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ABSTRACT

Introduction: Patients with psoriasis (PsO) are
at increased risk of herpes zoster (HZ), but
recent data on the incidence of HZ among
patients with PsO and the impact of HZ on
healthcare resource use (HRU) and costs for
patients with PsO have not been described.

Methods: This retrospective, longitudinal,
cohort study estimated HZ incidence in cohorts
of adults with vs without PsO (PsO ? vs PsO–)
and HRU and costs among those with PsO, with
vs without HZ (PsO ? /HZ ? vs PsO ? /HZ–)
using Optum’s de-identified Clinformatics Data
Mart Database during 2015–2020. Patients with
psoriatic arthritis were excluded from all four
cohorts. Comparisons between cohorts used
generalized linear models to adjust outcomes
based on various baseline characteristics.
Results: The incidence rate of HZ was signifi-
cantly higher in the PsO ? (n = 144,115) vs PsO–
(n = 23,837,237) cohorts at 11.35 vs 7.67 per 1000
patient-years; adjusted incidence rate ratio (aIRR):
1.21, 95% confidence interval (CI): 1.16–1.25.
HRU (outpatient, emergency department, and
inpatient) was significantly higher in the PsO ? /
HZ ? (n = 1859) vs PsO ? /HZ– (n = 78,664)
cohorts during 1 month and 3 months after HZ
diagnosis (e.g., outpatient visits during month:
2.83 vs 1.30 per patient; aIRR: 1.96; 95% CI
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1.86–2.06). Mean all-cause costs were also signif-
icantly higher in the PsO ? /HZ ? vs PsO ? /HZ–
cohort during both month ($5020 vs $2715 per
patient; adjusted cost difference: $1390; 95% CI
$842–$1964) and 3 months ($12,305 vs $8256;
adjusted cost difference: $1422; 95% CI
$280–$2889) after HZ diagnosis.
Conclusion: These findings show the increased
incidence of HZ among patients with PsO and
the clinical and economic burdens of HZ in this
population. Considering the high prevalence of
PsO, insights into the impact of HZ in these
patients provide valuable evidence to inform
clinical decision-making.

PLAIN LANGUAGE SUMMARY

Psoriasis is an inflammatory condition that cau-
ses flaky, scaly skin. Herpes zoster (shingles)
causes a painful rash, usually on the abdomen.
However, recent data on the proportion of
patients with psoriasis who develop herpes zoster
is lacking. Furthermore, little is known about the
healthcare resources that are used or the costs of
care for patients with psoriasis who develop
herpes zoster. We found that patients with pso-
riasis were 21% more likely to have herpes zoster
than patients without psoriasis. Among patients
with psoriasis, those who developed herpes zos-
ter had twice as many doctor’s visits, 3 times as
many emergency department visits, and twice as
many inpatient hospital stays during the month
after a herpes zoster diagnosis as patients without
herpes zoster. This resulted in an additional cost
of $1390 per patient with psoriasis and herpes
zoster compared with those with psoriasis but
without herpes zoster. Overall, patients with
psoriasis are at increased risk of developing her-
pes zoster and the healthcare resource use and
associated cost of treating herpes zoster in
patients with psoriasis is substantial.
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Graphical abstract:

Key Summary Points

Why carry out this study?

Patients with psoriasis (PsO) are at
increased risk of herpes zoster (HZ), but
the recent incidence of HZ in patients
with PsO and the healthcare resource use
(HRU) and costs in patients with both
conditions are unknown.

What was learned from the study?

The incidence rate of HZ was higher in
patients with vs without PsO (11.35 vs
7.67 per 1000 patient-years; adjusted
incidence rate ratio [aIRR]: 1.21, 95%
confidence interval [CI] 1.16–1.25).

HRU was significantly higher in patients
with PsO and HZ (PsO ? /HZ ?) vs PsO
without HZ (PsO ? /HZ–) during 1 and
3 months after HZ (e.g., outpatient visits
during month: 2.83 vs 1.30 per patient;
aIRR: 1.96; 95% CI 1.86–2.06).

Mean all-cause costs were significantly
higher in the PsO ? /HZ ? vs PsO ? /HZ–
cohort during month ($5020 vs $2715 per
patient; adjusted cost difference: $1390;
95% CI $842–$1964) and 3 months
($12,305 vs $8256; adjusted cost
difference: $1422; 95% CI $280–$2889)
after HZ.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
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features for this article, go to https://doi.org/10.
6084/m9.figshare.23684547.

INTRODUCTION

The prevalence of psoriasis (PsO) — a chronic,
inflammatory, immune-mediated skin disease
[1] — among people aged C 20 years in the
United States (US) has been estimated to be 3%,
resulting in over 7 million affected adults [2].
Treatment options for patients with
mild/moderate PsO are generally topical, such
as corticosteroids and calcineurin inhibitors [3].
If these are insufficient, options include pho-
totherapy [4], systemic immunosuppressants
(e.g., methotrexate and cyclosporine) [5], and
biologics (e.g., tumor necrosis factor [TNF]-al-
pha inhibitors and interleukin inhibitors) [6].
Since many of these treatments target the
immune system, patients are at increased risk of
infection [5–7], including herpes zoster (HZ).
Various studies have reported that patients with
PsO are at increased risk of HZ [8–11], and that
this risk varies by medication class [12–16].

