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Common symptoms of overt hypothyroidism are non-specific and include fatigue, lethargy, and dry skin. Although the diagnosis is considered to be straightforward, no single symptom can be used to identify patients with overt hypothyroidism, while many patients with subclinical hypothyroidism are asymptomatic. A large population-based study on the spectrum of symptoms in subclinical hypothyroidism showed similar rates of thyroid disease-related symptoms compared with euthyroid subjects, while the TSH concentration had no impact on symptom score. Together, these findings make it challenging to attribute symptoms to their underlying cause. This is also true in the case of unexplained persistent symptoms in levothyroxine-treated patients. Although generally considered a life-long replacement therapy, successful thyroid hormone discontinuation resulting in euthyroidism has been reported in approximately one third of patients. Thus, we overtreat patients with (subclinical) hypothyroidism, highlighting the importance of reliable diagnostic criteria. The diagnostic process, including the implementation of robust TSH and FT4 reference intervals, is especially challenging in specific situations including aging, pregnancy, non-thyroidal illness, and central hypothyroidism. There is a clear need for improved adherence to current guidelines from scientific societies and for willingness to manage symptoms without a clear pathological correlate, especially in the case of mild TSH elevations. This review will highlight recent literature on this topic and offers some practice points.
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Introduction

Hypothyroidism is a condition with an estimated prevalence in the general population of 0.3% - 3.7% in the USA and 0.2%-5.3% in Europe, depending on the definition used (1). Approximately 12% of the adult population has subclinical hypothyroidism (2, 3). The diagnosis and treatment of (subclinical) hypothyroidism has traditionally been considered rather straightforward. On closer examination, however, many unresolved issues remain and patient satisfaction in terms of symptom relief is often suboptimal (4). Several factors may contribute to this situation. First, common symptoms of overt hypothyroidism including weight gain and fatigue are non-specific and may result from factors other than a shortage of thyroid hormone. In this situation, thyroid hormone replacement can be expected to be less effective in terms of restoring well-being than anticipated. Second, persons with subclinical hypothyroidism experience thyroid disease-related symptoms as often as euthyroid subjects as shown in a recent study. This may explain why symptomatic relief following levothyroxine (L-T4) substitution in this patient group is often disappointing (5). Third, over the past decades it has become clear that the impact of thyroid disease on quality of life is an important disease aspect that is best investigated by patient-reported outcomes (PROs) such as the thyroid-related quality of life patient-reported outcome measure (ThyPRO) (6), whereas ‘classic’ symptoms of hypothyroidism may be less reliable to assess thyroid hormone status. The impact of primary hypothyroidism on quality of life has recently been reviewed by Hegedüs et al. (7).

Thus, it is not surprising that PROs are increasingly used in clinical practice with the aim to improve clinical care. Systematic use of PROs can enhance communication with patients, thereby improving patient satisfaction, symptom management and quality of life. For an overview of the challenges to be handled to achieve successful implementation of PROs in routine clinical practice see the minireview by Cramon et al. in the present article collection on “(Re)defining hypothyroidism: the key to patient-centered treatment” (8). A final factor that may contribute to less than optimal patient management and symptom relief in hypothyroidism is the pivotal role of plasma thyroid stimulating hormone (TSH) and free thyroxine (FT4) both in diagnosis and treatment. Health care providers rely exclusively on elevated plasma TSH and decreased FT4 concentrations as key biochemical criteria for the diagnosis of overt primary hypothyroidism, while subclinical hypothyroidism is defined as an elevated TSH with a FT4 concentration within the reference interval. This illustrates the importance of the availability of robust methods and validated TSH and FT4 reference intervals. Another complex aspect of biochemical monitoring is uncertainty about the optimal target range of TSH and FT4 during thyroid hormone replacement. Moreover, it is questionable whether plasma TSH and FT4 concentrations reliably reflect thyroid hormone status at the tissue level. Finally, the biochemical diagnosis may be especially challenging in specific situations including pregnancy, non-thyroidal illness, aging, and central hypothyroidism. In the present brief review we will discuss the above mentioned issues in more detail, highlighting recent literature on this topic and addressing some practice points.



Interpretation of symptoms in diagnosing and treating overt hypothyroidism

Overt hypothyroidism is defined as a high TSH combined with a low FT4 concentration. Common symptoms of hypothyroidism in adults include fatigue, lethargy, cold intolerance, weight gain, constipation, and dry skin, while the clinical presentation shows large intra-individual variation depending on age, sex, and time interval between onset and diagnosis (9). Importantly, these symptoms for the diagnosis of hypothyroidism are non-specific. In a population based case-control study hypothyroid patients suffered mostly from tiredness (81%), dry skin (63%), and shortness of breath (51%). Among 34 symptoms investigated, only 13 symptoms were statistically overrepresented in hypothyroidism. None of 34 hypothyroidism-related symptoms could be used to identify patients with hypothyroidism (10). Together, these findings make it challenging to attribute symptoms to their underlying cause.

However, when overt hypothyroidism is left untreated it is known to be associated with implications for most organs, including the cardiovascular system. It may result in increased vascular resistance, decreased cardiac output and left ventricular function, and changes in several other markers of cardiovascular contractility (1). A detailed study showed diffuse myocardial injuries to be common in patients with hypothyroidism (11). The combination of non-specific symptoms of hypothyroidism, potentially harmful effects of overt hypothyroidism for vital organ function and the availability of a cheap and reliable diagnostic TSH test has paved the way for a policy that even minor suspicion should lead to a blood test. This may have contributed to the current situation where L-T4 is one of the most commonly prescribed medications and it is even prescribed if thyroid function tests are normal (12). Guidelines advise treatment of all patients with a combination of high TSH and low FT4 concentrations irrespective of the presence of symptoms. Although generally considered a life-long replacement therapy, successful discontinuation has been reported. Burgos et al. (13) performed a systematic review and meta-analysis of clinical outcomes after discontinuation of thyroid hormone replacement including a total of 1103 patients. Surprisingly, approximately a third of patients undergoing thyroid hormone discontinuation remained euthyroid at follow-up. Patients with a previous diagnosis of overt hypothyroidism were less likely to remain euthyroid (11.8%) than patients with a prior diagnosis of subclinical hypothyroidism (35.6%). Thus, to prevent overtreatment, a systematic management procedure may be warranted to help clinicians reevaluate the need for levothyroxine in their patients.



