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Abstract

Background—The herpes zoster (HZ) vaccine is recommended for adults age > 60 years
without weakened immune systems in the U.S. It is unclear how the risk of HZ varies according to
age and disease conditions for younger patients with autoimmune or inflammatory (Al) diseases.
We evaluated the age-stratified incidence of HZ associated with Al diseases compared to adults
recommended for vaccination by the CDC.

Methods—Using linked commercial and governmentally-insured patients (2007-2010), we
assembled seven Al cohorts: systemic lupus erythematosus (SLE), inflammatory bowel disease
(IBD), rheumatoid arthritis (RA), psoriasis (PsO), psoriatic arthritis (PsA), ankylosing spondylitis
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(AS), gout and two comparison cohorts: diabetes and patients without Al and diabetic conditions.
We identified HZ using diagnostic codes. Age-specific incidence rates (IR) were calculated and
compared with the IR in patients aged 60-69 and without Al and diabetic conditions.

Results—We identified 8,395 SLE, 7,916 IBD, 50,646 RA, 2,629 PsA, 4,299 PsO, 1,019 AS,
58,934 gout, 214,631 diabetes and 330,727 enrollment periods without Al and diabetic conditions.
Highest to lowest, the IRs ranged from 19.9 per 1,000 pys for SLE cohort to 6.8 for gout cohort,
versus 5.3 in patients without Al and diabetic conditions. The age-specific IRs of HZ for RA and
SLE patients aged =40 were 1.5-2 times greater than those observed in healthy adults for whom
the vaccine is currently recommended (8.5/1000).

Conclusions—SLE, IBD and RA are associated with higher risks of HZ compared to older
adults recommended for vaccination, suggesting that individuals with these conditions as young as
age 40 could potentially benefit from vaccination.

INTRODUCTION

Herpes Zoster (HZ), also known as shingles, is a viral disease caused by reactivation of
latent varicella-zoster virus in cranial-nerve or dorsal-root ganglia(1). HZ is characterized as
a painful, dermatomal, vesicular rash and may be complicated by post-herpetic neuralgia (2,
3). More than one million HZ cases occur in the United States (U.S.) every year. Both the
incidence rate (IR) and severity of HZ increase with advancing age, and more than half of all
persons in whom HZ develops are older than 60 years (4-6). The Shingles Preventive Study
reported that the IR of HZ for healthy people 60-69 years old without autoimmune diseases
was 10.8 per 1000 person-years (PYs) in the unvaccinated group (6). Another randomized
clinical trial reported the IR of HZ among individuals aged 50-59 years was 6.7 per 1000
PYs (7).

Antiviral medications approved for treatment of HZ, including acyclovir, valacyclovir or
famciclovir, can reduce the severity and duration of HZ, but they may not prevent the pain
and development of post-herpetic neuralgia, which can persist for years and may be
refractory to treatment(8). The live HZ vaccine (Zostavax, Merck & Co., Inc.), the only
licensed vaccine for HZ prevention in adults, recommended in 2006 by the U.S. Center for
Disease Control (CDC) for adults aged 60 years and older (9). In 2011, the Food and Drug
Administration (FDA) approved the use of HZ vaccination in healthy adults aged 50 through
59 years (2)(10). However, perhaps because of the lower absolute risk of HZ in this group,
concern regarding the duration of response, and a HZ vaccine supply shortage, the CDC
Advisory Committee on Immunization Practices (ACIP) did not recommend the vaccine for
adults aged 50 through 59 years(11).

In addition to age, an individual’s immune system is an essential factor in reactivation of the
varicella-zoster virus (12). Studies have suggested that HZ events are several times higher
among patients with Al conditions such as SLE and RA as compared to patients without
autoimmune diseases or inflammatory (Al) conditions (13). Because the HZ vaccine is a
live-attenuated vaccine, its use in patients with Al conditions remains the subject of debate
even though patients with Al conditions are at an increased risk of HZ (11, 14). Despite a
paucity of data, vaccination is not recommended for patients who are on high-dose steroids
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or on certain medications such as biologic therapies. In 2012, the American College of
Rheumatology (ACR) endorsed the ACIP recommendations about appropriate use of HZ
vaccination among rheumatoid arthritis (RA) patients age 60 and above. In 2015, the ACR
lowered the zoster vaccine recommendation to RA patients age 50 and above (15). No other
recommendations have been made about vaccinating individuals with other autoimmune or
rheumatic diseases.

