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Abstract: Preconception counseling is an essential tool for preventing adverse pregnancy outcomes
associated with thyroid dysfunction. The high prevalence of thyroid disease among women of
reproductive age, and the increased risk of adverse pregnancy outcomes associated with thyroid
dysfunction, emphasize the necessity for well-established screening and treatment criteria in the
preconception period. We therefore conducted a literature review for relevant information on the
screening, diagnosis and treatment of subclinical and overt hypothyroidism in women seeking preg-
nancy. While screening for thyroid disease is recommended only in the presence of risk factors, iodine
supplementation should be recommended in most regions, with higher doses in areas with severe
deficiency. Known hypothyroid women should be counseled about increasing their levothyroxine
dose by 20–30% in the case of suspected or confirmed pregnancy (missed menstrual cycle or positive
pregnancy test). Treating subclinical hypothyroidism appears to be beneficial, especially in the
presence of autoimmunity or in patients undergoing artificial reproductive techniques. Regarding
the management of TPOAb negative SCH women or euthyroid women with positive TPOAb, further
research is necessary in order to make evidence-based recommendations.

Keywords: hypothyroidism; subclinical hypothyroidism (SCH); thyroid autoimmunity; iodine status;
screening; preconception; pregnancy

1. Introduction

Thyroid disease is the most common endocrine disorder that affects women of repro-
ductive age. Suboptimal thyroid function in pregnancy carries a significant risk of adverse
pregnancy outcomes, including miscarriages, stillbirths and neuro-intellectual impairment
of the offspring. These events occur mostly in patients with overt thyroid disease, but also
in patients with borderline abnormalities, such as subclinical hypothyroidism or thyroid
autoimmunity [1]. Preconception evaluation of reproductive age woman with thyroid dis-
ease should be made with regards to the physiologic adaptations that appear in pregnancy,
as well as to the importance of thyroid hormones in fetal development. Our goal is to
raise awareness among health care physicians about the importance of preconceptional
counseling, and consequently to improve the prevention of pregnancy complications and
adverse fetal outcomes related to thyroid dysfunction.
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2. Methods

We conducted a literature review of medical databases, including PubMed, Google
Scholar and Cochrane Controlled trials Register for relevant information on the screening,
diagnosis and treatment of subclinical and overt hypothyroidism during preconception
period, and the impact they have on fertility, pregnancy and newborn. The key words
used for the search included: hypothyroidism, subclinical hypothyroidism (SCH), thyroid
autoimmunity, iodine status, screening, preconception, pregnancy. We prioritized the latest
guidelines, most cited reviews and meta-analyses, and most recent randomized controlled
trials (RCT).

3. Screening for Thyroid Disease

The issue of universal thyroid screening before or at the beginning of pregnancy is
still a matter of debate since insufficient data are currently available. High prevalence of
the condition, adverse health outcomes and effective treatment, along with cost-efficient
screening, are the criteria that must be fulfilled in order to recommend a general screening.
Thyroid disease partially accomplishes these criteria, although further research is required
in order to make evidence-based recommendations.

The most frequently used blood tests for the assessment of thyroid status include
thyroid stimulating hormone (TSH), free T4 (FT4), total T4 (TT4) and thyroid peroxidase
antibodies (TPOAb), which are relatively inexpensive and widely available. Using ap-
propriate population-based reference ranges, where available, would be preferable [2].
Moreover, thyroid disease, mainly hypothyroidism and thyroid autoimmunity are common
conditions, with prevalence rates of 2–3% and up to 17% in reproductive age woman, re-
spectively [2,3]. Untreated overt hypothyroidism has been associated with pregnancy risks
and adverse fetal outcomes, such as pregnancy loss, stillbirth and impaired neurocognitive
development [4]. However, much more prevalent than overt thyroid disease is subclinical
hypothyroidism, with a large proportion of patients that will be diagnosed in the case of a
universal screening, raising the question about the necessity and effectiveness of substi-
tutive treatment in such case. Screening all women for thyroid disease or autoimmunity
preconception may contribute to overdiagnosis of hypothyroidism and overtreatment
during pregnancy and post-partum [5,6].

Although universal screening may prove beneficial, existing data are not sufficient
to support this testing algorithm at present. Therefore, American Thyroid Association
(ATA) guidelines recommend verbally screening and clinical evaluation of all patients
seeking pregnancy or newly pregnant, in order to identify women who associate any of the
following risk factors (Figure 1) for thyroid disease [2,7]:

1. A history of thyroid dysfunction such as hypothyroidism/hyperthyroidism, known
thyroid antibody positivity or prior thyroid surgery;

2. Current symptoms or signs of thyroid dysfunction or presence of a goiter;
3. History of head or neck radiation, including radioactive iodine treatment;
4. Use of amiodarone or lithium, or recent administration of iodinated radiologic contrast;
5. Residing in an area of known moderate-to-severe iodine insufficiency;
6. Family history of autoimmune thyroid disease or thyroid dysfunction;
7. Age >30 years (The prevalence of hypothyroidism increases with age);
8. Multiple prior pregnancies (≥2);
9. History of pregnancy loss, preterm delivery, or infertility;
10. Morbid obesity (BMI ≥40 kg/m2);
11. Type 1 diabetes or other autoimmune disorders associated with autoimmune thy-

roid dysfunction (vitiligo, adrenal insufficiency, hypoparathyroidism, atrophic gas-
tritis, pernicious anemia, systemic sclerosis, systemic lupus erythematosus, and Sjö-
gren’s syndrome).
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Figure 1. Risk factors for thyroid disease in the preconception period; Yrs—years; BMI—body mass
index; RPL—recurrent pregnancy loss.

If any of the above-mentioned risk factors are identified, testing for serum TSH is
recommended, and if TSH is elevated (2.5–10 mU/L), then FT4 and TPOAb or ultimately
thyroglobulin antibodies (TgAb) should be determined. Thyroid ultrasound could help
evaluating characteristic sonographic features [2,8].

4. Iodine Status
4.1. Epidemiology

Iodine deficiency is the most common cause of preventable brain damage and cognitive
impairment in children. It is estimated that over 1.8 billion people worldwide are at risk of
iodine deficiency [9]. The World Summit for Children (New York, NY, USA, 1990) promoted
Universal salt iodization as the main strategy for eliminating iodine deficiency, which
conducted to an important progress for reducing iodine deficiency prevalence [8,10].

In 2013, inadequate iodine supply in pregnancy was present in up to 30% of the Euro-
pean countries (e.g., Albania, Belgium, Czech Republic, Greece, Israel, Norway, Portugal,
Romania, Serbia, France, Hungary, Ireland, Italy and the UK) [11]. Legislation regarding
salt iodination has led to significant improvements in iodine status. The number of coun-
tries worldwide with adequate iodine intake has nearly doubled from 67 in 2003 to 118
in 2020 [12]. However, pregnant or breastfeeding women need extra iodine, which puts
them at greater risk of deficiency. They have an increased thyroid hormone production
that has to cover both mother and fetal needs, fetal iodine requirements for its own thyroid
hormone synthesis, increased renal iodine excretion, and the breast milk secretion of iodine
for the infant [9]. For example, in Romania, mild iodine deficiency was also still prevalent
among pregnant women from historical endemic regions, mainly in the Carpathian and
sub-Carpathian areas, after 13 years of universal salt iodization. Therefore, it is important
to know the actual iodine status of each region and encourage iodine supplementation
during pregnancy in deficient areas [13–15].

