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SUMMARY

We analysed data from a prospective cohort of 255024 adults aged >45 years recruited from
2006-2009 to identify characteristics associated with a zoster diagnosis. Diagnoses were identified
by linkage to pharmaceutical treatment and hospitalization records specific for zoster and hazard
ratios were estimated. Over 940583 person-years, 7771 participants had a zoster diagnosis; 253
(3-3%) were hospitalized. After adjusting for age and other factors, characteristics associated with
zoster diagnoses included: having a recent immunosuppressive condition [adjusted hazard ratio
(aHR) 1-58, 95% confidence interval (CI) 1-:32-1-88], female sex (aHR 1:36, 95% CI 1-30-1-43),
recent cancer diagnosis (aHR 1:35, 95% CI 1-:24-1-46), and severe physical limitation vs. none
(aHR 1-33, 95% CI 1-23-1-43). The relative risk of hospitalization for zoster was higher for those
with an immunosuppressive condition (aHR 3-78, 95% CI 2-18-6-55), those with cancer (aHR
1-78, 95% CI 1:24-2-56) or with severe physical limitations (aHR 2-50, 95% CI 1-56-4-01). The
novel finding of an increased risk of zoster diagnoses and hospitalizations in those with physical
limitations should prompt evaluation of the use of zoster vaccine in this population.
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INTRODUCTION

Herpes zoster, caused by re-activation of the varicella
zoster virus (VZV) commonly occurs in older adults
and causes substantial morbidity. The incidence and
severity of zoster is thought to increase with decreas-
ing cell-mediated immunity and studies have shown
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consistently that the risk of zoster increases with age,
particularly beyond 50 years [1, 2] and also with
specific immunosuppressive conditions [3, 4]. There
is more limited evidence regarding the role of other
factors. Some have suggested that zoster incidence
may differ by sex [5], ethnicity [2, 6, 7], contact with
children [8], other illnesses [2], and long-term stress
or depression [6, 9], but few studies have looked at a
comprehensive range of characteristics in the same
population with adjustment for multiple factors [10].

A live-attenuated VZV vaccine has been shown to
reduce zoster risk in adults aged >60 years by 51%
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and post-herpetic neuralgia by 66-5% [11]; however,
waning efficacy has been described with vaccine
efficacy beyond 5 years uncertain [12]. Some countries
have recommended this vaccine be included in their
adult immunization schedules although supply issues
have delayed its introduction. In Australia, where this
study was conducted, the vaccine was not readily avail-
able, even in the private sector, until 2013 although it
was judged cost-effective for public funding in 2008.
Given the challenges and costs associated with mass vac-
cination of adults, we conducted this study to estimate
the incidence of herpes zoster, according to different
characteristics, in a large unvaccinated general adult
cohort. Our aim was to provide evidence to better under-
stand the epidemiology of zoster, as well as to inform
priorities for adult vaccination.

METHODS

The 45 and Up Study is a population-based cohort of
over 267000 adults aged >45 years in the Australian
state of New South Wales (NSW). Detailed infor-
mation on the cohort has been published elsewhere
[13]. Briefly, adults resident in NSW were randomly
selected from the Australian Medicare database,
which has virtually complete coverage of the entire
resident Australian population, and invited to take
part in the study. Individuals completed a question-
naire which included items on socio-demographic
characteristics, lifestyle and health (see: www.saxinsti-
tute.org.au/our-work/45-up-study/questionnaires/) and
provided consent for long-term follow-up, including
linkage to administrative health records.

Participants had their survey data linked determi-
nistically, using the Medicare Australia database,
to their universal health insurance claims data
[Pharmaceutical Benefits Scheme (PBS) and Medi-
care Benefits Schedule (MBS)]. They were also link-
ed to state-wide hospitalization, cancer, infectious
diseases and death registrations, using probabilistic
matching of their name, date of birth and address.
Probabilistic matching is highly accurate (false-
positive and false-negative rates <0-4%) [14]. PBS
data include a record of all medications prescribed
and dispensed where the cost is above a threshold
value. The date of prescription and supply, and exact
formulation are recorded. Data were available from
August 2004. The hospitalization data included a re-
cord of all hospitalizations in NSW including the ad-
mission date, the main diagnosis and up to 49
additional coded diagnoses related to the admission.
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Diagnoses were coded according to the International
Classification of Diseases — version 10 (ICD-10) [15].
Records were available from July 2000. The cancer
registrations include a record of all cancers diagnosed
in NSW from 1994 coded according to ICD-10, and
the date of diagnosis. The death records included a re-
cord of all deaths in NSW and the date of death. We
had complete records for study participants from the
PBS, hospitalization and death databases up to
31 December 2011.

