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Abstract

Background previous studies have indicated that influenza vaccination may be associated with reduced risks
of certain types of cancer. However, the protective effect of influenza vaccination against primary liver cancer in
individuals with hypertension remains unclear.

Methods In this cohort study, 37,022 patients over 55 years of age who received a diagnosis of hypertension at any
time between January 1, 2001, and December 31, 2012, were enrolled from the National Health Insurance Research
Database. The patients were divided into a vaccinated and an unvaccinated group. Categorical and continuous
variables were analyzed using the chi-square test and t test, respectively, and the correlation between influenza
vaccination and liver cancer in patients with hypertension was analyzed using time-varying COX model. Propensity
score method was performed to reduce selection bias.

Results Compared with the unvaccinated group, the vaccinated group had a significantly lower incidence of liver
cancer (hazard ratio=0.56, 95% confidence interval =0.46-0.64; p <.001). In addition, a protective effect was observed
regardless of sex, age, or comorbidities. Besides, the association was dose-dependent which could be noted when
patients were stratified based on the total number of vaccinations. The adjusted HRs for patients receiving 1, 2 to
3,and >4 vaccinations during the follow-up period were 0.60 (0.51-0.78), 0.48 (0.38-0.65), and 0.39(0.30-0.51),
respectively.
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Conclusions In summary, influenza vaccination is linked to a decreased risk of liver cancer in individuals with
hypertension. However, unmeasurable confounders may have been present in the analysis.

Keywords Hypertension, Influenza vaccination, Liver cancer

Background

Hypertension is a chronic disease that is serious and
highly prevalent, especially given aging populations
worldwide. More than 1 billion people worldwide have
been estimated to have hypertension [1, 2]. In Taiwan,
hypertension has a prevalence of 24.1% [3]. Elevated
blood pressure is a risk factor for several conditions,
such as cardiovascular disease, chronic kidney disease,
and stroke [4]. Hypertension is also associated with an
increased risk of cancer [5, 6].

Primary liver cancer is a common cancer in the world,
especially in Taiwan [7]. According to the Health Promo-
tion Administration, the age-standardized incidence rate
of liver cancer in Taiwan was 26.14 per 100,000 individu-
als in 2020, which is significantly above than the global
average (9.3 per 100,000 individuals) [8, 9]. Liver cancer
is the second leading cause of cancer-related death in
Taiwan, with a standardized mortality rate of 17.9 per
100,000 individuals [10]. According to previous studies,
many risk factors have been associated with the incidence
of liver cancer, such as infection with the hepatitis virus,
exposure to aflatoxins, cigarette consumption, drinking
alcohol, and diabetes [11-13]. Elevated blood pressure
has also been connected to an elevated risk (with a rela-
tive risk of 1.55) and grim outlook of liver cancer [6, 14].
This association may be linked to chronic inflammation,
cellular apoptosis, and collagen enzyme dysregulation [6,
15-18].

Influenza is a highly contagious seasonal epidemic
infection that causes an abrupt onset of high fever, myal-
gia, and respiratory symptoms [19]. This seasonal infec-
tion is responsible for the death of more than 290,000
individuals each year worldwide [19, 20]. It increases hos-
pitalization, morbidity, and mortality rates and places an
additional economic burden on patients, especially for
senior citizens and individuals with chronic medical con-
ditions [19, 20]. Past statistics also disclosed that virus
infection is positive associated with cancer development
[21]. Therefore, multiple studies have attempted to clarify
the relationship between influenza and cancer and seek
strategies to prevent infection.

According to previous studies, influenza vaccination
reduces infection, hospitalization, and illness sever-
ity [22, 23]. Furthermore, vaccination could reduce the
inflammation status and oxidative stress from virus
infection [24]. These pathogeneses may also exist in the
mechanism of the liver cancer formation [25]. While the
exact mechanisms remain unknown, this study focuses
on impact of influenza vaccine on the occurrence of liver

cancers among a Taiwanese population with hyperten-
sion by applying the data from Taiwan’s National Health
Insurance Research Database (NHIRD).

Method

Established in 1995, the National Health Insurance pro-
gram provides comprehensive healthcare to over 98% of
the Taiwanese citizens [26]. This study was conducted
using data obtained from the NHIRD (2001-2012). To
protect personal privacy, all information obtained from
the NHIRD was processed through delinking and deiden-
tifying procedures. During data collection, an agreement
was signed to ensure the privacy of the patients’ and care
providers” information. The approval for this study was
obtained from the Joint Institutional Review Board of
Taipei Medical University (approval no. N201804043).

