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Abstract

BACKGROUND AND PURPOSE: Herpes zoster (HZ) is associated with increased risk of 

stroke, and zoster vaccine live (ZVL, Zostavax) reduces the risk of HZ. No study has examined 

the association between ZVL (Zostavax) and risk of stroke. Present study examined association 

between receipt of ZVL (Zostavax) and risk of stroke among older US population.

METHODS: Our study included 1 603 406 US Medicare fee-for-service beneficiaries aged ≥66 

years without a history of stroke and who received ZVL (Zostavax) during 2008 to 2014, and 1 

603 406 propensity score-matched unvaccinated beneficiaries followed through to December 31, 

2017. We used Cox proportional hazard models to examine association between ZVL (Zostavax) 

and composite fatal or nonfatal incident stroke outcomes.

RESULTS: During a median of 5.1 years follow-up (interquartile range, 3.9–6.7), we documented 

64 635 stroke events, including 43 954 acute ischemic strokes and 6727 hemorrhagic strokes, 

among vaccinated beneficiaries during 8 755 331 person-years. The corresponding numbers 

among unvaccinated beneficiaries were 73 023, 50 476, and 7276, respectively, during 8 517 

322 person-years. Incidence comparing vaccinated to unvaccinated beneficiaries were 7.38 versus 

8.57 per 1000 person-years for all stroke, 5.00 versus 5.90 for acute ischemic stroke, and 0.76 

versus 0.84 for hemorrhagic stroke (P<0.001 for all difference). Adjusted hazard ratios comparing 

vaccinated to unvaccinated beneficiaries were 0.84 (95% CI, 0.83–0.85), 0.83 (0.82–0.84), and 

0.88 (0.85–0.91) for all stroke, acute ischemic stroke, and hemorrhagic stroke, respectively. The 

association between ZVL (Zostavax) and risk of stroke appeared to be stronger among younger 

beneficiaries, beneficiaries who did not take antihypertensive or statin medications and who had 

fewer comorbid conditions (P<0.05 for interaction) but largely consistent across sex, low-income 

status, and racial groups.

CONCLUSIONS: Among Medicare fee-for-service beneficiaries, receipt of ZVL (Zostavax) was 

associated with lower incidence of stroke. Our findings may encourage people to get vaccinated 

against HZ to reduce HZ and HZ-associated stroke risk.
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Herpes zoster (HZ), also known as shingles, is a painful rash caused by reactivation of latent 

varicella zoster virus (VZV) infection generally acquired at young ages.1-3 Approximately 

one million HZ cases, more than half among individuals aged 60 years or older, occur 

annually in the United States,2,3 and 1 in 3 people who had VZV infection develop 

HZ during their lifetime (https://www.cdc.gov/shingles/about/overview.html). The Advisory 

Committee on Immunization Practices recommended routine zoster vaccine live (ZVL; 

ZOSTAVAX, a 1-dose HZ live-attenuated vaccine) for preventing HZ among all persons 

aged 60 years or older during 2006,4 and in 2017, Advisory Committee on Immunization 

Practices recommended a new HZ vaccine (Shingrix, a 2-dose, adjuvant, recombinant HZ 

vaccine) for people aged 50 years or older.5 The coverage of ZVL increased significantly 

since 2006, and about one-third of adults had received ZVL as of 2016.5,6

Many studies suggested that the risk of stroke increases significantly following the HZ.7-15 

Other studies confirmed the effectiveness of ZVL on prevention of HZ among people 

recommended for the vaccine,16-20 immunocompromised patients, and among those with 

end-stage renal disease.21,22 However, no prior study examined the effect of ZVL on risk 

of stroke. The present study examined this association among adults aged 66 years or older 

who enrolled in the Medicare fee-for-service (FFS) program during 2008 to 2017 in the 

United States.

METHODS

The Medicare data used in this study cannot be shared by authors because of the data 

usage agreement, but the investigators can access to these data by application to Centers for 

Medicare and Medicaid Services.

