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OcHOBHBIE MOJIOKEHUS

* V manyeHToB ¢ MIIEMHYECKOH OOJIe3HBI0 cepliia Ha ()OHE THUIIOTHPE03a, KaK MaHU(ECTHOrO, TaK U
BHOBB JINarHOCTHPOBAHHOTO, HAOMOaeTcsl 0oJiee BRIpaKESHHAS TUCITUITUICMUS], Yallle BBISBISIFOTCS THACTO-
JIM9ecKast AMCQYHKIIMS JIEBOTO JKETyA0UKa  TPEXCOCYIICTast KOpOoHapHast 0osie3Hb. [IpueM 3amMecTuTebHON
TOPMOHAJIBHOM TePAIiH MO3BOJISIET YMEHBIIUTE BRIPAYKEHHOCTD TUCIUITHIEMUH. KonmnuecTBoO mopakeHHbIX
KOPOHAPHBIX apTepHii CBS3aHO C YPOBHEM THPEOCTHMYIHMPYIOLIEro ropMona. [Ipu MHOTO(akTopHOM aHa-
JIM3€ TOJNBKO HAIMYHE TUTIOTHPE03a, YPOBEHb TUPEOMICTHMYIHPYIOLIET0 TOPMOHA W YacTOTa CePIACYHBIX
COKpAILCHNH ObLIM HE3aBUCHMO CBSI3aHBI C HAJMYMEM TPEXCOCYAWUCTOH KOPOHAPHOW HEIOCTATOYHOCTH.

Wzyunts TsKECTH HMIteMudeckoi 0omesnn cepamna (MbC) y manueHToB ¢ rUmoTH-
Hean PEO30M, a TaKKe OLECHUTH (PAKTOPHI, CBA3AHHBIE C TIKECTHIO KOPOHAPHOTO arepo-
CKJIepO3a B FOXKHOMHIUICKOM PETHOHE.
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[Marmuentsr ¢ UBC (n = 240) Obutn 00Ci€0BaHbl B KIMHUKE MHCTUTYyTa MeTu-
IUHCKUX HayK Kepaibl ¢ mpoBeneHreM J1ab0paTopHbIX aHAM30B (OOIIUI aHaIN3
KpPOBHU, OMOXMMHUYECKUE MCCIIEOBAHUS, OIICHKA YPOBHS TUPEOTPOITHOTO TOPMOHA
(TTT), cBoOOmHOTO THpOKCHHA (CT4)), MHCTPYMEHTAIBHBIX HCCIIECTOBAHMMA — DJIEK-
tpokapanorpaduu (IKI'), sxokapauorpaduu (9xoKI') 1 ”HBa3UBHON KOPOHAPHOM
anruorpaduu (KATD'). Hcnbityemble ObUH pa3ieieHbl Ha TPU TPYIIBL: 1-51 Tpymma
— nanueHTsl ¢ MBC 6e3 maroioruu mMToBUaHON kene3sl (n = 150), 2-s rpynma
— nanuenTtsl ¢ MBC ¢ HemaBHO TUAarHOCTHPOBAHHBIM THIIOTHPEO30M 0€3 Teparuu
(n = 15) u 3-s rpymmna (n = 75) — narmentsl ¢ MBC ¢ runotrpeo3om Ha ¢one 3a-
MECTUTEIbHON TOPMOHAIBHOM Tepanuu. [ pymbl CpaBHUBAIKCH 10 UCCIIELYEMBIM
712a00paTOPHBIM TTOKA3aTEISIM U pe3yJIbTaraM HHCTPYMEHTAILHOTO 00CIIeIOBAHHMSI.
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VY 6ompHBIX UBC ¢ runmoTupeo3oM, kak 0e3 Teparuu, Tak | C TEPAITUEH, BhISIBICHBI
CTaTHCTHUYECKH 3HaYMMBbIE PA3JINYMsl B IOBBIIIEHUN KOHIIEHTPALUY TIIFOKO3BI KPO-
BH, OOLIETO XOJIECTEPUHA, TPUIIIULEPHUIOB, IUIONPOTEHNHOB HU3KOW TNIOTHOCTH U
CHIDKEHUH COZEp)KaHUS aHTHATEPOr€HHOTO JHUIONPOTENHA BBICOKOW MIOTHOCTH
o cpaBHeHuto ¢ 6onpHbIME UBC Ge3 runotupeosa (p < 0,001). B rpynmnax mamu-
€HTOB C TUIIOTHPEO30M, KOTOPBIM ObllIa ONTUMAJILHO M0100paHa 3aMeCTUTEbHAS
rOpMOHaJIbHAs Tepamys, a TaKke 0e3 Tepanuu npeodnanano KOJIMIecTBO NalyeH-
TOB C TPEXCOCYIUCTOH HIIEMUYecKor 0oJe3HkI0 cepana (66,7% u 60,0%), uem B
rpymne nauentos ¢ MUBC 6e3 runorupeosa (13,3%, p < 0,05). CooTBeTCTBEHHO,
IIPH OIICHKE MIIEMHUYecKor Oome3Hu cepima ¢ momomibio SYNTAX Score maru-
€HTBI ¢ TMIIOTUPEO30M B 00EHX IpyIax Yaile HMeNH TSHKeI0e OpakeHHue Kopo-
HapHbIX apTepuil. B uccnenyemoii rpymnme nanneHToB ¢ UbC BeIsABIEHA CTaTHCTH-
YEeCKHU 3HauuMasi acconmanus Mexxay ypoHeM TTT 1 komu4ecTBOM MOpaKEHHBIX
kKopoHapHbIX aprepuit (r = 0,324, p < 0,001). B mogenn MHOXECTBEHHOI OHHAP-
HOW JIOTHCTHYECKOH PETPECCHH Cleqyonre (pakTopbl UMENIN 3HAYUMYIO CBSI3b C
3a0oseBaHrEM 3 cocyloB: rpymnna ¢ runotupeosom (B = 2,151; p = 0,012), ypo-
BeHb cBoOoaHOoro T4 (B = 0,919; p = 0,021) 1 yactora CepACUHBIX COKpAICHUN
(B=10,933; p=0,011).
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Coronary artery lesions in hypothyroidism