We classified a participant as having a herpes zoster
diagnosis if they linked to records of either a specific
treatment for zoster in the PBS database, or a hospi-
talization with an ICD-10 code of ‘B02 — zoster’ in
either the first (principal) or second diagnostic field.
In Australia, antiviral medication (either acyclovir,
valacyclovir or famciclovir) is recommended for treat-
ment of zoster [16, 17]. A special ‘authority’ prescrip-
tion needs to be obtained by the treating practitioner
and the indication must be specifically for treatment
of zoster (PBS codes: 1052J, 8002E, 8064 K,
8897G). These PBS records are therefore highly
specific for zoster diagnoses and this method of ascer-
tainment (prescription records) has been used in other
epidemiological studies [3, 7, 18, 19]. Hospitalization
data are less specific [20]. Based on published data re-
garding the sensitivity and specificity of zoster codes in
hospitalization data [21] and our own inspection of the
records, we classified a hospitalization if either the pri-
mary or secondary diagnosis fields contained an
ICD-10 code for zoster. For the date of diagnosis we
assigned the date of prescribing of the treatment, or
the date of hospital admission, or whichever came
first if there were links to both types of records.

To estimate the incidence and relative risks of zoster
according to different characteristics hypothesized to
be associated with zoster, we used data that were self-
reported by participants at recruitment (e.g. socio-
demographics) or data from one of the linked health
records (e.g. immunosuppressive disorders or cancer
diagnoses).

Ethical approval

All participants provided informed consent to be in-
cluded in the study. The linkage study was approved
by the NSW Population and Health Services
Research Ethics Committee (HREC/10/CIPHS/97)
and the 45 and Up Study was approved by the
University of New South Wales Human Research
Ethics Committee (no. 10186).
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Analyses

We excluded study participants who were Department
of Veterans Affairs card holders (n = 6323) as they can
receive zoster treatment through an alternate scheme
to the PBS, those with invalid dates of study entry
or dates of birth (n = 26) and those with a zoster diag-
nosis prior to recruitment (n = 5854). Person-years of
follow-up were calculated from study entry date to
the first diagnosis of zoster, death, or 31 December
2011, whichever came first. Incidence rates were exam-
ined by sex and 5-year age groups according to
attained age. Cox proportional hazards models with
time updating of age were used to estimate relative
risks of zoster according to different characteristics
[2, 22]. Characteristics included sex, household in-
come, married or living with a partner, having had
children, education, area of residence [23], skin colour,
country of birth (according to those with a known
later onset of varicella infection), smoking, body
mass index (BMI), alcohol consumption, frequency
of vigorous physical activity, time spent outdoors,
attending cancer screening programmes (mammogra-
phy, prostate specific antigen testing or bowel cancer
screening), use of supplements/vitamins, self-reported
history of doctor-diagnosed asthma, cardiac disease,
stroke, diabetes, depression/anxiety and hay fever.
The level of physical limitation was assessed using
the Medical Outcomes Study — Physical Functioning
Score [24]. This is a 10-item standard questionnaire
asking about whether an individual’s health limits
their ability to undertake physical activities including
walking, climbing stairs, bending, lifting, dressing,
etc.; participants are scored for each physical activity
item based on whether they report being limited a
lot, a little or not at all and the scores are combined
to give an overall estimate of physical functioning
with those not limited in any activities classified as
‘none’ and standard cut-points for each level of physi-
cal limitation, minor, moderate or severe.
Individuals were also classified according to
whether they had a recent record of an immunosup-
pressive condition or cancer. An immunosuppressive
condition was defined if individuals linked to a HIV
registration, a PBS record of an immunosuppressive
medication, or a hospitalization in the year prior to
study entry for any one of a list of potentially immu-
nosuppressive conditions including transplants or con-
ditions that may result in administration of high-dose
steroids (see Supplementary Appendix). Cancer was
recorded if there was a record in the 5 years prior to
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study entry of a cancer registration or hospitalization
with a primary diagnosis of cancer, except non-
melanoma skin cancer (ICD-10 codes C00-C97 ex-
cluding C44).

