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Figure 1. Flowchart of subject enrollment 
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23 Abstract

24 Objective: 

25 To examine the effect of Antenatal corticosteroids (ANS) on the maturation of thyroid function in the 

26 preterm infants.

27 Context: 

28 ANS reduce mortality and morbidities in preterm neonates. Organ maturation by the glucocorticoids is the 

29 key, at least in part. However, the effect of ANS on thyroid are controversial.

30 Patients: 

31 A study group of 99 very low birthweight neonates (<34 weeks’ gestational age) with the exception of those 

32 born more than 7 days after ANS administration were divided into a complete group (n = 49) whose mothers 

33 completed two doses of betamethasone and who were born more than 24 h after the completion of ANS 

34 administration, and an incomplete group (n = 50) who were not exposed to any ANS or were born within 24 

35 h after the completion of ANS administration. Serum free thyroxine and thyroid stimulating hormone (TSH) 

36 levels were measured and thyrotropin-releasing hormone (TRH) stimulation tests were performed at about 2 

37 weeks of age.

38 Results: 

39 The incidence of hyperthyrotropinemia (TSH > 15 mIU/L) in the complete group was significantly lower 

40 than in the incomplete group (6% vs, 22%, P = 0.023). Exaggerated responses to TRH tests were more 

41 frequent in the incomplete group (17% vs. 44%; P = 0.053). TSH30 was significantly lower in the complete 

42 group, (P = 0.046). Multivariate logistic regression analysis showed that the incidence of 
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43 hyperthyrotropinemia was associated with complete ANS administration (adjusted odds ratios 0.39).

44 Conclusions: 

45 ANS administration might facilitate thyroid maturation in preterm neonates.

46

47 Keywords: 

48 Aantenatal corticosteroids, preterm, thyroid, cortisol, thyrotropin-releasing hormone

49

50

51

52 Data sharing

53 The data that support the findings of this study are available from the corresponding author upon reasonable request.

54
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63 Main Text File

64 Main text

65 1.  INTRODUCTION

66 Advances in perinatal care have improved the prognosis for preterm neonates.1,2 Among them, the 
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67 administration of antenatal corticosteroids (ANS) is one of the most effective. Since Liggins et al. first 

68 reported that maternal ANS administration reduced the incidence of neonatal respiratory distress syndrome 

69 (RDS) in 1972,3 its clinical efficacy has been verified in many studies.4-6 The beneficial effects of ANS have 

70 been reported not only in reducing the incidence of RDS, but also in reducing the incidence of mortality, 

71 intraventricular hemorrhage, periventricular leukomalacia, and necrotizing enterocolitis.7,8 As the 

72 mechanism of ANS in reducing the incidence of RDS is considered to involve organ maturation in the lungs 

73 by facilitating differentiation into Type 2 pulmonary epithelial cells, this effect might contribute to a 

74 reduction in other morbidities in preterm neonates, at least in part. On the other hand, the suppression of 

75 somatic cell growth by ANS might result in unfavorable effects on the somatic and developmental outcome, 

76 is of concern.9,10 With increasing numbers of mothers receiving ANS, it is important to examine both the 

77 favorable and unfavorable effects of this intervention.

78 Endocrine function is one of the key factors that might influence psychomotor development in preterm 

79 neonates.11–13 Thyroid function is considered a key issue among them.14–16 Although preterm neonates do 

80 not often have primary hypothyroidism with elevated thyroid stimulating hormone (TSH) levels,17 preterm 

81 infants frequently show thyroidal dysfunctions. Many have transient hypothyroxinaemia of prematurity 

82 (THOP),18 however there is no consensus for the treatment with thyroid hormones. Delayed elevation of 

83 TSH is also common in preterm infants, but treatments for this condition remain controversial. Although the 

84 links between such thyroid status specific to preterm infants and subsequent neurological outcomes are  

85 tenuous at best,19 thyroid maturation might be associated with a good outcome for preterm neonates. 

