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Thyroid hormones; Objective: To assess thyroid function in the three trimesters of pregnancy in healthy women
Pregnancy; taking iodine supplements and to define the normal reference ranges in this population.
Normal ranges; Design: Descriptive study of pregnant women to define the normal ranges of thyroid hormones
lodine intake in this population.

Setting: Jaen and Osuna (Spain).

Population: Healthy pregnant women.

Methods: Thyroid hormone measurement in the three trimesters of pregnancy in healthy women
taking iodine supplements.

Results: A total of 429 pregnant women were given iodine supplements to maintain urinary
iodine levels within the normal range. FT4 levels ranged from 0.60 to 1.06 ng/dL in the first
trimester, from 0.43 to 0.85 ng/dL in the second, and from 0.40 to 0.82 ng/dl in the third
trimester. Reference values of thyroid stimulating hormone (TSH) ranged from 0.23 to 4.18 plU/
mL in the first trimester, from 1.78 to 3.89 plU/mL in the second, and from 2.01 to 4.30 plU/mL
in the third trimester. FT3 levels ranged from 2.33 to 3.84 pg/mL in the first trimester, from
2.04 to 3.51 pg/mL in the second, and from 1.99 to 3.46 pg/mL in the third trimester.
Conclusion: Taking into account the 3rd and 97th percentiles, the reference ranges in our
population were far below those recommended by our reference laboratory. In view of these
results, these values should be redefined to avoid misdiagnosis of hypothyroxinemia in healthy
pregnant women.
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PALABRAS CLAVE
Hormonas tiroideas;
Embarazo;

Rangos de
normalidad;

Ingesta de yodo

Valores de referencia de hormonas tiroideas en la poblacion de mujeres gestantes
de Jaén

Resumen

Objetivo: Valorar la funcion tiroidea en los tres trimestres de gestacion en mujeres sanas suple-
mentadas con yodo y definir los limites de referencia de la normalidad de esta poblacion.
Disefio: Estudio descriptivo sobre la mujer gestante para definir los limites de normalidad de
hormonas tiroideas en esta poblacion.

Emplazamiento: Jaén y Osuna.

Poblacion: Gestantes sanas.

Métodos: Determinacion de hormonas tiroideas en los tres trimestres de gestacion en mujeres
sanas suplementadas con yodo.

Resultados: Cuatrocientas veintinueve gestantes fueron suplementadas con yodo para mantener
nivel de yoduria en los limites de normalidad. Las concentraciones de T4-| estuvieron entre 0,60
y 1,06 para el primer trimestre, entre 0,43 y 0,85 ng/dl en el segundo trimestre y entre 0,40 y
0,82 ng/dl en el tercer trimestre. Para la TSH los valores de referencia son: 0,23 y 4,18 pUl/ml
en el primer trimestre, 1,78 y 3,89 pUl/ml en el segundo trimestre y 2,01 y 4,30 pyUl/ml en el
tercer trimestre. Para T3-l los limites en el primer trimestre son de 2,33 a 3,84 pg/ml, entre
2,04y 3,51 pg/ml en el segundo trimestre y entre 1,99 y 3,46 pg/ml en el tercer trimestre.
Conclusién: Los limites de referencia para nuestra poblacion teniendo en cuenta los percentiles
3y 97 estan muy por debajo del recomendado por nuestro laboratorio de referencia, lo que
obliga a redefinir estas concentraciones para evitar diagnosticar de forma incorrecta de hipoti-

roxinemia a la mujer gestante sana.
© 2010 SEEN. Publicado por Elsevier Espaia, S.L. Todos los derechos reservados.

Introduction

Adequate thyroid hormone levels are essential during
pregnancy to ensure adequate neurointellectual and motor
development in newborn children'3. Recent studies have
shown that iodine supplementation may improve aspects
of the child’s neurointellectual development*3. lodine
deficiency has been reported to be a potential cause of
low thyroxine levels during pregnancy and to be associated
with lower scores in neurointellectual maturation
scales®’.

