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Abstract

Background: The reference intervals of thyroid hormone will change at different
stages of pregnancy because of physiological alterations. On the other hand, the ref-
erence intervals of thyroid hormone will also change in different detection systems
due to the manufacturer's methodology as well as a different race. The objective of
this study was to establish the assay method- and trimester-specific reference in-
tervals for thyroid-stimulating hormone, free thyroxine and free triiodothyronine for
pregnant women in Chengdu.

Methods: A prospective, population-based cohort study involved 23,701 reference
samples of pregnant women during the three trimesters and 8646 non-pregnant
women with pre-pregnancy clinical and laboratory tests. The 2.5th and 97.5th per-
centiles were calculated as the reference intervals for thyroid-stimulating hormone,
free thyroxine and free trilodothyronine at each trimester of pregnant women accord-
ing to ATA Guidelines.

Results: The reference interval of thyroid-stimulating hormone in the 2.5th and
97.5th percentiles has a significant increasing trend from the first trimester, to second
trimester and to third trimester, which was 0.08-3.79 mlU/L for the first trimester,
and 0.12-3.95 mlIU/L for the second trimester and 0.38-4.18 mIU/L for the third tri-
mester, respectively (p < 0.001). However, the reference intervals of free thyroxine
and free triiodothyronine in the 2.5th and 97.5th percentiles have significant decreas-
ing trends from the first trimester, to second trimester and to third trimester, which
were 11.87-18.83 pmol/L and 3.77-5.50 pmol/L for the first trimester, and 11.22-
18.19 pmol/L and 3.60-5.41 pmol/L for the second trimester, and 10.19-17.42 pmol/L
and 3.37-4.79 pmol/L for the third trimester, respectively (both p < 0.001).
Conclusion: It is necessary to establish assay method- and trimester-specific refer-
ence intervals for thyroid-stimulating hormone, free thyroxine, and free triiodothy-
ronine because the reference intervals of these thyroid hormones are significantly

different at different stages of pregnancy.
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1 | INTRODUCTION

Pregnancy has a profound effect on the thyroid gland and thyroid
function, which may lead to alterations of thyroid-stimulating hor-
mone (TSH), free thyroxine (FT4), and free triiodothyronine (FT3).
Early maternal thyroid insufficiency, even subclinical hypothyroid-
ism, is associated with foetal neurodevelopment and may result in a
lower-than-normal intelligence quotient (IQ) in offspring.* The diag-
nosis and treatment of thyroid disorders in pregnant women are im-
portant to prevent adverse pregnancy outcomes (APOs) and require
the establishment of trimester-specific reference intervals for TSH,
FT4 and FT3 for healthy pregnant women in different areas and dif-
ferent immunoassay systems.

In 2011, the American Thyroid Association (ATA) published
guidelines for the diagnosis and management of thyroid disease
during pregnancy and the postpartum period, which recommended
establishing pregnancy-specific and, ideally, trimester-specific ref-
erence intervals for all thyroid hormones, particularly for TSH and
FT4.2 In the years that followed, some studies have investigated
the trimester-specific reference intervals for thyroid hormones and
found considerable variations in TSH, FT3 and FT4 levels among
pregnant women in different areas® and among different immuno-
assay assay methods.*> Many factors influence the establishment
of reference intervals for thyroid hormones, such as ethnicity, age,
parity, body mass index (BMI) and iodine status.®”” Besides, sample
size, representativeness of the reference population and the manu-
facturer's immunoassay methodology also have an important impact
on the reference interval.>*°

Therefore, the ATA published the revised Guidelines for the
Diagnosis and Management of Thyroid Disease during Pregnancy
and the Postpartum Period in 2017, which strongly recommended
establishing population-based, trimester-specific and assay method-
specific reference intervals for serum TSH and FT4 using local preg-
nant women.!* In this study, we established assay method- and
trimester-specific reference intervals for thyroid hormones during
pregnancy according to 2017 ATA guidelines, because of the current
limited availability of reference intervals for TSH, FT4 and FT3 in

healthy pregnant women in Chengdu, China.

