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Abstract
Introduction: Thyroid diseases in pregnancy are relatively common and are associated 
with adverse pregnancy and perinatal outcomes, increasing a neonate’s risk of admis-
sion to the neonatal intensive care unit (NICU). The aim of this study was to evaluate 
the indications for increased risk of NICU admission among the neonates of hypothy-
roid and hyperthyroid mothers.
Material and methods: The study data consisted of all singleton deliveries (n = 734 773) 
between 2004 and 2016 in Finland collected from the Finnish Medical Birth Register. 
The odds of NICU admission (with 95% confidence intervals) were compared be-
tween the neonates of hypothyroid or hyperthyroid mothers and of mothers with-
out any thyroid diseases by specified neonatal characteristics and morbidities using 
logistic regression analysis. The studied neonatal characteristics were preterm birth 
(<37+0 gestational weeks), low birthweight (<2500 g), the rate of small-  and large- 
for- gestational age infants, and eight disease- specific neonatal outcomes: asphyxia, 
respiratory distress syndrome, meconium aspiration syndrome, pneumothorax, car-
diovascular problems, infections, jaundice and hypoglycemia.
Results: The most common indications for NICU care were principally the same in 
the neonates of the mothers with and without thyroid disease: respiratory distress 
syndrome, infections, preterm birth, low birthweight and neonatal hypoglycemia. 
The preterm neonates, neonates with low birthweight, and large- for- gestational- age 
infants had increased odds of NICU admission if their mother had hypothyroidism. 
Also neonates with cardiovascular problems, jaundice or hypoglycemia associated 
with maternal diabetes had increased odds of NICU admissions if their mother had 
hypothyroidism. Further, the preterm neonates, large- for- gestational- age infants, and 
term infants with jaundice had increased odds of NICU admission if their mother had 
hyperthyroidism.
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1  |  INTRODUC TION

Thyroid dysfunction in pregnancy is relatively common, affect-
ing 3%– 5% of pregnancies.1 The prevalence of hypothyroidism in 
pregnancy is 2%– 3%, and hyperthyroidism occurs in 0.4%– 1.7% of 
all pregnancies.2,3 Both overt hypothyroidism and hyperthyroidism 
have been associated with an increased risk of adverse obstetrical 
and neonatal events, such as fetal loss, gestational hypertensive dis-
orders and preterm births.1,2,4 In addition, thyroid autoimmunity and 
subclinical hypothyroidism have been associated with pregnancy 
and perinatal complications.4– 7 Since the fetus is dependent on ma-
ternal thyroid hormones, especially in the first trimester of preg-
nancy, maternal thyroid disease may also adversely affect neonatal 
health.8 Thyroid hormones have a significant effect on fetal brain 
development, as they regulate many neurobiological processes, such 
as neurogenesis, the grave example of this being congenital cretin-
ism due to lack of thyroid hormones during fetal development.9

In our previous studies, maternal hypothyroidism10 and maternal 
hyperthyroidism11 were found to be associated with an increased 
need for neonatal intensive care unit (NICU) treatment— an associ-
ation also observed in previous studies.12,13 Preterm birth and low 
birthweight, which are both associated with maternal thyroid dis-
ease,14,15 may partly explain this increased need. A recent study also 
reported increased odds of several specific neonatal morbidities 
among infants of women with thyroid diseases, including respiratory 
distress syndrome (RDS), sepsis and neonatal anemia.12 However, 
the indications for NICU treatment among neonates of mothers with 
thyroid disease have not been examined previously.

The aim of this study was to evaluate the indications for in-
creased admission to the NICU among neonates of hypothyroid and 
hyperthyroid mothers.

2  |  MATERIAL AND METHODS

2.1  |  Data collection

The data in this population- based study were collected from 
Finnish nationwide registers and included all singleton live births 
(n = 734 773) between 2004 and 2016. The study period was chosen 
based on data consistency and availability. The data were obtained 
from the Finnish Medical Birth Register (MBR) and the Care Register 
for Health Care (HILMO), maintained by the Finnish Institute for 

Health and Welfare (THL) and the Special Refund Entitlement 
Register and the Prescription Register maintained by the Social 
Insurance Institution of Finland (Kela).