HZ is a disease that occurs when varicella
zoster virus reactivates after remaining latent in
the sensory ganglia following a varicella
(chickenpox) infection [17]. HZ is characterized
by a painful blistering skin rash, and patients
may subsequently develop complications such
as postherpetic neuralgia or HZ ophthalmicus
[17]. HZ and its complications can result in
considerable quality of life impairment [18] and
substantial healthcare resource use (HRU) and
costs [19]. In the US, approximately 99.5% of
people born before 1980 have been infected
with varicella zoster virus and are therefore at
risk of developing HZ; around 1/3 will experi-
ence HZ over the course of their lifetime [20].
The risk of HZ increases with age, from around 5
cases per 1000 people aged 50–54 years to
around 11 cases per 1000 people
aged C 85 years [21]. The risk of HZ also
increases in patients with immunosuppressive
conditions/treatments, including cancer,
human immunodeficiency virus (HIV),
hematopoietic stem cell transplantation, oral
corticosteroids, methotrexate, and cyclosporine
[22]; and various autoimmune and chronic

diseases, including rheumatoid arthritis [23],
inflammatory bowel disease [24], chronic
obstructive pulmonary disease (COPD) [25], and
PsO [8–11].

In the US, the Advisory Committee on
Immunization Practices first recommended HZ
vaccination for adults aged C 60 years in June
2008, at which time only live zoster vaccine was
available [26]. Since January 2018, recombinant
zoster vaccine has been recommended for
immunocompetent adults aged C 50 years [27].
In January 2022, an additional recommenda-
tion was published for the use of recombinant
zoster vaccine for the prevention of HZ in
immunodeficient/immunosuppressed adults
aged C 19 years [28]. This includes hematopoi-
etic cell transplantation or solid organ trans-
plant recipients and patients with cancer, HIV,
or autoimmune/inflammatory conditions/
treatments [29], which may include patients
with PsO on immunosuppressive treatments.

As previous studies have reported a 1.1–1.7-
fold increased risk of HZ among patients with
PsO [8–11], but the HRU and costs of treating
HZ among patients with PsO are unknown, the
objectives of the current study were to estimate:
(1) the recent incidence of HZ among adults in
the US with vs without PsO (PsO ? vs PsO–
cohorts) and (2) the burden of HZ in terms of
additional HRU and costs among patients with
PsO (PsO ? /HZ ? vs PsO ? /HZ– cohorts). For
patients in the PsO ? /HZ ? cohort, HZ-related
HRU and medical costs are also reported.

METHODS

This retrospective, longitudinal, cohort study
(GSK study identifier: VEO-000258) estimated
HZ incidence among patients with vs without
PsO (PsO ? vs PsO– cohorts). Also, HRU and
costs among patients with PsO with vs without
HZ (PsO ? /HZ ? vs PsO ? /HZ– cohorts) were
estimated. Patients with psoriatic arthritis (PsA)
were excluded from all four cohorts due to
previous evidence demonstrating higher HRU
and costs in this population [30, 31], which
would make the populations more heteroge-
neous in terms of HRU and costs.
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Data Source

Optum’s de-identified Clinformatics Data Mart
Database (CDM) was used for this study. This
database contains administrative claims data for
individuals with commercial and Medicare
Advantage health plans. The database includes
medical and pharmacy claims, member eligi-
bility, and inpatient admissions from a geo-
graphically diverse population. The claims data
also include standard pricing for all medical and
pharmacy claims and inpatient admissions.
Further details can be found in Text S1 in the
Supplementary Materials.

The study complied with all applicable
patient privacy laws and there was no direct
patient contact or primary collection of indi-
vidual subject data. As the results are aggregate
analyses without any patient identification,
ethics committee approval, institutional review
board approval, and informed consent were not
required.

Variables

The following variables were retrieved or
derived: demographic characteristics such as
length of observation, age, sex, race and eth-
nicity, geographic location, insurance type;
clinical characteristics such as number of PsO
diagnoses before index, Charlson comorbidity
index (CCI) and component conditions,
comorbidities potentially associated with HZ,
additional immunosuppression conditions,
PsO-related medications, and all-cause direct
costs.

HZ Incidence Assessment Inclusion
Criteria

Patients in the database during October 1, 2015
through February 28, 2020 were divided into
those with C 1 claim associated with a diagno-
sis of PsO (but no diagnosis of PsA) and those
with no claim associated with a diagnosis of PsO
or PsA (see Table S1 for International Classifi-
cation of Diseases, 10th Revision, Clinical
Modification [ICD-10-CM] codes). Patients
included in the PsO ? cohort additionally had a

confirmed diagnosis of PsO, defined as C 2
medical claims C 30 days apart, with a diagno-
sis of PsO.