4.2. Effects on Pregnancy and Fetal/Newborn Outcomes

Iodine is essential for thyroid hormone synthesis, and even if needed in small amounts,
its deficiency before or during pregnancy results in impaired maternal and fetal thyroid
hormone synthesis [16]. This is associated with maternal and fetal goiter due to increased
TSH stimulation [17], increased rates of pregnancy loss, stillbirth, and increased perinatal
and infant mortality in cases of severe deficiency, and also cognitive impairment of the
offspring [18–21]. Cretinism is the most severe form of cognitive impairment, and it
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is characterized by profound intellectual deficiencies, deaf-mutism, and motor rigidity.
Fortunately, since the implementation of universal salt iodization, the incidence of cretinism
has been considerably reduced [22].

4.3. Who and How to Treat?

Women with adequate iodine intake before and during pregnancy will have a stable
level of iodine during pregnancy, with adequate deposits of intrathyroidal iodine and no
difficulty adapting to the increased demand for thyroid hormone throughout pregnancy.
However, even in mild to moderate iodine-deficient areas, total-body iodine stores in preg-
nant women, as reflected by urinary iodine values between 50–150 µg/L, declines gradually
during the pregnancy. Accordingly, in areas of iodine deficiency, iodine supplementation
of mothers prior to conception or in early pregnancy should be recommended in order to
improve children’s cognitive performance [23–26].

Iodine sources come from diet and vitamin/mineral preparations. In most regions,
women who are planning pregnancy or currently pregnant, should supplement their diet
with a daily oral supplement of potassium iodide that contains 150 µg of iodine, or even
250 µg in areas with severe iodine deficiency [2,27].

Thyroid Disease

The main cause of hypothyroidism in iodine-replete countries is Hashimoto’s thyroidi-
tis, while iodine deficiency remains relevant in areas with severe deficiency. Other common
causes include thyroidectomy and radioiodine therapy for Graves’ disease or for benign
and malignant thyroid disease [1].

Hashimoto disease is the most frequent autoimmune thyroid disease, characterized
by the presence of cell and humoral immune response against thyroid antigens. It involves
infiltration of thyroid tissue with T cells and B cells, autoantibodies production, including
thyroid TPOAb and TgAb, which finally lead to impaired hormone production and different
clinical manifestations [28].

5. Overt Hypothyroidism
5.1. Epidemiology/Definition/Diagnostic

Overt hypothyroidism, characterized by low FT4 and elevated TSH levels, affects
0.3–0.5% of the population and is ten times more prevalent in females than in males [1],
while up to 2–3% of healthy, nonpregnant women of childbearing age have an elevated
serum TSH. The most frequent causes are autoimmune thyroiditis and iodine deficiency.
There may also be other rare causes, such as thyroidectomy for thyroid nodules or Graves’
disease [2,29,30].

5.2. Effects on Fertility, Pregnancy and Fetal/Newborn Outcomes

Optimal thyroid function is essential for a successful conception and pregnancy. In
hypothyroidism, most evidence appears to support an association with an increased risk
of infertility. Hypothyroid women with TSH concentrations >15 mU/L have a significant
higher rate of irregular menses of 68%, compared with a 12% rate of menstrual irregularities
reported by euthyroid women [31].

Undoubtedly, uncorrected overt hypothyroidism increases the risk of adverse preg-
nancy, fetal and neonatal outcomes such as eclampsia, anemia, placental abruption, post-
partum hemorrhage, intrauterine fetal death, miscarriages, premature births, low birth
weight and increased neonatal respiratory distress. Maternal hypothyroidism also affects
neuro-intellectual and behavioral development of the child [1,32]. Moreover, TPOAb pos-
itive women appear to be at greater risk for adverse events compared to those who are
TPOAb negative, even when thyroid function is identical [2,33].

The fetal thyroid gland starts thyroid hormone synthesis after the age of 12 weeks and
is not fully functional until 18 to 20 weeks of gestation. Thus, for the first half of pregnancy,
the fetus is dependent on the maternal supply of thyroxine [34].
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5.3. Who and How to Treat?

Untreated hypothyroid women seeking pregnancy should immediately undergo sub-
stitutive treatment, in order to improve fertility and prevent adverse pregnancy and fe-
tal outcomes.

Hypothyroid women treated with LT4 who are planning pregnancy, should have a
serum TSH performed preconception, and LT4 dose adjusted to achieve a TSH value between
the lower reference limit and 2.5 mU/L. Lower preconception TSH values (<1.5 mU/L)
could reduce the risk of TSH elevation during the first trimester, but they are not recom-
mended due to potential unknown side effects [2].

From a practical perspective, half of pregnancies in the general population are un-
planned and more than that, pregnancy may not be recognized until mid-gestation. More-
over, the average initial antenatal evaluation is often delayed, at about 14 weeks of ges-
tation [35]. For this reason, every hypothyroid woman of reproductive age, whether or
not they are planning immediate pregnancy, should be educated regarding the increased
demand for LT4 in case of pregnancy. They should be informed that in case of suspected
or confirmed pregnancy (a missed menstrual cycle or positive home pregnancy test), they
should independently increase the LT4 dose by 20%–30% (e.g., doubling dose on 2 days a
week corresponds to approximately 30% increase [36] and contact their caregiver immedi-
ately for prompt testing and further evaluation [2].

Special attention should be offered to patients with thyroid nodules. Although preg-
nancy seems to have a permissive or stimulative effect on thyroid nodules, the prognosis
of differentiated thyroid cancer in patients diagnosed during pregnancy or those who got
pregnant after curative treatment, seems to be unaffected by pregnancy. Differentiated thy-
roid cancer should not discourage intended pregnancy nor indicate abortion. Conception
should, however, occur after remission is confirmed and after adequate thyroid hormone
replacement has been attained [37,38]. In the case of radioiodine treatment, this may lead
to suboptimal thyroid hormonal control during the months following administration, so a
minimum of 6 months to ensure that thyroid hormonal control is stable before conceiving
should be envisioned [2]. The monitoring of a patient during pregnancy who has already
been treated for differentiated thyroid cancer prior to pregnancy should be performed in
accordance with the current status of the patient [2]. Non-differentiated thyroid cancer and
medullary thyroid cancer are much more rare and have a particular approach.

