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Background: Elderly patients with chronic kidney disease (CKD) are at a higher risk of hospitalization for

cardiovascular diseases (CVD). Previous studies have reported the beneficial effects of the influenza vaccine in

patients with CVD. However, the effects of influenza vaccination on the reduction of hospitalizations for heart

failure (HF) in elderly patients with CKD remain unclear.

Methods: This cohort study comprised elderly patients (� 55 years of age) with a recorded diagnosis of CKD (n =

4406) between January 1, 1999 and December 31, 2008. Each patient was followed-up until the end of 2008. The

hazard ratio (HR) and 95% confidence interval (CI) for the association between the influenza vaccination and the

first HF hospitalization were analyzed. In addition, the patients were categorized into four groups based on their

vaccination status (unvaccinated and total number of vaccinations: 1, 2-3, and � 4).

Results: We found that elderly patients with CKD receiving influenza vaccination exhibited a lower risk of HF

hospitalization (adjusted HR, 0.31; 95% CI, 0.26-0.39, p < 0.001). The protective effects of influenza vaccination

remained consistent regardless of the age group (55-64, 65-74, � 75), sex, and influenza seasonality. When the

patients were stratified according to the total number of vaccinations, the adjusted HRs for HF hospitalization were

0.60 (0.47-0.77), 0.30 (0.23-0.41), and 0.10 (0.06-0.16) for patients who received 1, 2-3, and � 4 vaccinations

during the follow-up period, respectively.

Conclusions: The results revealed that elderly patients with CKD receiving annual influenza vaccination are at a

lower risk of HF hospitalization.
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INTRODUCTION

Since 2000, the prevalence of chronic kidney dis-

ease (CKD), a chronic inflammatory disease, has been

higher in Taiwan than in most other countries.
1

Several

studies have suggested that CKD increases the risk of

cardiovascular morbidity and mortality.
2-5

Approximately

50% of patient mortality associated with end-stage renal

disease (ESRD) is attributable to cardiovascular events,
3

and the mortality due to cardiovascular diseases (CVD)

in patients with CKD is 15-30 times higher than that in

the age-adjusted general population.
4,6

Heart failure (HF) is a complex clinical syndrome and

is considered the endpoint of CVD. It is the leading

cause of death among patients with CVD and CKD.
7

The

United States Renal Data System (USRDS) annual data

report of 2009 indicated that when evaluating Medicare
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patients aged � 66 years, the relative risk for HF devel-

opment was 1.45-1.68 times higher in patients with CKD

than in those without CKD.
8

Furthermore, uncontrolled

HF is usually associated with a rapid decline in renal

function and more than 40% of patients with HF de-

velop CKD.
8

Interrelationships between HF and CKD in-

clude common risk factors, effects of one disease pro-

cess on the progression of the other, and the influence

of both diseases on treatment decisions. The close inter-

relationship between HF and CKD worsens prognosis in

patients with both diseases.
8

Based on the aforemen-

tioned reasons, it is crucial to reduce the HF complica-

tion rates in patients with CKD.

Influenza is a major cause of hospitalization and

death for older patients, with over 20,000 annual influ-

enza deaths worldwide.
9

Besides, the morbidity and mor-

tality of influenza is higher among patients with chronic

illnesses such as CKD or CVD.
9,10

The elderly patients with

chronic illnesses are susceptible to infection during influ-

enza epidemics, which is becoming an increasingly critical

international health concern. Among elderly patients,

those with CKD are at a higher risk for developing severe

influenza-related complications, including hospitalization

or death.
11

During influenza epidemics, upper respiratory

tract infections may trigger acute coronary syndrome

(ACS) as well as hospitalization for HF in patients with

CKD.
12-14

Previous studies have reported that influenza

vaccination can reduce the risk of recurrent major cardio-

vascular events in patients with ACS or HF.
15-17

In addi-

tion, influenza vaccination has been associated with

lower mortality and hospitalization rates among patients

with CKD,
11,18-20

likely because it prevents respiratory or

cardiovascular complications. However, these studies did

not determine the protective effects of influenza vaccina-

tion on the development of HF in elderly patients with

CKD. Therefore, a cohort study was conducted to clarify

the potential primary protective effects of influenza vac-

cination on hospitalization for HF in elderly Taiwanese pa-

tients with CKD by using the reimbursement claims data

from Taiwan’s National Health Insurance Research Data-

base (NHIRD).

