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This mini-review provides an update on the challenges and controversies surrounding levothyroxine therapy in thyroidectomized patients, following an extensive review on dosing strategies and available formulations. Despite efforts to establish an ideal dosage adjustment method, achieving optimal thyroid hormone replacement remains complex due to interindividual variations in the hypothalamic–pituitary–thyroid axis and the pharmacokinetic and pharmacodynamic limitations of exogenous levothyroxine. Additionally, this review highlights the importance of evaluating the risk-benefit ratio of levothyroxine therapy, particularly in the setting of TSH suppression, focusing on its effects on quality of life, bone metabolism, and cardiac rhythm. Levothyroxine-induced subclinical hyperthyroidism may contribute to an increased risk of atrial fibrillation and alterations in bone mineral density, with implications that remain a subject of debate. Given the incomplete replication of endogenous thyroid hormone action by levothyroxine monotherapy, a tailored therapeutic approach is crucial. Despite ongoing research, the optimal management of thyroidectomized patients continues to be an open issue
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Introduction

Although approximately 5% of the population requires thyroxine therapy, dosage adjustment remains a significant clinical challenge (1). Patients who undergo total thyroidectomy require lifelong thyroxine replacement to prevent postoperative thyroid hormone deficiency. However, the pathophysiology of thyroidectomized patients is complex and influenced by multiple factors, particularly in specific subpopulations and those with comorbidities (2).

We previously published a review on levothyroxine (LT4) therapy in thyroidectomized patients, analyzing dosing strategies and different formulations reported in the literature (3). This mini-review provides a brief update on the topic, highlighting ongoing controversies and debated aspects of LT4 therapy in surgical patients.





Levothyroxine therapy: difficulties in achieving the target

The European Thyroid Association (ETA) guidelines recommend adjusting LT4 therapy to maintain thyroid-stimulating hormone (TSH) levels within the 0.4−4.0 μIU/mL range (4). Moreover, in the context of surgical management of thyroid malignancies, the American Thyroid Association (ATA) guidelines recommend individualized TSH suppression targets based on the patient’s risk of recurrence and the presence of comorbidities (5). Specifically, a TSH level of <0.1 mU/L is advised for high-risk patients or those with a structural incomplete response. For intermediate-risk patients, or low-risk individuals with detectable serum thyroglobulin (Tg) or a biochemical incomplete response, as well as in high-risk patients with an excellent response to therapy, a TSH target of 0.1–0.5 mU/L is recommended. In contrast, low-risk patients with undetectable Tg levels should maintain TSH levels between 0.5–2.0 mU/L. Besides, the ATA guidelines underline that in patients at high risk of adverse effects on the heart and bone by TSH suppression therapy, the benefits should be weighed against the potential risks.

However, no single TSH value can universally indicate euthyroidism across all tissues, implicating an inherent limitation of LT4 monotherapy (6). A significant proportion of patients receiving LT4 therapy may exhibit TSH levels outside the established reference range, with overtreatment observed in nearly 17% and undertreatment in up to 10% of this population (7). Furthermore, a study investigating newly diagnosed hypothyroid patients initiating LT4 therapy reported a cumulative risk of 4.7% for overtreatment and 7.4% for undertreatment over 10 years. These observations highlight the ongoing challenge of determining the optimal LT4 dosage, a difficulty that is particularly pronounced in athyreotic patients (8). Additionally, many patients continue to experience symptoms suggestive of thyroid dysfunction despite having TSH and free thyroxine (fT4) levels within standard reference ranges (9). This observed discrepancy may arise from inter-individual variability in hypothalamic-pituitary-thyroid (HPT) axis set points, wherein optimal TSH and fT4 levels are more precisely defined at an individual level compared to broad population-based reference intervals. Accordingly, a recent investigation by Kuś et al. demonstrated that a polygenic score encompassing 59 genetic variants exhibited superior predictive power for individual TSH concentrations compared to fT4 or any assessed non-genetic factor. These findings suggest that individual genetic profiles hold promise for personalizing TSH reference ranges, potentially leading to substantial effects on LT4 prescriptions (10). Such challenges have fueled interest in advanced therapeutic approaches, leading to the development of a mathematical model known as Thyroid-SPOT (9). This algorithm provides a precise strategy for individualized euthyroid restoration and may assist clinicians in optimizing LT4 dose titration to address persistent dysthyroid symptoms in complex cases (9).

Previously, we extensively reviewed the primary LT4 dosing strategies reported in the literature, emphasizing that none have consistently achieved the target in all patients (3). In line with our prior findings, Valenzuela et al. (2) conducted a retrospective study on patients undergoing total thyroidectomy for benign conditions. Their analysis compared the accuracy of a novel Poisson regression model, which incorporates seven variables, against the conventional weight-based dosing approach for estimating LT4 requirements (11). While no statistically significant difference in predictive accuracy was observed between these models, the Poisson regression approach was associated with a lower incidence of LT4 overdosing (2).

