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Background: Pregnancy has great influence on maternal thyroid gland. It 

induces significant physiological as well as hormonal changes that alters the 

maternal thyroid function. Our goal was to determine this pregnancy 

associated changes in thyroid gland. 

Objective: To correlate the sonographic findings of maternal thyroid gland 

with thyroid function tests during pregnancy. 

Material and methods: 135 pregnant women were recruited in this study, 

data of TSH, T3 and T4 was obtained and correlated it with the sonographic 

findings of maternal thyroid gland in each trimester of pregnancy. 

Results: In the 135 sampled pregnant women, mean thyroid gland volume 

was 4.08±1.19 cm3. The mean levels of T3, T4 and TSH were v3.37±.44 

pmol/L, 14.96±2.49 pmol/L and 1.21±.92 mIU/L respectively. A remarkable 

correlation between thyroid hormones and thyroid volume was observed.  

Conclusion: It is concluded that the ultra-sonographic findings is correlated 

with the thyroid function tests during pregnancy. 

Keywords: Pregnancy, Tri-iodothyronine, Tetra-iodothyronine, Thyroid 

stimulating hormone, TSH, Ultrasonography, Correlation. 

I N T R O D U C T I O N  

Pregnancy has great influence on maternal thyroid 

gland. It induces significant physiological as well as 

hormonal changes that alters the maternal thyroid 

function. Thyroid gland size is affected by age, 

gender, iodine supply and TSH [1]. Thyroid gland 

volume is considered as a function of iodine intake in 

a population [2]. During gestation, the thyroid gland 

size increases about 10% in iodine sufficient 

countries and 20 to 40% in iodine deficient countries 

[3].  

During a normal pregnancy, the physiology of thyroid 

gland is modified perceptibly. These changes occur 

throughout gestation and it helps the maternal thyroid 

gland to prepare and cope with the increased 
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metabolic demands of gestation. These changes are 

reversible postpartum [4]. During pregnancy, the 

thyroid function tests changes mainly due to the effect 

of two hormones i.e. estrogen and human chorionic 

gonadotropin (hCG) [5]. The most remarkable 

changes occur in pregnancy which induces maternal 

thyroid gland to adapt appropriately. First factor is the 

adjustment of ratio of bound to free T3 and T4 against 

the pronounced increase in the circulating 

concentration of TBGs (thyroxin binding globulin) due 

to the enhanced production of estrogen. Second 

factor is the direct stimulation of the thyroid gland by 

elevated concentrations of human chorionic 

gonadotropin (hCG), due to the intrinsic thyrotrophic 

activity of hCG and structural resemblance with TSH. 

It results in increased T3 and T4 secretion in early 

gestational phase and plateaus during mid gestation. 

Both factors occur early in first trimester [6]. Third 

factor is enhanced enzymatic activity of type III 

monodeiodinase. It converts T4 to rT3 (reverse T3) 

which results in increasing the yield of maternal T4 at 

placental level. This is effective in later gestational 

phase [7]. 

All these stimulants of thyroid gland enhance the 

requirement of iodine which is further aggravated by 

elevated renal clearance of iodine. Furthermore, 

amount of iodine is also transported to fetal thyroid 

gland from maternal circulation, as it becomes 

functional progressively at the end of the first 

trimester [8-10]. 

During pregnancy, the regulation of maternal thyroid 

gland is very complex and also it varies with each 

phase of gestation. If the pregnant women are taking 

the sufficient amount of iodine, then thyroid gland 

adjusts its hormonal output readily and attains a new 

state of equilibrium. But it becomes difficult to attain 

this equilibrium in the situation of low iodine intake 

[11]. In this condition thyroid adaptations may vary 

from physiological to pathological, depending on the 

extent of iodine deficiency [12]. Thyroid hormones 

play a vital role in early development of fetal brain. 

Their deficiency may cause impaired development of 

fetal brain, mental retardation and cretinism [13,14]. 

The current study was basically designed to 

determine the alterations in thyroid gland volume and 

thyroid hormone production in Pakistan, which is 

considered as moderate to severe iodine deficient 

country [15-17]. 

 

M A T E R I A L S  A N D  M E T H O D S  

This cross sectional study was conducted at the 

radiology department of Government General 

Hospital, GMA Faisalabad, Pakistan, from September 

2019 to June 2020. Informed consent was obtained 

by all subjects participated in this study. Institutional 

review board of Faculty of Allied Health Sciences, 

University of Lahore, issued the ethical approval 

reference number: IRB-UOL-FAHS/582/2019, dated: 

20, September, 2019. The duration of study was 9 

months. The target population was pregnant women. 

