
Abstract. – AIM: Subclinical hypothyroidism
(SH) is an asymptomatic condition defined by in-
creased serum thyroid-stimulating hormone
(TSH) with normal free thyroid hormone levels.
Heart is a major target organ for thyroid hor-
mone action. The aim of this study was to evalu-
ate cardiac functions in patients with SH by
speckle tracking imaging.

PATIENTS AND METHODS: We included 23
consecutive patients with untreated SH (Group
A; 7 male, mean age: 40.9±1.6 years) and 21 pa-
tients with treated SH (Group B; 6 male, mean
age: 40.2±2.1 years). The control group included
25 healthy volunteers (8 male, mean age:
39.9±2.8 years). Left ventricular (LV) functions
were assessed with speckle tracking imaging.

RESULTS: Age and sex distributions were
similar among the groups. Mean serum TSH
and free T4 levels were 11.7±2.9 µIU/mL,
1.16±0.06 ng/dL for group A; 2.6±0.3 µIU/mL,
1.35±0.09 ng/dL for group B; 1.4±0.3 µIU/mL,
1.31±0.09 ng/dL for controls, respectively (p =
0.001, p = 0.122). The untreated SH patients had
significantly lower LV strain and strain rate val-
ues compared to controls. The treated SH pa-
tients had higher LV strain and strain rate val-
ues compared to untreated SH patients al-
though the difference was not statistically sig-
nificant. The treated SH patients had lower LV
strain and strain rate values compared to con-
trols but the difference was not statistically sig-
nificant.

CONCLUSIONS: Untreated SH is associated
with impairment in LV longitudinal myocardial
function. Speckle tracking echocardiography ap-
pears to be useful both for early detection of LV
impairment in patients with SH and documenta-
tion of improvement in myocardial deformation
parameters with treatment.
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Introduction

Thyroid hormones act an important role on the
cardiovascular system and thyroid diseases have
a prominent adverse effect on myocardial and
vascular functions. Frequency of thyroid dys-
function increases with aging. The prevalence of
subclinical hypothyroidism (SH) is 10% and sub-
clinical hyperthyroidism is 1.5%1. SH is charac-
terized by normal serum free L-thyroxine (fT4)
and free triiodothyronine (fT3) levels and an in-
creased thyroid stimulating hormone (TSH) lev-
el, usually without any clinical signs2. Heart is a
major target organ for thyroid hormone action. T3
is the bioactive hormone that is known to affect
tissue oxygen consumption, vascular resistance,
blood volume, cardiac contractility and heart
rate3. Subclinical thyroid disease has been associ-
ated with systolic and diastolic cardiac dysfunc-
tion, and previous studies have shown that thy-
roxine replacement improved cardiac function in
subjects with SH4.
In overt hyperthyroidism, increased cardiac

contractility, heart rate and altered left ventricular
(LV) loading conditions result in a hyperdynamic
state, with high cardiac output at rest and a sub-
optimal response to exertion5. SH may have simi-
lar but more subtle effects on cardiac function.
Patient with overt hypothyroidism have bradycar-
dia, decreased ventricular filling, decreased car-
diac contractility, which lead to decreased car-
diac output6. In SH, effects of thyroid hormone
replacement on clinical symptoms are still un-
clear7. Previous studies showed that patients with
SH have metabolic, neuromuscular and neu-
ropsychiatric deficiencies. Previous studies indi-
cated that lipid alteration can be one of eventual
risk factors accompanied with thyroid disorder
such as SH. The increase in serum cholesterol
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Figure 1. Left ventricular 2D speckle tracking echocardiography pattern in a patient with subclinical hypothyroidism.
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The control group included 25 healthy volunteers
(8 male, mean age: 39.9 ± 2.8 years). Patients
with impairment of LV systolic function (ejection
fraction < 55%), significant valvular heart dis-
ease, cardiomyopathy, history of coronary artery
disease, malignancy, diabetes mellitus and pa-
tients with poor echogenecity were excluded. All
subjects underwent a resting electrocardiography
and a two dimensional (2D) transthoracic
echocardiography examination. We obtained
medical histories from all patients and performed
physical examination. The investigation complies
with the principles outlined in the Declaration of
Helsinki. The study was approved by the local
Ethics Committee and written informed consent
was obtained from all participants.

