

[image: Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos Gestational and Thyroid Protocol]
Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos Gestational and Thyroid Protocol





ORIGINAL RESEARCH

published: 19 October 2021

doi: 10.3389/fendo.2021.743057

[image: image2]


Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos Gestational and Thyroid Protocol


Isabelle Runkle 1,2†, María Paz de Miguel 1,2†, Ana Barabash 1,2,3, Martin Cuesta 1,3, Ángel Diaz 1,2, Alejandra Duran 1,2, Cristina Familiar 1, Nuria García de la Torre 1,3, Miguel Ángel Herraiz 2,4, Nuria Izquierdo 2,4, Ángel Diaz 1, Clara Marcuello 1, Pilar Matia 1,2, Verónica Melero 1, Carmen Montañez 1, Inmaculada Moraga 1, Natalia Perez-Ferre 1, Noelia Perez 4, Carla Assaf-Balut 1,2, Miguel Ángel Rubio 1,2, Jorge Gabriel Ruiz-Sanchez 1, Concepción Sanabria 1, María José Torrejon 5, Johanna Valerio 1, Laura del Valle 1 and Alfonso Calle-Pascual 1,2,3*


1 Endocrinology and Nutrition Department, Hospital Clínico Universitario San Carlos and Instituto de Investigación Sanitaria del Hospital Clínico San Carlos (IdISSC), Madrid, Spain, 2 Medicina II Department, Facultad de Medicina, Universidad Complutense de Madrid, Madrid, Spain, 3 Centro de Investigación Biomédica en Red de Diabetes y Enfermedades Metabólicas Asociadas (CIBERDEM), Madrid, Spain, 4 Gynecology and Obstetrics Department, Hospital Clínico Universitario San Carlos and Instituto de Investigación Sanitaria del Hospital Clínico San Carlos (IdISSC), Madrid, Spain, 5 Clinical Laboratory Department Hospital Clínico Universitario San Carlos and Instituto de Investigación Sanitaria del Hospital Clínico San Carlos (IdISSC), Madrid, Spain




Edited by: 

Johannes Wolfgang Dietrich, Ruhr University Bochum, Germany

Reviewed by: 

Elisavet Fotiadou, Medicover Berlin-Charlottenburg MVZ, Germany

Rosita Fontes, Instituto Estadual de Diabetes e Endocrinologia Luiz Capriglione, Brazil

*Correspondence: 

Alfonso Calle-Pascual
 acalle.edu@gmail.com


†These authors have contributed equally to this work and share first authorship


Specialty section: 
 This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology








Received: 17 July 2021

Accepted: 22 September 2021

Published: 19 October 2021

Citation:
Runkle I, de Miguel MP, Barabash A, Cuesta M, Diaz &, Duran A, Familiar C, de la Torre NG, Herraiz M&, Izquierdo N, Diaz &, Marcuello C, Matia P, Melero V, Montañez C, Moraga I, Perez-Ferre N, Perez N, Assaf-Balut C, Rubio M&, Ruiz-Sanchez JG, Sanabria C, Torrejon MJ, Valerio J, del Valle L and Calle-Pascual A (2021) Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos Gestational and Thyroid Protocol. Front. Endocrinol. 12:743057. doi: 10.3389/fendo.2021.743057



The optimal maternal levels of thyroid hormones (TH) during the first trimester of gestation have not been established, nor has the ideal moment to initiate levothyroxine treatment (LT) to improve the evolution of gestation and fetal development. Cut-off points for Thyroid-stimulating hormone (TSH) <2.5 µIU/mL and free thyroxine (FT4)>7.5 pg/mL have been recommended. There are no data on whether initiation of LT <9th Gestational Week (GW) can have a favourable impact.


Objective

To define the TSH/FT4 percentiles corresponding with 2.5 µIU/mL and 7.5 pg/mL levels, respectively, at GW8 (Study 1), and evaluate the effects of protocol-based LT before GW9 on gestation evolution, in women with TSH ≥2.5 µIU/mL and/or FT4≤ 7.5 pg/mL (study 2).



Subjects

2768 consecutive pregnant women attending the first gestational visit from 2013-2014 and 3026 from 2015-2016 were eligible for Study I and 2 respectively. A final 2043 (study 1) and 2069 (study 2) women were assessed in these studies.



Results

Study 1: The FT4 level of 7.5 pg/mL corresponds with the 17.9th percentile, a TSH level of 2.5 µIU/mL with the 75.8th. Women with TSH ≥2.5 µIU/mL had a history of fetal losses more frequently than those <2.5 (OR 2.33 (95%CI): 1.58-3.12), as did those with FT4 ≤7.5 pg/ml compared to those >7.5 (OR 4.81; 3.25-8.89). Study 2: A total of 1259 women had optimal TSH/FT4 levels (Group 1), 672 (32.4%, Group 2) had suboptimal TSH or T4l, and 138 (6.7%, Group 3) had suboptimal values of both. 393 (58.5%) in Group 2 and 88 (63.8%) in Group 3 started LT before GW9. Mean (SD) GW24 levels were TSH: 1.96 ± 1.22 µIU/mL and FT4: 7.07 ± 1.25 pg/mL. The highest FT4 value was 12.84 pg/mL. The adjusted risk for an adverse event if LT was started early was 0.71 (0.43-0.91) for Group 2 and 0.80 (0.66-0.94) for Group 3.



Conclusions

Early LT in women with suboptimum levels of TSH/FT4 (≥2.5µIU/mL/≤7.5 pg/ml) at or before GW9 is safe and improves gestation progression. These data support the recommendation to adopt these cut-off points for LT initiation, which should be started as early as possible.
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Introduction

The role of thyroid hormones in the development of the central nervous system of the embryo/fetus has long been established (1–3). The maternal thyroid is the exclusive source of thyroid hormone early in pregnancy, since the fetus does not start producing thyroid hormone until weeks 16-20 of gestation (4). Of particular importance is maternal FT4, crossing the embryo/fetus hematoencephalic barrier more readily than FT3. In fact, FT4 is the main source of FT3 in the embryo/fetal central nervous system, following FT4 deiodination (4). To assure adequate FT4 delivery to the embryo/fetus, maternal FT4 secretion increases during pregnancy, with a maximum circulating level reached between weeks 7-11 of gestation (4), in spite of a marked increase in thyroxine-binding globulin (TBG).

