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Abstract 
Context: Treatment of children with classical congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is challenging. Linear 
growth and adult height are compromised according to recent publications. However, most of these data were obtained in the era before 
CAH newborn screening.  
Design: Body height of patients with classical CAH diagnosed before and after the establishment of newborn screening were analyzed 
retrospectively.  
Patients and Methods: We identified 600 patients with classical CAH (227 male) with data on near-adult height (NAH), target height (TH), and 
information on newborn screening from the electronic German CAH registry (German Society for Paediatric Endocrinology and Diabetology). 
Newborn screening was performed in 101 (16.8%) patients. All patients received hydrocortisone with or without fludrocortisone. 

To assess the effects of newborn screening, a linear regression model adjusted/stratified for sex and phenotype was used (SAS 9.4).  
Results: TH corrected NAH (mean; 95% confidence interval) was closer to 0 in patients with CAH and newborn screening [−0.25 standard 
deviation score (SDS); −0.44 to −0.06] than in patients without newborn screening (−0.44 SDS; −0.52 to −0.36) (P = .069). Screening had no 
effect on NAH in female patients. In male patients, NAH was significantly better (P = .033) with screening than without screening. After 
stratifying for CAH phenotype, screening did not affect the NAH of patients with salt-wasting CAH. Patients with simple-virilizing CAH had a 
significantly better cNAH (P = .034) with screening (0.15 SDS; −0.28-0.59) than without screening (−0.35 SDS; −0.52 to −0.18).  
Conclusions: Our data suggest that newborn screening might be associated with improved NAH in male CAH patients and in patients with 
simple-virilizing CAH. 
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Classical congenital adrenal hyperplasia (CAH) due to 
21-hydroxylase deficiency is caused by homozygous or com-
pound heterozygous mutations in the CYP21A2 gene and is 
characterized by impaired cortisol and increased androgen 
production. The most severe form of classic CAH is the 
salt-wasting (SW) form resulting in cortisol and aldosterone 
deficiency, whereas the form without salt-wasting is called 
simple-virilizing (SV) CAH (1, 2). 

Therapy is based on a lifelong substitution with gluco-
corticoids and, additionally, with mineralocorticoids in 
the SW form of CAH. Treatment of CAH has been charac-
terized as a tightrope act balancing the effects of hyperan-
drogenism and hypercortisolemia (3). One of the most 

important therapeutic goals is normal growth, but both 
undertreatment and overtreatment with glucocorticoids 
can affect growth. There are numerous reports in the litera-
ture demonstrating that the linear growth of individuals 
with CAH is impaired and adult height is compromised 
in relation to the general population and to the individual 
target height. Two large meta-analyses have shown that 
CAH patients lose about 1 SD in final height corrected 
for parental height (4, 5). There were many different fac-
tors reported affecting height outcomes such as the age at 
diagnosis, type of CAH, sex, age at the start of puberty, 
dose and preparation of glucocorticoids, use of mineralo-
corticoids, and patient adherence (1, 6, 7). However,  
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nearly all long-term studies are on children diagnosed in 
the pre-newborn CAH screening era. 

It was speculated that early diagnosis by newborn screening 
would help to normalize growth and achieve better final 
height outcomes. The objective of this retrospective analysis 
was to assess the height outcomes of children with classical 
CAH who were diagnosed by newborn screening in compari-
son to children born before screening was established. 

Materials and Methods 
We identified 600 children with classical CAH due to 
21-hydroxylase deficiency with data on near-adult height 
(NAH), target height (TH), and the information on whether 
newborn screening was conducted. Among the cohort, 101 
children were diagnosed by newborn screening for CAH. 
For this analysis, we used only data with clearly documented 
information on newborn screening between 1998 and 2003. 
After 2004, general newborn screening was implemented. 
The data was derived from 37 pediatric endocrinology centers 
(3 from Austria) that enter their data in the electronic registry 
of the German Society for Paediatric Endocrinology and 
Diabetology, which is hosted at the Zentralinstitut für 
Biomedizinische Technik, Institute of Epidemiology and 
Medical Biometry of the University of Ulm, Germany. 
Pseudonymized data are transferred for central analysis, in-
cluding a validation step and a benchmarking report, twice 
yearly. The data set includes data on phenotype, genotype, 
auxology, laboratory results, Tanner stages, medication, and 
surgical interventions. All data were collected during routine 
care. Each participating center was initiated into the use of 
the documentation software after approval by local review 
boards was obtained. Consent has been obtained from each 
patient or parent after a full explanation of the purpose and 
nature of data documentation and anonymized analysis. 