Standard Echocardiography and
2D Speckle Tracking Echocardiography
Standard echocardiographic examinations

were performed in accordance with the recom-
mendations of the American Society of Echocar-
diography guidelines14 using an ultrasound sys-
tem (Vivid 7, General Electric, Horten, Norway).
2D speckle tracking echocardiographic data for
LV was obtained from the apical-four chamber
view. A single cardiac cycle was stored in
cineloop format with a frame rate of 40-80 Hz
for the analysis. The S and SR data analysis was
performed as previously described15. The endo-
cardium of LV was manually drawn in end-sys-
tolic single frame, a region of interest was auto-
matically mapped to the endocardial border (Fig-
ure 1). The LV myocardium was automatically
divided into six segments (basal, mid and apical

levels reflects increase of the serum TSH levels
in patients with SH8. Hence, SH may also be
considered as a risk factor for atherosclerosis9.
Left ventricular (LV) diastolic and systolic

dysfunction may lead to increased morbidity, ex-
ercise intolerance and heart failure10. Non-inva-
sive techniques such as standard echocardiogra-
phy indirectly provide information about LV
global functions. Standard echocardiography,
therefore, provides limited data regarding
changes of LV function in hypothyroidism. The
impact of SH on LV diastolic and systolic dys-
function has been studied using tissue Doppler
echocardiography in previous studies11,12. Recent-
ly, new echocardiographic techniques have been
introduced to evaluate myocardial mechanics.
Strain and strain rate imaging is a novel non-in-
vasive method for assessment of myocardial
function. Speckle tracking echocardiography is a
more recent technique that provides a global ap-
proach to LV myocardial mechanics, giving in-
formation about the three spatial dimensions of
cardiac deformation13. The aim of this study was
to evaluate cardiac functions in patients with SH
by strain and strain rate imaging and effect of
treatment on these parameters.

Patients and Methods

Study Population
We included 23 consecutive patients with un-

treated SH (Group A; 7 male, mean age: 40.9 ±
1.6 years) and 21 patients with treated SH
(Group B; 6 male, mean age: 40.2 ± 2.1 years).
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Group A n = 23 Group B n = 21 Control n = 25 p

Age (years) 40.9 ± 1.6 40.2 ± 2.1 39.9 ± 2.8 0.329
Sex (male-%) 7 (30.4%) 6 (28.6%) 8 (32%) 0.969
TSH Levels (mIU/mL) 11.7 ± 2.9 2.6 ± 0.3 1.4 ± 0.3 0.001
Free T4 Levels (ng/dl) 1.16 ± 0.06 1.35 ± 0.09 1.31 ± 0.09 0.122
LVEF (%) 63.7 ± 5.6 65.3 ± 3.5 66.2 ± 3.9 0.150

Table I. Baseline characteristics and laboratory findings.

TSH: Thyroid-Stimulating Hormone; T4: L-Thyroxine; LVEF: Left Ventricular Ejection Fraction.

segments of the septum and LV lateral wall). On-
ly the images that demonstrated appropriate
tracking in all myocardial segments in echocar-
diograms were used in the analysis.

Laboratory Findings
Thyroid hormone parameters were assessed by

a Roche Elecsys 1010/2010 (Mannheim, Ger-
many) using immuno-chemiluminescence assay
method. SH was diagnosed with increased level
of serum TSH and normal fT3 and fT4 levels.
The normal reference levels of the thyroid panel
were: TSH: 0.27-4.30 mIU/mL, fT3: 1.80-4.60
pg/ml, fT4: 0.93-1.70 ng/dl according to the stan-
dards of the biochemistry laboratory of our clin-
ic. Cases with SH were defined as having a TSH
level above 4.2 mIU/mL and fT4 value within
normal range.

Statistical Analysis
Statistical analyses were performed using

SPSS 16.0 statistical package for Windows
(SPSS Inc., Chicago, IL, USA). Continuous data
are expressed as mean ± standard deviation. Chi-
square test was used for comparison of categori-
cal variables while Mann Whitney U and
Kruskal-Wallis test was used to compare non-
parametric continuous variables. Intra- and inter-
observer variabilities were calculated as the ab-
solute difference between two measurements in
percent of their mean. A value of p < 0.05 was
considered statistically significant.

