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Abstract 
 
Background. The interpretation of thyroid hormone function during pregnancy is difficult due to its physiologic changes. 
Differences in iodine status in previous studies led to different intervals; therefore the use of trimester-specific, method-
specific and probably country-specific reference values is advocated.  
 
Objective. To establish trimester-specific reference interval for thyroid function tests in pregnant Filipino women. 
 
Methodology. Six hundred sixteen pregnant patients (5–40 weeks gestation) attending a tertiary center were recruited. 
Level of serum thyroid stimulating hormone (TSH) was measured using immunoradiometric assay while free thyroxine 
(FT4), free triiodothyronine (FT3) and thyroid peroxidase antibodies (TPOAb) were measured by radioimmunoassay 
method. 
 
Main outcome measures are trimester-specific reference interval based on 2.5th and 97.5th percentiles for TSH, FT4 
and FT3 among TPOAb-negative pregnant patients. 
 
Results. The reference intervals for each trimester were as follows: TSH (0.05-4.24, 0.13-3.95, and 0.20-3.00 uIU/mL); 
FT4 (9.80-21.88, 9.10-18.95 and 9.16-18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 pmol/L). FT4 and 
FT3 are strongly and negatively correlated with age of gestation (p=<0.01and <0.01 respectively). No correlation is 
found with TSH and age of gestation (p=0.52). 
 
Conclusions. Trimester-specific intervals among pregnant Filipino women are different from their non-pregnant 
counterparts and laboratory cutoffs. Thus, these reference values should be used in the country. 
 
KeyÊwords:ÊreferenceÊinterval,ÊthyroidÊfunctionÊtests,ÊpregnantÊFilipinoÊwomenÊ

 
INTRODUCTION 
 
Optimal thyroid function is essential during all stages of 
life. This is most significant during gestation when the 
fetus is reliant on the transplacental supply of thyroxine 
which is important for normal neurological development. 
Studies correlate maternal hypothyroxinemia to the 
offsprings’ delayed mental and motor function1 and 
higher TSH to lower IQ scores.2 Other adverse maternal 
and fetal outcomes are also significantly correlated, 
specifically: subclinical hypothyroidism to fetal deaths,3 
placental abruption and premature delivery;4 and 
subclinical hyperthyroidism to gestational hypertension.5 

 
However, interpretation of thyroid function tests in 
pregnancy can be difficult due to some physiologic changes, 
which include (1) decreased TSH during the first trimester 
due to stimulatory effect of human chorionic gonadotropin 

(hCG) which has structural similarity with TSH; (2) 
increased thyroid binding globulin (TBG) due to estradiol 
and altered hepatic glycosylation decreasing its clearance; 
(3) increased urinary iodide excretion which can cause 
impaired thyroid hormone production in areas of marginal 
iodine sufficiency; and (4) alterations in the immune system, 
leading to the onset, exacerbation, or amelioration of an 
underlying autoimmune thyroid disease.6 

 
Studies in different parts of the world have been 
conducted to establish laboratory and method-specific 
thyroid function tests across 3 trimesters of pregnancy - in 
iodine-sufficient areas like the USA,7 Switzerland,8 Spain9 

and in iodine-insufficient areas like China10 and Iran.11 The 
Philippines is considered to no longer iodine deficient as 
reported by the Food and National Research Institute in 
2013 with the exception of pregnant women. Data 
persistently showed that they are iodine deficient.12  

METHODOLOGY 
 
Study Population 
 
We recruited 616 healthy women with uncomplicated single 
intrauterine gestation attending the Philippine General 
Hospital Obstetrics and Gynecology Outpatient 
Department, a tertiary medical center in Manila, 
Philippines. History taking was done to ascertain any 
chronic illness, thyroid illness in the past or present, 
medications (current and past) and family history of thyroid 
illness. Obstetric history was elicited to know duration of 
gestation, number of pregnancies, number of pregnancies 
carried to term and number of abortions. Physical 
examination was done by the investigator who is a trained 
endocrinologist to ascertain absence of goiter. The age of 
gestation was computed from the last normal menstrual 
period. For those with irregular menses, transvaginal 
ultrasound was performed to ascertain the age of gestation. 
 
Excluded in the study were pregnant women with goiter, 
history of hyperthyroid or hypothyroid disease, 
postpartum thyroiditis or thyroid surgery, family history 
of goiter, symptoms or signs suggestive of thyroid 
dysfunction, hyperemesis gravidarum, trophoblastic 
disease, preeclampsia, presence of autoimmune disease 
(SLE, T1DM), previous therapeutic head or neck 
irradiation, history of recurrent miscarriage or preterm 
delivery and those with thyroid antibodies when known.  
 
This study was approved by the Ethics Review Board of 
the Philippine General Hospital. 
 
Blood specimen and Hormone Analyses 
 
Five mL of blood were extracted from each subject and the 
serum were assayed for anti-TPO, FT4, FT3 using 
radioimmunoassay (RIA) method and for TSH using 
immunoradiometric assay (IRMA) with the Perkin Elmer 
machine (2008, USA). The reference range in our 
laboratory is: TPO (<100 U/L), TSH (0.3-3.8 uIU/mL), FT4 
(11-24 pmol/L) and FT3 (2.2-6.8 pmol/L).  
 
Data Analysis  
 
Reference intervals for FT4, FT3 and TSH were 
determined by calculating the 2.5th and 97.5th percentiles 
in Microsoft Excel. Median values for FT4, FT3 and TSH 
were likewise determined for descriptive purposes. The 
median, 2.5th and 97.5th percentile plots were derived 
using 6th-order polynomial equation in Microsoft Excel 
with the age of gestation on the x-axis and the thyroid 

function test values on the y-axis. The percentile plots are 
used to find the overall trend in the test parameters for 
increasing age of gestation. 
 
The association between age of gestation (expressed in 
discrete values as weeks) and the values of FT4, FT3 and 
TSH variables was established using Pearson R correlation 
analysis. Further tests of the relationship between age of 
gestation and FT4, FT3 and TSH, controlling for maternal 
age, were performed using multiple linear regressions.  
 
A priori wise comparisons between the median FT4, FT3, 
and TSH values during the first and second trimesters and 
during the second and third trimesters were performed 
using Mann-Whitney U tests. 
 
P-values below 0.05 were considered statistically 
significant. All statistical tests were performed using Stata 
IC 13. 
 
Results 
 
Six hundred sixteen (616) healthy pregnant patients were 
recruited from the Philippine General Hospital Obstetrics 
and Gynecology outpatient clinic. Of these subjects, 218 
were in the first trimester, 198 in the second trimester and 
200 in the third trimester. Eight patients each in the first 
and second trimester and three patients in the third 
trimester were TPOAb-positive. These nineteen patients 
were removed from the analysis because the presence of 
TPOAb is predictive of subsequent thyroid dysfunction. In 
a nine year prospective study, women with subclinical 
hypothyroidism and positive TPOAb are 15.6 times more 
likely to convert to overt hypothyroidism.15 The 
prevalence of TPOAb positivity (3.08%) in this study is 
lower than the worldwide prevalence of 12-23%.9,13,14  One 
subject in her first trimester of pregnancy, and another 
subject in the second trimester were removed from the 
analysis due to overt hypothyroidism and 
hyperthyroidism respectively.  
 
Five hundred ninety-five (595) subjects were included in 
final analysis. Mean age was 27and SD = 5.95 years. 
Primigravids represented 38% of all subjects, 32% were on 
their second pregnancy and the remaining 30% were on 
their third or more pregnancies. 
 
Table 1 shows the trimester-specific reference intervals 
and median values for TSH, FT4 and FT3 based on data 
from 595 subjects included in the study. The median, 2.5th 

and 97.5th percentile plots are shown in Figure 1. 

 
Table 1.  Thyroid function tests among TPO-Ab negative patients, N=595, Manila, Philippines 

 First Trimester N=209 Second Trimester N=189 Third Trimester N=197 
 2.5th 

percentile 
Median 97.5th 

percentile 
2.5th 

percentile 
Median 97.5th 

percentile 
2.5th 

percentile 
Median 97.5th 

percentile 
TSH   0.3-3.8 uIU/mL 0.05 1.2 4.24 0.13 1.4 3.95 0.20 1.40 3.00 
FT4   11-24 pmol/L 9.80 15.2 21.88 9.10 13.0 18.95 9.16 13.40 18.64 
FT3   2.2-6.8 pmol/L 2.40 3.7 6.20 2.77 3.7 5.00 2.09 2.90 3.70 
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Abstract 
 
Background. The interpretation of thyroid hormone function during pregnancy is difficult due to its physiologic changes. 
Differences in iodine status in previous studies led to different intervals; therefore the use of trimester-specific, method-
specific and probably country-specific reference values is advocated.  
 
