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Abstract
Background: The results of examinations of laboratory parameters are the basis of appropriate medical
decisions. The availability of reliable and accurate reference intervals (RIs) for each laboratory parameter
is an integral part of its appropriate interpretation. Each medical laboratory should con�rm their RIs. Up to
date reference intervals for thyroid function hormones are still a matter of ongoing controversy.

The aim of the study was application of the indirect Hoffman method to determine RIs for TSH and fT4
based on the large data pools stored in laboratory information systems, and the comparison of these RIs
to generally used RIs.

Material and methods: The TSH and fT4 routine examination results of a hospitalized and outpatients
population over �ve years (2015-2019) were collected, and reference limits were established by the
improved Hoffmann method after the exclusion of outliers. Comparative veri�cation of established RIs
was conducted with the RIs values provided by test manufacturers and literature data.

Results: The various RIs in different age groups in examined populations were observed. For TSH RIs
varied between different age groups, with a narrower range of RIs in the studied adult population, while
for children, a shift of both reference boundaries toward higher values in comparison to manufacturers'
data was observed. RIs estimated for fT4 were very similar to the manufacturer and literature data.

Conclusion: Thyroid hormone levels change during a person's lifetime and vary between sexes, but this
difference does not always in�uence the clinical interpretation of laboratory results in the context of RIs.
The use of indirect methods is justi�ed due to the ease and low cost of their application.  

Background
The results of examinations of laboratory parameters provide useful information for assessing the
current health condition of patients. They are necessary for early detection and recognition of
disturbances as well as for making appropriate medical decisions. For the purpose of interpretation of
laboratory results, the use of the concept of reference intervals (RIs) is currently generally accepted in
laboratory medicine [1]. The Clinical Laboratory Standards Institute (CLSI) has released a relevant
guideline (C28-A3c) for the evaluation of RIs. According to the CLSI recommendations, an RI is de�ned as
the interval between which 95% of values of a reference population fall into, and includes two extreme
reference limits – boundaries derived from the distribution of reference values, which could be associated
with good health but also with other physiological or pathological conditions [2, 3]. It is recommended
that medical laboratories determine their own local reference intervals to embrace the variations in local
populations and the methods and equipment used in particular laboratories. The confusion of RIs with
clinical decision limits (CDLs) still remains an issue, especially in paediatric and geriatric age groups,
where it presents a signi�cant diagnostic problem [4].
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CLSI currently recommends a direct method based on the collection of a minimum of 120 samples from
members of a speci�c preselected reference population, making measurements, and then determining the
range which includes 95% of the all measured values using a parametric (mean ± 2SD) or non-parametric
method (2.5th and 97.5th percentile) [2]. The requirement that each laboratory determines its own
reference intervals is virtually impossible to perform in practice because of the tremendous amount of
time and money required to carry out additional laboratory tests and gather the appropriate reference
group. Thus most laboratories adopt external sources for RIs, often without taking into account the
problems of transferring values between different populations or laboratory methods [5]. Data provided
by the test manufacturer is the most often used source of reference intervals, because such information
is required from reagents suppliers by the ISO 15189:2013 standards [6]. At the same time, the methods
and processes for determination of reference intervals using indirect methods have been in development
for over 50 years, but still are not widely applied. This alternative approach is based on the statistical
analysis of results generated as part of routine laboratory testing in hospital and outpatient clinics in
order to determine reference intervals [3]. Indirect methods eliminate results that do not �t the assumed
hypothetical model of the distribution of results, generally a normal distribution, and designate the RI as
the central or marginal 95% of the selected results. The application of the indirect method has major
potential advantages compared with direct methods. In particular, this process is faster and cheaper; it
involves no inconvenience, discomfort, or any additional risk to patients; and laboratory staff need not
examine any additional samples. Therefore, additional costs are avoided, which is important in the
modern and effective management of the medical laboratory and the hospital [7].

Establishing RIs is particularly problematic for constituents with a large diversity of existing biological
variation and inter-population differences, as for example is observed for thyroid hormones, especially
thyrotropin – TSH (Thyroid Stimulation Hormone) as well as the thyroid hormones free triiodothyronine
(fT3) and free thyroxine (fT4). The prevalence of thyroid dysfunction in the general world population is
estimated to be between 1 and 2% [8]. There are still discrepancies between TSH, fT3 and fT4 reference
values applied to the diagnosis of thyroid dysfunction not only between laboratories, but also in the
scienti�c literature to date. It seems to erroneous to apply the concept of universal limits reference
intervals for thyroid function hormones, especially for TSH [9]. Regarding this fact, it appears important
and useful to establish reference intervals using a costless, optimized indirect statistical method.

