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Abstract

Background. The interpretation of thyroid hormone function during pregnancy is difficult due to its physiologic changes.
Differences in iodine status in previous studies led to different intervals; therefore the use of trimester-specific, method-
specific and probably country-specific reference values is advocated.

Objective. To establish trimester-specific reference interval for thyroid function tests in pregnant Filipino women.

Methodology. Six hundred sixteen pregnant patients (5—40 weeks gestation) attending a tertiary center were recruited.
Level of serum thyroid stimulating hormone (TSH) was measured using immunoradiometric assay while free thyroxine
(FT4), free triiodothyronine (FT3) and thyroid peroxidase antibodies (TPOAb) were measured by radioimmunoassay
method.

Main outcome measures are trimester-specific reference interval based on 2.5" and 97.5" percentiles for TSH, FT4
and FT3 among TPOAb-negative pregnant patients.

Results. The reference intervals for each trimester were as follows: TSH (0.05-4.24, 0.13-3.95, and 0.20-3.00 ulU/mL);
FT4 (9.80-21.88, 9.10-18.95 and 9.16-18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 pmol/L). FT4 and
FT3 are strongly and negatively correlated with age of gestation (p=<0.01and <0.01 respectively). No correlation is
found with TSH and age of gestation (p=0.52).

Conclusions. Trimester-specific intervals among pregnant Filipino women are different from their non-pregnant

counterparts and laboratory cutoffs. Thus, these reference values should be used in the country.
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INTRODUCTION

Optimal thyroid function is essential during all stages of
life. This is most significant during gestation when the
fetus is reliant on the transplacental supply of thyroxine
which is important for normal neurological development.
Studies correlate maternal hypothyroxinemia to the
offsprings’” delayed mental and motor function! and
higher TSH to lower IQ scores.? Other adverse maternal
and fetal outcomes are also significantly correlated,
specifically: subclinical hypothyroidism to fetal deaths,?
placental abruption delivery;* and
subclinical hyperthyroidism to gestational hypertension.®

and premature

However, interpretation of thyroid function tests in
pregnancy can be difficult due to some physiologic changes,
which include (1) decreased TSH during the first trimester
due to stimulatory effect of human chorionic gonadotropin
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(hCG) which has structural similarity with TSH; (2)
increased thyroid binding globulin (TBG) due to estradiol
and altered hepatic glycosylation decreasing its clearance;
(3) increased urinary iodide excretion which can cause
impaired thyroid hormone production in areas of marginal
iodine sufficiency; and (4) alterations in the immune system,
leading to the onset, exacerbation, or amelioration of an
underlying autoimmune thyroid disease.®

Studies in different parts of the world have been
conducted to establish laboratory and method-specific
thyroid function tests across 3 trimesters of pregnancy - in
iodine-sufficient areas like the USA,” Switzerland,® Spain®
and in iodine-insufficient areas like China'® and Iran." The
Philippines is considered to no longer iodine deficient as
reported by the Food and National Research Institute in
2013 with the exception of pregnant women. Data
persistently showed that they are iodine deficient.!?
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METHODOLOGY
Study Population

We recruited 616 healthy women with uncomplicated single
intrauterine gestation attending the Philippine General
Hospital ~ Obstetrics and  Gynecology = Outpatient
Department, a tertiary medical center in Manila,
Philippines. History taking was done to ascertain any
chronic illness, thyroid illness in the past or present,
medications (current and past) and family history of thyroid
illness. Obstetric history was elicited to know duration of
gestation, number of pregnancies, number of pregnancies
carried to term and number of abortions. Physical
examination was done by the investigator who is a trained
endocrinologist to ascertain absence of goiter. The age of
gestation was computed from the last normal menstrual
period. For those with irregular menses, transvaginal
ultrasound was performed to ascertain the age of gestation.

Excluded in the study were pregnant women with goiter,
hypothyroid disease,
postpartum thyroiditis or thyroid surgery, family history
of goiter, symptoms or signs suggestive of thyroid
dysfunction, hyperemesis trophoblastic
disease, preeclampsia, presence of autoimmune disease
(SLE, T1DM), therapeutic head or neck
irradiation, history of recurrent miscarriage or preterm
delivery and those with thyroid antibodies when known.

history of hyperthyroid or

gravidarum,

previous

This study was approved by the Ethics Review Board of
the Philippine General Hospital.