Interpretation of symptoms in diagnosing and treating subclinical hypothyroidism

Many patients with subclinical hypothyroidism are asymptomatic, but others report symptoms of overt hypothyroidism more often than euthyroid controls; these symptoms are usually milder than those in patients with overt hypothyroidism (5, 14, 15). Some, but not all, studies have shown increased rates of depressive symptoms, reduced quality of life, cognitive function, and memory among persons with subclinical hypothyroidism (16–18), while other studies reported fatigue, muscle weakness, weight gain, cold intolerance, and constipation (19). Some of these studies had a rather small sample size or focused on patients with a limited TSH range. As plasma TSH will normalize, without treatment, in up to 46% of patients with subclinical hypothyroidism and mildly elevated TSH, a transient increase in TSH should be ruled out by a repeat measurement after 2 to 3 months (20). In addition to subclinical hypothyroidism resulting from mild thyroid disease, TSH may be slightly elevated as result of the circadian TSH rhythm, obesity, or rare mutations in the TSH receptor that do not always necessitate levothyroxine treatment (21, 22).

In a large population-based Danish study on the spectrum of symptoms in subclinical hypothyroidism, patients with a thyroid function test suggesting subclinical hypothyroidism did not experience thyroid disease-related symptoms more often than euthyroid subjects. Of note, the measured TSH concentration had no impact on symptom score. The largest difference in symptoms was between patients with and without co-morbidities. The authors concluded that clinicians should focus on concomitant diseases in patients with subclinical hypothyroidism rather than expecting symptomatic relief following L-T4 substitution (5). In line with these observations, a prospectively planned analysis of data from 2 clinical trials involving adults over 80 years of age with subclinical hypothyroidism, treatment with L-T4 was not significantly associated with improvement in hypothyroid symptoms or fatigue compared with placebo. These observations plead against routine use of L-T4 for treatment of subclinical hypothyroidism in this age group (23). On the other hand, a recent study by Shao et al. (24) showed that the metabolic profile of overt hypothyroid patients resembled the metabolic profile of patients with subclinical hypothyroidism. This suggests that some patients with subclinical hypothyroidism may display a similar risk profile to develop organ damage due to untreated thyroid disease as overt hypothyroid patients and may benefit from L-T4 treatment. However, it is not well-established yet how this metabolic profile behaves during L-T4 treatment. Furthermore, this study included participants between 18 and 60 years and may not be representative for the older adult population.

Based on the clinical studies mentioned, some controversy has arisen regarding the treatment of subclinical hypothyroidism. Current ATA and ETA guidelines advise to treat subclinical hypothyroidism with L-T4 if TSH is ≥10 mIU/L or if TSH ≥ 4-4.5 mIU/L in combination with symptoms and/or comorbidities (25, 26), while also taking age into account. A TSH concentration ≥ 10 mIU/L seemed to be related with adverse cardiovascular outcomes and increased mortality (27). However, a more recent guideline issued a recommendation against thyroid hormone treatment in subclinical hypothyroidism (28). In a debate article, Peeters and Brito (29) noted that the care for patients with subclinical hypothyroidism and mild symptoms remains a dilemma. On the one hand, failure to act and correct the laboratory abnormality may be perceived by the patient as uncaring, but then again the same may be true for acting on a laboratory test without assisting the patient and relieving symptoms. In order to stop a further rise in unnecessary L-T4 prescriptions, the same authors advocated improved adherence to current guidelines from scientific societies and stressed the need for clinicians to become more expert in the management of symptoms without a clear pathological correlate, especially in the case of mild TSH elevations (29). In the absence of a full understanding of the pathophysiology and meaning of mild symptoms in patients with subclinical hypothyroidism, patient and clinician may choose to conduct a 6-month therapeutic trial with L-T4. Symptoms should be reassessed periodically and treatment discontinued if and when no benefit becomes evident (26).



Persistent symptoms in levothyroxine-treated patients

Despite TSH concentrations within the reference interval, 5-10% of hypothyroid patients receiving L-T4 report impaired psychological well-being, depression or anxiety (30). Furthermore, the presence of so-called brain fog in L-T4 treated hypothyroid patients is a well-known phenomenon experienced by many patients (31). Several mechanisms may underlie the discrepancy between ‘normal’ laboratory outcomes and persistent symptoms. Over the last decades, many studies focused on the possible role of low triiodothyronine (T3) during L-T4 treatment. The assumption is that L-T4 substitution alone does not suffice, as it leads to low/low-normal (F)T3 and high FT4 concentrations in the presence of TSH concentrations within the reference interval (32). Furthermore, a recent study analyzing the relationships of FT4, T3 and TSH concentrations in L-T4 treated patients showed that L-T4 dose changes that robustly modified serum FT4 and TSH concentrations affected serum T3 concentrations only minimally (33). Several trials investigated the added value of combination treatment of L-T4 and L-T3 and until now, no clear benefit of L-T3 was found (34). However, these studies used different L-T4/T3 ratios, were sometimes underpowered, and used a variety of primary endpoints. A recent consensus statement was published to guide the development of future clinical trials of L-T4/L-T3 combination therapy. The results of such redesigned trials can be expected to be of benefit to patients and to help develop future thyroid hormone replacement treatment recommendations (34).

A recent review article (35) discussing persistent symptoms in L-T4 treated patients emphasized the importance and underexposure of alternative explanations besides the low T3 theory. For example, persistent symptoms might be due to the incidental coexistence of treated hypothyroidism with a diagnosis of Somatic Symptom and Related Disorders (SSRD). The term SSRD refers to the persistence of physical symptoms along with physiological problems, large functional impairment and high healthcare costs. Furthermore, additional effects of autoimmunity may play a role. At first sight, this theory was supported by a study showing that L-T4 treated patients with continuously high TPO-antibodies had more often persistent symptoms, which improved spectacularly after thyroidectomy. However, there was no control group for the surgical intervention (36). A recent meta-analysis failed to detect an association between TPO-antibodies and persistent symptoms, although a link between TPO-antibodies and decreased quality of life was suggested (37). Moreover, (undetected) autoimmune comorbidities, chronic medication use, lifestyle, and unrealistic expectations may play a role in persistence of symptoms as well.

Finally, plasma TSH and FT4 concentrations may not fully represent tissue thyroid hormone (TH) concentrations during treatment since TH bioavailability may differ per target organ. This could lead to a mismatch in plasma TH concentrations and symptoms in L-T4 treated patients. In the present article collection on “(Re)defining hypothyroidism: the key to patient-centered treatment”, Salas & Bianco (38) advocated the use of (free) triiodothyronine ((F)T3) during treatment, as kinetic studies revealed that plasma (F)T3 levels can accurately predict tissue T3 content and T3 signaling in most tissues, except for the brain. Given this direct relationship between plasma and tissue T3 contents and T3 signaling in most tissues, the authors suggest that clinicians managing patients with hypothyroidism should refocus attention on monitoring plasma (F)T3 levels in addition to TSH. Although many symptoms of hypothyroidism, including persistent symptoms during treatment, have their origin in the brain it is still challenging to assess brain TH status. One study using functional MRI in a group of long-term L-T4 treated and euthyroid patients reported no cognitive or neural alterations, while current mood status could not be related to depression-related networks (39). However, since autoimmune activity and treatment duration did show a relationship with depression and hypothyroidism-related brain structure and function, the authors concluded that more research using functional brain imaging is needed to replicate and enhance the research effort on residual complaints despite biochemically adequate treatment in patients with Hashimoto’s thyroiditis. More and larger studies are lacking and demand for these studies is increasing.



