
Abstract
Background

The effects of total cholesterol (TC) on coagulation and hemostatic systems could contribute to the development of venous
thromboembolism (VTE). We investigated this possible association using TC variability.

Methods

From the Korean NHIS-HEALS database, 1,236,589 participants with health screenings between 2003 and 2008 were included. TC
variability was assessed using various parameters, including the coefficient of variation (CV), standard deviation (SD), and
variability independent of mean (VIM). Occurrence of VTE was established by identifying at least two medical claims with a
diagnostic code including various types of VTE: deep vein thrombosis (DVT) (I80.2–80.3), pulmonary embolism (PE) (I26, I26.0,
I26.9), intraabdominal VTE (I81, I82, I82.2–82.3), and other VTE (I82.8–82.9).

Results

Throughout the study’s median follow-up period of 12.4 years (interquartile range 12.2–12.6) years, TC levels were assessed a
total of 5,702,800 times. VTE occurred in 11,769 (1.08%) patients (DVT (4,708 (0.43%)), PE (3,109 (0.29%)), intraabdominal VTE
(5,215 (0.48%)), and other VTE (4,794, (0.44%)). As a result, there was gradual association was observed between higher TC
variability and occurrence of VTE. Multivariable analysis showed that quartile of TC variability using CV showed a positive
correlation with the occurrence of VTE (adjusted hazard ratio (the highest versus lowest quartile), 1.14, 95% confidence interval,
1.08–1.20, p < 0.001). This result remained consistent applying to SD and VIM. In addition, higher quartile of TC variability was
consistently associated with the development of various types of VTE in subgroup analysis.

Conclusions

Increased TC variability may be associated with increased VTE risk. This analysis highlights the importance of maintaining stable
TC levels to prevent the development of VTE.
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Introduction
B-type natriuretic peptide, troponin, and C-reactive protein and serum lipid profiles have known to be important biomarkers for
cardiovascular (CV) event [1, 2]. The level of biomarkers in most biomarker studies has been determined through spot
measurements, mainly because of cost constraints and the timing of blood sampling. However, this method was accompanied by
reliability and reproducibility problems [1, 3, 4]. Therefore, recently, the growing interest in the variability of biomarkers within
individual has highlighted their significant as risk factors for CV event [5].
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VTE is a frequently occuring medical condition that imposes a substantial disease burden on a global scale and may lead to fatal
outcomes in some cases [6]. The global shift towards an aging society is leading to a steady increased in the incidence of VTE [7].
Cancer, antiphospholipid syndrome (APS), fracture, obesity, renal failure and chronic inflammatory diseases are known risk factors
for the development of VTE [7].

Furthermore, previous study showed a positive correlation between increased TC and DVT [8]. In addition, other studies have
found a relationship between increased TC variability and end-stage renal disease and atrial fibrillation (AF) that are known to have
relationship with the development of VTE [9, 10]. Therefore, there is a posibbility that TC variability may also contribute to the
development of VTE. However, to date, there has been a scarcity of information on the association of TC variability and the
occurrence of VTE. Our study was designed to explore the potential association between increased TC variability and an increased
risk of VTE using nationwide population-based longitudinal cohort database.
Materials and methods
The information about data source

This study was based on the Korean National Health Insurance Service-National Health Screening (NHIS-HEALS) cohort
database. The detailed information of NHIS-HEALS data was described in S1 Method.

Study population

In the NHIS-HEALS database, participants who attended three or more health screenings that included TC level measurement
between 2003 and 2008 were included (n = 1,236,589). The study excluded 91,231 participants due to the absence of data any
variable necessary for this analysis. Participants (n = 4,414) with a previous VTE from January 2002 to the first health examination
were also excluded. In addition, participants with less than three repeated measurements of TC level between 2003 and 2008 were
excluded (n = 55,920). Finally, data from the remaining 1,085,024 participants were included. Fig 1 showed the selection process of
participants.

Fig 1. Flow chart showing the participants selection process.
https://doi.org/10.1371/journal.pone.0289743.g001

Definition of variables and comorbidities

The index date was the date of health examination. The following baseline characteristics were collected at the index date: age,
sex, household income, and body mass index. Information on smoking habits, alcohol consumption (frequency per week), and
regular physical exercise (frequency per week) was obtained using questionnaires. Smoking status was categorized as none,
former, and current smoker. Comorbidities were identified when present between January 2002 and the index date. The detailed
definition of various comorbidities in our study was described in S1 Table [11–17].

Definition of TC variability

TC variability was determined by assessing the intra-individual variability of the TC value at each examination performed during the
six years before the index year (2009). Variability indices used in this study were coefficient of variation (CV), standard deviation
(SD), and variability independent of the mean (VIM). The level of VIM was computed as 100 x SD/Mean , in which beta was the
regression coefficient obtained from the natural logarithm of the ratio between SD and the mean [18].

