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BACKGROUND: We investigated the longitudinal association of herpes zoster (HZ), commonly known as “shingles,” and long-
term risk of stroke or coronary heart disease (CHD) among participants in 3 large US cohorts, the NHS (Nurses’ Health Study),
NHS Il (Nurses’ Health Study Il), and HPFS (Health Professionals Follow-Up Studly).

METHODS AND RESULTS: Participants were 79658 women in the NHS (2000-2016), 93932 women in the NHS Il (2001-2017),
and 31440 men in the HPFS (2004-2016), without prior stroke or CHD. Information on HZ, stroke, and CHD was collected on
biennial questionnaires and confirmed by medical record review. Cox proportional hazards regression models were used to
estimate multivariable-adjusted hazard ratios for stroke and for CHD according to years since HZ compared with never HZ.
During >2 million person-years of follow-up, 3603 incident stroke and 8620 incident CHD cases were documented. History
of HZ was significantly and independently associated with higher long-term risk of stroke and CHD. In pooled analyses, com-
pared with individuals with no history of HZ, the multivariable-adjusted hazard ratios (95% Cls) for stroke were 1.05 (0.88-1.25)
among those with 1 to 4years since HZ, 1.38 (1.10-1.74) for among those with 5 to 8years since HZ, 1.28 (1.03-1.59) among
those with for 9 to 12years since HZ, and 1.19 (0.90-1.56) among those with >13years since HZ. For CHD, the correspond-
ing multivariable-adjusted hazard ratios (95% Cls) were 1.13 (1.01-1.27) for 1 to 4years, 1.16 (1.02-1.32) for 5 to 8years, 1.25
(1.07-1.46) for 9 to 12years, and 1.00 (0.83-1.21) for >13years.

CONCLUSIONS: HZ is associated with higher long-term risk of a major cardiovascular event. These findings suggest there are
long-term implications of HZ and underscore the importance of prevention.

Key Words: coronary disease m follow-up studies ® herpes zoster m myocardial infarction ® public health m stroke

States have been infected with the varicella zoster

virus (VZV) and therefore are at risk for the devel-
opment of herpes zoster (HZ), or “shingles.” HZ occurs
in both immunocompetent and immunocompromised
individuals, and the incidence increases with age, re-
duced cell-mediated immunity, or immunosuppressive
therapy."™* Approximately 1 in 3 individuals will develop
HZ during their lifetime, and the projected burden is ex-
pected to increase because of the demographic shift to
a more aged population, increasing numbers of immu-
nocompromised individuals, and increasing use of corti-
costeroids and immunosuppressive medications.®=°

Almost all individuals aged >50years in the United

Several serious chronic complications of HZ can
occur, most commonly postherpetic neuralgia® and
HZ ophthalmicus,’® but long-term longitudinal informa-
tion on HZ and risk of other adverse health outcomes
is scant. VZV vasculopathy can complicate HZ and is
caused by productive viral infection of the vasculature.!
A growing body of evidence suggests VZV-related vas-
culopathy plays a role in the pathogenesis of cardio-
vascular disorders, including stroke and coronary heart
disease (CHD)."'" VZV has been detected in large and
small blood vessels; and local inflammation, pathologic
vascular remodeling, and chronic arterial changes can
increase risk of subsequent vessel occlusion, ischemia,
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CLINICAL PERSPECTIVE

What Is New?

e This study demonstrates that herpes zoster is
associated with an almost 30% higher long-
term risk of a major cardiovascular event.

e The elevated risk of a major cardiovascular event
may persist for >12 years following herpes zoster.

e The elevated risk may be greater among those
with potentially immunocompromising condi-
tions or immunosuppressive treatments.

What Are the Clinical Implications?

e These findings suggest there are long-term car-
diovascular implications of herpes zoster.

e The availability of a safe and effective vaccine
provides an opportunity to reduce the burden
of herpes zoster and reduce the risk of subse-
quent cardiovascular complications.

Nonstandard Abbreviations and Acronyms

HPFS Health Professionals Follow-Up Study
HZ herpes zoster

MVHR multivariable-adjusted hazard ratio
NHS Nurses’ Health Study
NHS Il Nurses’ Health Study Il

and a cardiovascular event.'®'9 HZ-related systemic in-
flammation, autoimmune responses, or hemodynamic
changes could also lead to a cardiovascular event.'?20.21
Epidemiologic studies of HZ and risk of stroke and myo-
cardial infarction (Ml) demonstrate an increased risk of
stroke and MI close to the HZ event'®; however, there
is limited information on the long-term association be-
tween HZ and cardiovascular events, particularly in the
US population. Therefore, we prospectively investigated
whether HZ is independently associated with higher
long-term risk of subsequent stroke or CHD in >200000
women and men in 3 large ongoing US cohorts with
long-term follow-up, the NHS (Nurses’ Health Study),
the NHS Il (Nurses’ Health Study ll), and the HPFS
(Health Professionals Follow-Up Study). We also eval-
uated whether the associations differed among adults
with potentially immunocompromising conditions.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request.
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Study Population

The NHS was established in 1976 when 121700 female
registered nurses, aged 30 to 55years, were enrolled by
completing a baseline questionnaire. In 1989, the NHS |l
was established and enrolled 116429 female registered
nurses, aged 25 to 42years. The HPFS began in 1986
and enrolled 51529 male health professionals, aged 40
to 75years. Participants completed questionnaires at
baseline and every 2years on a wide range of demo-
graphic, health, diet, and lifestyle factors, including de-
tailed information on health history and medication use.
The follow-up rates in all 3 cohorts exceed 90% of eligible
person-time.?223 For the present analyses, baseline was
defined in each cohort based on the year when informa-
tion on date of HZ event was first available through most
recent follow-up cycle (NHS: 2000-2016; NHS II: 2001-
2017; and HPFS: 2004-2016). We excluded participants
for whom the year of their HZ event was not provided and
those with a history of stroke or CHD before study base-
line. In total, 79658 women in the NHS, 93 932 women
inthe NHS I, and 31440 men in the HPFS were included
in the analyses (total n=205030). The Institutional Review
Boards of Brigham and Women’s Hospital and Harvard
T.H. Chan School of Public Health approved the study
protocol. The return of the questionnaires was consid-
ered to imply informed consent.

