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45 ABSTRACT

46 Introduction: Infants of mothers with autoimmune hypothyroidism (AH) are at risk of developing 

47 late-onset hypothyroidism, often escaping at newborn screening. This condition might be caused both 

48 by the action of maternal antibodies and/or by maternal treatment.

49 Objectives: to evaluate the prevalence of AH in the mothers of children born in Veneto region, Italy, 

50 and to define what is the most appropriate management for these newborns. 

51 Methods: newborns of 6 different hospitals with a mother suffering from AH and with negative 

52 neonatal screening for congenital hypothyroidism (CH) were included in the study. Between 15 and 

53 20 days of life, we collected a serum sample for the evaluation of thyroid function (TSH, FT4, FT3) 

54 and anti-thyroid antibodies. On the same occasion, a capillary blood sample was performed for a 

55 second screening test.

56 Results: Maternal AH have a prevalence of 3.5%. 291 newborns were enrolled from November 2019 

57 to May 2021. Whereas the 11.4% of infants had a slight elevated serum TSH (>6 mU/L) and required 

58 a follow-up, only 2 children presented an elevated TSH level at the second screening test. One of 

59 these, with the gland in situ, showed persistently elevated serum TSH levels and required treatment 

60 with levothyroxine.

61 Conclusions: Maternal AH rarely caused neonatal thyroid dysfunction. We suggest to reassess 

62 newborns from mothers with AH 15 days after birth by means of a second neonatal screening test. 

63 This procedure avoids false negatives due to maternal thyroid status, is less invasive and cheaper than 

64 the serum TSH evaluation and prevents a long follow-up. 
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65 INTRODUCTION

66 During pregnancy normal thyroid function is essential to ensure the regular development of the fetus 

67 [1,2]. Overt or subclinical maternal hypothyroidism can modify, in fact, the course of pregnancy and 

68 the development of the fetus [3,4]. The incidence of gestational hypothyroidism widely varies in the 

69 different studies from 0.14% to 11.1% [5–7]. During pregnancy, the most frequent cause of maternal 

70 hypothyroidism is autoimmunity, defined by the presence of maternal anti-thyroid antibodies against 

71 thyroid peroxidase (TPOAb), thyroglobulin (TGAb) and/or thyrotropin receptor (TRAb). Its overall 

72 prevalence is 7.8%, ranging from 5 to 20% in different studies [5]. TPOAbs cross the placenta but it 

73 is not currently clear whether they interfere with the function of the fetus' thyroid [8]. 

74 In children from mother with autoimmune hypothyroidism (AH), an increased prevalence of 

75 congenital hypothyroidism (CH) is described [1,9]; however, no study has ever correlated these data 

76 with the positivity for TPOAb, rather this occurrence was caused by TRAbs with inhibiting effect 

77 [9,10]. This condition seems to be extremely rare, occurring from 1: 84.700 to 1: 310.000 [11,12]. 

78 On the basis of these considerations, many issues remain to be addressed: are newborns with a mother 

79 with AH at the risk of neonatal CH? Should these neonates be managed with particular attention? Is 

80 maternal therapy with levothyroxine protective for the newborns? Could maternal treatment lead to a 

81 false negative newborn screening result for CH, delaying the necessary replacement therapy? In 

82 particular, to avoid the latest, some Authors have suggested to perform serum thyroid function tests 

83 between 15 and 30 days of life in all children with mothers with AH [13,14]. In 2010, Rovelli and 

84 coauthors demonstrated that approximately 28% of these newborns with blood tests performed 

85 between the third and fourth day and later on at 15-30 day, had a moderate increase in serum TSH, 

86 although the screening at birth was negative for all of them. After 1 month, 93.3% of these showed a 

87 normalization of TSH values and only 2.2% of cases required replacement treatment, stopped within 

88 the second year of life [12]. 
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89 On the contrary, in 2016 McGovern et al. claimed that neonatal screening performed between the 3rd 

90 and 5th day of life in newborns with mothers affected by AH proved effective in identifying all cases 

91 of hypothyroidism, without the need for further confirmatory blood tests [15].

92 Despite the absence of common guidelines for the management of these newborns [16], since 2010, 

93 following Rovelli’s suggestion, our screening center has been recommending to perform thyroid 

94 function test on blood at about 15-20 days of life in all newborns born to a mother with AH. Upon an 

95 abnormal result, patients are sent to pediatric endocrinology to carry out further investigation and, if 

96 necessary, start a replacement therapy. 

