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Abstract

Background: 17 alpha Hydroxyprogesterone (17α-OHP) is the most 
commonly used test for the screening and diagnosis of congenital adrenal 
hyperplasia in neonates. Establishment of Upper Reference Limit (URL) of 
17α-OHP using an ABEI-Based chemiluminescence autoanalysers has been 
done for the first time in Pakistan.

Methods and Materials: Out of 187 neonates included in the study, serum 
specimens of 139 disease-free neonates (<30 days of age) were collected in 
Mohi Uddin Teaching Hospital Mirpur AJ&K (MOTH) after taking consent from 
the mothers of the kids. Excluding ten haemolysed specimens, 129 samples 
were analyzed in the Pathology Laboratory of MOTH using Maglumi X8 (Snibe, 
Shenzhen, China), an ABEI (N-(aminobutil)-N-(ethyl)-isoluminol)-based system. 
Three results were declared outliers, rest were used for calculation of URL of 
17α-OHP.

Results: The 99th Percentile URL of 17-OHP was found to be 4.7 nmol/L in 
126 samples 

Conclusion: A cut-off value of 4.7 nmol/L (156 ng/dl) can be used for the 
exclusion of congenital adrenal hyperplasia in Pakistan Children
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Introduction
Congenital Adrenal Hyperplasia (CAH) is a complex and often 

life-threatening disease with a multitude of hormonal imbalances 
that can result in disease-and treatment-related adverse outcomes 
[1]. Markedly raised 17-alpha hydroxyprogesteron (17α-OHP) is 
pathognomonic of congenital adrenal hyperplasia (CAH) in neonates. 
The steroid 17-α-OHP) is produced by both the adrenal cortex and 
gonads [2]. Even though 17α-OHP has relatively little progestational 
activity, it is of intense clinical interest because it is the immediate 
precursor to 11-desoxycortisol (11-DOC). 11-DOC is produced 
by 21-hydroxylation of 17-α-OHP (Figure 1), measurement of 
17-α-OHP is a useful indirect indicator of 21-hydroxylase activity 
[3]. A deficiency of 21-hydroxylase (21OH) leads to accumulation 
of proximal metabolite i.e. 17-OHP, which has an androgenic action.  
Cortisol deficiency does not occur due to increased ACTH causing 
adrenal hyperplasia and near normalisation of cortisol [4]. These 
neonates may present with salt-losing wasting (both genders) or 
ambiguous genitalia (girls) [5]. Deficiency of 21-OHD accounts for 95 
percent of cases of CAH [4]. About 200 gene mutations in CYP21A2 
are involved in causation of a continuum of disease phenotypes and 
the expected residual 21-OHD activity with each genotype [6]. CAH 
is included in the mandatory newborn screening programmes of 
many developed countries [7]. Prevalence of 21-OHD has been found 

to be approximately 6.5 million livebirths [8], an overall prevalence 
of approximately 1 in 15,000 livebirths [9,10]. Traditionally, 
radioimmunoassay (RIA) has been used for the measurement of 
17α-OHP [11] but RIA has numerous disadvantages and limitations 
[12]. So chemiluminescence immunoassay (CLIA) has now been 
made available for estimation of 17α-OHP [13]. CLIA has the biggest 
advantage of ultra-high analytical sensitivity and ease of automation 
[14].

In Pakistan, like other countries in the region, no national 
newborn screening programme exists for any disease. So, CAH has to 
be diagnosed in symptomatic newborn babies. Snibe (China) offers a 
series of fully automated chemiluminescence analyzers (Maglumi) for 
many novel diagnostic markers including 17α-OHP [13]. There is a 
need to establish reference values using optimum analytical protocol 
in disease free newborn [15-17]. Since in disease free neonates and 
infants 17α-OHP is very low, usually below the limit of detection 
(LOD) of the test, while in CAH the level is very high, we may use 99th 
Upper Reference Limit (URL) for the diagnosis of CAH. At this level 
the analytical performance of the test is usually reasonable. It is to be 
noted that low 17α-OHP is of no clinical significance i.e. no disease 
can be diagnosed on the basis of decreased 17α-OHP.
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Three different statistical methods are used for establishment of 
reference values i.e. non-parametric method [18], parametric method 
[19], boot-strap method [20] and robust method [21]. All these 
methods have their own inherent advantages and limitations [22,23]. 

Methods and Materials
Venue of the Project

Mohi Uddin Islamic Medical College (MIMC) and Mohi Uddin 
Teaching Hospital (MOTH) Mirpur AJ&K, Pakistan

Study Duration

Nine Months starting from 15th November 2022 to 15th August 
2023.