Given the appreciable benefits of the vaccine in reducing the burden of zoster-related illness,
it is unclear whether the absolute risk for HZ for younger patients with Al conditions might
be high enough to warrant vaccination at ages earlier than recommended by the CDC.
Accordingly, we evaluated the overall and age-stratified absolute incidence of HZ infection
associated with different Al diseases compared to adults without Al conditions. We
hypothesized that the absolute rate of HZ in younger patients with Al diseases would be
comparable to or greater than the corresponding rate of HZ in healthy adults aged 60 or
older without Al, for which zoster vaccination is strongly recommended.

STUDY DESIGN

Data sources

The Department of Health and Human Services Office (HHS) of the Assistant Secretary for
Planning and Evaluation (ASPE) and the Centers for Medicare and Medicaid Services
(CMS) built a national multi-payer claims database (MPCD) to better support comparative
effectiveness research (16). With greater geographic coverage and clinical representativeness
than single source data, MPCD database incorporated public and private data, representing
beneficiaries with United Healthcare, Medicare, or Medicaid coverage during 2007-2010.
The MPCD data contain patients’ demographic and insurance coverage information from
enrollment files, claims for inpatient and outpatient services, and prescription medications.

Study design and population

We conducted a retrospective study using MPCD in 2007-2010. After applying inclusion
and exclusion criteria, we assembled 7 mutually exclusive Al disease cohorts, including
systemic lupus erythematosus (SLE), inflammatory bowel disease (IBD), rheumatoid
arthritis (RA), psoriasis (PsO), psoriatic arthritis (PsA), ankylosing spondylitis (AS), and
gout. These Al disease cohorts were mutually exclusive to two comparison cohorts: diabetes
and adults without Al or diabetic conditions. As the cohort selection diagram shown in
Figure 1, we required all patients in the Al disease cohorts or diabetes cohort to meet the
following inclusion criteria: 1) at least two physician diagnoses for specific disease that were
between 7 and 365 days apart; 2) at least one prescription fill or administration of disease
specific treatments(17-20) (See diagnosis and medication list in supplemental table 1); 3) at
least13 months continuous medical and pharmacy coverage (i.e. 12 months baseline and = 1
month follow-up); 4) age equal to or older than 20 years old. Thus, the follow-up start date
(defined as the index date) was the latest date after which three conditions were met: the
second diagnosis of Al disease or diabetes, first date of prescription medication for that
condition, or the first date of the 13t month of full health plan coverage.
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To increase the homogeneity of the patient cohorts, several exclusion criteria were also
applied. Since patients with other auto-immune disease, HIV or malignant neoplasms
(excluding non-melanoma skin cancer) may experience a higher risk of HZ, we excluded
patients with a physician diagnosis of these conditions. For a similar reason, patients with a
zoster diagnosis or antiviral prescription at any time prior to the index date were also
excluded from the final cohort. Patients in all cohorts were followed until December 31,
2010, experienced HZ, died, or lost coverage. As a small proportion of patients (<1%) had
more than one insurance enrollment period during the study period, the analysis allowed
inclusion of all enrolled periods and thus to contribute more than one observation to the
analysis if all other criteria were met for each enrollment period. Therefore, each
observation represented an eligible insurance enrollment period.

As a comparator cohort, we derived a comparator ‘healthy patient’ cohort of individuals who
were older than 20, who had 13 months of continuous of medical and pharmacy coverage,
and had no any diagnosis code or drugs associated with any of the Al diseases or diabetes.
Patients in the comparator cohort without Al or diabetic conditions started their follow-up at
the first date of the 13t month of full coverage and follow-up ended at December 31, 2010
or when patients experienced HZ, died, lost coverage or encountered any diagnosis code for
an Al disease

Herpes zoster outcome

The outcome was the first HZ event during follow-up. We identified HZ using an
International Classification of Disease, 91 Revision, Clinical Modification (ICD-9-CM)
inpatient or outpatient diagnosis code (053.x). This algorithm has previously been validated
and been shown to have high sensitivity and positive predictive values (>85%) for
identifying incident HZ (21, 22).

Factors related to HZ

We examined factors that could confound the associations of age and autoimmune diseases
with HZ using data from baseline. We used Current Procedural terminology (CPT) code
90736 or National Drug Codes (NDC) for HZ vaccine to identify patients who had HZ
vaccination. Age at the index date was categorized in ten-year increments from 21-30 to
older than 70 years old. HZ vaccination status was dichotomous and time varying, meaning
that patients could enter the analysis as having not been vaccinated, and subsequently
change vaccination status during follow-up. Use of biologics and glucocorticoids were also
defined as time varying during follow-up. For each person day, we evaluated whether the
patient was on biologic or not based on the days of supply or infusion intervals after
identifying injected biologics using pharmacy records and infused drugs (e.g. biologics)
using Part B Healthcare Common Procedures Coding System (HCPCS) J—codes (23, 24).
Using dispensed glucocorticoid dose 120 days before the index date in pharmacy data, we
calculated average daily dose of oral glucocorticoids during baseline and we updated
glucocorticoid dose every 4 months during follow-up. We classified daily glucocorticoids
into three categories: none, < 5mg/day and >5 mg/day of prednisone (or equivalent). Other
factors we examined during baseline included: gender, comorbidities, concurrent
medications and long term care residency. Comorbidities included prior outpatient infection,

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yun et al.