Patient selection and definition of the primary endpoint
The study cohort included all patients who received a
diagnosis of hypertension in accordance with the Inter-
national Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM, codes 401.X and 402.X)
over a period of 12 years from January 1, 2001, to Decem-
ber 31, 2012. Patients without at least two subsequent
outpatient department visits and one instance of hospi-
talization for hypertension in the following year or with-
out at least two records of antihypertension medication
use were excluded due to the uncertainty of hypertension
diagnosis (Fig. 1). To exclude patients who had cancer
before the selection procedure, this study implemented
a l-year (2000) washout period. This study excluded
patients under 55 years. As stipulated by the Taiwan-
ese government, vaccination is free for individuals older
than 65 years or high-risk individuals aged 50-65 years,
specifically individuals who have cardiovascular disease,
renal disease, compromised immunity, a body mass index
of 30 or greater, or type 2 diabetes mellitus [27]. Besides,
in order to eliminate the interference effects caused by
recent vaccinations, patients who received influenza vac-
cination within half a year before the enrollment date
were excluded. In this study, we used ICD-9-CM code
V048 and vaccine drug codes to examine the vaccina-
tion history of our participants. We also set the primary
endpoint as the occurrence of primary liver cancer (ICD-
9-CM code 155.X) in patients with hypertension during
the follow-up period. All patients were followed up until
they received a new diagnosis of liver cancer, withdrew
from the National Health Insurance program, were lost
to follow-up, or died or until December 31, 2012.



Chiu et al. BMC Gastroenterology (2025) 25:109

Patients were diagnosed as

Hypertension (n=206,077)

A4

\4

Definite Diagnosis of hypertension

1.

Patients without subsequent at
least two outpatient department
visits, and without at least one
hospitalization with a diagnosis
of hypertension in the following
one year (n=74,731)

Patients without at least two
records of anti-hypertension

mediation usage (n=10,437)

Hypertension patients

(n=120,909)

v

v

Total Excluded
Subjects with any inpatient or
outpatient diagnosis related to
Cancer before the date of cohort
enter (n=4216)
Age <55 (n=77,142)
Subjects had already had any
Vaccinated within 6 months
before the date of cohort enter

(n=2529)

Included in the Study Cohort
(n=37,022)

Fig. 1 Data selection process

Page 3 of 11



Chiu et al. BMC Gastroenterology (2025) 25:109

Potential confounders

Possible confounding factors, such as sociodemographic
characteristics (age, sex, urbanization level, and monthly
income), comorbidities (Charlson Comorbidity Index
[CCI], diabetes mellitus [ICD-9-CM, codes 250.X],
dyslipidemia [ICD-9-CM, codes 272.X], heart failure
[ICD-9-CM, codes 428], acute myocardial infarction
[ICD-9-CM, codes 410], atrial fibrillation [ICD-9-CM,
codes 427.31], ischemic heart disease [ICD-9-CM, codes
414.9], angina [ICD-9-CM, codes 413], peripheral vas-
cular disease [ICD-9-CM, codes 443.9], cerebrovascular
diseases [ICD-9-CM, codes 430-438], renal failure [ICD-
9-CM, codes 585.X], hepatitis B virus [ICD-9-CM, codes
070.2X, 070.3X], hepatitis C virus [ICD-9-CM, codes
070.41, 070.44, 070.51, 070.54], metabolic dysfunction-
associated fatty liver disease [MAFLD] [ICD-9-CM,
codes 571.8, 571.9], cirrhosis [ICD-9-CM, codes 571]),
antihypertension medications (antihypertensive drugs
[WHO-ATC, codes C02, C02A, C02B, C02C, C02D,
C02K, CO02L, and CO2N], diuretics [WHO-ATC, codes
C03], beta blockers [WHO-ATC, codes C07], calcium
channel blockers [WHO-ATC, codes CO08], and renin—
angiotensin—aldosterone system inhibitors [RAASIs]
[WHO-ATC, codes C09]), and other medication use
(statins [WHO-ATC, codes C10AA], metformin [WHO-
ATC, codes A10BAO02], and aspirin [WHO-ATC, codes
B01AC06 and NO2BAO1]), were analyzed for each patient
included in the study. The reason we select statins, met-
formin, and aspirin as covariates is that some previous
studies have indicated they may have a protective effect
against the occurrence of cancer [27-29]. Besides, we
categorized the concurrent medications based on the
number of the prescription days (<28 days, 28—365 days,
or >365 days) during the observation period.

