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Background: High-density lipoprotein cholesterol (HDL-C) plays an important role in the reverse cholesterol transport pathway 
and prevents atherosclerosis-mediated disease. It has also been suggested that HDL-C may be a protective factor against cancer. 
However, an inverse correlation between HDL-C and cancer has not been established, and few studies have explored thyroid cancer. 
Methods: The study participants received health checkups provided by the Korean National Health Insurance Service from 2009 to 
2013 and were followed until 2019. Considering the variability of serum HDL-C level, low HDL-C level was analyzed by grouping 
based on four consecutive health checkups. The data analysis was performed using univariate and multivariate Cox proportional 
hazard regression models. 
Results: A total of 3,134,278 total study participants, thyroid cancer occurred in 16,129. In the crude model, the hazard ratios for the 
association between repeatedly measured low HDL-C levels and thyroid cancer were 1.243, 1.404, 1.486, and 1.680 (P for trend 
<0.01), respectively, which were significant even after adjusting for age, sex, lifestyle factors, and metabolic diseases. The subgroup 
analysis revealed that low HDL-C levels likely had a greater impact on the group of patients with central obesity (P for interac-
tion=0.062), high blood pressure (P for interaction=0.057), impaired fasting glucose (P for interaction=0.051), and hyperlipidemia 
(P for interaction=0.126).
Conclusion: Repeatedly measured low HDL-C levels can be considered a risk factor for cancer as well as vascular disease. Low 
HDL-C levels were associated with the risk of thyroid cancer, and this correlation was stronger in a metabolically unhealthy popula-
tion.
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INTRODUCTION

High-density lipoprotein cholesterol (HDL-C) plays an impor-
tant role in the reverse cholesterol transport pathway by comple-
menting low-density lipoprotein cholesterol (LDL-C), which 
contributes to the systemic circulation of cholesterol [1]. HDL-
C protects against cardiovascular disease [2,3]. Furthermore, it 
has also been suggested that HDL-C may be a protective factor 
against cancer [4,5]. According to a previous study on the ef-
fects of HDL-C on cancer development, an inverse association 
between HDL-C and cancer was found to be particularly strong 
in hematologic malignancies [6]. An association between low 
HDL-C levels and the risk of cancer has also been reported in 
solid cancers, such as breast [7] and lung cancer [8]. However, 
an inverse correlation between HDL-C and cancer has not been 
established in all types of cancers, and there have been few 
studies on thyroid cancer and HDL-C levels.

The incidence of thyroid cancer is generally increasing, and 
an increase due to the development and greater availability of 
examination technology is suggested as the main cause [9,10]. 
However, researchers must also pay attention to lifestyle and 
environmental factors because the prevalence of large thyroid 
cancer is also increasing [11]. Many researchers have found a 
pattern of development in thyroid cancer similar to that of meta-
bolic disease. Previous studies have reported an association be-
tween obesity and thyroid cancer [12-15]. Moreover, the risk of 
thyroid cancer decreased with weight loss [16]. A subsequent 
study found that metabolic syndrome may also be a risk factor 
for thyroid cancer [17]. Since HDL-C is one of the components 
of metabolic syndrome, we hypothesized that there is a relation-
ship between low HDL-C levels and the occurrence of thyroid 
cancer and therefore considered thyroid cancer to be a disease 
affected by metabolic status.

The purpose of this study was to confirm the association be-
tween low HDL-C levels and the occurrence of thyroid cancer 
in a nationwide population-based cohort. In particular, we used 
repeated health examination data to evaluate the cumulative ef-
fect of HDL-C.

METHODS

Study population
The analysis was conducted using health checkup data from the 
database of the Korean National Health Insurance Service, 
which manages medical expenses for 97.2% of the Korean pop-
ulation [18]. Informed consent was waived considering the ret-

rospective design of the study and the characteristics of anony-
mous data provided through public institutions, and the study 
protocol was monitored by the Institutional Review Board of 
Yeouido St. Mary’s Hospital (SC21ZESI0041). The study par-
ticipants received health checkups from 2009 to 2013 and were 
followed until 2019. Participants who underwent four consecu-
tive health checkups were eligible. Cases with a diagnosis of 
any cancer at the baseline were excluded in the screening from 
2012 to 2013. 

