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Cardiac changes with subclinical hypothyroidism
in obese women

Obez kadinlarda subklinik hipotiroidizmle birlikle
kardiyak degisiklikler
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ABSTRACT

Objectives: Obesity has been linked to a spectrum of mi-
nor cardiovascular changes. The aim of this study was to
determine the effect of obesity on cardiac functions and its
relations with subclinical hypothyroidism in healthy women.
Study design: Eighty-eight consecutive “healthy” females
(mean age: 31.2+6.6 years) were included in the study. Thy-
roid function tests and echocardiography studies were per-
formed in all patients. Height, weight, and waist and hip cir-
cumference were also measured. A body mass index (BMI)
above 30 kg/m? was considered obese.

Results: Left ventricular mass (LVM) was higher in obese
subjects (p<0.001). Doppler-derived indices of LV diastolic
filling showed clear abnormalities of myocardial relaxation
in obese subjects with higher E/e’ (p=0.001) and larger
left atrial volume (LAV) (p<0.001). LV myocardial perfor-
mance index was also significantly higher in obese subjects
(p=0.033). Thyroid-stimulating hormone (TSH) levels were
significantly higher in obese subjects (p=0.011) and were
positively correlated with BMI, waist circumference, LAV,
and LVM. The prevalence of abnormal systolic and diastolic
functions showed stepwise increases with higher TSH lev-
els in obese subjects. Multiple regression analysis was used
to evaluate the association of E/e’ with anthromorphometric
and biochemical parameters, and waist circumference was
found to be the strongest independent variable correlated
with the E/e’ ratio.

Conclusion: Cardiac structural and functional deteriora-
tions may be related with subclinical hypothyroidism in obese
subjects.

OZET

Amac: Obezitenin degisen yogunlukta kardiyovaskuler de-
gisikliklere neden oldugu bilinmektedir. Bizim bu ¢alismada
amacimiz saglkl kadinlarda obezitenin kalp fonksiyonlari
tizerine olan etkisini ve subklinik hipotiroidizmin olaya katki-
sini arastirmaktir.

Calisma plani: Galismaya ortalama yasi 31.2+6.6 olan 88
saglkl kadin alindi. Tum olgularda tiroit islevleri degerlen-
dirildi ve ekokardiyografik inceleme yapildi, boy, kilo, bel ve
kalga cevresi dlculdu. Beden kutle indeksi (BKI) >30 kg/m?
olanlar obez olarak degerlendirildi.

Bulgular: Sol ventrikul kitlesi (SVK) obez olgularda daha
yuksek bulundu (p<0.001). Doppler ile gbsterilen sol vent-
rikulun diyastolik dolus parametreleri obezlerde bozuk
olarak saptandi. Obez olgularda E/e’ orani daha yuksek
(p=0.001) ve sol atriyum hacmi (SAH) daha fazla saptandi
(p<0.001). Sol ventrikul TEI indeksi obezlerde daha yuksek
bulundu (p=0.033). TSH duzeyi obez hastalarda anlamli
olarak yuksekti (p=0.011). TSH ile BKI, bel ¢evresi, SAH,
SVK ve sol ventrikulun miyokart performans indeksi arasin-
da pozitif korelasyon saptandi. Obezlerde yuksek TSH de-
geri ile birlikte sistolik ve diyastolik fonksiyonlarda bozulma
oldugu goruldlu. Multipl regresyon analizi ile E/e’ oraninin
antropometrik ve biyokimyasal parametreler ile olan iliskisi
degerlendirildi. Bel ¢evresi, E/e’ orani ile baglantili, guglu,
bagimsiz degisken olarak saptandi.

Sonuc: Sonug olarak kalpte yapisal ve fonksiyonel bozul-
malarin obezlerde subklinik hipotiroidi ile iligkili olabilecegi
dusunuldu.
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besity has become an epidemic condition and is

associated with an increased risk of hyperten-
sion, diabetes, hyperlipidemia, sleep apnea, coronary
heart disease, and stroke.['?] Several clinical studies
have evaluated the issue of hormonal changes associ-
ated with obesity®* and consistently reported chang-
es in thyroid function parameters in obese subjects.!¢!
Obesity has been linked to a spectrum of cardiovascu-
lar changes.[®! It is important to detect these changes
early, as it is possible to reverse them with treatment
in the early stages of the disease.

