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Prevalence of high neonatal thyroid stimulating hormone
levels as an indicator of iodine deficiency in the province of
La Pampa: An epidemiological analysis

Jorge L. Olivares®® ®, Marina Villarreal* ®, Luis A. Ramirez Stieben® ®, Maria del C. Silva Croome“

ABSTRACT

Introduction. lodine plays a key role in human metabolism, growth, and development. During pregnancy
and childhood, the demand for this micronutrientincreases notably. Increased neonatal thyroid stimulating
hormone (nTSH) levels, defined as nTSH =5 mIU/L, are a marker of iodine deficiency in a population if
its prevalence is higher than 3%.

Objective. To establish the prevalence of NnTSH = 5 in La Pampa in the 2021-2022 period, analyze its
correlation with different variables, and compare it with data from a historical cohort.

Population and methods. Cross-sectional, descriptive-analytical study in a population of newborn infants
born in the 5 health regions of the province of La Pampa in 2021 and 2022.

Results. Of the 5778 assessed newborn infants, 9.6% had nTSH levels = 5 mIU/L. It was reported
that 70.4% of these measurements were done after the third day of life. No significant differences were
observed in the frequency of high nTSH levels by year of birth, birth weight, or days until sample collection.
A higher prevalence was observed among male infants (10.6% versus 8.5%; p = 0.007) and term infants
(9.8% versus 6.6%; p = 0.02). The prevalence of high TSH levels was superior to that observed in the
2001-2002 cohort.

Conclusions. The prevalence of high nTSH levels in La Pampa during 2021 and 2022 was 9.6%,
suggesting the presence of mild iodine deficiency in the population of this province, higher that what
had been reported 2 decades ago.
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INTRODUCTION

lodine is an essential micronutrient for
the synthesis of thyroid hormones which, in
turn, regulate human metabolism, growth, and
development.’3 Nutritional requirements increase
significantly during pregnancy and childhood.
The fetal nervous system is especially vulnerable
because thyroid hormones are crucial for neuronal
migration and myelination.>*

lodine deficiency (ID) has multiples detrimental
effects on growth and development. During
pregnancy, ID increases the risk of neonatal death,
miscarriages, congenital anomalies, intrauterine
growth retardation, and neurological problems of
varying severity."*® Severe ID may cause severe
intellectual impairment; even the mild form may
trigger neurodevelopmental disorders.>’

Worldwide, the main strategy to prevent ID is
the iodization of salt for human consumption. This
strategy has been implemented for more than a
century and has successfully eradicated endemic
cretinism and severe manifestations of ID in most
countries.”*® To maintain its effectiveness, this
preventive strategy requires an ongoing effort,
including constant monitoring of salt iodization
and periodic surveillance of the population’s
iodine nutritional status.?

Among other indicators, neonatal thyroid
stimulating hormone (nTSH) levels are used to
assess a population’s iodine nutritional status.
nTSH is used in neonatal screening protocols
to obtain individual information about thyroid
function. In addition, the analysis of the prevalence
of nTSH levels =5 mIU/L (high nTSH levels) helps
to establish the presence or absence of ID at the
population level.>-'? According to the bibliography,
a prevalence of high nTSH levels of less than 3%
of newborn infants suggests an adequate iodine
nutritional status in the population.’

In the province of La Pampa, a study conducted
by our group more than 20 years ago found
a prevalence of nTSH levels 2 5 mlIU/L of
7.65%. This indicates the presence of mild ID in
that period."®

The objectives of this study were to investigate
the prevalence of high nTSH levels in La Pampa
and analyze its relationship with different
variables, such as sex, gestational age, birth
weight, health region, and days of life at the time
of measurement. We also sought to compare the
prevalence of nTSH levels = 5 mIU/L in our study
cohort of 2021-2022 with the results obtained in
2001-2002.
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POPULATION AND METHODS

This study was conducted at Establecimiento
Asistencial Dr. Lucio Molas (EALM) of Santa
Rosa, a public hospital with a coverage area of
approximately 150 000 inhabitants. This was a
cross-sectional, descriptive-analytical study that
included newborn infants born across the 5 health
regions of La Pampa between 2021 and 2022.
Newborn infants diagnosed with congenital
hypothyroidism, those exposed to the use of
iodine antiseptics (reported to the laboratory by
staff involved in delivery), and measurements
performed after 15 days of life were excluded.

