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Background: Establishment of trimester- and assay-specific reference intervals for every
population is recommended. The aim of this study was to establish a trimester- and assay-
specific reference interval for thyroid-stimulating hormone (TSH) and free thyroxine (FT4)
in Korean pregnant women.

Methods: From April 2012 to December 2012, 531 pregnant women receiving prenatal
care and 238 age-matched, non-pregnant women were enrolled in this study. After ex-
cluding patients with pregnancy-associated complications or thyroid-specific autoantibody,
465 pregnant and 206 non-pregnant women were included. Non-parametric analysis
(2.5-97.5th percentile) was performed to determine the reference interval. Levels of TSH
and FT4 were determined by electrochemiluminescence immunoassay (Elecsys thyroid
tests, Roche Diagnostics, Germany).

Results: The TSH reference intervals were 0.01-4.10, 0.01-4.26, and 0.15-4.57 mlU/L
for the first, second, and third trimester, respectively. From the first trimester to the third
trimester, the median TSH levels showed a significantly increasing trend (P<0.0001). The
FT4 reference intervals were 0.83-1.65, 0.71-1.22, and 0.65-1.13 ng/dL for the first, sec-
ond, and third trimester, respectively, showing a significantly decreasing trend (P<0.0001).

Conclusions: Establishing trimester-specific reference intervals in pregnant women is es-
sential for accurate assessment of thyroid function. Our population-specific and method-
specific reference intervals will be useful for screening Korean pregnant women for thyroid
disease.
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INTRODUCTION

Maternal thyroid hormones play important roles in fetal develop-
ment, and their dysfunction has an adverse effect on both the
mother and child [1-3]. Maternal hypothyroidism can cause ad-
verse effects on cognitive and neurological development of the
fetus [4]. Therefore, accurate assessment of thyroid function dur-
ing pregnancy and timely intervention are important. Significant
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hormonal changes and metabolic demands during pregnancy
affect thyroid hormones and their binding proteins [5], making
the interpretation of thyroid function tests difficult. Moreover,
many factors such as ethnicity, age, type of assays, and iodine
status can affect the results of thyroid function tests [6]. Al-
though many previous studies have attempted to establish a ref-
erence interval of thyroid hormones during pregnancy, these
data are difficult to extrapolate owing to variability in ethnicity and
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immunoassays [6-11]. Thus, establishment of trimester- and as-
say-specific reference intervals in each population is recom-
mended by several clinical guidelines [5, 121.

Serum measurements of key laboratory markers that are in-
dicative of thyroid status, such as thyroid stimulating hormone
(TSH) and free thyroxine (FT4), require a trimester-specific ref-
erence interval [13]. However, in Korea, limited data are avail-
able to help establish a trimester-specific reference interval for
thyroid hormones. Therefore, in this study, we aimed at estab-
lishing a trimester- and assay-specific reference interval for TSH
and FT4 in Korean pregnant women by using routine methods
of analysis.

METHODS

1. Subjects

Pregnant women who visited the Department of Obstetrics and
Gynecology at Konkuk University Medical Center and Cheil Gen-
eral Hospital and Women'’s Healthcare Center, Korea, from April
2012 to December 2012 for prenatal care were enrolled. The
exclusion criteria were as follows: history of thyroid disease or
goiter; any pregnancy-associated complications including hyper-
tension, gestational diabetes, premature birth, or other adverse
maternal-fetal outcomes; twin pregnancy; and positive thyroid-
specific auto-antibody (thyroid peroxidase [TPO] or thyroglobulin
[Tg] Ab). A total of 531 pregnant women were initially enrolled,
of which 7 were excluded because of diabetes, hypertension,
abortion, or twin pregnancy. In addition, 59 women were ex-
cluded because of positive TPO or Tg Ab. Therefore, the remain-
ing 465 pregnant women were included for analysis. The me-
dian gestational ages (range) of these women at the first, second,
and third trimesters were 12.1 (6.3-13.7), 16.6 (14.4-27.7), and
39.6 (28.1-41.8) weeks, respectively. A total of 238 age-
matched, healthy, non-pregnant women who visited the health
care center for a general examination were used as controls.

