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Abstract 
Hypothyroidism is a common disorder, potentially severe, often clinically ig-
nored, easily diagnosed by laboratory tests, and highly treatable. It may cause 
chronic illnesses if left untreated. Saudi Society of Endocrinology and Meta-
bolism (SSEM) assembled a panel of twelve endocrinologists with experience 
in thyroid diseases in adults and children and made up a task force. An initial 
concept proposal that included types of hypothyroidism, population, scope, 
and prevalence in Saudi Arabia was obtained. The proposal was divided into 
several topics discussed in February 2022. The panel approved that the con-
sensus will include all types of hypothyroidism in Saudi Arabia, screening, 
diagnosis, management, and special population. A literature review was car-
ried out. Most of the latest international guidelines were screened in Europe 
and USA. The literature search was completed in March 2022. They drafted a 
report that was distributed to the entire panel. Approval of the recommenda-
tions required consensus, defined as a majority approval. The recommenda-
tions were revised to accommodate any differences of opinion until a consen-
sus was reached. Recommendations were finally formulated on April 2022. 
Subsequently, the panel reviewed and discussed the supporting rationale of 
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the revised recommendations. This article presents these practical recommen-
dations.  
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1. Introduction 

Hypothyroidism is a common disorder, potentially severe, often clinically ignored, 
easily diagnosed by laboratory tests, and highly treatable. It may cause chronic 
illnesses if left untreated. Most patients are oblivious to their condition as the 
symptoms of hypothyroidism are non-specific. It may be primary hypothyroid-
ism due to damage in the thyroid gland or central due to pituitary gland disord-
er. It can affect many special populations, such as neonates, children, adults, preg-
nant women, and older people. Also, it can be subclinical hypothyroidism (mild 
or no symptoms) or overt hypothyroidism (clinically symptomatic) [1]. In Saudi 
Arabia, the prevalence of hypothyroidism ranged from 18.7% to 25.5%. Females 
represented 57.5% to 86.3% of cases [2] [3]. At the same time, congenital hypo-
thyroidism among the Saudi population varied from 1:2666 to 1:4208 live births 
[4]. 

Saudi Society of Endocrinology and Metabolism (SSEM) assembled a panel of 
experts to develop a consensus that includes the screening, diagnosis, and man-
agement of different types of hypothyroidism in different populations.  

2. Methods of Consensus Development 

Twelve endocrinologists from the SSEM with more than 15 years’ experience in 
thyroid diseases in adults and children made up a task force. An initial concept 
proposal that included types of hypothyroidism, population, scope, and preva-
lence in Saudi Arabia was obtained. The proposal was divided into several topics 
discussed in a hybrid physical and virtual meeting held on the 26th of February, 
2022. The meeting panel approved that the consensus will include all types of 
hypothyroidism in Saudi Arabia (primary, central & subclinical), screening, di-
agnosis, management, and special population, and finally, among the entire Sau-
di population (nonpregnant and pregnant adults, childhood and adolescence 
and neonates). 

Afterward, Expert writers searched the literature based on their search strate-
gies, and they determined their databases. Most of the last updated govern-
ment-sponsored guidelines were screened in the United States, Canada, and the 
United Kingdom. These included American Thyroid Association (ATA), Cana-
dian Task Force on Preventive Health Care (CTFPHC), Choosing Wisely Cana-
da, National Institute for Health and Care Excellence (NICE), British Thyroid 
Association (BTA), and European Thyroid Association (ETA). No attempt was 
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made to grade the rationale or recommendations. The literature search was 
completed in March 2022. 

Draft reports written by the experts were then distributed electronically to the 
entire expert panel. Approval of the recommendations required consensus, de-
fined as a majority approval. The recommendations were revised to accommo-
date any differences of opinion until a consensus was reached. Recommenda-
tions were finally formulated on April 2022. Subsequently, the panel reviewed 
and discussed the supporting rationale of the revised recommendations. Despite 
differences between the guidelines and the available drugs, the panel tried its 
best to develop a consensus statement to be valid worldwide. 

3. Screening/Detection of Hyothiroidsim 
3.1. Asymptomatic Hypothyroidism 

Population-based screening has the potential for overdiagnosis, long-term mon-
itoring, the need for follow-up testing, and consuming resources. The rationale 
is insufficient, and the benefits and harms of screening for thyroid dysfunction 
in nonpregnant, asymptomatic adults cannot be determined [5].  
Recommendation 1: Population-based screening is not recommended for thy-
roid disease in asymptomatic nonpregnant adults. 

3.2. Subjects for Screening 

The American Thyroid Association and the American Association of Clinical 
Endocrinologists advise people over 60, those at higher risk for hypothyroidism, 
and expectant mothers to be screened for the condition [6]. The US Preventive 
Services Task Force identified several risk factors for hypothyroidism, including 
previous hyperthyroidism (which may have been caused by ablation therapy 
leading to iatrogenic thyroid dysfunction), female sex, advancing age, white race, 
type 1 diabetes, Down syndrome, family history of thyroid disease, goitre, and 
external-beam radiation in the head and neck region [1] [2].  
Recommendation 2: Screen for hypothyroidism should be considered in pa-
tients older than 60 years, women older than 50 years. 
Recommendation 3: Screen only those individuals (adults and children) with 
clinical risk factors for hypothyroidism. 
Recommendation 4: High-risk patients for hypothyroidism are identified as pa-
tients with goiter, a history of autoimmune disease, previous radioactive iodine 
therapy and/or head and neck irradiation, Family history of thyroid disease, pre-
vious or current use of medications that may impair thyroid function, if there is 
a clinical suspicion of thyroid disease, type 1 diabetes, new-onset atrial fibrilla-
tion, or depression or unexplained anxiety. 

3.3. Children 

Out of a worldwide birth population of approximately 130 million infants an-
nually, it is estimated that 37 million infants (29 percent) are screened, and ap-
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proximately 12,000 infants with hypothyroidism are detected annually. Early 
detection and treatment of congenital hypothyroidism through screening pre-
vents neurodevelopmental disability and optimizes developmental outcomes [7] 
[8]. 

TSH level elevation is widely noticed in obese patients, yet it is more likely to 
be one of the obesity sequels and commonly false hypothyroidism. Thyroid 
function test should only be performed in other healthy children only if they 
have short stature and diminished velocity relative to the puberty stage [9] [10] 
[11] [12]. 
Recommendation 5: Screening of all Saudi newborns is recommended with 
particular emphasis on those at risk of congenital hypothyroidism as preterm 
neonates; low birth weight and very low-birth-weight neonates; ill and preterm 
newborns admitted to neonatal intensive care units; and multiple births (partic-
ularly same-sex twins). 
Recommendation 6: Avoid routinely measuring thyroid function and/or insulin 
levels in children with obesity. 

3.4. Pregnant Women 

The results of observational studies suggest that assessment of thyroid function 
only in women at high risk for thyroid or other autoimmune diseases (targeted 
screening) will miss up to one-third of women with subclinical or overt hypo-
thyroidism (TSH > 3.5 mU/L) [13]. Clinical practice guidelines for hypothyroid-
ism in adults: cosponsored by the American Association of Clinical Endocrinol-
ogists and the American Thyroid Association, recommended that patients who 
are planning pregnancy, including assisted reproduction, should be screened. At 
the same time, that universal screening is not recommended [13] [14] [15]. 
Recommendation 7: Screen for thyroid dysfunction in all asymptomatic preg-
nant women in the first trimester. 
Recommendation 8: Screen for thyroid dysfunction in all women who are 
planning for pregnancy. 

3.5. Screening Tests 

Expert panels have agreed upon screening the general population using TSH 
only. The ATA recommends screening in all adults above 35 years and every five 
years after that. The AACE recommends routine TSH level testing in older pa-
tients (ages not specified), especially women. The American Academy of Family 
Physicians suggests routine screening in asymptomatic patients older than age 
60 years, and the American College of Physicians recommends case finding in 
women older than 50 years [16] [17] [18] [19]. 
Recommendation 9: Order TSH only for all patients, and if abnormal, TSH 
measurement should be repeated along with additional evaluation or treatment 
depending on the findings:  
If the TSH is above the reference range, measure free T4 in the same sample. 
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If the TSH is below the reference range, measure free T4 and free T3 in the same 
sample. 

Serum concentrations of Anti-Thyroid Peroxidase Antibodies (TPO-Ab) are 
increased in more than 90% of patients, as almost all of them have autoimmune 
thyroiditis [20]. 
Recommendation 10: Do not routinely test for TPO-Ab. 

The American Thyroid Association (ATA) and the American Association of 
Clinical Endocrinologists (AACE) recommend measuring TSH in any high-risk 
people for hypothyroidism (e.g., personal history of type 1 diabetes or other au-
toimmune diseases, family history of thyroid disease, history of neck radiation to 
the thyroid, history of thyroid surgery) [7]. 
Recommendation 11: Order TSH at initial screening for some patients recom-
mended for screening. 
Recommendation 12: Order TSH, T4, and anti-TPO at initial screening for 
some patients recommended for screening if thyroiditis is suspected. 

Routine screening is required for all neonates to detect primary hypothyroid-
ism. An increase in TSH concentration can last up to 24 h following birth. Thus, 
it is best to measure a sample taken at least 48 h after delivery to avoid false posi-
tive results. Newborn babies should be screened for congenital hypothyroidism 
by measurement of bloodspot TSH using a sample collected within 2 - 8 days af-
ter birth as part of a national screening program. All hypothyroid neonates should 
be treated as early as possible. 
Recommendation 13: For newborn screening, it is recommended to use a pri-
mary TSH/backup T4 method TSH. The sample is to be collected within 2 - 8 
days after birth. 

3.6. Screening Interval 

Due to these problems, many qualified experts advise repeating thyroid function 
tests if the results are above or below a stated reference interval for confirmation 
of persistent dysfunction (for instance, over 3- to 6-month intervals in asymp-
tomatic individuals), before making a diagnosis or thinking about any treatment 
options, unless the serum TSH level is higher than 10.0 or lower than 0.1 mU/L. 
In four to six weeks, the patient should have another evaluation and check their 
serum TSH levels. The patient will need another TSH measurement in six weeks 
if the TSH remains over the reference range [21] [22] [23]. 
Recommendation 14: Do not repeat thyroid function tests if TSH is normal ex-
cept for diabetes patients. 
Recommendation 15: Repeat thyroid function tests if TSH is abnormal in 
asymptomatic persons. The optimal screening interval for thyroid dysfunction is 
4 - 8 weeks. 
Recommendation 16: Repeating the tests for thyroid dysfunction if symptoms 
worsen or new symptoms develop but not sooner than six weeks from the most 
recent test. 
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4. Diagnosis of Hypothyroidism 

In populations who have been screened, the accuracy of hypothyroidism diagno-
sis based on clinical findings is quite low. In a case-control study, 30% of newly 
hypothyroid patients reported symptoms, whereas 17% of controls with normal 
thyroid function reported the same nonspecific symptoms. Clinical diagnosis 
errors and inaccuracies of hypothyroidism may be connected to other medical 
and non-medical diseases with comparable symptoms [24]. 
Recommendation 17: Generally, hypothyroidism diagnoses rely on thyroid 
function tests because of the lack of specificity of the typical clinical manifesta-
tions. 

4.1. Primary Hypothyroidism 

Hypothyroidism is diagnosed when there is a subnormal serum free T4, either 
primary, where serum TSH is elevated, or central, where serum TSH is normal 
or low. There is controversy about the upper limit of normal serum TSH. The 
majority of laboratories have been using 4.5 to 5.0 mU/L values. The National 
Academy of Clinical Biochemistry recommended that the upper limit of normal 
euthyroid is 2.5 mU/L because 95% of euthyroid volunteers had serum levels 
within this limit when screened [25] [26] [27] [28]. 

The upper limit of TSH values may elevate with age, as seen in the NHANES 
(National Health and Nutrition Examination Survey) III population. If the TSH 
upper level stays at 4.5 mU/L, 74% of the TSH values of elderly patients older 
than or equal to 80 years without TPO-Ab positive values would be above this 
level. According to a reanalysis of the NHANES III TSH distribution curves in 
TPO-Ab negative individuals between 50 - 59 years, TSH upper levels would 
correspond to 4.2 mU/L, between 60 - 69 years, to 4.7 mU/L, between 70 - 79 
years, to 5.6 mU/L, and in subjects over age 80, to 6.3 mU/L [29]. 

Previous literature showed that positive results of TPO-Ab tests had a signifi-
cant association with hypothyroidism. Elevated TPO-Abs titers in subclinical 
hypothyroid patients signify progression prediction to overt hypothyroidism. 
Many societies and clinical Endocrinologists support TPO-Abs measuring in pa-
tients with subclinical hypothyroidism because TPO-Abs were positive in pa-
tients with a high risk of developing hypothyroidism [30] [31] [32]. 
Recommendation 18: Laboratory findings in primary hypothyroidism include 
a decrease in serum free thyroxine (FT4) and an increase in serum thyroid sti-
mulating hormone (TSH). 
Recommendation 19: An elevated serum TSH in primary hypothyroidism is 
above the normal reference range’s upper limit, typically 4 - 5 mU/L and 2.5 - 3 
mU/L in healthy individuals without thyroid disease. 
Recommendation 20: Serum TSH distribution shifts towards higher values with 
age > 70 or obesity: 6 - 8 mU/L in healthy octogenarians (between 80 and 89 years 
old), 4.6 mU/L in persons older than 70 - 80 years, and up to 7.5 mU/L in class 3 
obesity. 
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Recommendation 21: Measure TPO-Abs in: 
 Adults with TSH levels above the reference range but do not repeat TPO Abs 

testing in primary and subclinical hypothyroidism. 
 Children and young people with TSH levels above the reference range, with 

possible repeat TPO Abs testing at the time of transition to adult services. 