At present, it is assumed that the value of TSH in a healthy general population is 0.4-4.0 mIU/L, which is
the result of the fairly large inter-individual variability of this parameter. However, the variability of the
value in an individual is much smaller, and the value determined in a state of hormonal equilibrium can
be regarded as an individual's set-point. Due to the fact that slight changes in fT4 value correspond to a
signi�cant change in TSH, it is used in the screening of disorders of thyroid hormones. Therefore, it is
advisable to �nd out about this individual point by measuring the level of TSH for each person in times of
health. This allows for earlier detection of disturbances, even without direct comparison to the reference
interval [10].
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According to the current recommendations, in order to con�rm thyroid primary dysfunction, TSH and fT4
determinations should be performed �rst, while fT3 determinations should be ordered only in speci�c
cases. At the same time, it is not advisable to order isolated ft4 testing, it should always be combined
with TSH [11]. For this reason, in our work, we focused primarily on determining the reference intervals for
TSH and FT4.

Material And Methods

Objective
The aim of this study was to provide the possibility to utilise the large data pools of TSH and fT4 stored
in laboratory information systems (LIS) to determine reference intervals using the indirect Hoffman
method, and conducting a comparison of RIs to generally used reference limits.

Laboratory methods
The a third generation test of TSH and fT4 examinations were performed utilising a chemiluminescence
method on the Atellica IM analyser. The linear range of this method was 0.008-150.000 mIU/L and 0.1–
12.0 ng/dL for TSH and fT4, respectively. The laboratory intra-series analytical coe�cient of variation
(CVa) for TSH and fT4 was assessed as 6.4% and 2.5%, respectively.

Data gathering
The study was performed in accordance with the Declaration of Helsinki and consent was approved by
the Wroclaw Medical University Bioethical Commission (decision No. 537/2018). Based on the bioethics
committee decision patient informed consent was waived due the retrospective nature of the study
conducted on a completely anonymous and only numerical values.

All the laboratory results of TSH and fT4 examinations, together with the patient's age, sex and date of
examination, archived in the Laboratory Information System of Department of Laboratory Diagnostics
and derived from patients hospitalized at the University Clinical Hospital in Wroclaw during the �ve-year
observation (1st January 2015– 31st December of 2019 year) were included in the study, exported to an
Excel spreadsheet, and used for statistical analysis. For TSH: 105 927 (65 163 from women and 40 764
from men) results were included in the study and for fT4–41 400 (26406 from women and 14 994 from
men), respectively. Out of these, 5756 (1 962 from men and 3 802 from women) and 1 314 (486 from
men and 785 from women) outliers of TSH and fT4 were eliminated as outliers by a two-sided Tukey’s
test. Eventually 100 171 (38 802 men and 61 361 women) and 40 086 (14 508 men and 25 621 women)
results for TSH and fT4, respectively, were included in further calculations. Participants’ age range for the
analysed hormones was from 0 to 109 years.

Statistical analysis
Firstly, before performing any kind of analysis, all data were logarithmically transformed because of the
strong right-skewness of the data distribution. Next, all data were divided into 8 age groups (< 1 y., ≥ 1 y. <
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6, ≥ 6 y., < 12, ≥12 y. <18, ≥ 18 y. <40, ≥ 40 y. <65, ≥ 65 y. <90, ≥ 90 y.), which re�ected the physiological
changes associated with human ontogenetic development. The Tukey test was used to reject outliers
separately for each age group. The Hoffman method – an indirect statistical method based on the
graphic distribution of lnTSH and lnfT4 values – was applied in each age group for all participants and in
regard to sex. In accord with this method, a Q-Q chart was created in each study age group. In the next
step an elimination of outliners on the basis of Q-Q plot was visually conducted and the distribution of
remaining data was used to calculate the regression equation using the least squares method. The
regression line included the middle range of data, which was initially �tted by visual inspection. The linear
line over the linear part of the Q-Q chart was described by the following equation:

y = a * x + c

where y = the lnTSH or lnfT4 value, respectively, x = normal theoretical quantile of the standard normal
distribution (µ = 0, σ = 1), a = the slope of the regression line, c = the intercept.