Study Cohort

Identifying FFS Beneficiaries With ZVL—We used Medicare’s enrollment databases 

to generate this population-based cohort. First, we identified all Medicare FFS beneficiaries 

Yang et al. Page 2

Stroke. Author manuscript; available in PMC 2022 April 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/shingles/about/overview.html


aged 65 years or older with at least 12 months continuous enrollment in Medicare Part A 

(hospitalization) and B (office-based care) and eligible for Part D (≥1-month prescription 

drug coverage) from 2007 to 2014. Second, we identified FFS beneficiaries who had the 

recoded ZVL that occurred from 2007 to 2014, including multiple ZVL administrations 

(22 240 [1.4%] beneficiaries had >1 ZVL administrated and the date of first ZVL was 

chosen). National Drug Code from the Medicare Part D data and Current Procedural 

Terminology code from inpatient and outpatient claims data were used to identify the 

status of ZVL (Table I in the Data Supplement)8,22 We used a 12-month or longer 

review period to identify the first ZVL (look-back period where no ZVL codes were 

billed), and the length of review time varied by the years of Medicare enrollment. For 

example, we used 12 months for beneficiaries 66 years of age (Medicare eligible at age 

65 years) and 24 months for beneficiaries aged 67 years, and January 1, 2006, was the 

earliest date of look-back since ZVL was recommended in 2006. Therefore, this cohort 

consisted of FFS beneficiaries aged 66 years or older who had their first ZVL during 

2008 to 2014. Among vaccinated FFS beneficiaries, we excluded (1) those who were 

in institutional long-term care; (2) those with a history of stroke or transient ischemic 

attack on the basis of the Chronic Conditions Warehouse definition used by the Centers 

for Medicare and Medicaid Services (www.ccw-data.org/web/guest/condition-categories) 

or the hospitalizations recorded in Medicare Provider Analysis and Review that occurred 

before the index date of ZVL; (3) those who had a history of HZ before the index date 

of ZVL (Table II in the Data Supplement for International Classification of Diseases, 
Ninth Revision [ICD-9-CM] or ICD-10-CM codes for HZ); and (4) those with history of 

immunocompromised conditions because ZVL was not recommended for those beneficiaries 

(Table III in the Data Supplement).

Selecting FFS Unvaccinated Beneficiaries—Among FFS unvaccinated beneficiaries, 

we followed the similar selection criteria as for vaccinated beneficiaries. However, before 

matching vaccinated to unvaccinated beneficiaries, there was no index date for unvaccinated 

beneficiaries (date of first ZVL was index date for vaccinated beneficiaries), and we could 

not completely exclude the beneficiaries with a history of stroke/transient ischemic attack, 

HZ, or immunocompromised conditions. Therefore, we adopted the 2-step exclusion process 

among unvaccinated beneficiaries. First, we excluded all unvaccinated beneficiaries who 

had a history of stroke/transient ischemic attack, HZ, or immunocompromised conditions 

before the start of the baseline cohort year. For example, we excluded the unvaccinated 

beneficiaries who entered the cohort in 2008, who were aged 66 years or older, and who had 

these exclusion conditions recorded before January 1, 2008. The main purpose of the first-

step exclusion is to reduce the size of the matching pool and improve the matching process. 

Second, for each matched beneficiary, we assigned the vaccinated beneficiary’s index date 

of ZVL as the unvaccinated beneficiary’s index date, then we excluded the unvaccinated 

beneficiaries who had a stroke/transient ischemic attack, HZ, or immunocompromised 

conditions before the assigned index date and excluded the corresponding vaccinated 

beneficiaries. Figure I in the Data Supplement shows the flowchart of Medicare FFS 

beneficiaries’ selection and matching process, and the final cohort included 1 603 406 

vaccinated beneficiaries from 2008 to 2014 and the same number of matched unvaccinated 

beneficiaries.
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Propensity Score Matching—Propensity score matching is used to select controls 

who were similar to cases to minimize treatment selection bias when estimating the 

treatment effects in nonrandomized studies.23 We derived the propensity score by using 

multivariate logistic regression that exactly matched on age, sex, race, and year of 

cohort entry, and included socioeconomic conditions, health care utilization characteristics, 

frailty characteristics, medications use, Centers for Medicare and Medicaid Services 

Hierarchical Condition Category score, and coexisting health conditions (Table IV in the 

Data Supplement for the list of matching variables). We excluded FFS beneficiaries with 

missing values for the matching variables before matching. We used a greedy nearest 

neighbor one-to-one matching on the logit of propensity score with caliper of width 0.2 

in SAS Proc PSMATCH procedure (release 9.4; SAS Institute, Inc, Cary, NC). Balance of 

the covariates was assessed by the standardized difference where differences <0.10 were 

considered negligible.24

Outcomes

The primary outcome was the composite fatal/nonfatal incident stroke during follow-up. 