86 Maturation of thyroid function is accelerated in the third trimester of pregnancy, coinciding with a cortisol 

87 surge in the fetus.20,21 Glucocorticoids are involved in the process.22,23 Therefore, we hypothesized that ANS 

88 might promote the maturation of thyroid function, in addition to organs such as the lungs. In human studies, 

89 the effects of ANS on the maturation of thyroid function is controversial: one report claimed that 

90 administration of ANS reduced thyroid dysfunction in neonates,24 but others found no such effect.25,26 

91 Therefore, we conducted a study to examine the effects of ANS on thyroid function in preterm neonates. We 

92 evaluated not only basal free thyroxine (FT4) and TSH levels but also TRH stimulation tests, which are 
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93 helpful in defining thyroid dysfunction in older children and full-term neonates.27–29 In preterm neonates, we 

94 previously reported that the hypothalamic–pituitary–thyroid (HPT) axis could respond to TRH stimulation 

95 tests appropriately even in very low birth weight neonates born at < 30 weeks of gestation at about 2 weeks 

96 after birth.30 Therefore, we consider that TRH stimulation tests are helpful for defining thyroid function.

97 2  METHODS

98 2.1  Subjects

99 Preterm neonates who were born at <34 weeks of gestational age and with birth weights <1500 g, and were 

100 admitted to Kyoto University Hospital Neonatal Intensive Care Unit (NICU) between April 2008 and March 

101 2019 were included in this retrospective study. An ANS course consisted of two 12-mg doses of 

102 betamethasone injected intramuscularly to the mothers at risk of preterm labor 24 h apart. Neonates whose 

103 mothers had thyroid diseases or major congenital anomalies, who suffered sepsis, who received steroids 

104 before 2 weeks of age or for whom some data were missing were excluded from this study. To clarify the 

105 effects of ANS, we also excluded neonates who were born more than 7 days after the initiation of ANS 

106 administration and whose mother had already received glucocorticoids other than ANS. We divided the 

107 subjects into two groups: complete and incomplete ANS treatment. It has been reported that ANS had no 

108 effect on reducing the incidence of RDS if neonates were born within 24 h after completion of a course of 

109 ANS, so the interval between ANS administration and birth is important to detect significant effects on 

110 organ maturation.3 Therefore to clarify the effect of ANS, neonates who were born within 24 h after the 

111 completion of ANS administration were assigned to the incomplete group. Thus, the complete group 

112 consisted of neonates whose mother had completed two doses of betamethasone and who were born between 

113 24 h and 7 days after the completion of ANS administration, and the incomplete group consisted of neonates 

114 who were not exposed to any ANS or were born within 24 h after the completion of ANS administration.

115 Ethics approval was obtained from Kyoto University Graduate School and Faculty of Medicine 

116 Ethics Committee, and written informed parental consent was obtained before each procedure.
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117 2.2  Serum FT4 and TSH measurements and TRH stimulation tests

118 We measured serum FT4 and TSH values for very low birth weight (VLBW) neonates at about 2 weeks of 

119 age. Generally, we do not initiate levothyroxine sodium (LT4) treatment for neonates with low FT4 and 

120 normal TSH concentrations, considered as transient hypothyroxinemia of prematurity, but we initiate LT4 

121 therapy for neonates with elevated TSH values (> 15 mIU/L). For neonates with TSH values <15 mIU/L, we 

122 repeat serum FT4 and TSH measurements at 1- or 2-week intervals until about 40 weeks postmenstrual age, 

123 so that neonates with delayed TSH elevation are not missed. FT4 and TSH were measured using enhanced 

124 chemiluminescence (ECLIA) kits (Roche Diagnostics, Tokyo, Japan).

