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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 (AI) diseases. 

We evaluated the age-stratified incidence of HZ associated with AI diseases compared to adults 

recommended for vaccination by the CDC.

Methods—Using linked commercial and governmentally-insured patients (2007–2010), we 

assembled seven AI 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 AI 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 AI 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 AI 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 AI 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 AI conditions such as SLE and RA as compared to patients without 

autoimmune diseases or inflammatory (AI) conditions (13). Because the HZ vaccine is a 

live-attenuated vaccine, its use in patients with AI conditions remains the subject of debate 

even though patients with AI 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 AI 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 AI diseases compared to adults without AI conditions. We 

hypothesized that the absolute rate of HZ in younger patients with AI diseases would be 

comparable to or greater than the corresponding rate of HZ in healthy adults aged 60 or 

older without AI, 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 AI 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 AI disease cohorts were mutually exclusive to two comparison cohorts: diabetes 

and adults without AI or diabetic conditions. As the cohort selection diagram shown in 

Figure 1, we required all patients in the AI 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 AI disease or diabetes, first date of prescription medication for that 

condition, or the first date of the 13th 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 AI diseases or diabetes. 

Patients in the comparator cohort without AI or diabetic conditions started their follow-up at 

the first date of the 13th 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 AI disease

Herpes zoster outcome

The outcome was the first HZ event during follow-up. We identified HZ using an 

International Classification of Disease, 9th 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, 
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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 AI disease or diabetes cohort compared to patients aged 60–69 in the cohort 

without AI 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 (not 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 AI conditions, comorbidities 

and concurrent AI 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 AI 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 AI 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 AI 

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 AI conditions. SLE patients had a 

high proportion of renal diseases and outpatient infections. Compared to the cohort without 

AI 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 AI 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 AI 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 AI 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 AI 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 AI 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 AI or diabetic conditions, the adjusted HRs for 

the AI 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 AI 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 61–70 or older and PsA aged 71–85+ were significantly 

higher than the 61–70 year-old patients in the cohort without AI 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 AI or diabetic conditions aged 60–69. Overall, the risk for 

HZ associated with the AI 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 20–40 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 AI, 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 AI 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 AI 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 AI 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 AI 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.
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Figure 1. Cohort selection diagram using RA as an example
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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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Figure 3. 
Incidence rate based on different combination of diabetes and glucocorticoids dosages, using 

RA and SLE as examples
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