Personnel at the delivery hospitals complete a structured form 
for the MBR that includes maternal and neonate data for all live 
births and stillbirths with a gestational age at birth of >22 weeks or 
birthweight of >500 g. The HILMO includes diagnosis information 
from all hospital wards at discharge and for specialized outpatient 
visits to public hospitals. The Special Refund Entitlement Register 
and the Prescription Register include information on chronic dis-
eases, medication and reimbursement of medical expenses. The data 
linkage from the MBR to the other registers was performed using the 
unique personal identification codes assigned to all Finnish citizens 
and permanent residents, and these codes were encrypted before 
analysis. The Finnish registers used in this study are of good qual-
ity16,17 and combining them increases their usefulness and validity.18

We obtained information about hypothyroidism and hyper-
thyroidism diagnoses before and during pregnancy from the MBR, 
the HILMO and the Special Refund Entitlement Register using 
the International Statistical Classification of Diseases and Related 
Health Problems (ICD) codes. In addition to inpatient data, our study 
contained diagnoses from outpatient hospital clinics for special-
ized care, diagnoses from primary care in the MBR, information on 
women entitled for special reimbursement due to hypothyroidism, 
and information on drug purchases during pregnancy. The ICD- 8 
or ICD- 9 code 244 or the ICD- 10 code E03 (with all digits) and the 
special reimbursement code 104, denoted hypothyroidism, and the 
ICD- 8 or ICD- 9 code 242 or the ICD- 10 code E05 (with all digits) 
denoted hyperthyroidism in our study. We obtained data on thy-
roid medication purchases 3 months prior to and during pregnancy 
from the Prescription Register, which contains information on all 
prescription- only medication purchases and information related to 
the medication (the International Anatomic Therapeutic Chemical 
classification code and the time and number of purchases), which is 

Conclusions: The most common indications for NICU care were similar for the neo-
nates of the mothers with and without thyroid disease. However, the neonates of the 
mothers with thyroid diseases were more likely to need NICU care. The neonates of 
the mothers with thyroid diseases had higher odds of NICU treatment in cases of 
preterm birth, large for gestational age, and hypoglycemia.

K E Y W O R D S
hyperthyroidism, hypothyroidism, neonatal intensive care, perinatal, thyroid

Key message

Maternal thyroid disease is associated with an increased 
need for neonatal intensive care. However, the reasons for 
neonatal intensive care unit treatment are similar for the 
infants of mothers with and those without thyroid disease.
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    |  1095TURUNEN ET al.

collected from all Finnish pharmacies. Use of thyroid medication was 
defined as purchase of levothyroxine (H03AA01), propylthiouracil 
(H03BA02) or carbimazole (H03BB01). Our data did not include in-
formation on treatment duration or dosage.

Women were classified as hypothyroid if they had a diagnosis 
of hypothyroidism according to any of the registers or if they had 
purchased levothyroxine. They were classified as hyperthyroid if 
they had a recorded diagnosis of hyperthyroidism or antithyroid 
drug medication. The registers were also used to determine whether 
maternal diabetes was present. The ICD- 10 codes O24.4 or O24.9 
or pathological results according to the oral glucose tolerance test 
were considered to denote gestational diabetes (GDM). The ICD- 8 
or ICD- 9 codes 250 or 6480 or the ICD- 10 codes E10, E11, O24.0 
and O24.1 and the special reimbursement codes 103, 171, 177, 215, 
285 or 346 were considered to denote pre- pregnancy diabetes. The 
HILMO data covered the years 1987– 2016, and the Kela data for our 
cohort the years 2003– 2016.

