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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 (Cl) 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 " 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
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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.
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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.

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
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TABLE 1 Search strategy for PubMed and Embase.

10.3389/fendo.2023.1263861

PubMed
AND

"hypothyroidism"[MeSH] OR "hypothyr*"[Title/Abstract] OR "thyroid deficien*"[Title/Abstract] OR "thyroid insufficien*"[Title/ Abstract]

"thyroid hormones"[MeSH] OR "thyroid hormon*"[Title/Abstract] OR "Levothyro*" [Title/Abstract] OR "Levothroid" [Title/Abstract] OR "Levoxine"
[Title/Abstract] OR "Eltroxine" [Title/Abstract] OR "Euthyrox" [Title/Abstract] OR "Eutirox" [Title/Abstract] OR "thyronin*"[Title/Abstract] OR
"thyroxin*"[Title/Abstract] OR "tyroxin*"[Title/Abstract] OR "L-T3"[Title/Abstract] OR "L-T4"[Title/Abstract] OR "FT3"[Title/Abstract] OR "FT4"[Title/
Abstract] OR "t3 hormon*"[Title/Abstract] OR "t4 hormon*"[Title/Abstract] OR "T3"[Title/Abstract] OR "T4"[Title/Abstract] OR "substitution

therap*"[Title/ Abstract]
AND

"Echocardiography'[MeSH Terms] OR "stroke volume"[MeSH] OR "ventricular function "[MeSH] OR "diastole"[MeSH] OR "atrial remodeling"[MeSH]
OR "Echocardiography"[Title/Abstract] OR "ventricular remodeling"[Title/Abstract] OR "cardiac remodeling[Title/Abstract] OR "cardiac
adaptation"[Title/Abstract] OR "lv geometry"[Title/Abstract] OR "left ventricular geometry"[Title/Abstract] OR "cardiac geometry"[Title/Abstract] OR
"cardiac dimension"[Title/Abstract] OR "left ventricular function"[Title/Abstract] OR "systolic function"[Title/Abstract] OR "ejection fraction"[Title/
Abstract] OR "diastolic function"[Title/Abstract] OR "atrial remodeling"[Title/Abstract] OR " strain "[Title/Abstract]

548 hits (18-05-2023)

Embase
AND

"thyroid hormone'/exp OR ‘hypothyr*’:ab,ti OR ‘thyroid deficien*:ab,ti OR ‘thyroid insufficien*’:ab,ti

'hypothyroidism'/exp OR 'thyroid hormon*'ab,ti OR 'levothyro*'ab,ti OR 'levothroid"ab,ti OR 'levoxine'ab,ti OR 'eltroxine"ab,ti OR 'euthyrox'ab,ti OR
‘eutirox:ab,ti OR 'thyronin*:ab,ti OR 'thyroxin*:ab,ti OR 'tyroxin*:ab,ti OR '-t3"ab,ti OR 'l-t4":ab,ti OR 'ft3"ab,ti OR 'ft4:ab,ti OR 't3 hormon*"ab,ti OR
't4 hormon*"ab,ti OR 't3":ab,ti OR 't4"ab,ti OR 'substitution therap*abti

AND

‘echocardiography'/exp OR 'heart ventricle remodeling/exp OR 'heart stroke volume'/exp OR 'heart function'/exp OR 'heart atrium remodeling/exp OR

‘Echocardiography’:ab,ti OR ‘ventricular remodeling’:ab,ti OR ‘cardiac remodeling’:ab,ti OR ‘cardiac adaptation’ab,ti OR ‘Iv geometry’:ab,ti OR ‘left

ventricular geometry’:ab,ti OR ‘cardiac geometry’:ab,ti OR ‘cardiac dimension’ab,ti OR ‘left ventricular function’:ab,ti OR ‘systolic function:ab,ti OR

‘ejection fraction’:ab,ti OR ‘diastolic function’:ab,ti OR ‘atrial remodeling™:ab,ti OR ' strain ":ab,ti

5067 hits (18-05-2023)

editor, case reports, and case series without follow-ups were
excluded. The screening criteria are shown in Figure 1.

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.

