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Abstract

igher in twin than that in singleton pregnancies. As hCG stimulates
Background: Serum human chorionic gonadotrophin (hCG) is h
the thyroid to produce more free thyroxine (FT4), which may lead to decreased thyroid-stimulating hormone (TSH) levels, the
reference ranges of thyroid-related indicators may differ between singleton and twin pregnancies in the first trimester. This study
aimed to establish reference ranges for thyroid-related indicators in early twin pregnancies and to compare them with singleton
pregnancies.
Methods:Data of 820 twin-pregnant women were extracted from the established database of all pregnant women who delivered at
Peking University First Hospital fromOctober 2013 toMay 2018; 160 whomet National Academy of Clinical Biochemistry criteria
were included to establish TSH and FT4 reference ranges. We screened 480 (3:1 paired) women with singleton pregnancies from the
same database as controls. TheMann-Whitney test for TSH and FT4 levels was applied for comparisons between singleton and twin
pregnancies.
Results: First-trimester reference ranges (4–12 gestational weeks) for twin pregnancies were: TSH 0.69 (0.01–3.35) mIU/L and FT4
16.38 (12.45–23.34) pmol/L. Median TSHwas significantly lower at 7 to 12 gestational weeks than that at 4 to 6 gestational weeks
(0.62 vs. 0.96 mIU/L, Z = �1.964, P = 0.049); FT4 was not significantly different between the two groups. Compared to singleton
pregnancies, median TSH was significantly lower (0.69 vs. 1.27 mIU/L, Z = �6.538, P = 0.000), and FT4 was significantly higher
(16.38 vs. 14.85 pmol/L, Z = �7.399, P = 0.000) in twin pregnancies in the first trimester.
Conclusions: Specific reference ranges for thyroid-related indicators for twin pregnancies are needed to avoid a misdiagnosis of
thyroid dysfunction. Moreover, establishment of separate reference ranges for 4 to 6 and 7 to 12 gestational weeks in twin
pregnancies may be considered.
Keywords: Twin pregnancy; Reference ranges; Thyroid-stimulating hormone; Free thyroxine

Introduction and obstetric complications (such as gestational diabetes,

gestational hypertension, and preeclampsia) and may even
Thyroid dysfunction is common in pregnant women. The
latest meta-analysis showed the prevalence of overt
hypothyroidism, sub-clinical hypothyroidism, isolated
hypothyroidism, overt hyperthyroidism, and sub-clinical
hyperthyroidism to be 0.5%, 3.47%, 2.05%, 0.91%, and
2.18%.[1] In China, the prevalence of clinical hypothy-
roidism, sub-clinical hypothyroidism, and thyroid peroxi-
dase antibody (TPOAb) positivity during the first half of
pregnancy is reportedly 0.6%, 5.27%, and 8.6%,
respectively.[2] Numerous studies have shown that abnor-
mal thyroid function or thyroid autoimmunity during
pregnancy can increase the risk of adverse pregnancy
outcomes (such as premature delivery and miscarriage)
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influence the development of the offspring’s neurocogni-
tive function.[3-5]

To accurately diagnose thyroid dysfunction during
pregnancy, the 2012 Chinese Guidelines for the Diagnosis
and Management of Thyroid Disease during Pregnancy
and Postpartum clearly indicate that different regions
should establish their own specific reference ranges for
thyroid-related indicators according to National Academy
of Clinical Biochemistry (NACB) recommendations.[2]

However, most of the established thyroid-specific reference
ranges for pregnancy were established based only on
singleton pregnancies. Indeed, we retrieved only three
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studies[6-8] on the establishment of reference ranges for
thyroid indicators in twin pregnancies in the literature;

In addition, 121 women without thyroid testing results in
early pregnancy at our hospital were excluded, including
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moreover, studies involving the Chinese population are
relatively scarce. Because different ethnicities and iodine
status may influence the establishment of reference ranges,
data for Chinese twin-pregnant women are urgently
needed. In addition, the reference range for early
pregnancy in the published literature was mainly derived
from cohorts at 11 to 14 weeks of gestation. However,
following guidelines, most pregnant women in China seek
prenatal care before 8 weeks of gestation, and some may
even visit clinics before 6 weeks of gestation. Therefore, the
clinical significance of establishing reference ranges for
thyroid-related indicators for much earlier gestational
periods should also be given more attention.

