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ABSTRACT

Background: Standard reference intervals derived from non-pregnant populations are unsuitable for evaluating
thyroid hormone levels in pregnancy. Each geographical region should establish pregnancy-specific thyroid hor-
mone reference intervals that consider local population characteristics, instrumentation, and analytical methods.
This research aimed to assess variations in thyroid hormone concentrations during first, second, and third trimes-
ter stages among women residing in Lhasa, Xizang. Consequently, the study developed local reference intervals
for thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), and free thyroxine (FT4) to facilitate im-
proved management and prevention of thyroid diseases among pregnant women in this area.

Methods: Adhering to the National Academy of Clinical Biochemistry (NACB) guidelines, the study enrolled 1,016
healthy pregnant women undergoing routine antenatal check-ups across different pregnancy stages from October
2023 to October 2024. Additionally, 120 non-pregnant healthy women who participated in health screenings dur-
ing the identical period served as the control group. Measurements of FT3, FT4, and TSH were performed utiliz-
ing the Abbott Architect 12000 automated chemiluminescence immunoassay system. Established reference inter-
vals for each pregnancy stage were represented as medians and corresponding 2.5th to 97.5th percentile values.
Results: 1) The derived reference intervals were: First trimester: FT3 (3.79 - 5.80 pmol/L), FT4 (10.42 - 16.43
pmol/L), TSH (0.40 - 3.41 mIU/L), second trimester: FT3 (3.36 - 5.80 pmol/L), FT4 (9.40 - 16.22 pmol/L), TSH
(0.52 - 3.97 mIU/L), third trimester: FT3 (3.01 - 5.09 pmol/L), FT4 (9.52 - 15.05 pmol/L), TSH (0.69 - 4.43 mIU/L).
2) Significant differences in FT3, FT4, and TSH concentrations were identified among pregnancy stages and be-
tween pregnant participants and non-pregnant controls (p < 0.001). Specifically, FT3 and FT4 demonstrated a
continuous decline with advancing pregnancy, while TSH exhibited a progressive increase.

Conclusions: For the first time, this study successfully established distinct reference intervals for TSH, FT3, and
FT4 specific to healthy pregnant women in Lhasa, Xizang. These locally applicable intervals can enhance early de-
tection accuracy for thyroid-related disorders in pregnant populations, thus mitigating risks associated with in-
appropriate application of general population-based reference standards.

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.251006)

Correspondence: Phone: +86 13980563522
Yingying Li Email: yilansuo128@163.com
West China Second University Hospital

Sichuan University

No. 1416, Chenglong Avenue

Jinjiang District, Chengdu

Sichuan 610066

P.R. China Manuscript accepted October 17, 2025

Clin. Lab. 8/2026 1


mailto:yilansuo128@163.com

Ni Zhen et al.

KEYWORDS

plateau region, pregnancy, thyroid-stimulating hormone,
free thyroid hormone, thyroid, reference interval

INTRODUCTION

The thyroid gland is an essential endocrine organ. Thy-
roid hormones, secreted by this gland, are primarily reg-
ulated by the hypothalamic-pituitary-thyroid (HPT) axis
and play critical roles in promoting growth and develop-
ment, regulating metabolism, and maintaining organ
functions [1]. Upon ascending from lowland to high-al-
titude environments, the human body initiates compen-
satory regulatory responses known as "high-altitude ac-
climatization" to adapt to hypoxia. Current studies indi-
cate that high-altitude hypoxia significantly activates
the thyroid axis. Research by von Wolff et al. [2] dem-
onstrated differential responses among thyroid hor-
mones at increasing altitudes: free thyroxine (FT4) con-
tinuously increases with altitude and does not return to
baseline levels after short-term acclimatization; free tri-
iodothyronine (FT3) exhibits only a transient elevation
upon initial exposure; thyroid-stimulating hormone
(TSH) shows a delayed elevation only at extremely high
altitudes. The endocrine adaptations triggered by high-
altitude hypoxic exposure, combined with physiological
fluctuations in thyroid function during pregnancy, sig-
nificantly complicate the assessment of thyroid homeo-
stasis in pregnant populations at high altitudes. How-
ever, there remains a lack of research specifically ad-
dressing thyroid function in pregnant women residing at
high altitudes. The diagnostic criteria for thyroid disor-
ders in this population often rely on guidelines estab-
lished for lowland populations, potentially overlooking
the unique impacts of high-altitude environments on
thyroid function [3,4].