In the next step, extrapolation the linear regression equation to the boundaries of the 95% con�dence
interval were conducted, as follows: Lower Reference Limit (LRI) = a * (-1,96) + b and Upper Reference
Limit (URL) = a * 1,96 + b. All statistical procedures mentioned above were performed on logarithmically
transformed data. The antilogarithm was applied in the last step for the calculation of RIs values on the
basis of the linear regression equation. A typical Q-Q plot is presented in Fig. 1.

Linear least squares regression was applied to the middle part of the data distribution

Then Reference Change Value (RCV) was used in order to determine the clinical signi�cance of the
relationship between RIs in all selected age groups and manufacturers and published RI. RCV was
calculated according to the formula [12]:

RCV = 21/2 * Z * (CVa2 + CVi2)1/2

where Z is the probability selected for signi�cance, the chosen Z value of 1.96 corresponds to a
signi�cance level of 0.05, CVa – the analytic variation (inter-assay variation estimated from our
laboratory data) and CVi – the within-subject biologic variation (data from Ricos et al. [13]).

Statistical analyses were performed using Statistica 13.1 PL .

Results
The RIs values obtained for TSH and fT4 in each separate age group for all study participants and by
gender are summarized in Fig. 2.

For TSH the estimated values of RIs decreased with the age of the patients and simultaneously were
tended to decrease ranges. Whereas, for the fT4 value, an inverse relationship was observed with regard
to the range of RI, which increased with age, while the RI limits did not indicate signi�cant shifts in
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values. TSH detailed numerical data for all results with the comparison on LRI and URI for women and
man are provided in the Table 1.

The comparison of LRI and URI between women and men in particular age groups showed the greatest
difference for LRI of 11.7% TSH in the age group of < 1 years. The same analysis of URI for TSH indicated
the highest differences in group > 90 years, but also for infants it was one of the highest. It is worth to
mentioning the obtained differences in percentage for LRI and URI are smaller than the extra-individual
variability for TSH − 24.9% [12]. Therefore, the results obtained for all study participants in a given age
group were considered as general RIs values and sex differences were not taken into account.

The applied Hoffman method shows various TSH RIs in different age groups. The LRIs gradually
decreased in subsequent age groups from children up to the age of ≥ 90, when for URI the same trend
was observed up to < 65 and then increased in participants older than 65. Differences greater than those
determined by RCV for comparisons between each age groups were revealed for LRI both in all subjects
and in samples of women and men separately. In all cases, they concerned the results of the oldest
patients and groups of children and adolescents.

The LRIs for participants aged < 40 established in this study were within TSH RIs provided by the
manufacturer. For the three oldest participant groups, the LRIs were lower than reported by
manufacturers, while, TSH were higher in children and adolescents group and groups ≥ 65 years. For
adults URI estimated by Q-Q plots were lower them provided by manufacturer. Generally, the Hoffman
method revealed a shift of both reference boundaries toward higher in children and adolescents, the
narrower RIs for TSH in the studied adult population, while for seniors a wider RIs boundaries were
observed values in comparison to manufacturers' data. The difference between LRI and URI established
by the Hoffman method with RIs reported by the manufacturer did not exceed the acceptable 56 % RCV
for TSH in any age group (Table 2).

RIs established for fT4 presented Table 3 were characterized by the low variability in comparison between
sex and age groups.

The sex differences for fT4 LRI were less than 10% and the highest were observed form infants, ≥ 40 y.
<65 and ≥ 90y. age groups. Except, the youngest group, the sex difference of URI was lower than even 5%,
which is only a quarter of the RCV value established for fT4 in this study. Therefore, further analyses were
carried out without regarding the sex.

The differences calculated for comparison between subsequent age groups was in all cases under the
value of RCV 21.6%. It is worth to mentioning the obtained differences in percentage for LRI and URI are
smaller than the extra-individual variability of fT4 -12.1% [12].

