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DIFFERENTIATED thyroid cancer is a common 
endocrine cancer with an increasing incidence world-
wide [1].  Radioactive iodine (RAI) therapy is a treat-
ment option for patients with differentiated thyroid can-
cer [2].  Serum levels of thyroid stimulating hormone 
(TSH) can be raised endogenously by thyroid hormone 
withdrawal (THW) or exogenously by administration 
of recombinant human TSH for RAI ablation therapy 
or whole-body RAI scanning [3].  THW results in rapid 
and severe short term hypothyroidism which may lead 
to undesirable clinical consequences.  Short-term rapid 
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overt hypothyroidism may lead to changes in the cardio-
vascular system [4].  Decreased cardiac output, stroke 
volume, end diastolic volume and increased peripheral 
resistance have been demonstrated in short-term hypo-
thyroidism [4].  Increased cardiovascular risks asso-
ciated with high serum total cholesterol, low density 
lipoprotein (LDL) cholesterol and homocysteine lev-
els have been found in previous studies on short-term 
hypothyroidism [5-7].  On the other hand, no significant 
change has been observed in the concentrations of ath-
erogenic small dense LDL and large very low density 
lipoprotein (VLDL) in patients with short term hypo-
thyroidism [8].  

Proprotein convertase subtilisin/kexin type 9 
(PCSK9), a protein secreted by hepatocytes, regu-
lates the expression of the LDL receptor [9].  Binding 
of PCSK9 to the LDL receptor leads to its degradation 
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betes mellitus, hypertension, hyperlipidemia, chronic 
renal diseases, malignant diseases other than thyroid 
cancer, as well as smokers and individuals taking 
drugs (e.g., statins, fibrates) that can affect lipid levels 
or cardiovascular parameters.  The study protocol was 
approved by the ethics committee and informed con-
sent was received from all participants.  

We evaluated the patients when they were on sup-
pressive levothyroxine therapy and four weeks after 
THW, when the patients displayed overt hypothroid-
ism.  Anthropometric parameters were obtained from 
all patients and healthy control subjects.  ABI measure-
ments were performed by an experienced endocrinolo-
gist according to clinical guidelines [21] with a hand-
held vascular doppler (8 MHz; Sonotrax).  Thyroid 
hormone levels, lipid profiles and fasting blood glu-
cose levels (FBG) were obtained from all patients and 
healthy control subjects.  For PCSK9 and sLOX-1 
measurements, serum samples were immediately cen-
trifuged and stored at -80 ºC until assayed.  FBG was 
assessed using standard laboratory methods.  Serum 
total cholesterol, HDL cholesterol and triglyceride 
levels were measured with an autoanalyzer (Olympus 
AU2700) using enzymatic colorimetric kits (Beckman 
Coulter).  LDL cholesterol levels were calculated from 
the Friedewald formula [22].  ApoAI, ApoB and lipo-
protein-a levels were measured with a nephelometer 
(Siemens, Bn Prospec model).  TSH, free triiodothy-
ronine (fT3) and free thyroxine (fT4) were measured 
with an autoanalyzer (Abbott, Architecht I2000) using 
a chemiluminescence method.  

PCSK9 levels were analyzed by ELISA using the 
Quantikine Human PCSK9 kit (R&D Systems).  The 
sensitivity of the kit was 0.096 ng/mL.  The intra-assay 
coefficient of variation was 4.1-6.5% and the inter-
assay coefficient of variation was 4.1-5.9%.  sLOX-1 
levels were analyzed by an ELISA method using a com-
mercial kit Human Soluble LOX-1 ELISA kit (Aviscera 
Bioscience).  The sensitivity of the kit was 7.8 pg/mL.  
The intra-assay coefficient of variation was 4-6% and 
the inter-assay coefficient of variation was 8-10%.  

Statistical analysis
Statistical analysis was performed using the 

Statistical Package for Social Sciences (SPSS) for 
Windows, version 21.0 (IBM).  Numeric variables 
are presented as mean ± standard deviation or median 
(interquartile range) values.  Categorical variables 
are presented as counts.  Differences between groups 

and results in elevation of serum LDL cholesterol lev-
els [10].  PCSK9 has been proposed to be associated 
with coronary artery disease [11].  A positive correlation 
between TSH and PCSK9 levels has been reported in 
euthyroid subjects, suggesting that thyroid function may 
regulate cholesterol metabolism via PCSK9 [12].  We 
hypothesized that the increase in serum total cholesterol 
and LDL cholesterol levels in short term hypothyroid-
ism may be related with the increase in PCSK9 levels.  

