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Trimester specific reference intervals for thyroid
function tests in normal Indian pregnant women
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Context: Accurate assessment of thyroid function during pregnancy is critical, for initiation of thyroid hormone therapy, as well as for
adjustment of thyroid hormone dose in hypothyroid cases. Aims: We evaluated pregnant women who had no past history of thyroid
disorders and studied their thyroid function in each trimester. Settings and Design: 86 normal pregnant women in the first trimester
of pregnancy were selected for setting reference intervals. All were healthy, euthyroid and negative for thyroid peroxidase antibody
(TPOADb). These women were serially followed throughout pregnancy. 124 normal nonpregnant subjects were selected for comparison.
Material and methods: Thyrotropin (TSH), free thyroxine (FT4), free triiodothyronine (FT3) and anti-TPO were measured using Roche
Elecsys 1010 analyzer. Urinary iodine content was determined by simple microplate method. The 2.5th and 97.5th percentiles were
calculated as the reference intervals for thyroid hormone levels during each trimester. Statistical Analysis: SPSS (version 14.0, SPSS
Inc., Chicago, IL, USA) was used for data processing and analysis. Results: The reference intervals for the first, second and third
trimesters for the following parameters: TSH 0.09-6.65, 0.51-6.66, 0.91-4.86 plU/mL, FT4 9.81-18.53, 8.52-19.43, 7.39-18.28 pM/L
and FT3 3.1-6.35, 2.39-5.12, 2.57-5.68 pM/L respectively. Thyroid hormone concentrations significantly differed during pregnancy
at different stages of gestation. The pregnant women in the study had median urinary iodine concentration of 150-200 pg/l during
each trimester. Conclusions: The trimester-specific reference intervals for thyroid tests during pregnancy have been established for

pregnant Indian women serially followed during pregnancy using 2.5th and 97.5th percentiles.
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INTRODUCTION

Maternal and perinatal morbidities are well-documented
complications of pregnancy in women with thyroid
dysfunction, both clinical and subclinical. About 2-5%

of pregnant women suffer from thyroid disorders, and
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timely intervention can be done if detected eatly.! It has
been proven that maternal thyroid disorders influence
the outcome of mother and fetus, during and also after
pregnancy. Maternal hypothyroidism is the most frequent
thyroid disorder in pregnancy and is associated with fetal
loss, placental abruptions, preeclampsia, preterm delivery,
and reduced intellectual function in the offspring.*% In
pregnancy, overt hypothyroidism is seen in 0.2% cases!
and subclinical hypothyroidism in 2.3% cases.l" Overt
hyperthyroidism complicates pregnancy by fetal loss, fetal
growth restriction, preeclampsia, and preterm delivery.
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Mild or subclinical hyperthyroidism is seen in 1.7% of
pregnancies and is not associated with adverse outcomes.*!
Increasing attention has, therefore, focused on the diagnosis
and treatment of maternal thyroid dysfunction during
pregnancy.

Physiological alterations in the homeostatic control of
thyroid hormones cause changes in thyroid function tests
in pregnant women. These alterations in thyroid function
tests are caused by an increase in thyroxine-binding
globulin (TBG), thyroid stimulation by human chorionic
gonadotropin and increased renal iodide clearance.'”)
The rise in TBG can increase total thyroxine and total
triiodothyronine levels to approximately 1.5 times the
nonpregnant level by 16 weeks of gestation. Levels of
free thyroxine (FT4) and free triiodothyronine (FT3) peak
at 1012 weeks of gestation and decline thereafter during
second and third trimester to normal level. Because of
physiological changes values of thyroid hormones during
pregnancy differ from nonpregnant values. Values in
pregnancy also vary between stages of gestation. Many
factors such as ethnicity, age, manufacturer’s methodology,
iodine status, and calculation method may affect the
establishment of reference intervals for thyroid function
tests.''? This necessitates the establishment of gestational
age-specific and method-specific reference intervals for
thyroid tests during pregnancy.

Several studies from different regions of the world!"*!
are available, but only one study till now has presented
the trimester-specific thyroid function values in Indian

women.!"”l Because of the current limited availability of
reference intervals for thyroid function tests in pregnant
Indian women, we decided to evaluate this in our study for
more accurate and appropriate interpretation of thyroid
hormone levels in pregnant women.