6. Subclinical Hypothyroidism
6.1. Epidemiology/Definition/Diagnostic

Subclinical hypothyroidism (SCH) is defined by the presence of elevated serum TSH
levels with normal FT4 or TT4 values. Determining the upper normal limit of TSH in
the preconception period and pregnant population remains challenging, but for practical
use, many studies use the ATA recommended cut-offs of 2.5–4 mU/L for mild subclinical
hypothyroidism and 4–10 mU/L for important SCH for the first trimester [2].

It is a common diagnosis among women of reproductive age, with a prevalence of up
to 8%, having an important variability worldwide with geographic region, ethnic origin,
body mass index and iodine status [33,39]. Two different tests performed at 6–8 weeks
apart, with TSH above the upper normal limit and normal FT4 level, are diagnostic for
SCH. The etiology of SCH is similar to that of the overt hypothyroidism, with autoimmune
thyroiditis being the main cause, followed by iodine deficiency in iodine deficient areas [31].

6.2. Effects on Fertility, Pregnancy and Fetal/Newborn Outcomes

Compared to overt hypothyroidism, which seems to be well associated with an in-
creased risk of infertility and adverse pregnancy and newborn outcomes, the data for SCH
are less consistent [31].

Regarding the fertility of women with SCH there is some evidence that suggests a
higher prevalence of SCH in infertile women (13.9%) compared with controls (3.9%) [40].
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Even though the link between SCH and pregnancy loss or live birth has been pre-
viously denied [41], more recent large studies emphasized that pregnant women with
SCH were at higher risk for miscarriage, preterm delivery, gestational diabetes, gestational
hypertension, eclampsia, and premature rupture of membranes compared with euthyroid
women, especially when TSH was >4 mU/L [32,42–47]. Moreover, their offspring was
more likely to have intrauterine growth restriction, low birth weight, to be admitted in
neonatal intensive care unit and have respiratory distress syndrome [43,48].

Regarding the brain development and neurocognitive function of the offspring, existing
studies show controversial results. There is proof for an association between higher levels of
TSH during pregnancy and a negative impact on neurocognitive function of the offspring [31]
and also between maternal SCH and indicators of intellectual disability in offspring [49],
but further research is required since other studies showed contradictory results [50–52].
Additionally, autoimmunity seems to increase the risk of adverse outcomes [33].

The inconsistency of results between the presence of SCH and adverse outcomes
can be partially influenced by the variability of TSH cut-off points used to define SCH,
the presence or absence of autoimmunity or the timing of thyroid function evaluation.
Additionally, thyroid function may change during pregnancy and as a result, a woman
diagnosed with SCH before or at the beginning of her pregnancy may finally progress to
overt hypothyroidism or spontaneously revert to euthyroidism [31].

6.3. Who and How to Treat?

The decision whether or not to treat women with SCH in the preconception period
must be taken with regard to each patient particularities, as well as to existing evidence
about the potential benefits and risks over the future pregnancy.

Potential beneficial effects of thyroxine therapy over pregnancy-related morbidity
have been suggested over the time in many studies [53–55], but TPOAb negative women
appeared to have less benefits for the same TSH values [53].

Both 2014 European Thyroid Association Guidelines for the Management of Subclini-
cal Hypothyroidism in Pregnancy and in Children [8] and 2017 Guidelines of the American
Thyroid Association for the Diagnosis and Management of Thyroid Disease During Preg-
nancy and the Postpartum [2] recommend that SCH arising before conception or during
gestation should be treated with levothyroxine, especially if TPOAb-positivity associated.
In accordance with these recommendations, SCH women with autoimmunity should be
treated when TSH > 2.5 mU/L, while SCH women without autoimmunity should be treated
when TSH > reference range for non-pregnant before conception or pregnancy-specific
reference range after pregnancy confirmed (Figure 2).

Several RCT come to support these recommendations, showing evidence that LT4
treatment in SCH women can significantly reduce the incidence rate of miscarriage [56],
decrease the risk of preterm delivery in women who are positive for TPOAb [57] and
reduce preterm delivery even in TPOAb negative SCH women with a TSH cut point of
4 mU/L [58]. Regarding the effects of LT4 treatment on child cognition, things still remain
unclear, since a recent RCT emphasized no benefit of treatment over the offspring behavior;
more than that, children of ‘over-treated’ mothers (FT4 measurement >17.7 pmol/L at either
20 weeks or 30 weeks’ gestation) had significantly more difficulties than untreated [59].
These results suggest that LT4 treatment should be carefully recommended and monitored
in order to maximize benefits and minimize potential side effects.

Special attention should be offered to infertile female patients seeking pregnancy
and show subtle abnormalities of thyroid dysfunction with/without evidence of thyroid
autoimmunity. For those who are attempting natural conception, currently available data
support that it is reasonable to consider LT4 treatment for TPOAb negative women with
TSH concentrations above the non-pregnant lab reference range, aiming to maintain TSH
levels below 2.5 mU/L, given its ability to prevent progression to overt hypothyroidism
once pregnancy is achieved. Due to insufficient evidence, the ATA did not make any recom-
mendations for or against levothyroxine therapy in infertile women with TPOAb-positive
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SCH seeking natural conception [2,60]. On the other hand, in patients undergoing artificial
reproductive techniques, in vitro fertilization or intracytoplasmic sperm injection, evidence
from RCT emphasize that LT4 therapy improves pregnancy and miscarriage rates in women
with SCH, with or without autoimmunity [60–65]. Consequently, levothyroxine treatment
is strongly recommended in order to maintain a TSH level <2.5 mU/L in these patients [2].

Figure 2. SCH approach according to TSH value and the presence of thyroid autoimmunity—filled
violet rectangles suggest treatment while grey rectangles suggest no need for treatment;
SCH—subclinical hypothyroidism; TSH—thyroid stimulating hormone; TPOAb—thyroid perox-
idase antibodies; * —or upper limit of normal for nonpregnant.

In all cases, levothyroxine treatment should be carefully monitored, with respect to
the possible harmful effect of thyroxine overtreatment, which includes preterm delivery,
gestational diabetes, hypertension, pre-eclampsia, and ADHD symptoms and behavioral
difficulties in children of ‘over-treated’ mother [59,66].

7. Euthyroid Autoimmunity
7.1. Epidemiology/Definition/Diagnostic

In women of reproductive age, the prevalence of thyroid antibodies is approximately
10–15%, increasing with age [67] and its progression towards overt autoimmune hypothy-
roidism is a gradual process taking several years [68].

TPOAb are clinically non-functioning IgG antibodies that reflect thyroid autoimmunity
and are useful for diagnosing autoimmune hypothyroidism. Pregnant women with thyroid
autoimmunity are at risk for developing hypothyroidism because the thyroid’s ability to
augment hormone production in pregnancy might be compromised [69,70].

7.2. Effects on Fertility, Pregnancy and Fetal/Newborn Outcomes

Thyroid autoimmunity might also have a role in infertility, especially when related
to endometriosis or ovarian dysfunction [71], although not all the studies confirmed
this association [28,72].

