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Background

Left ventricular (LV) diastolic dysfunction has been demonstrated to be an independent predictor of the future heart failure. Heart failure is one of the severe complications caused by overt hyperthyroidism. However, the effects of overt hyperthyroidism on diastolic dysfunction are conflicting, and little is known about the prevalence and risk factors of the diastolic dysfunction in patients with overt hyperthyroidism.



Methods

A total of 388 patients with overt hyperthyroidism were included and compared with 388 age- and gender- matched euthyroid control subjects. LV diastolic function was evaluated by traditional and tissue-Doppler echocardiography. Routine clinical medical data and echocardiographic parameters were recorded for analysis.



Results

The prevalence of LV diastolic dysfunction was 35.1% among hyperthyroid patients and significantly higher than control subjects whose prevalence was 25.5% (P = 0.003), and it increased with age and body mass index (BMI) in patients with overt hyperthyroidism. The possible risk factors for LV diastolic dysfunction, such as hypertension, diabetes, decreased estimated glomerular filtration rate (eGFR), and increased level of thyroid hormones weren’t associated with LV diastolic dysfunction. However, overweight or obese were significantly associated with LV diastolic dysfunction (OR = 3.024, 95% CI = 1.517–6.027, P = 0.002) compared with normal BMI. When compared with age <40 years old group, 40-50 years old group, 50-60 years old group and age ≥60 years old group were significantly associated with LV diastolic dysfunction, with ORs of 2.976 (95% CI = 1.744–5.019), 12.424 (95% CI = 4.934–31.283), 24.966 (95% CI = 5.975–104.321), respectively.



Conclusion

LV diastolic dysfunction was very common, in particular, in older and overweight or obese patients with overt hyperthyroidism. Additionally, age and BMI were independent risk factors for LV diastolic dysfunction, while the level of thyroid hormones was not. Therefore, besides the LV systolic function, we also need focus on the diastolic function in patients with overt hyperthyroidism in clinical work, especially the older and overweight or obese patients.





Keywords: left ventricular diastolic dysfunction, hyperthyroidism, prevalence, risk factors, echocardiography



Introduction

Hyperthyroidism is one of the most common endocrine diseases, affecting 0.2%–1.3% of the people in iodine-sufficient places of the world (1), which constitutes a major health issue due to its prominent association with cardiovascular diseases, including congestive heart failure, atrial fibrillation, and pulmonary hypertension and so on (2, 3).

Studies showed that approximately 6% of patients with overt hyperthyroidism developed congestive heart failure (4), but only 50% of them had left ventricular (LV) systolic dysfunction. Besides LV systolic dysfunction, LV diastolic dysfunction has been demonstrated to be an independent predictor of the future heart failure (5–7). Therefore, LV diastolic dysfunction may account for part of reasons for heart failure in patients with overt hyperthyroidism. A meta-analysis indicated that the median prevalence of LV diastolic dysfunction was 36.0% (range 15.8%–52.8%) in older adults, and the results from the China Hypertension Survey reported that 35.5% of subjects existed LV diastolic dysfunction among Chinese adults aged ≥35 years (8, 9). However, there are few data on the prevalence of LV diastolic dysfunction in patients with overt hyperthyroidism.

Risk factors for LV diastolic dysfunction have been widely studied in general population, including body mass index (BMI), diabetes, hypertension, subclinical hyperthyroidism, etc (8, 10–12), but limited data are available on the risk factors for diastolic dysfunction among patients with overt hyperthyroidism. Furthermore, the results of studies on the effects of thyroid hormones on LV diastolic function are contradictary. To our best knowledge, some studies showed that patients with overt hyperthyroidism had an enhanced LV diastolic function (13, 14). However, there are not a few studies showing that overt hyperthyroidism is associated with LV diastolic dysfunction (15–18). Moreover, the sample of all those studies is relatively small.

Accordingly, this study aimed to investigate the prevalence and risk factors of LV diastolic dysfunction among patients with overt hyperthyroidism.



