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ABSTRACT
Objective:  To estimate the population-specific reference intervals (RIs) for neonatal thyroid stimulating hormone (TSH) in Pakistani neonates,
utilising the refineR algorithm.
Study Design: Observational study.
Place and Duration of the Study: Department of Pathology and Laboratory Medicine, The Aga Khan University Hospital, Karachi, Pakistan,
from 17th May to 30th November 2023.
Methodology: A data mining analysis was conducted on serum TSH results of neonates (≤1 month) over a period of six years, following
approval from the Institutional Ethical Review Committee. Two subgroups were assessed based on the age as 0 - 5 days and 6 - 30 days. The
refineR algorithm was implemented using refineR package (version 1.0.0), ensuring accurate analysis and insights.
Results: A total of non-duplicate 82,299 neonatal serum TSH tests were retrieved, including 70,788 (88%) aged 0 - 5 days and 11,511 (12%)
aged ranging from 6 - 30 days. The estimated RI was from 0.67 µIU/mL (90% CI 0.641 - 0.72) to 15.0 µIU/mL (90% CI 13.2 - 17.3) for the first age
group and 0.65 µIU/mL (90% CI 0.6 - 0.84) to 8.6 µIU/mL (90% CI 8.05 - 9.71) for the second age group.
Conclusion: Reference intervals for neonatal serum TSH of the Pakistani population were estimated, considering the genetic differences of this
demographic in comparison to the Western population. Results aligned with global literature, validating the refineR indirect approach's applica-
bility.
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INTRODUCTION
Congenital hypothyroidism (CH) emerges as one of the prevailing
factors  contributing  to  cognitive  impairment  in  newborns.1

Timely  recognition  and  intervention  through  neonatal  screen-
ing followed by confirmatory testing play a pivotal role in avert-
ing irreversible cognitive impairments.2

Estimating  reliable  and  accurate  reference  intervals  (RIs)  is
fundamental  for the precise interpretation of clinical laboratory
results  and  clinical  decision-making.3 It is recommended that
laboratories adopt RIs specific to their population for each analyte
tested.  Currently,  numerous  laboratories  in  Pakistan  use  RIs
derived  from  the  Caucasian  population,  either  sourced  from
literature  or  provided by manufacturers in kit package inserts
which are potentially unsuitable for the Pakistani population due
to intrinsic population differences.4
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Furthermore, applying adult or paediatric reference intervals
for  neonates,  particularly  concerning  thyroid  stimulation
hormone (TSH), is inappropriate due to the substantial modifica-
tions in thyroid physiology during the neonatal phase. A surge in
serum TSH levels is observed approximately 30 minutes post-
delivery, which gradually diminishes by the third to fifth day of
life. This underscores the importance of estimating age-specific
RIs for serum TSH levels.5 These age-based RIs of TSH play a
pivotal role in complementing newborn screening as a confir-
matory test following a positive result.

The Clinical and Laboratory Standards Institute (CLSI), along
with scientific and clinical societies, endorses the implementa-
tion of direct methods in estimating RIs, which involves applying
a robust strategy of carefully selecting ≥120 healthy reference
individuals.6 However, this approach is associated with substan-
tial, financial, and logistical challenges, constrained by note-
worthy ethical limitations in paediatric applications.7

The  landscape  of  medical  research  has  transitioned  into  a
data-centric  era.  The  "Big  data"  characterises  datasets  of
considerable size beyond the capability of traditional IT soft-
ware and hardware tools to process, or serve within reasonable
timeframes.8,9
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Data mining is the process of retrieving potentially valuable
insights  and  knowledge  hidden  within  the  vast  amounts  of
incomplete, unclear, and unpredictable data. Access to vast
medical  databases  empowers  researchers  in  medical  data
mining, fostering expectations for rapid clinical progress.9