Symptoms after brand switch

Besides persistent thyroid disease-related symptoms during L-T4 therapy, many patients report similar symptoms upon L-T4 brand switch. A recent study examined the effect of the shortage of the L-T4 brand Thyrax® in the Netherlands and the resulting dose-equivalent switch to another brand on plasma TSH concentrations in a large cohort of patients. First, the number of reported symptoms increased according to the Netherlands Pharmacovigilance Centre Lareb. Using data from the Nivel Primary Care Database and the PHARMO Database Network it was shown that in euthyroid patients continuing the L-T4 product Thyrax at the same dose, TSH was out of range in +/-20% >6 weeks later. Of note, a dose-equivalent switch from Thyrax to other L-T4 brands induced biochemical signs of overdosing in a much larger proportion (24-63%) of patients. Thus, a dose-equivalent L-T4 brand switch may necessitate a dose adjustment in a large number of patients (40). Current recommendations do not support an unnecessary switch of L-T4 brands, and advise, if a switch is necessary, to evaluate TSH concentrations after 6 weeks (41, 42). It should be noted that the outcome of a recent study by Brito et al. (43) was different, as it did not show a change in serum TSH concentrations after L-T4 brand switch. Thus, it is likely that the effect of a L-T4 brand switch on TSH depends on the particular brand change. As both the studies by Brito et al. and Flinterman et al. did not take thyroid disease-related symptoms into account, it is not clear whether increased symptoms and altered TSH after brand change are causally related. Thus, more research is warranted before definite conclusions can be drawn.



Pitfalls of biochemical measurements in primary (subclinical) hypothyroidism

As discussed, laboratory measurements of TSH and FT4 currently play a key role to diagnose primary hypothyroidism and monitor L-T4 treatment. In case of suspected primary hypothyroidism, assessment of plasma TSH suffices and is considered to provide enough insight into TH status. To differentiate between overt primary hypothyroidism and subclinical hypothyroidism, addition of the plasma FT4 concentration is necessary and the concentrations must be below the lower reference interval to confirm overt hypothyroidism. Current ATA and ETA guidelines advise to treat subclinical hypothyroidism with L-T4 if TSH is ≥10 mIU/L or if TSH ≥ 4-4.5 mIU/L in combination with symptoms and/or comorbidities (25, 26), while also taking age into account. As discussed already, the assessment and interpretation of symptoms can be difficult. Thus, laboratory measurements should be robust since they form the primary basis for treatment decisions, and reference intervals should be correctly interpreted.

TSH and FT4 concentrations are mostly measured using automated immunoassays (IAs) in clinical laboratories. It is important to realize that these hormones are measured using IAs produced by various manufacturers (e.g., Roche, Siemens, and Abbott). These IAs are not standardized and therefore have different reference intervals meaning that results obtained from an IA of one manufacturer cannot be directly compared to the results derived from an IA of another manufacturer (44, 45). Therefore, it is remarkable that many guidelines mention absolute TSH cut-off values without specifying the IAs, since TSH concentrations can vary depending on the measurement method that is used. Although the step towards harmonization of TSH measurements has been taken by the IFCC Committee for Standardization of Thyroid Function Tests, this has not been implemented yet and caution is required in extrapolating cut-off values to different laboratories with different IAs (44). The same is true for the interpretation of FT4 concentrations. Even though more attention is paid to differences in FT4 reference intervals between different IAs, awareness is still warranted. Moreover, most FT4 IAs perform well in large healthy cohorts but show difficulties in several groups characterized by a different blood composition such as pregnant women and patients with advanced renal failure (46, 47).

Another pitfall that should be acknowledged is that not all groups benefit from using the same TSH and FT4 reference intervals. Clinical studies in euthyroid patients using L-T4 showed that FT4 concentrations in this group are significantly higher, and more often above the upper reference interval, than in non L-T4 treated people (32, 48, 49) indicating that in this group a higher upper reference limit may apply. In addition, FT3 concentrations and FT3/FT4 ratios are lower in this group compared to non-L-T4 users, a finding probably more outspoken in athyreotic patients due to the absence of any endogenous T3 production. Therefore, the question is justified whether the current reference intervals suffice for persons using L-T4. As mentioned previously, Salas & Bianco (38) suggested that (F)T3 concentrations may reflect TH status in L-T4 treated people even better than FT4. On the other hand, an analysis of the relationship between psychological well-being and FT4, FT3 and TSH in a large group of patients on L-T4 showed that psychological well-being correlates with FT4 but not with FT3 levels (50). Thus, optimal biochemical monitoring during TH treatment is still a matter of debate and pitfalls regarding the measurement and interpretation of TSH and FT4 should be acknowledged and taken into account by laboratory specialists and clinicians.



Primary hypothyroidism in specific groups

Diagnosis and monitoring of primary (subclinical) hypothyroidism in specific (patient) groups can cause several dilemmas since these groups are not directly comparable to healthy cohorts. Both symptoms and laboratory measurements may present differently. Several of these groups are discussed.


Aging

Both symptoms of hypothyroidism and interpretation of laboratory results are different in the older adult population. First, older adults with subclinical hypothyroidism have fewer symptoms than younger persons with subclinical hypothyroidism (51–54). Furthermore, treatment of subclinical hypothyroidism with L-T4 in older adults seems to have no positive effect on quality of life and secondary outcomes (55–58). Both aspects complicate the diagnosis and treatment of subclinical hypothyroidism in this group. Second, reference intervals of TSH appear to be different in older adults as TSH concentrations increase somewhat with age (59, 60). This observation may be a physiological manifestation of aging indicating the need for age-specific reference intervals. However, their practical applicability is still under debate since an age-related TSH increase usually does not exceed the advised cut-off concentrations for treatment (61). Current guidelines for subclinical hypothyroidism do take age into account, and starting L-T4 treatment below a TSH concentration of 10 mIU/L in persons >70 years of age is not recommended (26, 62). In our opinion, subclinical hypothyroidism and its treatment in older adults should probably be a matter of personalized medicine and shared decision making. In case of overt primary hypothyroidism, on the other hand, L-T4 treatment is usually advised since overall mortality is significantly higher in hypothyroid compared to euthyroid older adults (63). However, in community-dwelling people aged 80 years and older, (sub-)clinical thyroid dysfunction was not associated with functional outcomes or mortality and may therefore be of limited clinical significance (64). Another study even showed a lower risk for nursing home admission and all-cause mortality with increasing TSH in people over 80 years old (65). The ATA guidelines from 2012 advised to use an adjusted TSH upper limit in older adults, although a specific age was not mentioned nor the indications for treatment (25).



