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Abstract

Objective: To estimate the prevalence of subclinical hypothyroidism (SH) among children, 

by using levothyroxine low dosage as disease proxy, and to describe prescription pattern.

Design: An historical cohort study was performed through administrative databases 

of 12 Italian Local Health Units covering 3,079,141 inhabitants. A cohort of children 

(aged 0–13 years) was selected in the period 2001–2014. A subgroup of new users (aged 

0–9 years) was identified and followed up for 5 years.

Methods: The prevalence was provided as mean value of the whole period, as annual 

trend, by patient gender and age. Demographic details, information on levothyroxine 

dosage, comorbidities and co-medications were provided. Therapy duration and 

medication persistence were evaluated among new users.

Results: 644 children treated with levothyroxine low dosage was selected, with a mean 

annual prevalence of 0.20 per 1000 children. The temporal trend of prevalence was 

stable, with a slight reduction in the 2005–2008. Prevalence by age showed an increase 

after 10 years. Patients were treated with an average annual dose of 4290 µg/year 

and 66.9% of children were affected by comorbidities. Among 197 new users, 62.9% 

received therapy only for one year, whereas out of those treated two or more years, 

89.0% resulted persistent to the therapy.

Conclusions: This study provides real-world epidemiology of SH among children, and it 

depicts the clinical and therapeutic characteristics of these subjects. Its findings showed 

that the SH treatment of this disorder was widely variable, also due to lack of evidence 

concerning paediatric population.

Introduction

Subclinical hypothyroidism (SH) is a biochemical 
condition defined as serum thyroid-stimulating hormone 
(TSH) exceeding the limit of its reference range by 
age, while the concentration of serum free thyroxin 
(FT4) remains within its range. Signs and symptoms 

of SH are absent; sometimes the slight symptoms of 
hypothyroidism are evident. The clinical significance of 
this mild hyperthyrotropynemia is uncertain; therefore, 
the debate about the appropriateness of treatment and 
diagnostic testing is still open. The prevalence of thyroid 
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dysfunctions among general population ranges from 1 
to 10%, with higher estimates among women (up to 8 
times rather than men) and elderly (1, 2). The National 
Health and Nutrition Examination Survey (NHANES III), 
the largest community-based study on thyroid function 
conducted in the United States, found that 4.6% of 
patients had hypothyroidism, out of these 4.3% was 
affected by a subclinical form of the disease (3). To date, 
data regarding the epidemiology of SH in children and 
pre-adolescents are scarce; however, the prevalence of 
SH in this population is estimated to be slightly lower 
than 2% (4).

SH can have autoimmune or non-autoimmune origins. 
It can be distinguished between congenital or acquired, 
and transient or permanent. Hypothyroidism diagnosis is 
based on a clinical suspicion confirmed by TSH titration 
that represents the most sensitive test available for this 
diagnosis. Thyroid function is systematically investigated 
during screening for congenital hypothyroidism in new-
borns, or in case of symptoms that are consistent with 
thyroid alterations, or also in case of additional visits for 
chronic conditions. It should be noticed that neonatal 
hyperthyrotropynemia can resolve spontaneously in some 
days or persist and therefore it requires a treatment (5). 
Hypothyroidism is considered at the earliest stages when 
TSH is above the age-specific reference value and FT4 is 
within normal limits. The current TSH reference values 
have been defined by the National Academy of Clinical 
Biochemistry (NACB) that has established the upper limit 
at 2.5 µU/mL (6). According to these values, patients 
affected by SH could be divided into two groups: those 
with a slight increase of TSH (4.5–10 µU/mL) and those 
with a mild increase of TSH (>10 µU/mL). The risk of SH 
progression to overt hypothyroidism is less common in 
paediatric population and adolescents than that in adults 
(<1–20%) (4, 7). Usually, children show a natural decrease 
in TSH up to euthyroidism or no change in the condition 
of SH (8, 9). Treatment of SH is a controversial theme in 
adult patients and even more in children where there are 
very few studies comparing treated vs non-treated children 
(10, 11, 12, 13, 14, 15, 16, 17). For this reason, the available 
European guidelines are not definitive on treatment of 
this population: it generally recommends a treatment 
with levothyroxine in children aged <3 years, in order to 
support the thyroid hormone effects on brain maturation 
(18). In addition, the American guidelines suggest treating 
children with signs and symptoms of thyroid dysfunction 
and at major risk of overt hypothyroidism also, especially 
when TSH is over 10 µU/mL. Nevertheless, US general 