2.2  |  Outcome and covariates

The main outcome in our study was neonatal admission to an inten-
sive care unit, as recorded in the MBR data. Background information 
on maternal demographics included age at delivery, smoking status, 
parity, body mass index, socioeconomic status, place of residence, 
diagnoses, hospitalization during pregnancy and mode of delivery. 
The newborn data included gestational age at birth, birthweight, di-
agnoses, treatment and hospitalization during the neonatal period 
until the age of 7 days. Gestational age at birth was primarily based 
on ultrasound and, when not available, on the date of the last men-
strual period as registered in the MBR. If none of this information was 
available, the beginning of pregnancy was calculated by subtract-
ing 280 days from the date of birth. The neonatal characteristics in 
this study included preterm birth <37 gestational weeks, low birth-
weight <2500 g, small- for- gestational- age (SGA) infants (defined 
as birthweight less than two standard deviations of the gestational 
age- adjusted mean), and large- for- gestational- age (LGA) infants (de-
fined as birthweight more than 2 SD of the gestational age- adjusted 

mean).19 The specific neonatal morbidities investigated in this study 
were asphyxia, RDS, meconium aspiration syndrome, pneumotho-
rax, cardiovascular problems, infections, jaundice and hypoglycemia. 
Information on preterm birth, low birthweight, SGA and LGA, as well 
as information on specific neonatal morbidities was extracted from 
the MBR. We used the ICD- 10 codes P21 for asphyxia, P22 for RDS, 
P24.0 for meconium aspiration syndrome, P25.1 for pneumothorax, 
P29 for cardiovascular problems, P36 and P39.9 for infections, P59 
for jaundice, and P70 for hypoglycemia. Neonatal jaundice was fur-
ther classified as jaundice in preterm (<37 gestational weeks) new-
borns and jaundice in term newborns (≥37+0 gestational weeks). In 
this study, jaundice denotes non- hemolytic jaundice leading to pho-
totherapy or other medical treatment. Neonatal hypoglycemia was 
further classified as hypoglycemia related to GDM, pre- pregnancy 
diabetes or unspecified causes. The categorization of the neonates 
is presented in Figure 1.

2.3  |  Statistical analyses

The prevalence of perinatal problems and the proportion of admis-
sion to NICU care among neonates of women with or without thy-
roid diseases were counted by cross- tabulation. The odds of NICU 
treatment (with 95% confidence intervals [CI]) were compared be-
tween the neonates of the hypothyroid or hyperthyroid mothers 
(exposure groups) and those of the mothers without any thyroid 
diseases (the reference group) for each specific neonatal feature 
using logistic regression analysis. The regression analyses therefore 
estimated, for instance, the total effect of hypothyroidism on NICU 
admissions on infants born preterm or on infants born with RDS. The 
analyses were adjusted for the following confounders: maternal age 
at delivery, pre- pregnancy body mass index, smoking during preg-
nancy, parity, socioeconomic status based on maternal occupation 
during pregnancy and the catchment area of five tertiary hospitals 
in Finland. The missing data for explanatory categorical covariates 
were included as a separate category in the regression models. The 
children with missing data for birthweight, SGA and LGA outcomes 
were excluded from the analyses.

F I G U R E  1  Flow chart of the study 
population.
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1096  |    TURUNEN ET al.

We performed a sensitivity analysis to compare the neonates 
of the mothers who had purchased levothyroxine (LT4) medication 
without a recorded diagnosis of hypothyroidism with the neonates 
of mothers who had purchased LT4 medication and a recorded 
diagnosis of hypothyroidism. This supplementary analysis was 
performed because these groups may differ substantially; that is, 
women with a recorded diagnosis of hypothyroidism and LT4 medi-
cation are more likely to have overt hypothyroidism, and those who 
had purchased LT4 medication but had no recorded diagnosis of 

hypothyroidism may have subclinical hypothyroidism or a diagno-
sis of hypothyroidism according to pregnancy thresholds. Likewise, 
we also performed a sensitivity analysis on the neonates of the hy-
perthyroid mothers with and without antithyroid drug purchases, 
assuming that hyperthyroid women on antithyroid drug medication 
are more likely to have active hyperthyroidism than those with a 
hyperthyroidism diagnosis but no antithyroid drug medication. 
Analyses were performed using SAS Enterprise Guide 7.1 (SAS 
Institute Inc.).