Materials and Methods


Subjects

A total of 388 patients receiving radioiodine treatment for overt hyperthyroidism were included in our study between May 2018 and May 2019 in the inpatient department of endocrinology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. All included subjects were newly diagnosed patients with overt hyperthyroidism or had withdrawn anti-thyroid drug for at least 4 weeks. As defined in the guidelines of the American Thyroid Association Guidelines, overt hyperthyroidism was defined as increased free thyroxine (FT4) and/or free triiodothyronine (FT3) level and a concomitantly suppressed thyroid-stimulating hormone (TSH) level (19). In addition, we included 388 age- and gender- matched euthyroid control subjects who were free of current or past thyroid dysfunction and history of thyroid surgery. The euthyroid controls were included from the Medical Examination Center where healthy subjects underwent health check up regularly, and the transthoracic echocardiography and thyroid function test were just one part of their examinations. The exclusion criteria were as follows: 1) age <18 years; 2) with congenital heart disease or a history of cardiac surgery or other previous known heart diseases; 3) with atrial fibrillation or atrial flutter; 4) with acute or chronic renal failure; 5) with malignancy. All enrolled subjects signed the informed consent agreement and approval was obtained from the Ethics Committees of Tongji Medical College of Huazhong University of Science and Technology.



Data Collection

Data were collected on the demographic characteristics, physical examinations, history of diseases and laboratory examinations, including age, sex, height, weight, heart rate (HR), systolic blood pressure(SBP), diastolic blood pressure (DBP), duration of symptoms of hyperthyroidism, as well as levels of serum uric acid (SUA), creatinine (Scr), electrolytes (including sodium, potassium, and calcium), TSH, FT4, FT3, anti-thyroglobulin antibody (TgAb), anti-thyroid peroxidase antibody (TPOAb), and thyrotropin receptor antibody (TRAb). BMI was calculated as the weight (kg) divided by height (m) squared. According to the recommended criteria for the Chinese population, BMI was categorized into underweight (<18.5 kg/m2), normal (18.5–24.0 kg/m2), overweight (24.0–28.0 kg/m2), and obese (28.0 kg/m2) (20). Overweight and obese were grouped together for analysis, because the sample size of subjects with obese is relatively small. The estimated glomerular filtration rate (eGFR) was calculated on the basis of Scr by using the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) (21).

Diabetes mellitus (DM) was defined as fasting blood glucose ≥7.0 mmol/L or postprandial blood glucose ≥11.1 at least twice during the period in inpatient, or any self-reported history of DM or the use of anti-diabetic medications. Hypertension was defined as SBP ≥140 mmHg or (and) DBP ≥90 mmHg at least twice in inpatient, or any self-reported history of hypertension or the use of oral anti-hypertensive medications. Hyperuricemia was defined as SUA concentration >420 mmol/L in male and >360 mmol/L in female.



Transthoracic Echocardiography

All the enrolled subjects underwent complete transthoracic echocardiography using echocardiography system with a 3~8 MHz transducer (GE Vivid 7; Vingmed; Philips EPIQ 7C and Philips IE33). The definition of LV diastolic dysfunction were performed by two experienced sound operator according to the mitral E/A ratio or (and) the septal basal regions e/a ratio. The cut off was less than 1, which indicates impaired myocardial relaxation (22). We recorded the left ventricular end-diastolic diameter (LVEDD), interventricular septum thickness (IVST), left atrium diameter (LAD), and left ventricular ejection fraction (LVEF). In addition, the peak velocities of the early (E-wave) (MVE) and late (A-wave) (MVA) phase of the mitral inflow pattern were measured from an apical four-chamber view.



Statistical Analysis

Whether the continuous variables conformed to normal distribution was assessed by using the Kolmogorov-Smirnov test. The normally distributed data were expressed as mean ± standard deviation (SD), while the skewed distribution data were expressed as median (interquartile range). All categorical data were presented as numbers or percentages as indicated. The paired t test was used for the normally distributed matched continuous data. Comparisons between non-normally distributed matched continuous data were made by suing the Wilcoxon signed rank test. McNemar test was used for the matched nominal data. For the independent variables analysis, the intergroup differences were analyzed by the Student’s t-test, the Mann-Whitney test, or the Chi-square test, as appropriate. In the hyperthyroid group, spearman’s correlation analysis was undertaken to explore the associations between LV diastolic function parameters and other clinical parameters; stepwise models of multiple linear regression analysis were performed to explore the impact of independent variables on LV diastolic function parameters; multivariable logistic regression analysis was conducted to identify independent factors associated with LV diastolic dysfunction. P-values < 0.05 were considered to be statistically significant. All statistical analyses were performed with SPSS 22.0 (SPSS, Chicago, Illinois, USA).




