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Abstract
Background: The signi�cance of investigation for diagnosing and managing thyroid dysfunction in pregnant
females has been extensively documented in the medical literature. This study aimed to determine trimester-
speci�c reference ranges for thyroid-stimulating hormones (TSH), Free T3 (FT3), and free T4 (FT4) in
apparently healthy pregnant women attending tertiary care hospitals in Lahore.

Methods: This cross-sectional study was conducted at two tertiary care Hospitals in Lahore, Pakistan. In this
multi-centric study, initially, 500 pregnant females were enrolled from September 2019 to December 2019 who
ful�lled the inclusion criteria. For measurement of serum freeT3, free T4, TSH, anti-TPO, and Thyroglobulin
antibodies, 5 ml of the blood sample was drawn, under aseptic conditions, from each subject using Maglumi
800 chemiluminescence immunoassay (CLIA) system.

Results: Out of 500 subjects, 23 subjects with positive anti-TPO, 19 subjects with anti-TG antibodies, and 12
subjects due to less volume of serum yielded from whole blood (serum less than 3 ml) were excluded from
the analysis. Ten samples were hemolyzed and not included in the analysis. A total of 436 samples were
examined for analysis. Of the remaining 436 subjects, 133 (30.5%) were from 1st Trimester, 153 (35.1%) from
2nd Trimester, and 150 (34.4%) from 3rd Trimester. As the data were non-normal, the 2.5th, 50th and 97.5th
percentiles were calculated to express each group's results. Trimester speci�c range of TSH 0.168-4.294,
0.258-4.584 and 0.341-4.625, FT3 1.857-4.408, 1.958-4.621 and 2.025-4.821 pg/mL and FT4 8.815-18.006,
8.306-17.341 and 7.402-17.292 pg/mL.

Conclusion: In this study, we established a trimester-speci�c reference range for our local population's thyroid
function test. The results of this study have complemented the results of previous studies.

Background
Pregnancy is a physiological phenomenon in which there is the maternal adjustment of multiple organ
systems, including metabolic and hormonal adjustments to supply adequate nutrition to the fetus. During this
process, the thyroid gland adapts through regulating thyroid hormones via the hypothalamic-pituitary-thyroid
axis [1]. Thyroid hormones are necessary to ensure the healthy development of the fetus, especially during the
�rst trimester, during which the fetus is entirely dependent on maternal thyroid supply delivered through the
placenta. Moreover, during pregnancy, there is increased maternal renal iodide loss, increased levels of serum
total thyroxine-binding globulin (TBGs), and increased degradation of thyroid hormone by placental enzymes.
Human Chorionic Gonadotropin (hCG) has a striking structural resemblance with Thyroid-stimulating
hormone (TSH), leading to an increase in thyroid hormone production during pregnancy followed by a plateau
phase around 16 weeks of gestation [2].

Thyroid gland dysfunction is encountered commonly during pregnancy and has an association with obstetric
complications. Most frequently, the thyroid disorder encountered in pregnancy is maternal hypothyroidism [3].
This condition is associated with fetal loss, increased maternal blood pressure, preterm labor, and the child's
abnormal mental development subsequently [4]. The prevalence of hyperthyroidism in pregnant women is
0.1–0.4%. On the other hand, around 3% of pregnant women are hypothyroid, of whom 0.5% have overt
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hypothyroidism and 2.5% present with subclinical hypothyroidism [5]. Almost 10 % of the women their
reproductive age is positive for thyroid antibodies. Even without any detectable thyroid dysfunction, the
presence of anti-thyroid peroxidase antibodies in pregnant women increases the risk of miscarriage,
pregnancy-related complications, and preterm labor [6–8]. Gestational thyrotoxicosis is frequently reported in
the Asian population compared to western women and pregnant females belonging to other ethnicities [9].
There is a wide geographical variation in the prevalence of thyroid disorders during pregnancy. Therefore,
International Endocrine associations advised that each geographical area should establish its trimester-
speci�c reference ranges for thyroid pro�le. These population-speci�c reference ranges will aid in the early
detection of thyroid abnormalities in pregnant females and will ultimately prevent complications [2, 9, 10].