Inclusion criteria for both the PsO ? and
PsO– cohorts included: C 6 months of contin-
uous enrolment before the index date, which
was defined as the later of the date of first PsO
diagnosis or 6 months after the start of contin-
uous enrolment for the PsO ? cohort, and after
6 months of continuous enrollment for the
PsO– cohort; no HZ diagnosis, including HZ
complications, before or on the index date (see
Table S1 for ICD-10-CM codes); no HZ vaccine
before or on the index date; and age C 18 years
on the index date.

For the portion of the study that assessed HZ
incidence, baseline was the 6 months before
index, and no minimum follow-up time was
required (Fig. 1a).

HZ Incidence Outcomes

Both unadjusted incidence rates of HZ and
adjusted incidence rate ratios (aIRRs) are repor-
ted for the overall population and by patient
age categories at index: 18–29, 30–39, 40–49,
50–59, 60–69, 70–79, and C 80 years. In the
PsO ? cohort, unadjusted HZ incidence rates
are reported by PsO therapy type (photother-
apy, systemic biologic therapies [IL-17, -23, and
-12/23 inhibitors, TNF-alpha inhibitors, and
T-cell inhibitors], systemic non-biologics, Janus
kinase [JAK] inhibitors, and topical/systemic
corticosteroid/no therapy/other) used prior to
incident HZ, HZ vaccination, or end of data
availability.

HZ Incidence Statistical Analyses

Various demographics (at index), clinical char-
acteristics, and healthcare costs (during
6-month baseline) are reported in the PsO ?

and PsO– cohorts. Comparisons of these mea-
sures were conducted using standardized dif-
ferences. Thresholds of standardized differences
of 20%, 50%, and 80% were assumed to repre-
sent small, medium, and large differences,
respectively [32].
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Multivariable comparative analyses were
performed using doubly robust propensity score
adjustment to account for differences between
the cohorts. The propensity score was calculated
using patients’ demographic and clinical char-
acteristics, the selection of which depended on
the cohorts and objective. Covariates with no
variation between cohorts were excluded. The
propensity score was then used in multivariable
models that regressed the outcome on the
propensity score, cohort status, and covariates
that were clinically relevant or imbalanced
between the cohorts, following on a doubly
robust estimation approach.

Unadjusted incidence rates of HZ were esti-
mated by multiplying the number of HZ cases
by 1000 and dividing by the total patient-years
(PY) of observation from the index date to an
incident HZ (event), HZ vaccination (censor), or
end of data availability, i.e., end of continuous

enrolment or end of the study period (censor).
Incidence rates are reported per 1000 PY. aIRRs
with 95% confidence intervals (CIs) were cal-
culated using generalized linear models (GLMs)
assuming a Poisson distribution and log link.
Statistical significance was assumed for aIRRs
when the 95% CIs did not include 1. The
propensity score of being diagnosed with PsO
and relevant baseline characteristics were
accounted for. When over-dispersion was
observed, negative binomial regression models
were used.

HRU and Cost Assessment Inclusion
Criteria

Patients with C 1 claim associated with a diag-
nosis of PsO (but no diagnosis of PsA) were
divided into those with and without C 1 claim

Fig. 1 Study designs for the assessment of (a) HZ
incidence (PsO ? and PsO– cohorts) and (b) HRU and
costs (PsO ? /HZ ? and PsO ? /HZ– cohorts). aRan-
domly assigned based on the distribution of the pre-index
eligibility (i.e., time between beginning of continuous

enrolment and index date) in the PsO ? /HZ ? cohort.
bPatients had to have C 1 claim with a PsO diagnosis
during baseline. HRU healthcare resource use, HZ herpes
zoster, PsO psoriasis
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with a diagnosis of HZ. Inclusion criteria for the
PsO ? /HZ ? and PsO ? /HZ– cohorts were: a
confirmed diagnosis of PsO; continuous eligi-
bility for C 12 months before and C 1 month
after the index date; no claim for an HZ vaccine
before or on the index date; and age C 18 years
on the index date. A confirmed diagnosis of PsO
was defined as C 2 medical claims C 30 days
apart associated with a diagnosis of PsO
between the beginning and end of continuous
enrolment (including C 1 during the 12-month
baseline period). The index date was defined as
the first HZ diagnosis during October 1, 2016
through January 28, 2020 in the PsO ? /
HZ ? cohort or was randomly assigned based
on the distribution of the pre-index eligibility in
the PsO ? /HZ ? cohort for the PsO ? /HZ–
cohort. Patients in the PsO ? /HZ ? cohort had
to have a first HZ diagnosis during October 1,
2016 through January 28, 2020, and the first
observed HZ diagnosis could not be for HZ with
other nervous system involvement (ICD-10-
CM: B02.2).