MATERIALS AND METHODS

The National Health Insurance (NHI) program has

provided comprehensive health insurance coverage for

all Taiwan residents since 1995. Currently, 98% of the

over 23 million enrollees are covered under the NHI pro-

gram. This study used data from the Taiwan NHIRD

(1996-2008). No statistically significant differences were

observed regarding age, sex, or health care costs be-

tween the sample group and all the enrollees. The Tai-

wan Center for Disease Control typically defines the in-

fluenza season as the period between October and

March. The study protocol was approved by the NHIRD

research committee and the Joint Institutional Review

Board of Taipei Medical University (TMU-JIRB No.

201311026).

The study cohort comprised all patients diagnosed

with CKD, based on the International Classification of

Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM) code 585.x, who visited health care facilities in Tai-

wan over a 10-year period (n = 21,149) from January 1,

1999 to December 31, 2008. All of those patients with-

out subsequent outpatient or emergency department

visits or hospitalization for CKD within 12 months of the

initial presentation were excluded (n = 11,170) (Figure

1). In addition, 5573 patients aged < 55 years (n = 3,911)

and with a history of ACS (n = 1123) or stroke (n = 772)

or HF (n = 647) before the diagnosis of CKD were ex-

cluded. Additionally, two patients with missing sex infor-

mation were excluded. In Taiwan, influenza vaccines

have been recommended for the high-risk elderly popu-

lation (aged � 50 years with type 2 diabetes, chronic

liver infection or liver cirrhosis, CVD, or chronic pulmo-

nary diseases) since 1998, and all adults aged > 65 years

since 2001.
21

The patient vaccination status was identi-

fied by the code V048 and the vaccine used (confirmed

by drug codes). The Charlson Comorbidity Index (CCI)

was calculated for each patient, which is a useful prog-

nostic predictor for patients with CKD.
22,23

A propensity

score (PS) was generated to estimate the effects of vac-

cination by accounting for the covariates that predict re-

ceiving the vaccination. This method is used in observa-

tional studies to reduce selection bias.
24

The covariates

used to calculate the PS were age, sex, comorbidities

(CCI, pneumonia, hypertension, diabetes, dyslipidemia,

and anemia), cardiac arrhythmia, dialysis, monthly in-

come (NT$0, NT$1-15,840, NT$15,841-25,000, � NT$

25,001), urbanization level (urban, suburban, and rural),

and geographical location of residency (Northern, Cen-

291 Acta Cardiol Sin 2016;32:290�298

Influenza Vaccine Reduces Heart Failure



tral, Eastern, and Southern Taiwan).
25

The primary study

endpoint was hospitalization for HF (ICD-9-CM codes

428.xx) during the subsequent years. Because the vaccine

does not take effect within the initial 2 weeks of adminis-

tration, the patients for whom the duration between vac-

cination and hospitalization for HF was < 2 weeks were

excluded.
26

The data used for analysis were collected

from the claims records of the discharged patients.

Statistical analysis

A logistic regression model was applied to calculate

the PS. Chi-square analyses were conducted to deter-

mine the differences between the vaccinated and un-

vaccinated groups. The hazard ratio (HR) and 95% confi-

dence interval (CI) for the association between the influ-

enza vaccination and the first hospitalization for HF

were examined using Cox proportional hazards regres-

sion analysis. In addition, the relationship between the

seasonal effects of vaccination and hospitalization for

HF was evaluated. Furthermore, the cumulative rate of

HF development in the vaccinated and unvaccinated

groups was estimated using Kaplan-Meier analysis. To

examine the effect of the number of vaccinations on the

cumulative incidence of hospitalization for HF, the pa-

tients were categorized into four groups based on their

vaccination status: unvaccinated, total number of vacci-

nations, 1, 2-3 and � 4. These data were stratified ac-

cording to the patients’ age and sex and the require-

ments for dialysis. The identified variables were sub-

jected to descriptive analyses, including frequency, per-

centage, and mean. Statistical analyses were performed

using SPSS 19.0 and SAS 9.2 software. A probability of

less than 0.05 (p < 0.05) was considered statistically

significant.