Sampling technique used for the selection of subjects 

was non-probability convenient sampling. Sample 

size of 135 was calculated by using the correlation 

coefficient formula. After approval from institutional 

review board, the healthy pregnant women in any 

trimester with single, uncomplicated, intrauterine 

gestation were recruited in the study. A detailed 

history was taken from each subject regarding age, 

Primigravida or multigravida and any thyroid related 

illness. Those women with diagnosed thyroid gland 

disorder, or having thyroid surgery, or any metabolic 

disorder and those on any thyroid medication were 

excluded. 

The maternal thyroid ultrasound was performed in all 

pregnant women, on ultrasound scanner (GE LOGIC 

V5), equipped with a linear transducer of 7.5to 12 

MHz. During the ultrasonographic examination, the 

subjects were in a supine position with their necks 

slightly extended. The mediolateral dimension of both 

lobes was measured on the transverse image. The 

craniocaudal and the anteroposterior dimensions was 

measured on the longitudinal image. The equation of 

Brunn et al. was used to estimate volume of each 

thyroid lobe in cm3 [18]. Volume of lobe (cm3) = 

Mediolateral (ML) dimension (cm) × Craniocaudal 

(CC) dimension (cm) × Anteroposterior (AP) 

dimension (cm) × 0.479 [Conversion factor]. 

Thyroid gland volume was acquired by collecting 

volume of both lobes. Isthmus volume was not 

included in this calculation. Thyroid gland 

echotexture, echogenicity and vascularization pattern 

was also assessed on ultrasound. After taking the 

informed consent from all subjects, blood sample was 

collected for the assessment of T3, T4 and TSH. 
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R E S U L T S  

A total of 135 pregnant women meeting selection 

criteria and volunteered for participating in this study, 

were examined at the radiology department of Govt. 

General hospital, GMA Faisalabad. Out of total 135 

pregnant women, the frequency of first, second and 

third trimester was 45 (33.3%). The mean age of 

sample population was 30.148±5.93 years. The 

minimum and maximum age in this study was 20 to 

42 years. Among 135 pregnant women, 42 (31.1%) 

were Primigravida while remaining 93 (68.9%) were 

multigravida have had total of 2 to 5 pregnancies. 

Among multigravida, 42 (31.1%) women were second 

gravid, 25 (18.5%) women were third gravid, 18 

(13.3%) women were fourth gravid and 8 (5.9%) were 

fifth gravid as shown in figure 1. 

Figure 1. Percentage of Primigravida and 

Multigravida. 

Out of total 135 pregnant women, the mean thyroid 

gland volume(TGV) was 4.08±1.19 cm3. The 

minimum and maximum TGV was 2.02 to 6.77 cm3. 

The mean TGV in first, second and third trimester 

was 3.39±0.91 cm3, 4.13±0.97 cm3 and 4.70±1.30 

cm3 respectively, as shown in the Table 1. On 

ultrasound, the echotexture, echogenicity and 

vascularization pattern of each thyroid gland was 

normal. The mean levels of thyroid hormones are 

shown in the Table 1. The mean TSH level in total 

sampled population was 1.21±.92 mIU/L. The 

minimum and maximum level of TSH was 0.04 to 

2.93 mIU/L. The trimester specific mean levels of 

TSH were 0.16±.06, 1.35±.52 and 2.12±.58 mIU/L 

respectively. The total mean of T3 level in sampled 

population was 3.37±.44 pmol/L. The minimum and 

maximum level of T3 was 2.4 to 4.6 pmol/L. The 

trimester specific means values of T3 were 3.47±.47, 

3.42±.38 and 3.21±.43 pmol/L respectively, as shown 

in Table 1. The total mean level of T4 in our sampled 

population was 14.96±2.49 pmol/L. The minimum and 

maximum value of T4 was 10.03 to 19.72 pmol/L. The 

trimester specific mean values of T4 were 

16.46±2.27, 14.8±2.22 and 13.64±2.16 pmol/L 

respectively, as shown in Table 1. 

Table 1. Total and Trimester Specific Mean of Thyroid Hormones and Thyroid Volume. 

