatal period, childhood, and ado-
lescence. This would provide a broader view of adrenal 
medullary function in the pediatric population and, con-
sequently, broaden our understanding of the pathophys-
iology of adrenal medullary impairment in individuals 
with CAH.

We conclude that the plasma levels of metanephrine 
and normetanephrine in patients with CAH in this study 
were within normal reference range. There was no sig-
nificant difference in metanephrine or normetanephrine 
between the case group (SVCAH and SWCAH) and the 
control group. However, the number of hospitalizations 
in the patients with CAH was much higher than in the 
group with hypothyroidism, and patients with SWCAH 
had a higher number of hospitalizations than those with 
SVCAH, reflecting the broad spectrum of disease severi-
ty.
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