Ascertainment of HZ (“Shingles”)

Information on history of “shingles” (HZ) and the date it
occurred was collected on the 2000, 2004, 2008, and
2012 NHS questionnaires, the 2001, 2005, 2013, and
2017 NHS Il questionnaires, and the 2004, 2006, and
2008 HPFS questionnaires. Participants were asked
about clinician-diagnosed “shingles” and the year of
diagnosis. To confirm the validity of self-report in our
participants, we mailed a supplemental questionnaire
to 99 NHS women that asked for permission to ob-
tain medical records relating to the diagnosis of shin-
gles, which were reviewed by a physician investigator
(G.C.C.). The diagnosis of HZ was confirmed in 97%,
demonstrating that self-reported diagnosis of shingles
(HZ) in this cohort of nurses is highly reliable. Notably,
the participants in all 3 of our cohorts are health care
professionals, and the reliability of health-related infor-
mation collected from our participants has been dem-
onstrated for a large number of health outcomes.??
The primary exposure for this study was categorized
according to time (in years) since the participant’s HZ
event. Those with no history of HZ were the referent

group.

Ascertainment of Stroke

Stroke was classified as total stroke, encompassing
ischemic stroke and hemorrhagic stroke, confirmed
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by physician review of medical records according to
criteria specified in the National Survey of Stroke,?* re-
quiring evidence of a sudden or rapid onset of neuro-
logic deficit that persisted for >24 hours or until death.
Participants who reported a nonfatal stroke on a bien-
nial questionnaire were asked for permission to review
their medical records. Deaths were reported by next of
kin or postal authorities or determined by systematic
searches of the National Death Index, and permission
for medical records was sought. Our group previously
reported that 98% of the deaths in each cohort are as-
certained.?®?6 Cases of nonfatal stroke that were con-
firmed by letter/interview but lacked sufficient medical
documentation were considered probable stroke. We
considered both stroke confirmed by medical record
review and probable stroke as cases in our analyses.

Ascertainment of CHD

CHD was defined as nonfatal or fatal Ml, fatal CHD,
or coronary revascularization procedure (coronary
artery bypass graft or percutaneous transluminal
coronary angioplasty). Participants who reported an
incident event on a biennial questionnaire were asked
for permission to obtain medical records, which were
reviewed by physicians who were blinded to the expo-
sure status and the specifc research question under
study. Nonfatal Ml was confirmed according to the
World Health Organization criteria, which required
typical symptoms plus diagnostic electrocardiographic
findings or elevated enzyme levels.?” Fatal CHD was
identified by medical records or autopsy reports or if
CHD was listed as the cause of death on the death
certificate along with prior evidence of CHD. The study
designated as probable fatal CHD deaths when no
medical records surrounding the death were avail-
able, but CHD was the underlying cause on the death
certificate or National Death Index search, or a family
member provided supporting information on the diag-
nosis. Deaths were identified by report by the next of
kin or the postal system or by searching the National
Death Index using the methods described for stroke
above.?>?® We considered both CHD confirmed by
medical record review and probable CHD as cases in
our analyses, as well as self-reported revascularization
procedures.?82°

Ascertainment of Covariates

In our multivariable-adjusted analyses, we adjusted for
several factors that could potentially be related to HZ
and stroke or CHD, including age, race, smoking his-
tory, body mass index, waist circumference, physical
activity, medical conditions strongly related to cardio-
vascular risk (eg, diabetes, hypertension, and elevated
cholesterol), use of aspirin, thiazide or loop diuretics,
statins, and antihypertensive medication, diet quality
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(Alternative Healthy Eating Index 2010) score, meno-
pausal status (women), postmenopausal hormone
therapy use (women), oral contraceptive use (NHS ),
family history of heart disease (defined as maternal
history of Ml before 65years of age or paternal his-
tory of MI before 55years of age), and self-reported
medical conditions that potentially compromise immu-
nity because of disease or treatment (eg, cancer other
than nonmelanoma skin cancer, rheumatoid arthritis,
Crohn’s disease, ulcerative colitis, systemic lupus ery-
thematosus, asthma, diabetes, chronic obstructive
pulmonary disease, and oral steroid use). Covariate
information, including age, weight, physical activity,
smoking status, medication use, and physician diag-
nosis of chronic diseases, was assessed and updated
every 2 to 4years by biennial questionnaires adminis-
tered throughout follow-up. Diet information was col-
lected every 4years using a validated semiquantitative
food frequency questionnaire.3°-3 Among the women
in the NHS and NHS I, information on menopausal
status, postmenopausal hormone therapy, and oral
contraceptive use (NHS Il only) was also obtained. Self-
reported information on height and weight was used
to calculate body mass index. If covariate informa-
tion was missing, we carried the information forward
from up to 2 previous questionnaire cycles. The valid-
ity of covariate information collected in these cohorts
has been demonstrated and is described in previous
publications.?228:34.35

Statistical Analysis

The short-term (up to 1year) relation of HZ and cardio-
vascular disease (CVD) outcomes has been demon-
strated previously.’® This study focuses on long-term
relations. The analyses were conducted using a pro-
spective design, with information on HZ collected be-
fore the stroke or CHD event. We had information on
the precise date of the CVD event, but the reporting of
the date of HZ was less precise. To reduce the possi-
bility that the CVD event preceded the episode of HZ,
we censored participants who reported their HZ and
had a stroke or CHD event within +12months. Thus,
our study did not evaluate the short-term relation of
HZ and CVD. Person-time was calculated for each
participant based on the return date of the question-
naire to the diagnosis of stroke, CHD, death, or the end
of follow-up, whichever occurred first. Time (in years)
since the HZ event was calculated based on the du-
ration of the time interval from the reported diagnosis
of HZ until the beginning of each 2-year time period.
HZ and covariate status were updated with each time
period. We categorized time since HZ as never, 1 to
4years since HZ, 5 to 8years since HZ, 9 to 12years
since HZ, and >13years since HZ. We used Cox pro-
portional hazards models with time-varying covariates
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and age as the underlying time scale, with stratifica-
tion by calendar time (in 2-year intervals), to estimate
hazard ratios (MVHRs [95% Cls]) and assess the as-
sociation between time since HZ and the subsequent
risk of stroke or CHD event. In each cohort, separate
analyses were conducted for risk of stroke, risk of
CHD, and risk of a composite CVD outcome (a com-
posite of stroke or CHD, whichever came first). We also
performed pooled analyses for each outcome with
the use of fixed-effects meta-analysis with inverse-
variance weighting. Heterogeneity was assessed with
the I? statistic, and low to moderate heterogeneity was
observed (°<40%). We conducted sensitivity analyses
that restricted the CHD outcome to fatal and nonfa-
tal Ml and fatal CHD events and censored those who
reported coronary revascularization procedures (coro-
nary artery bypass graft or percutaneous translumi-
nal coronary angioplasty) during follow-up. We also
conducted stratified analyses among those with and
without potentially immunocompromising health con-
ditions, including cancer, rheumatoid arthritis, Crohn’s
disease, ulcerative colitis, systemic lupus erythemato-
sus, asthma, diabetes, chronic obstructive pulmonary
disease, or oral steroid use.