Thyroid dysfunction during pregnancy may result in
multiple adverse maternal and fetal outcomes, such as
miscarriage, premature delivery, fetal distress, and im-
paired fetal neurodevelopment [5-7]. Hypothyroidism,
one of the most common endocrine disorders observed
during pregnancy, is characterized by insufficient thy-
roid hormone synthesis, secretion, or activity, leading to
a generalized hypometabolic state. Despite its frequen-
cy, hypothyroidism frequently remains undiagnosed due
to its nonspecific clinical presentation. The initial 12
weeks of gestation represent a crucial developmental
period for the fetal nervous system. During this interval,
the fetus relies entirely on maternal thyroid hormones
transferred via the placenta, as fetal hormone production
has not yet commenced [8,9]. Maternal thyroid hor-
mone deficiency during this critical window may se-
verely impact the fetal central nervous system develop-
ment [10]. After the 14th week of pregnancy, develop-
mental damage is usually irreversible. Therefore, early
and precise diagnosis of thyroid dysfunction is essential
for avoiding associated negative pregnancy outcomes

[11]. According to the 2019 Chinese “Guideline on Di-
agnosis and Management of Thyroid Diseases During
Pregnancy and Postpartum (2nd Edition)”, regional and
laboratory-specific thyroid hormone reference intervals
for pregnancy should be established. Consequently, this
study aimed to define regional reference intervals for
TSH, FT3, and FT4 during different pregnancy stages in
Lhasa, thus facilitating early diagnosis and timely man-
agement of thyroid disorders in pregnant women in this
area.

MATERIALS AND METHODS

The study was carried out at the Women and Children's
Hospital of Tibet Autonomous Region, with ethical ap-
proval provided by the Institutional Review Board.

Study subjects

This retrospective study analyzed data from women un-
dergoing thyroid hormone assessment between October
2023 and October 2024 at the hospital. A total of 1,016
pregnant women were enrolled and categorized into
groups by trimester, in accordance with National Acad-
emy of Clinical Biochemistry (NACB) guidelines: 413
participants in the first trimester (0 - 12 weeks), 343 in
the second trimester (13 - 27 weeks), and 260 in the
third trimester (28 - 40 weeks). Additionally, a control
group included 120 healthy non-pregnant women who
underwent routine health checks during the same time-
frame. All participants had lived in Lhasa for at least
one year. NACB-based inclusion criteria were: 1) sin-
gleton pregnancy; 2) absence of personal or familial
thyroid disease history; 3) no thyroid enlargement or au-
toimmune disorders; 4) no recent consumption of io-
dine-containing or antithyroid medications, excluding
estrogen; 5) age ranging from 18 to 50 years; 6) nega-
tive thyroid peroxidase antibody and thyroglobulin an-
tibody tests; and 7) no history of adverse pregnancy
events such as recurrent miscarriage or stillbirth.

Experimental methods

Serum samples were collected according to standard-
ized protocols. A total of 5 mL venous blood was ob-
tained from the antecubital vein, allowed to clot at room
temperature for 30 minutes, and then centrifuged at
3,000 r/minute for 10 minutes. Measurements of FT3,
FT4, and TSH were conducted using the Abbott Archi-
tect 12000 automated chemiluminescence immunoassay
analyzer and reagents provided by Abbott Laboratories,
strictly adhering to the manufacturer's guidelines to en-
sure data accuracy and quality.

