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Abstract. Newborn screening (NBS) can detect 21-hydroxylase deficiency (21-OHD), allowing for early treatment
initiation. However, many patients present with adrenal crises or hyponatremia at their first visit. Age (in days) of
hyponatremia development in infants with salt-wasting (SW)-type 21-OHD remains unclear. Therefore, we determined
the earliest age of hyponatremia diagnosis in this retrospective observational study using medical records of 40 patients
with classic 21-OHD in Niigata Prefecture, Japan, from April 1989 to March 2019. We determined the earliest diagnosis
of hyponatremia (serum sodium levels < 130 mEq/L) and created a sodium decrease rate model to estimate hyponatremia
development age. Of 23 patients with SW-type 21-OHD, 10 (43.5%) were identified during NBS; the earliest case to
present with hyponatremia was at day 7. Serum sodium levels were significantly and negatively correlated with age
in days, and hyponatremia was estimated to develop at 6.6 d after birth. Genotype or serum 17-hydroxyprogesterone
levels were not associated with sodium decrease rate. Thus, hyponatremia development age is earlier (within 7 d) than
the previously described time-point (10—14 d) in infants with SW-type 21-OHD. Efforts to reduce the time lag from
obtaining results to consultation may be required in patients with high 17-hydroxyprogesterone levels on NBS.

Key words: 21-hydroxylase deficiency, hyponatremia, congenital adrenal hyperplasia, salt wasting, newborn
screening

Introduction

21-hydroxylase deficiency (21-OHD) is an
autosomal recessive inherited disease caused by
genetic abnormalities in the CYP21A2 gene. According
to the residual enzyme activity, 21-OHD is classified
into classic salt wasting (SW), classic simple virilizing
(SV), or non-classic forms. Patients with the SW type
(the most severe presentation) develop hyponatremia,
hypovolemic shock, and adrenal crises, because of lack
of mineralocorticoids and glucocorticoids (1). In Japan,
since 1989, newborn mass screening (NBS) has been
used to measure 17-hydroxyprogesterone (17-OHP)
in filter paper blood and 21-OHD has been detected
in approximately 1 in 18,000-19,000 births (2, 3).
Although 21-OHD can be detected and treated early
owing to the NBS program, we frequently encounter
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patients with hyponatremia and adrenal crises at
their first visit. According to the Nelson Textbook of
Pediatrics, hyponatremia in neonates with the SW type
occurs at 10—14 d after birth (4), but no studies about
the actual timing of this hyponatremia development
exist. In our clinical setting, we have encountered cases
of hyponatremia occurring earlier than reported in the
textbook. Therefore, a clinical question was presented
regarding the earliest age, in days, at which SW-type
21-OHD reduced serum sodium levels. However, it is
very difficult to examine the natural course of serum
sodium changes in patients with 21-OHD, because
they should be treated promptly regardless of whether
hyponatremia has occurred, as recommended in the
Japanese guidelines for 21-OHD (5). Therefore, in
the present study, we determined the earliest age
(in days) at which hyponatremia was diagnosed and

Corresponding Author: Keisuke Nagasaki, M.D., Ph.D., Department of Pediatrics, Niigata University Medical and Dental
Hospital, 1-757 Asahimachi-dori, Chuo-ku, Niigata City, Niigata 951-8510, Japan

E-mail: nagasaki@med.niigata-u.ac.jp

@ @@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non- ;?0 35P876’6
rarrm Commercial No Derivatives (by-nc-nd) License <http:/creativecommons.org/licenses/by-nc-nd/4.0/>. £

Copyright© 2020 by The Japanese Society for Pediatric Endocrinology 3

o for Pg %

N

“roopud

7o,

Rsinc il 1os2
%

,


http://creativecommons.org/licenses/by-nc-nd/4.0/

estimated age of hyponatremia development by creating
a sodium decrease rate model. The purpose of this study
was to elucidate the precise timing of hyponatremia
development in patients with SW-type 21-OHD.

Patients and Methods

We extracted data from the records of 40 patients
diagnosed with classic 21-OHD in Niigata Prefecture,
Japan, from April 1989 to March 2019. 21-OHD was
diagnosed based on the criteria in the Guidelines for
Diagnosis and Treatment of 21-Hydroxylase Deficiency
(5). These include clinical manifestations, endocrinological
findings (e.g., elevated serum 17-OHP), and exclusions of
P450 oxidoreductase, 38-hydroxysteroid dehydrogenase,
and 11B-hydroxylase deficiencies. Exclusion criteria were
lack of serum sodium levels data before hydrocortisone
replacement and presence of severe complications other
than 21-OHD. Moreover, cases treated with intravenous
crystalloid glucose solutions before hydrocortisone
replacement were excluded.