The aim of this study was to determine the effect
of obesity on cardiac functions and its relations with
subclinical hypothyroidism in healthy females.

PATIENTS AND METHODS

Eighty-eight consecutive healthy females (mean age:
31.2+6.6 years) who had admitted to our cardiol-
ogy outpatient clinic were recruited to the study. The
medical records of all subjects were assessed. Sub-
jects with a history of established heart disease, type
II diabetes mellitus, hypertension, dyslipidemias, thy-
roid diseases, and active inflammation were exclud-
ed from the study. Prediabetic subjects with fasting
glucose >100 mg/dl were also excluded according to
the American Diabetes Association (ADA) criteria.
Pl Height, weight and waist circumference were also
measured. All subjects underwent biochemical labo-
ratory evaluation for blood tests and transthoracic
echocardiography for standard echocardiographic ex-
amination. According to their body mass index (BMI),
the subjects were divided into two groups as BMI <30
kg/m? (group 1) and BMI >30 kg/m? (group 2). We
considered obesity as BMI >30 kg/m? as expected in
the following literature.!'"!

The investigation was conducted in accordance
with the guidelines proposed in the Declaration of
Helsinki. The study protocol was approved by the lo-
cal ethics committee and informed consent was ob-
tained from all participants. No funding was received
to support this work.

Anthromorphometry and laboratory tests

Body mass index was calculated as weight (in kilo-
grams) divided by the square of height (in meters).
Waist circumference (in centimeters) was measured
from the midpoint between the lowest rib and the iliac
crest, with the subject standing.

Blood sarnples Abbreviations:
were obtained after at
least 12 hours of fast- rr
ing. FaSting glucose HDL High—delnsity lipoprotein

LAV Left atrial volume
levels were assessed ;p;
by routine laboratory
techniques. Serum i _

K MPI  Myocardial performance index
thyroid hormone lev- 7p;
els were measured by SH
ultrasensitive immune
radiometric assay using auto-analyzer systems, ac-
cording to the manufacturer’s instructions. The nor-
mal values were as follows: thyroid-stimulating hor-
mone (TSH): 0.27-4.2 ng/ml, free triiodothyronine
(FT3): 1.6-4.7 pg/ml, and free thyroxine hormone
(FT4): 0.61-1.12 ng/ml.

Body mass index

Free triiodothyronine

Low-density lipoprotein
LVEF  Left ventricular ejection fraction
LVM  Left ventricular mass

Tissue Doppler imaging

Thyroid-stimulating hormone

Echocardiography

Echocardiographic examinations were performed ac-
cording to the American Society of Echocardiography
recommendations!'!! with a Vivid 3 instrument (Gen-
eral Electric, Horten, Norway) and a 2.5 MHz trans-
ducer. All echo-Doppler studies were carried out by
the same observer who was unaware of the clinical
data in order to avoid inter-reader variability. Mea-
surements were made on three consecutive beats and
the results were averaged. Images were recorded digi-
tally to an online system for measurement and analy-
sis. Standard echocardiographic analysis included
two dimensional, M-mode, and Doppler flow mea-
surements.

Left ventricular ejection fraction (LVEF) was
measured with modified Simpson’s method from
two-dimensional echocardiographic tracings obtained
in apical four-chamber view, and other echocardio-
graphic measurements were assessed according to the
American Society of Echocardiography guidelines.
(] Left ventricular mass (LVM) was calculated using
the equation described by Devereux.!!?! The left atrial
volume (LAV) was calculated using the area-length
method. Using this method, the area of the left atrium
was measured from both apical views by planimetry
(Al and A2). A linear dimension was measured from
the center of the mitral annulus to the superior border
of the chamber (L). The LAV was then calculated as
[(0.85 x A1 x A2) / L].'¥ Diastolic functions were
evaluated by mitral inflow parameters (E, A, decelera-
tion time [DT], E/A ratio).!'¥
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Tissue Doppler echocardiography [tissue Dop-
pler imaging (TDI)] was performed from the apical
four-chamber view by placing a 5-mm sample vol-
ume to the basal septum and lateral mitral annulus
using pulsed-wave TDI as previously described.[']
Settings were adjusted for a frame rate between 120
and 180 Hz, and a cine loop of 3-5 consecutive heart
beats were recorded. TDI-derived systolic, early and
late diastolic indices were measured and averaged for
global systolic and diastolic function.