When the maternal thyroid is compromised, embryo/fetal development can be affected. Descendants of mothers with hypothyroxinemia during the first trimester of gestation, isolated or associated with inadequate Thyroid-stimulating hormone (TSH) levels, have been found to present a reduced Intelligence quotient (IQ) and delayed neurocognitive development (5–8), together with other alterations (9–11). Hypothyroxinemia and subclinical hypothyroidism are also associated with adverse events during pregnancy, such as early fetal loss, prematurity, fetal developmental alterations (12–14), gestational diabetes mellitus (GDM), preeclampsia and hypertension (13, 15). However, the effect of levothyroxine therapy (LT) on pregnancy outcomes is controversial. Furthermore, levothyroxine therapy could induce overtreatment and overdose, also harmful (6).

The timing of levothyroxine treatment could be crucial for improvement of pregnancy outcomes. Fluctuations in thyroid hormone levels (TH) can be seen during the first weeks of gestation (16, 17). Animal models suggest that normalization of thyroid hormone levels (TH) with levothyroxine after the equivalent of the human 10th-13th gestational week does not correct neurological alterations induced by hypothyroxinemia (18–20). Yet in humans it takes several weeks of oral LT before a steady state of FT4 can be reached. The extrapolation to humans of findings in animal models would suggest that there is a “window of opportunity” for initiation of LT to induce maximum benefits on fetal development, with LT starting ideally weeks before the end of the first trimester of gestation. In fact, recommendations for pregnant women with gestational thyroid dysfunction have included the start of levothyroxine therapy as early as possible, and before the 9th-10th gestational week (GW) (20–23). Yet the GW in which FT4/TSH values should be obtained, permitting initiation of LT, is a point of controversy (8, 22–29).

In 2013, when this study was initiated, levels of TSH <2.5 µIU/mL and FT4 >7.5 pg/mL were considered appropriate during the first trimester of pregnancy (6), and cut-off points for initiation of LT. However, the use of a specific reference range from the local disease-free population is currently recommended (30).

To obtain a local TH reference range, TSH and FT4 values from all pregnant women who attended prenatal screening consultation in our hospital from 2013-2014 were analyzed. Furthermore, a treatment protocol for subclinical hypothyroidism (SCH) and isolated hypothyroxinemia was applied starting in 2015, based on the 2014 ATA (21) and ETA (22) recommendations, with initiation of LT as soon as elevated TSH and/or FT4 levels were detected. We present the distribution of TSH/FT4 levels found in our population, and the effect of levothyroxine therapy on adverse maternal-fetal events. A comparison of the results on pregnancy progression as a function of the timing of LT initiation was also undertaken.



Materials and Methods


Experimental Design

The Hospital Clínico San Carlos covers public-system healthcare for 455,000 inhabitants in the central area of Madrid, Spain. Prenatal screening testing is universal, and centrally performed, at approximately GW10-12.


Study 1: The Reference Range

From 2013-2014, 2768 pregnant women with a single, spontaneous pregnancy, and no history of prior disease attending prenatal screening consultation before GW12 were included in the study. Patients with pregestational fertility treatment or known diseases were excluded. Clinical characteristics of the study population are shown in Table S1. To establish the reference range, women whose TH had been obtained at GW 8 ± 1 were selected, based on the gestational age obtained at the first ultrasound study. Four hundred forty-one women with TSH/FT4 levels determined after GW9 were excluded. A further 248 women were excluded: women diagnosed with pregestational thyroid disease or on prior levothyroxine treatment, as well as those with overt thyroid dysfunction at GW 8 ± 1 as defined by our laboratory’s reference range for non-pregnant adults (women with TSH >5.3 µIU/mL or FT4 <5.8 pg/mL or both for hypothyroidism, and those with a TSH <0.3 µIU/mL combined with a FT4 >16.4 pg/mL for hyperthyroidism). Following exclusions, a sample of 2043 women was obtained and evaluated. Information on obstetric history, pregestational diseases and drug treatments, and iodized salt use was collected.



Study 2: Application of the Protocol of Thyroid Dysfunction Management During Pregnancy

During 2014, an intervention protocol for LT in the presence of first trimester thyroid hormone alterations was applied.

In summary, and based on ATA and ETA 2014 GUIDELINES (21, 22), TSH levels ≥2.5 µIU/mL were considered indicative of subclinical hypothyroidism and FT4 ≤7.5 pg/ml of hypothyroxinemia, and susceptible to treatment. Levothyroxine doses were as follows: when TSH was 2.5-3.4 µIU/mL, the initial dose was 50 mcg/day, and was 100 mcg/day when TSH was 3.5-5 µIU/mL. With TSH levels >5 µIU/mL, LT was initiated with a loading dose of 2-2.4 g/kg/day, approximately 150 g/day, during the first week. If FT4 levels were ≤7.5 pg/mL, the initial LT dose was 50 mcg/day when TSH levels were 0.2-2.5 µIU/mL, or 100 mcg/day with TSH ≥2.5 µIU/mL. If FT4 was < 6 ng/dl, the initial dose was 100 mcg/day regardless of TSH levels. Any value of FT4 > 14 pg/ml at GW24-28 was classified as overdose. The diagnostic and treatment protocol can be seen in “supplementary Appendix 1” in English and in the original version. Optimal timing for initiation of therapy was considered to be as early as possible, at the time of confirmation of gestation and before GW9.




Women Studied

Between 2015 and 2016, a total of 3026 consecutive women who attended the prenatal screening visit before GW12, with a singleton pregnancy and without prior fertility treatment or known diseases, were initially eligible for the study. Characteristics can be seen in Supplementary Table S1. Women diagnosed with pregestational thyroid disease or on prior levothyroxine treatment as well as those with overt thyroid dysfunction at GW 8 ± 1 as defined by our laboratory’s reference range for non-pregnant adults as specified above for Study 1 (n=135), and those whose TH determination was obtained later than GW8 ± 1 (n=822) and therefore not likely to receive early replacement treatment were excluded. A final 2069 women were included for analysis.

During the first prenatal visit, relevant demographic and clinical data were obtained including age, ethnicity, parity, educational level, salaried work, declared pregestational body weight, smoking habit, family and personal history of metabolic disease, history of fetal losses, and consumption of iodized salt. At that visit, an ultrasound study was conducted to confirm gestation, and the age obtained was considered the gestational age.



