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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim: To compare conventional and speckle-tracking
echocardiographic parameters, with a prespecified focus on
left atrial (LA) contractile strain, between women with a
documented history of hypothyroidism and euthyroid controls.

Material and methods: This retrospective case-control
analysis included 86 women: 36 with a previously documented
diagnosis of overt or subclinical hypothyroidism and 50 controls
documented as euthyroid. The hypothyroid cohort was clinically
heterogeneous and included treated and untreated participants;
31 (86.1%) were receiving L-thyroxine. Conventional
transthoracic echocardiography and two-dimensional speckle-
tracking analysis were evaluated. LA contractile strain was
the prespecified primary outcome; other echocardiographic
comparisons were exploratory. Multivariable linear regression
adjusted for age, body mass index, diastolic blood pressure, and
heart rate.

Results: The hypothyroid group was younger than controls.
Left ventricular ejection fraction was preserved in both groups.
Hypothyroid participants had lower LV volumes, LA volume
index, pulmonary artery systolic pressure, and right-ventricular
(RV) S". RV free-wall strain and the magnitude of LA contractile
strain were lower, whereas LV global longitudinal strain, RV
global longitudinal strain, LA reservoir strain, and LA conduit
strain did not differ. In the subset with available free thyroxine
data (n=21), FT4 correlated with signed LA contractile strain
(p=0.524, p=0.015). After adjustment, hypothyroidism was not
independently associated with LA contractile strain (B=2.634,
95% CI -0.081 to 5.349; p=0.057); heart rate remained
independently associated (B=-0.145, 95% CI -0.263 to -0.027,
p=0.017).

Conclusions: In this heterogeneous cohort of women with
treated or untreated overt or subclinical hypothyroidism,
unadjusted differences in RV free-wall and LA contractile
strain were observed. The adjusted analysis did not establish
an independent association between hypothyroidism and
LA contractile strain. These exploratory findings require
confirmation in prospectively recruited, age-matched cohorts
with standardized biochemical phenotyping.

Key words. Hypothyroidism, speckle-tracking
echocardiography, left atrial strain, contractile strain, right
ventricular strain.

Introduction.

Hypothyroidism is common, particularly among women,
and may influence cardiac function through changes in heart
rate, myocardial calcium handling, vascular resistance,
endothelial function, and ventricular relaxation [1-9]. Both
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overt and subclinical thyroid dysfunction have been associated
with changes in ventricular structure, diastolic performance,
cardiovascular events, and mortality, although reported
associations vary across populations and thyroid states [10-23].

Conventional echocardiographic measures such as chamber
dimensions and left ventricular ejection fraction (LVEF) may
remain normal during early myocardial dysfunction. Two-
dimensional speckle-tracking echocardiography (2D-STE)
quantifies myocardial deformation and may identify subtle
abnormalities that are not apparent using conventional
parameters [4,14]. Standardized deformation imaging also
permits assessment of left atrial (LA) reservoir, conduit, and
contractile phases [1].

Evidence specifically addressing LA mechanics in
hypothyroidism remains limited. Moreover, thyroid cohorts
often include different biochemical phenotypes and treatment
states. The present study therefore evaluated women with a
documented history of overt or subclinical hypothyroidism as a
heterogeneous clinical group rather than as a uniform untreated
biochemical phenotype. We prespecified LA contractile
strain as the primary echocardiographic outcome and treated
other comparisons as exploratory. The aim was to compare
conventional and strain-derived echocardiographic parameters
between this cohort and euthyroid controls, and to determine
whether group status remained associated with LA contractile
strain after adjustment for major clinical confounders.

Materials and Methods.

Study design and participants:

This was a single-center retrospective case-control analysis of
a pre-existing clinical and echocardiographic dataset assembled
during 2024-2025 in the endocrinology department of a
multiprofile clinic. The analytic cohort comprised 86 women:
36 with a documented prior diagnosis of hypothyroidism and
50 volunteers documented as euthyroid. Clinical, laboratory,
and echocardiographic records were analyzed retrospectively.
Consent had been obtained for the original clinical evaluation;
the present report does not describe prospective assignment of
exposure or intervention.

The hypothyroid cohort included patients documented in the
source records as having overt or subclinical hypothyroidism
and included both treated and untreated individuals. Thirty-
one of 36 participants (86.1%) were receiving L-thyroxine at
evaluation. Some treated participants had achieved biochemical
euthyroidism. A complete cross-classification by original
biochemical phenotype, current biochemical status, etiology,
disease duration, treatment duration, and L-thyroxine dose
was not retained in the analytic dataset; therefore, unsupported
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subgroup estimates were not generated. This limitation is
reflected in the title, interpretation, and conclusions.