Data source

Database of the National Program for the
Reinforcement of Newborn Screening (Programa
Nacional de Fortalecimiento de la Pesquisa
Neonatal, PNPN), spreadsheets of the
Department of Laboratory, and Health Information
System of La Pampa.

Sampling and detection technique of
neonatal thyroid stimulating hormone levels

In 2021 and 2022, nTSH measurements
from the provincial public sector were performed
centrally by the EALM. Samples were obtained after
48 hours of life or at the time of neonatal discharge,
using filter paper. The nTSH analysis was done
in accordance with the regulations and using the
reagents provided by the PNPN. A semi-automated,
ELISA-like quantitative assay by ZenTech was
used.

An electrochemiluminescence technique had
been used in 2001 and 2002.

Study variables

The following data were obtained from the
PNPN: place of origin of the sample, gestational
age (GA) in weeks, birth weight (BW) in grams,
days of life at the time of the sample collection,
and use of iodine disinfectants during delivery.
Gestational age was divided into 3 groups:
preterm (< 36 weeks), term (37-41 weeks), and
post-term (= 42 weeks).

Data for the variables sex and result of the
first N TSH sample were obtained from the other
sources.

Statistical analysis

The R statistical software, version 4.2, was
used. Categorical variables were described as
number and percentage (%), whereas continuous
variables were expressed as median (25"-75"



percentiles). The comparison between 2 groups
was done using the Mann-Whitney test for
continuous variables, while the x? test was used to
compare the frequency of nTSH levels = 5 mIU/L
between groups of interest. The comparison of the
frequency of nTSH levels = 5 mIU/L between the
2001-2002 and the 2021-2022 cohorts was
done using a contingency table and the x? test.
Differences were considered significant if the p
value was < 0.05.

Ethical considerations

The study was conducted in accordance with
the Declaration of Helsinki ethical principles. The
protection of patient identity was warranted by
eliminating personally identifiable information from
the database. Confidentiality was maintained by
coding and restricting access to the database.
The study was approved by the EALM’s Research
Ethics Committee, and an informed consent
waiver was granted (53/2022).

RESULTS

During 2021 and 2022, the PNPN of the
province of La Pampa registered a total of
5885 newborn infants. Of these, 96 were excluded
because their nTSH measurements were done
after the 15 days of life; 3, because they had
been diagnosed with congenital hypothyroidism;
and 8, because they had been exposed to iodine
antiseptics during labor. The final sample included
5778 newborn infants; 50% were female. Figure 1
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shows the flow chart of patient inclusion.

Their median GA was 39 weeks (interquartile
range: 38-40). Their median BW was 3330 g
(interquartile range: 3000-3650), and 7.5% of
newborn infants had a BW of less than 2500 g.
In addition, 91.6% of newborn infants had been
born at term, while 8.3% had a preterm birth. Most
newborn infants had been born in health regions 1
and 2 (region 1: 44.98%, region 2: 43.35%).

nTSH was measured after the third day of
life in 70.4% (median time of sample collection:
4 days old [2-6]). The time of sample collection
varied depending on them being term or preterm
newborn infants (term: 4 days [2—-6] versus
preterm: 5 days [3-7]; p < 0.0001). Table 1
describes the sample characteristics by year of
birth.

In 9.6% of newborn infants, the nTSH level
was = 5 mIU/L. No differences were observed in
the frequency of nTSH levels = 5 mIU/L by year of
birth (9.3% in 2021 versus 9.9% in 2022; p = 0.46);
it was higher among males (10.6% versus 8.5%;
p =0.007) and among term newborns compared
to preterm newborns (9.8% versus 6.6%; p = 0.02).
The frequency of nTSH did not vary by BW, either
equal to or greater than 2500 g or less than 2500 g
(<2500 g: 7.4% versus = 2500 g: 9.7%; p = 0.12)
or the days of life at the time of sample collection
(< 2 days: 9.9% versus = 3 days: 9.4%, p = 0.58).

