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Abstract
Objective: To determine the reference values for thyroid stimulating hormone, free tetra-iodothyronine and total
tri-iodothyronine for healthy pregnant women.
Method: This cross sectional study was conducted at the Armed Forces Institute of Pathology, Rawalpindi,
Pakistan, from January 2016 to June 2017. Pregnant women with normal, single intrauterine, uncomplicated
pregnancy were recruited from the local population. Blood sample was taken to analyse thyroid stimulating
hormone, free tetra-iodothyronine and total tri-iodothyronine using chemiluminescence immunoassay. For
thyroid hormone levels during each trimester 5th and 95th percentiles were calculated as reference intervals. Data
was analysed using SPSS 24.
Result: Out of 384 subjects, 188(48.95%) were in their first trimester and 196(51.04 %) females were in their second
trimester. There were 109(57.97%) primigravida in the first trimester and 137(69.9%) in the second trimester. Mean
age of subjects presenting in the first and second trimester was 25.37±3.78 years and 26.54±4.65 years respectively.
Reference intervals for those in the first trimester for thyroid stimulating hormone was 0.05-2.8uIU/ml, for free tetraiodothyronine14.4-22.7pmol/l and total tri-iodothyronine1.5-3.3nmol/l. For those in second trimester the
corresponding values were 0.16-3.3 uIU/ml, 14.2-24.6.0 pmol/l and 1.6-3.1nmol/l.
Conclusion: Laboratories should adopt trimester-specific reference intervals for thyroid function tests in pregnancy.
Keywords: Pregnancy, Normal reference intervals, Pakistan, Thyroid stimulating hormone, Total tri-iodothyronine,
Free tetra-iodothyronine. (JPMA 68: 1488; 2018)

Introduction
Pregnancy prompts a huge load on thyroid, resulting in
hypothyroidism or postpartum thyroiditis. During
pregnancy, since most of the thyroid function diseases
are symptomatic, laboratory investigations are crucial for
diagnosis.1 To meet the demand for increased metabolic
challenges in pregnancy, profound physiological
changes invariably take place in mother. All these
endocrinologic and metabolic changes ensure an ample
supply of fuel and nutrients to the foetus. Thyroid gland
also adapts accordingly by alteration in its output and
changes in hypothalamic pituitary thyroid axis
regulation.2 Thyroid gland has a known contribution to
foetal development.3 Foetal thyroid starts significant
functioning around the 20th week of gestation, until
which it entirely depends on maternal supply of thyroid
hormones.4,5
Important changes that occur in thyroid hormones
during pregnancy include increase in total thyroid
binding globulins (TBGs), increased thyroid stimulation
owing to increased thyroid stimulation hormone(TSH)
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levels, and increased renal iodide clearance. Due to
structural
resemblance
of
human
chorionic
gonadotropin (hCG) with TSH, hCG stimulates thyroid
gland, resulting in an increase in its secretion of tetraiodothyronine (T4) and tri-iodothyronine (T3) during the
early phase of pregnancy followed by a plateauing at
approximately 16 weeks of gestation.6 Thyroid hormone
is degraded by placental type 3 iodothyronine
deiodinase, necessitating increased production of
maternal thyroid hormone.4
Thyroid abnormalities are not very unheard of during
pregnancy. Adverse outcomes by thyroid abnormalities
include intra-uterine growth retardation (IUGR), repeated
miscarriages, preterm delivery, hypertensive disorders,
decreased cognitive and neurological development of
foetus, including decreased intelligence quotient (IQ) in
the child.3,7,8 Overt hypothyroidism is found in 0.2% while
sub-clinical hypothyroidism is found in 2.3% of pregnant
women.9 Maternal hypothyroidism and subclinical
hypothyroidism have been associated with increased risk
of placental abruption.10 Mild or sub-clinical
hyperthyroidism in pregnancy account for approximately
1.7% and has not been associated with any significant
adverse pregnancy outcome.9
Asian population has a preponderance of gestational
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thyrotoxicosis compared to the western Caucasian
women. 11 Therefore, American Thyroid Association
(ATA), European Thyroid Association (ETA) and the
Endocrine Society (ES) recommend that each centre
should establish its own trimester-specific reference
intervals for thyroid profile for timely and appropriate
detection of thyroid abnormalities and early
interventions that would prevent foeto-maternal
complications.4,8
Many laboratories follow reference values for thyroid
markers that have been established in healthy men and
women, but there is limited data available on the
reference intervals for pregnant women. Without
establishing the reference intervals during pregnancy,
there is an increased chance of misinterpreting normal
changes as pathological and also missing important
events due to pathological changes.12 The current
study was planned to establish gestational specific
reference intervals of thyroid markers in pregnant
women.