Pesynerarel HACTOSIIETO MCCIENOBAaHUS MOAYEPKUBAIOT HEOOXOIMMOCTH BBISBIIC-
HUS TUIIOTHPE03a y TIANMEHTOB ¢ MIEMUYeCKOl 00e3HbI0 cepara. J{ist koppexmm
3akiouenune JUCITHITUIEMHN Y TAaKAX TAMEHTOB HEOOXOIMMO JOTIOIHUTEIEHO IPUHAMATH 3aMe-
CTHTEIIFHYIO TOPMOHAIILHYIO TePAITHi0. BO3MOXXHOCTB YIIyYIIIeHHS ITPOTHO3a 33 CYET
MTOOOHBIX BMEIIATENLCTB TPEOYeT MOATBEPKACHUS B TATBHEHUIIINX NCCIIEIOBAHMSX.

...................................................................................................................................................... .

Wmemuueckast 6one3nb cepimna © [mnorupeo3 * CremneHb TSHKECTH KOPOHAPHOTO
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Highlights
* In patients with coronary artery disease in the presence of hypothyroidism, both manifest and newly
diagnosed, more pronounced dyslipidemia is observed, left ventricle diastolic dysfunction and three-
vessel coronary disease are more often detected. Taking hormone replacement therapy helps reduce the
severity of dyslipidemia. The number of affected coronary arteries is associated with thyroid-stimulating
hormone levels. In multivariate analysis, only the presence of hypothyroidism, thyroid-stimulating
hormone levels, and heart rate were independently associated with three-vessel coronary artery disease.

To examine the severity of coronary artery disease (CAD) in patients with
Aim hypothyroidism and also to evaluate the factors associated with the severity of
coronary atherosclerosis in the South Indian region.

...................................................................................................................................................... .

CAD patients (n = 240) were examined at the Kerala Institute of Medical Sciences
clinic with laboratory tests (general blood count, biochemical studies, assessment of
thyroid hormone levels thyroid stimulating hormone (TSH), free thyroxine (FT4)),
instrumental studies — electrocardiography (ECG), echocardiography (EchoCG),
and invasive coronary angiography (CAG). The subjects were divided into three
groups: Group 1 — CAD patients without thyroid pathology (n = 150), Group 2 —
CAD patients with newly diagnosed hypothyroidism without therapy (n = 15) and
Group 3 (n = 75) CAD patients with hypothyroidism with hormone replacement
therapy. The groups were compared according to the studied laboratory parameters
and the results of instrumental examination.

..................................................................................................................................................... .

In CAD patients with hypothyroidism, both without therapy and with therapy,
statistically significant differences were revealed in the increase in the concentration
of blood glucose, total cholesterol, triglycerides, low-density lipoproteins and a
decrease in the content of anti-atherogenic high-density lipoprotein, compared
with CAD patients without hypothyroidism (p < 0.001). In the groups of patients
with hypothyroidism who had optimally selected hormone replacement therapy, as
well as without therapy, the number of patients with three-vessel coronary artery
disease (66.7% and 60.0%) prevailed than in the group of CAD patients without
hypothyroidism (13.3%, p < 0.05). Accordingly, when assessing coronary artery
disease using the SYNTAX Score, patients with hypothyroidism in both groups
were more likely to have severe coronary artery lesion. In the study group, CAD
patients showed statistically significant associations between TSH levels and the
number of affected coronary arteries (r = 0.324, p < 0.001). In a multiple binary
logistic regression model the following factors had a significant association with
3-vessel disease: group with hypothyroidism (B =2.151; p = 0.012), free T4 level
(B=0.919; p=0.021), and heart rate (B =0.933; p=0.011).

Methods

Results
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The results of the present study highlight the need to identify hypothyroidism in
patients with coronary artery disease. To correct dyslipidemia in such patients, it

Conclusion

is necessary to additionally take hormone replacement therapy. The possibility of

improving prognosis through such interventions requires confirmation in further

studies.

...........................................................................

Coronary artery disease * Hypothyroidism ¢ Severity of coronary atherosclerosis
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Cnucox coxkpaieHui

A — peak velocity of late transmitral flow FT3 — free T3

CAD — coronary artery disease FT4 — free thyroxine

CAG — coronary angiography LAVi — left atrial volume index

E — peak velocity of early transmitral flow LV - left ventricular

CH — peak early diastolic velocity at the lateral mitral annulus TSH — thyroid stimulating hormone
ECG - electrocardiography

Introduction of hypothyroidism on the condition of the coronary

The development and progression of coronary artery
disease (CAD) is caused by a number of known risk
factors (dyslipidemia, smoking, arterial hypertension,
physical inactivity, psychosocial stress, hereditary
predisposition). The combination of coronary artery
disease with other pathogenetic conditions can
contribute to its progression and worsen the prognosis.
We can recall such comorbid conditions as diabetes
mellitus, chronic lung pathology, chronic kidney
disease. In this series, thyroid diseases can also have
adverse effects on the cardiovascular system, such as
lipid profile and blood pressure. Thus, hypothyroidism
has been shown to have a negative impact on factors
affecting heart health, such as body mass index, lipid
profile, blood pressure, endothelial function and left
ventricular function [1]. Despite the fact that the role
of hypothyroidism during coronary heart disease
has been discussed for quite a long time, there are
no recommendations for the management of such
patients yet. The relevance of the study of this topic is
due to the following factors: the influence of thyroid
hormones on the membrane current of cardiomyocyte
ions, stroke volume, morphofunctional parameters of
the myocardium, and on the state of the peripheral
vascular bed. Thyroid hormones are closely related
to the regulation of the renin-angiotensin system [2,
3]. A controversial issue remains the influence of
hypothyroidism on changes in lipid profile parameters,
which play a critical role in assessing the course of
coronary artery disease. However, data on the effect
of hypothyroidism on the course of dyslipidemia are
contradictory. According to some studies, hormone
imbalance in hypothyroidism negatively changes the
ratio of lipid profile fractions, and also worsens the
condition of the endothelium [4—6]. There are also
publications with data refuting the negative effect of
thyroid hormones on the course of dyslipidemia [7].