2 | METHODS

2.1 | Study participants
This study was a prospective, population-based cohort study aim-
ing to investigate the method- and trimester-specific reference in-

tervals of thyroid hormones during pregnancy in the region. The

recruitment criteria for pregnant women in first, second and third
trimesters to establish reference intervals for thyroid hormones in
this study were by 2017 ATA guidelines'! and included the follow-
ing: no personal and/or family history of thyroid diseases; no vis-
ible and/or palpable goitre; no prior use of drugs affecting thyroid
function (except oestrogen); natural singleton pregnancy and no
history of abortion; and gestational age 27 weeks. The exclusion
criteria for participants included the following diseases: autoim-
mune diseases; liver, kidney, blood diseases and cancer. Women
who were thyroid peroxidase antibody (TPOAb) and/or thyroglob-
ulin antibody (TgAb) positive were also excluded from this study.
Extreme deviation from the mean (outliers) based on the statistical
analysis was also excluded from the analyses. Based on these crite-
ria, there are 23,701 pregnant women at different stages of preg-
nancy (8053 first trimester, 8036 second trimester and 7612 third
trimester) which were used as reference samples for the reference
intervals of thyroid hormone. Another group of 8646 non-pregnant
women are eugenic check-ups, and those who were receiving pre-
pregnancy clinical and laboratory tests at our hospital during the
same period were recruited as the controls. Pre-pregnancy clinical
and laboratory tests are a comprehensive examination for every
couple of childbearing age, which is provided by the government
in Chengdu, China, including some free items such as thyroid hor-
mone and fasting plasma glucose.*?

2.2 | Blood sample collection and measurement
Samples of blood were obtained from the study participants in the
morning after a 12-15 h fast. The fresh plasma was separated by
centrifugation (RCF = 1000 g) within 30 min, and the fresh serums
were separated by centrifugation (RCF = 1000 g) within 60 min.

The serum concentrations of TSH, FT4, FT3, TPOAb and TgAb
were quantified by chemiluminescent immunoassay (CLIA) with a
Siemens ADVIA Centaur XP automatic chemiluminescence anal-
yser with matched reagents and calibrators (Siemens Healthcare
Diagnostics Inc., Tarrytown, New York, USA). The plasma con-
centration of fasting plasma glucose (FPG) and the serum levels
of total cholesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C)
and uric acid (UA) were measured by the Hitachi 7600 Automatic
Biochemistry Analyzer (Hitachi High-Tech Instruments Co., Ltd.,
Japan) with matched commercial test kits. The high-sensitivity C-
reactive protein (hs-CRP) concentration was measured by the non-
competitive near-infrared particle immunoassay with a matched
high-sensitivity CRP Kit (IMMAGE 800 Immunochemistry System,
Beckman Coulter, Inc., USA).
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2.3 | Anthropometrics and lifestyle survey
Systolic blood pressure (SBP), diastolic blood pressure (DBP), body
weight and height were measured with standard techniques. The
BMI was calculated as body weight (kg) divided by the square of
height (m). Hypertension was diagnosed when patients' SBP was
2140 mm Hg and/or DBP > 90 mm Hg. Underweight, overweight
and obesity were defined as BMI < 18.5 kg/m?, 24.0 to <28.0 kg/
m? and =28 kg/mz, respectively, according to the guidelines for
the prevention and control of overweight and obesity in Chinese
adults. 1314

Hypercholesterolaemia and hypertriglyceridaemia, low HDL-C
level and high LDL-C level were defined as TC 2 6.22 mmol/L and
TG = 2.26 mmol/L, HDL-C < 1.04 mmol/L and LDL-C = 4.14 mmol/L,
respectively, according to the Chinese guidelines on the preven-
tion and treatment of dyslipidaemia in adults.’>! Gestational di-
abetes was diagnosed when patients' FPG was 25.1 mmol/L, and/
or 1-h plasma glucose (1hPG) during an oral glucose tolerance test
(OGTT) 2 10.0 mmol/L and/or 2-h plasma glucose (2hPG) during an
OGTT 2 8.5 mmol/L, according to the 2010 International Association
of Diabetes and Pregnancy Study Groups recommendations on the