Thyroid indicators may differ between singleton and twin
pregnancies. In the first trimester, free thyroxine (FT4)
levels increase slightly due to stimulation by human
chorionic gonadotrophin (hCG), leading to a modest
reduction in secretion of thyroid-stimulating hormone
(TSH).[9] Compared to singleton pregnancies, twin
pregnancies produce higher levels of hCG and for longer
periods, which may result in a more pronounced
physiological suppression of TSH.[10] Thus, using the
reference range for singleton-pregnant women to assess
thyroid function may lead to misdiagnosis in twin-
pregnant women.

After issuance of the 2012Guidelines for the Diagnosis and
Management of Thyroid Disease during Pregnancy and
Postpartum for Chinese People,[2] we began in January
2013 to screen the serum TSH, FT4, and TPOAb levels of
all pregnant women in their first trimester at Peking
University First Hospital. This study aimed to establish
reference ranges for thyroid-related indicators for twin-
pregnant women in the first trimester at our hospital and to
further compare the reference ranges for thyroid-related
indicators between singleton and twin pregnancies in early
pregnancy.

Methods
Ethical approval

This study was approved by the Ethics Committee of
Peking University First Hospital (No. E20130716) and
conducted in accordance with theDeclaration of Helsinki.
Given the retrospective study design and the fact that data
analysis was performed anonymously, this study was
exempt from obtaining informed consent from patients.

Subjects
034
Data of 820 twin-pregnant women were extracted from
our established database of all the pregnant women who
delivered at Peking University First Hospital from October
2013 to May 2018. As shown in Figure 1, because the use
of ovulation-induction agents (such as gonadotrophins,
gonadotrophin-releasing hormone analogs, or antagonists
combined with gonadotrophins) can alter thyroid hor-
mone levels,[11] we first excluded 486 women who
conceived via in vitro fertilization and embryo transfer.
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14 women for whom thyroid function was not detected in
the first trimester, 35 for whom thyroid function was
detected after 13 weeks of gestation, 24 transferred from
other hospitals for prenatal care in the second or third
trimester, and 48 for whom thyroid function was detected
in the first trimester at other hospitals where the detection
method and reference ranges were different from ours.
Furthermore, according to NACB recommendations,[12]

30 women were excluded due to TPOAb positivity,
12 women with known thyroid disease history, and
11 women receiving thyroid-related intervention medica-
tions were also excluded. The screening process strictly
followed the inclusion and exclusion criteria step by step.
Ultimately, 160 twin-pregnant women were enrolled in the
study to establish reference range.

Using the same enrollment criteria, we screened 480 (3:1
paired) women with singleton pregnancies from our
established database as controls. The singleton-pregnant
women had similar ages, were at the same gestational age
and underwent thyroid function detection at the same
gestational weeks as the twin-pregnant women. In
addition, the time interval of thyroid function detection
between the paired single- and twin-pregnant women was
within 2 months.

Laboratory methods

Serum TSH and FT4 were measured using electro-
chemiluminescence immunoassays (ADVIA Centaur, Sie-
mens Healthcare Diagnostics, Tarrytown, NY, USA), and
TPOAb was measured using electrochemiluminescence
immunoassays with a Cobas 601 immunoanalyzer (Roche
Diagnostics, Mannheim, Germany). The normal reference
ranges of the kit for the non-pregnant population were as
follows: TSH 0.55 to 4.78 mIU/L and FT4 11.48 to
22.70 pmol/L; TPOAb over 34 IU/mL was considered
positive. The inter-assay coefficients of TSH, FT4, and
TPOAb were as follows: 2.05% to 5.31%, 0.8% to 2.7%,
and 2.8% to 4.8%.

Statistical analysis
All data were entered into the database by two trained
workers, and the accuracy of the data was ensured. The
process of data extraction and the quality control process
were completed under the guidance and supervision of the
statisticians.

