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Abstract 

There are numerous  physiological changes during pregnancy that lead to alteration in the thyroid function 

and consequently  lead to   a change in the   thyroid hormones levels. Therefore, the aim of the current study is to 

establish trimester –specific reference serum levels (TSRSLs) for free triiodothyronine (FT3) and free thyroxine 

(FT4) in apparently healthy pregnants in Nineveh governorate, Iraq. 

Accordingly, a cross-sectional study was carried out from December 2020 to April 2021 in Al-Batool 

Teaching hospital, Al-khanssa Maternity Teaching Hospital, Al-Noor Primary Health Center (PHC) and Out- 

patient clinics in Nineveh governorate. One hundred and fifty pregnants  aged (16-42) years were enrolled in this 

study. Participants were grouped according to the trimester of pregnancy into three groups involving 50 

participants each .  FT4 and FT3  were measured for each participant. The result of this study showed the TSRSLs 

for FT4 in the first, second and third trimesters were (0.70-1.29, 0.49-1.31 and 0.58-1.28 ng/dl), respectively; 

while ,for the FT3 they were ( 2.63-3.96, 2.04-3.3 and 2.11-3.40 pg/ml), respectively. Serum FT3 level was 

significantly higher in the  first  trimester compared to the second and third trimesters. While serum  FT4 level 

was significantly lower in the second trimester compared to first and third trimesters. We concluded TSRSLs of 

FT4 and FT3 in pregnant women in Nineveh governorate  is comparable to that recorded elsewhere. 
Keywords: Free thyroid  hormone , Reference levels  , Pregnant women , Nineveh governorate  

 

الغدة الدرقية الحرة والمحددة  حسب ثلوث الحمل  بين النساء الحوامل في   تمستويات هورمونا

 العراق  ، ىمحافظة نينو
 3وسرى خيرالدين محي الدين 2حازم علاوي  1*،مروى موفق نايف 

 
 ، دائرة صحة نينوى ، نينوى،العراق   وزارة الصحة والبيئة  1
 نينوى،العراق.  جامعة الموصل،  فرع الكيمياء الحياتية، كلية الطب، 2
 

 الخلاصة
وظائف الغدة الدرقية    خلال الحمل والتي تؤدي الى اختلاف فيث  هناك العديد من التغيرات الفسيولوجية في وظائف الغدة الدرقية تحد 

مصل الدم المرجعية محددة   تحديد مستويات  الى  هدف  هذه الدراسة ت  انف مستويات هورمونات الغدة الدرقية, لذلك  وبالتالي تؤدي الى اختلاف في  

. وفقا لذلك اجريت  العراق,    في محافظة نينوى  ظاهريا  الاصحاء    ين في النساء الحواملروكسين الحروالثاي  ثلاثي يودوثيرونين حسب ثلوث الحمل ل

في مستشفى البتول التعليمي, مستشفى الخنساء التعليمي للولادة, مركز النور للرعاية    2021الى نيسان    2020دراسة مقطعية للفترة من كانون الاول  

 الصحية الاولية والعيادات الخارجية للمرضى في محافظة نينوى.

تم تجميع المشاركات وفقا لثلوث الحمل   سنة قد شاركوا في هذه الدراسة. 42 – 16بين مئة وخمسون امرأة حامل تراوحت اعمارهم ما 

رين في مصل الدم لكل  الثيروكسين  وثلاثي يودوثيرونين الح  يهورمونمستويات    وقد تم قياس  .  مشاركة  50في ثلاث مجموعات تضم كل مجموعة 

ر في الثلث الاول والثاني والثالث  ثايروكسين الحلللمرجعية محددة حسب ثلوث الحمل  مصل  الدم ا  مستوياتان الدراسة    نتيجة هذه  . اظهرتمشاركة

 1(3.40-ثلاثي يودوثيرونين الحر  بينما كانت بالنسبة ل  على التوالي؛   دسيليتر(، /نانوغرام    1.28-0.58 ,1.31-0.49 ,1.29-0.70من الحمل كانت )