Statistical analysis

To minimize selection bias and evaluate the effects of
vaccination, we first estimated the baseline propensity
scores (PS) using a logistic regression model to predict
the probability of receiving influenza vaccine in each
patient. In further time-varying logistic regression model
analysis, PS adjusting was used to account for covariates
between the vaccinated and unvaccinated groups [30,
31]. Categorical and continuous variables were analyzed
using the chi-square test and ¢ test, respectively. Time-
varying COX model was used to evaluate the hazard
ratios (HRs) and 95% confidence intervals (CIs) of liver
cancer between vaccinated and unvaccinated patients
with hypertension. Subsequently, we categorized the
hypertension patients into four groups according to their
vaccination status (unvaccinated patients, patients who
received one vaccine dose, patients who received two
or three vaccine doses, and patients who received four
or more vaccine doses) to calculate the dose—response
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effect. The effect of changing vaccination status in each
patient was considered. Therefore, a time-varying COX
model was used to evaluate the hazard ratios (HRs) and
95% confidence intervals (CIs) of liver cancer between
vaccinated and unvaccinated patients with hyperten-
sion. Among patients who received vaccines two to three
times, the time period before the second vaccination and
after the first vaccine would be classified into patients
with first-time vaccination. Similarly, among patients
who received more than four times of vaccination, the
time period would be classified into patients with one
time of vaccination and patients with two to three times
of vaccination before the second time of vaccination and
before the fourth time of vaccination (Fig. 2). Data were
then stratified by potential confounding factors, namely
age, sex, comorbidities, and medication use. Addition-
ally, we divided the patients into two groups based on
the follow-up period: over 10 years and under 10 years.
Ultimately, sensitivity analysis was conducted to explore
the distinctions and similarities between influenza vacci-
nation and the occurrence of liver cancer in patients with
hypertension. All statistical analyses were conducted
using IBM SPSS Statistics version 22.0 (IBM, Armonk,
NY, USA) and SAS version 9.4 (SAS Institute, Cary,
NC, USA). A p value less than 0.05 indicated statistical
significance.

Results

Baseline characteristics

From 2001 to 2012, there were a total of 206,077
patients diagnosed with hypertension. Some patients
were excluded due to the uncertainty of the hyperten-
sion diagnosis (n=285,168), diagnosis of neoplasm (ICD-
9-CM, codes 140-239) before the selection procedure
(n=4,216), being under 55 years (n=77,142) and receiv-
ing influenza vaccination within half a year before the
enrollment date (#=2,529). Finally, there were 37,022
patients included in our study. Among the 37,022
patients with hypertension enrolled in this cohort, 15,697
were vaccinated (42.4%) and 21,325 were unvaccinated
(57.6%). The Statistics Power of the study was >0.999. The
two groups significantly differed in terms of age and sex
distribution, medication history, and level of urbaniza-
tion (Table 1). Dyslipidemia, heart failure, acute myocar-
dial infarction, ischemic heart disease, angina, peripheral
vascular disease, cerebrovascular diseases, renal failure,
hepatitis C virus and cirrhosis was more common among
vaccinated than unvaccinated patients (p <.001). Comor-
bidity-associated medications, such as statin, metformin,
and aspirin, were used at a lower rate and duration in the
unvaccinated than vaccinated group (Table 1).
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Fig. 2 Time-varying analysis in unvaccinated patients and patients who received 1, 2-3 and more than 4 times of vaccination

HRs of liver cancer in the vaccinated and unvaccinated
groups

Table 2 demonstrates the incidences of liver cancer in
patients with hypertension as distinguished by vaccina-
tion status. After potential confounders were adjusted
for, the results indicated that the incidence of liver cancer
was notably reduced in the vaccinated group compared
to the unvaccinated group (Incidence rate of unvac-
cinated=345.7, Incidence rate of vaccinated=179.1;
HR=0.56, 95% CI=0.46-0.64; p<.001). The protective
effect was consistent across different age and sex groups,
the HR was 0.53 in women (95% CI=0.39-0.68; p<.001)
and 0.58 in men (95% CI=0.44—0.74; p <.001).