The original operational classification identified overt disease
from the documented diagnosis and thyroid testing, including
elevated thyroid-stimulating hormone (TSH) with reduced free
thyroxine (FT4), and subclinical disease from elevated TSH
with FT4 within the laboratory reference interval. A TSH value
greater than 10 mIU/L was considered strongly supportive of
overt thyroid failure but was not treated as sufficient without
consideration of FT4 and the clinical record. The laboratory-
specific FT4 unit and reference interval were not recoverable
from the exported analytic dataset; consequently, the potentially
ambiguous FT4 distribution is not reproduced. Rank-based FT4
correlations are retained because they are invariant to linear
unit conversion, but they are explicitly reported as subset,
exploratory analyses. Controls were classified as euthyroid
in the source clinical records; FT4 measurements were not
available for controls.

Women younger than 73 years were eligible. Exclusion
criteria were atrial fibrillation, other clinically significant
arrhythmia, frequent ectopy, untreated or treatment-requiring
arterial hypertension, significant valvular heart disease, and
medication use expected to materially affect heart rate, blood
pressure, or cardiac function. Mild valvular disease and obesity
were permitted. Menopausal women were included, but none
received hormone-replacement therapy. The retained dataset did
not contain a complete screening log or counts for each exclusion
reason. The final analytic denominator was 86; variable-specific
denominators are reported where data were incomplete.

Echocardiographic assessment:

Comprehensive transthoracic echocardiography included
two-dimensional, Doppler, and tissue-Doppler measurements
obtained using guideline-directed methods [12,16]. Recorded
variables available for the present analysis included LV end-
diastolic and end-systolic volumes, LV end-diastolic diameter,
LVEF, LA volume index, E/e', pulmonary artery systolic
pressure (PASP), and peak systolic tricuspid annular tissue
velocity (RV S’). Although the source protocol referred to
interventricular septal thickness, posterior-wall thickness, LV
mass, tricuspid annular plane systolic excursion, and fractional
area change, complete analyzable group-level exports for these
variables were not available; they were therefore omitted rather
than selectively or imprecisely reconstructed. Indexing of LA
volume to body surface area was performed to reduce body-
size dependence; indexed LV volumes were not available in the
retained export and raw LV volumes are reported.
Speckle-tracking echocardiography:

Offline 2D-STE analysis was performed with vendor-specific
QLAB software, version 10. Images used for deformation
analysis had frame rates of 50-80 frames/s. LV and RV
strain analyses followed contemporary deformation-imaging
recommendations [1,14]. LA strain was measured from the
apical four-chamber view only and was not a biplane average.
The LA appendage and pulmonary veins were excluded from
endocardial tracing. Studies with image quality or frame rate
insufficient for analysis were excluded before creation of the
analytic dataset; the number of such exclusions was not retained.
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The ultrasound-system and transducer identifiers, number of
averaged cardiac cycles, formal blinding status, segment-level
tracking criteria, and frequency of manual contour correction
were not preserved in the export and cannot be reported
retrospectively. This incomplete technical metadata and absence
of reproducibility testing are acknowledged as limitations.

R-R gating was used. Reservoir strain was defined as peak
positive LA strain during ventricular systole. Conduit strain
represented passive atrial emptying in early diastole, and
contractile strain represented active deformation during
late diastole. Tables report signed values: reservoir strain is
positive, while conduit and contractile strain are negative.
For the negative parameters, values closer to zero indicate a
smaller absolute magnitude of deformation. All correlation and
regression analyses used the signed LA contractile-strain value;
thus, a positive coefficient corresponds to a value becoming less
negative, not to greater absolute shortening.

Ethics:

The study was conducted in accordance with the Declaration
of Helsinki. The source submission documented review by
the local institutional ethics committee and written informed
consent from participants before the original evaluation.

Statistical analysis:

Analyses were performed using SPSS version 29.0. Normality
was assessed with the Shapiro-Wilk test. Normally distributed
variables are presented as mean + standard deviation and
compared with the independent-samples Student t test;
non-normally distributed variables are presented as median
(interquartile range) and compared with the Mann-Whitney
U test. Cohen d and rank-based r are reported as effect sizes
for parametric and nonparametric comparisons, respectively.
Spearman rank correlation (p) was used for thyroid measures
and echocardiographic variables. Two-sided p<0.05 was
considered statistically significant.