SuBJECTS AND METHODS

Settings

The longitudinal study was conducted by the Division of
Endocrine Research at the Institute of Nuclear Medicine
and Allied Sciences INMAS), Delhi between June 2007
and June 2010. The subjects were enrolled from various
hospitals in Delhi: Gokalpuri Urban Health Centre under
Maulana Azad Medical College, St. Stephen’s Hospital, and
Hindu Rao Hospital. The Institutional Ethics Committee
at INMAS approved the study protocol, and the subjects
were recruited after prior informed written consent.

Subjects

A total of 553 healthy women (403 normal singleton pregnant
women and 150 nonpregnant women) in the age group of
1845 years consuming iodized salt were recruited. Pregnant
women in the first trimester (0—13 weeks) of gestation were
enrolled. Women with personal and/or family history of
thyroid disorders, palpable goiter, and on medication altering
thyroid function were excluded from the study. Obstetric
history was elicited to know duration of gestation, gravida,
parity, and number of abortions by the gynecologist on duty
in the clinic we visited for recruitment of subjects. Physical
examination included anthropometry, goiter grading, general,
and systemic examination. Further women with the positive

Total number of subjects evaluated

o

Pregnant Subjects: 403

o AW

\

Non Pregnant Subjects: 150

i AW

Subjects Excluded: 317
[On the basis of thyroid
dysfunction, goiter,
autoimmunity &
irregular follow-up]

Subjects included for
the study: 86

Subjects excluded: 26
[On the basis of thyroid
dysfunction, goiter, and
autoimmunity]

Subjects included for
the study: 124

e

Trimester specific tests for
Thyroid Functions were done and
evaluation of results

Flow Chart: Flow chart of the subjects enrolled for the study
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serum thyroid peroxidase (TPO) antibody (TPO Ab >341U/
ml) were excluded on the basis of laboratory results. All the
women were serially followed throughout pregnancy. The
women who missed any of the visits during pregnancy were
also excluded from the analysis. The Flow chart of subject
enrollment in study is depicted below.

The values of serum FT3, FT4, and thyroid stimulating
hormone (TSH) from this pregnant women group (7 = 86)
and nonpregnant women (7 = 124) who were considered as
“normal subjects” were used to calculate thyroid function
test reference intervals.

The study has been approved by the Institutional Ethics
Committee of INMAS, Delhi, India on the 5% March
2004.

Laboratory methods

Serum was immediately stored at —80°C until analysis.
Serum TSH, FT3, FT4, and anti-TPO were estimated
by the electrochemiluminescence (ECL) technique using
commercially available kits from Roche Diagnostics
(Mannheim, Germany) with Elecsys 1010 analyzer. The
analytical sensitivity and total precision values for FT3, FT4,
and TSH assays were 0.4 picomoles per liter (pM/L) and
2.2%, 0.3 pM/L and 2.7%, and 0.005 micro international
units per milliliter (WIU/ml) and 2.2%, respectively. The
laboratory reference ranges were FI3 (3.7-7.2 pM/L),
FT4 (12-23 pM/L), and TSH (0.27-4.2 ulU/ml).
The intra-assay coefficients of variation (CV) for the
assays were 1.7%, 1.4%, and 1.9%, respectively. The
corresponding values for intra-assay CV, total precision
and analytical sensitivity for anti-TPO were 5.6%, 7.6 and
<5.01 TU/ml. Anti-TPO Ab was considered elevated if
levels were >34 1U/ml.

Overt hypothyroidism was defined as the subject
having biochemical values of low FT4 and high TSH
as per laboratory reference range, whereas subjects with
normal FT4 and high TSH were diagnosed as subclinical
hypothyroidism.

Overt hyperthyroidism was defined as high values of
FT3 and/or FT4 with a low value of TSH as per laboratory
reference range, whereas normal FT3 and FT4 with low
TSH was considered as subclinical hyperthyroidism.

Iodine content in urine was estimated using simple
microplate method based on Sandell-Kolthoff reaction.!"”

