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Thyroid replacement therapy effects on cardiac function in patients with
hypothyroidism

Edexar TupeocyncTuTyiimone Tepamnyje Ha GyHKIH]y cplia KoJI MaiyjeHara ca
XHITIOTHPEOUTU3MOM

SUMMARY

Introduction/Objective  Hypothyroidism is a
hypometabolic syndrome with insufficient production
or inadequate action of thyroid hormones. It is
characterized by hypercholesterolemia, elevated LDL-
C. The most common echocardiographic changes are
in left ventricular (LV) diastolic function.

The aim of this study was to investigate the effects of
achieving adequate thyroid hormone replacement
therapy in hypothyroid patients on improving systolic
and diastolic cardiac function and correcting serum
lipid profile.

Methods Prospective study was conducted on 42
patients with newly diagnosed hypothyroidism, both
sexes, aged 18-60 years, without comorbidity:"The
determined blood tests before, six, 12, and 24 weeks
after starting the therapy with L-thyroxine were: FT4,
TSH, total cholesterol, HDL-C, LDL-C and
triglycerides. The effects of /thyroid hormone
replacement therapy on systolic and diastolic cardiac
function were assessed by echocardiography.

Results 25 (59.5%) patients had subclinical and 17
(40.5%) overt hypothyroidism.-The 'LV end-systolic
diameter decreased statistically highly significant (p <
0:01) after 12 weeks and end-diastolic diameter of the
right ventricle after six months of therapy. There was
no significant decrease in. LV end-diastolic diameter
after six months of thyroid hormone replacement
therapy. MAPSE, LVEF, and TAPSE values increased
significantly (p < 0.01) after six weeks of therapy.
Total cholesterol and LDL-C significantly decreased,
HDL-C increased (p < 0.01) and there was no change
in triglyceride concentrations after 24 weeks of

therapy.
Conclusions  Thyroid replacement therapy in
hypothyroid  subjects  statistically  significantly

improves echocardiographic parameters of diastolic
and systolic left and right ventricular function, reduces
total serum cholesterol and LDL-C, and increases
HDL-C.

Keywords: hypothyroidism, L-thyroxine, diastolic
cardiac function, systolic cardiac function, lipid profile
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CAXETAK

VYeon/Llnb Xunotupeonansam je CHHIPOM XHIIOME-
TaboJM3Ma ca HeJJOBOJEHOM IPOM3BOIHOM HIIN Heajie-
KBaTHUM [I]CTBOM THPEOWJHUX XOpMOHa: Kapakrte-
pHILIE Ce XUIIEPXO0JIeCTEPOIeMHjoM, roButeHnM JIJIJ1-
X0JIecTeposioM, a Hajuerrhe exokapaunorpad)cke mpo-
MeHe ¢y nmopemehaj mapamerapa JaujacToaHe QyHKIHje
JeBe cpuaHe KOMOPE.

[{ws ucTpaxnBama je UCIUTHBAEKE YTHIAja MOCTH-
3ama a7eKBaTHE CYICTUTYIH]€ THPOUIHAM XOPMOHH-
Ma KOJI XUITOTUPEOUTHUX TalyjeHaTa Ha Mo00JbIIaAmhe
CHUCTOITHE ¥ JT1jacTONHE (PYHKITH]€ CpIIa U KOPUTOBAHE
JUTUAHOT TpodHiIa y cepymy.