Current iodine levels in Spanish pregnant women are
highly variable depending on the autonomous community or
region studied. In Jaen, median urinary iodine levels in
pregnant women are 108 pg/dL, lower than the minimum
levels recommended by the WHO?.

Reference thyroid hormone levels in the general
population cannot be superimposed on those of the pregnant
population because a number of changes in thyroid hormone,
transporter protein, thyroglobulin, and B-HCG levels
occurring during the first trimester of pregnancy in response
to increased estrogen levels result in different laboratory
test results as compared to non-pregnant women. In clinical
practice, this may lead to an erroneous interpretation of
the results®1°.

Positive antiperoxidase antibodies are also related to
higher TSH levels and lower FT4 levelst’. In areas where
iodine intake is adequate, these changes occur
physiologically, with no changes in thyroglobulin levels or
thyroid volume. When iodine intake is inadequate, thyroid
hormone levels may be lower?. There is no agreement yet as

to what would constitute acceptable TSH limits in pregnancy.
While TSH values lower than 5 plU/L are accepted in the
general population, lower limits have been proposed for
pregnant women, in whom levels less than 2.5 plU/mL in
the first trimester and less than 3 plU/mL in the second and
third trimesters are considered normal*?. However, these
levels have been questioned. Recent data have associated
lower TSH levels with lower miscarriage or preterm delivery
rates' and led to the suggestion that stricter limits should
be established.

On the other hand, thyroid disease is common in pregnant
women. From 0.2% to 1% of pregnant women experience
hyperthyroidism, most commonly due to Graves-Basedow
disease, while 0.2%-0.5% experience primary hypothyroidism,
and 2.5% subclinical hypothyroidism; this percentage
increases after delivery. Autoimmune thyroid disease is also
common in pregnant women, with a prevalence of positive
antiperoxidase antibodies of 9% and 4%°; this proportion is
even greater in pregnant women with other autoimmune
diseases such as type 1 diabetes mellitus or rheumatoid
arthritis.

It is therefore important to define the values of the
population of pregnant women each trimester and even in
each week of pregnancy and in each laboratory and site of
origin in order to diagnose clinical and subclinical diseases
and to be able to assess the need for replacement or
antithyroid therapy'.

The purpose of this study was to estimate, in all three
trimesters of pregnancy, thyroid hormone levels in a
population of pregnant women living in an area considered
to be iodine-deficient.
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Materials and methods

Materials

Healthy women from primary care health centers attending
a pregnancy, delivery, and postpartum program in Jaen and
the gynecology and obstetrics department of the hospital of
Osuna were studied.

All women were recruited before the 10th week of
pregnancy by the midwife at the health center and referred
for monitoring to the endocrinology outpatient clinic of the
hospital of Jaen or the gynecology clinic of the hospital of
Osuna. Pregnant women did not take iodine supplements
until the first laboratory tests were performed before the
10th week of pregnancy. Once the first measurement was
performed, they were given a iodine dose allowing for
maintenance of urinary iodine levels higher than 100 pg/L
from the first trimester of pregnancy.

All pregnant women were informed about the objectives
of the study and signed a standard informed consent to
participate in the study. The study was approved by the
ethics committee of the research board of the hospital of
Jaen.

Variables

Thyroid hormones were measured in all women, including
TSH, FT4, FT3, and thyroglobulin; B-HCG and urinary iodine
in the first (before the 10t week of pregnancy), second
(between weeks 24 and 26 of pregnancy), and third
trimesters (in the 36 of pregnancy).

Laboratory methods

Thyroid hormones and thyroglobulin were measured using a
chemiluminescent immunoassay with paramagnetic particles
for the quantitative determination of TSH, FT4, FT3, and
thyroglobulin levels in human serum or plasma®.

- TSH (range, 0.26-5.6 plU/mL).

- Free T4. Normal range in the first trimester: 0.73-1.13
ng/dL; second trimester: 0.54-1.09 ng/dL; third trimester:
0.56-1.09 ng/dL.

- Free T3. Range, 1.80-4.6 pg/mL.

- Thyroglobulin. Range, 0-43 ng/mL.