Objective. To establish trimester-specific reference interval for thyroid function tests in pregnant Filipino women. 
 
Methodology. Six hundred sixteen pregnant patients (5–40 weeks gestation) attending a tertiary center were recruited. 
Level of serum thyroid stimulating hormone (TSH) was measured using immunoradiometric assay while free thyroxine 
(FT4), free triiodothyronine (FT3) and thyroid peroxidase antibodies (TPOAb) were measured by radioimmunoassay 
method. 
 
Main outcome measures are trimester-specific reference interval based on 2.5th and 97.5th percentiles for TSH, FT4 
and FT3 among TPOAb-negative pregnant patients. 
 
Results. The reference intervals for each trimester were as follows: TSH (0.05-4.24, 0.13-3.95, and 0.20-3.00 uIU/mL); 
FT4 (9.80-21.88, 9.10-18.95 and 9.16-18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 pmol/L). FT4 and 
FT3 are strongly and negatively correlated with age of gestation (p=<0.01and <0.01 respectively). No correlation is 
found with TSH and age of gestation (p=0.52). 
 
Conclusions. Trimester-specific intervals among pregnant Filipino women are different from their non-pregnant 
counterparts and laboratory cutoffs. Thus, these reference values should be used in the country. 
 
KeyÊwords:ÊreferenceÊinterval,ÊthyroidÊfunctionÊtests,ÊpregnantÊFilipinoÊwomenÊ

 
INTRODUCTION 
 
Optimal thyroid function is essential during all stages of 
life. This is most significant during gestation when the 
fetus is reliant on the transplacental supply of thyroxine 
which is important for normal neurological development. 
Studies correlate maternal hypothyroxinemia to the 
offsprings’ delayed mental and motor function1 and 
higher TSH to lower IQ scores.2 Other adverse maternal 
and fetal outcomes are also significantly correlated, 
specifically: subclinical hypothyroidism to fetal deaths,3 
placental abruption and premature delivery;4 and 
subclinical hyperthyroidism to gestational hypertension.5 

 
However, interpretation of thyroid function tests in 
pregnancy can be difficult due to some physiologic changes, 
which include (1) decreased TSH during the first trimester 
due to stimulatory effect of human chorionic gonadotropin 

(hCG) which has structural similarity with TSH; (2) 
increased thyroid binding globulin (TBG) due to estradiol 
and altered hepatic glycosylation decreasing its clearance; 
(3) increased urinary iodide excretion which can cause 
impaired thyroid hormone production in areas of marginal 
iodine sufficiency; and (4) alterations in the immune system, 
leading to the onset, exacerbation, or amelioration of an 
underlying autoimmune thyroid disease.6 

 
Studies in different parts of the world have been 
conducted to establish laboratory and method-specific 
thyroid function tests across 3 trimesters of pregnancy - in 
iodine-sufficient areas like the USA,7 Switzerland,8 Spain9 

and in iodine-insufficient areas like China10 and Iran.11 The 
Philippines is considered to no longer iodine deficient as 
reported by the Food and National Research Institute in 
2013 with the exception of pregnant women. Data 
persistently showed that they are iodine deficient.12  

METHODOLOGY 
 
Study Population 
 
We recruited 616 healthy women with uncomplicated single 
intrauterine gestation attending the Philippine General 
Hospital Obstetrics and Gynecology Outpatient 
Department, a tertiary medical center in Manila, 
Philippines. History taking was done to ascertain any 
chronic illness, thyroid illness in the past or present, 
medications (current and past) and family history of thyroid 
illness. Obstetric history was elicited to know duration of 
gestation, number of pregnancies, number of pregnancies 
carried to term and number of abortions. Physical 
examination was done by the investigator who is a trained 
endocrinologist to ascertain absence of goiter. The age of 
gestation was computed from the last normal menstrual 
period. For those with irregular menses, transvaginal 
ultrasound was performed to ascertain the age of gestation. 
 
Excluded in the study were pregnant women with goiter, 
history of hyperthyroid or hypothyroid disease, 
postpartum thyroiditis or thyroid surgery, family history 
of goiter, symptoms or signs suggestive of thyroid 
dysfunction, hyperemesis gravidarum, trophoblastic 
disease, preeclampsia, presence of autoimmune disease 
(SLE, T1DM), previous therapeutic head or neck 
irradiation, history of recurrent miscarriage or preterm 
delivery and those with thyroid antibodies when known.  
 
This study was approved by the Ethics Review Board of 
the Philippine General Hospital. 
 
Blood specimen and Hormone Analyses 
 
Five mL of blood were extracted from each subject and the 
serum were assayed for anti-TPO, FT4, FT3 using 
radioimmunoassay (RIA) method and for TSH using 
immunoradiometric assay (IRMA) with the Perkin Elmer 
machine (2008, USA). The reference range in our 
laboratory is: TPO (<100 U/L), TSH (0.3-3.8 uIU/mL), FT4 
(11-24 pmol/L) and FT3 (2.2-6.8 pmol/L).  
 
Data Analysis  
 
Reference intervals for FT4, FT3 and TSH were 
determined by calculating the 2.5th and 97.5th percentiles 
in Microsoft Excel. Median values for FT4, FT3 and TSH 
were likewise determined for descriptive purposes. The 
median, 2.5th and 97.5th percentile plots were derived 
using 6th-order polynomial equation in Microsoft Excel 
with the age of gestation on the x-axis and the thyroid 

function test values on the y-axis. The percentile plots are 
used to find the overall trend in the test parameters for 
increasing age of gestation. 
 
The association between age of gestation (expressed in 
discrete values as weeks) and the values of FT4, FT3 and 
TSH variables was established using Pearson R correlation 
analysis. Further tests of the relationship between age of 
gestation and FT4, FT3 and TSH, controlling for maternal 
age, were performed using multiple linear regressions.  
 
A priori wise comparisons between the median FT4, FT3, 
and TSH values during the first and second trimesters and 
during the second and third trimesters were performed 
using Mann-Whitney U tests. 
 
P-values below 0.05 were considered statistically 
significant. All statistical tests were performed using Stata 
IC 13. 
 
Results 
 
Six hundred sixteen (616) healthy pregnant patients were 
recruited from the Philippine General Hospital Obstetrics 
and Gynecology outpatient clinic. Of these subjects, 218 
were in the first trimester, 198 in the second trimester and 
200 in the third trimester. Eight patients each in the first 
and second trimester and three patients in the third 
trimester were TPOAb-positive. These nineteen patients 
were removed from the analysis because the presence of 
TPOAb is predictive of subsequent thyroid dysfunction. In 
a nine year prospective study, women with subclinical 
hypothyroidism and positive TPOAb are 15.6 times more 
likely to convert to overt hypothyroidism.15 The 
prevalence of TPOAb positivity (3.08%) in this study is 
lower than the worldwide prevalence of 12-23%.9,13,14  One 
subject in her first trimester of pregnancy, and another 
subject in the second trimester were removed from the 
analysis due to overt hypothyroidism and 
hyperthyroidism respectively.  
 
Five hundred ninety-five (595) subjects were included in 
final analysis. Mean age was 27and SD = 5.95 years. 
Primigravids represented 38% of all subjects, 32% were on 
their second pregnancy and the remaining 30% were on 
their third or more pregnancies. 
 
Table 1 shows the trimester-specific reference intervals 
and median values for TSH, FT4 and FT3 based on data 
from 595 subjects included in the study. The median, 2.5th 

and 97.5th percentile plots are shown in Figure 1. 

 
Table 1.  Thyroid function tests among TPO-Ab negative patients, N=595, Manila, Philippines 

 First Trimester N=209 Second Trimester N=189 Third Trimester N=197 
 2.5th 

percentile 
Median 97.5th 

percentile 
2.5th 

percentile 
Median 97.5th 

percentile 
2.5th 

percentile 
Median 97.5th 

percentile 
TSH   0.3-3.8 uIU/mL 0.05 1.2 4.24 0.13 1.4 3.95 0.20 1.40 3.00 
FT4   11-24 pmol/L 9.80 15.2 21.88 9.10 13.0 18.95 9.16 13.40 18.64 
FT3   2.2-6.8 pmol/L 2.40 3.7 6.20 2.77 3.7 5.00 2.09 2.90 3.70 
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Figure 1. The scatterplot of individual results for TSH, 
FT3 and FT4 in pregnant women. 
 
TSH is not correlated to age of gestation during the first 
trimester, (r = 0.08, p-value = 0.24) but it is positively 
correlated to AOG during the second and third trimester (r 
= 0.19, p-value = 0.01 and r = 0.16, 0.03, respectively). 
Specifically, TSH increases by 0.077 units for every one 
week increase in AOG during the second trimester 
(controlling for maternal age) and it increases by 0.037 
units per week increase in AOG during the third trimester. 
However, overall, TSH is not significantly correlated to 
AOG (r = 0.03, p-value = 0.52). [Table 2] There is no 
significant difference in the median TSH values during the 
first and second trimesters as well as in the median TSH 
values during the second and third trimesters [Table 4]. 