4.2. Secondary Hypothyroidism 

Weight gain and intolerance to cold complaints are the most common. Symp-
toms of concomitant hormone deficiencies, such as hypogonadism could mask 
the clinical manifestations of central hypothyroidism. Thus, laboratory testing is 
crucial for those patients. Central hypothyroidism is diagnosed with a decline in 
serum free T4, despite a low or normal TSH in the same laboratory testing [33] 
[34] [35] [36]. 

Hypothalamus or pituitary disorders cause thyroid hormone deficiency, de-
fined as central hypothyroidism, resulting in normal or low TSH levels with de-
creased free T3 and T4. One study showed that in central hypothyroidism, free 
T4 was low normal in 18% of adult patients, where the rest were below normal 
levels, while the majority had normal levels of TSH. Normal levels of TSH are 
due to its normal immunoactivity, yet its biological activity is diminished. Mea-
surement of T3 levels is rarely necessary for the diagnosis of central hypothy-
roidism. This recommendation is based on ETA Guidelines on the Diagnosis 
and Management of Central Hypothyroidism [19] [37] [38] [39] [40]. 
Recommendation 22: The diagnosis of central hypothyroidism is based on 
clinical manifestations and thyroid function tests. 
Recommendation 23: Laboratory findings in secondary (central) hypothy-
roidism as normal or low level of TSH in the presence of decreased serum free 
T4. 
Recommendation 24: Measure serum TSH and free T4 if pituitary or hypotha-
lamic disease is suspected (e.g., a young woman with amenorrhea and fatigue). 
Recommendation 25: Measure free T4 if the patient has convincing symptoms 
of hypothyroidism despite a normal TSH result. 
Recommendation 26: It is not helpful to measure T3 in most patients with sus-
pected central hypothyroidism. Although, it may aid when the diagnosis of cen-
tral hypothyroidism is uncertain. 

4.3. Diagnosis during Pregnancy 

High TSH and low free T4 characterize overt hypothyroidism. Two factors do-
nate to this result: hypothyroid women with no ovulation and newly diagnosed 
or undertreated hypothyroidism. Spontaneous abortion in the first trimester is 
observed in this type of pregnancy [41] [42] [43]. Concerning reported studies, 
representing the guidelines published by the American Thyroid Association or 
the American Endocrine Society suggested the following TSH reference range: 
first trimester, 0.1 to 2.5 mU/L; second trimester, 0.2 to 3.0 mU/L; third trimes-
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ter, 0.3 to 3.0 - 3.5 mU/L [44] [45] [46] [47] [48]. 
Trimester-specific reference range of thyroid function might vary a lot. It af-

fects the accurate diagnosis, causing delays or undertreated conditions. Guide-
lines released by the American Thyroid Association for the Diagnosis and Man-
agement of Thyroid Disease in 2017 recommended that trimester-specific thy-
roid function reference ranges were crucial in various laboratories and regions to 
detect and control pregnancy thyroid disorder more appropriately [49]. 

There has been a strong debate about the importance of hypothyroidism, 
represented by high TSH and hypothyroxinaemia (low FT4), as the more prog-
nostic of events in pregnancy. This hypothesis found support by Dutch studies, 
which showed an association between euthyroid hypothyroxinaemia and delayed 
cognitive development at different ages. Total T4 assay is preferred to free T4, 
especially in the last part of pregnancy. American Thyroid Association, European 
Thyroid Association, and Endocrine Society guidelines state that TT4 elevates 
1.5 times pre-pregnant levels after week 16 of pregnancy [50]-[55]. 
Recommendation 27: Overt hypothyroidism is defined as an elevated TSH 
concentration in conjunction with a decreased free T4 concentration which is 
population and trimester specific. 
Recommendation 28: If there is a generalized trimester-specific reference range, 
it will be as follows: 0.1 - 2.5 mU/L for the first trimester, 0.2 - 3.0 mU/L for the 
second trimester, and 0.3 - 3.0 mU/L for the third trimester. 
Recommendation 29: When possible, population-based trimester-specific ref-
erence ranges for serum TSH should be defined through assessment of local 
population data representative of a health care provider’s practice. 
Recommendation 30: When evaluating thyroid tests during pregnancy, we typ-
ically measure TSH and free T4. 
Recommendation 31: Measurement of total T4 may be superior to free T4. 

4.4. Congenital Hypothyroidism 

High TSH and low free T4 results on serum testing indicate primary hypothy-
roidism. Treatment is indicated, starting as soon as possible. High TSH and nor-
mal free T4 or total T4 results on serum testing indicate subclinical hypothyroid-
ism. Treatment should be initiated if the TSH is highly elevated (e.g., >20 mU/L). 
If the serum FT4 is low and TSH is low, normal, or slightly elevated, the diagno-
sis of central congenital hypothyroidism should be deemed. In most countries, 
there are newborn screening programs, and infants with congenital hypothy-
roidism are diagnosed after detection by screening tests. The diagnosis should be 
endorsed by finding an elevated serum TSH and low T4 or free T4 level. Other 
diagnostic tests, such as thyroid radionuclide uptake and scan, thyroid sonogra-
phy, or serum thyroglobulin, may help spot the underlying causes [56] [57] [58]. 
Recommendation 32: The diagnosis of hypothyroidism can be confirmed or 
excluded by the results of serum tests of thyroid function. 
Recommendation 33: If the diagnosis of hypothyroidism is confirmed, other 
studies (such as thyroid radionuclide uptake and scan, ultrasonography, serum 
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thyroglobulin, tests for thyroid autoantibodies, or urinary iodine excretion) may 
be performed to identify the cause. 
Recommendation 34: In congenital hypothyroidism: High TSH and low free 
T4 confirm the diagnosis of primary hypothyroidism; High TSH and normal 
free T4 or total T4 defines subclinical hypothyroidism; and Low or normal TSH, 
low free T4 suggests the possibility of central hypothyroidism. 

5. Management of Hypothyroidism 
5.1. Managing Primary Hypothyroidism 
5.1.1. Levothyroxine Replacement Therapy 
Levothyroxine (LT4) is the cornerstone for the treatment of hypothyroidism. 
Oral LT4 has a prolonged serum half-life that allows daily administration and 
results in the remission of the signs and symptoms in most patients. Thyroid 
hormone action is crucial for growth and is critical in adults’ function regulation 
and organ system metabolism. LT4 is converted peripherally into its active me-
tabolite T3 [59] [60] [61] [62]. 
Recommendation 35: Levothyroxine is the standard replacement therapy for 
correcting primary hypothyroidism in adults, children, and young people. That 
is because of its long-term efficacy, safety profile, ease of administration, and low 
cost. 

5.1.2. New Formulation of Levothyroxine Therapy 
Most patients use LT4 tablets. One study reported that the pharmacokinetic 
characteristics of the gel capsule were the same as tablets in healthy individuals. 
The gel capsule or liquid is an option for patients with suspected poor absorp-
tion of the standard solid tablet, especially in the presence of atrophic gastritis. It 
may also be better absorbed after bariatric surgery [63]. 
Recommendation 36: Using levothyroxine (LT4) dissolved in glycerin and sup-
plied in gelatin capsules or liquid formulation has no advantage over tablets. The 
soft gel capsule/liquid may be an option for patients with suspected poor absorp-
tion of the standard solid tablet. Also, it may be an option with the concomitant 
use of proton pump inhibitors or coffee. It may also be an option after bariatric 
surgery. Increasing the dose of levothyroxine tablet with monitoring of TSH is a 
less costly option than new formulations. 

5.1.3. Switching between Formulations or From Brand to Generic 
The bioequivalence of different LT4 formulations is controversial. Alteration in 
the LT4 content of brand-name and generic names guided many professionals to 
prefer a particular formulation. In 1997, a study of two generic formulations and 
two brand names of LT4, using US Food and Drug Administration (FDA)-recom- 
mended methodology to determine bioequivalence, stated that the four prepara-
tions were equivalent. Nevertheless, some experts considered the methodology 
used to determine bioequivalence in the study imperfect since endogenous T4 
concentrations were not considered [64] [65] [66]. 
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Due to the narrow therapeutic index of LT4, FDA has stipulated that LT4 
formulations maintain 95% - 105% of their stated potency, amended from a prior 
requirement of 90% - 110%, during their shelf life. Moreover, FDA has required 
that all LT4 products be reassessed as if they were new drugs. America Thyroid 
Association advises maintenance of a specific formulation of LT4. Switches be-
tween LT4 products could potentially cause alterations in the administered dose 
and should largely be avoided for that reason [59] [67]. 
Recommendation 37: We recommend that patients remain on the same for-
mulation used of levothyroxine. 
Recommendation 38: It is acceptable to take either a generic or a brand-name 
formulation. Switching levothyroxine formulations (from brand to generics or 
different brands from different countries) has to be made cautiously and then 
re-evaluate the serum TSH until it is at a steady state. 

5.1.4. Dosing and Administration 
Starting dose based on the serum level of TSH, with a full replacement dose (1.6 
μg/kg), is required when the serum TSH is significantly elevated, and lower dos-
es (e.g., 25 - 50 μg) are required in mild hypothyroidism. T4 requirements relate 
better with lean body mass than total body weight. In one study, the average full 
replacement dose after thyroidectomy was 1.76 mcg/kg body weight for body 
mass index (BMI) < 25 kg/m2, 1.47 mcg/kg for BMI 25 to 29 kg/m2, 1.42 mcg/kg 
for BMI 30 to 34 kg/m2, 1.27 mcg/kg for BMI 35 to 39 kg/m2, and 1.28 mcg/kg 
for BMI over 40 kg/m2. Patients who can wait an entire hour before eating break-
fast are few. The closeness to food intake, instead of any time of day, is more criti-
cal. A meta-analysis showed no significant difference in the effectiveness of morn-
ing dosing compared to bedtime dosing based on TSH level assay [7] [68] [69] 
[70]. 

Some studies showed that TSH levels were lower and constant in the case of 
fasting administration of LT4 than with the non-fasting administration (e.g., 
mean serum TSH 1.06 ± 1.23, 2.93 ± 3.29, and 2.19 ± 2.66 mU/L if administered 
one hour before breakfast, with breakfast, or two hours after the last meal at bed-
time, respectively) [71] [72]. 
Recommendation 39: For adults < 65 years old: start levothyroxine at 1.6 mcg/kg 
body weight per day (rounded to the nearest 25 mcg) with no history of cardi-
ovascular disease. 
Recommendation 40: Dosing should be adjusted based on actual body weight 
and ideal body weight. 
Recommendation 41: Regarding administration concerning meals, we recom-
mend that levothyroxine be consistently taken either 1 hour before breakfast or 
at bedtime after ≥3 hours of the evening meal for optimal, consistent absorption. 

5.1.5. Target Therapy 
The aim is to maintain serum TSH levels within the normal range (0.5 to 5.0 
mU/L). Nevertheless, there is an age-related variation where higher TSH con-
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centrations were measured in elderly patients. Amongst patients with goiter, 
nearly 50 percent will experience a decrease in goiter size, which delays the fall in 
TSH secretion. The appropriate upper limit of normal for serum TSH is contro-
versial. The serum TSH is the parameter used to adjust the LT4 dose, with the 
target TSH typically being 0.5 to 3.5 or 4 mU/L [7] [73] [74] [75]. 
Recommendation 42: The goals of therapy for levothyroxine therapy are nor-
malization of serum TSH, resolution of symptoms and avoidance of overtreat-
ment. 
Recommendation 43: We recommend maintaining TSH levels within the nor-
mal reference range when treating primary hypothyroidism with levothyroxine. 
Target normal range is 0.5 to 4.0 mU/L. 

5.1.6. Monitoring and Assessing Adequacy of Therapy 
In agreement with the most recent guidelines published by the ATA, “TSH is the 
most dependable marker of competence of replacement treatment, and a level 
within the reference range (0.4 - 4.0 mU/L) is to be the therapeutic target.” As 
recommended by NICE guidelines for treating hypothyroidism, they agreed that 
TSH levels could take up to 6 months to return to the reference range if they 
have been very high or have been high for a long time. They agreed that health-
care professionals should consider this when adjusting doses to avoid large dose 
increases that could cause thyrotoxicosis. They made different recommendations 
for children under two years because of the impact of poorly treated hypothy-
roidism [7] [76]. 
Recommendation 44: TSH is the recommended marker for adequacy of levo-
thyroxine therapy. Do not use Free T4 or T3, or clinical symptoms to monitor and 
adjust levothyroxine therapy. 
Recommendation 45: For adults, measure TSH every 3 months until the level 
be stabilized (Two similar measurements within the reference range three months 
apart), and then once a year.  
For children aged 2 years and over and young people, measure Free T4 and 
TSH every 6 - 12 weeks until the TSH level be stabilized (Two similar measure-
ments within the reference range three months apart), then every 4 - 6 months 
until after puberty, then once a year. 
For children aged between 28 days and 2 years, measure Free T4 and TSH 
every 4 - 8 weeks until the TSH level be stabilized (Two similar measurements 
within the reference range two months apart), then every 2 - 3 months during 
the first year of life, and every 3 - 4 months during the second year of life. 

