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Abstract

Background: Head and neck cancer (HNCA) survivors have a high risk of developing

cardiovascular disease (CVD) or stroke because of sharing risk factors of disease.

Therefore, we investigated the risk of CVD or stroke occurrence among HNCA survi-

vors in Korea based on the Health Insurance Review and Assessment (HIRA) Service

claims database.

Methods: We retrieved claims data of patients who were diagnosed with HNCA in

2014-2015 using ICD-10 code and followed up data until 2018. Patients with newly

diagnosed with CVD or stroke after HNCA diagnosis during the follow-up period

were detected. We analyzed the characteristics of patients with HNCA who were

subsequently diagnosed with CVD or stroke. In addition, the risk factors of CVD or

stroke occurrence were investigated using Cox proportional hazard regression

analysis.

Results: Among the 8288 patients with HNCA, 477 and 404 patients were diagnosed

with new-onset CVD and stroke, respectively. Patients with hypertension, diabetes

mellitus (DM), and hyperlipidemia had a 3.25-fold higher risk of CVD comparing to

patients without any underlying disease (95% confidence index [CI], 2.38-4.45)

Patients with three underlying diseases had a 2.92-fold higher risk of stroke com-

pared to patients without any underlying disease (95% CI 2.03-4.21).

Conclusions: HNCA survivors with hypertension, DM, and hyperlipidemia should be

cautious of the risks of CVD and stroke.
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1 | INTRODUCTION

Head and neck cancer (HNCA) encompasses epithelial malignancies

that develop in multiple anatomic sites, including the paranasal sinus,

oral cavity, oropharynx, hypopharynx, and larynx. Histologically,

squamous cell carcinoma is the most common HNCA, and other cellu-

lar origins are rarely detected.

Recently, human papilloma virus (HPV) has been considered

an important cause of oropharyngeal cancer, a subset of HNCA,

and the incidence of HPV-relate HNCA has been increasing. These
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HPV-related HNCA tends to occur in relatively young patients with a

history of light smoking and their prognosis is relatively better, with a

5-year survival rate of 60%-90%.1,2 However, still the most common

and important behavioral risk factors for HNCA are tobacco and alco-

hol consumption.3 Tobacco affects HNCA development in a dose-

dependent manner and the concomitant use of tobacco and alcohol

adds a strong synergistic risk.4,5 In addition, HNCA associated with

classical risk factors tends to occur in older patients on the contrary

to HPV-related HNCA. Because the incidence of HPV-related HNCA

is still low with less than 20% of all HNCAs, still substantial proportion

of patients are old-aged patients those have had a high exposure of

smoking and alcohol drinking.6,7 Indeed, older age population has an

increased risk for HNCA and approximately 50% of HNCA diagnoses

occur in patients over 60 years of age.7

Long-term exposure to smoking or alcohol can be the reason of

other disease, such as other primary cancers, chronic obstructive pul-

monary disease, and cerebrovascular or cardiovascular disease (CVD)

which share risk factors. Because substantial patients with HNCA

have had a long-term exposure to smoking and alcohol, they might

suffer from CVD or stroke before or after HNCA diagnosis. In other

words, even after the treatment of HNCA, HNCA survivors continue

to have a high risk of developing other diseases. Sometimes, these dis-

eases can be the cause of death after cure of cancer. Therefore, the

present study investigated the risk of CVD or cerebral stroke, which

F IGURE 1 Flowchart of

patient inclusion and exclusion for
analysis. CVD, cardiovascular
disease; HNCA, head and neck
cancer