Further complicating LT4 monotherapy, some researchers (12) have highlighted the physiological contribution of the thyroid to circulating free triiodothyronine (fT3) levels. In healthy individuals, approximately 20% of fT3 is directly secreted by the thyroid, while the remaining 80% originates from peripheral conversion of fT4. As a result, thyroidectomized patients may experience relative fT3 deficiency when relying solely on LT4 replacement, raising concerns about optimal therapeutic strategies. Addressing this issue, Ito et al. (13) conducted a retrospective analysis in 2022, evaluating the relationship between fT3 and fT4 levels in thyroidectomized patients receiving LT4 monotherapy. Their findings revealed that among patients with suppressed TSH, fT4 levels exceeded the reference range in 70.5% of cases, whereas fT3 remained within the reference range in 91.3% of individuals. Based on prior research, the authors suggested that patients with mildly suppressed TSH and normal fT3 levels were closest to euthyroidism when assessed through metabolic and symptomatic indicators (14, 15). These findings support the notion that monitoring fT3 levels, rather than solely relying on fT4, may improve management by ensuring a more balanced distribution of thyroid hormones within reference ranges (13). However, this remains a topic of considerable debate. Ettleson et al. (16) reported that the interplay between LT4, fT3, fT4, and TSH is complex and non-linear. While LT4 dose adjustments influence serum fT4 and TSH, their impact on fT3 levels is minimal and may not yield significant clinical benefits. Moreover, Jonklaas et al. conducted a prospective study which reported that after adequate adjustment of their LT4 doses, thyroidectomized patients had serum fT3 levels that were not significantly different from those before thyroidectomy and that normal fT3 levels were achieved with traditional LT4 therapy alone (17). These discrepancies align with previous animal studies, which suggest that thyroid hormone metabolism via type II deiodinase differs between the hypothalamus-pituitary axis and peripheral tissues (18). Overall, the ideal fT3 level required to optimize tissue-specific thyroid hormone action remains uncertain. Moreover, the mediators of T3—including physiological systems, genetic predispositions, and signaling pathways—are among the least understood factors influencing the metabolic effects of thyroidectomy (19).

Brun et al. (1) revisited the challenges of LT4 dose optimization in 2021 by developing a decision-support tool designed to model LT4 pharmacometrics. This tool facilitates individualized LT4 dosing based on serial fT4 and TSH measurements within the first two weeks post-surgery. The authors proposed that leveraging this computerized system could enable earlier dose adjustments (at two weeks rather than the conventional six to eight weeks), thereby improving treatment precision. Their findings indicated that the decision tool enhanced target TSH achievement rates in patients with goiter or thyroid cancer, although it did not improve dose adjustments in thyrotoxic individuals. Furthermore, it shortened dose optimization time by 40 days in thyroid cancer patients and 58 days in those with goiter, leading to a reduction in both follow-up visits and the need for repeated blood tests (1).

Additional factors may also contribute to the difficulty in achieving optimal LT4 therapy in thyroidectomized patients. For instance, studies have shown that in patients with differentiated thyroid cancer (DTC), fT4 increases following radioactive iodine (RAI) therapy are attenuated during the first month post-treatment. This phenomenon may theoretically be linked to gastrointestinal mucosal disruption induced by RAI therapy, potentially affecting LT4 absorption (20).





New levothyroxine formulations

In recent years, new LT4 formulations have been introduced to enhance the effectiveness of LT4 therapy. One of these is a liquid formulation, where LT4 is dissolved in glycerol, purified water, and ethanol. Another is a soft gel capsule, in which the active compound is solubilized in glycerol and enclosed within a gelatin shell (21). Unlike conventional tablets, the liquid formulation does not require an acidic gastric environment for absorption, while the soft gel capsule rapidly dissolves in gastric acid, leading to faster absorption of LT4 compared to tablets (22).

Liquid LT4 offers a significant advantage for patients who have difficulties in swallowing solid dosage forms and has recently been associated with improved quality of life (23).

Additionally, studies suggest that liquid LT4 minimizes the absorption variability caused by food and coffee, bypasses malabsorption linked to increased gastric pH, and avoids absorption issues in patients who have undergone bariatric surgery. Conversely, although the effectiveness of soft gel LT4 has been investigated in a limited number of clinical studies, the results have been encouraging (22, 24, 25).

Nonetheless, following the prospective study by Fallahi et al. (26), which documented a better control of TSH in thyroidectomized patients under a liquid LT4 regimen over tablet form, research on alternative LT4 formulations in thyroidectomized patients remains scarce. Recent literature primarily consists of reviews summarizing previous studies on this topic (27–29). However, long-term adherence to LT4 therapy has been examined by Bocale et al. (30). In a study involving 106 thyroidectomized patients receiving LT4 replacement therapy in either liquid or solid form, the authors observed that the overall Medication Adherence Questionnaire score was significantly better in those treated with the liquid formulation. Furthermore, patients taking LT4 tablets were more likely to forget their medication and demonstrated greater inconsistency in adherence compared to those on liquid LT4 therapy (30).