LA contractile strain was the prespecified primary
echocardiographic outcome. Other between-group comparisons
and all correlation analyses were secondary or exploratory.
Because numerous exploratory tests were performed, no single
secondary p value is interpreted as confirmatory. No multiplicity
adjustment was applied; the resulting risk of type I error is
emphasized in the interpretation and limitations.

A multivariable linear regression modeled signed LA
contractile strain as the dependent variable. Hypothyroidism
was coded 1 and control status 0. Prespecified covariates were
age, body mass index (BMI), diastolic blood pressure (DBP),
and heart rate. We report unstandardized coefficients, 95%
confidence intervals, standardized coefficients, t statistics,
p values, variance inflation factors (VIFs), the intercept, R?
adjusted R?, model F statistic, and overall model p value.
Residual plots and multicollinearity diagnostics were examined;
all VIFs were below 2.10. Complete-case sample size for the
model was 86. FT4 correlations used only the 21 participants
with an available FT4 result; no imputation was performed.

Results.

The analysis included 36 women with a documented history
of hypothyroidism and 50 euthyroid controls. The hypothyroid
group was significantly younger. BMI, blood pressure, and



heart rate did not differ significantly, although BMI and heart
rate showed borderline unadjusted differences. Thirty-one
hypothyroid participants (86.1%) were receiving L-thyroxine

Hypothyroid participants had lower LV end-diastolic and end-
systolic volumes, LA volume index, PASP, and RV S'. LVEF
was preserved in both groups. LV end-diastolic diameter and

(Table 1). E/e’ did not differ significantly (Table 2).

Table 1. Baseline clinical and biochemical characteristics.

Variable Controls (n=50) Hypothyroid (n=36) Mean difference (95% CI) Effect size  p value

Age, years 54.0 (35.0-63.0) 36.0 (29.5-48.0) — r=0.23 0.030

BMI, kg/m? 27.7+6.7 25.0+6.3 2.63 (-0.21 to 5.47) d=0.41 0.069

SBP, mmHg 115.6 £9.8 113.1+£15.5 2.49 (-3.40 to 8.38) d=0.20 0.401

DBP, mmHg 70.0 (63.0-75.0) 68.0 (59.5-73.5) — r=0.13 0.227

Heart rate, beats/min 76.4+11.0 71.8£11.0 4.60 (-0.20 t0 9.31) d=0.42 0.060

TSH, mIU/L 1.8 (1.3-2.4) 4.9 (2.2-7.8) — r=0.55 <0.001
. Available in 21 participants;

FT4 Not available distribution omitted* o o

L-thyroxine therapy, n (%) |— 31 (86.1) — — —

Note: Normally distributed variables are mean + SD and non-normally distributed variables are median (IQR). Mean differences are calculated as
control minus hypothyroid. Cohen d and rank-based r are effect sizes. *FT4 assay unit and reference interval were not recoverable; the potentially
ambiguous distribution is therefore not reproduced. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TSH,
thyroid-stimulating hormone; FT4, free thyroxine.

Table 2. Conventional echocardiographic parameters.

Parameter Controls (n=50) Hypothyroid (n=36) Mean difference (95% CI) Effect size p value
LVEDV, mL 66.0 (55.0-76.0) 54.0 (45.0-60.0) — r=0.32 0.003
LVESV, mL 23.7+5.7 199+5.5 3.74 (1.29 to 6.20) d=0.68 0.003
LVEDD, cm 37+1.4 41+£04 -0.36 (-0.79 to 0.07) d=0.37 0.096
LVEF, % 63.0 (60.0-66.0) 63.0 (61.0-66.0) — r=0.22 0.046
LA volume index, mL/m?> 27.0 (24.0-30.0) 19.0 (17.0-26.0) — r=0.44 <0.001
E/e’ 7.0 (6.0-9.0) 6.5 (5.5-8.0) — r=0.20 0.063
PASP, mmHg 30.0 (24.0-34.0) 26.0 (25.0-27.0) — r=0.39 <0.001
RV §', cm/s 13.0 (12.0-14.0) 12.0 (11.0-13.0) — r=0.33 0.002

Note: Normally distributed variables are mean + SD and non-normally distributed variables are median (IQR). Mean differences are control minus
hypothyroid. LVEDV, left-ventricular end-diastolic volume; LVESV, left-ventricular end-systolic volume; LVEDD, left-ventricular end-diastolic
diameter; LVEF, left-ventricular ejection fraction; LA, left atrial; PASP, pulmonary artery systolic pressure; RV S', peak systolic tricuspid annular
tissue velocity.