The most common cause of maternal hypothyroidism in iodine-rich areas is Hashimoto's thyroiditis, whereas,
in iodine-de�cient areas like Pakistan, it is iodine de�ciency [11]. A study conducted by Elahi et al. in Lahore,
Pakistan, revealed that around 79% of the pregnant females were iodine de�cient, and 31% had goiter [12, 13].

Assessment of thyroid status during pregnancy is of utmost importance for the initiation of treatment of
newly diagnosed patients as well as for dose adjustment of patients already on hormone therapy. A decrease
in the upper and lower limit of TSH has been noticed in pregnant females compared to the healthy non-
pregnant population [13]. In clinical practice, measurement of free T4 and TSH, exceptionally the cut-off
values for lower Free T4 and upper TSH reference limit provides the data for evaluating thyroid functioning in
population. Various studies have been carried out in different countries to establish reference ranges for
thyroid hormones (Table 1). However, discrepancies in reported results are noticed because of using different
assays; also, irregularities in pregnancy are associated with demographic, environmental, and genetic factors.
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Table 1
Characteristics of various studies on reference ranges of thyroid functions TSH, FT3, FT4

Comparison of different studies

Country/Year Measure TF
Tests

Number
of
Patients
(n=)

1st
Trimester

2nd
Trimester

3rd
Trimester

INSTRUMENT

Tabriz, Iran,

2005[23]

Mean ± 
SD

TSH
IU/mL

229 1.71 + 
1.38

1.89 ± 
1.24

2.12 + 
0.77

Radio
immunoassay/

Gammamatic
II

Gamma
counter

(Contron,
Switzerland).

New Delhi,

India

2008[24]

2008

5th − 
95th
percentile

TSH µ
IU/mL

541 0.6–5 0.435–
5.78

0.74–5.7 ECL/Elecsys
1010

Analyzer

  FreeT4
pmol/L

  12–
19.45

9.48–
19.58

11.3–
17.71

Shanghai,
China,

2013[22]

2.5th − 
95th
percentile

TSH
mIU/L

2743 0.06–
3.13

0.07–
4.13

0.15–
5.02

Beckman
Coulter

UniCel™ DxI
600.

FreeT4
pmol/L

  8.72–
15.22

7.10–
13.55

6.16–
12.03

Mean ± 
SD

FreeT3
pmol/L

  14.90 ± 
4.67

13.07 ± 
3.06

6.91 ± 
3.20

Current
study

Mean ± 
SD

FreeT4
pg/ml

436 13.15 ± 
2.39

11.70 ± 
2.40

10.365 ± 
2.326

MAGLUMI 800

(SNIBE)
TSH
µlU/L

  1.376 ± 
0.982

1.62 ± 
1.04

1.64 ± 
0.99

2.5th − 
95th
percentile

TSH   0.16-.29 0.258–
4.58

0.34–
4.62

To date, there is only limited data available on reference values of thyroid markers among pregnant females
in the Pakistani population. This study is aimed to determine trimester-speci�c reference ranges for thyroid-
stimulating hormones (TSH), Free T3 (FT3), and free T4 (FT4) in apparently healthy pregnant women
attending tertiary care hospitals in Lahore.

Methods
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Participants
A multi-centric, cross-sectional population survey was conducted at two tertiary care Hospitals in Lahore,
Pakistan. A total of 500 pregnant females in all three trimesters of gestation who ful�lled the selection criteria
were included in the study using a consecutive sampling technique. Cases with a history of thyroid disease
and the use of any thyroid medication were excluded from the study. The study's purpose and procedure were
explained to each woman, and informed written consent was obtained. Patient details were added on a pre-
designed proforma. The gestational age of each case was recorded according to the latest ultrasound scan.
Ethical approval was obtained from institutional review boards of Central Park Medical College, Jinnah
Hospital, and Lahore Medical & Dental College (LMDC). Sample collection was carried out between
September 2019 and December 2019 after the grant of written permission from concerned authorities of
Central Park Teaching Hospital, Jinnah hospital Lahore and Ghurki Trust Hospital.