Clinical Information and Follow-up During Pregnancy

Fetal losses prior to GW12 and between GW12-18 were analysed. Voluntary pregnancy interruptions were not included. Birth before GW32 was considered immaturity, and before the 37th considered preterm birth. GDM was diagnosed following an oral 75 g glucose overload performed between GW24-28, in accordance with the diagnostic criteria of IADPSG, adopted by WHO. Pre-eclampsia was considered when blood pressure was ≥140/90 mm Hg after GW20 and albuminuria >300 mg/day. Delivery was classified as non-instrumental vaginal, instrumental or Caesarean-section. Newborns were categorized as small or large for Gestational age (<p10 or >p90, respectively) according to local growth tables. They were included in the variable of births with inadequate weight for gestational age, whether large or small for gestational age. A variable composed of suffering at least one adverse event during pregnancy was calculated. It included pre-eclampsia, GDM, fetal loss, immature and/or premature newborn, Cesarean section, and newborn of inadequate weight for Gestational age.



Thyroid Tests

TSH was measured by a 3rd generation sandwich-chemiluminescence immunoassay with magnetic particles using human TSH mouse monoclonal antibodies in a DXI-800® (Beckman –Coulter). The manufacturer’s stated normal range for non-pregnant adults is 0.38-5.33 µIU/mL. Sensitivity 0.01 µIU/mL, intraassay coefficient of variation (CV) <10% and range 0.01-50.0 µIU/mL Intra-assay CVs are 4.9% for a concentration of 0.69 µIU/mL, 5.8% for 5.47 µIU/mL and 6.2% for 29 µIU/mL, respectively.

FT4 was measured by a competitive-chemiluminescence immunoassay in 2 steps with paramagnetic particles, in a DXI-800® (Beckman –Coulter). The manufacturer’s stated normal range for non-pregnant adults is 5.8–16.4 pg/mL. Sensitivity 2.5 pg/mL, range: 2.5 – 60 pg/mL. Intra-assay CVs are 7.8% for a concentration of 8.5 pg/mL, 5.7% for 22.9 pg/mL and 4.3% for 43 pg/mL, respectively.

Anti-TPO antibodies were determined in women with abnormal TSH and/or FT4 levels, using a sandwich-type microplate ELISA test to measure IgG antibodies against thyroid peroxidase, Anti-TPO- ORGENTEC Diagnostika GmbH. Sensitivity 5 IU/ml, range: 5-3000 IU/ml L. Intra-assay CV are 3.1% for a concentration of 324 IU/ml, 3.5% for 761 IU/ml and 9.7% for 2173 IU/ml, respectively.

Evaluation of all analytical methods is performed through the SEQC Quality Assurance Program, external monthly periodicity control.



Ethics Statement

The study was performed in compliance with the Declaration of Helsinki, approved by the Ethics Committee of Hospital Clínico San Carlos (13/296-E and 14/298-E_BS) and the use of thyroid function data (18/484-E_BS). All women signed a letter of informed consent.



Statistical Study

Continuous variables are shown as mean and SD and/or median and interquartile range, and categorical variables as number and percentage. The Saphiro–Wilk test was used to verify the normal distribution of the data. Means were compared by Student´s T test, and medians by the Mann-Whitney U test, with categorical variables compared by the chi-squared test. The population distribution of TH obtained at GW8 ± 1 is expressed in percentiles and frequency distribution.

Logistic regression analysis was performed to assess the adverse effects of having a TSH and/or FT4 outside the levels considered optimal as compared to having both in the range considered normal. The magnitude of association was evaluated using the odds ratio (OR) and 95% confidence interval (95%CI). For early treatment assessment, the OR of adverse events was calculated comparing LT initiation both before or after the 9th gestational week with women whose values of both hormones were normal (reference group). Reduction in OR was also assessed comparing start of LT before the GW9 to LT initiated later (reference group) in pregnancy. Multivariate analysis was adjusted for age, parity and smoking status.

All p values are 2-tailed at <0.05. Analyses were performed using SPSS, version 21 (SPSS, Chicago, Illinois).




Results

Study 1. Table 1 shows the TSH and FT4 distribution percentiles of the 2043 women studied, with distribution frequencies in Figure S1.


Table 1 | Thyroid hormone levels by percentiles in the population studied in gestation week 8 ± 1.



Two hundred forty-six out of 573 (42.9%) women with TSH levels ≥2.5 µIU/mL had a history of prior fetal losses as compared with 299 of 1496 (20%) women with TSH <2.5 µIU/mL. Adjusted OR for fetal losses was 2.33 (1.58-3.12). Two hundred eighty-six of 404 (70.8%) women with FT4 levels ≤7.5 pg/mL had a prior history of fetal losses, with the latter observed in only 395/1665 (23.7%) with FT4 levels >7.5 pg/mL The adjusted for age, parity, and smoking habit OR for fetal losses was 4.81 (3.25-8.89) with FT4 ≤7.5 pg/mL (Table 2).


Table 2 | Odds ratio (95% confidence interval) for a history of prior fetal losses adjusted for age, parity, and smoking habit in women from Study 1.



Study 2. Of the 2069 women assessed in the study, 1259 (Group 1) had TSH levels <2.5 µIU/mL and FT4 > 7.5 pg/mL, while 672 (32.4%; Group 2) had one inadequate value, and 138 (6.7%; Group 3) presented both values outside of optimal levels. Their characteristics are shown in (Table 3).


Table 3 | Characteristics of the women studied in Study 2.



Three hundred ninety-three of the 672 women (58.5%) of Group 2, and 88 women (63.8%) of the 138 of Group 3 began LT before the GW9, while 183 (27.2%) from group 2 and 31(22.5%) from group 3 began LT between GW10-24. Ninety-six (13.8%) women from Group 2 and 19 (13.8%) from group 3 respectively, either did not receive LT or started it later. The occurrence of events during gestation, as a function of LT initiation prior to or later than GW9, can be seen in Table 4.


Table 4 | Evolution of gestation by groups, and in relation to the beginning of the levothyroxine treatment (LT) before GW9 or later/did not receive it.



The reduction in the risk for having at least one adverse event when starting LT before GW9 as compared to a later start can be seen in Figure 1.




Figure 1 | Odds ratio (95% confidence interval) adjusted for age, parity, and smoking habit to receive levothyroxine treatment before week 9th of gestation compared to receiving it later or not to receive it as the reference group, by groups. Composite Adverse Outcomes: pre-eclampsia, GDM, fetal loss, immature and/or premature newborn, C-section, and newborn of inadequate weight for Gestational age.



The adjusted OR for age, parity, and smoking habit in women for suffering at least one event in the composite variable was 0.71 (0.43-0.91) for women in Group 2 and 0.80 (0.66-0.94) for women in group 3 respectively when receiving LT prior to GW9. Evolution of gestation by groups (group 2 and 3) comparing women starting levothyroxine treatment (LT) between 10-24 GW with those not receiving LT or starting after GW 24 (no LT), with Group 1 as reference, is displayed in Table S2.