RESULTS

The total study sample included 79658 women (mean
[SD] age, 65.8 [7.1] years at baseline) in the NHS (2000—
2021), 93932 women (mean [SD] age, 46.2 [4.7] years)
in the NHS 1l (2001-2021), and 31440 men in the HPFS
(mean [SD] age, 69.5 [8.6] years) (total n=205030). The
age-standardized characteristics of study participants
according to history of HZ at a midpoint during follow-up
in each of the cohorts are shown in Table 1 (NHS: 2008;
NHS II: 2009; and HPFS: 2008). Participants with a his-
tory of HZ were slightly older than those with no history of
HZ, and they were slightly more likely to have conditions
that could potentially compromise immunity, including
cancer, rheumatoid arthritis, Crohn’s disease, ulcerative
colitis, systemic lupus erythematosus, asthma, chronic
obstructive pulmonary disease, and oral steroid use.
There were no other appreciable differences.

HZ and Long-Term Risk of Incident Stroke
During a total of 2471975 person-years of follow-up,
2461 cases of incident stroke among women in the
NHS, 537 incident strokes among women in the NHS
ll, and 605 incident strokes among men in the HPFS
were documented and included in the analysis. History
of HZ was significantly and independently associated
with higher long-term risk of incident stroke (Table 2).
In pooled multivariable analyses accounting for mul-
tiple potential confounding factors, compared with
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individuals with no history of HZ, the MVHRs (95% Cls)
for incident stroke were 1.05 (0.88-1.25) among those
with 1 to 4 years since HZ, 1.38 (1.10-1.74) among those
with 5 to 8years since HZ, 1.28 (1.03-1.59) among
those with 9 to 12years since HZ, and 1.19 (0.90-1.56)
among those with >13years since HZ. The findings for
the individual cohorts are also shown in Table 2.

HZ and Long-Term Risk of Incident CHD

During a total of 2350066 person-years of follow-up, 4910
cases of incident CHD (nonfatal/fatal M, fatal CHD, or cor-
onary revascularization procedure) among women in the
NHS, 1183 cases among women in the NHS II, and 2527
cases among men in the HPFS were documented and in-
cluded in the analysis. History of HZ was significantly and
independently associated with higher long-term risk of
CHD (Table 3). In pooled multivariable analyses account-
ing for multiple potential confounding factors, compared
with individuals with no history of HZ, the MVHRs (95%
Cls) for incident CHD were 1.13 (1.01-1.27) among those
with 1 to 4years since HZ, 1.16 (1.02-1.32) among those
with 5 to 8years since HZ, 1.25 (1.07-1.46) among those
with 9 to 12years since HZ, and 1.00 (0.83-1.21) among
those with >13years since HZ. The findings for the indi-
vidual cohorts are also shown in Table 3.

The results from sensitivity analyses that restricted
the CHD outcome to fatal and nonfatal MI and fatal
CHD and censored those who reported coronary re-
vascularization procedures are shown in Table S1. In the
female cohorts, the findings were similar. However, in
men, compared with those with no history of HZ, we
observed a statistically significant higher risk of CHD
among those with a history of HZ using the more re-
strictive outcome definition; compared with men with no
history of HZ, the MVHR (95% CI) for incident MI was
1.36 (1.02—1.81) among those with >5years since HZ.

HZ and Long-Term Risk of Incident CVD

In analyses examining HZ and risk of a composite CVD
outcome (stroke or CHD, whichever came first), previ-
ous HZ was significantly and independently associated
with risk of a major cardiovascular event (Table 4). In the
pooled multivariable analyses, compared with individu-
als with no history of HZ, the MVHRs (95% Cls) for a
cardiovascular event were 1.11 (1.01-1.23) among those
with 1 to 4years since HZ, 1.26 (1.13-1.41) among
those with 5 to 8years since HZ, 1.27 (1.11-1.46) among
those with 9 to 12years since HZ, and 1.08 (0.92-1.28)
among those with >13years since HZ. Table 4 also
shows the findings for the individual cohorts.

Additional Analyses

We performed stratified analyses that compared the
association of HZ and long-term risk of stroke and CHD
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Table 1. Age-Standardized Characteristics of Participants in the NHS, NHS Il, and HPFS at Midpoint of Follow-Up

NHS (2008)
Age, y 72.4 (6.7) 73.0 (6.6) 73.9 (6.9) 73.9 (7.0)
Race, White, % 9441 951 951 94.6
Body mass index, kg/m? 26.5 (5.3) 26.2 (5.1) 26.5 (5.5) 26.6 (5.3)
Waist circumference, cm* 86.4 (13.1) 86.4 (12.7) 86.7 (13.6) 86.8 (12.5)
Physical activity, METS/wk 18.7 (24.0) 18.5 (23.1) 18.1 (21.5) 17.9 (21.8)
Never smoker, % 46.2 46.5 45.0 45.5
Past smoker, % 48.2 48.9 50.4 50.3
Current smoker, % 5.6 4.6 4.6 4.3
AHEI 2010 score 60.0 (12.2) 60.1 (11.2) 60.2 (12.0) 60.3 (12.1)
History of cancer, % 21.8 251 23.9 27.0
Rheumatoid arthritis, % 1.2 13.4 14.0 13.4
Crohn’s disease/ulcerative colitis, % | 2.6 3.5 3.5 3.6
Systemic lupus erythematosus, % 1.0 1.4 1.8 1.7
Asthma, % 13.3 14.4 16.8 147
COPD, % 7.5 7.9 9.3 9.8
Oral steroid use, % 4.6 6.6 6.4 6.8
Diabetes, % 12.5 1.3 12.2 12.5
Hypertension, % 63.4 63.6 64.3 63.2
Elevated cholesterol, % 72.2 73.3 73.9 75.5
Aspirin use, =2 d/wk, % 61.5 59.9 59.5 58.6
Antihypertensive use, % 515 529 53.8 54.7
Statin use, % 48.3 48.7 49.5 49.6
Thiazide or loop diuretic use, % 28.4 30.3 31.3 29.8
Menopausal, yes, % 100 100 100 100
Past hormone therapy use, % 62.0 65.4 63.9 61.7
Current hormone therapy use, % 1.4 .7 12.5 12.4
Family history of heart disease, % 17.8 18.0 17.8 17.4
NHS Il (2009)
Age, y 54.4 (4.6) 55.9 (4.4) 55.5 (4.5) 55.8 (4.6) 55.0 (4.8)
Race, White, % 94.5 95.3 94.6 96.2 95.6
Body mass index, kg/m? 27.5 (6.4) 28.0 (6.4) 28.0 (6.5) 28.0 (6.7) 27.9 (6.3)
Waist circumference, cm* 87.2 (14.8) 88.2 (14.8) 88.4 (15.0) 88.1 (15.1) 87.9 (14.7)
Physical activity, METS/wk 24.2 (29.6) 23.0 (28.0) 20.9 (27.7) 221 (25.7) 21.1 (25.5)
Never smoker, % 65.7 64.7 64.3 65.0 62.7
Past smoker, % 28.4 30.6 29.8 27.8 29.5
Current smoker, % 5.7 4.7 5.6 6.9 7.6
AHEI 2010 score 62.6 (12.8) 62.6 (12.7) 62.3 (12.2) 62.6 (12.5) 61.3 (12.5)
History of cancer, % 9.5 13.4 10.0 1.3 1.1
Rheumatoid arthritis, % 3.6 4.3 6.6 3.7 6.5
Crohn’s disease/ulcerative colitis, % | 2.0 2.8 3.8 4.0 2.9
Systemic lupus erythematosus, % 0.8 1.4 1.8 1.7 2.4
Asthma, % 17.7 21.7 24.0 23.9 26.3