Metone CmpoBejicHa je MPOCICKTHBHA CTyAdja Ha 42
NanyjeHTa ca HOBOOTKPHBEHOM XHUIIOTHPEO30M, o0a
nosa, y3pacra 18-60 roauna, 6e3 komopOumureTa.
OppehuBane cy Bpegnoctn ®T4, TCX, ykymHOT
xonecrepona, XJI-X, JIIJI-X u Tpurnuuepuaa mnpe
3anounmama, 6, 12 u 24 Henesbe HakoH Tepamnuje JI-
THPOKCHHOM. YTHIQ] CYICTHUTYLHj€ THPOUIHHM XOp-
MOHHMMAa Ha CHCTOJIHY W JUjacTONHY (YHKIHjY cpra
MIPOLICHUBAH j€ €XOKapIHOTpa)CKUM HPETIICAOM.
Pesyararn 25 (59,5%) ucriuranuka je uMaio cyOoxim-
HUUKy, a 17 (40,5%) manudectny popmy xumorupeo-
unu3ma. EHjcucTonHM aujamerap JieBe KOMOpE ce
3Havyajuo cmamuo (p < 0,01) mocie 12 Hemesva Tepa-
nHje, a CHIIMUjaCTOIHN JHjaMeTap IEeCHe KOMOpE Ha-
KOH MIecT Mecenu Tepamuje. Huje Omno mpomena
€HJ|/IMjacTOJHOT JIijaMeTpa JeBe KOMOpE HAKOH IIeCT
MecelH Teparnuje THPOUJIHUM XOpMOHUMa. Bpeanoctu
MAIICE, E® neBe xomope u BpeaHoctu TAIICE cy
cTatucTHdyku 3Ha4yajHo mosehane (p < 0,01) HakoH 6
Henesba Tepamdje. Hakon 24 Hemesbe on yBohema
THPOWIHUX XOPMOHA J0JIa3d 10 CTATUCTHUYKM 3Ha-
yajHor cMamema (p < 0,01) koHmeHTpamuja yKymHOTr
xonecrepona u JIJI-X, mopacra X/JI-X, a 0e3
yTUI[aja HA CEpPyMCKe KOHLEHTpAaIHje TPUIIHIEepHIa
(p > 0,05).

3akpyyak CynCTUTYIIMOHOM TEpPaIijoM THPOHIHUM
XOPMOHUMa KOJi XUIIOTUPEOUJHUX HCIHUTAHUKA 3HA-
YajHO Cy MOOO0JBIIAHN €XOKapAHOrpad)CKy mapamMeTpH
JIUjaCTONTHE ¥ CHUCTOJNIHE (YHKIMjEe JIeBe W JIeCHE
KOMOpe, cMameH yKynHu xosectepon u JIIJI-X, a
mosehan XJ{JI-X.

Kmbyune  peum:  xunorupeosa,  JI-TmpokcuH,
JaujacTosiHa (GyHKIMja cplia, CUCToNHa GyHKIMja cpua,
JMITUTHYA TIpout
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INTRODUCTION

Thyroid hormone deficiency leads to changes in cardiovascular hemodynamics,
phenotype and contractility, and accelerated atherosclerosis. Overt hypothyroidism exerts
effects on systolic and diastolic cardiac function and cardiac anatomy [1, 2].

Hypothyroidism increases the risk of developing atherosclerotic cardiovascular disease
by increasing circulating LDL cholesterol (LDL-C) levels, inducing the development of
diastolic hypertension, increasing blood coagulability, as well as having direct-effects on
vascular smooth muscle. Overt hypothyroidism is characterized by hypercholesterolemia,

significantly elevated LDL-C and apolipoprotein B [3].

In subclinical hypothyroidism, diastolic cardiac function is most commonly impaired,
which is already manifested in patients with mild-thyroid dysfunction with TSH between 5
and 10 mU/L [4]. Subclinical hypothyroidism is assaciated with a small increase in LDL
cholesterol (LDL-C), a decrease in 'HDL cholesterol (HDL-C), increasing the risk of

developing atherosclerosis and coronary artery disease [5].

The most comman echocardiographic changes in hypothyroidism are characterized by
changes in left ventricular (LV) diastolic function parameters resulting from impaired
myocardial relaxation presented by prolonged isovolumic relaxation time (IVRT) and a
significantly “reduced~ early and late diastolic flow rate (E/A) of transmitral flow.
Echocardiographicaly diastolic dysfunction is defined by the existence of at least one of the
following parameters: E/A<1.0, IVRT>100ms, or decelerating time (DT)>220ms [6].

The interaction between the right and left ventricles is one of the most important causes
of impaired right ventricular function that results from an increase in left ventricular filling
pressure and the consequent increase in pulmonary flow and pressure in the right ventricle. It
has been shown that impaired right ventricular mechanics are completely repaired after

adequate thyroid hormone replacement therapy [7].

The aim of this study was to examine the effects of achieving adequate thyroid
hormone replacement therapy in hypothyroid patients on: 1) improving systolic and diastolic
cardiac function; 2) correction of serum lipid profile; 3) the effect of time needed to reach the

euthyroid state on the repair of the examined parameters of cardiac function and lipid status.
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METHODS

A prospective study was conducted on 42 patients over a 24-week follow-up period.
The study was performed in the period September 2017 - March 2019 at the Special Hospital
for Thyroid gland and Metabolic Diseases Zlatibor. The study was approved by the Ethics
Committee and all study participants were informed of the study methodology and gave their

consent to participate in the study.