We defined hyponatremia as serum sodium < 130
mEq/L, as described in another 21-OHD-related study
(6). We defined the SW-type deficiency as the presence
of symptoms and signs of circulatory shock, dehydration,
and hyponatremia or CYP2I1A2 mutations with the
estimated enzyme activity of 0—1% for both alleles
(7) and the SV type based on other classical 21-OHD
characteristics.

This was a multicenter retrospective observational
study. From the medical records of the patients, we
extracted data on serum or whole blood sodium levels,
serum 17-OHP, serum potassium levels, plasma renin
activity, body weight before the start of treatment, and
gene mutation types. We included the serum sodium
levels taken during the first visit and the whole blood
serum taken during the examination on the transition
date.

The primary endpoint was to determine the earliest
age, in days, at which hyponatremia was diagnosed based
on the medical record date. The secondary endpoint
was to investigate the factors associated with serum
sodium or sodium decrease rate in SW-type 21-OHD and
estimate the age, in days, of hyponatremia development
by creating a sodium decrease rate model.

For gene analysis, we used multiplex ligation-
dependent probe amplification (SALSA MLPA P050 CAH
Probemix, MRC Holland, Amsterdam, Netherlands) and
direct sequencing to identify CYP21A2 mutations (8). We
classified genotypes with estimated enzymatic activity
of both alleles at 0% into group null and the remaining
genotypes into group A. We plotted the serum sodium
data in the SW type against age (in days) at the first visit
or hyponatremia development, and created a sodium
decrease rate model with liner regression.

Statistical analyses were performed using EZR
Version 3.5.2. (9) and Stata Version 16.1. Background
data of patients with 21-OHD are presented as mean
+ standard deviation. Differences in birth weight,

gestational age, age (in days) at the first visit, weight
change rate at the first visit, and 17-OHP levels between
SW and SV types were assessed using ¢-tests. Univariate
analysis was performed between serum sodium levels
and age (in days) as well as between serum sodium level
and weight change rate at the first visit using a linear
regression model. In addition, analysis of covariance
was performed for serum sodium level and age (in days)
between factors* considered to be associated with sodium
decrease rate. Statistical significance was set at 5%.

* The factors associated with sodium decrease rate including
birth weight (BW), gestational age (GA), 17-OHP levels in
NBS, plasma renin activity (PRA) and genotype, which were
classified as follows:

Factor Group 1 Group 2 Group 3
BW <3,000 g >3,000 g
GA <37wk0d 37wk0d-— >42wk0d
41wk 6d
17-OHP** | Over the <90 ng/mL
measurement
sensitivity
(> 90 ng/mL)
PRA <20 mg/ml/h  |>20 mg/ml/h
Genotype | Group null and group A as described above

**17-hydroxyprogesterone (17-OHP) levels in newborn
screening (NBS) were measured by direct method.

The Niigata University Ethics Committee approved
this study (Ethics Committee Approval Number: 2019-
0095). Information related to the content of research is
posted on the hospital homepage. Patients and/or their
family were given the opportunity to refuse having their
medical record data used for this study.

Of the 40 cases diagnosed with classical 21-OHD,
15 (37.5%) were SV type and 25 (62.5%) were SW type.
Two patients in the SW type were excluded because
of unknown serum sodium level before treatment or
history of infusion treatment before hydrocortisone
replacement. Table 1 shows the clinical features of
both types. Of the 23 cases in the SW type (9 girls and
14 boys), 10 (43.5%) were detected during NBS and 13
(56.5%) by other causes including ambiguous genitalia,
family history of 21-OHD, vomiting, body weight loss,
and hyponatremia. The mean age (in days) at the first
visit in the SW type was 12.5 + 4.7 d in those detected
by NBS and 6.9 + 6.5 d in the other cases (p = 0.02). In
addition, weight loss was apparent in almost all patients
diagnosed with the SW type and the mean weight change
rate was —5.5 + 4.6%. We found no significant weight
loss in the patients of the SV type (6.4 + 13.8%), and
the patients in the SW type had significant weight loss
compared with those in the SV type (p <0.001).
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Table 1. Background of patients with 21-hydroxylase deficiency (21-OHD)

Salt wasting type Simple virilizing type P value
Number 23 15
Boy:Girl (n) 9:14 9:6
Birth weight (g) * 3155.5 (435) 3251.7 (333.9) 0.472
Gestational age (wk)* 39.9 (1.2) 39.8 (0.82) 0.830
Detected by
NBS (n) 10 14
other causes (n) 13 1
Age in days of first visit* 9.3(6.3) 19.4 (10.4) <0.001
detected by NBS 12.5 (4.7) 20.5 (9.8)
others* 6.9 (6.5) 4
Body weight change rate at first visit (%)* -5.5% (4.6) 6.4% (13.8) <0.001
Serum 17-OHP levels at first visit (ng/dL)* 448.6 (257) 103.2 (84.7) <0.001
* mean (SD). 17-OHP, 17-hydroxyprogesterone; NBS, newborn screening.
Table 2. Hyponatremia development day
Patient Days after birth
No. 0|12 3|45 |6 ,|7|8|9|10|11|12|13|14|15|16 |17 |18 19|20 |21 22 23|24
1 142|143|1461145|139|140|135|136|128
2 140 140 135(127
3 120
4 126
5 129
6 118
7 138 127
8 123
9 128
10 117
11 127
12 120
13 119
14 118
15 119
16 117
17 128
18 135|136|143|137 137
19 137
20 142 139
21 |138 136
22 138 137 132
23 1139 132