Page 5

prior hospitalized infection, prior all-cause hospitalization, chronic obstructive pulmonary
disease, heart failure, angina, and diabetes. Concurrent medications included methotrexate,
non-steroidal anti-inflammatory drugs, narcotics, hypertension medications, antidepressants,
and anti-hyperlipidemia medication. We identified patients’ long-term care residency status
using prior published algorithms (25).

Statistical analysis

We compared patients’ baseline characteristics across nine cohorts. For each cohort, we
calculated the absolute age-specific IR per 1,000 person-years with 95% confidence
intervals (CI), and then calculated the incidence rate ratio (IRR) with 95% CI for each age
category in each Al disease or diabetes cohort compared to patients aged 60-69 in the cohort
without Al or diabetic conditions. Because the FDA approved the HZ vaccine for individuals
aged 50 and older, yet the CDC ACIP recommendation is to vaccinate healthy patients ages
> 60 (and not people ages 50-59), we therefore derived our non-inferiority bound between
10 year age strata across all diseases., We derived our non-inferiority margin based upon the
IRs of HZ reported in the Shingles Preventive Study for the healthy general population aged
60-69 (IR of 10.8 per 1000 PYs) who are recommended by the CDC to be vaccinated and
compared it to the IR for patients aged 50-59 years old (hot recommended by the CDC to be
vaccinated, and with an IR of 6.7 per 1000 PYs) from a similar trial (6, 7). Therefore, we
used a non-inferiority margin of 0.62, derived from an incidence rate ratio [IRR] of 6.7 /
10.8 For each 10 year age group-specific IRR, we classified the IR of HZ for each cohort as
significantly higher (lower limit of the IRR 95% CI >1.0), comparable (i.e. non-inferior,
defined as the lower limit of the IRR 95% CI > 0.62 but < 1.0), or inconclusive (any other
result), using the age-specific HZ IR in healthy people aged 60-69 in the data as referent.

Age could confound the comparisons between cohorts if the disease cohort groups had
different age distributions. Therefore, we calculated the age standardized IR per 1,000 PYs
with 95% CI using the U.S. 2010 census population and as important potentially
confounding factors, effects of diabetes and glucocorticoids use among the SLE and RA
cohorts were evaluated. A Cox regression model adjusted for age, gender, race, and
vaccination was used to determine the hazard ratio (HR) for HZ across cohorts. To avoid
adjusting for variables in the causal effect pathways with the Al conditions, comorbidities
and concurrent Al medication use measured during baseline were not included in the model.

As a subgroup analysis, we evaluated the magnitude of benefit of HZ vaccination in patients
with Al diseases. However, because few patients younger than 60 years old were vaccinated,
and we had a reasonable absolute number of vaccinated patients only in the RA cohort,
therefore, we included only patients older than 60 with RA in this additional analysis. We
calculated the incidence rate of HZ by patients’ time-varying vaccination status and age
among patients with RA and patients without Al or diabetic conditions. Cox regression
models were constructed to assess the crude and adjusted hazard ratio of HZ associated with
the benefit of HZ vaccination on HZ incidence. We performed two levels of adjustment.
Initial adjustment included age, sex and race to account for demographic differences
between patients with different vaccination status. Subsequent adjustment also included
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time-varying biologic use and average daily dose of oral glucocorticoids. An interaction
between vaccination and glucocorticoid dose was also evaluated in a secondary analysis.

In a sensitivity analysis, we identified HZ using an ICD 9 inpatient diagnosis code alone
(053.x) or an outpatient diagnosis code plus a claim for an antiviral medication within 30
days of the code, and then repeated all analyses. All analyses were performed using SAS
version 9.3. The study was approved by the University of Alabama Institutional Review

Board (IRB) and governed by a Data Use Agreement (DUA) from the data provider.