The study included patients with newly diagnosed hypothyroidism whose TSH iwas
greater than 10 mU/L, both sexes, aged 18-60 years, without comorbidity. Echocardiographic
examinations were determined by transthoracic echocardiography ona Vivid 3 apparatus (GE
Healthcare, Solingen, Germany). The systolic function was determined by the following
echocardiographic parameters: left ventricular ejection fraction (LVEF), mitral annular plane
systolic excursion (MAPSE) and tricuspid annular plane systolic excursion (TAPSE).
Diastolic function was determined by the following echocardiographic parameters: E wave
(m/s), A wave (m/s), E/A ratio, the isovolumic relaxation time of the left ventricle - IVRT
(ms). The left and right ventricular systolic function parameters were measured using the M-
mode in the parasternal long-axis view and the apical 4-chamber view. The left ventricular
ejection fraction (LVEF), expressed in %, was determined by a Teicholtz formula calculation.
Transmitral flow rates were measured using a pulsed Doppler in the apical 4 chamber view.
Using a continuous Daoppler in the apical 5-chamber view, the isovolumic relaxation time
(IVRT) was determined. Echocardiographic parameters were assessed before and after

received L-thyroxine therapy at weeks six, 12, and 24.

The following laboratory parameters were determined from the blood: total cholesterol
(TC), cholesterol fractions - HDL and LDL, and triglycerides (TG). Thyroid function was
assessed by measuring free-thyroxine (FT4) and thyrotropin (TSH) levels. After determining
basal FT4 and TSH levels, patients with TSH greater than 10 mU/L included in the study
were administered L-thyroxine with a gradual increase in dose until euthyroid condition was
achieved. Lipid status and thyroid function were assessed before and after received L-
thyroxine therapy at weeks six, 12, and 24.

Descriptive and analytical statistical methods were used in this study. Descriptive
methods used absolute and relative numbers, measures of central tendency (arithmetic means,

median) and dispersion measures (standard deviation). Analytical statistical methods used

DOI: https://doi.org/10.2298/ SARH200828107D Copyright © Serbian Medical Society
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difference tests, parametric and non-parametric tests. The selected level of significance, that
is, the probability of an error of the first type is 0.05. All data were processed in IBM SPSS
Statistics, Version 20.0. (IBM Corp., Armonk, NY, USA) software package.

RESULTS

Of the 42 respondents included in the study, 9 (21.4%) were male and 33 (78.6%) were
female. The mean age of studied patients was 40.1 = 9.1 years. The youngest patient was 19

years old and the oldest was 59 years old. The mean BMI values wete 24.67 + 2.81 kg/ m®.

Of the 42 subjects enrolled, 25 (59.5%) had a subclinicalform of hypothyroidism and
17 (40.5%) had an overt form of hypothyroidism.

FT4 before starting the therapy was-10.82 + 3.19'pmol/L, in the repeated measurements
after six, 12 and 12 weeks were in the reference range (10.2-24.5 pmol/L) for all subjects
(table 1) and after 24 weeks were 16.23 +/3.77 pmol/L indicating a statistically highly
significant difference (p < 0.01). Out of the 42 enrolled subjects, 34 achieved TSH in
reference range (0:3-4.2' mU/L) after 24 weeks of therapy while 8 did not. Of the 8 subjects
with inadequate TSH values (greater than 4.2 mU/L) five patients had slightly elevated TSH
values above the reference range (up to 6 mU/L) and only one subject had a TSH value
greater than 10 mU/L. There was a statistically significant difference in the TSH value after 6
and 12 weeks (p < 0.05) and a highly statistically significant difference in the TSH value after
24 weeks of thyroid replacement therapy (p < 0.01) compared to the initial TSH values.

Results of the parameters of systolic cardiac function

The results of LV systolic function are presented in Table 2. There was no statistically
significant decrease in left ventricular endiastolic diameter (LVEDD) after 24 weeks of
therapy (p > 0.05), whereas endsystolic left ventricular diameter (LVESD) decreased
statistically highly significant (p<0.01) from the 12th week of L-thyroxine therapy.