Pregnancy

Overt hypothyroidism and subclinical hypothyroidism during pregnancy can be challenging for several reasons. First, hypothyroid symptoms during pregnancy show large overlap with symptoms of pregnancy itself and symptoms presented in the general population (66, 67) which makes it difficult to fully rely on these symptoms. Furthermore, hypothyroid symptoms were not related to TSH concentrations (68). Since it is not possible to fully rely on symptoms, it would be ideal to depend on TSH and FT4 concentrations. This brings us to the second challenge, since TSH and FT4 concentrations change during pregnancy. Generally, TSH concentrations decrease slightly during the first trimester and increase during the rest of pregnancy, while FT4 concentrations first increase and subsequently decrease from the second trimester. This results in different reference intervals compared to the non-pregnant situation (69). The observed change is considered physiological, although the exact mechanism is still unclear. A recent study showed that immunoassays overestimate FT4 concentrations in pregnant women while the degree of overestimation differs between several frequently used immunoassays (47). Therefore, it is recommended not only to use pregnancy-specific reference intervals for TSH and FT4 (69), but ideally these reference intervals should be trimester- and immunoassay-specific as well. However, this is not the standard situation in clinical laboratories yet, which complicates the diagnosis and adequate treatment of hypothyroidism in pregnant women. The ATA guideline recommended to subtract 0.5 mIU/L from the lower reference limit of TSH during pregnancy, a recommendation that was recently implemented in the Dutch guideline as well (70, 71). The ETA, on the other hand, advises to either establish trimester-specific reference intervals per hospital or to use the following upper limits for TSH: first trimester, 2.5 mU/l; second trimester, 3.0 mU/l; third trimester, 3.5 mU/l (72). Finally, the optimal treatment strategy in pregnant women with subclinical hypothyroidism is debated and controversy still remains. It seems particularly important to reach multidisciplinary consensus on this topic (73).



Non-thyroidal illness syndrome

Diagnosing and treating thyroid dysfunction in severely ill patients is often a challenge. The non-thyroidal illness syndrome (NTIS), with decreased FT3 and paradoxically low TSH in patients without any thyroid pathology, was first reported in the 1970s as a remarkable ensemble of changes in plasma TH concentrations occurring in probably any severe illness. Ever since, NTIS has remained an intriguing phenomenon not only because of the robustness of the decrease in plasma FT3, but also by its clear correlation with morbidity and mortality (74). NTIS can be difficult to diagnose and especially the distinction between severe primary hypothyroidism and NTIS may be difficult (75). NTIS is characterized by decreased FT3 concentrations, and in severe illness decreased FT4 concentrations, without a concomitant rise in plasma TSH concentrations. Substitution treatment with L-T4 is not necessary. An increased TSH in critically ill patients, on the other hand, is indicative of primary hypothyroidism and should lead to treatment with L-T4. Unfortunately, an absence of clearly increased TSH is not enough for ruling out primary hypothyroidism. In this setting, the combination of a high FT3/FT4 ratio and a low reversed T3 (rT3) concentration points to primary hypothyroidism. These measurements are currently not widely available, indicating challenges still remain in differentiating between NTIS and primary hypothyroidism in critically ill patients. Finally, tissue TH concentrations during NTIS can differ substantially between several organs within and between patients even in the presence of similar TSH, FT4 and FT3 concentrations in plasma (74).



Central hypothyroidism

Central hypothyroidism (CeH) is a rare form of hypothyroidism due to disturbances at the level of the hypothalamus or pituitary resulting in insufficient stimulation of the thyroid gland. The pathogenesis of CeH is variable and can be either congenital or acquired (e.g. iatrogenic, or by trauma, or autoimmunity). Furthermore, CeH can be isolated or part of a multiple pituitary hormone deficiency (MPHD). Due to the several etiologies, the clinical presentation of CeH is heterogeneous and does not only involve classical hypothyroid symptoms. In patients with MPHD, the clinical presentation depends on its etiology, and may reflect, e.g., a pituitary adenoma, or a history of craniospinal irradiation in combination with symptoms caused by endocrine deficiencies in several endocrine axes. Recently, mutations of IGSF1, TBL1X and IRS4 leading to CeH were detected in addition to the mutations in TRH-R and TSHβ reported earlier (76–80). A IGSF1 mutation leading to CeH is also characterized by macroorchidism and the TBL1X mutation by impaired hearing. These discriminative features can be used for guidance into the cause of CeH.

Since central control of the thyroid gland is lacking in CeH, TSH concentrations are low/normal and do not reflect TH status adequately in those patients. Therefore, FT4 concentrations are key in diagnosing and monitoring CeH. In most newborn screening programs for congenital hypothyroidism, TSH is measured as a first step. Since CeH is most often characterized by a low/normal TSH concentration, it can be challenging to detect CeH with this strategy. Furthermore, mild forms of CeH might even present with a FT4 concentration around the lower border of the reference interval and are therefore even more challenging to detect. Congenital CeH can be reliably detected in the newborn screening only if the protocol measures T4 as a first tier. While this is the case in The Netherlands and Japan, a TSH-based newborn screening is far more common and will not diagnose newborns with CeH.

The cornerstone of treatment of CeH is generally L-T4, although it is important to individually assess treatment necessity. In congenital CeH, children should be treated with L-T4 as soon as possible to ensure optimal neurodevelopment. In milder forms of (congenital) CeH on the other hand, L-T4 treatment must be carefully considered and might be unnecessary, e.g., in older adults with only marginally decreased FT4 concentration based on a mutation in TBL1X. If L-T4 is started, low dosage is recommended to avoid risk of overtreatment. TSH cannot reliably be used to monitor L-T4 treatment efficacy and most information about TH status relies on FT4 determination. FT4 concentrations are influenced by the moment of L-T4 intake. Therefore, the European Thyroid Association (ETA) guideline on the diagnosis and management of CeH strongly advises to draw blood before or at least four hours after L-T4 intake (81) to allow reliable results. As previously discussed, FT4 concentrations are often higher in persons on L-T4, leading to the recommendation to pursue FT4 concentrations in the upper range of the reference interval in CeH. FT4 concentrations at the lower range of the reference interval in combination with hypothyroid symptoms indicate under-treatment.