diagnosis and classification of hyperglycaemia in pregnancy.12

2.4 | Data collection

The data were consecutively collected from women seen at the
Chengdu Women's and Children's Central Hospital, School of
Medicine, University of Electronic Science and Technology of China
between January and December 2018. Complete laboratory and
clinical data measured by the medical staff (doctors, technicians,
nurses and medical assistants) included serum concentrations of
TSH, FT4, FT3, TPOAb, TgAb, TC, TG, LDL-C, HDL-C, FPG, UA and
hs-CRP; height; body weight; and blood pressure. Basic informa-
tion filled in by pregnant women as well as non-pregnant women
included ethnicity, age, gestational age, history of illness, family his-
tory of the disease and lifestyle habits such as smoking and drinking
(yes or no). Non-smoking is defined as never smoked or quit smoking
for more than a month, while drinking is defined as taking any alco-

hol or alcoholic beverages within 30 days.

2.5 | Quality control

Two levels of quality control (QC) samples (Bio-Rad Laboratories,
Inc., USA, QC1: lot number 40331 and QC2: lot number 40333) for
each thyroid hormone were included each day of the analysis. The
intra-assay coefficients of variation (CV, n = 20) for QC1 and QC2
were 1.19% and 1.23% for TSH, 2.15% and 1.91% for FT4, 1.60%
and 2.28% for FT3, 3.16% and 3.83% for TPOAb, and 5.25% and
4.69% for TgAb, respectively. The mean value and total CV of QC1
and QC2 over 1 year in our laboratory were 0.40 mIU/L and 4.40%

(QC1), 28.69 mlU/L and 3.73% (QC2) for TSH; 9.20 pmol/L and
6.76% (QC1), 53.61 pmol/L and 5.20% (QC2) for FT4; 4.01 pmol/L
and 4.41% (QC1), 18.79 pmol/L and 6.42% (QC2) for FT3; 147.51 U/
mL and 9.52% (QC1), 123.70 IU/mL and 7.82% (QC2) for TPOAb; and
80.85 IU/mL and 9.16% (QC1), 57.05 IU/mL and 13.21% (QC2) for
TgAb, respectively.

2.6 | Statistical analysis

All analyses were performed with SPSS software version 16.0
(SPSS, Inc., Chicago, IL, USA). Continuous variables were expressed
as the means (standard deviations (SDs)) or medians (percentiles)
according to whether they had a normal or skewed distribution,
respectively. Means + SD of more than two samples was compared
with the one-way ANOVA, while medians (percentiles) of K inde-
pendent samples (more than two samples) were compared with
the Kruskal-Wallis H test. The intra-assay CV and the inter-assay
CV were calculated by mean and SD. Aberrant values were identi-
fied using box plots; identified probable outliers were confirmed by
applying Dixon's range statistical test.” The confirmed outliers, if
present, were rejected from the reference sample group. The dis-
tributions of TSH, FT4 and FT3 in each trimester were examined
by the histogram. The 2.5th and 97.5th percentiles (95% central
interval (95% Cl)) were calculated as the reference interval for each
thyroid hormone at each trimester in pregnant women, according
to ATA Guidelines.

3 | RESULTS

3.1 | Selection of reference samples and
performance characteristics of the analysis system