Effects of levothyroxine therapy on quality of life after thyroidectomy

Health-related quality of life (HRQoL) is a key concern for patients undergoing thyroid surgery, particularly those with DTC, given the excellent prognosis of this malignancy. Evaluating the impact of levothyroxine therapy on their quality of life is an area of growing interest in patient-centered outcomes research.

Altuntas et al. performed a study on a cohort of 191 DTC patients and 79 healthy controls to assess the psychological and sleep-related impact of long-term LT4 therapy and varying degrees of TSH suppression. Patients were stratified into three groups based on TSH levels: suppressed (<0.1 μIU/mL), mildly suppressed (0.11–0.49 μIU/mL), and low-normal (0.5–2.0 μIU/mL). The study demonstrated a higher prevalence of depression, anxiety disorders, and sleep disturbances among patients with DTC, with these symptoms being more pronounced in individuals with suppressed TSH levels. An inverse correlation was observed between TSH levels and the severity of psychological and sleep-related symptoms, while a positive correlation was found with the duration of LT4 therapy. These findings highlight the importance of avoiding unnecessary TSH suppression in the management of patients with DTC (31).

In 2022, Yaniv et al. (6) conducted a study to assess the quality of life in patients who had undergone thyroidectomy in relation to thyroid hormone replacement therapy. Among 160 participants, 107 were receiving levothyroxine therapy, regardless of the extent of surgery. Patients on levothyroxine reported significantly higher scores for fatigue, emotional distress, cosmetic concerns, and overall self-assessment compared to those who did not require hormone replacement. Additionally, there was a trend toward higher depression scores in patients receiving levothyroxine therapy (p = 0.06) (6). Consistent with previous findings (32), levothyroxine therapy was associated with worse emotional well-being, even in patients with normal TSH levels, suggesting a direct impact of the medication itself (6).

Despite these studies, the topic remains a matter of debate, and several aspects require further clarification. Recently, Monzani et al. (33) investigated the influence of different stages of levothyroxine therapy (withdrawal, full or mild TSH suppression, or replacement) on the quality of life of DTC patients. The study found that the poorest quality of life was observed in hypothyroid patients who had discontinued levothyroxine before RAI therapy. This outcome may have both biological and psychological explanations, with the latter potentially linked to the recent cancer diagnosis and concerns about health status and radioiodine treatment. Conversely, patients on suppressive levothyroxine therapy reported better quality-of-life scores compared to those on standard replacement therapy. This result may be only partially explained by the subjective feeling of being treated for cancer; furthermore, it leads to the conclusion that the normalization of TSH level may not be enough to achieve a good quality of life in some patients (33). However, the administration of supraphysiological doses of levothyroxine in DTC patients requires careful evaluation, as overtreatment carries potential health risks (34).

Patients undergoing thyroid lobectomy generally experience better postoperative quality of life than those undergoing total thyroidectomy, at least in the short term. However, some decline in quality of life may still occur even after less extensive surgery (35). A multicenter prospective randomized study by Lee et al. on 669 DTC patients undergoing thyroid lobectomy found that those with high TSH levels had significantly better physical domain scores three months postoperatively than those with low TSH levels. However, no significant differences were observed in overall HRQoL (36).

A special mention should be reserved for the impact of thyroid function on cognitive decline. A recent review reported that despite growing interest in the potential role of thyroid dysfunction as a modifiable risk factor for cognitive decline in the aging population, current evidence remains inconclusive, and no definitive recommendation can be made to inform clinical practice (37).





Effects of levothyroxine therapy on cardiac rhythm after thyroidectomy

Cardiac arrhythmias are defined as irregular heartbeats, and their association with hyperthyroidism has been well established (38, 39). According to standard guidelines (5), the treatment of DTC may include postoperative full or partial TSH suppression to reduce the risk of recurrence. However, this approach leads to a state of exogenous subclinical hyperthyroidism (40), which may increase the risk of arrhythmias. This concern is particularly relevant in elderly patients, who often have additional cardiovascular risk factors.

Gong et al. (41) conducted a large population-based study using administrative healthcare databases from Ontario, Canada. The authors identified adults over the age of 66 without a prior history of atrial fibrillation (AF) who had received at least one levothyroxine prescription between 2007 and 2016 and subsequently developed AF. These cases were matched with up to five control patients without AF during the same period. The study found a statistically significant association between high and moderate levothyroxine exposure and AF risk. Specifically, levothyroxine doses exceeding 0.075 mg/day were linked to a higher incidence of AF compared to lower doses (41). Notably, this increased AF risk associated with higher levothyroxine doses is particularly relevant for thyroidectomized patients for DTC, who are more likely to be on full replacement therapy and thus receive higher daily doses of levothyroxine.