97 Our study aims to analyze thyroid function both on serum and on newborn screening in term neonates 

98 of mothers with AH, and to evaluate the prevalence of AH during gestation in Veneto, a North Eastern 

99 Italian region. On the basis of the collected data, we intend to pinpoint what is the most appropriate 

100 neonatal management for these newborns.

101

102 PATIENTS AND METHODS

103 Patients

104 We enrolled all newborns of mothers affected by AH, born from November 2019 to May 2021 in six 

105 different hospitals of Veneto region, Italy. 

106 Inclusion criteria were: negative newborn screening for CH, maternal AH confirmed by presence of 

107 anti-thyroid antibodies (TPOAb and/or TGAb), gestational age (GA) ≥ 37 weeks, birth weight > 2500 

108 g. Exclusion criteria were: GA < 37 weeks, birth weight < 2500 g, presence of congenital disorders, 

109 chromosomal abnormality or other causes of admission to intensive care unit. 

110 Of each child we collected GA, TSH level at newborn screening test, dose of levothyroxine taken by 

111 the mother at the delivery, and birth auxological data: weight, length and head circumference. 

112 Between 15th and 20th day of life, blood determinations of TSH, FT4, FT3, TPOAb, TGAb and TRAb 

113 were performed in all enrolled. 
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114 In the same time, we evaluated TSH level on a capillary blood sample collected from the newborn 

115 heel, dried on filter paper and sent to screening laboratory, as a second screening test. 

116 To standardize the serum levels performed in different laboratories we calculated the z-score.

117 According to the more recent Consensus Guidelines [17,18], we considered normal thyroid function 

118 in the newborn period a FT4 in the reference range in presence of a TSH level below 6 mU/L; in these 

119 cases, no further tests were required. When FT4 was in the reference range and TSH level between 6 

120 to 20 mU/L, a clinical and laboratory follow-up was suggested. Finally, if TSH level was higher than 

121 20 mU/L, regardless of FT4 value, or if FT4 was lower than the reference range, CH was diagnosed 

122 and a replacement therapy with L-T4 begun.

123 To reduce inaccuracies in the data collection caused by the different birth centers, the data were 

124 reviewed by the same investigator and an attempt was made to eliminate any selection biases. 

125 Methods 

126 All newborns were submitted to neonatal screening to identify CH through the heel prick blood 

127 samples collected at 48-72 hours after birth, dried on filter paper and sent to our screening laboratory 

128 in 24 hours. In 2016, a national prescription recommended the blood collection for all newborn 

129 screening programs between 48 and 72 hours of life. In fact, concomitantly with the newborn 

130 screening for congenital hypothyroidism, other screening tests are performed in our center in order to 

131 investigate different metabolic disorders and congenital adrenal hyperplasia. 

132 The screening program is based only on the TSH measurement in dried blood spot. When the TSH 

133 value was above the retest value (9 mU/L blood in our screening center), the analysis was repeated 

134 in double on the same blood sample. If TSH value (in 2 out of 3 determinations) exceeded the cut-off 

135 of 10.5 mU/L blood, the newborn was recalled and thyroid function tests on serum were performed. 

136 The test was performed using GSP Neonatal hTSH kit on GSP platform (Perkin Elmer Wallac Oy, 

137 Turku, Finland). It is based on a direct sandwich technique; in this way two monoclonal antibodies 
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138 recognize separate antigenic determinants on the hTSH molecule. The maximum coefficients of 

139 variation intra- and inter-assay are 7 and 8.7%, respectively.

140 Serum values of TSH, FT4, FT3, TPOAb and TGAb were evaluated using an immunological 

141 technique based on electro-chemiluminescence (ECLIA) in two sites on a solid surface (Elecsys, 

142 Roche Diagnostics GmbH, Mannheim, Germany). The coefficients of variation intra-assay and inter-

143 assay are 4.3 and 7.1%, respectively. The quantitative assay of TRAb is evaluated by an automatic 

144 immunofluorescence technique (BRAHMS TRAK human KRYPTOR, Thermo Scientific, 

145 Hanningdorf, Germany). The coefficients of variation intra-assay and inter-assay are 4.3 and 7.1%, 

146 respectively.

147 Ethical issues

148 The study was conducted in line with Helsinki declaration II, and approved by the ethical committee 

149 for clinical trials of Verona and Rovigo (Prog. 2585CESC). Written informed consent was obtained 

150 from the parents of each patient. 

151 Statistical analysis

152 The statistical analysis was conducted using SPSS 25 for Windows. Normal distribution was assessed 

153 by the Kolmogorov-Smirnov test. Comparisons between groups were performed using Student’s t-

154 test or the Mann-Whitney U test, whenever appropriate. Rates were compared by χ2 or Fisher’s exact 

155 test, whenever appropriate. The correlations were evaluated using the Pearson or Spearman tests, as 

156 appropriate. Data are expressed as frequency, median plus range, or mean ± standard deviation (SD), 

157 as appropriate. Statistical significance was reached as p-values < 0.05, and all tests were two-sided. 