(Continued)
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Table 1. Continued

COPD, % 2.9 3.4 4.4 4.6 4.7
Oral steroid use, % 4.5 9.1 8.8 7.9 7.9
Diabetes, % 9.7 9.6 1.7 10.6 1.7
Hypertension, % 32.5 33.5 35.4 35.0 37.0
Elevated cholesterol, % 49.0 52.7 54.4 55.2 521
Aspirin use, >2 d/wk, % 36.7 36.6 40.2 411 39.4
Antihypertensive use, % 24.0 27.0 27.3 27.6 27.0
Current statin use, % 24.7 28.7 29.0 32.9 271
Thiazide or loop diuretic use, % 14.5 16.6 17.6 16.9 17.9
Menopausal, yes, % 67.7 70.5 71.5 70.3 70.3
Current hormone therapy use, % 14.0 14.4 16.0 15.9 16.3
Family history of heart disease, % 42.0 42.5 45.0 48.0 445
HPFS (2008)
Age, y 711(7.7) 73.2(7.9) 73.6 (7.8) 73.3(7.9) 74.0 (8.3)
Race, White, % 90.9 92.9 91.0 90.5 91.6
Body mass index, kg/m? 26.1 (3.8) 26.1 (3.7) 25.7 (3.5) 25.6 (3.5) 25.8(3.7)
Waist circumference, cm* 100.3 (10.9) 100.6 (10.9) 99.7 (9.6) 98.9 (10.2) 99.5 (10.4)
Physical activity, METS/wk 421 (35.5) 42.0 (35.1) 44.4 (38.1) 36.6 (30.2) 44.6 (34.0)
Never smoker, % 421 40.4 41.6 441 45.4
Past smoker, % 42.6 46.4 42.0 44.9 415
Current smoker, % 2.5 1.8 1.5 2.0 2.7
AHEI 2010 score 62.6 (11.9) 62.6 (11.3) 63.1 (11.7) 63.8 (12.7) 62.2 (11.5)
History of cancer, % 23.8 25.9 23.7 275 27.3
Rheumatoid arthritis, % 7.3 8.8 8.0 9.7 77
Crohn’s disease/ulcerative colitis, % 21 2.2 2.9 4.0 3.0
Asthma, % 10.3 1.6 10.9 1.9 8.7
COPD, % 3.6 6.0 37 4.5 3.3
Oral steroid use, % 1.6 1.3 2.3 3.0 1.6
Diabetes, % 10.2 11.3 13.5 6.4 9.6
Hypertension, % 53.7 57.5 55.7 52.0 53.9
Elevated cholesterol, % 61.9 64.8 59.0 66.9 66.5
Aspirin use, >2 d/wk, % 66.2 63.6 65.0 4.7 65.8
Antihypertensive use, % 46.1 47.5 47.2 47.2 49.4
Current statin use, % 46.4 52.2 474 45.8 48.2
Thiazide or loop diuretic use, % 18.0 20.5 15.6 19.5 18.0
Family history of heart disease, % 14.0 14.3 1.2 14.0 161

Values are means (SDs) for continuous variables; percentages are given for categorical variables and are standardized to the age distribution of the study
population. Values of polytomous variables may not sum to 100% because of rounding. AHEI indicates Alternative Healthy Eating Index; COPD, chronic
obstructive pulmonary disease; HPFS, Health Professionals Follow-Up Study; HZ, herpes zoster; METS, metabolic equivalents; NHS, Nurses’ Health Study;

and NHS I, Nurses’ Health Studly II.

*Waist circumference assessed in 2000 (NHS), 2005 (NHS 1I), and 1996 (HPFS).

among those with and without potentially immunocom-
promising conditions. There was a suggestion that the
magnitude of the elevated risk for stroke after >5years
since HZ was greater among women with potentially

J Am Heart Assoc. 2022;11:e027451. DOI: 10.1161/JAHA.122.027451

immunocompromising  conditions; however, the
P value for interaction was statistically significant only
inthe NHS Il (P-interaction=0.05) (Table S2). In men, we
did not observe that the risk varied by immune status

(9}
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Table 2. HZ and Long-Term Risk of Stroke in the NHS, NHS Il, and HPFS

Time since HZ, y

Variable Never 1-4 5-8 9-12 >13
NHS
Cases/person-years 2181/879 821 95/35 929 99/25 406 61/15 037 25/6169
Age-adjusted HR (95% Cl) 1.00 (Reference) 0.98 (0.80-1.21) 1.32 (1.08-1.62) 1.27 (0.98-1.64) 1.33(0.89-1.99)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 0.96 (0.79-1.19) 1.29 (1.05-1.58) 1.25 (0.96-1.62) 1.33(0.89-1.99)
NHS I
Cases/person-years 472/1 151 523 17/28 235 22/20 942 16/17 473 10/17 583
Age-adjusted HR (95% ClI) 1.00 (Reference) 1.29 (0.79-2.10) 2.23 (1.45-38.42) 1.89 (1.156-3.13) 1.11 (0.59-2.09)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.19 (0.73-1.94) 2.01 (1.31-3.10) 1.69 (1.03-2.79) 0.97 (0.52-1.82)
HPFS
Cases/person-years 541/251 884 21/5577 15/5594 9/3974 19/6828
Age-adjusted HR (95% ClI) 1.00 (Reference) 1.38 (0.89-2.13) 115 (0.69-1.93) 0.93 (0.48-1.79) 1.14 (0.72-1.81)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.39 (0.90-2.16) 114 (0.68-1.91) 0.90 (0.47-1.75) 1.14 (0.72-1.81)
Pooled
Total No. of cases 3194 133 136 86 54
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.05 (0.88-1.25) 1.38 (1.10-1.74) 1.28 (1.03-1.59) 1.19 (0.90-1.56)

HPFS indicates Health Professionals Follow-Up Study; HR, hazard ratio; HZ, herpes zoster; NHS, Nurses’ Health Study; and NHS II, Nurses’ Health Study II.

*Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body mass index, waist circumference (<70, 71-79,
80-88, and >88 cm), physical activity, diabetes, hypertension, elevated cholesterol, regular use (=2 days/week) of aspirin, thiazide diuretics, loop diuretics,
“statins,” or other cholesterol-lowering drugs, calcium-channel blockers, B-blockers, angiotensin-converting enzyme inhibitors, or “other” antihypertensive
drugs, Alternative Healthy Eating Index 2010 score, menopausal status (in NHS and NHS Il), oral contraceptive use (in NHS Il), postmenopausal hormonal
therapy use (in NHS and NHS 1), history of coronary heart disease, and a report of >1 of the following: cancer (other than nonmelanoma skin cancer), rheumatoid
arthritis, Crohn’s disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus, asthma, diabetes, chronic obstructive pulmonary

disease, or oral steroids/corticosteroid use.

(P-interaction=0.68), but the number of cases among
men with a history of HZ was small. There was a sug-
gestion that the magnitude of the risk for CHD after
>byears since HZ was greater among women with
potentially immunocompromising conditions in the
NHS Il (P-interaction=0.03) (Table S3), but there was
no evidence that the risk differed by immune status in
the other 2 cohorts (P-interaction >0.2). Similarly, there
was a suggestion that the magnitude of the risk for
CVD (composite) after >5years since HZ was greater
among women with potentially immunocompromising
conditions in the NHS I (P-interaction=0.02) but not
in the other 2 cohorts (P-interaction >0.28) (Table S4).

In the male cohort, we did not have information on
HZ that occurred after 2008; thus, men who had HZ
after the return of the 2008 questionnaire were mis-
classified in the later time periods; this could have bi-
ased the results for the 1 to 4 and 5 to 8years since HZ
toward the null. When we conducted sensitivity anal-
yses that ended follow-up in 2010, the findings were
similar.

In additional analyses that included intakes of al-
cohol and specific dietary factors as individual covari-
ates, the results were not materially different (data not
shown). To consider the possibility that the true effect
size may differ among the cohorts, we also conducted
meta-analyses using the random effects approach.
The findings were essentially unchanged.
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DISCUSSION

In 3 large cohorts of women and men with up to
16years of follow-up, HZ was associated with higher
long-term risk of a major adverse cardiovascular event.
The higher risk persisted for 12years and possibly
longer. There was a suggestion that the magnitude of
the elevated risk may be greater among those with po-
tentially immunocompromising conditions.

Several mechanisms could underlie the observed
association of HZ and long-term risk of a major CVD
event. VZV is the only human virus demonstrated to
replicate in arteries and lead to vasculopathy,' and a
growing body of evidence links VZV to vascular dis-
ease.”>'® VZV has been detected in large and small
blood vessels and has been implicated in the patho-
genesis of several VZV-related cardiovascular dis-
orders.""14"17 \yZV vasculopathy develops from viral
spread along nerve fibers, directly involves both intra-
cranial and extracranial vasculature,3%” and has been
confirmed by the presence of multinucleated giant
cells, herpesvirus particles, VZV DNA, and VZV an-
tigen in arteries.'® Vascular changes associated with
VZV vasculopathy, including disruption of the internal
elastic lamina, intimal thickening, and reduced medial
smooth muscle cells, can lead to alterations in arterial
caliber and contractility,' and vessel wall damage, ar-
terial dissection, or aneurysm could trigger an ischemic
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Table 3. HZ and Long-Term Risk of CHD in the NHS, NHS Il, and HPFS

Herpes Zoster and Risk of Cardiovascular Disease

Time since HZ, y

Variable Never 1-4 5-8 9-12 >13
NHS
Cases/person-years 4419/825 984 229/33 176 147/23 345 89/13 832 26/5704
Age-adjusted HR (95% Cl) 1.00 (Reference) 1.20 (1.05-1.37) 118 (1.00-1.39) 1.30 (1.05-1.61) 0.97 (0.66-1.44)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 118 (1.04-1.35) 1.16 (1.00-1.37) 1.29 (1.04-1.59) 0.96 (0.65-1.42)
NHS I
Cases/person-years 1072/1 145 251 34/28 003 31/20 797 27/17 244 19/17 272
Age-adjusted HR (95% ClI) 1.00 (Reference) 1.11 (0.79-1.57) 1.35 (0.94-1.93) 1.48 (1.01-2.17) 1.04 (0.66-1.64)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.04 (0.74-1.46) 1.23 (0.86-1.76) 1.30 (0.89-1.91) 0.90 (0.57-1.41)
HPFS
Cases/person-years 2301/202 673 57/4320 59/4286 43/3059 67/5120
Age-adjusted HR (95% ClI) 1.00 (Reference) 1.02 (0.78-1.32) 115 (0.89-1.49) 1.17 (0.86-1.58) 1.07 (0.84-1.37)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.01 (0.78-1.32) 113 (0.87-1.47) 115 (0.85-1.56) 1.05 (0.82-1.34)
Pooled
Total No. of cases 7792 320 237 159 112
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 113 (1.01-1.27) 116 (1.02-1.32) 1.25 (1.07-1.46) 1,00 (0.83-1.21)

CHD indicates coronary heart disease; HPFS, Health Professionals Follow-Up Study; HR, hazard ratio; HZ, herpes zoster; NHS, Nurses’ Health Study; and

NHS II, Nurses’ Health Study II.

*Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body mass index, waist circumference (<70, 71-79,
80-88, and >88 cm), physical activity, diabetes, hypertension, elevated cholesterol, regular use (>2 days/week) of aspirin, thiazide diuretics, loop diuretics,
“statins,” or other cholesterol-lowering drugs, calcium-channel blockers, @-blockers, angiotensin-converting enzyme inhibitors, or “other” antinypertensive
drugs, Alternative Healthy Eating Index 2010 score, menopausal status (in NHS and NHS 1l), oral contraceptive use (in NHS ll), postmenopausal hormonal
therapy use (in NHS and NHS Il), history of coronary heart disease, and a report of >1 of the following: cancer (other than nonmelanoma skin cancer), rheumatoid
arthritis, Crohn’s disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus, asthma, diabetes, chronic obstructive pulmonary

disease, or oral steroids/corticosteroid use.

or hemorrhagic CVD event.'-2936.38 Notably, VZV vas-
culopathy may be chronic and protracted,®® and thus
vascular changes could elevate risk of a CVD event
years after an episode of HZ."" Furthermore, systemic
inflammation, autoimmune reactions, or hemodynamic
perturbations related to HZ may also contribute to risk
of a GVD event, irrespective of the site of dermatomal
involvement.'>2%21 \/ZV/-related inflammation may also
lead to endothelial dysfunction accompanied by disrup-
tion of atheromatous plaques and hypercoagulability.”