Study outcomes

The main outcome was the occurrence of VTE. Occurrence of VTE was established by identifying at least two claims with a
diagnostic code including various types of VTE: DVT, (I80.2–80.3), pulmonary embolism (PE) (I26, I26.0, I26.9), intraabdominal
VTE (I81-82, I82.2–82.3), and other VTE (I82.8–82.9)) and concurrent medication codes (anticoagulants and antiplatelet) based on
a previous study [19]. Starting from index date, the follow-up period in this study extendeduntil the occurence of VTE, death of
participants, or until the end of December 2020, whichever event occurred first.

Statistical analysis

To compare the baseline characteristics among groups, categorical variables were analyzed using the Chi-square test, and
continuous variable were analyzed using analysis of variance. The presentation of continuous variable was expressed as mean
±SD, while categorical variables were presented as the number and their percentages.

Restricted cubic splines were assessed to confirm the possibility of a non-linear association between TC variability and VTE risk,
and all TC variabilities were fit for a positive linear association [20]. The participants were categorized into four groups according to
TC variability quartiles with CV. Kaplan-Meier (KM) estimates with the log-rank test were used to evaluate the association of TC
quartiles with TC for incident VTE risk. To estimate the incidence of VTE, the number of VTE cases was divided by the sum of
person-years.

To determine the risk of quartiles of TC for VTE occurrence, Cox’s proportional hazard regression was used; and hazard ratio (HR)
and 95% confidence interval (CI) were determined. Multivariable regression models were constructed with (1) adjustment for age,
sex, body mass index, household income, alcohol consumption, smoking status, regular physical activity, and presence of
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comorbidities (hypertension (HET), diabetes mellitus (DM), dyslipidemia, stroke, AF, cancer, renal disease, APS, and osteoporotic
fracture and on lipid-lowering agent) and (2) adjusting variables in multivariable regression model (1) with mean TC level. The
assumption of the proportionality of hazards was tested using Schoenfeld residuals. No departure from the proportional hazards’
assumption was detected. For subgroup analysis, further analyses were performed for each type of VTE (DVT, PE, intraabdominal
VTE, and other VTE).

For sensitivity analysis, CV, SD, and VIM were measured according to decile instead of quartile; lipid-lowering agents and mean TC
level were further adjusted for in multivariable analysis; and participants with VTE within 1 year from the index date were excluded
to minimize the possibility of reverse causality. The statistical analysis was performed using the Statistical Analysis System software
(SAS version 9.2, SAS Institute, Cary, NC, USA). Results were considered statistically significant when the p-values were less than
0.05.
Results
Table 1 demonstrates the results of the comparative analysis on the study population according to the quartiles of TC variability
(CV). Participants with higher quartiles of TC variability were more commonly men and were older. These participants had higher
frequencies of HET, DM, dyslipidemia, stroke, AF, cancer, renal disease, APS, and osteoporotic fracture.

Table 1. Baseline characteristics of subjects according to total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.t001

During a median of 12.4 (interquartile range 12.2–12.6) years, VTE occurred in 11,769 (1.08%) patients. When each VTE was
considered, DVT (4,708 (0.43%)), PE (3,109 (0.29%)), intraabdominal VTE (5,215 (0.48%)), and other VTE (4,794 (0.44%))
occurred. TC levels were measured a total of 5,702,800 times in this study. The number of participants undergoing measurement
three times was 114,814; four times, 133,934; five times, 195,034; and six times, 641,242.

Fig 2A shows KM curves depicting the occurrence of VTE according to TC variability. The risk of incident VTE was dependent on
quartiles of TC variability (p < 0.001). In multivariable analysis (1) adjusting for age, sex, body mass index, household income,
alcohol consumption, smoking status, regular physical activity, and presence of comorbidities (HET, DM, dyslipidemia, stroke, AF,
cancer, renal disease, AF, and osteoporotic fracture and on lipid-lowering agent), quartiles of TC variability assessed with CV were
positively correlated with the occurrence of VTE (adjusted HR (the highest quartile versus lowest quartile), 1.14, 95% CI 1.08–1.20,
p < 0.001, p for trend < 0.001). In addition, in multivariable model (2) adjusting variables in model (1) with mean TC level, quartiles
of TC variables with CV were significantly associated with the occurrence of VTE (adjusted HR, 1.14, 95% CI 1.08–1.20, p < 0.001,
p for trend < 0.001). This trend was consistent even when TC variability was applied to SD in model (1) (adjusted HR (the highest
quartile vs lowest quartile), 1.13, 95% CI 1.08–1.20, p < 0.001, p for trend < 0.001) and model (2) (adjusted HR (the highest quartile
versus lowest quartile), 1.15, 95% CI 1.09–1.21, P < 0.001, p for trend < 0.001) (Table 2). In addition, TC variability was also
consistently associated with VIM in model (1) (adjusted HR (the highest quartile versus lowest quartile), 1.13, 95% CI, 1.08–1.20, p
< 0.001, p for trend < 0.001) and model (2) (adjusted HR, 1.15, 95% CI, 1.09–1.21, p < 0.001, p for trend < 0.001) (Table 2). These
findings were consistent regardless of sex (S2 and S3 Tables).