Paroxysmal, sustained, or permanent settings of AF lead to a substantial clinical burden and negatively impact patients’ quality of life. AF is the most common cardiac complication of hyperthyroidism and levothyroxine therapy-induced thyrotoxicosis, occurring in up to 15% of hyperthyroid patients compared to 4% in the general population (42). Additionally, Liu et al., in a study on 271 DTC patients, reported that those with suppressed TSH exhibited increased sympathetic activity and reduced vagal tone compared to euthyroid patients, resulting in greater heterogeneity in ventricular recovery time. The authors concluded that TSH suppression may influence heart rate variability and ventricular repolarization (43). Similarly, Celik et al. recently investigated the effects of different TSH suppression levels on cardiac electrophysiology in DTC patients. Although no statistically significant difference was observed between patients receiving suppressive versus replacement levothyroxine therapy, QT dispersion tended to increase as TSH suppression intensified (44).

However, the impact of TSH suppression on cardiac rhythm remains a topic of debate. Kaziród-Wolski et al. conducted a prospective study on 73 women with DTC undergoing levothyroxine suppression therapy (48 fully suppressed, 25 partially suppressed) and compared them to 25 healthy women (40). The study found no significant differences between groups in terms of maximum, average, or minimum heart rate, nor the incidence of cardiac arrhythmias. The authors concluded that maintaining fT3 levels within the normal range prevents clinically significant changes in heart rate or arrhythmia development in patients receiving suppressive levothyroxine therapy following thyroidectomy for DTC (40). Nevertheless, levothyroxine therapy should be administered with caution in patients with pre-existing cardiovascular disease (42).

While AF is the most frequently reported arrhythmia associated with thyrotoxicosis, ventricular arrhythmias may also be a potential adverse effect of levothyroxine suppression therapy. In 2021, Hepsen et al. (45) evaluated electrocardiographic (ECG) predictors of ventricular arrhythmia in DTC patients receiving levothyroxine suppression therapy. These patients were compared to 100 randomly selected healthy volunteers attending a cardiology outpatient clinic for routine check-ups. The study found that ECG indicators of ventricular arrhythmia were significantly more prevalent in DTC patients under levothyroxine suppression therapy. These findings suggest that clinicians should be vigilant about the potential cardiac risks associated with suppressive levothyroxine therapy (45).





Effects of levothyroxine therapy on bone after thyroidectomy

Given the excellent prognosis of thyroid cancer, it is crucial to carefully evaluate the risk-benefit ratio and the potential side effects of TSH suppression therapy. Supraphysiological doses of levothyroxine may have adverse effects on bone health (46). While endogenous hyperthyroidism is known to increase the risk of osteoporosis and osteoporotic fractures (47), the impact of TSH suppression due to levothyroxine therapy remains a subject of debate (48). Previous studies have suggested a possible association between chronic TSH suppression therapy and reduced bone mineral density (BMD) in postmenopausal women with DTC, whereas no such correlation has been observed in premenopausal women or men (49, 50).

A recent meta-analysis by Kwak et al. (48), including 1127 patients (426 postmenopausal women with DTC on levothyroxine suppression therapy and 701 controls), reported that stringent TSH suppression (TSH <0.10 mIU/L), but not moderate suppression (TSH 0.10–0.49 mIU/L), was associated with a decline in postoperative lumbar spine BMD. However, no significant association was found between TSH suppression and femoral neck BMD in postmenopausal women. These discrepancies may be explained by the different bone compositions: the lumbar spine (the most frequent site of osteoporotic fracture) consists primarily of trabecular bone, which is more susceptible to osteoporotic changes, whereas the femoral neck is largely composed of cortical bone, which undergoes a more gradual mineral loss over time. Moreover, lumbar spine mineral content is particularly affected by menopause, whereas femoral neck BMD declines progressively throughout life.

In 2021, Sousa et al. (51) conducted a prospective study to evaluate trabecular bone score (TBS) – a textural index that provides an indirect assessment of bone microarchitecture and has been shown to predict incident major osteoporotic fractures (52) - in women with DTC on long-term levothyroxine therapy. Patients were divided into two groups based on the type of levothyroxine regimen: suppressive therapy or replacement therapy. While no statistically significant differences were observed between the groups, TBS was reduced in more than 50% of postmenopausal women with thyroid cancer receiving levothyroxine therapy. This suggests that even low-normal TSH levels, not just suppressed TSH, may contribute to impaired bone microarchitecture in postmenopausal women (51). Similarly, Jia et al. reported a 0.27-fold decline in BMD T-score and an increased fracture risk in patients receiving TSH suppression after thyroidectomy (53). Comparable results were obtained by Lin et al. (54).

However, the relationship between TSH suppression therapy and its effects on bone metabolism remains unclear, with previous studies yielding conflicting results (51, 55). A recent prospective controlled study by Wang et al. found that one year of postoperative TSH suppression therapy did not significantly affect BMD in men, premenopausal women, or postmenopausal women with DTC (56). Consistently, Heijckmann et al. (57) reported that patients with DTC undergoing long-term suppressive levothyroxine therapy did not show an increased risk of low BMD or vertebral fractures, particularly when treated with relatively low doses of levothyroxine.