Data for women with TSH ≥2.5 vs. <2.5 µIU/mL can be seen in Table S3 and for women with FT4 ≤7.5 vs. >7.5 pg/mL in Table S4. LT prior to GW9 reduced rates of fetal loss and immature births in women with TSH ≥2.5 µIU/mL, while reducing the rate of preeclampsia and inadequate weight for gestational age newborns in women with FT4 ≤ 7.5 pg/mL. In both groups, early LT significantly reduced the composite variable.

At GW24, average TH levels of treated women were 1.96 ± 1.22 µIU/mL for TSH and 7.07 ± 1.25 pg/mL for FT4. Only 9 women had TSH values <0.10 µIU/mL. None had FT4 levels >14 pg/mL, with the highest value at 12.84 pg/mL.



Discussion

Optimum neurocognitive development of offspring as well as maternal/fetal wellbeing during pregnancy are important goals when considering initiation of levothyroxine therapy in pregnancy. The current study has found that women with a TSH level ≥2.5 µIU/mL or FT4 ≤ 7.5 pg/mL have a 2 and 4-fold higher risk, respectively, for prior fetal losses as compared with other women. Furthermore, levothyroxine therapy introduced early on in pregnancy, with an intervention cut-off point of 2.5 µIU/mL for TSH and 7.5 pg/mL for FT4, reduced adverse gestational events. In fact, initiation of LT before GW9 reduced rates of fetal loss prior to week 12 by over 40%, with a 14-40% reduction in fetal loss before week 18. Early LT also reduced the risk for premature delivery before GW32 by 14-29%. The rates of preeclampsia and newborns with inadequate weight for their gestational age were also decreased. Early treatment induced a 29% reduction in adverse events during pregnancy in women with one suboptimal value of TH, and 20% in those with suboptimal levels of both TSH and FT4. Benefits in rates of fetal loss and immature births on the one hand, and of preeclampsia and inadequate weight for gestational age on the other were also seen when analyzing women with high TSH levels and low FT4 levels separately, respectively. Yet no cases of overtreatment/overdose were observed. Thus, LT is safe, and can improve maternal/fetal health, with the aforementioned cut-off points for TSH and/or FT4 used as indications for therapy, when initiated before the 9th gestational week.

A previous study by Negro et al. (31) found that women with thyroid dysfunction but no risk factors for thyroid disease who received LT had a statistically significant decrease in overall adverse outcomes. These results are in strong support of the present study.

To start LT before the week 9, TH must be measured early in gestation. A specific timing of TH measurement is preferable for uniform assessment of maternal thyroid function. We selected TH measured in week 8, corresponding with the lowest gestational TSH levels (16).

Although LT initiation before GW9 reduced adverse gestational events, there was no benefit to LT commenced later in gestation. An early start could help mimic the physiological FT4 rise observed between the GW7-11 in iodine-sufficient women (4). In fact, the physiology of embryo/fetal development and brain development chronology (2, 15) indicate that maximum benefits of levothyroxine therapy would be seen when started prior to GW9.

The timing of LT initiation could explain discrepancies between our results and those of prior studies (24, 26, 32–34). Although 2 metaanalyses found that LT had favorable effects on gestational endpoints in women with gestational thyroid hypofunction, a third did not (35–37). However, LT was started later than in the current study in the majority of cases, even up to GW20. To our knowledge, no prior study specifically analyzes pregnancy endpoints in women starting therapy before GW9.

Benefits for maternal/fetal health were found when using the 2014-recommended cut-off points of TSH ≥2.5 µIU/mL and/or FT4 ≤ 7.5 pg/mL as indications for LT, as long as the latter was initiated early. Other studies have also found an association between 1st trimester TSH levels > 2.5 and increased fetal losses (9–11). ATA 2017 guidelines recommend the use of a local reference range to determine normal TH (30). Yet the distribution of TSH/FT4 levels found in our healthy population indicates that the 97.5th percentile of TSH is at 4.29 µIU/mL and the 2.5th percentile of FT4 is at 6.31pg/mL in GW8. Additionally, the guidelines recommend that isolated hypothyroxinemia not be routinely treated. Furthermore, ATA 2017 Guidelines only strongly recommend LT in women presenting 1st trimester TSH levels > 10.0 when anti-TPO antibodies are negative (30). Nor is isolated hypothyroxinemia considered to be an indication for LT. Our results suggest that the application of these recommendations to determine cut-off points for therapy could exclude many women whose pregnancies could benefit from LT when started before GW9.

Maternal thyroid dysfunction as defined by a TSH ≥ 2.5 µIU/mL or a FT4 ≤ 7.5 pg/mL was frequent, highlighting the importance of universal screening for thyroid dysfunction in pregnancy. Fully 32.5% of women exhibited an alteration in either TSH or FT4, with 6.7% exhibiting both. Data obtained in this study show that approximately 30% of pregnant women in Spain would be starting on LT if our results were extrapolated to the rest of Spain. One possible explanation or contributing factor for this high rate could be iodine deficiency. In a population study (38) that we carried out in Spain, urinary iodine in women of childbearing age between 18-49 years ranged from 127-139 µg/L according to decades of age, indicating that Spain is not an iodine-deficient country. However, iodine consumption is not uniform throughout Spain, and there are areas with iodine deficit where iodized salt is only used by less than 50% of the population, figures similar to those found in the current study. In a preliminary analysis (data no shown), we have found that the women included in this study had an average pregestational iodine consumption of 120 µg/day, clearly insufficient during pregnancy. Gestational iodine consumption would only increase once pregnancy is known and supplementary iodine initiated. This pregestational, and early-gestational low iodine intake could be inducing or contributing to the high rate of SCH and/or hypothyroxinemia observed, and the need to start LT as early as possible.

Yet, although the protocol called for initiation of levothyroxine therapy as soon as TH alterations were detected, only 80% of women started treatment before GW24. Furthermore, only 58% and 63% of women with suboptimal TSH and FT4 respectively initiated therapy prior to GW9, presumably due to a delay in the date of the 1st prenatal visit. Iodized salt consumption was low. Our results highlight the need for universal TH screening in women early in pregnancy, with the participation of primary care professionals, together with public health programs designed to improve iodine status.