The selection of reference samples was shown in Figure 1. A total
of 30,705 pregnant women were individually screened and ex-
cluded step by step. Pregnant women were excluded if they had or
self-reported a personal and/or family history of thyroid diseases
(n = 215), or had palpable thyroid nodules (n = 122), or were tak-
ing endocrine and/or iodine-rich medicines (n = 283), or had multi-
ple pregnancies or abortions (n = 204), or their gestational age was
<7 weeks (n = 100), or laboratory test results of TPOAb (>60 1U/mL)
and/or TgAb (>40 IU/mL) were positive, including positive results for
TPOAb and TgAb (n = 2002), single positive of TPOAb (n = 991) and
single positive of TgAb (n = 1076). Pregnant women were also ex-
cluded from this study if they lacked clinical information (n = 215)
or had a personal history of autoimmune diseases (n = 134), or had
liver, kidney, blood diseases and cancer (n = 513). Moreover, outli-
ers based on the statistical analysis (n = 1149) were also excluded
from the analyses. The performance characteristics of each thyroid
hormone assay, according to the information provided by the manu-

facturers, are reported in Table 1.
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3.2 | Comparison of principal characteristics
between pregnant women and non-pregnant women

There was no significant difference between pregnant women in
the first trimester, second trimester and third trimester and non-
pregnant women not only in age (F = 0.372, p = 0.773) but also in
prevalence of hypercholesterolaemia, hypertriglyceridaemia, high
LDL-C and low HDL-C (p > 0.05). Prevalence of gestational diabe-
tes, hypertension, overweight and obesity was significantly higher in
pregnant women than in non-pregnant women (p < 0.001). However,
compared to non-pregnant women, pregnant women were charac-
terized by a decreased rate of smoking, drinking and underweight

(p < 0.001). The comparison of principal characteristics between

30705 Pregnant women measured thyroid hormones from January to

December 2018

23,701 pregnant women and 8646 non-pregnant women as refer-

ence samples is presented in Table 2.

3.3 | Boxplots of TSH, FT4 and FT3 values for the
three trimesters in pregnant women

Box plots of TSH, FT4 and FT3 values for the three trimesters,
showing the medians, 25th-75th percentiles, non-outliers, outliers
and extreme values, are shown in Figure 2. The median (25th-75th
percentiles) of TSH was significantly lower in the first trimester
compared to those in the second and third trimesters (1.36 [0.79-
2.09] mIU/L vs 1.60 [1.00-2.36] mIU/L and 1.76 [1.13-2.60] mIU/L,

A 4

4993 Excluded according to ATA guidelines
Personal and/or family history of thyroid diseases (n=215)
Palpable thyroid nodules (n=122)
Taking endocrine and/or iodine-rich medicines (n=283)
Multiple pregnancy or abortion (n=204)
Gestational age was < 7 weeks (n=100)
Both positive of TPOAb and TgAb (n=2002)
Single positive of TPOAb (n=991)
Single positive of TgAb (n=1076)

A4

25712  Collected data of pregnant women

\ 4

Autoimmune diseases (n=134)

862 Excluded due to lacked clinical information and diseases

Lacked clinical information (n=215)

Liver, kidney, blood diseases and cancer (n=513)

A 4

24850 Complete data available on TSH, FT4 and FT3

TSH outliers (n=543)
FT4 outliers (n=357)
FT3 outliers (n=249)

A4

1149  Excluded outliers based on the statistical analysis

A4

23701 Pregnant women eligible for present study
First trimester (n=8053)
Second trimester (n=8036)
Third trimester (n=7612)

FIGURE 1 Selection of reference
samples in the first, second and third
trimesters of pregnancy



50f 10

WILEY

HUANG ET AL.

9'9-6€

|W/N 00S-ST
0.0C-1e Y 8h<
0.8-C ¥ Y gy>
O.¥C-8T1 1€ Y 8>
ov

wnJas

(CTTD TIVDIVD) CTE9C9SS
(801D TIVDTVD) 80£5€9TT
901D TIVDTVD) 90€2H9¥0

(661D TIVI1VD)6622LTSS
(861D T1VI1VD) 862+0€CT
(961D TIVIIVD) 9622819C
(#61D TIVIIVD) #62825€6

Aesseounwuwl 9A1}32dWOD)

Aesseounwiwl 92U32saulWN|IWAYD)

qvsL

9L-T€

|W/N 00€T-8¢
0,0C-3e Y 8y<
0.8-C 1t Y gy>
O.¥¢-8T 18 Y 8>
o€

wnuag

(T90D O1VD) 192197
(650D OTVD) 652€L9CE
(6502 O1VD) 25T9L810
(6502 O1VD) ¥52992LL
(6502 O1VD) 25289
(6502 O1VD) 05ZE0V6T
(8502 OTVD) 6¥2T62S0
(850D O1VD) £L¥TTL508