TABLE 1 Baseline patient characteristics

Total CVD set No CVD CVD Total stroke set No stroke Stroke

N % N % N % P N % N % N % P

Total 7467 100.0 6990 93.6 477 6.4 7730 100.0 7326 94.8 404 5.2

Primary site .1843 .0164

Oral cavity 2092 28.0 1973 28.2 119 24.9 2163 28.0 2068 28.2 95 23.5

Oropharynx 1358 18.2 1270 18.2 88 18.4 1382 17.9 1317 18.0 65 16.1

Hypopharynx 866 11.6 812 11.6 54 11.3 881 11.4 837 11.4 44 10.9

Larynx 2351 31.5 2179 31.2 172 36.1 2485 32.1 2324 31.7 161 39.9

Others 800 10.7 756 10.8 44 9.2 819 10.6 780 10.6 39 9.7

Sex .0169 .0057

Male 5994 80.3 5591 93.3 403 6.7 6209 80.3 5863 80.0 346 85.6

Female 1473 19.7 1399 95.0 74 5.0 1521 19.7 1463 20.0 58 14.4

Age (years) <.0001 <.0001

<70 5072 67.9 4797 68.6 275 57.7 5231 67.7 5004 68.3 227 56.2

≥70 2395 32.1 2193 31.4 202 42.3 2499 32.3 2322 31.7 177 43.8

Comorbidities

Hypertension 2582 34.6 2347 33.6 235 49.3 <.0001 2759 35.7 2559 34.9 200 49.5 <.0001

Diabetes mellitus 1573 21.1 1438 20.6 135 28.3 <.0001 1667 21.6 1525 20.8 142 35.1 <.0001

Hyperlipidemia 1548 20.7 1403 20.1 145 30.4 <.0001 1685 21.8 1568 21.4 117 29.0 <.0003

CCI .0101 .0744

0–2 6148 82.3 5776 82.6 372 78.0 6341 82.0 6023 82.2 318 78.7

≥3 1319 17.7 1214 17.4 105 22.0 1389 18.0 1303 17.8 86 21.3

Abbreviations: CCI, Charlson comorbidity index; CVD, cardiovascular disease.
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can be regarded as life-threatening disease in patients with HNCA in

Korea, especially after diagnosis with HNCA. We also analyzed the

specific characteristics of this population and the risk factors to find

predictable or preventable way.

2 | MATERIALS AND METHODS

2.1 | Data source

The data for this study were retrieved from the Database of the Korea

Health Insurance Review and Assessment (HIRA) Claims for

2013-2018 (Study No. M20200409451). In South Korea, every resi-

dent is obligated to sign up in the National Health Insurance (KNHI)

program and around 3% of the population is under the Medical Aid

Program. According to the health insurance policies, healthcare pro-

viders should allow all the review of medical costs provided by the

HIRA and the HIRA generated a big data platform using these medical

claim data. Thus, the HIRA database contains information on all claims

that were covered by KNHI for almost all Koreans, except for treat-

ments or procedures that are not covered by national health insurance

such as esthetic surgery.

HIRA has provided data to many Korean researchers to perform

studies, for example, cost-effectiveness analysis, cohort studies, or

investigations about specific disease characteristics in Korea. After

IRB and HIRA approval, only approved person can access provided

data for research. In addition, all claim data provided by HIRA should

conceal individuals' identities according to the Act on the Protection

of Personal Information Maintained by Public Agencies. Therefore,

the claims database that we received consisted of an information on

patient demographics, institution, main diagnosis and a list of pre-

scribed drugs or procedures incorporating with unidentifiable code

representing each individual person. This study was approved by insti-

tutional review board (IRB) of the Korea University Guro Hospital (IRB

No. 2020GR0597).

2.2 | Study population

The diagnosis and procedure codes from the tenth version of the

International Classification of Disease (ICD-10) were used to identify

patients with HNCA. The HNCA population was defined as patients

whose records were newly assigned the ICD-10 codes for HNCA

(ICD-10: C01, C02, C03, C04, C05, C06, C09, C10, C12, C13, C14,

C30, C31, C32) for 2 years between January 1, 2014, and December

31, 2015. Patients with salivary gland (ICD-10: C07, C08) or nasopha-

ryngeal (ICD-10: C11) cancer were excluded from the evaluation of

patients with head and neck squamous cell carcinoma. For the exact

definition of the newly diagnosed patients during this time, we applied

a 1-year washout window period before detecting the ICD-10 code

for HNCA. Therefore, individuals assigned an ICD-10 code for HNCA

in 2013 were not regarded as new patients who were diagnosed dur-

ing 2014-2015 and were excluded from the analysis. In addition, we

applied an additional claim code, V193, which is specially used for all

cancer patients in Korea to support medical expenses for cancer diag-

nosis and treatment. Finally, individuals who visited the hospital for

cancer treatment more than twice were included in this analysis for

more accurate extraction from the database.