Reference Individuals

A priori method was used for selection of the reference population 
of newborn (<30 days of age), free of symptoms, signs and laboratory 
findings suggestive of any adrenal or other disorder [24]. 

Exclusion Criteria  

1.	 Neonates requiring admission in hospital for any 
abnormality like jaundice, failure to thrive or neurological signs. 

2.	 Neonates on any medication.

3.	 Hemolyzed blood specimen.

Sample Size

A total of 187 neonates were included in the study. Specimens 
were collected from 139 neonates after excluding the subjects falling in 
the exclusion criteria; 10 blood specimens were found haemolysed, so 
129 specimen were analyzed for 17α-OHP. Three results were declared 
outliers (upper) based on Dixon`s Method [15]. The sample size was 
in accordance with the recommended minimum sample size of 120 
individuals for establishing reference values without partitioning [25]. 
Since there was no significant difference in the median of the values 
(P<0.05) between males and females, partitioning was not carried 
out. Written informed consent was obtained from mothers of the 
neonates, not only to collect samples but also to inform about the data 
usage to calculate reference values.

Permission from Institutional Review Board (IRB)

Proper permission was obtained   from IRB of MIMC.

Pre-analytical Factors were addressed carefully before samples 
were analyzed including: 

a.	 Subject preparation: no abnormal crying or sweating due to 
weather conditions.

b.	 Specimen collection: non-fasting condition, no double 
prick, use of butterfly needles to reduce pain.

c.	 Specimen handling: early transport to the lab for 
centrifugation and serum separation.

d.	Specimen Transport: Immediate transported of the 
specimens to the lab.

e.	 Specimen storage: Stored in an appropriate refrigerator 
until analyzed.

Laboratory Analyses  

a)	Chemiluminescence-based autoanalyzer Maglumi X8 by 
SNIBE (Shenzhen, China) was used for laboratories-based analyses. 

b)	This is a continuous random access chemiluminescence 
immunoassay (CLIA) automated system uses nano-magnetic 
microbeads separation high throughput (180 tests/h) technology, the 
luminescence substrate being N-(aminobutil)-N-(ethyl)-isoluminol 
(ABEI). 

c)	Performance characteristics of the assay is given in Table 1.

d)	Snibe (China) provided reagents and consumables for this 
project.  

Quality Control (QC) 

a.	 Internal QC provided in the reagent kits was run with each 
batch of analysis.

b.	 NHS® External Quality Assurance Scheme (EQAS) was 
participated to ensure accuracy by inter-laboratory comparison.

Statistical Procedures

1.	 Non-parametric approach was used for calculation of 
reference values because of following reasons: 

a.	 This is the recommended method by International 
Federation of Clinical Chemistry (IFCC) [16] and adopted by Clinical 
and Laboratory Standard Institute (CLSI) of USA [23].

b.	 The nature of the underlying distribution of the data does 
not matter. 

c.	 No statistical expertise is required; the values obtained from 
reference individuals were simply put in rank order by concentration 
(rank 1 is the lowest, rank 2 is the next lowest, etc.).

d.	The 99th percentile value becomes the reference value or 
cut-off. 

e.	 The 0.90 confidence limit of the upper 99th value was 
similarly just taken from the data points themselves.

2.	 Since no statistical difference between the two partitioned 
groups e.g. males and females were found, so separate reference 
intervals for different partitions were not needed and data was not 
collected for each partition. 

Results
Initially we included 187 babies of first month of life. We excluded 

48 subjects due to presence of one or more of the exclusion criteria 
(Figure 2). Serum specimens of 139 neonates were collected but 10 
specimens were found haemolysed and were not analyzed. After 
analyses for 17α-OHP, three specimens were rejected being declared 
outliers. Age and gender distribution of remaining 126 subjects is 
given in Figure 3. We calculated 99th percentile URL on 126 results of 
17α-OHP using following procedure:

a.	 97.5th Percentile URL = 0.975 x (126 + 1) = 123.82 (i.e. Rank 
# 124),

b.	 Original Value of 17α-OHP at 97.5th Percentile URL = 4.7 
nmol/L 0.90 Confidence Limits for 97.5th Percentile,
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c.	 Lower 0.90-Confidence Limit: (126+1) – 7 = #120,

d.	Value at #120: 4.4,

e.	 Upper 0.90-Confidence Limit: (126+1) – 1 = #126,

f.	 Value at #126: 5.2 ng/nmol/L.

Summary
97.5th Percentile URL (0.90 Confidence Limits): 4.7 (4.4 – 5.2) 

nmol/L,

Traditional Units: 155 ng/dL,

Conversion Factor (nmol/L to ng/dL): 33; (ng/dl to nmol/L): 0.03.