125 In addition, we performed TRH stimulation tests for almost all VLBW neonates at about 2 weeks of 

126 age to evaluate the hypothalamic–pituitary–thyroid (HPT) axis and thyroid function during 2008­2010 and 

127 2015­2017 among cases where parental consent for such testing was obtained. As we did not peforem TRH 

128 stimulation tests were not performed during the period 2011-2014, resulting in fewer TRH tests the number 

129 of infants who were pefomed by the tests were lower than the total number of subjects. The test was 

130 performed as follows: 7 g/kg TRH (Tanabe Mitsubishi Pharmaceutical Company, Osaka, Japan) was 

131 injected intravenously and serum was collected before and 30 min after the injection.30,31 If the TSH value at 

132 30 min (TSH30) was above 35 mIU/L, it was considered as an exaggerated response indicating thyroid 

133 dysfunction.31 

134 2.3  Outcomes

135 The primary outcome was an elevated serum TSH value (> 15 mIU/l), resulting in the initiation of LT4. 

136 Therapy. Secondary outcomes were serum TSH and FT4 levels at about 2 and 4 weeks of age, at about 40 

137 weeks postmenstrual age and the outcomes of TRH stimulation tests.

138 2.4  Statistical analysis

139 Data are expressed as medians and interquartile ranges. The Mann–Whitney nonparametric U-test was used 

140 to compare continuous variables, and the chi-squared test was used for analyzing categorical data. P < 0.05 

141 was considered statistically significant. Multivariate logistic regression analysis was performed to adjust for 
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142 potential cofounders and identify risk factors for the incidence of hyperthyrotropinemia and TRH 

143 stimulation tests. All statistical analyses were conducted using IBM SPSS Statistics (version 20; IBM Corp., 

144 Armonk, NY, USA).

145 3  RESULTS

146 3.1  Profiles of the subjects

147 Two hundred twenty-four neonates born at <34 weeks of gestational age with birth weights < 1500g were 

148 admitted to the NICU between April 2008 and March 2019 (Fig. 1). We excluded 125 for the reasons given 

149 above, so the final enrollment was 99. Characteristics of neonates in the complete and incomplete ANS 

150 groups are shown in Table 1. There was a significant difference only in the variable “history of surgery” (P 

151 = 0.004). Most surgeries involved ductus arteriosus ligation. Other variables were not significantly different 

152 between the two groups. 

153 The time from administration of ANS to delivery in the complete group was a median of 60 h (range 43­

154 92), and that in the incomplete group was all within 12h. In the incomplete group, 22 neonates (44%) were 

155 not exposed to ANS. 

156 3.2  Thyroid function of the subjects

157 Regarding thyroid function, the incidence of hyperthyrotropinemia (TSH > 15 mU/L) at about 2 weeks was 

158 significantly lower in the complete group (6% vs 22%; P = 0.023) although there were no significant 

159 differences in median serum TSH, FT4 values and the incidence of hypothyroxinemia (FT4 < 10.5 

160 pmol/L0.8 ng/dL) (Table 2). At the two later time points, there were no significant differences in median 

161 serum TSH and FT4 values between the two groups (data not shown), but in the incomplete group three 

162 neonates developed delayed elevation of TSH after 3 weeks of age (days 21, 21, and 39). We initiated LT4 

163 therapy for neonates with hyperthyrotropinemia and adjusted the dose so that serum TSH values were < 5 

164 mIU/L; almost all those neonates continued to be administered the drug at the time of discharge. Serum TSH 

165 values in all cases except for three with delayed TSH elevation remained < 15 mIU/L and decreased 

166 spontaneously throughout the study.
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167 3.3  Risk factors for the incidence of hyperthyrotropinemia

168 Variables used in the multiple logistic regression analysis were complete ANS therapy, gestational age, birth 

169 weight (SD), use of iodinated contrast agents, and history of surgery, as these are known risk factors for 

170 thyroid dysfunction. Results of the analysis are shown in Table 3. The incidence of hyperthyrotropinemia 

171 (TSH > 15 mU/L) was independently associated with complete ANS administration with an adjusted odds 

172 ratio (aOR) value of 0.39.