TA B L E  1  Demographic characteristics of the mothers with singleton pregnancies with and without thyroid diseases in Finland between 
2004 and 2016

Characteristic
Hypothyroid mothers, 
n = 25 782 (%) P- value

Hyperthyroid mothers, 
n = 2802 (%) P- value

Mothers without any thyroid 
disease, n = 703 041

Maternal age, (years)

<20 173 (0.7) <0.001 14 (0.5) <0.001 16 445 (2.3)

20– 34 18 204 (70.6) 2045 (73.0) 554 922 (78.9)

≥35 7405 (28.7) 743 (26.5) 131 674 (18.7)

Smoking

No smoking 22 241 (86.3) <0.001 2302 (82.2) 0.798 579 034 (82.4)

Smoking during 
pregnancy

2951 (11.4) 430 (15.3) 106 713 (15.2)

Data missing 590 (2.3) 70 (2.5) 17 294 (2.5)

Parity

Nulliparous 10 317 (40.0) <0.001 775 (27.7) <0.001 294 551 (41.9)

Multiparous 15 456 (59.9) 2027 (72.3) 407 933 (58.0)

Data missing 9 (0.0) — 557 (0.1)

Body mass index

<18.5 571 (2.2) <0.001 112 (4.0) 0.006 25 308 (3.6)

18.5– 24.9 13 131 (50.9) 1604 (57.2) 420 969 (59.9)

25– 29.9 6180 (24.0) 620 (22.1) 144 462 (20.5)

≥30 5128 (19.9) 357 (12.7) 79 124 (11.3)

Data missing 772 (3.0) 109 (3.9) 33 178 (4.7)

Socioeconomic status

Upper white- collar 3658 (14.2) <0.001 382 (13.6) <0.001 105 425 (15.0)

Lower white- collar 7193 (27.9) 773 (27.6) 198 954 (28.3)

Blue- collar 2320 (9.0) 303 (10.8) 77 237 (11.0)

Student 1752 (6.8) 215 (7.7) 63 642 (9.1)

Enterpreneur of 
freelancer

508 (2.0) 66 (2.4) 12 437 (1.8)

Other 842 (3.3) 132 (4.7) 24 625 (3.5)

Data missing 9509 (36.9) 931 (33.2) 220 721 (31.4)

University hospital district

Helsinki (reference) 7205 (28.0) <0.001 1073 (38.3) <0.001 250 989 (35.7)

Turku 4806 (18.6) 432 (15.4) 108 912 (15.5)

Tampere 5568 (21.6) 558 (19.9) 137 683 (19.6)

Kuopio 4614 (17.9) 343 (12.2) 95 110 (13.5)

Oulu 3559 (13.8) 389 (13.9) 108 572 (15.4)

Data missing 39 (0.1) 7 (0.3) 1775 (0.3)

Note: The data are reported as number of mothers (%) unless stated otherwise.
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2.4  |  Ethical approval

The ethical board of the Northern Ostrobothnia Hospital District 
approved this study on October 13, 2014 (EETTMK: 80/2014). The 
Finnish Institute for Health and Welfare (THL/928/5.05.00/2014 
and THL/408/5.05.00/2019) and Social Insurance Institution (Kela 
75/522/2014 and Kela 25/522/2019) gave permissions to access 
the data from the aforementioned national health registers. This is a 
register- based study where study subjects were not contacted.

3  |  RESULTS

In this study, 3.5% (n = 25 782) of the neonates were born to moth-
ers with hypothyroidism and 0.4% (n = 2802) to mothers with hy-
perthyroidism. The mothers with thyroid disease were older and 
more often overweight or obese than mothers without any thyroid 
disease. The hypothyroid mothers smoked less and the hyperthy-
roid mothers were more often multiparous than the mothers with-
out any thyroid disease (Table 1). The most common indications for 
NICU treatment both in study groups and in the reference group 
were RDS, infections, preterm birth, low birthweight and neonatal 
hypoglycemia. However, neonatal hypoglycemia associating with 
maternal diabetes was more common among the neonates born to 
mothers with hypothyroidism. In addition, infections were less com-
mon among the neonates born to mothers with thyroid diseases 
(Table 2).