For the portion of the study that assessed
HRU and costs, baseline was the 12 months
before index and the minimum follow-up time
was 1 month (Fig. 1b).

HRU and Cost Outcomes

HRU outcomes include: (1) all-cause HRU (out-
patient visits, emergency department [ED] vis-
its, and inpatient admissions) in the PsO ? /
HZ ? vs PsO ? /HZ– cohorts; (2) all-cause costs
(medical [outpatient visits, ED visits, inpatient
admissions, and other] and pharmacy) in the
PsO ? /HZ ? vs PsO ? /HZ– cohorts; and (3)
HZ-related HRU and medical costs in the
PsO ? /HZ ? cohort, which were identified
using claims with an HZ diagnosis in any posi-
tion; these were only available for medical
claims, not pharmacy claims. HRU and cost
outcomes are reported during 1, 3, and 12
months after the index date among patients
with C 1, C 3, and C 12 months of observa-
tion, respectively. All-cause HRU and costs at 1
and 3 months are also reported among patients
with C 12 months of observation.

Medications administered in a medical set-
ting during a medical encounter and coded with
a procedure code were considered a medical
cost.

HRU and Cost Statistical Analyses

Various demographics (at index), clinical char-
acteristics, and healthcare costs (during
12-month baseline) are reported in the PsO ? /
HZ ? and PsO ? /HZ– cohorts. Comparisons of
these cohorts’ baseline characteristics were
conducted using standardized differences.

Propensity score adjustment was carried out
as detailed in the HZ Incidence Statistical
Analyses Section.

HRU outcomes are reported as the mean
number of each encounter type per patient
during 1, 3, or 12 months after the index date
and were compared using aIRRs with 95% CIs.
aIRRs were calculated using GLMs assuming a
negative binomial distribution and log link. The
propensity score of being in the PsO ? /
HZ ? cohort and relevant baseline characteris-
tics were accounted for.

Costs are reported as the mean total, medi-
cal, and pharmacy costs per patient during 1, 3,
and 12 months following the index date. A two-
part modeling approach was used to estimate
adjusted cost differences. Firstly, logistic
regression was used to model the probability of
a positive cost. Secondly, a GLM with a gamma
distribution and log link was used to predict
costs among patients who had positive costs.
Both of the models included the patients’
propensity scores and relevant baseline charac-
teristics. The GLM adjusted for a propensity
score based on baseline characteristics in a
doubly robust approach similar to the HRU
model described above. The 95% CIs were esti-
mated from nonparametric bootstrap proce-
dures with 499 replications. Statistical
significance was assumed for adjusted cost dif-
ferences when the 95% CIs did not include 0.
All costs were adjusted to 2021 US dollars (USD)
using the medical care component of the Con-
sumer Price Index.

All statistical analyses were conducted using
the statistical software SAS Enterprise Guide 7.1
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and SAS Studio (SAS Institute Inc., Cary, North
Carolina, US).

RESULTS

Higher HZ Incidence Among Patients
with PsO

Among 38,113,848 patients identified in the
CDM from October 1, 2015 through February

28, 2020, 144,115 were included in the
PsO ? cohort and 23,837,237 in the PsO–
cohort (Fig. S1). Patients in the PsO ? vs PsO–
cohort were older (mean age 57.2 vs 49.7 years),
more frequently White (73.0% vs 62.8%), more
often had Medicare Advantage (41.8% vs
28.1%), had a higher comorbidity burden
(mean CCI 0.6 vs 0.4), had more comorbidities
potentially associated with HZ (7.8% vs 4.6%),
more frequently used systemic PsO-related
treatments or phototherapy (27.4% vs 11.5%),

Fig. 2 Unadjusted incidence rates and aIRRs of HZ in the
PsO ? vs PsO– cohorts, overall and by age at index.
aIncidence rates were calculated by dividing the number of
incident HZ events during the observation period by the
patient-time observed. Patients were followed until HZ
diagnosis or censored at the first of: receipt of HZ vaccine
or end of data availability. The PsO ? cohort included
144,115 patients (10,188, 16,817, 20,505, 26,961, 32,864,
26,220, 10,560 for ages 18–29, 30–39, 40–49, 50–59,
60–69, 70–79, and C 80 years, respectively); the PsO–
cohort included 23,837,237 patients (4,487,143,
4,083,218, 3,658,704, 3,704,033, 3,901,319, 2,587,543,
1,415,277 for ages 18–29, 30–39, 40–49, 50–59, 60–69,
70–79, and C 80 years, respectively). The mean ± SD
observation period in the PsO ? cohort was
22.8 ± 13.9 months (19.4 ± 12.9, 20.8 ± 13.6,
22.3 ± 14.0, 22.2 ± 13.9, 22.3 ± 13.7, 25.9 ± 14.0,
25.5 ± 13.8 months across age groups); in the PsO–
cohort 20.9 ± 15.7 months (16.7 ± 14.0, 18.2 ± 14.8,
19.9 ± 15.5, 20.7 ± 15.6, 21.9 ± 15.5, 29.3 ± 15.9,
27.5 ± 15.9 months across age groups). baIRRs were
calculated using the PROC GENMOD procedure for