Measurements and definitions
Standardized questionnaires were filled out by the participants 
and used to assess age, sex, medical history, and social history, 
including alcohol consumption, cigarette smoking, regular exer-
cise, and income status. Alcohol consumption was grouped 
based on an average daily alcohol intake of 30 g. Smoking sta-
tus was defined as never, ex, and current smoking; those who 
smoked more than 50 cigarettes in their lifetime but who had 
quit were classified as ex-smokers and those who were still 
smoking as current smokers. Regular exercise was defined as 
daily light exercise 5 days a week or vigorous exercise 3 days a 
week. A low income status was defined as those who were be-
low the 20% income percentile or eligible for medical aid.

Height and weight were measured using an electronic scale. 
Waist circumference was measured at an intermediate position 
below the lowest rib and above the pelvic bone by an experi-
enced examiner, and systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) were obtained after 5 minutes of rest. Af-
ter fasting for more than 8 hours, a blood sample was taken, and 
fasting glucose, total cholesterol, triglyceride, LDL-C, and 
HDL-C levels were measured. Chronic disease was defined as 
SBP ≥140 mm Hg or DBP ≥90 mm Hg or patients currently 
prescribed medication for high blood pressure, fasting glucose 
≥126 mg/dL or patients currently prescribed medication for di-
abetes, and total cholesterol ≥240 mg/dL or patients currently 
prescribed lipid-lowering drugs. 

Groups were defined as the number of times the HDL-C level 
was measured as <40 mg/dL for men and <50 mg/dL for wom-
en in four consecutive health checkups. The outcome measure 
of all analyses was newly developed thyroid cancer, which was 
defined by cancer registration codes that are classified as severe 
disease for insurance reimbursement.

Statistical analysis
Continuous variables are described as means and standard devi-
ations, and categorical variables are presented as numbers and 
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percentages. Comparisons between groups were analyzed by t 
tests for continuous variables and chi-square tests for categori-
cal variables. The cancer incidence was expressed in person-
years (per 1,000). A survival analysis was performed by divid-
ing groups based on the number of times a low HDL-C level 
was confirmed considering the variability in repeated HDL-C 
levels and the cumulative effect. This analysis was performed 
using univariate and multivariate Cox proportional hazard re-
gression models, and the results were expressed as adjusted 
hazard ratios (HRs) and their 95% confidence intervals (CIs). 
The statistical analysis was performed with SAS version 9.3 
(SAS Institute Inc., Cary, NC, USA) and R version 3.2.3 (the R 
Foundation for Statistical Computing, Vienna, Austria), where 
two-sided P values <0.05 (<0.20 for interaction analysis) were 
considered statistically significant.

RESULTS

Baseline characteristics
A total of 3,255,533 people underwent annual health checkups 
provided by the Korean National Health Insurance Service from 
2009 to 2013. We excluded 70,783 patients with insufficient in-
formation and 50,472 patients with a confirmed any cancer code 

in 2012 and 2013 (Fig. 1). In a follow-up assessment conducted 
until December 2019, thyroid cancer was diagnosed in a total of 
16,129 patients. The mean age of all patients was 43.6 years. 
The participants were divided into groups by the number of 
times a low HDL-C level was confirmed in four consecutive 
health checkups (Fig. 2). The more frequently the low HDL-C 
level was measured, the older the patient was, the higher the 
prevalence of metabolic diseases, and the higher the proportion 
of low-income status (Table 1).

3,255,533 Participants who received annual health 
check-ups provided by Korean National Health In-

surance Service from 2009 to 2013

3,134,278 Study population

Excluded: 
70,783 Insufficient data
50,472 Any cancer wash-out

Fig. 1. Flow chart of the study population.

Fig. 2. Definition of groups for the statistical analysis. HDL-C, high-density lipoprotein cholesterol.