Results


Characteristics of the Hyperthyroid and Control Subjects

The characteristics of the overt hyperthyroidism patients and control subjects are shown in Table 1. A total of 388 patients diagnosed with overt hyperthyroidism and 388 age- and gender- matched euthyroid control subjects were included in this study according to the inclusion and exclusion criteria. The median age was 38 years old (interquartile range, 29–48) for both group (P = 0.782), and 67.3% of them were female. The median serum FT3 and FT4 of hyperthyroid subjects were 25.6 pmol/l and 61.4 pmol/l, respectively; the serum TSH was undetectable in 284 patients (TSH < 0.005). The serum FT4 and TSH levels of all control subjects were at normal range. Compared with the control subjects, the hyperthyroid subjects tended to have higher SBP (P < 0.001), higher HR (P < 0.001), higher level of eGFR (P < 0.001), as well as lower BMI (P < 0.001), lower DBP (P = 0.001), and lower level of Scr (P < 0.001). However, there was no significant difference in the incidences of hyperuricemia, hypertension and DM between these two groups.


Table 1 | Comparison of characteristics between the hyperthyroid and normal control subjects.



In the comparisons of echocardiographic examination, the prevalence of LV diastolic dysfunction was 35.1% (136 patients) among those patients with hyperthyroidism, whereas it was 25.5% (99 subjects) in the control group (P = 0.003). Furthermore, the LAD, LVEDD, IVST, MVE, and MVA were significantly higher in hyperthyroid subjects compared with the control subjects (all P < 0.05).



Basic and Echocardiographic Characteristics of the Hyperthyroid Subjects With or Without LV Diastolic Dysfunction

We compared the demographic and clinical characteristics between hyperthyroid subjects with or without LV diastolic dysfunction. The results are shown in Table 2. Compared with patients with normal LV diastolic function, the subjects with LV diastolic dysfunction tended to be older (P < 0.001), and have higher BMI (P < 0.001), higher level of serum sodium (P = 0.002), lower eGFR (P < 0.001), and lower level of serum FT4 (P = 0.012).In addition, the incidences of hypertension and DM were also higher in patients with diastolic dysfunction compared with those with normal LV diastolic function (P < 0.05). Although the serum level of FT3 tended to be lower in subjects with diastolic dysfunction, the difference was not significant.


Table 2 | Basic characteristics of the hyperthyroid subjects with or without LV diastolic dysfunction.



In the comparisons of echocardiographic parameters, LAD, IVST and MVA were significantly higher in patients with diastolic dysfunction (both P < 0.05). MVE and E/A ratio were significantly lower in subjects with diastolic dysfunction compared to those with normal diastolic function (both P < 0.001). The results are presented in Table 3.


Table 3 | Echocardiographic parameters of the hyperthyroid subjects with or without LV diastolic dysfunction.





Associations Between LV Diastolic Function Parameters and Other Clinical Parameters in Hyperthyroid Subjects

The correlations between LV diastolic function parameters and other clinical parameters in patients with overt hyperthyroidism are shown in Table 4. The age, BMI, levels of serum sodium and Scr were negatively correlated with MVE, while the female, eGFR, serum levels of FT3 and FT4, as well as LAD were positively correlated with MVE. MVA was negatively correlated with serum levels of Scr and TSH, but positively correlated with age, female, BMI, SBP, HR, the presence of hypertension, LAD, and IVST, as well as serum levels of FT3 and FT4. As for E/A ratio, it was negatively correlated with age, BMI, serum level of sodium, the presence of hypertension, LAD, and IVST, and positively correlated with eGFR and serum level of TSH.


Table 4 | The correlations between LV diastolic function parameters and other clinical parameters in hyperthyroid subjects.



Based on the correlation analysis, multiple linear stepwise regression analysis was performed to identify the related factors that were critical determinants of the three LV diastolic function parameters. As shown in Table 5, age was the only independent variable associated with the MVE, MVA, and E/A ratio. Additionally, Sex, BMI, eGFR, and LAD were independently associated with MVE. The HR, SBP, LAD, as well as serum level of FT3 and Scr were independently associated with MVA. HR, BMI, and serum level of FT3 were independently associated with E/A ratio.