DOI: https://doi.org/10.2298/ SARH200828107D Copyright © Serbian Medical Society
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MAPSE and LVEF were statistically significant (p < 0.01) improved after six, 12 and
24 weeks of therapy - significant improvement in left ventricular function after beginning of

thyroid hormone therapy (Table 2).

Results of the parameters of diastolic cardiac function

Hypothyroid subjects had a statistically highly significant (p<0.01) increase in E wave
velocity and increase in transmitral flow ratio (E/A), whereas the decrease in A wave velocity
was a statistically highly significant (p < 0.01) after six, 12 and 24 weeks of therapy (Table
3). There was a trend of increasing the rate of E/A in successive measurements during L-

thyroxine therapy.

The isovolumic left ventricular relaxation time. (IVRT) was highly statistically
significant (p < 0.01) decreased after six and 24 weeks of therapy, whereas the difference was
not statistically significant (p >.0.05) in successive measurements of IVRT between six and
12 weeks, as well as between 12 and 24 week of therapy (Table 3). There was a constant
decrease in IVRT during.successive measurements after the beginning of L- thyroxine
therapy.

Results of the parameters of right cardiac function

There was a highly statistically significant increase (p<0.01) in TAPSE values six, 12
and 24 weeks after initiation of L-thyroxine therapy. No statistically significant difference
was found in successive measurements of right ventricular (RV) enddiastolic diameter after
six and 12 weeks of therapy, as well as successive measurements between the 12th and the
24th week (p > 0.05), and the difference was highly statistically significant (p < 0.01) at the
end of the 24th week of therapy relative to baseline right ventricular diameter values - prior to
initiation of therapy (Table 4).

DOI: https://doi.org/10.2298/ SARH200828107D Copyright © Serbian Medical Society
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Serum lipid profile test results

Triglyceride values were in the range of 0.50-5.94 mmol/L before therapy and in the
range of 0.39-3.00 mmol/L after 24 weeks of therapy (Table 5). There was no statistically
significant difference (p > 0.05) in serum triglyceride values after six, 12, and 24 weeks L-

thyroxine therapy.

Total cholesterol values were in the range of 4.73-7.27 mmol/L, HDL-C in the range of
1.06-1.46 mmol/L and LDL-C in the range of 2.97-4.91 mmol/L before therapy-and in the
range of 4.36-6.10 mmol/L for total cholesterol, 1.14-1.66 mmol/L for HDL-C and 2,47—
4.03 mmol/L for LDL-C after 24 weeks of therapy. Serum concentrations of total cholesterol
(TC) and LDL-C were statistically highly significant decreased (p < 0.01), whereas serum
values of HDL-C was a highly statistically significant (p < 0.01) increased after six and 24
weeks of therapy. There was no statistically significant difference (p > 0.05) in the measured
serum concentrations of total cholesterol, HDL-C and LDL-C between sixth and 12th week
and 12th and 24th week of therapy (Table 5).

The trend line of mean values of serum lipid concentrations (total cholesterol, HDL-C
and LDL-C) in successive measurements (Figure 1) showed an increase in HDL-C which was
observed after the beginning of thyroid replacement therapy. The trend lines for total
cholesterol and LDL-C showed a decrease in serum concentrations after six weeks of therapy,
with an unexpected increase in serum concentrations of total cholesterol and LDL-C after 12
weeks. After 24 weeks the serum levels of total cholesterol and LDL-C were lower in relation

to values before the starting L-thyroxine therapy.

DISCUSSION

The prevalence of subclinical hypothyroidism (elevated serum thyrotropin-TSH and
normal free thyroxine - FT4) is 8% in women (10% in women over 55 years) and 3% in men
(UK Whickham cohort study) [8]. In our study, the distribution with a higher prevalence of a
subclinical hypothyroidism (in 25 subjects - 59.5%) also corresponds to its higher prevalence
in the general population compared to the overt form of hypothyroidism.
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The panel of experts supports the use of L-thyroxine in patients with subclinical
hypothyroidism when TSH is greater than 10 mIU/L. L-thyroxine administration might be
considered in women planning a pregnancy or in pregnant women, as well as in symptomatic

patients with subclinical hypothyroidism with TSH below 10 mU/L [9].