Table 3. Myocardial and atrial strain parameters.

Parameter Controls (n=50) Hypothyroid (n=36) Effect size r p value
LV GLS, % -19.0 (-21.8 to -18.0) -20.0 (-21.8 to -18.3) 0.10 0.353
RV GLS, % -23.0 (-24.8 t0 -20.3) -22.0(-25.0t0 -19.3) 0.07 0.488
RV free-wall strain, % -29.0 (-30.0 to -25.3) -26.0 (-29.0 to -24.0) 0.23 0.033
LA reservoir strain, % 41.0 (38.0-50.8) 47.5 (34.3-55.8) 0.001 0.990
LA conduit strain, % -22.5(-31.3t0 -19.0) -28.5(-37.8 to -18.0) 0.08 0.486
LA contractile strain, % -20.0 (-22.8 to -18.3) -15.0 (-24.0 to -11.0) 0.30 0.006

Note: Data are median (IQR). Signed strain values are reported. Less negative conduit and contractile values indicate lower absolute deformation.

LV, left ventricular; RV, right ventricular; LA, left atrial; GLS, global longitudinal strain.

Table 4. Spearman correlations between thyroid measures and echocardiographic parameters.

Variable TSH p (n=86) TSH p value FT4 p (n=21) FT4 p value
LA reservoir strain 0.090 0.423 -0.325 0.151
LA conduit strain -0.075 0.493 0.135 0.560
LA contractile strain 0.118 0.279 0.524 0.015
LV GLS -0.005 0.960 0.363 0.106
LA volume index -0.202 0.062 -0.047 0.840
E/e’ -0.234 0.030 0.012 0.957

Note: FT4 analyses are complete-case subset analyses (n=21); no imputation was performed. Signed LA strain values were used. p, Spearman
rank correlation coefficient.
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Table 5. Multivariable linear regression for signed LA contractile strain.

Predictor B (95% CI) Standardized f t p value VIF
Hypothyroidism (1 vs 0) 2.634 (-0.081 to 5.349) 0.210 1.930 0.057 1.115
Age, years 0.044 (-0.066 to 0.154) 0.104 0.793 0.430 1.626
BMI, kg/m? 0.050 (-0.182 to 0.282) 0.053 0.431 0.668 1.451
DBP, mmHg -0.114 (-0.304 to 0.077) -0.144 -1.187 0.239 1.390
Heart rate, beats/min -0.145 (-0.263 to -0.027) -0.258 -2.439 0.017 1.058
Constant -4.705 (-19.158 to 9.749) — -0.648 0.519 —

Note: n=86; R*=0.152; adjusted R*=0.099; F(5,80)=2.870; model p=0.020. Hypothyroidism was coded 1 and control 0. Residual plots and
multicollinearity diagnostics were examined; all VIFs were <2.10. B, unstandardized coefficient; CI, confidence interval; VIF, variance inflation

factor.

In exploratory deformation analyses, RV free-wall strain
and signed LA contractile strain were less negative in the
hypothyroid group. LV global longitudinal strain (GLS), RV
GLS, LA reservoir strain, and LA conduit strain did not differ
(Table 3). Because conduit and contractile strain are signed
negative values, these differences indicate lower absolute
deformation, not an increase in shortening.

TSH was available for all 86 participants. FT4 was available
for 21 participants. FT4 correlated positively with signed LA
contractile strain (p=0.524, p=0.015), meaning that higher
FT4 ranks were associated with values closer to zero. Given
the signed convention, subset size, incomplete assay metadata,
and multiple exploratory correlations, this finding should not be
interpreted as evidence of improved contractile mechanics. TSH
correlated weakly and inversely with E/e’ (p=-0.234, p=0.030);
other correlations were not significant (Table 4).

The adjusted model was significant overall (F[5,80]=2.870,
p=0.020) and explained 15.2% of variation in signed LA
contractile strain (adjusted R?=0.099). Hypothyroidism did
not reach conventional statistical significance after adjustment
(B=2.634, 95% CI -0.081 to 5.349; p=0.057). Heart rate was
independently associated with LA contractile strain (B=-0.145,
95% CI -0.263 to -0.027; p=0.017). Age, BMI, and DBP were
not independently associated. VIFs ranged from 1.058 to 1.626,
providing no evidence of important multicollinearity (Table 5).