RESULTS

The eligible study population comprised 4406 pa-

tients in the CKD cohort. Of this total, 51% (n = 2254) re-

ceived influenza vaccination, and the remaining 49% of

patients with CKD (n = 2152) did not receive influenza

vaccination (Table 1). The unvaccinated group exhibited

a higher prevalence of certain preexisting medical

comorbidities than the vaccinated group, such as high

CCI (p < 0.001), hypertension (p = 0.002), diabetes (p <

0.001), dyslipidemia (p < 0.001), dialysis requirement (p

< 0.001), anemia (p < 0.001), and pneumonia (p =

0.044). In addition, significant differences were ob-

served between the vaccinated and unvaccinated groups

regarding age, sex, monthly income, and urbanization

level (Table 1). As observed in Table 2, the rate of hospi-

talization for HF after adjusting for potential confound-

ers was significantly lower in the influenza vaccination

group (adjusted HR, 0.31; 95% CI, 0.26-0.39, p < 0.001)

than in the unvaccinated group. The protective effects

of the influenza vaccination remained consistent regard-

less of the patients’ sex and across all the elderly age

groups (55-64, 65-74, and � 75 years). Moreover, influ-

enza vaccination significantly reduced the number of

hospitalizations for HF in patients with CKD � 55 years of

age, regardless of the disease seasonality (Table 2). The

Kaplan-Meier estimates of the cumulative HF event

rates in the unvaccinated control group were signifi-

cantly higher than those in the vaccinated group (log-
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Figure 1. Flowchart demonstrates the selection criteria and process of

chronic kidney disease (CKD) population.



rank p < 0.001) (Figure 2A-C). When the patients were

stratified according to the total number of vaccinations,

the adjusted HRs for hospitalization for HF were 0.60

(0.47-0.77), 0.30 (0.23-0.41), and 0.10 (0.06-0.16) for

patients who received 1, 2 to 3, and � 4 vaccinations

during the follow-up period (all p values < 0.001), re-

spectively (Table 3). The cumulative hospitalization rates

for HF, stratified by the total number of vaccinations are

shown in Figure 3A-C.

DISCUSSION

The present study demonstrated that elderly pa-

tients with CKD without prior CVD who had received in-

fluenza vaccine exhibited a lower rate of hospitalization

for newly diagnosed HF.

The USRDS analyses revealed that the hospitaliza-

tion rates for CVD (ACS, HF, and arrhythmias) were two

to seven times higher for Medicare patients with CKD

than for those without CKD.
2

Several possible explana-

tions exist for the relationship between CKD and CVD.

Except for the etiologic factors that are common be-

tween both of these diseases (such as obesity, diabetes,

hypertension, and hyperlipidemia), the reduced renal

function is associated with chronic inflammation, sym-

pathetic activation, elevated plasma homocysteine, en-

hanced thrombogenicity, abnormal apolipoprotein lev-

els, anemia, left ventricular hypertrophy and dilatation,

myocardial fibrosis, neurohormonal activation, increased

arterial calcification, endothelial dysfunction, and exces-

sive oxidative stress.
3,4,27-29

Patients with CKD and with-

out prior CVD exhibited a 60% higher risk of developing

CVD during the subsequent year than did those without

CKD.
27,30,31

The National Kidney Foundation and the

American Heart Association guidelines have classified

CKD as a CVD risk equivalent.
32

Patients with CKD are more likely to require hospi-

talization for infection-related complications than those

without CKD.
11,33-35

Among Medicare beneficiaries � 66

years of age, patients with CKD exhibit higher rates of

hospitalization for pneumonia and sepsis compared with

those without CKD.
33

The potential risk factors for in-

fection among patients with CKD include advanced age,

increased number of coexisting illnesses, hypoalbum-

inemia, malnutrition, and anemia.
33
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Table 1. Demographic characteristics of elderly chronic kidney

disease patients with or without vaccination

Unvaccinated

(n = 2152)

Vaccinated

(n = 2254)

Cases % Cases %

p value

Age (years)

55-64 975 45.31 497 22.05

65-74 651 30.25 10890 48.31

� 75 526 24.44 668 29.64

< 0.001

Gender

Female 951 44.19 884 39.22

Male 12010 55.81 13700 60.78
< 0.001

CCI

0 183 08.50 314 13.93

1 043 02.00 104 04.61

2 366 17.01 397 17.61

� 3 15600 72.49 14390 63.84

< 0.001

Hypertension

No 652 30.30 780 34.61

Yes 15000 69.70 14740 65.39
0.002

Diabetes

No 11970 55.62 1459 64.73

Yes 955 44.38 795 35.27
< 0.001

Dyslipidemia

No 12130 56.37 14290 63.40

Yes 939 43.63 825 36.60
< 0.001

Dialysis

No 17260 80.20 1893 83.98

Yes 426 19.80 361 16.02
< 0.001

Arrhythmia

No 17930 83.32 1891 83.90

Yes 359 16.68 363 16.10
< 0.605

Anemia

No 17610 81.83 1963 87.09

Yes 391 18.17 291 12.91
< 0.001

Pneumonia

No 18820 87.45 20150 89.40

Yes 270 12.55 239 10.60
0.044

Monthly income (NT$)