Conclusion

In this review we discussed the challenges in relating symptoms to biochemical diagnosis and treatment of (subclinical) hypothyroidism. Thyroid related symptoms are mainly non-specific and occur also in the euthyroid population. After treatment with L-T4, many patients report suboptimal symptom relief. There are several hypothetical causes for this phenomenon. The discrepancy between patient satisfaction and biochemical thyroid hormone status may be partly due to the pivotal role of plasma TSH and FT4 concentrations, that do not necessarily reflect tissue thyroid hormone status. Furthermore, symptoms may result from additional factors, including auto-immunity, or having a chronic disorder needing medical attention. Specific situations, such as pregnancy, aging, NTIS, and central hypothyroidism represent extra challenges regarding measurements and interpretation of TSH and FT4 concentrations and monitoring during treatment. There is reason to expect that a) the coordinated design of future clinical trials, b) the further development of innovative monitoring tools including (F)T3 and functional brain imaging, c) the systematic use of PROs to enhance communication with patients, and d) better adherence to international guidelines will lead to an improvement in the expectation and satisfaction of patients with hypothyroidism and of their health care providers.



Author contributions

HJ and EF participated in the planning process, wrote the manuscript draft, and approved the final manuscript. AB, AH and EB participated in the planning process, read, and commented the manuscript draft, and approved the final manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

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



References

1. Chaker, L, Bianco, AC, Jonklaas, J, and Peeters, RP. Hypothyroidism. Lancet (2017) 390(10101):1550–62. doi: 10.1016/S0140-6736(17)30703-1

2. Jonklaas, J, Bianco, AC, Bauer, AJ, Burman, KD, Cappola, AR, Celi, FS, et al. Guidelines for the treatment of hypothyroidism: Prepared by the American thyroid association task force on thyroid hormone replacement. Thyroid (2014) 24(12):1670–751. doi: 10.1089/thy.2014.0028

3. Cooper, DS, and Biondi, B. Subclinical thyroid disease. Lancet (2012) 379(9821):1142–54. doi: 10.1016/S0140-6736(11)60276-6

4. Peterson, SJ, Cappola, AR, Castro, MR, Dayan, CM, Farwell, AP, Hennessey, JV, et al. An online survey of hypothyroid patients demonstrates prominent dissatisfaction. Thyroid (2018) 28(6):707–21. doi: 10.1089/thy.2017.0681

5. Carlé, A, Karmisholt, JS, Knudsen, N, Perrild, H, Thuesen, BH, Ovesen, L, et al. Does subclinical hypothyroidism add any symptoms? evidence from a Danish population-based study. Am J Med (2021) 134(9):1115–26.e1. doi: 10.1016/j.amjmed.2021.03.009

6. Boesen, VB, Feldt-Rasmussen, U, Bjorner, JB, Cramon, P, Groenvold, M, Nygaard, B, et al. How should thyroid-related quality of life be assessed? recalled patient-reported outcomes compared to here-and-Now measures. Thyroid (2018) 28(12):1561–70. doi: 10.1089/thy.2018.0210

7. Hegedüs, L, Bianco, AC, Jonklaas, J, Pearce, SH, Weetman, AP, and Perros, P. Primary hypothyroidism and quality of life. Nat Rev Endocrinol (2022) 18(4):230–42. doi: 10.1038/s41574-021-00625-8

8. Cramon, PK, Bjorner, JB, Groenvold, M, Boesen, VB, Bonnema, SJ, Hegedüs, L, et al. Implementation of thyroid-related patient-reported outcomes in routine clinical practice. Front Endocrinol (2022) 13:1000682. doi: 10.3389/fendo.2022.1000682

9. Doucet, J, Trivalle, C, Chassagne, P, Perol, M-B, Vuillermet, P, Manchon, N-D, et al. Does age play a role in clinical presentation of hypothyroidism? J Am Geriatrics Soc (1994) 42(9):984–6. doi: 10.1111/j.1532-5415.1994.tb06592.x

10. Carlé, A, Pedersen, IB, Knudsen, N, Perrild, H, Ovesen, L, and Laurberg, P. Hypothyroid symptoms and the likelihood of overt thyroid failure: A population-based case–control study. Eur J Endocrinol (2014) 171(5):593–602. doi: 10.1530/eje-14-0481

11. Gao, X, Liu, M, Qu, A, Chen, Z, Jia, Y, Yang, N, et al. Native magnetic resonance T1-mapping identifies diffuse myocardial injury in hypothyroidism. PloS One (2016) 11(3):e0151266. doi: 10.1371/journal.pone.0151266

12. Brito, JP, Ross, JS, El Kawkgi, OM, Maraka, S, Deng, Y, Shah, ND, et al. Levothyroxine use in the united states, 2008-2018. JAMA Internal Med (2021) 181(10):1402–5. doi: 10.1001/jamainternmed.2021.2686

13. Burgos, N, Toloza, FJK, Ospina, NMS, Brito, JP, Salloum, RG, Hassett, LC, et al. Clinical outcomes after discontinuation of thyroid hormone replacement: A systematic review and meta-analysis. Thyroid (2021) 31(5):740–51. doi: 10.1089/thy.2020.0679

14. Canaris, GJ, Manowitz, NR, Mayor, G, and Ridgway, EC. The Colorado thyroid disease prevalence study. Arch Internal Med (2000) 160(4):526–34. doi: 10.1001/archinte.160.4.526

15. Zulewski, H, Müller, B, Exer, P, Miserez, AR, and Staub, J-J. Estimation of tissue hypothyroidism by a new clinical score: Evaluation of patients with various grades of hypothyroidism and Controls1. J Clin Endocrinol Metab (1997) 82(3):771–6. doi: 10.1210/jcem.82.3.3810

16. Jorde, R, Waterloo, K, Storhaug, H, Nyrnes, A, Sundsfjord, J, and Jenssen, TG. Neuropsychological function and symptoms in subjects with subclinical hypothyroidism and the effect of thyroxine treatment. J Clin Endocrinol Metab (2006) 91(1):145–53. doi: 10.1210/jc.2005-1775

17. Razvi, S, Ingoe, L, Keeka, G, Oates, C, McMillan, C, and Weaver, JU. The beneficial effect of l-thyroxine on cardiovascular risk factors, endothelial function, and quality of life in subclinical hypothyroidism: Randomized, crossover trial. J Clin Endocrinol Metab (2007) 92(5):1715–23. doi: 10.1210/jc.2006-1869

18. Baldini, IM, Vita, A, Mauri, MC, Amodei, V, Carrisi, M, Bravin, S, et al. Psychopathological and cognitive features in subclinical hypothyroidism. Prog Neuropsychopharmacol Biol Psychiatry (1997) 21(6):925–35. doi: 10.1016/s0278-5846(97)00089-4