GLMs assuming a Poisson distribution and log link,
accounting for the propensity score of being diagnosed
with PsO and relevant baseline characteristics. The GLM
for the overall cohort adjusted for a propensity score based
on the following baseline characteristics: index year, age at
index, sex, race and ethnicity, region, insurance type, CCI,
any comorbidity associated with HZ, additional immuno-
suppressive conditions, use of specific PsO treatment type,
inpatient costs, outpatient costs, ED costs, other medical
costs, and pharmacy costs, as well as the following
characteristics (doubly robust adjustment): index year,
age at index, race and ethnicity, insurance type, CCI, use of
specific PsO treatment type, inpatient costs, outpatient
costs, ED costs, other medical costs, and pharmacy costs.
For the age stratifications, age at index was excluded from
the propensity score and doubly robust adjustment by
design. aIRR adjusted incidence rate ratio, CCI Charlson
comorbidity index, CI confidence interval, ED emergency
department, GLM generalized linear model, HZ herpes
zoster, PsO psoriasis, PY patient-years, SD standard
deviation
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and had higher mean all-cause healthcare costs
during baseline ($12,171 vs $6102) (Table 1).
The mean lengths of the observation periods in
the PsO ? and PsO– cohorts were 24.1 ± 14.1
and 21.7 ± 16.0 months.

There were 3105 HZ events during 273,683
PY of follow-up in the PsO ? cohort and
318,864 HZ events during 41,557,883 PY in the
PsO– cohort. The unadjusted incidence rate of
HZ was higher in the PsO ? vs PsO– cohorts,
overall (11.35 vs 7.67 per 1000 PY) and in each
age group (Fig. 2). After adjustment for baseline
covariates, the incidence rate of HZ was signif-
icantly higher in the PsO ? vs PsO– cohorts,

overall (aIRR: 1.21; 95% CI 1.16–1.25) and in
each age group. The incidence rate of HZ
increased with age, from 3.51 to 17.35 per 1000
PY for those aged 18–29 to C 80 years, respec-
tively, in the PsO ? cohort, and from 2.13 to
13.95 per 1000 PY, respectively, in the PsO–
cohort, but the aIRRs tended to decrease with
increasing age. The incidence rate of HZ varied
widely by PsO therapy, from 3.08 per 1000 PY
among 2376 patients who received IL-23 inhi-
bitors (aIRR: 0.44, 95% CI 0.26–0.75 vs the PsO–
cohort) to 18.29 per 1000 PY (aIRR: 2.01, 95%
CI 1.45–2.80) among 1229 on phototherapy
(Fig. S2).

Fig. 3 HRU in the PsO ? /HZ ? vs PsO ? /HZ–
cohorts during 1, 3, and 12 months after indexa. aFor the
1 month after index, data from all patients (1859 PsO ? /
HZ ? and 78,664 PsO ? /HZ–) were used; for the
3 months after index, 1709 PsO ? /HZ ? and 75,446
PsO ? /HZ– with C 3-month follow-up; for the
12 months after index, 1,081 PsO ? /HZ ? and 32,963
PsO ? /HZ– with C 12-month follow-up. bHRU
encounters were calculated as the mean number of HRU
events per patient during the period of interest. caIRRs
were calculated using the PROC GENMOD procedure for
GLMs assuming a negative binomial distribution and log
link, accounting for the propensity score of being in the
PsO ? /HZ ? cohort (for the PsO ? /HZ– cohort)
and relevant baseline characteristics. The GLM was

adjusted for a propensity score based on the following
baseline characteristics: index year, age at index, sex, race
and ethnicity, region, insurance type, having only one PsO
diagnosis prior to index, CCI, any comorbidity associated
with HZ, additional immunosuppressive conditions, use of
specific PsO treatment type, inpatient costs, outpatient
costs, ED costs, other medical costs, and pharmacy costs, as
well as the following characteristics (doubly robust adjust-
ment): index year, age at index, CCI, inpatient costs,
outpatient costs, ED costs, other medical costs, and
pharmacy costs. aIRR adjusted incidence rate ratio, CCI
Charlson comorbidity index, CI confidence interval, ED
emergency department, GLM generalized linear model,
HRU healthcare resource use, HZ herpes zoster, PsO
psoriasis
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Elevated HRU and Costs Among Patients
with PsO and HZ

For the HRU and cost analyses, 1859 patients
were included in the PsO ? /HZ ? cohort and
78,664 in the PsO ? /HZ– cohort (Fig. S3).
Patients in the PsO ? /HZ ? vs PsO ? /HZ–
cohort were older (mean age 65.3 vs 58.3 years),
more often had Medicare Advantage (58.0% vs
42.0%), had a higher comorbidity burden
(mean CCI 1.3 vs 0.9), more frequently had
comorbidities potentially associated with HZ
(15.3% vs 11.5%), and had higher mean all-

cause healthcare costs during baseline ($39,815
vs $30,069) (Table 1). There were 1709 PsO ? /
HZ ? patients and 75,446 PsO ? /HZ– patients
with C 3 months of follow-up; and 1081 and
32,963, respectively, with C 12 months of fol-
low-up.

