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Abstract 

 

Objective: Thyroid dysfunction affects up to 5-7% of all pregnancies. The rates of thyroid hormone use in 

non-pregnant population have substantially increased in recent years. The aim of this study was to assess 

possible changes in the use of levothyroxine substitution and antithyroid drugs over time in pregnant 

women. 

Methods: The study data consisted of all singleton pregnancies (N = 736,873) between 2004 and 2016 in 

Finland collected from the Finnish Medical Birth Register. The Prescription Register and Special Refund 

Entitlement Register provided information on levothyroxine and antithyroid drug purchases. The annual 

rates of levothyroxine and antithyroid drug prescription redemptions were explored to estimate changes in 

exposure rates to thyroid medication from 2004 to 2016. Joinpoint regression analyses were performed to 

explore interannual variability in levothyroxine and antithyroid drug treatment.  

Results: There was more than a five-fold increase in levothyroxine use during the study period; in 2004, 

1.1% of pregnant women had levothyroxine treatment, and by 2016, the prevalence increased to 6.2%. In 

addition, we observed a slight increase in antithyroid medication during pregnancy, but antithyroid drug 

use during pregnancy overall was very rare. In 2004, 0.05% of pregnant women used anti-thyroid drugs, 

and by 2016, this percentage had increased to 0.14%.  

Conclusions: Our study shows that the rate of levothyroxine use in pregnancy has markedly increased. 

This suggests that tracing and screening relevant patients and awareness of thyroid disorders on 

pregnancy and their significance for the pregnancy outcome has increased and the threshold to treat 

thyroid disorders has declined.    
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Introduction 

 

Thyroid dysfunction affects up to 5-7% of all pregnancies [1]. Hypothyroidism in pregnant women is 

common with a prevalence of about 2−3%, and the prevalence of undiagnosed subclinical 

hypothyroidism in pregnancy is 3–15% [2]. Hyperthyroidism during pregnancy occurs in 0.4–1.7% of 

pregnant women [3, 4]. Both overt hypo- and hyperthyroidism as well as subclinical hypothyroidism and 

thyroid autoimmunity have been associated with adverse obstetrical and neonatal events such as 

preeclampsia and preterm birth [2, 5]. Untreated thyroid disorders may threaten fertility and pregnancy 

[2] as well as harm the physical and mental development of the fetus [6, 7]. 

 

It is important to treat thyroid disorders during pregnancy since the potential benefits outweigh the 

potential harms [2]. Current American and European guidelines recommend treating overt maternal 

hypothyroidism with levothyroxine (LT4) and overt hyperthyroidism with antithyroid drugs (ATDs) 

including propylthiouracil, methimazole and its prodrug carbimazole [3, 8, 9].  Finland’s national 

guidelines for treating thyroid disorders during pregnancy align with international guidelines [10]. It is 

acknowledged that overt thyroid diseases need to be treated, but there has been debate about whether or 

not to treat subclinical thyroid disorders. The 2017 guidelines of the American Thyroid Association stated 

that administration of LT4 to thyroid peroxidase antibody (TPO ab) positive euthyroid pregnant women 

may be considered in some cases [3], but a recent study showed that this treatment had no effect on 

pregnancy or neonatal outcomes in women with a history of reproductive failure [11]. Additionally, 

subclinical hyperthyroidism has not been associated with adverse pregnancy outcomes [12], and thus 

ATDs, which may also have serious side effects [2], are not recommended in these cases. 

 

The rates of thyroid hormone prescriptions in the general population have substantially increased in the 

United States and the United Kingdom [13] as well as in Finland in recent years [14]. In addition, the 

costs of managing thyroid diseases have increased continuously, mainly due to the rising costs of thyroid 

hormone therapy [15]. The increase of thyroid medication may, at least to some extent, be due to the 
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lowering of the thyrotropin threshold for treatment [13, 16], increased awareness of thyroid diseases, or 

increased screening for thyroid disorders. 

 

Since thyroid hormone use in non-pregnant population has increased, we wanted to explore the use of 

LT4 and ATDs during pregnancy in Finland and to assess changes in these rates between 2004 and 2016.    

 

Methods 

 

The data used in this study were collected from four Finnish nationwide registers and include all singleton 

pregnancies (734,773 live births and 2100 stillbirths; N = 736,873) between 2004 and 2016. This study 

period was chosen based on data availability. Our data were obtained from the Finnish Medical Birth 

Register (MBR), which was linked with the Special Refund Entitlement Register, the Prescription 

Register, and the Care Register for Health Care (HILMO). These registers are of good quality [17, 18], 

and combining them increases their validity [19]. Linkage of the data from MBR and the other registers 

was performed using the unique personal identification codes that are assigned to all Finnish citizens and 

permanent residents. All personal identification codes were encrypted before analysis. 