158

159 RESULTS

160 From November 2019 to May 2021, 291 newborns (51.9% females, 48.1% males) born to mothers 

161 affected by AH were included in this study. During the same period, we identified a congenital 

162 hypothyroidism in a female newborn with mother affected by AH. Since 8386 healthy term babies 
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163 were born in this period in the hospitals that took part in this study, the prevalence of newborns to 

164 mothers with AH in our region is estimated to be 3.5%, without statistically significant difference 

165 among the different hospitals involved. 

166 All the mothers were in condition of euthyroidism during gestation. The majority of them (74.2%) 

167 assumed chronic levothyroxine with a mean dose of 72 µg/day, 4.1% did not follow any therapy, 

168 whereas there was no information available on the remaining 21.7%. No significant correlations were 

169 detected between mother’s therapy and TSH at neonatal screening or thyroid function at 15-20 days 

170 of life (figure 1).

171 The majority of newborns (72%) was born from spontaneous childbirth, the remaining from caesarean 

172 delivery. Auxological data at birth of all newborns are reported in table I. All babies enrolled in the 

173 study had a negative neonatal screening test for congenital hypothyroidism at birth, with a TSH value 

174 of 2.601.70 mU/L blood. Thyroid function on serum was performed at 18.53.7 days of life; at the 

175 same time a second screening test was repeated on a heel prick withdrawal. The serum and screening 

176 TSH were 3.811.98 [0.85-14.82] mU/L and 1.460.83 [0.0-7.63] mU/L blood respectively, with a 

177 significant correlation between these two values (R2=0.475; p<0.01, figure 2). At the second 

178 screening test only 2 children presented an elevated TSH level on dried blood spot: a male baby that 

179 had a value of 206 mU/L blood, and another male with a value of 7.6 mU/L blood. In the former case, 

180 serum TSH confirmed the screening result, with a value of 356 mU/L, the FT4 was 4.37 pmol/L, 

181 consequently a treatment with levothyroxine was immediately started. He had a gland in situ and did 

182 not present anti thyroid antibodies. His mother regularly assumed levothyroxine supplementation. 

183 The latter baby presented a serum TSH of 14.8 mU/L with normal FT4 level; he was followed over 

184 time, up to the total normalization of thyroid hormone at the 24th day of life without therapy.

185 The 11.4% of infants had a serum TSH value higher than 6 mU/L (7.99  1.76 mU/L vs 3.42  2.15 

186 mU/L blood on dried blood spot at 15 days of life), which required a clinical and laboratory follow-

187 up, according to ESPE guidelines. All of them showed a normalization of TSH values within 4 months 
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188 of life (65.5  56.0 days of life). No infants, with the exception of the above mentioned treated baby, 

189 presented low FT3 and/or FT4 levels. 32.7% of infants presented elevated FT4 levels, the 69% of 

190 their mothers assumed levothyroxine treatment, but no significant correlation between FT4 levels and 

191 the dose of maternal L-thyroxine was detected. Interesting, we found a negative relationship between 

192 the FT4 level and the days of life in which the sample was taken (r=-0.21, p<0.001).

193 41.7% of babies showed at least one of the anti-thyroid antibodies: in particular, 37.9% showed 

194 TPOAb and 9.7% TGAb. On the contrary, TRAb were negative in all children. No significant 

195 correlation was detected between antibody status and TSH at neonatal screening, not even with 

196 thyroid function at 15-20 days of life (figure 3). Babies with serum TSH greater than 6 mU/L did not 

197 show an increase in antibody titer relative to the others.

198

199 DISCUSSION

200 To our knowledge, this is the first prospective study that evaluates the need to monitor thyroid 

201 function in newborns born to mothers with AH, a not rare condition. On the basis of our results, we 

202 suggest to submit all these newborns at a second screening test at 15th day of life, avoiding a longer 

203 and more expensive follow up.

