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Abstract

Objective: To investigate the cardiometabolic effects of a severe hypothyroid state induced by
withdrawal of thyroid hormone replacement before radioactive iodine therapy.

Methods: Patients with thyroid cancer who were scheduled to receive radioactive iodine ablation
were enrolled. Cardiometabolic parameters were measured using blood samples taken immedi-
ately before levothyroxine withdrawal, 4 weeks following withdrawal (on radiotherapy day), and 4
weeks following reinstitution of levothyroxine.

Results: Out of 48 patients (age 49.4 £ 10.5 years; 77.1% [37/48] female), the severe hypothyroid
state induced by levothyroxine withdrawal significantly aggravated the majority of lipid parameters,
particularly in patients with a greater number of metabolic syndrome components. Fasting plasma
glucose levels and homeostatic model assessment values for insulin resistance and -cell function
significantly decreased following levothyroxine withdrawal. Serum high-sensitivity C-reactive
protein, fibrinogen and cystatin C levels significantly decreased, and homocysteine levels increased
during the severe hypothyroid state. All of these changes were reversed by levothyroxine
reinstitution.

Conclusions: Severe hypothyroid state induced pronounced changes in cardiometabolic
parameters. Further studies should identify the long-term effects of changes in these parameters
on cardiovascular morbidity and mortality in relation to thyroid disease.
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Introduction

Hypothyroidism adversely affects cardio-
vascular morbidity and mortality,!* as
thyroid hormone regulates lipid metabolism
and cardiovascular haemodynamics.
Hypothyroidism leads to lipid abnormalities
that are characterized by hypercholesterol-
aemia with increased levels of low-density
lipoprotein (LDL) and apolipoprotein B,
due to reduced numbers of LDL receptors in
the liver and subsequent decrease in LDL
clearance.®> Furthermore, hypothyroidism
increases systemic vascular resistance and
impairs cardiac contractility and diastolic
function.* These changes in lipid profiles
and haemodynamics are potentially asso-
ciated with atherosclerosis and an increased
risk of cardiovascular disease and mortality
among patients with subclinical or overt
hypothyroidism.”’

Thyroid hormone status has also been
demonstrated to affect various adipocyto-
kines® ' and atherogenic inflammatory mar-
kers,'" ' which may lead to additional
harmful effects that promote the progression
of cardiovascular disease. In addition,
patients  with  hypothyroidism  exhibit
elevated serum levels of high-sensitivity C-
reactive protein (hs-CRP),'"!> homocyst-
eine,' " and ﬁbrinogen,”’14 which are
well-known biomarkers and independent
risk factors for atherosclerosis. Serum levels
of cystatin C are a marker for renal function
and cardiovascular disease, and have been
reported to exhibit changes according to
thyroid function.'®'® Whether these markers
are independently correlated with thyroid
function and whether they can be reversed
following treatment of thyroid dysfunction,
however, remains controversial. In addition,

the abovementioned studies have included
heterogeneous populations with different
severities, durations, and aetiologies of thy-
roid dysfunction, which might confound any
analyses of the effects of thyroid hormone on
these markers.

During radioactive iodine therapy
following thyroidectomy for differentiated
thyroid cancer, patients experience a severe
hypothyroid state after thyroid hormone
treatment withdrawal, and they subse-
quently recover once thyroid hormone treat-
ment is reinstated.”'® Such serial changes in
thyroid hormone status may cause drastic
changes in cardiometabolic parameters, and
produce a representative and well-controlled
group of patients with homogeneous thyroid
hormone status.

The present study aimed to evaluate the
effects of the severe hypothyroid state fol-
lowing thyroid hormone withdrawal on
cardiometabolic and vascular inflammatory
parameters among patients who underwent
radioactive iodine therapy after thyroidect-
omy, and to identify any patient subgroups
who experienced more pronounced changes
in these parameters.