Wash-out Thyroid cancer surveillance

Four consecutive health check-ups

≥40 mg/dL for men 
≥50 mg/dL for women 
<40 mg/dL for men 
<50 mg/dL for women

Groups for the cumulative effect of HDL-C
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Low HDL-C levels and the incidence of thyroid cancer
In the crude Model 1, the HR for the occurrence of thyroid can-
cer were 1.243 (95% CI, 1.191 to 1.129), 1.404 (95% CI, 1.336 
to 1.476), 1.486 (95% CI, 1.407 to 1.569), and 1.680 (95% CI, 
1.596 to 1.769), respectively (P for trend <0.001). We adjusted 
for age and sex in Model 2, for age, sex, smoking, drinking, 
regular exercise, and income status in Model 3, and for age, sex, 
smoking, drinking, regular exercise, income status, waist cir-
cumference, diabetes, high blood pressure, and hyperlipidemia 
in Model 4, sequentially. The HR of thyroid cancer occurrence 
in Model 4, which corrected all relevant factors, was 1.130 
(95% CI, 1.082 to 1.179), 1.231 (95% CI, 1.170 to 1.295), 1.260 
(95% CI, 1.192 to 1.333), and 1.413 (95% CI, 1.337 to 1.494), 
respectively (P for trend <0.001) (Table 2, Fig. 3).

Subgroup analysis for the metabolically unhealthy 
participants
A subgroup analysis was additionally performed on the factors 

of metabolic syndrome with the model adjusted for age, sex, 
drinking, smoking, regular exercise, and income. Low HDL-C 
levels were thought to have a greater impact on the group of pa-
tients with central obesity (P for interaction=0.062), high blood 
pressure (P for interaction=0.057), impaired fasting glucose (P 
for interaction=0.051), and hyperlipidemia (P for interac-
tion=0.126). The HR for the occurrence of thyroid cancer was 
1.714 (95% CI, 1.529 to 1.921) when diabetic patients demon-
strated low HDL-C levels in four consecutive screenings, and it 
was for hyperlipidemia patients (Table 3). 

DISCUSSION

This study analyzed the association between low HDL-C levels 
and the occurrence of thyroid cancer through health checkup 
data from the Korean National Health Insurance Service. Con-
sidering the variability of serum HDL-C level, low HDL-C lev-
el was analyzed by grouping based on four consecutive health 

Table 1. Baseline Characteristics of the Study Population

Characteristic Total
Group

0 1 2 3 4

Number 3,134,278 1,815,102 531,043 311,858 236,543 239,732

Age, yr 43.6±10.7 42.0±10.4 44.2±10.6 45.6±10.6 46.8±10.6 49.1±10.6

Male sex 2,262,264 (72.2) 1,371,961 (75.6) 370,012 (69.7) 211,128 (67.7) 154,671 (65.4) 154,492 (64.4)

Body mass index, kg/m2 23.9±3.2 23.3±3.1 24.2±3.2 24.6±3.2 24.9±3.2 25.3±3.2

Waist circumference, cm 80.8±9.0 79.5±8.7 81.4±9.0 82.5±9.0 83.2±8.9 84.2±8.8

High blood pressure (yes) 638,394 (20.4) 274,654 (15.1) 111,284 (21.0) 80,646 (25.9) 71,926 (30.4) 99,884 (41.7)

Diabetes (yes) 211,632 (6.8) 94,385 (5.2) 36,022 (6.8) 29,608 (9.5) 29,157 (12.3) 46,864 (19.5)

Hyperlipidemia (yes) 515,073 (16.4) 176,582 (9.7) 93,552 (17.6) 72,359 (23.2) 66,734 (28.2) 105,846 (44.2)

Total cholesterol, mg/dL 194.7±35.1 196.1±33.0 195.9±36.9 194.6±37.9 191.6±37.8 184.8±37.4

Triglyceride, mg/dL 113.3 (113.2–113.4) 100.5 (100.4–100.6) 122.7 (122.5–122.9) 135.6 (135.4–135.9) 145.5 (145.1–145.8) 154.5 (154.1–154.8)

HDL-C, mg/dL 55.0±18.1 60.4±18.3 51.2±15.3 47.4±14.7 44.7±14.3 42.8±13.2

LDL-C, mg/dL 113.7±33.3 113.0±31.3 116.8±34.6 116.5±35.8 114.3±36.8 107.6±37.0

Alcohol consumption

   None 1,191,976 (38.0) 590,030 (32.5) 216,090 (40.7) 141,608 (45.4) 117,241 (49.6) 127,007 (53.0)

   Mild drinker 1,676,596 (53.5) 1,047,001 (57.7) 273,508 (51.5) 149,539 (48.0) 105,909 (44.8) 100,639 (42.0)

   Heavy drinker 265,706 (8.5) 178,071 (9.8) 41,445 (7.8) 20,711 (6.6) 13,393 (5.7) 12,086 (5.0)