5.1.7. Factors Affecting Dose Required, Concomitant Medications,  
Concomitant GIT Condition 

Levothyroxine dosing is affected by body weight. Studies have shown that pa-
tients demonstrated an alteration in levothyroxine requirement after weight loss 
bariatric surgery. Up-titration of the levothyroxine dose when there is weight 
gain is a recommendation of the Guidelines on the Diagnosis and Management 
of Central Hypothyroidism [35] [77] [78]. 
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Carbamazepine, phenobarbital, rifampin, and phenytoin can increase the le-
vels of the LT4 glucuronidation enzyme. Goldberg et al. mentioned an example, 
“the concurrent administration of rifampin and LT4 was correlated to a signifi-
cantly higher area under the plasma T4 concentration-time curve” [79] [80] [81]. 

In a prospective study, the cure of H. pylori was linked with serum TSH levels 
reduction from 30.5 to 4.2 mU/L in nonresponsive patients to high doses of LT4. 
Moreover, eradication of H. pylori and starting omeprazole were correlated with 
low and high TSH values, respectively. Furthermore, in patients who took LT4 
therapy, the degree of their LT4 requirement was associated with the existence 
or nonexistence of serum parietal cell antibodies. Celiac disease is likewise more 
common in patients with underlying Autoimmune thyroid disease. Two retros-
pective studies recorded higher LT4 needs in patients with celiac disease com-
pared with unaffected hypothyroid patients [82] [83] [84] [85]. 
Recommendation 46: Levothyroxine doses should be increased if weight 
gain/loss is increased or decreased by more than 10% of body weight. 
Recommendation 47: Measure TSH levels when medications such as pheno-
barbital, phenytoin, carbamazepine, rifampin, and sertraline are initiated as high 
doses may be required. 
Recommendation 48: Evaluation of gastrointestinal disorders such as H. pylo-
ri-related gastritis, atrophic gastritis, or celiac disease should be considered, as 
levothyroxine dose requirements are much higher than expected. If such disord-
ers are detected and effectively treated, re-evaluation of TSH and levothyroxine 
dosage is recommended. 

5.1.8. Failure of Therapy 
Patients with gastritis have higher requirements for LT4. A study showed that 
the LT4 dose was higher in patients with parietal cell antibodies. The same con-
sequence can be seen in celiac disease patients [83] [84]. 

In patients with elevated TSH, it should be established that LT4 is taken daily 
with water on an empty stomach, before breakfast for an hour, and any medi-
cines that affect T4 absorption should be taken several hours after the LT4 dose. 
Poor compliance is the most popular explanation for high LT4 dose require-
ments. Patients will admit to occasionally forgetting their tablets. Nevertheless, it 
is hard to determine how often “occasionally” happens. Clinicians can check 
adherence by direct patient reports, clinical improvement, or pharmacy refills. A 
study also suggests checking for proper storage of LT4 tablets (e.g., moisture, 
light protection, and temperature) [86] [87] [88]. 

Dose adjustment of LT4 is regularly required regardless of the initial dose es-
timate. This happens because of many factors, including limitations in the dose 
calculations, inter-patient differences, drug absorption, or concurrent diseases or 
medications [59]. 

The half-life of levothyroxine is nearly one week. If needed, reexamining thy-
roid condition by measuring TSH levels and free thyroxine levels are required 
after six weeks of treatment. If the TSH is not at the preferred goal, the LT4 dose 

https://doi.org/10.4236/ijcm.2022.1312046


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 662 International Journal of Clinical Medicine 
 

can be modified. In a systematic review that included nine randomized trials, 
one trial stated the advantageous effects of combination therapy on feelings, qual-
ity of life, and psychological functioning compared to LT4 therapy alone. The 
following meta-analysis of 11 randomized trials included 1216 patients revealed 
that there was no advantage of combined therapy [68] [89] [90]. 
Recommendation 49: If TSH elevation persists, adherence to therapy, proper 
administration regarding food, other co-medications, or diseases should be 
checked. 
Recommendation 50: If symptoms persist, adjust the levothyroxine dose to 
achieve optimal well-being without reaching thyrotoxicosis. 
Recommendation 51: If symptoms persist despite a normal serum TSH level, 
we recommend measuring free T4 with TSH in patients with hypothyroidism 
symptoms to exclude other causes. 

Furthermore, acknowledgment of the patient’s symptoms and evaluation for 
alternative causes are recommended in such cases. Future research into whether 
there are specific subgroups of the population being treated for hypothyroidism 
who might benefit from combination therapy should be encouraged. 

5.1.9. Special Treatment Situations: (Target) 
Coronary heart disease: The thyroid hormone raises myocardial oxygen re-

quirement, correlated to a small risk of arrhythmias, angina, or myocardial in-
farction in older patients. A total of 1961 reports are the most prominent and fin-
est study of the impacts of starting thyroid hormone on chest pain in patients 
with hypothyroidism. Among 1503 hypothyroid patients, fifty-five patients had 
angina before the replacement therapy. Through therapy, 21 improved, 25 had 
no difference, and 9 had more angina. While thirty-five patients experienced 
new angina during treatment, 6 in the first month, 6 in the first year, and 23 af-
ter one year. Hence, angina may improve with LT4 treatment, and it does not 
often first appear during LT4 replacement therapy [91] [92]. 
Recommendation 52: For patients with cardiovascular disease: start levothy-
roxine at a dosage of 12.5 - 25 mcg/day with slow titration over 4 - 6 weeks based 
on symptoms and serum TSH levels. 

Elderly patients: Patients older than 60, with concomitant cardiovascular 
problems, or patients with a history of coronary heart disease should start treat-
ment with 25 to 50 mcg LT4. The dose can be raised by 12 to 25 mcg/day every 
three to six weeks to achieve complete replacement, as determined by a normal 
serum TSH. However, if the increase in dose results in cardiac symptoms, in this 
case, less than a full replacement can be accepted. It is crucial to note that there 
is an age-related turn towards higher TSH concentrations in older patients, with 
an upper limit of normal of nearly 7.5 mU/L in 80 years old [93]. 
Recommendation 53: Patients over 65 - 70 years should start levothyroxine at 
lower doses (25 - 50 mcg/day) with titration based on TSH level for adults with a 
history of cardiovascular disease. 

Infants and children: Delays in diagnosis and treatment of hypothyroidism 
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in infants lead to neurocognitive impairment. However, the intelligence quotient 
(IQ) and neurologic development may endure after diagnosis if the infant has 
suboptimal treatment throughout the first two to three years of life, a time when 
the thyroid hormone is crucial for normal brain development. Hence, proper in-
itial therapy and follow-up are vital to ensure optimum dosing of thyroid hor-
mone, with monitoring and dose adjustments and support for the family to 
promote close obedience to treatment. The quick normalization of thyroid hor-
mone levels (In the first two weeks after therapy initiation) and the maintenance 
of somewhat higher FT4 concentrations during the first year of life results in a 
better outcome. The regular monitoring of TSH and FT4 levels is needed for this 
reason and also to avoid the incidence of prolonged phases of supraphysiological 
thyroid hormone levels [94]-[100]. 
Recommendation 54: Levothyroxine should be initiated once a newborn has a 
positive screening, even before the result of a confirmatory test. In cases where 
screening tests are borderline, a treatment decision can be postponed until the 
results of the confirmatory tests return. 
Recommendation 55: Tailoring the dose based on the severity of initial TSH 
and T4 deficit may be the most reasonable approach. In mild cases: a dose of 8 to 
10 mcg/kg/day is recommended. Higher doses may be required for infants with 
severe congenital hypothyroidism. (12.5 to 15 mcg/kg/day). 
Recommendation 56: A Dosing regimen based on age: 
 Full-term newborn: a dose of 10 - 15 mcg/kg/day 
 Preterm newborn: a dose of 10 - 15 mcg/kg/day, though in milder cases, often 

characterized by delayed TSH elevation, a starting dose of 8 to 12 mcg/kg/day 
 Age 1 to 3 years - 4 to 6 mcg/kg body weight 
 Age 3 to 10 years - 3 to 5 mcg/kg 
 Age 10 to 16 years - 2 to 4 mcg/kg 

OR 
Dosing regimen is based on body surface area calculated at 100 kg/m2/day 

Recommendation 57: The aim of therapy in infants is to maintain the serum 
TSH in the mid-to-upper half of the pediatric reference range and the serum 
thyrotropin in the mid-to-lower half of the pediatric reference range. The target 
should be to normalize serum thyroxine approximately 2 - 4 weeks after initia-
tion of therapy. Once the proper dose is identified, surveillance testing with a 
serum TSH and FT4 should be performed every 1 - 2 months during the first 
year of life with decreasing frequency as the child ages. 

The aim of therapy in children is to normalize their biochemical parameters 
and reverse the signs and symptoms of hypothyroidism.  

Pregnancy: In ongoing pregnancies, hypothyroidism has been associated with 
a high risk of various complications. These complications include placental ab-
ruption, preeclampsia, gestational hypertension, preterm labor, increased chance 
of cesarean section, postpartum hemorrhage, and neuropsychological and cogni-
tive impairment in the newborn child. About 14 studies calculated the popula-
tion-based pregnancy-specific reference ranges for TSH. Korevaar et al. showed 

https://doi.org/10.4236/ijcm.2022.1312046


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 664 International Journal of Clinical Medicine 
 

that in nearly 90% of all studies, the upper limit for TSH was above 2.5 mU/L. 
ATA 2017 guidelines suggested determining pregnancy-specific and lab-specific 
reference ranges for TSH. For hypothyroid pregnant women, serum TSH levels 
should be assessed every 3 - 4 weeks during the first half of pregnancy and every 
6 - 10 weeks afterward. The LT4 dose should be modified to keep the serum TSH 
below 2.5 mU/L. TSH and free T4 levels should be measured 3 - 4 weeks after 
every dosage adjustment [101]-[110]. 

Preconception counseling is essential in this regard. Studies have reported that 
nearly 30 percent of women taking LT4 have a TSH level > 4 mU/L when they 
show up for their first prenatal visit. In such women, serum TSH of (4.5 - 10) 
compared with <2.5 mU/L is a forecaster of miscarriage (95% CI 1.03 - 3.14). 
Nearly 50% - 85% of women with preexisting hypothyroidism require high LT4 
doses during pregnancy. Another study showed that 17% of women with pre-
conception TSH values < 1.2 mU/L needed a dose increase during the following 
pregnancy, compared with 50% of women with preconception TSH levels be-
tween 1.2 and 2.4 mU/L [111]-[116]. 
Recommendation 58: Treatment of women with overt hypothyroidism with le-
vothyroxine replacement therapy is recommended. The dosing should be titrated 
to achieve a target TSH serum level. 
Recommendation 59: TSH target in pregnancy is in the lower half of the tri-
mester-specific reference range. If not possible, target TSH levels are below 2.5 
mU/L. 
Recommendation 60: Serial TSH levels should be assessed every 4 - 6 weeks 
during the first half of pregnancy for dosing adjustment of levothyroxine to 
maintain TSH levels within the target range. During the second half of pregnan-
cy, TSH should also be reassessed. 
Recommendation 61: In women on levothyroxine who are planning pregnancy, 
TSH level should be evaluated preconception, and doses adjusted to achieve a 
TSH value between the lower reference limit and 2.5 mU/L. 
Recommendation 62: For women already on levothyroxine therapy, increase 
the total daily dose by approximately 25% - 30%. 

Estrogen therapy 
Recommendation 63: Reassessment of TSH serum level after 4 - 8 weeks if es-
trogen therapy is initiated or discontinued, as it may alter the levothyroxine re-
quirement. Interval is 6 to 12 weeks after starting estrogen therapy. 

Hospitalized patients: 
Recommendation 64: For patients who are on levothyroxine therapy and una-
ble to take enteral levothyroxine, It can be given intravenously until enteral ab-
sorption improves. The dose should be approximately 70% - 80% of the patient’s 
oral dose. 

Also, it may be given via nasogastric tube using extemporaneous preparation 
or rectal route using a hospital-prepared levothyroxine suppository. 

Poorly compliant patients: The efficacy of a single weekly dose was assessed 
in a crossover trial that included 12 patients. On administration of a single 
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weekly dose, the mean TSH concentration was higher than when the usual daily 
dose (6.6 versus 3.9 mU/L), but the elevated value normalized one day after the 
next weekly dose. No difference has been observed in symptoms between daily 
and weekly dosing [117]. 
Recommendation 65: For patients who do not respond to efforts to improve 
adherence to daily oral levothyroxine, a total weekly oral administration (7 times 
the daily dose) may be given. 