التوالي.  2.1 ,2.04-3.3 ,2.63-3.96 الحوامل اعلى وبمغزى بيكوغرام / مل( على  النساء  الحر في مصل   وكان  مستوى ثلاثي يودوثيرونين 

بينما كان مستوى الثايروكسين الحر في مصل النساء الحوامل  اقل وبمغزى احصائي    ؛ احصائي في  ثلث الحمل الاول مقارنة بالثلثين الثاني والثالث

الدراسة الى ان مستويات مصل الدم المرجعية محددة حسب ثلوث الحمل  للثايروكسين نة بالثلثين الاول والثالث .خلصت  في ثلث الحمل الثاني مقار

 . ولثلاثي يودوثايرونين الحرين في النساء الحوامل في محافظة نينوى هي مقاربة لما سجل في اماكن اخرى
 ستويات المرجعية،النساء الحوامل، محافظة نينوى. الكلمات المفتاحية:  هورمونات الغدة الدرقية الحرة، الم
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Introduction 
The thyroid gland is the first endocrine 

gland that starts to develop in the day 20 to 24 of  

gestation (1). 

Total thyroid hormones  include free form 

and protein bounded form, these are the forms in 

blood; free triiodothyronine (FT3) and free 

thyroxine (FT4) are free fractions of thyroid 

hormones (2). 

Only 0.3% and 0.03% of T3 and T4, 

respectively are circulating in free form, which is 

regarded as the active hormone fraction. Thyroid 

receptors have more affinity for T3 than T4; thus, T4 

is relatively inactive (1).   

The most important point is that the 

chemical structure of human chorionic gonadotropin 

hormone (hCG)  is identical to  that of thyroid – 

stimulating hormone           ( TSH), and has a direct 

inducing action on the thyroid gland via binding 

TSH receptor which reaches its peak at week 10 -12 

of gestation, thereafter  declines to a plateau  after  

week 12 of gestation(3,4).  

 The hCG thyrotrophic activity causes an 

increase in the serum concentration of total 

triiodothyronine and total thyroxine .In addition, to 

a transient increase in FT4 at the end of  first  

trimester .This in turn contributes to the concomitant  

reduction in both TRH and TSH levels due to 

negative feedback mechanism . Then hCG  level 

declines with a decrease FT4 in the second  and third 

trimesters  and an increase of  TSH level  as 

pregnancy progress(5).Total thyroid hormones are 

present at nanomolar concentration, while the free 

fraction of  thyroid hormone ( FT4 and FT3)  are 

present at picomolar concentration(6). States of 

thyroxine-binding globulin  (excess or deficiency) 

are commonly seen  in clinical practice in 

association with a variety of pathophysiologic 

condition especially the high thyroxine-binding 

globulin state of  pregnancy. This lead  to the 

measurement  of free hormone concentrations better 

than total hormone measurements (7). Since free 

hormone levels reflect the actual physiological 

effects of thyroid hormones rather than total 

hormone levels (8). 

The aim of the current study is to establish 

trimester specific reference serum levels (TSRSLs) 

for FT3 and FT4 in apparently healthy pregnant 

females in Nineveh governorate –Iraq. 

Subjects and Methods 
Subjects 

This study is a cross- sectional study. It was 

carried out in Al-Batool Teaching hospital, Al-

khanssa Maternity Teaching Hospital, Al-Noor 

Primary Health Center (PHC) and Out- patient 

clinics in Nineveh governorate from December 2020 

to April 2021 after obtaining ethical approval from 

the Committee of Ethics at Nineveh Health Director, 

Mosul, Iraq .Each pregnant women   was interviewed 

and the general information was taken to fill  the 

questionnaire; regional area and full obstetric 

history including last menstrual period (LMP), 

parity, gravida ,number of abortion and history of 

infertility, were collected. Thyroid clinical 

examination was performed ; and thyroid peroxidase 

antibody (anti-TPO) was estimated. 

 The calculation of gestational age was based on 

women ̓s last menstrual period (LMP) and/or report 

of ultrasonography examination. 