The reported high values of TSH in our study after 24 weeks of therapy in 8 subjects
can be explained by the various causes of intermittent or persistently elevated TSH levels in
patients on thyroid replacement therapy, such as: 1) poor drug compliance and adherence; 2)
interaction with other drugs; 3) using L-thyroxine with food; 4) drug ‘malabsorption; 5)
coexistent celiac disease or autoimmune gastritis; 6) interference with a laboratory test
mediated by heterophilic antibodies; 7) the presence of resistance to thyroid hormones [10,
11].

Multiple meta-analyses involving patients with subclinical hypothyroidism under the
age of 60 have shown that the prevalence of left ventricular diastolic dysfunction is
significantly more common in subclinical hypothyroidism than in healthy subjects. In 10
randomized studies with selected patients with mild thyroid dysfunction, improvement in
diastolic function was demonstrated as early as 3 months after L-thyroxine therapy [12, 13,
14].

There is a milder degree of left ventricular hypertrophy in the overt hypothyroidism
with an increase in posterior wall thickness more than the interventricular septum, suggesting
that concentric remodeling of the left ventricle is developed during thyroid dysfunction,
which_is reversible by L-thyroxine administration [15,16]. The LVEF is usually normal or
slightly reduced in thyroid dysfunction, with a slight increase during therapy, mainly during

exercise and less at rest [17].

Subclinical hypothyroidism is associated with systolic and diastolic dysfunction of the
right ventricle, and L-thyroxine therapy leads to an improvement of right ventricular function.
Some studies have shown an association between clinical hypothyroidism and right
ventricular diastolic dysfunction, as well as an increase in right ventricular wall thickness. A
number of studies have shown that damaged right ventricular mechanics are completely

repaired after adequate thyroid hormone dose [18,19].

The thyroid replacement therapy in hypothyroid subjects significantly improves the

echocardiographic parameters of left ventricular diastolic function, especially after 3 months
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of L-thyroxine therapy with an average transmitral flow rate E/A>1.0 (1.1 £ 0.17) and IVRT
<100ms (87.59+£8.14ms). The wuse of L-thyroxine significantly improves the
echocardiographic parameters of left ventricular systolic function (LVEF, MAPSE). After 6
months of therapy there was no significant change in the diastolic diameter of the left
ventricle. L-thyroxine therapy also improves the right ventricular systolic function. In our
study, improvements of the parameters of left and right ventricular systolic and diastolic
function after the administration of L-thyroxine were expected and consistent.with the

reported study results.

The increased prevalence of the atherosclerotic cardiovascular disease in subclinical
hypothyroidism was demonstrated in a Rotterdam study, which showed that middle-aged
women with subclinical hypothyroidism (with TSH greater than 4 mU/L) had a higher
prevalence of coronary artery disease than the control sample with TSH less than 4 mU/L
[20].

Increased serum concentrations of LDL cholesterol, triglycerides, apolipoprotein B and
increased LDL oxidation might explain the association between subclinical hypothyroidism
and cardiovascular disease. This pattern of serum atherogenic profile is more pronounced in
patients with serum TSH levels greater than 10 mU/L and in smokers. A meta-analysis of
55,287 patients from 11 prospective cohort studies showed that subclinical hypothyroidism in
patients with higher . TSH levels were associated with higher mortality and prevalence of
coronary diseases [21].

Studies have shown that increase in serum TSH levels by 1mU/L increased total serum
cholesterol by 0.09 mmol/L in women and by 0.16 mmol/L in men [22]. A meta-analysis of
studies that monitored the effects of levothyroxine therapy on lipid profile in subclinical
hypothyroidism showed that serum total cholesterol decreased by about 0.2 mmol/L or serum
LDL cholesterol by about 0.3 mmol/L after L-thyroxine therapy, while triglycerides and
HDL-C remained unchanged [23]. McGowan et al. have shown a significant increase in HDL

cholesterol by normalizing serum TSH concentrations by levothyroxine therapy [24].

In our study thyroid replacement therapy had been shown to reduce serum total
cholesterol and LDL-C concentrations, increase HDL-C, and no significant effects on serum
triglyceride concentrations. The effects of L-thyroxine therapy on the parameters of the lipid

profile in the subjects described in our study indicate consistent and expected results, as
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shown in the studies cited by other authors. The paradoxical and unexpected increase in total
cholesterol and LDL-C after 12 weeks of therapy could be explained by the uncontrolled
conditions of the trial, i.e. inability to control the dietary regime of the subjects in addition to
the advice given at the controls, as well as fluctuations of thyroid hormones (FT4 and TSH),
which is a characteristic at the beginning (in the first 3 months) of the use of levothyroxine

therapy.

