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Background

Although subclinical hypothyroidism (SCH) is related to abnormalities in left ventricular diastolic function, the use of levothyroxine as a regular treatment remains debatable. This meta-analysis aimed to determine whether thyroid hormone replacement therapy affects cardiac diastolic function in patients with SCH as measured by echocardiography.





Methods

This meta-analysis included a search of the EMBASE, PubMed, Web of Science, and Cochrane Library databases from their inception to May 18, 2023, for studies analyzing cardiac morphology and functional changes in patients with SCH before and after thyroid hormone replacement. The outcome measures were cardiac morphology and diastolic and overall cardiac function, as assessed using ultrasound parameters (including ventricular wall thickness, chamber size, mitral wave flow, tissue Doppler, and speckle tracking). The quality of the studies was assessed using the Newcastle–Ottawa Scale. The standard mean differences (MDs) and 95% confidence intervals (CI) were calculated using fixed- or random-effects models.





Results

Seventeen studies met the inclusion criteria. A total of 568 patients participated and completed the follow-up. All studies specifically stated that serum thyrotropin levels returned to normal by the end of the study period. Compared with baseline levels, no significant morphological changes were observed in the heart. In terms of diastolic function, we discovered that the ratios of E-velocity to A-velocity (E/A) had greatly improved after thyroid hormone replacement therapy, whereas the ratios of the mitral inflow E wave to the tissue Doppler e’ wave (E/e’) had not. Global longitudinal strain (GLS) increased significantly after treatment with levothyroxine.





Conclusion

In adult patients with SCH, thyroid hormone supplementation can partially but not completely improve parameters of diastolic function during the observation period. This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 statement, an updated guideline for reporting systematic reviews (11) and was registered with INPLASY (INPLASY202320083).





Systematic review registration

https://inplasy.com/inplasy-2023-2-0083.
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Introduction

Subclinical hypothyroidism (SCH) exists when free thyroxine (FT4) levels are within the defined reference range but thyroid stimulating hormone (TSH) levels are elevated outside the reference range (1). It is a common disorder which affects approximately 10% of the adult population, and around 1 in 3 patients with SCH are asymptomatic (2). Inadequate serum thyroid hormone levels impair cardiac function and may result in multiple cardiovascular risk factors, such as endothelial dysfunction, increased intima-media thickness, increased vascular resistance, and pericardial effusion (3). Additionally, the risk of heart failure increases with higher serum thyrotropin levels, with the incidence increasing as TSH levels increase, particularly above TSH ≥10 mIU/L, even after adjusting for cardiovascular risk factors (4).

Previous studies have demonstrated that patients with SCH had a higher prevalence of left ventricular diastolic dysfunction (LVDD) than controls (5, 6). SCH diastolic dysfunction mainly manifests as an impaired left ventricular (LV) relaxation pattern, such as longer deceleration time, isovolumic relaxation time, and higher LV filling, compared to euthyroidism (7). The potential mechanisms responsible for diastolic dysfunction of the left ventricle in SCH are related to endothelial dysfunction, arterial stiffness, and the inflammatory state and are driven by TSH apoptosis-derived microparticles (8). Although the association between SCH and LV diastolic function is relatively well established, the benefits of thyroid hormone replacement therapy for SCH in improving cardiac diastolic function remain unclear. One study revealed that treatment with levothyroxine reversed diastolic abnormalities in SCH to comparable levels to those in controls (9). However, a randomized controlled trial (RCT) in older adults with mild SCH showed that diastolic heart function did not differ after treatment with levothyroxine compared to a placebo (10). Considering the potential benefits of thyroid hormone supplementation, the risk of overtreatment should also be considered. More substantive evidence of sufficient cardiovascular benefits from thyroid hormone supplementation for patients with SCH is required. This meta-analysis aimed to explore the value of levothyroxine application in terms of cardiac diastolic function in adult patients with SCH to provide a basis for the clinical use of hormone replacement therapy in the SCH population.





Methods




Data sources and searches

This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 statement, an updated guideline for reporting systematic reviews (11) and was registered with INPLASY (INPLASY202320083). Systematic literature searches were conducted in the PubMed, EMBASE, Cochrane Library, and Web of Science databases from their inception to May 18, 2023. Variations of the terms ‘Heart’ or ‘Cardiac’ were combined with variants of the terms ‘Hypothyroidism’ and ‘Levothyroxine’ (the search strategy is shown in Table 1). All the references included in the study were traced back.