Blood specimen and Hormone Analyses

Five mL of blood were extracted from each subject and the
serum were assayed for anti-TPO, FT4, FT3 using
radioimmunoassay (RIA) method and for TSH using
immunoradiometric assay (IRMA) with the Perkin Elmer
machine (2008, USA). The reference range in our
laboratory is: TPO (<100 U/L), TSH (0.3-3.8 ulU/mL), FT4
(11-24 pmol/L) and FT3 (2.2-6.8 pmol/L).

Data Analysis

intervals for FT4, FT3 and TSH were
determined by calculating the 2.5 and 97.5" percentiles
in Microsoft Excel. Median values for FT4, FT3 and TSH
were likewise determined for descriptive purposes. The
median, 2.5%" and 97.5" percentile plots were derived
using 6th-order polynomial equation in Microsoft Excel
with the age of gestation on the x-axis and the thyroid
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function test values on the y-axis. The percentile plots are
used to find the overall trend in the test parameters for
increasing age of gestation.

The association between age of gestation (expressed in
discrete values as weeks) and the values of FT4, FT3 and
TSH variables was established using Pearson R correlation
analysis. Further tests of the relationship between age of
gestation and FT4, FT3 and TSH, controlling for maternal
age, were performed using multiple linear regressions.

A priori wise comparisons between the median FT4, FT3,
and TSH values during the first and second trimesters and
during the second and third trimesters were performed
using Mann-Whitney U tests.

P-values below 0.05 were considered  statistically
significant. All statistical tests were performed using Stata

IC 13.
Results

Six hundred sixteen (616) healthy pregnant patients were
recruited from the Philippine General Hospital Obstetrics
and Gynecology outpatient clinic. Of these subjects, 218
were in the first trimester, 198 in the second trimester and
200 in the third trimester. Eight patients each in the first
and second trimester and three patients in the third
trimester were TPOAb-positive. These nineteen patients
were removed from the analysis because the presence of
TPOAD is predictive of subsequent thyroid dysfunction. In
a nine year prospective study, women with subclinical
hypothyroidism and positive TPOADb are 15.6 times more
likely to convert to overt hypothyroidism.”> The
prevalence of TPOAb positivity (3.08%) in this study is
lower than the worldwide prevalence of 12-23%.%134 One
subject in her first trimester of pregnancy, and another
subject in the second trimester were removed from the
hypothyroidism  and

analysis due to overt

hyperthyroidism respectively.

Five hundred ninety-five (595) subjects were included in
final analysis. Mean age was 27and SD = 5.95 years.
Primigravids represented 38% of all subjects, 32% were on
their second pregnancy and the remaining 30% were on
their third or more pregnancies.

Table 1 shows the trimester-specific reference intervals
and median values for TSH, FT4 and FT3 based on data
from 595 subjects included in the study. The median, 2.5%
and 97.5 percentile plots are shown in Figure 1.

Table 1. Thyroid function tests among TPO-Ab negative patients, N=595, Manila, Philippines

First Trimester N=209

Second Trimester N=189 Third Trimester N=197

2.5" Median 97.5" 2.5th Median 97.5" 25" Median 97.5"

percentile percentile percentile percentile percentile percentile
TSH 0.3-3.8 ulU/mL 0.05 1.2 4.24 0.13 1.4 3.95 0.20 1.40 3.00
FT4 11-24 pmol/L 9.80 15.2 21.88 9.10 13.0 18.95 9.16 13.40 18.64
FT3 2.2-6.8 pmol/L 2.40 3.7 6.20 2.77 3.7 5.00 2.09 2.90 3.70
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Table 2. Association between thyroid function tests
and age of gestation, N=595, Manila, Philippines

TSH Pearson p-value Regression p-value
R Coefficient

1% trimester 0.08 0.24 0.033° 0.30
2™ trimester 0.19 0.01* 0.077% 0.01*
3" trimester 0.16 0.03* 0.037 0.03*
OVERALL 0.03 0.52 0.002° 0.54
FT4

1% trimester -0.18 0.01* -0.226 0.01*
2™ trimester -0.23 0.00* -0.217 0.00*
3" trimester 0.19 0.01* 0.120° 0.03*
OVERALL -0.26 0.00* -0.074° 0.00*
FT3

1% trimester -0.04 0.57 -0.016 0.57
2™ trimester -0.18 0.01* -0.053 0.01*
3" trimester 0.06 0.37 0.009 0.37
OVERALL -0.47 0.00* -0.041° 0.00*