*Dark gray indicates the duration of treatment for 21-hydroxylase deficiency (21-OHD), such as hydrocortisone. The bold
letters indicate the “serum” sodium levels and italic letters indicates “whole blood” sodium levels. The letters with underline
indicate the values which were used to a create sodium decrease models. The s-Na levels after the start of hydrocortisone

were not stated.

Age, in days, at change in serum sodium

level
everyday (patient number 1, Table 2) and presented
Of the 23 patients in the SW type, we observed hyponatremia at 9 d, whereas other patients presented
hyponatremia in 17 (73.9%), with day 7 being the at 7and 10 d.

earliest development day (patient number 4, Table 2),
and all patients whose first visit was later than 10 d
after birth presented with hyponatremia. In only three
cases (patient numbers 1, 2, and 7, Table 2) of SW type

21-OHD, the natural course of blood sodium levels was
confirmed. One patient had sodium levels monitored
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Associations of serum sodium level with age
(in days) and weight change rate at the first
visit

There was a strong negative correlation between
serum sodium and age (in days) [r = —0.89; 95%
confidence interval (CI): —0.95 to —0.74, p < 0.001]. In
contrast, there was no correlation between serum sodium
and weight change rate at the first visit (r = 0.33; 95%
CI: -0.12 to 0.66).

Analysis of covariance between birth weight,
weight change rate, serum 17-OHP level, and
genotype

We did not find any significant factors associated
with sodium decrease rate (Fig. 1). Analysis of the
CYP21A2 mutation was performed in 21 of 23 cases.
We classified 9 cases into group null and 12 into group A
(Table 3). There were no significant differences between
the two groups (p = 0.812, Fig. 1C).

Gestational age was excluded from the analysis
because 22 of 23 cases were classified as group 2.
Plasma renin activity was also excluded from the
analysis because all cases exceeded 20 ng/mL/h and
it often exceeded the measurement sensitivity. One
patient (patient number 17, Table 2) was excluded
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from all analyses with this model because of diagnosis
on repeated NBS and genotype (I173N) corresponding
to the SV type.

Sodium decrease rate model

Since a strong negative correlation was confirmed
between serum sodium levels and age (in days) and
there were no factors associated with sodium decrease
rate, single regression analysis between serum sodium
level and age (in days) was performed. The calculated
regression equation was: y = —1.34x + 138.9 (95% CI:
slope —1.7 to —1.0; intercept 135.4-142.3) and the
age when serum sodium level was < 130 mEq/L was
estimated to be 6.6 d (95% CI: 5.3-8.7) after birth (Fig.
2). One case (patient number 17, Table 2) was excluded
from this model as described above.

Our study of 23 patients with SW-type 21-OHD
found that the earliest age of hyponatremia development
was 7 d, and all of the patients with first visits later
than 10 d presented with hyponatremia. In addition,
development of hyponatremia in patients with the SW
type was estimated to occur at approximately 7 d after
birth using a sodium rate decrease model.
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Fig. 1. Analysis of covariance. We performed analysis of covariance for serum sodium level and age (in days) among four
factors. No factor was associated with sodium decrease rate. A: Birth weight (p = 0.586). B: 17-OHP levels in NBS

(p =0.749). C: Genotype (p = 0.812).
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Table 3. Genotype in group null and group A

Group Null Group A
enzyme activity is 0% in both alleles other than group null
No. genotype (allele 1/allele 2) No. genotype (allele 1/allele 2)
1 p.R357W/del 2 12G/p.Q319*
3 p.R357W/del 4 12G/8bp del
7 p-R357W/del 5 12G/M2G
9 p-Q319*/del 6 12G/del+8bp del
12 p-Q319%/8bp del 8 12G/del
14 p.Q319*/p.Q319* 11 12G/8bp del
18 promoter conv/del 15 12G/IVS9 -9c>a
19 p-Q319%/8bp del 16 12GM2G
21 p-Q319%/p.Q319* 17 p-I1173N/c.279 ins* dup 13bp
20 12G/E6 cluster
22 12G/conv
23 12G/8bp del

del, large deletion; conv, large conversion, 12G, IVS2-13C>G; 8bp del, 8 bp deletion in
exon 3; E6 cluster, 1237V+V238E+M240K in exon 6.

