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Summary

Purpose: The current study aims to establish reference ranges for thyroid hormones in normal pregnant women during their pre-
gnancy period. Materials and Methods: A one-time cross-sectional survey was conducted on 490 normal pregnant women and 51 non-
pregnant women (control). The serum thyroid stimulating hormone (TSH), free triiodothyronine (FT3), and free tetraiodothyronine
(FT4) levels were measured. Results: The serum FT3 and FT4 levels in pregnant women decreased gradually from the first to the last
three months of pregnancy (p < 0.01). The serum TSH level increased gradually during the whole pregnancy (p < 0.01), and was si-
gnificantly lower than the control (p < 0.01) in the first three months. However, in the middle and last three months of pregnancy, TSH
was higher than the control (p < 0.01). Conclusions: The thyroid hormone levels in normal pregnant women are different from those in
non-pregnant women; significant differences exist among the three stages of pregnancy.
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Introduction

Thyroid diseases, such as hypothyroidism and hyperthy-
roidism, are the most common endocrine diseases in women
of childbearing age, with an incidence from one to two per-
cent in pregnant women [1]. In the past ten years, studies on
thyroid diseases and pregnancy have developed rapidly. The
studies focused on the optimized treatment of pregnant
women with thyroid diseases, effects of maternal thyroid dis-
eases, and therapeutic strategies on fetal development and
pregnancy outcome. Pregnancy causes great changes in thy-
roid function; maternal thyroid diseases adversely affects
pregnancy and fetal growth [2]. Therefore, the proper man-
agement of gestational thyroid diseases, which depends on
the accurate measurement of thyroid hormone levels for the
establishment of proper therapy strategies, can ensure a nor-
mal pregnancy and avoid adverse pregnancy outcomes.

The clinical assessment of thyroid function is more difficult
for pregnant women because of their high metabolic state.
The physiological changes in pregnancy (increase of plasma
volume and thyroid binding globulin amount), relative lack of
iodine, and difference of iodine nutritional status in different
areas implies that the generally uniform reference ranges of
thyroid hormones for non-pregnant women are not suitable
for pregnant women. During pregnancy, the free triiodothy-
ronine (FT3) and free tetraiodothyronine (FT4) levels gradu-
ally decrease, and the thyroid stimulating hormone (TSH)
level gradually increases. Therefore, using the normal serum
TSH level in non-pregnant women as reference may misdi-
agnose normal pregnant women with reduced TSH to have
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hyperthyroidism. Likewise, pregnant women with subclinical
hypothyroidism, of whom the TSH level is mildly elevated
but less than the high limit of reference range, may be misdi-
agnosed as normal, which is not an advisable approach to the
management of thyroid diseases during pregnancy.

The current evaluation of thyroid function during preg-
nancy is performed following the manufacturer-provided ref-
erence values for non-pregnant women. Studies on reference
ranges for thyroid hormones during pregnancy have been re-
ported; however, these established reference ranges are un-
reliable because the research subjects were from areas with
different iodine nutritional status, the sample size was small,
the data were restricted to certain three months in pregnancy,
and the statistical method used was inappropriate. Mean +
2SD is used for calculating reference ranges. This study
avoids the methodological defects on reports about reference
ranges for thyroid hormones during pregnancy using larger
sample size and more precise cross-sectional data during dif-
ferent stages of pregnancy. Moreover, the subjects in this
study were from the same area (Quanzhou, China), in which
there was no report about established reference ranges for
thyroid hormones in pregnancy.