This study has several limitations. Iodine deficiency was not analyzed, as women were evaluated at gestation week 9-12, when most were taking iodine supplements. Per-protocol assessments can have uncontrolled confusion factors. Women receiving early replacement therapy are seen earlier on in pregnancy, suggesting a better pregnancy follow-up. However, our results reflect real-life clinical practice. Furthermore, results have been adjusted by age, parity and smoking habit, the most influential factors in gestation evolution. The screening and treatment protocol does not include universal measurement of antithyroid antibodies, impeding assessment of a direct effect of thyroid autoimmunity on results. Although the effects of LT on women with TSH ≥ 2.5 µIU/mL, as well as in women with FT4 level ≤ 7.5 pg/mL were independently analyzed, overlap between the two groups occurred.

A main strength of the study is the description of population-specific ranges of thyroid hormones obtained in 8th week of gestation. Another main strength is having carried out an intervention study with levothyroxine in early stages of gestation, prior to the 9th week, which we were able to do since 8th-week- thyroid hormone levels were available. Conclusions: Levothyroxine therapy, initiated before GW9, reduces adverse events in pregnancy in women with TSH ≥2.5 µIU/mL and/or FT4 ≤ 7.5 pg/ml. We believe these TH cut-off points should be maintained as indications for LT, TH determined at week 8, and LT initiated before GW9 to optimize maternal/fetal health. Given the high frequency of thyroid hypofunction detected, to assure early detection and therapy of thyroid alterations, we feel that universal screening should take place at approximately week 8 of pregnancy, with participation of primary care professionals. Further studies on the consequences of early therapy should be performed to confirm our findings.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Hospital Clínico San Carlos (13/296-E and 14/298-E_BS) and the use of thyroid function data (18/484-E_BS). All women signed a letter of informed consent.



Author Contributions

Study concept and design, acquisition of data, analysis and interpretation of data, drafting of the manuscript, critical revision of the manuscript for important intellectual content, material support and study supervision: All authors. IR and MPdeM contributed equally to this work. All authors have seen and agree with the content of the last version of manuscript.



Funding

This research was funded by grants from Fundación para Estudios Endocrinometabolicos, IdISSC Hospital Clínico San Carlos, Universidad Complutense of Madrid, Medicine Department; the Instituto de Salud Carlos III/MICINN of Spain under grant number PI17/01442, and European Regional Development Fund (FEDER) ‘‘A way to build Europe’’ and Sociedad de Endocrinología, Nutrición y Diabetes de la Comunidad de Madrid (SENDIMAD) under grant number IPI/2018/NR5. The design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, and approval of the manuscript; and decision to submit the manuscript for publication are the responsibilities of the authors alone and independent of the funders.



Acknowledgments

We wish to acknowledge our deep appreciation to the administrative personnel, nurses, and dieticians from the Laboratory Department (Marisol Sanchez Orta, María Dolores Hermoso Martín, María Victoria Saez de Parayuelo) and the Pregnancy and Diabetes Unit and to all members of the Endocrinology and Nutrition and Obstetrics and Gynecology departments of the San Carlos Clinical Hospital, and to primary care family doctors in the central area of Madrid



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2021.743057/full#supplementary-material

Supplementary Figure 1 | Distribution of TSH µIU/mL (A) and FT4 pg/mL (B) levels by frequency, in the studied population at the 8th gestational week (GW).



References

1. Monrreale de Escobar, G, Obregón, MJ, and Escobar del Rey, F. Is Neuropsychological Development Related to Maternal Hypothyroidism or to Maternal Hypothyroxinemia? J Clin Endocrinol Metab (2000) 85:3975–87. doi: 10.1210/jcem.85.11.6961

2. Monrreale de Escobar, G, and Escobar del Rey, F. Consequences of Iodine Deficiency for Brain Development. In:  J de Vijlder, and G Monreale de Escobar, editors. The Thyroid and the Brain. Stuttgart (2003). 33–6.

3. Bernal, J. Thyroid Hormones and Brain Development. Vitam Horm (2005) 71:95–122. doi: 10.1016/S0083-6729(05)71004-9

4. Morreale de Escobar, G, Obregon, MJ, and Escobar del Rey, F. Role of Thyroid Hormone During Early Brain Development. Eur J Endocrinol (2004) 151 Suppl 3:U25–37. doi: 10.1530/eje.0.151u025

5. Berbel, P, Mestre, JL, Santamaría, A, Palazón, I, Franco, A, Graells, M, et al. Delayed Neurobehavioral Development in Children Born to Pregnant Women With Mild Hypothyroxinemia During the First Month of Gestation: The Importance of Early Iodine Supplementation. Thyroid (2009) 19:511–9. doi: 10.1089/thy.2008.0341

6. Korevaar, TI, Muetzel, R, Medici, M, Chaker, L, Jaddoe, VW, de Rijke, YB, et al. Association of Maternal Thyroid Function During Early Pregnancy With Offspring IQ and Brain Morphology in Childhood: A Population-Based Prospective Cohort Study. Lancet Diabetes Endocrinol (2016) 4:35–43. doi: 10.1016/S2213-8587(15)00327-7

7. Korevaar, TIM, Tiemeier, H, and Peeters, RP. Clinical Associations of Maternal Thyroid Function With Foetal Brain Development: Epidemiological Interpretation and Overview of Available Evidence. Clin Endocrinol (Oxf) (2018) 89:129–38. doi: 10.1111/cen.1372

8. Thompson, W, Russell, G, Baragwanath, G, Matthews, J, Vaidya, B, and Thompson Coon, J. Maternal Thyroid Hormone Insufficiency During Pregnancy and Risk of Neurodevelopmental Disorders in Offspring: A Systematic Review and Metaanalysis. Clin Endocrinol (Oxf) (2018) 88:575–84. doi: 10.1111/cen.13550

9. Román, GC, Ghassabian, A, Bongers-Schokking, JJ, Jaddoe, VW, Hofman, A, de Rijke, YB, et al. Association of Gestational Maternal Hypothyroxinemia and Increased Autism Risk. Ann Neurol (2013) 74:733–42. doi: 10.1002/ana.23976

10. Vermiglio, F, Lo Presti, VP, Moleti, M, Sidoti, M, Tortorella, G, Scaffidi, G, et al. Attention Deficit and Hyperactivity Disorders in the Offspring of Mothers Exposed to Mild-Moderate Iodine Deficiency: A Possible Novel Iodine Deficiency Disorder in Developed Countries. J Clin Endocrinol Metab (2004) 89:6054–60. doi: 10.1210/jc.2004-0571