19. Biondi, B, and Cooper, DS. The clinical significance of subclinical thyroid dysfunction. Endocrine Rev (2008) 29(1):76–131. doi: 10.1210/er.2006-0043

20. Peeters, RP. Subclinical hypothyroidism. New Engl J Med (2017) 376(26):2556–65. doi: 10.1056/NEJMcp1611144

21. Salvador, J, Dieguez, C, and Scanlon, MF. The circadian rhythms of thyrotrophin and prolactin secretion. Chronobiol Int (1988) 5(1):85–93. doi: 10.3109/07420528809078555

22. Cassio, A, Nicoletti, A, Rizzello, A, Zazzetta, E, Bal, M, and Baldazzi, L. Current loss-of-Function mutations in the thyrotropin receptor gene: When to investigate, clinical effects, and treatment. J Clin Res Pediatr Endocrinol (2013) 5 Suppl 1(Suppl 1):29–39. doi: 10.4274/jcrpe.864

23. Mooijaart, SP, Du Puy, RS, Stott, DJ, Kearney, PM, Rodondi, N, Westendorp, RGJ, et al. Association between levothyroxine treatment and thyroid-related symptoms among adults aged 80 years and older with subclinical hypothyroidism. JAMA (2019) 322(20):1977–86. doi: 10.1001/jama.2019.17274

24. Shao, F, Li, R, Guo, Q, Qin, R, Su, W, Yin, H, et al. Plasma metabolomics reveals systemic metabolic alterations of subclinical and clinical hypothyroidism. The Journal of Clinical Endocrinology & Metabolism (2023) 108(1):13–25. doi: 10.1210/clinem/dgac555

25. Garber, JR, Cobin, RH, Gharib, H, Hennessey, JV, Klein, I, Mechanick, JI, et al. Clinical practice guidelines for hypothyroidism in adults: Cosponsored by the American association of clinical endocrinologists and the American thyroid association. Thyroid (2012) 22(12):1200–35. doi: 10.1089/thy.2012.0205

26. Pearce, SHS, Brabant, G, Duntas, LH, Monzani, F, Peeters, RP, Razvi, S, et al. Eta guideline: Management of subclinical hypothyroidism. Eur Thyroid J (2013) 2(4):215–28. doi: 10.1159/000356507

27. Biondi, B, Cappola, AR, and Cooper, DS. Subclinical hypothyroidism: A review. JAMA (2019) 322(2):153–60. doi: 10.1001/jama.2019.9052

28. Bekkering, GE, Agoritsas, T, Lytvyn, L, Heen, AF, Feller, M, Moutzouri, E, et al. Thyroid hormones treatment for subclinical hypothyroidism: A clinical practice guideline. BMJ (2019) 365:l2006. doi: 10.1136/bmj.l2006

29. Peeters, RP, and Brito, JP. Subclinical hypothyroidism: To treat or not to treat? Eur J Endocrinol (2020) 183(6):D15–24. doi: 10.1530/eje-20-0621

30. Wiersinga, WM. Paradigm shifts in thyroid hormone replacement therapies for hypothyroidism. Nat Rev Endocrinol (2014) 10(3):164–74. doi: 10.1038/nrendo.2013.258

31. Ettleson, MD, Raine, A, Batistuzzo, A, Batista, SP, McAninch, E, Teixeira, MCTV, et al. Brain fog in hypothyroidism: Understanding the patient’s perspective. Endocrine Pract (2022) 28(3):257–64. doi: 10.1016/j.eprac.2021.12.003

32. Gullo, D, Latina, A, Frasca, F, Moli, RL, Pellegriti, G, and Vigneri, R. Levothyroxine monotherapy cannot guarantee euthyroidism in all athyreotic patients. PloS One (2011) 6(8):e22552. doi: 10.1371/journal.pone.0022552

33. Ettleson, MD, Prieto, WH, Russo, PST, de Sa, J, Wan, W, Laiteerapong, N, et al. Serum thyrotropin and triiodothyronine levels in levothyroxine-treated patients. J Clin Endocrinol Metab (2022). doi: 10.1210/clinem/dgac725

34. Jonklaas, J, Bianco Antonio, C, Cappola Anne, R, Celi Francesco, S, Fliers, E, Heuer, H, et al. Evidence-based use of Levothyroxine/Liothyronine combinations in treating hypothyroidism: A consensus document. Eur Thyroid J (2021) 10(1):10–38. doi: 10.1159/000512970

35. Perros, P, van der Feltz-Cornelis, C, Papini, E, Nagy, EV, Weetman, AP, and Hegedüs, L. The enigma of persistent symptoms in hypothyroid patients treated with levothyroxine: A narrative review. Clin Endocrinol (2021) 00:1–8. doi: 10.1111/cen.14473

36. Guldvog, I, Reitsma, LC, Johnsen, L, Lauzike, A, Gibbs, C, Carlsen, E, et al. Thyroidectomy versus medical management for euthyroid patients with hashimoto disease and persisting symptoms. Ann Internal Med (2019) 170(7):453–64. doi: 10.7326/m18-0284%m30856652

37. Patti, M, Christian, R, and Palokas, M. Association between anti-thyroid antibodies and quality of life in patients with hashimoto thyroiditis: A systematic review and meta-analysis. JBI Evidence Synthesis (2021) 19(9):2307–38. doi: 10.11124/jbies-20-00043

38. Salas-Lucia, F, and Bianco, AC. T3 levels and thyroid hormone signaling. Front Endocrinol (2022) 13:1044691. doi: 10.3389/fendo.2022.1044691

39. Quinque, EM, Karger, S, Arélin, K, Schroeter, ML, Kratzsch, J, and Villringer, A. Structural and functional mri study of the brain, cognition and mood in long-term adequately treated hashimoto's thyroiditis. Psychoneuroendocrinology (2014) 42:188–98. doi: 10.1016/j.psyneuen.2014.01.015

40. Flinterman, LE, Kuiper, JG, Korevaar, JC, van Dijk, L, Hek, K, Houben, E, et al. Impact of a forced dose-equivalent levothyroxine brand switch on plasma thyrotropin: A cohort study. Thyroid (2020) 30(6):821–8. doi: 10.1089/thy.2019.0414

41. Benvenga, S, and Carlé, A. Levothyroxine formulations: Pharmacological and clinical implications of generic substitution. Adv Ther (2019) 36(2):59–71. doi: 10.1007/s12325-019-01079-1

42. Eric Fliers, BD, Bhaseen, A, and Brix., TH. European Thyroid association (Eta) and thyroid federation international (Tfi) joint position statement on the interchangeability of levothyroxine products in eu countries. Eur Thyroid J (2018) 7:238–42. doi: 10.1159/000493123