Myocardial performance index (MPI) was calcu-
lated as the sum of isovolumic contraction time and
isovolumic relaxation time divided by ejection time!!”!
(Fig. 1).

E/e’ratio: Early diastolic mitral inflow velocity (E)
was measured using the pulsed- wave Doppler method
by placing the sample volume at the level of the mi-
tral valve leaflet tips. The tissue Doppler-derived early
diastolic velocity (e”) was measured from the average
of septal and lateral tissue velocities in the apical four-
chamber view.[''! The examinations were performed
by the same operator for all participants in the study.

Statistical analysis

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) 11.0 for
Windows. Data are presented as mean+SD, controlled
for normal distribution by Kolmogorov-Smirnov test.
Differences between any two groups were compared
by Mann-Whitney U-test because of abnormal distri-
bution. Categorical data between two or more groups
were compared by the Pearson y? test. The correlation
of continuous variables was analyzed by Pearson and
categorical variables by Spearman correlation analysis.
Logistics regression analysis was used to identify the
independent predictors related with BMI from among
hormonal and echocardiographic parameters. A prob-
ability value of p<0.05 was considered as significant.

RESULTS

Eighty-eight consecutive females (mean age: 31.2+6.6
years) were included. All the patients were asymp-
tomatic and in sinus rhythm. Findings of the physical
examination, medical history, and electrocardiogra-
phy were found normal. The clinical characteristics
of the study population are shown in Table 1. Both
heart rate and blood pressure were comparable be-
tween the two groups. TSH levels were significantly

Figure 1. Tissue Doppler echocardiography images for cal-
culation of myocardial performance index.

higher in obese subjects (p=0.05). FT3 and FT4 levels
were in the normal ranges and did not differ between
groups. Waist circumference was significantly high-
er in obese subjects (p<0.001). Table 1 summarizes
Doppler-echocardiographic results. No clear evidence
of systolic dysfunction was found between the two
groups, but LVMs were higher in the obese subjects
(p=0.002). Doppler-derived indices of LV diastolic
filling showed clear abnormalities of myocardial re-
laxation, as indicated by higher E/e’ (p=0.031), LAV
(p<0.001) and left ventricle MPI (p=0.004) in the
obese subjects (Fig. 2). We evaluated hypothyroidism
in the obese subjects. Obese subjects were divided
into two groups and compared according to mean
TSH levels (Group a <2.2 mg/dl [n=28], group b >2.2
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Figure 2. Correlations of myocardiyal performance index

with body mss index (BMI).
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Table 1. Demographic and echocardiographic results

Non-obese group Obese group p
(BMI <30) (BMI =30)
(n=44) (n=44)
Mean+SD Min-Max Mean+SD Min-Max

Age (years) 29.9+5.6 17-42 32.4+7.4 18-47 0.189
Waist circumference (cm) 90.4+8.3 68-107 106.9+9.1 92-140 <0.001
TSH 1.8+1.3 0.24-6.3 2.4+1.5 0.27-7.91 0.05
FT4 1.1+0.7 0.7-2.1 1.0+0.6 0.6-2 0.245
FT3 2.8+0.7 0.65-3.47 2.7+0.7 0.58-3.15 0.321
Fasting glucose (mg) 86.2+8.2 70-100 89.4+7.3 70-100 0.109
Triglycerides (mg/dl) 99.5+44.7 44-218 121.3+64.2 33-327 0.051
T-Chol (mg/dl) 186.2+35.7 110-286 187.8+33.9 121-271 0.83
HDL (mg/dl) 55.5+12.2 34-86 50.2+9.1 32-75 0.02
LDL (mg/dl) 113.8+23.5 64-171 120.6+27.9 62-181 0.21
Systolic AP (mmHg) 116.5+12.8 80-135 112.2+12.7 90-135 0.09
Diastolic AP (mmHg) 76.8+7.7 60-93 73.9+8.8 60-94 0.08
LVEF (%) 61.3+2.3 57-68 61.3+2.0 58-65 0.944
LVM (g) 132.5+34.3 54.9-232.7 155.1+31.5 98.7-221.6 0.002
Mitral dec T (msn) 184.8+31.7 121-254 197.5+36.3 114-267 0.1
E/e’ 7.0+1.5 4.3-12.4 7.8+1.8 4.4-13.2 0.031
Mitral Tei index 0.44+0.07 0.28-0.7 0.49+0.08 0.35-0.65 0.004
LAV (mm3) 41.8+9.6 18.4-63 53.8+13.1 34.1-81.6 <0.001