Levothyroxine allergy: Most patients on LT4 therapy tolerate the medication 
without unfavorable adverse effects because LT4 is identical to the hormone re-
leased in the body. Nevertheless, few patients recognize adverse reactions from 
the treatment, including headaches, tachycardia, anxiety, and other nonspecific 
symptoms. A reasonable attempt in such cases would be to lower the LT4 dose 
and increase it slowly. One report of symptoms recorded symptoms resolution 
when the concurrent iron deficiency was corrected. Highlighting that the correct 
acknowledgment of the reason for symptoms is challenging. Allergy to the dye in 
the tablet may infrequently occur and can be resolved using 50 mg, dye-free tab-
lets. An allergy report presented a rash that appeared in a patient taking an LT4 
formulation made in Korea and having tartrazine yellow no. 4 and red no. 3 was 
bypassed by giving the patient a different LT4 product. If problems continue, re-
fer the patient to an allergist to rule out other causes [118] [119] [120]. 
Recommendation 66: For patients with apparent allergy to levothyroxine, chang-
ing the dose, formulation, and brands, by treating concomitant iron-deficiency 
anemia or an allergist consultation could be reasonable approaches. 

5.1.10. Combination T4 and T3 Therapy  
There is no sufficient rationale to support its benefits over T4 monotherapy, un-
certain safety profile, and multiple daily dosing [121]. 
Recommendation 67: We do not suggest the routine use of combined T4 and 
T3 therapy to treat primary hypothyroidism. 

5.2. Managing Subclinical Hypothyroidism (Definition,  
Management, Follow-Up) 

5.2.1. Candidates for Treatment 
Data discussing the pros and cons of LT4 treatment in patients with serum TSH 
levels (4.5 - 10 mU/L) is scarce. Treatment in patients with lower serum TSH con-
centrations may improve nonspecific symptoms of hypothyroidism, such as le-
thargy and constipation, and may diminish the goiter size if present. This rec-
ommendation was made by the NICE panel based on their experience. Some 
experts recommend that the existence of cardiovascular-disease risk factors may 
endorse treatment [122] [123]. 
Recommendation 68: When discussing whether or not to start treatment for 
subclinical hypothyroidism, consider features that might suggest underlying thy-
roid disease, such as symptoms of hypothyroidism, previous radioactive iodine 
treatment or thyroid surgery, or raised levels of thyroid autoantibodies. 
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Adults: Even though nearly all experts suggest the treatment of patients with 
serum TSH levels > 10 mU/L, the routine treatment of asymptomatic patients 
with TSH levels of (4.5 - 10 mU/L) stays debatable. This recommendation is in 
harmony with the suggestions of a clinical consensus group including represent-
atives from the American Thyroid Association (ATA) and the American Associ-
ation of Clinical Endocrinologists (AACE) also with the European Thyroid As-
sociation guidelines [7] [99] [100] [124] [125] [126] [127]. 

It was raised that dependence on serum TSH levels to make decisions about 
treatment is common in clinical practice, which may be problematic. Other fac-
tors, including patients’ symptoms, are to affect their demand for therapy. The 
committee saw that a trial period of 6 months of therapy would be suitable for 
symptomatic patients with TSH lesser than ten mlU/L. Based on their previous 
experience, the committee decided that therapy was less likely to have a benefit 
but that the risk-benefit ratio was most beneficial for adults under the age of 65. 
The committee stated that adults over 65 were less likely to experience symp-
toms improvement and the harm potential from suppressing TSH is high. The 
committee approved that the trial of LT4 therapy should be stopped if symptoms 
continue with TSH levels within the reference range, as this may be due to rea-
sons other than hypothyroidism[76] [128]. 
Recommendation 69: Consider levothyroxine for adults with subclinical hypo-
thyroidism who have a TSH of 10 mU/litre or higher on 2 separate occasions 3 
months apart. 
Recommendation 70: Consider a 6-month trial of levothyroxine for adults un-
der 65 with a TSH above the reference range but lower than 10 mU/litre on 2 
separate occasions 3 months apart, and symptoms of hypothyroidism. 
Recommendation 71: If symptoms do not improve after starting levothyroxine, 
re-measure TSH. If the level remains raised, adjust the dose. If symptoms persist 
when serum TSH is within the reference range, consider stopping levothyroxine 
and follow the recommendations on monitoring untreated subclinical hypothy-
roidism and monitoring after stopping treatment. 
Recommendation 72: Follow-up and monitoring as patients with primary hy-
pothyroidism 

Pregnant: Evaluation of antibody status is essential because women with sub-
clinical hypothyroidism and positive TPO-Ab manage to have the greatest risk 
of adverse pregnancy consequences, and adverse outcomes happen at a lesser 
TSH than in women without TPO-Ab. The ATA systematic review (ATA guide-
lines on thyroid disease during pregnancy) stated that the risk of pregnancy- 
specific complications was clear in TPO-positive women with TSH > 2.5 mU/L 
but was not steadily clear in TPO-negative women until TSH values surpassed 5 
- 10 mU/L. In some studies, treatment of TPO-Ab-positive pregnant women 
with normal thyroid function with LT4 improved abortion rates. Nevertheless, 
in a meta-analysis that included 3 studies of LT4 treatment initiation in the first 
trimester of pregnancy, there was no effect of LT4 on miscarriage. However, a 
significant reduction in the preterm labor rate was observed. A prospective study 
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included 115 euthyroid patients showed that TPO-Ab patients. Half were ran-
domly allocated to LT4 (median dose 50 mcg daily), and half did not receive 
treatment; a comparison was made with 869 euthyroid, TPO-Ab-negative pa-
tients. Mean baseline TSH was higher in the TPO-Ab positive women and sig-
nificantly higher during the pregnancy in the untreated TPO-Ab positive women 
than in the LT4-treated, TPO-Ab positive women [108] [129]-[134]. 
Recommendation 73: Pregnant women with TSH concentrations > 2.5 mU/L 
should be evaluated for TPO-Ab status. 
Recommendation 74: Initiate low dose of levothyroxine treatment in a preg-
nant patient with subclinical hypothyroidism. A dose of only 50 mcg/day is typ-
ically required for effective treatment of subclinical hypothyroid women. 

Children: Most pediatric patients with subclinical hypothyroidism will not 
progress to overt hypothyroidism, and no significant risk appears with no treat-
ment. In a gigantic, retrospective study that included 121,052 pediatric patients 
aged from 6 months to 16 years of age, 73.6% of participants with a TSH (5.5 - 
10 mU/L). Their TSH returned to normal on five years of follow-up. In partici-
pants with a TSH > 10 mU/L, 40% normalized their TSH levels, 33.1% of their 
TSH values declined, and no more than 25% maintained or increased their TSH 
level. Besides the lack of Rationale reflecting a high risk of progression, no short- 
term or long-term complications accompanying untreated pediatric subclinical 
hypothyroidism, no adverse effect on growth, and no rise in cardiovascular risk 
or cognitive problems [135]-[142]. 
Recommendation 75: Treatment is generally not recommended when the TSH 
is 5 - 10 mU/L. 

And 
Levothyroxine replacement may be reasonable for patients with TSH > 10 

mU/L with signs and symptoms consistent with primary thyroid disease and/or 
risk factors associated with progression,  

Or 
 For patients above 2 years 

1) TSH level of ≥20 mU/L.  
2) TSH level between 10 and 20 mU/L on 2 separate occasions 3 months apart. 
3) TSH level between 5 and 10 mU/L on 2 separate occasions 3 months apart, 

and thyroid dysgenesis, or signs or symptoms of thyroid dysfunction.  
 For children aged between 28 days and 2 years who have a TSH level ≥ 10 

mU/L. This recommendation is based on NICE guideline [50]. 
Recommendation 76: Start levothyroxine lower doses (e.g., 25 - 50 mcg) if the 
patient has subclinical hypothyroidism. 
Recommendation 77: Follow-up and monitoring as patients with primary hy-
pothyroidism. 

5.2.2. Monitoring for Untreated Patients 
Recommendation 78: Follow up untreated/stopped adult patients with subclinical 
hypothyroidism by measuring TSH and free T4 once a year if they have features 
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suggesting underlying thyroid disease, such as previous thyroid surgery or raised 
levels of thyroid autoantibodies, or once every 2 to 3 years if they have no features 
suggesting underlying thyroid disease. 
Recommendation 79: Follow up untreated children over 2 years old and adoles- 
cents’ patients with subclinical hypothyroidism < 10 mU/L by measuring TSH 
and free T4 every 3 to 6 months if they have features suggesting underlying thy-
roid disease, such as thyroid dysgenesis (an underdeveloped thyroid gland) or 
raised levels of thyroid autoantibodies, or every 6 to 12 months if they have no 
features suggesting underlying thyroid disease. 
Recommendation 80: Follow up untreated children less than 2 years old and 
adolescents’ patients with subclinical hypothyroidism < 10 mU/L, by measuring 
TSH and free T4 every 1 to 3 months. 

5.2.3. Monitoring after Stopping Treatment 
Recommendation 81: Follow up with adults’ patients with subclinical hypothy-
roidism who stopped treatment, by measuring TSH and free T4 once a year if 
they have features suggesting underlying thyroid disease, such as previous thy-
roid surgery or raised levels of thyroid autoantibodies, or once every 2 to 3 years 
if they have no features suggesting underlying thyroid disease.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] The American Thyroid Association (2019) Clinical Thyroidology® for the Public. A 

Publication of the American Thyroid Association, 12, 1-20. 
https://www.thyroid.org/wp-content/uploads/publications/ctfp/ct_public_v123.pdf  

[2] Aljabri, K.S.J., Alnasser, I.M., Facharatz, Bokhari, S.A., Alshareef, M.A., et al. (2019) 
The Frequency of Hypothyroidism in Saudi Community-Based Hospital a Retros-
pective Single Centre Study. Trends in Diabetes and Metabolism, 2, 1-2. 
https://doi.org/10.15761/TDM.1000107 

[3] Alqahtiani, N.M., Alramadhan, Z.T., Obaid, M.R.B., Kurdi, A.N., et al. (2020) Hy-
pothyroidism in Saudi Arabia; Prevalence, Risk Factors, and Its Relation with Di-
abetes Mellitus. Archives of Pharmacy Practice, 11, 56-62. 

[4] Shaikh, A.A., Alsofyani, A., Shirah, B., Noaim, K.A., Ahmed, M.E., Babiker, A. and 
Alwan, I.A. (2021) Congenital Hypothyroidism in Saudi Population in Two Major 
Cities: A Retrospective Study on Prevalence and Therapeutic Outcomes. International 
Journal of Health Sciences, 15, 17-21.  

[5] Rugge, J.B., Bougatsos, C. and Chou, R. (2015) Screening and Treatment of Thyroid 
Dysfunction: An Evidence Review for the U.S. Preventive Services Task Force. An-
nals of Internal Medicine, 162, 35-45. https://doi.org/10.7326/M14-1456 

[6] Garber, J.R., Cobin, R.H., Gharib, H., Hennessey, J.V., Klein, I., Mechanick, J.I., et 
al. (2012) American Association of Clinical Endocrinologists and American Thyro-
id Association Taskforce on Hypothyroidism in Adults. Clinical Practice Guidelines 
for Hypothyroidism in Adults: Cosponsored by the American Association of Clinical 

https://doi.org/10.4236/ijcm.2022.1312046
https://www.thyroid.org/wp-content/uploads/publications/ctfp/ct_public_v123.pdf
https://doi.org/10.15761/TDM.1000107
https://doi.org/10.7326/M14-1456


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 669 International Journal of Clinical Medicine 
 

Endocrinologists and the American Thyroid Association. Thyroid, 22, 1200-1235.  
https://doi.org/10.1089/thy.2012.0205 

[7] Ford, G. and LaFranchi, S.H. (2014) Screening for Congenital Hypothyroidism: A 
Worldwide View of Strategies. Best Practice & Research. Clinical Endocrinology & 
Metabolism, 28, 175-187. https://doi.org/10.1016/j.beem.2013.05.008 

[8] Grosse, S.D. and Van Vliet, G. (2011) Prevention of Intellectual Disability through 
Screening for Congenital Hypothyroidism: How Much and at What Level? Archives 
of Disease in Childhood, 96, 374-379. https://doi.org/10.1136/adc.2010.190280 

[9] Kaplowitz, P., Bloch, C., The Section on Endocrinology, Sills, I.N., et al. (2016) 
Evaluation and Referral of Children with Signs of Early Puberty. Pediatrics, 137, 
e20153732. https://doi.org/10.1542/peds.2015-3732   

[10] Sisley, S., Trujillo, M.V., Khoury, J. and Backeljauw, P. (2013) Low Incidence of Pa-
thology Detection and High Cost of Screening in the Evaluation of Asymptomatic 
Short Children. Journal of Pediatrics, 163, 1045-1051. 
https://doi.org/10.1016/j.jpeds.2013.04.002 

[11] Munns, C.F., Shaw, N., Kiely, M., Specker, B.L., Thacher, T.D., et al. (2016) Global 
Consensus Recommendation on Prevention and Management of Nutritional Rickets. 
The Journal of Clinical Endocrinology & Metabolism, 101, 394-415.  
https://doi.org/10.1210/jc.2015-2175 

[12] Gertig, A.M., Niechcial, A. and Skowronska, B. (2012) Thyroid Axis Alterations in 
Childhood Obesity. Pediatric Endocrinology, Diabetes and Metabolism, 18, 116-119. 