practitioners and paediatric endocrinologists tend to 
prescribe levothyroxine more to prevent than to cure this 
condition (19). This attitude could be due to the well-
known clinical consequences of a non-treated SH in adults 
(i.e. increased risk of cardiovascular diseases, depression, 
lipid disorders, high serum prolactin concentration and 
negative impact on the haemostatic profile) (20, 21, 22, 23, 
24, 25). In particular, specific researches on cardiovascular 
risk among children with untreated SH showed some 
metabolic abnormalities (pro-atherogenic abnormalities) 
in these subjects, suggesting a close monitoring of all 
cardiovascular risk factors in this patient group (26, 
27). While transposing these benefits in the paediatric 
population, the fact remains that the adverse effects of 
therapy with levothyroxine in this special population are 
not known (28, 29).

In this scenario, it becomes essential to provide real-
world evidence on SH in paediatric population. Therefore, 
this study is aimed to estimate the prevalence of SH 
among children (aged 0–13  years) using a low dosage 
of levothyroxine as disease proxy. Moreover, the study 
describes the characteristics of subject affected by SH 
and the prescription pattern of levothyroxine in terms of 
dosage, persistence and therapy duration.

Methods

Data source

This historical cohort study was performed using data 
of CINECA ARNO Observatory, a population-based 
Italian database (30). Since 1987, the CINECA ARNO 
Observatory routinely collects and integrates National 
Health System (NHS) administrative data for each single 
patient (i.e. patient demographics, reimbursed drug 
prescriptions, inpatient hospital discharges, invasive/
non-invasive specialist/diagnostic procedures). For each 
reimbursed drug prescription, the following information 
were collected: the specific medicinal product (with the 
relevant dosage), the active substance coded by using the 
Anatomical Therapeutic Chemical classification (ATC), 
the number of dispensed packages, the dispensing date 
and the cost of the product and of the relevant generic 
(31). Demographic information was made anonymous, 
according to Italian law regarding the protection of privacy 
(32). This study does not require ethical approval since it 
is based on the collection of anonymous administrative 
data, and it is conducted for institutional purposes, by 
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means of a specific agreement with Italian National 
Health Facilities (Regions and LHUs).

At 2014, CINECA ARNO Observatory included data of 
32 Italian LHUs, covering a population of over 11 million 
of citizens.

Cohort selection

This study was performed on a subset of ARNO 
database including 12 Italian LHUs (covering 3,079,141 
inhabitants) with complete information in the period 
2001–2014. Starting from this population were identified 
children aged 0–13  years in the period 2001–2014. The 
amount of paediatric population investigated varied in 
each year with an average annual amount of 395,737 
children (min 380,308 in 2004, max 422,378 in 2013). 
Within this population, the cohort of children affected by 
SH was selected. A child was considered to be affected by 
SH if he/she received a ‘low dosage’ levothyroxine (ATC 
code: H03AA01) from January 1st to December 31st 2004 
(33, 34).

The ‘low dosage’ was defined according to the 
children’s age, by setting the following thresholds:

1. ≤7000 µg/year for children in the first year of life, 
by considering a upper limit of daily dosage of  
18.75 µg/die

2. ≤9000 µg/year for children between 2 and 3  years 
old, by considering a upper limit of daily dosage of 
25.00 µg/die

3. ≤13,700 µg/year for children over 3  years old, 
by considering a upper limit of daily dosage of  
37.50 µg/die

The annual total amount of levothyroxine was 
calculated by summing the doses of 25, 50 and 75 µg 
dispensed in a year for each subject.

In order to select patients with a SH diagnosis, the 
children affected by congenital or severe acquired 
hypothyroidism (disease exemption code 027) and those 
affected by Hashimoto’s thyroiditis (disease exemption 
code 048) or malignant tumour (disease exemption code 
056) were excluded from this cohort. The last two cases 
were excluded because of the likely development of overt 
thyroiditis, which cannot be easily distinguished from 
the subclinical form through administrative data. The 
exclusions from the study cohort were carried out by 
using the presence of specific exemption codes in health 
administrative databases as reliable proxies of the above 
listed diseases. The first prescription of levothyroxine 
retrieved in the study period was considered as the index 

date for each child. Selected patients were observed from 
the index date until 31st December, 2014, or the 14th 
birthday (excluded).