0 281 13.06 336 14.91

1-15840 346 16.08 502 22.27

15841-25000 979 45.49 10860 48.18

� 25001 546 25.37 330 14.64

< 0.001

Level of urbanization

Urban 14780 68.68 14220 63.09

Suburban 461 21.42 543 24.09

Rural 213 09.90 289 12.82

< 0.001

Geographic region

Northern 976 45.35 955 42.37

Central 587 27.28 684 30.35

Southern 542 25.19 565 25.07

Eastern 047 02.18 050 02.22

< 0.119

CCI, charlson comorbidity index; NT$, new taiwan dollars.



The two major critical complications in patients with

CKD, infection and CVD, are closely correlated. Infection

and underlying CKD are both associated with inflamma-

tion, which may contribute to the physiopathology of

atherosclerosis and the development of HF.
12,13,15,16,35,36

The possible mechanisms that trigger atherosclerosis by

acute infections include the following: increased vascular

inflammation, vasoconstriction, triggering of an autoim-

mune reaction, increased biomechanical stress, increased

procoagulant conditions, increased platelet activation,

endothelial dysfunction, increased metabolic demand,

hypoxemia, and hypotension.
36

The mechanism of HF de-

velopment after infection may include systemic vaso-

dilation, mitochondrial dysfunction, myocardial inflam-

mation, sympathetic activation, inflammatory signaling,

microcirculatory dysfunction, and release of cytokines,

which reduced the clearance in patients with CKD.
37

To minimize the risk of infection and CVD complica-
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Table 2. Risk of heart failure hospitalization in chronic kidney disease patients stratified by vaccination status during influenza and

non-influenza season

Unvaccinated (n) Vaccinated (n) Unadjusted HR (95% CI) Adjusted HR* (95% CI)

Whole cohort

Influenza season 163 89 0.36 (0.28, 0.47)
#

0.35 (0.26, 0.45)
#

Non-influenza season 138 65 0.30 (0.23, 0.41)
#

0.28 (0.21, 0.38)
#

All season 301 1540 0.33 (0.27, 0.41)
#

0.31 (0.26, 0.39)
#

Age, 55-64 (years)

Influenza season 051 13 0.36 (0.20, 0.67)
†

0.43 (0.23, 0.79)
†

Non-influenza season 042 08 0.25 (0.12, 0.53)
#

0.25 (0.12, 0.55)
#

All season 093 21 0.31 (0.19, 0.50)
#

0.34 (0.21, 0.55)
#

Age, 65-74 (years)

Influenza season 055 38 0.26 (0.17, 0.39)
#

0.28 (0.18, 0.43)
#

Non-influenza season 045 31 0.25 (0.16, 0.40)
#

0.29 (0.18, 0.47)
#

All season 100 69 0.25 (0.19, 0.35)
#

0.29 (0.21, 0.39)
#

Age, � 75 (years)

Influenza season 057 38 0.31 (0.21, 0.47)
#

0.33 (0.21, 0.50)
#

Non-influenza season 051 26 0.25 (0.15, 0.40)
#

0.26 (0.16, 0.43)
#

All season 108 64 0.28 (0.21, 0.38)
#

0.30 (0.22, 0.41)
#

Female

Influenza season 093 34 0.28 (0.19, 0.41)
#

0.27 (0.18, 0.40)
#

Non-influenza season 068 26 0.28 (0.18, 0.44)
#

0.28 (0.18, 0.45)
#

All season 161 60 0.28 (0.21, 0.38)
#

0.27 (0.20, 0.37)
#

Male

Influenza season 70 55 0.46 (0.32, 0.66)
#

0.42 (0.29, 0.61)
#

Non-influenza season 70 39 0.33 (0.22, 0.48)
#

0.28 (0.19, 0.43)
#

All season 140 94 0.39 (0.30, 0.51)
#

0.35 (0.27, 0.46)
#

CKD without dialysis

Influenza season 134 67 0.32 (0.24, 0.43)
#

0.30 (0.22, 0.41)
#

Non-influenza season 114 49 0.27 (0.19, 0.38)
#

0.25 (0.17, 0.35)
#

All season 248 116 0.30 (0.24, 0.37)
#

0.27 (0.22, 0.35)
#

CKD with dialysis

Influenza season 029 22 0.59 (0.34, 1.03)
‡

0.60 (0.33, 1.07)
‡

Non-influenza season 024 16 0.49 (0.26, 0.93)
‡

0.43 (0.22, 0.84)
‡

All season 053 38 0.54 (0.36, 0.83)
†

0.52 (0.33, 0.81)
†

CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

* Adjusted HR was based on Cox proportional regression with adjustment for age, gender, comorbidity condition, hypertension,