43. Brito, JP, Deng, Y, Ross, JS, Choi, NH, Graham, DJ, Qiang, Y, et al. Association between generic-to-Generic levothyroxine switching and thyrotropin levels among us adults. JAMA Internal Med (2022) 182(4):418–25. doi: 10.1001/jamainternmed.2022.0045

44. Thienpont, LM, Van Uytfanghe, K, De Grande, LAC, Reynders, D, Das, B, Faix, JD, et al. Harmonization of serum thyroid-stimulating hormone measurements paves the way for the adoption of a more uniform reference interval. Clin Chem (2017) 63(7):1248–60. doi: 10.1373/clinchem.2016.269456

45. Thienpont, LM, Van Uytfanghe, K, Beastall, G, Faix, JD, Ieiri, T, Miller, WG, et al. Report of the ifcc working group for standardization of thyroid function tests; part 2: Free thyroxine and free triiodothyronine. Clin Chem (2010) 56(6):912–20. doi: 10.1373/clinchem.2009.140194

46. d'Herbomez, M, Forzy, G, Gasser, F, Massart, C, Beaudonnet, A, and Sapin, R. Clinical evaluation of nine free thyroxine assays: Persistent problems in particular populations. Clin Chem Lab Med (2003) 41(7):942–7. doi: 10.1515/CCLM.2003.143

47. Jansen, HI, van Herwaarden, AE, Huijgen, HJ, Painter, RC, Hillebrand, JJ, Boelen, A, et al. Pregnancy disrupts the accuracy of automated Ft4 immunoassays. Eur Thyroid J (2022) 11(6):e220145. doi: 10.1530/etj-22-0145

48. Kratzsch, J, Baumann, NA, Ceriotti, F, Lu, ZX, Schott, M, Van Herwaarden, AE, et al. Global Ft4 immunoassay standardization: An expert opinion review. Clin Chem Lab Med (CCLM) (2021) 59(6):1013–23. doi: 10.1515/cclm-2020-1696

49. Peterson, SJ, McAninch, EA, and Bianco, AC. Is a normal tsh synonymous with “Euthyroidism” in levothyroxine monotherapy? J Clin Endocrinol Metab (2016) 101(12):4964–73. doi: 10.1210/jc.2016-2660

50. Saravanan, P, Siddique, H, Simmons, DJ, Greenwood, R, and Dayan, CM. Twenty-four hour hormone profiles of tsh, free T3 and free T4 in hypothyroid patients on combined T3/T4 therapy. Exp Clin Endocrinol Diabetes (2007) 115(04):261–7. doi: 10.1055/s-2007-973071

51. Gussekloo, J, van Exel, E, de Craen, AJM, Meinders, AE, Frölich, M, and Westendorp, RGJ. Thyroid status, disability and cognitive function, and survival in old age. JAMA (2004) 292(21):2591–9. doi: 10.1001/jama.292.21.2591

52. Simonsick, EM, Newman, AB, Ferrucci, L, Satterfield, S, Harris, TB, Rodondi, N, et al. Subclinical hypothyroidism and functional mobility in older adults. Arch Internal Med (2009) 169(21):2011–7. doi: 10.1001/archinternmed.2009.392

53. Roberts, LM, Pattison, H, Roalfe, A, Franklyn, J, Wilson, S, Hobbs, R, et al. Is subclinical thyroid dysfunction in the elderly associated with depression or cognitive dysfunction? Ann Internal Med (2006) 145(8):573–81. doi: 10.7326/0003-4819-145-8-200610170-00006%m17043339

54. Blum, MR, Wijsman, LW, Virgini, VS, Bauer, DC, den Elzen, WPJ, Jukema, JW, et al. Subclinical thyroid dysfunction and depressive symptoms among the elderly: A prospective cohort study. Neuroendocrinology (2016) 103(3-4):291–9. doi: 10.1159/000437387

55. Feller, M, Snel, M, Moutzouri, E, Bauer, DC, de Montmollin, M, Aujesky, D, et al. Association of thyroid hormone therapy with quality of life and thyroid-related symptoms in patients with subclinical hypothyroidism: A systematic review and meta-analysis. JAMA (2018) 320(13):1349–59. doi: 10.1001/jama.2018.13770

56. Chaker, L, Baumgartner, C, den Elzen, WPJ, Ikram, MA, Blum, MR, Collet, T-H, et al. Subclinical hypothyroidism and the risk of stroke events and fatal stroke: An individual participant data analysis. J Clin Endocrinol Metab (2015) 100(6):2181–91. doi: 10.1210/jc.2015-1438

57. Blum, MR, Gencer, B, Adam, L, Feller, M, Collet, T-H, da Costa, BR, et al. Impact of thyroid hormone therapy on atherosclerosis in the elderly with subclinical hypothyroidism: A randomized trial. J Clin Endocrinol Metab (2018) 103(8):2988–97. doi: 10.1210/jc.2018-00279

58. de Montmollin, M, Feller, M, Beglinger, S, McConnachie, A, Aujesky, D, Collet, T-H, et al. L-thyroxine therapy for older adults with subclinical hypothyroidism and hypothyroid symptoms: Secondary analysis of a randomized trial. Ann Internal Med (2020) 172(11):709–16. doi: 10.7326/m19-3193

59. Surks, MI, and Boucai, L. Age- and race-based serum thyrotropin reference limits. J Clin Endocrinol Metab (2010) 95(2):496–502. doi: 10.1210/jc.2009-1845

60. Surks, MI, and Hollowell, JG. Age-specific distribution of serum thyrotropin and antithyroid antibodies in the U.S. population: Implications for the prevalence of subclinical hypothyroidism. J Clin Endocrinol Metab (2007) 92(12):4575–82. doi: 10.1210/jc.2007-1499

61. Kahapola-Arachchige, KM, Hadlow, N, Wardrop, R, Lim, EM, and Walsh, JP. Age-specific tsh reference ranges have minimal impact on the diagnosis of thyroid dysfunction. Clin Endocrinol (2012) 77(5):773–9. doi: 10.1111/j.1365-2265.2012.04463.x

62. NIV. Schildklierfunctiestoornissen. richtlijnendatabase. (2012). Available at: https://richtlijnendatabase.nl/richtlijn/schildklierfunctiestoornissen/schildklierfunctiestoornissen_-_korte_beschrijving.html

63. Tsai, T-Y, Tu, Y-K, Munir, KM, Lin, S-M, Chang, RH-E, Kao, S-L, et al. Association of hypothyroidism and mortality in the elderly population: A systematic review and meta-analysis. J Clin Endocrinol Metab (2019) 105(6):2068–80. doi: 10.1210/clinem/dgz186