Altogether, 14.4% of the neonates of the women classified as hy-
pothyroid needed NICU treatment compared with 10.2% of the ne-
onates of the women without any thyroid disease (Table 2). Among 
the preterm neonates (OR [odds ratio] 1.35, 95% CI 1.20– 1.52), the 
low- birthweight neonates (OR 1.18, 95% CI 1.02– 1.36) and the LGA 
infants (OR 1.92, 95% CI 1.67– 2.20), the odds of NICU admission 
were increased if their mother had hypothyroidism, compared with 
the newborns of the women without any thyroid disease (Table 3). 
Infants with cardiovascular problems (OR 1.55, 95% CI 1.12– 2.15), 
jaundice (preterm neonates: OR 1.36, 95% CI 1.06– 1.73; term ne-
onates: OR 1.34, 95% CI 1.16– 1.54), hypoglycemia associated with 
GDM (OR 1.21, 95% CI 1.06– 1.39) or hypoglycemia associated with 
pre- pregnancy diabetes (OR 1.32, 95% CI 1.10– 1.58) also had in-
creased odds of NICU admissions if their mother had hypothyroid-
ism (Table 3).

Also, the neonates of the women with hyperthyroidism were 
admitted to the NICU more often than the neonates of the moth-
ers without any thyroid disease (16.5% vs 10.2%, respectively) 
(Table 4). Among the preterm neonates (OR 1.45, 95% CI 1.04– 
2.02) and the LGA infants (OR 3.29, 95% CI 2.12– 5.13), the odds of 
NICU admission were increased if their mothers had hyperthyroid-
ism. Also among the term- born neonates with jaundice, the odds of 
NICU care were increased if their mother had hyperthyroidism (OR 
1.97, 95% CI 1.29– 3.00). The number of neonates of hyperthyroid 
mothers was low in our study and the results did not reach statis-
tical significance with regard to other specific neonatal morbidities 
(Table 4).

TA B L E  2  Neonates with or without maternal thyroid disease admitted to NICU in Finland between 2004 and 2016

Perinatal outcome
All live births, 
n = 734 773

Neonates of women 
without thyroid disease 
admitted to NICU, 
n = 71 537

Neonates of women 
with hypothyroidism 
admitted to NICU, 
n = 3721

Neonates of women  
with hyperthyroidism  
admitted to NICU,  
n = 462

Respiratory distress syndrome 21 413 (2.9) 16 755 (23.4) 902 (24.2) 100 (21.6)

Infections including sepsis 21 143 (2.9) 16 076 (22.5) 640 (17.2) 60 (13.0)

Preterm 27 827 (3.8) 15 327 (21.4) 868 (23.3) 104 (22.5)

Low birthweight 22 225 (3.0) 13 695 (19.1) 674 (18.1) 90 (19.5)

SGA 25 883 (3.5) 8057 (11.3) 370 (9.9) 49 (10.6)

LGA 17 652 (2.4) 3514 (4.9) 354 (9.5) 37 (8.0)

Hypoglycemia not otherwise 
specified

14 295 (1.9) 8030 (11.2) 334 (9.0) 45 (9.7)

Hypoglycemia with maternal GDM 23 146 (3.2) 5804 (11.2) 354 (9.5) 39 (8.4)

Asphyxia 9113 (1.3) 5491 (7.7) 217 (5.8) 15 (3.2)

Jaundice in preterm neonate 8076 (1.1) 5004 (7.0) 255 (6.9) 25 (5.4)

Jaundice In term neonate 24 268 (3.3) 4555 (6.4) 287 (7.7) 34 (7.4)

Hypoglycemia with maternal 
diabetes

4764 (0.65) 2609 (3.6) 533 (14.1) 42 (9.1)

Cardiovascular problems 5873 (0.8) 1668 (2.3) 83 (2.2) 7 (1.5)

Pneumothorax 1925 (0.3) 1533 (2.1) 76 (2.0) 6 (1.3)

Meconium aspiration syndrome 1262 (0.2) 1108 (1.5) 34 (0.9) 3 (0.6)

Note: The data are reported as number of neonates (%) unless stated otherwise.
GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit; SGA, small for gestational age.
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The neonates of the women with both a recorded diagnosis of 
hypothyroidism and levothyroxine purchases had increased odds of 
NICU treatment because of the same indications as described in the 
main analysis (Tabel S1). Additionally, they had increased odds of NICU 
care if they had asphyxia (OR 1.71, 95% CI 1.19– 2.46). In contrast, only 
the preterm neonates and the term neonates with jaundice had in-
creased odds of NICU admission when their mother had purchased LT4 
medication without a recorded hypothyroidism diagnosis (Table S1).