Prevalence estimation, patient characteristics and 
prescription patterns

The prevalence of SH was estimated by dividing the 
number of subjects addressing the inclusion and 
exclusion criteria, as defined above, in each year, with the 
paediatric population (0–13 years old) in the same year. 
The prevalence was expressed × 1000 children per year.

For each prevalent subject, demographic details, 
information on levothyroxine dosage, comorbidities 
and co-medications were provided. Among demographic 
characteristics were considered age, gender and country 
of birth. The levothyroxine dosage was expressed as mean 
yearly dose received by subject in the study period, and 
it was described for different patient ages. Comorbidities 
were assessed through the presence in the database 
of disease exemption codes and prescription of drugs 
for chronic conditions throughout the whole study 
period. The levothyroxine prescription pattern, in terms 
of therapy duration and medication persistence, was 
evaluated only for new users in the period 2004–2014. 
A subject was considered new user when no prescription 
of levothyroxine was retrieved in the 3 years before the 
index date. Therapy duration was expressed as years in 
treatment, through the difference between the year of first 
prescription and the year of last prescription. For those 
patients with at least 2  years of treatment was assessed 
the medication persistence over a 5-year follow-up. A 
patient was considered persistent when there is no gap of 
1 year. It was found in the prescription history, according 
the persistence definition of the International Society for 
Pharmacoeconomics and Outcome Research (ISPOR) (35). 
Conversely, a patient was defined with a discontinued 
therapy when there was an interruption of therapy in one 
or more years and then a restarting of therapy.

Apposite statistical tests were used to assess any 
significant difference (P value <0.05) between males 
and females: Chi-square test, Mann–Whitney U test and 
independent two-sample t-test.

Results

Over the 14-year accrual period (2001–2014a), cohort of 
1186 children (0–13 years old) treated with low dosage of 
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levothyroxine was selected, of which 328 had congenital/
severe acquired hypothyroidism and 214 Hashimoto’s 
thyroiditis or history of malignant tumour. Therefore, 
644 children represented the final cohort (Fig. 1). Out of 
these, 52.8% (340 subjects) was females, with a mean age 
of 7.4 years. By country of birth, 95.7% (616) was Italian, 
2.6% (17) was from other European countries and 1.7% 
(11) from Non-European countries (i.e. South America, 
Asia, Africa, People’s Republic of China and USA).

In the period 2001–2014, the mean annual prevalence 
of treated SH in the paediatric population was 0.20 per 
1000 children. It was higher in females than that in 
males (0.22 vs 0.18 per 1000). The temporal trend of SH 
prevalence was almost stable, with a slight reduction in 
the 2005–2008 period. Furthermore, the prevalence was 
higher for females than that in males in all considered 
years, with the exception of 2007 and 2012 (Fig. 2).

Prevalence of SH by patient age showed that after 
a value of 0.26 per 1000 among patients with less than 
1  year, it steadied in children between 1 and 10  years 
(range 0.18–0.22 per 1000), whereas it increased in the 

subsequent ages reaching a peak among subjects with 
12 years (0.45 per 1000) (Fig. 3).

Concerning the levothyroxine dosage used in this 
cohort of subjects, the analysis showed that patients 
were treated with an average annual dose of 4290 µg/year  
(min. 1250–max. 12,500 µg/year; standard deviation 
(s.d.) 2403 µg/year), without any significant difference 
between genders. The analysis of dosages by patient age 
underlined that there was an increase of average annual 
dose from 0 year (2634 µg/year) to 4 years (4323 µg/year);  
in the subsequent age, the used dose steadied around 
4000 µg/year and reached a peak in the 13th  year  
(5041 µg/year) (Fig. 4).

Analysis of comorbidities showed that 66.9% of 
children with treated SH had at least another disease. 
The most frequent comorbidities were disability (12.4%), 
rare disease (10.6%), cardiovascular disease (8.5%), 
prematurity/immaturity (7.6%) and severe congenital 
physical/sensory/neurological deficits (4.7%). Moreover, 
2.3% of our cohort had diabetes, 2.3% Down syndrome, 
1.1% celiac disease, and 0.6% Turner syndrome. In the 

Figure 2
Prevalence of treated SH among paediatric population (0–13 years old) 
from 2001 to 2014, stratified by gender.