Table 2. Association between thyroid function tests 
and age of gestation, N=595, Manila, Philippines 

TSH Pearson 
R 

p-value Regression 
Coefficient 

p-value 

1st trimester 0.08 0.24 0.033a 0.30 
2nd trimester 0.19 0.01* 0.077a 0.01* 
3rd trimester 0.16 0.03* 0.037 0.03* 
OVERALL 0.03 0.52 0.002a 0.54 
FT4     
1st trimester -0.18 0.01* -0.226 0.01* 
2nd trimester -0.23 0.00* -0.217 0.00* 
3rd trimester 0.19 0.01* 0.120a 0.03* 
OVERALL -0.26 0.00* -0.074a 0.00* 
FT3     
1st trimester -0.04 0.57 -0.016 0.57 
2nd trimester -0.18 0.01* -0.053 0.01* 
3rd trimester 0.06 0.37 0.009 0.37 
OVERALL -0.47 0.00* -0.041a 0.00* 
*ÊsignificantÊassociationÊ(pÊ<0.05)Ê
aÊcontrollingÊforÊmaternalÊageÊ(maternalÊageÊsignificantlyÊassociatedÊwithÊÊ
thyroidÊfunctionÊtest)Ê

 
Table 3. Trimester-specific reference interval for serum 
TSH 

 
First 

Trimester 
Second 

Trimester 
Third 

Trimester 
Soldin et al.7 0.98 

(0.24-2.99) 
1.09 

(0.46-2.95) 
1.20 

(0.43-2.78) 
Stricker et al.8 1.04 

(0.09-2.83) 
1.02 

(0.20-2.79) 
1.14 

(0.31-2.90) 
Bocos-Terras 
et al. 9 

0.92 
(0.03-2.65) 

1.12 
(0.12-2.64) 

1.29 
(0.23-3.56) 

Panesar et 
al.10 

0.80 
(0.03-2.30) 

1.10 
(0.03-3.10) 

1.30 
(0.13-3.50) 

Mehran et al.11 1.50 
(0.20-3.90) 

1.80 
(0.50-4.10) 

1.80 
(0.60-4.10) 

Present Study 1.20 
(0.05-4.24) 

1.40 
(0.13-3.95) 

1.40 
(0.20-3.00) 

Median TSH in uIU/mL with 2.5th -97.5th percentile 7-10 or 5th-95th 
percentile11 in parenthesis 

 
Table 4. Pairwise comparison of median TSH, FT4, 
and FT3 values by trimester 

 Trimester Median p-value 
TSH 1st vs 2nd 1.2 vs 1.4 0.06 

 
2nd vs 3rd 1.4 vs 1.4 0.62 

FT4 1st vs 2nd 15.2 vs 13 0.00* 

 
2nd vs 3rd 13 vs 13.4 0.04* 

FT3 1st vs 2nd 3.7 vs 3.7 0.98 

 
2nd vs 3rd 3.7 vs 2.9 0.00* 

*ÊsignificantÊdifferenceÊ(pÊ<0.05)Ê

 
Table 5. Potential for misclassification of thyroid 
function tests in pregnant patients if non-pregnant 
reference interval is used 

 1st Trimester 
N=209 

2nd Trimester 
N=189 

3rd trimester 
N=197 

TSH 25 (11.9%) 3 (1.58%) 4 (2%) 
FT4 4 (1.91%) 28 (14.8%) 19 (9.6%) 
FT3 0 (0%) 0 (0%) 2 (1.01%) 
 

 
The FT4 values are negatively correlated with age of 
gestation from the first to second trimesters (r = -0.18, p-
value = 0.01 and r = -0.23, p-value <0.01, respectively). 
Particularly, FT4 decreases by 0.226 units for every one 
week increase in AOG during the first trimester and it 
decreases by 0.217 units per week increase in AOG during 
the second trimester. However, during the third trimester, 
FT4 is seen to be positively correlated to AOG (r = 0.19, p-
value = 0.01). Specifically, FT4 increases by 0.120 units for 
every one week increase in AOG during the third 
trimester (controlling for maternal age) [Table 2]. 

Consistent with this, the median FT4 value during the first 
trimester was found to be significantly higher than the 
median FT4 value during the second trimester (15.2 
pmol/L vs 13 pmol/L; p-value = <0.01) and the median FT4 
value during the second trimester was found to be 
significantly lower than the median FT4 value during the 
third trimester (13 pmol/L vs 13.4 pmol/L; p-value = 0.04) 
[Table 4]. Overall, FT4 values are negatively correlated 
with age of gestation (r = -0.26, p-value = <0.01), with about 
0.074 units decrease in FT4 for every week increase in 
AOG (controlling for maternal age) [Table 2] . 
 
FT3 values are stable in the first and second trimesters, 
then declined in the third trimester with median values of 
3.7, 3.7 and 2.90 pmol/L respectively with significant 
difference between the second and third trimester median 
FT3 values indicated by a p-value = <0.01 [Table 4]. During 
the first trimester, the FT3 values were not correlated with 
age of gestation (r = -0.04, p-value = 0.57). However, 
during the second trimester, FT3 was seen to be inversely 
correlated to AOG (r = -0.18, p-value = 0.01). Specifically, 
FT3 decreases by 0.053 units for every one week increase 
in AOG during the second trimester. During the third 
trimester, the FT3 values are again not correlated with age 
of gestation (r = 0.06, p-value = 0.37). Overall, FT3 values 
are negatively correlated with age of gestation (r = -0.47, p-
value = <0.01), with about 0.041 units decrease in FT3 for 
every week increase in AOG (controlling for maternal age) 
[Table 2]. 
 
DISCUSSION  
 
The 2.5th percentile TSH values in our study are 0.05, 0.13 
and 0.20 uIU/mL respectively. These values are lower than 
the laboratory cut off of 0.30 uIu/mL. The lowest TSH is 
observed in the first trimester consistent with all studies 
done abroad and maybe due to high levels of β-hCG early 
in pregnancy. In the first trimester, there is no correlation 
between the TSH and the age of gestation with p value of 
0.24. However, during the second and third trimester, 
there is a statistically significant positive correlation 
between TSH and the age of gestation, both with p values 
of 0.01 and 0.03 respectively. This implies that as the age of 
gestation increases, the TSH also increases. Using multiple 
pairwise comparison, median TSH in the first and 2nd 
trimester showed marginally significant rise (1.2 vs 1.4 p = 
0.06) while median TSH in the 2nd and 3rd trimester did not 
differ (1.4 vs 1.4 p = 0.62). Our median TSH values across 
all trimesters are higher than in studies done in USA,7 
Switzerland,8 Spain,9 and China10 and may be due to 
iodine-insufficient status in our pregnant women. The 
study in Iran11 showed the highest median TSH values for 
all trimesters [Table 3]. 
 
Median FT4 is highest in the first trimester and dropped in 
the second trimester (15.2 vs 13 pmol/L p = <0.01) but rose 
again in the third trimester (13 vs 13.4 pmoL/L p=0.04) 
[Table 4]. FT3 values are stable in the first and second 
trimester (3.7 vs 3.7 pmol/L p = 0.98) but decreased 

significantly in the third trimester (3.7 vs 2.9 pmol/L p = 
<0.01) [Table 4]. Our trend is different from previous 
studies in Switzerland8 and Spain9 both showing 
decreasing FT4 and FT3 throughout pregnancy and in 
China10 showing decreasing FT4 and FT3 in the first and 
second trimester and remaining unchanged from second 
trimester until term.  
 
The paper entitled, "Reference Intervals in Thyroid 
Function Tests in the Third Trimester in Pregnant Filipino 
Women," by Baustista, et al16 is part of this study. There 
were minor differences in the reported thyroid function 
tests in the first and second trimester reference intervals as 
we have removed overtly hyperthyroid and hypothyroid 
patients in the final analysis. 
 
Trimester-specific reference interval derived from 
antibody-negative patients in this study is used to classify 
thyroid function tests as high (above 97.5th percentile), 
normal (within 95th central percentile) and low (below 2.5th 
percentile) and were compared with classification using 
the non-pregnant assay-specific reference interval 
provided by the manufacturer. If non-pregnant cut offs 
were used to classify our patients - 25 in the first trimester, 
3 in the second trimester and 4 patients in the third 
trimester will be misclassified into subclinical 
hyperthyroidism due to low TSH. The highest difference is 
noted in the first trimester due to expectedly low TSH as a 
function of β-hCG [Table 5]. FT4 rises in the first few 
weeks of pregnancy and declines progressively at the end 
of the first trimester and in the second trimester [Figure 1] 
but they were all lower than laboratory cut off (9.83, 9.10, 
9.16 vs 11 pmol/L). Using non-pregnant cut off – 4, 28 and 
19 patients respectively will be misclassified to low FT4. 
Most number will be misclassified in the second trimester 
as FT4 is at its lowest at this time in present study. 
 