Soluble lectin-like oxidized LDL receptor 1 (sLOX-
1) is an extracellular soluble domain of LOX-1, which 
has been shown to be the main receptor upregulated 
by oxidized LDL [13].  LOX-1, which facilitates bind-
ing, internalization and degradation of oxidized LDL 
in endothelial cells, can lead to endothelial dysfunc-
tion and may play a role in the pathogenesis of athero-
sclerosis [14].  sLOX-1 has been accepted as a novel 
marker for atherosclerosis [15].  Recently, sLOX-
1, which is inversely correlated with ankle brachial 
index (ABI), has been proposed as another marker for 
peripheral arterial disease in patients with type 2 dia-
betes mellitus [16].  

Peripheral arterial disease is an indicator of systemic 
atherosclerosis and is associated with increased cardio-
vascular mortality [17].  Peripheral arterial disease can 
be diagnosed by measuring the ABI [18].  An associa-
tion between low ABI and atherosclerotic disease has 
been demonstrated in several studies [19].  However, 
data about ABI measurements in patients with hypo-
thyroidism is very limited in the literature [20].  

To the best of our knowledge, there is no study in 
the literature investigating PCSK9, sLOX-1 and ABI 
in short-term overt hypothyroidism.  In this study, we 
aimed to evaluate serum PCSK9, sLOX-1, lipid levels, 
ABI, and their relationships with each other in short 
term overt hypothyrodism due to THW in patients with 
thyroid cancer who undergo RAI remnant ablation or 
RAI scanning.  

Materials and Methods

Twenty-one patients (20 female, 1 male) who require 
RAI ablation or scanning and 36 euthyroid healthy 
control subjects (35 female, 1 male) who were similar 
to the patients in age, sex, body mass index (BMI) were 
enrolled into this prospective study.  In all the patients 
who require RAI ablation or RAI scanning, serum TSH 
was raised endogenously by THW.  We excluded indi-
viduals with established cardiovascular diseases, dia-
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THW when they were on supressive dose levothy-
roxine therapy and control group matched during this 
period.  There was no statistical significant difference 
between patients before THW and controls regard-
ing BMI (p=0.13).  BMI increased significantly after 
THW in patient group (p<0.001).  The difference was 
also significant between patients in hypothyroid phase 
and control group (p=0.02) (Table 1).  In our previ-
ous study [23], we found that body weight was signifi-
cantly higher in hypothyroid state compared to euthy-
roid state after thyroid hormone replacement therapy.  
This increase in hypothyroid state in the present study 
also leads to statistical difference between patient 
group after THW and control group.  After four weeks 
of THW, consistent with short term overt hypothy-
rodism, TSH levels significantly increased compared 
to patients before THW and control group (p<0.001, 
p<0.001, respectively).  Levels of total cholesterol, 
LDL and triglycerides were similar between patient 
group before THW and the control group (p>0.05).  
In patients with short term overt hypothyroid state, 
total cholesterol, LDL and triglycerides levels signifi-
cantly increased compared to control group (p<0.001, 

were analyzed by the chi-square test.  Normality of 
distribution was analyzed by the Shapiro-Wilk test.  
Differences between independent groups were ana-
lyzed by the t-test or Mann-Whitney test.  Comparisons 
between patients on suppressive levothyroxine treat-
ment and after THW were analyzed by the dependent 
t-test.  Pearson or Spearman correlation coefficients 
were used to detect associations between numeric vari-
ables.  The effect of BMI on the change in PCSK9, 
sLOX-1 and ABI was analyzed by repeated measures 
analysis of variance.  A p value <0.05 was considered 
statistically significant.  

Results

All patients were receiving suppressive levothyrox-
ine treatment before THW and all of these patients were 
overt hypothyroid after 4 weeks of THW.  Clinical, 
demographical characteristics and biochemical param-
eters of patient and control groups are shown in Table 
1.  There was no significant difference between sex, 
age of thyroid cancer patients and healthy control 
subjects (p≥0.05).  Patients were included before 

