EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 1749-1755, 2019

Analysis of detection results of thyroid function-related
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Abstract. Detection results of free thyroxine (FT4), thyroid
stimulating hormone (TSH) and thyroid peroxidase antibody
(TPOAD) in pregnant women in Linyi region were investi-
gated. A total of 22,235 healthy pregnant women admitted to
Women and Children's Health Care Hospital of Linyi from
October 2016 to October 2017 were selected and divided
into the first-trimester, second-trimester and third-trimester
pregnancy groups. Non-pregnant women in the same period
were selected as the control group. Roche E601 electroche-
miluminescence apparatus was applied to detect FT4, TSH
and TPOAD, and statistical analysis was then carried out for
the detected data. The positive rate in the third trimester of
pregnancy was obviously higher than those in the first and
second trimesters of pregnancy (P<0.05). With the prolonga-
tion of pregnancy, the reference interval of FT4 was gradually
decreased, among which the intervals in the second and third
trimesters of pregnancy were significantly lower than those
in the non-pregnancy (P<0.05). With the prolongation of
pregnancy, the interval in the first trimester of pregnancy was
markedly smaller than that in the non-pregnancy group. With
the increase of age, the levels of FT4 and TSH tended to be
reduced, but the TSH level was increased to a certain degree in
patients aged over 40 years. There were differences in the FT4
and TSH reference intervals during pregnancy in comparison
among different regions and different detection methods.
Region-specific reference intervals need to be established
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for different trimesters of pregnancy and different detection
methods, which is conducive to accurate clinical judgment of
thyroid function during pregnancy. TPOAb monitoring needs
to be strengthened in the third trimester of pregnancy, and
attention should be paid to the changes in thyroid function in
pregnant women aged over 40 years.

Introduction

During pregnancy, changes in the levels of hormones such as
estrogen and human chorionic gonadotropin (HCG) and the
increased excretion of iodine in the kidney result in changes in
thyroid hormones in pregnant women to varying degrees (1).
Previous findings showed that the levels of free thyroxine (FT4)
and thyroid stimulating hormone (TSH) during pregnancy are
obviously different from those during non-pregnancy (2,3).
The application of non-pregnancy reference intervals lead to
false detection rates to different degrees.

In the Guidelines for Diagnosis and Treatment of Pregnancy
and Postpartum Thyroid Diseases stipulated by the American
Thyroid Association (ATA) in 2011 (4) and the Chinese Society
of Endocrinology and Chinese Society of Perinatal Medicine
of the Chinese Medical Association in 2012 (2), it was proposed
that the specific reference interval of thyroid hormones during
pregnancy needs to be established. In recent years, relevant
research has been conducted in many regions in China (5-10),
but no unified standard has been formed, which repeatedly
confirms the necessity for establishing region- and method-
specific reference intervals. Therefore, a statistical analysis
was carried out in the present study for the detection results of
thyroid hormones in healthy pregnant women in Linyi region,
so as to establish a method-specific thyroid hormone reference
interval during pregnancy in this region and provide a basis for
accurate clinical diagnosis and treatment.

Patients and methods
Study objects. A total of 22,235 healthy pregnant women

receiving examinations during pregnancy from October 2016
to October 2017 in the Women and Children's Health Care
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Figure 1. SPSS 19.0 software was used to plot different statistical graphs of
the positive rate of TPOAD in different trimesters of pregnancy. Statistics
reveal that the positive rate of TPOAD is increased with the prolonged tri-
mester of pregnancy. Positive TPOAD is detected in a total of 873 pregnant
women in the first trimester of pregnancy (7.67%), 791 pregnant women
in the second trimester of pregnancy (9.09%), and 253 pregnant women in
the third trimester of pregnancy (11.74%). 1, First trimester of pregnancy;
2, second trimester of pregnancy; 3, third trimester of pregnancy.
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Figure 2. SPSS 19.0 software was used to draw a scatter plot of the correla-
tion between FT4 and age in the first trimester of pregnancy, and a linear
correlation analysis was conducted (r?=0.004). In this plot, the green line is
a linear fitting line, and the red line represents the average of the age data.
Statistics reveal that the detection results of FT4 in the first trimester of preg-
nancy present a skewed distribution.