In the current study, a one-time cross-sectional survey was
conducted on pregnant women in China's coastal area
(Quanzhou, China), with appropriate urinary iodine level
(100 g/1to 200 g/1) in the population. This study aims to es-
tablish specific reference ranges for thyroid hormones in the
first, middle, and last three months of pregnancy. The result
would be helpful for objective and accurate evaluation of
changes in thyroid function for pregnant women in this area,
and correct establishment of prevention and treatment meas-
ures to ensure normal pregnancy.
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Materials and Methods

Exactly 490 healthy pregnant women (22- to 36-years-old),
who were admitted from October 2010 to December 2011 in the
maternal and child health hospitals in Shishi, Dehua, and Anxi
(Quanzhou, China), as well as in the Second Affiliated Hospital of
Fujian Medical University (Quanzhou, China), were enrolled in
this study. There were 122 cases in first three months of preg-
nancy (four to 12 weeks), 240 cases in middle three months (13
to 27 weeks), and 128 cases in last three months (>28 weeks).
Pregnancy was confirmed via ultrasound scanning and pregnancy
test in the first three months. The cases with hyperemesis gravi-
darum, multiple pregnancy, thyroid diseases and other endocrine
diseases before pregnancy, preeclampsia, and administration of
drugs affecting thyroid function were excluded. Fifty-one healthy
non-pregnant women (25- to 42-years-old) in the same area were
selected as controls. This study was conducted in accordance with
the Declaration of Helsinki and with approval from the Ethics
Committee of Shishi (Overseas Chinese) Hospital. Written in-
formed consent was also obtained from all participants.

Approximately five ml of fasting venous blood was drawn and
centrifuged and the serum was separated and stored at -70°C for
future testing. The serum FT3, FT4, TSH, thyroid peroxide en-
zyme antibody (TPOAD), and human chorionic gonadotropin
(hCQ) levels were measured. The manufacturer-provided refer-
ence ranges for non-pregnant women (manufacturer’s value) were
attached to each test results. The gestational week of blood sam-
ple collection was also recorded.

Inter-laboratory quality control was performed in this study. The
thyroid hormone concentrations of each sample were detected. The
samples were mixed to obtain the high and low quality control sam-
ples (QC) for every 100 samples. The expected and measured values
of QC and the manufacturer’s values are shown in Table 1. The in-
stant method (Grubbs method) [3] was used for the assessment of
inter-laboratory quality control (five batches). According to the qual-
ity control international system (SI) value table (n = 5: n2s = 1.67,
n3s=1.75), the low and high limits of SI were less than 2s, indicating
a controllable range. In addition, the measured values were within
the range of the expected values (X + 2S), suggesting that the random
error of this batch of sample was small and the data were reliable.

Statistical analysis

Statistical analysis was performed using SPSS 16.0. Histogram
generation and tests of data normality and difference among
groups were performed. The ranges of middle 95% (2.5™, 50™,
and 97.5" percentiles) for FT3, FT4, and TSH in the three stages
of pregnancy were calculated as references. A correlation analy-
sis on the changes of thyroid hormones and hCG was also per-
formed. The thyroid hormone levels of first, middle, and last three
months of pregnancy, as well as the control and manufacturer’s
value, were compared; the differences between the pregnant and
non-pregnant patients were analyzed.

The serum FT3 and FT4 levels were calculated from the corre-
sponding mean values. A normal distribution of FT3 and FT4 was
observed in the middle and last three months of pregnancy as well
as in the control (p > 0.05), with normal distribution for FT4 and
positively skewed distribution for FT3 in first three months, re-
spectively (p < 0.05). The serum TSH level was also calculated
from the median. A positively skewed distribution of TSH was
noted in each stages of pregnancy (p < 0.05). The histograms of
thyroid hormones are shown in Figure 1. The homogeneity of
variance test showed a heterogeneity of variance for each group
(FFT3 = 11.669, p < 0.01; FFT4 = 6.064, p < 0.01; FTSH =
19.853, p <0.01). Therefore, the Kruskal-Wallis test was used for
compare the overall difference among different groups; the Dun-

Table 1. — Expected values, measured values, and SI values of
quality control samples.