Subjects and Method
This cross sectional study was conducted at the
Department of Chemical Pathology and Endocrinology,
Armed Forces Institute of Pathology (AFIP), Rawalpindi,
Pakistan, from January 2016 to June 2017. Subjects
were selected using non-probability consecutive
sampling technique. Sample size was calculated by
setting level of significance at 5% with a confidence
interval of 95% and assuming a population of 100,000.
After approval from institutional review board, healthy
women with uncomplicated single intrauterine
gestation consuming iodised salt during pregnancy
were recruited from the local population. A thorough
history regarding gestational age of subject, parity,
iodine intake, any thyroid-related illness or history of
any abortion in the past was taken. Those with history

of hyperemesis gravidarum (HG) or use of thyroid
medications, those with connective tissue disorder, a
positive family history of thyroid illness, presence of
goitre World Health Organisation (WHO) grade 1 or 213
and those with overt hypothyroidism (OH) or
hyperthyroidism were excluded. All the study
participants were of Pakistani origin. A detailed
physical examination including general and systemic
physical examination, anthropometry and goitre
grading was done.
Serum total T3, free T4(FT4) were analysed on competitive
immunoassay (ADVIA Centaur® XP Random access
Immunoassay System, Siemens Healthiness) using direct
chemiluminescent technology and TSH by thirdgeneration
assay
employing
anti-fluorescein
isothiocyanate (FITC) monoclonal antibody for
chemiluminescent detection. For serum T3, T4 and TSH,
3ml blood sample was collected in gel vacutainers after
taking informed consent from the subjects.
Data was analysed using SPSS 24. Data for TSH, FT4and
total T3 (TT3) were expressed as mean ± SD and median.
Reference intervals were derived from the 5th and 95th
percentile values of TSH, FT4 and TT3.

Result
Out of 384 subjects, 188(48.95%) were in their first
Table-1: Basic characteristics of study population.
Characteristics

Patients
recruited (n)

First
trimester

Second
trimester

384
246
138
384

188 (48.9)
109
72
25.37±3.78

196 (51.04)
137
66
26.54±4.65

No. of patients (%)
Primigravida
Multigravida
Age (Years) (mean±SD)
SD: Standard Deviation.

Table-2: Thyroid Hormone levels of our study population.

1st Trimester
TSH(uIU/ml)
TT3 (nmol/l)
FT4 (pmol/l)
2nd Trimester
TSH(uIU/ml)
TT3 (nmol/l)
FT4 (pmol/l)

Mean± SD

Median

Confidence Interval (CI)

5th percentile

50th percentile

95th percentile

Reference Interval

1.1065±0.866
2.275± 0.542
18.739± 2.688

0.90
2.20
18.5

0.98-1.23
2.19-2.35
18.35-19.12

0.05
1.5
14.4

0.9
2.2
18.5

2.8
3.3
22.7

0.05-2.8
1.5-3.3
14.4-22.7

1.351± 0.947
2.441± 0.461
19.091± 3.557

1.0
2.50
18.9

1.21-1.48
2.37-2.50
18.58-19.59

0.16
1.6
14.2

1.0
2.5
18.9

3.3
3.1
24.6

0.16-3.3
1.6-3.1
14.2-24.6

SD: Standard Deviation
TSH: Thyroid stimulating hormone
TT3: Total tri-iodothyronine
FT4: Free tetra-iodothyronine.
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Table-3: Comparison of non-pregnant reference interval and trimester specificrange
of our study population.

total of 40 (10.41%), were misdiagnosed or would have
been over-treated.

Parameter

Discussion

TSH (uIU/ml)
TT3 (nmol/l)
FT4 (pmol/l)

Non-Pregnant
range

First Trimester
(median)

Second Trimester
(median)

0.4-4.5
1.1-2.7
8-21

0.05-2.8(0.9)
1.5-3.3(2.20)
14.4-22.7(18.5)

0.16-3.3(1.0)
1.6-3.1(2.5)
14.2-24.6(18.9)

TSH: Thyroid stimulating hormone
TT3: Total tri-iodothyronine
FT4: Free tetra-iodothyronine.

Table-4: Comparison of Our reference interval with medians for TSH with Indian
normative range and ATA guidelines.
Trimester

1st Trimester
2nd Trimester

Our reference
interval (median)

Indian normative
range18 (median)

TSH (uIU/ml)
0.05-2.8(0.9)
0.6-5.0(2.1)
0.16-3.3(1.0)
0.44-5.78(2.4)

ATA
Guidelines7

0.1-2.5
0.2-3.0

TSH: Thyroid stimulating hormone
ATA: American Thyroid Association.

trimester and 196(51.04 %) females were in their
second trimester. There were 109(57.97%) primigravida
in the first trimester and 137(69.9%) in the second
trimester. Mean age of subjects presenting in the first
and second trimester was 25.37±3.78 years and
26.54±4.65 years respectively (Table-1). Mean, median,
confidence interval, 5th, 50th, 95th percentiles for TSH,
FT4, and TT3 were computed in the first and second
trimesters (Table-2).
By using cut-off values of TSH for non-pregnant females
on our study subjects, sub-clinical hyperthyroidism
(SCH) was found in 26(13.82%) females in first trimester,
while in the second trimester, SCH was found in
4(2.04%) females (Table-3). By using 5th and 95th
percentile, trimester-specific values derived from our
reference population, SCH cases were reduced to
2(1.06%) and 1(0.51%) case in the first and second
trimester subjects respectively. Applying non-pregnant
reference values on our subjects, only 1(0.5%) case of
sub-clinical hypothyroidism was found in the second
trimester. But after applying the trimester-specific
reference interval, 6(3.19%) cases of sub-clinical
hypothyroidism were reported in the first trimester and
8(4.08%) in the second trimester.
Following the non-pregnant values, it could be deduced
that 30(15.95%) cases among subjects in the first
trimester and 10(5.10%) in the second trimester, making a
Vol. 68, No. 10, October 2018