- TPO (antiperoxidase) antibodies (enzymoimmunoassay).
Range, 0-65 IU/mL. Values higher than 65 IU/mL were
considered positive.

- TSI (enzymoimmunoassay for quantitative measurement
of TSH receptor autoantibodies in human serum using a
third generation human monoclonal thyroid-stimulating
antibody). This was performed on the DYN-EX platform
from the Palex company. Levels higher than 2 IlU/mL are
considered to be positive.

- Urinary iodine levels: 24-hour urine sample. Benotti and
Benotti method?¢.

Statistical analysis

Variable data were recorded in a validated computer support
that allows for statistical analysis. To avoid bias in laboratory
measurements, results of women with positive anti-thyroid

antibodies and TSH levels higher than 5 plU/mL were
excluded from the statistical study and analysis of the
results. Descriptive statistics were performed for each
individual variable and each trimester. These values are
provided as the mean, median, and standard deviation, and
as 3th to 97th percentiles. All continuous variables were
adjusted to a normal distribution using a Shapiro test. Two-
sample hypothesis testing was performed using a Student’s t
test or Wilcoxon or Mann-Whitney tests, considering the
potential dependence between variables (e.g. during the
three trimesters of pregnancy) and for classification
variables of more than two levels with ANOVA and Kruskal-
Wallis tests, depending on adjustment to a normal
distribution. Dependence between variables was assessed
using correlation coefficients (Pearson’s r or Spearman’s R,
depending on normality adjustment). Linear regression
models allowing for determining the effects of the different
trimesters on hormone levels were used to assess the trend
of test results during pregnancy. In all cases, the statistical
decision for an HO rejection level of o = 0.05, two-tailed
was taken.

Results

A total of 429 women with a mean age of 30.9 years (range,
18-41 years) were recruited into the study. As regards
autoimmunity assessment, 19 of the 305 women (6%)
tested in the first trimester had positive TPO antibodies;
18 of the 239 women (7%) tested in the second trimester
had positive TPO antibodies; and 7 of the 171 women (4%)
tested in the third trimester had positive TPO antibodies.
TSI antibodies were found in 7 women (3%) in the first
trimester, in 11 women (5%) in the second trimester, and in
7 women (4%) in the third trimester. Table 1 shows the data
collected.

FT4 levels significantly decreased during pregnancy, with
mean values of 0.8 ng/dL, 0.61 ng/dL, and 0.59 ng/dL in the
first, second, and third trimesters respectively (p < 0.001).
Table 2 shows the mean, median, and percentiles for TSH,
FT4, FT3, and thyroglobulin levels.

FT4 levels in the first trimester were below the lower
limit of the reference range at our laboratory (0.73 ng/dL)
in 106 women (30%); in the second trimester 22% of them
had FT4 levels below the lower limit of the reference range
at our laboratory (0.54 ng/dL); and in the third trimester
37% had FT4 levels of 0.57 ng/dL (the lower normal limit at
our laboratory) or less.

TSH levels gradually increased during pregnancy, with
mean levels of 1.67 pg/dL, 1.86 yg/dL, and 2.13 pg/dL in
the first, second, second, and third trimesters of
pregnancy respectively (p < 0.005) (Fig. 1). FT4 levels
decreased in parallel during pregnancy, with mean values
of 0.80 ng/dL, 0.61 ng/dL, and 0.59 ng/dL respectively (p
< 0.005) (Fig. 2).

A correlation existed between TSH and B-HCG levels in
the first trimester (p < 0.001); TSH levels gradually increased
in the second and third trimesters in parallel to a decrease
in B-HCG levels (Table 2 and Fig. 3).

FT3 levels decreased during pregnancy. The decrease was
statistically significant when the first trimester was
compared to the second and third trimesters, in which mean
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Table 1 Prevalence of positive antibodies

15t trimester

2" trimester 3" trimester

Positive TPO
Positive TSI

Tested: 305; n = 19 (6%)
n =7 (3%)

Tested: 239; n = 18 (7%)
n =11 (5%)

Tested: 171; n =7 (4%)
n =7 (4%)

TPO: antiperoxidase antibodies; TSI: TSH receptor antibodies.