Patients and methods
Study population and design

This prospective cohort study enrolled
consecutive patients with differentiated thy-
roid cancer who were scheduled to receive
radioactive iodine ablation following total
thyroidectomy at Konkuk University
Medical Center, Seoul, Korea between
May 2012 and May 2013. Patients with
chronic disease (including kidney, liver, and
heart failure), acute infection or inflamma-
tory conditions, or who were receiving drugs
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Figure 1. Schematic of study design in patients with differentiated thyroid cancer who received radioactive

iodine ablation following total thyroidectomy.

LT4, levothyroxine; RAI, radioactive iodine; TSH, thyroid stimulating hormone.

for diabetes mellitus, hypertension, dyslipi-
daemia, or other conditions that might affect
metabolic parameters were excluded.

Blood samples were obtained at three
time points to identify serial changes in
various metabolic parameters (Figure 1):
Visit 1, immediately before withdrawal of
levothyroxine in preparation for radioactive
iodine ablation (a mild thyrotoxic state due
to receiving levothyroxine for thyroid
stimulating hormone [TSH] suppression);
Visit 2, day of radioactive iodine ablation
following 4 weeks of levothyroxine with-
drawal (a severe hypothyroid state with
TSH levels >30mU/l); and Visit 3, at 4
weeks following reinstitution of levothyrox-
ine (recovery to a mild thyrotoxic state).

The study protocol was reviewed and
approved by the institutional review board
of Konkuk University Medical Center
(KUH1010507), and this study was regis-
tered in the ClinicalTrial.gov registry
(NCTO01744769). All participants provided
written informed consent.

Outcome measures

Blood pressure and heart rate were recorded
three times between 7:00 and 9:00 h after the
patients had been in a relaxed state for

>10min, and a 5-min rest period was
provided between each measurement. The
mean of three readings was used for
analysis.

Between 7:00 and 9:00 h, and following a
14h overnight fast, 20ml of venous blood
was drawn from the antecubital vein of each
patient into tubes without anticoagulant and
tubes containing ethylenediaminetetra-
acetic acid-2Na (1 mg/ml blood). Plasma
was immediately separated by centrifuga-
tion at 2000 g at 4 °C for 10 min, and serum
was prepared by allowing the blood sample
to clot for 30min at room temperature,
followed by centrifugation at 2000 g at 4 °C
for 10 min.

Biochemical measurements of cardiome-
tabolic parameters were conducted immedi-
ately following sample preparation. Fasting
plasma glucose (FPG), serum triglycerides,
free fatty acid, homocysteine, cystatin C,
fibrinogen, hs-CRP, total cholesterol,
high-density lipoprotein cholesterol (HDL-
C), LDL cholesterol (LDL-C), and apolipo-
protein A and B levels were measured using
a Toshiba 200FR automatic analyser
(Toshiba Medical System Co., Ltd, Tokyo,
Japan) according to the manufacturer’s
instructions. Plasma insulin levels were
determined using a MODULAR analytics
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E170 module (Roche  Diagnostics,
Manheim, Germany) and glycosylated
haemoglobin (HbA,.) levels were measured
using a VARIANT II TURBO 2.0 kit
(Bio-Rad Laboratories, Hercules, CA,
USA), both according to the manufacturer’s
instructions. Free thyroxine and TSH were
measured using an automatic SR300 radio-
immunoassay analyser (STRATEC
Biomedical AG, Birkenfeld, Germany) and
associated reagents, according to the manu-
facturer’s instructions.

Primary outcome measures were changes
in cardiometabolic parameters, comprising
blood lipids (total cholesterol, LDL-C, HDL-
C, triglycerides, free fatty acids, and apolipo-
proteins A and B), glycaemic parameters
(FPG, fasting insulin, HbA ., and homeo-
static model assessment values for insulin
resistance and f-cell function [HOMA-IR
and HOMA-B], and vascular inflammation
and atherosclerosis markers (uric acid, hs-
CRP, fibrinogen, homocysteine, and cystatin
C), according to thyroid hormone status.