In relation to health regions, as seen in
Table 2, the frequency of nTSH levels = 5 mIU/L
was remarkably higher in region 2 compared to

Ficure 1. Flow chart of included newborn infants. La Pampa, 2021-2022

in the study period

Patients admitted
(n = 5885)

Excluded cases (n = 107)
Measurements > 15 days (n = 96)
Congenital hypothyroidism (n = 3)

Use of iodinated contrast (n = 8)

b

Analyzed patients
(n=5778)

Cohort 2021
(n = 3767)

Cohort 2022
(n=2011)




regions 1, 4, and 3 + 5 (x® test, Bonferroni post-
test correction; p < 0.00001).

Compared to the 2001-2002 cohort, the
prevalence of TSH levels = 5 mIU/L was higher
(Table 3).

DISCUSSION

By 1999, most of the world’s countries,
including Latin American nations, had achieved
the goal of universal iodization of salt for human
consumption. This progress contributed to the
control or reduction of ID at the population
level."* The need to monitor this condition has
always been part of this successful preventive
strategy, but it has become essential in the past
decade given the re-emergence of ID in different
regions of the world."715-18

A prevalence of nTSH levels = 5 mIU/L below
3% suggests an adequate iodine nutritional
status in the population.' According to several
studies included in a comparative meta-analysis
of population ID indicators, nTSH is the most
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accurate marker for assessing long-term iodine
intake.' Specifically, N TSH has been shown
to be more sensitive in populations with mild
to moderate ID and is especially useful as an
indicator of iodine intake during pregnancy.'%.11.19
In this study, the prevalence of nTSH levels
> 5 mIU/L was 9.6%, suggesting mild ID in the
population of La Pampa.

nTSH levels may be affected by several
factors, such as dietary iodine intake, maternal
thyroid function, and fetal distress, both maternal
and neonatal or obstetric. These factors include
the use of iodine antiseptics during delivery,
preterm birth, low BW, male sex, and days of life
at the time of sample collection.'"-202!

This study found a higher prevalence of nTSH
levels 2 5 mIU/L among term newborns than
preterm newborns. These findings are consistent
with research describing a higher incidence of
thyroid dysfunction among preterm newborn
infants, especially extremely preterm infants, due
to the immaturity of the hypothalamic-pituitary-

TaeLe 1. Characteristics of the sample by year of birth; n = 5778

Year 2021 (n = 3767) Year 2022 (n = 2011) p value
Female sex (%) 1884 (50) 1005 (50) ns*
Gestational age (weeks) 39 (38-40) 39 (38—-40) ns*
Birth weight (grams) 3330 (3010-3650) 3310 (3000-3620) ns**
Days of life at the time of measurement (days) 4 (2-6) 4 (2-6) ns**
n: number, ns: not significant.
* x2 test.
** Mann-Whitney test.
TasLE 2. Frequency of high neonatal thyroid stimulating hormone levels by health region
Health regions
(n =5778)
1 2 3+5 4 p value
(n = 2599) (n = 2505) (n = 493) (n=181)
nTSH 2 5 mIU/L (%) 201 (7.7) 301 (12) 39 (7.9) 11 (6.1) < 0.00001*
n: number, nTSH = 5 mIU/L: high neonatal thyroid stimulating hormone levels.
* x? test, Bonferroni post-test correction.
TasLE 3. Comparative analysis between the 2001-2002 cohort and the 2021-2022 cohort
2001-2002 cohort 2021-2022 cohort p value
n =2035 n=5778
nTSH 2 5 mIU/L 156 (7.66%) 552 (9.56%) 0.011*

n: number, nTSH 2 5 mIU/L: high neonatal thyroid stimulating hormone levels.

* X2 test.



thyroid axis. As a result, postnatal TSH levels are
lower, and even the postnatal TSH peak level
may be delayed by days or weeks in preterm
newborns compared to term newborns. Another
factor that may influence this difference is the use
of glucocorticoids, which are used before some
preterm deliveries to promote lung maturation and
have an inhibitory effect on TSH secretion.??-2

In addition, no significant differences were
observed in the frequency of nTSH levels
> 5 mIU/L between newborn infants with a BW
equal to or greater than 2500 g or less than
2500 g. The absence of differences is likely due
to the fact that ID in our population is mild, and
fetal growth impairment occurs mainly in areas
with moderate or severe ID. In this regard, some
studies suggested that maternal supplementation
with iodine may increase BW compared to the
infants born from mothers who did not receive
such supplementation.?