Laboratory methods
Five ml of the blood sample was drawn, under aseptic conditions, from each subject to measure their serum
freeT3, free T4, TSH, Anti TPO, and Thyroglobulin antibodies. The samples were labeled and centrifuged
within a half-hour. Each patient's serum was transferred to sterilized Eppendorf 05 ml screw-cap tubes and
transported to the Pathology lab of Central Park Medical College Lahore in proper sample transport
containers with ice bags daily. The samples which were not analyzed immediately were stored at -20oC.
Measurement of serum FT3, FT4, TSH, Anti TPO, and Thyroglobulin antibodies were performed on Maglumi
800 chemiluminescence immunoassay (CLIA) system. The tests were carried out in batches after collection.

Data analysis
The results were entered and analyzed using Statistical Package for the Social Sciences (SPSS) version 23.
The data were tested for normality using the Shapiro-Wilk test. Mean ± SD, median 2.5th, 97.5th percentiles
for reference interval were calculated for TSH, FT3, and FT4 for each Trimester. Kruskal-Willis test (a non-
parametric test to compare more than three measures) was used to compare the statistic. A p-value < 0.05
was taken as statistical signi�cance. A histogram of each thyroid function was also made to have a view
regarding the normality of data.

Results
A total of 500 pregnant females were enrolled in this study. Data of pregnant females with positive Anti-TPO
antibodies (n = 23) and anti-TG antibodies (n = 19) were excluded and not analyzed. Samples of twelve
pregnant females were not included because the quantity yielded from whole blood was less than 3 ml in
quantity. Ten samples were hemolyzed and were not included in the study. A total of 436 samples were
included in the study, and out of these, 133 (30.5%) females were in the �rst trimester, 153 (35.1%) were in the
second trimester, and 150 (34.4%) in the third trimester of pregnancy.

The trimester-wise mean age and gestational age of the study subjects are summarized in Table 2. the mean
age of all females was 25.03 ± 4.06 (with range 18–35 years). The average gestational age 8.79 ± 2.15 (range
4–12 weeks), 18.94 ± 3.06 (13–24 weeks), and 33.06 ± 3.13 (27–39 weeks) at the �rst, second, and third
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Trimester, respectively (Fig. 1). The trimester-speci�c reference range for thyroid hormones of the data of this
study is displayed in Table 3. The thyroid function measurement 2.5th, median and 97.5th percentiles are
exhibit in Fig. 2, which demonstrates the trend in all trimesters. The results revealed that TSH value jumped
0.168–4.294 µlU/L to 0.341–4.625 µlU/L from 1st Trimester to 3rd Trimester, the difference found
statistically signi�cant (p-value = 0.018). The FT3 values also showed an increasing pattern of 1.857–
4.408 pg/mL to 2.025–4.821 pg/mL from 1st Trimester to 3rd Trimester, and the difference is statistically
signi�cant (p-value < 0.001). A decline is observed in FT4 8.815–18.006 pg/mL to 7.402–17.292 pg/mL from
1st Trimester to 3rd Trimester, but the difference is statistically insigni�cant (p-value = 0.086).

Table 2
Age and GA distribution of study subjects

Pregnancy n Age (Years)

Mean ± SD (Min—Max)

Gestational Age (Weeks)

Mean ± SD (Min—Max)

1st trimester 133 22.79 ± 3.23 (18–34) 8.79 ± 2.15 (4–12)

2nd trimester 153 25.36 ± 3.90 (18–35) 18.94 ± 3.06 (13–24)

3rd trimester 150 26.67 ± 4.01 (19–35) 33.06 ± 3.13 (27–39)

Overall 436 25.03 ± 4.06 (18–35) 20.70 ± 10.26 (4–39)