According to the gestational age the 

subjects were grouped based on the trimester of 

pregnancy: first trimester with gestational age ( less 

than 13 wks.), second trimester with gestational age 

(13-27wks.) and third trimester with gestational age 

equal or more than 28 wks. (9,10). One hundred and 

fifty pregnants  aged (16-42) years were enrolled in 

this study. Participants were grouped according to 

the trimester of pregnancy into three groups 

involving 50 participants each. 

Inclusion criteria 

Participants included in the study were 

apparently healthy pregnant females with 

uncomplicated single intrauterine gestations. 

Exclusion criteria 

Pregnants with the following criteria were 

excluded from the study: 

1- Medications that may affect serum free thyroid 

hormones levels or measurements such as estrogen, 

thyroid drugs, lithium, amiodarone, non-steroidal 

anti - inflammatory drugs and steroids. 

2- Positive personal or family history of thyroid 

disorders. 

3- Diabetes mellitus, hypertension, cardiac, renal 

and hepatic disorders. 

4- History of recurrent miscarriages, infertility, fetal 

malformation and other pregnancy complications. 

5- Positive Anti-TPO. 

6- Presence or history of polycystic ovarian 

syndrome or hyperemesis gravidarum. 

Methods 

Five ml of venous blood were taken from 

all  participants in this study, it collected in plain 

tube then incubated for 15 min at 37C, 

centrifugation for 10 min at 3000 rotation per minute 

to obtain serum to be measured for Anti-TPO as well 

as FT3and FT4.  

FT3and FT4 were performed by 

electrochemiluminescence technique using 

Beckman Access 2 Immunoassay System, 

NHANES, USA with  the FT3 reference range  (2.5-

3.9 pg/ml)and FT4 (0.61-1.12 ng /dl)  (11(.While Anti-

TPO level  was measured utilizing the enzyme 

linked- immunosorbent assay by Algeria 

ORGENTIC (11). 

Statistical analysis 

The statistics were evaluated by 

computerized statistical package for the social 

sciences SPSS program for windows version 26.0 

(SPSS software, Chicago, ILL). Statistical mean, 
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standard deviation (SD), median and range were 

obtained Shapiro-Wilk test was used for testing 

normality. 

Data of FT3 were normally distributed ; to 

compare the mean difference of FT3 among the 

three trimesters, ANOVA test was used. While 

independent student t-test was used to compare the 

means of two trimesters. Data of FT4 were not 

normally distributed ; to compare the mean 

difference of FT4 among three trimesters, Kruskal-

Wallis H test was used. While Mann-Whiney test 

was used to compare the means of  two trimesters. 

The reference levels of FT3 and FT4 for each 

trimester were defined as 2.5th and 97.5th 

percentile. The difference is considered statistically 

significant at p˂ 0.05. 

Results 
Table 1. shows the mean ±SD and range(min-

max) of chronological age and gestational age. 

Table 2 shows the mean ± SD, median and range for 

FT3 were calculated for each trimester. Table 3 

shows the mean ± SD, median and range for FT4 

were calculated for each trim.     Table (4) and (5) 

show the range of the reference for FT3 and FT4 in 

three trims (the central 95% range between the 2.5th 

and 97.5th percentiles).  Table 4. shows the value of 

TSRSLs for FT3 at first trim was higher than that of 

second and third trim. Table (5) shows the value of 

TSRSLs for FT4 at first trim was higher than that of 

second trim and third trim.    

 

Table1. Chronological and gestational age of participants.  

*Kruskal-Wallis H test  that was used to compare difference between three trims ( 1st= first, 2nd  = second     and 

3rd  = third  trimester). Significant difference between groups(trims) exists at  p˂ 0.05,  NS: not significant 
 

Table 2. General descriptive  of FT3 concentration for each trimester. 