We used residual serum specimens for thyroid tests after rou-
tine laboratory tests were completed for general examination. Of
the 238 non-pregnant women, 206 were negative for both TPO
and Tg Ab. Therefore, they were included for determination of
reference intervals. The rates of Tg Ab positivity in non-pregnant
patients and in pregnant patients at the first, second, and third
trimesters were 11.3%, 12.3%, 5.5%, and 4.9%, respectively,
and the TPO Ab-positive rates were 11.6%, 8.5%, 4.2%, and
8.2%, respectively. Median ages of non-pregnant women and
women at the first, second, and third trimesters were 32, 33, 32,
and 33 yr, respectively, with no significant difference. The study
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protocol was approved by the Institutional Review Boards of
Konkuk University Medical Center and Cheil General Hospital
and Women'’s Healthcare Center, Korea.

2. Blood sample collection and determination of TSH, FT4,
TPO, and Tg Ab levels

Blood samples were collected from the controls in the morning
after an overnight fast. However, fasting was not mandatory in
pregnant patients. Samples were centrifuged at 2,500 g for 10
min within 1 hr after collection. Serum was stored at -70°C until
analysis. The levels of TSH, FT4, TPO, and Tg Ab were deter-
mined by using electrochemiluminescence immunoassay (Elec-
sys thyroid tests, Roche Diagnostics, Mannheim, Germany), ac-
cording to the manufacturer’s instructions. Patients were con-
sidered positive for TPO and Tg Ab, if their TPO and Tg Ab lev-
els were >35 |U/mL and >115 IU/mL, respectively. To deter-
mine the difference between the assays, 55 specimens of preg-
nant women were additionally analyzed for TSH and FT4 levels,
by using ADVIA Centaur Assay (Siemens Healthcare Diagnostics
Inc., Tarrytown, NY, USA).

3. Statistical analysis

The reference interval was calculated according to the guide-
lines of the Clinical and Laboratory Standards Institute. After ex-
cluding outliers by Turkey method, the data set was subjected
to non-parametric analysis (2.5-97.5th percentile interval) [14].
The relationships between the continuous variables of the differ-
ent groups were analyzed by using ANOVA. The significance of
categorical variables was assessed by using the Chi-square test.
Pearson’s correlation coefficient test was used to compare Elec-
sys and ADVIA Centaur assay for TSH and FT4. The r coeffi-
cients <0.35 were considered to represent low or weak correla-
tions; 0.36-0.67 modest or moderate correlations; and 0.68-1.0
strong or high correlations with r coefficients >0.90 very high
correlations [15]. Bland-Altman plot was used to calculate
mean difference and 95% limits of agreement of two assays to
assess the degree and trend of difference.

Statistical analysis was performed by using PAWS Statistics
software, version 17.0 (SPSS Inc., Chicago, IL, USA) and Med-
Calc Statistical software 12.3.0.0 (Mariakerke, Belgium). P val-
ues <0.05 were considered statistically significant.

RESULTS

1. Reference intervals for thyroid tests at each trimester
The TSH reference intervals were 0.01-4.10, 0.01-4.26, and
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0.15-4.57 mlU/L at the first, the second, and the third trimester
of pregnancy, respectively. In the non-pregnant, age-matched
control women, the TSH reference interval was 0.56-4.98 mIU/
L. The FT4 reference intervals were 0.83-1.65, 0.71-1.22, and
0.65-1.13 ng/dL at the first, the second, and the third trimester,
respectively. In non-pregnant, age-matched controls, the FT4
reference interval was 0.94-1.50 ng/dL.

Table 1 and Fig. 1 show the percentile values (2.5th and
97.5th percentiles with median) of TSH and FT4 at each trimes-
ter of pregnancy and for non-pregnant controls.

2. Trends of TSH and FT4 levels during pregnancy
Analysis of the median values of FT4 and TSH revealed signifi-

cant differences between trimesters for both TSH and FT4 val-
ues (P<0.001). The median TSH level during the first trimester
significantly decreased as compared to that of non-pregnant
controls (P<0.001). In addition, a significantly increasing trend
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of TSH level from the first to the third trimester was observed,
which reached levels similar to those observed in non-pregnant
controls (P<0.001). The median FT4 level showed a signifi-
cantly decreasing trend with an increase in gestational age,
which was lowest in the third trimester (P<0.001) (Fig. 1).

