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Abstract

For thyroid function estimation and clinical decision making, use of appropriate reference intervals for thyroid-stimu-
lating hormone (TSH), free thyroxine (fT4) and free triiodothyronine (fT3) is crucial. For each laboratory, establishment
of own reference intervals is advised. For the first Slovenian estimation of reference intervals for thyroid hormones a
large group of 1722 healthy individuals without thyroid disease was established retrospectively. Hormone analyses were
performed on automated analyser Advia Centaur XP Immunoassay System (Siemens Healthineers), which reference
intervals for TSH, fT4 and fT5 were 0.55-4.78 mIU/L, 11.5-22.7 pmol/L, and 3.5-6.5 pmol/L, respectively. Statistical
analysis followed non-parametric percentile method. Our laboratory reference intervals for TSH, fT, and fT5 are mostly
narrower than intervals given by manufacturer. Median value, lower and upper limit for TSH, fT, and fT; were 1.98
(0.59-4.23) mIU/L, 14.5 (11.3-18.8) pmol/L and 4.82 (3.79-6.05) pmol/L, respectively. Most likely, an inclusion of a
high number of healthy individuals without thyroid disease was a reason for such results.
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1. Introduction

Biochemical parameters obtained from blood sam-
pling are an important part of clinical decision-making.
However, a path from ordering a test by a clinician to the
value of an analyte in blood is long and is facing several im-
portant and critical steps which can influence the end result
and, consequently, a clinical decision. Important part of this
process is preanalytics which combines different aspects -
from biological variability to sample collection and sample
handling prior to analysis.! Preanalytics is a source of ma-
jority of errors and should therefore be carefully executed.
The primary goal of every medical examination is to cause
no harm to a patient. Incorrect test results expose a patient
to diagnostic errors and an institution to unnecessary addi-
tional costs.®> As a part of a good laboratory practice our lab-
oratory follows Clinical Laboratory Standard Institute (CL-
SI) guidelines which propose each laboratory should
determine its own reference intervals on its own population
in their own laboratory environment.* When laboratory
prepares reference intervals for any kind of hormones in a

population, it is facing several problems. Excretion of hor-
mones differs on daily, weekly, monthly, seasonally basis,
and also depends on sex, age, drugs, and different physio-
logical states like pregnancy or puberty. Inclusion of a large
number of individuals in the establishment of reference in-
tervals may overcome those problems. It is also important to
set the time of blood withdrawal to prevent incorrect inter-
pretation of results, especially for hormones following circa-
dian rhythm like thyroid-stimulating hormone (TSH).
Studies have shown that the time of sample collection has an
impact on serum TSH value and should therefore be stand-
ardized to minimize the impact of false TSH values on clin-
ical decisions especially in subclinical hypothyroidism,
which is defined as elevated TSH, and normal free thyroxine
(fT,) and free triiodothyronine (fT5) values.® This fact was
confirmed by our study from 2016 which showed that 23%
of patients sent to our department from periphery laborato-
ries because of mildly elevated TSH (up to 10 mIU/L) had
normal thyroid gland, and only 22% really had elevated
TSH after the complete thyroid examination.” Other 55%
had Hashimoto's thyroiditis in euthyroid phase. A possible
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explanation for such differences could be too early blood
collection in the periphery laboratories. Generally, prefera-
ble time of blood collection for various tests is in fasting
state from 7 a.m. to 9 a.m.® If within the same timeframe
also a blood sample for thyroid function assessment is tak-
en, a falsely elevated TSH level could be measured.’ In-
creased TSH level may be associated with unnecessary
treatment or with unnecessary referral to thyroid specialist
that prolongs waiting list of patients for examination.

Reference intervals for each assay are given by man-
ufacturer in the Instructions for use (IFU). Given data,
however, usually lack information regarding health of ref-
erence population, median values and the time of collec-
tion of samples. The data that are obtained on samples
chosen by manufacturer are from apparently healthy adult
individuals. However, no data on their actual health or
thyroid status is available.

In several studies, reference values were established
in various populations. In most studies, the exclusion cri-
teria were not such that individuals with thyroid disorders
could be excluded or the values were obtained from data-
bases only. Thyroid diseases were mostly excluded by pa-
tient’s history, or by laboratory tests only and not by com-
plete clinical examination.!%11:12

Therefore, the aim of our work was to establish labo-
ratory-own reference intervals for TSH, fT, and fT; on a
method we are using in our laboratory considering the
time frame in which TSH has the lowest values according
to circadian rhythm - from 9 a.m. to 3 p.m. in a large group
of clinically examined individuals without thyroid disease.