RESULTS

Our final study population consisted of 330,727 enrollment periods in the cohort without Al
or diabetic conditions, 214,631 with diabetes, 8,395 with SLE, 7,916 with IBD, 50,646 with
RA, 2,629 with PSA, 4,299 with PsO, 1,019 with AS, and 58,934 with gout. Selection of the
final cohort for RA is demonstrated in Figure 1, and similar selection criteria were applied to
other cohorts.

Baseline characteristics of the nine cohorts are presented in Table 1. More than 65% of
patients in the diabetes, RA, and gout cohorts were older than 60 years old; 90% of SLE and
78% of RA patients were women and 73% of AS patients were men. Overall, baseline
comorbidities and medications were similar across the 7 Al conditions. SLE patients had a
high proportion of renal diseases and outpatient infections. Compared to the cohort without
Al or diabetic conditions, gout patients had a higher rate of diabetes, heart failure, renal
disease, hypertension medication, anti-hyperlipidemia medications. As expected, few
patients in the diabetes and the cohort without Al or diabetic conditions used oral
glucocorticoids or DMARDs, unlike patients in SLE and RA cohorts, among whom 40% of
patients took glucocorticoids during baseline.

Age specific HZ IRs for each cohort are presented in Table 2. The IR of adults aged 61-70
without Al was 8.5 per 1000 person years. Based on the pre-specified non-inferiority margin
of an HZ IRR of 0.62, we categorized the age-disease specific IRs into three categories:
significantly higher (red), comparable (yellow), or inconclusive or lower (no shading). The
age-specific rate of HZ for SLE, IBD and RA patients in their 20s, 30s, and 40s, was
comparable or substantially higher than the corresponding rate in adults without Al aged =
60 (see Supplemental table 2).

The age standardized IR for each cohort adjusted to 2010 U.S. Census population (>20 years
old) is presented in Figure 2. Across the 7 Al disease cohorts, the age-standardized IR
ranged from a high of 20.0 per 1000 person years (SLE) to a low of 6.8 (gout). For diabetes,
the associated age-standardized rate was 8.0/1,000, and for cohort without Al or diabetic
conditions, was 5.3/1000. The age-standardized IRs for female patients were numerically
higher than those for male patients in all cohorts (data not shown).

Based on whether patients had diabetes or used glucocorticoids during baseline, IRs of HZ
for patients with SLE or RA are presented in Figure 3. Patients using glucocorticoids
experienced higher IRs than those patients not using any glucocorticoids. However, diabetes
as comorbidity concurrent with RA and SLE did not appreciably elevate the IR of HZ.
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Compared with patients in the cohort without Al or diabetic conditions, the adjusted HRs for
the Al and diabetes cohorts were increased significantly (Supplemental Table 3). After
controlling for age, sex, race, and vaccination, HZ rates were approximately 1.5-fold
(diabetes) to approximately 3-fold (SLE) greater than patients in the cohort without Al or
diabetic conditions.

The crude and adjusted HRs associated with HZ vaccination among the RA patients are
shown in Table 3. Vaccinated patients were less likely to have subsequent HZ events than
those not vaccinated. Both biologic and oral glucocorticoids use were associated with an
elevated risk of HZ in the fully-adjusted model 2, and higher glucocorticoid dose was more
strongly associated with HZ incidence. There was no significant interaction between
vaccination and glucocorticoid use. Patients in the healthy patient cohort also were observed
to have a significantly lower rate of HZ associated with vaccination (not shown).

Sensitivity analyses using both diagnosis codes and anti-viral medications for identifying
HZ cases yielded lower absolute age-specific IRs and similar or higher IRRs compared to
the main analysis (Supplemental table 4). HZ rates in IBD patients aged 51-60 or older, RA
aged 41-50 or older, gout aged 6170 or older and PsA aged 71-85+ were significantly
higher than the 61-70 year-old patients in the cohort without Al or diabetic conditions.

DISCUSSION

This study found that younger SLE, IBD and RA patients had higher rates of HZ compared
to older healthy patients without Al or diabetic conditions aged 60-69. Overall, the risk for
HZ associated with the Al conditions was approximately 1.5 to 2.0-fold higher than
corresponding rates in healthy individuals, and after accounting for differences in age and
sex between various disease groups, HZ incidence was more than 3 fold greater in some
diseases (e.g. SLE) compared to healthy younger people. These results suggest that
preventive strategies such as vaccination might be considered for younger people in high risk
groups, such as patients with RA or SLE. Our results also suggest that the vaccine has
comparable efficacy in autoimmune disease patients as it does in an older population (26).