3. Comparison of TSH and FT4 levels between assays

The correlation coefficient between Elecsys and ADVIA Centaur
was higher for TSH than for FT4 (R=0.9930 and 0.8025, re-
spectively). The between-assay bias was evaluated by Bland-
Altman plots. The TSH concentrations obtained by Elecsys were
higher on average than those obtained by ADVIA Centaur (mean
difference, +0.31 mlU/L; % difference, +17.5%). In contrast,
the FT4 levels obtained by Elecsys were lower on average than
those obtained by ADVIA Centaur (mean difference, -0.21 ng/
dL; % difference, -20.2%) (Fig. 2).

Table 1. Reference intervals for TSH and FT4 at each trimester of pregnancy and in non-pregnancy

roups TSH (mIU/L) FT4 (ng/dL)
N Median  2.5th percentile (CI) 97.5th percentile (Cl) N Median  2.5th percentile (Cl) 97.5th percentile (Cl)
Non-pregnancy 206 1.93 0.56 (0.01-0.78) 4.98 (4.56-5.27) 206 1.18 0.94 (0.91-0.96) 1.50 (1.42-1.52)
Pregnancy
First trimester 120 1.15 0.01 (0.01-0.05) 4.10 (3.17-5.57) 120 1.14 0.83(0.78-0.92) 1.65(1.51-1.73)
Second trimester 211 1.55 0.01 (0.01-0.183) 4.26 (3.99-4.56) 211 0.96 0.71 (0.66-0.75) 1.22 (1.20-1.29)
Third trimester 134 2.12 0.15(0.11-0.42) 4.57 (4.43-4.97) 134 0.89 0.65 (0.64-0.69) 1.13(1.09-1.14)

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine; Cl, 90% confidence interval.
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Fig. 1. Trends of TSH (A) and FT4 (B) levels during each trimester of pregnancy and non-pregnancy. A significantly increasing trend of
TSH level from the first to the third trimester was observed (P<0.001), and FT4 level showed a significantly decreasing trend with an in-
crease in gestational age (P<0.001), which was lowest in the third trimester. The central box represents values from the lower to the upper
quartile. The middle line represents the median and the bars represent the 2.5th and 97.5th percentile.

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine.

200 www.annlabmed.org

http://dx.doi.org/10.3343/alm.2015.35.2.198



Moon H-W, et al.
Trimester reference intervals of TSH and FT4

o TSH

12 f "
(1)2 i . +1.965D
: . v 0.80
S 06| o %0 .
E 04 1 o Mean
S 02f ey . 031
T lebe
2 0 ° -1.96 D
8 ‘0'4 I -0.18
06
08
-1.0 CL 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Elecsys (mlU/L)

ANN

LAB
MED
(B) FT4
05 |
04 |
03
s 02
2
= 01 [
£ o : +1.96 SD
s 01 r S &% . . -0.04
Z oo L 4 o:...o *e Mean
o . L
03k e °:.~. 5 ®021
o ®0” o -1.96D
04 1 * 037
-05 1L 1 1 1 1 1
0.6 0.8 1.0 12 14 16

Elecsys (ng/dL)

Fig. 2. Bland-Altman plots showing differences between Elecsys and ADVIA Centaur in TSH (A) and FT4 (B) measurements using 55
specimens of pregnant women. Thick solid lines represent the mean bias (means of paired differences). Dashed lines represent 95% limits

of agreement (bias+1.96 SD).
Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine.

DISCUSSION

Pregnancy can cause significant changes in thyroid function [5].
Increases of thyroxine-binding globulin and human chorionic go-
nadotropin are known to be associated with thyroid function dur-
ing pregnancy. An increase in the thyroxine-binding globulin lev-
els can increase the T4 and triiodothyronine levels by up to 50%,
which can result in an increase of up to 50% in daily iodine re-
quirement. An increase in the human chorionic gonadotropin
level is associated with a decreased serum TSH level during preg-
nancy, especially during the first trimester [16]. Levels of FT4 to-
gether with free trilodothyronine have been reported to peak dur-
ing the first trimester and decline thereafter (during the second
and third trimester) to 20-40% below the normal level [5, 6].