Table 1  Characteristics of the patient and control groups

Patient group
Before THW

n=21

Patient group 
After THW

n= 21

P value
After THW vs 

Before THW  in 
patient group

Controls
n=36

P value
Before THW vs 

controls

P value
After THW vs 

controls

Age (years) 43.91 ± 10.44 41.78 ± 5.94 0.31
Gender (F/M) 20/1 35/1 0.75
BMI (kg/m2) 28.39 ± 4.90 29.35 ± 4.99 <0.001 26.37 ± 4.65 0.13 0.02
TSH (µIU/mL) 0.14 (1.07) 100.0 (57.45) <0.001 2.11 ± 1.04 <0.001 <0.001
fT4 (ng/dL) 1.44 ± 0.28 0.40 (0.03) <0.001 1.09 ± 0.16 <0.001 <0.001
fT3 (pg/mL) 3.07 ± 1.10 1.28 ± 0.48 <0.001 2.91 ± 0.26 0.02 <0.001
FBG (mg/dL) 92.27 ± 10.97 88.22 ± 13.77 0.10 90.0 (7.75) 0.58 0.15
T.cholesterol (mg/dL) 211.85 ± 36.77 276.0 (80.0) <0.001 201.08 ± 34.83 0.27 <0.001
LDL-C (mg/dL) 134.38 ± 31.24 200.56 ± 53.30 <0.001 127.85 ± 28.79 0.39 <0.001
HDL-C (mg/dL) 50.57 ± 11.24 58.80 ± 13.21 <0.001 53.36 ± 10.95 0.37 0.09
TG (mg/dL) 108.0 (73.0) 152.0 (82.50) 0.15 94.50 (58.50) 0.10 <0.001
ApoAI (mg/dL) 142.0 (37.50) 156.90 ± 25.47 0.02 149.12 ± 20.55 0.75 0.22
ApoB (mg/dL) 101.0 ± 21.81 140.04 ± 30.34 <0.001 90.47 ± 19.01 0.06 <0.001
Lipoprotein-a (mg/dL) 20.60 ± 27.2 19.45 (18.77) 0.56 17.75 (16.82) 0.23 0.65
PCSK9 (ng/mL) 287.98 (87.29) 317.57 (92.04) 0.21 229.46 (97.03) 0.004 <0.001
sLOX-1 (pg/mL) 95.83 ± 42.98 123.80 ± 78.56 0.06 81.21 (98.08) 0.84 0.27
ABI 1.13 ± 0.12 1.0 (0.29) 0.06 1.20 (0.2) 0.046 0.002
Normally distributed variables are presented as mean±standard deviation and non-normally distributed variables are presented as median (interquartile 
range). BMI, Body mass index; TSH, Thyroid stimulating hormone; fT4, Free thyroxine; fT3, free triiodothyronine; FBG, Fasting blood glucose; 
T. Cholesterol, Total cholesterol; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; TG, Triglycerides; 
ApoAI, Apolipoprotein AI; ApoB, Apolipoprotein B; PCSK9, Proprotein convertase subtilisin/kexin type 9; sLOX-1, Soluble lectin-like oxidized 
low density lipoprotein receptor; ABI, Ankle brachial index.  
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p<0.001, p<0.001, respectively).  Apo B level increased 
after THW compared to before THW in patients as well 
as control group (p<0.001).  HDL and Apo AI levels 
significantly increased after THW compared to before 
THW in patient group (p<0.001, p=0.02, respectively).  
There was no significant difference between the groups 
regarding lipoprotein-a level (p>0.05).  

Patients with short term overt hypothyroidism had 
significantly increased PCSK9 levels compared to con-
trol group (317.57 (92.04) vs 229.46 (97.03) ng/mL, 
p<0.001).  PCSK9 levels were also found to be sig-
nificantly increased before THW in patient group 
compared to control group (287.98 (87.29) vs 229.46 
(97.03) ng/mL, p=0.004).  There was no statistically 
significant difference regarding PCSK9 levels between 
before and after THW in the patient group (287.98 
(87.29) vs 317.57 (92.04) ng/mL, p=0.21).  

sLOX-1 levels were increased in short term overt 
hypothyroidism compared to before THW in the 
patient group, but this difference did not reach a sta-
tistically significance (95.83±42.98 vs 123.80±78.56 
pg/mL, p=0.06).  Also, there was no statistically sig-
nificant difference for sLOX-1 levels between patients 
after THW and control group (123.80±78.56 vs 81.21 
(98.08) pg/mL, p=0.27).  

After THW, ABI was found to be significantly 
decreased in patients with short term overt hypothy-
roidism compared to control group 1.0 (0.29) vs 1.2 
(0.20), p=0.002.  ABI was also found to be decreased in 
patient group before THW compared to control group 
1.13±0.12 vs 1.2 (0.20), p=0.046; while the difference 
between before and after THW in the patient group did 
not reach a statistically significant level (1.13±0.12 vs 
1.0 (0.29), p=0.06).  

There was no significant relation between groups 
which include patients before THW and after THW for 
PCSK9, sLOX-1 and ABI when parameters adjusted for 
BMI (p= 0.29, 0.23, 0.07 respectively).  Distributions 
of PCSK9, sLOX-1 and ABI in patients before and 
after THW are shown in Fig. 1.  