Index FT3 (pmol/l) FT4 (pmol/l) TSH (mIU/l)

n 5 5 5

Qchigh Expected value  10.97+2.9 35.544£6.95  40.3£36.8
Measured value  12.29+0.37 34.87+1.54  36.65+1.69

QClow Expected value ~ 4.21+2.23 11.06£6.97  1.38+0.87
Measured value  3.9+0.01 13.5+1.07 1.82+0.06
thigh 3.08 4.42 4.55
CViow 0.2 7.8 3.13

ST (Qchigh) High limit 1.349 1.376 0.79
Low limit 12 1.271 1.613

SI(QCjyy,) High limit 1.0 1.5657 0.8032
Low limit 1.0 1.1438 1.6413

NadultS)OtCI Slhigh limit = (Xmax — Mean)/S, SIIOW limit = (Mean — Xmm)/s.

Table 2.— Reference ranges for thyroid hormones of
pregnancy, control, and manufacturers’s values (percentile).

Index Group n 2.5th 50th 97.5th  Manufacturers’s

Values

FT3 (pmol/l) First 3 months 122 375 459 723 3.5-6.5
(95%
confidence
interval)

Middle 3 months 240 331 4.06 4.93
Last 3 months 128 3.16 3.87 448
Control 51 382 466 5.6l
FT4 (pmol/l) First 3 months 122 12.85 18.07 253 11.5-22.7
Middle 3 months 240 12.03 16.68 20.14
Last 3 months 128 11.02 1589 19.43
Control 51 1172 16.05 20.61
TSH (mIU/) First 3 months 122 001 108 3.79 0.55-4.78
Middle 3 months 240 1.09 2.13 4.17 (2.5"
and 97.5"
percentile,
adults)
Last 3 months 128 1.08 239 595
Control 51 062 168 3.74

nett's T3 test was used for multiple comparisons. Bilateral p <
0.05 was considered as statistically significant.

Results

Reference ranges of thyroid hormones in different stages of
pregnancy

The 2.5" and 97.5" percentiles of serum FT3, FT4, and
TSH concentrations are shown in Table 2. In the first three
months of pregnancy, the low and high limits of TSH were
0.01 mIU/1 and 3.79 mIU/I, respectively. These values were
the lowest among the three stages of pregnancy; lower than
the manufacturer’s values. The low limit of TSH was lower
and the high limit was almost the same compared with the
control. During the middle and last three months of preg-
nancy, the low limit of TSH was higher than the manufac-
turer’s value and the control, respectively. The high limit
of TSH during the middle three months was lower than the
manufacturer’s value, but higher than the control. However,
the high limit of TSH during the last three months was
higher than the manufacturer’s value and control.
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Figure 1. — Histograms of FT3, FT4, and TSH in pregnancy and non-pregnancy.

During the first three months of pregnancy, the low and
high limits of FT3 were 3.75 pmol/l and 7.23 pmol/l, respec-
tively, which were both higher than the manufacturer’s values.
However, the low and high limits during the middle and last
three months were lower than the manufacturer’s values. In
addition, the low limit at each stage of pregnancy was lower

than the control. The high limit during the first three months
was higher than the control, whereas that during the middle
and last three months was lower than the control.

The low and high limits of FT4 during the first three
months of pregnancy were higher than the manufacturer’s
values. The low limit during the middle three months was
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Figure 2. — Variations of thyroid hormones and hCG levels
during different stages of pregnancy.

higher than the manufacturer’s value, whereas that during
the last three months was slightly lower than the manufac-
turer’s value. The high limit during the middle and last three
months was lower than the manufacturer’s value. During the
first three months of pregnancy, the low and high limits were
higher than the control. The low limit during the middle three
months was higher than the control, but lower than the high
limit. The low and high limits during the last three months
were lower than the control. If the FT4, FT3, and TSH lev-
els during the first three months and the TSH level during
the last three months were evaluated according to manufac-
turer’s values and control, the thyroid function of pregnant
women may be misdiagnosed.

Variations of thyroid hormones and hCG levels in different
stages of pregnancy

As shown in Figure 2, the serum FT3, FT4, and hCG lev-
els decreased gradually throughout the entire pregnancy.
During the first three months of pregnancy, the serum FT3
level was almost similar to the control; the FT4 level sig-
nificantly higher. During the middle and last three months,
the serum FT3 level was significantly lower than the con-
trol, whereas the FT4 level was almost similar or slightly
lower. During pregnancy, the serum TSH level increased
gradually, which was significantly lower than the control
during the first three months and higher than the control
during the middle and last three months of pregnancy.