[13] Vaidya, B., Anthony, S., Bilous, M., Shields, B., Drury, J., Hutchison, S. and Bilous, 
R. (2007) Detection of Thyroid Dysfunction in Early Pregnancy: Universal Screening 
or Targeted High-Risk Case Finding? The Journal of Clinical Endocrinology and Me-
tabolism, 92, 203-207. https://doi.org/10.1210/jc.2006-1748 

[14] Horacek, J., Spitalnikova, S., Dlabalova, B., Malirova, E., Vizda, J., Svilias, I., Cepkova, 
J., Mc Grath, C. and Maly, J. (2010) Universal Screening Detects Two-Times More 
Thyroid Disorders in Early Pregnancy than Targeted High-Risk Case Finding. Eu-
ropean Journal of Endocrinology, 163, 645-650.  
https://doi.org/10.1530/EJE-10-0516 

[15] Brent, G.A. (2007) Diagnosing Thyroid Dysfunction in Pregnant Women: Is Case 
Finding Enough? The Journal of Clinical Endocrinology and Metabolism, 92, 39-41. 
https://doi.org/10.1210/jc.2006-2461 

[16] Ladenson, P.W., Singer, P.A., Ain, K.B., et al. (2000) American Thyroid Association 
Guidelines for Detection of Thyroid Dysfunction. Archives of Internal Medicine, 160, 
1573-1575. https://doi.org/10.1001/archinte.160.11.1573 

[17] Baskin, H.J., Cobin, R.H., Duick, D.S., et al. (2002) American Association of Clinical 
Endocrinologists Medical Guidelines for Clinical Practice for the Evaluation and 
Treatment of Hyperthyroidism and Hypothyroidism. Endocrine Practice, 8, 457-469.  
https://doi.org/10.4158/1934-2403-8.6.457 

[18] American Academy of Family Physicians (2002) Introduction to AAFP Summary of 
Policy Recommendations for Periodic Health Examinations. American Family Phy-
sician, 65, Article 1467. 

[19] Helfand, M. and Redfern, C.C. (1998) Screening for Thyroid Disease: An Update. 
Annals of Internal Medicine, 129, 144-158.  
https://doi.org/10.7326/0003-4819-129-2-199807150-00020 

[20] Mariotti, S., Caturegli, P., Piccolo, P., Barbesino, G. and Pinchera, A. (1990) Antithy-
roid Peroxidase Autoantibodies in Thyroid Diseases. The Journal of Clinical Endo-
crinology & Metabolism, 71, 661-669. https://doi.org/10.1210/jcem-71-3-661 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1089/thy.2012.0205
https://doi.org/10.1016/j.beem.2013.05.008
https://doi.org/10.1136/adc.2010.190280
https://doi.org/10.1542/peds.2015-3732
https://doi.org/10.1016/j.jpeds.2013.04.002
https://doi.org/10.1210/jc.2015-2175
https://doi.org/10.1210/jc.2006-1748
https://doi.org/10.1530/EJE-10-0516
https://doi.org/10.1210/jc.2006-2461
https://doi.org/10.1001/archinte.160.11.1573
https://doi.org/10.4158/1934-2403-8.6.457
https://doi.org/10.7326/0003-4819-129-2-199807150-00020
https://doi.org/10.1210/jcem-71-3-661


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 670 International Journal of Clinical Medicine 
 

[21] Rugge, B., Balshem, H., Sehgal, R., Relevo, R., Gorman, P. and Helfand, M. (2011) 
Screening and Treatment of Subclinical Hypothyroidism or Hyperthyroidism. Com-
parative Effectiveness Review No. 24. Agency for Healthcare Research and Quality, 
Rockville, MD. 

[22] Boucai, L., Hollowell, J.G. and Surks, M.I. (2011) An Approach for Development of 
Age-, Gender-, and Ethnicity-Specific Thyrotropin Reference Limits. Thyroid, 21, 
5-11. https://doi.org/10.1089/thy.2010.0092 

[23] Surks, M.I., Ortiz, E., Daniels, G.H., Sawin, C.T., Col, N.F., Cobin, R.H., et al. (2004) 
Subclinical Thyroid Disease: Scientific Review and Guidelines for Diagnosis and 
Management. JAMA, 291, 228-238. https://doi.org/10.1001/jama.291.2.228 

[24] Canaris, G.J., Steiner, J.F. and Ridgway, E.C. (1997) Do Traditional Symptoms of 
Hypothyroidism Correlate with Biochemical Disease? Journal of General Internal 
Medicine, 12, 544-550. https://doi.org/10.1046/j.1525-1497.1997.07109.x 

[25] Utiger, R.D. (1965) Radioimmunoassay of Human Plasma Thyrotropin. The Journal 
of Clinical Investigation, 44, 1277-1286. https://doi.org/10.1172/JCI105234 

[26] Beck-Peccoz, P., Amr, S., Menezes-Ferreira, M.M., Faglia, G. and Weintraub, B.D. 
(1985) Decreased Receptor Binding of Biologically Inactive Thyrotropin in Central 
Hypothyroidism. Effect of Treatment with Thyrotropin-Releasing Hormone. The 
New England Journal of Medicine, 312, 1085-1090. 
https://doi.org/10.1056/NEJM198504253121703 

[27] Cappola, A.R. (2019) The Thyrotropin Reference Range Should Be Changed in 
Older Patients. JAMA, 322, 1961-1962. https://doi.org/10.1001/jama.2019.14728 

[28] Baloch, Z., Carayon, P., Conte-Devolx, B., Demers, L.M., Feldt-Rasmussen, U., 
Henry, J.F., et al. (2003) National Academy of Clinical Biochemistry. Laboratory 
Medicine Practice Guidelines. Laboratory Support for the Diagnosis and Monitoring 
of Thyroid Disease. Thyroid, 13, 3-126.  

[29] Surks, M.I. and Hollowell, J.G. (2007) Age-Specific Distribution of Serum Thyrotro-
pin and Antithyroid Antibodies in the US Population: Implications for the Preva-
lence of Subclinical Hypothyroidism. The Journal of Clinical Endocrinology & Me-
tabolism, 92, 4575-4582. https://doi.org/10.1210/jc.2007-1499 

[30] Hollowell, J.G., Staehling, N.W., Flanders, W.D., et al. (2022) Serum TSH, T4, and 
Thyroid Antibodies in the United States Population (1988 to 1994): National Health 
and Nutrition Examination Survey (NHANES III).The Journal of Clinical Endocri-
nology & Metabolism, 87, 489-499. https://doi.org/10.1210/jcem.87.2.8182  

[31] Vanderpump, M.P.J., Tunbridge, W.M.G., French, J.M., et al. (1995) The Incidence 
of Thyroid Disorders in the Community: A Twenty-Year Follow-Up of the Whick-
ham Survey. Clinical Endocrinology, 43, 55-68.  
https://doi.org/10.1111/j.1365-2265.1995.tb01894.x 

[32] Huber, G., Staub, J.-J., Meier, C., et al. (2002) Prospective Study of the Spontaneous 
Course of Subclinical Hypothyroidism: Prognostic Value of Thyrotropin, Thyroid 
Reserve, and Thyroid Antibodies. The Journal of Clinical Endocrinology & Metabol-
ism, 87, 3221-3226. https://doi.org/10.1210/jcem.87.7.8678 

[33] Garber, J.R., Hennessey, J.V., Liebermann, J.A., Morris C.M. and Talbert, R.L. 
(2006) Managing the Challenges of Hypothyroidism. Journal of Family Practice, 55, 
S1-S8. 

[34] Bhandare, N., Kennedy, L., Malyapa, R.S., Morris, C.G. and Mendenhall, W.M. (2007) 
Primary and Central Hypothyroidism after Radiotherapy for Head-and-Neck Tu-
mors. International Journal of Radiation Oncology, Biology, Physics, 68, 1131-1139.  
https://doi.org/10.1016/j.ijrobp.2007.01.029 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1089/thy.2010.0092
https://doi.org/10.1001/jama.291.2.228
https://doi.org/10.1046/j.1525-1497.1997.07109.x
https://doi.org/10.1172/JCI105234
https://doi.org/10.1056/NEJM198504253121703
https://doi.org/10.1001/jama.2019.14728
https://doi.org/10.1210/jc.2007-1499
https://doi.org/10.1210/jcem.87.2.8182
https://doi.org/10.1111/j.1365-2265.1995.tb01894.x
https://doi.org/10.1210/jcem.87.7.8678
https://doi.org/10.1016/j.ijrobp.2007.01.029


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 671 International Journal of Clinical Medicine 
 

[35] Alexopoulou, O., Beguin, C., De Nayer, P. and Maiter, D. (2004) Clinical and Hormonal 
Characteristics of Central Hypothyroidism at Diagnosis and during Follow-Up in Adult 
Patients. European Journal of Endocrinology, 150, 1-8.  
https://doi.org/10.1530/eje.0.1500001 

[36] Yamada, M. and Mori, M. (2008) Mechanisms Related to the Pathophysiology and 
Management of Central Hypothyroidism. Nature Clinical Practice Endocrinology & 
Metabolism, 4, 683-694. https://doi.org/10.1038/ncpendmet0995 

[37] Kondo, Y., Ozawa, A., Kohno, D., Saito, K., Buyandalai, B., Yamada, S., et al. (2002) 
The Hypothalamic Paraventricular Nucleus Is the Center of the Hypothalamic-Pi- 
tuitary-Thyroid Axis for Regulating Thyroid Hormone Levels. Thyroid: Official Jour-
nal of the American Thyroid Association, 32, 105-114.  

[38] Persani, L., Ferretti, E., Borgato, S., et al. (2000) Circulating Thyrotropin Bioactivity 
in Sporadic Central Hypothyroidism. The Journal of Clinical Endocrinology & Meta-
bolism, 85, Article 3631. https://doi.org/10.1210/jc.85.10.3631 

[39] Persani, L., Brabant, G., Dattani, M., Bonomi, M., Feldt-Rasmussen, U., Fliers, E., 
Gruters, A., Maiter, D., Schoenmakers, N. and Van Trotsenburg, A.S.P. (2018) 2018 
European Thyroid Association (ETA) Guidelines on the Diagnosis and Management 
of Central Hypothyroidism. European Thyroid Journal, 7, 225-237.  
https://doi.org/10.1159/000491388 

[40] Goldsmith, R.E., Sturgis, S.H., Lerman, J. and Stanbury, J.B. (1952) The Menstrual 
Pattern in Thyroid Disease. The Journal of Clinical Endocrinology and Metabolism, 
12, 846-855. https://doi.org/10.1210/jcem-12-7-846 

[41] Abalovich, M., Gutierrez, S., Alcaraz, G., Maccallini, G., Garcia, A. and Levalle, O. 
(2002) Overt and Subclinical Hypothyroidism Complicating Pregnancy. Thyroid: 
Official Journal of the American Thyroid Association, 12, 63-68. 
https://doi.org/10.1089/105072502753451986 

[42] Krassas, G.E., Pontikides, N., Kaltsas, T., Papadopoulou, P., Paunkovic, J., Paunkovic, 
N. and Duntas, L.H. (1999) Disturbances of Menstruation in Hypothyroidism. Clini-
cal Endocrinology, 50, 655-659. https://doi.org/10.1046/j.1365-2265.1999.00719.x 

[43] Hallengren, B., Lantz, M., Andreasson, B., and Grennert, L. (2009) Pregnant Women 
on Thyroxine Substitution Are Often Dysregulated in Early Pregnancy. Thyroid: Offi-
cial Journal of the American Thyroid Association, 19, 391-394.  
https://doi.org/10.1089/thy.2008.0206 

[44] Stagnaro-Green, A., Abalovich, M., Alexander, E., Azizi, F., Mestman, J., Negro, R., 
et al. (2011) American Thyroid Association Taskforce on Thyroid Disease during 
Pregnancy and Postpartum. Guidelines of the American Thyroid Association for the 
Diagnosis and Management of Thyroid Disease during Pregnancy and Postpartum. 
Thyroid, 21, 1081-1125. https://doi.org/10.1089/thy.2011.0087 

[45] De Groot, L., Abalovich, M., Alexander, E.K., Amino, N., Barbour, L., Cobin, R.H., 
et al. (2012) Management of Thyroid Dysfunction during Pregnancy and Postpartum: 
An Endocrine Society Clinical Practice Guideline. The Journal of Clinical Endocri-
nology & Metabolism, 97, 2543-2565. https://doi.org/10.1210/jc.2011-2803 

[46] Haddow, J.E., Palomaki, G.E. and McClain, M.R. (2006) Thyroid-Stimulating Hor-
mone in singleton and Twin Pregnancy: Importance of Gestational Age-Specific Ref-
erence Ranges. Obstetrical & Gynecological, 107, 205-206. 
https://doi.org/10.1097/01.AOG.0000195268.33533.8a 