Correlation analysis
The correlation analysis of PCSK9, sLOX-1, ABI 

measurements with the other parameters in the whole 
group (patients with overt hypothyroidism because of 
THW and control groups together, n=57) are shown 
in Table 2.  PCSK9 levels were correlated positively 
with BMI (r=0.42, p=0.001).  PCSK9 levels were posi-
tively correlated with TSH (r=0.48, p<0.001) and neg-

Fig. 1	 Distribution of PCSK9 (A), sLOX-1(B) and ABI (C) 
in patients before and after THW. PCSK9, Proprotein 
convertase subtilisin/kexin type 9; sLOX-1, Soluble lectin-
like oxidized low density lipoprotein receptor; ABI, Ankle 
brachial index; THW, Thyroid hormone withdrawal.
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Discussion

We found increased PCSK9 levels, decreased ABI 
and unchanged sLOX-1 levels in patients with short-
term overt hypothyrodism in comparison with control 
subjects.  However, we did not observe any differences 
in PCSK9,ABI and sLOX-1 in the patients before vs. 
after THW.  

There are few published studies investigating PCSK9 
in thyroid dysfunction.  One study found that circulat-
ing PCSK9 levels were unchanged 3 and 5 days after 
recombinant TSH injection [24].  Authors pointed that 
the lack of difference for PCSK9 levels in their study 
might be related with acute elevation of TSH and dura-
tion of hypothyroidism may affect hepatic PCSK9 pro-
duction [24].  To the best of our knowledge, there is no 
study in the literature investigating how THW-induced 
short-term overt hypothyroidism affects PCSK9 levels.  
Our results indicate that PCSK9 is increased in patients 
with thyroid cancer, both in the subclinical thyrotoxic 
phase before THW and the short-term overt hypothy-
roid phase after THW, in comparison with healthy indi-
viduals.  Further studies with larger cohorts are required 
to definitively evaluate PCSK9 levels in hypothyroid-
ism and iatrogenic subclinical thyrotoxicosis.  

The correlations we observed between PCSK9 and 

atively with fT3 (r=-0.28, p=0.03) and fT4 (r=-0.32, 
p=0.01).  PCSK9 levels were positively correlated with 
total cholesterol, LDL, triglycerides and Apo B levels 
(r=0.48, p<0.001; r=0.43, p=0.001; r=0.61, p<0.001; 
r=0.52, p<0.001; respectively).  PCSK9 levels were 
also found to be negatively correlated with ABI (r=-
0.38, p=0.004).  sLOX-1 levels did not correlate with 
any of the measured parameters, except BMI which 
was shown to be significantly positively correlated 
with sLOX-1 levels (r=0.27, p=0.03).  ABI was neg-
atively correlated with TSH and positively correlated 
with fT3, fT4 levels (r=-0.32, p=0.01; r=0.33, p=0.01; 
r=0.41, p=0.02; respectively).  

The correlation analysis of PCSK9, sLOX-1, ABI 
measurements with the other parameters in baseline 
measurements before THW of the patient group and 
euthyroid control groups together (n=57) are shown in 
Table 3.  PCSK9 levels were positively correlated with 
fT3 (r=0.27, p=0.03) and fT4 (r=0.31, p=0.01).  PCSK9 
levels were positively correlated with total cholesterol, 
LDL, triglycerides and Apo B levels (r=0.28, p=0.03; 
r=0.36, p=0.006; r=0.35, p=0.006; r=0.34, p=0.01; 
respectively).  sLOX-1 levels positively correlated 
with BMI (r=0.33, p=0.04).  ABI did not correlate with 
any of the measured parameters.  

Table 2  Correlations of PCSK9, sLOX-1 and ABI with each other and the other parameters in patients after THW and control subjects 
together (n=57)

PCSK9 sLOX-1 ABI
Correlation coefficient p Correlation coefficient p Correlation coefficient p

