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Abstract

OBJECTIVE—To assess risk of stroke and MI after zoster in a U.S. community population of 

older adults.

DESIGN—A community cohort study (1986–2011) comparing risk for stroke and MI in adults 

≥50 with and without zoster. Odds ratios are presented for MI and stroke at 3, 6, 12 and 36 months 

after index zoster plus hazard ratios for long-term risk (up to 28.6 years).

SETTING—Olmsted County, Minnesota.

PARTICIPANTS—All adult residents of Olmsted County, aged ≥50 at the time of medical record 

confirmed zoster (n = 4,862) and 19,433 sex and age matched individuals with no history of zoster.

EXPOSURE—Zoster.

MAIN OUTCOMES—Incident MI and stroke.

RESULTS—Overall, individuals with zoster had more risk or confounding factors for MI and 

stroke, suggesting that they had worse health status overall. When controlling for the multiple risk 

factors, those with zoster were at increased for stroke at 3 months post zoster compared to those 

without a history of zoster (OR 1.53 (95% confidence interval (CI95) 1.10–2.33, P = .04. The 

association between zoster and MI at 3 months was not robust across analytic methods. Zoster was 

not associated with an increased risk for either stroke or MI at any point beyond 3 months.

CONCLUSIONS AND RELEVANCE—Zoster was associated with only a short- term increased 

risk of stroke which may be preventable with prevention of zoster.
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Introduction

Varicella zoster virus (VZV) causes varicella (chickenpox) after which virus becomes latent 

in neurons of ganglia along the entire neuraxis.1,2 As VZV-specific cell-mediated immunity 

declines in older and immunocompromised individuals, VZV reactivates to produce zoster 

(shingles). More than 95% of the world’s adult population is infected with VZV3,4 and up to 

one-third will develop zoster in their lifetime.5,6 Zoster can be complicated by myelitis, 

meningoencephalitis, vasculopathy, multiple ocular disorders7–19 and giant cell arteritis.10

Epidemiological studies outside the U.S. have suggested an increased risk of stroke and 

myocardial infarction (MI) after zoster.11–16 Those studies used national or regional 

administrative databases, assessing the association at time points ranging from 

weeks11,13,14,15 to years12 after zoster. None used medical record confirmation, most relying 

on zoster diagnostic codes,11–13,15, while one used antiviral prescriptions as a proxy for 

zoster.14 No similar studies of the U.S. population have been reported.

Herein, we assessed the risk of stroke and MI in a U.S. community-based population 

comparing outcomes among patients 50 years and older with medical record confirmed 

episodes of zoster and age and sex matched control patients without zoster. We assessed the 

risk of zoster-associated stroke or MI at 3, 6, 12 and 36 months as well as 20 years after 

zoster, adjusting for several known stroke and MI risk factors..

Methods

Study Design

This is a retrospective study of a population-based cohort of older adults with zoster 

comparing their rates of post zoster myocardial infarction (MI) and stroke to a cohort of age 

and sex matched individuals from the same community who had no medical record history 

of zoster. Patients were followed for a mean of 7.1 years (range 0–28.6 years). All adults 

aged 50 years and older with a confirmed zoster episode between January 1, 1986 and 

October 1, 2011 (N= 4,862) were included in the zoster cohort.. The no zoster cohort, (N= 

19,433, included approximately 4 individuals matched by birthdate (+/− 1 year) and sex to 

the individuals in the zoster cohort. All patients had not refused medical record research 

authorization as required by Minnesota Statute.16,17 The study was approved by Institutional 

Review Boards of the Olmsted Medical Center and the Mayo Clinic. Risks for stroke and MI 

were assessed separately.

Participants, Data Collection and Adjudication of Cases of Zoster

Patients with zoster were identified using resources of the Rochester Epidemiology Project 

(REP), an electronic database that collects and links medical diagnoses for all patients 

receiving care in Olmsted County, MN.18–21 Diagnostic code and visit data are collected and 

linked by patient across two large systems (the Mayo Clinic and the Olmsted Medical 

Center) as well as three small clinics with one to three clinicians. Capture is estimated to be 

over 98% of each Olmsted County, MN community resident’s medical events.18
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The zoster cohort was identified using a broad group of zoster related diagnostic codes 

(International Classification of Diseases version 9, ICD-9).6,9,22–24 The broad spectrum of 

codes increased sensitivity of electronic identification, and medical record review of each 

potential case assured specificity of the diagnosis. Confirmation required documentation of 

acute pain and dermatomal or rarely disseminated rash or organ damage consistent with 

zoster.25 Individuals with recurrent zoster were included since we have previously reported 

that recurrent zoster is not rare24 and our medical record review removed individuals with 

recurrent herpes simplex infection. Zoster patients included in the stroke analyses had no 

history of stroke before their index date and those included in the MI analyses had no history 

of MI before their index date.