Discussion.

This exploratory study compared conventional and
deformation-derived echocardiographic findings in euthyroid
controls and a heterogeneous group of women with adocumented
history of overt or subclinical hypothyroidism, most of whom
were receiving L-thyroxine. The principal observation was an
unadjusted difference in signed LA contractile strain; however,
group status was not independently associated with the primary
outcome after adjustment for age, BMI, DBP, and heart rate.
The confidence interval included the null and the p value
was 0.057. Accordingly, the study does not establish a direct
effect of thyroid dysfunction on atrial mechanics. Despite
these findings, all participants demonstrated preserved left
ventricular diastolic function and the hypothyroid group was
relatively young. Therefore, the observed reduction in left atrial
contractile strain is unlikely to be explained solely by age or
diastolic dysfunction. Although these observations raise the
possibility that hypothyroidism contributes to early impairment
of left atrial mechanics, multivariable regression analysis did
not identify hypothyroidism as an independent determinant of
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reduced left atrial contractile strain. Accordingly, the observed
association should be interpreted with caution and cannot be
considered evidence of an independent causal effect.

The age imbalance is central to interpretation. Controls were
older, and age can influence chamber size, loading conditions,
diastolic indices, and myocardial deformation. Although age was
included in the prespecified adjusted model for LA contractile
strain, adjusted analyses were not performed for RV free-wall
strain, LA volume index, or RV S'. Those findings therefore
remain unadjusted secondary observations and may reflect age
or other baseline differences. The non-significant age coefficient
within one multivariable model does not eliminate confounding
across the broader set of outcomes.

Conventional echocardiographic findings:

LVEF remained preserved in both groups, whereas LV volumes,
LA volume index, PASP, and RV S’ differed in unadjusted
comparisons. Thyroid hormones influence contractility,
relaxation, vascular tone, and hemodynamics [5,10,11,18,23],
but the present design cannot attribute these differences to
current thyroid-hormone deficiency. The hypothyroid group
combined treated and untreated participants and some treated
participants had achieved biochemical euthyroidism. Lower
LA volume index in the younger hypothyroid group may also
reflect age, body size, or loading conditions rather than impaired
LA physiology. The RV S" and PASP findings likewise require
cautious interpretation because they were not adjusted and arose
among multiple exploratory comparisons.

Myocardial and atrial strain findings:

RV free-wall strain and LA contractile strain were less negative
in the hypothyroid group, while LV GLS, RV GLS, LA reservoir
strain, and LA conduit strain did not differ. Speckle-tracking
methods can detect subtle myocardial deformation before
changes in LVEF [4,14], but measurement is influenced by
loading conditions, acquisition quality, software, and analytic
conventions. The single-view LA method used here is not
equivalent to recommended biplane LA strain assessment [1]
and may reduce precision.

The FT4 correlation requires particular caution. It was based
on only 21 available observations, and assay units and reference
limits were notrecoverable. Moreover, because signed contractile
strain is negative, the positive correlation indicates higher FT4
associated with less negative values. It should not be described
as greater absolute contractile deformation. The finding is
therefore hypothesis-generating and requires verification with
prospectively collected, standardized laboratory data.



In the adjusted primary-outcome model, heart rate remained
associated with signed LA contractile strain, whereas
hypothyroidism did not meet the prespecified significance
threshold. The model explained a modest proportion of
variance, suggesting that unmeasured biological, hemodynamic,
and technical factors remain important. The results support
further study of atrial mechanics in clearly phenotyped thyroid
populations but do not support causal language or clinical
screening recommendations.

Limitations.

This study has important limitations. First, the retrospective,
single-center design and modest sample size limit generalizability
and causal inference. Second, controls were substantially older,
creating major potential confounding. Only the LA contractile-
strain model was adjusted; RV free-wall strain, LA volume
index, RV S, and other secondary outcomes remain unadjusted.

Third, the hypothyroid cohort combined overt and subclinical
disease, treated and untreated patients, and participants with
different current biochemical states. Complete subgroup counts,
etiology, disease duration, treatment duration, and L-thyroxine
doses were unavailable, precluding stratified analysis. Fourth,
FT4 was available in only 21 participants, not in controls, and
assay units and reference intervals could not be independently
verified. These limitations prevent firm interpretation of FT4
distributions and correlations.