Consistent with our study, an investigation
conducted in Spain described a higher
prevalence of nTSH levels =2 5 mIU/L in male
infants compared to female infants.?" So far, no
explanatory hypotheses have been suggested to
account for such observation.

According to the World Health
Organization (WHO), a prevalence of nTSH
levels =2 5 mIU/L below 3% is suggestive of
an adequate iodine nutritional status in the
population if samples are collected after 72 hours
of life. However, as part of screening programs
for congenital hypothyroidism, samples are
usually collected at 48 hours of life, or even
earlier in the case of neonatal discharge, to
prevent missed opportunities. This practice is
supported by several authors." ' This study did
not find significant differences in the percentage of
nTSH levels = 5 mIU/L when comparing samples
collected before or after 48 hours of life, although
other study described such differences."

Although the WHO establishes a cut-off
point of NnTSH levels at 5 mIU/L to differentiate
adequate and deficient iodine levels in a
population,' a study that assessed pregnant
women with adequate iodine levels and TSH
levels in their newborn infants reported that the
cut-off point for nTSH should be 2.77 mIU/L,
lower than what has been proposed by the
WHO.?®> Regardless of the cut-off point used, the
prevalence of nTSH levels = 5 mIU/L in our study
was 9.6%, which suggests the presence of mild
ID in the population of La Pampa. Although this
study did not cover other indicators of ID, the
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percentage of NnTSH = 5 mlIU/L mentioned above
emphasizes the need for continuous monitoring of
iodine nutritional status in the population, as even
the presence of mild ID may result in significant
damage to the neurodevelopment and other
aspects of child health.3’

The increase in the prevalence of nTSH
found in this study (2021-2022) compared to
the previous study (2001-2002) is relevant.
However, such comparison should be deemed
with caution because the first study included
only newborn infants from the EALM, while this
study included data on TSH levels from newborn
infants from the entire province of La Pampa. In
spite of the difference in the methodology used,
this comparison suggests the possibility of ID
re-emergence and increase over time, which has
also been reported in other countres. "7

The re-emergence of ID worldwide may
be attributed to several causes, including an
inadequate iodization of table salt. However, it
may also be explained by conflicting public health
campaigns. For example, one recommendation is
to restrict sodium intake to prevent cardiovascular
disease. However, if sodium restriction focuses on
suppressing the consumption of table salt, which
is the main source of iodine supplementation, it
may lead to the failure of the successful public
policy of ID prevention. In 2022, the WHO issued
a new document with recommendations to avoid
this conflict, which is critical in regions with a
history of ID and in sensitive stages of life, such
as pregnancy and childhood.®

The main strength of this study is the high
number of NTSH samples analyzed, which were
obtained from the public sector throughout the
province of La Pampa. The analysis of nTSH
databases commonly used to detect congenital
hypothyroidism, as used in this study, allowed a
rapid and effective monitoring of population iodine
nutritional status in several countries.0-13.26-28
Such methodology may be implemented
permanently as a valuable supplement to
the PNPN that already exists in our country,
with minimum additional costs. To this end,
the variables sex and absolute value of nTSH
level should be incorporated into the program’s
database because, until October 2023, sex was
not registered and the nTSH level was entered as
a category of nTSH (normal, high, or suspicious).

One of the limitations of this study was the
use of a single ID indicator, which, for example,
hinders the interpretation of a greater prevalence
of high nTSH levels in health region 2.



Additional studies underway in La Pampa,
including the measurement of other indicators,
such as salt iodization, iodine levels in
pregnant women, and the incidence of goiter
in schoolchildren, together with the use of
georeferencing systems and the assessment
of endocrine disruptors, may provide greater
precision on this aspect in the future, as
suggested by other authors.26:30:31

CONCLUSIONS

The prevalence of nTSH levels =2 5 mIU/L
among newborn infants in La Pampa in 2021
and 2022 reached 9.6%, above the 3% threshold
established by the WHO and is suggestive
of possible mild ID in the population of this
province. This prevalence was also higher than
that described 20 years ago. No differences were
observed in NnTSH samples collected before and
after the 48 hours of life.