Sensitivity analysis of the relationship between the

number of vaccine doses and the risk of liver cancer

As shown in Table 3, sensitivity analysis was conducted
with covariate adjustments, and the vaccinated group
was stratified by the total number of vaccine doses. The
result revealed not only the decreased HR of liver cancer
in different groups after vaccination, but also the dose-
dependent protective effects. When more than two vac-
cine doses were administered, the risk of liver cancer
significantly decreased (Incidence Rate=214.8, adjusted
HR=0.60, 95% CI=0.51-0.78; Incidence Rate=173.6,
adjusted HR=0.48, 95% CI=0.38-0.65; and Incidence

Rate=128.1, adjusted HR=0.39, 95% CI=0.30-0.51 for
one dose, two or three doses, and four or more doses,
respectively).This protective effect was also observed in
individuals with comorbidities, including those with a
high CCI index, diabetes, and dyslipidemia. Table 4 dem-
onstrated the risk of liver cancer among unvaccinated
and vaccinated in study cohort stratified into 10-year
follow-up periods.

Discussion

Major findings

The key discoveries of this cohort study based on the
population are as follows. First, patients with hyperten-
sion who received influenza vaccine had a low incidence
of liver cancer. Second, the larger the number of vaccine
doses administered was, the greater the reduction in the
risk of liver cancer was.

Mechanism of liver cancer development in patients with
hypertension

According to previous studies, patients with hyper-
tension have an increased risk of liver cancer [6]. Sev-
eral candidate mechanisms underlying the association
between hypertension and liver cancer have been pro-
posed. One of these mechanisms is the renin—angio-
tensin—aldosterone system (RAAS), which is a crucial



Chiu et al. BMC Gastroenterology (2025) 25:109 Page 6 of 11
Table 1 Attributes of the Enrolled Population
All patients Unvaccination Vaccination P?
(n=37022) (n=21325) (n=15697)
n % n % n %
Age, years (Mean + SD) 66.37+8.08 64.04+8.05 69.52+6.99 <0.001
55-64 18,511 50.00 13,907 65.21 4604 2933 <0.001
65-74 12,618 34.08 4884 2290 7734 49.27
>75 5893 15.92 2534 11.88 3359 2140
Sex
Female 18,373 49.63 10,378 4867 7995 50.93 <0.001
Charlson Comorbidity Index
0 16,843 45.59 9951 46.66 6892 4391 <0.001
1 9884 26.70 5622 26.36 4262 2715
2 5695 15.38 3213 15.07 2482 15.81
>3 4600 1243 2539 1191 2061 13.13
Comorbidities
Diabetes 7904 2135 4542 21.30 3362 2142 0.782
Hyperlipidemia 28,895 78.05 16,487 7731 12,408 79.05 <0.001
HF 6298 17.01 4088 19.17 2210 14.08 <0.001
AMI 708 1.91 454 213 254 1.62 <0.001
AF 5545 14.98 3280 15.38 2265 1443 0011
Ischemic heart disease 14,831 40.06 9070 4253 5761 36.70 <0.001
Angina 5011 13.54 3054 14.32 1957 1247 <0.001
Peripheral vascular disease 4343 11.73 2725 12.78 1618 10.31 <0.001
Cerebrovascular diseases 12,180 32.90 5933 27.82 6247 39.80 <0.001
Renal failure 5284 14.27 3418 16.03 1866 11.89 <0.001
Hepatitis B virus 690 1.86 412 193 278 177 0.258
Hepatitis C virus 1449 391 749 3.51 700 4.46 <0.001
MAFLD 7361 19.88 4154 19.48 3207 2043 0.023
Cirrhosis 1571 4.24 847 3.97 724 4.61 0.003
Anti-hypertension medications
Beta blocking agents 19,043 5144 10,217 4791 8826 56.23 <0.001
Calcium channel blockers 25,891 69.93 14,105 66.14 11,786 75.08 <0.001
Diuretics 18,450 49.84 9318 43.70 9132 58.18 <0.001
RAASI 22,178 59.90 11,896 55.78 10,282 65.50 <0.001
Other antihypertensive drugs 7154 19.32 3291 1543 3863 24.61 <0.001
Co-drugs
Statin drugs
<28 days 27,284 73.70 16,085 7543 11,199 71.34 <0.001
28-365 days 6124 16.54 3472 16.28 2652 16.89
>365 days 3614 9.76 1768 8.29 1846 11.76
Metformin drug
<28days 29,674 80.15 17,300 81.13 12,374 78.83 <0.001
28-365 days 2797 7.55 1724 8.08 1073 6.84
>365 days 4551 12.29 2301 10.79 2250 1433
Aspirin drug
<28 days 21,745 58.74 13,765 64.55 7980 50.84 <0.001
28-365 days 8458 22.85 4511 21.15 3947 25.14
>365 days 6819 18.42 3049 14.30 3770 24.02
Level of Urbanization
Urban 25,030 67.61 15,421 72.31 9609 61.22 <0.001
Suburban 7992 21.59 4146 19.44 3846 24.50
Rural 4000 10.80 1758 824 2242 14.28
Monthly income (NTS)
0 4327 11.69 2150 10.08 2177 13.87 <0.001
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Table 1 (continued)
All patients Unvaccination Vaccination P
(n=37022) (n=21325) (n=15697)
n % n % n %
1-19200 11,477 31.00 6078 28.50 5399 34.40
19,200-25,000 11,832 31.96 6066 2845 5766 36.73
>25,001 9386 2535 7031 3297 2355 15.00