Fifth, the retained dataset lacked a complete screening log,
counts of exclusions for image quality, and some conventional
echocardiographic measurements. Ultrasound-system and
transducer identifiers, cycle averaging, formal blinding,
tracking-quality criteria, and manual-correction procedures
were not retained. LA strain was obtained from the apical
four-chamber view only, and interobserver and intraobserver
reproducibility were not assessed.

Finally, numerous group comparisons and correlations were
conducted without adjustment for multiple testing. Secondary p
values may therefore include false-positive findings. The study
should be considered exploratory and the reported associations
should be confirmed in larger, prospectively enrolled, age-
matched cohorts using standardized thyroid phenotyping,
biplane LA strain, reproducibility testing, and prespecified
multiplicity control.

Conclusion.

Women with a documented history of treated or untreated overt
or subclinical hypothyroidism showed unadjusted differences
in RV free-wall strain and the magnitude of LA contractile
strain compared with euthyroid controls. Hypothyroidism was
not independently associated with LA contractile strain after
adjustment for age, BMI, DBP, and heart rate. Because the
cohort was heterogeneous, controls were older, and several
biochemical and technical details were unavailable, the findings
should be interpreted as exploratory associations rather than
direct effects of thyroid dysfunction. Prospective, age-matched
studies with standardized biochemical classification and
echocardiographic acquisition are required.
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Joonmo HgHovdg
33¢930L JoHsbo: 303Mmm0Mmgmbol mIMTgbEoMIdMwO
56586gBol  0Jmbg  Jowrgdls s gMmOMgMmoE

Lo3mbGHOHMwm  ¥amal  JmMol  LEGHbOGHWWo  ©os
13930-GHM93069 9JM39MOMAMsxz0Mwo dshz969dgdol
990006900, dotabgbs obsgrcmol 3mddgzomo
©98MMI5300L Hoboliffot gsbLobL3MMEo Fgnslgdoo.
oLogws Qo dgomqdo: H9EHO™L39JEHmE
d90mbg935-3mbGHGMEol  sbsgoBdo  dggos 86
Jowo: 36 3530960  s©MOg  ©™3v9dgbGHoMmgdMwo
0560g839LEGH MO0 56 LR 3wobozmMo  3o3mmomgmbom
5 50 gmomgmoEwo 3mbGHMmeo. 303nmomgmbol
X380 39H9OMIPYwo 0ogm ©d M0Ed3Es OMYMOS
65036590, obyg 6565939Mbsgd dmbsfoegqdls; 31
(86.19%) 00905 L-000600gdlobl. Bo@ots LEsbstEmwmo
AOBLOMEOSI0MOHO S MOREDMmIowgdosbo L3g3wm-
3693069 99M3560H0MyMx80Mwo Jgx8olnds. 30M39Wo©O
2580bog9e0 0gm FoMsbgbs fobsamarol 3mddzomo strain;
bsMhgbo  89sMgdgdo ogm Lsdogdm. M9yMgboyeo
9mEIWwo  ©3MMHJBH0Mm®s  dbsgoL,  Lbgmaol  dsbol
0bgduol, osbGmwmEmo  §bgzols s  gmerolgdol
dobggom.

890093900:  303Mm®O0MHYIMDBOL XyMBRo  JMBGHOMEWIdM6
39005609300  9boWRsHBOS 0oym. ToMEbgbs 356 3mIol
396009360 gModios mG03g x3MRdo dgbscBmbgd Mo
04m. 90530609 BHoMdM  sborobdo  godmgwobs
056x39065 3963MF0lL Mog0LRBIE0 39Ol strain-obos
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o 3563bgbs Hobsymeols 3998d30m0 strain-oll LooOL
999306905, 3m69dBHoMIdoL 909y 303Mm0MgMbBO
59300090 5O 0gm ©535380MgdMo  BoM3bgbs
Hobogmemol  3ddgoom  strain-msb  (p=0.057), begom
3990003995 MBS 5T 3009dX BogdGHmeao (p=0.017).
513365 3939MMA06Mw  303mMoMIMBY  Xymido
398m3w9bomo  5653mM9JGH0MGOMo 2oblbgsgzgdgdo 96
3BEGHMMHIOL 303MmMN0OHIMDBOL HFMM300JOIX 9BIJGHL
0653990l 39dsb03sBg. Lo FoMms sls 30 Aghyz0wgdyeo,
390L3gdHonwo  33wg3900  LHBIOHOBIIYwo
000gJodoMEmO 3E5B0R0ISEFO0.