The measurement results of thyroid hormones, TPOADb,
and hCG levels are shown in Table 3. The overall differences
among FT3, FT4, and TSH levels in the four groups were
statistically significant (HFT3 = 193.58, HFT4 = 66.918,
HTSH = 114.92; p <0.01). The differences among FT3, FT4,
and TSH levels between any two of the three stages of preg-
nancy were also statistically significant (»p < 0.01). No sig-
nificant difference of FT3 levels was noted between the
control and first three months of pregnancy (p = 1), with sig-
nificant difference from control to middle and last three
months of pregnancy (p < 0.01). The difference of FT4 lev-
els between the control and the first three months of preg-
nancy was significant (p < 0.01), whereas the differences
from control to middle and last three months of pregnancy

sTSH F13 FT4

Figure 3. — Scatter diagrams of hCG with thyroid hormones.

Table 3.— Thyroid hormones, TPOAb, and hCG levels in
different stages of pregnancy (Mean + SD).

Group n FT3 FT4 TSH TPOAb  hCG
(pmol/l) (pmol/l) (mIU/)

First 3 months 122 4.69+0.71 1834+2.87 1.08 48.45 100000

Middle 3 months 240 4.09£042 1647+1.96 2.13 36.15 28305

Last 3 months 128 386 +0.33 1571 +2.01 239 37.70 20559

Control 51 469+039 1629+232 1.89+0.78 47.08 + 13.7

P <0.05 <0.05 <0.05 <0.05

were not (p = 0.996, p = 0.52). A significant difference of
TSH levels was observed from the control to the first and
last three months of pregnancy (p <0.01), with no significant
difference from the control to the middle three months (p =
0.08). The overall differences of hCG levels among the three
stages of pregnancy were significant (HhCG = 203.4, p <
0.01), with significant difference between any two of the
three groups (HhCG = 203.4, p < 0.01). The TPOADb medi-
ans at each stage of pregnancy were within the reference
ranges of the manufacturer’s values (negative).

Correlation between hCG and thyroid hormones in preg-
nant woman

The scatter diagrams of hCG with thyroid hormones are
shown in Figure 3. A negative correlation was observed be-
tween HCG and TSH (r=-0.367, p <0.01), whereas a pos-
itive linear correlation was noted between hCG and FT3,
as well as hCG and FT4, respectively (r = 0.431, p <0.01;
r=0.35,p<0.01).

Discussion

During pregnancy, a series of physiological changes
occur in maternal thyroid, including thyromegaly and
changes in the thyroid hormone level and autoimmune sys-
tem, which are often caused by the TSH-similar regulatory
effect of hCG and increased serum thyroid binding globu-
lin. These changes cause the TSH level to decrease during
and then increase after the early stage of pregnancy. The
FT4 level increases during the early stage of pregnancy,
followed by a decrease during the late stage [2]. This
change has caused a perplexity in gestational diagnosis,
treatment of thyroid diseases, and perinatal management.
Stricker ef al. [3]. used normal reference ranges of thyroid
function for non-pregnant population to assess pregnant
women, and found that approximately 3.6% of pregnant
women with elevated TSH level are misdiagnosed and
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Table 4. — Reference ranges of FT3 (pmol/l), FT4 (pmol/l) and
TSH (mIU/l) for pregnant women in different literatures.