All factors were initially examined in an age- and
sex-adjusted model and then examined together in a
multivariate model. Factors were included in the mul-
tivariate model if they were associated (P < 0-05) with
zoster in the minimally adjusted model, or they were
considered « priori as potential confounders. We
also re-ran the multivariate analyses using only the
outcome of hospitalization for zoster as a measure
of severe disease. Subgroup analyses were conducted
by age group (<60, 60-74, =75 years), sex, area of
residence (major city vs. regional/remote), and by
measures of health service access (attending cancer
screening programmes and taking supplements).
Attained age was used as the underlying time variable
in regression models. All analyses were conducted
using SAS v. 9.2 (SAS Institute Inc., USA).

RESULTS

There were 255 024 participants included in analyses.
At recruitment, 47-4% were aged 45-59 years, 37-1%
were aged 60-74 years and 15-5% were aged >75
years. Of participants, 1% (n =2472) had a record of
an immunosuppressive condition in the year prior to
enrolment, 6% (n=15302) had a cancer diagnosis
and 15% (n =37 676) had severe physical limitations
according to the standardized scale. There were 497
classified with both immunosuppression and cancer
and 1143 classified with immunosuppression and
severe physical limitation.

Over 940583 person-years of follow-up, 7771 partici-
pants had a zoster diagnosis of whom 253 (3:3%) were
hospitalized. Of those hospitalized, 74% (n = 187) had
zoster as the principal diagnosis. Overall incidence
increased with age from 4-4/1000 person-years in those
aged 45-49 to 12-1/1000 person-years in those aged
>80 years. The increase was mostly observed between
the ages of 45-75 years and across almost all age groups
women had significantly higher rates than men (Fig. 1).
For hospitalizations, the incidence was 0-01/1000
person-years in 45-49 year olds increasing sharply to
0-9 in those aged over >80 years (Fig. 2). Differences be-
tween men and women were less conspicuous in the
hospitalization data.

The age- and sex-adjusted analyses are shown in
Figure 3(a—c). The greatest age- and sex-adjusted hazard
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Fig. 1. Incidence of zoster diagnoses per 1000 person-years by attained age and sex.
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Fig. 2. Incidence of zoster hospitalization per 1000 person-years by attained age and sex.

ratios (HR) for zoster were found in those with a recent
immunosuppressive condition (HR 1-76, 95% CI 1-48—
2-:09). In multivariate analyses, the relative risks for
most of the characteristics identified in the age- and sex-
adjusted analyses remained statistically significant
(Fig. 4) with little attenuation. The risk of zoster
remained greatest in those with a recent immuno-
suppressive condition [adjusted HR (aHR) 1-58, 95%
CI 1-32-1-88, P<0-0001). Other characteristics asso-
ciated with higher risks included female sex (aHR
1-36, 95% CI 1-30-1-43, P <0-0001), prior cancer diag-
nosis (aHR 1-35, 95% CI 1-24-1-46, P <0-0001) and
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severe physical limitation compared to no limitation
(aHR 1-33,95% CI1-23-1-43, P <0-0001). When we re-
stricted the outcome definition to hospitalizations for
zoster only, i.e. focusing on risks for more serious dis-
ease, the only factors from the multivariate model that
remained significant were immunosuppressive condition
(aHR 3-78, 2-18-6:55, P <0-0001), recent cancer
diagnosis (aHR 1-78, 1-:24-2-56, P = 0-002) and physical
limitation (aHR 2-50, 1-56-4-01, P=0-0001 and
aHR 1-65, 1-:05-2-59, P =0-03 for, respectively, severe
and moderate limitation compared to reporting no
limitations).
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Zoster Cases HR (95% CI)

Sex

Male 3073 1.00

Female 4698 1.39 (1.32-1.45)
Household income

<$20 000 1790 1.00

$20-<40 000 1405 0.97 (0.90-1.04)

$40-<70 000 1274 1.00 (0.93-1.08)