Maternal hyperthyroidism without antithyroid drug medication 
was associated with increased odds of NICU care among the LGA in-
fants (OR 3.78, 95% CI 2.29– 6.24), the neonates with respiratory dis-
tress syndrome (OR 2.11, 95% CI 1.01– 4.39) and the term neonates 
with jaundice (OR 1.98, 95% CI 1.21– 3.24) but these associations 
were not observed in the hyperthyroid mothers on antithyroid med-
ication. This was probably because only a few hyperthyroid moth-
ers were on antithyroid medication. Maternal hyperthyroidism was 
associated with an increased risk of NICU admission in the preterm 
infants (OR 2.42, 95% CI 1.18– 4.95) of the hyperthyroid mothers on 
antithyroid medication. Overall, the number of neonates included in 
the sensitivity analyses was small and our study was underpowered 
to investigate rare specific neonatal morbidities (Table S2).

4  |  DISCUSSION

In our previous studies, we found that the need for NICU care was 
higher in the neonates of mothers with thyroid diseases than in 
the neonates of mothers without thyroid disease.10,11 Therefore, in 
this large, register- based nationwide study, we wanted to evaluate 
the reasons for this difference. The main finding was that the most 
common indications for NICU care were principally the same in the 
neonates of the mothers with and without thyroid disease: preterm 
birth, low birthweight, respiratory distress syndrome and infections. 
Nevertheless, the neonates of the mothers with thyroid diseases 
were more likely to need NICU care.

Both maternal hypothyroidism and hyperthyroidism have been 
associated with somewhat increased risk of preterm births.15,20,21 In 
our previous work, maternal hypothyroidism was associated espe-
cially with early preterm birth (<34 gestational weeks).10 This may 
explain the observed association with the increased risk of NICU 
care among the preterm neonates with maternal hypothyroidism. 
Preterm birth is globally the second most common cause of death 
in children under 5 years of age,22 and preterm birth is one of the 

TA B L E  3  Proportion and odds of neonates with or without maternal hypothyroidism admitted to NICU care in Finland between 2004 and 
2016 by neonatal features

Mothers without thyroid disease Mothers with hypothyroidism

OR (95% CI)
Number of 
neonates

Number (%) of neonates 
admitted to NICU

Number of 
neonates

Number (%) of neonates 
admitted to NICU

Neonatal characteristics

Preterm 26 225 15 327 (58.4) 1313 868 (66.1) 1.35 (1.20– 1.52)

Low birthweighta 21 040 13 695 (65.1) 965 674 (69.8) 1.18 (1.02– 1.36)

SGAb 24 715 8057 (32.6) 958 370 (38.6) 1.14 (0.99– 1.30)

LGAb 16 461 3514 (21.3) 1016 354 (38.8) 1.92 (1.67– 2.20)

Specific perinatal morbidities

Asphyxia 9113 5491 (60.1) 319 217 (68.0) 1.28 (1.00– 1.66)

Respiratory distress syndrome 20 126 16 755 (83.3) 1067 902 (84.5) 1.01 (0.85– 1.20)

Meconium aspiration 
syndrome

1220 1108 (90.8) 38 34 (89.5) 0.96 (0.32– 2.87)

Pneumothorax 1826 1533 (84.0) 84 76 (90.5) 1.51 (0.71– 3.24)

Cardiovascular problems 5643 1668 (29.6) 192 83 (43.2) 1.55 (1.12– 2.15)

Infections including sepsis 20 188 16 076 (79.6) 791 640 (80.9) 1.06 (0.88– 1.27)