Authors Index First 3 Middle Last Indicating
months 3 months 3 months  parameter
Gong et al.? FT4 11-19 9.7-175  8.1-153  2.5M 97.5
n 224 240 211
Lambert-Messerlian TSH ~ 1.05 1.23 Median
etal FT4 14.16 13 Median
n 300 300
Haddw et al.’* TSH 1.0 1.29 Median
n 1126 1126
378 375
Yan et al.s TSH  0.054.5 0.03-45  0.5-45 2.5t 97,5t
FT3 3.6-5.6 3.65-52 3552 250 97,5
FT4 11.8-21.0  10.6-17.6  9.2-16.7  2.5% 97.5%
n 168 168 169
Panesar et al.'® TSH 08 1.09 1.56 Median
FT3 3-5.7 25-4.1 2.1-42 2.5h 97,5
FT4 11.1-229  8.7-15.1 9.1-15.6 250 97.5®
n 343 343 343
Springer et al."” TSH  0.06-3.67 2.50 975
n 4337
Mannisto ef al.'¥ TSH  0.07-3.5 2,51 97,5
FT4 11-22
FT3 3.4-7 34-7 34-7
n 5805
Karakosta et al."® TSH  1.02 1.14 Median
FT4 12.36-20.59 10.81-18.5 2.5t 97,5t
FT3 2.83-828  1.99-8.14 250 97,5
n 403 403
Cotzias et al.® TSH  0-1.6 1-1.8 0.7-7.3 250 97,5t
FT4 11-22 11-19 7-15 2.5h 975
FT3 4-8 4-7 35 2.50.97.5t
n 335 335 335
Moleti et al.?! TSH  0.71 1.0 1.2 Median
FT4 16.7+2.4 148£19  13.5+1.8
(11.1-26.2)  (10.9-19.4) (13.5-18.3) Mean
FT3 5.69+0.77  5.84+0.92  5.69+0.92
(3.85-8.31) (3.23-7.54) (2.92-7.69) Mean
n 143 215 137
Marwaha et al.? TSH  0.6-5 0.44-578  0.74-5.7 5% 95®
FT4 12-1945  9.49-19.58 11.32-17.7
FT3 1.92-586 32-573  33-5.18
n 107 137 87
Stricker et al.? TSH  0.946 1.021 1.14 Median

FT4  10.48-18.49 9.53-15.68 8.63-13.61 5 95
FT3  352-622 341578 3.33-559 5% 95t
n 575 528 501

3.7% are diagnosed with decreased TSH level. Assessing
maternal thyroid function based on reference values for
specific thyroid function in pregnancy has become a con-
sensus. However, this process is seldom conducted in clin-
ical practice because of the lack of specific regional
reference ranges with particular thyroid hormone level. Pre-
vious studies [4-12] found that the hCG level reaches the
highest value during the middle and late period of the first
three months of pregnancy, stimulating the TSH receptors,
and promoting the increase of thyroxine level and decrease
of TSH level. The TSH level during this period was 0.2
mlU/l to 2.5 mIU/l, lower than that in non-pregnant
women. However, the TSH level is over 3.5 mIU/I during
late pregnancy. In early pregnancy, the total triiodothyro-
nine and total thyroxine levels increase. The FT3 and FT4
levels correspondingly increase, followed by a gradual de-
crease. The 95% confidence interval of the FT4 level was

30% lower than the reference range for non-pregnant
women. Yan et al. [13]. reported on the specific reference
ranges of thyroid function for pregnant women in an area
with sufficient iodine nutrition in northern China. The re-
sults of their study are generally consistent with the present
study.

lodine nutrition level is an important factor that affects
gestational thyroid function. The iodine nutrition levels in
different regions are not the same. The reference ranges for
thyroid hormones in normal pregnant women in China's
coastal area was investigated in the current study. The re-
sults showed that the serum FT3 and FT4 levels in preg-
nant women decreases gradually from the first to the last
three months of pregnancy. During the first three months,
the FT3 level was almost the same with the control,
whereas the FT4 level was significantly higher. During the
middle and last three months, the FT3 level was signifi-
cantly lower than the control, whereas the FT4 level was
almost the similar or slightly lower. The serum TSH level
increased gradually during the whole pregnancy. The TSH
level during the first three months was significantly lower
than the control, but higher during the middle and last three
months. These results show that the serum FT4 and TSH
levels significantly vary in the first three months of preg-
nancy, but with little changes for the FT3 level. During the
middle and last three months, the changes for FT3 and TSH
levels become more significant, but with little changes for
FT4 level. Therefore, the variations of thyroid hormones
reflect the overall trend of change in thyroid function dur-
ing pregnancy. However, the changes in trends of the three
thyroid hormones were not similar. This condition is help-
ful in making a correct determination on the test results for
pregnant women at different stages.