For the analysis, we used auxological data, phenotype data 
(SW, SV), data on Tanner’s stages of puberty, data on medica-
tion, and the parameters NAH and parental TH. Standard de-
viation scores (SDS) for height were calculated according to 
German references (8). NAH was defined if height velocity 
was <2 cm/year if bone age was ≥14 years (females) or ≥16 
years (males) or if chronological age was >16 years (females) 
or >17 years (males) (9). Parental TH was calculated accord-
ing to Tanner (10). Corrected NAH was calculated as the dif-
ference between NAH and TH, and corrected NAH (cNAH) 
height SDS was calculated as the difference between NAH 
SDS and TH SDS. Total pubertal growth was defined as 
growth from the onset of puberty (girls: Tanner stage B2; 
boys: testicular sizes>3 mL) to NAH (11). Bone age at the on-
set of puberty was determined using radiographs of the left 
hand and the method of Greulich and Pyle (12). 

Statistical Analysis 
All statistical analyses were performed with SAS-version 9.4 
build TS1M7 in batch mode (Statistical Analysis Systems, 
SAS Institute Inc., Cary, NC, USA) on a Windows-Server 
2019 mainframe computer. For descriptive analysis, data 
are shown as median values with lower and upper quartiles. 
Categorical data were assessed as percentages. 

Multivariable linear regression models were used to analyze 
cNAH by screening status adjusted or stratified for sex and 

phenotype. The data of the regression models are shown as ad-
justed mean with lower and upper 95% confidence intervals. 

Results 
Until September 2021, 600 patients with classical CAH (373 
female, 227 male) and complete data sets regarding the infor-
mation on newborn screening, phenotype, NAH, and parental 
height to calculate TH were identified in the registry (Table 1). 
Newborn screening was performed in 101 (16.8%) patients. 
All patients were treated with hydrocortisone alone or in com-
bination with fludrocortisone. The median age (lower and 
upper quartile) of the patients at NAH was 15.9 years 
(14.8-17.0). The SW form of CAH was documented in 410 
(68.3%) patients, and 190 (31.7%) patients were classified 
as SV-CAH. 

Clinical Data 
Patient characteristics are shown in Table 1. In the CAH co-
hort with newborn screening (n = 101), the distribution be-
tween females and males was almost equal, whereas in the 
cohort diagnosed clinically without screening (n = 499), there 
were 1.8 times more females than males (322 f; 177 m). 

CAH children with newborn screening were treated signifi-
cantly earlier (P < .001) at a median age of 0.03 years (lower 
and upper quartiles: 0.01-0.21) than children without screen-
ing at 0.5 years (0.04-6.80). By splitting the group of CAH 
children without newborn screening according to the pheno-
type, our data show that children with CAH-SW (n = 156; 
91 f, 65 m) were treated significantly earlier (P < .001) at 
0.05 years (0.03-0.41) than children with CAH-SV (n = 94; 
65 f, 29 m) at 6.85 years (4.77-8.99). By further splitting the 
SV group without screening according to sex, the median 
CA at the start of therapy was not different between girls 
(7.47 years; 5.76-9.965) and boys (6.78 years; 4.17-8.467). 

At the onset of puberty, chronological age, and bone age 
was not different between children with and without newborn 
screening. The results of bone age were not available for all 
children. The median hydrocortisone (HC) dosage at the 
end of the first year of life was not significantly different be-
tween both groups, The median HC dosages (mg/m2) at the 
beginning of puberty [13.0 (11.1-15.0)] and at near adult 
height [14.3 (12.0-16.6)] of children diagnosed by newborn 
screening were significantly lower than of children diagnosed 
clinically with 15.1 (12.1-18.2) and 16.0 (12.8-18.7), respect-
ively (Table 1). However, data on HC dosages were not avail-
able for all children. 

Auxological Data 
Across all 600 CAH patients, the median NAH-SDS was 
−0.90 SDS (−1.66 to −0.10), and cNAH-SDS was −0.38 
SDS (−1.04-0.26). Sex had no effect on the height at the onset 
of puberty and on total pubertal growth (Table 2). The me-
dian NAH of the girls with CAH was 161.5 cm 
(156.5-166.5); −0.81 SDS (−1.55 to −0.04), and the boys 
with CAH had a median height of 172.4 cm (166.6-177.3); 
−1.05 SDS (−1.86 to −0.37). The median cNAH-SDS was 
slightly better (not significant) in female CAH patients with 
−0.22 SDS (−0.90-0.31) than in male patients with −0.59 
SDS (−1.24-0.01). The phenotype had statistically significant 
effects on the height-SDS at the onset of puberty and on 
cNAH-SDS (Table 2). At the start of puberty, children with  
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the SV-form of CAH were significantly taller (P < .01) than 
children with CAH-SW [0.40 SDS (−0.62-1.39) vs −0.06 
SDS (−0.83-0.77)]. The median cNAH-SDS of children with 
the SV form was significantly better (P < 0.02) with −0.14 
SDS (−0.77-0.46) than that of the patients with the SW 
form [−0.51 SDS (−1.09-0.15)]. 