BMI: Body mass index; TSH: Thyroid-stimulating hormone; FT3: Free triiodothyronine; FT4: Free thyroxine hormone; T-Chol: Total cholesterol;
HDL: High-density lipoprotein; LDL: Low-density lipoprotein, AP: Arterial pressure; LVEF: Left ventricular ejection fraction; LVM: Left ventricular

mass; Mitral dec T: Mitral deceleration time; LAV: Left atrial volume.

[n=16]). The prevalence of abnormal systolic and
diastolic functions showed stepwise increases from
group a to group b, but the difference was not signifi-
cant. LMI (82.7+11.3, 86.2+14.2; p=0.39), LAV index
(2844.6, 30.9+£7.5; p=0.14), LVEF (61.5£2, 60.6+1.7;
p=0.18), LV MPI (0.40+0.07, 0.51+0.09; p=0.39), and
RV MPI (0.27+0.04, 0.28+0.12; p=0.74). Clinical hor-
monal and echocardiography parameters that correlate
with BMI and TSH are demonstrated in Tables 2 and
3. Multiple regression analysis was used to evaluate
the association of E/e’ with anthromorphometric and
biochemical parameters (TSH levels, fasting glucose,
total cholesterol, triglyceride, high-density (HDL) and
low-density (LDL) lipoprotein levels, BMI, waist cir-
cumferences, and systolic and diastolic arterial pres-
sure). It was observed that E/e’ was significantly as-
sociated only with waist circumferences (standardized
B coefficient= 0.432, p=0.04) (Fig. 3). Other param-

eters were not significantly associated with E/e’: TSH
(standardized  coefficient= 0.146, p=0.14), fasting
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Figure 3. E/e’ ratio was correlated significantly with waist
circumference.
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Table 2. Correlations of BMI with other echocardiographic and anthromorphometric parameters

Body mass index

Pearson correlation

Significance (2-tailed)

Thyroid-stimulating hormone

Age (year)

Waist (cm)

Left ventricular mass (g)

Left ventricular ejection fraction (%)
Left ventricular TEI index

Mitral pressure HT (msn)

Left atrial volume (mms3)

E/e’

Mitral e’

0.345 0.001
0.131 0.228
0.885 <0.001
0.574 <0.001
-0.21 0.849
0.279 0.009
0.195 0.079
0.562 <0.001
0.360 <0.001
-0.320 0.003

TEI: Total ejection isovolume; HT: Half-time; MIT e’: Tissue Doppler E wave of mitral annulus.

Table 3. Correlations of TSH with other echocardiographic and anthromorphometric parameters

TSH

Pearson correlation

Significance (2-tailed)

Body mass index (kg/m?2)

Age (year)

Waist (cm)

Left ventricular mass (g)

Left ventricular ejection fraction (%)
Left ventricular TEI index

Mitral pressure HT (msn)

Left atrial volume (mm3)

E/e’

Mitral E TDI

0.345 0.001
0.147 0.171
0.297 0.006
0.247 0.022
0.073 0.502
0.254 0.018
0.195 0.087
0.347 0.001
0.360 0.136
-0.104 0.341

TEI: Total ejection isovolume; TSH: Thyroid-stimulating hormone; HT: Half-time; Mitral E TDI: Tissue Doppler E wave of mitral annulus.

glucose (standardized p coefficient=-0.101, p=0.34),
total cholesterol (standardized [ coefficient= 0.218,
p=0.03), triglycerides levels (standardized P coeffi-
cient=0.218, p=0.03), HDL levels (standardized 3 co-
efficient=-0.152, p=0.17), LDL levels (standardized 3
coefficient= 0.153, p=0.13), BMI (standardized { co-
efficient= -0.022, p=0.88), and systolic (standardized
P coefficient=-0.088, p=0.61) and diastolic (standard-
ized P coefficient= 0.055, p=0.74) arterial pressure.