It is worth noting that the debated skeletal effects of TSH suppression therapy have traditionally been attributed to the relative increase in circulating thyroid hormones. However, the identification of TSH receptors on murine osteoblasts and osteoclasts (55, 58) suggests that TSH itself may play a direct role in bone metabolism, independent of thyroid hormone levels. This remains an area of ongoing research and debate.





Conclusions

Levothyroxine therapy in thyroidectomized patients remains a topic of ongoing discussion, requiring careful consideration by clinicians. Currently, a personalized approach that considers multiple factors is the best strategy for optimizing management. The physiological effects of thyroid hormones on peripheral tissues are not fully replicated by exogenous levothyroxine administration due to both pharmacokinetic and pharmacodynamic limitations, as well as individual variations in the HPT axis, which may not be fully reflected in standard thyroid function tests.

Furthermore, levothyroxine therapy must be carefully tailored based on the underlying thyroid condition (benign or malignant) and the patient’s comorbidities, particularly regarding its impact on bone health and cardiac rhythm. Moreover, its effects on quality of life should also be taken into account. In this context, the latest ATA guidelines (5), considering the excellent outcomes in patients with DTC and the resulting treatment de-escalation (such as less extensive surgery—e.g., lobectomy—or even active surveillance, and reduced use of RAI therapy), recommend balancing the potential benefits of suppressive LT4 therapy against its associated risks. Given all these complexities, the discussion surrounding the optimal therapeutic approach for thyroidectomized patients remains open.





Author contributions

LR: Conceptualization, Data curation, Investigation, Supervision, Writing – original draft, Writing – review & editing. MP: Investigation, Writing – review & editing. MC: Methodology, Writing – review & editing. SB: Conceptualization, Validation, Visualization, Writing – original draft. PM: Conceptualization, Writing – original draft, Writing – review & editing, Investigation, Methodology, Validation.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The authors received the following financial support: the article processing fee was founded by IBSA.





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Brun, VH, Eriksen, AH, Selseth, R, Johansson, K, Vik, R, Davidsen, B, et al. Patient-tailored levothyroxine dosage with pharmacokinetic/pharmacodynamic modeling: A novel approach after total thyroidectomy. Thyroid. (2021) 31:1297–304. doi: 10.1089/thy.2021.0125

2. Valenzuela, F, Berrios, L, Robledo, CA, Snyder, S, Barney, JM, Reinhart, H, et al. Comparison of dosing schemes for thyroid hormone replacement therapy after thyroidectomy. J Surg Res. (2021) 264:316–20. doi: 10.1016/j.jss.2021.03.016

3. Miccoli, P, Materazzi, G, and Rossi, L. Levothyroxine therapy in thyrodectomized patients. Front Endocrinol (Lausanne). (2020) 11:626268. doi: 10.3389/fendo.2020.626268

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

5. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 american thyroid association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer: the american thyroid association guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid. (2016) 26:1–133. doi: 10.1089/thy.2015.0020

6. Yaniv, D, Vainer, I, Amir, I, Robenshtok, E, Hirsch, D, Watt, T, et al. Quality of life following lobectomy versus total thyroidectomy is significantly related to hypothyroidism. J Surg Oncol. (2022) 126:640–8. doi: 10.1002/jso.v126.4

7. Janett-Pellegri, C, Wildisen, L, Feller, M, Del Giovane, C, Moutzouri, E, Grolimund, O, et al. Prevalence and factors associated with chronic use of levothyroxine: A cohort study. PloS One. (2021) 16:e0261160. doi: 10.1371/journal.pone.0261160

8. la Cour, JL, Medici, BR, Grand, MK, Nicolaisdottir, DR, Lind, B, Faber, J, et al. Risk of over- and under- treatment with levothyroxine in primary care in Copenhagen, Denmark. Eur J Endocrinol. (2021) 185:673–9. doi: 10.1530/EJE-21-0485

9. Li, E, Yen, PM, Dietrich, JW, and Leow, MKS. Profiling retrospective thyroid function data in complete thyroidectomy patients to investigate the HPT axis set point (PREDICT-IT). J Endocrinol Invest. (2021) 44:969–77. doi: 10.1007/s40618-020-01390-7

10. Kuś, A, Sterenborg, RBTM, Haug, EB, Galesloot, TE, Visser, WE, Smit, JWA, et al. Towards personalized TSH reference ranges: A genetic and population-based approach in three independent cohorts. Thyroid. (2024) 34:969–79. doi: 10.1089/thy.2024.0045

11. Zaborek, NA, Cheng, A, Imbus, JR, Long, KL, Pitt, SC, Sippel, RS, et al. The optimal dosing scheme for levothyroxine after thyroidectomy: A comprehensive comparison and evaluation. Surgery. (2019) 165:92–8. doi: 10.1016/j.surg.2018.04.097