2.3 | Outcome

This study investigates the incidence and risk factors of CVD and

cerebral stroke after the diagnosis of HNCA. Additionally, we analyzed

the characteristics of patients with HNCA who were subsequently

diagnosed with CVD or stroke. The claim codes of the population

were subsequently followed-up till December 31, 2018. During this

follow-up period, patients with ICD-10 codes of CVD (ICD-10: I20,

I21, I22, I23, I24, I25) who visited the hospital for the treatment of

CVD at least once were regarded as having CVD. For the detection of

newly onset CVD, patients assigned the ICD-10 codes for CVD before

the diagnosis of HNCA were excluded. For the detection of new-

onset stroke, we used the same method. The ICD-10 codes for stroke

included I60, I61, I62, I63, I64, I65, I66, I67, I68, and I69, and only

patients who visited the hospital for the treatment of stroke and were

not previously assigned codes for stroke before the diagnosis of

F IGURE 2 (A) Age distribution of patients diagnosed with CVD or
stroke. (B) Percentages of patients diagnosed with CVD or stroke
after head and neck cancer and the timing of diagnosis. CVD,
cardiovascular disease
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HNCA were included. The Charlson comorbidity index (CCI) was cal-

culated according to the guidelines for estimates of comorbidities pro-

vided by HIRA.8

2.4 | Statistical analysis

We compared the distributions of demographic factors between the

CVD and no-CVD groups and the stroke and no-stroke groups using

chi-square and t-tests for categorical and continuous variables,

respectively. The hazard ratios (HRs) and 95% confidence intervals

(95% CIs) describing the risks of CVD or stroke were calculated using

Cox proportional hazard regression models. All statistical analyses

were performed using R3.0.2.

3 | RESULTS

A total of 8288 patients were newly diagnosed with HNCA between

2014 and 2015. After excluding 821 patients with a history of CVD,

7467 patients were followed-up until 2018 for new-onset CVD after

cancer diagnosis. In addition, 7730 patients were followed-up until

2018 for new-onset stroke after cancer diagnosis, excluding

558 patients with a history of CVD before cancer diagnosis (Figure 1).

In the CVD dataset, the median follow-up duration was 3.8 years

(range, 0.005-5.0 years). The baseline characteristics of the CVD and

stroke datasets are described in Table 1. A total of 477 patients (6.4%)

were diagnosed with new-onset CVD after the cancer diagnosis

through 2018. The common primary sites were the larynx, oral cavity,

and oropharynx. As shown in Figure 2A, patients in their 60s and 70s

accounted for the largest portion of CVD or stroke cases. Among

patients who experienced CVD, 42.3% were over 70 years of age, a

higher proportion than that in the non-CVD group. Compared to the

non-CVD group, the CVD group had a higher proportion of com-

orbidities including hypertension (HTN), diabetes mellitus (DM), and

hyperlipidemia, as well as a higher proportion with CCI scores >3. In

the stroke dataset, the median follow-up duration was 3.8 years

(range, 0.016-5.0 years). A total of 404 patients (5.2%) were diag-

nosed with new-onset stroke after cancer diagnosis through 2018.

The common primary sites were the same as in the CVD dataset.

Among the patients who experienced a stroke, 43.8% were over

70 years of age, a proportion higher than that in the nonstroke group.

Similar to the CVD dataset, the stroke group had a higher proportion

of comorbidities compared to the nonstroke group.

We also analyzed the timing of CVD or stroke diagnosis after the

diagnosis of HNCA. The occurrence of CVD or stroke was the highest

within 2 years after the cancer diagnosis. Approximately 68.9% of

CVD and 60.6% of stroke events occurred within 2 years after the

cancer diagnosis (Figure 2B).