@ Comparison between Unvaccination and Vaccination

HF, heart failure, AMI, acute myocardial infarction, AF, atrial fibrillation, MAFLD,
aldosterone system inhibitor

metabolic dysfunction-associated fatty liver disease, RAASI, renin-angiotensin-

Table 2 Risk of Liver Cancer among Unvaccinated and Vaccinated in Study Cohort

All patients Unvaccinated Vaccinated Adjusted HRt
(N=37022) (Total follow-up 96626.9 person-years) (Total follow-up 94366.2 person-years) (95% C.l.)

No. of Incidence Rate No. of Incidence Rate

Patients (per 10° person-years) Patients (per 10° person-years)

With Cancer (95% C.I.)

With Cancer (95% C.1.)

Whole cohort

liver cancer 334 345.7 (308.6, 382.7)
Age, 55-64°

liver cancer 196 3148 (2708, 358.9)
Age, 65-74°

liver cancer 94 401.2 (320.1, 482.3)
Age, >75°¢

liver cancer 44 402.1 (283.3, 521.0)
Female*

liver cancer 136 279.1 (232.2, 326.0)
Male®

liver cancer 198 4134 (3558, 470.9)

169 1791 (152.1, 206.1) 0.56(0.46, 0.64)***
38 125.0 (853, 164.8) 0.50(0.34, 0.69)***
90 196.0 (1555, 236.5) 0.55(0.40,0.72)***
41 227.0 (1575, 296.4) 0.57(0.39, 0.82)**

70 143.3 (109.7, 176.8) 0.53(0.39, 0.68)***
99 2176 (174.7, 260.4) 0.58(0.44,0.74)***

“Total follow-up 62254.4 person-year for unvaccinated and 30393.7 for Vaccinated
bTotal follow-up 23430.8 person-year for unvaccinated and 45908.6 for Vaccinated
Total follow-up 10941.7 person-year for unvaccinated and 18063.9 for Vaccinated
4Total follow-up 48727.6 person-year for unvaccinated and 48864.1 for Vaccinated
€Total follow-up 47899.3 person-year for unvaccinated and 45502.1 for Vaccinated
C.l.: confidence interval *: P<.05 **: P<.01 ***: P<.001

HR: hazard ratio

tMain model is adjusted for Age, Sex, CCl Index, Diabetes, Hyperlipidemia, HF, AMI
diseases, Renal failure, Hepatitis B virus, Hepatitis C virus, Cirrhosis, Beta blocking a

, AF, Ischemic heart disease, Angina, Peripheral vascular disease, Cerebrovascular
gents, Calcium channel blockers, Diuretics, RAASI, Other antihypertensive drugs,

Statin, Metformin, Aspirin, level of urbanization, monthly income in propensity score

vasoactive factor that regulates blood pressure. This
system exists in both the circulatory system and local
tissues, including the heart, liver, and kidneys [18, 32].
RAAS dysregulation results in not only hypertension but
also proinflammatory and profibrotic sequelae, with the
production of an intermediate product. These sequelae
increase the risk of liver fibrosis and hepatocarcinogene-
sis [32]. Furthermore, patients with hypertension exhibit
increased vascular endothelial growth factor (VEGF)
expression. VEGF contributes to cancer progression by
affecting blood vessel permeability, proliferation, and
endothelial cell growth [6, 33]. Another mechanism link-
ing hypertension to liver cancer is metabolic syndrome,
which, similar to hypertension, stimulates the production
of reactive oxygen species (ROS) and results in inflam-
mation. These sequelae may influence the regulation of