Table 3
Trimester speci�c reference range of thyroid function TSH, FT3, FT4

Trimester n Minimum Maximum Mean ± SD Percentiles

2.5th 50th (Median) 97.5th

TSH mlU/L              

First 133 0.140 4.575 1.376 ± 0.982 0.168 1.229 4.294

Second 153 0.185 4.922 1.623 ± 1.041 0.258 1.322 4.584

Third 150 0.194 5.016 1.644 ± 0.994 0.341 1.433 4.625

FT3 pg/mL              

First 133 1.533 5.590 2.906 ± 0.636 1.857 2.842 4.408

Second 153 1.854 5.593 2.791 ± 0.646 1.958 2.631 4.621

Third 150 1.964 5.182 2.842 ± 0.674 2.025 2.713 4.821

FT4 pg/mL              

First 133 8.137 19.349 13.152 ± 2.391 8.815 12.876 18.006

Second 153 7.417 17.561 11.703 ± 2.404 8.306 11.450 17.341

Third 150 7.057 18.201 10.365 ± 2.326 7.402 9.463 17.292
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Discussion
Pakistan is an Iodine de�cient country, and pregnant females are at a higher risk of developing iodine
de�ciency-related thyroid disorders [14]. Distinguishing factors leading to an iodine-de�cient state of the
population are lack of awareness, myths relating to the use of iodized salts, and di�cult accessibility to
supplementation [15]. A recent Pakistani study revealed that 29 % of the pregnant females had thyroid
disorders, and 8% of the study population had hypothyroidism [13]. Most international studies related to
thyroid hormone reference ranges are conducted in Iodine su�cient areas and poorly depict the intervals in
our geographical region. International Guidelines recommend screening for thyroid status before conception
and during pregnancy as well [16]. A successful screening program depends upon an accurate population-
speci�c reference interval.

Many studies have reported Trimester speci�c reference ranges during pregnancy. However, these reference
ranges vary due to differences in ethnic origin, sample size, iodine su�ciency in the population, sample size,
and immunoassay choice [17]. Different analytical assays can vary in terms of sensitivity and speci�city and
can lead to the variable result of the same sample. Reference values must be gestational age-speci�c, and the
testing method must be certi�ed [18]. In the current study, reference ranges for thyroid hormones were de�ned
by 2.5th and 97.5th percentile after excluding anti-thyroid antibodies positive cases. The National Academy
of Clinical Biochemistry (NACB) stated that for the determination of reference intervals, the study population
should be based on speci�c, well-de�ned exclusion criteria [19].

In Pakistan, Trimester speci�c reference intervals for thyroid pro�le must be established for early diagnosis
and treatment of maternal thyroid dysfunctions. The correct interpretation of thyroid function tests during
pregnancy is of utmost importance and is only possible when calculating reference intervals in a healthy
pregnant population free of major interfering factors. Many studies reveal that common factors that affect
the thyroid hormone levels during pregnancy are anti-thyroid antibodies, use of thyroid interfering drugs,
medication, maternal age, and gestational age.

Derakhshan et al. [20]. concluded in their study that reference ranges of thyroid-stimulating hormone differed
signi�cantly according to the exclusion of anti-thyroid antibodies. However, the reference ranges of total and
free thyroid hormones did not show any signi�cant changes after excluding pregnant females with positive
anti-thyroid antibodies. According to the study, as mentioned above, smoking also affected thyroid hormone
levels among pregnant females. Smokers and females highly exposed to cigarette smoke had a lower TSH
and higher T3 (both total and free hormone) than those who were not exposed. This study's major limitation
was that the study population belonged mostly to one ethnicity only.

A study conducted in Greece stated that median TSH and free T3 increased in the second Trimester while free
T4 levels fell with the advancement of gestational age. Also, there was a signi�cant difference between
trimesters' speci�c free T4 values, while no difference was found between TSH and free T3 values according
to different trimesters [21–24]. These �ndings justify the segregation of thyroid pro�le reference intervals into
different trimesters.
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Data from the Pakistani population reveal that the prevalence rate of subclinical hypothyroidism is around
5.8% and is more common among pregnant females [16]. The Asian population has a greater incidence of
thyrotoxicosis as compared to the European community [25, 26]. However, to accurately assess the thyroid
status of the pregnant females and to make correct medical decisions, a population-speci�c reference interval
is necessary. Our current health care practices do not emphasize routine thyroid function screening before
and during pregnancy; instead, only high-risk females are screened as a protocol. With the establishment of
Trimester speci�c reference intervals, women with pregnancy-induced thyroid disorders can be accurately
managed, and disease burden can be determined.

Conclusion
This study established a trimester-speci�c reference range for thyroid function tests for our local population.
The results of this study have complemented the results of previous studies. This study will help create the
importance of reference ranges of thyroid pro�le in pregnant females and help the gynecologist, pathologist,
and patients interpret TSH, fT4and fT3 results because of reference ranges per trimester. It can further help in
decreasing maternal morbidity and mortality levels, along with fetal complications in Pakistan.