°
o
8-
°
_8 o
=7 °
= [ ] 'S [ ]
E
s ° °
Z o
o & O = DN -
°

o
== T T T T T

0 5 6.6 10 15 20

day

° Na
Fitted values

95% ClI

Fig. 2. Sodium decrease rate model. We plotted serum
sodium data in the SW type and age at first visit or
hyponatremia development, and created a sodium
decrease rate model. The age when serum sodium
was 130 mEq/L was estimated to be 6.6 d (95% CI.:
5.3-8.7) after birth.

However, hyponatremia in patients with the SW
type is thought to develop only later in life (i.e. not
during the first day after birth). The time required
for presentation of hyponatremia is 10-14 d after
birth according to the Nelson Textbook of Pediatrics
(4), about 2 wk according to the Williams Textbook of
Endocrinology (10) and 7-14 d according to a published
reference (11). However, we were not able to find any
reference citations for the information presented in any
of these resources.

Before NBS was implemented, 21-OHD was
presumably discovered based on symptoms such as poor
feeding, vomiting, and shock. Therefore, descriptions in
the above textbooks likely represent the age whereby
such symptoms were observed. In addition, not all US
states currently perform NBS for 21-OHD, which may

also affect the timing of hyponatremia. In contrast, we
calculated the age at which serum sodium level was <
130 mEq/L, regardless of the symptoms, in this study.
Our results suggest that this age is much earlier than
the previous report.

The Japanese guidelines for 21-OHD suggest
that prompt treatment should be started regardless of
whether hyponatremia has occurred (5). Some cases were
diagnosed immediately after birth because of ambiguous
genitalia or a family history of 21-OHD and were started
on glucocorticoid replacement before the development of
hyponatremia. For this reason, it is difficult to examine
the natural course of serum sodium changes in patients
with SW-type 21-OHD. In our study, 7 out of 10 patients
with SW-type 21-OHD without hyponatremia at the
first visit were started on hydrocortisone replacement
immediately, and we were able to follow the natural
course of sodium levels in only three patients, who
presented hyponatremia at 9, 7, and 10 d.

For this study, for this study, a sodium decrease
rate model was created to predict the age at which
hyponatremia would occur. As a result, we found a strong
negative correlation between the serum sodium and the
age (in days), and no other factors were associated with
sodium decrease rate. The age (in days) at serum sodium
<130 mEq/L was estimated to be 6 to 9 d. Indeed, the
earliest age at which hyponatremia was diagnosed was
7 d of age, consistent with this model. Our results show
that hyponatremia may occur within 7d in patients with
the severe SW-type 21-OHD.

Genotype—phenotype correlations in congenital
adrenal hyperplasia due to 21-hydroxylase deficiency
are based on in vitro CYP21A2 activity (12). Since the
degree of aldosterone secretion failure is defined by the
degree of residual activity, we hypothesized that the
difference in the sodium decrease rate models depends
on the genotype. However, we could not find any
significant differences between the null and A genotype
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groups. This may be because some genotypes cannot
accurately predict the phenotype, although most match
the phenotype severity (13). In addition, sodium levels
are regulated by a balance of sodium intake, sodium
excretion, and body water content. Sodium intake of
the patients, which depends on the nutritional status
before the first visit, was unknown and this also may
have affected our sodium decrease rate model. Since
the number of cases was small, further studies will be
necessary to assess the association between development
of hyponatremia and genotype.

Similarly, we found no significant correlations
between serum sodium and weight change rate. This
is probably because of two factors. First, the age at first
visit varied from case to case although the body weight
physiologically decreased several days after birth; thus,
comparing it with the weight change rate is difficult.
Second, factors other than 21-OHD affect body gain such
as the amount of milk ingested.

This study has some limitations. First, we
investigated only the age of hyponatremia “diagnosis”
and not “development”. The actual onset of hyponatremia
is considered to be earlier as there are many cases in
which hyponatremia has already developed before
the first visit. Second, we estimated the age (in days)
of hyponatremia development using a linear model;
however, whether this model is consistent with the

natural course of serum sodium changes in patients
with 21-OHD remains unclear. Further studies are
warranted to validate this consistency. Third, we did
not find information on the nutritional status or general
condition of each newborn before the visit, and other bias
effects may have affected our analysis. Finally, this study
covers only patients in the Niigata Prefecture; whether
the sodium decrease rate model can be applied in other
regions requires a larger number of studies.

Conclusion

The age at which SW-type 21-OHD develops
hyponatremia, within 7 d of age, is earlier than the
previously described 10—14 d of age. This suggests that
we need to make efforts to reduce the time lag from
receiving results of NBS to consultation for those with
high 17-hydroxyprogesterone by NBS.
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