Newborn Screening and Adult Height 
To assess the effects of newborn screening, we used linear re-
gression models adjusted/stratified for sex and phenotype. The 
auxological results are also plotted in Fig. 1. 

The cNAH-SDS (mean; 95% confidence interval) was 
slightly but nonsignificantly better in patients with newborn 
screening (−0.25; −0.44 to − 0.06) than in patients without 
newborn screening (−0.44; −0.52 to −0.36). Evaluation of 
the data in relation to sex showed that newborn screening 
had no effect on cNAH-SDS in female CAH patients: with 
screening −0.24 SDS (−0.50-0.02), without screening 
−0.30 SDS (−0.40 to −0.20) (P = .66). Male CAH patients 
had a significantly better cNAH-SDS (P = .033) with new-
born screening (−0.35, −0.62 to −0.07) than without 
screening (−0.69, −0.83 to −0.54). After stratifying for 
CAH phenotype, the adjusted mean cNAH-SDS of patients 
with SW-CAH was −0.40 SDS (−0.61-0.20) for patients 
with screening and −0.49 (−0.58-0.39) for patients without 
screening (P = .46). In contrast, the adjusted mean 
cNAH-SDS of patients with SV-CAH was significantly low-
er (P = .034) in nonscreened patients (−0.35 SDS; −0.52 to 
−0.18) than in patients with newborn screening (0.15 SDS; 
−0.28-0.59). 

Discussion 
By assessing the effects of newborn screening using linear 
regression models adjusted/stratified for sex and pheno-
type, we could show an increase in TH cNAH in patients 
with SV-CAH and in male CAH patients who were treated 
with hydrocortisone alone or in combination with 
fludrocortisone. 

It has been shown in the past that patients with classical 
CAH do not often achieve their growth potential and 

therefore experience reduced adult height compared to 
the general population and to target height (adjusted par-
ental height). There are some limitations in evaluating the 
published adult height data. First, different references for 
growth data have been used to calculate the SDS. For ex-
ample, in the 2 meta-analyses from 2001 and 2010 that 
have been published as yet, Eugster et al used the referen-
ces of Tanner and Davies (13), whereas Muthusamy et al 
estimated the SDS from the calculations made in reference 
to the national databases used by each of the included 
studies (4, 5). Second, final height data were often not 
considered in relation to the target height, and third, final 
height data was reported in cohorts that were diagnosed 
clinically and not by newborn screening. 

We report NAH data in relation to the genetic height poten-
tial by calculating cNAH as the difference of NAH-SDS minus 
target height-SDS of 600 patients with classical CAH. The 
cNAH (SDS) of our patient cohort (mean: −0.41 SDS) was 
comparable to recently published results for patients with 
classical CAH born between 1990 and 2012 in Switzerland 
(mean cNAH: −0.6 SDS) (14). The data show that the cor-
rected NAH in patients with classical CAH is still compro-
mised but is less than reported earlier in both published 
meta-analyses (mean: −1.2 SDS and −1.03 SDS) (4, 5). 
Female patients with CAH had slightly better NAH-SDS 
and cNAH-SDS values than male patients. Thus our results 
confirm data in the literature where it has been shown that 
cNAH of men with classic CAH was more reduced than 
that females (4, 15, 16). Height SDS at puberty and total pu-
bertal growth were not affected by sex (5). Pubertal growth 
was similar in comparison to healthy children as found by 
Troger et al (14). 