Literary sources contain data on the negative impact

artery. According to studies, patients with primary
hypothyroidism and CAD have a higher incidence
of coronary artery disease compared to patients with
CAD without hypothyroidism [8]. On the other hand,
in subclinical hypothyroidism, non-calcified soft
atherosclerotic plaques are more often observed, which
does not provide a complete picture of the effect of
hypothyroidism on CAD [9]. Although dyslipidemia
appears to be one of the main causes of the development
of coronary atherosclerosis, in hypothyroidism
its pathogenetic effect on the severity of coronary
atherosclerosis remains incompletely studied.

According to studies in developed Western
countries, an increase in total cholesterol and
triglycerides in hypothyroidism has been shown [10],
however, in other countries, data on the effect of
hypothyroidism on the lipid profile and other risk
factors are contradictory [11-17]. This may be due to
geographical, ethnic, socio-economic and hereditary
factors [18]. For example, dyslipidemia is less common
in black Africans with hypothyroidism [16]. Also, a
study conducted in South India did not note the effect
of subclinical hypothyroidism on the lipid profile of
patients in a population-based study [7]. Therefore, the
problem of the relationship between hypothyroidism
and the state of the coronary bed (and the factors
mediating their interaction) in various regions remains
relevant.

This served as the basis for the present study, the
aim of which was to examine the severity of coronary
artery disease in patients with hypothyroidism and also
to evaluate the factors associated with the severity of
coronary atherosclerosis in the South Indian region.

Methods

Study population

In a cross-sectional study conducted at the clinic of
the Kerala Institute of Medical Sciences (Trivandrum,
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India) from 2015 to 2018, 1 560 patients were examined
who underwent invasive coronary angiography
and studied their thyroid hormone levels. Inclusion
criteria were as follows: stable coronary artery
disease, established diagnosis of hypothyroidism.
Exclusion criteria: acute forms of coronary artery
disease at the time of inclusion in the study, severe
and decompensated forms of hypothyroidism, other
pathologies of the thyroid gland (nodular goiter, tumors,
thyrotoxicosis), chronic heart failure with functional
class III-IV NYHA, atrial flutter/fibrillation, diabetes
mellitus, stage III obesity, other serious illnesses, as
well as refusal to participate in the study. At the stage
of inclusion of patients in the study, the therapy taken
for CAD was assessed. Treatment was in accordance
with current recommendations of the European Society
of Cardiology. Patients who, for any reason, did not
take certain medications or had contraindications to
them according to clinical recommendations were
excluded from the study. According to the inclusion
and exclusion criteria, 240 patients with stable CAD
were selected (Figure 1). The study was performed in
accordance with the Good Clinical Practice standards
and the principles of the Declaration of Helsinki. The
study protocol was approved by the Local Ethical
Committee. Informed consent was obtained from all
subjects involved in the study.

Data Collection

The examination plan included laboratory tests
(general blood count, biochemical studies, assessment
of thyroid hormone levels T4, TSH) and instrumental
studies (ECG, echocardiography). All patients underwent
invasive coronary angiography (CAG). Diagnosis

Patients with coronary artery
disease underwent coronary
angiography, n = 1560

/\

Patients with coronary artery Patients with coronary

disease and hypothyroidism, artery disease and without
n =366 hypothyroidism, n = 1194

\/

| Compliance with inclusion/exclusion criteria |

— T~

Control group: CAD patients Study group: CAD patients
without hypothyroidism, n = 150 with hypothyroidism, n = 90

— \

CAD patients with CAD patients with primary
newly diagnosed hypothyroidism and
hypothyroidism hormone replacement
without therapy, n = 15 therapy, n =75

A

Assessment of the relationship between thyroid status indicators
and clinical and laboratory parameters of coronary artery disease

Figure 1. Flowchart of patient selection
Note: CAD — coronary artery disease.

and treatment of hypothyroidism was carried out in
accordance with the American Association of Clinical
Endocrinologists and American Thyroid Association
Taskforce on Hypothyroidism in Adults [19]. The subjects
were divided into three groups: Group 1 — CAD patients
without thyroid pathology (n = 150), Group 2 — CAD
patients with newly diagnosed hypothyroidism without
therapy (n = 15) and Group 3 (n = 75) — CAD patients
with hypothyroidism and hormone replacement therapy
(L-thyroxine with dosage varied from 25 to 100 mcg/
day). The groups were compared according to the studied
laboratory parameters and the results of instrumental
examination. All patients who participated in the study
provided prior written informed consent, taking into
account the ethical principles outlined in the 2013 World
Medical Association Declaration of Helsinki Revision.