https://doi.org/10.1371/journal.pone.0289743.t001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0289743.t001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=10.1371/journal.pone.0289743.t001


Fig 2. Kaplan-Meier survival curves for occurrence of venous thromboembolism (VTE) according to TC variability.
(A) All types of VTE. (B) Deep vein thrombosis, (C) Pulmonary embolism, (D) Intraabdominal VTE, (E) Other VTE.
https://doi.org/10.1371/journal.pone.0289743.g002

Table 2. The risk for occurrence of venous thromboembolism according to quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.t002

For sensitivity analysis, the association between quartiles of TC variability and the occurrence of VTE was consistently noted even
when the use of lipid-lowering agents and mean TC levels were additively adjusted (S4 Table). In addition, association of deciles of
TC variability and the development of VTE remained consistent (S5 Table).

Moreover, even when the occurrence of VTE was redefined as 1 year after the index date using landmark analysis, the association
of TC variability with the occurrence of VTE continued to be consistent when using both quartiles (S6 Table) and deciles of TC
variability (S7 Table). In subgroup analysis, the highest quartiles of TC variability were significantly and positively associated with
the risk of DVT (S8 Table, Fig 2B), PE (S9 Table, Fig 2C), intraabdominal VTE (S10 Table, Fig 2D), and other VTE (S11 Table,
Fig 2E) compared to the lowest quartiles of TC variability regardless of parameters for variability (CV, SD, and VIM), even after
adjusting for lipid-lowering agents and mean TC levels.
Discussion
The key findings of our study were that TC variability increased the risk of VTE occurrence; and the impact of TC variability was
consistent regardless of the different parameters of variability and VTE locations, including DVT, PE, intraabdominal VTE, and other
VTE.

Recently, variability in biological parameters has been emphasized as a risk factor CV morbidity and mortality that was not
previously acknowledged [5]. This finding was based on the hypothesis that loss of physiological homeostasis through disease
would lead to disturbances in intrinsic variability [21]. In this regard, a post-hoc analysis from the Treating to New Target (TNT) trial
demonstrated that variability in low density lipoprotein cholesterol (LDL-C) level between visits were a predictor of any coronary
event, CV event, myocardial infarction (MI), death, and stroke [22]. In another study of patients with ST-segment elevation MI, both
increased variability of LDL-C and high-density lipoprotein cholesterol (HDL-C) indices were linked to the increased development of
major adverse CV events [23]. In addition, TC variability was associated with coronary atheroma progression, poor clinical
outcome, and the development of chronic kidney disease and AF [9, 10, 24]. Accordingly, not only increased levels of TC, LDL-C,
and low LDL-C using spot measurement, but also variability of lipid profile has been regarded as established additional risk factors
for the various CV diseases.
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VTE is a significant global health issue, with several risk factors associated with its development, including malignancy, older age,
immobilization, obesity, recent fracture, surgery and hematologic heritable disorders [7]. In addition, both idiopathic and secondary
VTE are known to have coexisting risk factors for CV diseases such as HET, DM, smoking and dyslipidemia [25].

Dyslipidemia, in particular, has been postulated to contribute to the development of VTE due to the influence of lipids and
lipoproteins on hemostasis by modulating the expression and function of procoagulants, fibrinolytic, and theological factors [26].
However, studies investigating the association between lipid profiles and the development of VTE have yielded inconsistent results,
with most studies relying only on spot measurement of lipid levels [27].

However, our study utilized TC variability, which is a more reliable measure than spot measurements. We found that TC variability
had a positive impact on the development of VTE, regardless of different parameters for TC variability, including CV, SD and VIM.
Furthermore, in subgroup analyses, TC variability consistently showed a positive impact on the development of various type of
VTE, including DVT and PE, which have high mortality and recurrence rates [28]. Our finding suggested that assessing TC
variability may be important for patients at high risk of VTE, such as those with malignancy, obesity, immobilization, and the use of
oral contraceptives [7]. This caution could help to prevent fatal PE or DVT.