Figure 4
Mean dosage (µg/year) dispensed to paediatric population (0–13 years 
old) from 2001 to 2014, stratified by age.

Figure 1
Cohort selection.

Figure 3
Prevalence of treated SH in the paediatric population (0–13 years old) 
from 2001 to 2014, stratified by age.
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cohort of children with treated SH, the most prescribed 
co-medications were antibacterials for systemic use 
(92.5%), antiasthmatics (71.4%), corticosteroids (39.4%) 
and antihistamines (30.3%) for systemic use. The most 
prescribed co-medications among children affected by 
SH are the same of those prescribed to the Italian general 
children population, as reported in the official Italian 
report on medicine utilisation (36).

Medication persistence was assessed on the sub-
cohort of levothyroxine new users aged 0–9  years 
consisting of 197 children (48.2% females) that started 
levothyroxine therapy between 2004 and 2010 and were 
followed up for 5 years. Most of them (62.9%) received 
specific therapy only for one year. Out of 73 patients who 
received levothyroxine for more than one year, 89.0% 
(65 subjects) was persistent and 11.0% (8 subjects) was 
not persistent (Table  1). Within not persistent patients, 
7 have discontinued the treatment one time and 1 
two times. Mean duration of therapy interruption was 
1.13 ± 0.354  years. No significant difference between 
genders was found.

Discussion

SH in the paediatric population is still widely debated. 
Literature affirms that SH is a transient condition and that 
pharmacological treatment does not modify its evolution 
(4, 13). Nowadays, guidelines concerning therapeutic 
approach, dosage or type of patient to treat, do not exist. 
Moreover, the studies reporting the epidemiology of SH 
in children and adolescents are scarce. This study tries to 
fill this gap of information by providing estimation of SH 
prevalence among Italian children and pre-adolescents 
(0–13 years). The study, by searching Italian administrative 
databases, found that the prevalence of treated SH was 0.20 
per 1000 children, in the period 2001–2014. By analysing 
the temporal trend of the prevalence, some fluctuations 

have emerged. This phenomenon can be due to both real 
fluctuations over the follow-up period and to different 
therapeutic approaches. In fact, very few and opposing 
studies give indications on pharmacological treatment of 
SH in paediatric population (4, 37, 38).

A slight change in the thyroid function can happen 
at any age: in the first years of life, it could be due to 
thyroid dysgenesis and genetic causes, while at older 
ages iodine deficit, chronic diseases and obesity are 
more frequent aetiologies of thyroid function changes. 
Therefore, it becomes crucial to study the prevalence 
of treated SH according to the patient age. Our analysis 
showed that the prevalence by age, after a high value in 
the first year life, resulted almost homogeneous between 
1 and 10 years, finally it increased from 11 to 13 years. 
Therefore, even if the SH treatment can be started at any 
age, our study found that it is more frequently instituted 
in early childhood and among pre-adolescent patients 
(11–13 years). Evidence from literature displayed that TSH 
is usually screened after the age of 8  years with a peak 
at the pre-adolescent/adolescent stage (12–16  years); 
probably because of pubertal delay symptoms, problems 
and indolence at school, overweight or obesity (39).

Recently, two studies showed that TSH is higher in 
obese children compared to ones with normal weights 
(28, 29). Nevertheless, treatment of obese patients with 
SH is an inappropriate clinical attitude, because it has 
been demonstrated that with weight-loss TSH gradually 
decreases to a normal range (40). Our findings showed that 
mean dosages prescribed were uniform in different age 
groups. This is consistent with the fact that levothyroxine 
is not titrated according to the child’s weight, as it happens 
in overt hypothyroidism, because very low dosages are 
sufficient to normalise TSH.

In the same line of other studies, our analysis 
confirmed the association between SH and prematurity 
and with some chronic diseases. In fact, SH can be 
due to Hashimoto’s thyroiditis, because of a greater 
predisposition to autoimmunity or other events that alter 
the thyroid function (41).