[47] Soldin, O.P., Soldin, D. and Sastoque, M. (2007) Gestation Specific Thyroxine and 
Thyroid Stimulating Hormone Levels in the United States and Worldwide. Therapeu-
tic Drug Monitoring, 29, 553-559. https://doi.org/10.1097/FTD.0b013e31815709ac 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1530/eje.0.1500001
https://doi.org/10.1038/ncpendmet0995
https://doi.org/10.1210/jc.85.10.3631
https://doi.org/10.1159/000491388
https://doi.org/10.1210/jcem-12-7-846
https://doi.org/10.1089/105072502753451986
https://doi.org/10.1046/j.1365-2265.1999.00719.x
https://doi.org/10.1089/thy.2008.0206
https://doi.org/10.1089/thy.2011.0087
https://doi.org/10.1210/jc.2011-2803
https://doi.org/10.1097/01.AOG.0000195268.33533.8a
https://doi.org/10.1097/FTD.0b013e31815709ac


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 672 International Journal of Clinical Medicine 
 

[48] Haddow, J.E., McClain, M.R., Lambert-Messerlian, G., Palomaki, G.E., Canick, J.A., 
Cleary-Goldman, J., et al. (2008) First and Second Trimester Evaluation of Risk for 
Fetal Aneuploidy Research Consortium: Variability in Thyroid-Stimulating Hormone 
Suppression by Human Chorionic Gonadotropin during Early Pregnancy. The Jour-
nal of Clinical Endocrinology & Metabolism, 93, 3341-3347. 
https://doi.org/10.1210/jc.2008-0568 

[49] Zhang, D., Cai. K., Wang, G., Xu, S., Mao, X., Zheng, A., Liu, C. and Fan, K. (2019) 
Trimester-Specific Reference Ranges for Thyroid Hormones in Pregnant Women. 
Medicine, 98, e14245. https://doi.org/10.1097/MD.0000000000014245 

[50] Pop, V.J., Kuijpens, J.L., Van Baar, A.L., Verkerk, G., Van Son, M.M., de Vijlder, J.J., 
et al. (1999) Low Maternal Free Thyroxine Concentrations during Early Pregnancy 
are Associated with Impaired Psychomotor Development in Infancy. Clinical En-
docrinology, 50, 149-155. https://doi.org/10.1046/j.1365-2265.1999.00639.x 

[51] Pop, V.J., Brouwers, E.P., Vader, H.L., Vulsma, T., Van Baar, A.L. and De Vijlder, 
J.J. (2003) Maternal Hypothyroxinaemia during Early Pregnancy and Subsequent 
Child Development: A 3-Year Follow-Up Study. Clinical Endocrinology, 59, 282-288.  
https://doi.org/10.1046/j.1365-2265.2003.01822.x 

[52] Henrichs, J., Bongers-Schokking, J.J., Schenk, J.J., Ghassabian, A., Schmidt, H.G., 
Visser, T.J., et al. (2010) Maternal Thyroid Function during Early Pregnancy and 
Cognitive Functioning in Early Childhood: The Generation R Study. The Journal of 
Clinical Endocrinology & Metabolism, 95, 4227-4234. 
https://doi.org/10.1210/jc.2010-0415 

[53] Finken, M.J., Van Eijsden, M., Loomans, E.M., Vrijkotte, T.G. and Rotteveel, J. (2013) 
Maternal Hypothyroxinemia in Early Pregnancy Predicts Reduced Performance in 
Reaction Time Tests in 5-to 6-Year-Old Offspring. The Journal of Clinical Endocri-
nology & Metabolism, 98, 1417-1426. https://doi.org/10.1210/jc.2012-3389 

[54] Henrichs, J., Ghassabian, A., Peeters, R.P. and Tiemeier, H. (2013) Maternal Hypo-
thyroxinemia and Effects on Cognitive Functioning in Childhood: How and Why? 
Clinical Endocrinology, 79, 152-162. https://doi.org/10.1111/cen.12227 

[55] Pramanik, S., Mukhopadhyay, P. and Ghosh, S. (2020) Total T4 Rise in Pregnancy: 
A Relook? Thyroid Research, 13, Article No. 14.  
https://doi.org/10.1186/s13044-020-00088-5 

[56] Van Trotsenburg, P., Stoupa, A., Léger, J., et al. (2021) Congenital Hypothyroidism: 
A 2020-2021 Consensus Guidelines Update-An ENDO-European Reference Network 
Initiative Endorsed by the European Society for Pediatric Endocrinology and the 
European Society for Endocrinology. Thyroid, 31, 387-419. 
https://doi.org/10.1089/thy.2020.0333 

[57] American Academy of Pediatrics, Rose S.R., Section on Endocrinology and Commit-
tee on Genetics, American Thyroid Association, Brown, S., et al. (2006) Update of 
Newborn Screening and Therapy for Congenital Hypothyroidism. Pediatrics, 117, 
2290-2303. https://doi.org/10.1542/peds.2006-0915 

[58] Rastogi, M.V. and LaFranchi, S.H. (2010) Congenital Hypothyroidism. Orphanet 
Journal of Rare Diseases, 5, Article No. 17. https://doi.org/10.1186/1750-1172-5-17 

[59] Jonklaas, J., Bianco, A.C., Bauer, A.J., Burman, K.D., Cappola, A.R., Celi, F.S., et al. 
(2014) 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, 24, 1670-1751.  
https://doi.org/10.1089/thy.2014.0028 

[60] Yen, P.M. (2001) Physiological and Molecular Basis of Thyroid Hormone Action. 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1210/jc.2008-0568
https://doi.org/10.1097/MD.0000000000014245
https://doi.org/10.1046/j.1365-2265.1999.00639.x
https://doi.org/10.1046/j.1365-2265.2003.01822.x
https://doi.org/10.1210/jc.2010-0415
https://doi.org/10.1210/jc.2012-3389
https://doi.org/10.1111/cen.12227
https://doi.org/10.1186/s13044-020-00088-5
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1542/peds.2006-0915
https://doi.org/10.1186/1750-1172-5-17
https://doi.org/10.1089/thy.2014.0028


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 673 International Journal of Clinical Medicine 
 

Physiological Reviews, 81, 1097-1142.  
https://doi.org/10.1152/physrev.2001.81.3.1097 

[61] Brent, G.A. (2012) Mechanisms of Thyroid Hormone Action. Journal of Clinical 
Investigation, 122, 3035-3043. https://doi.org/10.1172/JCI60047 

[62] Braverman, L.E., Ingbar, S.H. and Sterling, K. (1970) Conversion of Thyroxine (T4) 
to Triiodothyronine (T3) in Athyreotic Human Subjects. Journal of Clinical Inves-
tigation, 49, 855-864. https://doi.org/10.1172/JCI106304 

[63] Yue, C.S., Scarsi, C. and Ducharme, M.P. (2012) Pharmacokinetics and Potential 
Advantages of a New Oral Solution of Levothyroxine vs. Other Available Dosage Forms. 
Arzneimittelforschung, 62, 631-636. https://doi.org/10.1055/s-0032-1329951 

[64] Oppenheimer, J.H., Braverman, L.E., Toft, A., Jackson, I.M. and Ladenson, P.W. 
(1995) A Therapeutic Controversy. Thyroid Hormone Treatment: When and What? 
The Journal of Clinical Endocrinology & Metabolism, 80, 2873-2883. 
https://doi.org/10.1210/jcem.80.10.7559868 

[65] Dong, B.J., Hauck, W.W., Gambertoglio, J.G., et al. (1997) Bioequivalence of Generic 
and Brand-Name Levothyroxine Products in the Treatment of Hypothyroidism. JAMA, 
277, 1205-1213. https://doi.org/10.1001/jama.1997.03540390035032 

[66] Blakesley, V., Awni, W., Locke, C., Ludden, T., Granneman, G.R. and Braverman, 
L.E. (2004) Are Bioequivalence Studies of Levothyroxine Sodium Formulations in 
Euthyroid Volunteers Reliable? Thyroid, 14, 191-200. 
https://doi.org/10.1089/105072504773297867 

[67] U.S. Food and Drug Administration. FDA Acts to Ensure Thyroid Drugs Don’t 
Lose Potency before Expiration Date. 
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-provi
ders/fda-acts-ensure-thyroid-drugs-dont-lose-potency-expiration-date  

[68] Kabadi, U.M. and Kabadi, M.M. (2001) Serum Thyrotropin in Primary Hypothyroid-
ism: A Reliable and Accurate Predictor of Optimal Daily Levothyroxine Dose. En-
docrine Practice, 7, 16-18. https://doi.org/10.4158/EP.7.1.16 

[69] Papoian, V., Ylli, D., Felger, E.A., Wartofsky, L. and Rosen, J.E. (2019) Evaluation of 
Thyroid Hormone Replacement Dosing in Overweight and Obese Patients after a 
Thyroidectomy. Thyroid, 29, 1558-1562. https://doi.org/10.1089/thy.2019.0251 

[70] Pang, X., Pu, T., Xu, L. and Sun, R. (2020) Effect of L-Thyroxine Administration before 
Breakfast vs at Bedtime on Hypothyroidism: A Meta-Analysis. Clinical Endocrinology, 
92, 475-481. https://doi.org/10.1111/cen.14172 

[71] Bach-Huynh, T.G., Nayak, B., Loh, J., Soldin, S. and Jonklaas, J. (2009) Timing of 
Levothyroxine Administration Affects Serum Thyrotropin Concentration. The Journal 
of Clinical Endocrinology & Metabolism, 94, 3905-3912.  
https://doi.org/10.1210/jc.2009-0860 

[72] Perez, C.L., Araki, F.S., Graf, H. and De Carvalho, G.A. (2013) Serum Thyrotropin 
Levels Following Levothyroxine Administration at Breakfast. Thyroid, 23, 779-784. 
https://doi.org/10.1089/thy.2012.0435 

[73] Hegedüs, L., Hansen, J.M., Feldt-Rasmussen, U., Hansen, B.M. and Høier-Madsen, 
M. (1991) Influence of Thyroxine Treatment on Thyroid Size and Anti-Thyroid Pe-
roxidase Antibodies in Hashimoto’s Thyroiditis. Clinical Endocrinology, 35, 235-238.  
https://doi.org/10.1111/j.1365-2265.1991.tb03528.x 

[74] Hayashi, Y., Tamai, H., Fukata, S., Hirota, Y., Katayama, S., Kuma, K., Kumagai, 
L.F. and Nagataki, S. (1985) A Long Term Clinical, Immunological, and Histological 
Follow-Up Study of Patients with Goitrous Chronic Lymphocytic Thyroiditis. The 
Journal of Clinical Endocrinology & Metabolism, 61, 1172-1178. 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1152/physrev.2001.81.3.1097
https://doi.org/10.1172/JCI60047
https://doi.org/10.1172/JCI106304
https://doi.org/10.1055/s-0032-1329951
https://doi.org/10.1210/jcem.80.10.7559868
https://doi.org/10.1001/jama.1997.03540390035032
https://doi.org/10.1089/105072504773297867
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/fda-acts-ensure-thyroid-drugs-dont-lose-potency-expiration-date
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/fda-acts-ensure-thyroid-drugs-dont-lose-potency-expiration-date
https://doi.org/10.4158/EP.7.1.16
https://doi.org/10.1089/thy.2019.0251
https://doi.org/10.1111/cen.14172
https://doi.org/10.1210/jc.2009-0860
https://doi.org/10.1089/thy.2012.0435
https://doi.org/10.1111/j.1365-2265.1991.tb03528.x


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 674 International Journal of Clinical Medicine 
 

https://doi.org/10.1210/jcem-61-6-1172 

[75] Waise, A. and Price, H.C. (2009) The Upper Limit of the Reference Range for Thy-
roid-Stimulating Hormone Should Not Be Confused with a Cut-Off to Define Sub-
clinical Hypothyroidism. Annals of Clinical Biochemistry: International Journal of 
Laboratory Medicine, 46, 93-98. https://doi.org/10.1258/acb.2008.008113 

[76] (2019) Thyroid Disease: Assessment and Management. NICE Guideline, No. 145. 
National Institute for Health and Care Excellence (NICE), London.   
https://www.ncbi.nlm.nih.gov/books/NBK550859/ 

[77] Gadiraju, S., Lee, C.J. and Cooper, D.S. (2016) Levothyroxine Dosing Following Ba-
riatric Surgery. Obesity Surgery, 26, 2538-2542.  
https://doi.org/10.1007/s11695-016-2314-x 

[78] Azizi, F., Belur, R. and Albano, J. (1979) Malabsorption of Thyroid Hormones after 
Jejunoileal Bypass for Obesity. Annals of Internal Medicine, 90, 941-942. 
https://doi.org/10.7326/0003-4819-90-6-941 

[79] Curran, P.G. and DeGroot, L.J. (1991) The Effect of Hepatic Enzyme-Inducing 
Drugs on Thyroid Hormones and the Thyroid Gland. Endocrine Reviews, 12, 135-150.  
https://doi.org/10.1210/edrv-12-2-135 

[80] Kim, H.I., Kim, T.H., Kim, H., et al. (2017) Effect of Rifampin on Thyroid Function 
Test in Patients on Levothyroxine Medication. PLOS ONE, 12, e0169775. 
https://doi.org/10.1371/journal.pone.0169775 