28§70 000 1419 0.96 (0.89-1.03)

Refusedfunknown 1883 1.01 (0.94-1.07)
Education

No qualifications 1029 1.00

School or trade 2655 1.00 (0.93-1.08)

Diploma 2331 0.98 (0.91-1.05)

University 1611 0.98 (0.90-1.06)
Residence

Major city 3697 1.00

Inner regional 2655 0.90 (0.86-0.95)

QOuter regionallremote 1415 0.85 (0.80-0.91)
Australian born

No 1980 1.00

Yes 5791 1.00 (0.95-1.08)
Skin colour

Fair 5596 1.00

Olive/brown/black 2093 0.94 (0.90-0.99)

Country of birth with late onset varicella*

Risk factors for herpes zoster 2875
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No 7626 1.00
Yes 70  0.88 (0.69-1.11)

Partner/Married
No 1999 1.00 B
Yes 5726  1.08 (1.02-1.13) -

Had children
None 814 1.00 |
One or more 6899 1.02 (0.95-1.09) s

-1.0 0.5 0.0 0.5 1.0 15 2.0
Hazard Ratio (95% CI)

Fig. 3a. Age- and sex-adjusted hazard ratios for zoster according to sociodemographic characteristics. * Includes
Bangladesh, India, Malaysia, Pakistan, Singapore, Sri Lanka and Caribbean and Central American countries classified by

the Standard Australian Classification of Countries.

Subgroup analyses (results not shown) did not dem-
onstrate substantial differences compared to the main
analyses. In particular the association of severe physi-
cal limitation with zoster risk remained significant in
those more likely to be accessing health services, i.e.
for those with severe physical limitation vs. none;
those living in major cities (aHR 1-28, 95% CI
1-15-1-43); those attending cancer screening pro-
grammes (aHR 1-30, 95% CI 1:20-1-41); and those
using supplements (aHR 1-27, 95% CI 1-15-1-41).
We also found that the effect of having a severe physi-
cal limitation increased the risk of zoster when com-
bined with other risk factors. For example,
compared to those without severe physical limitations,
cancer or immunosuppression, fully adjusted HR for
zoster in those with severe physical limitations alone
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was 1-24 (95% CI 1-16-1-33), for those with immuno-
suppression or cancer 1:34 (95% CI 1-21-1-47) and for
those with severe physical limitations and immuno-
suppression or cancer 1-85 (95% CI 1-61-2-12).

DISCUSSION

Our study identified a number of characteristics, other
than age, that were associated with the incidence of
zoster. Some factors, such as female sex [5, 25, 26],
skin colour [6, 26], smoking [6], immunosuppressive
conditions, in particular HIV [2], recent cancer
[10, 27] and other chronic diseases [26, 28] have been
described by other authors. More novel findings in-
cluded the 30% increase in risk of a diagnosis in indi-
viduals with severe physical limitations and the more
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Zoster Cases HR (95% CI)
Smoking
Never 4542 1.00 [ |
Past 2799 1.07 (1.02-1.13) :
Current 387  0.81(0.73-0.89) -
BMI (kg/m2)
<25 2728 1.00 1
25-230 2810  1.03 (0.98-1.09)
=30 1622  1.07 (1.00-1.14) -
Alcohol consumption
None 2638 1.00
<Tunitsiwk 2179 1.02 (0.96-1.08)
=7unitsiwk 2754  1.04 (0.98-1.10) y
Physical activity
<oncelwk 3466 1.00 [ |
>oncefwk 2718  0.98 (0.93-1.03) -
Time spent outdoors
<20h 3455 1.00
20to<50h 3040  1.01 (0.96-1.06)
=50 h 664  1.00 (0.92-1.09)
Attend preventative health screening®
No 798 1.00 B
Yes 6973  1.21(1.12-1.31) -
Taken supplements in the 4 weeks prior to recruitment~
No 3446 1.00 i)
Yes 4325  1.09 (1.05-1.14) =
0.5 1.0 15 2.0

Hazard Ratio (95% Cl)

Fig. 3b. Age- and sex-adjusted hazard ratios for zoster according to potentially modifiable characteristics. (* See Methods
section.)

than twofold risk of hospitalization, taking into ac-
count age and other comorbidities. These findings
have important implications for who potentially
could be prioritized to receive vaccination.