With regard to medication persistence, this study 
found that the preferred therapeutic approach is to treat 
children with SH for short periods, one year or less, until 
TSH normalises. This seems to confirm the literature 
definition of SH as a mostly transient condition (4). In 
fact, SH can last from a few months to some years, or a 
lifetime, in case of genetic forms (42). In any event, this 
treatment seems to be, instead, a therapeutic attempt 
that is often chosen in case of haematologic tests with 
high TSH value. However, such a short therapy seems 

Table 1 Duration and medication persistence of 

levothyroxine therapy among new users aged 0–9 years old.

  Persistent Not persistent

Therapy 
duration (year)

N (% of new 
users)

N (% of each 
duration group)

N (% of each 
duration group)

≤1 124 (62.9) – –
>1 73 (37.1) 65 (89.0) 8 (11.0)

2 18 (9.1) 16 (88.9) 2 (11.1)
3 18 (9.1) 15 (83.3) 3 (16.7)
4 15 (7.6) 12 (80.0) 3 (20.0)
5 22 (11.2) 22 (100) 0 (0.0)
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unable either to modify the natural course of SH in 
patients with TSH between 5 and 10 µU/mL in case of 
hyperthyrotropynemia, nor to prevent the risk of a further 
TSH increase after discontinuation (13). Nevertheless, it is 
crucial to notice that the choice to start a levothyroxine 
therapy should be based on the analysis of the overall 
context including symptoms, TSH values and relevant 
comorbidities. Moreover, the main goal of this therapy 
should have the intent to solve symptoms and signs 
related to the disease. However, a significant clinical 
improvement due to treatment has been pointed out in 
children with chronic comorbidities (diabetes, physical 
deficits or Down syndrome) (10, 11, 12, 13, 14, 43). 
Therefore, as 66.9% of identified SH patients was affected 
by another chronic disease, it is possible to consider most 
of retrieved treatment appropriate.

Limitations of this analysis must be listed as well. 
First the prevalence estimations, provided in this study, 
referred to children in treatment with levothyroxine 
and not to the actual population suffering from SH. 
Therefore, our estimations could underestimated the 
actual epidemiology of this condition. However, our 
analysis identified only patients treated with ‘low dosage’ 
of levothyroxine and therefore potentially affected by 
SH, indeed, we excluded those subjects affected by overt 
hypothyroidism, which would need higher dosages. Other 
limitations were because our study was performed on 
routinely and previously collected administrative data, so 
it was affected by the typical weaknesses of the retrospective 
designs. In particular, administrative data did not collect 
information on values emerging from the laboratory 
test examinations; therefore, our study was unable to 
distinguish between patients with TSH >10 µU/mL,  
where guidelines suggest to start a pharmacological 
treatment and those with TSH 5–10 µU/mL. Regardless, 
literature provides evidence that adult patients with TSH 
between of 5 and 10 µU/mL are 74% of all patients with 
SH, while those with TSH >10 µU/mL are 26% (44). Since 
there are no data relating to TSH value in children, it 
could be supposed the same distribution in the paediatric 
population. Moreover, due to unavailability of the 
database collecting TSH investigation requests for the 
entire study period, it has not been possible to use this 
information as a proxy of unstable disease. An additional 
drawback was related to the missing information of 
the specific daily dosage in administrative databases. 
However, these data can be derived from the analysis 
of the whole prescription history for a given subject. In 
addition, data on weight, height, subjects’ attitudes and 
diet are missing in this kind of data sources; therefore, 

our analysis could be affected by limitations linked to 
these aspects.

Conclusions

This is the first study that provides epidemiological data 
about SH in children and pre-adolescents, 0–13  years. 
The only data available are referred to a population 
aged 13–16  years (45). Specifically, we identified the 
paediatric population with SH that has been treated 
with hormone replacement therapy. In fact, since SH 
is often asymptomatic, it is not always treated. This 
study is therefore a starting point for further analyses to 
provide more information on the logic of the therapeutic 
approach, by clarifying the real levothyroxine monthly/
daily consumption, by linking administrative databases 
with laboratory and clinical ones, and by determining the 
appropriateness of the treatment. Evidence produced with 
this analysis provide an important picture of the Italian 
clinical approach considering the non-existent literature 
on children and pre-adolescents with treated SH.
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