During pregnancy, mother's thyroid gland starts its
augmented functioning just after conception,
manifesting in the form of raised T4 and T3
concentrations along with increased TBGs, peaking in
the 7th week and stabilising by the 16th week of
gestation. Afterwards it remains high throughout
pregnancy. Negative feedback system causes TSH
concentration to remain low throughout pregnancy.14
For accurate assessment of thyroid function, it is
necessary to measure all key players i.e. TSH, T3, T4,
anti-thyroid peroxidase (TPO) antibodies, and
thyroglobulin antibodies. But, due to financial burden,
measuring most crucial marker like TSH gives
directions to thyroid dysfunctioning.15 FT4 was done
instead of total T4 (TT4) because thyroid hormone
binding proteins are frequently present in abnormal
concentrations in physiological states, such as
pregnancy, or in association with drug therapies and
abnormalities in binding proteins that affect hormone
binding. For this reason, artefactual changes in TT4
concentration in euthyroid individuals may be
common, while free hormone measurements better
reflect true thyroid status. Accurate serum FT4
measurements are needed to differentiate overt
hypothyroidism from SCH and for the diagnosis of
euthyroid hypothyroxinaemia, the controversial
diagnostic group that some claim is associated with
adverse pregnancy outcomes. 16 When combined with
elevated TSH levels, FT4or TT4 determinations are
equally sensitive to identify women with SCH. 17
Results of the current study are consistent with other
studies reporting that hyper-functioning of thyroid
gland during pregnancy demands the need for
trimester-specific reference intervals of thyroid
markers. 2-4,18-20
In the current study reference interval for TSH is
substantially close to that recommended by ATA
guidelines (Table-4) for those laboratories that do not
have a defined reference intervals for thyroid markers in
their population.7 However, in a study18 results were
consistent with normal adult population. Mean TSH
levels in our study increased from first to second
trimester. These results are consistent with results of
other studies.9,21 Similarly, TSH reference value for the
first trimester in this study (0.05-2.8 uIU/ml) was limited
as compared to 0.01-4.05uIU/ml reported in a study
conducted in the United States (US).19 In another US
study 22 the same automated immunoassay
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analyser(ADVIA CENTAUR analyser) was used and
reference interval was found to be 0.04-3.6 uIU/ml.
These variations in the reference intervals for first
trimester demands the need for recruiting reference
values specific for each study population as these are
very strong evidences that thyroid functions change
with ethnic group.10,22,23 TSH reference value for second
trimester (0.16-3.3uIU/L) was also consistent with those
mentioned in ADA guidelines and reported in a
research 24 for Asian population (0.06-3.64uIU/ml).
Variable results were reported in different ethnic
groups like in Korean (0.01-4.26uIU/ml), 8 American
(0.39-4.18uIU/ml) 25 and Chinese (0.10-4.34uIU/ml) 20
population. All these findings again emphasise the fact
that ethnicity and race has a very strong impact on
thyroid profile.24 Furthermore, our study also found that
mean TSH values increased as pregnancy progressed,
with value of second trimester being more than first
trimester's. Such findings are consistent with other
studies.6,21 FT4 and TT3 values were raised from first to
second trimester as reported in other studies.6,26 In
another study27 on Iranian women, TSH, TT3 and TT4
were raised while FT4 declined from first to second
trimester.
One study18 suggested that Asian pregnant women are
more prone to developing gestational thyrotoxicosis,
which is a crucial finding also corroborated in our study
(8 cases, 2.08% of overt hyperthyroidism). Our study
population also included SCH cases with 3.19% subjects
in their first trimester and 4.08% in their second
trimester. Likewise a research2 reported a prevalence of
4% cases of SCH.
Although the current study has proved its importance by
determining a reference interval for pregnant women
which has not been established in the region, but some
limitations to our study include its single-centre nature,
failure to perform thyroid ultrasonography, lack of antiTPO and anti-thyroglobulin assays, not confirming iodinereplete population by urinary iodine and lack of pre- and
post-pregnancy data of the study population due to lack
of follow-up facilities.

Conclusion
Misclassification of pregnant women with thyroid
disorders can only be avoided with proper reference
intervals established in pregnancy rather than following
the non-pregnant values. The trimester-specific reference
intervals determined in the current study are
recommended to be followed in all laboratories in
Rawalpindi using same methodology as used here for the
screening of thyroid dysfunction in pregnant females.
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