[81] Goldberg, A.S., Tirona, R.G., Asher, L.J., Kim, R.B. and Van Uum, S.H.M. (2013) 
Ciprofloxacin and Rifampin Have Opposite Effects on Levothyroxine Absorption. 
Thyroid, 23, 1374-1378. https://doi.org/10.1089/thy.2013.0014 

[82] Bugdaci, M.S., Zuhur, S.S., Sokmen, M., Toksoy, B., Bayraktar, B. and Altuntas, Y. 
(2011) The Role of Helicobacter Pylori in Patients with Hypothyroidism in Whom 
Could Not Be Achieved Normal Thyrotropin Levels despite Treatment with High 
Doses of Thyroxine. Helicobacter, 16, 124-130. 
https://doi.org/10.1111/j.1523-5378.2011.00830.x 

[83] Checchi, S., Montanaro, A., Pasqui, L., Ciuoli, C., De Palo, V., Chiappetta, M.C. and 
Pacini, F. (2008) L-Thyroxine Requirement in Patients with Autoimmune Hypo- 
thyroidism and Parietal Cell Antibodies. The Journal of Clinical Endocrinology & 
Metabolism, 93, 465-469. https://doi.org/10.1210/jc.2007-1544 

[84] Virili, C., Bassotti, G., Santaguida, M.G., Iuorio, R., Del Duca, S.C., Mercuri, V., Pi-
carelli, A., Gargiulo, P., Gargano, L. and Centanni, M. (2012) Atypical Celiac Dis-
ease as Cause of Increased Need for Thyroxine: A Systematic Study. The Journal of 
Clinical Endocrinology & Metabolism, 97, E419-E422. 
https://doi.org/10.1210/jc.2011-1851 

[85] Collins, D., Wilcox, R., Nathan, M. and Zubarik, R. (2012) Celiac Disease and Hy-
pothyroidism. The American Journal of Medicine, 125, 278-282.  
https://doi.org/10.1016/j.amjmed.2011.09.003 

[86] Morris, J.C. (2009) How Do you Approach the Problem of TSH Elevation in a Pa-
tient on High-Dose Thyroid Hormone Replacement? Clinical Endocrinology, 70, 
671-673. https://doi.org/10.1111/j.1365-2265.2009.03536.x 

[87] Ramadhan, A. and Tamilia, M. (2012) Treatment-Refractory Hypothyroidism. CMAJ, 
184, 205-209. https://doi.org/10.1503/cmaj.110994 

[88] Benvenga, S. (2014) Solution of a Diagnostic Problem upon Visiting the Patient at 
Home and Reading Their Medication Leaflet. Endocrine Practice, 20, 517. 
https://doi.org/10.4158/endp.20.5.028633k1031088p1 

[89] Escobar-Morreale, H.F., Botella-Carretero, J.I., del Rey, F.E. and de Escobar, G.M. 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1210/jcem-61-6-1172
https://doi.org/10.1258/acb.2008.008113
https://www.ncbi.nlm.nih.gov/books/NBK550859/
https://doi.org/10.1007/s11695-016-2314-x
https://doi.org/10.7326/0003-4819-90-6-941
https://doi.org/10.1210/edrv-12-2-135
https://doi.org/10.1371/journal.pone.0169775
https://doi.org/10.1089/thy.2013.0014
https://doi.org/10.1111/j.1523-5378.2011.00830.x
https://doi.org/10.1210/jc.2007-1544
https://doi.org/10.1210/jc.2011-1851
https://doi.org/10.1016/j.amjmed.2011.09.003
https://doi.org/10.1111/j.1365-2265.2009.03536.x
https://doi.org/10.1503/cmaj.110994
https://doi.org/10.4158/endp.20.5.028633k1031088p1


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 675 International Journal of Clinical Medicine 
 

(2005) Treatment of Hypothyroidism with Combinations of Levothyroxine plus Li-
othyronine. The Journal of Clinical Endocrinology and Metabolism, 90, 4946-4954.  
https://doi.org/10.1210/jc.2005-0184 

[90] Grozinsky-Glasberg, S., Fraser, A., Nahshoni, E., Weizman, A. and Leibovici L. 
(2006) Thyroxine-Triiodothyronine Combination Therapy versus Thyroxine Mono-
therapy for Clinical Hypothyroidism: Meta-Analysis of Randomized Controlled trials. 
The Journal of Clinical Endocrinology & Metabolism, 91, 2592-2599. 
https://doi.org/10.1210/jc.2006-0448 

[91] Keating F.R., Parkin, T.W., Selby, J.B. and Dickinson, L.S. (1961) Treatment of 
Heart Disease Associated with Myxedema. Progress in Cardiovascular Diseases, 3, 
364-381. https://doi.org/10.1016/S0033-0620(61)90004-4 

[92] Catz, B. and Russell, S. (1961) Myxedema, Shock and Coma. Seven Survival Cases. 
Archives of Internal Medicine, 108, 407-417. 
https://doi.org/10.1001/archinte.1961.03620090079010 

[93] Somwaru, L.L., Arnold, A.M., Joshi, N., Fried, L.P. and Cappola, A.R. (2009) High 
Frequency of and Factors Associated with Thyroid Hormone Over-Replacement 
and Under-Replacement in Men and Women Aged 65 and over. The Journal of 
Clinical Endocrinology & Metabolism, 94, 1342-1345. 
https://doi.org/10.1210/jc.2008-1696  

[94] LaFranchi, S.H. (2011) Approach to the Diagnosis and Treatment of Neonatal Hy-
pothyroidism. The Journal of Clinical Endocrinology and Metabolism, 96, 2959-2967.  
https://doi.org/10.1210/jc.2011-1175 

[95] Selva, K.A., Harper, A., Downs, A., Blasco, P.A. and Lafranchi, S.H. (2005) Neurode-
velopmental Outcomes in Congenital Hypothyroidism: Comparison of Initial T4 Dose 
and Time to Reach Target T4 and TSH. The Journal of Pediatrics, 147, 775-780.  
https://doi.org/10.1016/j.jpeds.2005.07.024 

[96] Selva, K.A., Mandel, S.H., Rien, L., et al. (2002) Initial Treatment Dose of L-Thyroxine 
in Congenital Hypothyroidism. The Journal of Pediatrics, 141, 786-792.  
https://doi.org/10.1067/mpd.2002.128887 

[97] Heyerdahl, S. and Oerbeck, B. (2003) Congenital Hypothyroidism: Developmental 
Outcome in Relation to Levothyroxine Treatment Variables. Thyroid, 13, 1029-1038.  
https://doi.org/10.1089/105072503770867200 

[98] Vogiatzi, M.G. and Kirkland, J.L. (1997) Frequency and Necessity of Thyroid Func-
tion Tests in Neonates and Infants with Congenital Hypothyroidism. Pediatrics, 
100, e6. https://doi.org/10.1542/peds.100.3.e6 

[99] Mathai, S., Cutfield, W.S., Gunn, A.J., et al. (2008) A Novel Therapeutic Paradigm 
to Treat Congenital Hypothyroidism. Clinical Endocrinology, 69, 142-147. 
https://doi.org/10.1111/j.1365-2265.2008.03172.x 

[100] Balhara, B., Misra, M. and Levitsky, L.L. (2011) Clinical Monitoring Guidelines for 
Congenital Hypothyroidism: Laboratory Outcome Data in the First Year of Life. 
The Journal of Pediatrics, 158, 532-537. https://doi.org/10.1016/j.jpeds.2010.10.006 

[101] LaFranchi, S.H., Haddow, J.E. and Hollowell, J.G. (2005) Is Thyroid Inadequacy 
during Gestation a Risk Factor for Adverse Pregnancy and Developmental Outcomes? 
Thyroid: Official Journal of the American Thyroid Association, 15, 60-71. 
https://doi.org/10.1089/thy.2005.15.60 

[102] Leung, A.S., Millar, L.K., Koonings, P.P., Montoro, M. and Mestman, J.H. (1993) 
Perinatal Outcome in Hypothyroid Pregnancies. Obstetrical & Gynecological Survey, 
81, 349-353. https://doi.org/10.1016/0020-7292(93)90343-U 

[103] Wasserstrum, N. and Anania, C.A. (1995) Perinatal Consequences of Maternal Hy-

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1210/jc.2005-0184
https://doi.org/10.1210/jc.2006-0448
https://doi.org/10.1016/S0033-0620(61)90004-4
https://doi.org/10.1001/archinte.1961.03620090079010
https://doi.org/10.1210/jc.2008-1696
https://doi.org/10.1210/jc.2011-1175
https://doi.org/10.1016/j.jpeds.2005.07.024
https://doi.org/10.1067/mpd.2002.128887
https://doi.org/10.1089/105072503770867200
https://doi.org/10.1542/peds.100.3.e6
https://doi.org/10.1111/j.1365-2265.2008.03172.x
https://doi.org/10.1016/j.jpeds.2010.10.006
https://doi.org/10.1089/thy.2005.15.60
https://doi.org/10.1016/0020-7292(93)90343-U


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 676 International Journal of Clinical Medicine 
 

pothyroidism in Early Pregnancy and Inadequate Replacement. Clinical Endocrinol-
ogy, 42, 353-358. https://doi.org/10.1111/j.1365-2265.1995.tb02642.x 

[104] Davis, L.E., Leveno, K.J. and Cunningham, F.G. (1988) Hypothyroidism Complicating 
Pregnancy. Obstetrical & Gynecological Survey, 72, 108-112. 

[105] Stagnaro-Green, A., Chen, X., Bogden, J.D., Davies, T.F. and Scholl, T.O. (2005) 
The Thyroid and Pregnancy: A Novel Risk Factor for Very Preterm Delivery. Thy-
roid, 15, 351-357. https://doi.org/10.1089/thy.2005.15.351 

[106] Männistö, T., Mendola, P., Grewal, J., Xie, Y., Chen, Z. and Laughon, S.K. (2013) 
Thyroid Diseases and Adverse Pregnancy Outcomes in a Contemporary US Cohort. 
The Journal of Clinical Endocrinology & Metabolism, 98, 2725-2733. 
https://doi.org/10.1210/jc.2012-4233 

[107] Willoughby, K.A., McAndrews, M.P. and Rovet, J.F. (2014) Effects of Maternal 
Hypothyroidism on Offspring Hippocampus and Memory. Thyroid, 24, 576-584. 
https://doi.org/10.1089/thy.2013.0215 

[108] Korevaar, T.I.M. (2018) The Upper Limit for TSH during Pregnancy: Why We 
Should Stop Using Fixed Limits of 2.5 or 3.0 mU/L. Thyroid Research, 11, Article 
No. 5. https://doi.org/10.1186/s13044-018-0048-7 

[109] Medici, M., Korevaar, T.I., Visser, W.E., Visser, T.J. and Peeters, R.P. (2015) Thy-
roid Function in Pregnancy: What Is Normal? Clinical Chemistry, 61, 704-713. 
https://doi.org/10.1373/clinchem.2014.236646 

[110] LeBeau, S.O. and Mandel, S.J. (2006) Thyroid Disorders during Pregnancy. Endo-
crinology and Metabolism Clinics of North America, 35, 117-136.  
https://doi.org/10.1016/j.ecl.2005.09.009 

[111] Ashoor, G., Rotas, M., Maiz, N., Kametas, N.A. and Nicolaides, K.H. (2010) Mater-
nal Thyroid Function at 11-13 Weeks of Gestation in Women with Hypothyroidism 
Treated by Thyroxine. Fetal Diagnosis and Therapy, 28, 22-27.  
https://doi.org/10.1159/000314906 

[112] Taylor, P.N., Minassian, C., Rehman, A., Iqbal, A., Draman, M.S., Hamilton, W., 
Dunlop, D., Robinson, A., Vaidya, B., Lazarus, J.H., Thomas, S., Dayan, C.M. and 
Okosieme, O.E. (2014) TSH Levels and Risk of Miscarriage in Women on Long-Term 
Levothyroxine: A Community-Based Study. The Journal of Clinical Endocrinology 
& Metabolism, 99, 3895-3902. https://doi.org/10.1210/jc.2014-1954 

[113] Kaplan, M.M. (1996) Management of Thyroxine Therapy during Pregnancy. Endo-
crine Practice, 2, 281-286. https://doi.org/10.4158/EP.2.4.281 

[114] Alexander, E.K., Marqusee, E., Lawrence, J., Jarolim, P., Fischer, G.A. and Larsen, 
P.R. (2004) Timing and Magnitude of Increases in Levothyroxine Requirements 
during Pregnancy in Women with Hypothyroidism. The New England Journal of 
Medicine, 351, 241-249. https://doi.org/10.1056/NEJMoa040079 

[115] Vadiveloo, T., Mires, G.J., Donnan, P.T. and Leese, G.P. (2013) Thyroid Testing in 
Pregnant Women with Thyroid Dysfunction in Tayside, Scotland: The Thyroid Ep-
idemiology, Audit and Research Study (TEARS). Clinical Endocrinology, 78, 466-471.  
https://doi.org/10.1111/j.1365-2265.2012.04426.x 

[116] Abalovich, M., Alcaraz, G., Kleiman-Rubinsztein, J., Pavlove, M.M., Cornelio, C., 
Levalle, O. and Gutierrez, S. (2010) The Relationship of Preconception Thyrotropin 
Levels to Requirements for Increasing the Levothyroxine Dose during Pregnancy in 
Women with Primary Hypothyroidism. Thyroid, 20, 1175-1178. 
https://doi.org/10.1089/thy.2009.0457 