Records identified through database search ‘Additional records
(PubMed, EMBASE, Cochrane, Web of Science) (n = identified through other
6089) sources (n=0)

Duplicated articles were excluded and
4886 articles were initially identified

‘Articles excluded by
> Jning i
abstracts (n=4795)

(Cooeers ) [ eritenion

A 4

Full-text articl
assessed for ehg\bmlv
(n=4:

Articles excluded due to:

Not in English(n=4)
Full text not available or Conference abstract(n=4)
Duplicate study population(n=4)

Other cardiac parameters or measurement methods(n= 2)
Studies conducted in children or newborns(n=4)

Patients who use drugs that affect the heart or suffer from
other diseases that affect heart function have not been
exclude(n=4)

Missing baseline or outcome characteristic(n= 4)

Recovery status of thyroid function was not introduced at
post-treatment follow-up(n= 4)

[ Eligibility ]

A 4

Studies included in quahntw:
svmhesli(me(a analysis) (n=17)

[ Included ]

FIGURE 1
The general process of literature searching.
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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.

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 €’
wave (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 % heterogeneity and the I” test. The I*
statistic was calculated to assess the proportion of the total variation
in the study estimates due to heterogeneity. If I* was greater than
25%, a random-effects model was used, and a fixed-effects model was
used if I* was < 25%. Sensitivity analysis was performed by removing
each study individually. A P-value of p <0.05 was considered
statistically significant.
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TABLE 2 The Newcastle—Ottawa Scale for the assessment of the quality of studies.

Number = Study Selection Comparability | Exposure Scores
Adequate Representativeness of Selection of Definition of Ascertainment of Same No-
definition of the cases controls controls exposure method respons
[et={- rate

1 R.Arem 1 1 1 1 1 1 1 8
1996

2 Bernadette 1 1 1 1 1 1 1 7
1999

3 Chen 2016 1 1 1 1 1 1 1 1 8

4 Fabio 2001 1 1 1 1 1 1 1 7

5 Franzonia 1 1 1 1 1 1 1 7
2006

6 Huseyin 1 1 1 1 1 1 1 7
2006

7 Gulbanu 1 1 1 1 1 1 1 1 8
2011

8 Marijana 1 1 1 1 1 1 1 1 8
2014

9 Mehmet 1 1 1 1 1 1 1 7
2004

10 Milena 1 1 1 1 1 1 1 7
2021

11 Sahar 2021 1 1 1 1 1 1 1 1 8

12 Shatynska 1 1 1 1 1 1 1 7
2016

13 Tanase 1 1 1 1 1 1 1 7
2014

14 Valentina 1 1 1 1 1 1 1 1 8
2018

15 Fatma 1 1 1 1 1 1 1 7
2011

16 Owen 2006 1 1 1 1 1 1 1 7

17 CAMCI 1 1 1 1 1 1 1 7
2022

Results Most patients with SCH included in the study were female and

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).

Frontiers in Endocrinology

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.

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
(LVPWA), left ventricular end-diastolic diameter (LVEDA),
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
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TABLE 3 characteristics of included studies.

10.3389/fendo.2023.1263861

Number Study Country [\[e} Final Mean age Thyrotropin TSH TSH(atfer =~ Treatment
patient  participants threshold (before therepy) duration
therepy)

1 R.Arem American 8 8 36.4+6.02 6/2 >5.5mIU/L 14.8+9.5 3.0£1.6 3 months
1996

2 Bernadette Italy 26 10 36 £ 12 2/24 >3mU/L 8.6+4.8 —_— 6 months
1999

3 Chen 2016 China 32 32 40.7+9.7 12/20 >4.2ulU/ml 5.62%1.34 3.86x1.07 12months

4 Fabio 2001 Ttaly 20 10 32.6%12.1 2/18 >3.6mIU/1 5.44+2.41 1.32+0.47 6 months

5 Franzonia Ttaly 42 16 52.2+15.1 13/29 >3.6mIU/1 8.8+1.7 —_— 6 months
2006

6 Huseyin Turkey 22 22 48+13 7115 4.0ng/ml 13.3#9.1 _— 105+60days
2006

7 Gulbanu Turkey 22 22 18-60 22F 4.2uIU/ml-9.9ulU/ 7.17+1.74 2.28+0.63 3 months
2011 ml

8 Marijana Serbia 54 54 41+6 54F >4mIU/L 8.8+2.7 2.15%0.7 lyears
2014

9 Mehmet Turkey 45 23 40.249.3 4/19 >4.0mU/L 8.47%1.9 3.34%1.7 6 months
2004

10 Milena Serbia 35 35 51.6+15.4 6/29 4mIU/L-10mIU/L 6.9+2.1 —_ 3 months
2021

11 Sahar 2021 Egypt 36 36 40.2+8.6 4/32 >4.51U/L 11(10-7) 2.2(1.9- 6 months

2.4)