Hospital of Linyi (Linyi, China) were selected, including
11,382 patients in the first trimester of pregnancy (within
12 weeks of pregnancy), 8,698 patients in the second trimester
of pregnancy (13-27 weeks of pregnancy) and 2,155 patients
in the third trimester of pregnancy (more than 28 weeks of
pregnancy). The study patients were of 16-48 years of age and
were divided to 6 groups according to their age: <20 years
group, 21-25 years group, 26-30 years group, 31-35 years
group, 36-40 years group and >40 years group. Exclusion
criteria for the study were: i) patients with a family history
and past history of thyroid-related diseases, ii) patients taking
iodine-containing drugs or drugs affecting thyroid func-
tion (except estrogens), iii) patients with palpable goiters, or
iv) patients with autoimmune diseases. At the same time,

ZHOU et al: THYROID FUNCTION-RELATED INDEXES IN PREGNANT WOMEN

10.00

8.00

6.00+

TSH (miun)

4.00

2.00+

0.00+

Age (years)

Figure 3. A scatter plot of the relationship between TSH and age in the first
trimester of pregnancy was drawn via SPSS 19.0 software, and a linear cor-
relation analysis was carried out (r>=0.001). In this plot, the green line is a
linear fitting line, and the red line represents the average of the age data.
Statistics revealed that the detection results of TSH in the first trimester of
pregnancy present a skewed distribution.

990 healthy non-pregnant women during the same period
undergoing thyroid hormone detection were selected as
the control group. The study was approved by the Ethics
Committee of Women and Children's Health Care Hospital
of Linyi. Patients who participated in this study had complete
clinical data. Signed informed consents were obtained from
the patients or guardians.

Detection methods. Fasting venous blood (3 ml) was collected
in the morning and placed in a yellow vacuum tube containing
coagulants. The two were inverted and mixed 5-8 times.
After standing at room temperature for 30 min, the mixture
was centrifuged at 1,680 x g for 5 min at 25°C to separate the
serum for detection on BY-320A centrifuge (Beijing Baiyang
Medical Devices Co., Ltd., Beijing, China). The levels of FT4,
TSH and thyroid peroxidase antibody (TPOAb) were detected
via a Roche E601 automatic electrochemiluminescence
analyzer. All reagents were provided by Roche.

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 19.0 (IBM Corp., Beijing, China) and Excel software
were employed for statistical analysis. Data in each trimester
of pregnancy were expressed as median and 95% bilateral
limiting values. Enumeration data were described by frequency
and percentage. Chi-square test was used for the comparison
between groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Comparison of the positive rates of TPOAb in healthy pregnant
women in different pregnancy trimesters. Statistical detection
revealed a total of 873 pregnant women with positive TPOAb
in the first trimester of pregnancy, and the positive rate was
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Figure 4. SPSS 19.0 software was employed to draw a scatter plot of the
correlation between FT4 and age in the second trimester of pregnancy. In
this plot, the red line is a linear fitting line, and the green line represents the
average of the age data. Statistics show that the detection results of FT4 in the
second trimester of pregnancy present a skewed distribution.
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Figure 5. A scatter plot of the correlation between TSH and age in the second
trimester of pregnancy was drawn via SPSS 19.0 software. In this plot, the
red line is a linear fitting line, and the green line represents the average of
the age data. Statistics reveal that the detection results of TSH in the second
trimester of pregnancy present a skewed distribution.

7.67%. A total of 791 pregnant women with positive TPOAb
in the second trimester of pregnancy were detected, with a
positive rate of 9.09%. Positive TPOAb was detected in a total
of 253 pregnant women in the third trimester of pregnancy,
with a positive rate of 11.74%. With the prolongation of preg-
nancy, the positive rate of TPOADb increased, and the positive
rate in the third trimester was significantly higher than that in
the first and second trimesters of pregnancy (P<0.05). TPOAb
=34 TU/1 set by Roche reagent specifications was considered
positive (Fig. 1).

Analysis of the correlation of FT4 and TSH detection results
in healthy pregnant women according to age. According to
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Figure 6. SPSS 19.0 software was employed to draw a scatter plot of the cor-
relation between FT4 and age in the third trimester of pregnancy. In this plot,
the red line is a linear fitting line, and the green line represents the average
of the age data. Statistics reveal that the detection results of FT4 in the third
trimester of pregnancy present a skewed distribution.
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Figure 7. A scatter plot of the correlation between TSH and age in the third
trimester of pregnancy was drawn using SPSS 19.0 software. In this plot, the
red line is a linear fitting line, and the green line represents the average of
the age data. Statistics reveal that the detection results of TSH in the third
trimester of pregnancy present a skewed distribution.

the guideline (2), after patients with positive TPOAb were
excluded, the remaining specimens included 10,509 cases
in the first trimester of pregnancy, 7,907 cases in the second
trimester of pregnancy, and 1,902 cases in the third trimester
of pregnancy. FT4 and TSH detected data were statistically
analyzed (Figs. 2-7).