Table 2 Distribution of thyroid hormone, thyroglobulin, and urinary iodine levels in the three trimesters of pregnancy

Trimester Mean Median P3 P50 P97
TSH plU/mL First2 1.67 1.52 0.23 1.5 4.18
Second® 1.86 1.78 0.36 1.78 3.89
Thirde 2.13 2.01 0.30 2.01 4.30
Free T4 ng/dL First 0.80 0.80 0.60 0.80 1.06
Second 0.61 0.60 0.43 0.60 0.85
Third 0.59 0.57 0.40 0.57 0.82
Free T3 pg/mL First 3.07 3.04 2.33 3.03 3.84
Second 2.71 2.68 2.04 2.68 3.51
Third 2.79 2.62 1.99 2.62 3.46
Thyroglobulin ng/dL First 17.20 11.60 1.176 11.6 61.50
Second 13.63 10.82 1.92 10.81 37.98
Third 17.45 10.85 1.69 10.85 59.87
Urinary iodine pg/L First 129.06 109.87
Second 202.31 179.53
Third 195.64 181.78
aFirst trimester: between the 7% and 10th weeks of pregnancy.
bSecond trimester: 24t to 28" weeks of pregnancy.
°Third trimester: 36 to 38" weeks of pregnancy.
levels of 3.07 pg/mL, 2.71 pg/mL, and 0.79 pg/mL . . : e e o
respectively were found. —0.054 E ? g E g E
Median and mean urinary iodine levels were 108.34 ug/L
and 128.57 pg/L respectively. In our study, 45.5% of pregnant -0.1 -0.007
women had urinary iodine levels less than 100 plU/mL and
14% had values lower than 50 plU/mL. Urinary iodine levels —0.154
increased during the second trimester as compared to the
. . - . -0.24
first trimester in all pregnant women, but decreased in the -0.19 021
third trimester (Table 2). No significant differences were -0.25

found in thyroid hormone levels in relation to urinary iodine
levels either before the start of iodine supplementation,
i.e. at the first measurement, or during pregnancy.
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Figure 1 Percent increase in TSH levels during pregnancy.

Figure 2 Percent decrease in free T4 levels in the three
trimesters of pregnancy (p < 0.005).

Discussion

The controversy about when to start treatment of a potential
hypothyroidism during pregnancy should lead us to
reconsider when this diagnosis should be made and what
criteria should be used for starting treatment'’. This
investigation was therefore necessary, all the more so
knowing, as we do, that a marked iodine deficiency exists in
some areas of Spain. On the other hand, the lack of
consistency in the test methods used at the different
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Figure 3 Correlation between TSH and b-HCG in the first trimester (p < 0.001).

reference laboratories and even the use of different
measurement units obliges physicians to make their own
“local” measurements in routine practice so as to be able to
take action if needed in a pregnant woman in whom low
thyroxine levels are detected.

This study was intended to define the normal levels of
thyroid hormones in healthy pregnant women from an
iodine-deficient population for a given test method and for
a specific reference hospital, knowing that thyroid hormone
levels are highly variable depending on the trimester of
pregnancy analyzed'®".

A significant advantage in our study was the homogeneity
of our sample in terms of race, as some studies have
reported race-dependent variability in hormone levels?®?'.
All pregnant women in our sample were Caucasian, and
almost all of them had a similar educational level. Not quite
30% of all women surveyed used iodinated salt. lodine
consumption may also be influenced by the use of
multivitamin complexes containing iodine?, but all of our
pregnant women received iodine supplementation.

The reliability of the test data collected is ensured by
quality controls of measurements regularly performed at
our reference laboratory.

A first significant finding was that pregnant women in
our area had very low FT4 levels before the 10th week of
pregnancy, with mean values coinciding with the lower
normal limit of the reference laboratory. This means that
half the pregnant women studied had hypothyroxinemia
in the first trimester, with the resultant potential
compromise for brain development at a crucial stage for
the embryo.