One theoretical explanation for the association between TC variability, indicating an abnormal and unstable TC level, and VT could
be the regulation of coagulation impairment, including the thrombomodulin (TM) and tissue factor pathway inhibitor (TFPI) [29].
TFPI, is an anticoagulant protein that inhibits the procoagulant pathway [30]. The unbound form of TFPI is transferred to the LDL-C
in a hypercholesterolemia state, and this transfer consequently causes a reduction in endothelial cell-associated TFPI and leads to
a hypercoagulable status [30]. In addition, the activity of TM, which has an anticoagulant effect after binding to thrombin, was
decreased in the associated study [31]. Thereafter, plasma levels of TM as free form, the marker of damaged endothelial cells,
were significantly increased in the hypercholesterolemia state [29]. Thus, TC variability may be implicated in the pathogenesis of
VTE by interrupting the coagulation cascade and causing endothelial dysfunction. Finally, abnormal TC level induces pro-
inflammatory conditions [32]. Inflammation, an established risk factor for VTE [25], contributes to the development of endothelial
dysfunction and has been linked to the development of VTE.

This study had several limitations. First, there is the possibility of residual that may be associated with the development of VTE,
such as use of oral contraceptive, the presence of inherited hematologic disorders, or D-dimer levels [7]. However, data on these
variables could not be obtained from the current dataset. Furthermore, the presence of dyslipidemia showed a similar positive
impact on the development of idiopathic and secondary DVT in previous study [25]. Second, the study subjects only included
Koreans, and the results may be different in other races/ethnicities. External validation of our results in other ethnicities is needed.
Third, despite sufficient evidence of TC variability in CV diseases, a clear cause of TC variability has not been fully elucidated.
Fourth, considering the observational and retrospective nature of our study, the association between TC variability and VTE could
not be causal. However, to minimize the possibility of a reverse causal relationship, participants with previous history of VTE were
excluded. In addition, a sensitivity analysis that excluded participants with VTE within one year from the index date using landmark
analysis showed similar results. Fifth, patients with cerebral venous thromboembolism (CVT) were not included. CVT is more
prevalent in young-aged women [33], and our study included patients aged ≥ 40 years. Thus, the influence of excluding CVT was
probably quite low. Sixth, we calculated TC variability using TC levels from annual health screening. Thus, real time variability of TC
could not be reflected. Finally, the mean age of target population was skewed toward lower age margin of target population. This
could be originated from the lower participation rates for health screening program in elderly [34].

This study had several strengths. This is the first study on the impact of TC variability on the development of VTE using large-scale,
nationally representative data that have been tracked over a long time. Our results suggest unique evidence supporting the benefits
of maintaining TC levels for VTE prevention and the need to focus on TC variability in addition to other known risk factors of VTE.
Despite the importance of TC variability on CV diseases and the development of VTE, clinical management to achieve stable TC
variability has not been revealed. Therefore, further studies are necessary.
Conclusion
In this nationwide population-based cohort study, we observed that greater TC variability was significantly associated with the
development of VTE. This relationship was consistently observed regardless of types of VTE. Future studies should examine
whether reducing TC variability can decrease the development of VTE.

Supporting information
S1 Method. Information about data source.
https://doi.org/10.1371/journal.pone.0289743.s001
(DOCX)

S1 Table. Definition of covariates.
https://doi.org/10.1371/journal.pone.0289743.s002
(DOCX)

S2 Table. The risk of the occurrence of venous thromboembolism according to the quartile of total cholesterol variability in men.
https://doi.org/10.1371/journal.pone.0289743.s003
(DOCX)

S3 Table. The risk of the occurrence of venous thromboembolism according to the quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s004
(DOCX)

S4 Table. The risk of venous thromboembolism according to quartiles of total cholesterol variability additionally adjusting the use of lipid lowering
agents and mean total cholesterol level.
https://doi.org/10.1371/journal.pone.0289743.s005
(DOCX)

S5 Table. The risk of occurrence of venous thromboembolism according to deciles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s006
(DOCX)

S6 Table. The risk of occurrence of venous thromboembolism according to quartiles of total cholesterol variability (landmark analysis).
https://doi.org/10.1371/journal.pone.0289743.s007

https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s001
https://doi.org/10.1371/journal.pone.0289743.s001
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s002
https://doi.org/10.1371/journal.pone.0289743.s002
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s003
https://doi.org/10.1371/journal.pone.0289743.s003
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s004
https://doi.org/10.1371/journal.pone.0289743.s004
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s005
https://doi.org/10.1371/journal.pone.0289743.s005
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s006
https://doi.org/10.1371/journal.pone.0289743.s006
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s007
https://doi.org/10.1371/journal.pone.0289743.s007


1.
View Article PubMed/NCBI Google Scholar

2.

View Article PubMed/NCBI Google Scholar

3.

View Article Google Scholar

4.

View Article Google Scholar

5.

View Article PubMed/NCBI Google Scholar

6.

View Article Google Scholar

7.
View Article Google Scholar

8.

View Article Google Scholar

9.

View Article PubMed/NCBI Google Scholar

10.