On the other hand, there is increasing data regarding the association of thyroid dys-
function and thyroid autoimmunity with adverse pregnancy outcomes such as miscarriage,
recurrent embryo implantation failure and preterm delivery [28,47,71–76]. The higher risk
of miscarriage could have multiple causes, including a relative thyroid hormone shortage,
caused by a decreased thyroid functional capacity, an impaired thyroid response to hu-
man chorionic gonadotropin, or a higher general susceptibility to autoimmunity [77–80].
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A dose-dependent relationship between TPOAb and thyroid function as well as the risk of
premature delivery has been demonstrated [81]. Additionally, maternal thyroid autoimmu-
nity in early pregnancy might lead to cognitive impairment of the offspring, but further
evidence is necessary [82–84].

Interestingly, although TPOAb are able to cross the placenta, the maternal passage
of either TPOAb or TgAb is not associated with fetal thyroid dysfunction. Since thyroid
peroxidase (TPO) is located at the apical surface and in the cytoplasm of thyroid cells, it
appears that under normal circumstances, TPOAb do not have access to their autoantigen,
which explains the euthyroidism seen in healthy individuals with TPOAb and in neonates
born to mothers with high levels of TPOAb. Cell-mediated injury may be necessary for
TPOAb to gain access to their antigen and become pathogenic [85]. This is different to what
can be seen in some cases of Graves disease, where maternal autoantibodies against the
TSH receptor can cross the placenta and interfere with the fetal thyroid gland leading to
fetal thyroid dysfunction [86–88].

7.3. Who and How to Treat?

Whilst the evidence for an association between the presence of TPOAb and increased
risks of pregnancy loss is compelling, the results of recent RCT of levothyroxine in euthyroid
women with underlying autoimmunity could not demonstrate the beneficial effects of LT4
therapy on live birth rate or recurrent pregnancy losses [72,74,76,86,87,89,90]. Empirical
treatment with levothyroxine has been recommended by some researchers, but it has not
been universally accepted since the lack of evidence from high-quality clinical trials [91].

On the other hand, numerous clinical papers advocate pro selenium (Se) supplemen-
tation during pregnancy in patients with thyroid autoimmunity in order to minimize
pregnancy complications such as intrauterine growth restriction, miscarriage, preterm
labor, preeclampsia, gestational diabetes, postpartum thyroiditis, and exacerbation of au-
toimmune thyroid diseases during the first postpartum year, and complications in the
fetus (decreased psychomotor development, neural tube defect, cognitive deficits and
behavior) [92,93]. Nevertheless, it is important to underline Se’s narrow therapeutic in-
dex which may be a problem with regard to the wellbeing of the mother and of the
developing fetus [91–93].

8. Discussion

Thyroid function is essential for a successful conception and a normal fetal develop-
ment. Current data available is not consistent enough in order to have evidence-based
recommendations regarding different thyroid disease preconception or during pregnancy,
partly because of ethical considerations and different laboratory cut-off points. Thereafter,
further high-quality research through large populational and RCT is necessary about topics
such as universal screening vs. case finding for thyroid disease, the rate of progression of
SCH to overt hypothyroidism in pregnancy or TSH and TPOAb cut-offs and association
with fertility, pregnancy and newborn outcomes. In addition, further evidence is necessary
regarding potential benefits of levothyroxine therapy in borderline thyroid abnormalities.

Furthermore, anesthetic issues have to be taken into consideration in patients with
overt hypothyroidism: potential compression of the thyroid on the airways, difficult intuba-
tion due to the large tongue, increased hypotension due to the anesthetic agents, myocardial
depression [94,95]. Among these the hypotension and decreased cardiac output could have
the greatest impact on fetus circulation and further brain lesions. Although platelet function
is also impaired in hypothyroidism, no side effects have been reported after performing
regional anesthesia (spinal and/or epidural anesthesia). Anyway, a preoperative bleeding
time should be a standard of care since it is known that acquired von Willebrand disease
is the most common coagulation disorder in hypothyroidism [96,97]. When performing
regional anesthetic techniques, special attention should be on the hypotension occurrence
such as vasopressor (phenylephrine or ephedrine) and fluids should be prepared. If the
pregnant woman has contraindications for regional anesthesia, general anesthesia is the
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other option. In this situation (especially in scheduled surgery or Cesarean-section) an ear,
nose and throat (ENT) consultant should be requested for larynx and vocal cords assess-
ment, less sedation should be given preoperative due to potentially respiratory depression,
premedication with H2 antagonists and metoclopramide is recommended because of slow
gastric emptying. Special attention should be paid to hypotension occurrence following
anesthetic induction by a combined mechanism of an impaired baroreceptor function and
myocardial depression so a preoperative assessment of the volemic status (using nonin-
vasive technique as echocardiography) is mandatory and vasopressors and fluids should
be available. Regarding the mandatory invasive blood pressure monitoring, there is no
consensus in these cases so a three-minute noninvasive blood pressure (NIBP) monitoring
test is acceptable. In order to prevent the over dosage of the anesthetic drugs, is the anes-
thetic depth monitoring (e.g., BIS, entropy) during the intervention [98]. Another issue is
represented by hypothermia, so warm blankets must be available in the operation room.

9. Conclusions

Current recommendations according to the most recent data available about precon-
ceptional counseling in women with thyroid disease can be synthetized as follows:

- Screening for thyroid disease is recommended only in the presence of risk factors;
- In most regions, women should supplement their diet with a daily oral supplement of

potassium iodide that contains 150 µg of iodine, or even 250 µg in areas with severe
iodine deficiency;

- Hypothyroid women receiving LT4 treatment should adjust doses in order to have
TSH values between the lower reference limit and 2.5 mU/L and also be informed
that in case of suspected or confirmed pregnancy they should independently increase
the LT4 dose by 20–30% (e.g., by doubling dose on 2 days a week);

- Differentiated thyroid cancer should not discourage intended pregnancy nor indicate
abortion. Conception should, however, occur after remission is confirmed and after
adequate thyroid hormone replacement has been attained;

- TPOAb positive SCH women should be treated when TSH > 2.5 mU/L, while TPOAb
negative SCH women should be treated when TSH > reference range for non-pregnant
before conception;

- For TPOAb negative SCH women LT4 treatment could be considered;
- Patients undergoing artificial reproductive techniques should be treated with LT4 in

order to maintain a TSH level <2.5 mU/L;
- In euthyroid women with positive TPOAb, empirical treatment with levothyroxine has

been recommended by some researchers, but it has not been universally accepted due
to lack of high-quality evidence from RCT and potential side-effects on the offspring.