173 3.4  TRH stimulation test

174 Outcomes of the TRH stimulation test are shown in Table 4. TSH30 values in most of the subjects were > 10 

175 mIU/L, indicating that the test had been performed correctly, and that no pituitary dysfunction was found in 

176 most of the neonates. Comparing the two groups, the TSH30 level in the complete group was significantly 

177 lower than in the incomplete group (22.3 µIU/ml mIU/L vs 33.8 µIU/ml mIU/L; P = 0.046). This finding 

178 suggested that thyroid function of the neonates in the complete group was more mature than that in the 

179 incomplete group. As defined at 35 µIU/ml mIU/L, the incidence of an exaggerated response was lower in 

180 the complete group but not significantly (17% vs 44%; P = 0.053). The aOR value of complete ANS (by 

181 gestational age, birth weight (± SD), use of iodinated contrast agents, and history of surgery) was 0.21 (95% 

182 confidence interval, 0.041­1.09; P = 0.064). 

183 4  DISCUSSION

184 Here we found that the incidence of hyperthyrotropinemia (TSH >15 mIU/L) in the complete group was 

185 significantly lower than in the incomplete group (6% vs 23%; P = 0.023). In addition, ANS reduced the 

186 incidence of exaggerated response to the TRH stimulation test at about 2 weeks of age. Thus, we consider 

187 that thyroid function in the complete group was more mature than that in the incomplete group. Our 

188 multivariate logistic regression analysis showed that hyperthyrotropinemia was independently associated 

189 with complete ANS administration (aOR = 0.39). Thus, the incidence of hyperthyrotropinemia decreased by 

190 61% following complete ANS administration.

191 In contrast, the decrease in TSH by ANS might be interpreted as an unfavorable effect on the HPT 
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192 axis, as glucocorticoids are known to have suppressive effects on this and can cause hypothyroidism.33 

193 However, in our study there was no difference in the serum FT4 level between the two groups, and no 

194 suppression of FT4 by ANS was found. Therefore, we consider that the decrease in TSH levels by ANS 

195 therapy indicated maturation of the HPT axis but not its suppression.

196 Although the mechanism by which maternal corticosteroids might affect fetal thyroid function was 

197 not evaluated in our studies, it was reported that cortisol infusion to the preterm fetus raised its hepatic, 

198 renal, and perirenal adipose tissue deiodinase (D)1 levels and reduced renal and placental D3 activities in 

199 animal studies.22 The report concluded that the prepartum cortisol surge induces tissue-specific changes in D 

200 activity. It also reported that dexamethasone infusion to pregnant animals changed the D1 and D3 activities 

201 of preterm fetuses similarly to cortisol infusion to the fetus, so ANS treatment has a maturational effect on 

202 the thyroid function of preterm fetus in addition to the preterm cortisol surge.23 Based on these reports, we 

203 speculated that ANS might be associated with fetal thyroid maturation not only in animal models but also in 

204 humans. Thus, ANS therapy might reduce the incidence of thyroid dysfunction in preterm neonates by 

205 promoting thyroid maturation.

206 This study had several limitations. First, it was a relatively small retrospective study in a single 

207 institution and should be verified in a larger study. Second, in this study ANS administration might have 

208 been at a low incidence. Many pregnant women with serious problems such as abruptio placentae, 

209 non-reassuring fetal status, poor blood pressure control, and premature rupture of the membranes are 

210 transferred to our hospital just before delivery, so that the number of cases where ANS was not given in time 

211 tended to be higher. Third, TRH stimulation tests were performed only for 45% of the subjects (45/99); but 

212 the profiles of these neonates were similar to those of the total study population, as shown in Appendices 1 

213 and 2. Considering these points, we integrated the findings with TRH stimulation tests in this study. Fourth, 

214 urinary iodine concentration was not measured in this study, although iodine deficiency or excess is one of 