Our data show that phenotype had an effect on height SDS 
at the onset of puberty. Children with the SV form of CAH 
were significantly taller than children with CAH-SW. It was 
speculated that this might be due to the fact that children 
with SV-CAH were diagnosed later than patients with 
SW-CAH (17). The evaluation of the impact of the clinical 
CAH form on NAH revealed contradictory results in the lit-
erature: Our results confirm the data of Blomberg et al who 
found that patients with SW-CAH were shorter than patients 
with SV-CAH (18). However, it has also been shown that the 

Table 1. Characteristics of CAH children (n = 600) in relation to newborn screening; data are shown as median (lower and upper quartiles) 

Clinical data With screening 
n = 101 

Without screening 
n = 499 

P  

Sex: n female (%); n male (%)  51 f (50.5); 50 m (49.5)  322 f (64.5); 177 m (35.5) NA 

Phenotype: n SW (%); n SV (%)  76 SW (75.2); 25 SV (24.8)  257 SW (42.8); 242 SV (40.3) NA 

Chronological age (years)         

At the start of HC therapy  0.03 (0.01-0.21)  0.50 (0.04-6.80) P < .001 

At the onset of puberty  11.04 (9.83-12.18)  11.17 (9.56-12.64) NS 

Bone age (years)         

At the onset of puberty  12.3 (11.0-13.0); n = 41  12.0 (11.0-13.0); n = 154 NS 

HC dosage (mg/m2)         

At the end of the 1. Year  15.9 (11.3-18.8); n = 43  17.5 (13.9-22.2); n = 84 NS 

At the beginning of puberty  13.0 (11.1-15.0); n = 75  15.1 (12.1-18.2); n = 297 P < .001 

At the near adult height  14.3 (12.0-16.6); n = 95  16.0 (12.8-18.7); n = 422 P = .044 

Abbreviations: CAH, congenital adrenal hyperplasia; f, female; HC, hydrocortisone; m, male; NA, not available; NS, not significant for P < .05; P, level of 
statistical significance; SV, simple virilizing; SW, salt wasting.   
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final height outcome was either not different (15) or even bet-
ter in patients with SW-CAH (19, 20). 

So far, many different factors have been identified as having 
an impact on the adult height of CAH patients such as age at 
diagnosis, glucocorticoid therapy, clinical phenotype, ad-
equacy of treatment, and patient compliance. See reviews (1,  
3, 6, 7, 21). We could not consider additional factors such 

as patient compliance or hydrocortisone dosage in our statis-
tical model since the data were either not reported or reported 
incompletely in the registry. We speculate that patient compli-
ance was not different between CAH children with and with-
out screening. However, this assumption is based only on 
results of almost identical chronological ages and bone ages 
at the onset of puberty (Table 1). The data might be biased 

Table 2. Descriptive auxological data [median (lower and upper quartiles)] of patients with classical CAH and complete auxological data 
according to sex and phenotype; level of significance 

Classical CAH Whole group 
n = 600 

Female 
n = 373 

Male 
n = 227 

SV 
n = 190 

SW 
n = 410  

Height at the start of puberty 148.9 cm 
(140.6-155.9) 
0.07 SDS 
(−0.73-0.92) 

144.9 cm 
(137.6-152.1) 
0.02 SDS 
(−0,73-0.81) 

152.8 cm 
(145.0-160.7) 
0.16 SDS 
(−0,72-1.19) 

148.0 cm 
(139.7-159.5) 
0.40 SDSb 

(−0.62-1.39) 

148.3 cm 
(141.4-154.8) 
−0.06 SDSb 

(−0.83-0.77) 

TPG 18.3 cm 
(11.2-23.9) 

17.9 cm 
(10.0-23.1) 

19.9 cm 
(12.0-25.3) 
−1.14 SDS 

18.0 cm 
(8.5-23.5) 
−1.15 SDS 

18.3 cm 
(11.9-23.9)   

−0.88 SDS 
(−1.79-−0.25) 

−0.71 SDS 
(−1.56-−0.21) 

(−2.10-−0.45) (−2.01-−0.42) −0.73 SDS 
(−1.73-−0.12) 

TH 169.0 cm 
(162.5-176.9) 

164.5 
(161.0-168.5) 

178.0 cm 
(174.0-181.5) 

168.2 cm 
(162.0-174.5) 

169.1 cm 
(163.0-177.5)   

−0.50 SDS 
(−1.05-0.09) 

−0.53 
(−1.05-0.09) 

−0.43 
(−1.03-0.09) 

−0.56 SDS 
(−1.13-0.15) 

−0.49 SDS 
(−1.03-0.03) 

NAH 165.4 cm 
(159.7-171.5) 

161.5 cm 
(156.5-166.5) 

172.6 cm 
(166.4-177.3) 

164.9 cm 
(158.9-172.0) 

165.4 cm 
(160.0-171.4)   

−0.90 SDS 
(−1.66-−0.10) 

−0.81 SDS 
(−1.54-−0.03) 