Table 1 | Search strategy for PubMed and Embase.







Inclusion and exclusion criteria

All potential studies were identified by reading the titles and abstracts. Studies that were deemed suitable for inclusion were selected. The full text was then read further to determine the final inclusion criteria and exclude irrelevant literature.

The inclusion criteria for each study were as follows. First, the clinical outcomes of each study must have been continuous variables that describe the cardiac structure or function which were obtained using echocardiography. Second, the mean and SD of each outcome must have been available as values from baseline and after treatment or as the amount of change after treatment. Third, all studies must have been conducted in adults with SCH rather than in patients with specific diseases or special populations (e.g., children or pregnant women). Fourth, the authors explicitly mentioned that previously elevated serum thyrotropin levels returned to normal after treatment.

Studies were excluded if they met any of the following criteria: first, participants taking medications related to thyroid dysfunction (amiodarone, thyroid hormone replacement, and/or antithyroid drugs); second, subjects with comorbidities that could affect cardiac metrics, such as serious cardiovascular disease, hypertension, pulmonary heart disease, or diabetes mellitus; third, studies which focused on other unfavorable outcomes, such as right ventricular function and left atrial strain; fourth, studies which used methods other than echocardiography to measure cardiac function. The language used was restricted to English. Reviews, letters to the editor, case reports, and case series without follow-ups were excluded. The screening criteria are shown in Figure 1.




Figure 1 | The general process of literature searching.







Ultrasound measurements

Cardiac function was classified into three categories: cardiac morphology, diastolic function, and ventricular strain.





Quality assessment

The Newcastle–Ottawa Scale (NOS), with a total of eight items, was chosen for the quality assessment of non-randomized research. The NOS includes study-specific criteria. Four of these items were used to score the selection of patients with SCH (four points). To assess the comparability of patients with SCH before and after therapy, one question was used (two points). The availability of cardiac outcomes was evaluated using three elements (three points). Finally, only studies with at least five points were included in the quantitative analysis. Following the screening process, all 17 candidate papers met the requirements and were used for further analysis, as indicated in Table 2. Two reviewers rated the included studies separately, and differences were resolved by consensus. No study was omitted based on the risk of bias assessment. Publication bias was visually examined using funnel plots.


Table 2 | The Newcastle–Ottawa Scale for the assessment of the quality of studies.






Data reporting and statistical analysis

The means, SDs, and number of subjects for each echocardiographic index at baseline and after thyroid hormone supplementation were extracted from each study. For the meta-analysis, we calculated mean differences before and after treatment for ventricular wall thickness, left atrial diameter (LAD), left ventricular mass index (LVMi), the ratio of E-velocity to A-velocity (E/A), the ratio of the mitral inflow E wave to the tissue Doppler e’ wave (E/e’), and LV strain, using Review Manager version 5.4 (The Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark) with inverse variance weights. The heterogeneity among the studies was estimated with χ2 heterogeneity and the I2 test. The I2 statistic was calculated to assess the proportion of the total variation in the study estimates due to heterogeneity. If I2 was greater than 25%, a random-effects model was used, and a fixed-effects model was used if I2 was < 25%. Sensitivity analysis was performed by removing each study individually. A P-value of p <0.05 was considered statistically significant.







Results




Characteristics of studies

The search yielded 6089 records. After removing duplicates, 4886 records were screened for eligibility. The screening of titles and abstracts resulted in 47 potentially eligible studies, in which cardiac structure and function were measured before and after levothyroxine treatment. Two studies (12, 13) reported overall and cardiac function in the same patient population. As both outcome measures were relevant for this review, we included both studies, but handled them as a single study. There were also two articles (14, 15) that included individuals from the same sample with overlap; we chose the one (15) with the highest number of participants. In total, 17 studies (9, 13, 15–29) and 568 patients with SCH met the inclusion criteria and were included in this review (Figure 1).

Most patients with SCH included in the study were female and were all over 18 years old. The duration of follow-up varied across studies, ranging from 1 to 12 months. The characteristics of the studies are listed in Table 3.


Table 3 | characteristics of included studies.