Smoking status

   Never 1,469,769 (46.9) 818,191 (45.1) 255,880 (48.2) 153,253 (49.1) 120,006 (50.7) 122,439 (51.1)

   Ex-smoker 644,644 (20.6) 384,682 (21.2) 105,566 (19.9) 61,159 (19.6) 44,854 (19.0) 48,383 (20.2)

   Current smoker 1,019,865 (32.5) 612,229 (33.7) 169,597 (31.9) 97,446 (31.3) 71,683 (30.3) 68,910 (28.7)

Regular exercise (yes) 699,898 (22.3) 413,806 (22.8) 115,958 (21.8) 67,226 (21.6) 50,292 (21.3) 52,616 (22.0)

Low income (yes) 495,083 (15.8) 251,413 (13.9) 90,048 (17.0) 57,083 (18.3) 46,402 (19.6) 50,137 (20.9)

Values are expressed as mean±standard deviation, number (%), or geometric mean (95% confidence interval). 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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checkups. A repeatedly low level of HDL-C increased the inci-
dent risk of thyroid cancer. In the crude model, the HRs for the 
occurrence of thyroid cancer were 1.243 (95% CI, 1.191 to 
1.129), 1.404 (95% CI, 1.336 to 1.476), 1.486 (95% CI, 1.407 
to 1.569), and 1.680 (95% CI, 1.596 to 1.769) according to the 
number of repeated low HDL-C levels, respectively (P for trend 
<0.001). The association between low HDL-C levels and the 
risk of thyroid cancer was significant after adjusting for age, 
sex, lifestyle factors, and metabolic diseases, which are other 
variables that may affect the development of thyroid cancer (Ta-
ble 2, Fig. 3). 

Previous studies provided controversial results regarding the 
association between HDL-C and thyroid cancer. A European 
study reported that the association of cancer with HDL-C level 

was not significant in endocrine-related cancers, including thy-
roid cancer [6]. However, they did not separately classify thy-
roid cancer in their analysis of endocrine-related cancers. There-
fore, various types of genetically occurring carcinomas in endo-
crine-related cancers may have been included. We also did not 
subgroup the histologic type of thyroid cancer in this study; it 
was assumed HDL-C mainly influenced the development of the 
differentiated thyroid cancer type considering the prevalence of 
thyroid cancer in Korea, as 95% are differentiated thyroid can-
cers [19]. This fact is worth noting along with the fact that the 
worldwide incidence of papillary-type thyroid cancer is steadily 
increasing [20]. 

Another study proposed that an increase in thyroid nodules 
was associated with insulin resistance, which was independent 
of any changes in HDL-C [21]. However, that finding differs 
from this study in that the outcome of the study was not thyroid 
cancer, given that most thyroid nodules are benign [22]. In fact, 
a significantly lower HDL-C level was confirmed in the thyroid 
cancer patient group in a single-center study conducted in China 
[23]. To evaluate insulin resistance, we carried out additional 
analysis with body mass index (BMI). BMI was adjusted for in-
stead of waist circumference, and the association between low 
HDL-C and the risk of thyroid cancer was confirmed (Supple-
mental Table S1). In addition, no significant associations were 
observed when interaction analysis was performed on the group 
divided using a cut-off of BMI 25 kg/m2 (Supplemental Table 
S2). Therefore, the association between HDL-C and thyroid 
cancer was significant even when considering insulin resistance 
in this study population.

In the subgroup analysis, low HDL-C levels were thought to 
play a more important role in the group of patients with meta-
bolic disease (Table 3). Previous studies have reported that low 

Table 2. Low High-Density Lipoprotein Cholesterol Levels and the Risk of Thyroid Cancer

Group Total 
no.

Patients 
no.

IR 
per 100

HR (95% CI)

Model 1 Model 2 Model 3 Model 4

0 1,815,102 7,991 0.708 1 (reference) 1 (reference) 1 (reference) 1 (reference)

1 531,043 2,901 0.880 1.243 (1.191–1.297) 1.169 (1.120–1.220) 1.175 (1.126–1.226) 1.130 (1.082–1.179)

2 311,858 1,924 0.995 1.404 (1.336–1.476) 1.299 (1.236–1.366) 1.308 (1.244–1.376) 1.231 (1.170–1.295)

3 236,543 1,545 1.053 1.486 (1.407–1.569) 1.347 (1.275–1.424) 1.359 (1.286–1.436) 1.260 (1.192–1.333)