Results

Baseline characteristics and laboratory find-
ings are shown in Table I. Age and sex distribu-
tions were similar among the groups. Age and
sex distributions were as: 23 patients with un-
treated SH (Group A; 7 male, mean age: 40.9 ±
1.6 years), 21 patients with treated SH (Group B;

6 male, mean age: 40.2 ± 2.1 years) and 25
healthy volunteers (8 male, mean age: 39.9 ± 2.8
years) (p = 0.329, p = 0.969, respectively). Mean
serum TSH and free T4 levels were 11.7 ± 2.9
uIU/mL and 1.16 ± 0.06 ng/dL for group A; 2.6
± 0.3 uIU/mL and 1.35 ± 0.09 ng/dL for group
B; 1.4±0.3 uIU/mL and 1.31±0.09 ng/dL for con-
trol group, respectively (p = 0.001 and p = 0.122,
respectively). All patients and controls had nor-
mal LV ejection fraction (group A = 63.7 ± 5.6%,
group B = 65.3 ± 3.5%, group C = 66.2 ± 3.9%,
p = 0.150). LV strain and strain rate data of the
groups are shown in Table II. The untreated SH
patients had significantly lower LV strain and
strain rate values compared to controls. The treat-
ed SH patients had higher LV strain and strain
rate values compared to untreated SH patients al-
though the difference was not statistically signifi-
cant. The treated SH patients had lower LV strain
and strain rate values compared to controls but
the difference was not statistically significant.

Discussion

We showed that patients with untreated SH
had significantly lower LV strain and strain rate
values and the treated SH patients had lower LV
strain and strain rate values without statistical
significant differences compared to controls.
Thyroid dysfunction is a condition which ef-

fects cardiac performance. Triiodothyronine
(T3) is biologically active form of thyroid hor-
mone and effects heart by increasing transcrip-
tions of some genes. There are two main thyroid
hormone receptor (TR) genes in human heart
(TRα and TRβ)16,17. Most of the structural and
functional proteins such as sarcoplasmic reticu-
lum calcium adenosine triphosphatase (ATP-ase)
(SERCA2), α mysosin heavy chain (α MHC),
β1 adrenergic receptors, sodium-potassium ATP-
ase and atrial brain natriuretic hormone and
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phospholamban are regulated by thyroid hor-
mones. T3 leads to upregulation of SERCA2 and
downregulation of phosplolamban and improve
diastolic relaxation of the heart. So that, alter-
ations of serum T3 level may cause cardiac dys-
function16,17.
Thyroid dysfunction is related with risk of

heart failure. Increased and decreased level of
TSH was associated with higher risk of heart
failure development, especially for TSH ≥ 10
mIU/L and for TSH < 0.10 mIU/L (HR: 1.86, p <
0.01 and HR:1.94, p < 0.047 respectively)18. Hy-
perthyroid patients have increased heart rate and
stroke volume that result in high cardiac output
state. But long term exposure to high thyroid hor-
mone level and high cardiac output state may
cause atrial fibrillation, ventricular dilatation and
initiates the development of heart failure19. Heart
failure risk is increased with underlying cardio-
vascular disease in hyperthyroid patients. On the
contrary, hypothyroid patients have low heart rate
and low stroke volume that results in low cardiac
output16. Low T3 level leads to increased phos-
pholamban and decreased SERCA activity, and
results in decreased systolic and diastolic func-
tion of the heart16. Liu et al20 showed that de-
creased thyroid hormone levels after thyroidecto-
my lead to cardiac atrophy and severe cardiac
dysfunction and loss of the arterioles. These find-
ings suggested that hypothyroidism is associated
with low cardiac output. To evaluate the systolic
and diastolic function of heart in hypothyroid and
hyperthyroid state, standard 2D echocardiogra-
phy and Doppler measurements can be used.
In a study, the mean peak systolic strain, the

mean peak systolic strain rate, the mean peak
early diastolic strain rate and the mean peak late
diastolic strain rate were lower in overt hypothy-