Age (years) 0.13 0.31 -0.18 0.17 -0.10 0.43
BMI (kg/m2) 0.42 0.001 0.27 0.03 -0.14 0.28
TSH (µIU/mL) 0.48 <0.001 0.05 0.71 -0.32 0.01
fT4 (ng/dL) -0.32 0.01 -0.09 0.46 0.41 0.02
fT3 (pg/mL) -0.28 0.03 -0.08 0.54 0.33 0.01
FBG (mg/dL) 0.03 0.81 -0.04 0.75 0.12 0.37
T. cholesterol (mg/dL) 0.48 <0.001 0.05 0.66 -0.23 0.08
LDL-C (mg/dL) 0.43 0.001 0.07 0.57 -0.18 0.15
HDL-C (mg/dL) 0.03 0.80 -0.27 0.09 -0.11 0.39
TG (mg/dL) 0.61 <0.001 0.17 0.28 -0.28 0.03
ApoAI (mg/dL) 0.15 0.27 -0.09 0.48 -0.11 0.39
ApoB (mg/dL) 0.52 <0.001 0.14 0.28 -0.23 0.09
Lipoprotein-a (mg/dL) 0.13 0.35 0.02 0.83 -0.12 0.36
PCSK9 (ng/mL) 0.21 0.10 -0.38 0.004
sLOX-1 (pg/mL) 0.21 0.10 -0.07 0.56
ABI -0.38 0.004 -0.07 0.56
BMI, Body mass index; TSH, Thyroid stimulating hormone; fT4, Free thyroxine; fT3, free triiodothyronine; FBG, Fasting blood 
glucose; T. Cholesterol, Total cholesterol; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; 
TG, Triglycerides; ApoAI, Apolipoprotein AI; ApoB, Apolipoprotein B; PCSK9, Proprotein convertase subtilisin/kexin type 9; sLOX-1, 
Soluble lectin-like oxidized low density lipoprotein receptor; ABI, Ankle brachial index.  
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TSH, fT3 and fT4 support the idea that thyroid hor-
mones affect PCSK9 levels.  On the other hand, the 
patients before THW had higher levels of PCSK9 than 
did the control subjects.  Furthermore, there were posi-
tive correlations between fT3, fT4 and PCSK9 when 
the patients before THW (whose TSH levels were sup-
pressed) were analyzed together with the control sub-
jects.  Bonde et al. [25] analyzed serum PCSK9 levels 
in hyperthyroid patients before and after treatment and 
reported that circulating PCSK9 levels are decreased 
in hyperthyroidism.  However, the authors indicated 
that PCSK9 levels did not correlate with thyroid hor-
mone levels [25], in contrast to our results.  This dif-
ference may be related with different characteristic of 
our patient population.  These patients underwent total 
thyroidectomy and they were under thyroid hormone 
replacement therapy.  The patients had iatrogenic sub-
clinical thyrotoxicosis, which is directly dependent on 
levothyroxine dosage and patient compliance.  The 
duration of subclinical thyrotoxicosis and fluctuations 
of thyroid hormones before analysis in our patient pop-
ulation is not clear.  Therefore, undefined factors may 
have contribute to the increased levels of PCSK9 in 
these patients.  Our study is the first to analyze PCSK9 
levels in thyroid cancer patients.  

Consistent with prior studies, we found short-term 

overt hypothyroidism to coincide with atherogenic 
lipid changes, including increases in total cholesterol, 
LDL cholesterol, triglycerides and ApoB [8, 26].  We 
also found elevations in the antiatherogenic HDL cho-
lesterol and ApoA1 in the short-term overt hypothyroid 
phase.  Elevated levels of HDL cholesterol and ApoA1, 
which is the major constituent of HDL cholesterol, were 
reported in previous studies [23, 27].  It is suggested 
that decreased cholesteryl ester transfer protein  leads 
to increased HDL cholesterol levels in hypothyroidism 
[28].  ApoA1 levels are increased in hypothyroidism 
because hepatic lipase, which clears ApoAI, is impaired 
[28].  We found that PCSK9 levels correlated with lipid 
parameters such as total cholesterol, LDL cholesterol, 
triglycerides and ApoB.  However, we cannot claim that 
changes in PCSK9 levels contribute to lipid changes in 
short-term overt hypothyroidism since PCSK9 levels 
also increased in patient group before THW in which 
lipid levels were not elevated.  The association between 
PCSK9 and lipids were not evaluated in Gagnon et al.’s 
study performed on PCSK9 levels in short term hypo-
thyroidism due to recombinant TSH administration [23].  

Investigated lipid parameters in our study were not 
different between control subjects and patients with 
suppressed TSH prior to THW.  Because thyroid hor-
mones influence lipid metabolism, low lipid levels 

Table 3  Correlations of PCSK9, sLOX-1 and ABI with each other and the other parameters in the patients before THW and control 
subjects together (n=57)

PCSK9 sLOX-1 ABI
Correlation coefficient p Correlation coefficient p Correlation coefficient P

Age (years) 0.14 0.29 -0.07 0.58 0.17 0.19
BMI (kg/m2) 0.12 0.44 0.33 0.04 0.06 0.69
TSH (µIU/mL) -0.12 0.36 -0.03 0.82 0.17 0.19
fT4 (ng/dL) 0.31 0.01 -0.03 0.82 -0.10 0.45
fT3 (pg/mL) 0.27 0.03 0.06 0.62 -0.02 0.84
FBG (mg/dL) 0.02 0.87 -0.17 0.20 0.03 0.81
T. cholesterol (mg/dL) 0.28 0.03 0.27 0.35 0.07 0.56
LDL-C (mg/dL) 0.36 0.006 0.08 0.55 0.09 0.47
HDL-C (mg/dL) -0.01 0.90 -0.17 0.20 0.04 0.76
TG (mg/dL) 0.35 0.006 0.08 0.54 0.04 0.74
ApoAI (mg/dL) 0.14 0.30 0.08 0.53 0.04 0.72
ApoB (mg/dL) 0.34 0.01 0.24 0.08 0.07 0.60
Lipoprotein-a (mg/dL) -0.04 0.77 -0.10 0.44 0.05 0.69
PCSK9 (ng/mL) 0.03 0.79 -0.03 0.80
sLOX-1 (pg/mL) 0.12 0.34 0.04 0.75
ABI -0.03 0.80 0.01 0.92
BMI, Body mass index; TSH, Thyroid stimulating hormone; fT4, Free thyroxine; fT3, free triiodothyronine; FBG, Fasting blood 
glucose; T. Cholesterol, Total cholesterol; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; 
TG, Triglycerides; ApoAI, Apolipoprotein AI; ApoB, Apolipoprotein B; PCSK9, Proprotein convertase subtilisin/kexin type 9; sLOX-1, 
Soluble lectin-like oxidized low density lipoprotein receptor; ABI, Ankle brachial index.  
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are expected in patients with overt hyperthyroidism.  
However, lipid levels in patients with subclinical thy-
rotoxicosis have been reported to be normal, consistent 
with our results [29].  Moreover, in a study on long-
term cardiovascular mortality in patients with differ-
entiated thyroid carcinoma, the frequency of hyper-
cholesterolemia was similar between the patient and 
control groups [30].  