CONCLUSION 
 
We have established trimester-specific reference interval 
for thyroid function tests from TPOAb-negative pregnant 
Filipino women as follows: TSH (0.05-4.24, 0.13-3.95, and 
0.20-3.00 uIU/mL); FT4 (9.80-21.88, 9.10-18.95 and 9.16-
18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 
pmol/L).  
 
Among the 616 pregnant Filipino women recruited in the 
study, 595 (97%) were TPO-antibody negative. It is noted 
that TSH rises with age of gestation. FT4 decreases and is 
at its lowest in the second trimester and rises in the third 
trimester. FT3 is the same in the first and second trimesters 
and decreases in the third trimester. 
 
Reference interval for thyroid function tests in pregnancy 
differs from non-pregnant patients and/or laboratory cut 
offs and will lead to misclassification of patients, hence 
pregnancy-specific reference interval should be 
advocated. 
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Figure 1. The scatterplot of individual results for TSH, 
FT3 and FT4 in pregnant women. 
 
TSH is not correlated to age of gestation during the first 
trimester, (r = 0.08, p-value = 0.24) but it is positively 
correlated to AOG during the second and third trimester (r 
= 0.19, p-value = 0.01 and r = 0.16, 0.03, respectively). 
Specifically, TSH increases by 0.077 units for every one 
week increase in AOG during the second trimester 
(controlling for maternal age) and it increases by 0.037 
units per week increase in AOG during the third trimester. 
However, overall, TSH is not significantly correlated to 
AOG (r = 0.03, p-value = 0.52). [Table 2] There is no 
significant difference in the median TSH values during the 
first and second trimesters as well as in the median TSH 
values during the second and third trimesters [Table 4]. 

Table 2. Association between thyroid function tests 
and age of gestation, N=595, Manila, Philippines 

TSH Pearson 
R 

p-value Regression 
Coefficient 

p-value 

1st trimester 0.08 0.24 0.033a 0.30 
2nd trimester 0.19 0.01* 0.077a 0.01* 
3rd trimester 0.16 0.03* 0.037 0.03* 
OVERALL 0.03 0.52 0.002a 0.54 
FT4     
1st trimester -0.18 0.01* -0.226 0.01* 
2nd trimester -0.23 0.00* -0.217 0.00* 
3rd trimester 0.19 0.01* 0.120a 0.03* 
OVERALL -0.26 0.00* -0.074a 0.00* 
FT3     
1st trimester -0.04 0.57 -0.016 0.57 
2nd trimester -0.18 0.01* -0.053 0.01* 
3rd trimester 0.06 0.37 0.009 0.37 
OVERALL -0.47 0.00* -0.041a 0.00* 
*ÊsignificantÊassociationÊ(pÊ<0.05)Ê
aÊcontrollingÊforÊmaternalÊageÊ(maternalÊageÊsignificantlyÊassociatedÊwithÊÊ
thyroidÊfunctionÊtest)Ê

 
Table 3. Trimester-specific reference interval for serum 
TSH 

 
First 

Trimester 
Second 

Trimester 
Third 

Trimester 
Soldin et al.7 0.98 

(0.24-2.99) 
1.09 

(0.46-2.95) 
1.20 

(0.43-2.78) 
Stricker et al.8 1.04 

(0.09-2.83) 
1.02 

(0.20-2.79) 
1.14 

(0.31-2.90) 
Bocos-Terras 
et al. 9 

0.92 
(0.03-2.65) 

1.12 
(0.12-2.64) 

1.29 
(0.23-3.56) 

Panesar et 
al.10 

0.80 
(0.03-2.30) 

1.10 
(0.03-3.10) 

1.30 
(0.13-3.50) 

Mehran et al.11 1.50 
(0.20-3.90) 

1.80 
(0.50-4.10) 

1.80 
(0.60-4.10) 

Present Study 1.20 
(0.05-4.24) 

1.40 
(0.13-3.95) 

1.40 
(0.20-3.00) 

Median TSH in uIU/mL with 2.5th -97.5th percentile 7-10 or 5th-95th 
percentile11 in parenthesis 

 
Table 4. Pairwise comparison of median TSH, FT4, 
and FT3 values by trimester 

 Trimester Median p-value 
TSH 1st vs 2nd 1.2 vs 1.4 0.06 

 
2nd vs 3rd 1.4 vs 1.4 0.62 

FT4 1st vs 2nd 15.2 vs 13 0.00* 

 
2nd vs 3rd 13 vs 13.4 0.04* 

FT3 1st vs 2nd 3.7 vs 3.7 0.98 

 
2nd vs 3rd 3.7 vs 2.9 0.00* 

*ÊsignificantÊdifferenceÊ(pÊ<0.05)Ê

 
Table 5. Potential for misclassification of thyroid 
function tests in pregnant patients if non-pregnant 
reference interval is used 

 1st Trimester 
N=209 

2nd Trimester 
N=189 

3rd trimester 
N=197 

TSH 25 (11.9%) 3 (1.58%) 4 (2%) 
FT4 4 (1.91%) 28 (14.8%) 19 (9.6%) 
FT3 0 (0%) 0 (0%) 2 (1.01%) 
 

 
The FT4 values are negatively correlated with age of 
gestation from the first to second trimesters (r = -0.18, p-
value = 0.01 and r = -0.23, p-value <0.01, respectively). 
Particularly, FT4 decreases by 0.226 units for every one 
week increase in AOG during the first trimester and it 
decreases by 0.217 units per week increase in AOG during 
the second trimester. However, during the third trimester, 
FT4 is seen to be positively correlated to AOG (r = 0.19, p-
value = 0.01). Specifically, FT4 increases by 0.120 units for 
every one week increase in AOG during the third 
trimester (controlling for maternal age) [Table 2]. 

Consistent with this, the median FT4 value during the first 
trimester was found to be significantly higher than the 
median FT4 value during the second trimester (15.2 
pmol/L vs 13 pmol/L; p-value = <0.01) and the median FT4 
value during the second trimester was found to be 
significantly lower than the median FT4 value during the 
third trimester (13 pmol/L vs 13.4 pmol/L; p-value = 0.04) 
[Table 4]. Overall, FT4 values are negatively correlated 
with age of gestation (r = -0.26, p-value = <0.01), with about 
0.074 units decrease in FT4 for every week increase in 
AOG (controlling for maternal age) [Table 2] . 
 
FT3 values are stable in the first and second trimesters, 
then declined in the third trimester with median values of 
3.7, 3.7 and 2.90 pmol/L respectively with significant 
difference between the second and third trimester median 
FT3 values indicated by a p-value = <0.01 [Table 4]. During 
the first trimester, the FT3 values were not correlated with 
age of gestation (r = -0.04, p-value = 0.57). However, 
during the second trimester, FT3 was seen to be inversely 
correlated to AOG (r = -0.18, p-value = 0.01). Specifically, 
FT3 decreases by 0.053 units for every one week increase 
in AOG during the second trimester. During the third 
trimester, the FT3 values are again not correlated with age 
of gestation (r = 0.06, p-value = 0.37). Overall, FT3 values 
are negatively correlated with age of gestation (r = -0.47, p-
value = <0.01), with about 0.041 units decrease in FT3 for 
every week increase in AOG (controlling for maternal age) 
[Table 2]. 
 
DISCUSSION  
 
The 2.5th percentile TSH values in our study are 0.05, 0.13 
and 0.20 uIU/mL respectively. These values are lower than 
the laboratory cut off of 0.30 uIu/mL. The lowest TSH is 
observed in the first trimester consistent with all studies 
done abroad and maybe due to high levels of β-hCG early 
in pregnancy. In the first trimester, there is no correlation 
between the TSH and the age of gestation with p value of 
0.24. However, during the second and third trimester, 
there is a statistically significant positive correlation 
between TSH and the age of gestation, both with p values 
of 0.01 and 0.03 respectively. This implies that as the age of 
gestation increases, the TSH also increases. Using multiple 
pairwise comparison, median TSH in the first and 2nd 
trimester showed marginally significant rise (1.2 vs 1.4 p = 
0.06) while median TSH in the 2nd and 3rd trimester did not 
differ (1.4 vs 1.4 p = 0.62). Our median TSH values across 
all trimesters are higher than in studies done in USA,7 
Switzerland,8 Spain,9 and China10 and may be due to 
iodine-insufficient status in our pregnant women. The 
study in Iran11 showed the highest median TSH values for 
all trimesters [Table 3]. 
 