11. Päkkilä, F, Männistö, T, Pouta, A, Hartikainen, AL, Ruokonen, A, Surcel, HM, et al. The Impact of Gestational Thyroid Hormone Concentrations on ADHD Symptoms of the Child. J Clin Endocrinol Metab (2014) 99:E1–8. doi: 10.1210/jc.2013-2943

12. Turunen, S, Vääräsmäki, M, Männistö, T, Hartikainen, AL, Lahesmaa-Korpinen, AM, Gissler, M, et al. Pregnancy and Perinatal Outcome Among Hypothyroid Mothers: A Population-Based Cohort Study. Thyroid (2019) 29:135–41. doi: 10.1089/thy.2018.0311

13. Männistö, T, Mendola, P, Grewal, J, Xie, Y, Chen, Z, and Laughon, SK. Thyroid Diseases and Adverse Pregnancy Outcomes in a Contemporary US Cohort. J Clin Endocrinol Metab (2013) 98:2725–33. doi: 10.1210/jc.2012-4233

14. Liu, H, Shan, Z, Li, C, Mao, J, Xie, X, Wang, W, et al. Maternal Subclinical Hypothyroidism, Thyroid Autoimmunity, and the Risk of Miscarriage: A Prospective Cohort Study. Thyroid (2014) 24:1642–9. doi: 10.1089/thy.2014.0029

15. Korevaar, TI, de Rijke, YB, Chaker, L, Medici, M, Jaddoe, VW, Steegers, EA, et al. Stimulation of Thyroid Function by Human Chorionic Gonadotropin During Pregnancy: A Risk Factor for Thyroid Disease and a Mechanism for Known Risk Factors. Thyroid (2017) 27:440–50. doi: 10.1089/thy.2016.0527

16. Zhang, X, Yao, B, Li, C, Mao, J, Wang, W, Xie, X, et al. Reference Intervals of Thyroid Function During Pregnancy: Self-Sequential Longitudinal Study Versus Cross-Sectional Study. Thyroid (2016) 26:1786–93. doi: 10.1089/thy.2016.0002

17. Laurberg, P, Andersen, SL, Hindersson, P, Nohr, EA, and Olsen, J. Dynamics and Predictors of Serum TSH and Ft4 Reference Limits in Early Pregnancy: A Study Within the Danish National Birth Cohort. J Clin Endocrinol Metab (2016) 101:2484–92. doi: 10.1210/jc.2016-1387

18. Porterfield, SP, and Hendrich, CE. The Role of Thyroid Hormones in Prenatal and Neonatal Neurological Development–Current Perspectives. Endocr Rev (1993) 14:94–106. doi: 10.1210/edrv-14-1-94

19. Lu, L, Yu, X, Teng, W, and Shan, Z. Treatment With Levothyroxine in Pregnant Rats With Subclinical Hypothyroidism Improves Cell Migration in the Developing Brain of the Progeny. J Endocrinol Invest (2012) 35:490–6. doi: 10.3275/7967

20. Wang, S, Teng, W, Gao, Y, Fan, C, Zhang, H, and Shan, Z. Early Levothyroxine Treatment on Maternal Subclinical Hypothyroidism Improves Spatial Learning of Offspring in Rats. J Neuroendocrinol (2012) 24:841–8. doi: 10.1111/j.1365-2826.2011.02275.x

21. Jonklaas, J, Bianco, AC, Bauer, AJ, Burman, KD, Cappola, AR, Celi, FS, et al. American Thyroid Association Task Force on Thyroid Hormone Replacement. Guidelines for the Treatment of Hypothyroidism: Prepared by the American Thyroid Association Task Force on Thyroid Hormone Replacement. Thyroid (2014) 24:1670–751. doi: 10.1089/thy.2014.0028

22. Lazarus, J, Brown, RS, Daumerie, C, Hubalewska-Dydejczyk, A, Negro, R, and Vaidya, B. 2014 European Thyroid Association Guidelines for the Management of Subclinical Hypothyroidism in Pregnancy and in Children. Eur Thyroid J (2014) 3:76–94. doi: 10.1159/000362597

23. Okosieme, O, Gilbert, J, Abraham, P, Boelaert, K, Dayan, C, Gurnell, M, et al. Management of Primary Hypothyroidism: Statement by the British Thyroid Association Executive Committee. Clin Endocrinol (Oxf) (2016) 84:799–808. doi: 10.1111/cen.12824

24. Lazarus, JH, Bestwick, JP, Channon, S, Paradice, R, Maina, A, Rees, R, et al. Antenatal Thyroid Screening and Childhood Cognitive Function. N Engl J Med (2012) 366:493–501. doi: 10.1056/NEJMoa1106104

25. Hernández, M, López, C, Soldevila, B, Cecenarro, L, Martínez-Barahona, M, Palomera, E, et al. Impact of TSH During the First Trimester of Pregnancy on Obstetric and Foetal Complications: Usefulness of 2.5 mIU/L Cut-Off Value. Clin Endocrinol (Oxf) (2018) 88:728–34. doi: 10.1111/cen.13575

26. Maraka, S, Singh Ospina, NM, O’Keeffe, DT, Rodriguez-Gutierrez, R, Espinosa De Ycaza, AE, Wi, CI, et al. Effects of Levothyroxine Therapy on Pregnancy Outcomes in Women With Subclinical Hypothyroidism. Thyroid (2016) 26:980–6. doi: 10.1089/thy.2016.0014

27. Velasco, I, and Taylor, P. The Role of Levothyroxine in Obstetric Practice 2018. Ann Med (2018) 50:57–67. doi: 10.1080/07853890.2017.1387928

28. Grau, G, Aguayo, A, Vela, A, Aniel-Quiroga, A, Espada, M, Miranda, G, et al. Normal Intellectual Development in Children Born From Women With Hypothyroxinemia During Their Pregnancy. J Trace Elem Med Biol (2015) 31:18–24. doi: 10.1016/j.jtemb.2015.02.004

29. Maraka, S, Singh Ospina, NM, Mastorakos, G, and O’Keeffe, DT. Subclinical Hypothyroidism in Women Planning Conception and During Pregnancy: Who Should Be Treated and How? J Endocr Soc (2018) 2:533–46. doi: 10.1210/js.2018-00090

30. Alexander, EK, Pearce, EN, Brent, GA, Brown, RS, Chen, H, Dosiou, C, et al. Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and the Postpartum. Thyroid (2017) 27:315–89. doi: 10.1089/thy.2016.0457