*ANOVA test(One Away Analysis of Variance) that was used to compare mean difference between three trims( 

1st ,2nd and 3rd trims).** Two independent sample t-test that  used to compare mean difference between two 

trims( 1st vs. 2nd , 1st vs. 3rd and 2nd vs. 3rd ).Significant difference between groups(trims) exists at  p˂ 0.05,  NS: 

not significant.    SD = standard deviation, 1st = first, 2nd = second , 3rd = third , trim= trimester,      no.= number 
 

Table 3. General descriptive of FT4 concentration for each trimester 

FT4 (ng/dl) 1st trim       

 no.= 50 

2nd trim       

no.= 50 

3rd trim         

 no. = 50 

*P-value 

Mean± SD 0.94±0.15 0.83±0.21 0.92±0.14 0.002 

Median 0.92 0.80 0.94  

Range(Min-Max) (0.70-1.30) (0.49-1.31) (0.56-1.32)  

Pair difference 1st vs. 2nd 1st vs. 3rd 2nd vs. 3rd  

**P-value 0.001 NS(0.5) 0.007  

*Kruskal- Wallis H  test that was used to compare mean difference between three trims   (1st ,2nd and 3rd trims) 

** Mann-whiney U test used to compare mean difference between two trim(1st vs. 2nd , 1ST vs. 3rd and 2nd vs. 

3rd).Significant difference between groups(trims) exists at  p˂ 0.05, NS: not significant       SD = standard 

deviation, 1st = first, 2nd  = second , 3rd  = third , trim= trimester,     no.= number.  

 

Parameters  1st trimester 

no. =50 

2nd trimester 

no. =50 

3rd trimester 

no. =50 

*P-value  

Age (yr.) Mean± SD 27.00±6.54 27.14±5.45 25.78±6.16 NS(0.4) 

Min - Max 16-42 17-40 16-42  

Gestational age(wks.) Mean± SD 8.12±2.73 20.70±4.305 36.66±3.00 <0.001 

Min-Max 2-12 13-27 28-40  

FT3 

(pg/ml) 

1st trim 

no.=  50 

2nd trim 

no .=50 

3rd trim 

no.  =50 

*p-value 

Mean ±SD 3.29±0.36 2.71±0.30 2.63±0.26 <0.0001 

Median 3.28 2.67 2.60  

Range(Min-Max) (2.62-3.99) (2.04-3.32) (2.08-3.51)  

Pair Difference 1st vs. 2nd 1ST vs. 3rd 2nd vs. 3rd  

**P-value <0.0001 <0.0001 NS(0.2)  
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Table 4. Trimester –specific reference serum 

level of FT3 

Parameter Trim 2.5th and 

97.5th 

FT3(pg/ml) 

 
1st 2.63-3.96 

2nd 2.04-3.3 

3rd 2.11-3.40 
 

Table 5. Trimester- specific reference serum level 

of FT4 

Parameter Trim 
2.5th and 

97.5th 

 

FT4(ng/dl) 

1st 0.70-1.29 

2nd 0.49-1.31 

3rd 0.58-1.28 

 

Discussion 
The reference ranges for different 

parameters of thyroid function tests during 

pregnancy must be well established for each 

population of each country and governorate, 

because different factors may explain the disparity 

in the results for TSRSLs between different 

countries, some were due to maternal factors such as 

age, body mass index, racial origin, iodine status, 

gestational age and parity. Other factors were related 

to the way of assessment of the serum thyroid 

hormones levels. Moreover, the disparity were 

related to difference in sample size, geographical 

area, inclusion and exclusion criteria. Accordingly, 

wide a range of TSRSLs of thyroid hormones levels 

were obtained that  may delay in diagnosis and 

management of thyroid disorders (12,13). 

TSH is an optimum indicator for evaluating 

and monitoring of thyroid functions. During 

pregnancy assessment of only serum TSH and total 

thyroid hormones are  not enough due to alteration in 

protein binding and the effect of hCG(14.15). For this 

reason, in the current study the TSRSLs of FT3 and 

FT4 in pregnant women in Nineveh governorate 

were measured to be used for comparison with that 

of  other populations. This study represented the first 

study performed in Nineveh governorate. In 2019 

Iraq was classified with insufficient iodine intake 

and this classification based on national 

representative data (16). 