 

Information on maternal thyroid diseases was collected from the MBR, the Special Refund Entitlement 

Register, and the HILMO. The MBR was established in 1987, and it is maintained by the Finnish Institute 

for Health and Welfare. A structured form for the MBR is completed within seven days after delivery by 

personnel at the delivery hospitals. This form includes maternal and newborn data for all live births and 

stillbirths with a gestational age at birth of > 22 weeks or birth weight of > 500 grams. The Special 

Refund Entitlement Register is maintained by the Social Insurance Institution of Finland, Kela, and it 

includes information on chronic diseases as well as medication and reimbursement of medical expenses. 

The HILMO includes information on diagnoses from all hospital wards at discharge and specialized 

outpatient visits. The data from the HILMO spanned the years 1987-2016 while that from the Special 

Refund Entitlement Register ranged from 2004 to 2016.  



5 
 

 

We used the codes of the International Statistical Classification of Diseases and Related Health Problems 

(ICD) to identify hypothyroid (ICD-8 or ICD-9 code 244 or ICD-10 code E03 with all digits) and 

hyperthyroid (ICD-8 or ICD-9 code 242 or ICD-10 code E05 with all digits) women. In this study, 

women were classified as hypothyroid if they had a diagnosis for hypothyroidism in any of the registers 

before or during the pregnancy and/or they had levothyroxine medication three months before or during 

the pregnancy. Accordingly, they were classified as hyperthyroid if they had a recorded diagnosis for 

hyperthyroidism before or during the pregnancy and/or antithyroid drug medication three months before 

or during the pregnancy. In addition, women who had ICD-10 code O99.2 (endocrine, nutritional, and 

metabolic diseases complicating pregnancy, childbirth, and puerperium) recorded during pregnancy and 

documented LT4 purchases (see below) were classified as hypothyroid and those with ICD-10 code 

O99.2 and ATD purchases were classified as hyperthyroid. In Finland, hypothyroidism is mostly 

diagnosed and treated at primary health care also during pregnancy. In contrast, hyperthyroidism is 

diagnosed and managed at tertiary care. Nearly all women in Finland give birth at public hospitals (99.7% 

during the study period) and diagnoses of their chronic diseases are recorded attending midwives.  

 

Data on thyroid medication purchases three months prior to and during pregnancy were obtained from the 

Statistics on Reimbursement for Medical Expenses, which includes the Special Refund Entitlement 

Register and the Prescription Register and is maintained by Kela. These registers collect information from 

all Finnish pharmacies on all prescription-only medication purchases as well as information related to the 

medicine (the International Anatomic Therapeutic Chemical classification code and the time and number 

of purchases). In our study, use of thyroid medication was defined as redeeming a prescription for LT4 

(codes H03A01-05), propylthiouracil (code H03BA02), or carbimazole (code H03BB01). The 

prescriptions of methimazole were also explored, but no methimazole usage was observed during the 

study years. Our data did not include information on LT4 or ATD treatment duration or dosage. 

 

Outcomes 
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The hypothyroid women were classified as exposed or not exposed to LT4, and the hyperthyroid women 

were classified as exposed or not exposed to any ATD medication during pregnancy. We explored the 

annual rates of LT4 and ATD prescription redemptions to estimate changes in the rates of thyroid 

medication among pregnant women between 2004 and 2016. 

 

Statistical analyses  

Oracle SQL Developer and SAS Enterprise Guide 7.1 were used to manage data. Joinpoint regression 

analyses were performed to examine trends over time. Joinpoint regression software uses permutation 

tests to identify points where linear trends change significantly. Joinpoint regression calculates an annual 

percentage change for each time period identified (one year in this study). Joinpoint Regression Program 

Version 4.7.0.0 was used for the analyses.  

 

Results 

 

Demographic data 

Of all pregnancies (N = 736,873) between 2004 and 2016 in Finland, there were LT4 purchases in 24,953 

(3.38%) and ATD purchases in 714 (0.10%). The demographic characteristics of mothers changed 

gradually between 2004 and 2016; mothers who gave birth in 2016 were older and more likely to be 

overweight or obese than mothers who gave birth in 2004 (p < 0.001) (Supporting Information shown in 

Table S1). 