Thyroid hormone determination

Before CAG, fasting venous blood tests were
performed to measure cholesterol, triglycerides,
high-density lipoprotein, low-density lipoprotein,
very low-density lipoprotein, and cholesterol-to-
low-density lipoprotein ratio. The levels of lipid
profile, transaminases, bilirubin, albumin, creatinine,
C-reactive protein and thyroid hormones (TSH,
T4), as well as the concentrations of Na, Ca, K ions
were determined using a Cobas 6 000 apparatus.
The concentration of troponin T and myoglobin was
studied using the apparatus Cobas e411ECLIA. The
concentration of thyroid-stimulating hormone was
measured in milliinternational units per liter (mIU/L),
the content was considered normal 0.4—4.0 mIU/L. The
level of free thyroxine in the blood was measured in
picomoles per liter (pmol/L), a concentration of 10.8—
24.5 pmol/L was considered normal. TSH and T4 free
were determined by chemiluminescence immunoassay
on microparticles (chemiluminescent immunoassay on
microparticles). Blood was collected using disposable
vacuum systems (BD Vacutainer) with a coagulation
activator (SiCh) from the cubital vein after patients had
rested for 15 minutes on an empty stomach from 8 to
9 am. Venous blood in special transport containers was
delivered to the laboratory in a timely manner (delivery
time did not exceed 60 minutes after blood collection).
Blood serum for research was obtained by centrifuging
tubes at 3,000 rpm for 10 minutes. The resulting serum
was stored in disposable Eppendorf tubes at —70 °C;
defrosting, if necessary, was carried out no more than
once. The diagnosis of chronic kidney disease was
based on KDIGO criteria [20]. Glomerular filtration
rate was calculated using the CKD-EPI formula.

CAG and the severity of coronary artery lesions

Coronary angiography was performed CAG was
done by the Judkins technique via radial or femoral
artery using a Siemens Artiz Zee and Philips FD-
20 device. CAD was defined as a greater than 70%
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stenosis by visual assessment in at least one major
vessel or principal side branch. The Syntax score was
used to evaluate the severity of coronary artery lesions.
The coronary artery lesions were divided into three
categories according to Syntax scores: coronary artery
mild lesions (Syntax score 0-22), coronary artery
moderate lesions (Syntax score 23-32), and coronary
artery severe lesions (Syntax score > 32).

Echocardiography

Echocardiography was performed using Vivid
E9 and Vivid 1 (Wipro GE Medical System). The
images were obtained using the long and short axes
in the parasternal and apical projections and all
measurements were performed according to current
recommendations [21]. The dimensions of the heart
chambers (left atrial dimension (LA) and volume
index (LAVi), left ventricular end-diastolic and end-
systolic dimensions, left ventricular end-diastolic and
end-systolic volumes, regional abnormalities of left
ventricular wall contraction, left ventricular ejection
fraction, and the presence and degree of regurgitation
were measured. Left ventricular ejection fraction
was calculated according to the Simpson method. In
pulsed-wave Doppler imaging, LV diastolic parameters
were studied: peak velocity of early (E) and late (A)
transmitral filling of LV and their ratio (E/A), and
deceleration time. Tissue Doppler imaging was used
to measure peak early diastolic velocity at the lateral
mitral annulus (e’).

The assessment of left ventricular diastolic function
was carried out according to the following criteria [22]:
with an E/A ratio < 0.8 and a velocity E < 50 cm/s,
diastolic dysfunction was defined as minor (grade I /
delayed relaxation). In patients with E/Aratio 0.8-2.0 and
ml/m?, the grade II of diastolic dysfunction determined
based on at least two of three indicators (E/e’ > 14, LAVi
> 34, and peak velocity of tricuspid regurgitation > 2,8
m/s). If the E/A ratio was > 2, diastolic dysfunction was
defined as severe (grade Ill/restriction).

Electrocardiography

ECG analysis was performed in 12 standard leads
using a Mac 1 200 Marquette GE Medical System
electrocardiograph. The values of the RR, PR and
QT intervals, P-waves, Q-waves, the size of the ST
segment, the position of the T wave were recorded.
Using these parameters, the heart rate, the position of
the heart axis, the presence or absence of sinus rhythm,
atrial enlargement, ventricular hypertrophy, partial
blockade of the conduction system. By changing the
position of the T wave and/or depression of the ST
segment, the presence and severity of ischemic changes
in the myocardium were verified.

Statistical Analyses
Processing was carried out using application

packages “Statistica 10.0 for Windows” (StatSoftInc.,
USA) and SPSS 10.0 (IBM, USA). The distribution of
quantitative data was checked using the Shapiro-Wilk
test. Considering that the distribution of all quantitative
characteristics differed from normal, they are presented
as a median (Me) indicating the low (LQ) and upper
(UQ) quartiles. To compare groups, the Kruskal-
Wallace, Mann-Whitney, and > tests were used.
When the number of observations was small, Fisher's
exact test with Yates' correction was used. Bonferroni
correction was used to address the problem of multiple
comparisons. If the data distribution was non-normal,
the Spearman rank correlation method was used. We
used binary logistic regression to identify factors
independently associated with multivessel CAD or
3-vessel CAD (forward stepwise LR method). The
critical significance level of the estimated statistical
hypotheses is p < 0.05.

Results

The initial clinical, anamnestic and laboratory
characteristics of all examined groups are presented
in Table 1. There were no differences by gender in
the 3 groups. CAD patients with newly diagnosed
hypothyroidism without therapy were statistically
significantly older (p = 0.018). When analyzing
comorbid pathology in the studied patients, it was
revealed that hypertension and dyslipidemia were
statistically significantly more common in CAD
patients and hypothyroidism with replacement therapy
(89.3% and 65.3%) than in CAD patients without
thyroid pathology (50.0% and 30.0%) and with newly
diagnosed hypothyroidism without therapy (53.3% and
60.0%; p < 0.001). At the same time, chronic kidney
disease, anemic syndrome and excess body weight
were statistically significantly more often registered
in patients with coronary artery disease with newly
diagnosed hypothyroidism without therapy (p < 0.05).