215 the most common causes of hypothyroidism.33 Japan is surrounded by ocean, and seaweed is our primary 

216 source of iodine. Thus Japan is a country with iodine sufficiency, and iodine deficiency is rarely seen.34 On 

217 the contrary, iodine overexposure could be a problem. Based on these observations, iodine overexposure 
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218 during surgical treatment or with the use of iodine contrast agents is a matter of concern in discussing 

219 thyroid function. In the present study, the incidence of previous surgical treatment was lower in the complete 

220 group, which might explain the favorable effects of ANS therapy. However, there was no significant 

221 difference in the incidence of hyperthyrotropinemia between the groups with and without a history of 

222 surgery (28% vs 12%, P = 0.09). Furthermore, our multivariate logistic regression analysis showed that 

223 hyperthyrotropinemia was not associated with a history of surgery (Table 4). Based on these considerations, 

224 we consider that the possible contribution of iodine exposure to the incidence of hyperthyrotropinemia was 

225 minor compared with the effects of ANS therapy. Fifth, the impact of cardiorespiratory severity on thyroid 

226 dysfunction cannot be completely ruled out because the severity was not included in the variables for the 

227 multivariate analysis due to the small number of cases.

228 CONCLUSIONS

229 Here we found that complete ANS administration could reduce the incidence of hyperthyrotropinemia in 

230 preterm neonates. This might reflect maturation of thyroid function. Therefore, it is desirable that any 

231 maternal administration of ANS should be done completely, not only for its effects on the respiratory and 

232 circulatory systems of the progeny, but also for thyroid maturation in the progeny.
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357 TABLE 1 Characteristics of the two groups of neonates and their mothers’ medical history. Data are 
358 expressed as medians and interquartile ranges or numbers and percentages.
359

Clinical characteristics Complete (n = 49) Incomplete (n = 50) P

Male, n (%) 24 (49) 25 (50) 0.92
GA (weeks) 28.0 (26.8–30.3) 28.6 (26.4-30.2) 0.61
BW (g) 948 (618–1225) 892 (746–1174) 0.49
Small for gestational age, n (%) 26 (53) 17 (34) 0.06
Caesarean section, n (%) 44 (90) 48 (96) 0.23
Apgar score (1 min) 5 (2–7) 4 (2–7) 0.53
Apgar score (5 min) 7 (6–9) 7 (6–9) 0.53
Postnatal steroids, n (%) 7 (14) 8 (16) 0.81
DOA/DOB infusion, n (%) 5 (10) 8 (16) 0.39
NO inhalation, n (%) 3 (6) 1 (2) 0.30 
Use of surfactant, n (%) 23 (47) 30 (60) 0.14 
Duration of mechanical ventilation (days) 6 (0–25) 8 (3-28) 0.38
BPD36, n (%) 25 (51) 19 (42) 0.26
Use of mechanical ventilation at 2 weeks of age, 
n (%)

21 (43) 21 (42) 0.93

Use of oxygen at 2 weeks of age, n (%) 31 (63) 36 (72) 0.35
Use of iodinated contrast agents, n (%) 3 (6) 6 (12) 0.31
History of surgery, n (%) 2 (4) 12 (24) 0.004
Intraventricular hemorrhage grade III, IV, n (%) 1 (2) 5 (10) 0.10 

360 BPD36, bronchopulmonary dysplasia at 36 weeks; GA, gestational age; BW, birth weight; DOA, dopamine; 

361 DOB, dobutamine; NO, nitric oxide–

362

363
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365 TABLE 2 Incidence of hyperthyrotropinemia, TSH and FT4 levels at about 2 weeks of age of the two 

366 groups of neonates. Data are expressed as medians and interquartile ranges or numbers and percentages.