204 In our area the prevalence of maternal AH (3.5%) is lower than that reported in the literature, in which 

205 a prevalence of 7.87% was evidenced [19]. However, the population covered by this study was 

206 represented only by children born at term, with a birth weight higher than 2500 g, not suffering from 

207 chromosomopathies and not admitted to neonatal intensive care unit, while the data reported in the 

208 literature is cumulative for the entire population including premature births. An association between 

209 hypothyroidism during pregnancy and an increased risk of preterm birth or of low birth weight 

210 newborns is known [4,20]. Consequently, these differences could explain the discrepancy with 

211 previous data. Furthermore, other studies reported a prevalence of hypothyroidism in women of 

212 childbearing age ranging between 2.5 and 4.8%, identifying AH as the main cause [6,7,21,22], in line 

213 with our prevalence.
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214 Newborn babies of mothers with this thyroid disorder must be considered a category of children 

215 worthy of attention because they are at risk of developing a delayed hypothyroidism, not recognizable 

216 at newborn screening performed after birth. This risk is essentially the consequence of 2 factors: the 

217 presence of antibodies inhibiting thyroid function derived from the mother and can persist for several 

218 months [1,23], and the maternal treatment with L-T4 which could mask an already present 

219 hypothyroidism [11]. The role of maternal antibodies in the genesis of this type of hypothyroidism is 

220 still a matter of debate. In fact, it seems that maternal anti TPOAb do not affect the thyroid function 

221 of the fetus and newborn [8]. On the contrary, in a variable percentage between 10 and 20%, the anti 

222 TRAb of pregnant women with AH have an inhibiting effect. These antibodies can pass the placenta 

223 and inhibit fetal production of thyroid hormones causing transient or permanent neonatal 

224 hypothyroidism [23], the incidence of which appears to be very low, ranging between 1 in 40.000 

225 births to 1 in 570.000 births; in the most severe cases, this form can be recognized at newborn 

226 screening [11–13]. Our data confirm this situation since the presence of high anti TPOAb titers did 

227 not result as a risk factor for neonatal hypothyroidism and the affected baby of our cohort did not 

228 present anti TPOAb. We did not find significant difference between the hormone levels of patients 

229 with or without TPOAb. Furthermore, none of our patients presented positive TRAb, nor did the 

230 patient with overt hypothyroidism. However, it should be pointed out that the common kits used for 

231 the assay of anti TRAb do not have sufficient sensitivity to distinguish the presence of inhibiting 

232 antibodies from stimulating ones, therefore this data is difficult to interpret.

233 The role of maternal treatment on the thyroid function of the newborn is not well defined [11]. No 

234 correlation was found between the serum levels of FT4, FT3, TSH, blood spot TSH and the dose of 

235 L-T4 taken by the mother. Furthermore, it seems that the day in which the withdrawal was carried 

236 out influenced the levels of thyroid hormones [24]. An inverse correlation was found between the 

237 levels of FT4 and the day of sample collection. This data can be explained by the physiology of the 

238 release of the thyroid hormones. It is known that after birth there is an increase in the level of thyroid 

239 hormones followed by a progressive decrease to normal levels over 3-5 weeks [25]. We can therefore 
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240 conclude that an elevated FT4 level does not depend only on maternal treatment but, rather, on the 

241 physiological trend of hormonal levels in the neonatal period. Accordingly, some of our patients 

242 identified with elevated FT4 were actually children of untreated mothers. 

243 The main issue remains whether a newborn of a mother with AH should undergo thyroid function 

244 tests, and if the tests should be performed only if the mother is treated with L-T4 or in all newborns. 

245 Considering the harmlessness of anti TPOAb to fetal and neonatal thyroid function, the rarity of 

246 transient neonatal hypothyroidism induced by anti TRAb with inhibitory significance and the likely 

247 recognition of this condition at neonatal screening, the answer would be " no " [1]. Many Authors 

248 agree with this approach by pointing out precisely the rarity of the problem, the practical and 

249 organizational difficulties of carrying out a blood sample from all these children after dismissal from 

250 nursery, as well as the concern that this practice would cause to parents [8,26]. Similarly, an Irish 

251 study highlights that in one year no child of mother with AH presented a delayed TSH increase, 

252 considering the newborn screening performed in the first days of life to be sufficient [15]. However, 

253 in Ireland, newborn screening is performed at later age, between 72 and 120 hours of age, likely 

254 reducing the influence of the high doses of L-T4 needed in pregnancy. Finally, more recently some 

255 Authors declared that no added clinical benefit was found in retesting newborns of hypothyroid 

256 mothers in addition to the newborn screening program [27]. 