We found a positive correlation between PCSK9 lev-
els and BMI in the study population.  Indeed, there is 
not much data about the relationship between PCSK9 
and adiposity, and existing data is controversial.  Cui 
et al. [31] found a positive correlation between PCSK9 
levels and BMI in a Chinese population study.  In 
contrast, Arsenault et al. [32] found that PCSK9 lev-
els in abdominally obese men did not correlate with 
indices of body fat distribution.  On the other hand, 
Kwakernaak et al. [12] suggested that the correlation 
between thyroid function and PCSK9 may be blunted 
by obesity in euthyroid subjects.  When we adjusted for 
BMI there was still no statistical difference in PCSK9 
levels in the patients before and after THW.  Therefore, 
further studies investigating the effect of adiposity on 
PCSK9 levels are needed.  

Decreased ABI has been shown to be associated 
with increased cardiovascular risk [19, 33].  A study 
published in Russian found similar ABI in hypothyroid 
and euthyroid individuals [20].  In our study, ABI was 
lower in the patients than in the control subjects, and 
the decrease in ABI after THW did not reach statisti-
cal significance.  Perhaps the duration of hypothyroid-
ism was not long enough to alter the ABI.  Regardless, 
ABI correlated positively with fT3 and fT4 levels and 
negatively with TSH levels, consistent with a substan-
tial effect of thyroid hormones on the peripheral vas-
cular system.  Decreased levels of fT3 and fT4 and 
increased levels of TSH associated with hypothyroid-
ism may lead to decreased ABI and vascular changes.  
In addition, the effect of fT3 on vascular resistance and 
the speed of diastolic relaxation may contribute to the 
decrease in ABI observed in short-term overt hypothy-
roidism [34, 35].  We did not find a correlation between 
ABI and lipid parameters but instead found that ABI 
negatively correlated with PCSK9 levels, suggesting a 
new relationship in the development of atherogenesis.  
As far as we know, there is no study in the literature 
investigating ABI in thyroid cancer patients under sup-
pressive levothyroxine treatment.  Our results indicate 
that thyroid dysfunction in this patient population may 

cause deterioration of the ABI.  
This is the first study evaluating sLOX-1 levels in 

thyroid dysfunction.  There was no significant differ-
ence in sLOX-1 levels before and after THW in patient 
group.  sLOX-1 levels were also similar between the 
patient and control groups.  Future studies with larger 
cohorts may help to us to understand the role of sLOX-1 
in short-term overt hypothyroidism and if there is an 
association with increased cardiovascular risk.  

The patients with thyroid cancer developed short-
term overt hypothyroidism because of the need for 
RAI ablation therapy or scanning.  Our results support 
that the notion that THW may cause deleterious car-
diovascular effects in these patients.  One strength of 
this study was the exclusion of patients with known 
cardiovascular disease, diabetes mellitus, HT as well 
as smokers.  One limitation of this study was the rela-
tively small group size, because recombinant thyrotro-
pin alfa is usually used to increase TSH levels in thy-
roid cancer patients who require RAI ablation therapy 
or scanning nowadays.  To comment on the results, one 
of the challanges of this study was the analyses were 
performed in three different thyroid functional states.  
Future studies are needed to confirm our results.  