Comparison of calculated fT4 reference intervals with RIs reported by manufacturer are presented in the
Table 4.
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LRI for fT4 were almost the same with the ranges provided the manufacturers’ and the higher differences
were noticed for infants URI’. Generally, for infants and children LRI were identical, when URI was slightly
higher than provided by manufacturer. For group adolescents were noticed the narrower RIs which were
placed within the manufacturer’ data. A minimal shift toward the lower values of RIs were revealed for
age group adults ≥ 40 and < 65 years. The similar trend was observed for seniors but only for LRI value.

Discussion
Currently, medical decisions mainly are based on results of laboratory diagnostic tests, which are used to
con�rm, exclude, classify or monitor disease in order to guide treatment. Therefore, establishing
appropriate reference ranges is crucial for the correct interpretation of laboratory results. Unfortunately,
our observations show that the main source of reference intervals in Poland is data from literature, often
based on research carried out among the general population or with a different genetic and/or cultural
pro�le [14]. The second source of information about the expected values is provided by the laboratory
reagent manufacturer. The analysis of the RI values in these materials shows that although the
manufacturers declare that their procedures comply with the CLSI recommendations, the reference
groups are very often too small in number and very poorly characterized in many important aspects, such
as race, disease, or body weight [15–17]. Very rarely, a laboratory procedure is also used in order to verify
the reference intervals provided by the manufacturer. This approaches involve a comparison of the values
of the data approved by CLSI with a laboratory reference group of at least 20 people, which is a substitute
for the standard method based on the analysis of the results of at least 120 people accepted as reference
[1]. Considering the above-mentioned common weaknesses or even shortcomings in determining
reference intervals, indirect methods and their possibility of implementing computer applications [18],
may will be the best alternative for regional hospitals and �eld laboratories serving the same population
of a given region. This is especially useful in terms of accessing hard-to-reach paediatric or geriatric
populations.

There are a limited number of publications available using the Hoffman for RIs estimation in the general
population, and particularly in the paediatric population. Initiatives are being taken around the world to
harmonize paediatric reference intervals to improve paediatric diagnostics with a range of effects from
national to global. Reported thyroid hormone RIs in childhood vary widely and knowledge on the matter is
sparse. Reported RIs are mainly based on direct methods, which, combined with limited availability to the
child population, makes them di�cult to implement for the average laboratory [19]. We showed that
paediatric values of RI for TSH were higher than those provided by our reagents manufacturer, and the
greatest differences were observed for LRI (Table 2). The literature overview indicated, the lower limit for
TSH ranged between 0.32 and 1.30 mIU/L in children aged ≥ 1 years, and the highest value is similar to
the value observed in our study for children aged ≥ 1 (LRI for children ≥ 1 y. <6: 1.03 mIU/L and 0.79
mIU/L for children ≥ 12 y. <18). The upper limit for TSH in an overview by Onsesveren et al. [9] ranged
from 2.36 to 6.57 mIU/L, as reviewed by their studies.
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In CALLIPER project the RI values determined by the direct CLSI method were compared with the values
determined by the Hoffman method showed a much wider range of RIs, determined by the Hoffman
method for TSH and fT4. This study indicate the limited usefulness of the values determined by the
Hoffman method, especially if it is carried out on a limited number of results from centres providing
highly specialized care for children, which may cause a large percentage of pathological results [20]. The
values determined in our study by the indirect RI method for TSH were very similar to those obtained in
the CALIPER study, although direct comparison is very di�cult due to the use of different age ranges in
the CALIPER study for the three different immunochemical analysers applied. However, in both studies a
signi�cant TSH URL decrease was observed in participants aged 12–14 years to values similar to those
of adults. As highlighted by the authors themselves, establishing assay-speci�c reference intervals for
immunoassays is a need of great importance [21]. The observed differences may be due to the
recognition of different epitopes of TSH by monoclonal antibodies used in various kits and
microheterogeneity TSH molecules [22]. In our opinion, this approach is far more feasible when using the
indirect method on a hospitalised population.

