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Highlights

« The upper reference limit of the study for thyroid stimulating hormone (TSH) using the Roche Elecsys TSH reagent was 4.33 mlU/L

- The new reference intervals (RIs) are consistent with previous publications and the 2017 ATA guideline recommendation

«  The RIs could reduce the risk of misdiagnosis and optimize thyroid management during pregnancy

Abstract

Introduction: This study established laboratory and trimester specific indirect reference intervals (RIs) for thyroid stimulating hormone (TSH).

Materials and methods: A retrospective observational study was performed at a tertiary-care laboratory’s hospital during 12 months. Between
February 2023 and February 2024, TSH results from 2166 women in their first trimester of pregnancy were retrieved. Only outpatients coming from
primary care were included in the study. After applying exclusion and outlier criteria, TSH results from 1300 patients were analyzed to establish new
Rls using the 2.5th and 97.5th percentiles by the non-parametric percentile method. These Rls were verified by an indirect method analyzing 486
TSH results from a cohort of pregnant women that were extracted from April to June 2024, and a direct prospective study of 28 pregnant women

from a primary care center. All TSH tests were measured using a Cobas 8000 e801 system (Roche, Basel, Switzerland).
Results: The TSH RIs were 0.60-4.33 mIU/L. Both verification methods met the requirements of the CLSI quidelines.
Condlusions: The indirect method could be used to establish and verify local Rls for TSH in first trimester pregnant women. This may reduce miscla-

ssification of pregnant women undergoing thyroid function tests.
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Introduction

Thyroid hormones play a vital role during preg-
nancy, influencing maternal wellbeing and fetal
development. Maternal hypothyroidism is consist-
ently associated with an increased risk of adverse
pregnancy outcomes, including premature birth,
low birth weight, pregnancy loss, and reduced in-
telligence quotient in offspring. Additionally, this
condition can adversely affect the cognitive and
neurological development of the fetus (1,2). Hence,
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a precise evaluation of the thyroid function during
pregnancy and prompt intervention when re-
quired are crucial for correct fetal development.
Considering these premises, thyroid stimulating
hormone (TSH) is necessary for diagnosing thyroid
disorders.

During pregnancy, particularly in the first trimes-
ter, several physiological changes influence thy-
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roid function. The structural similarity between
human chorionic gonadotropin (hCG) and TSH
causes hCG to stimulate thyroid hormone produc-
tion, which can reduce TSH concentrations. Elevat-
ed estrogen concentrations also increase thyroid-
binding globulin (TBG), which binds to thyroid hor-
mones and reduces their blood concentrations. This
in turn triggers the secretion of TSH and promotes
further production of thyroid hormones. It is also
important to consider that normal pregnancy is as-
sociated with an increased need for iodine and in-
creased renal excretion of this element (1,2).

Therefore, TSH results of healthy pregnant women
differ from those of healthy non-pregnant women,
and for this reason the American Thyroid Associa-
tion (ATA) postulates the need for trimester specif-
ic reference intervals (Rls) for serum TSH based on
the local population (3,4). These RlIs should be
based on pregnant women with no known thyroid
disease, optimal iodine intake, and negative anti-
thyroperoxidase antibody (anti-TPO) status.

The establishment and verification of Rls using
conventional direct methods are often complicat-
ed by resource limitations or specific patient de-
mographics (5). Jones et al., from the working
group of the IFCC Committee on Reference Inter-
vals and Decision Limits (C-RIDL), aims to promote
the adoption of indirect methods for establishing
and validating Rls to support the development of
improved statistical techniques for these studies (6).

Different laboratories may use different immuno-
assays to measure TSH, which can lead to discrep-
ancies between TSH Rls. For these reasons, it is im-
portant to establish laboratory specific assay Rls to
ensure consistency and reliability of test results (7,9).

The aim of this study was to establish first trimes-
ter TSH RIs using an indirect method and the Elec-
sys TSH Roche Diagnostics reagent (Roche, Basel,
Switzerland).

Materials and methods

Study design

A retrospective observational study was conducted
over 12 months (February 2023 to February 2024) at
Bellvitge University Hospital. This 700-bed tertiary
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care teaching hospital is located in LU'Hospitalet de
Llobregat, Barcelona, Spain, and receives an aver-
age of 4000 laboratory requests per day.