This study showed that the low and high limits of FT3
during the first three months of pregnancy were higher than
the manufacturer’s value. The low and high limits of FT4
were higher than the manufacturer’s value and the control;
however, the low and high limits of TSH were significantly
lower than the manufacturer’s values and control. If the ref-
erence ranges for non-pregnancy provided by the laboratory
or manufacturers were used for normal pregnant women,
they may be misdiagnosed with hyperthyroidism. Likewise,
when pregnant women with subclinical hypothyroidism, of
whom the serum TSH level is mildly elevated but less than
the high limit of reference range, may be misdiagnosed as
normal. According to “Management of Thyroid Dysfunc-
tion during Pregnancy and Postpartum: an Endocrine Soci-
ety Clinical Practice Guideline” [2], the less than normal
serum TSH level during the early stage of pregnancy should
not be used as basis for the diagnosis of hyperthyroidism.
During first-half period of pregnancy, the TSH median was
about 0.8 pU/ml, with low limit of 95% confidence inter-
val, 0.03 pU/ml. The serum FT4 level in first three months
of pregnancy was higher than the control, but decreased dur-
ing the last three months of pregnancy, which was consistent
in this study. The low and high limits of FT3 and FT4 dur-
ing the middle and last three months of pregnancy are within
the range of control and manufacturer’s values. During the
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last three months, the low and high limits of TSH were
higher than the control and manufacturer’s values. If the ref-
erence range of the control and manufacturer’s values are
used in normal pregnant women, they may be misdiagnosed
with hypothyroidism.

In this study, the serum hCG level decreased gradually
throughout the entire pregnancy, with a variation similar
with TSH, but opposite with that of FT3 and FT4. This re-
sult was consistent with the physiological change basis of
normal pregnancy. The correlation between hCG and TSH
was very strong; however, correlations of hCG with FT3
and FT4 may be the indirect results of TSH variation, re-
sulting to similar clinical manifestations, to a certain de-
gree, of hyperthyroidism and hyperemesis gravidarum.

The reported reference ranges of thyroid hormones [ 13-
23] are shown in Table 4. Slight differences among the ref-
erence ranges were noted, which may be due to the
difference in race, iodine nutritional state, region, and re-
search method. However, the variations of FT3, FT4, and
TSH levels during the three stages of pregnancy were con-
sistent, similar to the current study. The subjects of this
study were from Quanzhou, a coastal city in Fujian, China.
According to "iodine content of salt (draft)" (national stan-
dards of food safety, Ministry of Health of China, 2010),
the urinary iodine content in Fujian has an appropriate
level (100 g/1 to 200 g/1): however, the data for Quanzhou
were not found. The study lacked the iodine nutrition sta-
tus survey, which will be conducted in the authors’ further
studies on the characteristics of thyroid function changes
in pregnancy.

The thyroid hormone levels in normal pregnant women
are different from those in non-pregnant women; significant
differences were observed among the three different stages
of pregnancy. Thus, it is not an advisable strategy to manage
thyroid diseases during pregnancy according to the refer-
ence ranges of thyroid hormones for non-pregnant women.
The establishment of specific reference range of thyroid hor-
mones in pregnancy is helpful for the evaluation of the thy-
roid function change during pregnancy, as well as for an
effective management of thyroid diseases, thereby ensuring
a normal pregnancy. This study has established reference
ranges of thyroid hormones in normal pregnant women in
one of China's coastal areas, which were not only suitable to
for the clinical practice for this area, but also for other areas
with similar iodine nutritional status in the population.
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