All statistical analyses were performed using the statistical
software package SPSS 22.0 (SPSS, Inc., Chicago, IL,
USA). The mean ± standard deviation was calculated for
measurement data with a normal distribution. Skewed-
distribution data are shown as the median with inter-
quartile range. The reference ranges for TSH and FT4 were
calculated based on 2.5th and 97.5th percentiles. The
Mann-Whitney test for independent samples was applied
for comparisons between two groups of non-normally
distributed data. Differences were considered statistically
significant at P < 0.05. We plotted kernel density plots for
TSH using Stata 15.1 (StataCorp, College Station, TX,
USA).
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Results Comparisons of serum TSH and FT4 levels between
singleton- and twin-pregnant women

820 twin-pregnant women 

Exclude: 

486 conceived with IVF-ET 

Exclude: 

121 without thyroid testing results in our hospital in early pregnancy: 

14 did not detect thyroid function in the first trimester 

35 detected their thyroid function after 13 weeks of gestation 

24 transferred from other hospitals into our hospital for prenatal care 

in the second or third trimester 

48 detected thyroid function in the first trimester in other hospitals 

where the detection method and reference ranges were different from 

ours 

334 twin-pregnant women 

213 twin-pregnant women 

Exclude: 

30 had positive TPOAb testing results 

12 with known thyroid disease history 

11 received thyroid-related medications 

160 twin-pregnant women 

Figure 1: Screening flow chart of this study. IVF-ET: in vitro fertilization and embryo transfer; TPOAb: Thyroid peroxidase antibody.
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Demographic characteristics of 160 twin-pregnant women
for reference ranges establishment

A total of 160 twin-pregnant women were enrolled to
establish reference ranges for TSH and FT4 in the current
study. The median age was 31 (28–33) years, and the
median gestational age at delivery was 37.00 (35.71–
37.57) weeks. The median time of thyroid function
detection was 9.00 (7.57–10.86) weeks.

Reference ranges for TSH and FT4 in early pregnancy for
twin-pregnant women

The medians and reference ranges for TSH and FT4 levels
in twin pregnancies in the first trimester were as follows:
TSH 0.69 (0.01–3.35) mIU/L and FT4 16.38 (12.45–
23.34) pmol/L. Furthermore, we compared TSH and FT4
levels between the groups at 4 to 6 (n = 21) and 7 to 12
(n = 139) gestational weeks and found that the median
level of TSH during weeks 7 to 12 of gestation was
significantly lower than that during weeks 4 to 6 (0.62 vs.
0.96 mIU/L, Z = �1.964, P = 0.049), though no signifi-
cant difference in FT4 levels between the 7 to 12-weeks
group and 4 to 6-weeks group was observed (16.46 vs.
16.08 pmol/L, Z = �0.889, P = 0.374) [Table 1].
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For this comparison, using the same enrollment criteria, we
screened 480 (3:1 paired) singleton-pregnant women of
similar age as the twin-pregnant women as controls and
who underwent thyroid testing at same gestational weeks
as the twin-pregnant women. For singleton-pregnant
women, the median age was 30 (28–33) years, and the
median gestational age at delivery was 39.43 (38.41–
40.29) weeks. The median time of thyroid function
detection was 9.00 (7.43–10.86) weeks.

As shown in Table 1, compared with singleton-pregnant
women, the median level of TSH was significantly lower
(0.69 vs. 1.27 mIU/L, Z = �6.538, P < 0.001) and the
FT4 level was significantly higher (16.38 vs. 14.85 pmol/L,
Z = �7.399, P < 0.001) in twin-pregnant women in the
first trimester (4–12 gestational weeks). At 4 to 6
gestational weeks, TSH in the twin-pregnant women
was significantly lower (0.96 vs. 1.66 mIU/L, Z = �2.691,
P = 0.007), and an increasing trend in FT4 levels was
observed in twin-pregnant women (16.08 vs. 15.39 pmol/
L, Z = �1.823, P = 0.068). However, there was no
statistically significant difference between the two groups.
At 7 to 12 gestational weeks, TSH was lower (0.62 vs.
1.20 mIU/L, Z = �6.165, P < 0.001) and FT4 was higher
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(16.46 vs. 14.77 pmol/L, Z = �7.163, P < 0.001) in twin-
than that in singleton-pregnant women.

than that in singleton-pregnant women in an iodine-
adequate region. Because the a-hCG sub-unit is structur-

Figure 2: The distribution of TSH at 4 to 12 (A), 4 to 6 (B), and 7 to 12 (C) gestational weeks between single- and twin-pregnant women. Compared with single-pregnant women, the
distribution of TSH in twin-pregnant women is shifted obviously to the left in all three groups. TSH: Thyroid-stimulating hormone.