Secondary outcome measures were the
correlation between TSH levels and meta-
bolic parameters, and the baseline charac-
teristics that predicted changes in metabolic
parameters. The signs and symptoms of
hypothyroidism were assessed using the
Zulewski score as previously described,"
and metabolic syndrome was defined
according to the National Cholesterol
Education  Program (NCEP) Adult
Treatment Panel III report.°

Statistical analyses

All normally distributed continuous vari-
ables are presented as mean 4= SD, and cat-
egorical variables as presented as n (%)
prevalence. Student’s paired z-test or ana-
lysis of variance was used to compare con-
tinuous variables, and x*-test was used to
compare categorical variables. The relation-
ship between changes in TSH levels and
other parameters was evaluated using

Pearson’s correlation coefficient. All ana-
lyses were performed using SPSS software,
version 17.0 (SPSS Inc., Chicago, IL, USA),
and differences with a P-value < 0.05 were
considered statistically significant.

Results
Baseline characteristics

Among 50 patients who were enrolled, two
patients withdrew during the study period
and 48 patients completed the study. Baseline
characteristics are shown in Table 1.

Changes in metabolic parameters
according to changes in thyroid hormone
status

Changes in haemodynamic and metabolic
parameters according to changes in thyroid
hormone status were investigated by com-
paring parameters immediately before
levothyroxine withdrawal (Visit 1), at 4
weeks following levothyroxine withdrawal
(on day of radiotherapy; Visit 2), and at 4
weeks following levothyroxine reinstitution
(Visit 3; Table 2). TSH levels had

Table |. Baseline characteristics of patients with
differentiated thyroid cancer who were scheduled
to receive radioactive iodine ablation following total
thyroidectomy.

Patient cohort

Characteristic (n=48)
Age, years 49.4+10.5
Female 37 (77.1)
Menopausal 21 (56.8)
Smoker 0 (0)
Levothyroxine dosage, |ig/day 126.8£12.0
Duration between thyroi- 134.3+42.1
dectomy and radioactive
iodine therapy, days
Radioactive iodine therapy 123.8£21.1

dose, mCi

Data presented as mean £ SD or n (%) patient prevalence.
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Table 2. Change of metabolic parameters in patients with differentiated thyroid cancer who received
radioactive iodine ablation following total thyroidectomy (n = 48). Metabolic parameters were measured
immediately before withdrawal of levothyroxine in preparation for radioactive iodine ablation (Visit I), at 4
weeks following levothyroxine withdrawal (on day of radiotherapy; Visit 2) and at 4 weeks following

reinstitution of levothyroxine (Visit 3).