View Article PubMed/NCBI Google Scholar

11.

View Article PubMed/NCBI Google Scholar

12.

View Article PubMed/NCBI Google Scholar

13.
View Article PubMed/NCBI Google Scholar

14.

(DOCX)

S7 Table. The risk of occurrence of venous thromboembolism according to deciles of total cholesterol variability (landmark analysis).
https://doi.org/10.1371/journal.pone.0289743.s008
(DOCX)

S8 Table. The risk of occurrence of deep vein thrombosis according to quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s009
(DOCX)

S9 Table. The risk of occurrence of pulmonary embolism according to quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s010
(DOCX)

S10 Table. The risk of occurrence of intraabdominal venous thromboembolism according to quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s011
(DOCX)

S11 Table. The risk of occurrence of other venous thromboembolism according to quartiles of total cholesterol variability.
https://doi.org/10.1371/journal.pone.0289743.s012
(DOCX)
References

Huang Y, Gulshan K, Nguyen T, Wu Y. Biomarkers of Cardiovascular Disease. Dis Markers. 2017;2017:8208609. pmid:29238120

Soppert J, Lehrke M, Marx N, Jankowski J, Noels H. Lipoproteins and lipids in cardiovascular disease: from mechanistic insights to therapeutic targeting.
Adv Drug Deliv Rev. 2020;159:4–33. pmid:32730849

Li S, Guo Y-L, Zhao X, Zhang Y, Zhu C-G, Wu N-Q, et al. Novel and traditional lipid-related biomarkers and their combinations in predicting coronary
severity. Scientific reports. 2017;7:1–10.

O’Donnell MJ, McQueen M, Sniderman A, Pare G, Wang X, Hankey GJ, et al. Association of Lipids, Lipoproteins, and Apolipoproteins with Stroke
Subtypes in an International Case Control Study (INTERSTROKE). Journal of Stroke. 2022;24:224–235.

Kim MK, Han K, Park Y-M, Kwon H-S, Kang G, Yoon K-H, et al. Associations of variability in blood pressure, glucose and cholesterol concentrations, and
body mass index with mortality and cardiovascular outcomes in the general population. Circulation. 2018;138:2627–2637. pmid:30571256

Tagalakis V, Patenaude V, Kahn SR, Suissa S. Incidence of and mortality from venous thromboembolism in a real-world population: the Q-VTE Study
Cohort. The American journal of medicine. 2013;126:832. e813–832. e821.

Khan F, Tritschler T, Kahn SR, Rodger MA, et al. Venous thromboembolism. The lancet. 2021;398:64–77.

Vayá A, Mira Y, Martínez M, Piedad V, Fernando F, Amparo E, et al. Biological risk factors for deep vein thrombosis. Clinical hemorheology and
microcirculation. 2002;26:41–53.

Kim MK, Han K, Koh ES, Kim H-S, Kwon H-S, Park Y-M, et al. Variability in total cholesterol is associated with the risk of end-stage renal disease: a
nationwide population-based study. Arteriosclerosis, thrombosis, and vascular biology. 2017;37:1963–1970. pmid:28860222

Roh E, Chung HS, Lee JS, Kim JA, Lee Y-B, Hong S-Y, et al. Total cholesterol variability and risk of atrial fibrillation: a nationwide population-based cohort
study. PloS one. 2019;14:e0215687. pmid:31017966

J-H Park, H Lee, J-W Kim, T-J Song. Association between periodontal disease status and risk of atrial fibrillation: a nationwide population-based cohort
study. BMC Oral Health. 2023;23:461. pmid:37420240

D Kim, JH Kim, H Lee, I Hong, Y Chang, T-J Song. Association of gamma-glutamyl transferase variability with risk of osteoporotic fractures: a nationwide
cohort study. PloS one. 2023;18:e0277452. pmid:37267386

Y Chang, H Lee, T-J Song. Assocaition of gamma-glutamyl transferase variability with risk of venous thrombosis. Sci Rep. 2023;13:7402. pmid:37149666

D Kim, JH Kim, T-J Song. Total cholesterol variability and the risk of osteoprotic fractures: a nationwide population based cohort study. J Pers Med.
2023;13:509.