Age is the most important risk factor for HZ, and thus current recommendations on HZ
vaccination are based mainly on the age of individuals. Clinical trials of the zoster vaccine
reported that the IR of HZ in the unvaccinated group was 10.8/1000 pys for people 60-69
years old and 6.7/1000 pys among individuals aged 50-59 years (6) (7). By way of contrast,
the annual incidence of HZ is 1.2/1000 pys in healthy adults 2040 years old (27-29). The
live zoster vaccine has been approved for use in the general population aged 50 years or
older in the United States, but the ACIP recommends routine HZ vaccination for persons
aged 60 or older. While elevated HZ rates have been observed in patients with auto-immune
disease at younger ages (13, 30), few studies have evaluated the disease spectrum in adults
younger than 50 years or compared their age specific absolute IRs to the general population.
Additionally, concerns have been raised that if patients receive HZ vaccine at young age,
there is no sufficient evidence to indicate whether patients would need a booster dose at a
later time. Results from our study have shown that the risk of HZ in patients of all ages who
have SLE, IBD and RA are comparable to and in many cases exceed the risk seen in older
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individuals for whom the vaccine is recommended. The reasons for the increased HZ risk are
likely multifactorial, and the increased risk may partly reflect exposure to
immunosuppressive drugs (including glucocorticoid use), as well as the autoimmune
conditions themselves. Our findings are consistent with previous studies in finding an
increased risk of HZ associated with increasing doses of glucocorticoids (31) and biologic
use (32).

Guidelines of recommendations for HZ vaccination for patients with autoimmune disease
are not entirely consistent with one another. In the U.S. and Canada, the HZ vaccine is
considered appropriate for patients who use methotrexate, and low to moderate doses of
glucocorticoids, but not for patients treated with high dose glucocorticoids and biologics
(33) (34). In contrast, national committees on immunization practices in Europe recommend
avoiding HZ vaccination in patients receiving any immunosuppressive treatment (35). The
European League against Rheumatism recognizes the high disease burden of HZ and
recommends HZ vaccination to mildly immunosuppressed patients (36). Furthermore,
although the evidence is of very low quality, the recently updated 2015 ACR guideline
conditionally recommended giving the HZ vaccine in both early and established RA patients
ages = 50 years (15), rather than RA patients ages = 60 years recommended in the 2012
ACR guideline (33). These updated guidelines reflect the continued theoretical concern for
vaccine-induced infection associated with a live virus vaccine, especially in biologic-treated
patients, although the ACR panel deemed that RA patients as young as 50 had a high enough
risk for zoster to consider them appropriate candidates to receive the vaccine (36).

Although there are no completed prospective trials evaluating the clinical safety of HZ
vaccination in large cohort with Al, a pilot study in 10 SLE patients did not identify any HZ-
related safety problems when patients were vaccinated according to published
guidelines(14). An ongoing trial in inflammatory arthritis patients treated with anti-TNF
agents has not revealed any safety signals(37). Our findings suggest that the effectiveness of
the zoster vaccine for patients with RA is comparable to that in patients without Al or
diabetic conditions regardless their age. This finding is consistent with an observational
analysis that showed that receipt of the HZ vaccine was not associated with a short-term
increase in HZ incidence and in fact, reduced long term HZ risk, in Medicare patients with
selected Al conditions, including those exposed to biologics (26). Preliminary results for the
live zoster vaccine have been shown that the vaccine is both safe and effective in HIV
positive patients with CD4 counts ranging between 200 and 350 (38). Accumulating
evidence from observational or trials indicates that routine HZ vaccine administration for
patients with autoimmune disease is well tolerated and has the important effect of reducing
the burden of comorbid HZ. In addition, our findings are consistent with previous studies in
finding an increased risk of HZ associated with increasing doses of glucocorticoids (31, 32,
39).

A major strength of this study is that we examined the age-specific HZ IRs within large
cohorts of seven Al diseases and compared these rates to HZ IRs in diabetic and healthy
populations. Our study provided cumulative HZ IRs by disease and steroid use when
patients were on different combinations of these conditions. However, several features of our
study design may impact the interpretation of results. We did not have medical records to
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confirm the occurrence of HZ, although the definition of HZ using our criterion of an
inpatient or outpatient HZ diagnosis has been shown to have a high positive predictive value.
The sensitivity analysis using an inpatient or outpatient HZ diagnosis accompanied by anti-
viral drug use presumably conferred greater specificity to identify HZ infections and yielded
similar results in our age-specific results. Moreover, we found that the HZ IRs in our data
were very similar to the HZ rates reported in clinical trials (6), (7) and misclassification of
treated HZ was unlikely to be differential by Al condition or drug exposure. Additionally,
individual medical charts were not used to identify patients with auto-immune diseases;
instead, we applied a validated algorithm with greater than 80% of PPV. Thus, some
misclassification of auto-immune diseases is possible. However, these diagnoses are
relatively accurate by requiring all patients in the study cohorts to have had at least 2
physician diagnoses and at least prescription fill or administration of disease specific
medications(17-20). Finally, we did not apply a lag time after vaccine to exclude vaccine-
related HZ because less than 1% of patients received vaccination during the baseline.