31. Negro, R, Schwartz, A, Gismondi, R, Tinelli, A, Mangieri, T, and Stagnaro-Green, A. Universal Screening Versus Case Finding for Detection and Treatment of Thyroid Hormonal Dysfunction During Pregnancy. J Clin Endocrinol Metab (2010) 95:1699–707. doi: 10.1210/jc.2009-2009

32. Maraka, S, Mwangi, R, McCoy, RG, Yao, X, Sangaralingham, LR, Singh Ospina, NM, et al. Thyroid Hormone Treatment Among Pregnant Women With Subclinical Hypothyroidism: US National Assessment. BMJ (2017) 356:i6865. doi: 10.1136/bmj.i6865

33. Casey, BM, Thom, EA, Peaceman, AM, Varner, MW, Sorokin, Y, Hirtz, DG, et al. Eunice Kennedy Shriver National Institute of Child Health and Human Development Maternal–Fetal Medicine Units Network. Treatment of Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy. N Engl J Med (2017) 376:815–25. doi: 10.1056/NEJMoa1606205

34. Hales, C, Taylor, PN, Channon, S, Paradice, R, McEwan, K, Zhang, L, et al. Controlled Antenatal Thyroid Screening II: Effect of Treating Maternal Suboptimal Thyroid Function on Child Cognition. J Clin Endocrinol Metab (2018) 103:1583–91. doi: 10.1210/jc.2017-02378

35. Yamamoto, JM, Benham, JL, Nerenberg, KA, and Donovan, LE. Impact of Levothyroxine Therapy on Obstetric, Neonatal and Childhood Outcomes in Women With Subclinical Hypothyroidism Diagnosed in Pregnancy: A Systematic Review and Meta-Analysis of Randomised Controlled Trials. BMJ Open (2018) 8:e022837. doi: 10.1136/bmjopen-2018-022837

36. Nazarpour, S, Ramezani Tehrani, F, Amiri, M, Bidhendi Yarandi, R, and Azizi, F. Levothyroxine Treatment and Pregnancy Outcomes in Women With Subclinical Hypothyroidism: A Systematic Review and Meta-Analysis. Arch Gynecol Obstet (2019) 300:805–19. doi: 10.1007/s00404-019-05245-2

37. Li, J, Shen, J, and Qin, L. Effects of Levothyroxine on Pregnancy Outcomes in Women With Thyroid Dysfunction: A Meta-Analysis of Randomized Controlled Trials. Altern Ther Health Med (2017) 23:49–58.

38. Soriguer, F, García-Fuentes, E, Gutierrez-Repiso, C, Rojo-Martínez, G, Velasco, I, Goday, A, et al. Iodine Intake in the Adult Population. Di@bet.es Study. Clin Nutr (2012) 31:882–8. doi: 10.1016/j.clnu.2012.04.004




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Runkle, de Miguel, Barabash, Cuesta, Diaz, Duran, Familiar, de la Torre, Herraiz, Izquierdo, Diaz, Marcuello, Matia, Melero, Montañez, Moraga, Perez-Ferre, Perez, Assaf-Balut, Rubio, Ruiz-Sanchez, Sanabria, Torrejon, Valerio, del Valle and Calle-Pascual. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2021.743057_cover.jpg
’ frontlers
n Endocrinology

Early Levothyroxine Treatment
for Subclinical Hypothyroidism or
Hypothyroxinemia in Pregnancy: The
St Carlos Gestational and
Thyroid Protocol





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos Gestational and Thyroid Protocol

      

        		

          Objective

        



        		

          Subjects

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Experimental Design

          

            		

              Study 1: The Reference Range

            



            		

              Study 2: Application of the Protocol of Thyroid Dysfunction Management During Pregnancy

            



          



          



          		

            Women Studied

          



          		

            Clinical Information and Follow-up During Pregnancy

          



          		

            Thyroid Tests

          



          		

            Ethics Statement

          



          		

            Statistical Study

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Women with

TSH <2.5 plU/mL
TSH >2.5 plU/mL
FT4 >7.5 pg/mL
FT4 <7.5 pg/mL

History of prior fetal losses

N events/total (%)

299/1496 (20.0)
246/573 (42.9)
395/1665 (23.7)
286/404 (70.8)