https://doi.org/10.1155/2017/8208609
http://www.ncbi.nlm.nih.gov/pubmed/29238120
http://scholar.google.com/scholar?q=Biomarkers+of+Cardiovascular+Disease+Huang+2017
https://doi.org/10.1016/j.addr.2020.07.019
http://www.ncbi.nlm.nih.gov/pubmed/32730849
http://scholar.google.com/scholar?q=Lipoproteins+and+lipids+in+cardiovascular+disease%3A+from+mechanistic+insights+to+therapeutic+targeting+Soppert+2020
http://scholar.google.com/scholar?q=Novel+and+traditional+lipid-related+biomarkers+and+their+combinations+in+predicting+coronary+severity+Li+2017
http://scholar.google.com/scholar?q=Association+of+Lipids%2C+Lipoproteins%2C+and+Apolipoproteins+with+Stroke+Subtypes+in+an+International+Case+Control+Study+O%E2%80%99Donnell+2022
https://doi.org/10.1161/CIRCULATIONAHA.118.034978
http://www.ncbi.nlm.nih.gov/pubmed/30571256
http://scholar.google.com/scholar?q=Associations+of+variability+in+blood+pressure%2C+glucose+and+cholesterol+concentrations%2C+and+body+mass+index+with+mortality+and+cardiovascular+outcomes+in+the+general+population+Kim+2018
http://scholar.google.com/scholar?q=Incidence+of+and+mortality+from+venous+thromboembolism+in+a+real-world+population%3A+the+Q-VTE+Study+Cohort+Tagalakis+2013
http://scholar.google.com/scholar?q=Venous+thromboembolism+Khan+2021
http://scholar.google.com/scholar?q=Biological+risk+factors+for+deep+vein+thrombosis+Vay%C3%A1+2002
https://doi.org/10.1161/ATVBAHA.117.309803
http://www.ncbi.nlm.nih.gov/pubmed/28860222
http://scholar.google.com/scholar?q=Variability+in+total+cholesterol+is+associated+with+the+risk+of+end-stage+renal+disease%3A+a+nationwide+population-based+study+Kim+2017
https://doi.org/10.1371/journal.pone.0215687
http://www.ncbi.nlm.nih.gov/pubmed/31017966
http://scholar.google.com/scholar?q=Total+cholesterol+variability+and+risk+of+atrial+fibrillation%3A+a+nationwide+population-based+cohort+study+Roh+2019
https://doi.org/10.1186/s12903-023-03165-x
http://www.ncbi.nlm.nih.gov/pubmed/37420240
http://scholar.google.com/scholar?q=Association+between+periodontal+disease+status+and+risk+of+atrial+fibrillation%3A+a+nationwide+population-based+cohort+study+J-H+2023
https://doi.org/10.1371/journal.pone.0277452
http://www.ncbi.nlm.nih.gov/pubmed/37267386
http://scholar.google.com/scholar?q=Association+of+gamma-glutamyl+transferase+variability+with+risk+of+osteoporotic+fractures%3A+a+nationwide+cohort+study+D+2023
https://doi.org/10.1038/s41598-023-34368-5
http://www.ncbi.nlm.nih.gov/pubmed/37149666
http://scholar.google.com/scholar?q=Assocaition+of+gamma-glutamyl+transferase+variability+with+risk+of+venous+thrombosis+Y+2023
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s008
https://doi.org/10.1371/journal.pone.0289743.s008
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s009
https://doi.org/10.1371/journal.pone.0289743.s009
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s010
https://doi.org/10.1371/journal.pone.0289743.s010
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s011
https://doi.org/10.1371/journal.pone.0289743.s011
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0289743.s012
https://doi.org/10.1371/journal.pone.0289743.s012


View Article Google Scholar

15.

View Article PubMed/NCBI Google Scholar

16.

View Article PubMed/NCBI Google Scholar

17.

View Article PubMed/NCBI Google Scholar

18.

View Article PubMed/NCBI Google Scholar

19.

View Article PubMed/NCBI Google Scholar

20.

View Article PubMed/NCBI Google Scholar

21.
View Article Google Scholar

22.

View Article Google Scholar

23.

View Article PubMed/NCBI Google Scholar

24.

View Article Google Scholar

25.
View Article PubMed/NCBI Google Scholar

26.
View Article PubMed/NCBI Google Scholar

27.

View Article PubMed/NCBI Google Scholar

28.
View Article PubMed/NCBI Google Scholar

29.

View Article PubMed/NCBI Google Scholar

30.

View Article Google Scholar

31.

View Article Google Scholar

32.

View Article PubMed/NCBI Google Scholar

Y Chang, S-H Kim, J J, T-J song, J Kim. Oral heath and risk of retinal vascualr occlusions: a nationwide cohort study. J Pers Med. 2023;13:121.
pmid:36675781

J-H Park, J-W Kim, H Lee, I Hong, T-J Song. Better oral hygiene is associated with a decreased risk of Meniere’s disease. a nationwide cohort study. J
Pers Med. 2022;13:80. pmid:36675740

J-H Park, Y Chang, J-W Kim, T-J Song. Improved oral heath status is associated with a lower risk of venous thromboembolism: a nationwide cohort study.
J Pers Med. 2022;13:20. pmid:36675681

Tian X, Wang A, Zuo Y, Chen S, Zhang L, Wu S, et al. Visit-to-visit variability of serum uric acid measurements and the risk of all-cause mortality in the
general population. Arthritis research & therapy. 2021;23:1–10. pmid:33663587

Jang M, BANG SM, Oh D. Incidence of venous thromboembolism in Korea: from the Health Insurance Review and Assessment Service database. Journal
of Thrombosis and Haemostasis. 2011;9:85–91. pmid:20942850

Desquilbet L, Mariotti F. Dose‐response analyses using restricted cubic spline functions in public health research. Statistics in medicine. 2010;29:1037–
1057. pmid:20087875

Cannon WB. Organization for physiological homeostasis. Physiological reviews. 1929;9:399–431.