This is the first prospective study to investigate 
PCSK9 and sLOX-1 levels, and their association with 
ABI and cardiovascular risk parameters, in thyroid 
cancer patients with short-term overt hypothyroidism.  
Our results support the hypothesis that THW-mediated 
short-term overt hypothyroidism leads to hyperlipid-
emia and lower ABI.  Therefore, the possible cardio-
vascular consequences of short-term overt hypothyroid-
ism should be considered, especially in patients at risk.  
PCSK9 levels were higher and ABIs were lower in thy-
roid cancer patients in both before THW when median 
TSH level is supressedthe subclinical thyrotoxic phase 
and after THW in the overt hypothyroid phase.  Further 
studies with larger cohorts may help to reveal the asso-
ciation of PCSK9, sLOX-1 and ABI with increased car-
diovascular risks in short-term hypothyroidism.  

Acknowlegdements

No acknowledgements.  

Disclosure

None of the authors have any potential conflicts of 
interest associated with this research.  



1098 Ozkan et al.

  1.	 Burns WR, Zeiger MA (2010) Differentiated thyroid 
cancer. Semin Oncol 37: 557-566. 

  2.	 Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee 
SL, et al. (2009) Revised American Thyroid Association 
management guidelines for patients with thyroid nod-
ules and differentiated thyroid cancer. Thyroid 19: 
1167-1214.

  3.	 Klubo-Gwiezdzinska J, Burman KD, Van Nostrand D, 
Mete M, Jonklaas J, et al. (2013) Potential use of recom-
binant human thyrotropin in the treatment of distant 
metastases in patients with differentiated thyroid can-
cer. Endocr Pract 19: 139-148.

  4.	 Botella-Carretero JI, Gomez-Bueno M, Barrios V, 
Caballero C, Garcia-Robles R, et al. (2004) Chronic 
thyrotropin-suppressive therapy with levothyroxine and 
short-term overt hypothyroidism after thyroxine with-
drawal are associated with undesirable cardiovascular 
effects in patients with differentiated thyroid carcinoma. 
Endocr Relat Cancer 11: 345-356. 

  5.	 Lien EA, Nedrebo BG, Varhaug JE, Nygard O, Aakvaag 
A, et al. (2000) Plasma total homocysteine levels dur-
ing short-term iatrogenic hypothyroidism. J Clin 
Endocrinol Metab 85: 1049-1053. 

  6.	 Chang HJ, Kim KW, Choi SH, Lim S, Park KU, et 
al. (2010) Endothelial function is not changed during 
short-term withdrawal of thyroxine in patients with dif-
ferentiated thyroid cancer and low cardiovascular risk. 
Yonsei Med J 51: 492-498. 

  7.	 Gazdag A, Nagy EV, Burman KD, Paragh G, Jenei Z 
(2010) Improved endothelial function and lipid profile 
compensate for impaired hemostatic and inflammatory 
status in iatrogenic chronic subclinical hyperthyroid-
ism of thyroid cancer patients on L-t4 therapy. Exp Clin 
Endocrinol Diabetes 118:381-387.

  8.	 Pearce EN, Wilson PW, Yang Q, Vasan RS, Braverman 
LE (2008) Thyroid function and lipid subparticle sizes 
in patients with short-term hypothyroidism and a popu-
lation-based cohort. J Clin Endocrinol Metab 93: 888-
894. 

  9.	 Davidson MH (2013) Emerging low-density lipoprotein 
therapies: Targeting PCSK9 for low-density lipoprotein 
reduction. J Clin Lipidol 7 (3 Suppl):S11-15. 

10.	 Joy TR (2012) Novel therapeutic agents for lowering 
low density lipoprotein cholesterol. Pharmacol Ther 
135: 31-43. 

11.	 Li S, Li JJ (2015) PCSK9: A key factor modulating ath-
erosclerosis. J Atheroscler Thromb 22: 221-230. 

12.	 Kwakernaak AJ, Lambert G, Muller Kobold AC, 
Dullaart RP (2013) Adiposity blunts the positive rela-
tionship of thyrotropin with proprotein convertase sub-
tilisin-kexin type 9 levels in euthyroid subjects. Thyroid 
23: 166-172.

13.	 Navarra T, Del Turco S, Berti S, Basta G (2010) The 

lectin-like oxidized low-density lipoprotein receptor-1 
and its soluble form: cardiovascular implications. J 
Atheroscler Thromb 17: 317-331. 

14.	 Sawamura T, Wakabayashi I, Okamura T (2015) LOX-1 
in atherosclerotic disease. Clin Chim Acta 440: 157-
163. 

15.	 Pirillo A, Catapano AL (2013) Soluble lectin-like oxi-
dized low density lipoprotein receptor-1 as a biochem-
ical marker for atherosclerosis-related diseases. Dis 
Markers 35: 413-418. 

16.	 Fukui M, Tanaka M, Senmaru T, Nakanishi M, Mukai 
J, et al. (2013) LOX-1 is a novel marker for periph-
eral artery disease in patients with type 2 diabetes. 
Metabolism 62: 935-938.  