Statistical analysis
SPSS (version 14.0, SPSS Inc., Chicago, IL, USA) was used
for data processing and analysis. The average concentration

of iodine in urine was calculated as median because of
skewed data distribution. Mean with standard deviation,
median, and 2.5" and 97.5" percentiles (i.e., a central 95%
interval) were calculated for serum FT3 and FT4 at each
trimester in comparison with nonpregnancy. TSH did not
follow a normal distribution and has to be normalized
using log-transformation and summarized as geometric
mean (95% confidence interval). For data comparisons
between pregnancy and nonpregnancy, and among three
trimesters One-Way ANOVA with further Bonferroni
post-hoc analysis was applied. A two-tailed P < 0.05 was
considered statistically significant.

Ethical approval
The study has been approved by the Institutional Ethics
Committee of INMAS, Delhi, India on the 5% March 2004.

REsuLTts

The total study population consisted of 403 pregnant
women. Two hundred and two subjects were primiparous,
and history of abortion was present in 98 (24.31%)
subjects. Clinical examination revealed goiter in 22.58%
and anti-TPO Ab were elevated in 40 (9.93%) of the study
subjects. Using the kit reference values, the incidence of
overt hypothyroidism and overt hyperthyroidism was found
to be 8.2% (33/403) and 0.25% (1/403), respectively. One
hundred and forty-two subjects of total 403 subjects had
complete three trimester’s thyroid function tests values.
Out of this 23 subjects had some thyroid dysfunction and
had to be excluded from the study. After the exclusion of
subjects that were anti-TPO positive had a goiter and were
not euthyroid, total of 86 subjects were left with serial
thyroid hormone and urinary iodine test values.

Among the 150 subjects in nonpregnant group, clinical
examination revealed goiter in 19 (12.6%) and anti-TPO
were elevated in 8 (5.3%). The incidence of overt
hypothyroidism was 2.6%.

Normal study population

After applying the exclusion criteria, 317 women in
the pregnant group and 26 women in the nonpregnant
group were excluded from the study. The remaining
subjects constituted the normal study population. The
age, gestational age, and iodine nutritional status of the
normal study population are summarized in Table 1.
Pregnant women had a median urinary iodine concentration
of 178.2 ng/l, 182.8 ug/l, and 167.5 ug/l during the
first, second, and third trimester, respectively. All levels
fell within the range (150-250 pg/l) recommended by
WHO/UNICEF/ICCIDD, 2007 for pregnant women.!""l
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Figure 1: The profiles and trends of reference interval during three trimesters for thyroid stimulating hormone (a), free thyroxine (b), and free triiodothyronine
(c) derived from 86 normal pregnant women with a comparison of 124 normal nonpregnant women. For all graphs, the bottom line indicates the lower
reference limit (2.5" percentile), the middle line is the median level (50" percentile), and the top line is the upper reference limit (the 97.5" percentile). On
horizontal axis, NP: Nonpregnancy; first, pregnancy at the first trimester; second, pregnancy at the second trimester; third, pregnancy at the third trimester

Table 1: Characteristics of studied women

Studied n Age Gestational Urinary
women (years) age (weeks) iodine (pg/l)
Nonpregnancy 124 29.8+6.4 - 143.8 (105.4-189.6)
Pregnancy
First trimester 86 24.5+3.5 10.8+2.4 178.2 (153.5-220.3)
Second 86 182.7 (175.4-233.7)
trimester

Third trimester 86 167.5 (151.3-213.4)

Data are means+SD with ranges (in parentheses) for the age and gestational age.
Data are median with ranges (in parentheses) for urinary iodine. SD: Standard
deviation

Urinary iodine levels of pregnant women were higher than
those of nonpregnant women (143.8 ug/1).

Reference intervals for thyroid testing at each trimester
of pregnancy

Trimester-specific reference intervals for thyroid hormones,
based on the data of this study, are shown in Table 2.
Manufacturet’s nonpregnant adult reference intervals
are also included for comparison. The 2.5%, 50", and
97.5" percentiles for each hormone measured and for each
trimester are shown in Figure 1a-c and demonstrate the
profile and trend for reference intervals during pregnancy
compared with nonpregnancy.

The TSH reference interval showed that lower TSH reference
limit of 0.09 WIU/ml occurred in the first trimester, which is
significantly lower than the nonpregnant study population
(0.58 uIU/ml). The lower TSH reference limit in the second
trimester almost approached the nonpregnancy level. The upper

TSH reference limit remained stable in the first and second
trimester (approximately 6.6 WIU/ml) and then decteased. The
lower reference intervals of FT4 decreased, whereas upper
reference interval remained almost same throughout pregnancy.
The reference intervals of FI3 dectreased from first to the
second trimester and then increased in the third trimester.