Median FT4 is highest in the first trimester and dropped in 
the second trimester (15.2 vs 13 pmol/L p = <0.01) but rose 
again in the third trimester (13 vs 13.4 pmoL/L p=0.04) 
[Table 4]. FT3 values are stable in the first and second 
trimester (3.7 vs 3.7 pmol/L p = 0.98) but decreased 

significantly in the third trimester (3.7 vs 2.9 pmol/L p = 
<0.01) [Table 4]. Our trend is different from previous 
studies in Switzerland8 and Spain9 both showing 
decreasing FT4 and FT3 throughout pregnancy and in 
China10 showing decreasing FT4 and FT3 in the first and 
second trimester and remaining unchanged from second 
trimester until term.  
 
The paper entitled, "Reference Intervals in Thyroid 
Function Tests in the Third Trimester in Pregnant Filipino 
Women," by Baustista, et al16 is part of this study. There 
were minor differences in the reported thyroid function 
tests in the first and second trimester reference intervals as 
we have removed overtly hyperthyroid and hypothyroid 
patients in the final analysis. 
 
Trimester-specific reference interval derived from 
antibody-negative patients in this study is used to classify 
thyroid function tests as high (above 97.5th percentile), 
normal (within 95th central percentile) and low (below 2.5th 
percentile) and were compared with classification using 
the non-pregnant assay-specific reference interval 
provided by the manufacturer. If non-pregnant cut offs 
were used to classify our patients - 25 in the first trimester, 
3 in the second trimester and 4 patients in the third 
trimester will be misclassified into subclinical 
hyperthyroidism due to low TSH. The highest difference is 
noted in the first trimester due to expectedly low TSH as a 
function of β-hCG [Table 5]. FT4 rises in the first few 
weeks of pregnancy and declines progressively at the end 
of the first trimester and in the second trimester [Figure 1] 
but they were all lower than laboratory cut off (9.83, 9.10, 
9.16 vs 11 pmol/L). Using non-pregnant cut off – 4, 28 and 
19 patients respectively will be misclassified to low FT4. 
Most number will be misclassified in the second trimester 
as FT4 is at its lowest at this time in present study. 
 
CONCLUSION 
 
We have established trimester-specific reference interval 
for thyroid function tests from TPOAb-negative pregnant 
Filipino women as follows: TSH (0.05-4.24, 0.13-3.95, and 
0.20-3.00 uIU/mL); FT4 (9.80-21.88, 9.10-18.95 and 9.16-
18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 
pmol/L).  
 
Among the 616 pregnant Filipino women recruited in the 
study, 595 (97%) were TPO-antibody negative. It is noted 
that TSH rises with age of gestation. FT4 decreases and is 
at its lowest in the second trimester and rises in the third 
trimester. FT3 is the same in the first and second trimesters 
and decreases in the third trimester. 
 
Reference interval for thyroid function tests in pregnancy 
differs from non-pregnant patients and/or laboratory cut 
offs and will lead to misclassification of patients, hence 
pregnancy-specific reference interval should be 
advocated. 
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Figure 1. The scatterplot of individual results for TSH, 
FT3 and FT4 in pregnant women. 
 
TSH is not correlated to age of gestation during the first 
trimester, (r = 0.08, p-value = 0.24) but it is positively 
correlated to AOG during the second and third trimester (r 
= 0.19, p-value = 0.01 and r = 0.16, 0.03, respectively). 
Specifically, TSH increases by 0.077 units for every one 
week increase in AOG during the second trimester 
(controlling for maternal age) and it increases by 0.037 
units per week increase in AOG during the third trimester. 
However, overall, TSH is not significantly correlated to 
AOG (r = 0.03, p-value = 0.52). [Table 2] There is no 
significant difference in the median TSH values during the 
first and second trimesters as well as in the median TSH 
values during the second and third trimesters [Table 4]. 

Table 2. Association between thyroid function tests 
and age of gestation, N=595, Manila, Philippines 

TSH Pearson 
R 

p-value Regression 
Coefficient 

p-value 

1st trimester 0.08 0.24 0.033a 0.30 
2nd trimester 0.19 0.01* 0.077a 0.01* 
3rd trimester 0.16 0.03* 0.037 0.03* 
OVERALL 0.03 0.52 0.002a 0.54 
FT4     
1st trimester -0.18 0.01* -0.226 0.01* 
2nd trimester -0.23 0.00* -0.217 0.00* 
3rd trimester 0.19 0.01* 0.120a 0.03* 
OVERALL -0.26 0.00* -0.074a 0.00* 
FT3     
1st trimester -0.04 0.57 -0.016 0.57 
2nd trimester -0.18 0.01* -0.053 0.01* 
3rd trimester 0.06 0.37 0.009 0.37 
OVERALL -0.47 0.00* -0.041a 0.00* 
*ÊsignificantÊassociationÊ(pÊ<0.05)Ê
aÊcontrollingÊforÊmaternalÊageÊ(maternalÊageÊsignificantlyÊassociatedÊwithÊÊ
thyroidÊfunctionÊtest)Ê

 
Table 3. Trimester-specific reference interval for serum 
TSH 

 
First 

Trimester 
Second 

Trimester 
Third 

Trimester 
Soldin et al.7 0.98 

(0.24-2.99) 
1.09 

(0.46-2.95) 
1.20 

(0.43-2.78) 
Stricker et al.8 1.04 

(0.09-2.83) 
1.02 

(0.20-2.79) 
1.14 

(0.31-2.90) 
Bocos-Terras 
et al. 9 

0.92 
(0.03-2.65) 

1.12 
(0.12-2.64) 

1.29 
(0.23-3.56) 

Panesar et 
al.10 

0.80 
(0.03-2.30) 

1.10 
(0.03-3.10) 

1.30 
(0.13-3.50) 

Mehran et al.11 1.50 
(0.20-3.90) 

1.80 
(0.50-4.10) 

1.80 
(0.60-4.10) 

Present Study 1.20 
(0.05-4.24) 

1.40 
(0.13-3.95) 

1.40 
(0.20-3.00) 

Median TSH in uIU/mL with 2.5th -97.5th percentile 7-10 or 5th-95th 
percentile11 in parenthesis 

 
Table 4. Pairwise comparison of median TSH, FT4, 
and FT3 values by trimester 

 Trimester Median p-value 
TSH 1st vs 2nd 1.2 vs 1.4 0.06 

 
2nd vs 3rd 1.4 vs 1.4 0.62 

FT4 1st vs 2nd 15.2 vs 13 0.00* 

 
2nd vs 3rd 13 vs 13.4 0.04* 

FT3 1st vs 2nd 3.7 vs 3.7 0.98 

 
2nd vs 3rd 3.7 vs 2.9 0.00* 

*ÊsignificantÊdifferenceÊ(pÊ<0.05)Ê

 
Table 5. Potential for misclassification of thyroid 
function tests in pregnant patients if non-pregnant 
reference interval is used 

 1st Trimester 
N=209 

2nd Trimester 
N=189 

3rd trimester 
N=197 

TSH 25 (11.9%) 3 (1.58%) 4 (2%) 
FT4 4 (1.91%) 28 (14.8%) 19 (9.6%) 
FT3 0 (0%) 0 (0%) 2 (1.01%) 
 

 
The FT4 values are negatively correlated with age of 
gestation from the first to second trimesters (r = -0.18, p-
value = 0.01 and r = -0.23, p-value <0.01, respectively). 
Particularly, FT4 decreases by 0.226 units for every one 
week increase in AOG during the first trimester and it 
decreases by 0.217 units per week increase in AOG during 
the second trimester. However, during the third trimester, 
FT4 is seen to be positively correlated to AOG (r = 0.19, p-
value = 0.01). Specifically, FT4 increases by 0.120 units for 
every one week increase in AOG during the third 
trimester (controlling for maternal age) [Table 2]. 

Consistent with this, the median FT4 value during the first 
trimester was found to be significantly higher than the 
median FT4 value during the second trimester (15.2 
pmol/L vs 13 pmol/L; p-value = <0.01) and the median FT4 
value during the second trimester was found to be 
significantly lower than the median FT4 value during the 
third trimester (13 pmol/L vs 13.4 pmol/L; p-value = 0.04) 
[Table 4]. Overall, FT4 values are negatively correlated 
with age of gestation (r = -0.26, p-value = <0.01), with about 
0.074 units decrease in FT4 for every week increase in 
AOG (controlling for maternal age) [Table 2] . 
 
FT3 values are stable in the first and second trimesters, 
then declined in the third trimester with median values of 
3.7, 3.7 and 2.90 pmol/L respectively with significant 
difference between the second and third trimester median 
FT3 values indicated by a p-value = <0.01 [Table 4]. During 
the first trimester, the FT3 values were not correlated with 
age of gestation (r = -0.04, p-value = 0.57). However, 
during the second trimester, FT3 was seen to be inversely 
correlated to AOG (r = -0.18, p-value = 0.01). Specifically, 
FT3 decreases by 0.053 units for every one week increase 
in AOG during the second trimester. During the third 
trimester, the FT3 values are again not correlated with age 
of gestation (r = 0.06, p-value = 0.37). Overall, FT3 values 
are negatively correlated with age of gestation (r = -0.47, p-
value = <0.01), with about 0.041 units decrease in FT3 for 
every week increase in AOG (controlling for maternal age) 
[Table 2]. 
 