The patients in the no zoster cohort were also selected using REP resources by matching 

each zoster patient with four patients whose birthdate was ± 1 year, who were of the same 

sex and had no zoster diagnoses in the five years prior to their inclusion in the cohort. All 

individuals in both cohorts lived in Olmsted County and most receive care from each of the 

two medical systems.18–20 Individuals included in the MI analyses had no history of prior 

MI and those in the stroke analyses had no history of prior stroke.

Stroke and MI

Our primary outcome was incident (first event) stroke or MI after the index date which was 

the date of zoster in the zoster cohort members and for the “matched” zoster individuals in 

community cohort patients. Transient ischemic attacks (TIA) were not included as an 

outcome since TIA is often not a definitive event.12,14 Conversely, a previous study in the 

Olmsted County population reported that diagnoses of stroke and MI have high clinical 

accuracy when the diagnostic code in the REP is taken from hospital discharge data or death 

certificates.26

The occurrence of a stroke or MI was assessed using the codes listed in Supplemental eTable 

1. For each case and control, all stroke or MI events were identified using the date associated 

with the earliest available stroke or MI code as the event date. All strokes and MIs were 

included as events of interest if they occurred 30 days or less before the index date of zoster 

through the follow-up period since replication and spread of VZV begins before zoster 

rash.27

Covariates

Diagnostic codes used to adjust analyses for multiple other morbidities were obtained for 

each case using the REP diagnostic index which records all diagnoses for each medical 

encounter. Overall, 92% of cases and all control patients had at least 5 years of health care 

data to search for covariates before their index date. Only diagnoses before the individual’s 

index date were included as risk or confounding factors for that patient. Data on current and 

former smoking status and obesity were poorly recorded in the diagnostic coding data and 

were therefore not included in analyses.

To enhance the list of diagnostic codes used to identify potential risk factors for stroke and 

MI, we used the list of factors published by the US Department of Health and Human 

Services Taskforce (US-DHHS) in 2010.28–30 The list includes diagnostic codes for the 
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major risk factors for MI and stroke such as hypertension, dyslipidemia, coronary artery 

disease (including MI for stroke), cardiac arrhythmias, congestive heart failure, diabetes, 

vasculopathies and stroke (for MI), depression and chronic obstructive pulmonary disease. 

(See Supplemental eTable 2.)

The REP diagnostic code data for all visits for each patient were searched electronically to 

identify all visits with any ICD-9 codes for the risk and confounding factors from their first 

visit to any Olmsted County health care facility until the last visit 30 days before the index 

date. The ICD-9 codes were then pooled into the risk factor domains: hypertension, 

dyslipidemia, coronary artery disease (includes MI), arrhythmias, congestive heart failure, 

diabetes, depression, chronic obstructive pulmonary disease, vasculopathies and stroke as 

proposed by the US DHHS.28–30 We added a domain of “anxiety”31 based on recent work 

suggesting that it is a risk factor for MI.32 To decrease the risk of false-positive diagnoses for 

any condition, we required that a patient received two codes for a given condition separated 

by more than 30 days for that condition to be considered present.33,34

Statistical Analyses

Only individuals with no MI before the zoster index date were included in zoster and MI 

analyses. Similarly, only individuals with no stroke before the index date were included in 

zoster and stroke analyses.

The zoster and no zoster cohorts were compared for demographic and co-morbidity 

frequency using Chi-squared tests. We examined the effect of HZ on risk for stroke using 3 

methods: 1) univariate and multi-variate logistic regression analysis of the unpaired subjects, 

including age and sex as predictors with a step-down method, deleting non-significant 

variables to reduce the number of co-morbidity predictors, 2) conditional logistic regression 

for matched pairs, and 3) survival analyses (time to stroke or MI) presented using Kaplan-

Meier curves, and Cox proportional hazards models for the full follow-up period, with case 

status, age, sex, and other co-morbidities, as predictors.35 The S-Plus statistics package v. 

7.0.6 (Tibco Software) was used for all computations.

Results

The 4,862 patients with zoster and 19,433 patients with no zoster patients had substantial 

rates of morbidity and multi-morbidity diagnosed before the index date (Table 1). The rates 

of chronic conditions were higher among the zoster cohort than among the no zoster cohort 

patients when stratifying by 1–3 or more chronic conditions: 1 condition, 24.7% vs. 23.1%; 

2 conditions, 21.3% vs 17.5%; and for 3 or more conditions 27.7% vs 21.7% for cases and 

controls respectively; P < .001. The sex ratio of cases and controls did not differ. The 

average age of the patients for the stroke analyses differed by 0.7 years (P=<.001) and by 0.5 

years for the MI analyses (P=.01). Neither difference was considered clinically significant. 