Aesseounwuwi aA1H32dWo)

Aesseounwuwii
92UddSBUIWN|IWBYD

qvOodl

SOv-9LC
7/lowd g'0e-€°0
2.02- 38 Y 8p<
2.8-C €Y 8H>
2.¥2-8T 38 Y 8>
05

wnJuag

(96V¥D V1VD) 8220/ tTT
(96VD V1VD) 92202106
96V VIVD) ¥ZZHTy9S
(€6¥D V1VD) £226510¢€
(€6VD V1VD) 122TLTT6
(26VD VYD) 61264959

Aesseounwuwli dA1}32dWOD)

Aesseounwwi
92UddsaUIWN|IWBYD

€14

85 v-v¥'€
7/lowd GGT-€°'T
2,02- 18 Y 8¥<
0.8-Z 1€ Y 8p>
.2-81 38 Y 8>
74

wnJag

(66¥D V1VD) 20T0890€E
(96V¥D V1VD) 660€560T
(96VD V1VD) #60vEYSL
(96¥D V1VD) £6015865
(€6VD V1VD) T60L0981
(€6VD V1VD) 680588TE
(€6VD V1VD) £80LZCTT
26V V1VD) $80792Z8

Aesseounwuwi d9A1H32dWO)

Aesseounwwi
92UddSAUIWN|IWBYD

14

15°6-8T°€
7/N1W 0ST-800°0

0,0Z- 3 shep 0g-Z
0.8-7 38 Y 8>

O.2-8T 18 Y $Z>

00T

wnJag

(TZHD H1VD) T2E08EE9
(6THD HIVD) 61€TZ8CE
(LTHD H1VD) LTET089T
(9THD HIVD) 91£6£9/8
(PTHD HIVD) ¥1£25029
(CTHD H1VD) ZTECESLY

(TTHD H1VD) 11€8£060
(TOHD H1VD) T0€91289

Aesseounwiwl YdIMpUes 931S-OM|

Aesseounwiw| 92U32saUWN|IWAYD)

HSL

‘auowioy 3ulle|nwis-ploJAyl ‘Hs1 ‘Apoqiue asepixotad ploJAyl ‘QyOdL ‘Apoqiiue uingqo|304Ays ‘qy31 DuIXoJAyl 9914 ‘4] 4 DUIUOIAYIOPOIII] 931) ‘€] 4 :SUOIIBIARIGQY

(%D |e103) uoisidald

98uels upnses|n

98eu03s s|dweg
Ajjigess sjdwes
(1) swnjoA ajdwes

odA} a|dwes

(103€4q]1ED)
juasSeal Jo Jaquinu 307

a|dpulid Aessy

a|dpund poyla|n

sonsiI)oeIRYD)

Jainjoejnuew ay3 Aq papiaoad uoljewloul 03 3uiplodde Aesse qyS1 pue qyOdl ‘€14 ‘14 ‘HSL 40 Sonsualdeleyd aduewloglad [eloua T 379V.L



HUANG ET AL.

6 of 10
590 | \WILEY

respectively, both p < 0.001). In contrast, the median (25th-75th
percentiles) of FT4 was significantly higher in the first trimester
compared to that in the second and third trimesters (14.96 [13.67-
16.25] pmol/L vs 14.32 [13.03-15.48] pmol/L and 13.16 [12.00-
14.58] pmol/L, respectively, both p < 0.001). Similarly, the median
(25th-75th percentiles) of FT3 was significantly higher in the first
trimester compared to that in the second and third trimesters (4.59
[4.30-4.90] pmol/L vs 4.45 [4.14-4.76] pmol/L and 4.08 [3.76-
4.56] pmol/L, respectively, both p < 0.001).