2. Experimental

We reviewed medical records of all adult patients
who were examined by thyroid specialist for the first time
in their life between January 1, 2011, and December 31,
2014, at the Department of Nuclear Medicine, University
Medical Centre Ljubljana, Slovenia. In all patients, a rou-
tine clinical examination including thyroid ultrasound
was performed followed by the measurement of serum
concentration of TSH, fT,, T, thyroglobulin antibodies
(Tg-Ab), and thyroid peroxidase antibodies (TPO-Ab).
Reference intervals given by manufacturer at the time of
analysis were for TSH 0.55-4.78 mIU/L, fT, 11.5-22.7
pmol/L, fT; 3.5-6.5 pmol/L, and for Tg-Ab and TPO-AD,
up to 60 kU/L. We only included data of patients with a
normal thyroid gland, with no associated diseases and
without amiodarone or other drugs influencing the level of
TSH, fT; and T such as glucocorticoids or psychotropic
medication. Data from pregnant individuals were not in-
cluded in the study. We found 2073 reference individuals
from 15 to 93 years of age who met these criteria. Follow-
ing CLSI® guidelines only those from 18 to 65 years of age
were included into reference group, which made a group
of 1722 reference individuals.

2. 1. Sample Preparation

Venous blood was collected following standardized
protocol of venous blood sampling used at the depart-
ment.! Blood was taken from 9 a.m. to 3 p.m. into serum
collective tubes (BD Vacutainer blood collection tubes) by
trained nurses. Transportation was made across the hall
since laboratory is a part of the department. Blood was co-
agulating for 30 min and was centrifuged afterwards at 4
°C for 10 min at 3000 rpm. Measurements of all parame-
ters were performed on the day of collection using serum
from primary tube.

2. 2. Analysis

All biochemical analyses were performed on auto-
mated analyser Advia Centaur XP Immunoassay System
(Siemens Medical Solutions Diagnostics, Dublin, Ireland)
using chemiluminescent principle. All analyses on Advia
Centaur are traceable to standardization. The TSH3-Ultra
assay standardization is traceable to the World Health Or-
ganization (WHO) 3™ International Standard for human
TSH (IRP 81/565), which is the last generation of tests
available on the market.!* The fT, and T assays are trace-
able to an internal standard manufactured using U.S.P.
(United States Pharmacopeia).!> The Tg-Ab standardiza-
tion is traceable to the WHO Reference Preparation MRC
65/93 and the TPO-Ab standardization is traceable to the
WHO Reference Preparation MRC 66/387.1° Perfor-
mance characteristics for all assays are as follows. TSH
limit of detection is 0.008 mIU/L, linearity of the assay is
in the range from 0.008 to 150.0 mIU/L with the recovery
range from 96.3 to 105.0%. TSH intra-assay and inter-as-
say coefficients of variation ranged from 2.4% to 4.9% and
from 1.5% to 4.4%, respectively. Limits of detection for
fT, and T are 1.3 pmol/L and 0.3 pmol/L, respectively,
linearities of the assays are in the range from 1.3 to 155.0
pmol/L, and 0.3 to 30.8 pmol/L, respectively. Intra-assay
and inter-assay coeflicient of variations for free thyroid
hormones, {T, and fT5, ranged from 2.22% to 4.69% and
from 1.58% to 4.59% for fT, and from 2.35% to 3.08% and
from 2.76% to 4.05% for fT5. Limits of detection for TPO-
Ab and Tg-Ab are 28 kU/L and 15 kU/L, respectively,
while linearities of the assays are in the range from 28 to
1300 kU/L and from 15 to 500 kU/L, respectively. TPO-
Ab and Tg-ADb intra-assay and inter-assay coefficient of
variations ranged from 1.3% to 6.8% and from 2.8% to
3.4% for TPO-Ab and from 2.9% to 5.5% and from 1.8%
to 2.0% for Tg-Ab, respectively. Cross-reactivity of TSH
assay was shown non-detectable for human chorionic
gonadotropin  (hCG), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) tested at 200.000
mIU/L, 1500 mIU/L, and 600 mIU/L, respectively.
Cross-reactivity for fT, and fT; assays was below 1.0% for
diiodotyrosine, monoiodotyrosine, and reverse T. Quali-
ty controls (QC) for TSH, fT,, and fT; were performed
using independent control material, Liquicheck Immuno-
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assay Plus Control, Trilevel #360 (Bio-Rad Laboratories,
Inc.). As for Tg-Ab and TPO-AD control material Advia
Centaur Systems QC anti-TG and anti-TPO 1,2 (Siemens
Healthcare Diagnostics, Inc.) based on LOT of reagent
were used, low and high level.