DISCUSSION  
 
The 2.5th percentile TSH values in our study are 0.05, 0.13 
and 0.20 uIU/mL respectively. These values are lower than 
the laboratory cut off of 0.30 uIu/mL. The lowest TSH is 
observed in the first trimester consistent with all studies 
done abroad and maybe due to high levels of β-hCG early 
in pregnancy. In the first trimester, there is no correlation 
between the TSH and the age of gestation with p value of 
0.24. However, during the second and third trimester, 
there is a statistically significant positive correlation 
between TSH and the age of gestation, both with p values 
of 0.01 and 0.03 respectively. This implies that as the age of 
gestation increases, the TSH also increases. Using multiple 
pairwise comparison, median TSH in the first and 2nd 
trimester showed marginally significant rise (1.2 vs 1.4 p = 
0.06) while median TSH in the 2nd and 3rd trimester did not 
differ (1.4 vs 1.4 p = 0.62). Our median TSH values across 
all trimesters are higher than in studies done in USA,7 
Switzerland,8 Spain,9 and China10 and may be due to 
iodine-insufficient status in our pregnant women. The 
study in Iran11 showed the highest median TSH values for 
all trimesters [Table 3]. 
 
Median FT4 is highest in the first trimester and dropped in 
the second trimester (15.2 vs 13 pmol/L p = <0.01) but rose 
again in the third trimester (13 vs 13.4 pmoL/L p=0.04) 
[Table 4]. FT3 values are stable in the first and second 
trimester (3.7 vs 3.7 pmol/L p = 0.98) but decreased 

significantly in the third trimester (3.7 vs 2.9 pmol/L p = 
<0.01) [Table 4]. Our trend is different from previous 
studies in Switzerland8 and Spain9 both showing 
decreasing FT4 and FT3 throughout pregnancy and in 
China10 showing decreasing FT4 and FT3 in the first and 
second trimester and remaining unchanged from second 
trimester until term.  
 
The paper entitled, "Reference Intervals in Thyroid 
Function Tests in the Third Trimester in Pregnant Filipino 
Women," by Baustista, et al16 is part of this study. There 
were minor differences in the reported thyroid function 
tests in the first and second trimester reference intervals as 
we have removed overtly hyperthyroid and hypothyroid 
patients in the final analysis. 
 
Trimester-specific reference interval derived from 
antibody-negative patients in this study is used to classify 
thyroid function tests as high (above 97.5th percentile), 
normal (within 95th central percentile) and low (below 2.5th 
percentile) and were compared with classification using 
the non-pregnant assay-specific reference interval 
provided by the manufacturer. If non-pregnant cut offs 
were used to classify our patients - 25 in the first trimester, 
3 in the second trimester and 4 patients in the third 
trimester will be misclassified into subclinical 
hyperthyroidism due to low TSH. The highest difference is 
noted in the first trimester due to expectedly low TSH as a 
function of β-hCG [Table 5]. FT4 rises in the first few 
weeks of pregnancy and declines progressively at the end 
of the first trimester and in the second trimester [Figure 1] 
but they were all lower than laboratory cut off (9.83, 9.10, 
9.16 vs 11 pmol/L). Using non-pregnant cut off – 4, 28 and 
19 patients respectively will be misclassified to low FT4. 
Most number will be misclassified in the second trimester 
as FT4 is at its lowest at this time in present study. 
 
CONCLUSION 
 
We have established trimester-specific reference interval 
for thyroid function tests from TPOAb-negative pregnant 
Filipino women as follows: TSH (0.05-4.24, 0.13-3.95, and 
0.20-3.00 uIU/mL); FT4 (9.80-21.88, 9.10-18.95 and 9.16-
18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 
pmol/L).  
 
Among the 616 pregnant Filipino women recruited in the 
study, 595 (97%) were TPO-antibody negative. It is noted 
that TSH rises with age of gestation. FT4 decreases and is 
at its lowest in the second trimester and rises in the third 
trimester. FT3 is the same in the first and second trimesters 
and decreases in the third trimester. 
 
Reference interval for thyroid function tests in pregnancy 
differs from non-pregnant patients and/or laboratory cut 
offs and will lead to misclassification of patients, hence 
pregnancy-specific reference interval should be 
advocated. 
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Figure 1. The scatterplot of individual results for TSH, 
FT3 and FT4 in pregnant women. 
 
TSH is not correlated to age of gestation during the first 
trimester, (r = 0.08, p-value = 0.24) but it is positively 
correlated to AOG during the second and third trimester (r 
= 0.19, p-value = 0.01 and r = 0.16, 0.03, respectively). 
Specifically, TSH increases by 0.077 units for every one 
week increase in AOG during the second trimester 
(controlling for maternal age) and it increases by 0.037 
units per week increase in AOG during the third trimester. 
However, overall, TSH is not significantly correlated to 
AOG (r = 0.03, p-value = 0.52). [Table 2] There is no 
significant difference in the median TSH values during the 
first and second trimesters as well as in the median TSH 
values during the second and third trimesters [Table 4]. 

Table 2. Association between thyroid function tests 
and age of gestation, N=595, Manila, Philippines 

TSH Pearson 
R 

p-value Regression 
Coefficient 

p-value 

1st trimester 0.08 0.24 0.033a 0.30 
2nd trimester 0.19 0.01* 0.077a 0.01* 
3rd trimester 0.16 0.03* 0.037 0.03* 
OVERALL 0.03 0.52 0.002a 0.54 
FT4     
1st trimester -0.18 0.01* -0.226 0.01* 
2nd trimester -0.23 0.00* -0.217 0.00* 
3rd trimester 0.19 0.01* 0.120a 0.03* 
OVERALL -0.26 0.00* -0.074a 0.00* 
FT3     
1st trimester -0.04 0.57 -0.016 0.57 
2nd trimester -0.18 0.01* -0.053 0.01* 
3rd trimester 0.06 0.37 0.009 0.37 
OVERALL -0.47 0.00* -0.041a 0.00* 
*ÊsignificantÊassociationÊ(pÊ<0.05)Ê
aÊcontrollingÊforÊmaternalÊageÊ(maternalÊageÊsignificantlyÊassociatedÊwithÊÊ
thyroidÊfunctionÊtest)Ê

 
Table 3. Trimester-specific reference interval for serum 
TSH 

 
First 

Trimester 
Second 

Trimester 
Third 

Trimester 
Soldin et al.7 0.98 

(0.24-2.99) 
1.09 

(0.46-2.95) 
1.20 

(0.43-2.78) 
Stricker et al.8 1.04 

(0.09-2.83) 
1.02 

(0.20-2.79) 
1.14 

(0.31-2.90) 
Bocos-Terras 
et al. 9 

0.92 
(0.03-2.65) 

1.12 
(0.12-2.64) 

1.29 
(0.23-3.56) 

Panesar et 
al.10 

0.80 
(0.03-2.30) 

1.10 
(0.03-3.10) 

1.30 
(0.13-3.50) 

Mehran et al.11 1.50 
(0.20-3.90) 

1.80 
(0.50-4.10) 

1.80 
(0.60-4.10) 

Present Study 1.20 
(0.05-4.24) 

1.40 
(0.13-3.95) 

1.40 
(0.20-3.00) 

Median TSH in uIU/mL with 2.5th -97.5th percentile 7-10 or 5th-95th 
percentile11 in parenthesis 

 
Table 4. Pairwise comparison of median TSH, FT4, 
and FT3 values by trimester 

 Trimester Median p-value 
TSH 1st vs 2nd 1.2 vs 1.4 0.06 

 
2nd vs 3rd 1.4 vs 1.4 0.62 

FT4 1st vs 2nd 15.2 vs 13 0.00* 

 
2nd vs 3rd 13 vs 13.4 0.04* 

FT3 1st vs 2nd 3.7 vs 3.7 0.98 

 
2nd vs 3rd 3.7 vs 2.9 0.00* 

*ÊsignificantÊdifferenceÊ(pÊ<0.05)Ê

 
Table 5. Potential for misclassification of thyroid 
function tests in pregnant patients if non-pregnant 
reference interval is used 

 1st Trimester 
N=209 

2nd Trimester 
N=189 

3rd trimester 
N=197 

TSH 25 (11.9%) 3 (1.58%) 4 (2%) 
FT4 4 (1.91%) 28 (14.8%) 19 (9.6%) 
FT3 0 (0%) 0 (0%) 2 (1.01%) 
 

 
The FT4 values are negatively correlated with age of 
gestation from the first to second trimesters (r = -0.18, p-
value = 0.01 and r = -0.23, p-value <0.01, respectively). 
Particularly, FT4 decreases by 0.226 units for every one 
week increase in AOG during the first trimester and it 
decreases by 0.217 units per week increase in AOG during 
the second trimester. However, during the third trimester, 
FT4 is seen to be positively correlated to AOG (r = 0.19, p-
value = 0.01). Specifically, FT4 increases by 0.120 units for 
every one week increase in AOG during the third 
trimester (controlling for maternal age) [Table 2]. 