Comparison of the levels of FT4 in different age groups in
the first, second and third trimesters of pregnancy. The
levels of FT4, TSH, and TPOADb were detected using a Roche
E601 automatic electrochemiluminescence analyzer, and all
reagents were provided by Roche. Statistical methods included
SPSS 19.0 and Excel software, which were applied for



1752 ZHOU et al: THYROID FUNCTION-RELATED INDEXES IN PREGNANT WOMEN
B Cc
201 20- 15+
=157 _ 151 T -
- = = 10
: 2 2
s 10 8 10- =
hil = =
d 54
L 54 E 5- E
0- 0- i
S o W P o S o D b ©
LA N S AN S L
P N g T g DT . T N g T
Age (years) Age (years) Age (years)

Figure 8. Comparison of the levels of FT4 in different age groups. (A) First trimester of pregnancy, (B) second trimester of pregnancy, (C) third trimester of

pregnancy.
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Figure 9. Comparison of the levels of TSH in different age groups. (A) First trimester of pregnancy, (B) second trimester of pregnancy, (C) third trimester of

pregnancy.

statistical analysis. The median FT4 decreased gradually with
increase of age in the second and third trimester of pregnancy
(P<0.05) (Fig. 8).

Comparison of the levels of TSH in different age groups in
the first, second and third trimesters of pregnancy. The levels
of TSH in different age groups in the first, second and third
trimesters of pregnancy were compared, and the Roche E601
automatic electrochemiluminescence analyzer was used to
detect the levels of FT4, TSH and TPOAb. The median value
of TSH decreased in the first and second trimester of preg-
nancy, but the median of TSH in the group of >40 years of age
was significantly higher than that in the group of 36-40 years
of age (P<0.05) (Fig. 9).

Reference intervals of FT4 and TSH in healthy pregnant
women in different trimesters of pregnancy. According to the
guideline (2), after patients with positive TPOADb, there were
10,509 cases in the first trimester of pregnancy, 7,907 cases
in the second trimester of pregnancy and 1,902 cases in the
third trimester of pregnancy. Statistical analysis results of
FT4 and TSH revealed that all the results presented a skewed
distribution, and the corresponding reference intervals were
represented by median and 95% bilateral limiting values.
Specific data are shown in Table I. Table I also shows that
with the prolongation of pregnancy, the FT4 level tended to
be gradually decreased whereas the TSH level was gradually

increased. FT4 levels in the second and third trimesters of
pregnancy were markedly lower than that in the non-preg-
nancy, and the differences were statistically significant. The
TSH level in the first trimester of pregnancy was notably lower
than that in the non-pregnancy, with a statistically significant
difference.

Comparison of the detection results of FT4 and TSH in preg-
nant women in different age groups. The pregnant women
were divided into five groups according to their age: <20-year
group, 21-25-year group, 26-30-year group, 31-35-year group,
36-40-year group and >40-year group. Statistics revealed
that the medians of FT4 in the second and third trimesters of
pregnancy showed a gradual decrease in trend with age, and
those of TSH in the first and second trimesters of pregnancy
also exhibited a tendency to decline with age in the following
groups aged below 40 years, but they were increased again in
the >40-year group. In the first, second and third trimesters of
pregnancy, the medians of TSH in the >40-year group were
obviously higher than those in 36- to 40-year group, and the
differences were statistically significant (Table II).

Comparison of the reference intervals of FT4 and TSH with
those shown in relevant studies in China. The detection results
of this study were compared with those in relevant studies in
China (6-10), which demonstrated that the reference interval of
FT4 was not obviously different from those in the first trimester
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Table I. Reference intervals of FT4 and TSH in pregnant women in different pregnancy trimesters in Linyi region.
Group n FT4 (pmol/l) TSH (mIU/T)
First-trimester pregnancy 10509 15.6 (11.5-21.5)° 1.51 (0.04-4.42)*>
Second-trimester pregnancy 7907 13.9 (9.9-18.7)* 1.90 (0.09-4.70)
Third-trimester pregnancy 1902 11.6 (8.8-15.2)* 2.14 (0.59-5.16)
Non-pregnancy 990 15.5(11.9-20.2) 1.94 (0.57-4.90)

*P<0.05 vs. non-pregnancy group, and "P<0.05 vs. third-trimester pregnancy group.

Table II. Correlation of FT4 and TSH medians with the age of pregnant women.