Laboratory results for TSH of pregnant women on
request for the first trimester protocol were ob-
tained from the Laboratory Information System
(LIS) (Modulab, Werfen, Barcelona, Spain). A total
of 2166 TSH results were extracted from the LIS.
Only outpatients coming from primary care were
included in the study.

The analysis of the first trimester of pregnancy cor-
responds to a gestational age between 8 and 13
weeks and 6 days (10).

Exclusion criteria for this study included patients
with recorded serum concentrations of free thy-
roxine (fT4), free triiodothyronine (fT3), anti-TPO,
anti-thyroglobulin (anti-Tg) and/or anti-thyrotro-
pin receptor (anti-TSHR) antibodies because our
hospital’s laboratory protocols state that the LIS
automatically adds free thyroid hormone and thy-
roid antibody measurements when TSH values fall
outside the Rls.

Patients were also excluded from the study if they
had follow-up thyroid function tests or a previous
diagnosis related to thyroid function. The medical
history and current treatment of all patients with
TSH values outside the existing Rls were reviewed.

Data on TSH values, maternal age, ethnicity,
weight, and type of pregnancy were extracted
from the LIS and the SsdwLab program (SBP Soft,
Girona, Spain).

The study protocol received approval from the in-
stitutional Clinical Research Ethics Committee
(PR144/24). In regards to the direct verification
study, each patient was given detailed information
and provided written informed consent before
blood sample collection. Patients’ clinical histories
were reviewed using the hospital’s Physical Exami-
nation Information System (SAP GUI v.770, SAP SE,
Walldorf, Germany).

To verify the Rls, two different studies were per-
formed. The first one was a retrospective observa-
tional study based on the indirect method. A new
cohort with the same characteristics as the popu-
lation used to establish the RIs was selected. An-
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other data export was performed from the LIS be-
tween April and June 2024. A total of 1391 TSH re-
sults were collected from the LIS, which were re-
duced to 486 after the exclusion criteria were ap-
plied. The Rls were verified using the same exclu-
sion criteria as in the first study.

The direct method was used for the second verifi-
cation of the study. A prospective study involving
28 first trimester pregnant patients recruited from
a primary care women'’s sexual and reproductive
health center was performed. Patients were se-
lected from the laboratory based on their medical
history. A midwife nurse was responsible for re-
cruitment and obtaining informed consent. Inclu-
sion criteria for the selection of patients were
healthy, pregnant women with normal pregnan-
cies and no known complications. Exclusion crite-
ria were a personal or family history of thyroid dis-
ease or other autoimmune diseases, previous
treatment with thyroid medication or iodine irra-
diation, a history of recurrent miscarriage, and an
age of over 37 years.

Methods

Each venous blood sample was collected into 8.5
mL serum tubes with separator gel and clot activa-
tor (Becton Dickinson (BD) Vacutainer SSTTM Il Ad-
vance, Reference No. 366468). The time of blood
collection was performed in the morning between
8 and 9 a.m. After 30 minutes of clotting time, the
tubes were centrifuged at 1500xg for 10 minutes
at 20-25 °C and subsequently analysed.

All analytes were measured using the electrochemi-
luminescence immunoassay analyzer Cobas 8000
(Roche, Basel, Switzerland). TSH serum concentra-
tion was measured using the Elecsys TSH reagent
(Roche, Basel, Switzerland). The laboratory is ac-
credited to UNE/EN ISO 15189:2023. Internal and ex-
ternal quality control achieved the metrological re-
quirements of the laboratory during the study period.

Statistical analysis

The distribution of TSH serum concentration was
assessed for normality using the Shapiro-Wilk test,
and a histogram was also used for the visual as-
sessment. Logarithmic transformation was used to
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adjust for data distribution. To remove outliers, the
interquartile range (IQR) was calculated using the
first quartile Q1 (1.19) and the third quartile Q3
(2.65). After removing outliers using the + 1.5 IQR
method, RIs for TSH serum concentration were cal-
culated by the non-parametric percentile method,
using the original data, according to the CLSI
guidelines C28-A3. Reference intervals with 90%
of confidence intervals (Cls) were defined by the
2.5th and 97.5th percentiles of the distribution of
TSH results in the cohort without outliers.