Table 1: Reference ranges for serum TSH and FT4 levels in twin- and singleton-pregnant women at different gestational weeks in the first
trimester.

Groups

TSH (mIU/L) FT4 (pmol/L)

Median P2.5–P97.5 Median P2.5–P97.5

Twin pregnancy
4–12 weeks (n = 160) 0.69

∗
0.01–3.35 16.38

∗
12.45–23.34

4–6 weeks (n = 21) 0.96
∗

0.06–3.25 16.08 13.28–19.86
7–12 weeks (n = 139) 0.62

∗,† 0.01–3.28 16.46
∗

12.31–23.61
Single pregnancy
4–12 weeks (n = 480) 1.27 0.11–3.26 14.85 12.01–19.49
4–6 weeks (n = 63) 1.66 0.58–3.63 15.39 11.90–19.50
7–12 weeks (n = 417) 1.20 0.10–3.21 14.77 12.02–19.54

Kit reference range: TSH 0.55 to 4.78 mIU/L, FT4 11.48 to 22.70 pmol/L. Twin vs. singleton pregnancy in the same gestational week,
∗
P < 0.05.

Gestational week of 7 to 12 vs. 4 to 6 weeks in twin-pregnant women, †P < 0.05. TSH: Thyroid-stimulating hormone; FT4: Free thyroxine; P2.5: The
2.5th percentile; P97.5: The 97.5th percentile.
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Figure 2 illustrates the distribution of TSH in single- and
twin-pregnant women at different gestational weeks.
Compared with single-pregnant women, the distribution
of TSH in twin-pregnant women was obviously shifted to
the left in all three groups (4–12, 4–6, and 7–12 gestational
weeks), whereas only a few twin-pregnant women had a
TSH level exceeding 3 mIU/L. Therefore, the median TSH
level was lower in twin-pregnant women than in single-
pregnant women.

Discussion
036
To our knowledge, relatively few studies have aimed to
establish a reference range for thyroid-related indicators in
twin-pregnant women. We strictly complied with NACB
guidelines[12] to establish reference ranges for thyroid
indicators in twin pregnancies. Moreover, it is universally
accepted that the establishment of reference ranges is
influenced by iodine status.[13] Most European countries in
the published literature are mildly iodine deficient,[14-16]

but Shan et al’s study[17] and our previous study[18] showed
that Beijing is an iodine-adequate region.

According to our results, the distribution of TSH levels in
twin-pregnant women is shifted to the left compared to
single-pregnant women in the first trimester. The median
TSH level in twin-pregnant women was significantly lower

2

ally similar to TSH, hCG might exhibit thyrotropic
properties, especially in the first trimester of pregnan-
cy.[19,20] Jean-Paul et al[10] first discovered that compared
to singleton pregnancy, the peak of both intact and free
b-hCG was strikingly higher for a significantly prolonged
duration at 8 to 16 weeks of gestation in twin-pregnant
women. As a sharp and long-lasting rise in hCG is likely to
cause a decrease in TSH levels, a marked decrease in TSH
levels was found to be three times more common in twin-
pregnant women than in singleton-pregnant women.[10]

Ashoor et al[7] also reported that free b-hCG levels were
twice as high in women with twin pregnancies than in
those with singleton pregnancies at 11 to 13 gestational
weeks. These findings explain why the median and lower
limits of TSH for twin-pregnant women are lower than
those for singleton-pregnant women. In clinical practice,
use of reference ranges for singleton pregnancies to assess
the thyroid function of twin-pregnant women may lead to
misdiagnosis of hyperthyroidism or sub-clinical hyperthy-
roidism.Moreover, if inappropriate anti-thyroid treatment
is applied, it may result in maternal leukopenia and liver
dysfunction or offspring deformation. Therefore, it is
reasonable to establish a specific reference range for twin
pregnancies to evaluate thyroid function.