Analysis of the risk factors for the occurrence of CVD or stroke

after HNCA diagnosis (Table 2) showed that male sex and age

≥70 years were the risk factors for CVD (HR 1.38, 95% CI 1.06-1.79,

HR 1.47, 95% CI 1.22-1.78 in Model 1, HR 1.37, 95% CI 1.05-1.78,

HR 1.48, 95% CI 1.23-1.79 in Model 2). In the CVD data set, the pres-

ence of HTN and hyperlipidemia had 1.58-fold and 1.42-fold times

higher risks of CVD, respectively. Because a substantial number of

patients have these comorbidities, we analyzed the risk according to

the number of underlying comorbidities including HTN, DM, and

hyperlipidemia. Compared to patients without any underlying disease,

patients with three underlying diseases had a 3.25-fold higher risk of

CVD (95% CI 2.38-4.45). In the stroke dataset, 404 patients had new-

onset stroke after the cancer diagnosis. Male patients and patients

aged ≥70 years had a 1.5-fold higher risk for stroke (HR 1.46, 95% CI

1.08-1.95, HR 1.55, 95% CI 1.29-1.90 in Model1, HR 1.46, 95% CI

1.09-1.97, HR 1.54, 95% CI 1.26-1.88 in Model 2). The presence of

HTN and DM showed 1.42-fold and 1.65-fold higher risks of stroke,

respectively. Patients with three underlying diseases had a 2.92-fold

higher risk of stroke compared to patients without underlying diseases

(95% CI 2.03-4.21). A higher CCI score (≥3) was not a significant risk

factor for the occurrence of CVD or stroke and no special primary site

showed a higher risk for CVD or stroke occurrence.

4 | DISCUSSION

Our analysis of this nationwide, large cohort study identified patients

who developed CVD or stroke and analyzed the risk factors for CVD

or stroke after a diagnosis of HNCA during a median follow-up of

3.8 years. Male patients, elderly patients, or patients with com-

orbidities such as HTN, DM, or hyperlipidemia showed higher risks of

CVD or stroke. Moreover, patients with three comorbidities; namely,

HTN, DM, and hyperlipidemia, had an almost 3-fold higher risk of

CVD or stroke compared to patients without these underlying

comorbidities.

Several studies have reported increased risks of CVD or stroke

after the diagnosis of HNCA.9-13 Kwon et al.12 reported a 1.376-fold

higher incidence of myocardial infarction (MI) and 1.483-fold higher

incidence of stroke in the Korean population compared to the control

group. In the Taiwanese population, the risk of stroke incidence was

1.44-fold higher than that in the control cohort.13 Moreover, the risk

of CVD or stroke is important as the noncancer mortality that persists

over the lifetime is increasing in patients with HNCA, while cancer-

specific mortality is decreasing.14 Because coronary artery and cere-

brovascular diseases are the most common causes of non-cancer mor-

tality, it is important to identify the risk factors for the occurrence of

CVD or stroke in the HNCA population to predict and prevent these

events.15,16

In this report, CVD and stroke occurred in 6.4% and 5.2% of the

HNCA population, respectively, rates similar to those reported previ-

ously.12,13 Likewise, the risk factors associated with increased risk

were male sex, older age, and related comorbidities, such as HTN or

DM.11-13 Among these related comorbidities, HTN, DM, and hyperlip-

idemia are also traditional risk factors for CVD or stroke.17-19 As these

related comorbidities are included in metabolic syndrome, they tend

to coincide. Thus, it is important to analyze the impact of multiple

comorbidities on the risks of CVD or stroke, rather analyze the risk of

KANG ET AL. 5 of 7



each comorbidity. However, no reports have assessed the risk of the

coincidence of multiple traditional risk factors on the occurrence of

CVD or stroke in patients with HNCA. In our analysis, 11.1% and

9.6% of patients in the CVD and stroke datasets, respectively, showed

these three comorbidities. Therefore, approximately 10% of the sub-

population with these three comorbidities, both patients and their

physicians should be aware of the occurrence of CVD or stroke after

a cancer diagnosis. In many cases, the management of chronic under-

lying diseases tends to be neglected after cancer diagnosis as cancer

treatment is the primary concern. However, HNCA is a curable dis-

ease in a substantial proportion of patients and cancer-specific mor-

tality is decreasing.14 Therefore, HNCA survivorship requires the

continuous management of chronic underlying comorbidities by phy-

sicians and patients. Moreover, this attention should be supervised,

especially within the early years after a cancer diagnosis. Our analysis

revealed that approximately 60% of the cases of CVD or stroke

occurred within 2 years after a cancer diagnosis. Moreover, Chu et al.

reported an increased risk of stroke within 2 years after a cancer diag-

nosis in Taiwan, similar to our findings. In their report, the risk

decreased after 2-4 years of follow-up and increased again with more

prolonged follow-up.13 Because a considerable proportion of patients

with HNCA receive multimodal treatments including surgery, radio-

therapy, or chemoradiotherapy, these treatments might trigger

thrombogenic conditions and, consequently, CVD or stroke. Lee et al.