the extracellular matrix (ECM) and tissue repair, induce
a malignant phenotype, and trigger tumor development
[6, 34, 35]. Matrix metalloproteinases (MMPs), a group of
enzymes that degrade collagen in the ECM, also serve as
a link between hypertension and cancer. Recent studies
have indicated a correlation between MMPs and hyper-
tension through insulin resistance and mechanical stress
[34, 36]. The stiffening and degradation of the ECM and
the regulation of inflammation by MMPs play a role in
the development of cancer [37].

Relationship between the risk of liver cancer and influenza
vaccination

The primary purpose of vaccination is to provide pro-
tection against infection or severe illness. Additionally,
it is be pointed that human papillomavirus vaccine and
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Table 3 Sensitivity analysis of adjusted HRs of vaccination in risk reduction of Liver Cancer

Unvaccinated Vaccinated P for Trend

1 2-3 =4

Adjusted HR Adjusted HR Adjusted HR Adjusted HR

(95%C.1.) (95%C.1.) (95%C.1.) (95%C.1.)
Follow-up duration 96626.9 358429 374448 210785
(person-years)
Number of Events 334 77 65 27
Incidence Rate 3457 2148 1736 128.1
(per 10°person-years)
Main modelt 1.00 0.60(0.51,0.78)** 0.48(0.38, 0.65)*** 0.39(0.30, 0.51)*** <0.001
Main modelt + MAFLD 1.00 0.59(0.50, 0.77)** 0.47(0.37,0.64)*** 0.38(0.30, 0.50)*** <0.001
Age, years
55-64 1.00 0.43(0.29,0.75)* 0.42(0.28,0.70)** 0.49(0.29, 0.98)* 0.086
65-74 1.00 0.81(0.55,1.13) 0.45(0.34, 0.67)*** 0.31(0.24, 0.45)*** <0.001
>75 1.00 0.52(0.29, 0.99)* 0.55(0.33,0.94)* 041(0.22,0.71)** <0.001
Sex
Female 1.00 0.60(0.40, 0.88)* 0.45(0.32, 0.64)*** 0.35(0.26, 0.52)*** <0.001
Male 1.00 0.61(0.41,0.87)* 0.52(0.39, 0.73)*** 0.44(0.33,0.61)*** <0.001
CCl Index*
0 1.00 0.42(0.26, 0.86)* 0.59(0.40, 0.90)* 0.37(0.27, 0.60)*** 0.034
1 1.00 0.75(045, 1.28) 0.32(0.19, 0.59)*** 0.41(0.30, 0.69)*** <0.001
2 1.00 0.67(0.42,1.24) 0.52(0.31,091)* 0.48(0.33,0.81)* <0.001
>3 1.00 0.68(0.43, 1.26) 0.44(0.24,0.79)** 0.27(0.20, 0.49)*** <0.001
Diabetes
No 1.00 0.58(0.42,0.84)* 0.43(0.32, 0.69)*** 0.40(0.30, 0.54)*** <0.001
Yes 1.00 0.64(0.35,1.13) 0.60(0.45, 1.01) 0.37(0.26, 0.64)*** <0.001
Hyperlipidemia
No 1.00 0.55(0.41, 0.80)* 0.50(0.38, 0.66)*** 0.40(0.30, 0.53)*** <0.001
Yes 1.00 0.86(0.47,1.51) 0.42(0.23,0.85)* 0.35(0.25, 0.60)*** <0.001
Hepatitis B virus
No 1.00 0.63(0.49, 0.87)** 0.47(0.37,0.64)*** 0.40(0.32, 0.53)*** <0.001
Yes 1.00 0.54(0.21,0.96)* -
Hepatitis C virus
No 1.00 0.63(0.51,0.89)** 0.45(0.36, 0.61)*** 0.40(0.30, 0.51)*** <0.001
Yes 1.00 0.50(0.23, 1.96) 047(0.18,2.14) 0.621
Cirrhosis
No 1.00 0.65(0.52, 0.90)* 0.46(0.37,0.62)*** 0.39(0.30, 0.51)*** <0.001
Yes 1.00 0.46(0.20,1.77) 0.44(0.25, 2.06) 0.596
Other antihypertensive drugs
No (<28 days) 1.00 0.60(0.45, 0.80)* 0.42(0.32, 0.58)*** 0.38(0.29, 0.52)*** <0.001
Yes (> 28 days) 1.00 0.68(0.37,1.53) 0.87(0.50, 1.61) 0.41(0.30, 0.55)** 0.095
Diuretics
No (<28 days) 1.00 0.61(046, 0.92)* 0.40(0.30, 0.58)*** 0.29(0.20, 0.45)*** <0.001
Yes (=28 days) 1.00 0.60(0.44, 0.96)* 0.59(0.42, 0.88)* 0.46(0.36, 0.67)*** <0.001
Beta blocking agents
No (< 28 days) 1.00 0.62(0.42,0.96)* 0.48(0.32,0.71)*** 0.32(0.23, 0.46)*** <0.001
Yes (=28 days) 1.00 0.59(0.41, 0.94)* 0.48(0.32, 0.70)*** 0.43(0.32, 0.65)*** <0.001
Calcium channel blockers
No (< 28 days) 1.00 0.50(0.31, 0.85)* 0.40(0.24, 0.64)*** 0.36(0.28, 0.53)*** <0.001
Yes (=28 days) 1.00 0.68(0.50, 1.02) 0.55(0.39, 0.76)*** 0.40(0.31, 0.56)*** <0.001
RAASI
No (< 28 days) 1.00 0.59(0.40, 0.90)* 0.50(0.35, 0.74)*** 0.39(0.29, 0.52)*** <0.001
Yes (=28 days) 1.00 0.61(041,0.92)* 047(0.32,0.70)*** 0.40(0.30, 0.54)*** <0.001
Statin drugs
<28 days 1.00 0.66(0.49,0.91)* 0.45(0.34, 0.68)*** 0.39(0.28, 0.54)*** <0.001
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Table 3 (continued)