Blood sampling day

Parameter Visit | Visit 2 Visit 3
TSH, mU/I 0.14+0.32 66.9 +30.3* 2.4+ 5.0+
Free thyroxine, ng/dl 2.174+0.37 0.19+0.17*% 2.0340.357
Zulewski score'® 0.48-£0.65 1.00 & I.15% 0.68£0.96
Body mass index, kg/m” 243136 240435 244+38
Waist circumference, cm 81.6+10.2 81.5+10.0 81.9+10.0
Systolic blood pressure, mmHg 126.0 + 14.0 1154+ |3.4% 120.7 4+ 14.0°
Diastolic blood pressure, mmHg 74.6 = 14.0 74.3 = 10.1 723+ 104
Heart rate, beats/min 84.0+13.2 69.4+£10.8*% 81.3+13.2f
AST, IU/I 248+ 13.0 41.8+21.9* 23.1+7.6"
ALT, U/l 27.1+£187 41.4+283* 23.1 £7.6
Creatinine, mg/dl 0.7+0.2 08+0.3 0.7+0.2
Total cholesterol, mg/dl 178.7£33.6 238.7 +50.8* 186.7 +37.0°
Triglycerides, mg/dl 141.1 £66.7 159.1 £90.6* 117.3 £ 62.0¢
HDL-cholesterol, mg/dl 5404135 64.8 £ 18.9* 557+ 16.6"
LDL-cholesterol, mg/dl 96.5+27.6 142.1 £44.7% 107.6+31.5"
Apolipoprotein A, mg/dl 156.6 +40.1 165.4+275 159.1 +36.7
Apolipoprotein B, mg/dl 7124273 105.7 &+ 35.2* 74.5 +£29.4"
Free fatty acid, nEq/l 2228+ 172.0 512.4 +255.0% 297.2 +202.3"
Fasting plasma glucose, mg/dl 107.4£19.0 91.3+9.2*% 104.7 +20.3"
Fasting insulin, x1U/ml 26.84+26.0 6.31+4.6% 20.0+223
HbA, ., % 5.6+05 57+05 5.61+04
HOMA-B 204.3+157.6 86.9 + 67.4* 182.1 £165.6
HOMA-IR 78+86 1.5+ 1.1% 57472
Uric acid, mg/dI 48+1.3 52+ 1.5% 45+ 117
Homocysteine, pimol/I 9.5+3.0 12.7 £4.7% 10.1 £3.17
hs-CRP, mg/I 0.17+0.08 0.08 £+ 0.07* 0.10+£0.09"
Fibrinogen, mg/dI 315.6+£53.3 288.7 + 37.8* 308.2+45.6
Cystatin C, mg/| .36 £0.31 .22 +£0.33* 1.28+£0.27*

Data presented as mean & SD.

*P < 0.05 versus Visit |; 'P < 0.05 versus Visit 2 (Student’s paired t-test or analysis of variance).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; HbA., glycosylated haemoglobin; HOMA-IR, homoeostasis model assessment for insulin resistance;
HOMA-B, homoeostasis model assessment for -cell function; hs-CRP, high-sensitivity C-reactive protein.

significantly increased and free thyroxine
levels significantly decreased at Visit 2
(66.9+£30.3mU/l and 0.19£0.17ng/dl,
respectively; both P <0.05 compared with
Visit 1), and these changes were subse-
quently reversed at Visit 3 (2.4+5.0mU/1
and 2.034+0.35ng/dl, respectively; both

P <0.05 compared with Visit 2). The mean
Zulewski score increased, and mean systolic
blood pressure and heart rate (HR)
decreased, during the severe hypothyroid
state; all changes were reversed following
reinstitution of levothyroxine. Most lipid
parameters (total cholesterol, LDL-C,
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triglycerides, free fatty acids and apolipo-
protein B levels) significantly increased fol-
lowing levothyroxine withdrawal, including
HDL-C levels (Table 2); all of these changes
were reversed by levothyroxine replacement.
In addition, FPG, insulin, HOMA-B, and
HOMA-IR significantly decreased following
levothyroxine  withdrawal, and these
changes were also reversed after levothyrox-
ine reinstitution. Among the markers of
vascular inflammation and atherosclerosis,
levothyroxine withdrawal was associated
with decreased levels of hs-CRP, fibrinogen,
and cystatin C, although serum homocyst-
eine levels were significantly increased. All of
these changes were reversed by levothyrox-
ine reinstitution, with the exception of the
decreased cystatin C levels (Table 2).

Changes metabolic syndrome components
during a severe hypothyroid state

Most metabolic syndrome components were
aggravated following levothyroxine with-
drawal, with the exception of glycaemic
profiles during the severe hypothyroid
phase. Thus, the proportions of patients
who fulfilled the metabolic syndrome
criteria for each related component, based
on the NCEP Adult Treatment Panel III
definition of metabolic syndrome,” were
analysed according to changes in thyroid
hormone status (Figure 2). Among the
metabolic syndrome components, propor-
tions of male and female patients with high
triglyceride levels (>150mg/dl) increased
significantly during the severe hypothyroid
state (Visit 2), however, proportions of other
metabolic syndrome components, such as
high blood pressure, high FPG levels
(among female patients), and high HDL-C
levels decreased during the hypothyroid
state (P <0.05 versus Visit 1; Figure 2).
The proportion of all patients who fulfilled
the criteria for metabolic syndrome
decreased from 29.2 % (14/48) at baseline
(Visit 1) to 25.0 % (12/48) during the

hypothyroid state (P <0.05). There were
no sex-specific differences in these changes,
and the proportions returned to baseline
values following reinstitution of
levothyroxine.