These results underline the need to monitor
this condition and highlight the added utility of the
PNPN with minimum additional costs. &

Acknowledgments

We would like to thank the team of
biochemists, technicians, and administrative staff
of the Department of Laboratory of EALM.

REFERENCES

1. World Health Organization/UNICEF/International Council
forthe Control of lodine Deficiency Disorders. Assessment of
iodine deficiency disorders and monitoring their elimination:
a guide for programme managers. 3" ed. Geneva: WHO;
2007.

2. Winder M, Kosztyta Z, Boral A, Kocetak P, Chudek J. The
Impact of lodine Concentration Disorders on Health and
Cancer. Nutrients. 2022;26;14(11):2209.

3. Zimmermann MB. The effects of iodine deficiency in
pregnancy and infancy. Paediatr Perinat Epidemiol.
2012;26(Suppl 1):108-17.

4. Morreale de Escobar G, Obregon MJ, Escobar del Rey F.
Role of thyroid hormone during early brain development.
Eur J Endocrinol. 2004;151(Suppl 3):U25-37.

5. Eastman CJ, Ma G, Li M. Optimal Assessment and
Quantification of lodine Nutrition in Pregnancy and Lactation:
Laboratory and Clinical Methods, Controversies and Future
Directions. Nutrients. 2019;11(10):2378.

6. Andersson M, Braegger CP. The Role of lodine for Thyroid
Function in Lactating Women and Infants. Endocr Rev.
2022;43(3):469-506.

7. Zimmermann MB, Connolly KJ, Bozo M, Bridson J, et
al. lodine supplementation improves cognition in iodine-
deficientschoolchildrenin Albania: arandomized, controlled,
double-blind study. Am J Clin Nutr. 2006;83(1):108-14.

8. Salvaneschi JP, Garcia JAR. El bocio endémico en la
Republica Argentina. Antecedentes, extensién y magnitud
de la endemia, antes y después del empleo de la sal
enriguecida conyodo. Primeraparte. Rev Argent Endocrinol
Metab. 2009;46(1):48-57.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Original article / Arch Argent Pediatr. 2024;122(5):e202310288

Delange F. Screening for congenital hypothyroidism used
as an indicator of the degree of iodine deficiency and of
its control. Thyroid. 1998;8(12):1185-92.

Barona-Vilar C, Mas-Pons R, Fullana-Montoro A. La
tirotropinemia (TSH) neonatal como indicador del estado
nutricional de yodo en Castellén y Valencia (2004-2006).
Rev Esp Salud Publica. 2008;82(4):405-13.

Gonzélez Martinez S, Prieto Garcia B, Escudero Gomis
Al, Delgado Alvarez E, Menéndez Torre EL. TSH neonatal
como marcador del estado de nutricion de yodo. Influencia
de la yoduria y la funcién tiroidea maternas sobre la TSH
neonatal. An Pediatr. 2022;97(6):375-82.
Verkaik-Kloosterman J. Neonatal heel prick screening TSH
concentration in the Netherlands as indicator of iodine
status. Nutr J. 2021;20(1):63.

Rodriguez ME, Villarreal M, Braceras MC, Olivares JL.
Valor de TSH neonatal: un indicador de deficiencia de iodo
en Santa Rosa. La Pampa, afios 2001 y 2002. Rev Argent
Endocrinol Metab. 2003;40(2):110.

Salvaneschi JP, Garcia JR. El bocio endémico en
la Republica Argentina. Antecedentes, extension y
magnitud de la endemia, antes y después del empleo de
la sal enriquecida con yodo. Segunda parte. Rev Argent
Endocrinol Metab. 2009:46(2):35-57.

Hatch-McChesney A, Lieberman HR. lodine and lodine
Deficiency: A Comprehensive Review of a Re-Emerging
Issue. Nutrients. 2022;14(17):3474.