* significant association (p <0.05)
9 controlling for maternal age (maternal age significantly associated with
thyroid function test)

Table 3. Trimester-specific reference interval for serum
TSH

First Second Third
Trimester Trimester Trimester

Soldin et al.” 0.98 1.09 1.20
(0.24-2.99) (0.46-2.95) (0.43-2.78)

Stricker et al.® 1.04 1.02 1.14
(0.09-2.83) (0.20-2.79) (0.31-2.90)

Bocos—Terras 0.92 1.12 1.29
etal.® (0.03-2.65) (0.12-2.64) (0.23-3.56)

Panesar et 0.80 1.10 1.30
al."” (0.03-2.30) (0.03-3.10) (0.13-3.50)

Mehran et al."" 1.50 1.80 1.80
(0.20-3.90) (0.50-4.10) (0.60-4.10)

Present Study 1.20 1.40 1.40
(0.05-4.24) (0.13-3.95) (0.20-3.00)

Median TSH in ulU/mL with 2.5" -97.5" percentile “"* or 5"-95"
percentile“ in parenthesis

Table 4. Pairwise comparison of median TSH, FT4,
and FT3 values by trimester

Trimester Median p-value
TSH 15tys 2M 12vs 1.4 0.06
2" ys 3™ 14vs 1.4 0.62
FT4 15t ys 2M 15.2vs 13 0.00*
2" ys 3™ 13vs 13.4 0.04*
FT3 15tys 2M 37vs3.7 0.98
2" vs 3 3.7vs2.9 0.00*
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Figure 1. The scatterplot of individual results for TSH,
FT3 and FT4 in pregnant women.

TSH is not correlated to age of gestation during the first
trimester, (r = 0.08, p-value = 0.24) but it is positively
correlated to AOG during the second and third trimester (r
0.01 and r = 0.16, 0.03, respectively).
Specifically, TSH increases by 0.077 units for every one
week increase in AOG during the second trimester
(controlling for maternal age) and it increases by 0.037
units per week increase in AOG during the third trimester.
However, overall, TSH is not significantly correlated to
AOG (r = 0.03, p-value = 0.52). [Table 2] There is no
significant difference in the median TSH values during the
first and second trimesters as well as in the median TSH
values during the second and third trimesters [Table 4].

= 0.19, p-value =

www.asean-endocrinejournal.org

* significant difference (p <0.05)

Table 5. Potential for misclassification of thyroid
function tests in pregnant patients if non-pregnant
reference interval is used

1% Trimester

2" Trimester 3 trimester

N=209 N=189 N=197
TSH 25 (11.9%) 3 (1.58%) 4 (2%)
FT4 4(1.91%) 28 (14.8%) 19 (9.6%)
FT3 0 (0%) 0 (0%) 2(1.01%)

The FT4 values are negatively correlated with age of
gestation from the first to second trimesters (r = -0.18, p-
value = 0.01 and r = -0.23, p-value <0.01, respectively).
Particularly, FT4 decreases by 0.226 units for every one
week increase in AOG during the first trimester and it
decreases by 0.217 units per week increase in AOG during
the second trimester. However, during the third trimester,
FT4 is seen to be positively correlated to AOG (r = 0.19, p-
value = 0.01). Specifically, FT4 increases by 0.120 units for
every one week increase in AOG during the third
trimester (controlling for maternal age) [Table 2].

Vol. 31 No. 1 May 2016
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Consistent with this, the median FT4 value during the first
trimester was found to be significantly higher than the
median FT4 value during the second trimester (15.2
pmol/L vs 13 pmol/L; p-value = <0.01) and the median FT4
value during the second trimester was found to be
significantly lower than the median FT4 value during the
third trimester (13 pmol/L vs 13.4 pmol/L; p-value = 0.04)
[Table 4]. Overall, FT4 values are negatively correlated
with age of gestation (r =-0.26, p-value = <0.01), with about
0.074 units decrease in FT4 for every week increase in
AOG (controlling for maternal age) [Table 2] .

FT3 values are stable in the first and second trimesters,
then declined in the third trimester with median values of
3.7, 3.7 and 290 pmol/L respectively with significant
difference between the second and third trimester median
FT3 values indicated by a p-value = <0.01 [Table 4]. During
the first trimester, the FT3 values were not correlated with
age of gestation (r = -0.04, p-value = 0.57). However,
during the second trimester, FI3 was seen to be inversely
correlated to AOG (r = -0.18, p-value = 0.01). Specifically,
FT3 decreases by 0.053 units for every one week increase
in AOG during the second trimester. During the third
trimester, the FT3 values are again not correlated with age
of gestation (r = 0.06, p-value = 0.37). Overall, FT3 values
are negatively correlated with age of gestation (r =-0.47, p-
value = <0.01), with about 0.041 units decrease in FT3 for
every week increase in AOG (controlling for maternal age)
[Table 2].