Trimester Thyroid Volume TSH T3 T4 

1.00 

Mean 3.39920 .1680 3.4733 16.4620 

N 45 45 45 45 

Std. Deviation .915349 .06398 .47930 2.27435 

2.00 

Mean 4.13864 1.3527 3.4267 14.8036 

N 45 45 45 45 

Std. Deviation .975881 .52675 .38695 2.22410 

3.00 

Mean 4.70793 2.1240 3.2133 13.6424 

N 45 45 45 45 

Std. Deviation 1.305278 .58725 .43724 2.16329 

Total 

Mean 4.08193 1.2149 3.3711 14.9693 

N 135 135 135 135 

Std. Deviation 1.198534 .92610 .44752 2.49160 

Values of thyroid volume is expressed in cm3, T3&T4 in pmol/L and TSH in mIU/L. 

 

Pearson’s coefficient of correlation (r) between 

thyroid volume(TV) and TSH in pregnant women is 

given in the Table 2.  An absolute correlation was 

observed between TSH and thyroid volume in 

pregnant women. A positive correlation of r =.444 

was observed between TV and TSH in sampled 

pregnant population as shown in Figure 2. The 

value of correlation coefficient between TV and 
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TSH during first trimester r = .353 was significant 

with p-value 0.017<0.05. However, a correlation 

coefficient r = 0.019 between TV and TSH during 

second trimester was insignificant with p-value 

0.901>0.05. In third trimester, correlation coefficient 

between r =.193 between TV and TSH was 

insignificant with p-value 0.204>0.05. 

Table 2. Correlation Coefficient (Pearson) Between Thyroid TV, TSH, T3, T4. 

 TV TSH T3 T4 

TV 

Pearson Correlation 1 .444* -.233* -.182* 

Sig. (2-tailed)  .000 .007 .035 

N 135 135 135 135 

TSH 

Pearson Correlation  1 -.441** .347** 

Sig. (2-tailed)   .002 .019 

N  135 135 135 

T3 

Pearson Correlation   1 -.235 

Sig. (2-tailed)    .120 

N   135 135 

T4 

Pearson Correlation    1 

Sig. (2-tailed)     

N    135 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

Figure 2. Correlation coefficient (Pearson) between 

TV and TSH. 

A negative correlation was observed between TV and 

T3 during all trimesters of pregnancy with value of r = 

-.233 which was significant with p-value 0.007<0.05. 

as shown in the Figure 3. 

 

Figure 3. Correlation coefficient (Pearson) between 

TV and T3. 

A negative correlation was also observed between TV 

and T4 during all trimester of pregnancy with value of 

r = -.182 which is significant with p-value 0.035<0.05, 

as shown in Figure 4. 

 

Figure 4. Correlation coefficient (Pearson) between 

TV and T4 

D I S C U S S I O N  

Pregnancy has great impact on maternal thyroid 

gland. It affects both thyroid gland volume and thyroid 

functions tests. The present study was planned to 

report the gestation specific alterations in thyroid 

gland volume and thyroid function tests. Many 

countries have established their own reference 

ranges of thyroid hormones and thyroid gland volume 

during a normal healthy pregnancy. However, it is a 
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known fact that Pakistan is an area of moderate to 

severe iodine deficiency in the region [2,8]. So the 

population of Pakistan, particularly pregnant women 

are at higher risk of developing moderate or severe 

iodine deficiency with adverse maternal as well as 

fetal outcomes. During pregnancy, maternal thyroid 

gland begins its supplement functioning immediately 

after conception by exhibiting elevated T3 and T4 

levels, accompanying the raised TBGs concentration, 

peaking up to seventh weak and stabilizing back to 

normal levels by sixteenth weak of gestation [19]. It is 

necessary to determine all key markers of thyroid 

hormones ( total and free T3 &T4, TSH, anti thyroid 

peroxidase antibodies TPO and thyro-globulin 

antibodies.) for accurate assessment of thyroid 

functioning during pregnancy. However, due to limited 

financial resources, the most crucial thyroid markers 

like T3, T4 and TSH were measured. Free T3 and 

free T4 levels were determined rather than total T3 

and T4 because TBGs can usually present in slight 

abnormal concentrations in various physiological 

conditions e.g pregnancy, drug therapies, proteins 

abnormalities that affects thyroid hormone binding etc 

[20]. Consequently, the artefactual alterations in 

concentrations of TT4 may be common in euthyroid 

individuals [21]. However, concentrations of free form 

of thyroid hormones reflected true status of thyroid. 