and Arthurs et al. identified radiotherapy as a risk factor for CVD or

stroke.10,11 Kwon et al. also reported the highest risk in patients who

received chemotherapy alone,12 those assumed to have metastatic

disease, those unable to receive curative treatment, such as surgery

or radiotherapy, or those who had a high risk of thrombogenic events,

thus having the highest risk of MI or stroke.20

As the survival of patients with HNCA is increasing, the mul-

tidirectional support of patients with cancer has become an essential

part of survivorship care. Although the American Cancer Society

HNCA survivorship care guideline has been endorsed by the American

Society of Clinical Oncology, the guideline focused on the detection

of recurrence and management of potential late and long-term com-

plications and did not recommend the continuous management of

underlying diseases, including chronic comorbidities.21,22 The results

of the present analysis and other related studies indicate that the

HNCA survivorship guidelines should include the importance of man-

agement and proper control of HTN, DM, or hyperlipidemia to reduce

the risk of life-threatening diseases, such as CVD or stroke, to opti-

mize survivorship care.

This study has several limitations. First, we could not obtain data

on important risk factors for CVD or stroke, including smoking, alco-

hol consumption, and body mass index, and detailed clinical data,

such as performance status, histologic diagnosis, cancer stage, and

treatment modalities, as the HIRA data did not provide this informa-

tion. Second, based on the Personal Information Protection Act of

the Korean government, we could not perform survival analysis

because the HIRA data did not provide the cause of death or the

exact survival status of the included patients. Third, the long-term

follow-up was not performed. However, almost all patients newly

diagnosed with HNCA in Korea between 2014 and 2015 were

included and followed-up for 5 years; therefore, the results of this

analysis should represent the characteristics of the Korean popula-

tion with HNCA and reflect the status of recent patients. Further

investigation, including a longer follow-up and analysis with more

detailed data, combined with the clinical information of patients,

would be valuable.

In conclusion, male and older patients showed increased risks

of CVD or stroke after diagnosis of HNCA. Patients with HNCA

and multiple comorbidities, including HTN, DM, and hyperlipid-

emia, had considerably a high increased risk of CVD or stroke

after HNCA. Physicians and patients should pay particular atten-

tion to the occurrence of these life-threatening diseases as well

as managing the risk factors in this subpopulation after a diagno-

sis of HNCA.

CONFLICT OF INTEREST

None of the authors have anything to disclose.

AUTHOR CONTRIBUTIONS

Study concepts: Eun Joo Kang

Study design: Eun Joo Kang, Yun-Gyoo Lee

Data acquisition: Eun Joo Kang, Minji Koo

Quality control of data and algorithms: Minji Koo

Data analysis and interpretation: Eun Joo Kang, Minji Koo

Statistical analysis: Eun Joo Kang, Minji Koo

Manuscript preparation: Eun Joo Kang, Jung Sun Kim MD, Yoon

Ji Choi

Manuscript editing: Kyoungmin Lee, In Hae Park MD, Jung Sun Kim

MD, Yoon Ji Choi

Manuscript review: Kyoungmin Lee, In Hae Park MD, Jung Sun Kim

MD, Yoon Ji Choi, Eun Joo Kang

ORCID

Eun Joo Kang https://orcid.org/0000-0003-0702-3400

Yun-Gyoo Lee https://orcid.org/0000-0002-2156-5081

REFERENCES

1. D'Souza G, Kreimer AR, Viscidi R, et al. Case-control study of human

papillomavirus and oropharyngeal cancer. N Engl J Med. 2007;356:

1944-1956.

2. Mehanna H, Beech T, Nicholson T, et al. Prevalence of human papillo-

mavirus in oropharyngeal and nonoropharyngeal head and neck

cancer—systematic review and meta-analysis of trends by time and

region. Head Neck. 2013;35:747-755.

3. Argiris A, Eng C. Epidemiology, staging, and screening of head and

neck cancer. Cancer Treat Res. 2003;114:15-60.

4. Berthiller J, Straif K, Agudo A, et al. Low frequency of cigarette

smoking and the risk of head and neck cancer in the INHANCE con-

sortium pooled analysis. Int J Epidemiol. 2016;45:835-845.