Effects of levothyroxine treatment on Cardiac Morphology in SCH Patients

As shown in Figure 2, five metrics for assessing the cardiac morphology were included in the quantitative analysis. These indicators included interventricular septal thickness at diastole (IVSd), left ventricular posterior wall thickness at diastole (LVPWd), left ventricular end-diastolic diameter (LVEDd), LVMi, and LAD. According to the results, there were no statistically significant differences between the five indicators before and after treatment (MD for IVSd 0.12 [95% CI, -0.05–0.29], p =0.17; MD for LVPWd 0.14 [95% CI, -0.03–0.31], p =0.12; MD for LVEDd 0.20 [95% CI, -0.48–0.87], p =0.57; MD for LVMi 0.47 [95%CI, -0.78, 1.71], p=0.46; MD for LAD -0.05 [95% CI, -0.87–0.77], p =0.91).




Figure 2 | Comparison of cardiac morphology before and after levothyroxine treatment for SCH. IVSd, Interventricular Septal Thickness at Diastole: LVPWd, left ventricular posterior wall Thickness at Diastole; LVEDd, left ventricular end diastolic dimensions; LVMi, Left Ventricular mass index: LAD, left atrial diameter. LV mass index is the result of dividing the heart mass by the body surface area (g/m2).







Effects of levothyroxine treatment on diastolic function in SCH Patients

Figure 3 includes two indicators of LV diastolic function. After treatment with levothyroxine, E/A significantly improved (MD for E/A -0.09 [95% CI, -0.12– -0.05], p <0.001), while E/e’ did not significantly improve (MD for E/e’ -0.09 [95% CI, -0.27–0.44], p =0.64).




Figure 3 | Comparison of Left ventricular diastolic function before and after levothyroxine treatment for SCH. E/A, the ratio of Left ventricular early diastolic mitral valve blood flow spectrum to the peak velocity of mitral valve blood flow formed by LA contraction in late diastole of LV. E/e’ the ratio of the mitral inflow E wave to the tissue Doppler e’ wave.







Effects of levothyroxine treatment on myocardial strain in SCH Patients

GLS showed significant improvement after levothyroxine treatment (MD for GLS -1.11 [95% CI, -1.63– -0.59], p <0.001) (Figure 4).




Figure 4 | Comparison of Left ventricular Global longitudinal strain (GLS) before and after levothyroxine treatment for SCH.









Discussion

This meta-analysis provided a comprehensive overview of the effects of levothyroxine on cardiac diastolic function in patients with SCH, assessed by echocardiography, based on 17 studies. Compared with before therapy, structural cardiac indices showed no significant changes after levothyroxine treatment in patients with SCH. In terms of diastolic function, although E/A improved, E/e’ did not improve after treatment. In our study, GLS also improved after levothyroxine treatment.

Our study showed that the IVSd, LVPWd, LVEDd, and LVMi in patients with SCH did not change significantly after treatment with levothyroxine. These LV structural indicators also represent LV remodeling. This result is consistent with that of another systematic evaluation based on echocardiography, cardiac magnetic resonance imaging, and myocardial radionuclide imaging, which found no significant morphological changes in the heart after treatment with levothyroxine in patients with SCH (30). Some studies have suggested that the LV mass of both adult and pediatric patients with SCH is significantly increased compared to that in the normal population (14, 31) and that this increases with the duration of the disease among those with TSH≥10.0 (32). However, other studies have reported no significant association between SCH and LV mass (33). Therefore, we consider that there may be two possible reasons: first, the TSH level of the patients in our study was mildly increased, so the LVMi at baseline may not have changed significantly compared with the normal population; second, the treatment time may have been insufficient to allow for significant changes in LV morphology.

In addition to LV thickness and mass, another vital structural index used to evaluate LV diastolic function was the LAD. However, this meta-analysis found no significant changes in LAD before and after levothyroxine treatment. The anteroposterior diameter of the left atrium is a commonly used clinical index to measure its size; however, a two-dimensional index cannot fully reflect the true size of the left atrium. At present, the left atrial volume index (LAVi) is a more accurate measurement index. Malhotra et al. (6) found that increased LAVi could reverse levothyroxine therapy in a population with LVDD. This study included 67 patients with SCH without underlying heart disease. After echocardiographic analysis, eight patients with LVDD were selected and treated with levothyroxine for 6 months. Their LAVi decreased from 31.17 ± 3.257 to 26.98 ± 2.668 (p =0.013). However, Nakova et al. (14) found that treatment with levothyroxine in average patients with SCH did not improve LAVi. We speculate that levothyroxine does not change the size of the left atrium in patients with SCH without LVDD.

