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Abstract 

Objective: The objective was to assess the prevalence of misdiagnosed thyroid dysfunction during the first trimester of 
pregnancy when nonpregnant reference intervals used. Materials and Methods: This study, conducted on 233 pregnant 
women of age between 18 and 35 years during first trimester. Serum thyroid stimulating hormone (TSH), free thyroxine 
(FT4), thyroperoxidase antibodies (TPO Ab) analyzed and thyroid disorders were grouped, based on the first trimester-
specific reference intervals and correlated with nonpregnant reference intervals. Results: The overall prevalence of 
autoimmunity was 12.4%. The prevalence of subclinical hypothyroid (SCH) was significantly higher than euthyroid 
when first trimester-specific reference intervals used rather than nonpregnant reference intervals. If the nonpregnant 
reference intervals were applied to our study group, 27.9% pregnant women with TSH above the first trimester-specific 
reference intervals would not have been identified and misclassified as euthyroid. 22.7% would have missed the 
diagnosis as SCH. 5.2% with low FT4 levels, among this 3% and 2.1% would not have been identified as overt 
hypothyroid and isolated hypothyroxinemia. The relative risk of autoimmunity was significantly 3.66 times more in SCH 
than euthyroid, when first trimester-specific reference intervals used. Conclusion: Misdiagnosis of SCH, overt 
hypothyroid and autoimmune thyroid disorders occurred during the first trimester of pregnancy if nonpregnant reference 
intervals used. Undiagnosed hypothyroidism in pregnant women may adversely affect their fetuses; therefore the early 
and appropriate detection of thyroid dysfunction require reliable pregnancy-specific reference intervals of the thyroid 
hormones. 
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Introduction 

Pregnancy may affect the course of thyroid disorders 
and conversely, thyroid diseases may affect the course 
of pregnancy. Many pregnant women with thyroid 
disorder remain asymptomatic, the diagnosis is 
exclusively biochemical. Thyroid hormone adequacy is 
crucial for normal fetal neurodevelopment, particularly 
during the first trimester [1-3]. Pregnancy complications 
such as spontaneous miscarriage and gestational 
hypertension, placental abruption and premature 
delivery are increased with maternal hypothyroidism 
[2,4]. Similarly the presence of antibodies to thyroid  
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peroxidase (TPO-Ab) has been associated with 
increased risk of miscarriage, preterm birth, failure to 
conceive with in vitro fertilization, [5] and maternal 
postpartum thyroiditis [1]. In view of these associations 
with adverse outcomes, all pregnant women should be 
screened for thyroid dysfunction to identify those at 
risk.  
 
Pregnancy produces a series of profound physiologic 
changes, in turn, complicate the interpretation of 
maternal thyroid function tests. As a consequence, the 
United States National Academy of Clinical 
Biochemistry (NACB) recommends that ‘trimester-
specific reference values should be used when reporting 
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thyroid test values for pregnant patients [1], utilizing 
nonpregnant reference values during pregnancy may 
lead to diagnostic errors. The aim of this study are to 

decide whether to use the nonpregnant reference 

intervals or pregnancy-specific reference intervals of 

thyroid related hormones to determine the thyroid 

dysfunction during early pregnancy & to find out the 

prevalence of thyroid dysfunction and thyroid 

autoimmunity in pregnant women based on these two 

different reference intervals.  

Materials and Methods  

This study was conducted on 233 pregnant women of 
age between 18 and 35 years during the first trimester, 
attended in antenatal OP, Government Maternity 
Hospital, Hyderabad, India. Two women had 
hyperthyroidism were excluded from the study. The 
study approved by the institutional ethical committee of 
Osmania Medical College, Hyderabad, and informed 
consent was obtained from all pregnant women. 
Pregnant women with known thyroid problems and 
taking medications other than nutritional supplements, 
TSH>10 µIU/L, and subclinical hyperthyroidism was 
excluded from the study. History was taken in detail 
including the present, past, obstetric, family, and 
personal history. None of the patients had previously 
diagnosed thyroid disorder (hypo- or hyperthyroidism). 
At least 5 mL of blood was obtained from all the 
selected pregnant women in the morning after an 
overnight fast after an informed consent was obtained. 
Serum was tested for TSH, free T4, TPO antibodies, 
using a chemiluminescence immune assay, Thyrocare 
Technologies Ltd, India with commercially available 
kits by Novateinbio, USA.  