5. Blot WJ, McLaughlin JK, Winn DM, et al. Smoking and drinking in

relation to oral and pharyngeal cancer. Cancer Res. 1988;48:3282-

3287.

6. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal

cancer. Oral Oncol. 2009;45:309-316.

7. Muir CS, Fraumeni JF Jr, Doll R. The interpretation of time trends.

Cancer Surv. 1994;19–20:5-21.

6 of 7 KANG ET AL.

https://orcid.org/0000-0003-0702-3400
https://orcid.org/0000-0003-0702-3400
https://orcid.org/0000-0002-2156-5081
https://orcid.org/0000-0002-2156-5081


8. Health Insurance Review & Assessment Service HIRA Big Data Brief

2019. https://opendata.hira.or.kr/op/opb/selectBriefList.do

9. Okoye CC, Bucher J, Tatsuoka C, et al. Cardiovascular risk and pre-

vention in patients with head and neck cancer treated with radiother-

apy. Head Neck. 2017;39:527-532.

10. Lee JY, Kim YA, Kim HS, et al. Radiotherapy can increase the risk of

ischemic cerebrovascular disease in head and neck cancer patients: a

Korean population-based cohort study. Radiother Oncol. 2020;142:85-91.

11. Arthurs E, Hanna TP, Zaza K, Peng YW, Hall SF. Stroke after radiation

therapy for head and neck cancer: what is the risk? Int J Radiat Oncol

Biol Phys. 2016;96:589-596.

12. Kwon HK, Han KD, Cheon YI, et al. The incidence of myocardial infarc-

tion and stroke in head and neck cancer patients. Sci Rep. 2021;11:4174.

13. Chu CN, Chen SW, Bai LY, Mou CH, Hsu CY, Sung FC. Increase in

stroke risk in patients with head and neck cancer: a retrospective

cohort study. Br J Cancer. 2011;105:1419-1423.

14. van der Schroeff MP, van de Schans SA, Piccirillo JF, Langeveld TP,

Baatenburg de Jong RJ, Janssen-Heijnen ML. Conditional relative sur-

vival in head and neck squamous cell carcinoma: permanent excess

mortality risk for long-term survivors. Head Neck. 2010;32:1613-1618.

15. Argiris A, Brockstein BE, Haraf DJ, et al. Competing causes of death

and second primary tumors in patients with locoregionally advanced

head and neck cancer treated with chemoradiotherapy. Clin Cancer

Res. 2004;10:1956-1962.

16. Zapata I, Alvarez M, Hidalgo R, et al. Causes of death in patients with

locally advanced head and neck cancer treated with radiotherapy and

systemic therapy. BMC Cancer. 2019;19:1241.

17. Fuchs FD, Whelton PK. High blood pressure and cardiovascular dis-

ease. Hypertension. 2020;75:285-292.

18. Galassi A, Reynolds K, He J. Metabolic syndrome and risk of car-

diovascular disease: a meta-analysis. Am J Med. 2006;119:

812-819.

19. Guzik A, Bushnell C. Stroke epidemiology and risk factor manage-

ment. Continuum (Minneap Minn). 2017;23:15-39.

20. Debbie Jiang MD, Alfred Ian Lee MD. Thrombotic risk from chemo-

therapy and other cancer therapies. Cancer Treat Res. 2019;179:

87-101.

21. Cohen EE, LaMonte SJ, Erb NL, et al. American cancer society head

and neck cancer survivorship care guideline. CA Cancer J Clin. 2016;

66:203-239.

22. Nekhlyudov L, Lacchetti C, Davis NB, et al. Head and neck cancer sur-

vivorship care guideline: American Society of Clinical Oncology clini-

cal practice guideline endorsement of the American Cancer Society

guideline. J Clin Oncol. 2017;35:1606-1621.

How to cite this article: Kang EJ, Lee Y-G, Koo M, et al. The

risk of cardiovascular disease and stroke in survivors of head

and neck cancer in Korea. Health Sci Rep. 2022;5:e517.

doi:10.1002/hsr2.517

KANG ET AL. 7 of 7

https://opendata.hira.or.kr/op/opb/selectBriefList.do
info:doi/10.1002/hsr2.517

	The risk of cardiovascular disease and stroke in survivors of head and neck cancer in Korea
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Data source
	2.2  Study population
	2.3  Outcome
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