Our study expands on prior studies by demonstrat-
ing the association between HZ and long-term risk of
stroke and CHD. Elevated risk of a major cardiovas-
cular event within days or weeks after HZ has been
reported previously.?%840 A comprehensive review
by Wu et al summarized the findings from epidemio-
logic studies of HZ and risk of stroke and MI.'® Among
the 15 more recent epidemiologic studies from Asia,
Europe, and the United States, there was an increased
incidence of stroke or Ml in individuals with a recent
history of HZ; the risk appeared to be highest closest
to the HZ event and decreased over time.® A meta-
analysis found higher odds of a major CVD event within
3months of HZ onset, but whether the elevated risk
persisted for more than a year was unclear.*’ Notably,
data on long-term risk were limited and findings were
inconsistent across studies. Most studies had limited
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information on health and lifestyle factors related to risk
of stroke or CHD, and most were based on retrospec-
tive reviews of insurance claims or other administrative
databases using diagnostic codes; thus, they captured
only those individuals who sought medical attention for
their HZ.#' Our study included 3 prospective cohorts
with long duration of follow-up, controlled for multiple
potential confounding cardiovascular risk factors, and
captured individuals whose HZ may or may not have
come to medical attention, thereby providing new in-
sight into the long-term association of HZ and CVD.

We observed suggestive evidence of a difference in
the association of HZ and risk of a major event among
those with potentially immunocompromising conditions
or using immunosuppressive medication in the NHS
I, but not in the NHS or the HPFS. The magnitude of
the elevated risk for stroke or CHD after >5years since
HZ was greater among NHS Il women with potentially
immunocompromising conditions or medication use,
but there was no statistically significant evidence that
the risk differed in the 2 other cohorts, so this could
be a chance finding. Plausibly, reduced T-cell immu-
nity or other host factors could increase the risk of viral
reactivation and development of vasculopathy,*® but
further study of whether the association between HZ
and long-term CVD risk is modified by factors that may
influence immune status is merited.
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Table 4. HZ and Long-Term Risk of CVD (Composite) in the NHS, NHS I, and HPFS

Time since HZ, y

Variable Never 1-4 5-8 9-12 >13
NHS
Cases/person-years 5960/800 811 287/32 100 219/22 404 134/13 153 47/5379
Age-adjusted HR (95% Cl) 1.00 (Reference) 112 (0.99-1.26) 1.24 (1.08-1.42) 1.32 (1.11-1.57) 117 (0.88-1.57)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 110 (0.97-1.23) 1.23 (1.07-1.41) 1.31 (1.10-1.56) 117 (0.87-1.57)
NHS I
Cases/person-years 1497/1 131 343 52/27 538 53/20 424 40/16 888 26/16 840
Age-adjusted HR (95% ClI) 1.00 (Reference) 1.25 (0.94-1.64) 1.68 (1.27-2.21) 1.57 (1.14-2.15) 1.01 (0.68-1.49)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 1.16 (0.88-1.53) 1.53 (1.16-2.01) 1.39 (1.01-1.90) 0.88 (0.59-1.29)
HPFS
Cases/person-years 2512/198 791 70/4212 67/4154 44/2980 76/4988
Age-adjusted HR (95% ClI) 1.00 (Reference) 114 (0.90-1.45) 1.21 (0.95-1.54) 1.10 (0.82-1.48) 114 (0.90-1.43)
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 113 (0.89-1.44) 119 (0.93-1.52) 1.08 (0.80-1.46) 111 (0.88-1.40)
Pooled
Total No. of cases 9969 409 339 218 149
Multivariable-adjusted HR (95% CI)* 1.00 (Reference) 111 (1.01-1.23) 1.26 (1.13-1.41) 1.27 (1.11-1.46) 1,08 (0.92-1.28)

CVDis acomposite of total stroke and coronary heart disease (CHD), defined as nonfatal or fatal myocardial infarction, fatal CHD, or coronary revascularization
procedure. CVD indicates cardiovascular disease; HPFS, Health Professionals Follow-Up Study; HR, hazard ratio; HZ, herpes zoster; NHS, Nurses’ Health

Study; and NHS I, Nurses’ Health Study II.

*Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body mass index, waist circumference (<70, 71-79, 80—
88, and >88 cm), physical activity, diabetes, hypertension, elevated cholesterol, regular use (>2 days/week) of aspirin, thiazide diuretics, loop diuretics, “statins,”
or other cholesterol-lowering drugs, calcium-channel blockers, B-blockers, angiotensin-converting enzyme inhibitors, or “other” antihypertensive drugs,
Alternative Healthy Eating Index 2010 score, menopausal status (in NHS and NHS Il), oral contraceptive use (in NHS Il), postmenopausal hormonal therapy use
(in NHS and NHS 1l), and a report of >1 of the following: cancer (other than nonmelanoma skin cancer), rheumatoid arthritis, Crohn’s disease/ulcerative colitis
(inflammatory bowel disease), systemic lupus erythematosus, asthma, diabetes, chronic obstructive pulmonary disease, or oral steroids/corticosteroid use.

Strengths of this study include the longitudinal de-
sign, multiple independent cohorts with large sample
sizes, long follow-up with high retention rate, and re-
peated assessments of exposure and covariate infor-
mation. Our study also has limitations. Information on
HZ was self-reported; however, it was shown to be
highly reliable in the NHS. We did not have informa-
tion on dermatomal involvement, treatment course, or
complications, such as HZ opthalmicus; thus, future
investigations that evaluate these factors could be
informative. We did not have information on the date
of HZ at younger ages; therefore, we were not able
to examine whether the associations differed among
younger individuals. We did not have information on
VZV vaccination; however, we do not expect that vac-
cination status substantially influenced our findings.
Notably, the live attenuated VZV vaccine was first
recommended for individuals aged >60years by the
Centers for Disease Control and Prevention in 2008,
a midpoint during follow-up in our study. In 2011, ex-
panded recommendations included individuals aged
>50vyears, but uptake was low; in 2012, uptake was
3.9% of the eligible subjects in one study*® and 20% in
another.** The more recent nonlive, recombinant sub-
unit adjuvanted vaccine was not available until after the
end of follow-up in our study. As uptake of the VZV
vaccine increases, future studies that evaluate whether
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vaccination status influences the relation of HZ and risk
of CVD would be informative. Although we had infor-
mation on specific stroke subtypes, there was not suf-
ficient power to evaluate the associations of HZ with
long-term risk of ischemic versus hemorrhagic stroke.
We controlled for several repeated measurements of
diet, health, and lifestyle factors, but we cannot rule
out the possibility of residual and unmeasured con-
founding. The generalizability of these findings may be
limited because participants were predominantly non-
Hispanic White individuals.