The unadjusted numbers of each HRU cate-
gory (outpatient visits, ED visits, and inpatient
admissions) were higher in the PsO ? /HZ ? vs
PsO ? /HZ– cohorts for all three outcomes at all
three time points, e.g., during month: 2.83 vs
1.30 outpatient visits per patient; 0.17 vs 0.06
ED visits per patient; 0.04 vs 0.01 inpatient

Fig. 4 All-cause costs in the PsO ? /HZ ? vs PsO ? /
HZ– cohorts during a 1 month, b 3 months, and
c 12 months after index. aCost differences were estimated
using the two-part modeling approach: (1) the probability
of observing a positive cost was modeled using logistic
regression; (2) a GLM with a gamma distribution and log
link was used to predict costs among patients with positive
costs. Both models included the patients’ propensity scores
and relevant baseline characteristics. The 95% CIs were
estimated from nonparametric bootstrap procedures with
499 replications. The GLM adjusted for a propensity score
based on the following baseline characteristics: index year,
age at index, sex, race and ethnicity, region, insurance type,
having only one PsO diagnosis prior to index, CCI, any

comorbidity associated with HZ, additional immunosup-
pressive conditions, use of specific PsO treatment type,
inpatient costs, outpatient costs, ED costs, other medical
costs, and pharmacy costs, as well as the following
characteristics (doubly robust adjustment): index year,
age at index, insurance type, CCI, inpatient costs,
outpatient costs, ED costs, other medical costs, and
pharmacy costs. bIncluding skilled nursing facilities, home
care services, hospice, vision care, and durable medical
equipment. CCI Charlson comorbidity index, CI confi-
dence interval, ED emergency department, GLM general-
ized linear model, HZ herpes zoster, PsO psoriasis, SD
standard deviation, USD United States dollars
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admissions per patient (Fig. 3). After accounting
for baseline covariates, all three HRU categories
were significantly higher in the PsO ? /
HZ ? cohort during 1 and 3 months, e.g., dur-
ing month: outpatient visits: aIRR: 1.96, 95% CI
1.86–2.06; ED visits: aIRR: 3.18, 95% CI
2.58–3.93; inpatient admissions: aIRR: 2.19,
95% CI 1.69–2.85. Outpatient and ED visits
during 12 months were also significantly higher
in the PsO ? /HZ ? cohort. When the analysis
was restricted to patients with C 12 months of
follow-up, the results were similar (Fig. S4).

Mean all-cause costs during month after the
index date were higher in the PsO ? /HZ ? vs
PsO ? /HZ– cohort ($5020 vs $2715 per patient;
adjusted cost difference: $1390; 95% CI
$842–$1964; Fig. 4a). This difference was driven
by inpatient admission costs (adjusted cost dif-
ference: $760; 95% CI $438–$1066), but the
adjusted cost differences in outpatient and ED
visits were also significant ($263; 95% CI
$164–$385 and $204; 95% CI $150–$261,
respectively). During the 3 months after the
index date, costs remained higher in the
PsO ? /HZ ? vs PsO ? /HZ– cohort ($12,305 vs
$8256; adjusted cost difference: $1422; 95% CI
$280–$2889; Fig. 4b). This difference was driven
by inpatient admission costs (adjusted cost dif-
ference: $865; 95% CI $227–$2140), but the
adjusted cost differences in outpatient and ED

visits were also significant ($368; 95% CI
$130–$606 and $193; 95% CI $113–$287,
respectively). By 12 months after index, per-
patient mean costs were still numerically higher
in the PsO ? /HZ ? cohort, but the adjusted
cost difference was only $17 with high uncer-
tainty around the point estimate (95% CI -

$3535 to $4313) (Fig. 4c). Cost results for the
subset of patients with C 12 months of follow-
up are shown in Fig. S5.

Mean HZ-related medical costs were $1222,
$1517, and $1822 during 1, 3, and 12 months
after index, respectively, in the PsO ? /
HZ ? cohort (Fig. 5). Costs were driven by
inpatient admission costs, but most HZ-related
use was in the outpatient setting with 1.38–1.89
HZ-related visits per patient across the three
time periods (compared with 0.11–0.12 ED vis-
its; and 0.03–0.04 inpatient admissions; data
not shown).

DISCUSSION

This retrospective claims-based study estimated
that the incidence of HZ was significantly
higher in patients with PsO than in patients
without PsO (11.35 vs 7.67 per 1000 PY; aIRR:
1.21; 95% CI 1.16–1.25). HRU and costs were
also significantly higher among patients with

Fig. 5 HZ-related medical costs in the PsO ? /
HZ ? cohort during 1, 3, and 12 months after index.
aIncluding skilled nursing facilities, home care services,
hospice, vision care, and durable medical equipment.