In our study, the upper limit of reference ranges for TSH in
the twin-pregnant women was slightly higher than that
in the singleton-pregnant women (3.35 vs. 3.28 mIU/L).
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However, because the sample size of the former was quite
small, the upper limit of the reference ranges for TSH

TSH levels above 2.5 mIU/L have received L-T4 treatment
according to the 2011 American Thyroid Association

1. Dong AC, Stagnaro-Green A. Differences in diagnostic criteria mask
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would be elevated even if only a few cases of twin-pregnant
women showed high TSH levels. Additionally, women
with serum TSH levels above 2.5 mIU/L who received
levothyroxine (L-T4) treatment were excluded from our
study, which may to some extent suppress the upper limit
of the reference range for TSH. As a result, the upper limit
for the remaining subjects who did not receive L-T4
intervention was quite similar between the single- and
twin-pregnant women.

We also found that serum FT4 was significantly higher in
twin pregnancies than that in singleton pregnancies in the
first trimester. This result is consistent with other
studies,[10,21] both of which demonstrated that fetal
number correlated positively with serum FT4 level. This
may explain why FT4 is higher in twin-pregnant women.

Among available studies, the reference range for early
pregnancy has mainly been derived from cohorts of
women at 11 to 14 gestational weeks.[6-8] Conversely, data
for much earlier time periods (4–11 weeks) are relatively
few. Li’s SHEP research[22] first revealed that the median
TSH level at 4 to 6 weeks gestation was significantly higher
than that at 7 to 12 weeks in singleton pregnancy, while
there was no significant difference between non-pregnant
women and those at 4 to 6 weeks gestation. Our previous
study[18] confirmed this result. In accordance with these
two studies, the current research demonstrated that the
median serum TSH level in the 7 to 12-week group was
significantly lower than that in the 4 to 6-week group in
twin pregnancies, which might be attributed to the greater
impact of hCG on TSH in twin pregnancies. Following the
Chinese guideline recommendation, some pregnant wom-
en may seek prenatal care at 6 weeks of gestation or even
earlier. Hence, establishing reference ranges for thyroid
indicators for much earlier gestational periods (4–6 weeks)
has clinical significance for early diagnosis of thyroid
dysfunction and intervention. Accordingly, it might be
reasonable to establish separate thyroid-related indicator
reference ranges for 4 to 6 weeks and 7 to 12 weeks of
gestation in twin pregnancy.

The upper limit of TSH in the reference range for twin
pregnancies was 3.35 mIU/L in our study, which was
notably higher than those for Caucasian and African
populations.[7] Ghalia et al[7] also reported serum TSH and
FT4 concentrations in twin pregnancies in women of
African to be lower than those of Caucasians. This verifies
that ethnic differences may influence the establishment of
reference ranges for TSH.[23]

Our study also had some limitations. First, because it was a
retrospective study, we could not obtain the results of
serum thyroglobulin antibodies (TgAb) for all the women
enrolled; thus, women with positive TgAb may have been
included in the study. Second, in screening of standard
populations, we enrolled twin-pregnant women who
delivered at our hospital from October 2013 to May
2018, and the reference ranges for thyroid-related
indicators in normal pregnant women at our hospital
were established in 2015. Hence, some women with serum
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guidelines,[24] as opposed to basing on the reference ranges
for pregnant women. Excluding these women from our
study might have caused a slight decrease in the upper limit
of the TSH reference values. Third, the incidence of twin
pregnancies was quite low, which led to the limited sample
size of our study. Finally, a prospective study is needed to
establish reference ranges for the second and third
trimesters of twin pregnancies.

In conclusion, serum TSH and FT4 levels in early
pregnancy differed among women with singleton and
twin pregnancies. Therefore, it is reasonable to establish
specific reference ranges for thyroid-related indicators for
twin pregnancies to avoid misdiagnosis of thyroid function
in the first trimester. Moreover, it might be important to
establish separate reference ranges for 4 to 6 weeks and 7
to 12 weeks of gestation for assessment of thyroid function
in twin pregnancy.
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