Correlation between TSH levels and
metabolic parameters following thyroid
hormone withdrawal

The correlation between TSH levels and the
metabolic parameters that changed during
the severe hypothyroid state were further
analysed. During the severe hypothyroid
state (Visit 2) TSH levels exhibited a signifi-
cant positive correlation with LDL-C levels
(r=0.3, P=0.04) and HDL-C Ilevels
(r=0.39, P=0.01), and a significant nega-
tive correlation with hs-CRP levels
(r=-0.32, P=0.03) (Figure 3). TSH levels
were not significantly correlated with other
metabolic parameters (triglycerides, free
fatty acids, uric acid, homocysteine, and
fibrinogen levels).

Baseline characteristics of patients with
different metabolic responses following
thyroid hormone withdrawal

To identify characteristics that may predict
significant changes in cardiometabolic
parameters during a hypothyroid state,
patients were divided into tertiles according
to magnitude of change in lipid parameters.
Patients in the upper tertile for change in
triglyceride levels exhibited higher baseline
levels of aspartate aminotransferase (AST)/
alanine aminotransferase (ALT), triglycer-
ides, free fatty acids, fibrinogen and uric
acid, and a higher baseline proportion of
metabolic syndrome, compared with the
lower tertile group (P <0.05; Table 3).
Patients in the upper tertile for change in
LDL-C levels exhibited a similar pattern
(higher baseline body mass index, AST/
ALT, total cholesterol, LDL-C, triglycer-
ides, free fatty acids, apolipoprotein B,
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Figure 2. Serial changes in the proportion of patients with metabolic syndrome components associated
with withdrawal and reinstitution of thyroid hormone in patients with differentiated thyroid cancer who
received radioactive iodine ablation following total thyroidectomy (n =48). Proportion of patients with (a)
waste circumference (WC) > 90 cm among males and > 80 cm among females; (b) blood pressure (BP) > 130/
85 mmHg; (c) fasting plasma glucose (FPG) > 100 mg/dl; (d) triglyceride (TG) > 150 mg/dl; (e) high-density
lipoprotein-cholesterol (HDL-C) levels < 40 mg/dl among males and < 50 mg/dl among females; and (f)
metabolic syndrome defined according to the National Cholesterol Education Program Adult Treatment
Panel Ill report.”® Data presented as % patient prevalence. Visit |, immediately before withdrawal of
levothyroxine in preparation for radioactive iodine ablation; Visit 2, at 4 weeks following levothyroxine
withdrawal (on day of radiotherapy); and Visit 3, at 4 weeks following reinstitution of levothyroxine. *P < 0.05
versus Visit |; #P < 0.05 versus Visit 2 (x*-test).

hs-CRP, homocysteine, fibrinogen, cystatin Table 3). The severe hypothyroid state also
C, and uric acid levels and a higher baseline induced an increase in HDL-C levels, and the
proportion of metabolic syndrome) com- upper tertile group for changes in HDL-C
pared with the lower tertile group (P < 0.05; levels exhibited a significantly greater
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Figure 3. Correlation between thyroid stimulating hormone (TSH) levels and metabolic parameters in

patients with differentiated thyroid cancer who received radioactive iodine ablation following total
thyroidectomy (n=48). Levels of (a) triglyceride (TG); (b) free fatty acid (FFA); (c) low-density lipoprotein
cholesterol (LDL-C); (d) high-density lipoprotein cholesterol (HDL-C); (e) uric acid; (f) high-sensitivity C-

reactive protein (HS-CRP); (g) homocysteine; and (H) fibrinogen in patients in a severe hypothyroid state at 4
weeks following levothyroxine withdrawal (Pearson’s correlation coefficient).
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proportion of female patients, a lower base-
line proportion of patients with metabolic
syndrome, a lower body mass index, and a
smaller waist circumference. Furthermore,
these patients exhibited lower baseline levels
of FPG, hs-CRP, and uric acid (P <0.05;
Table 3).