roidism compared to controls by tissue Doppler
imaging21. In a meta-analysis, association be-
tween SH and LV function was evaluated. SH
was associated with LV diastolic dysfunction.
There were significant differences between SH
patients and normal controls in LV late diastolic
filling flow velocity (Weighted mean difference:
WMD = 4.51, 95% CI: 2.41 to 6.61), E/A (WMD
= –0.22, 95% CI: –0.30 to –0.13) and the left
ventricular isovolumic relaxation time (WMD =
6.13, 95%CI: 2.79 to 9.48). Whereas there was
not observed difference in LV systolic function22.
Although standard echocardiographic mea-

surements and tissue Doppler imaging can be
useful to evaluate systolic and diastolic function
of heart, diagnostic value of standard echocar-
diography is limited in early phase of cardiac
dysfunction. Therefore, a more precise assess-
ment of cardiac function, 2D speckle tracking
echocardiography, can be used as a diagnostic
method. Speckle tracking echocardiography is a
quantitative technique to evaluate myocardial
function by analyzing spots on the two-dimen-
sional gray-scale ultrasound images of my-
ocardium. It is not user dependent and not af-
fected from angle. To be independent in terms
of the Doppler method enables you to examine
all the regions in the short axis. “Strain” and
“strain rate” values are not affected by the
movement of heart. Strain shows regional defor-
mation of myocardium, “strain rate” shows the
relationship between the time and deformation.
Speckle tracking also provides information
about the segmental wall function23.
In a study, myocardial strain was evaluated

during transition from exogenous hyperthy-
roidism to overt hypothyroidism in patients with
differentiated thyroid carcinoma. Longitudinal
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Strain (%) Strain rate (1/s)

Group A Group B Control p Group A Group B Control p

Septalbasal –17.2 ± 3.7 –18.1 ± 3.3 –19.8 ± 2.4 0.020* –1.3 ± 0.2 –1.3 ± 0.3 –1.4 ± 0.2 0.022*
Septalmid –18.7 ± 3.5 –19.0 ± 3.7 –21.2 ± 2.8 0.023* –1.3 ± 0.2 –1.3 ± 0.1 –1.4 ± 0.2 0.001*,+

Septalapical –19.2 ± 5.4 –20.8 ± 3.7 –23.0 ± 5.3 0.035* –1.3 ± 0.2 –1.4 ± 0.2 –1.6 ± 0.4 0.004*
Lateralbasal –15.8 ± 5.7 –18.2 ± 3.6 –20.0 ± 4.7 0.012* –1.4 ± 0.3 –1.5 ± 0.2 –1.6 ± 0.4 0.070
Lateralmid –15.9 ± 3.9 –18.8 ± 3.0 –19.3 ± 4.4 0.009* –1.2 ± 0.3 –1.3 ± 0.1 –1.5 ± 0.3 0.018*
Lateralapical –17.3 ± 4.5 –19.5 ± 3.0 –21.7 ± 5.0 0.004* –1.3 ± 0.3 –1.4 ± 0.2 –1.5 ± 0.4 0.035*
Global –17.3 ± 3.3 –19.0 ± 2.3 –20.8 ± 2.9 < 0.001*

Table II. Left ventricular strain and strain rate data.

Posthoc analysis: *p < 0.05 Group A vs Control group; +p < 0.05 Group B vs Control group.



and circumferential myocardial strain improved
during changes from hyperthyroid state to euthy-
roid state and deteriorated again in hypothyroid
conditions without significant changes in LV di-
mensions or systolic function24.
In our study, we used 2D speckle tracking

echocardiography to evaluate cardiac function in
hypothyroid state. As shown in previous studies,
untreated SH was associated with impairment in
LV longitudinal myocardial function compared
to healthy controls (p value < 0.001). In fact, car-
diac functions improve with the replacement of
thyroid hormone level in hypothyroid state. We
also found that there was no significant differ-
ence in myocardial strain and strain rate values
except mid septal strain rate between healthy
controls and treated SH patients. So, our findings
support this hypothesis. In the present study, by
using speckle tracking echocardiography LV sys-
tolic dysfunction can be early assessed in SH pa-
tients who have normal ejection fraction values.
Because our study is a cross-sectional study,
prospective investigations must be done in order
to conclude this issue.