The trend towards extensive data mining techniques for deter-
mining  RIs  is  becoming  more  pronounced.10  Diverse  data
mining algorithms, including refineR, Hoffmann’s method, Bhat-
tacharya’s method, and KOSMIC method, are currently being
used for the RI estimation.11 This facilitates the derivation of RIs
from existing laboratory  results  encompassing both healthy
and diseased populations. Acknowledged for its simplicity and
cost-effectiveness, the indirect method stands out as a poten-
tially viable approach for estimating RIs adjusted for variables
such as age, gender, and season, making it particularly relevant
and feasible in low-income countries such as Pakistan, where
efficiency and cost-effectiveness are critical considerations.12

The refineR stands out as the most recent addition to the latest
generation of algorithms devised for computing indirect RIs.13

The objective of this study was to estimate population-specific
RIs for neonatal TSH in Pakistani neonates using the refineR
algorithm.

METHODOLOGY
This observational study was conducted at the Section of Clinical
Chemistry, Department of Pathology and Laboratory Medicine,
The Aga Khan University Hospital, Karachi, Pakistan, from 17th

May to 30th November 2023, following approval from the Institu-
tional Ethical Review Committee (ERC no: 2023- 8678-25064).

The study involved extracting neonatal  serum thyroid stimu-
lating hormone (nTSH) data spanning six years from the Aga
Khan University Hospital's laboratory information management
systems (LIMS) database. The dataset includes samples from
hospitalised subjects, outpatient clinics, outside referrals, and
outreach laboratories across Pakistan. All samples, regardless of
clinical indication, were incorporated into the analysis. In cases
where multiple test request forms existed for the same indivi-
dual, only the results from the initial sample were considered for
the final analysis. To explore age-related dynamics, the dataset
was further divided into two groups: 0 – 5 days and 6 - 30 days.

Serum TSH levels were evaluated using chemiluminescence
immunoassay (CLIA)  on the ADVIA®  Centaur™  Siemens plat-
form. The ADVIA Centaur TSH-Ultra assay (third generation)
had an assay range from the limit of quantitation 0.008 μIU/mL
to 150 μIU/mL. The laboratory adheres to high standards for
both internal and external quality assurance and is accredited
by the College of American Pathologists (CAP).

The  refineR  algorithm  was  implemented  using  the  refineR
package (version 1.0.0) and its associated functions, getRI and
resRI, to estimate the RIs of TSH. The refineR algorithm employs a
three-step inverse modelling strategy. Initially,  the algorithm
identifies the parameter search region and principal peak. In the
subsequent optimisation phase, a multi-level grid search is used

to estimate the optimal model parameters including λ (power
parameter), σ, μ, and the 'P' scaling factor. This optimisation aims
to  estimate  the  optimal  model  characterising  the  underlying
data. Ultimately, refined indices (RIs) can be derived from the
optimal model at the minimal cost.

RESULTS

For each age group, Table I displays the RIs, and Figure 1 (A and B)
illustrates the distribution of test results for both groups. Further-
more, a comparative analysis is presented in Table II and Table III
to  highlight  the  differences  between  the  direct  and  indirect
approaches. The refineR indirect approach was compared with
the conventional direct approaches employed by Roche and the
Caliper study in estimating RIs. Additionally, a comparison was
drawn  with  the  indirect  approach  for  estimating  RIs  using
KOSMIC and MedCalc by Ahmed et al.14,15

Table  I:  Reference  intervals  for  the  two  age  groups.

 0-5 days 6-30 days
Number of subjects 70,788 11,511
2.5% percentile 0.67 µIU/ml 0.65 µIU/ml
97.5% percentile 15.0 µIU/ml 8.6 µIU/ml
Lambda 0.0637 0.236
Μu 1.28 1.19
Sigma 0.854 0.821
 

Figure  1:  (A)  Distribution  of  test  results  for  age  group  0 - 5  days 
(B)  6 - 30  days.

DISCUSSION
Neonatal screening (NBS) initiatives play a vital role in preventive
healthcare, serving as an extensive system to reduce morbidity
and mortality and enhance the health outcomes of newborns. The
screening for CH in every newborn is crucial due to its favourable
benefit-to-risk ratio,  especially when cost-effective treatments
are available.  Failure to identify and treat CH within  the  first
weeks  of  birth  can  lead  to  cognitive  impairment.16
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Table II: A comparison between the reference intervals for serum TSH levels (μIU/mL) estimated through the refineR indirect approach and the
RIs derived from the direct approach in the foreign literature.