[117] Grebe, S.K., Cooke, R.R., Ford, H.C., Fagerström, J.N., Cordwell, D.P., Lever, N.A., 
Purdie, G.L. and Feek, C.M. (1997) Treatment of Hypothyroidism with Once Weekly 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1111/j.1365-2265.1995.tb02642.x
https://doi.org/10.1089/thy.2005.15.351
https://doi.org/10.1210/jc.2012-4233
https://doi.org/10.1089/thy.2013.0215
https://doi.org/10.1186/s13044-018-0048-7
https://doi.org/10.1373/clinchem.2014.236646
https://doi.org/10.1016/j.ecl.2005.09.009
https://doi.org/10.1159/000314906
https://doi.org/10.1210/jc.2014-1954
https://doi.org/10.4158/EP.2.4.281
https://doi.org/10.1056/NEJMoa040079
https://doi.org/10.1111/j.1365-2265.2012.04426.x
https://doi.org/10.1089/thy.2009.0457


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 677 International Journal of Clinical Medicine 
 

Thyroxine. The Journal of Clinical Endocrinology & Metabolism, 82, 870-875.  
https://doi.org/10.1210/jc.82.3.870 

[118] Mohames Shakir, K.M., Turton, D., Aprill, B.S., Drake, A.J. and Eisold, R.J.F. (2000) 
Anemia: A Cause of Intolerance to Thyroxine Sodium. Mayo Clinic Proceedings 
Home, 75, 189-192. https://doi.org/10.1016/S0025-6196(11)64193-1 

[119] Magner, J., Gerber, P. (1994) Urticaria Due to Blue Dye in Synthroid Tablets. Thy-
roid, 4, 341. https://doi.org/10.1089/thy.1994.4.341 

[120] Choi, Y.H., Choi, W.Y., Kang, H.C., Koh, Y.I., Bae, E.H. and Kim, S.W. (2012) Drug 
Rash Induced by Levothyroxine Tablets. Thyroid, 22, 1090. 
https://doi.org/10.1089/thy.2011.0462 

[121] Jonklaas, J., Bianco, A.C., Cappola, A.R., Celi, F.S., Fliers, E., Heuer. H., McAninch, 
E.A., Moeller, L.C., Nygaard, B., Sawka, A.M., Watt, T. and Dayan, C.M. (2021) 
Evidence-Based Use of Levothyroxine/Liothyronine Combinations in Treating Hy-
pothyroidism: A Consensus Document. Thyroid, 31, 156-182. 
https://doi.org/10.1089/thy.2020.0720 

[122] National Institiute for Health and Care Excellence (NICE) (2019) Thyroid Disease: 
Assessment and Management. https://www.nice.org.uk/guidance/ng145  

[123] Biondi, B., Cappola, A.R. and Cooper, D.S. (2019) Subclinical Hypothyroidism: A 
Review. JAMA, 322, 153-160. https://doi.org/10.1001/jama.2019.9052 

[124] McDermott, M.T. and Ridgway, E.C. (2001) Subclinical Hypothyroidism Is Mild 
Thyroid Failure and Should Be Treated. The Journal of Clinical Endocrinology & 
Metabolism, 86, 4585-4590. https://doi.org/10.1210/jcem.86.10.7959 

[125] Gharib, H., Tuttle, R.M., Baskin, H.J., Fish, L.H., Singer, P.A. and McDermott, M.T. 
(2005) Subclinical Thyroid Dysfunction: A Joint Statement on Management from 
the American Association of Clinical Endocrinologists, the American Thyroid As-
sociation, and the Endocrine Society. The Journal of Clinical Endocrinology & Me-
tabolism, 90, 581-585. https://doi.org/10.1210/jc.2004-1231 

[126] Calissendorff, J. and Falhammar, H. (2020) To Treat or Not to Treat Subclinical 
Hypothyroidism, What Is the Evidence? Medicina, 56, Article 40. 
https://doi.org/10.3390/medicina56010040 

[127] Pearce, S.H., Brabant, G., Duntas, L.H., Monzani, F., Peeters, R.P., Razvi, S. and 
Wemeau, J.L. (2013) 2013 ETA Guideline: Management of Subclinical Hypothy-
roidism. European Thyroid Journal, 2, 215-228. https://doi.org/10.1159/000356507 

[128] National Guideline Centre (UK) (2019) Management of Subclinical Hypothyroid-
ism: Thyroid Disease: Assessment and Management: Evidence Review G. NICE 
Guideline, No. 145. National Institute for Health and Care Excellence (NICE), Lon-
don. 

[129] Liu, H., Shan, Z., Li, C., Mao, J., Xie, X., Wang, W., Fan, C., Wang, H., Zhang, H., 
Han, C., Wang, X., Liu, X., Fan, Y., Bao, S. and Teng, W. (2014) Maternal Subclini-
cal Hypothyroidism, Thyroid Autoimmunity, and the Risk of Miscarriage: A Pros-
pective Cohort Study. Thyroid, 24, 1642-1649.  
https://doi.org/10.1089/thy.2014.0029 

[130] 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., Peeters, R.P. and Sullivan, 
S. (2017) 2017 Guidelines of the American Thyroid Association for the Diagnosis 
and Management of Thyroid Disease During Pregnancy and the Postpartum. Thy-
roid, 27, 315-389. https://doi.org/10.1089/thy.2016.0457 

[131] Negro, R., Formoso, G., Mangieri, T., Pezzarossa, A., Dazzi, D. and Hassan, H. 
(2006) Levothyroxine Treatment in Euthyroid Pregnant Women with Autoimmune 

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1210/jc.82.3.870
https://doi.org/10.1016/S0025-6196(11)64193-1
https://doi.org/10.1089/thy.1994.4.341
https://doi.org/10.1089/thy.2011.0462
https://doi.org/10.1089/thy.2020.0720
https://www.nice.org.uk/guidance/ng145
https://doi.org/10.1001/jama.2019.9052
https://doi.org/10.1210/jcem.86.10.7959
https://doi.org/10.1210/jc.2004-1231
https://doi.org/10.3390/medicina56010040
https://doi.org/10.1159/000356507
https://doi.org/10.1089/thy.2014.0029
https://doi.org/10.1089/thy.2016.0457


S. Alsifri et al. 
 

 

DOI: 10.4236/ijcm.2022.1312046 678 International Journal of Clinical Medicine 
 

Thyroid Disease: Effects on Obstetrical Complications. The Journal of Clinical En-
docrinology & Metabolism, 91, 2587-2591. https://doi.org/10.1210/jc.2005-1603 

[132] Lepoutre, T., Debiève, F., Gruson, D. and Daumerie, C. (2012) Reduction of Mis-
carriages through Universal Screening and Treatment of Thyroid Autoimmune Dis-
eases. Gynecologic and Obstetric Investigation, 74, 265-273.  
https://doi.org/10.1159/000343759 

[133] Nazarpour, S., Ramezani Tehrani, F., Simbar, M., Tohidi, M., Alavi Majd, H. and 
Azizi, F. (2017) Effects of Levothyroxine Treatment on Pregnancy Outcomes in Preg-
nant Women with Autoimmune Thyroid Disease. European Journal of Endocri-
nology, 176, 253-265. https://doi.org/10.1530/EJE-16-0548 

[134] Sun, X., Hou, N., Wang, H., Ma, L., Sun, J. and Liu, Y. (2020) A Meta-Analysis of 
Pregnancy Outcomes with Levothyroxine Treatment in Euthyroid Women with Thy-
roid Autoimmunity. The Journal of Clinical Endocrinology & Metabolism, 105, 
1009-1019. https://doi.org/10.1210/clinem/dgz217  

[135] Radetti, G., Maselli, M., Buzi, F., Corrias, A., Mussa, A., Cambiaso, P., Salerno, M., 
Cappa, M., Baiocchi, M., Gastaldi, R., Minerba, L. and Loche, S. (2012) The Natural 
History of the Normal/Mild Elevated TSH Serum Levels in Children and Adoles-
cents with Hashimoto’s Thyroiditis and Isolated Hyperthyrotropinaemia: A 3-Year 
Follow-Up. Clinical Endocrinology, 76, 394-398. 
https://doi.org/10.1111/j.1365-2265.2011.04251.x 

[136] Lazar, L., Frumkin, R.B., Battat, E., Lebenthal, Y., Phillip, M. and Meyerovitch, J. 
(2009) Natural History of Thyroid Function Tests over 5 Years in a Large Pediatric 
Cohort. The Journal of Clinical Endocrinology & Metabolism, 94, 1678-1682. 
https://doi.org/10.1210/jc.2008-2615 

[137] Kaplowitz, P.B. (2010) Subclinical Hypothyroidism in Children: Normal Variation 
or Sign of a Failing Thyroid Gland? International Journal of Pediatrics Endocrinol-
ogy, Article ID: 281453. https://doi.org/10.1186/1687-9856-2010-281453 

[138] Cerbone, M., Bravaccio, C., Capalbo, D., Polizzi, M., Wasniewska, M., Cioffi, D., 
Improda, N., Valenzise, M., Bruzzese, D., De Luca, F. and Salerno, M. (2011) Linear 
Growth and Intellectual Outcome in Children with Long-Term Idiopathic Subclin-
ical Hypothyroidism. European Journal of Endocrinology, 164, 591-597.  
https://doi.org/10.1530/EJE-10-0979 

[139] Gottardi, E., Egger, F. and Radetti, G. (2008) TSH and Endothelial Function in 
Children. European Journal of Pediatrics, 167, 355-356. 
https://doi.org/10.1007/s00431-007-0476-1 

[140] Ittermann, T., Thamm, M., Wallaschofski, H., Rettig, R. and Volzke, H. (2012) Se-
rum Thyroid-Stimulating Hormone Levels Are Associated with Blood Pressure in 
Children and Adolescents. The Journal of Clinical Endocrinology & Metabolism, 
97, 828-834. https://doi.org/10.1210/jc.2011-2768 

[141] Zepf, F.D., Vloet, T.D., Polier, G.G., Baurmann, D., Bubenzer, S., Helmbold, K., 
Gaber, T.J., Schmidt, T., Herpertz-Dahlmann, B. and Wockel, L. (2011) No Associa-
tion between Affective and Behavioral Dysregulation and Parameters of Thyroid 
Function in Youths. Journal of Affective Disorders, 134, 478-482.  
https://doi.org/10.1016/j.jad.2011.05.040 

[142] Monzani, A., Prodam, F., Rapa, A., Moia, S., Agarla, V., Bellone, S. and Bona, G. 
(2013) Endocrine Disorders in Childhood and Adolescence. Natural History of 
Subclinical Hypothyroidism in Children and Adolescents and Potential Effects of 
Replacement Therapy: A Review. European Journal of Endocrinology, 168, R1-R11.  
https://doi.org/10.1530/EJE-12-0656  

https://doi.org/10.4236/ijcm.2022.1312046
https://doi.org/10.1210/jc.2005-1603
https://doi.org/10.1159/000343759
https://doi.org/10.1530/EJE-16-0548
https://doi.org/10.1210/clinem/dgz217
https://doi.org/10.1111/j.1365-2265.2011.04251.x
https://doi.org/10.1210/jc.2008-2615
https://doi.org/10.1186/1687-9856-2010-281453
https://doi.org/10.1530/EJE-10-0979
https://doi.org/10.1007/s00431-007-0476-1
https://doi.org/10.1210/jc.2011-2768
https://doi.org/10.1016/j.jad.2011.05.040
https://doi.org/10.1530/EJE-12-0656

	Clinical Practice Recommendations for Assessment and Management of Hypothyroidism
	Abstract
	Keywords
	1. Introduction
	2. Methods of Consensus Development
	3. Screening/Detection of Hyothiroidsim
	3.1. Asymptomatic Hypothyroidism
	3.2. Subjects for Screening
	3.3. Children
	3.4. Pregnant Women
	3.5. Screening Tests
	3.6. Screening Interval

	4. Diagnosis of Hypothyroidism
	4.1. Primary Hypothyroidism
	4.2. Secondary Hypothyroidism
	4.3. Diagnosis during Pregnancy
	4.4. Congenital Hypothyroidism

	5. Management of Hypothyroidism
	5.1. Managing Primary Hypothyroidism
	5.1.1. Levothyroxine Replacement Therapy
	5.1.2. New Formulation of Levothyroxine Therapy
	5.1.3. Switching between Formulations or From Brand to Generic
	5.1.4. Dosing and Administration
	5.1.5. Target Therapy
	5.1.6. Monitoring and Assessing Adequacy of Therapy
	5.1.7. Factors Affecting Dose Required, Concomitant Medications, Concomitant GIT Condition
	5.1.8. Failure of Therapy
	5.1.9. Special Treatment Situations: (Target)
	5.1.10. Combination T4 and T3 Therapy 

	5.2. Managing Subclinical Hypothyroidism (Definition, Management, Follow-Up)
	5.2.1. Candidates for Treatment
	5.2.2. Monitoring for Untreated Patients
	5.2.3. Monitoring after Stopping Treatment


	Conflicts of Interest
	References