DISCUSSION

The 2.5" percentile TSH values in our study are 0.05, 0.13
and 0.20 ulU/mL respectively. These values are lower than
the laboratory cut off of 0.30 ulu/mL. The lowest TSH is
observed in the first trimester consistent with all studies
done abroad and maybe due to high levels of 3-hCG early
in pregnancy. In the first trimester, there is no correlation
between the TSH and the age of gestation with p value of
0.24. However, during the second and third trimester,
there is a statistically significant positive correlation
between TSH and the age of gestation, both with p values
of 0.01 and 0.03 respectively. This implies that as the age of
gestation increases, the TSH also increases. Using multiple
pairwise comparison, median TSH in the first and 2nd
trimester showed marginally significant rise (1.2 vs 1.4 p =
0.06) while median TSH in the 2" and 3" trimester did not
differ (1.4 vs 1.4 p = 0.62). Our median TSH values across
all trimesters are higher than in studies done in USA/”
Switzerland,® Spain,’ and China® and may be due to
iodine-insufficient status in our pregnant women. The
study in Iran'' showed the highest median TSH values for
all trimesters [Table 3].

Median FT4 is highest in the first trimester and dropped in
the second trimester (15.2 vs 13 pmol/L p = <0.01) but rose
again in the third trimester (13 vs 13.4 pmoL/L p=0.04)
[Table 4]. FT3 values are stable in the first and second
trimester (3.7 vs 3.7 pmol/L p = 0.98) but decreased
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significantly in the third trimester (3.7 vs 2.9 pmol/L p =
<0.01) [Table 4]. Our trend is different from previous
both
decreasing FT4 and FT3 throughout pregnancy and in
China'® showing decreasing FT4 and FT3 in the first and
second trimester and remaining unchanged from second
trimester until term.

studies in Switzerland® and Spain’ showing

The paper entitled, "Reference Intervals in Thyroid
Function Tests in the Third Trimester in Pregnant Filipino
Women," by Baustista, et al'® is part of this study. There
were minor differences in the reported thyroid function
tests in the first and second trimester reference intervals as
we have removed overtly hyperthyroid and hypothyroid
patients in the final analysis.

Trimester-specific reference interval derived from
antibody-negative patients in this study is used to classify
thyroid function tests as high (above 97.5% percentile),
normal (within 95 central percentile) and low (below 2.5™
percentile) and were compared with classification using
the non-pregnant assay-specific
provided by the manufacturer. If non-pregnant cut offs
were used to classify our patients - 25 in the first trimester,
3 in the second trimester and 4 patients in the third
trimester will be

reference interval

misclassified into  subclinical
hyperthyroidism due to low TSH. The highest difference is
noted in the first trimester due to expectedly low TSH as a
function of B-hCG [Table 5]. FT4 rises in the first few
weeks of pregnancy and declines progressively at the end
of the first trimester and in the second trimester [Figure 1]
but they were all lower than laboratory cut off (9.83, 9.10,
9.16 vs 11 pmol/L). Using non-pregnant cut off — 4, 28 and
19 patients respectively will be misclassified to low FT4.
Most number will be misclassified in the second trimester
as FT4 is at its lowest at this time in present study.

CONCLUSION

We have established trimester-specific reference interval
for thyroid function tests from TPOAb-negative pregnant
Filipino women as follows: TSH (0.05-4.24, 0.13-3.95, and
0.20-3.00 ulU/mL); FT4 (9.80-21.88, 9.10-18.95 and 9.16-
18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70
pmol/L).

Among the 616 pregnant Filipino women recruited in the
study, 595 (97%) were TPO-antibody negative. It is noted
that TSH rises with age of gestation. FT4 decreases and is
at its lowest in the second trimester and rises in the third
trimester. FT3 is the same in the first and second trimesters
and decreases in the third trimester.

Reference interval for thyroid function tests in pregnancy
differs from non-pregnant patients and/or laboratory cut
offs and will lead to misclassification of patients, hence
pregnancy-specific reference interval should be
advocated.
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