We used Medicare Provider Analysis and Review files to identify the hospitalizations with 

all stroke, acute ischemic stroke (AIS), and hemorrhagic stroke. The Medicare Provider 

Analysis and Review files contained inpatient hospital and skilled nursing facility stay 

records for all Medicare beneficiaries, and we used the primary diagnosis codes ICD-9-CM 
for 2008 to 2015 and ICD-10-CM for the last quarter of 2015 to 2017 to identify the 

beneficiaries with stroke (Table V in the Data Supplement). The secondary outcome was 

the incident HZ. Incident HZ cases were identified by the first HZ diagnosis that occurred 

during follow-up in the inpatient or outpatient visit claims data. Follow-up of beneficiaries 

continued until incident stroke (fatal or nonfatal), and the status of fatal stroke death was 

determined by the National Death Index for primary outcomes or first occurrence of HZ 

for the secondary outcome, with censoring at the time of death other than stroke death or 

through end of follow-up period (December 31, 2017).

Assessment of Confounding and Selection Bias

FFS vaccinated beneficiaries may differ from unvaccinated beneficiaries in their risk profile 

for stroke or HZ. To assess the possible effect of confounding and selection bias, we used 

13 acute symptomatic conditions as the negative control outcomes that ZVL should not 

protect against these conditions (Table VI in the Data Supplement).17,19 A negative control 

outcome is one that shares the same potential sources of bias with the primary outcome 

(stroke) but cannot plausibly be related to the treatment of interest (ZVL vaccine).25,26 We 

calculated the incidence rates and adjusted hazard ratios (HRs) for each negative control 

outcome comparing vaccinated to unvaccinated beneficiaries. We expect that these HRs 

should be distributed around 1.0, and a significant departure from 1.0 may indicate the effect 

of confounding or selection bias.26

Statistical Analysis

We calculated the mean and percentages of the selected covariates by ZVL status. We used 

Cox proportional hazards regression to estimate HRs and 95% CIs for the composite all 
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stroke, AIS, and hemorrhagic stroke events associated with ZVL. We presented propensity 

score-adjusted HRs and fully adjusted HRs that included all matching variables accounting 

for the residual confounding. The proportional hazards assumption of the Cox models 

was evaluated with Schoenfeld residuals, which revealed no important departures from 

proportionality in hazards. The Cox models were stratified by year of receiving ZVL.

We conducted several sensitivity analyses. First, we conducted stratified analyses of ZVL 

and risk of stroke by age (66–74, 75–84, and ≥85 years), sex, race or ethnicity (non-Hispanic 

White, non-Hispanic Black, Hispanic, and other), low-income subsidy status (yes/no), 

antihypertensive use (yes/no), statins use (yes/no), and Charlson Comorbidity Index (CCI; 

0, 1, 2, 3, and ≥4), and we tested for interactions of ZVL status with these covariates by 

including interactions terms in analysis and presented adjusted P value by using the Holm 

method for multiple comparison.27,28 Second, we examined the association between ZVL 

and risk of HZ by age, sex, and race or ethnicity. Third, we examined the association 

between ZVL and 13 negative outcomes. Data were analyzed by using SAS software 

(version 9.4). All tests were 2-sided, and P<0.05 was considered significant.

RESULTS

Table 1 is information for participants. Among 1 603 406 Medicare FFS vaccinated 

beneficiaries and the same number of unvaccinated FFS beneficiaries, the mean age was 

73.4 years (95% CI, 73.4–73.5), about 2 in 3 beneficiaries were aged younger than 75 years 

and female. Nearly 90% of beneficiaries were non-Hispanic White; over 70% were taking 

antihypertensive medications; more than half were on statins; and >60% of beneficiaries 

had a CCI of ≥1. The vaccinated FFS beneficiaries differed from the original cohort, but 

the vaccinated and matched unvaccinated beneficiaries were well balanced after propensity 

score matching by the selected characteristics with the standardized differences <0.03 (Table 

1 and Table VII in the Data Supplement).

During a median of 5.1 years follow-up (interquartile range, 3.9–6.7), we documented 64 

635 stroke events, including 43 954 AIS and 6727 hemorrhagic strokes, among vaccinated 

beneficiaries during 8 755 331 person-years. The corresponding numbers for unvaccinated 

beneficiaries were 73 023, 50 476, and 7276 during 8 517 322 person-years. Incidence 

rates of stroke per 1000 person-years among vaccinated and unvaccinated beneficiaries were 

7.38 (95% CI, 7.38–7.38) versus 8.57 (95% CI, 8.57–8.58) for all stroke, 5.00 (95% CI, 

5.90–5.00) versus 5.90 (95% CI, 5.90–5.91) for AIS, and 0.76 (95% CI, 0.76–0.76) versus 

0.84 (95% CI, 0.84–0.84) for hemorrhagic stroke (P<0.001 for difference). Adjusted HRs 

comparing vaccinated to unvaccinated beneficiaries were 0.84 (95% CI, 0.83–0.85), 0.83 