The nonpregnant laboratory reference intervals are 
taken for TSH 0.3-5.5µIU/L, for TPOAb > 34 IU/ml 
consider to be abnormal, free T4 0.7 to 1.8 ng/dl. Based 
on nonpregnant reference values, euthyroid was defined 
as normal FT4 and TSH, subclinical hypothyroid was 
defined as normal FT4 and TSH >5.5 µIU/L, overt 
hypothyroid defined as FT4 >1.8 ng/dl and TSH > 5.5 
µIU/L. 
 
The trimester-specific reference values for TSH were 
0.1-2.5µIU/l, 0.2-3.0 µIU/l and 0.3-3.0 µIU/l in the 
first, second, and third trimesters of pregnancy 
respectively, considering the recent literature [6,7]. For 
FT4 0.8-1.8 ng/dl in the first trimester of pregnancy. 
Based on first trimester-specific reference values 
euthyroid defined as FT4 and TSH are 0.8-1.8 ng/dl and 
0.1-2.5 μIU/ml, respectively [6]. All the women having 
normal FT4 with TSH >2.5 μIU/ml were diagnosed as 
subclinical hypothyroid, overt hypothyroid defined as 
FT4 <0.8 ng/dl and TSH > 2.5 mIU/L. 
 
Statistical analysis- Statistical analysis is carried out 
using Sofa Stats software (Open source statistics, 
analysis, and reporting software from Paton-Simpson & 
Associates Ltd.). Results were presented as mean, 
standard deviation (SD) for continuous variables; the 
frequency and percentage were given for qualitative 
variables. P value and 95% confidence interval between 
two different groups, relative risk, the 95% confidence 
interval of relative risk and the significance of a 
difference between two independent proportions were 
calculated by using medcalc easy to use statistical 
software bvba, version 16.4.3, Ostend. A p-value of ≤ 
0.05 was taken as statistically significant.  

Results 

The average age of 233 pregnant women enrolled in the study was 22.1 years. The mean of TPO-Ab, TSH and FT4 were 
35.95 IU/ml, 2.42 µIU/ml, and 1.18 ng/dl respectively (Table 1). 29 (12.4%) patients were positive for TPOAb, whereas 
204 (87.6%) were negative for TPOAb. Mean thyroid hormone values were compared in pregnant women with and 
without thyroid auto-antibodies. The mean age difference between pregnant women who were TPOAb positive and 
negative was statistically significant (23.21vs 21.94 years, P = 0.03). TSH was significantly higher in TPOAb positive 
women than TPO-Ab negative women (mean 3.15µIU/ml vs. 2.32 µIU/ml, p= 0.01). Mean FT4 was not influenced by 
antibody status with p = 0.37 (Table 2, Fig 1). 
  

Table-1: Thyroid profile of study group. 

Statistics Age TPO Ab (IU/ml) TSH (µIU/ml) FT4 (ng/dl) 
Mean 22.1 35.95 2.42 1.18 

SD 2.98 93.54 1.64 0.17 

Lower limit 18 6 0.56 0.9 

Upper limit 29 372 7.61 1.49 
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SD: Standard Deviation; TPOAb: Thyroperoxidase antibodies; TSH: Thyroid Stimulating Hormone; FT 4: Free 
thyroxine.  
 
Table-2: Comparison of thyroid hormones with autoimmunity. 

Parameters TPOAb positive TPOAb negative P value 95% CI 
Age (Years) 23.21± 4.28 21.94 ± 2.73 0.03* 0.11 to 2.43 

TSH (µIU/ml) 3.15 ± 1.88 2.32 ± 1.58 0.01* 0.2 to 1.46 

FT 4 (ng/dl) 1.15 1.15 ±0.14 1.18 ± 0.17 0.37 -0.1 to 0.04 

TSH: Thyroid Stimulating Hormone; FT 4: Free thyroxine; TPOAb: Thyroperoxidase antibodies; CI: confidential 
intervals;* Significance 
 
Based on non-pregnant reference intervals, among 233 pregnant women, 221 (94.8%) were diagnosed as euthyroid, 12 
(5.2%) were diagnosed as subclinical hypothyroid, none of them were overt hypothyroid. Among 221 euthyroid pregnant 
women 26 (11.8%) were TPO-Ab positive and 195 (88.2%) were TPO-Ab negative. Among 12 subclinical hypothyroid 
pregnant women 3 (25%) were TPO-Ab positive and 9 (75%) were TPO-Ab negative (Table3). 
 