diabetes, dyslipidemia, dialysis, arrhythmia, anemia, pneumonia, monthly income, level of urbanization, and geographic region in

propensity score.
#

p < 0.001.
†

p < 0.01.
‡

p < 0.05.



tions, medical care for patients with CKD should include

prophylactic preventions such as vaccinations. Phrom-

mintikul et al. reported that influenza vaccination re-

duced the incidence of major cardiovascular events

(death, ACS, HF, and stroke) in patients with prior ACS

[9.5% vs. 19.3%, unadjusted HR 0.70 (0.57-0.86), p =

0.004].
16

Subgroup analysis revealed that vaccination

was more beneficial for patients with CKD than for those

without CKD.
16

The vaccine may exert its protective ef-

fects either by promoting immunity against the virus or

by reducing inflammation.
2,11,16,21

Certain studies have

revealed that influenza vaccination can reduce the risk

of recurrent major cardiovascular events in patients

with CKD.
11,14,15,18-21,34

However, the aforementioned
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Table 3. Risk of heart failure hospitalization in chronic kidney disease patients stratified by total number of vaccinations during

influenza and non-influenza season

Total number of vaccinations
Unvaccinated

1 2-3 � 4

Adjusted HR* (95% CI) Adjusted HR* (95% CI) Adjusted HR* (95% CI) Adjusted HR* (95% CI)

p value

Whole cohort

Influenza season 1.00 0.62 (0.44, 0.87)
†

0.36 (0.25, 0.52)
#

0.12 (0.07, 0.22)
#

< 0.001

Non-influenza season 1.00 0.58 (0.40, 0.84)
†

0.26 (0.17, 0.41)
#

0.07 (0.04, 0.16)
#

< 0.001

All season 1.00 0.60 (0.47, 0.77)
#

0.31 (0.23, 0.41)
#

0.10 (0.06, 0.16)
#

< 0.001

Age, 55-64 (years)

Influenza season 1.00 0.53 (0.23, 1.25)
#

0.35 (0.16, 0.79)
‡

< 0.006

Non-influenza season 1.00 0.56 (0.24, 1.33)
#

0.10 (0.02, 0.41)
#

< 0.001

All season 1.00 0.55 (0.30, 1.00)
#

0.22 (0.11, 0.45)
#

< 0.001

Age, 65-74 (years)

Influenza season 1.00 0.65 (0.38, 1.11)
#

0.23 (0.12, 0.44)
#

0.12 (0.06, 0.25)
#

< 0.001

Non-influenza season 1.00 0.72 (0.41, 1.28)
#

0.31 (0.16, 0.57)
#

0.04 (0.01, 0.15)
#

< 0.001

All season 1.00 0.68 (0.46, 1.01)
#

0.27 (0.17, 0.41)
#

0.08 (0.04, 0.16)
#

< 0.001

Age, � 75 (years)