Author Contributions: Conceptualization, M.T, ., A.M.P. and S.F.; methodology, C.S.M. and C.G.B.;
writing—original draft preparation, M.T, ., L.N.C., A.M.P., A.E.S. and B.P.; writing—review and
editing, M.T, ., A.M.P., B.P., A.N.S, . and S.F.; supervision, S.F. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Medicina 2022, 58, 1122 10 of 14

References
1. Okosieme, O.E.; Khan, I.; Taylor, P.N. Preconception management of thyroid dysfunction. In Clinical Endocrinology; Blackwell

Publishing Ltd.: Hoboken, NJ, USA, 2018; Volume 89, pp. 269–279. [CrossRef]
2. Alexander, E.K.; Pearce, E.N.; Brent, G.A.; Brown, R.S.; Chen, H.; Dosiou, C.; Grobman, W.A.; Laurberg, P.; Lazarus, J.H.; Mandel,

S.J.; et al. Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease during
Pregnancy and the Postpartum. Thyroid 2017, 27, 315–389. [CrossRef] [PubMed]

3. Ashoor, G.; Maiz, N.; Rotas, M.; Jawdat, F.; Nicolaides, K.H. Maternal Thyroid Function at 11 to 13 Weeks of Gestation and
Subsequent Fetal Death. Thyroid 2010, 20, 989–993. Available online: https://www.liebertpub.com/doi/10.1089/thy.2010.0058
(accessed on 9 June 2022). [CrossRef] [PubMed]

4. Haddow, J.E.; Palomaki, G.E.; Allan, W.C.; Williams, J.R.; Knight, G.J.; Gagnon, J.; O’Heir, C.E.; Mitchell, M.L.; Hermos, R.J.;
Waisbren, S.E.; et al. Maternal thyroid deficiency during pregnancy and subsequent neuropsychological development of the child.
New Engl. J. Med. 1999, 341, 549–555. [CrossRef] [PubMed]

5. Rosario, P.W. Selective screening for thyroid dysfunction in pregnant women: How often do low-risk women cease to be treated
following the new guidelines of the American Thyroid Association? Arch. Endocrinol. Metab. 2018, 62, 641–643. [CrossRef]
[PubMed]

6. Yamamoto, J.M.; Metcalfe, A.; Nerenberg, K.A.; Khurana, R.; Chin, A.; Donovan, L.E. Thyroid function testing and management
during and after pregnancy among women without thyroid disease before pregnancy. Can. Med. Assoc. J. 2020, 192, E596–E602.
[CrossRef] [PubMed]

7. Stagnaro-Green, A.; Abalovich, M.; Alexander, E.; Azizi, F.; Mestman, J.; Negro, R.; Nixon, A.; Pearce, E.N.; Soldin, O.P.; Sullivan,
S.; et al. Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During
Pregnancy and Postpartum. Thyroid 2011, 21, 1081–1125. [CrossRef] [PubMed]

8. Lazarus, J.; Brown, R.S.; Daumerie, C.; Hubalewska-Dydejczyk, A.; Negro, R.; 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.
[CrossRef]

9. Harding, K.B.; Peña-Rosas, J.P.; Webster, A.C.; Yap, C.M.Y.; Payne, B.A.; Ota, E.; De-Regil, L.M. Iodine supplementation for women
during the preconception, pregnancy and postpartum period. Cochrane Database Syst. Rev. 2017, 2017, CD011761. [CrossRef]
[PubMed]

10. Ursu, H.; Toader, O.; Igna, C.P.; Delia, C.; Firta, A.; Tupea, C.; Tudor, L.; Gheorghiu, M.; Suciu, N. Iodine status in pregnant
women after a decade of universal salt iodization in Romania. Acta Endocrinol. 2016, 12, 161–167. [CrossRef]

11. Lazarus, J.H. Iodine status in Europe in 2014. Eur. Thyroid J. 2014, 3, 3–6. [CrossRef]
12. Zimmermann, M.B.; Andersson, M. Global Endocrinology: Global perspectives in endocrinology: Coverage of iodized salt

programs and iodine status in 2020. Eur. J. Endocrinol. 2021, 185, R13–R21. Available online: https://eje.bioscientifica.com/view/
journals/eje/185/1/EJE-21-0171.xml (accessed on 8 August 2022). [CrossRef] [PubMed]

13. Lopes-Pereira, M.; Roque, S.; Costa, P.; Quialheiro, A.; Santos, N.C.; Goios, A.; Vilarinho, L.; Correia-Neves, M.; Palha, J.A.
Impact of iodine supplementation during preconception, pregnancy and lactation on maternal thyroid homeostasis and offspring
psychomotor development: Protocol of the IodineMinho prospective study. BMC Pregnancy Childbirth 2020, 20, 693. [CrossRef]
[PubMed]

14. Lopes, C.A.; Prazeres, S.; Martinez-de-Oliveira, J.; Limbert, E.; Lemos, M.C. Iodine Supplementation in Pregnancy in an
Iodine-Deficient Region: A Cross-Sectional Survey. Nutrients 2022, 14, 1393. [CrossRef] [PubMed]

15. Gheorghiu, M.L.; Ursu, H.I.; Dumitrascu, I.; Pascanu, I.; Georgescu, C.; Mihu, D.; Delia, C.E.; Toma, G.M.; Stanciu, M.; Popescu,
D.; et al. Iodine deficiency is still prevalent in pregnant women from Romania after universal salt iodization. In Endocrine
Abstracts; Bioscientifica: Bristol, UK, 2017; Volume 49. [CrossRef]

16. Robinson, S.M.; Crozier, S.R.; Miles, E.A.; Gale, C.R.; Calder, P.C.; Cooper, C.; Inskip, H.M.; Godfrey, K.M. Preconception Maternal
Iodine Status Is Positively Associated with IQ but Not with Measures of Executive Function in Childhood. J. Nutr. 2018, 148,
959–966. [CrossRef] [PubMed]

17. Berghout, A.; Wiersinga, W. Thyroid size and thyroid function during pregnancy: An analysis. Eur. J. Endocrinol. 1998, 138,
536–542. [CrossRef] [PubMed]

18. WHO; UNICEF; ICCIDD. Assessment of the Iodine Deficiency Disorders and Monitoring Their Elimination—A Guide for Programme
Managers, 3rd ed.; WHO: Geneva, Switzerland, 2007; pp. 1–107.