Since we included patients with fatal stroke, no minimum follow-up period was required.

For analyses of zoster and stroke, we removed all patients with stroke before the index date 

which yielded 4,478 individuals with zoster and 16,800 individuals with no zoster. Stroke 

was associated with zoster in the first 3 months [odds ratio (OR) = 1.7, CI95 1.13–2.57], and 
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the first 6 months after zoster (OR=1.41, CI95 1.0–1.98) in univariate logistic regression that 

included only zoster and stroke. In stepwise multivariate logistic regression the association 

of zoster and stroke remained significant only at 3 months after zoster (OR 1.53, CI95 1.01–

2.33). When considered individually, many factors in addition to zoster were significantly 

associated with stroke. However, in stepwise logistic regression which accounted for 

multiple risk factors and zoster simultaneously, most risk factors became non-significant, 

leaving only cardiac arrhythmias, a history of vasculopathy, age and zoster as significantly 

associated with stroke. (Table 2). The results were robust across different analysis methods, 

specifically conditional logistic regression and assessment of hazard ratios. (Supplementary 

Table e3).

While simple survival analysis demonstrated a difference in time to first stroke after zoster 

for case versus control patients over 20 years [HR = 1.11, CI 95 1.01–1.23, P = .02), the 

association was no longer significant when adjusting for comorbidities in a Cox proportional 

hazards model (P = .14). The top portion of the Figure shows the Kaplan Meier plot for 20 

year follow- up with an insert highlighting the first 3 years after zoster.

Zoster and MI analyses included 4,454 individuals with zoster and 16,740 individuals with 

no zoster, all with no history of prior MI before their index date. The mean age was 68.2 

(range 49.1–106 years) with an average of 7.0 years of follow-up (range 0–27.8 years). 

When considering zoster and each risk factor alone (univariate analyses), MI was associated 

with zoster at 3 months, 6 months and 1 and 3 years with a declining odds ratio over longer 

times after zoster from 1.88 (CI95 1.15–3.08) at 3 months to 1.29 (CI95 1.08–1.56) at 3 

years (Table 3). However, when controlling for other risk and confounding factors in 

stepwise logistic regression, zoster remained significantly associated with MI at only 3 

months with non-MI coronary artery disease diagnosed before their index date and age as 

the only other significant factors (Table 3). MI and zoster are not strongly associated at any 

point in time using any type of analyses and the association of MI and zoster identified at 3 

month by logistic regression is not robust across differing analytic approaches.(See 

Supplemental Table) The associations between MI and zoster are non-significant at 6, 12 

and 36 months time with all methods.

Simple survival analysis demonstrated a difference in time to first MI for patients with zoster 

compared to control patients (HR = 1.13, CI95 1.01–1.25, P = .03) but that association 

became non-significant after adjusting for co-morbidities (P=.13). The lower portion of the 

Figure shows both 20-year follow-up results as well as the insert for results from the first 3 

years.

Discussion

In our geographically defined U.S. population of older adults, zoster was associated with an 

increased risk of stroke for three months after zoster even when controlling for multiple risk 

and confounding factors. The association was robust across multiple analytic strategies. The 

association between MI and zoster was less strong and not robust across different analytic 

methods suggesting that this association requires additional evaluation in larger data sets. No 

increased risk for either stroke or MI continued beyond 3 months including from survival 

Yawn et al. Page 5

Mayo Clin Proc. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analysis for up to 20 years post zoster when adjusting for cardiovascular and cerebral 

vascular risk factors and confounding factors such as diabetes. Patients with zoster had 

significantly higher rates of other chronic diseases including the presence of multiple 

chronic conditions compared to those without zoster.

Table 4 summarizes the epidemiological studies assessing stroke, MI and TIA risk after 

zoster. All studies other than ours used administrative data to identify zoster which can result 

in 5–15% false-positive “cases”.25 Most studies focused only on stroke or stroke and TIA, 

accounting for multiple cardiovascular risk factors, but used differing study designs. Kang et 

al.11 and Breuer et al.12 compared zoster cases to age and sex matched control patients with 

no history of zoster before the date of zoster in the matched case. Langan et al.13 used 

patients as their own controls comparing stroke rates in the year before zoster with stroke 

rates in the year after zoster. This may improve “matching” but limits the assessment period 

to one year. Lin et al.15 included only cases with herpes zoster ophthalmicus (HZO) which 

we were unable to report over our entire period. Sreenivasan et al.14 used prescribed antiviral 

medications to identify zoster, a proxy that may be problematic since antiviral agents are 

often used to treat other herpes virus infections.