Consistent with this, the median FT4 value during the first 
trimester was found to be significantly higher than the 
median FT4 value during the second trimester (15.2 
pmol/L vs 13 pmol/L; p-value = <0.01) and the median FT4 
value during the second trimester was found to be 
significantly lower than the median FT4 value during the 
third trimester (13 pmol/L vs 13.4 pmol/L; p-value = 0.04) 
[Table 4]. Overall, FT4 values are negatively correlated 
with age of gestation (r = -0.26, p-value = <0.01), with about 
0.074 units decrease in FT4 for every week increase in 
AOG (controlling for maternal age) [Table 2] . 
 
FT3 values are stable in the first and second trimesters, 
then declined in the third trimester with median values of 
3.7, 3.7 and 2.90 pmol/L respectively with significant 
difference between the second and third trimester median 
FT3 values indicated by a p-value = <0.01 [Table 4]. During 
the first trimester, the FT3 values were not correlated with 
age of gestation (r = -0.04, p-value = 0.57). However, 
during the second trimester, FT3 was seen to be inversely 
correlated to AOG (r = -0.18, p-value = 0.01). Specifically, 
FT3 decreases by 0.053 units for every one week increase 
in AOG during the second trimester. During the third 
trimester, the FT3 values are again not correlated with age 
of gestation (r = 0.06, p-value = 0.37). Overall, FT3 values 
are negatively correlated with age of gestation (r = -0.47, p-
value = <0.01), with about 0.041 units decrease in FT3 for 
every week increase in AOG (controlling for maternal age) 
[Table 2]. 
 
DISCUSSION  
 
The 2.5th percentile TSH values in our study are 0.05, 0.13 
and 0.20 uIU/mL respectively. These values are lower than 
the laboratory cut off of 0.30 uIu/mL. The lowest TSH is 
observed in the first trimester consistent with all studies 
done abroad and maybe due to high levels of β-hCG early 
in pregnancy. In the first trimester, there is no correlation 
between the TSH and the age of gestation with p value of 
0.24. However, during the second and third trimester, 
there is a statistically significant positive correlation 
between TSH and the age of gestation, both with p values 
of 0.01 and 0.03 respectively. This implies that as the age of 
gestation increases, the TSH also increases. Using multiple 
pairwise comparison, median TSH in the first and 2nd 
trimester showed marginally significant rise (1.2 vs 1.4 p = 
0.06) while median TSH in the 2nd and 3rd trimester did not 
differ (1.4 vs 1.4 p = 0.62). Our median TSH values across 
all trimesters are higher than in studies done in USA,7 
Switzerland,8 Spain,9 and China10 and may be due to 
iodine-insufficient status in our pregnant women. The 
study in Iran11 showed the highest median TSH values for 
all trimesters [Table 3]. 
 
Median FT4 is highest in the first trimester and dropped in 
the second trimester (15.2 vs 13 pmol/L p = <0.01) but rose 
again in the third trimester (13 vs 13.4 pmoL/L p=0.04) 
[Table 4]. FT3 values are stable in the first and second 
trimester (3.7 vs 3.7 pmol/L p = 0.98) but decreased 

significantly in the third trimester (3.7 vs 2.9 pmol/L p = 
<0.01) [Table 4]. Our trend is different from previous 
studies in Switzerland8 and Spain9 both showing 
decreasing FT4 and FT3 throughout pregnancy and in 
China10 showing decreasing FT4 and FT3 in the first and 
second trimester and remaining unchanged from second 
trimester until term.  
 
The paper entitled, "Reference Intervals in Thyroid 
Function Tests in the Third Trimester in Pregnant Filipino 
Women," by Baustista, et al16 is part of this study. There 
were minor differences in the reported thyroid function 
tests in the first and second trimester reference intervals as 
we have removed overtly hyperthyroid and hypothyroid 
patients in the final analysis. 
 
Trimester-specific reference interval derived from 
antibody-negative patients in this study is used to classify 
thyroid function tests as high (above 97.5th percentile), 
normal (within 95th central percentile) and low (below 2.5th 
percentile) and were compared with classification using 
the non-pregnant assay-specific reference interval 
provided by the manufacturer. If non-pregnant cut offs 
were used to classify our patients - 25 in the first trimester, 
3 in the second trimester and 4 patients in the third 
trimester will be misclassified into subclinical 
hyperthyroidism due to low TSH. The highest difference is 
noted in the first trimester due to expectedly low TSH as a 
function of β-hCG [Table 5]. FT4 rises in the first few 
weeks of pregnancy and declines progressively at the end 
of the first trimester and in the second trimester [Figure 1] 
but they were all lower than laboratory cut off (9.83, 9.10, 
9.16 vs 11 pmol/L). Using non-pregnant cut off – 4, 28 and 
19 patients respectively will be misclassified to low FT4. 
Most number will be misclassified in the second trimester 
as FT4 is at its lowest at this time in present study. 
 
CONCLUSION 
 
We have established trimester-specific reference interval 
for thyroid function tests from TPOAb-negative pregnant 
Filipino women as follows: TSH (0.05-4.24, 0.13-3.95, and 
0.20-3.00 uIU/mL); FT4 (9.80-21.88, 9.10-18.95 and 9.16-
18.64 pmol/L) and FT3 (2.40-6.20, 2.77-5.00 and 2.09-3.70 
pmol/L).  
 
Among the 616 pregnant Filipino women recruited in the 
study, 595 (97%) were TPO-antibody negative. It is noted 
that TSH rises with age of gestation. FT4 decreases and is 
at its lowest in the second trimester and rises in the third 
trimester. FT3 is the same in the first and second trimesters 
and decreases in the third trimester. 
 
Reference interval for thyroid function tests in pregnancy 
differs from non-pregnant patients and/or laboratory cut 
offs and will lead to misclassification of patients, hence 
pregnancy-specific reference interval should be 
advocated. 
 

ONLINE FIRST | April 12, 2016 | http://dx.doi.org/10.15605/jafes.031.01.04

21Trimester-Specific Reference Interval for Thyroid Function Tests in Pregnant Filipino Women

www.asean-endocrinejournal.orgVol. 31 No. 1 May 2016

Perpetua Patal, et al

ONLINE FIRST | April 12, 2016 | http://dx.doi.org/10.15605/jafes.031.01.04



Statement of Authorship 
All authors have given approval to the final version submitted. 
 
Author Disclosure 
All the authors declared no conflicts of interest. 
 
Funding Source 
This study was supported by the financial grant from the 
Philippine Society of Endocrinology, Diabetes and Metabolism. 
 
References 
1. Pop VJ, Brouwers EP, Vader HL, Vulsma T, Van Baar AL, De Vijlder 

JJ. Maternal hypothyroxinemia during early pregnancy and 
subsequent child development: A 3-year follow-up study. Clinical 
Endocrinology. 2003; 59(3):282-8. http://dx.doi.org/10.1046/j.1365-
2265.2003.01822.x. 

2. Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ, Gagnon J, 
et al. Maternal thyroid deficiency during pregnancy and subsequent 
neuropsychological development of child. New Engl J Med. 1999; 
341(8);549-55. http://dx.doi.org/10.1056/NEJM199908193410801. 

3. Allan WC, Haddow JE, Williams JR, Mitchell ML, Hermos RJ, Faix 
JD, et al. Maternal thyroid deficiency and pregnancy complications: 
Implications of population screening. J Med Screen. 2000;7(3):127-30. 
http://dx.doi.org/10.1136/jms.7.3.127. 

4. Casey B, Dashe JS, Wells CE, et al. Subclinical hypothyroidism and 
pregnancy outcomes. Obstet and Gynecol. 2005;105(2):239-45. 
http://dx.doi.org/10.1097/01.AOG.0000152345.99421.22. 

5. Casey B, Dashe JS, Wells CE, et al. Subclinical hyperthyroidism and 
pregnancy outcomes. Obstet and Gynecol. 2006;107(2):337-41. 
http://dx.doi.org/10.1097/01.AOG.0000197991.64246.9a. 

6. Glinoer D. The regulation of thyroid function in pregnancy: Pathways 
of endocrine adaptation from physiology to pathology. Endocr Rev. 
1997;18(3): 404-33. 