Discussion

In the present study among patients who
underwent total thyroidectomy for differen-
tiated thyroid cancer, severe hypothyroid-
ism due to thyroid hormone withdrawal
produced noticeable changes in various
cardiometabolic parameters, particularly
among patients with underlying metabolic
syndrome. Interestingly, these changes were
fully reversed following reinstitution of thy-
roid hormone treatment. Furthermore, the
present study revealed the direction of
changes in these metabolic parameters,
which have been reported with conflicting
results in previous studies.'>*!

As expected, a severe hypothyroid state
significantly aggravated the majority of lipid
parameters that were evaluated in the pre-
sent study, such as levels of LDL-C, trigly-
cerides, free fatty acids and apolipoprotein
B. In addition, patients who had a greater
number of metabolic syndrome components
prior to levothyroxine withdrawal subse-
quently experienced greater changes in
these parameters during the severe hypothy-
roid state. Furthermore, changes in LDL-C
levels were significantly correlated with TSH
levels, although not with triglycerides and
free fatty acids levels. The results of the
present study concur with previously pub-
lished findings. For example, differences in
lipid profiles according to thyroid function
have been reported,15 with levels of total
cholesterol, triglycerides, LDL-C, and apo-
lipoprotein B increasing in patients with
hypothyroidism and decreasing in patients
with hyperthyroidism. TSH levels were also
reported to be significantly correlated with

changes in triglycerides, apolipoprotein B,
and LDL-C levels,'® although this relation-
ship was not observed in the present study.
The discrepancy between the present and
published results may be related to the fact
that correlations between TSH levels and
lipid parameters were examined during a
severe hypothyroid state in the present
study, when TSH levels were 20—-125mU/I.
HDL-C levels were also elevated during the
hypothyroid state in the present study, and
may have resulted from decreased hepatic
lipase and cholesterol-ester transport pro-
tein activity, leading to decreased HDL
catabolism, reduced transfer of cholesteryl
esters from HDL, to very low- and inter-
mediate-density lipoproteins, reduced trans-
port of HDL, to HDL;, and ultimately
increased levels of HDL,.?!

Several studies have reported that thyroid
hormone replacement exerts favourable
effects on lipid profiles and haemodynamic
factors, which may eventually reduce the
risk of cardiovascular disease morbidity and
mortality. Levothyroxine replacement in
patients with hypothyroidism reduces body
weight*? and improves various haemo-
dynamic factors, such as central arterial
stiffness and endothelium-dependent vaso-
dilatation.”® In addition, atherogenic lipid
levels (e.g., total cholesterol, LDL-C, trigly-
cerides, and apolipoprotein B) are reported
to be reduced following levothyroxine
replacement in patients with overt hypothy-
roidism.** Studies have also reported, how-
ever, that levothyroxine replacement does
not affect these cardiometabolic parameters
among patients with subclinical disease.”**’
In the present study, levothyroxine reinsti-
tution fully reversed the changes in cardio-
metabolic parameters that were induced by
short-term  levothyroxine  withdrawal,
although further studies are needed to deter-
mine if levothyroxine has different effects in
the acute and chronic hypothyroid states.