Influenza season 1.00 0.52 (0.31, 0.89)
‡

0.36 (0.21, 0.62)
#

0.08 (0.03, 0.26)
#

< 0.001

Non-influenza season 1.00 0.43 (0.24, 0.80)
†

0.20 (0.09, 0.41)
#

0.16 (0.06, 0.41)
#

< 0.001

All season 1.00 0.48 (0.32, 0.72)
#

0.28 (0.18, 0.44)
#

0.12 (0.06, 0.24)
#

< 0.001

Female

Influenza season 1.00 0.41 (0.23, 0.72)
†

0.28 (0.16, 0.49)
#

0.13 (0.06, 0.30)
#

< 0.001

Non-influenza season 1.00 0.55 (0.31, 0.99)
‡

0.24 (0.12, 0.48)
#

0.09 (0.03, 0.28)
#

< 0.001

All season 1.00 0.47 (0.31, 0.70)
#

0.26 (0.17, 0.40)
#

0.11 (0.06, 0.22)
#

< 0.001

Male

Influenza season 1.00 0.83 (0.53, 1.30) 0.44 (0.27, 0.72)
#

0.11 (0.05, 0.25)
#

< 0.001

Non-influenza season 1.00 0.62 (0.38, 1.01) 0.29 (0.16, 0.51)
#

0.07 (0.03, 0.20)
#

< 0.001

All season 1.00 0.72 (0.52, 1.01) 0.36 (0.25, 0.53)
#

0.09 (0.05, 0.17)
#

< 0.001

CKD without dialysis

Influenza season 1.00 0.58 (0.39, 0.85)
†

0.32 (0.21, 0.49)
#

0.10 (0.05, 0.19)
#

< 0.001

Non-influenza season 1.00 0.57 (0.37, 0.86)
†

0.20 (0.12, 0.35)
#

0.07 (0.03, 0.16)
#

< 0.001

All season 1.00 0.57 (0.43, 0.76)
#

0.27 (0.19, 0.37)
#

0.09 (0.05, 0.15)
#

< 0.001

CKD with dialysis

Influenza season 1.00 0.73 (0.35, 1.53) 0.54 (0.25, 1.16)
#

0.33 (0.10, 1.11)
#

< 0.030

Non-influenza season 1.00 0.54 (0.23, 1.28)
#

0.48 (0.21, 1.10)
#

0.10 (0.01, 0.77)
‡

< 0.005

All season 1.00 0.64 (0.37, 1.13)
#

0.51 (0.29, 0.90)
‡

0.21 (0.08, 0.60)
†

< 0.001

CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

* Adjusted HR was based on Cox proportional regression with adjustment for age, gender, comorbidity condition, hypertension,

diabetes, dyslipidemia, dialysis, arrhythmia, anemia, pneumonia, monthly income, level of urbanization, and geographic region in

propensity score.
#

p < 0.001.
†

p < 0.01.
‡

p < 0.05.
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Figure 2. The hospitalization rates for cumulative heart failure in el-

derly patients with chronic kidney disease in Taiwan (n = 4406) from Jan-

uary 1, 1999 to December 31, 2008, stratified according to the vaccina-

tion status during (A) the influenza season (p < 0.001), (B) the non-

influenza season (p < 0.001), and (C) all seasons (p < 0.001).

Figure 3. The hospitalization rates for cumulative heart failure in el-

derly patients with chronic kidney disease in Taiwan (n = 4406) from Jan-

uary 1, 1999 to December 31, 2008, stratified according to the total

number of vaccinations during (A) the influenza season (p < 0.001), (B)

the noninfluenza season (p < 0.001), and (C) all seasons (p < 0.001).

A

B

C

A

B

C



studies evaluated patients with underlying CVD and thus

provide limited evidence indicating that influenza vacci-

nation prevents the first hospitalization for HF in pa-

tients with CKD without prior CVD.

The present study revealed that vaccination resulted

in a significant reduction in the rate of hospitalization

for HF in elderly patients with CKD. In our patient group,

the protective effects of vaccination were almost identi-

cal during the influenza and non-influenza seasons. The

protective effect is less pronounced in patients with

ESRD, which may be because of the impaired immune

response to vaccination.
38

Several reports regarding the

effectiveness of vaccination against influenza in patients

with ERSD have presented equivocal results.
11,20,39,40

Al-

ternative strategies such as use of a double-dose vac-

cine,
41

adjuvant regimen, and even a multiple-dose vac-

cine should be investigated. The risk decreased to an

overall adjusted HR of 0.10 for patients with vaccina-

tions for multiple years (� 4 years). Based on these

study results, we recommend annual influenza vaccina-

tion.

The use of the NHIRD has limitations. First, the diag-

noses of CKD and HF as well as the vaccination status

were identified based on the ICD-9-CM codes or drug

codes, and the diagnostic accuracy of the database may

be a concern. Because HF is a clinical diagnosis, we de-

fined hospitalization for HF according to the discharge

claims data to ensure that the diagnoses were valid and

reliable. Second, considering the inherent limitations of

the NHIRD, information such as biochemistry profiles

and records of patient vital signs, physical activity, body

mass index, and heart function were unavailable. Fi-

nally, although we attempted to include all the possible

confounding factors, the possibility of selection bias

persists. The clinical relevance of this study must be fur-

ther established through large-scale prospective trials.

CONCLUSIONS

The present study is the first population-based co-

hort study to investigate the protective effect of annual

influenza vaccination against HF admission in elderly pa-

tients with CKD. Through this investigation, we did as-

certain that there is a significant reduction in hospital-

ization for HF in elderly patients suffering from CKD who

are receiving the annual influenza vaccination.
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