DISCUSSION

The results of our study demonstrated that cardiac
structural and functional deteriorations were related
with subclinical hypothyroidism in obese subjects.

In the obese patients, an increment in circulating
plasma volume occurs, and consequently, blood vol-
ume rises, which leads to an important increase in the
peripheral vascular bed. To compensate for the aug-
mentation of the blood volume and the capillary net,
the cardiac output is elevated. Increased stroke vol-
ume and cardiac output lead to dilatation of the heart
chambers and eccentric LV hypertrophy.['¥) Several
studies have confirmed the increase in LV diameters,
in addition to wall thickness and ventricular mass,
especially in obese subjects.l'®!®! In our study, LVM
and LAV were increased with obesity. In some stud-
ies, LV systolic function was shown to be preserved
in milder degrees of obesity,!°2!! while other studies
have shown subclinical depression of LV function.!*"
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In our study, we found no systolic dysfunction and
LVEF was similar in the two groups.

Previous reports on diastolic function in obese sub-
jects have reported variable results.?>%1 Earlier studies
in obese individuals have reported inconsistent chang-
es in LV filling indices.*™ Such disparities in simple
flow measures may reflect the sensitivity of transmitral
flow indices to loading conditions as well as the influ-
ence of increased LV mass.?* The interpretation of
transmitral flow in relation to tissue diastolic velocity
may be a better means of assessing diastolic function
especially given the intravascular volume expansion
in obese subjects. The combination of E with peak ¢’
velocity (i.e., E/e’ ratio) is assumed to overcome the
influence of ventricular relaxation on peak E velocity
and reflect left atrial pressure.[') In our study, we found
an increased E/e’ ratio in obese patients. E/e’ was inde-
pendently associated with waist circumferences (Fig.
3). The MPI is an echocardiographic parameter that
correlates with invasive measurements and is used to
evaluate both systolic and diastolic functions.!') Some
previous studies have shown higher MPI values in
obese subjects.*! Kog et al. found no change in MPI
with obesity.?" In our study, we found higher LV MPI
values in obese subjects (Fig. 1).

In previous studies, serum TSH level in obese pa-
tients was higher when compared to healthy controls.
(27281 Unlike TSH, the circulating levels of free thy-
roid hormones vary, as increased or decreased serum
concentrations of FT3,728 with normal or decreased
FT4/FT3 ratios.?”?® In our study, we found the level
of TSH obviously higher in the obese group than in
the non-obese group. FT3 and FT4 were found similar
between the two groups. We also found a significant
correlation between TSH and waist circumference. A
cause and effect relation between obesity and hypo-
thyroidism remains controversial today. Verma et al.
found that obesity was higher in overt hypothyroidism
than in subclinical hypothyroidism, and more patients
were overweight in the overt hypothyroidism group
than in the subclinical hypothyroidism group.?” In
our study, we found a trend to obesity with increased
TSH. In previous studies, it was shown that weight
decreases following treatment for overt hypothyroid-
ism.B% However, there remains no clear knowledge
about treatment in subclinical hypothyroidism.

Some earlier studies have suggested that subclini-
cal hypothyroidism was associated with ventricular

deterioration®"! and increased risk of coronary heart
disease events.”” Our study also demonstrated that
TSH was correlated with LVM and LAV, which are
the well-known echocardiographic indices of poor
prognosis. In our study, LV MPI was increased and
significantly correlated with higher TSH level. We
found a prevalence of abnormal systolic and diastolic
functions, which showed stepwise increases with sub-
clinical hypothyroidism in obese subjects.

In conclusion, cardiac structural and functional
deteriorations may be related with subclinical hypo-
thyroidism in obese subjects. Treatment of subclinical
hypothyroidism could facilitate weight reduction and
could reverse cardiac dysfunction. Further prospec-
tive studies are needed to support this statement.

Limitation

Obesity was measured using only BMI. Ultrasonogra-
phy to determine abdominal obesity may also be used
for better clinical results. Novel echocardiographic
modalities for detection of ventricular systolic and
diastolic dysfunction might influence our results. The
selection of the study population, which included only
healthy females, precludes extrapolation of our results
to the general population.

Conflict-of-interest issues regarding the authorship or
article: None declared
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