19. Vermiglio, F.; Presti, V.P.L.; Castagna, M.G.; Violi, M.A.; Moleti, M.; Finocchiaro, M.D.; Mattina, F.; Artemisia, A.; Trimarchi, F.
Increased Risk of Maternal Thyroid Failure with Pregnancy Progression in an Iodine Deficient Area with Major Iodine Deficiency
Disorders. Thyroid 1999, 9, 19–24. Available online: https://www.liebertpub.com/doi/10.1089/thy.1999.9.19 (accessed on
8 June 2022). [CrossRef]

20. De Escobar, G.M.; Obregón, M.J.; del Rey, F.E. Iodine deficiency and brain development in the first half of pregnancy. Public Health
Nutr. 2007, 10, 1554–1570. [CrossRef] [PubMed]

21. Costeira, M.J.; Oliveira, P.; Santos, N.C.; Ares, S.; Saenz-Rico, B.; De Escobar, G.M.; Palha, J.A. Psychomotor Development of
Children from an Iodine-Deficient Region. J. Pediatrics 2011, 159, 447–453. [CrossRef] [PubMed]

22. Zimmermann, M.B. The effects of iodine deficiency in pregnancy and infancy. Paediatr. Perinat. Epidemiol. 2012, 26 (Suppl. 1),
108–117. [CrossRef] [PubMed]

http://doi.org/10.1111/cen.13731
http://doi.org/10.1089/thy.2016.0457
http://www.ncbi.nlm.nih.gov/pubmed/28056690
https://www.liebertpub.com/doi/10.1089/thy.2010.0058
http://doi.org/10.1089/thy.2010.0058
http://www.ncbi.nlm.nih.gov/pubmed/20718684
http://doi.org/10.1056/NEJM199908193410801
http://www.ncbi.nlm.nih.gov/pubmed/10451459
http://doi.org/10.20945/2359-3997000000089
http://www.ncbi.nlm.nih.gov/pubmed/30624505
http://doi.org/10.1503/cmaj.191664
http://www.ncbi.nlm.nih.gov/pubmed/32575048
http://doi.org/10.1089/thy.2011.0087
http://www.ncbi.nlm.nih.gov/pubmed/21787128
http://doi.org/10.1159/000362597
http://doi.org/10.1002/14651858.CD011761.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28260263
http://doi.org/10.4183/aeb.2016.161
http://doi.org/10.1159/000358873
https://eje.bioscientifica.com/view/journals/eje/185/1/EJE-21-0171.xml
https://eje.bioscientifica.com/view/journals/eje/185/1/EJE-21-0171.xml
http://doi.org/10.1530/EJE-21-0171
http://www.ncbi.nlm.nih.gov/pubmed/33989173
http://doi.org/10.1186/s12884-020-03376-y
http://www.ncbi.nlm.nih.gov/pubmed/33187482
http://doi.org/10.3390/nu14071393
http://www.ncbi.nlm.nih.gov/pubmed/35406006
http://doi.org/10.1530/endoabs.49.EP1364
http://doi.org/10.1093/jn/nxy054
http://www.ncbi.nlm.nih.gov/pubmed/29767745
http://doi.org/10.1530/eje.0.1380536
http://www.ncbi.nlm.nih.gov/pubmed/9625365
https://www.liebertpub.com/doi/10.1089/thy.1999.9.19
http://doi.org/10.1089/thy.1999.9.19
http://doi.org/10.1017/S1368980007360928
http://www.ncbi.nlm.nih.gov/pubmed/18053280
http://doi.org/10.1016/j.jpeds.2011.02.034
http://www.ncbi.nlm.nih.gov/pubmed/21492867
http://doi.org/10.1111/j.1365-3016.2012.01275.x
http://www.ncbi.nlm.nih.gov/pubmed/22742605


Medicina 2022, 58, 1122 11 of 14

23. Pharoah, P.O.D.; Buttfield, I.H.; Hetzel, B.S. Neurological damage to the fetus resulting from severe iodine deficiency during
pregnancy. Lancet 1971, 297, 308–310. [CrossRef]

24. O’Donnell, K.J.; Rakeman, M.A.; Zhi-Hong, D.; Xue-Yi, C.; Mei, Z.Y.; DeLong, N.; Brenner, G.; Tai, M.; Dong, W.; DeLong, G.R.
Effects of iodine supplementation during pregnancy on child growth and development at school age. Dev. Med. Child Neurol.
2002, 44, 76. [CrossRef]

25. Fierro-Benitez, R.; Cazar, R.; Stanbury, J.B.; Rodriguez, P.; Garces, F.; Fierro-Renoy, F.; Estrella, E. Effects on school children of
prophylaxis of mothers with iodized oil in an area of iodine deficiency. J. Endocrinol. Investig. 1988, 11, 327–335. [CrossRef]
[PubMed]

26. Trumpff, C.; de Schepper, J.; Tafforeau, J.; van Oyen, H.; Vanderfaeillie, J.; Vandevijvere, S. Mild iodine deficiency in pregnancy in
Europe and its consequences for cognitive and psychomotor development of children: A review. J. Trace Elem. Med. Biol. 2013, 27,
174–183. [CrossRef] [PubMed]

27. Manousou, S.; Eggertsen, R.; Hulthén, L.; Filipsson Nyström, H. A randomized, double-blind study of iodine supplementation
during pregnancy in Sweden: Pilot evaluation of maternal iodine status and thyroid function. Eur. J. Nutr. 2021, 60, 3411–3422.
[CrossRef]

28. Birjandi, B.; Ramezani Tehrani, F.; Amouzegar, A.; Tohidi, M.; Bidhendi Yarandi, R.; Azizi, F. The association between subclinical
hypothyroidism and TPOAb positivity with infertility in a population-based study: Tehran thyroid study (TTS). BMC Endocr.
Disord. 2021, 21, 1–9. [CrossRef] [PubMed]

29. Casey, B.M.; Dashe, J.S.; Wells, C.E.; McIntire, D.D.; Byrd, W.; Leveno, K.J.; Cunningham, F.G. Subclinical Hypothyroidism and
Pregnancy Outcomes. Obstet. Gynecol. 2005, 105, 239–245. [CrossRef] [PubMed]

30. Allan, W.C.; Haddow, J.E.; Palomaki, G.E.; Williams, J.R.; Mitchell, M.L.; Hermos, R.J.; Faix, J.D.; Klein, R.Z. Maternal thyroid
deficiency and pregnancy complications: Implications for population screening. J. Med. Screen. 2000, 7, 127–130. [CrossRef]
[PubMed]

31. Maraka, S.; Ospina, N.M.S.; Mastorakos, G.; O’Keeffe, D.T. Subclinical Hypothyroidism in Women Planning Conception and
During Pregnancy: Who Should Be Treated and How? J. Endocr. Soc. 2018, 2, 533–546. [CrossRef] [PubMed]

32. Nazarpour, S.; Tehrani, F.R.; Simbar, M.; Azizi, F. Thyroid dysfunction and pregnancy outcomes. Iran. J. Reprod. Med. 2015, 13, 387.
[CrossRef] [PubMed]

33. Korevaar, T.I.M.; Schalekamp-Timmermans, S.; De Rijke, Y.B.; Visser, W.E.; Visser, W.; de Muinck Keizer-Schrama, S.M.P.F.;
Hofman, A.; Ross, H.A.; Hooijkaas, H.; Tiemeier, H.; et al. Hypothyroxinemia and TPO-antibody positivity are risk factors for
premature delivery: The generation R study. J. Clin. Endocrinol. Metab. 2013, 98, 4382–4390. [CrossRef] [PubMed]

34. Aghajanian, P. Preconception counseling for thyroid disorders. Ann. Thyroid. 2018, 3, 16. [CrossRef]
35. Tran, A.; Hyer, S.; Rafi, I.; Okosieme, O. Thyroid hormone replacement in the preconception period and pregnancy. Br. J. Gen.