Trimester changes in thyroid hormone concentration
during pregnancy

The average concentration of each hormone during each
trimester is shown in Table 3. When comparing each
hormone between pregnancy and nonpregnancy and
among gestational stages, TSH concentration showed
statistically significant decline in first trimester (P < 0.001),
followed by a rise which almost reached the nonpregnancy
level in the second trimester and third trimester. The mean
concentration of FT4 gradually decreased throughout
pregnancy, and it was significantly lower in second and
third trimester as compared to the first trimester. The
lowest levels of FT4 were recorded during the third
trimester (24.97% below nonpregnancy levels). The mean
concentrations of I'T3 decreased significantly by 13.45%
below the nonpregnancy level in the second trimester and
then remained unchanged during the third trimester.

DiscussioN

The findings of this study are in confirmation with those
of other authors that changes in thyroid hormone levels
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Table 2: Trimester-specific reference intervals for
thyroid function tests of pregnancy in comparison with
nonpregnancy

Study group n Percentiles
2.5M 50t 97.5t
TSH (wlU/ml)
Nonpregnancy 124 0.58 2.39 4.19
First trimester 86 0.09 1.89 6.65
Second trimester 86 0.51 2.31 6.66
Third trimester 86 0.91 2.26 4.86
Manufacturer’s nonpregnant adult reference interval for TSH: 0.27-
4.2 plU/ml
FT4 (pM/L)
Nonpregnancy 124 10.92 15.31 22.1
First trimester 86 9.81 13.5 18.53
Second trimester 86 8.52 12.28 19.43
Third trimester 86 7.39 11.40 18.28

Manufacturer’s nonpregnant adult reference interval for FT4: 12.0-
23.0 pM/L

FT3 (pM/L)
Nonpregnancy 124 2.57 4.56 6.75
First trimester 86 3.1 4.36 6.35
Second trimester 86 2.39 4.09 5.12
Third trimester 86 2.57 4.00 5.68

Manufacturer’s nonpregnant adult reference interval for FT3: 3.7-
7.2 pM/L

TSH: Thyroid stimulating hormone

Table 3: Thyroid hormone concentrations in pregnant
versus nonpregnant study population

Groups n TSH (pilU/ml) FT4 (pM/L) FT3 (pM/L)
Nonpregnancy 124 2.45%1.18 15.62+2.68 4.61x0.87
Pregnancy

First trimester 86 2.07+1.46** 13.69+2.14** 4.37+0.8

Second trimester 86  2.63+1.6'"  12.48+2.37**1 3.99+0.73**1
Third trimester 86  2.5+1.08"  11.72+£2.6**' 4.0+0.72** "

*P<0.05, **P<0.001, versus nonpregnant, 1P<0.05, '/P<0.001, versus first trimester.
TSH: Thyroid stimulating hormone

during pregnancy differed between stages of gestation
and compared with nonpregnancy levels. These findings
support the use of gestational age-specific reference
intervals for evaluating thyroid status in pregnant women.

Ethnic background could play a part in the prevalence of
thyroid disease, as well as the establishment of reference
intervals for TSH and FT4. Boucai and Surks reported
that reference intervals of TSH and T4 were significantly
influenced by race and age and suggested that age and
race-specific TSH reference intervals should be employed
to provide accurate intervals for a specific population.
This would minimize the misclassification of patients with
thyroid disease.”*" Yan ¢7 al., compated reference intervals
tor TSH and FT4 between different authors and different
manufacturer methods used for analysis and found that
the major discrepancy exists in the upper not in the lower
TSH reference limits.* Our data showed relatively higher
cut-off values for the upper TSH reference limits in

compatison to other studies.>'**'*I 'This may be attributed
to ethnic variance. A high prevalence of raised TSH was
found in Whites as compared to Asians and Blacks when
second trimester thyroid function was done.? Another
study showed that Asian women have lower TSH than
that of Caucasian women during the second trimester of
pregnancy.” However, no difference was found by Price
et al., 2001 in the thyroid hormone changes between Asian
and Caucasian pregnant women.””