257 On the contrary, other studies deem useful a reassessment of the newborn of mothers with AH [13,14]. 

258 Our identification of hypothyroidism in a newborn born by a mother with AH in levothyroxine 

259 supplementation, with a negative neonatal screening for CH shows the importance of a control at 15 

260 days of life in these newborns. In this case, the absence of adequate follow-up would in fact have 

261 hindered the identification of the disease, provoking important neurological consequences [28]. In 

262 addition, maternal levothyroxine treatment might affect newborns TSH levels and consequently their 

263 screening results. In our view, to avoid neurological sequelae even in a single child is a priceless 

264 result, not to mention that  the cumulative economic benefits, which might derive from preventing 

265 intellectual disability, far outweighs the direct and indirect costs of screening, treatment, and 

Page 11 of 22 Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero



12

266 surveillance throughout the life of the affected child [29-30]. Moreover, given the relevant prevalence 

267 of maternal AH and the limited number of cases enrolled in the present study, the number of 

268 hypothyroid newborns escaping to the screening at birth might be remarkable. Therefore, we retain 

269 that it is preferable to repeat a second dried blood spot at 15 days of life rather than to submit all these 

270 newborns to venous withdrawals with the risk of a prolonged and often unnecessary follow-up. All 

271 newborns were in fact negative at the screening repeated at 15-20 days of life, with the exception of 

272 the above mentioned child. The practice of collecting a dried blood spot for TSH determination at 15-

273 20 days of life for all newborns with a mother affected by AH allows avoiding unnecessary and 

274 expensive blood exam, source of anxiety for parents and stress for the babies. 

275 The percentage of newborns with increased serum TSH levels is slightly higher than what previous 

276 reported in an Italian study of 2010 [14], according to which only 6.7% of newborns showed an 

277 increase in TSH at 15 days of life. However, in that study the 2.2% of patients required L-T4 therapy 

278 due persistent hyperthyrotropinemia during follow-up. On the contrary, none of infants included in 

279 our study required therapy, except for the affected child. All children in which TSH levels were above 

280 the reference range showed normalization of TSH at subsequent controls. For this reason, it did not 

281 seem necessary to perform further tests, in particular the thyroid ultrasound analysis which, according 

282 to Rovelli, could instead be recommended in case of persistent hyperthyrotropinemia [14]. As further 

283 confirmation of the usefulness of a second screening performed at 15-20 days of life, we highlighted 

284 a very strong positive correlation between the TSH value found on second dried blood spot and the 

285 corresponding level of serum TSH. Furthermore, a heel prick blood withdrawal is less invasive, 

286 practically painless for the newborns, and cheaper than venous sampling. Screening procedure is 

287 significantly less expensive than blood determination of TSH, FT3 and FT4. This analysis in fact 

288 takes into consideration two different type of costs: for the National Health System and for the patient. 

289 Analyzing the costs of the National Health System, we compared the costs of screening test versus 

290 the costs of a venous sample: in our center the total cost of a second screening amounts to about 4 

291 euro versus the cost of 10 euro for each serum analyte. Therefore, leaving out the dosage of antibodies, 
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292 which are indicated only if TSH was altered, and considering only the levels of TSH and FT4, the 

293 cost of venous sample is five times greater. Moreover, it is worth considering that while the execution 

294 of a second card routinely proceeds through the hospital system, the execution of the serum assay 

295 falls on the parents, and although recommended, some parents might postpone or try to avoid the 

296 execution of the blood test, with the concrete possibility that some newborns arrive at the diagnosis 

297 of CH too late. Finally, serum sample results a major source of anxiety for parents.

298 This proposal should certainly be verified through specific studies with higher numbers of patients, 

299 since at the moment maternal family history for AH is not foreseen among the categories for which 

300 the repetition of screening is indicated such as preterm, low weight, twins [17,18,28].

301 Besides the limited number of mother/newborn couples enrolled, the main limitation of our study is 

302 the lack of a control population. Another limitation is that we have only considered the term children 

303 of mothers with AH with negative screening. This is due to the fact that they are the children who 

304 risk being lost at screening, as premature babies are routinely retested at 15 and 30 days of age 

305 whereas full term babies with positive screening are automatically recalled.

306 In conclusion, AH in pregnancy is not a rare condition and is detected in 3.5% of women. It may 

307 cause a mostly transient neonatal thyroid dysfunction and sometimes late CH onset. Therefore, we 

308 suggest to reassess newborns from mothers with AH 15 days after birth through a second neonatal 

309 screening, which have resulted to be less invasive and cheaper than the serum TSH evaluation and 

310 which allows to avoid a long and useless follow-up, often source of anxiety for parents.

311

312 DECLARATION OF INTEREST

313 The authors declare that there is no conflict of interest that could be perceived as prejudicing the 

314 impartiality of the research reported.

315

316 FUNDING

Page 13 of 22 Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero



14

317 This research did not receive any specific grant from any funding agency in the public, commercial 

318 or not-for-profit sector.