 

LT4 treatment 

The rates of LT4 use from 2004 to 2016 are presented in Figure 1 (Supporting Information shown in 

Table S2). There was more than a five-fold increase in LT4 use during the study period; in 2004, 1.1% of 

pregnant women had LT4 treatment, and by 2016, the prevalence increased to 6.2%. The prevalence of 

diagnosed hypothyroidism in the registers was 1.2% in 2004 and 3.1% in 2016. A portion of pregnant 

women received LT4 treatment without a recorded hypothyroidism diagnosis (3.2% in 2016). The vast 
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majority of women with hypothyroidism purchased LT4 three months before pregnancy or during the first 

trimester in both 2004 and 2016 (83.3% and 88.2%, respectively; Supporting Information shown in Table 

S3). The joinpoint regression analysis revealed the highest annual percent change (34.9%) between 2004 

and 2006. Otherwise, the increase in levothyroxine purchases among pregnant women has been linear 

over time (Figure 2).  

 

ATD treatment 

Use of ATDs also slightly increased during the study period, as presented in Figure 3 (Supporting 

Information shown in Table S4). The number of pregnant women with hyperthyroid disease who were 

treated with ATDs increased from 0.05% to 0.14% during this time. Carbimazole was the most 

commonly purchased ATD (N = 687), with only 37 propylthiouracil purchases during the whole study 

period. In ten pregnancies, mothers with hyperthyroidism purchased both ATDs. The prevalence of 

hyperthyroidism slightly increased from 0.26% in 2004 to 0.49% in 2016. In most cases, ATD refills 

occurred three months before pregnancy or in the first trimester (Supporting Information shown in Table 

S3). The joinpoint regression analysis of ATD medication between 2004 and 2016 revealed no 

statistically significant changes (Figure 4).  

 

Discussion 

 

In this study, we found more than a five-fold increase (from 1.12% to 6.19%) in LT4 use among pregnant 

women during the study period (2004–2016). However, the prevalence of diagnosed hypothyroidism did 

not increase to the same extent. At the end of the study period, half of the pregnant women who used 

levothyroxine had no recorded diagnosis of hypothyroidism as determined by ICD-codes. Also, the 

prevalence of diagnosed hyperthyroidism and the use of ATDs increased from 0.26% to 0.49% and 

0.05% to 0.14%, respectively, during this period. 
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There are only a few comparable studies on LT4 use during pregnancy. A Danish study showed an 

increase in LT4 use among pregnant women between 1997 and 2010 [20]. However, the authors reported 

that less than 1% of pregnant women received LT4 medication, and this proportion is significantly lower 

than the estimated rate of hypothyroidism in pregnant women (about 2.8%) [20]. Studies on non-pregnant 

populations have reported a substantial increase in the rate of thyroid hormone prescriptions [13]. Also, in 

the general population, the treatment costs of hypothyroidism have increased in recent years, but the costs 

for ATD have not substantially increased [15]. Our study showed a slight increase in the ATD redemption 

rate during pregnancy. In recent studies from Sweden and Denmark, 0.065% and 0.19% of pregnant 

women received ATD medication [21, 22], consistent with our results. However, there are no comparable 

studies on changes in exposure rates over time. In our study, carbimazole was the treatment of choice in 

the majority of pregnancies complicated with maternal hyperthyroidism, and propylthiouracil use was 

very rare. This finding is in contrast to international guidelines that recommend propylthiouracil use in 

the first trimester. Plausible explanation for the low propylthiouracil use is that propylthiouracil has been 

associated with severe hepatotoxicity and it can be prescribed only with special permission. Therefore, 

local and national treatment practices in Finland have favored using carbimazole.    

 

The proportion of pregnant women exposed to LT4 was very high in the last years of our study. The 

joinpoint analysis showed a linear increase in LT4 purchases among pregnant woman during the study 

period with one exception: the highest annual percent change (34.9%) occurred between 2004 and 2006. 

There is no national screening program to diagnose thyroid disease in pregnant women in Finland. 

However, tracing and screening of relevant patients (for example, a history of hyper- or hypothyroidism, 

symptoms related to thyroid disease, or a familial disposition to thyroid disease) is included in local 

recommendations given at maternity health clinics. In 2008, the Finnish Endocrinology Society stated that 

the dose of LT4 should be increased by 25 µg as soon as the pregnancy test is positive [23]. Moreover, it 

was recommended that LT4 be started if the level of thyroid stimulating hormone (TSH) in blood 

exceeded 2.5–3.0 mU/l [23]. The updated Finnish national guidelines published in 2014 had no relevant 
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changes [10]. The introduction of the national guidelines may have increased the rate of prescription 

redemptions.  