An estimation of TSH RIs for a Mediterranean population over 15 years old was performed by Lo Sasso
et al. [23]. The TSH RIs estimated in this study, which had enrolled over 22 602 individuals, were 0.18–
3.54 mIU/L in the general population – 0.19–3.23 mIU/L in men and 0.18–3.94 mIU/L in women.
Moreover, their results showed a signi�cant interaction between sex and age, suggesting that the effect of
age on TSH between the sexes. However, this comparison was based on a statistical test, not on RCV like
our study. Our results in the adult population indicated signi�cantly higher values of LRI and much more
similar values for URI. This difference may be due to the use of a different reagent kit and analyser in Lo
Sasso's et al. [23] study, for which the RIs values provided by the reagent manufacturer were signi�cantly
lower than for the Siemens kit used in our study (0.20–4.20 mIU / L Cobas e801 vs. 0.55–4.78 mIU / L
Atellica IM). This fact again indicates the necessity to determine the assay-speci�c RIs for the TSH.
Moreover, our study also con�rmed the trend observed by Lo Sasso et al. [23] of higher URI for adult
women and a decrease of both LRI among participants from 18 to < 90 years old. Similar results to ours
were also obtained among the Turkish adult population by Inal et al. [7] from results of TSH and fT4 from
hospitals and health centres; data were prepared only by logarithmic transformation, with repeated
exclusion of outliers and computation of non-parametric 2.5th and 97.5th percentiles. Indirect RIs were
then compared with RIs established by the IFCC direct method (RIs currently used in Inal laboratory) and
manufacturers' recommendations. This comparison revealed the largest difference in LRI, where the
manufacturer’s value was 1.6 mIU/L lower than established by the indirect method and 1.3 mIU/L lower
than estimated through use of the direct method. The differences between direct and indirect methods
both for LRI and URI were much less visible, with 0.40 vs. 0.43 for LRI and 3.93 vs. 4.2 for URI,
respectively [7].

The study closely related to our research were conducted by Katayev et al. [24] in 2008 on both, female
and male adult TSH results collected in 6 laboratories from the Laboratory Corporation of America.
Without taking age groups into account, the estimated RIs were in the range of 0.44–3.05 mIU/L for all
129443 results. Comparison of our study to Katayev et al. results [24], the greatest differences were also
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seen for the LRI, and ranged from 0.19 mIU/L (30.1%) for the ≥ 18 y < 40 group to 0.05 mIU/L (-12.8%) for
the ≥ 90 years. The higest absolute difference (2.15 mIU/L) was observed for URI in the ≥ 90 age group,
but the percentage difference was as high as 41.3%. Even though Katayev et al. [24] found a substantial
(though still below the RCV) difference between their RIs and the literature data, they emphasised that the
proper use of statistical techniques and the large number of observations allowed to estimate RIs with
accuracy using the indirect method.

Apart from the TSH tests, the second most important parameter in the diagnosis of thyroid disorders is
the concentration of fT4 [25]. As we indicated above, the literature data shows large differences in RIs
regardless of the method used for its estimation. According to a literature overview by Onsesveren et al.
[9], the LRIs for fT4 range from 0.54 to > 0.78 ng/dL (from7.0 to > 10 pmol/L), while the URIs vary from
1.20 to > 2.33 ng/dL (from 15.5 to > 30.0 pmol/L). In the same paper, the authors presented RIs derived
from their prospective study – 1.07–1.62 ng/dL (13.8–20.8 pmo/L) assessed as 2.5th and 97.5th results
obtained among 4273 thyroid disorder-free children at a median age of 6 years [9].

The CALIPER study de�ned the childhood fT4 RIs as 0.89–1.70 ng/dL for infants and 0.89–1.37 ng/dL
for children under 19 years by Abbott ARCHITECT analyser [21] – which �gures similar to results obtained
by our indirect method and using another analyser.