CONCLUSION

The high absolute incidence rates of HZ in people younger than 50 with certain autoimmune
and inflammatory conditions suggest that it might be appropriate to consider vaccinating
these individuals based on comparable absolute risk relative to the healthy people age = 60
currently recommended for vaccination by the CDC. Clinical trials addressing the safety and
efficacy of HZ vaccination among patients with these autoimmune and inflammatory
conditions are underway and may provide more definitive information on which to base
vaccination decisions and inform the need for, as well as safety and effectiveness of,
vaccination for younger patients with autoimmune and inflammatory conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total number of patientswith > 1 RA diagnosis code in the study population

Np=253.250

7-365 days) or > 1 RA prescription
Ng=150, 027

Excluded patientswho did not have > 2 RA rheumatologist diagnoses (Separated by

Patients with > 2 RA diagnoses (Separated by 7-365 days)and> 1 RA prescription
Np=103,223

Excluded patientswho did not have > 13 observable months

Np=32,

Total number of patientswith > 2 RA diagnoses (Separated by 7-365 days),> 1 RA prescriptionand >
13 observable months Ng=71,284 Np=70.,423

Ng=18,754 Np=18.,463

Excluded patientswith any other Auto-immune disease, cancer or HIV

Ng=55,129 Np=54,517

Eligible patients and enrollment periods without any other auto-immune disease, cancer or HIV

Ng=1,902 Np=1,701

Excluded enrollment periods with inconsistent age or younger than 20 years old

Excluded enrollment periods with baseline zoster
Ng=2,581 Np=2,548

Final cohort Ng=50,646 Np=50,268

Ne: Number of enrollment periods  Ng: Number of beneficiaries

Figure 1. Cohort selection diagram using RA as an example
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Age, gender standardized incidence rate for

herpes zoster / 1000pys

25

20

15

10

Page 13

Healthy Diabetes SLE IBD RA PsA PsO AS Gout

Figure 2. Age-standardized incidence rate for herpes zoster per 1000 pys, standardized to the
U.S. 2010 census*

*among adults age >= 20
SLE = Systemic lupus erythematosus; IBD = Inflammatory bowel disease; RA = rheumatoid
arthritis; PsO = psoriasis; PSA = Psoriatic arthritis; AS = Ankylosing spondylitis;
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Glucocorticoids dosages
= None

H(-< 5.0 mg/per day
m>5.0mg/per day

Selected Auto-Immune Diseases

Figure 3.
Incidence rate based on different combination of diabetes and glucocorticoids dosages, using

RA and SLE as examples

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



Page 15

Yun et al.

SUOII28JUI PEZIBNASOH
gge | 6zze | sese | erve | esse | sose | 66w | ivOp el uomaul JuBHEdINO
soz | svz | sz | ovz | seo | vre | vz | ooer 80'€ aunj1e) LeaH
sret | 18v | 199 | 98 | orer | o9z | ste | ezen 89'G wxdd00
sese | g6zt | LeeT | syeT | 68T | ze2T | 00T | Sc'66 000 snujfaLL sa18qEIq

% 'SeINpIgIOWoD
96 | voet | 989t [ 999T | evs | TewT | s98 | TZOT 01’82 umowyun
v81 | 221 | sz1 | 660 | 28T | 850 | 187 v8T 01T Y10
svz | 157 | 985 | Lov | ees | 09z | 802 £T'9 8L'S oedsiH
ssv | ogz | zzz | ovz | 12T | s80 | L1 562 897 uessy
gzet | 202 | s6s | 200 | es0T | €22 | 62Se | 19°6T 70T yoelgq
0629 | 990 | ze29 | 1812 | zTz. | €ovs | svss | 92€9 £6'TS aAYM

aoey

s69c | 689z | sT0S | L6'05 | S6'22 | 9125 | s6'06 | 2'9G £8'29 % ‘USWOM

evT | 860 | 180 | 080 | 01T | 20T | 250 201 €80 % ‘UOITRUI0JBA BIS0Z
15€s | 952 | Tzer | €92t | vile | €Tee | 06T | 1€0OV zzoe +68-1/
go'se | LT2T | 8902 | S8z | 662 | Svoz | 956T | 98'82 FAR: 0/-19
v.1T | 255z | 182z | 625z | 6€LT | TvvT | 8zzz | 2021 19T 09-15
859 | 19z | L0712 | 622 | 656 | v99T | 6902 | 16 v8¥T 051
157 | it | erst | 6271 | o8e | ssvT | 16T | vpE 6.1 ov-1¢
150 | 819 | v52 | ove | 15T | 1871 | 6¥8 8T’ €01 0s-12