3.4 | Referenceintervals of TSH, FT4 and FT3
for the three trimesters in pregnant women and non-
pregnant women

There were significant differences in the reference intervals for TSH,
FT4 and FT3 between women in each of the three trimesters of preg-
nancy, non-pregnant women and the intervals provided by the man-
ufacturer (p < 0.001). The median level of TSH showed a significant
increasing trend from the first trimester to the third trimester: 1.36
(0.08-3.79) mlU/L for the first trimester, 1.60 (0.12-3.95) mIU/L
for the second trimester and 1.76 (0.38-4.18) mIU/L for the third
trimester (p < 0.001). The median levels of FT4 and FT3, however,
showed significant decreasing trends from the first trimester to

the third trimester: 14.96 (11.87-18.83) pmol/L and 4.59 (3.77-
5.50) pmol/L for the first trimester, 14.32 (11.22-18.19) pmol/L and
4.45 (3.60-5.41) pmol/L for the second trimester and 13.16 (10.19-
17.42) pmol/L and 4.08 (3.37-4.79) pmol/L for the third trimester,
respectively (both p < 0.001). The assay method-specific reference
intervals for TSH, FT4 and FT3 for the first, second and third trimes-

ter pregnant women and non-pregnant women are shown in Table 3.

4 | DISCUSSION

The levels of thyroid hormone will change during the three trimes-
ters of pregnancy because of physiological pregnancy alterations.
Different detection results may also be obtained for the same sam-
ple due to differing manufacturer methodologies for various thyroid
hormone assays. Then, the thyroid hormone reference intervals
provided by different manufacturers may not be the same. These
differences require different biochemical interpretations between
assays conducted in pregnant women and those conducted in non-
pregnant women, which necessitates the establishment of specific
reference intervals. However, the reference intervals for thyroid
hormones are generally based on the reference intervals provided
by manufacturers or other laboratory or reference literature, which
usually leads to confusing results in clinical practice. Moreover,

TABLE 2 Comparison of principal characteristics between pregnant women and non-pregnant women

First trimester

(n=8053) (n=8036)

Age (years) 28.27 +3.76 28.28 + 3.89
Gestational age (weeks) 11.45 +1.06 14.79 +2.77
SBP (mm Hg) 126.78 +13.19 127.52 + 13.97
DBP (mm Hg) 81.16 + 7.54 81.75+7.95
BMI (kg/m?) 21.82 +2.59 22.33+3.03
TC (mmol/L) 4.89+1.21 4.96 +1.32
TG (mmol/L) 1.60+0.72 1.68 +0.81
LDL-C (mmol/L) 2.69 +0.90 2.74 +0.94
HDL-C (mmol/L) 1.38+£0.30 1.47 £0.33
FPG (mmol/L) 478 +1.26 495+1.96
UA (umol/L) 317.78 + 58.53 319.97 £ 59.30
hs-CRP (mg/L) 3.74 (1.67-9.21) 3.93(1.78-9.68)
Smoking (%) 1.86 0.27
Drinking (%) 2.89 0.36
Hypercholesterolaemia (%) 9.02 9.13
Hypertriglyceridaemia (%) 7.93 8.45
High LDL-C (%) 8.69 8.71
Low HDL-C (%) 7.95 7.78
Gestational diabetes or 6.78 7.60