17.	 Fowkes FG, Murray GD, Butcher I, Heald CL, Lee 
RJ, et al. (2008) Ankle brachial index combined with 
Framingham Risk Score to predict cardiovascular 
events and mortality: a meta-analysis. JAMA 300: 197-
208. 

18.	 Bendermacher BL, Teijink JA, Willigendael EM, 
Bartelink ML, Peters RJ, et al. (2012) Applicability 
of the ankle-brachial-index measurement as screening 
device for high cardiovascular risk: an observational 
study. BMC Cardiovasc Disord 12: 59. 

19.	 Lin JS, Olson CM, Johnson ES, Whitlock EP (2013) 
The ankle-brachial index for peripheral artery disease 
screening and cardiovascular disease prediction among 
asymptomatic adults: a systematic evidence review for 
the U.S. Preventive Services Task Force. Ann Intern 
Med 159: 333-341. 

20.	 Riabtseva O, Orlova Ia A, Blankova ZN, Chazova TE, 
Ageev FT (2013)The vascular wall in postmenopausal 
women with hypothyroidism and hypertension. Ter 
Arkh 85: 64-69. (In Russian) 

21.	 Aboyans V, Criqui MH, Abraham P, Allison MA, 
Creager MA, et al. (2012) Measurement and interpre-
tation of the ankle-brachial index: a scientific statement 
from the American Heart Association. Circulation 126: 
2890-2909. 

22.	 Friedewald WT, Levy RI, Fredrickson DS (1972) 
Estimation of the concentration of low-density lipopro-
tein cholesterol in plasma, without use of the prepara-
tive ultracentrifuge. Clin Chem 18: 499-502. 

23.	 Cerit ET, Akturk M, Altinova AE, Tavil Y, Ozkan C, 
et al. (2015) Evaluation of body composition changes, 
epicardial adipose tissue, and serum omentin-1 levels in 
overt hypothyroidism. Endocrine 49: 196-203. 

24.	 Gagnon A, Antunes TT, Ly T, Pongsuwan P, Gavin C, 
et al. (2010) Thyroid-stimulating hormone stimulates 
lipolysis in adipocytes in culture and raises serum free 
fatty acid levels in vivo. Metabolism 59: 547-553. 

25.	 Bonde Y, Breuer O, Lutjohann D, Sjoberg S, Angelin 
B, Rudling M (2014) Thyroid hormone reduces PCSK9 

References



1099PCSK9, sLOX-1 and ABI in thyroid cancer

and stimulates bile acid synthesis in humans. J Lipid 
Res 55: 2408-2415. 

26.	 Dedecjus M, Masson D, Gautier T, de Barros JP, 
Gambert P, et al. (2003) Low cholesteryl ester transfer 
protein (CETP) concentration but normal CETP activity 
in serum from patients with short-term hypothyroidism 
Lack of relationship to lipoprotein abnormalities. Clin 
Endocrinol (Oxf) 58: 581-588.

27.	 Duntas LH, Brenta G (2012) The effect of thyroid disor-
ders on lipid levels and metabolism. Med Clin North Am 
96: 269-281.

28.	 Jin T, Teng X. (2014) Update on Lipid Metabolism 
and Thyroid Disorders. J Endocrinol Diabetes Obes 2: 
1043.

29.	 Peppa M, Betsi G, Dimitriadis G (2011) Lipid abnor-
malities and cardiometabolic risk in patients with overt 
and subclinical thyroid disease. J Lipids 2011: 575840.

30.	 Klein Hesselink EN, Klein Hesselink MS, de Bock GH, 
Gansevoort RT, Bakker SJ et al. (2013) Long-term car-
diovascular mortality in patients with differentiated thy-

roid carcinoma: an observational study. J Clin Oncol 
31: 4046-4053.

31.	 Cui Q, Ju X, Yang T, Zhang M, Tang W, et al. (2010) 
Serum PCSK9 is associated with multiple metabolic fac-
tors in a large Han Chinese population. Atherosclerosis 
213:632-636. 

32.	 Arsenault BJ, Pelletier-Beaumont E, Almeras N, 
Tremblay A, Poirier P, et al. (2014) PCSK9 levels in 
abdominally obese men: association with cardiometa-
bolic risk profile and effects of a one-year lifestyle mod-
ification program. Atherosclerosis 236: 321-326. 

33.	 Cui R, Yamagishi K, Imano H, Ohira T, Tanigawa T, 
et al. (2014) Relationship between the ankle-brachial 
index and the risk of coronary heart disease and stroke: 
the circulatory risk in communities study. J Atheroscler 
Thromb 21: 1283-1289. 

34.	 Klein I, Ojamaa K (2001) Thyroid hormone and the car-
diovascular system. N Engl J Med 344: 501-509. 

35.	 Grais IM, Sowers JR (2014) Thyroid and the heart. Am 
J Med 127: 691-698. 