OR

Reference
2.33
Reference
4.81

95% Cl

1.568-3.12

3.25-8.89





OEBPS/Images/fendo-12-743057-g001.jpg
Fetal losses history

Miscarriage <12 GW

Abortion <18 GW

Immature <32 GW

Prematurity <37 GW

Vaginal No-Instrumental

Delivery

Caesarean section

Gestational Diabetes Mellitus

Preeclampsia

Inadequate for gestational age

Composite Adverse Outcome

QGQroup

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

Group 2
Group 3

OR

0.85
0.79

0.54
0.57

0.60
0.86

0.87
0.58

0.71
0.8

1.05
114

0.85
0.51

0.85
0.87

0.54
0.41

0.87
0.58

0.71
0.80

0.65-1.23
0.40-1.58

0.33-0.92
0.11-0.97

0.35-0.8S
0.21-0.95

0.22-1.87
0.51-0.67

0.36-1.31
0.47-2.03

0.91-1.23
0.86-1.53

0.64-1.42
0.66-1.24

0.56-1.25
0.64-1.18

0.13-2.28
0.33-0.51

0.55-1.14
0.31-0.88

0.43-0.51

- 0.66-0.94

0

15

25





OEBPS/Images/table4.jpg
GROUP 1 GROUP 2 GROUP 3 P value

ALL LT ALL LT
AFTER GW9 BEFORE GW9 AFTER GW9 BEFORE GW9

N 2069 1259 672 279 393 (68.5) 138 50 88 (63.8)
PHFL 419(33.3) 229 (34.1) 111 (39.8) 118 (30.1) 56 (40.6%) 25 (50.0) 31(35.2 0.056
OR REFERENCE 1.03 1.10 0.98 1.36 1.56 1.24
95% Cl 0.84-1.25 0.85-1.42 0.76-1.25 0.95-1.95 0.91-2.66 0.78-1.97
Miscarriage <12 GW 20(1.6) 10 (1.5) 7(25) 3(0.8) 429 3(6.0) 1(1.1) 0.480
OR REFERENCE 0.94 1.22 0.69 1.85 3.55 0.76
95% CI 0.44-2.02 0.85-3.07 0.24-2.05 0.62-5.51 1.02-12.35 0.10-5.75
Miscarriage <18 GW 21(1.7) 12(1.8) 9(3.3) 3(0.8) 4(3.0) 3(6.4) 1(1.1) 0.604
OR Reference 1.00 1.16 0.87 1.71 3.06 0.74
95% Cl 0.49-2.05 0.84-1.27 0.35-2.19 0.57-5.11 0.87-10.81 0.10-5.60
Immature <32 GW 4(0.3) 8(1.2 6 (2.3 2(0.7) 1(0.8) 123 0 0.094
OR Reference 3.54 4.10 3.11 221 3.96
95% Cl 1.06-11.83 1.02-16.58 0.77-12.54 0.24-20.03 0.43-36.20
Prematurity <37 GW 59 (4.9) 44 (6.5) 26 (10.1) 18 (4.7) 6(4.7) 3(69) 3(3.5) 0.148
OR Reference 1.43 1.69 0.87 0.98 1.01 0.78
95% CI 0.96-2.13 1.04-2.77 0.59-1.28 0.91-1.06 0.94-1.04 0.24-2.56
VAGINAL N-I 813 (60.8) 400 (61.5) 164 (62.4) 236 (61.0) 70 (56.0) 31(60.8) 39 (52.7) 0.504
OR Reference 1.07 1.09 1.01 0.85 1.03 0.74
95% CI 0.87-1.31 0.73-1.13 0.78-1.31 0.58-1.23 0.58-1.84 0.46-1.59
Caesarean Section 227 (18.0) 19 (17.7) 57 (20.4) 62 (15.8) 33 (23.9) 12 (24.0) 21(23.8) 0.328
OR Reference 0.92 1.05 0.90 129 ik 1.42
95% Cl 0.72-1.18 0.81-1.36 0.85-1.39 0.84-1.97 0.57-2.15 0.84-2.41
GDM 235 (18.6) 111(18.8) 54 (20.0) 56 (17.5) 30 (23.3) 10 (23.3) 20 (23.3) 0.391
OR Reference 1.00 1.09 0.93 1.35 1.07 1.06
95% CI 0.77-1.30 0.95-1.53 0.67-1.28 0.87-2.09 0.53-2.16 0.92-2.66
Preeclampsia 12(1.0) 8(1.5) 5(2.0) 3(1.1) 3(1.8 242 0 0.567
OR Reference 1.56 2.06 1.1 1.84 4.48
95% Cl 0.60-4.07 0.83-6.20 0.30-4.13 0.39-8.62 0.94-21.32
SGA/LGA 206 (16.9) 131 (23.5) 65 (24.8) 66 (22.4) 27 (20.8) 12 (27.3) 15 (17.4) 0.484
OR Reference 1.16 125 1.09 1.09 1.20 1.01
95% Cl 091-1.49 0.98-1.72 0.80-1.49 0.69-1.71 0.61-2.33 0.56-1.83
Composite AO 296 (23.5) 183 (27.3) 82 (28.8) 101 (25.9) 37 (27.2) 17 (34.0) 20 (22.7) 0.256
OR Reference 1.22 1.32 1.14 1.32 1.77 0.98
95% CI 0.96-1.56 0.99-1.80 0.84-1.55 0.67-1.54 1.05-2.99 0.54-1.77

Results expressed as number (%); LT, levothyroxine treatment; GW, gestational week; HPFL, History of prior fetal loss; N-I, no instrumental; GDM, Gestational Diabetes Mellitus
SGA, Small-for-gestational-age; LGA, large-for-gestational-age; Composite AO, Composite Adverse Outcomes: pre-eclampsia, GDM, fetal loss, immature and/or premature
newborn, C-section, and newborn of inadequate weight for Gestational age (SGA and LGA); OR (95%Cl), Odds Ratio (95% confidence interval) adjusted for age, parity, and
smoking habit.





OEBPS/Images/table3.jpg
Total N 2069

Age (yr)

HPFL

Caucasian Ethnicity
Primiparous
University degree
Salaried work

No prior history of any metabolic disease
No family history of any metabolic disease
Smoker until

/during pregnancy
Body Weight (Kg)
BMI (Kg. m)

TSH (uIU/mL)

Mean (SD)

Median (Q4.3)

FT4 (pg/mL)

Mean (SD)

Median (Q.3)

A-TPO ab >50 IU/mL
Use of lodized salt

Group 1

TSH<2.5plU/mL and  TSH>2.5ulU/mL or FT4 < 7.5 pg/mL  TSH>2.5ulU/mL and FT4 < 7.5 pg/mL

FT4 >7.5 pg/mL

1259 (60.9%)
33.065 (5.12)
421 (33.4%)
879 (69.8%)
533 (42.5%)
845 (67.2%)
1011 (80.4%)
1027 (81.6%)
325 (25.8%)
175 (13.9%)

111 (8.8%)
61.68 (11.11)
23.21(3.97)
1.35 (0.64)
1.36 (0.89-1.89)

9.16 (1.30)
8.95 (8.23-9.77)
NA.

522 (41.5%)

Group 2

672 (32.4%)
32.21 (5.20)
229 (34.0%)
415 (61.8%)
304 (45.4%)
321 (62.6%)
513 (76.3%)
554 (82.4%)
176 (26.2%)

66 (9.8%)
52 (7.7%)
62.59 (12.04)
23.84 (4.34)
2.95 (1.56)
2.77 (1.94-3.56)

8.07 (1.37)
8.02 (7.24-8.87)
116 (17.3%)
278 (41.4%)

Group 3

138 (6.7%)
32.03 (5.29)
56 (40.6%)
68 (50.0)
48 (34.8)
75 (54.3%)
104 (75.4%)
96 (69.6%)
45 (32.6%)
18 (13.0%)
0 (7.2%)
62.00 (9.79)
23.96 (3.66)
4.16 (2.71)
3.36 (2.93-4.20)

6.68 (1.04)
6.92 (6.50-7.24)
19 (13.8%)
69 (50.0%)

P value

0.001
0.032
0.001
0.043
0.005
0.412
0.020
0.017
0.028

0.246
0.002
0.000
0.000

0.000
0.000
0.741
0.685

Results expressed as number (%) or mean (SD); HPFL, History of prior fetal loss; BMI,

Body mass index; A-TPO ab, Antithyroid peroxidase antibodies.





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/table1.jpg
Percentile 1 25 5 25 50 75 95 97.5 99

TSH plU/mL 0.06 0.15 0.34 1.09 T4 247 3.85 4.29 4.67
FT4 pg/mL 5.85 6.31 6.69 7.80 8.56 947 10.97 11.67 12.89