diabetes (%)
Hypertension (%) 793 9.17
Underweight (%) 6.64 511

Overweight and obesity (%) 14.93 18.63

Second trimester

Third trimester Non-pregnancy

(n=7612) (n = 8646) p value
28.22 +4.06 28.25+4.05 0.773
32.54 +3.16 = <0.001
129.28 +15.41 125.47 +12.97 <0.001
83.04 £ 8.60 80.52 + 7.55 <0.001
22.90 + 3.89 21.64 +2.61 <0.001
5.04 £1.35 487 +1.11 <0.001
1.70 £0.89 1.59 £0.57 <0.001
2.75+0.99 2.64+0.84 <0.001
1.46 +0.37 1.37+£0.27 <0.001
5.05+2.11 4.75+1.16 <0.001
321.71 + 63.27 315.69 + 58.11 <0.001
4.02 (1.85-9.87) 3.67 (1.66-9.14) <0.001
0.22 2.98 <0.001
0.32 4.87 <0.001
9.37 8.21 0.051
7.83 7.75 0.349
8.85 7.93 0.135
7.83 7.55 0.811
9.01 3.41 <0.001
9.34 7.52 <0.001
1.08 6.92 <0.001
25.33 14.60 <0.001
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FIGURE 2 The levels of TSH (A), 55661
FT4 (B) and FT3 (C) in pregnant women.
Data are presented as medians, 25th- 10.00 ¥ g H
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some drugs, such as amiodarone'® and diphenylhydantoin,19 can
affect the thyroid hormones production and their peripheral deg-
radation, and they can also affect the circulating levels of thyroid
hormones and TSH. Therefore, many medical associations, including
the Chinese Society of Endocrinology and the Chinese Society of
Perinatal Medicine, suggest that laboratory- and geography-specific
reference intervals for thyroid hormones should be established by
a local laboratory.?%2! The 2017 ATA guidelines have also strongly
recommended that population-based trimester-specific reference
intervals for serum thyroid hormones during pregnancy should be
defined by a provider's laboratory and should represent the typical
population for whom care is provided.11

The TSH level in pregnant women is lower than that in non-
pregnant women due to feedback regulation of TSH. Circulating
thyroxine-binding globulin (TBG) concentrations increase after
7 weeks of pregnancy, reach a peak by approximately week 16 of
pregnancy and then remain high until delivery; elevated TBG can
induce increased levels of total thyroxine (TT4), which can feed-
back inhibit the release of TSH.?2% Additionally, elevated maternal

human chorionic gonadotropin (HCG) can directly stimulate the TSH

Gestational Age

receptor, increasing the secretion of thyroid hormone and, thereby,
resulting in a subsequent reduction in serum TSH concentration.?>2*
Thus, after 7 weeks of pregnancy, there is a downward shift of the
TSH reference interval during pregnancy, with a reduction in both
the lower and the upper limit of maternal TSH relative to the non-

1.1 Studies have shown that the larg-

pregnant TSH reference interva
est decrease in serum TSH is observed during the first trimester;
thereafter, serum TSH and its reference interval gradually rise in
the second and third trimesters, but they remain lower than in non-
pregnant women.?>26

Li et al?’ found that the median serum TSH level decreased sig-
nificantly from the seventh gestational week, while the level of TSH
remained stable before reaching 7 weeks of pregnancy; he proposed
that the pregnancy-specific reference interval in the first trimester
is suitable for 7-12 weeks of pregnancy. Liu et al* similarly reported
that there was no significant difference in TSH levels between the
T1-1 group (4.57-8.00 weeks of pregnancy) and the non-pregnant
women group. The TSH levels in the T1-1 group were significantly
higher than those in the T1-2 group (8.14-12.00 weeks of preg-

nancy). In 2017, the ATA guidelines recommend that the reference
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TABLE 3 The assay method-specific
reference intervals for TSH, FT4 and

Percentiles

Study group N Distribution 2.5th
First trimester

TSH (mIU/L) 8053 Skewed 0.08

FT4 (pmol/L) 8053 Skewed 11.87

FT3 (pmol/L) 8053 Skewed 3.77
Second trimester

TSH (mIU/L) 8036 Skewed 0.12

FT4 (pmol/L) 8036 Skewed 11.22

FT3 (pmol/L) 8036 Skewed 3.60
Third trimester

TSH (mIU/L) 7612 Skewed 0.38

FT4 (pmol/L) 7612 Skewed 10.19

FT3 (pmol/L) 7612 Skewed 3.37
Non-pregnancy

TSH (mIU/L) 8646 Skewed 0.75

FT4 (pmol/L) 8646 Skewed 13.67

FT3 (pmol/L) 8646 Skewed 3.99

50th 97.5th FT3 in women with the first trimester,
second trimester, third trimester and
non-pregnancy
1.36 3.79
14.96 18.83
4.59 5.50
1.60 3.95
14.32 18.19
4.45 541
1.76 4.18
13.16 17.42
4.08 4.79
2.31 5.19
16.13 19.95
4.82 5.74