Statistical analysis

Data were analyzed with SPSS software (version 27.0).
Normal distribution of FT3 was verified by the Shapiro-
Wilk test and results presented as mean + standard de-
viation. Analysis of variance (ANOVA) was employed
for comparing FT3 levels across pregnancy stages. FT4
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and TSH values, which exhibited non-normal distribu-
tions, were presented as median and interquartile ranges
[M (QL, QU)], and group differences were assessed us-
ing the Kruskal-Wallis H test. Pairwise comparisons
across gestational periods utilized the Bonferroni cor-
rection method. Reference intervals for FT3, FT4, and
TSH were presented as medians along with 2.5th to
97.5th percentiles. The chi-squared test compared detec-
tion rates of subclinical hypothyroidism under varying
diagnostic standards, with categorical data expressed as
percentages.

RESULTS

Reference intervals for thyroid function during
pregnancy

Table 1 presents the established reference intervals for
thyroid hormones FT3, FT4, and TSH at various stages
of pregnancy, expressed using medians (M) and their
corresponding 2.5th to 97.5th percentile limits (P2.5 -
P97.5).

Comparison of thyroid function indicators between
pregnant and control groups

The thyroid hormones FT3, FT4, and TSH were statis-
tically compared across the four participant groups us-
ing the F/H test, revealing significant differences (all p
< 0.001). Bonferroni-adjusted pairwise comparisons
demonstrated a progressive decrease in FT3 and FT4
concentrations, accompanied by a significant rise in
TSH concentration, with advancing gestational age. FT3
concentrations were notably elevated in first trimester
relative to the control group but significantly lower in
third trimester (p < 0.05). FT4 levels in the second and
third trimesters were significantly reduced compared to
the control group (p < 0.05). Additionally, TSH concen-
trations during third trimester were considerably elevat-
ed compared to control values (p < 0.05, Table 2).

DISCUSSION

This study systematically evaluated thyroid hormone
variations in pregnant women residing in Lhasa, situat-
ed at an altitude of 3,650 meters, thereby elucidating
distinct patterns of thyroid function in this specific pop-
ulation. Comparative analyses among different gesta-
tional stages and controls demonstrated that TSH con-
centrations initially exhibited a mild decline in first tri-
mester, subsequently increased in second trimester, and
were significantly elevated compared to controls during
third trimester (p < 0.01). Levels of FT3 and FT4 in first
trimester were slightly higher relative to the control
group but markedly decreased in second and third tri-
mester stages (p < 0.05). Endocrine system changes
during pregnancy can alter thyroid hormone levels,
thereby meeting maternal and fetal requirements. There-
fore, pregnancy-specific reference intervals should be
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used when evaluating thyroid function [12].

The reasons and manifestations of pregnancy-specific
thyroid changes vary across gestational stages. In first
trimester, increased estradiol (E2) secretion stimulates
hepatic synthesis of thyroid hormone-binding globulin
(TBG). TBG levels begin rising at 6 - 8§ weeks, peak at
approximately 20 weeks, and increase 1.5 - 2 times
above non-pregnant levels [13]. Increased TBG inevi-
tably elevates total triiodothyronine (TT3) and total thy-
roxine (TT4) concentrations. Additionally, during first
trimester, the placenta secretes high levels of human
chorionic gonadotropin (hCG). Because hCG has an a-
subunit similar to TSH, it binds to TSH receptors, stim-
ulating FT3 and FT4 secretion and inhibiting pituitary
TSH secretion. This mechanism results in reduced se-
rum TSH levels in first trimester.

During second and third trimester, factors such as re-
duced hCG secretion, increased basal metabolic rate,
and enhanced renal iodine clearance [14,15] gradually
lower serum FT3 and FT4 levels. These changes stimu-
late pituitary secretion of TSH, increasing serum TSH
in second and third trimester. Adaptive changes in thy-
roid function during pregnancy may be associated with
significantly increased demand for thyroid hormones
and iodine [16,17].