319

320 REFERENCES

321 1 van Trotsenburg ASP. Management of neonates born to mothers with thyroid dysfunction, and 

322 points for attention during pregnancy. Best Pract Res Clin Endocrinol Metab. 2020 DOI: 

323 10.1016/j.beem.2020.101437

324 2 Leung AM. Thyroid function in pregnancy. J Trace Elem Med Biol. 2012 Jun;26(2–3):137–

325 40. 

326 3 De Groot L, Abalovich M, Alexander EK, Amino N, Barbour L, Cobin RH, Eastman 

327 CJ, Lazarus JH, Luton D, Mandel SJ, Mestman J, Rovet J, Scott S. Management of thyroid 

328 dysfunction during pregnancy and postpartum: An endocrine society clinical practice 

329 guideline. J Clin Endocrinol Metab. 2012;97(8):2543–65. 

330 4 Abalovich A, Gutierrez S, Alcaraz G, Maccallini G, Garcia A, LevalleO. Overt and subclinical 

331 hypothyroidism complicating pregnancy. Thyroid. 2002 Jan;12(1):63–8. 

332 5 Krassas GE, Poppe K, Glinoer D. Thyroid function and human reproductive health. Endocr 

333 Rev. 2010 Oct;31(5):702–55. 

334 6 Vaidya B, Anthony S, Bilous M, Shields B, Drury J, Hutchison S, Bilous R. Detection of 

335 thyroid dysfunction in early pregnancy: Universal screening or targeted high-risk case finding? 

336 J Clin Endocrinol Metab. 2007;92(1):203–7. 

337 7 Cleary-Goldman J, Malone FD, Lambert-Messerlian G, Sullivan L, Canick J, Porter TF, Luthy 

338 D, Gross S, Bianchi DW, D'Alton ME. Maternal thyroid hypofunction and pregnancy outcome. 

339 Obstet Gynecol. 2008;112(1):85–92. 

340 8 Seror J, Amand G, Guibourdenche J, Ceccaldi PF, Luton D. Anti-TPO antibodies diffusion 

341 through the placental barrier during pregnancy. PLoS One. 2014 Jan;9(1). DOI: 

342 10.1371/journal.pone.0084647

Page 14 of 22Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero

https://pubmed.ncbi.nlm.nih.gov/?term=Eastman+CJ&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Lazarus+JH&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Luton+D&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Mandel+SJ&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Mestman+J&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Rovet+J&cauthor_id=22869843
https://pubmed.ncbi.nlm.nih.gov/?term=Abalovich+M&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Gutierrez+S&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Alcaraz+G&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Maccallini+G&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+A&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Levalle+O&cauthor_id=11838732
https://pubmed.ncbi.nlm.nih.gov/?term=Bilous+R&cauthor_id=17032713


15

343 9 Dussault JH, Fisher DA. Thyroid function in mothers of hypothyroid newborns. Obstet 

344 Gynecol. 1999 Jan;93(1):15–20. 

345 10 Underland L, Kenigsberg L, Derrick KM, Crespi R, Kaushal T, Lam L. Thyroid Function 

346 Testing in Neonates With Maternal History of Disease. Clin Pediatr (Phila). 2018 

347 Apr;57(4):436–41. 

348 11 Evans C, Gregory JW, Barton J, Bidder C, Gibbs J, Pryce R, Al-Muzaffar I, Ludgate M, 

349 Warner J, John R, Moat SJ. Transient congenital hypothyroidism due to thyroid-stimulating 

350 hormone receptor blocking antibodies: A case series. Ann Clin Biochem. 2011 Jul;48(4):386–

351 90. 

352 12 Mengreli C, Maniati-Christidi M, Kanaka-Gantenbein C, Girginoudis P, Vagenakis A, Dacou-

353 Voutetakis C. Transient congenital hypothyroidism due to maternal autoimmune thyroid 

354 disease. Hormones. 2003 Apr;2(2):113–9. 

355 13   Ogilvy-Stuart AL. Neonatal thyroid disorders. Arch Dis Child Fetal Neonatal Ed. 2002;87(3). 

356 DOI: 10.1136/fn.87.3.f165

357 14 Rovelli R, Vigone MC, Giovanettoni C, Passoni A, Maina L, Corrias A, Corbetta C, Mosca 

358 F, Chiumello G, Weber G. Newborn of mothers affected by autoimmune thyroiditis: the 

359 importance of thyroid function monitoring in the first months of life. Ital J Pediatr. 2010;36:24. 

360 15 McGovern M, Reyani Z, O’Connor P, White M, Miletin J. Thyroid function testing in neonates 

361 born to women with hypothyroidism. Eur J Pediatr. 2016 Dec;175(12):2015–8. 