Discussion 
In the present study we have established 4.7 nmol/L (156 ng/dl) 

as the 97.5th percentile URL for 17α-OHP. Unlike traditional literature 
we have not reported middle 95th percentile values i.e. 2.5th percentile 
(lower) and 97.5th (upper) values. The logic behind is two- fold: a) 
There is no clinical importance of lower (2.5th percentile) value as 
there is no known disease with lower 17α-OHP; b) In CAH, 17α-OHP 
is unmistakably high (may be thousands of holds) [2], so we may take 
the highest possible level found in disease-free neonates as our cut-off 
values. Calculating and reporting two values is a futile exercise and 
causes unnecessary cognitive burden. Cardiac troponins are examples 
of analytes reported as 99th percentile URL because in 50% of the 

Table 1: Performance Characteristics of 17-Hydroxyprogesterone CLIA Assay [13].

Precision
(Intra-assay 
CV%

Analytical 
Sensitivity

Calibration 
Traceability

Constant 
Error 
(y-intercept)

Proportion 
Error
(Slope)

Passing-Bablok 
regression equations Interfering Substances Hook effect 

3.9%

0.5 nmol/L

AMR: 0.5 – 
354 nmol/L

Snibe Internal 
Reference 
Material

0.4 
95% 
Confidence 
Interval:
0.1 to 0.5

0.6
95% 
Confidence 
Interval:
0.5 to 0.7

y = 0.6x + 0.4

no influence on the assay 
results.
Haemoglobin (up to 4 mg/
mL), Bilirubin (up to 0.5 mg/
mL) and Triglyceride (up to 
7.5 mg/mL) 

None

Figure 1: Synthesis Pathway of Cortisol and Aldosterone Synthesis.

Figure 2: Distribution of Newborn Excluded from Study (n = 58).

Figure 3: Age and Gender Distribution of Newborn (n = 126).

Figure 4: Patient of Heterosexual Precocious Puberty at 6 years of age 
(XX Child with very high 17 alpha hydroxyprogesterone) -A presentation of 
classical CAH (Please see Ref No 28).
(Note: Explicit permission of the child and parents has been obtained for 
publication of these pictures)
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reference population without any cardiac disease troponins are almost 
undetectable [26]. Our reported value is strikingly similar to the upper 
reference value determined on Abbott Architect (4.2 nmol/L) [27]. 

Classical variety of CAH can present in multiple ways e.g. enlarged 
clitoris or partial fusion of labia in XX babies; these morphological 
anomalies are collectively called ambiguous genitalia. In XX and XY 
it can also present as salt-losing enteropathy and failure to thrive [2]. 
Yet another classical CAH presentation is ‘heterosexual precocious 
puberty’, in this variety an XX child develops as a boy with male-like 
genitalia and facial hair growth at a very early age [28] (Figure 4). 
These features are due to very high 17α-OHP right from the birth 
that remains undetected until early childhood. The instrument we 
used for analysis of 17α-OHP is the state-of-the-art random access 
fully automated system (Maglumi X8). This system is the ultimate 
development of time-honored ELISA plate readers, that required 
immense time and manpower resources with many potential sources 
of errors [29]. Lapic et al (2021) has evaluated 17α-OHP on CLIA based 
Maglumi 800 along with six other parameters and found it acceptable 
as compared to currently used system (Diasorin) [13]. Although 
CLIA cannot replace the ‘Gold Standard’ Liquid Chromatography-
Mass Spectrometry, its ease of performance makes it the system of 
choice for the modern diagnostic labs [30]. 

In XY boys classical CAH can present as precocious puberty 
with markedly raised 17α-OHP2. 17α-OHP is also the investigation 
of choice in non-classical forms of CAH presenting in adolescence 
girls as hirsutism and acne. In this situation, sometimes the basal level 
of 17α-OHP is not above the URL and ACTH stimulation has to be 
resorted [31]. 

17α-OHP can also be used as a supportive test in CAH due to 
enzyme defects other than 21-hydroxylase e.g. 17-hydroxylase 
deficiency [32]. 

Conclusion
We report upper reference limit for 17 hydroxyprogesterone as 4.7 

nmol/L (156 ng/dL) to be used as a cut-off value for the diagnosis of 
congenital adrenal hyperplasia in newborn. 

Recommendation
Facilities for estimation of 17-OHP on a state-of-the-art fully 

automated ABEI-based chemiluminescence system be made available 
in hospital labs, so that diagnosis and monitoring of congenital 
adrenal hyperplasia is carried out effectively by our physicians.
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