(95% CI, 0.82–0.84), and 0.88 (95% CI, 0.85–0.91) for all stroke, AIS, and hemorrhagic 

stroke, respectively (Table 2). The adjusted HRs decreased significantly with increased age 

and increased CCI for all stroke and AIS (adjusted P<0.005 for interaction). The association 

between ZVL and all stroke and AIS appeared to be stronger among beneficiaries who did 

not take antihypertensive medications or statins (adjusted P<0.05 for interaction; Figure [A 

and B] and Table VIII in the Data Supplement). The pattern of association between ZVL and 

hemorrhagic stroke was largely consistent across subpopulations (adjusted P>0.05; Figure 

[C] and Table VIII in the Data Supplement). The adjusted HRs for the 13 negative outcomes 
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ranged from 0.82 for hip fracture to 1.15 for hemorrhoids (mean=1.03; SD=0.098). Only hip 

fracture had comparable HR to the association between ZVL and risk of stroke (Table IX 

and Figure II in the Data Supplement).

The incidence of HZ per 1000 person-years among unvaccinated and vaccinated 

beneficiaries was 11.1 (95% CI, 11.1–11.1) and 8.51 (95% CI, 8.50–8.51) with an adjusted 

HRs of 0.76 (95% CI, 0.75–0.77; Table 3). The adjusted HRs decreased significantly with 

increased age but were similar between men and women.

DISCUSSION

Among this population-based cohort of Medicare FFS beneficiaries aged 66 years or older, 

receipt of ZVL was associated with reduced risk of stroke during a median of 5-year follow-

up. Compared with unvaccinated beneficiaries, vaccinated beneficiaries had about 16%, 

17%, and 12% lower risk for all, AIS, and hemorrhagic stroke, respectively. ZVL-associated 

reduction in risk of all stroke and AIS decreased by increased age and increased CCI 

and appeared to be stronger among FFS beneficiaries who did not take antihypertensive 

medications or statins.

Findings from many observational studies suggested that the risk of stroke increased 

significantly following HZ, especially within the first few months of HZ onset.7-11,15,29,30 In 

2006, Advisory Committee on Immunization Practices recommended routine ZVL vaccine 

for persons aged 60 years or older to prevent HZ.4 Although the effectiveness of ZVL in 

prevention of HZ in real-world populations was lower than the findings from the randomized 

control trials,16 many studies confirmed its effectiveness among populations and showed 

its reduced effectiveness with increased age and time since the vaccination.17,18,20,31 Our 

results of ZVL effectiveness were comparable with the findings of the studies using 

similar data sources.17,18,31 To the best of our knowledge, our study is the first to seek 

to determine whether receipt of ZVL may be associated with reduced risk of stroke. The 

biological mechanisms of a potential causal association between ZVL and reduced risk 

of stroke are not clear. Studies suggested that the HZ viral ability to replicate in cerebral 

arteries where the infection spreads along the nerve fibers to the blood vessels could cause 

subsequent inflammation leading to pathological vascular remodeling and increased risk of 

stroke.32,33 The receipt of ZVL reduces the risk of having HZ; therefore, ZVL-associated 

reduction in stroke risk may be, at least partly, a result of reduced risk of HZ among 

vaccinated beneficiaries. Our results showed that the ZVL-associated reduction in stroke risk 

decreased significantly with increased age and was consistent with the findings of decreased 

effectiveness of ZVL against HZ with increased age (https://www.merck.com/product/usa/

pi_circulars/z/zostavax/zostavax_pi2.pdf). Studies suggested that VZV, same virus as HZ 

and primary infection causes varicella (chickenpox) usually among children, is associated 

with increased risk of stroke among children.34-36 Compared with adults, children are less 

likely to have underlying immune deficiency or risk factors associated with increased risk 

for stroke and the VZV associated risk for stroke may suggest a potential causal association 

between varicella-zoster infection (either VZV or HZ) and stroke.36 In addition, HZ may 

also increase blood pressure because of pain or stress associated with HZ.10 High blood 

pressure is the leading risk factor for stroke.37 Reduction of HZ-associated blood pressure 
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increase by ZVL protection against HZ may also help to reduce the risk of stroke. Further 

study is needed to clarify the association between ZVL and reduced risk of stroke.