Data management and statistical analyses were
conducted using the Stata Statistical Software: Re-
lease 14 (Stata Corp LP, College Station, TX, USA)
and the Analyse-it software package for Excel 2016
(Analyse-it Software, Ltd., Leeds, UK).

Results

From the initial data of 2166 TSH results obtained
from the LIS, 1375 TSH results were included after
applying exclusion criteria (Figure 1). After remov-
ing the outliers and applying 1.5 IQR, the final data
included 1300 TSH results. The data did not fit a
Gaussian distribution for either raw or log-trans-
formed data (Figure 2).

The median TSH serum concentration was 1.76
mlU/L (0.01-4.81 mlU/L) and the median maternal
age was 32 years (16-38 years). The majority of pa-
tients were of Caucasian ethnicity (75%) and had a
singleton pregnancy (98%). The median weight
was 65 kg (31-157 kg).

The obtained TSH RIs with 90% Cls of first trimes-
ter pregnant women were: 0.60 (0.56 to 0.62)-4.33
(4.19 to 4.44) mlU/L.

The newly established RIs were validated using an
indirect method. The data contained 486 results,
and the median TSH serum concentration was 1.65
mlU/L (0.01-5.43 mlU/L). The verification was con-
sidered valid if less than 5% of the results fell out-
side the Rls. Only 17 patients (3.5%) had TSH re-
sults outside the new Rls that did not exceed the
5% requirement, confirming the validity of the
new Rls (11).

Finally, the Rls were verified using a direct method
(12). According to the CLSI EP28-A3 guideline, the
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Retrospective observational study

Initial cohort N=2116

| Recorded FT4 results N =759
Exclusion Recorded anti-TPO results N=10
criteria | Recorded anti-TSH results N=2
More than one recorded TSH result N =20

N=1375

Removing outliers using
the + 1.5 IQR method

‘ Final cohort N = 1300 ’

Indirect method

:

TSH Ris for first trimester pregnant
women 0.60 - 4.33 mIU/L Indirect method N =486

| < 5% of the population studied
had TSH results outside the RIs

Rls
verification

Direct method N=28
No more than 10 % of subjects
had TSH results outside the RIs

FiGure 1. Flowchart for cohort selection and reference intervals verification using an indirect method. LIS - laboratory information
system. TSH - thyroid stimulating hormone. fT4 - free thyroxin. fT3 - free triiodothyronine. anti-TPO - anti-thyroperoxidase antibod-
ies. anti-Tg - anti-thyroglobulin antibodies. anti-TSHR - anti-thyrotropin receptor antibodies. Rls - reference intervals.
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FiGURE 2. Histogram of the data distribution and normality Q-Q plot. TSH - thyroid stimulating hormone.

RIs were deemed valid if no more than two of the was 2.16 mIU/L (0.23-4.71 mlU/L). Only two patients
20 tested subjects’ values (or 10% of the test results)  had a result below and above the interval limits
fell outside the reported Rls (11). A total of 28 healthy (0.60-4.33 mlU/L). This means that 2/28 of the TSH
pregnant women were recruited from a primary  results were outside the new Rls and therefore in
care centre. The median TSH serum concentration compliance with the CLSI requirements (11).
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Discussion

In this study, we estimated Rls for serum TSH (0.60-
4.33 mlIU/L) in pregnant women during the first tri-
mester of pregnancy using an indirect approach.
This method has been shown to be effective in
identifying clinically significant changes in analyte
concentrations that might otherwise go undetect-
ed (13-18).

According to the 2011 ATA guideline, the upper
reference limit TSH serum concentration during
pregnancy was established at 2.50 mIU/L for the
first trimester of pregnancy (19). It has previously
been reported that this universal cut-off is unhelp-
ful and unrealistically low in many situations, cre-
ating a false sense of simplicity in a complex situa-
tion (3).

Following this publication, larger cohort studies
have produced center specific and trimester spe-
cific RIs during pregnancy. Studies of pregnant
women in Asia, India, and the Netherlands have
shown significantly higher TSH Rls for each trimes-
ter of pregnancy (20-23). For instance, Marwaha et
al., found that TSH Ris in a healthy Indian popula-
tion were 0.60-5.00 mIU/L in the first trimester, us-
ing the direct method (21).