Values are 6, 8, and 13 at 1, 3, and 12 months, respectively.
ED emergency department, HZ herpes zoster, PsO
psoriasis, SD standard deviation, USD United States
dollars
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PsO and HZ vs those with PsO but no HZ (e.g.,
means of $5020 vs $2715 during month after
index; adjusted cost difference: $1390; 95% CI
$842–$1964).

HZ Incidence

Our finding that patients in the PsO ? cohort
had a higher incidence of HZ than those in the
PsO– cohort (aIRR: 1.21; 95% CI 1.16–1.25) is in
line with a previous US study (8.03 vs 4.82 cases
per 1000 PY) [11] and various studies outside
the US: adjusted hazard ratio [aHR]: 1.08; 95%
CI 1.05–1.11 [10], aHR: 1.22; 95% CI 1.12–1.33
[8], and aHR: 1.29; 95% CI 1.07–1.56 [9]. How-
ever, another study reported no increased risk of
HZ among patients with PsO vs immunocom-
petent individuals [33]. Interestingly, one of the
studies reported similar HZ risk for patients with
mild and severe PsO (aHR: 1.23 and 1.19,
respectively) [8], while two reported higher
aHRs with more severe PsO (1.61 [severe] vs 1.20
[mild] [9]; 1.17 [moderate-to-severe] vs 1.07
[mild] [10]).

We did not study HZ incidence by PsO
severity but did find differences in HZ incidence
in the PsO ? cohort by PsO therapy (Fig. S2),
which may be used as a proxy for disease
severity. These data should be interpreted with
caution due to confounding factors, small
patient counts in some groups, and because
groupings were only based on the medications
used at the end of follow-up. Patients on inter-
leukin inhibitors had lower or similar HZ inci-
dences to the PsO– cohort, while those on any
other therapy had higher HZ incidences than
the PsO– cohort. Other studies have reported
that HZ risk is increased in patients taking sys-
temic corticosteroids [13, 15, 16], TNF-alpha
inhibitors [12, 16], JAK inhibitors [15, 16], and
various combination treatments [13–16], but
not in those on interleukin inhibitors
[13, 15, 16], acitretin [16], or phototherapy
[14, 16].

Lastly, the incidence rates of HZ increased
with age in the PsO ? and PsO– cohorts, which
is in line with other studies of patients with PsO
[8, 9, 11] and the general population [21]. In a
US database study from 2005 to 2009, the

incidence of HZ among patients with PsO
increased from 5.3 per 1000 PY among patients
aged 18–49 years to 15.4 per 1000 PY among
those aged C 65 years [11]. In another study
outside the US, HZ incidence increased from 5.5
per 1000 PY among patients aged 20–39 years to
20.4 per 1000 PY among those aged C 60 years
[8]. Similarly, in another non-US study, the
incidence of HZ increased from 1.4 per 1000 PY
among patients aged 20–39 years to 9.3 per
1000 PY among those aged C 60 years [9]. This
indicates that older patients with PsO have a
greater HZ disease burden. Interestingly, the
aIRR tended to decrease with increasing age. As
the background risk of HZ increases with age,
we may conclude that PsO may increase the risk
of HZ more meaningfully among younger
adults.

HRU and Cost

Patients in the PsO ? /HZ ? vs PsO ? /HZ–
cohort had significantly higher HRU across all
visit types (outpatient visits, ED visits, and
inpatient admissions) during 1 and 3 months
after index (Fig. 3). This resulted in significant
adjusted cost differences during 1 and 3 months
($1390; 95% CI $842–$1964 and $1422; 95% CI
$280–$2889, respectively; Fig. 4). By 12 months,
the adjusted cost difference had fallen to $17,
although there was a high degree of uncertainty
(95% CI - $3535 to $4313). This high uncer-
tainty in the estimated cost difference may be
due to the high variability in costs within
cohorts and the relatively modest sample size of
the PsO ? /HZ ? cohort with C 12 months of
follow-up. HZ-related costs were high during
month after index ($1222). Among patients
with longer follow-up, mean HZ-related costs
during 3 and 12 months were $1517 and $1822,
respectively. These results are in line with HZ
being an acute disease, with most of the cost
occurring during month, although patients
who went on to develop complications such as
postherpetic neuralgia or HZ ophthalmicus may
have required longer-term medical care. Of
note, patients in the PsO ? /HZ ? cohort had
higher mean baseline medical costs than those
in the PsO ? /HZ– cohort ($39,815 vs $30,069),
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which could imply that higher healthcare uti-
lizers were more likely to be diagnosed with HZ.