Currently, research on thyroid function among pregnant
women at high altitudes remains insufficient, and spe-
cific guidelines are unavailable. International guidelines
are often applied in clinical practice. Notably, the thy-
roid hormone reference intervals established by the
present study deviate from those recommended by the
American Thyroid Association (ATA), potentially im-
pacting diagnostic precision and influencing the report-
ed rates of subclinical hypothyroidism. According to the
2011 and 2017 ATA guidelines, this study found signif-
icant differences in the prevalence of subclinical hypo-
thyroidism across pregnancy stages (p < 0.05). As
shown in Table 3, the highest incidence occurred when
applying the 2011 ATA guidelines. The incidence iden-
tified using the 2017 ATA guidelines was consistent
with this study’s findings, both being relatively low.
These differences suggest that diagnostic criteria sub-
stantially influence prevalence assessments of subclini-
cal hypothyroidism.

Specifically, the findings were as follows: 1) According
to the 2011 ATA guidelines, recommended normal TSH
intervals are 0.1 - 2.5 mIU/L in first trimester, 0.2 - 3.0
mlIU/L during second trimester, and 0.3 - 3.0 mIU/L in
third trimester, all of which are lower than the intervals
determined in the current study. Adopting these ATA
guidelines might consequently result in overdiagnosing
subclinical hypothyroidism. 2) The 2017 ATA guide-
lines suggest an upper limit of 4.0 mIU/L for TSH
across all pregnancy periods, closely aligning with the
upper limit identified for second trimester in this re-
search, thus yielding comparable prevalence rates.
However, this study’s upper TSH limit was lower in
first trimester and higher in third trimester compared to
the 2017 ATA guidelines. Applying the 2017 ATA
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Table 1. Reference intervals for thyroid function during pregnancy.

Group FT3 (pmol/L) FT4 (pmol/L) TSH (mIU/L)
M P2.5-P97.5 M P2.5-P97.5 M P2.5-P97.5
First trimester 4.70 3.79 - 5.80 12.87 10.42 - 16.43 1.49 0.40 - 3.41
Second trimester 4.64 3.36 - 5.80 11.97 9.40 - 16.22 1.66 0.52 -3.97
Third trimester 4.03 3.01 - 5.09 11.45 9.52 -15.05 2.21 0.69 - 4.43
M: Median.
Table 2. Comparison of thyroid function levels among four groups of patients.

Group Cases FT3 (pmol/L) FT4 (pmol/L) TSH (mIU/L)
Control group 120 4.55+£0.53 12.74 (11.62, 13.64) 1.54 (1.16, 2.24)
First trimester 413 4.73 £0.50 * 12.87 (11.84, 13.77) 1.49 (0.98, 2.09)

Second trimester 343 4.62 £ 0.60 ® 11.97 (11.07, 13.00) P 1.66 (1.08, 2.26)
Third trimester 260 4.05+0.51 »>¢ 11.45 (10.42, 12.23) b ¢ 2.21 (1.54,2.91) »b:¢
F/H 102.201 156.640 84.982

p-value <0.001 <0.001 <0.001

Compared with the control group, *p < 0.05. Compared with early pregnancy, " p < 0.05, compared to mid pregnancy, °p < 0.05.

Table 3. Comparison of subclinical hypothyroidism diagnosed by different criteria in women at different pregnancy stages