CONCLUSIONS

A history of HZ is associated with higher long-term risk
of a major cardiovascular event. These findings sug-
gest there are long-term implications of HZ and un-
derscore the importance of public health efforts for
prevention.
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SUPPLEMENTAL MATERIAL



Table S1. Sensitivity Analysis: Herpes Zoster and Long-term Risk of Myocardial Infarction”
and Total CHDt in the Nurses’ Health Study, the Nurses’ Health Study Il, and the Health

Professionals Follow-up Study.

CHD Outcome Years Since Herpes Zoster

Never 1-4 years 25 years
NHS
MI*
Cases/person-years 886/820954 47/32917 66/42604
Multivariable-adjusted*HR (95% CI) 1.00 (ref) 1.22 (0.91, 1.64) 1.12 (0.87, 1.45)
Total CHDt
Cases/person-years 4419/825984 229/ 33176 262/42880
Multivariable-adjusted*HR (95% CI) 1.00 (ref) 1.18 (1.04, 1.35) 1.18 (1.04, 1.34)
NHS2
MI"
Cases/person-years 238/1144385 8/27973 14/55238
Multivariable-adjusted*HR (95% CI) 1.00 (ref) 1.14 (0.56, 2.32) 0.97 (0.56, 1.67)
Total CHDt
Cases/person-years 1072/1145251 34/28003 77/55314
Multivariable-adjustedfHR (95% ClI) 1.00 (ref) 1.04 (0.74, 1.46) 1.15 (0.91, 1.45)
HPFS
MI"
Cases/person-years 460/200811 14/4275 53/12350
Multivariable-adjustedfHR (95% ClI) 1.00 (ref) 1.20 (0.70, 2.06) 1.36 (1.02, 1.81)
Total CHDt
Cases/person-years 2301/202673 57/4320 169/12464
Multivariable-adjustedfHR (95% ClI) 1.00 (ref) 1.01 (0.78, 1.32) 1.10 (0.94, 1.29)

"MI (myocardial infarction) outcome includes fatal and non-fatal myocardial infarction and fatal coronary

heart disease. Individuals with coronary revascularization procedure (coronary artery bypass graft or
percutaneous transluminal coronary angioplasty) were censored were censored during follow-up.
*Total CHD includes fatal and non-fatal myocardial infarction, fatal coronary heart disease and coronary

revascularization procedure (coronary artery bypass graft or percutaneous transluminal coronary angioplasty).

¥ Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history,
body mass index (BMI), waist circumference (<70, 71-79,80-88, >88 cm), physical activity, diabetes
mellitus, hypertension, elevated cholesterol, regular use (2+ days/week) of aspirin, thiazide diuretics, loop
diuretics, “Statins” or other cholesterol-lowering drugs, calcium-channel blockers, beta blockers,
angiotensin-converting-enzyme inhibitors, or “other” anti-hypertensive drugs, AHEI-2010 Score,
menopausal status (in NHS and NHS II), oral contraceptive use (NHS II), post-menopausal hormonal
therapy use (in NHS and NHS 1), history of coronary heart disease (CHD), and a report of one or more of
the following: cancer (other than non-melanoma skin cancer), rheumatoid arthritis (RA), Crohn’s
disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus

(SLE), asthma, diabetes, chronic obstructive pulmonary disease (COPD), oral steroids/corticosteroid use.
NHS: Nurses’ Health Study NHS II: Nurses’ Health Study Il HPFS: Health Professionals Follow-up Study
HR: hazard ratio Cl: confidence interval

NHS: Nurses’ Health Study

NHS II: Nurses’ Health Study I

HPFS: Health Professionals Follow-up Study
HR: Hazard Ratio

Cl: Confidence Interval



Table S2. Herpes Zoster and Long-term Risk of Stroke in the Nurses’ Health Study, the
Nurses’ Health Study Il, and the Health Professionals Follow-up Study, Stratified by

Potentially Immunocompromising Conditions™.

Stroke Years Since Herpes Zoster

gﬂgﬂ%ﬁ,ﬂ%ﬁﬂi;ng Never 1-4 years 25 years

NHS

Yes

Cases/Person-years 1076/362841 51/17146 114/24395

MVHRt (95% ClI) 1.00 (ref) 0.95 (0.72, 1.26) 1.37 (1.12, 1.67)

No

Cases/Person-years 1105/ 516980 44/ 18783 71/22216

MVHRT (95% CI) 1.00 (ref) 0.98 (0.73, 1.33) 1.17 (0.91, 1.49)
p-interaction 0.45

NHS Il

Yes

Cases/Person-years 192/824368 8/17644 15/32998

MVHRT (95% CI) 1.00 (ref) 1.28 (0.66, 2.51) 2.09 (1.44, 3.04)

No

Cases/Person-years 280/824544 12/17724 25/32861

MVHRT (95% CI) 1.00 (ref) 1.11 (0.55, 2.25) 1.03 (0.61, 1.73)
p-interaction 0.05

HPES

Yes

Cases/Person-years 260/98370 8/2456 21/7724

MVHRT (95% CI) 1.00 (ref) 0.99 (0.49, 2.01) 0.97 (0.62, 1.52)

No

Cases/Person-years 281/153515 13/3121 22/8672

MVHRT (95% CI) 1.00 (ref) 1.79 (1.02, 3.16) 1.19 (0.77, 1.85)
p-interaction 0.68

"Potentially immunocompromising conditions and treatments included a report of one or more of the
following: cancer (other than non-melanoma skin cancer), rheumatoid arthritis (RA), Crohn’s
disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus

(SLE), asthma, diabetes, chronic obstructive pulmonary disease (COPD), oral steroids/corticosteroid use.

*Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body

mass index (BMI), waist circumference (<70, 71-79,80-88, >88 cm), physical activity, diabetes mellitus,
hypertension, elevated cholesterol, regular use (2+ days/week) of aspirin, thiazide diuretics, loop
diuretics, “Statins” or other cholesterol-lowering drugs, calcium-channel blockers, beta blockers,
angiotensin-converting-enzyme inhibitors, or “other” anti-hypertensive drugs, AHEI-2010 Score,
menopausal status (in NHS and NHS II), oral contraceptive use (NHS II), post-menopausal hormonal
therapy use (in NHS and NHS 1), and history of coronary heart disease.