Abbreviations
TSH
thyroid-stimulating hormones; FT3:Free T3; FT4:Free T4; CLIA:chemiluminescence immunoassay;
hCG:Human Chorionic Gonadotropin; TBGs:thyroxine-binding globulin; LMDC:Lahore Medical & Dental
College; SPSS:Statistical Package for the Social Sciences; NACB:National Academy of Clinical Biochemistry

Declarations
Availability of data and materials

The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.

Acknowledgment:

Authors want to thank all the pregnant women for their involvement to this study.

Funding:

None to declare.

Authors' contributions:

AM, FS, and HB contributed in data collection, design, manuscript write-up, and literature search. MI, MK SZ
and KS did the lab work and experiments. MSA and UAA contributed clinical input and expert advice. The
authors have read and approved the manuscript.



Page 9/12

Ethics approval and consent to participate

Ethical approval was obtained from institutional review boards of Central Park Medical College, Jinnah
Hospital, and Lahore Medical & Dental College (LMDC). All methods were performed in accordance with the
relevant guidelines and regulations. All study participants provided informed written consent to participate.

Consent for Publication:

Not applicable.

Competing Interest:

The authors declare that they have no competing interests.

References
1. Cignini P, Cafà EV, Giorlandino C, Capriglione S, Spata A, Dugo N: Thyroid physiology and common

diseases in pregnancy: review of literature. Journal of prenatal medicine. 2012; 6(4):64–71.

2. Jebasingh FK, Salam R, Meetei TL, Singh PT, Singh NN, Prasad L: Reference intervals in evaluation of
maternal thyroid function of Manipuri women. Indian Journal of Endocrinology and Metabolism. 2016;
20(2):167–170.

3. Rajput R, Goel V, Nanda S, Rajput M, Seth S: Prevalence of thyroid dysfunction among women during the
�rst trimester of pregnancy at a tertiary care hospital in Haryana. Indian Journal of Endocrinology and
Metabolism. 2015; 19(3):416–419.

4. de Escobar GM, Obregón MJ, Escobar del Rey F: Maternal thyroid hormones early in prenancy and fetal
brain development. Best Practice and Research: Clinical Endocrinology and Metabolism. 2004;
18(2):225–248.

5. Negro R, Mestman JH: Thyroid disease in pregnancy. Best Practice and Research: Clinical Endocrinology
and Metabolism. 2011; 25(6):927–943.

�. Krassas GE, Poppe K, Glinoer D: Thyroid function and human reproductive health. Endocrine Reviews.
2010; 31(5):702–755.

7. van den Boogaard E, Vissenberg R, Land JA, van Wely M, van der Post JAM, Goddijn M, Bisschop PH:
Signi�cance of (sub)clinical thyroid dysfunction and thyroid autoimmunity before conception and in
early pregnancy: A systematic review. Human Reproduction Update. 2011; 17(5):605–619.

�. Richard J, Peregnancy GS: Cunningham FG, Leveno KJ, Bloom SL, Hauth JC, Rouse DJ, editors. Williams
obstetrics. In.: New York: McGraw-Hill; 2010.

9. Labadzhyan A, Brent GA, Hershman JM, Leung AM: Thyrotoxicosis of pregnancy. Journal of Clinical and
Translational Endocrinology. 2014; 1(4):140–144.

10. Ramprasad M, Bhattacharyya SS, Bhattacharyya A: Mini Review Thyroid disorders in pregnancy. Indian
journal of endocrinology and metabolism. 2012; 16(17(5)):167–170.

11. Afzal R: Thyroid disorders in pregnancy: An overview of literature from Pakistan. Indian journal of
endocrinology and metabolism. 2013; 17(5):943–943.



Page 10/12

12. Elahi S, Rizvi NB, Nagra SA: Iodine de�ciency in pregnant women of Lahore. Journal of the Pakistan
Medical Association. 2009; 59(11):741–743.

13. Talat A, Khan AA, Nasreen S, Wass JA: Thyroid Screening During Early Pregnancy and the Need for
Trimester Speci�c Reference Ranges: A Cross-Sectional Study in Lahore, Pakistan. Cureus. 2019; 11(9).