[Case (%)].
Pregnancy Cases 2011ATA 2017ATA | Reference interval of X p-value
group this study
First trimester 413 61 (14.8) 4 (1.0) 10 (2.4) 135.809 <0.001
Second trimester 343 32 (9.3) 6 (1.7) 7 (2.0) 49.416 <0.001
Third trimester 260 59 (22.7) 13 (5.0) 6 (2.3) 116.536 <0.001
In total 1,016 152 (15.0) 23 (2.3) 23 (2.3) 294.585 <0.001
Data are presented as n (%). The chi-squared test was used for comparisons.
Table 4. Comparative analysis of FT4 and TSH reference intervals in pregnant women from different regions.
FT4 (pmol/L) TSH (mIU/L)
Group
M P2.5-P97.5 M P2.5-P97.5
Plain area 15.30 12.37 - 19.09 1.43 0.08 - 4.46
First trimester Coastal area 14.10 10.9 -17.7 1.22 0.16 - 3.78
Plateau area 12.87 1042 - 16.43 1.49 0.40 - 3.41
Plain area 12.90 9.85 - 18.05 1.51 0.05 - 3.71
Second trimester Coastal area 12.1 9.3-15.2 1.31 0.34 - 3.51
Plateau area 11.97 9.40 - 16.22 1.66 0.52 -3.97
Plain area 11.59 9.12 - 14.91 1.97 0.47 - 6.29
Third trimester Coastal area 10.7 7.9 -14.1 1.62 0.34 -4.32
Plateau area 1145 9.52 - 15.05 2.21 0.69 - 4.43

Plain area: Shenyang, Liaoning Province, China; Coastal area: Hangzhou, Zhejiang Province, China; Plateau area: Lhasa (current study).
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guidelines, approximately 60% of cases in first trimester
would be missed, while 53.85% in third trimester would
be overdiagnosed. Therefore, directly applying interna-
tional guidelines may pose a risk of misdiagnosis or
missed diagnosis [18]. Thus, establishing region-specif-
ic pregnancy reference intervals is crucial.

Given the inherent variability due to geographic and
demographic factors, it remains crucial to establish lo-
cally appropriate reference intervals for thyroid function
assessment. Currently, numerous hospitals and regions
across China have set pregnancy-specific thyroid refer-
ence intervals using identical equipment and reagents
employed in this study (Abbott Architect 12000 auto-
mated chemiluminescence immunoassay analyzer and
original Abbott reagent kits) (Table 4). Nevertheless,
even with uniform analytical methods, thyroid hormone
reference ranges for pregnant women at high altitudes in
Xizang exhibit variations from those identified in plains
[19] or coastal regions [20]. This difference may result
from the high altitude (3,650 meters), hypoxic condi-
tions, and cold climate of the study area. Additionally,
dietary habits in high-altitude regions differ significant-
ly from other areas, such as lower seafood intake and
thus reduced iodine consumption. Significant differ-
ences in thyroid hormone reference intervals among
ethnic groups have also been reported [21,22]. Addi-
tional research assessing iodine nutritional status among
Tibetans revealed a heightened prevalence of iodine de-
ficiency compared to populations residing at lower alti-
tudes [23]. Under conditions of iodine deficiency, thy-
roid hormone synthesis becomes inadequate, signifi-
cantly elevating the iodine requirements for pregnant
women relative to the general population. Therefore, es-
tablishing regional pregnancy-specific thyroid hormone
reference intervals in high-altitude areas is necessary to
meet local clinical needs. This approach can improve
thyroid function monitoring in women at different
stages of pregnancy, effectively avoiding misdiagnosis
or missed diagnosis caused by applying reference inter-
vals from plain regions. Ultimately, this will guide clini-
cal interventions, reduce adverse pregnancy outcomes
such as miscarriage and preterm birth due to thyroid
dysfunction, and enhance maternal and fetal health.

In summary, this study analyzed gestational changes in
thyroid hormone concentrations and, for the first time,
defined reference intervals for TSH, FT3, and FT4 spe-
cific to pregnant women in Lhasa, Xizang, thereby ad-
dressing a critical regional data gap. These findings of-
fer an evidence-based framework for accurate diagnosis
and timely management of pregnancy-associated thy-
roid disorders at high altitudes. Results indicated that
directly applying reference intervals from plain areas or
international guidelines is inappropriate. Establishing
region-specific reference intervals enables more accu-
rate assessment of thyroid function in pregnant women,
reduces risks of misdiagnosis or missed diagnosis, and
improves maternal and fetal outcomes. Future studies
incorporating larger sample sizes and multi-center col-
laborations that account for high-altitude environmental
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factors will further enhance maternal and child health-
care provision in these regions.
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