Table 5 | Potential factors related to the parameters of LV diastolic function in hyperthyroid subjects.





The Risk Factors for LV Diastolic Dysfunction in Hyperthyroid Subjects

We analyzed the relationships between various parameters and the presence of LV diastolic dysfunction on the basis of the univariate analysis. The results were presented in Table 6. The univariable logistic regression analysis showed that age, BMI, the presence of hypertension or DM, eGFR, and serum level of FT4 were significantly related to LV diastolic dysfunction. In the multivariable logistic regression analysis, only age and BMI were significantly associated with LV diastolic dysfunction. Compared with normal BMI, the overweight or obese was significantly associated with LV diastolic dysfunction (OR = 3.024, 95% CI = 1.517–6.027, P = 0.002), while the underweight was not (P > 0.05). Compared with age <40 years old group, the 40–50 years old group, 50–60 years old group and age ≥60 years old group were significantly associated with LV diastolic dysfunction, with ORs of 2.976 (95% CI = 1.744–5.019), 12.424 (95% CI = 4.934–31.283), 24.966 (95% CI = 5.975–104.321), respectively.


Table 6 | Univariable and multivariable logistic regression analyses for independent risk factors of LV diastolic dysfunction in hyperthyroid subjects.





The Prevalence of LV Diastolic Dysfunction Grouped by Age or BMI in Hyperthyroid Subjects

We further explored the prevalence of LV diastolic dysfunction in different age or BMI groups. The results are showed in Figure 1. The prevalence of diastolic dysfunction in patients with overt hyperthyroidism increased with age and BMI. 18.3% of patients in <40 years old group, 39.8% of patients in 40–50 years old group, 70.9% of patients in 50–60 years old group, and 81.8% of patients in >60 years old group had LV diastolic dysfunction (P < 0.001). For different BMI groups, 21.9% of patients in underweight group, 34.4% of patients in normal group, and 53.7% of patients in overweight/obese group had LV diastolic dysfunction (P = 0.001).




Figure 1 | The prevalence of left ventricular diastolic dysfunction in overt hyperthyroidism patients grouped by age or body mass index (BMI). (A) The subjects were grouped by age; (B) The subjects were grouped by BMI categories.






Discussion

In present study, we investigated the prevalence and risk factors of LV diastolic dysfunction among patients with overt hyperthyroidism enrolled in the inpatient department of endocrinology of our hospital. We found that the overall prevalence of LV diastolic dysfunction was 35.1% in patients with overt hyperthyroidism, close to the reported prevalence in older adults from a meta analysis and the results from the China Hypertension Survey, which was 36%, 35.5% respectively (8, 9). Additionally, compared with the age- and gender- matched euthyroid control group, the prevalence was significantly higher in hyperthyroid group. When the age or BMI was categorized, the prevalence of LV diastolic dysfunction in hyperthyroid subjects increased with age and BMI. Additionally, age and BMI were positively associated with the presence of LV diastolic dysfunction in patients with overt hyperthyroidism, independent of other possible risk factors, including the presence of hypertension or DM, eGFR, as well as serum level of FT3 and FT4.

Heart failure was one of the severe complications caused by overt hyperthyroidism, but only 50% of patients with overt hyperthyroidism had reduced LV ejection fraction (4, 16). It was well acknowledged that LV diastolic dysfunction was an independent predictor of future heart failure, so we inferred that LV diastolic dysfunction may account for part of the incidences of heart failure in patients with overt hyperthyroidism. However, there are no established effective treatments for LV diastolic dysfunction. Therefore, it is important to know the current condition and risk factors of LV diastolic dysfunction. Although there were many studies on the prevalence of LV diastolic dysfunction, few were performed in patients with overt hyperthyroidism. A study from Yue showed that the prevalence of diastolic dysfunction was 31% in patients with overt hyperthyroidism, and the prevalence increased with age: 17.9% in patients <40 years to 100% in those >60 years (16). Nevertheless, the included subjects in this study were much smaller (only 70 patients), and they didn’t explore the effect of BMI and other comorbidities on the prevalence of diastolic dysfunction. Furthermore, they didn’t include an age- and gender- matched normal control group for analysis. Our data may more accurately represent the condition of diastolic dysfunction in patients with overt hyperthyroidism.