Pract. 2019, 69, 282–283. [CrossRef] [PubMed]
36. Sullivan, S.D.; Downs, E.; Popoveniuc, G.; Zeymo, A.; Jonklaas, J.; Burman, K.D. Randomized Trial Comparing Two Algorithms

for Levothyroxine Dose Adjustment in Pregnant Women with Primary Hypothyroidism. J. Clin. Endocrinol. Metab. 2017, 102,
3499–3507. [CrossRef] [PubMed]

37. Pomorski, L.; Bartos, M.N.J. Pregnancy Following Operative and Complementary Treatment of Thyroid Cancer—PubMed.
Zentralbl Gynakol. 2000, 122, 383–386. Available online: https://pubmed.ncbi.nlm.nih.gov/10951709/ (accessed on 8 June 2022).
[PubMed]

38. Khaled, H.; Al Lahloubi, N.; Rashad, N. A review on thyroid cancer during pregnancy: Multitasking is required. J. Adv. Res. 2016,
7, 565–570. [CrossRef] [PubMed]

39. Li, C.; Shan, Z.; Mao, J.; Wang, W.; Xie, X.; Zhou, W.; Li, C.; Xu, B.; Bi, L.; Meng, T.; et al. Assessment of Thyroid Function During
First-Trimester Pregnancy: What Is the Rational Upper Limit of Serum TSH During the First Trimester in Chinese Pregnant
Women? J. Clin. Endocrinol. Metab. 2014, 99, 73–79. [CrossRef] [PubMed]

40. Arojoki, M.; Jokimaa, V.; Juuti, A.; Koskinen, P.; Irjala, K.; Anttila, L. Hypothyroidism among infertile women in Finland. Gynecol.
Endocrinol. Off. J. Int. Soc. Gynecol. Endocrinol. 2000, 14, 127–131. [CrossRef]

41. Plowden, T.C.; Schisterman, E.F.; Sjaarda, L.A.; Zarek, S.M.; Perkins, N.J.; Silver, R.; Galai, N.; Decherney, A.H.; Mumford, S.L.
Subclinical Hypothyroidism and Thyroid Autoimmunity Are Not Associated With Fecundity, Pregnancy Loss, or Live Birth.
J. Clin. Endocrinol. Metab. 2016, 101, 2358–2365. [CrossRef]

42. Nelson, D.B.; Casey, B.M.; McIntire, D.D.; Cunningham, F.G. Subsequent pregnancy outcomes in women previously diagnosed
with subclinical hypothyroidism. Am. J. Perinatol. 2014, 31, 77–84. [CrossRef]

43. Cakmak, B.D.; Turker, U.A.; Temur, M.; Ustunyurt, E. Pregnancy outcomes of antibody negative and untreated subclinical
hypothyroidism. J. Obstet. Gynaecol. Res. 2019, 45, 810–816. [CrossRef]

44. Li, M.; He, Y.; Mao, Y.; Yang, L.; Chen, L.; Du, J.; Chen, Q.; Zhu, Q.; Liu, J.; Zhou, W. Preconception thyroid-stimulating hormone
levels and adverse pregnancy outcomes. Clin. Endocrinol. 2021, 97, 339–346. [CrossRef] [PubMed]

45. Zhu, P.; Chu, R.; Pan, S.; Lai, X.; Ran, J.; Li, X. Impact of TPOAb-negative maternal subclinical hypothyroidism in early pregnancy
on adverse pregnancy outcomes. Ther. Adv. Endocrinol. Metab. 2021, 12, 1–10. [CrossRef] [PubMed]

46. Li, P.; Lin, S.; Cui, J.; Chen, X.; Meng, Z.; Fan, J. Impact of Early Pregnancy Subclinical Hypothyroidism on Gestational Diabetes
Mellitus: A Retrospective Study of 7536 Cases. J. Women’s Health 2002, 31, 293–298. [CrossRef]

http://doi.org/10.1016/S0140-6736(71)91040-3
http://doi.org/10.1017/S0012162201001712
http://doi.org/10.1007/BF03349050
http://www.ncbi.nlm.nih.gov/pubmed/2846675
http://doi.org/10.1016/j.jtemb.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23395294
http://doi.org/10.1007/s00394-021-02515-1
http://doi.org/10.1186/s12902-021-00773-y
http://www.ncbi.nlm.nih.gov/pubmed/34034716
http://doi.org/10.1097/01.AOG.0000152345.99421.22
http://www.ncbi.nlm.nih.gov/pubmed/15684146
http://doi.org/10.1136/jms.7.3.127
http://www.ncbi.nlm.nih.gov/pubmed/11126160
http://doi.org/10.1210/js.2018-00090
http://www.ncbi.nlm.nih.gov/pubmed/29850652
http://doi.org/10.9790/0853-1509020710
http://www.ncbi.nlm.nih.gov/pubmed/26494985
http://doi.org/10.1210/jc.2013-2855
http://www.ncbi.nlm.nih.gov/pubmed/24037884
http://doi.org/10.21037/aot.2018.07.02
http://doi.org/10.3399/bjgp19X703805
http://www.ncbi.nlm.nih.gov/pubmed/31147323
http://doi.org/10.1210/jc.2017-01086
http://www.ncbi.nlm.nih.gov/pubmed/28911144
https://pubmed.ncbi.nlm.nih.gov/10951709/
http://www.ncbi.nlm.nih.gov/pubmed/10951709
http://doi.org/10.1016/j.jare.2016.02.007
http://www.ncbi.nlm.nih.gov/pubmed/27408758
http://doi.org/10.1210/jc.2013-1674
http://www.ncbi.nlm.nih.gov/pubmed/24276458
http://doi.org/10.3109/09513590009167671
http://doi.org/10.1210/jc.2016-1049
http://doi.org/10.1016/j.ajog.2011.10.833
http://doi.org/10.1111/jog.13925
http://doi.org/10.1111/cen.14668
http://www.ncbi.nlm.nih.gov/pubmed/34951040
http://doi.org/10.1177/20420188211054690
http://www.ncbi.nlm.nih.gov/pubmed/34733468
http://doi.org/10.1089/jwh.2020.8825


Medicina 2022, 58, 1122 12 of 14

47. Meng, Y.; Lin, J.; Fan, J. A Novel Nomogram for Predicting the Risk of Premature delivery Based on the Thyroid Function in
Pregnant Women. Front. Endocrinol. 2022, 12, 793650. [CrossRef] [PubMed]

48. Obiegbusi, S.C.; Dong, X.J.; Deng, M.; Obiegbusi, C.N.; Yang, Y.; Deng, X. Assessing the Outcome of the Management of Thyroid
Dysfunction in Pregnancy. SN Compr. Clin. Med. 2022, 4, 1–10. [CrossRef]