 Iodine is a main microelement use for 

thyroid hormones synthesis (17). Maternal thyroid 

hormones are important in the first half of gestation 

till maturation of fetal thyroid gland. Moreover, 
thyroid hormones is necessary for fetal growth 

mainly for the development of neurological system 
(18).  

In the current study, as shown in Table (6 

and 7),the mean value of FT3 and FT4 in third 

trimester were lower than that of the first trim of 

pregnancy. This decline for FT3 and FT4 might be 

due to estrogen induced stimulation of TBG 

sialyation (5).. 

Different TSRSLs of FT3 and FT4 had 

been reported in different areas using different assay 

methods; (Table 6), or same method to that used in 

the current study; (Table 7). 

Concerning TSRSLs of FT3 for studies in 

Table (6); study no. 5 recorded the only first trim 

reference range which was lower than that reported 

in the present study. Furthermore, the upper limit of 

FT3 for three trims of studies no. 2 and 4 was higher 

than that of the current study.. 

The percentile 5th and 95th  of FT3 for 

current study was (2.69-3.9, 2.13-3.26, 2.23-3.07 

pg/ml) for the first ,second and third trimester 

respectively, in comparison with the current study 

with study no. 3 which calculated TSRSLs by 5th 

and 95th percentile as shown in Table (6) the upper 

limit of FT3 for first and third trimester of study no. 

3 was lower than that of present study, while the 

lower limit of FT3 for first and second trimester  was 

higher than that of present study.                                                                                                                       

As shown in Table(6).The lower and upper 

limit of FT4 for first trim as well as the lower limit 

for second and third  trims of the present study were 

lower than all studies (2,3,4and 5)  

The upper limit of TSRSLs of FT4 for third 

trim of the current study was higher than that of 

other studies (3 and 4) except study no. 2 (17.23 

pmol/L).Different assay methods and other factors 

such as sample size, geographical area, inclusion 

and exclusion criteria.  may explain the difference in 

the results. 

Table (7) showed the results of different 

studies for FT3 and FT4 parameters using same 

assay method Access 2(Beckman Coulter). 

The high value of TSRSLs for FT4 that 

recorded in first trim was noticed due to the effect of 

thyrotrophic activity of hCG (5). 

Trimester specific reference serum levels 

of FT4 for different studies ( 6,7 and 8) showed the 

value of TSRSLs of FT4 in pregnant women at first 

trim was higher  than that at  the second and third 

trim. Nearly, similar findings were reported in the 

current study mainly when compared to the TSRSLs 

of FT4 for first trim with that of the third trim in 

regard to the lower and upper limit of TSRSLs of 

FT4.The TSRSLs of the present study (9.01- 16.6 

pmol/L) for FT4 for the first trim appear higher than 

that reported by study no. 7 ( 9.0-15.1 

pmol/L).Studies no.( 6 and 8) reported TSRSLs of 

FT4 (0.84-1.43 and 0.68-1.44 ng/dl), respectively, 

which appear higher that than reported by the 

current study (0.70-1.29 ng/dl).The TSRSLs of FT3 

was reported by only two studies no. 7and 8. Table 

(7). Nearly similar TSRSLs of the three trims for the 

current study to that reported by study no. 7.  

 

 

Study no.8 reported lower values of 

TSRSLs for FT3 than that reported in the present 

study. Moreover, the present study and study no.8 
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had the same trend of decrease of the lower limit for 

FT3 TSRRs in the second trim then increase in third 

trim. 
 

Table 6. Trimester –specific serum reference levels of thyroid hormones in different populations 

measured by different assay method  

Similar unit of thyroid test for 1st ,2nd ,3rd  a-Any thyroid drug.  b-  Any medication  affecting TFTs.  c-Twin  

pregnancy. d-    Personal  or family history of thyroid disease. e-Women with recurrent miscarriage , fetal 

abnormalities and other pregnancy complication .  f- Women with infertility.  g-Women with acute or chronic 

illness.   h-Hyperemesis.  i -polycystic  ovarian. j- Positive  Anti-TPO  k -Positive Anti-thyroglobulin.  
FT4: pmol/L= ng/dl*12.87   FT3:pmol/L=pg/ml *1.536 

  

 

no.  Country, 

sample size  

Author

, year  

percent

ile 
referen

ce no. 