4 239,732 1,768 1.190 1.680 (1.596–1.769) 1.523 (1.445–1.606) 1.535 (1.456–1.619) 1.413 (1.337–1.494)

P for trend <0.001 <0.001 <0.001 <0.001

Multivariable analysis; Model 1, non-adjusted; Model 2, adjusted age, sex; Model 3, adjusted age, sex, smoking, drinking, regular exercise, income sta-
tus; Model 4, adjusted age, sex, smoking, drinking, regular exercise, income status, waist circumference, high blood pressure, dyslipidemia, diabetes. 
IR, incidence rate; HR, hazard ratio; CI, confidence interval.

Fig. 3. The cumulative effect of low high-density lipoprotein cho-
lesterol levels on the incidence of thyroid cancer.
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Table 3. Effects of Low High-Density Lipoprotein Cholesterol Levels on Thyroid Cancer According to Metabolic Status

Subgroup Group Total no. Patients no. IR per 1,000 HRa (95% CI) P for interaction

Abdominal obesityb 0.062
   No 0 1,580,957 6,833 0.695 1 (reference)

1 427,869 2,300 0.865 1.145 (1.092–1.201)
2 239,096 1,467 0.988 1.275 (1.205–1.350)
3 174,546 1,141 1.052 1.323 (1.242–1.410)
4 166,879 1,212 1.170 1.459 (1.370–1.553)

   Yes 0 234,145 1,158 0.801 1 (reference)
1 103,174 601 0.944 1.154 (1.046–1.275)
2 72,762 457 1.018 1.220 (1.094–1.361)
3 61,997 404 1.055 1.241 (1.106–1.392)
4 72,853 556 1.238 1.460 (1.315–1.621)

High blood pressure 0.057
   No 0 1,540,448 6,900 0.780 1 (reference)

1 419,759 2,309 0.885 1.144 (1.091–1.199)
2 231,212 1,476 1.027 1.298 (1.226–1.374)
3 164,617 1,105 1.079 1.332 (1.249–1.420)
4 139,848 1,106 1.271 1.536 (1.440–1.639)

   Yes 0 274,654 1,091 0.643 1 (reference)
1 111,284 592 0.863 1.280 (1.157–1.415)
2 80,646 448 0.901 1.301 (1.164–1.454)
3 71,926 440 0.992 1.397 (1.248–1.564)
4 99,884 662 1.076 1.524 (1.378–1.684)

Impaired fasting glucosec 0.051
   No 0 1,342,171 6,299 0.754 1 (reference)

1 369,558 2,112 0.919 1.135 (1.080–1.193)
2 206,464 1,350 1.051 1.270 (1.197–1.348)
3 149,306 1,064 1.145 1.354 (1.267–1.446)
4 133,939 1,105 1.326 1.547 (1.449–1.651)

   Yes 0 472,931 1,692 0.578 1 (reference)
1 161,485 789 0.792 1.299 (1.193–1.414)
2 105,394 574 0.882 1.393 (1.256–1.544)
3 87,237 481 0.893 1.420 (1.290–1.562)
4 105,793 663 1.017 1.572 (1.432–1.725)

Hyperlipidemia 0.126
   No 0 1,638,520 7,281 0.715 1 (reference)

1 437,491 2,419 0.891 1.158 (1.105–1.213)
2 239,499 1,526 1.027 1.304 (1.234–1.379)
3 169,809 1,142 1.083 1.342 (1.260–1.429)
4 133,886 1,115 1.340 1.595 (1.496–1.700)

   Yes 0 176,582 710 0.649 1 (reference)
1 93,552 482 0.832 1.326 (1.180–1.490)
2 72,359 398 0.889 1.436 (1.267–1.628)
3 66,734 403 0.976 1.582 (1.394–1.796)
4 105,846 653 1.000 1.714 (1.529–1.921)