In this study, the levels of TSH and FT4 were significantly dif-
ferent between trimesters in pregnant women as compared to
the levels in non-pregnant controls. The current report confirmed
previous results that demonstrated clear trends of increasing
TSH and decreasing FT4 levels from the first to the third trimes-
ter, although a different trend for TSH has been reported [17].
Nevertheless, the lower TSH level in the first trimester remains
poorly understood. The reported upper limits of TSH vary across
studies. Guidelines from the American Thyroid Association sug-
gest that trimester-specific reference intervals for TSH should be
used in every population [5]. When trimester-specific reference
intervals are not available, the following reference intervals can
be used: first trimester, 0.1-2.5 mIU/L; second trimester, 0.2-3.0
mlU/L; and third trimester, 0.3-3.0 mIU/L [5].

http://dx.doi.org/10.3343/alm.2015.35.2.198

In this study, the reference interval of TSH was wider than that
obtained from other studies and American Thyroid Association
guidelines. The lower limits (2.5th percentile) of TSH in the first
and second trimesters were very low (0.01 mIU/L) in the current
study and previous studies [6, 18-20]. Therefore, using non-
pregnant reference intervals can lead to misclassification of nor-
mal pregnant women with low TSH levels [6]. Furthermore, the
upper limit (97.5th percentile) of TSH in this study was higher
than that reported in other studies (Table 2). The serum TSH in
African-Americans is known to be lower than that in Caucasians.
The National Health and Nutrition Examination Survey Il report
also showed a significant decrease in the median TSH levels in
African-Americans compared to Caucasians [21-23].

For Asian populations, there are relatively less data, and avail-
able data show variable results. In general, the upper limits of
TSH were higher in the Asian population than in the African-
American population [6, 9, 11, 17, 24, 25]. A study by Mar-
waha et al. [11] in India reported the highest upper limit of ref-
erence intervals for TSH. In addition, Chinese studies have re-
ported higher values than Caucasian studies [6, 9]. However,
another Chinese study reported a lower limit for TSH [18].
Therefore, different methodologies can generate conflicting re-
sults. Assays in ACS 180 and ADVIA Centaur studies used origi-
nally similar systems that generated close results in the assur-
ance program and the experiment [26]. Moreover, these studies
even showed different trends of TSH during pregnancy. Thus,
other factors such as characteristics of the study population, se-
lection criteria, method of reference interval estimation, and io-
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Table 2. Trimester-specific reference intervals for TSH and FT4 according to assays and populations

Assays and references Country el fanel N Reference‘interval —
number used First trimester ~ Second trimester ~ Third trimester
Roche Elecsys
Marwaha et al., 2008 [11] India 541 5-95 TSH 0.6-5.0 0.44-5.78 0.74-5.7
FT4 12-19.45 9.48-19.58 11.3-17.71
Yuetal., 2010 [9] China 538 2.5-97.5 TSH 0.02-3.65 0.36-3.46 0.44-5.04
FT4 11.85-21.51 9.45-16.26 9.3-17.14
Present study Korea 769 2.5-97.5 TSH 0.01-4.10 0.01-4.26 0.15-4.57
FT4 10.68-21.24 9.13-15.70 8.37-14.54
Abbott Architect
Dhatt et al., 2006 [17] United Arab Emirates 1,140 2.5-975 TSH Arabs 0.06-8.3  Arabs0.17-5.9  Arabs 0.21-6.9
Asian 0.12-7.4  Asian 0.3-5.5 Asian 0.30-4.85
FT4 Arabs 8.9-24.6  Arabs 8.4-19.3  Arabs 8.0-18.0
Asian 11.3-21.9  Asian9.7-18.5  Asian 8.9-16.6
Stricker et al., 2007 [19] Switzerland 2,272 2.5-97.5 TSH 0.088-2.829 0.199-2.792 0.307-2.903
FT4 10.53-18.28 9.53-15.68 8.63-13.61
La'ulu et al., 2007 [24] USA 3,064 2.5-97.5 TSH 0.15-3.11
FT4 9.3-15.2
Gilbert et al., 2008 [20] Australia 2,159 2.5-97.5 TSH 0.02-2.15
FT4 10.4-17.8
Immulite 2000
Lambert-Messerlian et al., 2008 [28] USA 9,562 5-95 TSH 0.12-2.68 0.35-2.77
FT4 11.20-17.76 10.04-16.22
Karakoska et al., 2011 [7] Greece 425 2.5-97.5 TSH 0.05-2.53 0.18-2.73
FT4 12.36-20.59 10.81-18.53
Advia Centaur
Springer et al., 2008 [27] Czech 4337 2.5-97.5 TSH 0.062-3.670
Yan et al., 2011 [6] China 827 2.5-97.5 TSH 0.03-4.51 0.05-4.50 0.47-4.54
FT4 11.8-21.0 10.6-17.6 9.2-16.7

The units of TSH and FT4 from published studies are mIU/L and pmol/L, and units were converted from original data if needed.