CONCLUSIONS

Thyroid replacement therapy in hypothyroid subjects significantly improves the
echocardiographic parameters of left ventricular diastolic function, especially after the third
month of initiation of therapy. Administration. of L-thyroxine leads to a significant
improvement in left and right ventricular systolic. parameters. Levothyroxine therapy
significantly reduced the risk factors for the development of atherosclerosis and coronary

artery disease: reduction of total serum cholesterol and LDL-C, and increase of HDL-C.

Conflict of interest: None declared.
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Table 1. Thyroid hormone values in the function of time (n = 42)

14

FT4 (pmol/L) 10.82 +3.19 1534 +£2.74 15.85 +3.81 16.23 +3.77
min-max min-max min-max min-max
TSH (mU/L)
10.2-100.00 0.62-39.40 0.05-53.70 0.29-18.50

FT4 — free- thyroxine; TSH — thyrotropin
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Table 2. Left ventricular size and systolic function parameters

15

Parameter Before therapy | Six weeks later | 12 weeks later 24 weeks later
) (1) () (v)
LVEDD (mm) 49.07 £3.70 49.02 £ 3.83 48.64 £3.45 48.48 £3.58
LVESD (mm) 31.02+2.99 30.45+3.39 29.21 £3.35 27.67+£2.82
MAPSE (mm) 1452 +1.42 1521 £1.37 16.24 +1.62 16.81 £ 1.67
LVEF (%) 65.19 + 3.57 66.52 £3.74 69.09 £ 3.77 72.45 £ 3.55

LVEDD - left ventricular end-diastolic diameter; LVESD — left ventricular end-systolic

diameter; MAPSE — mitral annular plane systolic excursion; LVEF — left ventricular ejection

fraction
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Table 3. Left ventricular diastolic function parameters

16

FETEIIELES Before therapy | Six weeks later | 12 weeks later 24 weeks later
E (m/s) 0.71+0.14 0.74+0.12 0.77+0.11 0.80+0.11

A (m/s) 0.76 = 0.12 0.72+0.12 0.66 = 0.10 0.61 =0.11
E/A 0.94+0.13 1.04 £0.14 1.19+0.17 1.32+£0.19
IVRT (ms) 102.59 + 8.43 94.54 £ 8.76 87.59+8.14 80.00 + 7.29

E wave — early diastolic velocity of transmitral flow; A wave — late diastolic velocity of

transmitral flow; E/A — a ratio of early and late diastolic velocity of transmitral flow; IVRT —

isovolumic relaxation time of the left ventricle
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Table 4. Parameters of right ventricular size and systolic function

Parameter Before therapy Six weeks 12 weeks later 24 weeks later
() later (I1) (1) (V)
RV (mm) 2479 £1.93 24.69 £2.02 2436 +2.18 2424 £2.13
TAPSE (mm) 19.88 +1.63 20.88 £ 1.74 21.78 £ 1.60 22.52 £ 1.61

RV — Right ventricular end-diastolic diameter; TAPSE — tricuspid annular plane systolic

excursion
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Table 5. Blood lipid values as a function of measurement time

Before therapy | 6 weeks later | 12 weeks later | 24 weeks later
Parameter () an (1) (V)

TC (mmol/L) 6.00 + 1.27 532+084 |549+1.05 |523+087

HDL-C (mmol/L) | 1.26 = 0.20 136+029 |1.37+0.29 140+ 0.26

LDL-C (mmol/L) 3.94+0.97 3.31+0.74 3.45+0.88 3.25+0.78

min-max min-max min-max min-max
TG (mmol/L)

0.50-5.94 0.54-4.69 0.40-5.25 0.39-3.00

TC — plasma total cholesterol; HDL-C — high-density lipoprotein-associated-cholesterol;

LDL-C — low-density lipoprotein-associated cholesterol; TG - triglycerides
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Figure 1. The trend line of mean lipid values in successive measurements: TC, HDL-C,
LDL-C;
TC — plasma total cholesterol;;HDL-C — high-density lipoprotein-associated cholesterol,

LDL-C — low-density lipoprotein-associated cholesterol, TG — triglycerides
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