To our knowledge, no other studies on HRU
and costs of HZ among patients with PsO have
been published. However, two US studies have
reported annual mean all-cause healthcare costs
of $10,965 (2014 USD) [31] and $11,062 (2019
USD) [30] per patient with PsO but without PsA.
Others have reported annual mean all-cause
healthcare costs of $13,731 (2012 USD) [34] and
$21,481 (2014 USD) [31] per patient with
moderate-to-severe PsO. The mean annual costs
in our PsO ? /HZ– cohort ($30,069 during
baseline; $30,809 during follow-up [2021 USD])
were considerably higher than these estimates.
This could be because: (1) patients in the cur-
rent study were older than those in the earlier
studies (mean age of 58 years vs mid-40s)
[30, 31, 34]; (2) patients in our study likely had
longer-standing PsO disease as our index date
was any time after a first PsO diagnosis, while
the other studies defined index as first PsO
diagnosis; and (3) inflation.

Various studies have reported on the costs of
HZ in different populations in the US. In 2009,
Yawn et al. [35] reported that, during the
3 weeks before to 3 months after an HZ diag-
nosis, patients in a community population had
means of 2.39 outpatient visits, 0.20 ED visits,
and 0.07 inpatient admissions attributable to
HZ, and had an HZ-attributable mean cost of
$1112 (2006 USD). This is similar to the HZ-
related cost in the current study during
3 months after index ($1517 [2021 USD]) after
accounting for inflation.

Meyers et al. [36] reported incremental costs
among immunocompetent patients
aged C 50 years with HZ compared with mat-
ched controls without HZ. Their mean adjusted
incremental healthcare costs were $979 and
$1270 (2013 USD) for 1 and 3 months, respec-
tively [36]. Our adjusted cost differences at
these time points were $1390 and $1422 (2021
USD), respectively. Meyers et al. [37] also
reported incremental costs among immuno-
compromised patients aged C 50 years with HZ
compared with matched controls without HZ.
Their mean unadjusted incremental healthcare
costs were $561 and $1087 (2013 USD) for 1 and
3 months, respectively.

Other studies have reported on the addi-
tional HRU and costs observed in patients with
COPD [38] or rheumatoid arthritis [32] with vs
without HZ. The estimated adjusted cost dif-
ferences were $2983 and $3404 during month,
respectively. These are higher than in the cur-
rent study, likely due to different population
characteristics. However, all three studies
showed a high burden of HZ among patients
with comorbid conditions, with much of the
costs accruing soon after an HZ diagnosis.

Strengths and Limitations

Strengths of the current study include the
novelty of the HRU and cost findings, breadth
of our sample, relatively recent data, large
sample size, and robust analytical approach
used for comparative analyses. The propensity
score adjustment approach allowed us to max-
imize the sample size, as opposed to propensity
score matching, in which patients without
matches would have been removed, thereby
reducing the overall study sample size, and
potentially reducing generalizability. While
multivariable models and doubly robust
propensity score adjustment may arrive at sim-
ilar conclusions, propensity score adjustment is
more robust to model misspecification relative
to multivariable models alone.

However, this study has several limitations
to consider when interpreting the results. The
administrative claims in CDM are primarily
generated for the payment of health services
and do not include certain clinical variables,
e.g., disease severity, physician notes, patient-
reported outcomes, or quality of life measures.
The lack of medical record review may have
resulted in residual confounding and misclassi-
fication, given the complexities of the PsO
population. More generally, HRU and cost cal-
culations may be subject to omissions, missing
data, or coding errors. Clinical encounters and
pharmacy claims for which a particular diag-
nosis code is not used to specify the condi-
tion(s) for which the medical act is performed
may lead to the underreporting of HRU associ-
ated with these conditions.
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HZ-related costs may accumulate shortly
before a patient’s HZ diagnosis during the pro-
dromal period of disease [35]. Thus, any HZ-re-
lated HRU and cost prior to a patient’s HZ
diagnosis would not have been included, so
HRU and associated costs may have been
underestimated. Instead, some of these costs
may have been captured in the baseline all-
cause cost. Although ICD-10-CM codes for
acute HZ episodes have been shown to have
high positive predictive values [39], it is possible
that the use of one HZ-associated claim may not
result in an accurate estimation of HZ inci-
dence. There is also the possibility that HZ
could have been misdiagnosed as PsO [40]. Also,
data were derived from CDM, which provides
data from commercial and Medicare Advantage
with Part D plans. CDM may not be generaliz-
able to patients not covered by commercial and
Medicare Advantage insurance programs, such
as Medicaid or patients without insurance, or
patients outside the US.

CONCLUSIONS

Patients with PsO (without PsA) had a higher
incidence of HZ than those without psoriatic
disease. This finding may be related to their
underlying disease, immunosuppressive treat-
ments for PsO, or may be influenced by both.
Patients with PsO and HZ had higher HRU and
costs than those with PsO without HZ during 1
and 3 months after an HZ diagnosis. Findings
from this study help to bridge a gap in the lit-
erature and, considering the high prevalence of
PsO in the general population and the burden
of HZ among patients with PsO, are important
for understanding the impact of HZ in this
population.
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