9% ‘dnoub aby

6vT | evT | ovT | 8T | 08T | 6vT | 19T 01 08T sueaw ‘(seak) awn dn mojjod Jo uoneina

vee'ss | 610'T | 662 | 629'2 | ovo'os | o162 | g6€'8 | TE9¥Tz | ses'ose SpOLIad JUBWI|0UT 4O JBqWINN

865'8G | TT0'T | z/2'v | 609'2 | 89z'0S | 858'2 | Oze's | 908'zTz | 085'8ZE slualied Jo JaquinN

oo [ sv | osd | wvsd | vd [ aar | 371s | sseqeia | aivoN sonsteloeseyD 199lgns

adA] aseasiq

Author Manuscript

S110Y09 UOSLIRAWO0D pUE 8SeasIp sUNLULLI-0INE JUsJaIp Ul susined Jo sonsLaloeIeyd auljaseg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



Page 16

Yun et al.

‘snijApuods BuisojAyuy

= SV ‘SILIYLIE 211BLI0S = VS ‘SISELI0Sd = OSd ‘SHIIYLE PIojeWwNay) = Y ‘aseasip [amoq Alojewiwejiu] = Ag| ‘snsorewsayifis sndnj o1waisAs = 3saseasip Areuownd sA11oN1ISqO 21UOIYD = AdOD

*¥

*SUOINPUOD D118CRIP puB AIOTRWLRISUI PUE SUNWWIOINE INOYIIM S[enpIAIpU|
*

666 | 22T | soc | suT | ers | wv | L6¢€ €T'6 oy 9% ‘©Je0 wiel-Huo
1862 | 85TT | €96 | 16 | 98T | ooGe | 8r€c | 0zTe 85'8 9% ‘uolezZi[elidsoy ssned-| |y
965 | zre9 | 19tev | 69TS | TEBS | LTes | €Ts9 | 95 TH 18'GC SoH02IEN
iy | 091y | ecee | zoze | 1E88 | vST | soTE | 08%6T Zret 6P Atoreunueul-1ue [gplosis-uoN
6,%S | TL'Sc | oL0c | 09ze | v8€e | sv'€e | ¢9Le | 809 VLT | Sasoubelp ueloisAyd Jo/pue SUOLEIIPSL BIUISPICIIaaNY-IILY
850 | 68T€ | SL0e | 95ze | zLoe | €ree | ooer | €88e yT'9T sjuessaldepiuy
ev'TL | vL6c | 86'ee | TvGe | s8¢y | €66¢ | Teer | S569 80'6T SUOIEIIPILLI UOISUSLSONH
210 | 200z | €roz | vzor | 665 | ste | eLetr 920 000 apexaloyaN
89C¢ | LoL | 60C | Lev | L9€T | zeLT | €T6T 160 or'0 g<
TUGT | 99¢t | &2 | vwer | 8ve | 8e0T | 62%C 68°€ 18'C gs
T2e8 | Lzos | €506 | 6T€8 | Sv19 | €2 | 8z9s | €T'S6 6.'96 SUON
Avp/bw ‘auosIupaid

% ‘SUOIRIIPIN
67 | 860 | 6vT | €€T | v8¢ | s€€ | vS¥ 6L°€ 60 &z
8y, | 9¢e | 9ze | 9T | lev | €55 | 88§ v0'S 89'T T
1928 | 9,96 | G296 | 16 6,26 | 2116 | 8568 | LT'T6 8¢'L6 BUON
mnoo | sv | osd | wvsd vd adl | 37s | seeqeld [ AIVON sonsteioeteyD Jo8lgns

adA] asessiq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



Page 17

Yun et al.