−1.04 SDS 
(−1.86-−0.37) 

−0.79 SDS 
(−1.54-0.04) 

−0.98 SDS 
(−1.69-−0.26) 

cNAH (NAH-TH) −0.38 SDS 
(−1.04-0.26) 

−0.22 SDS 
(−0.90-0.31) 

−0.59 SDS 
(−1.24-0.01) 

−0.14 SDSa 

(−0.77-0.46) 
−0.51 SDSa 

(−1.09-0.15) 

Abbreviations: CAH, congenital adrenal hyperplasia; cNAH, corrected near adult height; NAH, near adult height; SV, simple virilizing; SDS, standard 
deviation score; SW, salt wasting; TH, parental target height; TPG, total pubertal growth. 
aP < .05. 
bP < .01  

Figure 1. Corrected NAH SDS values of CAH children (n = 600) treated with hydrocortisone alone or in combination with fludrocortisone. Corrected 
NAH (SDS) was calculated as the difference between NAH and TH (SDS). Depicted are the adjusted mean values and the lower or upper confidence 
limit of the whole cohort and the data according to sex and CAH phenotype. Black columns: with CAH newborn screening; grey columns: without 
screening. 
Abbreviations: CAH, congenital adrenal hyperplasia; NAH, near adult height; SDS, standard deviation score; SV, simple virilizing CAH; SW, salt wasting CAH; TH, target height.   
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since the number of patients with reported chronological age 
at start of therapy was not identical to the number of all pa-
tients studied. The same conclusion is valid for the hydrocor-
tisone dosages, which we calculated for 3 different time 
points. Our data show that children diagnosed by newborn 
screening had significantly lower HC dosages at the beginning 
of puberty and at NAH. By using regression models, it has 
been shown in the literature that the hydrocortisone dose 
was negatively associated with predicted adult height (17,  
22). Thus, with regard to our results, HC dosages might affect 
final height in children with CAH diagnosed by newborn 
screening. 

It has also been shown that early CAH diagnosis, often de-
fined as the start of treatment before 1 year of age, improves 
the outcome (4, 19, 23). The age at diagnosis of the 
CAH-SW patients was younger than those with CAH-SV 
with no difference by sex. Thus, children with the SW form 
of CAH might be of advantage in relation to final height be-
cause they are diagnosed and treated earlier than children 
with the SV form. In our cohort, children with CAH-SV, diag-
nosed clinically, were treated as early as children diagnosed by 
newborn screening, whereas children with CAH-SW without 
screening were treated significantly later. 

The impact of neonatal screening for CAH on height out-
comes was not yet evaluated systematically. In 2003, 
Balsamo et al reported that 4 of the 7 patients with CAH diag-
nosed via neonatal screening achieved a final height equal to 
or above the TH (19). To the best of our knowledge, there is 
only 1 study from Taiwan that compared the adult height 
data of 60 nonscreened patients with data of 18 patients diag-
nosed by newborn screening (23). All patients were treated 
with glucocorticoids at diagnosis, and mineralocorticoid 
was added for patients with the SW form. The adult height 
SDS of the nonscreened patients was significantly lower than 
that of the screened group. There was no significant group dif-
ference in adult height SDS corrected for target height SDS 
since the TH-SDS was lower in the nonscreened group. 

Our data confirm and extend these results on a larger basis. 
The corrected NAH-SDS across all CAH patients was slightly 
but nonsignificantly better in patients diagnosed by newborn 
screening. However, it was significantly better in male CAH 
patients diagnosed by screening. After stratifying for CAH 
phenotype, the adjusted mean corrected NAH-SDS was sig-
nificantly higher in screened patients with the SV form, where-
as screening did not affect the cNAH of CAH-SW patients 
(Fig. 1). 

Our study has some limitations. While data collection was 
prospectively designed, the analysis of the data was retro-
spective. The data was derived from a registry. Since some 
data with an impact on growth outcomes were reported in-
completely, we could not adjust our statistical model for these 
factors. Not all patients have actually achieved final adult 
height. The data is not completely comprehensive for 
Germany since not all German pediatric endocrinology cen-
ters participated. However, the CAH Registry is one of the lar-
gest cross-border CAH registries. Our findings across all 
patients are comparable with those of other investigators 
and with the results of available meta-analyses. 

In summary, our data suggest that CAH newborn screening 
might be associated with improved height outcomes of chil-
dren with classical CAH. In particular, adult height was sig-
nificantly better in CAH-SV and in male CAH newborns 
identified by screening. 
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