362 16 Weissenfels PC, Woelfle J, Korsch E, Joergens M, Gohlke B. Inconsistencies in the 

363 management of neonates born to mothers with “thyroid diseases.” Eur J Pediatr. 2018 

364 Nov;177(11):1711–8. 

365 17 Van Trotsenburg P, Stoupa A, Lé J, Rohrer T, Peters C, Fugazzola L, Cassio A, Heinrichs C, 

366 Beauloye V, Pohlenz J, Rodien P, Coutant R, Szinnai G, Murray P, Bartés B, Luton D, Salerno 

367 M, de Sanctis L, Vigone M, Krude H, Persani L, Polak M. Congenital Hypothyroidism: A 

368 2020-2021 Consensus Guidelines Update-An ENDO-European Reference Network Initiative 

Page 15 of 22 Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero

https://pubmed.ncbi.nlm.nih.gov/?term=Al-Muzaffar+I&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=Ludgate+M&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=Warner+J&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=Warner+J&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=John+R&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=Moat+SJ&cauthor_id=21606073
https://pubmed.ncbi.nlm.nih.gov/?term=Corbetta+C&cauthor_id=20219125
https://pubmed.ncbi.nlm.nih.gov/?term=Mosca+F&cauthor_id=20219125
https://pubmed.ncbi.nlm.nih.gov/?term=Chiumello+G&cauthor_id=20219125
https://pubmed.ncbi.nlm.nih.gov/?term=Weber+G&cauthor_id=20219125


16

369 Endorsed by the European Society for Pediatric Endocrinology and the European Society for 

370 Endocrinology European Society for Pediatric Endocrinology. THYROID. 31:2021. 

371 18 Léger J, Olivieri A, Donaldson M, Torresani T, Krude H, Van Vliet G, Polak M, Butler 

372 G, ESPE-PES-SLEP-JSPE-APEG-APPES-ISPAE; Congenital Hypothyroidism Consensus 

373 Conference Group. European society for paediatric endocrinology consensus guidelines on 

374 screening, diagnosis, and management of congenital hypothyroidism. J Clin Endocrinol Metab. 

375 2014 Feb;99(2):363–84. 

376 19 Krassas GE, Poppe K, Glinoer D. Thyroid Function and Human Reproductive Health. 2010 

377 DOI: 10.1210/er.2009-0041

378 20 Benhadi N, Wiersinga WM, Reitsma JB, Vrijkotte TGM, Bonsel GJ. Higher maternal TSH 

379 levels in pregnancy are associated with increased risk for miscarriage, fetal or neonatal death. 

380 Eur J Endocrinol. 2009;160(6):985–91. 

381 21 Stagnaro-Green A, Dong A, Stephenson MD. Universal screening for thyroid disease during 

382 pregnancy should be performed. Best Pract Res Clin Endocrinol Metab. 2019 DOI: 

383 10.1016/j.beem.2019.101320

384 22 Casey BM, Dashe JS, Spong CY, McIntire DD, Leveno KJ, Cunningham GF. Perinatal 

385 significance of isolated maternal hypothyroxinemia identified in the first half of pregnancy. 

386 Obstet Gynecol. 2007 May;109(5):1129–35. 

387 23 Matsuura N, Yamada Y, Nohara Y, Konishi J, Kasagi K, Endo K, Kojima H, Wataya K. 

388 Familial neonatal transient hypothyroidism due to maternal TSH-binding inhibitor 

389 immunoglobulins. N Engl J Med. 1980 Sep;303(13):738–41. 

390 24 Di Dalmazi G, Carlucci MA, Semeraro D, Giuliani C, Napolitano G, Caturegli P, Bucci I. A 

391 detailed analysis of the factors influencing neonatal TSH: results from a 6-year congenital 

392 hypothyroidism screening program. Front Endocrinol (Lausanne). 2020 Jul;11. DOI: 

393 10.3389/FENDO.2020.00456

394 25 Djemli A, Van Vliet G, Belgoudi J, Lambert M, Delvin EE. Reference intervals for free 

Page 16 of 22Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero

https://pubmed.ncbi.nlm.nih.gov/?term=Polak+M&cauthor_id=24446653
https://pubmed.ncbi.nlm.nih.gov/?term=Butler+G&cauthor_id=24446653
https://pubmed.ncbi.nlm.nih.gov/?term=ESPE-PES-SLEP-JSPE-APEG-APPES-ISPAE%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Congenital+Hypothyroidism+Consensus+Conference+Group%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Congenital+Hypothyroidism+Consensus+Conference+Group%5BCorporate+Author%5D


17

395 thyroxine, total triiodothyronine, thyrotropin and thyroglobulin for Quebec newborns, children 

396 and teenagers. Clin Biochem. 2004 Apr;37(4):328–30. 