On the other hand, FT4 levels gradually decreased with
pregnancy, but mean FT4 levels continued to be in the lower
normal limit for our reference laboratory. This contrasts

with other studies recently performed in Spain on pregnant
women with the same clinical profile as our sample, in
whom levels found during the first trimester of pregnancy
agreed with their reference values?*. We wonder whether
the FT4 levels found in our sample are related to the median
urinary iodine levels in our population, much lower than
those recommended by the WHO?, as was concluded in a
prior study conducted in Andalusia?*. However, statistical
data analysis showed no significant differences in FT4 levels
with regard to the urinary iodine levels of the pregnant
women studied.

TSH levels significantly decreased during the first
trimester concomitantly with an elevation in B-HCG levels,
and gradually increased concomitantly with a decrease in
FT4 levels in the second and third trimesters.

Thyroid physiology thus behaved in our pregnant women
as reported in previously published studies®°.

Unlike in other studies, positive TPO antibodies were only
found in 5.4% of our sample.

Since subjects who showed positive TPO antibodies were
excluded from statistical analysis, we are led to believe that
there is no reason why thyroid function should have been
compromised in our pregnant women, and that all the
thyroid tissue of the women included in statistical analysis
therefore functioned adequately. TSH levels were also
slightly higher in pregnant women with positive TPO
antibodies, in agreement with findings by other authors
such as Pearce et al**.

Conclusion

We may conclude that the reference limits for FT4 in
pregnant women in our area, considering that the 3th and
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97t percentiles are below those provided by the reference
laboratory, range from 0.60 and 1.06 ng/dL in the first
trimester, from 0.43 and 0.85 ng/dL in the second trimester,
and from 0.40 and 0.82 ng/dL in the third trimester. The
reference values for TSH range from 0.23 to 4.18 plU/mL in
the first trimester, from 1.78 to 3.89 plU/mL in the second
trimester, and from 2.01 to 4.30 pUl/mL in the third
trimester. FT3 reference levels range from 2.33 to 3.84 pg/
mL in the first trimester, from 2.04 to 3.51 pg/mL in the
second trimester, and from 1.99 to 3.46 pg/mL in the third
trimester.

These results demonstrate the need to recommend and
promote the consumption of iodinated salt by the entire
population and to ensure iodine supplementation throughout
pregnancy.

Funding

This study was partially funded by a grant from the
Department of Health of the Andalusia regional
government.

Conflict of interest

The authors state that they have no conflict of interest.

References

1. Reuss ML, Paneth N, Pinto-Martin JA, Lorenz JM, Susser M. The
relation of transient hypothyroxinemia in preterm infants to
neurologic development at two years of age. N Engl J Med.
1996;334:821-7.

2. Santiago P, Torres R, Muela JA, Rojo G, Garcia E, Garriga MJ, et
al. Intelligence quotient and iodine intake: a cross- sectional
study in children. J Clin Endocrinol Metab. 2004;89:3851-7.

3. Lavado-Autric R, Auso E, Garcia-Velasco JV, Arufe MC, Escobar del
Rey F, Morreale de Escobar G. Early maternal hypothyroxinemia
alters histogenesis and cerebral cortex cytoarchitecture of the
progeny. J Clin Invest. 2003;111:1073-82.

4. Morreale de Escobar G, Obregon MJ, Escobar del Rey F. Maternal
thyroid hormones early in pregnancy and fetal brain
development. Best Pract Res Clin Endocrinol Metab.
2008;18:225-48.

5. Velasco |, Carreira M, Santiago P, Muela JA, Garcia E, Sanchez
B, et al. Effect of iodine prophylaxis during pregnancy on
neurocognitive development of children during the first two
years of life. J Clin Endocrinol Metab. 2009;94:3234-41.

6. Berbel P, Mestre JL, Santamaria A, Palazon |, Franco A, Graells
M, et al. Delayed neurobehavioral development in children
born to pregnant women with mild hypothyroxinemia during
the first month of gestation: the importance of early iodine
supplementation. Thyroid. 2009;19:511-9.