urthermore, univariable and multivariable logistic analysis were performed to find all possible factors that might related to LV diastolic dysfunction in our study. Age and BMI were defined as the independent risk factors, which was consistent with results of other kinds of populations (10, 23). A work from Hamza et al. found that deterioration of LV diastolic function was striking age-related and started at a young adult age (23). It is generally accepted that age is an independent risk factors of cardiovascular diseases. With aging, continuous cardiomyocytes stress, like the increased formation of reactive oxygen species and imbalances of mitochondrial fusion/fission, can injure the cardiomyocytes, while the cardiomyocytes’ regeneration is limited, which lead to cardiac structure changes and electrophysiological dysfunction ultimately (24, 25). Furthermore, previous studies reported that the vascular stiffness, left ventricle wall thickness, and fibrosis increased with age (26), which can contribute to the LV diastolic dysfunction. As for BMI, previous studies demonstrated that a higher BMI was associated with worse LV diastolic function, and weight loss could improve diastolic function for obese subjects (10, 27). Our present study first reported that BMI was also associated with LV diastolic function in patients with overt hyperthyroidism. The mechanisms may be that the higher BMI can lead to increased preload, afterload and peripheral resistance (28). Besides, it has been demonstrated that increased adiposity enhances the adverse effect of blood pressure on LV mass growth (29). A higher BMI usually indicate higher adiposity, and hyperthyroidism always contributes to hypertension. Eventually, the increased LV mass would lead to impaired myocardial relaxation.

Previous studies have reported that the hypertension, DM and renal function were associated with the impaired LV diastolic function (8, 11, 30). Although the univariable logistic analysis showed that the hypertension, DM and eGFR were associated with LV diastolic dysfunction, this associations disappeared in multivariable logistic analysis. We implied that the reason might be that the incidences of hypertension or DM in our enrolled subjects were relatively low and the renal function of them was all in normal range in present study. When the confounding factors were controlled, this association would not exist.

We also found that the serum level of FT3 independently correlated with MVA, E/A ratio, but the serum level of FT4 and TSH did not correlated with LV diastolic parameters in the stepwise linear regression models, which were in accordance with the results of Aroditis et al. (17). However, the work of Aroditis didn’t explore the correlation between the serum level of FT3 and LV diastolic parameters, and the confounding variables were not controlled. Although FT3 significantly correlated with some of the LV diastolic parameters, our study didn’t define the serum level of FT3 as an independent risk factor in multivariable logistic analysis. It is well known that FT3 is the primary biologically active form of thyroid hormone and has many effects on cardiovascular. Increased FT3 level could activate the synthesis of some cardiac structure protein, and lead to increased LV mass which is associated with impaired myocardial relaxation. However, previous studies confirmed that FT3 can downregulate the expression of phospholamban and upregulate sarcoplasmic the expression of reticulum calcium-activated ATPase, which results in increased rate of calcium reuptake, and enhanced cardiac relaxation (31, 32). We speculated that LV diastolic function may partially depend on the balance of increased LV mass and increased calcium reuptake. Thereby, FT3 may be a protective factor for some patients, while risk factor for others, such as the older and the overweight or obese patients.

Our study had some limitations. First, the assessment of LV diastolic dysfunction was relatively simple. We didn’t measure E’ velocity, E/E’ ratio and isovolumetric relaxation time etc which were associated with LV diastolic function, and we didn’t grade the diastolic dysfunction. Second, the sample was relatively small. Finally, although all subjects have withdrawn anti-thyroid drug, we didn’t explore the effect of other kinds of drugs on LV diastolic function, like the use of beta-blocker.

In conclusion, we found that LV diastolic dysfunction was more common in overtly hyperthyroid patients than the age- and gender- matched euthyroid control subjects, and the prevalence of LV diastolic dysfunction increased with age and BMI. Additionally, age and BMI were independent risk factors for the presence of LV diastolic dysfunction in patients with overt hyperthyroidism, while the serum levels of thyroid hormones were not. So we need to focus more on heart diastolic function of hyperthyroidism patients who are older and overweight or obese in our clinical work.
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