Note: The reference intervals of TSH, FT4 and FT3 in adults provided by the manufacturer are

0.55-4.78 mIU/L, 11.5-22.7 pmol/L and 3.5-6.5 pmol/L, respectively.

limit should generally be applied during the late first trimester of
pregnancy, in weeks 7-12.* We excluded women from 1 to 6 weeks
of pregnancy in this study, and the results showed that there was
a significant difference in the reference interval for TSH between
women in the three trimesters of pregnancy, non-pregnant women
and the interval provided by the manufacturer (p < 0.001). The me-
dian level of TSH showed a significant increasing trend from the first
trimester to the third trimester: 1.36 (0.08-3.79) mIU/L for the first
trimester, 1.60 (0.12-3.95) mIU/L for the second trimester and 1.76
(0.38-4.18) mIU/L for the third trimester (p < 0.001). This study con-
firmed a clear trend of increasing TSH from the first trimester to the
third trimester in pregnant women.?®

FT4 and FT3 levels also change during the three trimesters of
pregnancy because of the change in TSH. The combination of TSH
and thyroid cell plasma membrane receptors on the outer surface of
follicles will activate adenylate cyclase, thus affecting and controlling
the production of T3 and T4. On the other hand, the secretion of
TSH in the pituitary is controlled by negative feedback regulation of
circulating FT3 and FT4. In the present study, the levels of FT4 and
FT3 showed significant decreasing trends from the first trimester
to the third trimester: 14.96 (11.87-18.83) pmol/L and 4.59 (3.77-
5.50) pmol/L for the first trimester, 14.32 (11.22-18.19) pmol/L and
4.45 (3.60-5.41) pmol/L for the second trimester and 13.16 (10.19-
17.42) pmol/L and 4.08 (3.37-4.79) pmol/L for the third trimester, re-
spectively (p < 0.001). Our reference intervals were consistent with
the earlier report’ and recent investigation,?’ which used the same
Siemens ADVIA Centaur System as we used in the China studies.
The reference intervals for FT3 and FT4 were 11.8-21.0 and 11.8-
18.4 pmol/L for the first trimester, 10.6-17.6 and 11.6-17.4 pmol/L

for the second trimester, and 9.2-16.7 and 9.7-15.1 pmol/L for the
third trimester, respectively.

This study was valid only for the assay methods used in this study:
that is, the chemiluminescent immunoassay (CLIA) methods for thy-
roid hormones and TSH, which used the automated platform ADVIA
Centaur XP automatic chemiluminescence analyser (by Siemens
Healthcare Diagnostics Products GmbH, Marburg, Germany). This
was consistent with the observation from Tozzoli et al.%° The iodine in-
take is an important factor that should affect the reference values for
thyroid hormones and TSH in different populations. lodine status may
affect TSH levels in the general population.®° lodine is an important
factor associated with TSH concentrations, even in a strictly selected
reference population.* Some populations may still have some harm-
ful effects on the thyroid due to mild or moderate iodine intake.*? In

the next phase of the project, we will include a urine iodine test.

5 | CONCLUSION

Our results demonstrated that the reference intervals calculated for
TSH, FT4 and FT3 in Chengdu women in the first trimester were
0.08-3.79 mlU/L, 11.87-18.83 pmol/L and 3.77-5.50 pmol/L, re-
spectively. Subsequently, the reference intervals for TSH increased
in consecutive trimesters of pregnancy (0.12-3.95 mlU/L for the
second trimester and 0.38-4.18 mIU/L for the third trimester), and
the reference intervals for FT4 and FT3 decreased in consecutive
trimesters of pregnancy, (11.22-18.19 pmol/L and 3.60-5.41 pmol/L
for the second trimester, and 10.19-17.42 pmol/L and 3.37-
4.79 pmol/L for the third trimester).
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