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

13. Ito, M, Takahashi, S, Okazaki-Hada, M, Minakata, M, Kohsaka, K, Nakamura, T, et al. Proportion of serum thyroid hormone concentrations within the reference ranges in athyreotic patients on levothyroxine monotherapy: a retrospective study. Thyroid Res. (2022) 15:9. doi: 10.1186/s13044-022-00127-3

14. Ito, M, Miyauchi, A, Hisakado, M, Yoshioka, W, Ide, A, Kudo, T, et al. Biochemical markers reflecting thyroid function in athyreotic patients on levothyroxine monotherapy. Thyroid. (2017) 27:484–90. doi: 10.1089/thy.2016.0426

15. Ito, M, Miyauchi, A, Hisakado, M, Yoshioka, W, Kudo, T, Nishihara, E, et al. Thyroid function related symptoms during levothyroxine monotherapy in athyreotic patients. Endocr J. (2019) 66:953–60. doi: 10.1507/endocrj.EJ19-0094

16. 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. (2023) 108:e258–66. doi: 10.1210/clinem/dgac725

17. Jonklaas, J, Davidson, B, Bhagat, S, and Soldin, SJ. Triiodothyronine levels in athyreotic individuals during levothyroxine therapy. JAMA. (2008) 299:769–77. doi: 10.1001/jama.299.7.769

18. Werneck de Castro, JP, Fonseca, TL, Ueta, CB, McAninch, EA, Abdalla, S, Wittmann, G, et al. Differences in hypothalamic type 2 deiodinase ubiquitination explain localized sensitivity to thyroxine. J Clin Invest. (2015) 125:769–81. doi: 10.1172/JCI77588

19. Wang, K, and Gulec, SA. Metabolic consequences of thyroidectomy and patient-centered management. J Clin Med. (2024) 13(23):7465. doi: 10.3390/jcm13237465

20. Marina, M, Maglietta, G, De Filpo, G, Aloe, R, Gnocchi, C, Iezzi, E, et al. Levothyroxine-induced serum free thyroxine response following radioactive iodine administration in patients thyroidectomized for differentiated thyroid cancer: A randomized controlled trial. Endocrine. (2022) 77:340–8. doi: 10.1007/s12020-022-03110-y

21. Virili, C, Trimboli, P, and Centanni, M. Novel thyroxine formulations: a further step toward precision medicine. Endocrine. (2019) 66:87–94. doi: 10.1007/s12020-019-02049-x

22. Antonelli, A, Elia, G, Ragusa, F, Paparo, SR, Cavallini, G, Benvenga, S, et al. The stability of TSH, and thyroid hormones, in patients treated with tablet, or liquid levo-thyroxine. Front Endocrinol (Lausanne). (2021) 12:633587. doi: 10.3389/fendo.2021.633587

23. Bornikowska, K, Gietka-Czernel, M, Raczkiewicz, D, Glinicki, P, and Zgliczyński, W. Improvements in quality of life and thyroid parameters in hypothyroid patients on ethanol-free formula of liquid levothyroxine therapy in comparison to tablet LT4 form: an observational study. J Clin Med. (2021) 10(22):5233. doi: 10.3390/jcm10225233

24. Fallahi, P, Ferrari, SM, Elia, G, Ragusa, F, Paparo, SR, and Antonelli, A. L-T4 therapy in enteric malabsorptive disorders. Front Endocrinol (Lausanne). (2021) 12:626371. doi: 10.3389/fendo.2021.626371

25. Fallahi, P, Ragusa, F, Patrizio, A, Mazzi, V, Botrini, C, Elia, G, et al. Liquid L-T4 therapy in hypothyroid patients with gastric diseases, an observational study. Front Endocrinol (Lausanne). (2024) 15:1386629. doi: 10.3389/fendo.2024.1386629

26. Fallahi, P, Ferrari, SM, Materazzi, G, Ragusa, F, Ruffilli, I, Patrizio, A, et al. Oral L-thyroxine liquid versus tablet in patients submitted to total thyroidectomy for thyroid cancer (without malabsorption): A prospective study. Laryngoscope Investig Otolaryngol. (2018) 3:405–8. doi: 10.1002/lio2.v3.5

27. Nagy, EV, Perros, P, Papini, E, Katko, M, and Hegedüs, L. New formulations of levothyroxine in the treatment of hypothyroidism: trick or treat? Thyroid. (2021) 31:193–201. doi: 10.1089/thy.2020.0515

28. Stramazzo, I, Capriello, S, Antonelli, A, Fallahi, P, Centanni, M, and Virili, C. Seeking optimization of LT4 treatment in patients with differentiated thyroid cancer. Hormones (Athens). (2022) 21:537–43. doi: 10.1007/s42000-022-00376-9

29. Liu, H, Li, W, Zhang, W, Sun, S, and Chen, C. Levothyroxine: conventional and novel drug delivery formulations. Endocr Rev. (2023) 44:393–416. doi: 10.1210/endrev/bnac030