2. 3. Estimation of Reference Intervals

Reference values for TSH, fT,, and fT; from data of
reference individuals were estimated using statistical
program MedCalc Statistical Software version 14.8.1
(MedCalc Software bvba, Ostend, Belgium, 2014). Refer-
ence intervals were determined by non-parametric per-
centile method following CLSI EP28-A3 with 95% refer-
ence interval, double sided. Outliers were analysed using
Reed et al. and none were detected.!” Results are present-
ed as lower and upper limit of reference values for each
parameter for all individuals and separately for men and
women.

2. 4. Ethical Approval

Study was approved by the Republic of Slovenia Na-
tional Medical Ethics Committee (number 47/08/14, Oc-
tober 24, 2014).

3. Results and Discussion

Into the reference group, 398 men and 1324 women
were included with the average age of 43 years for men and
38 years for women, respectively. The data are not sym-
metrically distributed (P < 0.0001), therefore, a non-para-
metric percentile method was used. The obtained intervals
from 2.5th to 97.5th percentile are presented in Table 1
including 90% coefficient interval and histograms of the
distribution of results are followed below in Figure 1. For
comparison, manufacturer’s intervals are also given.

Table 1. Reference intervals for serum concentration of TSH, fT,
and fT; obtained from 1722 reference individuals, given also sepa-
rately for men (398) and women (1324). Comparison of laborato-
ry-own and manufacturer’s reference intervals.

Parameter TSH (mIU/L) fT, (pmol/L) fT; (pmol/L)
Lower limit?® 0.59 11.3 3.79

CI 90%* 0.56-0.62 11.1-11.4 3.74-3.85
Upper limit® 423 18.8 6.05

CI 90%* 4.16 - 4.44 184-19.0 5.91-6.16
Men? 0.59-4.45 11.3-19.4  3.83-6.30
Women? 0.58 - 4.18 11.3-18.5 3.78-5.90
Advia Centaur XP®  0.55-4.78 11.5-22.7 3.5-6.5

2 Jaboratory-own data; "manufacturer’s data TSH, thyroid-stimulat-
ing hormone; fT,, free thyroxine; T, free triiodothyronine; CI,
confidence interval
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Figure 1. Histograms showing distribution of reference values in a
population of 1722 reference individuals. 1A: TSH distribution of
reference values with Coefficient of Skewness 0.5308 (P<0.0001)
and Coeflicient of Kurtosis -0.2141 (P = 0.0469); 1B: fT, distribu-
tion of reference values with Coefficient of Skewness 0.4014 (P <
0.0001) and Coefficient of Kurtosis 0.7660 (P < 0.0001); 1C: T dis-
tribution of reference values with Coefficient of Skewness 0.3044 (P
< 0.0001) and Coefficient of Kurtosis 0.5839 (P = 0.0001).
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We did not observe significant changes in reference
ranges between men and women.

Distribution of reference values is not normal which
is confirmed with Coefficients of Skewness and Kurtosis
and with D’Agostino-Pearson test.

Establishment of laboratory-own reference intervals
and their use in routine clinical practice should be performed
cautiously. All factors influencing these values should be tak-
en into account — preanalytical as well as analytical. Not only
they will prevent us from an impact they would have to the
calculation of lower and/or upper limits of intervals but they
will also help us with setting the time of the day blood sam-
ples should be taken and in which it is appropriate to use
them. This is very important when measuring serum levels
of various hormones due to present biological variations
such as pulsatile secretion and/or circadian rhythm.

In general, measurement of various hormones is
complex. First, differences between different immuno-
assays due to usage of different detecting antibodies exist.
This is a consequence of the nature of the individual ana-
lyte and of the prepared antibodies. Thus, the comparison
of values between different immunoassay methods can
mislead a clinician. This holds true especially for the meas-
urements of peptide and protein hormones which lack
standardization and, therefore, equivalency between as-
says is not possible. Second, methods have detection lim-
its. Third, endogenous and exogenous interferences may
importantly influence immunoassays and final concentra-
tions.!® Endogenous substances are usually well known
since they arrive from properties of the specimen. Nowa-
days, reagents are tested against some obvious interferenc-
es like molecules showing similar structure to analyte al-
though an impact of autoantibodies, binding proteins,
heterophile antibodies, human anti-animal antibodies al-
ways exists and one should always keep this in mind while
evaluating results. On the other hand exogenous interfer-
ences are usually not known or at least not known to the
laboratory due to lack of patient’s history and any prior
testing of interferences. This includes drugs, which can in-
fluence the measurement of an analyte, and can lead to
false positive or negative test results. An important prob-
lem is also different food supplements, which - with the
expansion of usage — impact the detection of hormones.
They are also very hard to detect. Some interferences have
been discovered lately, like biotin, which shows an impor-
tant impact on immunoassays, especially those which are
using biotin streptavidin reaction.!®?%2! Furthermore, as-
sociated diseases may influence test results. Thus, during
the diagnostic procedure, it is important to standardize as
many procedures as possible to minimize known influenc-
es. Therefore, the collaboration between a clinician and a
laboratory is absolutely necessary. An important part of
collaboration is also a special proximity of the laboratory
and clinical part which is an advantage at our department.