 

Thyroid 

test 

 

                      

1st Trim 

                          

2nd Trim 

                         

3rd Trim 

Iodine 

Status 

Exclusion 

criteria 

Methods 

/Instruments 

1 Nineveh 

,Iraq 

Current 

Study 

 

(150) 

2020 

2.5than

d 97.5th  

FT4 

ng/dl 

0.70 -1.29 0.49 - 

1.31 

0.58 – 1.28     

 

 

…….. 

          

a, b, c,  d,  e, 

f, g ,h ,i , j 

ECL 

Beckman 

Coulter FT4 

pmol/L 

9.01-16.6 6.31-

16.85 

7.46-16.47 

FT3 

pg/ml 

2.63-3.96 2.04-3.3 2.11-3.4 

FT3 

pmol/L 

4.03-6.08 3.13-

5.06 

3.24-5.22 

2 Poland 

(170) 

   
 

Kostec

ka- 

Matyja 

et al., 

2017, 

 2.5th  

and 

97.5th  

19 

FT4 

pmol/L 

11.99 -

21.89 

10.46-

16.67 

8.96 -17.23 Proper          

iodine        

prophy

laxis 

a ,b, d, g, j  ELC/Elecsys      

analyzer 

,Roche              

Diagnostics 
FT3 

pmol/L 

3.63 -6.55 3.29 – 

5.45 

3.1 – 5.37 

3  

Egypt 

(360)  

 

 

Sherib

a et 

al.,2018  

 

5th and 

95th  

  20 

FT4 

ng/dl 

0.89 -1.4 0.85 – 

1.18 

0.81 – 1.08  

 

 

 

……. 

 

 

 

a, b, c, d, g, 

h, j, k,  

 

 

 

 

 

ELISA 

FT3 

pg/ml 

2.74 -3.5 2.66 – 

3.27 

2.22 – 2.9 

 

 

4 

Ankara            

Turkey             

(1258 ) 

 

 

Bulur 

et 

al.,2019        

2.5th  

and 

97.5th                 

8 

FT4 

ng/dl 

0.72 -1.79 0.71 -

1.26 

0.65 -1.12  

 

…… 

 

. 

 

a, b, c, d, e, f, 

g, , i  

 

Chemilumine

scence                      

LIAISON 

FT3 

pg/ml 

2.45 -4.03 2.37 -

3.85 

2.31 -3.77 

5 Guangzho

u/ 

China 

(130)  

 

 Huijia 

Lin et 

al., 

2021 

2.5th 

 and 

97.5th 

21 

   

 

 

……….. 

 

 

 

………. 

 

 

…….. 

 

 

 

a, b, c, d, e, 

g, j, k  

 

 

 

ECL/Abbott 

1200 

analyzer 

FT4 

pmol/l 

10.95 -

16.79 

FT3 

pmol/l 

3.19 -5.91 
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Table 7. Trimester –specific serum reference levels of thyroid hormones in different populations measured 

by Access (Beckman coulter). 

Similar unit of thyroid test for 1st ,2nd ,3rd . a-Any thyroid drug.  b-  Any medication  affecting TFTs.  c-Twin  

pregnancy. d-    Personal  or family history of thyroid disease. e-Women with recurrent miscarriage , fetal 

abnormalities and other pregnancy complication .  f- Women with infertility.  g-Women with acute or chronic 

illness.   h-Hyperemesis.  i -polycystic  ovarian. j- Positive  Anti-TPO  k -Positive Anti-thyroglobulin .l-Any 

women with  UIC <150 µg/L.                             FT4: pmol/L= ng/dl*12.87                    FT3:pmol/L=pg/ml *1.536. 

Conclusions 
              The TSRSLs for FT3 and FT4 have some 

similarity with that recorded elsewhere and we 

concluded a decrease in FT4 level across three trims. 
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