A comparative analysis of basic parameters
reflecting the course of hypothyroidism in CAD
patients was carried out. As expected, in patients with
hypothyroidism the level of thyroid hormones was
statistically significantly higher than in CAD patients
without hypothyroidism (p < 0.05). Also, in patients
with hypothyroidism, both without therapy and with
therapy, statistically significant differences were
revealed in the increase in the concentration of blood
glucose, total cholesterol, triglycerides, low-density
lipoproteins and a decrease in the content of anti-
atherogenic high-density lipoprotein, compared with
CAD patients without hypothyroidism (p < 0.001).

In a comparative analysis of ECG parameters, the
median heart rate values in all groups were within
the normative values, however, it was statistically
significantly lower in groups with hypothyroidism
(without Me therapy 57 beats per minute, with
Me therapy 62 beats per minute) than in the group

=
=
o
o
=
<
=
=
e
=
B
=

HUCCIIEJOBAHUSA
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of patients with coronary artery disease without
hypothyroidism (Me 79 beats per minute), p < 0.001.
According to ECG data, signs of left ventricular
myocardial hypertrophy were statistically significantly
more often recorded in groups with hypothyroidism (p
< 0.001). Statistically significant differences were also
obtained in the duration of the PR interval and QRS
amplitude (Table 2).

Table 3 presents an assessment of the structural

Table 1. Basic clinical and laboratory data in groups CAD patients

and functional parameters of the left heart according
to echocardiography data. The left ventricular wall
thickness was significantly higher in the groups
with hypothyroidism compared to the group without
hypothyroidism (p < 0.001). The median left
ventricular ejection fraction in all groups was below
standard values, but it was statistically significantly
higher in the group of patients with hypothyroidism
and replacement therapy) than in patients without

CAD without CAD + Hypothyroidism CAD +
hypothyroidism without therapy Hypothyroidism with p
(n=150) (n=15) therapy (n =75)
Men(n,%) .................................................. 61(407) ..................... 9(600) 26(347) ........... 0181

Age (years, Me [LQ; UQ]) 57.5[51.0; 63.0] 64.0 [59.0; 67.01" 59.0 [52.0; 64.0] 0.018
Body mass index (kg/m?, Me [LQ; UQ]) 26.8 [25.3;27.4] 29.3[27.2;30.3]" 27.4124.8;29.7]*  <0.001

Comorbid pathology
Arterial hypertension, (n, %) 75 (50.0) 8(53.3) 67 (89.3)** <0.001
Dyslipidemia, (n, %) 45 (30.0) 9 (60.0)" 49 (65.3)* <0.001
Chronic kidney disease, (n, %) 39 (26.0) 8(53.3) 14 (18.7) 0.02
Chronic obstructive pulmonary disease, (n, %) 29 (19.3) 6 (40.0) 15 (20.0) 0.167
Anemia, (n, %) 22 (14.7) 6 (40.0)" 9 (12.0)* 0.02

Laboratory indicators
FT4, pmol/L, Me [LQ; UQ] 12.91[12.39; 17.00] 9.5 [8.03; 10,17* 15.34[12.78; 16.61]1 * <0.001
TSH, mIU/L, Me [LQ; UQ] 1.9[1.1;2.3] 11.0 [5.5; 15.5] 4.21[2.06; 11.2]* <0.001
Troponin T, pg/mL; Me [LQ; UQ] 31.5[12.2; 672.0] 292.0 [29.0; 800.0] 27.0[12.0; 324.0] 0.07
CK MB, ng/mL; Me [LQ; UQ] 4.03 [2.8;32.9] 10.7 [4.9; 29.0] 5.0 [3.4; 10.0] 0.14
Glucose, mg/dl, Me [LQ; UQ] 171.19[117.13; 196,42] 261.19 [250.48; 272.10]" 216.24 [86.45; 250.48]" < 0.001
HbA1C, %; Me [LQ; UQ] 7.716.1; 8.7] 10.4[10.1; 10.8]" 9.2 [5.7; 10.01** <0.001
Cholesterol, mmol/L; Me [LQ; UQ] 4.6 [4.3;4.9] 5.7[5.1;7.5T 5.5[5.2;7.0]* <0.001
Triglycerides, mmol/L, Me [LQ; UQ] 1.10.98; 1.2] 1.910.9; 3.3 1.511.0; 2.17* <0.001
HDL, mmol/L; Me [LQ; UQ] 1.1[1.04; 1.2] 0.99 [0.83; 1.09]" 1.1[0.9; 1.3] 0.006
LDL, mmol/L; Me [LQ; UQ] 2.91[2.7;3.3] 4.03[3.8;5.3]" 3.7[3.6;4.91* <0.001
VLDL, mmol/L; Me [LQ; UQ] 0.49 [0.44; 0.52] 0.88[0.4; 1.5] 0.7 [0.5; 1.0]* <0.001
Atherogenic coefficient, Me [LQ; UQ] 4.0 [3.7;4.4] 7.2[4.8;8.0]" 5.6 [4.2;7.01* <0.001
GFR (mL/min/1.73 m?), Me [LQ; UQ] 95.7[93.2; 99.2] 80.3 [78.2; 88.0]" 88.7[82.1;97.2]*  <0.001

Note: * p < 0.05 when compared groups 1 and 2; * p < 0.05 when compared groups 1 and 3; * p < 0.05 when compared groups 2
and 3; CAD — coronary artery disease; CK MB — creatine phosphokinase MB; GFR — glomerular filtration rate; HbA1C — glycated
hemoglobin, HDL — high density lipoproteins;, LDL — low density lipoproteins; T4 — thyroxine; TSH — thyroid-stimulating hormone;

VLDL — very low-density lipoproteins.