For this reason, concentrations of FT3 and FT4 was 

measured in this study.  

In our study, the mean thyroid gland volume was 

4.08±1.19 cm3, which is much smaller than the mean 

thyroid volume in western countries. The reason for it 

is the severe deficiency of iodine in Pakistani 

population, which is highly responsible for smaller 

thyroid gland volume [22]. However, the reference 

range of mean thyroid volume in pregnant females is 

not available in Pakistan, the aim of our study was to 

establish the reference thyroid volume levels in each 

trimester of gestation. This study has demonstrated 

that mean thyroid gland volume increases with each 

trimester respectively i.e. 3.39±0.91 cm3, 4.13±0.97 

cm3 and 4.70±1.30 cm3 in first, second, third trimester 

respectively as shown in Figure 5. Our results are 

consistent with previous study conducted by Okafor 

Chioma Henrietta in Nigeria [23]. Their results also 

showed an increase in thyroid gland volume with 

each trimester respectively. 

 

Figure 5. Mean thyroid volume in all trimesters. 

In current study, the total mean of T3 level in sampled 

population was 3.37±.44 pmol/L. A study conducted 

in urban area of district Rawalpindi, Pakistan in 2018 

showed similar outcomes [24]. As compared to the 

previous study established in Indian population, which 

showed the trimester specific range of T3 during 

pregnancy as (1.92–5.86, 3.2–5.73 and 3.3–5.18 

pmol/L) [25], the current study showed the variation in 

mean levels of T3 in first, second and third trimester 

were 3.47±.47, 3.42±.38 and 3.21±.43 pmol/L 

respectively. However, a longitudinal study 

established previously in iodine deficient urban area 

of Pakistan, which showed the similar results to our 

study. Their results showed that the reference ranges 

of free T3 in first, second and third trimester were 

3.8±1.1, 3.6±0.9 and 3.9±1.0 pmol/L, respectively [8]. 

So this continuous decrease in the levels of T3 with 

the progression of each trimester is the result of 

diversion of available amount of iodine in maternal 

circulation to thyroid gland of fetus in second phase of 

gestation, which consequently induces the maternal 

thyroid gland to prefer the rational synthesis of free 

T3 instead of free T4, to maintain the state of 

euthyroidism during this spell of respective iodine 

deficiency [26]. 

Our results showed that the total mean of T4 level in 

our sampled population was 14.96±2.49 pmol/L. The 

similar results were observed in a study conducted by 

Gillani M et al in 2018 in Rawalpindi, Pakistan [24]. 

Their mean level of free T4 was 14.4 pmol/L. A 

significant gradual decline in the free T4 levels in this 

study was observed with progression of gestation. 

This observation is consistent with preceding cross 

sectional and longitudinal studies [27-29]. The 

trimester specific ranges of T4 in present study were 

16.46±2.27, 14.8±2.22 and 13.64±2.16 pmol/L 
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respectively. These results are related to the 

reference ranges of free T4 observed in the study 

conducted by Elahi S. et al in an urban area of 

Pakistan in 2013, which showed the mean levels of 

T4 in first, second and third trimester were 13.0±2.8, 

11.5±1.9 and 11.3±1.5 respectively [8]. 

C O N C L U S I O N S  

The reference ranges of mean thyroid gland volume 

and thyroid function tests T3, T4 and TSH has been 

established for each trimester of pregnancy in 

Pakistani population. It is concluded that thyroid gland 

volume increases with each gestational trimester and  

there is a significant correlation between maternal 

thyroid gland volume and thyroid function tests during 

pregnancy. 

R E C O M M E N D A T I O N S  

The trimester specific reference intervals for thyroid 

hormones and thyroid gland volume determined in 

this study are recommended to be followed in all 

laboratories in Faisalabad for screening of the thyroid 

dysfunction in pregnant women. 

L I M I T A T I O N S  

Although the present study manifests its importance 

by establishing the reference interval of maternal 

thyroid gland volume as well as thyroid hormones for 

each trimester of pregnancy, but a shortcoming of it 

includes small sample size and confined to only one 

hospital of Faisalabad, which may not be the true 

representative of whole population of Faisalabad. The 

immediate attention is required to explore these 

aspects on large scale. 
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