397 26 Habeb AM, Zubier M, Pairaudeau P, Mathew V. Do we need to assess the thyroid function in 

398 the infants of mothers with Hashimoto’s thyroiditis? Arch Dis Child Fetal Neonatal Ed. 2003 

399 May;88(3). DOI: 10.1136/fn.88.3.f258

400 27 Haim A, Wainstock T, Almashanu S, Loewenthal N, Sheiner E, Hershkovitz E, Landau D. 

401 Thyroid function tests in newborns of mothers with hypothyroidism. Eur J Pediatr. 2021 

402 Feb;180(2):519–25. 

403 28 Cassio A, Corbetta C, Antonozzi I, Calaciura F, Caruso U, Cesaretti G, Gastaldi R, Medda E, 

404 Mosca F, Pasquini E, Salerno MC, Stoppioni V, Tonacchera M, Weber G, Olivieri A; Italian 

405 Society for Pediatric Endocrinology and Diabetology; Italian Society for the Study of 

406 Metabolic Diseases and Neonatal Screening; Italian National Institute of Health; Italian 

407 National Coordinating Group for Congenital Hypothyroidism; Italian Thyroid Association; 

408 Italian Society of Pediatrics; Italian Society of Neonatology; Italian Society of Endocrinology; 

409 Associazione Medici Endocrinologi. The Italian screening programfor primary congenital 

410 hypothyroidism: Actions to improve screening, diagnosis, follow-up, and surveillance. J 

411 Endocrinol Invest. 2013 Mar;36(3):195–203. 

412 29 Vidavalur R. Human and economic cost of disease burden due to congenital hypothyroidism 

413 in India: too little, but not too late. Front Pediatr. 2022 May 3;10:788589.

414 30 Van Vliet G, Grosse SD. Newborn screening for congenital hypothyroidism and congenital 

415 adrenal hyperplasia: Benefits and costs of a successful public health program Med Sci 

416 (Paris). 2021 May;37(5):528-534.

417

418

419 FIGURE LEGEND

420 Figure 1

Page 17 of 22 Accepted Manuscript published as ETJ-22-0060.R2. Accepted for publication: 17-Jul-2022

Copyright © 2022 the authors Downloaded from Bioscientifica.com at 08/01/2022 07:25:38AM
via Azienda Ospedaliera di Verona, Biblioteca Meneghetti Università degli studi di Verona and Azienda Ospedliera Universitaria Integrata Di Vero

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Vidavalur+R&cauthor_id=35592841
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Van+Vliet+G&cauthor_id=34003099
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Grosse+SD&cauthor_id=34003099


18

421 Serum levels of TSH (A), FT4 (B), dried blood spot TSH at birth (C) and dried blood spot TSH at 

422 15-20 days of life (D) in patients divided in relation to maternal levothyroxine treatment during 

423 pregnancy.

424 The median values are represented as a horizontal line. The edges representing respectively the 25th 

425 and the 75th centile of the cohort.  Vertical lines represent the range.

426 LT4 = levothyroxine.

427 DBS = dried blood spot. 

428

429 Figure 2

430 Correlation between serum TSH values and dried blood spot TSH at 15-20 days of life (R2= 0.475, 

431 p<0.01).

432 DBS = dried blood spot. 

433

434

435 Figure 3

436 Serum levels of TSH (A), FT4 (B), dried blood spot TSH at birth (C) and dried blood spot TSH at 

437 15-20 days of life (D) in patients divided according to antibody status.

438 The median values are represented as a line. The edges representing respectively the 25th and the 75th 

439 centile of the cohort.  Vertical lines represent the range.

440 DBS = dried blood spot. 
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Table I   Auxological data at birth of the enrolled newborns.
Male 

(n= 140)
Female 
(n= 151)

Tot
(n= 291)

Gestational age
(weeks) 39.4 ± 1.2 39.2 ± 1.1 39.3 ± 1.2

Weight 
(g) 3487.9 ± 427.4 3330.0 ± 361.6 3406.2 ± 401.9

Length
(cm) 48.7 ± 6.0 49.0 ± 5.0 48.8 ± 5.5

Head 
circumference 

(cm)
37.5 ± 6.6 36.1 ± 5.8 36.8 ± 6.3
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Figure 1

A B

C D

Mother without LT4 treatment

Mother in LT4 treatment
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Figure 2
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Figure 3

A B

C D

No Antibodies

Presence of Antibodies
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