30. Bocale, R, Desideri, G, Barini, A, D’Amore, A, Boscherini, M, Necozione, S, et al. Long-term adherence to levothyroxine replacement therapy in thyroidectomized patients. J Clin Med. (2022) 11(15):4296. doi: 10.3390/jcm11154296

31. Altuntaş, SÇ, and Hocaoğlu, Ç. Effects of chronic suppression or oversuppression of thyroid-stimulating hormone on psychological symptoms and sleep quality in patients with differentiated thyroid cancer. Hormone Metab Res. (2021) 53:683–91. doi: 10.1055/a-1639-1024

32. Saravanan, P, Chau, WF, Roberts, N, Vedhara, K, Greenwood, R, and Dayan, CM. Psychological well-being in patients on “adequate” doses of l-thyroxine: results of a large, controlled community-based questionnaire study. Clin Endocrinol (Oxf). (2002) 57:577–85. doi: 10.1046/j.1365-2265.2002.01654.x

33. Monzani, ML, Piccinini, F, Boselli, G, Corleto, R, Margiotta, G, Peeters, RP, et al. Changes in quality of life after thyroidectomy in subjects with thyroid cancer in relation to the dose of levothyroxine. J Endocrinol Invest. (2023) 46:319–26. doi: 10.1007/s40618-022-01903-6

34. Perros, P, Nirantharakumar, K, and Hegedüs, L. Recent evidence sets therapeutic targets for levothyroxine-treated patients with primary hypothyroidism based on risk of death. Eur J Endocrinol. (2021) 184:C1–3. doi: 10.1530/EJE-20-1229

35. Moon, JH, Ryu, CH, Cho, SW, Choi, JY, Chung, EJ, Hah, JH, et al. Effect of initial treatment choice on 2-year quality of life in patients with low-risk papillary thyroid microcarcinoma. J Clin Endocrinol Metab. (2021) 106:724–35. doi: 10.1210/clinem/dgaa889

36. Lee, JK, Ku, EJ, Kim, SJ, Kim, W, Cho, JW, Jung, KY, et al. Effect of thyroid-stimulating hormone suppression on quality of life in thyroid lobectomy patients: interim analysis of a multicenter, randomized controlled trial in low- to intermediate-risk thyroid cancer patients (MASTER study). Ann Surg Treat Res. (2024) 106:19–30. doi: 10.4174/astr.2024.106.1.19

37. Sinha, SH, Zietlow, K, and Papaleontiou, M. Thyroid function and cognitive decline: A narrative review. Endocr Pract. (2024) 30:1113–8. doi: 10.1016/j.eprac.2024.07.013

38. Polikar, R, Burger, AG, Scherrer, U, and Nicod, P. The thyroid and the heart. Circulation. (1993) 87:1435–41. doi: 10.1161/01.CIR.87.5.1435

39. Auer, J, Scheibner, P, Mische, T, Langsteger, W, Eber, O, and Eber, B. Subclinical hyperthyroidism as a risk factor for atrial fibrillation. Am Heart J. (2001) 142:838–42. doi: 10.1067/mhj.2001.119370

40. Kaziród-Wolski, K, Kowalska, A, Sielski, J, Biskup-Frużyńska, M, and Piotrowski, G. Occurrence of arrhythmias in women with thyroid cancer receiving suppressive doses of levothyroxine. Curr Oncol. (2021) 28:5009–18. doi: 10.3390/curroncol28060420

41. Gong, IY, Atzema, CL, Lega, IC, Austin, PC, Na, Y, Rochon, PA, et al. Levothyroxine dose and risk of atrial fibrillation: A nested case-control study. Am Heart J. (2021) 232:47–56. doi: 10.1016/j.ahj.2020.09.016

42. Gluvic, Z, Obradovic, M, Stewart, AJ, Essack, M, Pitt, SJ, Samardzic, V, et al. Levothyroxine treatment and the risk of cardiac arrhythmias – focus on the patient submitted to thyroid surgery. Front Endocrinol (Lausanne). (2021) 12. doi: 10.3389/fendo.2021.758043

43. Liu, C, Lv, H, Li, Q, Fu, S, Tan, J, Wang, C, et al. Effect of thyrotropin suppressive therapy on heart rate variability and QT dispersion in patients with differentiated thyroid cancer. Medicine. (2020) 99:e21190. doi: 10.1097/MD.0000000000021190

44. Çelik, S, Uç, ZA, and Candan, Ö. Do different TSH suppression levels effect heart rate variability and QT dispersions in patients with differentiated thyroid cancer? Endocr Res. (2025) 50:28–35. doi: 10.1080/07435800.2024.2383669

45. Hepsen, S, Sakiz, D, Pamukcu, HE, Arslan, IE, Duger, H, Akhanli, P, et al. The assessment of ventricular arrhythmia indicators based on electrocardiography in patients with differentiated thyroid cancer followed up with levothyroxine suppression. Angiology. (2021) 72:657–63. doi: 10.1177/0003319721993343