Bangalore S, Breazna A, DeMicco DA, Wun C-C, Messerli FH. Committee TS, Investigators. Visit-to-visit low-density lipoprotein cholesterol variability and
risk of cardiovascular outcomes: insights from the TNT trial. Journal of the American College of Cardiology. 2015;65:1539–1548.

Boey E, Gay GMW, Poh K-K, Yeo T-C, Tan H-C, Lee C-H, et al. Visit-to-visit variability in LDL-and HDL-cholesterol is associated with adverse events after
ST-segment elevation myocardial infarction: a 5-year follow-up study. Atherosclerosis. 2016;244:86–92. pmid:26595903

Clark D III, Nicholls SJ, St John J, Elshzly MB, Kapadia SR, Tuzcu EM. Visit-to-visit cholesterol variability correlates with coronary atheroma progression
and clinical outcomes. European heart journal. 2018;39:2551–2558.

Piazza G, Goldhaber SZ. Venous thromboembolism and atherothrombosis an integrated approach. Circulation. 2010;121:2146–2150. pmid:20479165

Rosenson RS, Lowe GD. Effects of lipids and lipoproteins on thrombosis and rheology. Atherosclerosis. 1998;140:271–280. pmid:9862270

Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Cardiovascular risk factors and venous thromboembolism: a meta-analysis. Circulation.
2008;117:93–102. pmid:18086925

Goldhaber SZ, Bounameaux H. Pulmonary embolism and deep vein thrombosis. The Lancet. 2012;379:1835–1846. pmid:22494827

Kawasaki T, Kambayashi J-i, Ariyoshi H, Sakon M, Suehisa a E, Moden M. Hypercholesterolemia as a risk factor for deep-vein thrombosis. Thrombosis
research. 1997;88:67–73. pmid:9336875

Kokawa T, Abumiya T, Kimura T, Harada-Shiba M, Koh H, Tsushima M, et al. Tissue factor pathway inhibitor activity in human plasma: measurement of
lipoprotein-associated and free forms in hyperlipidemia. Arteriosclerosis, thrombosis, and vascular biology. 1995;15:504–510.

Ito T, Thachil J, Asakura H, Levy JH, Iba T. Thrombomodulin in disseminated intravascular coagulation and other critical conditions—a multi-faceted
anticoagulant protein with therapeutic potential. Critical Care. 2019;23:1–11.

Welty FK. How do elevated triglycerides and low HDL-cholesterol affect inflammation and atherothrombosis? Current cardiology reports. 2013;15:1–13.
pmid:23881582

