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Congenital adrenal hyperplasia (CAH) is an inherited disorder caused by the absence or severely impaired activity of
steroidogenic enzymes involved in cortisol biosynthesis. More than 90% of cases result from 21-hydroxylase deficiency
(210HD). To prevent life-threatening adrenal crisis and to help perform appropriate sex assignments for affected female
patients, newborn screening (NBS) programs for the classical form of CAH have been introduced in numerous countries.
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| 1. Introduction

Congenital adrenal hyperplasia (CAH) is an inherited disorder caused by the loss or severely impaired activity of
steroidogenic enzymes involved in cortisol biosynthesis ( Figure 1 A,B) 12, More than 90 percent of cases result from
21-hydroxylase deficiency (210HD) caused by mutations in CYP21A2 . The prevalence of 210HD is estimated to be
1:15,000-16,000 in the USA and Europe Bl and slightly lower in Japan (1:18,000) ME&IE The clinical spectrum of the
disease ranges from the most severe to mild forms, depending upon the degree of enzyme deficiency .
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Figure 1. Steroid synthesis in the adrenal cortex (A) and the pathophysiology of 210HD (B). P5: Pregnenolone,
1700HP5: 17-hydroxypregnenolone, P: Progesterone, 1700HP: 17-hydroxyprogesterone, DOC: Deoxycorticosterone,
11DOF: 11-deoxycortisol, B: Corticosterone, 180HB: 18-Hydroxycorticosterone, DHEA: Dehydroepiandrostendione, A4:
Androstenedione, T: Testosterone. 1700HP and other green steroids are included in the panel of LC-MS/MS screening in
Japan. Steroids written in blue suggest its synthesis is reduced.

The disease is mainly classified into two forms: classical and nonclassical. The classical form is associated with two major
problems: life-threatening adrenal crisis in both sexes and virilization of the external genitalia in 46,XX patients. The
classical form is further subdivided into two subtypes, the severest, salt wasting (SW) form, and simple virilizing (SV) form.
The SW form is associated with cortisol and aldosterone deficiencies, in which neonates are likely to develop life-



threatening adrenal crises with severe hyponatremia and hyperkalemia. Virilization of the external genitalia in newborn
females and precocious puberty due to overproduction of androgens by the adrenal cortex are the other major clinical
manifestations of the SW and SV forms 2.

To prevent a life-threatening adrenal crisis and help perform appropriate sex assignments for affected female patients,
newborn screening (NBS) programs for the classical form of CAH have been introduced in numerous countries . In
Japan, the NBS for CAH was introduced in 1989, following that for PKU and congenital hypothyroidism (.

| 2. Screening System in Japan

The NBS has two different cutoff values: for “screening positive” and for “retest”. When the 17aOHP level is higher than
the screening positive cutoff value, the neonate is directly referred to a pediatric endocrinologist for further
endocrinological evaluation. Neonates with 17a00HP levels more than the retest cutoff value are retested. When the

1700HP levels are higher than the retest cutoff value two—three times, the screening is considered positive ( Figure 2 ) [4
[5l[81Q1[20].
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Figure 2. Algorithm of CAH screening in Tokyo.

One of the most serious issues in the screening for 210HD is false positive in preterm neonates. For reducing false
positive, some laboratories, including that of Tokyo, employ cutoff values based on gestational age and/or birth weight.The
algorithm and criteria for the screening in Tokyo are shown in Table 1 and Figure 2 [, respectively. By employing the
system, a total of 410 infants were judged positive from 1989 to 2013, and of these, 106 patients were diagnosed with
CAH, indicating a positive predictive value (PPV) of 25.8 % &I,

Table 1. Criteria of CAH mass screening in Tokyo.

<Criteria According to the Gestational Age>

Gestational age at birth (weeks) »1a <29 30-34 35-36 237

Corrected gestational age (weeks) «1b <31 32-35 36-37 =38

<Criteria According to Weight> *2+3

Body weight (g) <999 1000-1999 2000-2499 22500
Retest 45 24 15
Cutoff level of 17aOHP [n-moliL] 60
Positive 60 60 60

*1a Samples collected before the age of 7 days, *1® Samples collected at the age of 7 days or after, *2 1st test: body
weight = birth weight, 2nd test and after: body weight = corrected body weight calculated by the formula as below.
Corrected body weight at test (g) = birth weight (g) + (age at test — 7) x 20 (g). *3 For infants born small or large for
gestational age, either the criteria of gestational age (corrected gestational age) or body weight was applied, whichever
was a lower value 19,



| 3. Clinical Outcomes of the Newborn Screening for CAH in Japan

After the introduction of the screening, the clinical outcomes of 210HD during the neonatal/infantile period were
remarkably improved. The average ages at the first visit were 8.2 and 7.6 days (male: 9.2 days, female: 6.0 days) in
Sapporo and Tokyo, respectively (Table 2) BIl20, No fatal cases have been identified. Further, based on a survey for the
literature and the annual reports from NBS programs, no false-negative cases have been reported since the introduction
of the screening B8, we presume that the sex of all 46,XX cases was correctly assigned.

Eradicating the lethal cases of 210HD is one of the major goals of newborn screening 2. Despite no reported fatal
cases, 37.4% of 210HD neonates already developed severe salt wasting, which is defined by Na < 130 mEqg/L, K > 7
mEq/L, on arrival at medical hospitals in Tokyo screening [0,

Cosistently, in classical 210HD patients, the serum Na and K levels linearly deteriorated with age in days, and the age
when the regression lines reached Na < 130 mEqg/L, K > 7 mEg/L approximately coincided at 11.1 and 12.3 days,
respectively ( Figure 3).

Figure 3. Temporal changes of serum sodium (Na) and potassium (K) levels in 210HD neonates. Modified the figure from
Gau et al, 2020 19

| 4. Database Composition and Improvement of Screening Program

For better and more efficient management of the CAH, the screening programs need persistent improvement in quality. By
examining reliable follow-up studies, the outcomes and the experiences of the screening should be retrospectively
evaluated and shared among the screening laboratories L2341 For short-term outcomes, most laboratories and local
governments have introduced follow-up surveys in Japan, using the results for more efficient screening by decreasing
false positives and early availability of screening results. On the other hand, the assessment of long-term outcomes for
CAH patients identified by screening is challenging. A nationwide registry system is required to establish efficient long-
term follow-up systems.

Ideally, for establishing feedback systems with long-term follow-up surveys, close collaboration among the screening
laboratory professionals, pediatricians, primary care providers, and clinical epidemiologists is essential [13I14I[15]16] A
nationwide registry system in which all results of infants are registered and evaluated periodically would lead to further
methodological improvements.
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