Conclusions

Although standard echocardiography can
demonstrate LV systolic function impairment in
patients with SH, it does not provide information
regarding myocardial systolic and diastolic prop-
erties. Untreated SH is associated with impair-
ment in LV longitudinal myocardial function. In
this work, we demonstrated that speckle tracking
echocardiography is not only useful for early de-
tection of LV impairment in SH but also might be
useful to show reversal of impairment.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) SURKS MI, ORTIZ E, DANIELS GH, SAWIN CT, COL NF,
COBIN RH, FRANKLYN JA, HERSHMAN JM, BURMAN KD,
DENKE MA, GORMAN C, COOPER RS, WEISSMAN NJ.
Subclinical thyroid disease: scientific review and
guidelines for diagnosis and management. JAMA
2004; 291: 228-238.

2) WESTERINK J, VAN DER GRAAF Y, FABER DR, SPIERING W,
VISSEREN FL; SMART STUDY GROUP. Relation between

thyroid-stimulating hormone and the occurrence
of cardiovascular events and mortality in patients
with manifest vascular diseases. Eur J Prev Car-
diol 2012; 19: 864-873.

3) KLEIN I, OJAMAA K. Thyroid hormone and the car-
diovascular system. N Engl J Med 2001; 344:
501-509.

4) BIONDI B, PALMIERI EA, LOMBARDI G, FAZIO S. Effects
of subclinical thyroid dysfunction on the heart.
Ann Intern Med 2002; 137: 904-914.

5) FELDMAN T, BOROW KM, SARNE DH, NEUMANN A,
LANG RM. Myocardial mechanics in hyperthy-
roidism: importance of left ventricular loading
conditions, heart rate and contractile state. J Am
Coll Cardiol 1986; 7: 967-974.

6) CROWLEY WF JR., RIDGWAY EC, BOUGH EW, FRANCIS
GS, DANIELS GH, KOURIDES IA, MYERS GS, MALOOF F.
Noninvasive evaluation of cardiac function in hy-
pothyroidism: response to gradual thyroxine re-
placement. N Engl J Med 1977; 296: 1-6.

7) OWEN PJ, LAZARUS JH. Subclinical hypothyroidism:
the case for treatment. Trends Endocrinol Metab
2003; 14: 257-261.

8) STAUB JJ, ALTHAUS BU, ENGLER H, RYFF AS, TRABUC-
CO P, MARQUARDT K, BURCKHARDT D, GIRARD J, WEIN-
TRAUB BD. Spectrum of subclinical and overt hy-
pothyroidism: effect on thyrotropin, prolactin,
and thyroid reserve, and metabolic impact on
peripheral target tissues. Am J Med 1992; 92:
631-642.

9) KAHALY GJ, DILLMANN WH. Thyroid hormone action
in the heart. Endocr Rev 2005; 26: 704-728.

10) KOSAR F, SAHIN I, TURAN N, TOPAL E, AKSOY Y, TASKA-
PAN C. Evaluation of right and left ventricular
function using pulsed-wave tissue Doppler
echocardiography in patients with subclinical
hypothyroidism. J Endocrinol Invest 2005; 28:
704-710.

11) TIRYAKIOGLU SK, TIRYAKIOGLU O, ARI H, BASEL MC,
OZKAN H, BOZAT T. Left ventricular longitudinal my-
ocardial function in overt hypothyroidism: a tissue
Doppler echocardiographic study. Echocardiogra-
phy 2010; 27: 505-511.

12) AKCAKOYUN M, KAYA H, KARGIN R, PALA S, EMIROGLU Y,
ESEN O, KARAPINAR H, KAYA Z, Esen AM. Abnormal
left ventricular longitudinal functional reserve as-
sessed by exercise pulsed wave tissue Doppler
imaging in patients with subclinical hypothy-
roidism. J Clin Endocrinol Metab 2009; 94: 2979-
2983.

13) SITIA S, TOMASONI L, TURIEL M. Speckle tracking
echocardiography: a new approach to myocardial
function.World J Cardiol 2010; 2: 1-5.