Previous studies also differed in the time period of risk assessed. Both Langan et al.13 and 

Sreenivasan et al.14 reported results as early as two weeks after zoster which our sample size 

did not allow. However, our 53% increased risk for stroke at three months is similar to the 

42% increase reported by Langan at 5–12 weeks.14 Like Langan et al, we also found no 

increased risk of MI or stroke at 1 year after zoster in older adults13, although both Kang et 

al.11 and Sreenivasan et al.14 reported increased risk of stroke at 1 year. Unfortunately, Kang 

et al.11 did not stratify stroke risk by age group reporting only in all adults >18 years of age, 

making comparison to our results difficult. Although Sreenivasan et al.14 reported a 17% 

increased risk of stroke in older adults at one year after zoster, the use of antiviral 

prescriptions as a proxy for zoster requires further confirmation.

Our results agreed with those from the only two other studies that assessed risk of stroke 

beyond 1 year, showing no long-term increased risk of stroke after zoster in adults older than 

40 to 50 years of age when adjusted for multiple risk factors.12,14 The other two studies do 

report increased risk for stroke in patients younger than 40 years for whom we have no data. 

We agree with the authors of those studies that results for younger patients must be 

interpreted with caution due to difficulty in controlling for risk factors which are often not 

assessed or reported.12,14

Our study is the first large U.S. epidemiological study to report on risk of MI in the 

immediate post zoster period. We found that the association between zoster and MI at 3 

months is not strong and not robust across different analytic methods. However, our cohorts 

had very few MIs in that brief period suggesting that the results should be further evaluated 

using a larger dataset. Breuer et al.12 reported a small 10% increased risk of MI in older 

adults in their long-term follow-up, similar to the unadjusted 13% increased risk we found 

long-term for MI. Considering the modestly increased risk and the large burden of co-

morbid conditions in the zoster patients, these results deserve further scrutiny. Recent studies 

found that morbidity and multiple morbidities at younger ages strongly predict increasing 
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morbidities with aging.36,37 In all reported studies, patients with zoster have greater numbers 

of chronic conditions at the time of zoster compared to age- and sex-matched controls. Thus, 

it is possible that an increased long-term risk of MI and stroke is due at least in part to the 

steeper multi-morbidity trajectory in zoster patients.

Mechanisms for Increased Short-term Risks Following Zoster

During the first 3 months after zoster, the increased risk of stroke is most likely due to 

productive VZV infection in intracerebral arteries after transaxonal spread of virus upon 

reactivation from cranial nerve ganglia. VZV has been found in intracerebral arteries as late 

as 10 months after zoster38 with pathological changes that include loss of smooth muscle 

cells which may contribute to aneurysm formation and hemorrhagic stroke.7 Similarly, any 

increased risk of MI within 3 months of zoster may be caused by virus infection of coronary 

arteries after transaxonal spread of VZV that reactivated from autonomic and dorsal root 

ganglia. A recent report described a patient on long-term steroids who developed thoracic 

zoster and died suddenly 5 months later; post-mortem examination revealed VZV in 

multiple coronary arteries, as well as in the posterior cerebral artery.39

Inflammatory cells that secrete soluble factors which contribute to vascular remodeling and 

can potentially disrupt pre-existing atherosclerotic plaques have also been detected in VZV-

infected arteries40 and are noted as potentially important in the increased risk of MI after 

respiratory and urinary tract infections and sepsis.41,42

Limitations and Strengths

The Olmsted County older adult population is primarily Caucasian prohibiting assessment of 

the impact of race or ethnicity on outcomes. Only the Taiwan studies report race or 

ethnicity.11,15 Loss to follow up, primarily due to death in these elderly patients was almost 

45% by year 5 but was less than 1% at 3 months (all due to non-stroke or MI related deaths) 

increasing to only 7% by 36 months. Therefore, it is unlikely that loss to follow up affected 

our 3 month to 3 year assessments and our long term assessment used Kaplan Meier 

calculations which account for death and other losses to follow up.

Although we included data from all hospital admissions and death records allowing us to 

capture patients who die from MI or stroke before hospital admission, we did not include 

“silent” strokes or MIs identified only by imaging. Timing of the initial “silent” event is 

difficult to ascertain and therefore not easily linked to a zoster or index date. We were unable 

to control for obesity or smoking status but know that the rate of current smokers in the 

Olmsted community population is less than one-third of the smoking rate reported in the 

largest UK study.12 Therefore, it is possible that differences could be due to residual 

confounding from the smoking, obesity or factors which we were unable to assess.