The ATA released an updated guideline in 2017 (4).
This guideline recommends using an upper refer-
ence limit of approximately 4.00 mIU/L in the ab-
sence of internal or transferable pregnancy specif-
ic TSHRIs.

It should be noted that TSH Rls for different meth-
ods and reagent manufacturers might vary as they
have been established using male and non-preg-
nant women and different antibodies. The de-
crease in serum TSH due to high concentrations of
hCG during pregnancy should also be taken into
consideration (23).

The manufacturer also provided Rls for pregnant
women during their first trimester (0.33-4.59
mlU/L) and for females in different age groups
(1.01-5.09 mlIU/L for 11-20 years old; 0.44-3.63
mIU/L for 20-39 years old; and 0.16-3.94 mIU/L for
40-69 years old), based on various German studies
(24,25).
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McNeil and Stanford claimed that a number of re-
cent studies had shown that a more realistic Rl was
between 3.00 and 4.00 mIU/L, depending on the
analytical method used (3). In their review, they
also reported an average first trimester 97.5th per-
centile for TSH of 4.00 mIU/L when using Roche
analysers (3).

Following the ATA recommendations we have es-
tablished specific TSH Rls for pregnant women
during the first trimester of pregnancy (4). The pri-
or TSH RIs used in our laboratory were based on a
national, cross-sectional, population survey of in-
dividual’s > 18 years old (0.57-5.51 mUI/L) (26).

The results of this study are consistent with the
aforementioned, as the upper Rl is 4.33 mlU/L,
very close to the 4 mIU/L proposed by McNeil and
Stanford (3). These Rls are also in accordance with
the RIs proposed by the manufacturer for preg-
nant women during the first trimester, and lower
than the ones reported for non-pregnant women,
which is consistent with the downward shift in
TSH during the early stages of pregnancy (24).

In a 2025 study, Sun et al. used a Siemens ADVIA
Centaur XP analyzer to calculate the TSH Rls for
pregnant women in a Chinese population (27).
Their results showed lower Rls in the first trimester
of pregnancy (0.02-3.39 mlU/L) than those ob-
served in this study. This exemplifies the influence
of different populations and analytical methods,
and the importance of establishing laboratory-
specific TSH Rls.

Recently, Dorizzi et al., calculated TSH Rls (0.34-
3.81 mlU/L) for pregnant women by the direct
method (28). Their study was focused on a differ-
ent time setting, since it was performed at 14-16
weeks of gestation, whereas ours was performed
at 8-13 weeks. They also evaluated iodine intake
by measuring urinary iodine excretion, concluding
that mild and moderate iodine deficiencies did
not affect the Rls (28).

Thus, this study incorporates and builds on previ-
ous recommendations in compliance with the CLSI
guidelines to improve the accuracy and applicabil-
ity of RIs using the indirect method (11,13-18). This
data is also consistent with reports using the di-
rect method.
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Furthermore, the RIs were also verified using a di-
rect method that relies on a well-characterized ref-
erence population, as well as standardized sample
collection and analysis. By contrast, the Rls were
also verified using an indirect method involving
retrospective data and statistical filtering, reflect-
ing the actual analytical and pre-analytical condi-
tions of the laboratory’s patient population. Con-
sequently, both verification methods offer com-
plementary value to the process (8).

Although it is presumed that our population’s io-
dine intake is adequate, and evaluating iodine sta-
tus is not mandatory in areas without iodine defi-
ciencies, a limitation of our study was that the sub-
jects’ iodine status was not measured (29,30).

Recently, Osinga et al. did a systematic revision and
meta-analysis, and concluded that not excluding
TPOAb-positive individuals led to an increase in
the upper limit of TSH Rl in all cohorts, with a mean
increase of 0.65 (0.05-1.34) mIU/L in the first trimes-
ter of pregnancy (31). In this regard, indirect meth-
ods require robust statistical methods to differenti-
ate between normal and pathological results. An-
other limitation of the present study is that we in-
tentionally excluded all patients who had under-
gone more than one thyroid hormone and/or anti-
thyroid antibody test. This was done to ensure con-
sistency in the dataset and to prevent individuals
with thyroid disease from being selected.
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