14) CHEITLIN MD, ARMSTRONG WF, AURIGEMMA GP, BELLER
GA, BIERMAN FZ, DAVIS JL, DOUGLAS PS, FAXON DP,
GILLAM LD, KIMBALL TR, KUSSMAUL WG, PEARLMAN AS,
PHILBRICK JT, RAKOWSKI H, THYS DM, ANTMAN EM,
SMITH SC JR, ALPERT JS, GREGORATOS G, ANDERSON JL,
HIRATZKA LF, FAXON DP, HUNT SA, FUSTER V, JACOBS
AK, GIBBONS RJ, RUSSELL RO. ACC/AHA/ASE 2003

3327

Speckle tracking imaging in subclinical hypothyroidism



3328

guideline update for the clinical application of
echocardiography: summary article. A report of
the American College of Cardiology/American
Heart Association Task Force on Practice Guide-
lines (ACC/AHA/ASE Committee to Update the
1997 Guidelines for the Clinical Application of
Echocardiography). J Am Soc Echocardiogr 2003;
16: 1091-1110.

15) DANDEL M, LEHMKUHL H, KNOSALLA C, SURAME-
LASHVILI N, HETZER R. Strain and strain rate imag-
ing by echocardiography–basic concepts and
clinical applicability. Curr Cardiol Rev 2009; 5:
133-148.

16) FAZIO S, PALMIERI EA, LOMBARDI G, BIONDI B. Effects
of thyroid hormone on the cardiovascular system.
Rec Progr Hormone Res 2004; 59: 31-50.

17) KLEIN I, DANZI S. Thyroid disease and the heart.
Circulation 2007; 116: 1725-1735

18) GENCER B, COLLET TH, VIRGINI V, BAUER DC, GUSSEK-
LOO J, CAPPOLA AR, NANCHEN D, DEN ELZEN WP,
BALMER P, LUBEN RN, IACOVIELLO M, TRIGGIANI V, COR-
NUZ J, NEWMAN AB, KHAW KT, JUKEMA JW, WESTEN-
DORP RG, VITTINGHOFF E, AUJESKY D, RODONDI N.
Subclinical thyroid dysfunction and the risk of
heart failure events: an individual participant data
analysis from six prospective cohorts. Circulation
2012; 126: 1040-1049.

19) SOH MC, CROXSON M. Fatal thyrotoxic cardiomyopa-
thy in a young man. Bri Med J 2008; 337: a531.

20) LIU Y, REDETZKE RA, SAID S, POTTALA JV, DE ESCOBAR
GM, GERDES AM. (2008) Serum thyroid hormone
levels may not accurately reflect thyroid tissue
levels and cardiac function in mild hypothyroidism.
Am J Physiol Heart Circ Physiol 2008; 294: 2137-
2143.

21) TIRYAKIOGLU SK, TIRYAKIOGLU O, ARI H, BASEL MC,
OZKAN H, BOZAT T. Left ventricular longitudinal my-
ocardial function in overt hypothyroidism: a tissue
Doppler echocardiographic study. Echocardiogra-
phy 2010; 27: 505-511.

22) CHEN X, ZHANG N, ZHANG WL, SHI JP. Meta-analysis
on the association between subclinical hypothy-
roidism and the left ventricular functions under
Doppler echocardiography. Zhonghua Liu Xing
Bing Xue Za Zhi 2011; 32: 1269-1274.

23) TAYYARECI Y, YILDIRIMTURK O, YURDAKUL S, AYTEKIN V,
DEMIROGLU IC, AYTEKIN S. Evaluation of left ventricu-
lar regional systolic functions in patients with
coronary artery disease by two-dimensional strain
imaging: a velocity vector imaging study. Turk
Kardiyol Dern Ars 2011; 39: 93-104.

24) ABDULRAHMAN RM, DELGADO V, HOFTIJZER HC, NG

AC, EWE SH, MARSAN NA, HOLMAN ER, HOVENS GC,
CORSSMIT EP, ROMIJN JA, BAX JJ, SMIT JW. Both ex-
ogenous subclinical hyperthyroidism and short-
term overt hypothyroidism affect myocardial strain
in patients with differentiated thyroid carcinoma.
Thyroid 2011; 21: 471-476.

M. Sunbul, E. Durmus, T. Kivrak, H. Yildiz, B.G. Kanar, B. Ozben, I. Sari, B. Mutlu