Strengths of our study include medical record confirmation of all zoster cases, eliminating 

the 10–15% overestimate of zoster when only administrative data are used for diagnosis.25 

Moreover, risk factors for stroke and MI were identified using a broad set of diagnostic 

codes developed by an expert panel to facilitate assessing many important chronic conditions 

such as hypertension, depression and dyslipidemia.32 Codes included those used by other 

studies that provided their list of ICD-9 codes for risk factor identification as well as 
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additional codes that may represent less commonly diagnosed but important representations 

of those chronic conditions. Finally, this is the first study to combine analytic strategies to 

assess both short term risk of stroke and MI at 3 months, 6 months, 1 year and 3 years. Our 

study also has the longest post zoster follow up period ever reported.

Conclusions

In adults aged 50 years and older, zoster is associated with an increased risk of stroke and 

possibly MI in the first 90 days, but not thereafter. Use of zoster vaccine may prevent zoster 

and therefore, the associated acute increased risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
Stroke: Time to First Stroke Over 20 Years after Zoster Compared with Time to First 
Stroke in Control Subjects Having No Zoster.

All subjects had no stroke prior to index date of zoster using that date also as index date for 

age and sex matched controls with no history of zoster. Time to stroke was estimated with 

Kaplan-Meier curves with Cox proportional hazards models for the full follow-up period, 

with case status, age, sex, and other co-morbidities, as predictors. The sample included 

4,478 cases and 16,800 controls. Using a Cox proportional hazards model, controlling for 

multiple co-morbidities zoster was not associated with long term risk of stroke (P = .14). 

The insert highlights the shorter term risk over 0 to 3 years. Using step wise logistic 

regression accounting for multiple co-morbidities, the association of zoster and stroke 

remained significant at only 3 months after zoster, OR 1.53 (CI 95 1.01, 2.33), P = .044.

Myocardial Infarction: Time to First Myocardial Infarction (MI) Over 20 Years after 
Zoster Compared with Time to First MI in Control Subjects Having No Zoster.

All subjects had no MI prior to index date of zoster using that date also as index date for age 

and sex matched controls with no history of zoster. Time to MI was estimated with Kaplan-

Meier curves with Cox proportional hazards models for the full follow-up period, with case 

status, age, sex, and other co-morbidities, as predictors. The sample included 4,454 case and 

16,740 control patients. Using a Cox proportional hazards model, controlling for multiple 

co-morbidities zoster was not associated with long term risk of stroke (P = .13). The insert 
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highlights the shorter term evaluations of MI and zoster. Using step wise logistic regression 

accounting for multiple co-morbidities, the association of zoster and MI remained significant 

at only 3 months after zoster 1.68 (CI 95 1.03, 2.75), P = .04.
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Table 2

Univariate and Mulivariate Stepwise Logistic Regression for Stroke at All Time Periods after Zoster

Univariate analyses: Stroke and Zoster

Time After Index OR (95% CI) P-value

3 months 1.70 (1.13–2.57) .01

6 months 1.41 (1–1.98) .05

1 year 1.14 (0.87–1.48) .35

3 years 1.12 (0.95–1.33) .19

Multiviariate Stepwise Logistic Regression Models:

Variable OR (95% CI) P-value

Model at 3 months

Zoster 1.53 (1.01–2.33) .04

Age vs. age 50–64: age 65–79 3.32 (1.84–5.99) <.001

  age 80+ 6.37 (3.49–11.62) <.001

Arrhythmias 1.74 (1.15–2.65) .009

Vasculopathy 2.52 (1.24–5.11) 0.01

Model at 6 months

Zoster 1.28 (0.91–1.8) .16

Age vs age 50–64: age 65–79 1.77 (1.41–2.23) <.001

  age 80+ 1.47 (1.31–1.64) <.001

Hypertension 1.81 (1.31–2.51) <.001

Vasculopathy 2.58 (1.47–4.54) .001

Model at 1 year

Zoster 1.04 (0.79–1.36) .79

Age vs age 50–64: age 65–79 1.53 (1.3–1.81) <.001

  age 80+ 1.45 (1.33–1.57) <.001

Hypertension 1.73 (1.34–2.23) <.001

Coronary artery disease 1.44 (1.09–1.89) .01

Dyslipidemia 0.66 (0.5– 0.86) .002

Vasculopathy 3.07 (2–4.7) <.001

Model at 3 years

Zoster 1.02 (0.86–1.22) .81

Age vs age 50–64: age 65–79 1.88 (1.68–2.11) <.001

  age 80+ 1.56 (1.47–1.65) <.001

Sex = Female 0.90 (0.83–0.93) .008

Hypertension 1.67 (1.41–1.96) <.001

Coronary artery disease 1.41 (1.17–1.68) <.001

Dyslipidemia 0.74 (0.62–0.87) <.001

Depression 1.29 (1.07–1.55) .009

Vasculopathy 1.68 (1.20–2.36) .002
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Table 3