7. Enrichs J, Bongers-Schokking JJ, Schenk JJ, Ghassabian A,
Schmidt HG, Visser TJ, et al. Maternal thyroid function during
early pregnancy and cognitive functioning in early childhood:
The Generation R Study. J Clin Endocrinol Metab. 2010;95:4227-
34.

8. WHO, UNICEF, ICCIIDD. Assessment of iodine deficiency
disorders and monitoring their elimination. A guide for
programme managers. 3rd ed. Geneva: World Health
Organization;2007. p. 10-1.

9. Glinoer D. What happens to the normal thyroid during
pregnancy. Thyroid. 1999;9:631-5.

10. Haddow J, McClain M, Llambert-Messerlian G, Palomaki G,
Canick JA, Cleary-Goldman J, et al. Variability in thyroid
stimulating hormone suppression by human chorionic
gonadotropin during early pregnancy. J Clin Endocrin Metab.
2008;93:3341-7.

11. Pearce EN, Oken E, Gillman MW, Lee SL, Magnani B, Platek D, et
al. Association of first-trimester thyroid function test values
with thyroperoxidase antibody status, smoking, and
multivitamin use. Endocr Pract. 2008;14:33-9.

12. Abalovich M, Amino N, Barbour LA, Cobin RH, De Groot LJ,
Glinoer D, et al. Management of thyroid dysfunction during
pregnancy and postpartum: an Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab. 2007;92(8
Suppl):51-547.

13. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, Stagnaro-
Green A. Increased pregnancy loss rate in thyroid antibody
negative women with TSH levels between 2.5 and 5.0 in the
first trimester of pregnancy. J Clin Endocrinol Metab.
2010;95:E44-8.

14. Galofré JC, Corrales JJ, Pérez B, Canton A, Alonso N, Pérez A,
et al. Guia clinica para el diagnostico y el tratamiento de la
disfuncion tiroidea subclinica en la gestacion. Endocrinol Nutr.
2009;56:85-91.

15. BECKMAN ACCESS. Immuno Assay System. HYPERsensitive
hTSH.

16. Benotti J, Benotti N. Protein bound lodine, total iodine and
protein and butanol extractable iodine by partial automation.
Clin Chem. 1963;9:408-16.

17. Gharib H, Tuttle RM, Baskin J, Fish LH, Singer PA, McDermott
MT. Consensus Statement: Subclinical thyroid dysfunction: a
joint statement on management from the American Thyroid
Association of Clinical Endocrinologists, the American Thyroid
Association, and The Endocrine Society. J Clin Endocrinol
Metab. 2005;90:581-5.

18. Debiéve F, Duliere S, Bernard P, Hubinont C, De Nayer P,
Daumerie C. To treat or not to treat euthyroid autoimmune
disorder during pregnancy? Gynecol Obstet Invest. 2009;67:178-
82.

19. Marwaha RK, Chopra S, Gopalakrishnan S, Sharma B, Kanwar
RS, Sastry AA, et al. Establishment of reference range for
thyroid hormones in normal pregnant Indian women. BJOG.
2008;115:602-6.

20. Rebagliato M, Murcia M, Espada M, Alvarez Pedrerol M, Bolumar
F, Vioque J, et al. lodine intake and maternal thyroid function
during pregnancy. Epidemiology. 2010;21:62-9.

21. La’ulu SL, Roberts WL. Second-trimester reference intervals for
thyroid tests: the role of ethnicity. Clin Chem. 2007;53:1658-64.

22. Leung AM, Pearce EN, Braverman LE. lodine content of prenatal
multivitamins in the United States. N Engl J Med. 2009;26:939-
40.

23. Maldonado A, Guerrero E, Rodriguez MA, Andrés JM, Frontela C,
Moreira M, et al. Yododeficiencia en mujeres gestantes del Area
Sanitaria de Palencia (Espana). Endocrinol Nutr. 2009;56:452-7.

24. Dominguez I, Reviriego S, Rojo-Martinez G, Valdés MJ, Carrasco
R, Coronas I, et al. Déficit de yodo y funcion tiroidea en una
poblacion de mujeres embarazadas sanas. Med Clin (Barc).
2004;122:449-53.