For diastolic function, we found that E/A ratio increased after treatment with levothyroxine, but E/e’ did not change. E/A is a traditional index that has been widely used to evaluate LV relaxation, LV diastolic stiffness, and LV filling pressures (34). The E/A ratio was significantly lower in patients with SCH than in controls (6). Hormone replacement therapy in patients with SCH can increase the early diastolic left atrioventricular pressure gradient and improve the LV diastolic pattern. E/e’ is a commonly used index to evaluate LV diastolic function, LV filling pressure, and LA pressure (35, 36). Compared with blood flow Doppler, tissue Doppler is less load-dependent and has a minimal effect on LV filling pressure (37). However, there are few large evidence-based analyses using E/e’ to evaluate the effect of hormone replacement therapy in patients with SCH. According to a nested TRUST trial, diastolic heart function did not differ after treatment with levothyroxine compared to a placebo (10). However, in contrast to our study, participants in the TRUST trial were all aged ≥65 years, and functional indicators representing LV diastolic function other than E/e’ (such as E/A, E deceleration time) did not significantly improve. This may be due to the normal range of TSH increasing to higher values with aging (38). Some studies focusing on cardiovascular outcomes and cognitive function suggest that levothyroxine treatment is not beneficial in SCH patients aged 65 years or older (39, 40).

Our meta-analysis included a study by Tadic et al. (15) which differed from other included studies with their finding that E/e’ was significantly improved from baseline (6.4 ± 2 VS. 5.6 ± 1.9). In contrast to other studies, their observation duration was one year, rather than within six months. Therefore, further age-stratified randomized controlled studies and long-term observations are required to determine whether levothyroxine can improve E/e’.

Speckle tracking–based echocardiography (STE) has emerged as an interesting and promising tool for evaluating myocardial function. As LV diastolic and longitudinal systolic disturbances may stem from a common pathological background, they may develop in parallel. The presence of impaired GLS reinforces this diastolic dysfunction (41). GLS increased in patients with SCH after levothyroxine treatment. Although a decrease in GLS indicates impaired LV systolic function, an increasing number of studies have shown that it is related to diastolic function. Tschöpe and Senni found that GLS is a clinically and prognostically relevant parameter in patients with HFpEF (42). The 2019 Heart Failure Association (HFA) of the European Society of Cardiology (ESC) guidelines recommend including a cut-off point of 16% in absolute values as a secondary criterion for diagnosing HFpEF (43). Unlike tissue Doppler spot tracking, there are fewer sampling sites and fewer angle dependences (44). The improvement in LV long-axis strain recorded by spot tracking can better explain the improvement in LV function in patients with SCH after treatment with levothyroxine.

This study had some limitations. First, most included patients were middle-aged women, and we could not perform a subgroup analysis based on age and sex. Therefore, we could not draw detailed conclusions from specific populations. Future studies should clarify specific conclusions for patients with SCH of different ages, sexes, and SCH severity. Second, the differential diagnosis of elevated serum thyrotropin levels has been reported in various studies. Therefore, the heterogeneity caused by these factors may have affected our conclusions. Third, there are currently limited research data or observation times for some key indicators that evaluate diastolic function, such as LAVi and E/e’. Therefore, further studies with prolonged follow-ups are required to confirm whether SCH-induced myocardial morphological changes can be reversed by levothyroxine supplementation. Fourth, our study only included cardiac diastolic functions measured by echocardiography in patients with SCH. We did not further explore the lipid levels, BNP levels, carotid intima-media thickness, and cardiovascular outcomes of SCH patients after treatment with levothyroxine. Large RCTs should be conducted to confirm whether levothyroxine supplementation improves cardiovascular outcomes in all adult patients.





Conclusion

In this study, we investigated the changes in cardiac diastolic function after thyroid hormone replacement therapy in adults with SCH. We found that the LV structure did not change significantly after hormone replacement therapy. Some parameters representing LV diastolic function improved after treatment; however, other parameters did not show significant improvement. The results of this study suggest that whether the use of levothyroxine replacement therapy is beneficial for the improvement of cardiac diastolic function in adults with SCH, is still unknown. However, as only some parameters showed improvement, there is a need for future studies to confirm that the cardiovascular benefits of levothyroxine replacement therapy apply to different age groups of SCH patients.
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