Jaundice in preterm neonate 7655 5004 (65.4) 353 255 (72.2) 1.36 (1.06– 1.73)

Jaundice in term neonate 22 941 4555 (19.9) 1113 287 (25.8) 1.34 (1.16– 1.54)

Hypoglycemia with maternal 
GDM

23 146 5804 (25.1) 1228 354 (28.8) 1.21 (1.06– 1.39)

Hypoglycemia with maternal 
diabetes

3933 2609 (66.3) 751 533 (71.0) 1.32 (1.10– 1.58)

Hypoglycemia not otherwise 
specified

13 626 8030 (58.9) 537 334 (62.2) 1.15 (0.95– 1.39)

Note: The odds of NICU admission with 95% confidence intervals were estimated among mothers with hypothyroidism compared to mothers without 
thyroid disease.
GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit; SGA, small for gestational age.
a622 children omitted from the analysis due to missing data.
b623 children omitted from the analysis due to missing data.
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main indications for NICU treatment. In the present study, the most 
common indications for NICU care were preterm birth and various 
neonatal problems associated with prematurity, such as RDS, low 
birthweight and hypoglycemia. In addition, our study found an as-
sociation between increased NICU admission rates and maternal 
hypothyroidism among the neonates with cardiovascular problems. 
Cardiovascular problems, such as transitional hypotension, septic 
or cardiogenic shock and pulmonary hypertension, are reported 
to be more common in preterm neonates than in term neonates.23 
Preterm birth may partly explain this observed association, but we 
could not study it in detail due to the small number of cases.

Maternal hypothyroidism has been associated with an increased 
risk of GDM and LGA in many previous studies.10,24,25 In addition, 
women with type 1 diabetes have a higher prevalence of thyroid 
diseases, as both are autoimmune diseases.26 Increased risk of 

pre- pregnancy diabetes or GDM also explains the association be-
tween maternal hypothyroidism and neonatal hypoglycemia. In this 
study, maternal hypothyroidism and hyperthyroidism were also 
associated with increased risk of an LGA infant’s admission to the 
NICU. LGA infants are often born to mothers with GDM or pre- 
pregnancy diabetes and, accordingly, they have an increased risk of 
hypoglycemia, which is one of the main indications for NICU treat-
ment. In addition, maternal hypothyroidism was associated with in-
creased odds of NICU admission in both the term and the preterm 
neonates with jaundice. Jaundice is associated with hypoglycemia, 
preterm birth and macrosomia,27 which are also the most probable 
explanations for jaundice in neonates born to mothers with thyroid 
disorders.

When the analysis was restricted to the mothers with a re-
corded diagnosis of hypothyroidism and purchase of levothyroxine 

TA B L E  4  Proportion and odds of neonates with or without maternal hyperthyroidism admitted to NICU care in Finland between 2004 
and 2016 by neonatal features

Mothers without thyroid disease Mothers with hyperthyroidism

OR (95% CI)
Number of 
neonates

Number (%) of neonates 
admitted to NICU

Number of 
neonates

Number (%) of 
neonates admitted 
to NICU

Neonatal characteristics

Preterm 26 225 15 327 (58.4) 158 104 (65.8) 1.45 (1.04– 2.02)

Low birthweighta 21 040 13 695 (65.1) 128 90 (70.3) 1.29 (0.88– 1.89)

SGAb 24 715 8057 (32.6) 117 49 (41.9) 1.42 (0.97– 2.06)

LGAb 16 461 3514 (21.3) 82 37 (45.1) 3.29 (2.12– 5.13)

Specific perinatal morbidities

Asphyxia 9113 5491 (60.1) 24 15 (62.5) 1.06 (0.46– 2.48)

Respiratory distress 
syndrome

20 126 16 755 (83.3) 114 100 (87.7) 1.49 (0.85– 2.65)

Meconium aspiration 
syndrome

1220 1108 (90.8) 3 3 (100) — 

Pneumothorax 1826 1533 (84.0) 6 6 (100) — 

Cardiovascular 
problems

5643 1668 (29.6) 17 7 (41.2) 1.99 (0.69– 5.78)