The strengths of our study include the large sample
size, prospective design and ability to mutually adjust
analyses for multiple potential confounding factors,
including measures of health service use, income and
education. Our ascertainment of a zoster diagnosis
was based primarily on a prescription record of a
highly specific treatment. Not all cases of zoster
would be diagnosed and result in treatment so this
method may have underestimated rates. It is also poss-
ible that treatment uptake may differ by age, leading
to differential ascertainment. However, compared to
published data from eight [10, 11, 18, 22, 25, 26, 29, 30]
other large sources reporting zoster incidence in
unvaccinated populations, which used methods

https://doi.org/10.1017/50950268814003653 Published online by Cambridge University Press

ranging from clinician confirmation of self-report
in a clinical trial setting [11], physician-ascertained
outpatient data [22] and general practice surveillance
systems [29], we found our estimates of age-specific
incidence to be consistent (see Fig. 5). Relying on zos-
ter treatment to ascertain our outcome may be biased
by access to health services. We found a higher inci-
dence of zoster in those who attended cancer screening
and those taking supplements and a lower incidence in
those living in regional and remote areas, consistent
with a health service access effect. However when we
adjusted for these factors in the multivariate analyses
there was limited attenuation of the hazard ratios
obtained from the analysis with minimal adjustment
(age and sex only; Fig. 3) suggesting that these factors
do not substantially confound the associations de-
scribed. It is also possible, given the multiple risk
factors examined, that spurious associations may
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Zoster Cases HR (95% Cl)
Prior immunosuppression
No 7641 1.00 n
Yes 130 1.76(1.48-2.09) —_——
Prior cancer
No 7118 1.00 | |
Yes 653  1.39(1.29-1.51) ——
Physical limitation
None 1874 1.00 I_._
Minor 1125  1.06 (0.98-1.14) 1
Moderate 2402 1.11(1.04-1.18) -
Severe 1539 1.34 (1.25-1.44) ——
Heart Disease
No 6662 1.00 | |
Yes 1109 1.15(1.07-1.22) —-
Stroke
No 7472 1.00 n
Yes 299  1.11(0.99-1.25) ——
Diabetes
No 7024 1.00 | |
Yes 747  1.02 (0.95-1.10) -E—
Asthma |
No 6617 1.00 | |
Yes 1154  1.17 (1.10-1.24) -8
Anxiety or depression
No 6603 1.00 %_
Yes 1168  1.06 (1.00-1.13)
Hayfever
No 6794 1.00 | |
Yes 977  1.08 (1.01-1.15) -
05 1.0 15 2.0

Hazard Ratio (95% CI)

Fig. 3c. Age- and sex-adjusted hazard ratios for zoster according to illness and disability.

arise; however, our main results are consistent with
other studies.

With the widespread vaccination of children
through national varicella immunization programmes,
there is substantial interest in whether environmental
exposure may boost the immune response in pre-
viously infected adults to prevent future episodes of
zoster. Exposure of adults to VZV through contact
with infectious children has been proposed [§]
although a recent review suggested inconsistencies in
the evidence [31]. Data from our study did not appear
to support this immune boosting theory. We found no
difference in zoster risk in those who had children
(although this was a crude measure of exposure) and
zoster risks were consistently higher for women than
men. In a cohort of this age, it is likely women
would have greater exposure to young children and
hence VZV than men.