Several studies have been conducted on pregnant subjects
among which some are cross-sectional while others are
longitudinal in the same study group. They also vary on the
assay method used for the estimation of thyroid hormones.

Analysis of our longitudinal data on mean TSH showed that
it significantly increased in the second and third trimester as
compared to first, whereas mean FT4 and FT3 significantly
decreased with advancing pregnancy. Similar findings were
reported by a recent study conducted by Mehran ez al.
where mean TSH rose significantly during second and third
trimester as compared to the first.” However, Marwaha
¢t al. reported no significant difference in values of FT3
and TSH between the trimesters though same assay method
was used for the evaluation of thyroid hormones.!'”! This
difference may be due to the fact that we serially followed
the women during gestation. Another study from India
used radioimmunoassay to evaluate pregnant women
and showed that TSH increased progressively with each
trimester while serum T3 and T4 values increased from
first to the second trimester, but declined from second to
the third trimester.*”!

A study on group of pregnant women using immunoassay
and mass spectrometry (MS) to measure FT4 and TSH
reported that mean FT4 decreased by about 15% from the
first to second trimester and then remained stable during
the remainder of pregnancy. On the other hand, TSH
concentration increased from first to second and then
remained stable throughout pregnancy.!"”

Another longitudinal study carried out on paired samples
from first and second trimesters of 20 Asian pregnant
women to establish trimester-specific reference range of
thyroid hormones used immunoassay technique.””! They
found that TSH increased from first to second while FT4
decreased with progress in pregnancy. FT3 did not change
between first and second trimesters.

In a cross-sectional study on pregnant Chinese women,
authors found an obvious decline in median TSH
concentration during the first trimester compared with
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nonpregnancy (P < 0.01) followed by a rise in the second
trimester. The mean concentrations of FT4 and FT3
gradually decreased throughout pregnancy with the lowest
levels present during the third trimester (21.2% and 14.4%
below nonpregnancy levels, respectively).'!

A cross-sectional study of 522 pregnant subjects from Japan
using ECL kits showed significant decrease in both FT3
and FT4 and increase in TSH with advancing pregnancy.P”

Yan et al, compared the TSH reference intervals for
nonpregnant adults provided by different manufacturers
and concluded that manufacturer’s methodology can
significantly influence the setting of reference intervals,
and such methodology should be standardized to enable
comparison of data between countries. Moreover, each
laboratory should determine reference intervals for the
population it serves.”!

Reference intervals for F'T4 and TSH varied according
to different manufacturer methods and between authors
even when the same manufacturer method was applied.”!
The difference in trimester-specific reference intervals also
depends on the calculation method (i.c., a central 95%
interval with the 2.5" and 97.5" percentile values or fifth
and 95" percentile value ot fifth, and 98" percentile values)
used. As compared to another Indian study,'” our reference
interval has higher upper TSH limit while the lower T4
reference value was lesser. This may be attributed to the
fact that we used 2.5™ and 97.5" percentile for calculation

instead of fifth and 95" percentile.

The rigor applied for selection of normal subjects may
account for variations in reference intervals by different
authors, despite the use of the same methodology for testing,
The reference population should be as exclusive as possible.
The U.S. National Academy of Clinical Biochemistry
recommends that “trimester-specific reference intervals
should be used when reporting thyroid function test values
in pregnant women.”P!!

CONCLUSION

Prior to the introduction of screening for thyroid
dysfunction in early pregnancy, it is necessary to establish
trimester-specific reference intervals for TSH, FT4, and FT3
based on ethnic background, methods of analysis, iodine
status, selection criteria of normal subjects, and calculation
method. The reference intervals determined in this study for
each trimester of pregnancy are recommended for evaluation
of pregnant Indian women. These study findings are a step
toward establishing trimester-specific normative data of
thyroid function tests in ethnic Indian pregnant population.

Limitations of the study

e Thyroid ultrasonography was not be performed in
this study as we focused mainly on the biochemical
parameters

e Estimation of anti-thyroglobulin was not performed
in this study, however, anti-TPO was done on all
these subjects, and it is a better marker of thyroid
autoimmunity

* This study has no data available for these subjects in
pre- and post- pregnancy period because of the lack
of facilities for follow-up.
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