46. Sugitani, I, and Fujimoto, Y. Effect of postoperative thyrotropin suppressive therapy on bone mineral density in patients with papillary thyroid carcinoma: A prospective controlled study. Surgery. (2011) 150:1250–7. doi: 10.1016/j.surg.2011.09.013

47. Blum, MR, Bauer, DC, Collet, TH, Fink, HA, Cappola, AR, da Costa, BR, et al. Subclinical thyroid dysfunction and fracture risk. JAMA. (2015) 313:2055. doi: 10.1001/jama.2015.5161

48. Kwak, D, Ha, J, Won, Y, Kwon, Y, and Park, S. Effects of thyroid-stimulating hormone suppression after thyroidectomy for thyroid cancer on bone mineral density in postmenopausal women: a systematic review and meta-analysis. BMJ Open. (2021) 11:e043007. doi: 10.1136/bmjopen-2020-043007

49. Yoon, BH, Lee, Y, Oh, HJ, Kim, SH, and Lee, YK. Influence of thyroid-stimulating hormone suppression therapy on bone mineral density in patients with differentiated thyroid cancer: A meta-analysis. J Bone Metab. (2019) 26:51. doi: 10.11005/jbm.2019.26.1.51

50. Wang, MY, Han, ZQ, Gong, XW, Li, Q, and Ma, J. TSH-suppressive therapy can reduce bone mineral density in patients with differentiated thyroid carcinoma: a meta-analysis. Eur Rev Med Pharmacol Sci. (2020) 24:922–9. doi: 10.26355/eurrev_202001_20077

51. Sousa, BÉCA, Silva, BC, de Oliveira Guidotti, T, Pires, MC, Soares, MMS, and Kakehasi, AM. Trabecular bone score in women with differentiated thyroid cancer on long-term TSH-suppressive therapy. J Endocrinol Invest. (2021) 44:2295–305. doi: 10.1007/s40618-021-01537-0

52. Silva, BC, and Leslie, WD. Trabecular bone score: A new DXA-derived measurement for fracture risk assessment. Endocrinol Metab Clin North Am. (2017) 46:153–80. doi: 10.1016/j.ecl.2016.09.005

53. Jia, H, Qu, W, Cai, X, Li, M, Qian, Y, Jiang, Z, et al. Assessment for bone health in patients with differentiated thyroid carcinoma after postoperative thyroid-stimulating hormone suppression therapy: a new fracture risk assessment algorithm. Front Endocrinol (Lausanne). (2023) 14:1286947. doi: 10.3389/fendo.2023.1286947

54. Lin, SY, Lin, CL, Chen, HT, and Kao, CH. Risk of osteoporosis in thyroid cancer patients using levothyroxine: a population-based study. Curr Med Res Opin. (2018) 34:805–12. doi: 10.1080/03007995.2017.1378174

55. Brancatella, A, and Marcocci, C. TSH suppressive therapy and bone. Endocr Connect. (2020) 9:R158–72. doi: 10.1530/EC-20-0167

56. Wang, S, Wang, Y, Zhu, L, He, L, Lv, M, Zhang, H, et al. Effects of TSH suppressive therapy on bone mineral density (BMD) and bone turnover markers (BTMs) in patients with differentiated thyroid cancer in Northeast China: a prospective controlled cohort study. Endocrine. (2023) 79:113–24. doi: 10.1007/s12020-022-03186-6

57. Heijckmann, AC, Huijberts, MSP, Geusens, P, de Vries, J, Menheere, PPCA, and Wolffenbuttel, BHR. Hip bone mineral density, bone turnover and risk of fracture in patients on long-term suppressive L-thyroxine therapy for differentiated thyroid carcinoma. Eur J Endocrinol. (2005) 153:23–9. doi: 10.1530/eje.1.01933

58. Abe, E, Marians, RC, Yu, W, Wu, XB, Ando, T, Li, Y, et al. TSH is a negative regulator of skeletal remodeling. Cell. (2003) 115:151–62. doi: 10.1016/S0092-8674(03)00771-2




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 © 2025 Rossi, Paternoster, Cammarata, Bakkar and Miccoli. 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



      		

        Levothyroxine therapy in thyroidectomized patients: ongoing challenges and controversies

      

        		

          Introduction

        



        		

          Levothyroxine therapy: difficulties in achieving the target

        



        		

          New levothyroxine formulations

        



        		

          Effects of levothyroxine therapy on quality of life after thyroidectomy

        



        		

          Effects of levothyroxine therapy on cardiac rhythm after thyroidectomy

        



        		

          Effects of levothyroxine therapy on bone after thyroidectomy

        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2025.1582734_cover.jpg
& frontiers | Frontiers in Endocrinology

Levothyroxine therapy in thyroidectomized
patients: ongoing challenges and
controversies





OEBPS/Images/crossmark.jpg
©

2

i

|