First-trimester pregnancy

Second-trimester pregnancy

Third-trimester pregnancy

Group n FT4 (pmol/I) TSH (mIU/1) n FT4 (pmol/l) TSH (mIU/1) n  FT4 (pmol/l) TSH (mIU/l)
<20 years 436 16.14 1.78 292 14.41 2.11 65 12.13 2.49
21-25 years 1,895 16.00 1.77 1283 14.19 1.96 260 12.03 2.35
26-30 years 4,823 15.85 1.68 3619 13.84 1.97 847 11.76 2.39
31-35 years 2,164 15.54 1.65 1782 13.44 1.84 458 11.58 2.26
36-40 years 927 15.63 1.56* 728 13.21 1.70* 199 11.35 1.94*
>40 years 264 15.46 1.80 203 13.05 1.90 73 11.27 2.22

*P<0.05 vs. >40-year group.

Table III. Comparison of FT4 detection results in different regions via different methods.

First-trimester

Second-trimester
pregnancy

Third-trimester
pregnancy

Non-pregnancy

14.16 (9.49-20.14)
13.52 (9.69-17.77)
12.46 (8.74-17.23)*
9.31 (5.98-12.22)¢
9.31 (7.89-10.73)¢

12.38 (10.13-15.88)"

10.92 (7.28-15.99)*

11.45 (8.64-1721)
8.05 (5.22-10.92)
8.16 (6.86-9.46)"

18.71 (14.35-21.69)°
13.91 (10.09-19.72)*
14.62 (11.06-18.59)"
12.12 (7.86-14.41)*

12.81 (11.29-14.33)"

Region Instrument pregnancy
Shenzhen Roche 17.56 (11.65-22.16)*
Urumgqi Roche 14.30 (9.94-20.21)
Jinan Roche 15.39 (12.60-18.94)
Zibo Beckman 11.10 (8.71-15.86)"
Henan Siemens 11.07 (9.55-12.59)
Linyi Roche 15.6 (11.5-21.5)

13.9 (9.9-18.7)

11.6 (8.8-15.2) 15.5 (11.9-20.2)

*P<0.05 vs. Linyi region.

of pregnancy in Jinan, in the second trimester of pregnancy in
Urumgqi and Shenzhen, and in the third trimester of pregnancy
in Jinan, but significantly different from those in other groups
(P<0.05). In addition, there were no obvious differences in the
reference interval of TSH in comparison with those in the first
trimester of pregnancy in Jinan and in the second trimester of
pregnancy in Urumgqi, but significant differences were found
in comparison with other groups (P<0.05). Specific results are
shown in Tables III and I'V.

Discussion
During pregnancy, thyroid dysfunction can lead to miscarriage,

thyroid crisis, pregnancy-induced hypertension, fetal distress,
intrauterine growthretardation and a series of maternal and fetal

adverse reactions (1). In particular, maternal hypothyroidism
during pregnancy can cause fetal developmental disorders in
neural intelligence, thus bringing serious burdens to family
and the society. Thus, it is crucial to maintain maternal normal
thyroid function during pregnancy. A series of compensatory
changes occur in maternal thyroid glands due to hormone
and immunophysiological changes during pregnancy, so the
thyroid function indexes during pregnancy are quite different
from those during non-pregnancy. Therefore, the application
of reference intervals of thyroid function indexes during
pregnancy may lead to misdiagnosis and missed diagnosis to
a certain degree (3), and it is necessary to establish a refer-
ence interval for specific thyroid function during pregnancy.
In the guideline stipulated in China (2), it is recommended to
apply FT4, TSH and TPOAbD as indexes of thyroid screening
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Table IV. Comparison of TSH detection results in different regions via different methods.

First-trimester

Second-trimester
pregnancy

Third-trimester
pregnancy

Non-pregnancy

Region Instrument pregnancy

Shenzhen Roche 1.10 (0.23-3.58)*
Urumgqi Roche 1.85 (0.06-4.80)*
Jinan Roche 1.52 (0.27-4.27)
Zibo Beckman 1.78 (0.22-4.53)*
Henan Siemens 1.68 (0.65-2.71)*
Linyi Roche 1.51 (0.04-4.42)

2.07 (0.13-3.96)*
1.89 (0.29-5.84)
2.39 (0.53-4.75)°
2.14 (0.42-4.88)*
2.03 (0.96-3.10)*
1.90 (0.09-4.70)

2.62 (1.08-3.62)°
2.57 (0.65-7.64)"
2.52 (0.76-4.59)*
2.40 (0.54-5.36)*
2.31 (1.06-3.56)"
2.14 (0.59-5.16)

2.63 (1.00-5.14)°
2.09 (0.48-4.56)°
2.68 (0.83-4.79)°
2.67 (0.66-4.60)*
2.35(1.21-3.49)°
1.94 (0.57-4.90)

*P<0.05 vs. Linyi region.

during pregnancy. The guideline suggests that the positive
diagnostic criteria of TPOAD is higher than the upper limit of
the reference value provided by the kit. Therefore, statistical
analyses were mainly conducted for reference intervals of the
two indexes, FT4 and TSH, in this study.