Univariate and Mutivairate Stepwise Logistic Regression for Myocardial Infarction at All Time Periods after 

Zoster

Univariate logistic regression: MI and Zoster

Time after index: OR (95% CI) p-value

3 months 1.88 (1.15–3.08) .01

6 months 1.63 (1.09–2.42) .02

1 year 1.49 (1.10–2.00) .009

3 years 1.29 (1.08–1.56) .006

Multivariate Stepwise Logistic Regression Models

Model for 3 months

Variable OR (95% CI) P-value

Zoster 1.68 (1.03–2.75) .04

Age vs age<65: age 65–79 2.31 (1.19–4.47) .01

  age 80+ 3.51 (1.77–6.95) <.001

Coronary artery disease 4.17 (2.56–6.78) <.001

Model for 6 months

Zoster 1.44 (0.97–2.15) .07

Age vs age<65: age 65–79 2.3 (1.35–3.92) .002

  age 80+ 4.02 (2.34–6.9) <.001

Coronary artery disease 3.55 (2.4–5.25) <.001

Diabetes 1.62 (1.08–2.43) .02

Model for 1 year

Zoster 1.33 (0.99–1.8) .06

Age vs age<65: age 65–79 2.61 (1.77–3.85) <.001

  age 80+ 4.93 (3.31–7.34) <.001

Sex = Male 1.64 (1.24–2.17) <.001

Coronary artery disease 2.14 (1.58–2.91) <.001

Depression 1.43 (1.03–1.98) .03

Diabetes 1.73 (1.29–2.33) <.001

Model for 3 years

Zoster 1.17 (0.97–1.41) .11

Age vs age<65: age 65–79 2.26 (1.8–2.85) <.001

  age 80+ 4.51 (3.56–5.73) <.001

Sex = Female 1.49 (1.25–1.76) <.001

Hypertension 1.35 (1.13–1.62) .001

Coronary artery disease 2.01 (1.66–2.43) <.001

Diabetes 1.47 (1.21–1.78) <.001

Mayo Clin Proc. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yawn et al. Page 18

Ta
b

le
 4

Su
m

m
ar

y 
of

 S
tu

di
es

 A
ss

es
si

ng
 r

is
k 

of
 s

tr
ok

e 
or

 M
I 

af
te

r 
zo

st
er

A
ut

ho
r,

ye
ar

,
co

un
tr

y

D
es

ig
n

P
op

ul
at

io
n

Sa
m

pl
e 

si
ze

St
ro

ke
/T

IA
—

sh
or

t-
te

rm
 r

es
ul

ts
St

ro
ke

/T
IA

—
lo

ng
-t

er
m

 r
es

ul
ts

M
I—

sh
or

t-
te

rm
 r

es
ul

ts
M

I—
lo

ng
-t

er
m

re
su

lt
s

B
re

ue
r 

et
 a

l.,
 

20
14

, U
K

M
at

ch
ed

 c
oh

or
t—

ag
e,

 
se

x 
an

d 
pr

ac
tic

e 
si

te
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

Fo
llo

w
-u

p 
M

ea
n,

 6
.8

 
ye

ar
s 

(r
an

ge
 1

 –
 2

4 
ye

ar
s)

A
ll 

ag
es

, a
tte

nd
in

g 
G

P 
of

fi
ce

s
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

20
02

–2
01

0

10
6,

60
1 

ca
se

s 
21

3,
20

2 
co

nt
ro

ls
M

ea
n 

ag
e,

 5
7.

8 
ye

ar
s

N
A

C
ox

 p
ro

po
rt

io
na

l h
az

ar
d 

ra
tio

s
O

ld
er

 (
>4

0 
ye

ar
s)

T
IA

--
-H

R
 =

 1
.1

5 
(1

.0
9–

1.
21

) 
St

ro
ke

—
no

t 
si

gn
if

ic
an

t
Y

ou
ng

er
 (

<4
0 

ye
ar

s)
St

ro
ke

--
-H

R
 2

.4
2 

(1
.3

4–
4.

36
) 

T
IA

--
- 

H
R

 1
.4

9 
(1

.0
4–

2.
15

)

N
A

C
ox

 p
ro

po
rt

io
na

l 
ha

za
rd

 r
at

io
s

O
ld

er
 (

>4
0 

ye
ar

s)
M

I-
--

H
R

 =
 1

.1
0 

(1
.0

5–
1.