 This study using
refineR
 

Roche
RIs

Caliper
RIs

Caliper
RIs

Caliper
RIs

Roche Cobas Ortho Vitros 5600 Expert consensus
Age group 0-5 days 6-30 days 0 -≤6 days >6 days -≤3 months 0 -<1 month 0 -<1week 1 week -<19 years 0 -<5 days 5 -<31 days
Sample Size 70,788 11,511 103 119 50 51 600 N/A N/A
RI (µIU/ml) 0.67-15 0.65-8.6 0.7-15.2 0.7-11.0 1.23-27.2 0.71-31.5 0.86-5.7 3.2-19.0 1.7-9.1

Table III: A comparison of reference intervals for serum TSH levels (μIU/mL) estimated through various indirect approaches in the Pakistani
population.

Age group This study using
refineR

Ahmed et al. using
KOSMIC

Ahmed et al. using
MedCalc

LRI
µIU/ml

URI
µIU/ml

LRI
µIU/ml

URI
µIU/ml

LRI
µIU/ml

URI
µIU/ml

0 days to 5 days 0.67
(90% CI 0.6-0.7)

15.0
(90% CI 13.2-17.3)

0.7
(90% CI 0.6-0.8)

15.5
(90% CI 12.9-16.2)

0.6
(90% CI 0.58-0.67)

14.9
(90% CI 14.5-15.6)

6 days to 30 days 0.65
(90% CI 0.6-0.84)

8.6
(90% CI 8.1-9.7)

0.7
(90% CI 0.5-0.9)

7.8
(90% CI 6.1-9.9)

0.46
(90% CI 0.35-0.62)

9.1
(90% CI 8.5-10.6)

LRI: Lower reference interval, URI: Upper reference interval.

On a global scale, screening for CH is integrated into new-
born care through diverse programmes. However, in Pakistan,
there is a noticeable absence of a NBS initiative at the state
level,  which  is  a  common  scenario  in  many  developing
nations. Despite the elevated prevalence of CH in Pakistan
compared to global rates, most hospitals resort to screening
neonates  displaying signs  and symptoms of  CH based on
serum TSH levels,  as  the absence of  an NBS programme
hinders testing by dried blood spot (DBS) samples in clinical
laboratories. The Aga Khan University marked a milestone by
becoming  the  first  in  the  country  to  introduce  NBS  for  CH
using  dried  blood  spot  samples  analysed  via  spectrofluoro-
metric methods for TSH. Nevertheless, all  the presumptive
positive  screens  necessitate  confirmation  through  serum
sample analysis on a CLIA platform.16,17 Given the reliance on
serum TSH levels for the confirmation of CH, the choice of the
cut-off  holds  paramount  importance  for  clinical  decision--
making. Presently, numerous laboratories in Pakistan rely on
RIs derived from global literature, guidelines, or manufactur-
er-provided kit inserts. At times, even the manufacturer's kit
insert  lacks  information  specific  to  the  neonates,  compelling
the laboratories to depend on textbook recommendations.12

Therefore,  there is  a pressing need for  age-specific neonatal
TSH RIs to complement the laboratory's CH NBS regimen.
This study represents a significant contribution, disseminating
neonatal RIs for serum TSH through an unconventional indi-
rect approach, based on the available data.

Clinical laboratory regulatory entities recommend estimating
RIs using direct methods, involving the careful selection of
≥120 healthy individuals.6  However, this method presents
ethical constraints when applied to neonates. It is also chal-
lenging to ascertain the true health status of the neonates.
Checking the maternal health status is also essential.  RIs
estimated  by  this  study  have  been  compared  with  RIs
derived  from the  direct  approach  in  foreign  literature  in
Table II. Roche estimated RIs on the elecsys system in two
groups: 0 -≤6 days and >6 days -≤3 months, with sample
sizes of 103 and 119, respectively.18 They enrolled subjects
solely based on the historical information related to prior
thyroid disorders, family history, and hospitalisation. The RIs

derived from this  study were similar  to  the first  age group,
but the second age group differed from this study.