Table-3: Comparison of prevalence of autoimmunity in thyroid subjects based on non pregnant reference 
intervals 

Thyroid status N (%) TPOAb positive TPOAb negative 
Euthyroid 221 (94.8) 26 (11.8) 195 (88.2) 

SCH 12 (5.2) 3 (25) 9 (75) 

Total 233 29 (12.4) 204 (87.6) 

SCH: Subclinical Hypothyroid; TPOAb: Thyroperoxidase antibodies 
 
Based on first trimester-specific reference intervals, among 233 pregnant cases, 156 (66.9%) were diagnosed as 
euthyroid, 65 (27.9%) were diagnosed as subclinical hypothyroid, 7 (3%) were diagnosed as overt hypothyroid and 5 
(2.1%) were diagnosed as isolated hypothyroxinemia (IH). Among 156 euthyroid cases, 11 (7%) were TPO-Ab positive 
and 145 (93%) were TPO-Ab negative. Among 65 subclinical hypothyroid, 16 (24.6%) were TPO-Ab positive, 49 
(75.4%) were TPO-Ab negative. Among seven overt hypothyroid, 2 (28.6%) were TPOAb positive while 5 (71.4%) were 
TPO-Ab negative. Among five overt hypothyroid, none of them were TPO-Ab positive (Table 4). 
 
Table-4: Comparison of prevalence of autoimmunity in thyroid subjects based on first trimester specific reference 
intervals 

Thyroid status N (%) TPOAb positive TPOAb negative 
Euthyroid 156(66.9) 11 (7) 145 (93) 

SCH 65(27.9) 16 (24.6) 49 (74.5) 

OH 7(3) 2 (28.6) 5 (71.4) 

IH 5(2.1) 0 (0) 5 (100) 

Total 233 29 (12.4) 204 (87.6) 

SCH: Subclinical Hypothyroid; OH: Overt hypoyhroid; IH Isolated hypothyroxenemia; TPOAb: Thyroperoxidase 
antibodies 
 
The prevalence of euthyroid was higher than subclinical hypothyroid (94.8% vs. 66.9%, p<0.0001) when non- pregnant 
reference intervals were used. The prevalence of subclinical hypothyroid was significantly higher than euthyroid (27.7% 
vs. 5.2%, p<0.0001) when first trimester-specific reference intervals were used. If the non- pregnant laboratory TSH and 
FT4 reference intervals were applied to our study participants, misclassification of maternal thyroid function would 
occur. 65 (27.9%) pregnant women with a TSH above the first trimester-specific reference intervals would not have been 
identified and misclassified as euthyroid. 53(22.7%) women would have missed diagnosis as subclinical hypothyroidism. 
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For FT4, 12 (5.2%) women with low levels, among these 7 (3%) and 5 (2.1%) pregnant women would not have been 
identified as overt hypothyroidism and isolated hypothyroxinemia (Table 5, Fig 2). 
 
Table-5: Thyroid diagnosis based on non pregnant reference intervals and first trimester specific reference 
intervals 

Thyroid status 
Non pregnant RI 

N (%) 
1sttrimester RI 

N (%) 
P value 95% CI 

Results misclassified 
N (%) 

Euthyroidism 221 (94.8) 156 (66.9) <0.0001 20.85- 34.8 65 (27.9) 

SCH 12 (5.2) 65 (27.9) <0.0001 15.93- 29.4 53 (22.7) 

OH 0(0) 7(3) 0.79 -1.54- 1.6 7 (3) 

IH 0(0) 5 (2.1) 0.83 -1.55 - 1.61 5 (2.1) 

SCH: Subclinical Hypothyroid; OH: Overt hypoyhroid; IH Isolated hypothyroxenemia; RI: Reference Intervals;  
CI: Confidential Intervals. 
 
The incidence of autoimmunity was significantly more in subclinical hypothyroid than euthyroid (62.1% vs. 37.9%, p= 
0.0003, RR 3.66, 95% CI 1.82–7.34) when first trimester-specific reference intervals were used, whereas the incidence of 
autoimmunity was not significant when nonpregnant reference intervals were used (Table 6, Fig 3). 
 
Table 6: Prevalence of TPOAb positive pregnant women in thyroid subjects based on non pregnant reference 
intervals and first trimester specific reference intervals. 