49. Thompson, W.; Russell, G.; Baragwanath, G.; Matthews, J.; Vaidya, B.; Thompson-Coon, J. Maternal thyroid hormone insufficiency
during pregnancy and risk of neurodevelopmental disorders in offspring: A systematic review and meta-analysis. Clin. Endocrinol.
2018, 88, 575. [CrossRef] [PubMed]

50. Chen, L.M.; Chen, Q.S.; Jin, G.X.; Si, G.X.; Zhang, Q.; Ye, E.L.; Yang, H.; Cai, L.Q.; Peng, M.M.; Lin, Z.Z.; et al. Effect of gestational
subclinical hypothyroidism on early neurodevelopment of offspring. J. Perinatol. 2015, 35, 678–682. [CrossRef] [PubMed]

51. Henrichs, J.; Bongers-Schokking, J.J.; Schenk, J.J.; Ghassabian, A.; Schmidt, H.G.; Visser, T.J.; Hooijkaas, H.; de Muinck Keizer-
Schrama, S.M.P.F.; Hofman, A.; Jaddoe, V.V.W.; et al. Maternal Thyroid Function during Early Pregnancy and Cognitive
Functioning in Early Childhood: The Generation R Study. J. Clin. Endocrinol. Metab. 2010, 95, 4227–4234. [CrossRef]

52. Smit, B.J.; Kok, J.H.; Vulsma, T.; Briët, J.M.; Boer, K.; Wiersinga, W.M. Neurologic development of the newborn and young child in
relation to maternal thyroid function. Acta Paediatr. 2000, 89, 291–295. [CrossRef] [PubMed]

53. Rao, M.; Zeng, Z.; Zhou, F.; Wang, H.; Liu, J.; Wang, R.; Wen, Y.; Yang, Z.; Su, C.; Su, Z.; et al. Effect of levothyroxine
supplementation on pregnancy loss and preterm birth in women with subclinical hypothyroidism and thyroid autoimmunity:
A systematic review and meta-analysis. Hum. Reprod. Update 2019, 25, 344–361. [CrossRef]

54. Nazarpour, S.; Ramezani Tehrani, F.; Amiri, M.; Bidhendi Yarandi, R.; Azizi, F. Levothyroxine treatment and pregnancy outcomes
in women with subclinical hypothyroidism: A systematic review and meta-analysis. Arch. Gynecol. Obstet. 2019, 300, 805–819.
[CrossRef] [PubMed]

55. Runkle, I.; de Miguel, M.P.; Barabash, A.; Cuesta, M.; Diaz, Á.; Duran, A.; Familiar, C.; de la Torre, N.G.; Herraiz, M.Á.; Izquierdo,
N.; et al. Early Levothyroxine Treatment for Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy: The St Carlos
Gestational and Thyroid Protocol. Front. Endocrinol. 2021, 12, 743057. [CrossRef]

56. Ma, L.; Qi, H.; Chai, X.; Jiang, F.; Mao, S.; Liu, J.; Zhang, S.; Lian, X.; Sun, X.; Wang, D.; et al. The effects of screening
and intervention of subclinical hypothyroidism on pregnancy outcomes: A prospective multicenter single-blind, randomized,
controlled study of thyroid function screening test during pregnancy. J. Matern. Fetal Neonatal Med. 2015, 29, 1391–1394. [CrossRef]
[PubMed]

57. Nazarpour, S.; Tehrani, F.R.; Simbar, M.; Tohidi, M.; Majd, H.A.; Azizi, F. Effects of levothyroxine treatment on pregnancy
outcomes in pregnant women with autoimmune thyroid disease. Eur. J. Endocrinol. 2017, 176, 253–265. [CrossRef] [PubMed]

58. Nazarpour, S.; Tehrani, F.R.; Simbar, M.; Tohidi, M.; Minooee, S.; Rahmati, M.; Azizi, F. Effects of Levothyroxine on Pregnant
Women with Subclinical Hypothyroidism, Negative for Thyroid Peroxidase Antibodies. J. Clin. Endocrinol. Metab. 2018, 103,
926–935. [CrossRef]

59. Hales, C.; Taylor, P.N.; Channon, S.; Mcewan, K.; Thapar, A.; Langley, K.; Muller, I.; Draman, M.S.; Dayan, C.; Gregory, J.W.; et al.
Controlled Antenatal Thyroid Screening II: Effect of Treating Maternal Suboptimal Thyroid Function on Child Behavior. J. Clin.
Endocrinol. Metab. 2020, 105, e417–e427. [CrossRef] [PubMed]

60. Yoshioka, W.; Amino, N.; Ide, A.; Kang, S.; Kudo, T.; Nishihara, E.; Ito, M.; Nakamura, H.; Miyauchi, A. Thyroxine treatment may
be useful for subclinical hypothyroidism in patients with female infertility. Endocr. J. 2015, 62, 87–92. [CrossRef]

61. Cai, Y.Y.; Zhong, L.P.; Guan, J.; Guo, R.J.; Niu, B.; Ma, Y.P.; Su, H. Outcome of in vitro fertilization in women with subclinical
hypothyroidism. Reprod. Biol. Endocrinol. 2017, 15, 39. [CrossRef] [PubMed]

62. Kim, C.H.; Ahn, J.W.; Kang, S.P.; Kim, S.H.; Chae, H.D.; Kang, B.M. Effect of levothyroxine treatment on in vitro fertilization
and pregnancy outcome in infertile women with subclinical hypothyroidism undergoing in vitro fertilization/intracytoplasmic
sperm injection. Fertil. Steril. 2011, 95, 1650–1654. [CrossRef]

63. Rahman, A.H.A.; Abbassy, H.A.; Abbassy, A.A.E. Improved in Vitro Fertilization Outcomes after Treatment of Subclinical
Hypothyroidism in Infertile Women. Endocr. Pract. 2010, 16, 792–797. [CrossRef]

64. Wang, H.; Gao, H.; Chi, H.; Zeng, L.; Xiao, W.; Wang, Y.; Li, R.; Liu, P.; Wang, C.; Tian, Q.; et al. Effect of Levothyroxine on
Miscarriage Among Women With Normal Thyroid Function and Thyroid Autoimmunity Undergoing In Vitro Fertilization and
Embryo Transfer: A Randomized Clinical Trial. JAMA 2017, 318, 2190–2198. [CrossRef] [PubMed]

65. Arora, H.; Collazo, I.; Palmerola, K.L.; Parmar, M.; Narasimman, M.; Hendon, N.; Eisermann, J.; Bustillo, M. Positive effects of
thyroid replacement therapy on assisted reproductive technology outcomes in women with subclinical hypothyroidism with
positive thyroid peroxidase autoantibodies. F&S Rep. 2022, 3, 32–38. [CrossRef]

66. Gietka-Czernel, M.; Glinicki, P. Subclinical hypothyroidism in pregnancy: Controversies on diagnosis and treatment. Pol. Arch.
Intern. Med. 2021, 131, 266–275. [CrossRef]
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