NHS: Nurses’ Health Study
NHS II: Nurses’ Health Study I

HPFS: Health Professionals Follow-up Study
MVHR: Multivariable-adjusted Hazard Ratio

Cl: Confidence Interval




Table S3. Herpes Zoster and Long-term Risk of CHD in the Nurses’ Health Study, the Nurses’

Health Study Il, and the Health Professionals Follow-up Study, Stratified by Potentially
Immunocompromising Conditions.”

CHD Years Since Herpes Zoster

gﬂgﬂ%ﬁ,ﬂ%ﬁﬂi;ng Never 1-4 years 25 years

NHS

Yes

Cases/Person-years 2146/335777 113/15636 147/22073

MVHRT (95% CI) 1.00 (ref) 1.08 (0.89, 1.31) 1.13 (0.95, 1.34)

No

Cases/Person-years 2273/ 490208 116/17540 115/20807

MVHRT (95% CI) 1.00 (ref) 1.29 (1.07, 1.55) 1.24 (1.02, 1.50)
p-interaction 0.20

NHS Il

Yes

Cases/Person-years 431/328608 15/10545 52/22782

MVHRT (95% CI) 1.00 (ref) 0.94 (0.56, 1.58) 1.48 (1.11, 1.98)

No

Cases/Person-years 641/816644 19/17458 25/32532

MVHRT (95% CI) 1.00 (ref) 1.15 (0.73, 1.82) 0.79 (0.53, 1.18)
p-interaction 0.03

HPES

Yes

Cases/Person-years 988/75766 23/1822 83/5777

MVHRT (95% CI) 1.00 (ref) 0.86 (0.56, 1.30) 1.07 (0.85, 1.34)

No

Cases/Person-years 1313/126907 34/2498 86/6687

MVHRT (95% CI) 1.00 (ref) 1.14 (0.81, 1.61) 1.13 (0.90, 1.40)
p-interaction 0.49

"Potentially immunocompromising conditions and treatments included a report of one or more of the
following: cancer (other than non-melanoma skin cancer), rheumatoid arthritis (RA), Crohn’s
disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus

(SLE), asthma, diabetes, chronic obstructive pulmonary disease (COPD), oral steroids/corticosteroid use.

*Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body
mass index (BMI), waist circumference (<70, 71-79,80-88, >88 cm), physical activity, diabetes mellitus,
hypertension, elevated cholesterol, regular use (2+ days/week) of aspirin, thiazide diuretics, loop
diuretics, “Statins” or other cholesterol-lowering drugs, calcium-channel blockers, beta blockers,
angiotensin-converting-enzyme inhibitors, or “other” anti-hypertensive drugs, AHEI-2010 Score,
menopausal status (in NHS and NHS II), oral contraceptive use (NHS II), post-menopausal hormonal
therapy use (in NHS and NHS Il), and history of stroke.

CHD: Coronary heart disease, defined as fatal or non-fatal myocardial infarction, fatal CHD, or coronary
revascularization procedure (coronary artery bypass graft or percutaneous transluminal coronary angioplasty)
NHS: Nurses’ Health Study

NHS II: Nurses’ Health Study Il

HPFS: Health Professionals Follow-up Study

MVHR: Multivariable-adjusted Hazard Ratio

ClI: Confidence Interval



Table S4. Herpes Zoster and Long-term Risk of Cardiovascular Disease (Composite)”in the
Nurses’ Health Study, the Nurses’ Health Study Il, and the Health Professionals Follow-up
Study, Stratified by Potentially Immunocompromising Conditionst

CVD" Years Since Herpes Zoster

gﬁgir:i%%%n(]sgzms;ng Never 1-4 years 25 years

NHS

Yes

Cases/Person-years 2866/323356 146/15095 227/20983

MVHR# (95% CI) 1.00 (ref) 1.04 (0.88, 1.23) 1.23 (1.07, 1.41)

No

Cases/Person-years 3094/477455 141/17005 173/19952

MVHR* (95% CI) 1.00 (ref) 1.16 (0.98, 1.37) 1.27 (1.09, 1.49)
p-interaction 0.41

NHS Il

Yes

Cases/Person-years 607/322700 24/10313 78/22164

MVHR# (95% CI) 1.00 (ref) 1.09 (0.72, 1.64) 1.60 (1.26, 2.03)

No

Cases/Person-years 890/808644 28/17225 41/31988

MVHR* (95% CI) 1.00 (ref) 1.24 (0.85, 1.82) 0.93 (0.68, 1.28)
p-interaction 0.02

HPES

Yes

Cases/Person-years 1080/73955 28/1766 90/5626

MVHR# (95% CI) 1.00 (ref) 0.94 (0.64, 1.37) 1.07 (0.86, 1.33)

No

Cases/Person-years 1432/124836 42/2446 97/6496

MVHR# (95% CI) 1.00 (ref) 1.30 (0.95, 1.77) 1.17 (0.95, 1.45)
p-interaction 0.28

‘Cardiovascular disease (CVD) is a composite of total stroke and coronary heart disease (CHD), defined as

non-fatal or fatal myocardial infarction, fatal CHD, or coronary revascularization procedure
fPotentially immunocompromising conditions and treatments included a report of one or more of the
following: cancer (other than non-melanoma skin cancer), rheumatoid arthritis (RA), Crohn’s
disease/ulcerative colitis (inflammatory bowel disease), systemic lupus erythematosus

(SLE), asthma, diabetes, chronic obstructive pulmonary disease (COPD), oral steroids/corticosteroid use.
#Multivariable model adjusted for age, race, family history of heart disease (yes/no), smoking history, body
mass index (BMI), waist circumference (<70, 71-79,80-88, >88 cm), physical activity, diabetes mellitus,
hypertension, elevated cholesterol, regular use (2+ days/week) of aspirin, thiazide diuretics, loop
diuretics, “Statins” or other cholesterol-lowering drugs, calcium-channel blockers, beta blockers,
angiotensin-converting-enzyme inhibitors, or “other” anti-hypertensive drugs, AHEI-2010 Score,
menopausal status (in NHS and NHS II), oral contraceptive use (NHS II), post-menopausal hormonal
therapy use (in NHS and NHS II), and history of stroke.

CHD: Coronary heart disease, defined as fatal/non-fatal myocardial infarction, fatal CHD, or coronary

revascularization procedure (coronary artery bypass graft, percutaneous transluminal coronary angioplasty)
NHS: Nurses’ Health Study

NHS II: Nurses’ Health Study I

HPFS: Health Professionals Follow-up Study

MVHR: Multivariable-adjusted Hazard Ratio

ClI: Confidence Interval
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