Reference 
intervals 

Euthyroid Subclinical 
hypothyroid 

P value Relative risk 95%Confidential 
Intervals 

Non pregnant 26 (89.7) 3 (10.3) 0.157 2.13 0.75 – 0.04 

1sttrimaster 11 (37.9) 18 (62.1) 0.0003 3.66 1.82 – 7.34 

Discussion 

Maternal thyroid dysfunction is of greater importance 
for the fetus during the first trimester of pregnancy. 
Pregnancy has profound effects on the regulation of 
thyroid function in healthy women and patients with 
thyroid disorders. These effects need to be recognized, 
precisely assessed, clearly interpreted, and correctly 
managed. Subclinical thyroid dysfunction is probably 
more prevalent and frequently remains undiagnosed 
unless specific screening programs are initiated to 
disclose thyroid function abnormalities in early 
gestation. Maternal hypothyroidism is associated with 
various maternal and fetal adverse outcomes; hence, 
there is a need for screening subclinical hypothyroidism 
and thyroid autoimmunity in pregnancy, especially in 
the first trimester when the fetal thyroid tissue is not 
functional. The role of routine screening becomes all 
the more relevant in these patients as they are 
asymptomatic.  
 
Dosiou et al [8] reported that screening pregnant 
women for TSH in the first trimester of pregnancy is 
cost saving compared with no screening and screening 
using anti-TPOAb was also economically favorable. 
TSH advocated as the initial screening test because  

 
 
TSH is a more sensitive marker of thyroid status than 
FT4. FT4 (and FT3) is responsible for thyroid hormone 
action and that maternal hypothyroxinemia (normal 
TSH but low FT4) is associated with the 
neuropsychological deficit in the offspring [9]. 
According to the recommendations made by the 
National Academy of Clinical Biochemistry (NACB) of 
the United States, TPOAb should also be measured: 
TPOAb is the most sensitive test for detecting 
autoimmune thyroid disease, is typically the first 
abnormality to appear in the course of developing 
hypothyroidism secondary to Hashimoto’s thyroiditis. 
The appearance of TPOAb usually precedes the 
development of thyroid dysfunction [10]. 
 
According to the American Thyroid Association, 10 to 
20% of all pregnant women in the first trimester of 
pregnancy are positive for Hashimoto’s antibodies, but 
they are euthyroid [7]. In our study, 12.4% of pregnant 
women were positive for TPOAb, comparable with 
Ratan Chandra et al 2016 study  [11] reported, 12.15% 
were TPO Ab positive, but higher than Sieiro Netto et al 

study  [12] reported, 5.4% were thyroid autoantibody 
positive.  
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Kontiainen et al  [13] found an increase in the titer of 
TPOAbs with age, but this correlation was not 
statistically significant. In our study there was a 
significant increase in TPOAbs with age. The mean 
serum TSH values were significantly higher in thyroid 
autoantibody-positive women compared to women with 
negative thyroid autoantibodies.  
 
National Association of Clinical Biochemistry has 
stated that it is likely that in future the upper limit of the 
euthyroid reference range of serum TSH will be 
reduced to 2.5 μIU/ml from 4.5 μIU/ml for all adults, 
because more than 95% of normal euthyroid volunteers 
have serum TSH values between 0.4 and 2.5 μIU/ml 
[14].  
 
The American Association of Clinical Endocrinologists 
has continued to recommend 4.5 μIU/ml as the upper 
limit of normal TSH value, although some individuals 
within the range of 2.6-4.5 μIU/ml may have subclinical 
thyroid disease, there is a lack of evidence of adverse 
outcome in this group [15]. However, American 
Thyroid Association Guidelines (2011) recommends 2.5 
μIU/ml as the upper limit of TSH in the first trimester 
of pregnancy [7]. Recent Endocrine Society guidelines 
also suggested 0.1-2.5 μIU/ml as the "normal" range for 
TSH values in the first trimester and <3 μIU/ml in the 
second and third trimester [16].  
 
Our study used two different series of reference 
intervals as per the American Thyroid Association 
(ATA) Guidelines (2011) and Recent Endocrine Society 
guideline’s recommendations, first trimester-specific 
reference intervals and nonpregnant reference intervals, 
to identify the prevalence of misdiagnosed thyroid 
disorders in first trimester pregnancy. As per the ATA 
guidelines for first trimester-specific reference intervals, 
in our study, the prevalence of euthyroid was 66.9% and 
among them, 7% were TPOAb positive. Ratan Chandra 
et al 2016 study [11] reported that 1.47% had TPO-Ab 
positive euthyroid women. This subgroup of the 
population is at increased risk of developing 
hypothyroidism and should be monitored every 4-6 
weeks.  
 