Table 2. Basic data of electrocardiography in groups CAD patients

CAD +

CAD without Hvpothvroidism CAD +
hypothyroidism ypothy Hypothyroidism with p
I without therapy _
(n =150) (n = 15) therapy (n =75)
Heart rate, beats/minute, Me [LQ; UQ] 79.0 [73.0; 86.0] 57.0 [56.0; 63.0]" 62.0 [56.0; 63.0]* < 0.001
QRS amplitude (thoracic lead), mm, Me [LQ; UQ] 9.0 [8.0; 10.0] 3.0[3.0; 4.01" 3.0[3.0; 4.0]* <0.001
QRS amplitude (enhanced limb leads), mmMe [LQ; 5 5 0. 17.0] 8.0 [7.0; 9.0]" 80[7.0;9.0*  <0.001

uQ]
PR interval, ms, Me [LQ; UQ]
QT interval, ms, Me [LQ; UQ)]

Left ventricular hypertrophy (S1+RV4 or V5) > 35
mm, Me [LQ; UQ]

116.0 [112.0; 118.0]
425.0 [422.0; 430.0] 425.0 [418.0; 468.0]

37.0 [28.0; 39.0]

196.0 [189.0; 216.0]"  196.0 [189.0; 210.0]* < 0.001

425.0 [422.0;435.0] 0.513

41.0[36.0;51.0]°  38.0[36,0; 51.0]*  <0.001

Note: * p < 0.05 when compared groups 1 and 2; * p < 0.05 when compared groups 1 and 3; * p < 0.05 when compared groups 2 and

3; CAD — coronary artery disease.
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hypothyroidism (57.0% and 49%, p = 0.011). When
assessing the indicators of LV diastolic function,
statistically significant differences were obtained
between the E/e' ratio in patients in the CAD group with
newly diagnosed hypothyroidism and hypothyroidism
with therapy and the indicator in CAD patients without
hypothyroidism (p < 0.001).

The severity of coronary artery disease was analyzed
in the study groups. Thus, in the groups of patients with
hypothyroidism who had optimally selected hormone
replacement therapy, as well as without therapy, the
number of patients with three-vessel coronary artery
disease (66.7% and 60.0%) prevailed than in the group
of CAD patients without hypothyroidism (13.3%, p <
0.05) (Figure 2). Accordingly, when assessing coronary
artery disease using the SYNTAX Score, patients with
hypothyroidism in both groups were more likely to
have severe coronary artery lesion.

During the observation period, in 62.5% of patients
underwent myocardial revascularization (Figure 3).
Percutaneous coronary intervention was performed
statistically significantly more often in patients in the
CAD group with newly diagnosed hypothyroidism
(53.3%) and hypothyroidism with replacement therapy
(38.7%) than in the group of patients with coronary
artery disease without hypothyroidism (22.0%; p =
0.003). The opposite trend was observed for coronary
artery bypass grafting; in the group of CAD patients with
without hypothyroidism, the operation was performed
in 38.0% of cases, in the group of CAD patients with
newly diagnosed hypothyroidism in 20.0%, and in the
group with hypothyroidism and replacement therapy in
21.3% (p = 0.014). In other cases, the tactics of optimal
medical therapy were chosen, without a statistically
significant difference in all groups.

A correlation analysis of possible associations
of the frequency of coronary artery lesions with the
levels of thyroid hormones (FT4, TSH) in the study
groups was carried out (Table 3). The TSH level
inversely correlated with single-vessel disease (p <
0.001), directly correlated with three-vessel disease
and damage to 2 or more coronary arteries (p < 0.001
in both cases, Table 4). Free T4 directly correlated

Table 3. Correlation between thyroid hormones and the number
of affected coronary arteries in CAD patients

eveeeeee ISH s FI4 ...
Speal;man p-value Speal;man p-value

1-vessel disease -0.300 <0.001 -0.169 0.011
2-vessel disease 0.003 0.968 0.147 0.027
3-vessel disease 0.319 <0.001 0.053 0.421
Multi-vessel

lesion (2 or more 0.302  <0.001 0.167 0.012
coronary arteries)

Number of 0324 <0001 -0.039  0.541

coronary arteries

Note: FT4 — free thyroxine;, TSH — thyroid-stimulating hormone.

with damage to 2 coronary arteries (p = 0.027) and
multivessel disease (2 or more vessels, p=0.011).

In a multiple binary logistic regression model
(forward LR method), the following factors had a
significant association (¥*(3) = 67.502; p < 0.001)
with multivessel disease: group of hypothyroidism (B
= 2.558; p = 0.001), and heart rate (B = 0.961; p =
0.047). This model explained only 34.4% (Nagelkerke
R2) of the variance and correctly classified 73.0%
of cases (Table 5). A significant association (x2(3) =
75.529; p <0.001) with 3-vessel disease was identified
for the following indicators: group of hypothyroidism
(B =2.151; p = 0.012), free T4 level (B =0.919; p =
0.021) and heart rate (B = 0.933; p = 0.011). For this
model, the Nagelkerke R2 indicator was 0.397, 81%
cases were correctly classified.

Discussion

The present study showed that three-vessel
coronary disease was more often detected in patients
with coronary artery disease in the presence of
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Hypothyroidism with therapy

2-vessel disease
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Hypothyroidism without therapy

1-vessel disease
BCAD
without hypothyroidism

Figure 2. Results of coronary angiography in groups of CAD
patients
Note: * p < 0.05 when compared groups 1 and 2; * p < 0.05

when compared groups 1 and 3; " p < 0.05 when compared
groups 2 and 3; CAD — coronary artery disease.
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Figure 3. Results of revascularization in groups of CAD patients
Note: * p < 0.05 when compared groups 1 and 2; * p < 0.05
when compared groups 1 and 3; * p < 0.05 when compared
groups 2 and 3; CABG — coronary artery bypass grafting; CAD
— coronary artery disease; OMT — optimal medical therapy;,
PTCA — percutaneous transluminal coronary angioplasty.
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hypothyroidism, both manifest and newly diagnosed.
Although groups with hypothyroidism compared with
patients with coronary artery disease with euthyroidism
more often had dyslipidemia, among the independent
predictors of the presence of three-vessel coronary
artery disease were only heart rate and assignment to
the group with hypothyroidism.