While preparing reference intervals it is very impor-
tant to know what kind of intervals you wish to prepare -

healthy or unhealthy adults, children, pregnant women.
Considering that, inclusion and exclusion criteria should
be selected cautiously. Individuals with known associated
diseases or medications could influence the end results
and should not be included into the reference group.

In most methods, the exact data of health status of
reference individuals are not given by manufacturer. How-
ever, for TSH and thyroid hormones, it is very important
that we know health and thyroid status of reference indi-
viduals. In our study, we have established reference values
for TSH and free thyroid hormones, which is the first such
study performed in Slovenian adult population. All indi-
viduals were clinically examined by thyroid specialists.
Therefore, presented data are based on really healthy pop-
ulation. We did not find this size of clinically and bio-
chemically proven healthy reference population in the
available literature. All the preanalytical and analytical in-
fluences were limited. The use of third generation TSH as-
say enabled us to determine values with good precision
and reproducibility. We did not find any statistical differ-
ence in reference intervals between men and women,
therefore reference intervals for the whole population were
implemented. The significant differences in reference
ranges between men and women were observed in Chi-
nese population.?? By contrast, in the study from Brasil, no
gender-related differences in reference ranges were
found.?* This indicates the differences between popula-
tions and the necessity for determination of popula-
tion-based reference intervals.

Our study showed narrower reference intervals as
those proposed by manufacturer with the exception of the
slightly lower limit for fT,. Most likely, an inclusion of a
high number of thyroid-healthy individuals only was a
reason for such results. Narrower reference intervals for
TSH and fT, were also found in the literature.?* Differenc-
es from reference intervals proposed by manufacturer
were observed in all three analytes. The most pronounced
change was observed in the upper level of T, which de-
creased from 22.7 pmol/L to 18.8 pmol/L. This change en-
ables detection of more patients with manifest hyperthy-
roidism (decreased level of TSH, increased level of T, or
fT). Generally, narrower reference intervals for TSH, fT,
and T help clinician not to overlook subclinical forms of
thyroid disorders. Since these also have an important
health impact, our results contribute to better manage-
ment of thyroid patients.

Children and pregnant women were excluded from
the study. For both populations, reference intervals should
be prepared separately due to different physiology of thy-
roid hormone synthesis and secretion.

4. Conclusions

Laboratory-own reference intervals for TSH, fT, and
fT; on a method we are using in our laboratory consider-
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ing the time frame in which TSH has the lowest values ac-
cording to circadian rhythm were established. These inter-
vals are mostly narrower than intervals proposed by man-
ufacturer and therefore improve management of thyroid
patients by better detection of patients with subclinical
thyroid disorders. Laboratories in the area which use the
same methodology could take over the established refer-
ence intervals. If laboratory or manufacturer changes
methodology, it is laboratory’s responsibility to verify
those changes and, if necessary, repeat the establishment
of reference intervals.
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Povzetek

Za oceno delovanja §¢itnice in klini¢no odlocanje je klju¢nega pomena uporaba ustreznih referen¢nih intervalov za
tirotropin (TSH), prosti tiroksin (pT,) in prosti trijodtironin (pT3). Priporocljivo je, da vsak laboratorij pripravi lastne re-
feren¢ne intervale. Za prvo slovensko postavitev referen¢nih intervalov za $¢itni¢ne hormone smo retrospektivno zbrali
veliko skupino 1722 zdravih posameznikov brez §¢itni¢ne bolezni. Analizo hormonov smo izvedli na avtomatiziranem
analizatorju Advia Centaur XP Immunoassay System (Siemens Healthineers). Proizvajalcevi referencni intervali za TSH
so bili 0,55-4,78 mIU/L, za pT, 11,5-22,7 pmol/L in za pT; 3,5-6,5 pmol/L. Za statisticno obdelavo podatkov smo
uporabili neparametri¢no metodo. Nasi laboratorijski referen¢ni intervali za TSH, pT, in pTj; so bili v glavnem ozji kot
tisti, ki jih je predlagal proizvajalec. Mediana vrednost in razpon sta bila za TSH 1,98 (0,59-4,23) mIU/L, za pT, 14,5
(11,3-18,8) pmol/L in za pT; 4,82 (3,79-6,05) pmol/L. Najverjetnejsi vzrok za takSen rezultat raziskave je bila vklju¢enost
velikega stevila zdravih posameznikov brez $¢itni¢ne bolezni.
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