‘sijApuods BUISOIAUY = SV ‘SILIYLIE O1IRLIOSd = WSd ‘SISeosd = OSd ‘SIIYLe PIojewnayl = Y ‘asessip [amog Alojewiweul = agi ‘snsorewsyiAla sndnj o1waisAs = 375

"(29°0 = 8°0T / 2'9 40 OI3RJ B)J 82UBPIdUI)Z9'0 O UIBiew A1LIOLIBJUI-UOU B Pa]I3Ias am ‘Apnis paziwopuel Jayloue ul SAd 000T
J1ad /9 J0 pjo s1eak G—0gG abe sjuaired oy H| ay1 01 Burredwod pue SAd 000T 48d 80T 10 69—09 abe uonendod |eiauab Ayifeay ays 104 ApNIS aAIUBA3I S3]BUIYS ay) Ul panodal ZH Jo SY| ay) uodn paseg

*(papeys 10U ‘18Mo] 40 8AISNjoUOdUI "8°1) Jaylo pue (Buipeys mojjaA 1ybiy) ajqesedwod ‘(Buipeys pal ytep) Jaybiy Apueaiyiubis se paiyissed alam sarel ‘(anjg) 69—09 pabe ajdoad Japjo Ayieay 03 pasedwio)

sleak uosiad 0QQT Jad aouapiou] (Y|

S313(RIP 10 SUORIPUOD AJOJRWILIBIJUT ‘BUNLILLIOINE INOYHAM S[eNpIAIpU|
*

09-19

79 Ts 9 9’8 €9 6€ 0S-Tv
4] 18 L'E 8'6 (o] €¢ ov-T¢€
6C | VIN 6'G | VIN 8L L'¢ 0e-T¢
dnoub aby
dl ol dl ol dl ol ol ol ol
moo | sv | osd | vsd | vd | agl | 37s | seweqeia fuyesH
suoYoD

110y09 Jojesedwod Jo aseasip aunwiwi-olne pue dnoib abe teak QT Aq sieaA uosiad Q00T Jod 19150z sadiay Jo aje aduapIdu|

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



Page 18

Yun et al.

Author Manuscript

110402 WY 8y} Ul SI019B) JBL10 pue LOIRUIDORA ZH UIIM pajeloosse (ZH) 181soz sadiay Jo) sonel prezeH

€ 9lqeL

Author Manuscript

(S8 TYr'1)E9'T (L8 T-97'T) S9'T Rep/Buig>

(o) 0T ()07 ON
SP1091110209N|9

(FE'T 'v0'T)ST'T (62'1-00T) ¥T'T SOA

(ay) 0T (#39) 0T ON
o1bojoig

(9z'1-8L0)66'0 | (LTT-€20)€6'0 | (TT'T-69°0) 88°0 umouxun

(05'7-29°0) 960 | (67'T-29°0) 960 | (7' T-650) 26'0 Buyo

(ST'7-09°0) €80 | (€T'T-65°0) 28°0 | (2T°T-65°0) 180 a1uedsiH

(90'¢-86'0) zv'T | (€0c-L6'0) OF'T | (20'2—96°0) OV'T uelsy

(er1-v20) 160 | (0T'T'€L0)06'0 | (OT'T-EL°0) 680 oe|g

(od) 0T (2d) 0T (2d) 0T AMYM
20ey

(ze1-2zTT)0ET | B T-TTT)62T | (0ST-ETT) OET alewsad

(oy) 0T (ey) 0T (ed) 0T aleN
X3S

(002-0eT) 19T | (L6'T-82T)6S'T | (T0°Z—2ET)€9'T 182

(e02-€eT) ¥9T | (20c-€€T)¥9T | (POT-SET) 99T 08-9.

(S91-80T) ¥€'T | (¥9T-80°T) €€'T | (S9'T-60'T) ¥E'T G-T.

(65'1-50T) 62T | (LGT-¥0T) 82T | (LST-¥0'T) 8C'T 0,-99

(oy) 0T (ey) 0T (ed) 0T G9-T9
sIeak ‘aby

(c0'1-250) €20 | (66:0-15°0) 120 | (E0°T-€S°0) ¥20 SOA

(od) 0T (2d) 0T (2d) 0T ON
uo11eUIdIeA ZH

Z 1I3pON T I3PON paisnipeun
vy
(10 %56) sones prezeH

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



Page 19

Yun et al.

'sisA|eue ayeLieAIUN 3Y) UL JUBDIIUBIS J0U 818M T 9|} Ul SBIIPIGIOWO0d JaYl0 pue sayVING 2160]01q UON

*3]qel 3y} Ul Sa|qeLIeA |[e paisnipe z [9poN "aoel pue xas ‘abe Joy paisnipe si T [Spon

(872 'L8'T)ST'C

(Lyrz-98T) T AKep/Bwgz

¢ I3PON

T ISPOIN

paisnipeun

vy

(1D %G6) soires pezeH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2017 September 01.



	Abstract
	INTRODUCTION
	STUDY DESIGN
	Data sources
	Study design and population
	Herpes zoster outcome
	Factors related to HZ
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