64. Puy, RSD, Poortvliet, RKE, Mooijaart, SP, WPJd, E, Jagger, C, Pearce, SHS, et al. Outcomes of thyroid dysfunction in people aged eighty years and older: An individual patient data meta-analysis of four prospective studies (Towards understanding longitudinal international older people studies consortium). Thyroid (2021) 31(4):552–62. doi: 10.1089/thy.2020.0567

65. Riis, J, Kragholm, K, Torp-Pedersen, C, and Andersen, S. Association between thyroid function, nursing home admission and mortality in community-dwelling adults over 80 years. Arch Gerontol Geriatrics (2023) 104:104806. doi: 10.1016/j.archger.2022.104806

66. Pop, V, Broeren, M, Wiersinga, W, and Stagnaro-Green, A. Thyroid disease symptoms during early pregnancy do not identify women with thyroid hypofunction that should be treated. Clin Endocrinol (2017) 87(6):838–43. doi: 10.1111/cen.13433

67. Pearce, EN. Hypothyroidism in pregnancy. In:  JL Eaton, editor. Thyroid disease and reproduction: A clinical guide to diagnosis and management. Cham: Springer International Publishing (2019). p. 101–15.

68. Pop, VJ, Hulsbosch, LP, Boekhorst, MGBM, Broeren, MAC, Krabbe, JG, and Wiersinga, WM. Hypothyroid symptoms throughout pregnancy are predominantly associated with thyroxine and not with thyrotropin concentrations. Thyroid (2022) 32(10):1249–58. doi: 10.1089/thy.2022.0244

69. Osinga, JAJ, Derakhshan, A, Palomaki, GE, Ashoor, G, Männistö, T, Maraka, S, et al. Tsh and Ft4 reference intervals in pregnancy: A systematic review and individual participant data meta-analysis. J Clin Endocrinol Metab (2022) 107(10):2925–33. doi: 10.1210/clinem/dgac425

70. Alexander, EK, Pearce, EN, Brent, GA, Brown, RS, Chen, H, Dosiou, C, et al. Guidelines of the American thyroid association for the diagnosis and management of thyroid disease during pregnancy and the postpartum. Thyroid (2017) 27(3):315. doi: 10.1089/thy.2016.0457

71. NIV. Tsh range tijdens de zwangerschap bij schildklierfunctiestoornissen (2021). Available at: https://richtlijnendatabase.nl/richtlijn/schildklierfunctiestoornissen/schildklierstoornis_zwangerschap_postpartum/schildklierfunctietesten_zwangerschap/tsh_range_tijdens_de_zwangerschap_bij_schildklierfunctiestoornissen.html.

72. Lazarus, J, Brown, RS, Daumerie, C, Hubalewska-Dydejczyk, A, Negro, R, and Vaidya, B. European Thyroid association guidelines for the management of subclinical hypothyroidism in pregnancy and in children. Eur Thyroid J (2014) 3(2):76–94. doi: 10.1159/000362597

73. Lee, SY, and Pearce, EN. Testing, monitoring, and treatment of thyroid dysfunction in pregnancy. J Clin Endocrinol Metab (2020) 106(3):883–92. doi: 10.1210/clinem/dgaa945

74. Fliers, E, and Boelen, A. An update on non-thyroidal illness syndrome. J Endocrinological Invest (2021) 44(8):1597–607. doi: 10.1007/s40618-020-01482-4

75. Fliers, E, Bianco, AC, Langouche, L, and Boelen, A. Thyroid function in critically ill patients. Lancet Diabetes Endocrinol (2015) 3(10):816–25. doi: 10.1016/S2213-8587(15)00225-9

76. Sun, Y, Bak, B, Schoenmakers, N, van Trotsenburg, ASP, Oostdijk, W, Voshol, P, et al. Loss-of-Function mutations in Igsf1 cause an X-linked syndrome of central hypothyroidism and testicular enlargement. Nat Genet (2012) 44(12):1375–81. doi: 10.1038/ng.2453

77. Heinen, CA, Losekoot, M, Sun, Y, Watson, PJ, Fairall, L, Joustra, SD, et al. Mutations in Tbl1x are associated with central hypothyroidism. J Clin Endocrinol Metab (2016) 101(12):4564–73. doi: 10.1210/jc.2016-2531

78. Heinen, CA, de Vries, EM, Alders, M, Bikker, H, Zwaveling-Soonawala, N, van den Akker, ELT, et al. Mutations in Irs4 are associated with central hypothyroidism. J Med Genet (2018) 55(10):693–700. doi: 10.1136/jmedgenet-2017-105113

79. Bonomi, M, Busnelli, M, Beck-Peccoz, P, Costanzo, D, Antonica, F, Dolci, C, et al. A family with complete resistance to thyrotropin-releasing hormone. New Engl J Med (2009) 360(7):731–4. doi: 10.1056/NEJMc0808557

80. Bonomi, M, Proverbio, MC, Weber, G, Chiumello, G, Beck-Peccoz, P, and Persani, L. Hyperplastic pituitary gland, high serum glycoprotein hormoneα -subunit, and variable circulating thyrotropin (Tsh) levels as hallmark of central hypothyroidism due to mutations of the tshβ Gene1. J Clin Endocrinol Metab (2001) 86(4):1600–4. doi: 10.1210/jcem.86.4.7411

81. Persani, L, Brabant, G, Dattani, M, Bonomi, M, Feldt-Rasmussen, U, Fliers, E, et al. European Thyroid association (Eta) guidelines on the diagnosis and management of central hypothyroidism. Eur Thyroid J (2018) 7(5):225–37. doi: 10.1159/000491388


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

Copyright © 2023 Jansen, Boelen, Heijboer, Bruinstroop and Fliers. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Hypothyroidism: The difficulty in attributing symptoms to their underlying cause

      

        		

          Introduction

        



        		

          Interpretation of symptoms in diagnosing and treating overt hypothyroidism

        



        		

          Interpretation of symptoms in diagnosing and treating subclinical hypothyroidism

        



        		

          Persistent symptoms in levothyroxine-treated patients

        



        		

          Symptoms after brand switch

        



        		

          Pitfalls of biochemical measurements in primary (subclinical) hypothyroidism

        



        		

          Primary hypothyroidism in specific groups

        

          		

            Aging

          



          		

            Pregnancy

          



          		

            Non-thyroidal illness syndrome

          



          		

            Central hypothyroidism

          



        



        



        		

          Conclusion

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2023.1130661_cover.jpg
' frontiers | Frontiers in Endocrinology

Hypothyroidism: The difficulty in
attributing symptoms to their
underlying cause