Zhou H, Ma ZF, Lu Y, Pan B, et al. Assessment of lodine
Status among Pregnant Women and Neonates Using
Neonatal Thyrotropin (TSH) in Mainland China after the
Introduction of New Revised Universal Salt lodisation
(USI) in 2012: A Re-Emergence of lodine Deficiency? Int
J Endocrinol. 2019;2019:3618169.

Svétnicka M, Hedelova M, Vinohradska H, El-Lababidi
E. lodine intake monitoring in neonatal population in the
Czech Republic: alarming numbers in 2020. Cas Lek Cesk.
2021;160(6):233-6.

Organizacién Mundial de la Salud. Estrategias de
yodacion universal de la sal y reduccion de la ingesta de
sodio: compatibles, rentables y de gran beneficio para la
salud publica. 2022. [Accessed on: February 15", 2024].
Available at: https://www.who.int/es/publications/i/
item/9789240053717

Wassie MM, Middleton P, Zhou SJ. Agreement between
markers of population iodine xzstatus in classifying iodine
status of populations: a systematic review. Am J Clin Nutr.
2019;110(4):949-58.

Fuse Y, Ogawa H, Tsukahara Y, Fuse Y, et al. lodine
Metabolism and Thyroid Function During the Perinatal
Period: Maternal-Neonatal Correlation and Effects of Topical
Povidone-lodine Skin Disinfectants. Biol Trace Elem Res.
2023;201(6):2685-700.

Cortés-Castell E, Juste M, Palazén-Bru A, Goicoechea
M, et al. Factors associated with moderate neonatal
hyperthyrotropinemia. PLoS One. 2019;14(7):e0220040.
Fisher DA. Thyroid system immaturities in very low birth
weight premature infants. Semin Perinatol. 2008;32(6):387-
97.

Chung HR. Screening and management of thyroid
dysfunction in preterm infants. Ann Pediatr Endocrinol
Metab. 2019;24(1):15-21.

LaFranchi SH. Thyroid Function in Preterm/Low Birth
Weight Infants: Impact on Diagnosis and Management
of Thyroid Dysfunction. Front Endocrinol (Lausanne).
2021;12:666207.

Suplotova LA, Makarova OB, Troshina EA. Neonatal
thyrotropin - indicator of monitoring of iodine deficiency
severity. What's level is considered a «cutoff point»? Probl



26.

27.

28.

29.

Endokrinol (Mosk). 2022;68(6):12-21.

Hutchings N, Tovmasyan |, Hovsepyan M, Qefoyan M
et al. Neonatal thyrotropin (TSH) screening as a tool for
monitoring iodine nutrition in Armenia. Eur J Clin Nutr.
2019;73(6):905-9.

Zhou H, Lu Y, Pan B, Zhao Q, Ma ZF. lodine Deficiency
as Assessed by Neonatal TSH in a Sample of Mother-and-
Newborn Pairs in Jiangsu Province, China. BiolTraceElem
Res. 2021;199(1):70-5.

Anastasovska V, Kocova M. Newborn Screening for Thyroid-
stimulating Hormone as an Indicator for Assessment of
lodine Status in the Republic of Macedonia. J Med Biochem.
2016;35(4):385-9.

Méndez V, Chiesa A, Prieto L, Bergada R, et al. Pesquisa
neonatal de hipotiroidismo congénito: supervision del déficit

Original article / Arch Argent Pediatr. 2024;122(5):e202310288

30.

31.

deyodoenla provincia de Misiones. Rev Argent Endocrinol
Metab. 2007;44(1):17-24.

Lépez Linares S, Jarriz ML. Evaluacion del contenido de
yodo en sal alimentaria a nivel de puestos de venta en la
ciudad de Salta en el contexto de la pandemia COVID-19.
Revista Cientifica ANMAT. 2022;6(3). [Accessed on:
February 15", 2024]. Available at: https://www.argentina.
gob.ar/sites/default/files/revista_cientifica_anmat_ano_6_
vol_3 - linares.pdf

Charoensiriwatana W, Srijantr P, Janejai N, Hasan S.
Application of geographic information system in TSH
neonatal screening for monitoring ofiodine deficiency areas
in Thailand. Southeast Asian J Trop Med Public Health.
2008;39(2):362-7.