The fT4 RIs discussed above take into account values obtained by the direct method and are generally
consistent with our results, even though they are potentially in�uenced by many factors, such as weight,
sex, ethnicity, and the laboratory method of determination. However, fT4 RI values among children derived
from the indirect method are absent in literature. The most similar study was published by Kapelari et al.
[26] for the Austrian child population. In this study, a posteriori direct methods were applied to child
hospital populations in �ve subsequent age groups. Authors concluded that the variation of fT4
concentration was the highest in �rst months of life and then RIs values decreased in a continuous
fashion. LRI were lower in infants, at 0.71 ng/dL (9.17 pmol/L), and then increased up to about 0.82
ng/dL (10.6 pmol/L) in older age groups. In our study we observed similar values, but there were no real
differences in values. We noticed the same trend for URI (1.61 ng/dl for infants and 1.33 ng/dl for
adolescents). This was generally consistent with the Kapelari et al. [26] study, although their values were
higher: 1.97 ng/dL for infants and 1.78 ng/dL for adolescents. For adults, fT4 RIs were estimated using
the direct method in euthyroid populations; 0.78–1.55 ng/dL (10–20 pmol/L) were found in a British
study [5] and 0.70–1.56 ng/dl (12.29–20.03 pmol/L) among the population of the Republic of Srpska
[27]. These results are generally in compliance with those established in our study (with minimal higher
values) and data from the manufacturers of the reagents we used (minimal lower values). Moreover, our
results corresponded with sparse studies using the indirect method, such as the study by Jakubowski et
al. [28] in Poland, which was conducted over 16 years. In this study, the authors applied many exclusion
criteria linked to the pre-analytical phase and clinical factors that suggested severe or endocrinological
disease and to testing the same patient more than once. The 2.5th and 97.5th percentile of that prepared
data were adopted as the low and upper RIs for fT4: 0.86–1.23 ng/dl (11.13–15.87 pmol/L) and were
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narrower than provided by their reagent manufactures at 9.01–19.05 pmol/L. The results of ours study
indicated a substantial shift in URI to higher values than in Jakubowski et al. [28].

The determination of reference intervals for thyroid hormones is a subject of ongoing debate due to poor
standardisation of immunochemical methods and the lack of unambiguous reference materials [29] as
well as large inter-population differences, along with variability related to the age and gender of patients
within the same population. The legitimacy of determining reference intervals for thyroid hormones with
an indirect method based on the results of hospital tests is additionally supported by the fact that these
tests are screened, and therefore a large portion of the results comes from people without thyroid
disorders. The use of such an approach additionally eliminates the differences in values that may result
from different methods of sampling in different hospital wards and collection points [30].

Encouraged by the hints contained in Jones' publication [3], we searched for the values of reference
intervals characteristic for the population of our hospital and the methods and apparatus used in our
laboratory. At the same time, we do not forget that no intervals are perfect and �nal, and the results
obtained by the indirect method, even if they are not absolutely accurate, are closer to the actual state of
the population of a given region, because they take into account the analytical and biological variability
of the analysed parameter.

Conclusions
TSH and fT4 levels change during a person's lifetime and vary between sexes, but the difference does not
always have an in�uence on the clinical interpretation of laboratory results in the context of reference
intervals. The discussed differences in RI estimated in this study regarding to literature data and
manufacturers' information, re�ect the actual distribution of results in the population of a given region
and are consistent with the idea of screening the functioning of the thyroid gland �rstly by TSH and fT4.
Differences between our RIs in comparison to other direct and indirect studies were caused by analytical
(different antibody characteristics used in reagents, lack of harmonization) and epidemiological factors
(different populations, socio-economical status and unde�ned geographic covariates). Comparing the RIs
obtained by the indirect method can also be used to con�rm compliance with the RIs values provided by
the manufacturer of the reagent kits. Considering the differentiation of reference values determined both
by direct and indirect methods in different populations, in our opinion, the use of indirect methods is
justi�ed due to their low cost and ease of application, and above all due to the possibility of imaging the
distribution of results in the population of a given region rather than reliance on data from other
geographic and cultural areas.

The greatest limitation of this study was using unselected data from our LIS. We did not have the
possibility to download the data with the ICD code and delete the results that were repeatedly performed
on the same patient. However, the applied Hoffman method is based on the use of values located in the
middle of the distribution to estimate the reference intervals, which was preceded by the rejection of
outliers, i.e. pathological values. With such an approach, the Hoffman method is relatively robust in the
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occurrence of outliers. The another important limitation was a lack of veri�cation of the indirect RIs
established using the direct method and which would have enabled us to con�rm that the exclusion of
patients with thyroid disorders is not required to obtain proper reference intervals from hospital
populations with many thousands of records.
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Due to technical limitations, tables 1 to 4 is only available as a download in the Supplemental Files
section.

Figures

Figure 1

A representative Q-Q plot of distribution of lnTSH for participants aged ≥18 and <40.
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Figure 2

RIs for TSH (panel A) and fT4 (panel B) in all participants included in the analysis groups and among
males and females in each age group.
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