16
)

Y
ou

ng
er

 (
≤4

0 
ye

ar
s)

M
I-

--
-H

R
 1

.7
4 

(1
.1

3–
2.

66
)

K
an

g 
et

 a
l.,

 
20

09
, T

ai
w

an
C

as
e 

an
d 

co
nt

ro
l 

co
ho

rt
s,

 a
ge

- 
an

d 
se

x-
m

at
ch

ed
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

A
du

lts
 1

8+
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

19
97

–2
00

1

7,
76

0 
ca

se
s

23
,8

00
 c

on
tr

ol
s

M
ea

n 
ag

e,
 4

6.
7 

ye
ar

s

K
ap

la
n-

M
ei

er
 a

nd
 lo

g 
ra

nk
 te

st
St

ro
ke

 a
nd

 T
IA

 c
om

bi
ne

d
A

ll 
ag

es
: C

ru
de

--
I 

ye
ar

 H
R

 1
.3

1 
(1

.0
7–

1.
61

) 
A

dj
us

te
d-

-1
 y

ea
r 

H
R

 
1.

31
 (

1.
06

–1
.6

0)

N
A

N
A

N
A

L
an

ga
n 

et
 a

l.,
 

20
14

, U
K

C
oh

or
t c

om
pa

ri
ng

 
in

di
vi

du
al

 in
 y

ea
r 

be
fo

re
 

zo
st

er
 w

ith
 y

ea
r 

af
te

r.
Z

os
te

r 
fr

om
 a

dm
in

is
-

tr
at

iv
e 

da
ta

A
du

lts
 1

8+
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

19
87

–2
01

2

6,
58

4 
el

ig
ib

le
 

ca
se

s 
w

ho
 s

er
ve

d 
as

 th
ei

r 
ow

n 
co

nt
ro

ls
M

ea
n 

ag
e 

at
 

st
ro

ke
, 7

7 
ye

ar
s

C
on

di
tio

na
l P

oi
ss

on
 r

eg
re

ss
io

n,
 

in
ci

de
nc

e 
ra

te
 r

at
io

s 
(I

R
R

)
A

ll 
ag

es
: 

1–
4 

w
ee

ks
, I

R
R

 1
.6

3 
(1

.3
2–

2.
02

) 
5–

12
 w

ee
ks

, I
R

R
 

1.
42

 (
1.

21
–1

.6
8)

 1
3–

26
 w

ee
ks

, 
IR

R
 1

.2
3 

(1
.0

7–
1.

42
) 

27
–5

2 
w

ee
ks

, n
ot

 s
ig

ni
fi

ca
nt

N
A

N
A

N
A

L
in

 e
t a

l, 
20

10
, 

Ta
iw

an
C

as
e 

an
d 

co
nt

ro
l 

co
ho

rt
s,

 a
ge

 b
y 

de
ca

de
 

an
d 

se
x-

m
at

ch
ed

H
Z

O
 f

ro
m

 m
ed

ic
al

 
re

co
rd

 r
ev

ie
w

A
du

lts
 1

8+
Z

os
te

r 
fr

om
 

ad
m

in
is

tr
at

iv
e 

da
ta

20
03

–2
00

4

65
8 

ca
se

s 
w

ith
 

H
Z

O
1,

97
4 

co
nt

ro
ls

 
w

ith
ou

t z
os

te
r

M
ea

n 
ag

e 
56

.9
 

ye
ar

s

K
ap

la
n-

M
ei

er
 lo

g 
ra

nk
 te

st
St

ro
ke

A
ll 

ag
es

: C
ru

de
 H

R
 5

.1
5 

(3
.3

1–
8.

33
) 

A
dj

us
te

d 
H

R
 4

.5
2 

(2
.4

0–
11

.1
0)

N
A

N
A

N
A

Sr
ee

ni
va

sa
n 

et
 

al
, 2

01
3,

 
D

en
m

ar
k

C
oh

or
t “

E
xp

os
ed

” 
pr

es
um

ed
 z

os
te

r—
pr

es
cr

ib
ed

 a
nt

iv
ir

al
 

th
er

ap
y

A
du

lts
 1

8+
Z

os
te

r 
fr

om
 

an
tiv

ir
al

 p
ro

xy
19

95
– 

20
08

4.
6 

m
ill

io
n 

co
ho

rt
11

7,
 9

26
 z

os
te

r 
ca

se
s

M
ea

n 
ag

e 
– 

no
t 

re
po

rt
ed

Po
is

so
n 

re
gr

es
si

on
 in

ci
de

nt
 r

at
e 

ra
tio

s 
(I

R
R

)
A

ll 
ag

es
: 2

 w
ee

ks
 I

R
R

, 2
.2

7 
(1

.8
3–

2.
82

) 
[n

o 
di

ff
er

en
ce

 in
 a

ge
 

gr
ou

ps
] 