12 Shatynska Ukraine 33 33 51.21+4.32 9/24 >4.0mU/L 11.82+0.56 —_ 6 months
2016

13 Tanase Romania 75 75 60.86+12.56 8/67 >4.2 mUI/L 5.80%1.50 3.11 £ 0.56 6 months
2014

14 Valentina Macedonia 54 54 43.1+12.4 2/52 >4.2mU/L 8.1+1.3 2.842.6 5 months
2018

15 Fatma Turkey 27 27 35.4+11.4 3/24 >4.2mIU/mL 7.01£2.36 3.16+0.33 1~1.5
2011 months

16 Owen 2006 England 19 19 49.2+3.8 19F >5.5mU/L 8.8(5.7- 1.3(0.4- 6 months

21.6) 2.8)

17 CAMCI Turkey 70 70 44.1 + 94 34/33 >4.0 mIU/L 7.95 + 1.44 228 £0.7 6 months

2022

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).

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).

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).

Frontiers in Endocrinology 05

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/
¢’ 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
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FIGURE 2

before treatment

after treatment

Study or Subgrou Mean SD_Total Mean SD_Total Weight
1.1.1VSd

Bernadette 1999 9.8 0.6 10 85 11 10 48%
Chen 2016 88 11 32 87 11 32 99%
Fatma 2011 9.8 1.2 27 10 12 27 7.0%
Gulbanu 2011 9.7 1.2 22 93 1 22 67%
Marijana 2014 9.6 1.2 54 93 1 54 16.5%
Mehmet 2004 9.65 1 23 857 08 23 95%
Milena 2021 89 1.6 3% 85 16 35 51%
R.Arem 1996 83 1.2 8 8 14 8 1.8%
Tanase 2014 108 1.84 75 108 012 75 165%
Valentina 2018 10.8 08 54 108 1 54 223%
Subtotal (95% CI) 340 340 100.0%
Heterogeneity: Chi*= 3.98, df= 8 (P = 0.91); F=0%

Test for overall effect: Z=1.38 (P=0.17)

1.1.2LVPWd

Bernadette 1999 87 08 10 84 07 10 61%
Chen 2016 83 08 32 83 11 32 137%
Fatma 2011 9.6 11 27 94 1B 27 57%
Gulbanu 2011 10 13 22 92 11 22 6.0%
Marijana 2014 91 1 54 88 11 54 19.3%
Mehmet 2004 9.54 08 23 9851 11 23 98%
Milena 2021 89 1.4 35 9 16 35 B1%
R.Arem 1996 88 1 8 84 15 8 198%
Tanase 2014 10.64 1.96 75 1064 0.11 75 15.4%
Valentina 2018 87 1.2 54 87 11 54 16.1%
Subtotal (95% CI) 340 340 100.0%
Heterogeneity: Chi*= 6.04, df= 9 (P = 0.74); F=0%

Testfor overall efiect: Z=1.57 (P = 0.12)

1.1.3LVEDd

Bemadette 1999 475 4 10 47 3 10 47%
Chen 2016 437 32 32 4413 224 32 248%
Fatma 2011 452 47 27 459 4.4 27 77%
Gulbanu 2011 46.1 34 22 464 4 22 94%
Marijana 2014 46.7 48 54 46 47 54 13.9%
Mehmet 2004 48.7 75 23 485 63 23 28%
Milena 2021 50.6 42 35 498 4B 35 107%
Tanase 2014 525 1061 75 5211 043 75 78%
Valentina 2018 46.4 43 54 456 41 54 181%
Subtotal (95% Cl) 332 332 100.0%
Heterogeneity: Chi*= 2.79, df= 8 (P = 0.95); F= 0%

Test for overall effect: Z= 0.58 (P = 0.56)

1.1.4 LVMi

Beradette 1999 87 20 10 82 " 10  08%
Fabio 2001 953 13 10 873 127 10 12%
Gulbanu 2011 7734 214 22 7721 227 22 911%
Mehmet 2004 852 112 23 847 108 23 38%
Milena 2021 76.81 1352 35 7062 1645 35 31%
Subtotal (95% Cl) 100 100 100.0%
Heterogeneity: Chi*= 4.90, df= 4 (P = 0.30); F=18%

Test for overall efiect: Z= 0.73 (P = 0.46)

1.1.5LAD

Marijana 2014 355 37 54 352 3.8 54 33.8%
Milena 2021 341 32 35 338 33 35 29.2%
R.Arem 1996 kil 4 8 33 3 8 56%
Valentina 2018 313 38 54 317 39 54 31.3%
Subtotal (95% Cl) 151 151 100.0%

Heterogeneity: Chi*=1.87, df= 3 (P = 0.60); F=0%
Test for overall effect: Z=0.12 (P=0.91)

10.3389/fendo.2023.1263861
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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
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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
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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. Tschope 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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