14. Khattak RM, Saifullah Z, Khadija G, Fayyaz A, Zaman S, Gul M, Khattak MNK, Schauer B, Völzke H,
Ittermann T: Regional in�uences on nutritional iodine status of pregnant women in Pakistan. Thyroid.
2018; 28(11):1538–1546.

15. Azizi F, Mehran L, Amouzegar A, Alamdari S, Subetki I, Saadat N, Moini S, Sarvghadi F: Prevalent
practices of thyroid diseases during pregnancy among endocrinologists, internists and general
practitioners. International Journal of Endocrinology and Metabolism. 2016; 14(1):1–9.

1�. De Groot L, Abalovich M, Alexander EK, Amino N, Barbour L, Cobin RH, Eastman CJ, Lazarus JH, Luton D,
Mandel SJ et al: Management of thyroid dysfunction during pregnancy and postpartum: An endocrine
society clinical practice guideline. Journal of Clinical Endocrinology and Metabolism. 2012; 97(8):2543–
2565.

17. Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, Mestman J, Negro R, Nixon A, Pearce EN, Soldin OP,
Sullivan S et al: Guidelines of the American Thyroid Association for the diagnosis and management of
thyroid disease during pregnancy and postpartum. Thyroid. 2011; 21(10):1081–1125.

1�. Yan YQ, Dong ZL, Dong L, Wang FR, Yang XM, Jin XY, Lin LX, Sun YN, Chen ZP: Trimester-and method-
speci�c reference intervals for thyroid tests in pregnant Chinese women: Methodology, euthyroid
de�nition and iodine status can in�uence the setting of reference intervals. Clinical Endocrinology. 2011;
74(2):262–269.

19. Rajput R, Singh B, Goel V, Verma A, Seth S, Nanda S: Trimester-speci�c reference interval for thyroid
hormones during pregnancy at a Tertiary Care Hospital in Haryana, India. Indian Journal of
Endocrinology and Metabolism. 2016; 20(6):810–815.

20. Derakhshan A, Shu H, Broeren MAC, De Poortere RA, Wikström S, Peeters RP, Demeneix B, Bornehag CG,
Korevaar TIM: Reference Ranges and Determinants of Thyroid Function during Early Pregnancy: The
SELMA Study. Journal of Clinical Endocrinology and Metabolism. 2018; 103(9):3548–3556.

21. Karakosta P, Chatzi L, Bagkeris E, Daraki V, Alegakis D, Castanas E, Kogevinas M, Kampa M: First- and
second-trimester reference intervals for thyroid hormones during pregnancy in "rhea" mother-child cohort,
Crete, Greece. Journal of Thyroid Research. 2011; 2011(12 Dec):12–12.

22. Zhang J, Li W, Chen Q-B, Liu L-Y, Zhang W, Liu M-Y, Wang Y-T, Li W-Y, Zeng L-Z: Establishment of
trimester-speci�c thyroid stimulating hormone and free thyroxine reference interval in pregnant Chinese
women using the Beckman Coulter UniCel™ DxI 600. Clinical Chemistry and Laboratory Medicine (CCLM).
2015; 53(9):1409–1414.

23. Zarghami N, Rohbani-Noubar M, Khosrowbeygi A: Thyroid hormones status during pregnancy in normal
Iranian women. Indian Journal of Clinical Biochemistry. 2005; 20(2):182–185.

24. Marwaha R, Chopra S, Gopalakrishnan S, Sharma B, Kanwar R, Sastry A, Singh S: Establishment of
reference range for thyroid hormones in normal pregnant Indian women. BJOG: An International Journal
of Obstetrics & Gynaecology. 2008; 115(5):602–606.



Page 11/12

25. Lazarus JH: Thyroid function in pregnancy. British Medical Bulletin. 2011; 97(1):137–148.

2�. Price A, Obel O, Cresswell J, Catch I, Rutter S, Barik S, Heller SR, Weetman AP: Comparison of thyroid
function in pregnant and non-pregnant Asian and western Caucasian women. Clinica Chimica Acta.
2001; 308(1–2):91–98.

Figures

Figure 1

Bar charts of age and GA of study subjects
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Figure 2

The pattern of trimester speci�c range of thyroid function TSH, FT3, FT4