https://doi.org/10.3390/jpm1303059
http://scholar.google.com/scholar?q=Total+cholesterol+variability+and+the+risk+of+osteoprotic+fractures%3A+a+nationwide+population+based+cohort+study+D+2023
https://doi.org/10.3390/jpm13010121
http://www.ncbi.nlm.nih.gov/pubmed/36675781
http://scholar.google.com/scholar?q=Oral+heath+and+risk+of+retinal+vascualr+occlusions%3A+a+nationwide+cohort+study+Y+2023
https://doi.org/10.3390/jpm13010080
http://www.ncbi.nlm.nih.gov/pubmed/36675740
http://scholar.google.com/scholar?q=Better+oral+hygiene+is+associated+with+a+decreased+risk+of+Meniere%E2%80%99s+disease.+a+nationwide+cohort+study+J-H+2022
https://doi.org/10.3390/jpm13010020
http://www.ncbi.nlm.nih.gov/pubmed/36675681
http://scholar.google.com/scholar?q=Improved+oral+heath+status+is+associated+with+a+lower+risk+of+venous+thromboembolism%3A+a+nationwide+cohort+study+J-H+2022
https://doi.org/10.1186/s13075-021-02445-7
http://www.ncbi.nlm.nih.gov/pubmed/33663587
http://scholar.google.com/scholar?q=Visit-to-visit+variability+of+serum+uric+acid+measurements+and+the+risk+of+all-cause+mortality+in+the+general+population+Tian+2021
https://doi.org/10.1111/j.1538-7836.2010.04108.x
http://www.ncbi.nlm.nih.gov/pubmed/20942850
http://scholar.google.com/scholar?q=Incidence+of+venous+thromboembolism+in+Korea%3A+from+the+Health+Insurance+Review+and+Assessment+Service+database+Jang+2011
https://doi.org/10.1002/sim.3841
http://www.ncbi.nlm.nih.gov/pubmed/20087875
http://scholar.google.com/scholar?q=Dose%E2%80%90response+analyses+using+restricted+cubic+spline+functions+in+public+health+research+Desquilbet+2010
http://scholar.google.com/scholar?q=Organization+for+physiological+homeostasis+Cannon+1929
http://scholar.google.com/scholar?q=Committee+TS%2C+Investigators.+Visit-to-visit+low-density+lipoprotein+cholesterol+variability+and+risk+of+cardiovascular+outcomes%3A+insights+from+the+TNT+trial+Bangalore+2015
https://doi.org/10.1016/j.atherosclerosis.2015.10.110
http://www.ncbi.nlm.nih.gov/pubmed/26595903
http://scholar.google.com/scholar?q=Visit-to-visit+variability+in+LDL-and+HDL-cholesterol+is+associated+with+adverse+events+after+ST-segment+elevation+myocardial+infarction%3A+a+5-year+follow-up+study+Boey+2016
http://scholar.google.com/scholar?q=.+Visit-to-visit+cholesterol+variability+correlates+with+coronary+atheroma+progression+and+clinical+outcomes+Clark+2018
https://doi.org/10.1161/CIRCULATIONAHA.110.951236
http://www.ncbi.nlm.nih.gov/pubmed/20479165
http://scholar.google.com/scholar?q=Venous+thromboembolism+and+atherothrombosis+an+integrated+approach+Piazza+2010
https://doi.org/10.1016/s0021-9150(98)00144-0
http://www.ncbi.nlm.nih.gov/pubmed/9862270
http://scholar.google.com/scholar?q=Effects+of+lipids+and+lipoproteins+on+thrombosis+and+rheology+Rosenson+1998
https://doi.org/10.1161/CIRCULATIONAHA.107.709204
http://www.ncbi.nlm.nih.gov/pubmed/18086925
http://scholar.google.com/scholar?q=Cardiovascular+risk+factors+and+venous+thromboembolism%3A+a+meta-analysis+Ageno+2008
https://doi.org/10.1016/S0140-6736(11)61904-1
http://www.ncbi.nlm.nih.gov/pubmed/22494827
http://scholar.google.com/scholar?q=Pulmonary+embolism+and+deep+vein+thrombosis+Goldhaber+2012
https://doi.org/10.1016/s0049-3848(97)00192-8
http://www.ncbi.nlm.nih.gov/pubmed/9336875
http://scholar.google.com/scholar?q=Hypercholesterolemia+as+a+risk+factor+for+deep-vein+thrombosis+Kawasaki+1997
http://scholar.google.com/scholar?q=Tissue+factor+pathway+inhibitor+activity+in+human+plasma%3A+measurement+of+lipoprotein-associated+and+free+forms+in+hyperlipidemia+Kokawa+1995
http://scholar.google.com/scholar?q=Thrombomodulin+in+disseminated+intravascular+coagulation+and+other+critical+conditions%E2%80%94a+multi-faceted+anticoagulant+protein+with+therapeutic+potential+Ito+2019
https://doi.org/10.1007/s11886-013-0400-4
http://www.ncbi.nlm.nih.gov/pubmed/23881582
http://scholar.google.com/scholar?q=How+do+elevated+triglycerides+and+low+HDL-cholesterol+affect+inflammation+and+atherothrombosis%3F+Welty+2013


33.

View Article PubMed/NCBI Google Scholar

34.

View Article PubMed/NCBI Google Scholar

Idiculla PS, Gurala D, Palanisamy M, Vijayakumar R, Dhandapani S, Nagarahan E. Cerebral venous thrombosis: a comprehensive review. European
Neurology. 2020;83:369–379. pmid:32877892

Seong SS, Kim Y-Y, Park SK, Khang YH, Kim HC, Park JH, et al. Cohort profile: the National Health Insurance Service-National Health Screening Cohort
(NHIS-HEALS) in Korea. BMJ open 2017;7:e016640. pmid:28947447

https://doi.org/10.1159/000509802
http://www.ncbi.nlm.nih.gov/pubmed/32877892
http://scholar.google.com/scholar?q=Cerebral+venous+thrombosis%3A+a+comprehensive+review+Idiculla+2020
https://doi.org/10.1136/bmjopen-2017-016640
http://www.ncbi.nlm.nih.gov/pubmed/28947447
http://scholar.google.com/scholar?q=Cohort+profile%3A+the+National+Health+Insurance+Service-National+Health+Screening+Cohort+%28NHIS-HEALS%29+in+Korea+Seong+2017