Caliper developed RIs for TSH in neonates using the Roche
Cobas and Ortho Vitros 5600 systems, categorising them
into age groups 0 -<1 month and 0 -<1 week with sample
sizes  of  50  and  51,  respectively.19  These  samples  were
predominantly collected from outpatient clinics. Notably, the
estimated RIs by Caliper differ from this study. However, RIs
proposed  by  Caliper's  expert  consensus,  although  not
entirely identical, exhibit a certain degree of comparability
with RIs estimated by this study.

In addressing the obstacles and constraints associated with
the direct approach, this study adopts an alternative method
for estimating RIs.  This involves extracting data from the
existing pool of laboratory results, using the laboratory infor-
mation system. The Aga Khan University Hospital’s clinical
laboratory,  which  serves  more  than  130  cities  across
Pakistan through over 300 sample collection units, handles a
substantial  volume of  samples.  The prevailing scarcity  of
expertise and understanding in data science within laborato-
ries,  particularly  in  developing  nations  such  as  Pakistan,
often leads to underutilisation of the extensive data at hand.

An evaluation of RIs for serum TSH levels estimated using
diverse  indirect  approaches  such  as  refineR,  KOSMIC,  and
medCalc in the Pakistani population reveals that the results
from all  three methods are nearly  comparable.14,15  Clinical
guidelines propose a serum TSH level  of  20 mIU/L as the
confirmatory  cut-off  for  CH.  If  an  NBS  result  for  CH  is
abnormal and the confirmatory serum TSH exceeds 20 mIU/L,
treatment initiation is  recommended.  Conversely,  if  serum
TSH  is  above  the  age-specific  RI  but  falls  below  20  mIU/L,
close monitoring without immediate treatment may be appro-
priate. Recommendations advise commencing the treatment
if TSH of >10 mIU/L persists beyond four weeks of age.20,21

The  RIs  derived  from  refineR,  KOSMIC,  and  MedCalc,
employing diverse indirect approaches, closely correspond to
the recommended cut-off in the guidelines. Consequently, the
utilisation of these RIs in the Pakistani  population ensures
that genuine cases of CH are not missed.
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Agaravatt et al. validated RIs for thyroid hormones in adult
patients  using  Hoffman,  KOSMIC,  and  refineR  methods,
comparing them with reference ranges provided in kit litera-
ture or standard textbooks.22 A similar study by Ma et al.
employed five indirect algorithms to validate RIs for thyroid
hormones in older individuals.23  Both studies advocate for
the adoption of indirect approaches, particularly in resource--
constrained nations. The efficacy of these indirect methods,
however, hinges on various attributes of the input dataset.
Notably, larger sample sizes, around 5000 data points, with
a pathological proportion of approximately 30%, have been
shown to yield better results.24 Ammer et al. proposed that
when the proportion of pathological samples exceeds 20%,
refineR produces superior  results  compared to  KOSMIC.13  In
this study, the sample size was 82,299, sufficiently large for
producing reliable  results.  Moreover,  since the laboratory
receives  samples  from  across  the  country  for  neonatal
screening of  congenital  hypothyroidism (CH),  as  newborn
screening (NBS) programmes with dried blood spots (DBS)
are not present, the pathological proportion is not expected
to be excessively high.

The results of this study will serve as an extensive reference
for interpreting serum TSH results, complementing the NBS
programme  for  the  confirmation.  These  findings  will  have
significant  implications  for  various  clinical  settings  that
depend  on  serum  TSH  levels  for  newborn  screening.

CONCLUSION

The findings of this study indicate that refineR surpasses the
direct method when dealing with a reference population of
fewer than 120 individuals, making it particularly valuable in
estimating age-related reference intervals for the paediatric
population. While direct methods are considered more accu-
rate, indirect approaches can still provide valuable insights,
especially  when  resources  are  limited  or  when  direct
methods  are  impractical  due  to  logistical  constraints  or
ethical considerations.
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