Unvaccinated Vaccinated P for Trend

1 2-3 24

Adjusted HR Adjusted HR Adjusted HR Adjusted HR

(95%C.1.) (95%C.1.) (95%C.1.) (95%C.1.)
28-365 days 1.00 0.35(0.19,1.07) 0.34(0.16, 0.83)* 0.30(0.18, 0.66)** <0.001
>365 days 1.00 0.62(0.24, 4.23) 1.14(041,3.97) 0.41(0.08, 1.90) 0415
Metformin drug
<28 days 1.00 0.65(0.49, 0.90)* 0.43(0.34, 0.59)*** 0.39(0.30, 0.54)*** <0.001
28-365 days 1.00 0.45(0.24, 1.26) 0.44(0.25, 0.63)** 0.041
>365 days 1.00 0.66(0.45, 1.81) 0.91(0.60, 1.83) 0.54(042,0.76)* 0.201
Aspirin drug
<28 days 1.00 0.67(0.50, 0.94)* 043(0.33, 0.64)*** 0.33(0.23,0.48)*** <0.001
28-365 days 1.00 0.49(0.23, 0.99)* 0.40(0.25, 0.72)** 0.39(0.26, 0.57)*** <0.001
>365 days 1.00 0.48(0.15, 1.36) 0.82(0.49, 1.67) 0.57(042,1.23) 0.232

C.l.: confidence interval *: P<.05 **: P<.01 ***: P<.001
HR: hazard ratio

tMain model is adjusted for Age, Sex, CCl Index, Diabetes, Hyperlipidemia, HF, AMI, AF, Ischemic heart disease, Angina, Peripheral vascular disease, Cerebrovascular
diseases, Renal failure, Hepatitis B virus, Hepatitis C virus, Cirrhosis, Beta blocking agents, Calcium channel blockers, Diuretics, RAASI, Other antihypertensive drugs,
Statin, Metformin, Aspirin, level of urbanization, monthly income in propensity score

MAFLD, Metabolic Dysfunction-Associated Fatty Liver Disease

Table 4 Risk of Liver Cancer among Unvaccinated and Vaccinated in Study Cohort stratified into 10-year follow-up periods