The increased risks of zoster in those with immu-
nosuppression or cancer are consistent with a hy-
pothesis of decreasing cellular immune function
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[16]. It has been suggested that for asthma the
increased risk may be due to use of inhaled corti-
costeroids [28], although we did not have infor-
mation to specifically examine corticosteroid use
(oral or inhaled) in study participants. Our finding
of a lower risk of zoster in current smokers (com-
pared to non-smokers) has been reported in other
observational studies and lower risk has also been
described in racial groups with darker skin colour
[6]. There is, however, limited data to support a
causal pathway and potential non-causal explana-
tions for our findings include differences in health
service access and ease of diagnosis (relative to
skin colour). For example, compared to non-
smokers, risks in current smokers were lower, and
those in past smokers were increased. Current smo-
kers are generally less likely to access healthcare
while past smokers may be more health-seeking
and have more comorbidities than current smokers
and non-smokers, leading to the associations that
we observed.
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Zoster Cases HR (95% CI)
Sex
Male 3073 1.00 it
Female 4698  1.36 (1.30-1.43) E
Residency
Major city 3697 1.00 [ |
Inner regional 2655  0.89 (0.85-0.94) _:-
Outer regional/remote 1415 0.85 (0.80-0.90)
Skin colour
air 5596 1.00 f
Olive/brown/black 2083 0.95 (0.91-1.00)
Partner/Married
No 1999 1.00 | |
Yes 5726  1.08 (1.02-1.14) E 3
Smoking
Never 4542 1,00 I_-_
Past 2799  1.06 (1.01-1.11)
Current 387 0.82(0.73-091) ——
Attend preventative health screening
No 798 1.00 | |
Yes 6973  1.17 (1.09-1.27) -
Taken supplements in the 4 weeks prior to recruitment~
No 1.00 I_._
Yes 4325  1.07 (1.02-1.12)
Prior immunosuppression
No 7641 1.00 m
Yes 130  1.58 (1.32-1.88) —_—
Prior cancer
No 7118 1.00 m
Yes 653  1.35(1.24-1.46) —a—
Physical limitation
None 1874 1.00
Minor 1125  1.05(0.97-1.13) -
Moderate 2402  1.09 (1.02-1.16)
Severe 1539 1.33 (1.23-1.43) ——
Heart Disease
No 6662 1.00 ]
Yes 1109  1.09 (1.02-1.16) -
Asthma
No 6617 1.00 il
Yes 1154  1.12(1.05-1.19) -
Anxiety or depression
No 6603 1.00
Yes 1168  1.01 (0.95-1.08)
Hayfever
No 6794 1.00
Yes 977  1.03(0.96-1.10) -
05 1.0 15 2.0

Hazard Ratio (95% CI)

Fig. 4. Factors associated with an incident diagnosis of zoster, adjusted for all other factors in model and age.

The increased risk of zoster and hospitalization for
zoster in those with greater physical limitation is a
novel finding. In this study, physical limitation was
measured at the time of study recruitment using a
standardized scale that combines a number of physi-
cal activities such as distance able to be walked,
stair climbing and activities of daily living (e.g. bath-
ing, dressing, bending, lifting) [24]. It is possible that
the association with greater health-related physical
limitations may be explained by an underlying de-
crease in immune function in individuals with chronic
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disease or disability [32]. It is also possible that we
observed this association because those with greater
physical limitations are more likely to access health
services, resulting in a greater likelihood of a diag-
nosis of zoster. However, there was minimal attenu-
ation of risk in the multivariate analysis, and the
magnitude of risk remained similar when examined
in subgroups restricted to those who were more
likely to access services such as those attending
cancer screening programmes, suggesting such a bias
is unlikely.
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Fig. 5. Age-specific incidence of zoster diagnoses; comparison of 45 and Up Study diagnoses (black symbols) with other
published research. (Diagnoses based on linkage to a zoster-specific treatment of ICD-10 coded hospitalization record.)

The absolute risk estimates of herpes zoster from
our study suggest that while incidence rises quite con-
sistently with increasing age to about 75 years, the rise
in zoster hospitalizations has a more exponential pat-
tern with a rapid increase in those aged >70 years.
Other than age, the principal risk factors identified in-
cluded immunosuppressive condition, female sex, re-
cent cancer, and severe physical limitation; and for
zoster hospitalizations immunosuppression, cancer
and severe physical limitation were important predic-
tors. The live-attenuated zoster vaccine is contraindi-
cated in those with specific immunosuppressive
disorders and in pregnancy [33]. While there are lim-
ited clinical trial data demonstrating vaccine efficacy
in other vulnerable subgroups identified in our
study, for example those with cancer or physical lim-
itations, some recent large observational population-
based studies suggest that the vaccine is safe and effec-
tive in preventing zoster in those with chronic diseases
and in the very elderly [3, 7, 34]. Given the high risk of
hospitalization for zoster in the very elderly and also
those with predisposing conditions such as prior can-
cer or severe physical limitations, further evaluation
of the effectiveness and cost-effectiveness of zoster
vaccine in the risk groups identified here should be a
priority.
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