Previous studies also showed an association
between the severity of coronary atherosclerosis
and the presence of hypothyroidism in patients with
coronary artery disease. In addition, when assessing
the level of thyroid hormones in patients with stable
coronary artery disease and euthyroidism, it was
shown that in the group with three-vessel disease, the
mean FT3 values were significantly lower than in the
group with normal coronary arteries than in the group
(p = 0.004), and the levels FT3 showed an inverse
relationship with the Gensini index (r = —0.30; p =
0.002). Free T3 level < 2.7 predicted CAD severity
with a sensitivity of 70% and specificity of 60% (area
under the curve (AUC): 0.755, p = 0.001). That is, the
dependence of the severity of coronary atherosclerosis
on the level of thyroid hormones can also manifest
itself when their level is within standard values [23].
Subsequently, it was shown that among euthyroid
patients with coronary artery disease, an inverse

Table 4. Basic data of echocardiography in groups of CAD patients

relationship between the Gensini index and the level
of free T3 is typical for men and young people, but
not for older age groups [24]. A recent work by Yu N
et al [25] further showed that the FT3/FT4 ratio was
significantly correlated with the prevalence of CAD in
the euthyroid population. In this work, we studied the
severity of coronary atherosclerosis in patients with
manifest hypothyroidism, including those receiving
replacement therapy. Consequently, it was possible
to identify the dependence of the number of affected
coronary arteries only on the TSH level. Also, in the
study by Bai MF et al [8] it was shown that the severity
of coronary artery damage was equally pronounced
both in patients with an isolated decrease in free T3
(Low T3 syndrome) and in patients with laboratory
signs of hypothyroidism. At the same time, the
presence of Low T3 syndrome was an independent
predictor of severe coronary artery damage (according
to the Gensini index). Using CT coronary angiography,
it was found that severe subclinical hypothyroidism
was associated with the presence of non-calcified
plaques [9]. In optical coherence tomography, CAD
patients with subclinical hypothyroidism showed a
higher content of lipid-rich plaques and a larger lipid
arc compared with patients with euthyroidism [26].
This makes us wonder to what extent the severity of

CAD without CAD + Hypothyroidism CAD +
hypothyroidism without therapy Hypothyroidism with P
(n=150) (n=15) therapy (n =75)

e vereessercensenconsanconsancannes structural 1nd1cat0rs andsystohc functlon 1 ndlcatorsof 1ef tvent rlcu]ar .................................
LA, mm, Me [LQ; UQ] 3.9[3.8;4.0] 3.8[3.6;4.1] 3.8 [3.6;4.0]* 0.007
LV EDR, mm, Me [LQ; UQ] 5.1[4.7;5.7] 5.4[4.8;5.5] 4.8 4.7, 5.4) 0.128
LV ESD, mm, Me [LQ; UQ] 3.9[3.1;4.5] 3.8[2.9;4.7] 3.41[2.5;3.8]* 0.001
LV EDV, mL, ME [LQ; UQ] 124.0 [104.0; 159.0] 139.0 [105.0; 150.0] 105.0 [104.0; 141.0]* = 0.135
LV ESV, mL, ME [LQ; UQ] 56.0 [38.0; 91.0] 63.0 [32.0; 101.0] 48.0 [23.0; 63.0]* 0.002
LVEEF, %, ME [LQ; UQ] 49.0 [44.0; 63.0] 48.0 [32.0; 74.0] 57.0 [45.0; 77.01* 0.011
SV, mL, Me [LQ; UQ] 67.0 [61.0; 72.0] 57.0 [48.0; 78.0] 71.0 [54.0; 85.0]* 0.012
IVSD, cm, ME [LQ; UQ] 1.2[0.8; 1.3] 1.5[1.4; 1.8]" 1.6 [1.4; 1.7]* <0.001
TPWD, cm, ME [LQ; UQ)] 1.2[0.8; 1.3] 1.6 [1.5; 1.8]" 1.6 [1.4; 1.7]* <0.001

Indicators of LV diastolic function

E, cm/sec, Me [LQ; UQ)] 0.99 [0.91; 1.8] 1.05 [0.64; 1.09] 0.99 [0.66; 1.8] 0.656
A, cm/sec, ME [LQ; UQ] 1.0[0.68; 1.21] 1.03 [0.5; 1.21] 1.03 [0.76; 1.21] 0.165
E/A, Me [LQ; UQ] 1.42[1.33; 1.49] 1.3[0.6;2.1] 1.31[0.64; 1.42] 0.106
E/e', ME [LQ; UQ] 9.0 [7.0; 11.0] 11.0[9.0; 18.0]" 9.0 [9.0; 12.0]* <0.001
DT, mm/s, Me [LQ; UQ] 181.0 [174.0; 201.0] 179.0 [126.0; 212.0] 186.0 [174.0; 216.0] = 0.184
LV DD type 1, (n, %) 38 (25.3) 7 (46.7) 32 (42.7) 0.014
LV DD type 2, (n, %) 43 (28.7) 3(20.0) 23 (30.7) 0.71