Infections including 
sepsis

20 188 16 076 (79.6) 74 60 (81.1) 1.12 (0.62– 2.02)

Jaundice in preterm 
neonate

7655 5004 (65.4) 36 25 (69.4) 1.30 (0.63– 2.67)

Jaundice in term 
neonate

22 941 4555 (19.9) 102 34 (33.3) 1.97 (1.29– 3.00)

Hypoglycemia with 
maternal GDM

23 146 5804 (25.1) 131 39 (29.8) 1.44 (0.96– 2.15)

Hypoglycemia with 
maternal diabetes

3933 2609 (66.3) 55 42 (76.4) 1.82 (0.95– 3.48)

Hypoglycemia not 
otherwise specified

13 626 8030 (58.9) 69 45 (65.2) 1.48 (0.87– 2.51)

Note: The odds of NICU admission with 95% confidence intervals were estimated among mothers with hyperthyroidism compared to mothers 
without thyroid disease.
GDM, gestational diabetes; LGA, large for gestational age; NICU, neonatal intensive care unit; SGA, small for gestational age.
a613 children omitted from the analysis due to missing data.
b614 children omitted from the analysis due to missing data.
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medication, maternal hypothyroidism was found to increase the risk 
of a neonate with asphyxia requiring NICU admission. This risk was 
not observed in the mothers on levothyroxine medication with no re-
corded diagnosis of hypothyroidism, as determined by the recorded 
disease codes. Mothers with a recorded diagnosis of hypothyroid-
ism and levothyroxine use can be considered to have more active or 
more severe forms of hypothyroidism than those without a recorded 
diagnosis of hypothyroidism. Pregnant women with levothyroxine 
use with no recorded diagnosis of hypothyroidism may have subclin-
ical hypothyroidism, which is often treated during pregnancy. This 
difference between these two sensitivity analysis groups may ex-
plain the observed difference concerning asphyxia.

To our knowledge, this is the first study to assess the risk of NICU 
admission for specific morbidities among neonates of mothers with 
thyroid dysfunction. This study is based on high- quality data from 
large, nationwide health registers collected and maintained by law, 
so recall bias is unlikely. The MBR covers all births in Finland, since 
almost all mothers give birth in hospital. Information on planned 
home births and unplanned out- of- hospital births is collected sep-
arately, and information on missing cases is collected by other reg-
isters (the Central Population Register for live births and the Cause 
of Death Register for stillbirths and infant deaths). Combining the 
MBR data with the other registers increased our study’s reliability. 
Additionally, the large sample size enabled us to assess less fre-
quently occurring outcomes. However, in the sensitivity analyses, 
the study was underpowered to investigate very rare neonatal mor-
bidities such as meconium aspiration syndrome and pneumothorax.

This study has limitations, as it contains only information avail-
able on the registers. Despite the excellent quality of Finnish reg-
isters, there were some missing data. Another limitation of the 
present study was the absence of laboratory tests for the mothers’ 
thyroid hormone or antibody status. However, this might not be a 
major concern, as medical treatment is typically initiated after ab-
normal laboratory measurements. Additionally, we were unable to 
collect data concerning the exact dates on which the thyroid disease 
diagnoses were made. A neonate may have had multiple diagnoses, 
but comorbidity was not studied in detail. Finally, the etiology of 
prematurity (spontaneous/iatrogenic) could not be studied. Our lo-
gistic regression analyses were based on NICU admissions among 
children having each specific perinatal problem. However, there are 
multifactorial reasons for NICU admission and we could not deter-
mine the kind of role that each state played. In addition, we cannot 
fully exclude collider- stratification bias28 within our analyses, par-
ticularly on outcomes such as RDS, which is related to prematurity.

5  |  CONCLUSION

The neonates of the mothers with thyroid diseases were more likely 
to need NICU care, but the indications for NICU treatment were 
similar compared with the neonates of the mothers without any 
thyroid disease: preterm birth, low birthweight, RDS, hypoglycemia 
and infections. The neonates of the mothers with thyroid diseases 

had higher odds of NICU treatment in cases of prematurity, large for 
gestational age and hypoglycemia.
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