7. Soldin OP, Tractenberg RE, Hollowell JG, Jonklaas J, Janicic N, Soldin 
SJ. Trimester-specific changes in maternal thyroid hormone, 

thyrotropin, and thyroglobulin concentrations during gestation: Trends 
and associations across trimesters in iodine sufficiency. Thyroid. 
2004;14(12):1084-90. http://dx.doi.org/10.1089/thy.2004.14.1084. 

8. Stricker R, Echenard M, Eberhart R, Chevailler MC, Perez V, Quinn 
FA, et al. Evaluation of maternal thyroid function during pregnancy: 
The importance of using gestational age-specific reference intervals. 
Eur J Endocrinol. 2007;157:509–14.http://dx.doi.org/10.1530/EJE-07. 

9. Bocos-Terraz JP, Izquierdo-Álvarez S, Bancalero-Flores JL, Álvarez-
Lahuerta R, Aznar-Sauca A, Real-López E, et al. Thyroid hormones 
according to gestational age in pregnant Spanish Women. BMC 
Research Notes. 2009;2:237. http://dx.doi.org/10.1186/1756-0500-2-237. 

10. Panesar NS, Li CY, Rogers MS, et al. Reference intervals for thyroid 
hormones in pregnant Chinese women. Ann Clin Biochem. 
2001;38(4):329-32. http://dx.doi.org/10.1258/0004563011900830. 

11. Mehran L, Amouzegar A, Delshad H, Askari S, Hedayati M, 
Amirshekari G, et al. Trimester-specific reference ranges for thyroid 
hormones in Iranian pregnant women. J Thyroid Res. 2013;Article ID 
651517. 

12. FNRI-DOST. 8th National Nutrition Survey, Philippines 2013. 
13. Pearce E, Oken W, Gillman M, Lee Stephanie, Magnani B, et al. 

Association of first trimester thyroid function test values with thyroid 
peroxidase antibody status, smoking and multivitamin use. Endocr 
Pract. 2008;14(1):33-9. http://dx.doi.org/10.4158/EP.14.1.33. 

14. Gilbert RM, Hadlow NC, Walsh J, Fletcher S, Brown SJ, et al. 
Assessment of thyroid function during pregnancy: First-trimester 
(week 9-13) reference intervals derived from Western Australian 
women. Med J Aust. 2008;189(5):250-3. 

15. Huber G, Staub JJ, Meier C, Mitrache C, Guglielmetti M, Huber P, et 
al. Prospective study of the spontaneous course of subclinical 
hypothyroidism: Prognostic value of thyrotropin, thyroid reserve, 
and thyroid antibodies. J Clin Endocrinol. 2002;87(7):3221-6. 
http://dx.doi.org/10.1210/jcem.87.7.8678. 

16. Bautista AA, Antonio MQ, Jimeno CA, Acampado LA, et al. 
Reference intervals in thyroid function tests in the third trimester in 
pregnant Filipino women. Philipp J Inter Med. 2014:52(3)1-5. 

 

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) the Authorship Certification that the manuscript 
has been read and approved by all authors, and that the requirements for authorship have been met by each author, (2) the Author Declaration that the article 
represents original material that is not being considered for publication or has not been published or accepted for publication elsewhere, (3) the Statement of 
Copyright Transfer[accepted manuscripts become the permanent property of the JAFES and are licensed with an Attribution-Share Alike-Non-Commercial Creative 
Commons License. Articles may be shared and adapted for non-commercial purposes as long as they are properly cited], (4) the Statement of Disclosure that there 
are no financial or other relationships that might lead to a conflict of interest. For Original Articles involving human participants, authors are required to submit a 
scanned copy of the Ethics Review Approval of their research. For manuscripts reporting data from studies involving animals, authors are required to submit a scanned 
copy of the Institutional Animal Care and Use Committee approval. For Case Reports or Series, and Images in Endocrinology, consent forms, are required for the 
publication of information about patients; otherwise, authors declared that all means have been exhausted for securing such consent. Articles and any other material 
published in the JAFES represent the work of the author(s) and should not be construed to reflect the opinions of the Editors or the Publisher. 

22 Trimester-Specific Reference Interval for Thyroid Function Tests in Pregnant Filipino Women

www.asean-endocrinejournal.org Vol. 31 No. 1 May 2016

Perpetua Patal, et al

ONLINE FIRST | April 12, 2016 | http://dx.doi.org/10.15605/jafes.031.01.04

________________________________________  

ISSN 0857-1074 
Printed in the Philippines 
Copyright © 2016 by the JAFES 
Received: January 2, 2016. Accepted: April 25, 2016. 
Published online first May 11, 2016. 
http://dx.doi.org/10.15605/jafes.031.01.05 

Corresponding author: Manish Gutch, MD (Medicine), DM (Endocrinology) 
Assistant Professor 
Department of Medicine, King George's Medical College 
Lucknow, Uttar Pradesh, India, 226003 
Tel. No.: 05222257242 
E-mail: manish07gutch@gmail.com 

 

Etiology of Short Stature in Northern India 
 

Manish Gutch,1 Kumar Sukriti,2 Gupta Kumar Keshav,3 Mohd Razi Syed,3 Gupta Abhinav,3  

Bhattacharjee Annesh,1 Ravi Mishra1 

 
1Department of Medicine, King George’s Medical University, Lucknow, India 

2Department of Radiodiagnosis, King George’s Medical University, Lucknow, India 
3Department of Endocrinology, Lala Lajpat Rai Memorial Medical College, Meerut, India 

 
 

Abstract 
 
Objective. Short stature can be caused by a great variety of congenital and acquired conditions, some of which present 
with additional symptoms and signs. Overall, the number of patients seeking medical attention for short stature may be 
considered as the tip of the iceberg. The objective of this study was to determine the pattern and etiological factors of 
short stature in children. 
 
Methodology. A cross-sectional study was carried out in the Department of Endocrinology at a tertiary care health 
center in north India from August 2012 to June 2015. Four hundred and fifty one children (280 boys and 171 girls), 
ranging from 4 to 18 years presenting with short stature were studied. Anthropometric measurements were plotted on 
Indian standard growth charts.  
 
Results. In this study, the male to female ratio was found to be 1.6:1, with mean chronological age of 11.6+3.2 years, 
and mean bone age of 7.8+2.8 years. The common etiologic factors in the order of frequency were constitutional delay 
in growth and puberty (41.2%), familial short stature (15.9%), type 1 diabetes mellitus (9.9%), and hypothyroidism 
(8.6%) while growth hormone deficiency (2.4%) was a relatively uncommon cause. The most common pathological 
cause for proportionate short stature was type 1 diabetes and for disproportionate short stature was hypothyroidism. 
Hypothyroidism caused the maximum retardation of bone age while the least bone age retardation was noticed in 
familial short stature.  
 
Conclusion. Physiological/normal variants outnumbered the pathological causes of short stature. Endocrinological 
causes were found in almost one fourth of children with short stature; however, growth hormone deficiency was found 
in only 2.4% of the children. 
 
KeyÊwords:ÊconstitutionalÊgrowthÊdelay,ÊfamilialÊshortÊstature,ÊgrowthÊhormoneÊdeficiency,ÊshortÊstatureÊ

 
INTRODUCTION 
 
Normal growth requires adequate nutrition along with 
various hormonal stimuli. Hormones important for growth 
and development are: growth hormone (GH), insulin-like 
growth factor (IGF-1), thyroid hormones, sex steroids and 
other growth factors1 Factors affecting growth may be due 
to constitutive intrinsic growth defects or any of the 
extrinsic factors which are required for normal growth.1 

 
Short stature (SS) is defined as height below 3rd percentile or 
less than two standard deviations (SDs) below the median 
height for that age and sex according to the population 
standard; or even if the height is within the normal 
percentiles but growth velocity is consistently below 25th 
percentile over 6–12 months of observation.2,3 
Approximately 3% of children in any population will be 
short, amongst which half will be physiological (familial or 
constitutional) and half will be pathologic. The age of onset 

of puberty varies in different population and it correlates 
more with the bone age (BA) than chronological age (CA).2,3 
 
Children with short stature have increased rate of social 
aversion, anxiety and attention problem.4 Short stature 
may be regarded as a manifestation of many diseases 
rather than “a disease” itself and so, early diagnosis and 
treatment are imperative for the final outcome.5 Factors 
implicated in the pathogenesis of short stature in 
developing countries are different from developed 
countries because of the differences in race and lifestyles 
along with nutritional, cultural and socio-economic 
factors.6 In contrast to developed countries, the data 
addressing the frequencies of different causes of short 
stature in India are very limited, though there are a few 
studies focusing on the individual diseases.20 In this 
perspective, the present study was contemplated with the 
objective to ascertain the pattern of SS, and to find out the 
etiological profile of SS. 
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