The ZVL-associated reduction in risk of stroke appeared to decrease with increased number 

of CCI. Age was significantly correlated with number of CCI (eg, the median age of 

those with a CCI of 0 was 71 years and increased to 74 years among those with a 

CCI of 4 or higher), and age was associated with reduced effectiveness of ZVL against 

HZ,17,18 which may partly explain the reduced protection of ZVL for risk of stroke among 

beneficiaries with increased comorbid conditions. The association between ZVL and risk 

of all stroke and AIS appeared to be stronger among FFS beneficiaries who did not take 

antihypertensive medications or statins. Medication treatments for high blood pressure 

and dyslipidemia reduce the risk of stroke.38 However, at least one study reported that 

individuals with hypertension who were taking antihypertensive medications had higher 

risk of stroke compared with the individuals with untreated hypertension or individuals 

without hypertension among the population.39 Hypertensive medication treatment may be a 

marker reflecting greater severity of hypertension and a cluster of other cardiovascular risk 

factors, such as diabetes, dyslipidemia, or atrial fibrillation, which leads to a higher risk of 

stroke.39-43 FFS beneficiaries who were taking antihypertensive medications or statins may 

have a higher baseline risk of stroke, and this higher risk could attenuate the association 

between ZVL and risk of stroke.

The association between ZVL and hemorrhagic stroke appeared to be weaker compared with 

AIS (adjusted HRs 0.83 [95% CI, 0.82–0.84] for AIS versus 0.88 [95% CI, 0.85–0.91] for 

hemorrhagic stroke, P<0.05). The association between ZVL and hemorrhagic stroke was 

largely consistent across age, sex, race or ethnicity, and other groups. Few studies examined 

the association between HZ and hemorrhagic stroke, with inconsistent findings: some 

suggested significant association,12 whereas others found insignificant association.7,15,44 

Limited sample size, number of studies, and different study designs may contribute to 

inconsistent findings. Our study had a reasonable number of hemorrhagic stroke events (≈14 

000 events) and found a weaker but significant association between ZVL and hemorrhagic 

stroke. High blood pressure is the most important risk factor for hemorrhagic stroke. If ZVL 

reduces the HZ-associated high blood pressure caused by the pain or stress associated with 

HZ,10 then this may partly explain the association between ZVL and hemorrhagic stroke. 

However, if taking antihypertensive medications or statins suggests a higher baseline risk of 

stroke, attenuating the association between ZVL and AIS, then we would expect to see a 

similar pattern for hemorrhagic stroke. Yet there was no difference in adjusted HRs between 

the beneficiaries who took and did not take antihypertensive medications or statins. The 

reasons for these findings are unclear, and further studies are needed to clarify these issues.

Our study included a large, population-based cohort of Medicare FFS beneficiaries aged 66 

years or older. We used the propensity score matching to identify the comparable controls 

with a comprehensive list of matching variables to account for confounding and selection 

bias. The primary limitation of our study is the selection of the comparable unvaccinated 

beneficiaries. Although we included a comprehensive list of matching variables, we cannot 

rule out the effect of unobserved confounding. However, the results of 13 negative control 

outcomes suggested that confounding and selection bias may not play a major role in our 
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findings; (only hip fracture had a comparable HR to HRs of ZVL and risk of stroke). 

Second, ZVL was recommended for adults aged 60 years or older, and there was no 

ZVL information before age 65 years in Medicare data. Our study may misclassify the 

beneficiaries who had ZVL before age 65 years. Among adults aged 60 to 64 years, 20.1% 

reported ZVL vaccination in 2014,45 and the coverage was significantly lower during the 

earlier years.46 Third, our study was conducted when only ZVL information was available 

in Medicare. Advisory Committee on Immunization Practices recommended Shingrix for 

people aged 50 years or older in 2017.5 The effectiveness of Shingrix at preventing HZ is 

>90%, and future studies are needed to examine the association between Shingrix and risk 

of stroke. Fourth, stroke diagnosis was based on ICD-9/10-CM codes from Medicare claims 

data and subject to misclassification. Fifth, our study included Medicare FFS beneficiaries, 

and the findings may not apply to the beneficiaries who enrolled in Medicare Advantage 

plans.

CONCLUSIONS

Among this population-based cohort of Medicare FFS beneficiaries aged 66 years or older, 

receipt of ZVL vaccine (Zostavax) was associated with reduced risk of stroke. Although 

we cannot rule out the possible effect of unaccounted stroke risk factors, our findings may 

encourage people to get vaccinated against HZ to prevent HZ and HZ-associated stroke risk.
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Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke

CCI Charlson Comorbidity Index

FFS fee-for-service

HR hazard ratio

HZ herpes zoster

ICD International Classification of Diseases

VZV varicella zoster virus

ZVL zoster vaccine live
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Figure. Adjusted hazard ratio (95% CI) for risk of stroke, acute ischemic stroke, and 
hemorrhagic stroke by selected covariates, Medicare 2008–2017 matched cohort.
A, All stroke. B, Acute ischemic stroke. C, Hemorrhagic stroke.
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