LV DD type 3, (n, %) 1(0.67) 5(33.3) 8(10.7) <0.001

Note: * p < 0.05 when compared groups 1 and 2; * p < 0.05 when compared groups 1 and 3, * p < 0.05 when compared groups 2 and 3;
A — rate of late diastolic filling of the left ventricle; CAD — coronary artery disease; DT — deceleration time, E — rate of early diastolic
filling of the left ventricle; E/A — ratio of early and late diastolic transmitral flow; E/e’ — ratio of the flow velocity of early filling of
the left ventricle to the speed of early diastolic movement of the mitral valve ring; IVSD — thickness of the interventricular septum in
diastole; LA — left atrium diameter; LV — left ventricle; LV EDR — end diastolic size of the left ventricle; LV EDV — left ventricular end-
diastolic volume; LV ESD — end systolic size of the left ventricle; LV ESV — end systolic volume of the left ventricle; LVDD — diastolic
dysfunction of the left ventricle; LVEF — left ventricular ejection fraction; SV — left ventricular stroke volume; TPWD — thickness of the

posterior wall of the left ventricle in diastole.
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coronary artery damage in hypothyroidism is due to
the direct influence of hormonal dysfunction, or to the
development of concomitant dyslipidemia?
Accordingly, the question remains unclear: on
what factors does the severity of coronary artery
damage in patients with hypothyroidism depend?
When comparing lipid profile parameters in groups
of patients with hypothyroidism, dyslipidemia was
more pronounced than in patients with coronary
artery disease without hypothyroidism. In the same
state of India, a study was conducted that showed that
subclinical hypothyroidism, especially with TSH < 10
plU/mL, does not make a significant contribution to
cardiovascular risk [7]. Nair S.N. et al. demonstrated a
small effect of subclinical hypothyroidism on the lipid
profile, and the authors considered it to be clinically
insignificant [7]. The results of the present study show
that dyslipidemia in patients with overt hypothyroidism
is more pronounced and can serve as a therapeutic
target when combined with coronary artery disease.
Noteworthy is the large number of publications
on subclinical hypothyroidism conducted in various
regions of India and South Asia [7, 13, 14, 18, 23,
27, 28]. The increased attention of researchers to this
issue is explained by the high frequency of detection
of hypothyroidism in these countries. For example,
the state of Kerala in southern India has a much higher
prevalence of thyroid disease than other regions (about

Table 5. Factors associated with the presence of multivessel
or three-vessel disease according to binary logistic regression
analysis (Forward Stepwise LR method)

B SE. Wald df Sig. Exp(B)
Multivessel disease
Group of
Step patients with  1.355 0.204 44312 1 <0.001 3.878
1  hypothyroidism
Constant —2.018 0321 39460 1 <0.001 0.133
Heartrate  —0.040 0.020 3.946 1 0.047 0.961
Ste Group of
P patients with ~ 0.939 0.283 11.024 1 0.001 2.558
hypothyroidism
Constant 1.598 1.827 0.65 1 0382 4.942
Three-vessel disease
Group of
Step patients with ~ 1.257 0.173 52.811 1 <0.001 3.516
1 hypothyroidism
Constant -3.006 0370 66.159 1 <0.001 0.049
Heartrate  —0.072 0.027 6.996 1 0.008 0.931
Ste Group of
P patients with ~ 0.593 0287 4251 1 0.039 1.809
hypothyroidism
Constant 3273 2342 1953 1 0.162 26.404
Heartrate  —0.070 0.028 6.388 1 0.011 0.933
Group of
Step patients with  0.766 0304 6.338 1 0.012 2.151
3~ hypothyroidism
FT4 —0.085 0.037 5288 1 0.021 0.919
Constant 4.081 2425 2.834 1 0.092 59.233

Note: FT4 — free thyroxine.

10%), despite being an iodine-sufficient population
[26]. If we remember the opinion that the prevalence of
subclinical hypothyroidism is 5-10 times higher than
the prevalence of manifest hypothyroidism [29], then
the attention to this issue of researchers in this region is
understandable. Reasons for this phenomenon include
high background radiation due to thorium-containing
monazite sands or high consumption of cyanogenic
glycosides found in local tapioca crops [7]. The
combination of the uniquely high rate of thyroid disease
in Kerala and the apparent genetic predisposition to
CAD in the South Asian population [18] underscores
the great clinical significance of studies of patients
with a combination of CAD and hypothyroidism.

Although dyslipidemia due to hypothyroidism did
not increase cardiovascular risk in a population-based
study in southern India, it was associated with a higher
prevalence of coronary atherosclerosis among patients
with coronary artery disease. This shows that in this
regionitisnecessary toactively identify hypothyroidism
in patients with coronary artery disease, followed by
more active lipid-lowering therapy. Also important
is the fact that in the hypothyroidism group during
replacement therapy, the severity of dyslipidemia
was less than in manifest hypothyroidism. This
emphasizes the importance of its timely administration
for the correction of dyslipidemia in patients with
hypothyroidism. However, there were no differences
in the number of affected coronary arteries in the
hypothyroidism groups, so it remains unclear whether
replacement therapy for hypothyroidism can affect
the prevalence of coronary atherosclerosis during
prospective follow-up.

In the present study, we were unable to avoid
limitations. First, this is a single-center study with a
limited sample size. Therefore, our results need to be
verified in a multicenter study with a larger sample
size. Secondly, the study was conducted in a region
with a high incidence of hypothyroidism and a high
susceptibility to coronary artery disease. It is possible
that the identified patterns may not appear in other
regions. Third, this study was cross-sectional, so
cause-and-effect relationships could not be determined;
further prospective research is needed to determine
them.

Conclusion

The present study showed that in patients
with coronary artery disease in the presence of
hypothyroidism, both manifest and newly diagnosed,
more pronounceddyslipidemiaisobserved, leftventricle
diastolic dysfunction and three-vessel coronary disease
are more often detected. Taking hormone replacement
therapy helps reduce the severity of dyslipidemia. The
number of affected coronary arteries is associated with
TSH levels. In multivariate analysis, only the presence
of hypothyroidism, TSH levels, and heart rate were
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independently associated with three-vessel coronary
artery disease. The results of this study emphasize
the need to identify hypothyroidism in patients with
coronary artery disease; to correct dyslipidemia in such
patients, it is necessary to additionally take hormone
replacement therapy. The possibility of improving
prognosis  through such interventions requires
confirmation in further studies.
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