Complete (n = 49) Incomplete (n = 50) P

Incidence of hyperthyrotropinemia, n (%) 3 (6) 11 (22) 0.02
Incidence of hyporthyroxinemia, n (%) 19 (9/47) 17 (8/47) 0.79
Postnatal days when elevated TSH was 
detected 

14 (12.5–15) 14.5 (14–18.5) 0.70

TSH at about 2 weeks of age (mIU/L) 5.80 (3.68–10.68) 7.47 (4.23–9.05) 0.44
FT4 at about 2 weeks of age (pmol/L) 15.3 (12.5–19.2) 15.2 (11.8–18.4) 0.69

367
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368 TABLE 3 Multivariate logistic regression analysis on factors involved in the incidence of 

369 hyperthyrotropinemia among neonates (TSH > 15 mIU/L)

Variable
Adjusted odds 
ratio

95% confidence 
interval

P

Complete ANS treatment in 
pregnancy

0.39 0.18–0.85 0.02

Gestational age 0.79 0.60–1.04 0.09 
Birth weight 0.56 0.33–0.97 0.04 
Use of iodinated contrast 
agents

0.49 0.054–4.42 0.52 

History of surgery 1.34 0.23–7.87 0.75

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387
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388 TABLE 4 Results of TRH stimulation tests in the two groups of neonates

Complete (n = 18) Incomplete (n = 27) P

TSH30 (mIU/L) 22.3 (18.85–32.44) 33.8 (26.78–42.89) 0.046
TSH30 >35, n (%) 5 (17) 12 (44) 0.053

389 TSH30, serum TSH level at 30 min after TRH stimulation. Data are expressed as medians and interquartile 

390 ranges or as numbers and percentages. 

391 TSH30 >35, the incidence of subjects who showed an exaggerated response higher than 35 mIU/L at 30 min 

392 after TRH stimulation.

393
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420

421 FIGURE LEGENDS

422 FIGURE 1 Flowchart of subject enrollment

423 ANS, antenatal corticosteroids.
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Appendix TABLE 1 Characteristics of the two groups undergoing TRH stimulation tests. Data are expressed 

as numbers and percentages or as medians and interquartile ranges.

Complete (n = 18) Incomplete (n = 27) P

Male, n (%) 9（50） 15（55） 0.71

GA (weeks) 27.3 (26.6–28.1) 28.0 (26.0–28.8) 0.86
BW (g) 943 (607–1100) 854 (731–1121) 0.49

Small for gestational age, n (%) 7（39） 6（22） 0.23

Caesarean section, n (%) 16（89） 26（96） 0.33

Apgar score (1 min) 4 (2–6.7) 4 (2–5) 0.83
Apgar score (5 min) 7 (5.2–9) 6 (6–7) 0.65

Postnatal steroids, n (%) 3 （17） 2 （7） 0.33

DOA/DOB infusion, n (%) 3（17） 6 （22） 0.65

NO inhalation, n (%) 2（11） 0（0） 0.08

Use of iodinated contrast agents, n (%) 2（11） 2（7） 0.31

History of surgery, n (%) 2（11） 7（26） 0.22

Intraventricular hemorrhage grade III or IV; n (%) 1（5） 2（7） 0.85

GA, gestational age; BW, birth weight; DOA, dopamine; DOB, dobutamine; NO, nitric oxide
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Appendix TABLE 2 Incidence of hyperthyrotropinemia, TSH and FT4 levels in mIU/L at about 2 weeks of 

age in the two groups of neonates subjected to TRH stimulation tests. Data are expressed as medians and 

interquartile ranges.

Complete (n = 18) Incomplete (n = 27) P

Incidence of hyperthyrotropinemia, n (%) 1（5） 6（22） 0.13

Postnatal days when elevated TSH was detected 13.5 (12–14) 14 (10.5–14) 0.70 
TSH (mIU/L) 6.20 (3.47–8.10) 7.61 (3.67–10.63) 0.29
FT4 (pmol/L) 14.2 (10.8–17.5) 13.5 (10.9–17.0) 0.35
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