 

Studies addressing the risks associated with maternal thyroid disorders have been published before and 

during the study period [2, 6, 7, 24]. Increased awareness of the importance of treatment may have 

prompted more frequent use of thyroid medication during pregnancy. There might also have been changes 

in screening and treatment practices during the study period. In our study, the prevalence of diagnosed 

maternal hypothyroidism has increased, and thus diagnostic activity has undoubtedly increased. Increased 

testing of thyroid hormones in non-pregnant population has also occurred, so more patients with 

subclinical disease are found [25]. In addition, obesity and maternal age at delivery have increased during 

the study period, both of which have been associated with thyroid disorders [26] and this might partly 

explain the increase in the prevalence of thyroid disorders. However, the proportion of LT4 users without 

a recorded diagnosis of hypothyroidism has also increased, which may demonstrate that the indication for 

treatment is lower than previously. However, it is very likely that the register on ICD-codes is biased by 

underreporting due to general practitioners initiating LT4 treatment rather than tertiary care. Moreover, 

pregnant women with LT4 medication with no recorded diagnosis of hypothyroidism as determined by 

ICD-codes may actually have a subclinical hypothyroidism or a diagnosis of hypothyroidism as 

determined by pregnancy thresholds which do not fulfil the criteria of clinical hypothyroidism.  

 

Some guidelines have recommended LT4 treatment for patients with subclinical hypothyroidism at least 

in more severe forms [9, 27]. Consequently, the proportion of general patients with subclinical 

hypothyroidism that have been treated with LT4 has increased [13]. International guidelines recommend 

that treatment with LT4 should be started in pregnancy in cases of subclinical hypothyroidism with 

thyroid autoantibodies with a TSH greater than the pregnancy specific reference range and also in women 

without thyroid autoantibodies if TSH is greater than 10.0mU/L [3]. It is very likely that there are mothers 

with medical treated subclinical hypothyroidism in our study cohort as well. Therefore, it should be noted 

that some authors have recently criticized current liberal use of LT4 treatment in cases with subclinical 
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hypothyroidism [28]. The low TSH threshold for the treatment of subclinical hypothyroidism may lead to 

medicalizing women and over-treatment despite a lack of clear evidence that LT4 improves pregnancy 

outcome. In addition, careful consideration of potential risks and benefits of LT4 treatment during 

pregnancy is crucial because some recent studies have demonstrated that LT4 treatment of subclinical 

hypothyroidism may associate with adverse pregnancy outcomes [29] or even adverse neurodevelopment 

of the child [30].   

 

Strengths and limitations 

We used information from nationwide registers that cover practically all births in Finland. There is no risk 

of recall bias since the information is collected from the registers rather than by questionnaires or 

interviews. However, since the MBR data are based on births, women with early pregnancy loss have not 

been included. Another limitation of our study was that we had no information about adherence to 

medication, only information on redeemed prescriptions. In addition, there were no laboratory data to 

confirm the thyroid hormone or iodine status of the mothers. However, according to traditional 

guidelines, blood sampling and laboratory testing is mandatory before medical treatment, and it is advised 

that thyroid hormone concentrations are followed regularly during treatment. Iodine insufficiency should 

not confound our study as Finland has been one of the few countries with sufficient iodine intake [31].   

 

Conclusion 

 

The use of LT4 among pregnant women has markedly increased during the past 13 years in Finland, and 

the use of ATDs in hyperthyroid women has increased slightly. This suggests that the awareness of 

thyroid disorders on pregnancy and also their significance for the pregnancy outcome has increased, and 

tracing and screening of relevant patients has improved. It also appears that the threshold to treat 

hypothyroidism and hyperthyroidism during pregnancy seems to be declined.  
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Figure legends                                                                                                                                        

Figure 1. Pregnancies with maternal hypothyroidism and/or levothyroxine (LT4) medication by year. 

Figure 2. Joinpoint analyses of pregnancies with levothyroxine (LT4) medication by year.                 

Figure 3. Pregnancies with maternal hyperthyroidism and/or antithyroid (ATD) medication by year.  

Figure 4. Joinpoint analyses of pregnancies with antithyroid (ATD) medication by year.                                         

Supplemental files 

Table S1. Demographic characteristics of mothers with singleton pregnancies in Finland between 2004 

and 2016.                                                                                                                                                  

Table S2. Number of pregnancies with maternal hypothyroidism and/or levothyroxine medication in 

Finland by year.                                                                                                                                          

Table S3. Timing of thyroid medication purchases by year in Finland.                                                  

Table S4. Number of pregnancies with maternal hyperthyroidism and/or antithyroid medication in 

Finland by year. 
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