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine.

dine status could contribute to the existent discrepancy.

The TSH upper limits reported during pregnancy in the cur-
rent study were higher than those observed in Caucasian popu-
lations and comparable to those in Chinese populations, but
were lower than those observed in Indian populations [6, 7, 9,
11, 19, 20, 25, 27, 28] (Table 2). Three studies—the Indian,
Chinese, and current study (Korean)—using the Roche Elecsys
assay showed a higher upper limit for TSH than those of other
studies, which could be partly explained by the combined ef-
fects of ethnicity and methodology. Indeed, the current study
revealed that TSH concentrations obtained by Elecsys showed
higher values than those obtained by ADVIA Centaur (mean dif-
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ference, +0.31 mIU/L; percentage difference, +17.5%).

In a study on the role of ethnicity in thyroid tests, the reason
for a higher prevalence of positive results for TPO or Tg Ab in
the Asian populations was suggested to be related to a higher
age of Asian pregnant women (30 yr) than African-American
pregnant women (24 yr) [24]. However, we excluded antibody-
positive pregnant women for reference interval determination.
Furthermore, the upper limit for TSH was similar among younger
(<30 yr) pregnant women when they were analyzed separately.

Reference intervals for FT4 in this study were comparable to
those in other studies and those from the manufacturer (Table 2).
However, most FT4 immunoassays are known to have significant
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bias related to the binding proteins in a method-specific manner
[29]. Our study also showed a lower correlation coefficient be-
tween Elecsys and ADVIA Centaur for FT4 (R=0.8025) than
TSH, which showed very high correlation between the assays
(R=0.9930). The recommended method to assess serum FT4
levels during pregnancy is liquid chromatography/tandem mass
spectrometry (LC/MS/MS) [5]. If LC/MS/MS is not available,
method-specific reference intervals for FT4 are required [5].
Nonetheless, the differences between thyroid assays remains an
issue of concern [29, 30], and expert groups are focusing on
harmonizing and standardizing thyroid function tests [31, 32].

A summary of the reported reference intervals for TSH and
FT4 according to populations and type of assays is provided in
Table 2. In addition to ethnicity and types of assays, the selec-
tion criteria, cut-off of reference interval (percentiles used), and
number of subjects varied across assays. Therefore, direct com-
parison was not feasible. Because most manufactures provide
the reference intervals for TSH and FT4 for non-pregnant
women or Caucasian pregnant women, establishing a trimester-
and assay-specific reference interval in Asian countries is es-
sential. Further studies in other Asian pregnant women would
be valuable to confirm the current results.

Our study has several limitations. First, the TSH and FT4 lev-
els could not be measured serially in each individual. Therefore,
our data could be influenced by inter-individual variation. In ad-
dition, fasting was not mandatory for pregnant patients in our
study. Although fasting is not necessary for thyroid tests and the
reference interval for pregnant women would be used regard-
less of the fasting status, preanalytical factors related to the fast-
ing status may affect the results [33]. Second, we did not evalu-
ate the iodine status by urine iodine estimation. However, daily
consumption of seaweed-containing food is notably common in
Korea and Japan [34]; therefore, the amount of iodine in the
diet exceeded the allowance level by a large margin. Thus, we
assumed iodine sufficiency in all women.

In conclusion, we established reference intervals for TSH and
FT4 in Korean pregnant women. The levels of TSH and FT4
were different from those in non-pregnant women or among tri-
mesters. Further, there were considerable variations among
studies involving different ethnicities and methods of analysis.
Establishing trimester-specific reference intervals in each popu-
lation is essential for accurate assessment of thyroid function.
These population-specific and method-specific reference inter-
vals will be useful for screening Korean pregnant women for
thyroid disease. The harmonization and standardization of thy-
roid assays is also an important issue.
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