IR, incidence rate; HR, hazard ratio; CI, confidence interval. 
aHR is calculated by adjusting for age, sex, smoking, drinking, regular exercise, and income status; bAbdominal obesity was defined as waist circumfer-
ence ≥90 cm in men, and ≥85 cm in women; cImpaired fasting glucose was defined as fasting glucose ≥100 mg/dL or patients currently prescribed 
medication for diabetes.
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HDL-C levels increase the cancer risk in diabetic patients [24]. 
Another study found that the risk of thyroid cancer is further in-
creased in a metabolically unhealthy obese population [25]. In 
the results of this study, the risk of thyroid cancer in the hyper-
lipidemia group with four consecutive low HDL-C levels was 
almost twice that of the reference population (Table 3). Since 
metabolically unhealthy patients with high blood pressure, dia-
betes, and hyperlipidemia undergo repeated hospital visits and 
blood tests, it is thought that their cancer risk can be predicted 
by monitoring HDL-C levels. Intensive lipid-lowering therapy 
is recommended for the prevention of cardiovascular disease in 
a number of patients with metabolic diseases, and a previous 
study reported the effect of HDL-C level on the cancer incidence 
while using lipid-lowering drugs [26]. The use of statin-based 
drugs increases HDL-C levels, and this effect was greater in pa-
tients with diabetes and hyperlipidemia in a previous study [27]. 
Therefore, it is possible that the use of statins in a metabolically 
unhealthy population is a mechanism that helps prevent cancer.

The biologic mechanisms underlying the link between lipid 
metabolism and cancer are not well understood. In the presence 
of insulin resistance associated with obesity, the lipid profile of-
ten shows a change with an increase in triglycerides and a de-
crease in HDL-C [28]. Therefore, insulin resistance may be one 
factor that can explain the association between low HDL-C and 
thyroid cancer. An increased risk of thyroid cancer has been re-
ported in diabetic patients [29]; insulin resistance not only 
causes changes in lipid profiles but may also be a factor that in-
creases the risk of thyroid cancer. In addition, changes in thy-
roid function tend to decrease thyroid hormone levels and in-
crease thyroid stimulating hormone (TSH) to control energy ex-
penditure in a sustained positive energy status since thyroid hor-
mones are involved in the thermogenesis of the entire body 
[30,31]. Metabolic status is also associated with autoimmune 
thyroid disease [32], which may be the cause of an increase in 
TSH [33]. TSH affects the growth and differentiation of thyroid 
cells [34,35]; higher levels of TSH are seen in patients with thy-
roid cancer compared to patients with benign thyroid disease 
[36]. An elevated TSH level is associated with hyperlipidemia 
[37,38], and TSH may be one of the etiologies that explains the 
low HDL-C often documented in thyroid cancer.

From a molecular point of view, various hypotheses have 
been suggested to explain the protective effect of HDL-C on 
cancer. First, HDL-C contains an antioxidant enzyme called 
paraoxonase-1, which is thought to inhibit tumorigenesis by re-
ducing oxidative stress in peripheral tissues [39]. Second, HDL-
C is thought to affect the expression level of adenosine triphos-

phate-binding cassette (ABC) transporters in the cell membrane. 
The overexpression of ABC transporters has been confirmed in 
a number of carcinomas, which is thought to be related to more 
aggressive features and increased treatment resistance [40]. 
Third, the HDL-C receptor, a scavenger receptor type B1, is 
thought to reflect the characteristics of rapidly proliferating can-
cer cells due to its increased expression on the surface of tumor 
cells. It is also suggested as a mechanism for the circulating 
HDL-C level to be identified as low [41]. The molecular mecha-
nisms of the role of HDL-C in cancer require ongoing research 
and may someday be used to develop novel diagnostic biomark-
ers and therapeutic targets.

This study has a limitation in that it was only conducted in the 
Korean population. Korea is composed of a single ethnic group 
residing in an iodine-replete area [42], so it was not possible to 
determine differences according to demographics. The associa-
tion of thyroid disease with lipid profile or thyroid cancer could 
not be considered because thyroid function test results or use of 
thyroid-related drugs, such as levothyroxine and anti-thyroid 
drugs, could not be confirmed in the health examination dataset. 
In addition, the possibility that low HDL-C is caused by cancer 
cannot be excluded from the results of this study. Many thyroid 
cancer patients live with cancer for years before receiving a 
clear diagnosis, as small thyroid nodules are not indicated for 
biopsy. However, this study has the strength of a low possibility 
of specific bias because we used data from a large-scale popula-
tion managed by national institutions.

In conclusion, repeatedly measured low HDL-C can be con-
sidered a risk factor related to cancer as well as vascular disease. 
Low HDL-C levels were associated with thyroid cancer risk, 
and this correlation was stronger in the metabolically unhealthy 
population.
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