1 
ye

ar
 I

R
R

, 1
.1

7 
(1

.0
9–

1.
24

) 
[r

is
k 

in
 y

ou
ng

er
 th

an
 4

0 
ye

ar
s—

p 
.0

00
2]

Po
is

so
n 

re
gr

es
si

on
 

in
ci

de
nt

 r
at

e 
ra

tio
s 

(I
R

R
):

 
St

ro
ke

 a
nd

 T
IA

 c
om

bi
ne

d
A

ll 
ag

es
: >

1 
ye

ar
 I

R
R

, 
1.

05
 (

1.
02

–1
.0

9)
 [

no
t 

si
gn

if
ic

an
t i

n 
>

60
 y

ea
rs

]

N
A

N
A

Y
aw

n 
et

 a
l.,

 
20

15
, U

S
C

as
e/

co
nt

ro
l, 

ag
e-

an
d 

se
x-

m
at

ch
ed

 in
 s

am
e 

ge
og

ra
ph

ic
 a

re
a

Z
os

te
r 

co
nf

ir
m

ed
 b

y 
m

ed
ic

al
 r

ec
or

ds
M

ea
n 

fo
llo

w
-u

p,
 7

.1
 

ye
ar

s 
(r

an
ge

 0
 –

 2
8 

ye
ar

s)

A
du

lts
 5

0+
Z

os
te

r 
co

nf
ir

m
ed

 
by

 m
ed

ic
al

 r
ec

or
ds

19
86

–2
01

0

4,
86

2 
zo

st
er

 c
as

es
19

,4
33

 c
on

tr
ol

 
pa

tie
nt

s
M

ea
n 

ag
e,

 6
8.

1 
ye

ar
s

M
ul

tiv
ar

ia
te

 lo
gi

st
ic

 r
eg

re
ss

io
n

≥ 
50

 y
ea

rs
: 

3 
m

on
th

s 
O

R
 1

.5
3 

(1
.1

0–
2.

33
) 

6,
 9

, 1
2 

an
d 

36
 

m
on

th
s—

no
t s

ig
ni

fi
ca

nt

K
ap

la
n 

M
ei

er
≥ 

50
 y

ea
rs

: H
R

 1
.1

1 
(1

.1
0–

1.
22

)
N

ot
 s

ig
ni

fi
ca

nt
 w

he
n 

ac
co

un
tin

g 
fo

r 
m

ul
tip

le
 

ri
sk

 f
ac

to
rs

M
ul

tiv
ar

ia
te

 
lo

gi
st

ic
 

re
gr

es
si

on
≥ 

50
 y

ea
rs

: 3
 

m
on

th
s 

1.
68

 
(1

.0
3–

2.
75

) 
6,

 
9,

 1
2 

an
d 

36
 

K
ap

la
n 

M
ei

er
≥ 

50
 y

ea
rs

: H
R

 1
.1

3 
(1

.0
1–

1.
27

)
N

ot
 s

ig
ni

fi
ca

nt
 w

he
n 

ac
co

un
tin

g 
fo

r 
m

ul
tip

le
 r

is
k 

fa
ct

or
s

Mayo Clin Proc. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yawn et al. Page 19

A
ut

ho
r,

ye
ar

,
co

un
tr

y

D
es

ig
n

P
op

ul
at

io
n

Sa
m

pl
e 

si
ze

St
ro

ke
/T

IA
—

sh
or

t-
te

rm
 r

es
ul

ts
St

ro
ke

/T
IA

—
lo

ng
-t

er
m

 r
es

ul
ts

M
I—

sh
or

t-
te

rm
 r

es
ul

ts
M

I—
lo

ng
-t

er
m

re
su

lt
s

m
on

th
s-

-n
ot

 
si

gn
if

ic
an

t

Mayo Clin Proc. Author manuscript; available in PMC 2017 January 01.


	Abstract
	Introduction
	Methods
	Study Design
	Participants, Data Collection and Adjudication of Cases of Zoster
	Stroke and MI
	Covariates
	Statistical Analyses

	Results
	Discussion
	Mechanisms for Increased Short-term Risks Following Zoster
	Limitations and Strengths

	Conclusions
	References
	Figure
	Table 1
	Table 2
	Table 3
	Table 4