The prevalence of subclinical hypothyroid was 27.9% 
and among them, 24.6% were TPO-Ab positive, which 
is much higher than other studies  [17-19] in which the 
prevalence is 2.8%, 10.9%, and 13.8%, because the 
cutoff value of TSH>2.5 μIU/ml used to classify thyroid 
status, but comparable to the Ratan Chandra et al 2016 
study  [11] reported 32.9% of SCH. The prevalence of 

overt hypothyroid was 3% and among them, 28.6% 
were TPO- Ab positive, which is higher than Klein RZ 
et al  [20] study reported 0.3-0.5% in West, whereas the 
prevalence isolated hypothyroxenemia was 2% and 
none of them were TPOAb positive.  
 
The prevalence of subclinical hypothyroid was 
significantly higher than euthyroid as per the ATA 
guidelines for first trimester-specific reference intervals 
were used rather than nonpregnant reference intervals. 
27.9% pregnant women with a TSH above the first 
trimester-specific reference intervals would not have 
been identified and misclassified as euthyroid if 
nonpregnant references were used. Wang W et al 
(2011) [9] found that 2% patients with subclinical 
hypothyroidism would be misclassified if nonpregnant 
reference intervals were used. Stricker et al [1] reported 
that 3.6% of patients with elevated TSH would be 
missed & 3.7% of patients with low TSH would be 
misdiagnosed by using the nonpregnant reference 
intervals to diagnose thyroid diseases. In our study 
higher prevalence of missed diagnosis occurred, 22.7% 
of subclinical hypothyroid, 3% of overt hypothyroid, 
2.1% of isolated hypothyroxinemia would be missed if 
nonpregnant reference intervals were used. Vaidya et al 
[21] concluded that the prevalence of hypothyroxinemia 
increased to 3.7% when first trimester-specific 
reference intervals were used rather than the general 
population reference intervals.  
 
Stricker et al study [1] reported that the relative risk of 
thyroid autoimmunity was 4.6-fold more frequently in 
hypothyroid pregnant women with TSH > 3µIU/l, 
compared with euthyroid controls. In our study, the 
relative risk of thyroid autoimmunity was 3.66 times in 
subclinical hypothyroid pregnant women with TSH 
more than 2.5µIU/l than euthyroid pregnant women 
with p= 0.0003, when first trimester-specific reference 
intervals were used.  
 
Although the relative risk of autoimmunity was 2.13 
times in subclinical hypothyroid than euthyroid 
pregnant women, but not significant when nonpregnant 
reference intervals were used. This may reflect lower 
thyroidal reserve during pregnancy when a greater 
amount of thyroid hormones is demanded.  
 
Brent  [22] reported that the potential adverse outcomes 
are so significant and the tools to diagnose and treat 
thyroid disease are easily accessible, that it is no longer 
acceptable for even 1/3 rd of pregnant women to remain 
undiagnosed. Even a small percentage of thyroid 
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disorders in early pregnancy should not be missed. So 
in our country we must follow Indian Thyroid Society 
Guidelines which clearly recommend that "all pregnant 
women should be screened at the first antenatal visit by 
measuring TSH levels", and highlight that ideally 
screening should be carried out during pre-pregnancy 
evaluation or as soon as pregnancy is confirmed. As our 
data show, utilization of non-pregnant reference 
intervals to interpret thyroid function tests in pregnant 
women has the potential to result in a large number of 
misclassified results, and could contribute to suboptimal 

patient care. Therefore, our results support assessing 
TSH, FT4, and TPOAb as the initial screening tests for 
thyroid dysfunction in early pregnancy, using 
pregnancy-specific reference intervals. The early and 
appropriate detection of thyroid dysfunction and timely 
interventions that improve maternal-fetal prognosis 
require reliable pregnancy specific reference intervals 
of the thyroid hormones. Establishing trimester-specific 
reference intervals in each population is essential for 
accurate assessment of thyroid function [23]. 

Conclusion 

The trimester-specific reference interval for TSH differs from the non-pregnant reference intervals that can lead to 
misdiagnosis of subclinical hypothyroidism and overt hypothyroidism. Our study confirms that 22.7% of subclinical 
hypothyroid, 3% of overt hypothyroid, 2.1% of isolated hypothyroxinemia would be missed if non pregnant reference 
intervals were used.  
 
All pregnant women should be screened at the first antenatal visit by measuring TSH, FT4, and TPOAb levels using 
pregnancy-specific reference intervals.  
 
These trimester-specific reference intervals are essential in everyday clinical practice for the correct interpretation of 
thyroid hormone values and accurate classification of thyroid disorders and to evaluate the risk for both obstetric 
complications and impaired fetal development. 
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