In addition to lipid profiles, changes in
atherogenic markers (i.e., homocysteine,
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CRP, fibrinogen, and cystatin C Ilevels)
associated with the withdrawal and reinsti-
tution of levothyroxine were also investi-
gated in the present study. Plasma levels of
homocysteine levels were observed to be
significantly elevated during the severe
hypothyroid state, and levothyroxine
replacement  reversed this  elevation.
Interestingly, homocysteine is an athero-
genic factor that promotes the production
of wvascular inflammatory chemokines,
reactive oxygen species, and oxidized LDL-
C2*?7 A meta-analysis has  also
revealed that plasma homocysteine levels
are elevated in patients with hypothyroid-
ism, compared with those in healthy indi-
viduals, although levothyroxine replacement
can reverse this elevation.”® Another study
has suggested that these hypothyroidism-
induced elevated homocysteine levels
may induce insulin resistance and increase
the risk of cardiovascular disease.'? In the
present study, however, HOMA-IR was
significantly decreased during the hypothy-
roid state.

Although homocysteine levels and the
majority of lipid parameters exhibited
unfavourable changes during the severe
hypothyroid state in the present study,
favourable changes in blood pressure, FPG
levels, and atherosclerosis markers (e.g., hs-
CRP, fibrinogen, and cystatin C levels) were
observed during this state. Furthermore,
HOMR-B was shown to be reduced during
the severe hypothyroid state. Although sev-
eral studies have reported increased insulin
resistance in cases of hypothyroidism,'>*’
the present results are consistent with find-
ings of one study that showed a 7.4%
decrease in FPG levels in cases of overt
hypothyroidism compared with cases of
subclinical disease, and that the decrease
was correlated with reduced insulin resist-
ance.'”  Interestingly,  hypothyroidism
induces reductions in energy expenditure
and metabolic rate, which may lead to
lower levels of FPG and insulin.™

Previous studies have reported conflicting
results regarding changes in CRP, fibrino-
gen and cystatin C levels among patients
with hypothyroidism.'""'*"!” These factors
are well-known inflammatory markers of
cardiovascular disease, and many of the
previous studies have focused on the
increase in these markers and their associ-
ation with the risk of cardiovascular disease
during the hypothyroid state.!"!'*!® Thus,
the favourable changes in hs-CRP, fibrino-
gen, and cystatin C levels observed during
the hypothyroid state in the present study
are difficult to interpret. Nevertheless, the
authors speculate that the low-iodine diet
recommended for patients undergoing
radioactive iodine therapy could affect
these parameters, and that acute withdrawal
of levothyroxine may induce different
responses in these inflammatory markers,
compared with the responses observed
during chronic hypothyroidism.*!

The present study has several clinical
implications. First, patients with hyperlipid-
aemia should be tested to determine their
thyroid function, and should be actively
treated using thyroid hormone if hypothy-
roidism is detected, as levothyroxine
reinstatement restored lipid profiles to their
baseline state within 4 weeks. Furthermore,
patients with baseline metabolic syndrome
components  experienced  pronounced
changes in their lipid profiles after levothyr-
oxine withdrawal in the present study, which
suggests that these patients should be care-
fully assessed before withdrawing levothyr-
oxine in preparation for radioactive iodine
therapy. Given that these changes were fully
reversed following levothyroxine reinstitu-
tion, however, and that several cardiometa-
bolic markers exhibited favourable changes
during the severe hypothyroid state, short-
term withdrawal of levothyroxine may not
significantly affect the development of car-
diovascular disease.

The results of the present study may be
limited by the relatively small sample size



An et al.

49

and the fact that this was a single centre
study. Further multicentre studies should be
conducted, with larger sample sizes. In add-
ition, further studies are needed to identify
the long-term effects of changes in these
parameters on cardiovascular morbidity and
mortality in relation to thyroid disease.

In conclusion, levothyroxine withdrawal-
related hypothyroidism induced pro-
nounced changes in various cardiometabolic
parameters among patients who had under-
gone total thyroidectomy and were prepar-
ing to undergo radioactive iodine therapy.
These changes may increase the risk of
atherosclerosis and cardiovascular diseases,
especially among patients with metabolic
syndrome components, although these
changes were rapidly reversed after reinsti-
tuting thyroid hormone treatment.
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