All patients <10years >10 years

follow-up Cancer follow-up Cancer follow-up Cancer
Unvaccinated 96626.9 334 66462.6 320 30164.3 14
Vaccinated 94366.2 169 72288.8 158 220774 I
1 35842.9 77 23476.0 76 123669 1
2-3 37444.8 65 277342 55 9710.6 10
=4 21078.5 27 21078.5 27 - -
Adjusted HR1 0.56(0.46, 0.64)*** 045(0.35,0.73)*** 1.02(0.68,1.81)
Adjusted HR2 0.60(0.51, 0.78)** 0.67(0.53,0.94)* 0.17(0.04, 1.36)
Adjusted HR3 0.48(0.38, 0.65)*** 041(0.29, 0.57)*** 2.01(0.90, 5.26)
Adjusted HR4 0.39(0.30, 0.51)*** 0.26(0.17,0.51)%** -

C.l.: confidence interval *: P<.05 **: P<.01 ***: P<.001

HR: hazard ratio

tMain model is adjusted for Age, Sex, CCl Index, Diabetes, Hyperlipidemia, HF, AMI, AF, Ischemic heart disease, Angina, Peripheral vascular disease, Cerebrovascular
diseases, Renal failure, Hepatitis B virus, Hepatitis C virus, Cirrhosis, Beta blocking agents, Calcium channel blockers, Diuretics, RAASI, Other antihypertensive drugs,
Statin, Metformin, Aspirin, level of urbanization, monthly income in propensity score

hepatitis B vaccine also prevent people from cancer.
Influenza vaccination has also been reported to be asso-
ciated with a lower risk of lung cancer [38]. In patients
with influenza, the number of inflammatory cytokines
increases in their circulatory system, resulting in cellu-
lar necrosis and oncogenic signaling cascades [18, 39].
This process also induces inflammation and ROS pro-
duction, which not only cause cellular damage but also
affect the ECM, as is the case in hypertension [38, 40].
Consequently, cell proliferation, polarity, differentiation,
migration, and adhesion are all affected in the ECM [6].
Inappropriate remodeling of the ECM may exacerbate
the risk of cancer [41]. In addition, MMPs play a role in
immune responses to infection. However, MMP over-
activation following infection may increase the host’s
vulnerability to pathogen attack, tissue damage, and

proto-oncogene activation [6, 42]. Hence, vaccination
against influenza may protect patients from infection and
liver cancer.

Effect of influenza vaccination in different subgroups

Overall, our findings suggested that influenza vaccina-
tion has a stronger protective effect in women than in
men. According to a previous study, women have a lower
risk of liver cancer than men presumably because estro-
gen reduces the concentration of inflammatory cyto-
kines [43]. Both estrogen and influenza vaccine may
have a synergic effect that increases the level of protec-
tion. Patients who take blood pressure medication over a
short period have a low risk of liver cancer because their
hypertension may be less severe than patients who do not
take such medication. Thus, vaccination can effectively
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control inflammation and the production of ROS and
MMPs. However, the dose-dependent effect of influenza
vaccine seems to be more pronounced in individuals
aged above 65, presumably because the immune system
tends to weaken with age, making it less responsive to
vaccines [44, 45]. Consequently, additional vaccine doses
may be required to stimulate memory cell function. As a
result, implementing a consistent and well-planned vac-
cination policy is imperative for elderly individuals with
hypertension.

Limitations

This study has some limitations. First, we identified
patients with hypertension on the basis of ICD-9-CM
codes, which may have resulted in some misclassifica-
tion. Thus, we incorporated drug, outpatient, and hospi-
talization data for greater accuracy. Second, the NHIRD
does not report on personal behavioral data (e.g., ciga-
rette and alcohol use), blood pressure data, or biochemi-
cal data. We were also unable to differentiate between
different types of liver cancer, such as hepatocellular car-
cinoma and cholangiocarcinoma, to evaluate the effect
of vaccination on each category. However, we discov-
ered that vaccination against influenza was associated
with a reduced risk of liver cancer. We also performed PS
adjusting to minimize bias due to potential confounders.
Third, because of vaccination policies in Taiwan, we only
enrolled patients aged above 55. Therefore, our experi-
mental results may not be generalizable to all age groups.
Fourth, this was not a prospective randomized blinded
study and thus could not provide causal evidence. Fifth,
the chosen cohort for this study spans from 2001 to 2012.
It is necessary to analyze more recent data in future stud-
ies to confirm the findings of the current research. In
addition, there were limited patients with a follow-up
period more than 10 years, future study is warranted for
validating the long-term effect of vaccine.

Conclusion

In hypertensive patients, getting vaccinated against influ-
enza is linked to a lowered risk of liver cancer. However,
additional research is required to investigate the mecha-
nism underlying this association.
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