TPOAD is produced by the release of thyroid peroxidase
(TPO) from the follicles of thyroid glands into the blood to
stimulate the body's immune system, thereby reducing the
production of thyroid hormones and stimulating TSH secre-
tion. Positive TPOAD often indicates the presence of thyroid
damage and may increase the risks of miscarriage and
premature delivery. Reports worldwide have demonstrated
that the positive rate of TPOAb during pregnancy is in the
range of 9.17-17.58% (11-13). However, in this study, the
positive rates of TPOAD in the first, second and third trimes-
ters of pregnancy were 7.67, 9.09 and 11.74%, respectively,
with the overall positive rate of 8.62%, which was slightly
lower than results in other reports. This may be related to
the detection method, the iodine status of the region, and
the number of the detected individuals. This study showed
that the TPOAD positive rate in the third trimester of preg-
nancy is considerably higher than that in the first trimester
of pregnancy, indicating a statistically significant difference.
For pregnant women in the third trimester of pregnancy,
monitoring of TPOAD should be strengthened. It was also
found in this study that the FT4 level in the third trimester is
remarkably lower than that in the first trimester pregnancy,
while the TSH level in the third trimester of pregnancy was
notably higher than that in the first trimester of pregnancy,
suggesting that the probability of hypothyroidism in preg-
nant women in the third trimester of pregnancy is greater,
which needs particular attention.

The present study revealed that with the prolongation of
pregnancy, the FT4 level exhibited a gradually decreasing
trend while the TSH level had a gradually increasing trend,
which is consistent with the research findings of other
scholars (6-11). The FT4 level in the third trimester of preg-
nancy was significantly lower than that in the first trimester.
The underlying cause may be that the increased excretion
rate of iodine in the kidney of pregnant women in the third
trimester of pregnancy and the increased demand for iodine
in the fetus result in a relative lack of maternal iodine (14),
thus leading to the decreased production of thyroid hormones.
TSH level in the first trimester of pregnancy was obviously

lower than that in the third trimester of pregnancy. This is
mainly because HCG peaks at 8-10 weeks of pregnancy
and then continues to decline, the alpha subunits of HCG
and TSH are similar, and the negative feedback regulation
leads to a marked decrease in the TSH level in the first
trimester of pregnancy, which is then gradually increased. In
the second and third trimesters of pregnancy, the FT4 level
tended to decrease with the increase of the age of pregnant
woman, which is similar to the results of Kuo er al (15) and
Ademuyiwa et al (16). This may be related to the hypose-
cretion of hormones with the increase of age (16), but the
specific reason has yet to be determined. The changed
trend in TSH in this study is contrary to that in the study of
Ademuyiwa et al (16). In this study, it was found that TSH
exhibited a tendency to decline with the increase of age in
women aged <40 years, and it only tended to be increased
in the >40-year group, which might be due to the different
research groups and the number of included patients. In the
40-year group, the FT4 level was the lowest among all age
groups, while the TSH level was markedly higher than that
in 35- to 40-year group, suggesting that the occurrence prob-
ability of hypothyroidism is higher in the 40-year group.

Recent studies worldwide have proposed that region- and
method-specific reference intervals for thyroid function during
pregnancy need to be established for self-serving populations
in various prenatal screening centers (5,17). Comparisons
of study results of related institutions in China (6-10) also
verify this view. Using the same detection method, significant
differences were found in FT4 and TSH levels in groups in
Linyi except FT4 levels in the first and third trimesters of
pregnancy and TSH level in the first trimester of pregnancy
compared with those in Jinan. Compared with those in
Urumgqj, significant differences were detected in FT4 and TSH
levels in all groups except FT4 and TSH levels in the second
trimester of pregnancy. Compared with those in Shenzhen,
there were notable differences in FT4 and TSH levels in
all the groups except FT4 level in the second trimester of
pregnancy (P<0.05). Detection results were notably different
among different detection methods regardless of the region
(P<0.05). Therefore, it is imperative to establish region- and
method-specific thyroid hormone reference intervals during
pregnancy.

In summary, thyroid hormones during pregnancy vary
with pregnancy, region, and detection methods. Each region
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or medical institution should establish its own specific thyroid
hormone reference intervals during pregnancy to provide
accurate diagnostic criteria for the region or medical institu-
tion. Thyroid hormones during pregnancy change with age
and pregnancy. For pregnant women aged over 40 years in
the third trimester of pregnancy, thyroid hormone levels need
intensive monitoring.
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