153356dm LoGY39d0: 303mmoMgmbo, L3g3W-GHM9306y

99M390OoMaMox0s,  dotibgbs  Hobogmerols  strain,
056x 3905 3963 F0U strain

PE3IOME

Ilens: CpaBuurs crangaprasie u  speckle-tracking

dXOKapauorpadudeckue IIOKa3aTeIH Yy  OKEHIUH C
JOKYMEHTHPOBAaHHBIM aHAMHe30M THUIIOTHpeo3a U ¥
SYTUPEOMJHBIX JIMI, KOHTPOJBHOWH TPYIIBI, yZeids
OCHOBHOe BHMMaHMe 3apaHee OIpeJie €éHHOMY IOKa3aTesio
COKpaTUTeJIbHOH fedopManyuy JIeBOTO Ipeacepaus.

Marepuan u Merozapl: B peTpocmeKTHBHBIN aHaIu3

CJIy4ali-KOHTPOJb BKIIOYeHBI 86 >xeHmuH: 36 C paHee

JOKYMEHTUPOBAHHBIM  SBHBIM IJIM CyOKIMHUYECKHM
TUIIOTHPEO30M u 50 SYTHPEOUTHBIX Y4YaCTHHI],
KOHTPOJIBHOH TIpymmsl. I'pymma rumorupeosa  ObLia

HEOJHOPOJHOM M BKJIOYajJa JIeYeHBIX U HeJeYeHBIX
yuactaun; 31 (86,1%) momyuama L-tupokcusn. IIpoBemensr
CTaHZApTHAs TPAaHCTOpaKajbHas U AByxMmepHas speckle-
tracking sxoxapauorpacdus. IlepBuuHbiM uCx0Z0M ObLIa
cOKpaTuTenbHas  gedopManus ~ JIEBOTO  IpeACepAus;
OCTaJIbHBIC CpaBHEHUA CUYHTAJINCH IIOMCKOBBIMH.
Perpeccrontas Mozesns 65171a CKOPpEKTHPOBaHa 110 BO3PACTy,
MHIEKCy MacChl Teja, AMACTOIHMYECKOMY apTepHaTbHOMY
IaBJIEHUIO U YaCTOTE CePI,eYHBIX COKPAIIEHUI.

PesympraTsl: YYaCTHUIBI C TUIIOTHPEO30M OBLIM MOJIOXE
KOHTPOJIbHOH rpymmsl. Ppaxuus BeIGpOCa JT€BOTO KeTyLouKa
coxpaHsylach B 00eux Trpymmax. B HeCKOppPeKTHPOBAHHOM
dHaJIN3e€ BBIABJIEHBI MEHBIIAA IIO a6COJ'HOTHOI>i BeJINYNHE
JedopManusa CBOOOLHOH CTEHKM IIPAaBOTO >XENyZOdYKa MU
COKpaTuTenbHas AedopMmarnus JIeBOro mpexcepmus. Ilocte
KOPpeKLIUM TUIOTHPeOo3 He ObUI He3aBUCHUMO CBs3aH C
COKpaTUTeNbHON  gedopMmanueil  J€BOTO  IIpeACcepAust
(p=0,057), Torma Kax dYacCTOTa CEpAEYHBIX COKpALIEHUI
coxpaHsiia HesaBuCUMYIO cBs3b (p=0,017).

BriBoger: HeckoppeKkTupoBaHHBIE PasIN4Ms, BbLABICHHBIE
B HEOZHOPOJAHOU TPYIIe TUIIOTHPE03a, He MOATBEpPXKAAIOT
HEe3aBHMCHMO€ BJIMAHHNE TUIIOTHPEO3a Ha MeXaHI/IKy JIEBOTO
npezncepiusi. Heob6xomumsl poCIeKTUBHbIE HCCIIeLOBaHUA
C COIOCTaBJIE€HHMEM II0 BO3PACTy M CTaHZAPTU30BAHHOU
6UOXUMUYECKOH KIaccupuKaiyes.

KnioueBste  cmoBa:  rumormpeos,  speckle-tracking
sxokapguorpadus, medopmanus JIeBOTO  IpefCcepius,
IedopMalrist mpaBoro JKery L oUKa.



	Title

