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ABSTRACT
Objective To determine the risk of herpes zoster (HZ) in 
Korean patients with rheumatoid arthritis (RA) receiving 
Janus kinase inhibitors (JAKis).
Methods We performed a nested case–control study 
with 1:10 matching for sex and age using single- centre 
prospective cohorts of patients with RA receiving targeted 
therapy in Korea. Then we performed conditional logistic 
regression analyses to determine the risk associated 
with JAKi use compared with biologic disease- modifying 
antirheumatic drug (bDMARD) use, with adjusting for 
various factors. We also used logistic regression analysis 
to identify other risk factors for the development of HZ in 
JAKi users.
Results From a total of 1147 patients, 61 cases and 610 
matched controls were selected. In conditional logistic 
regression analysis, JAKi use did not increase the risk 
of HZ development (OR 1.35, 95% CI 0.70 to 2.61) after 
adjusting for other factors. Rather, duration of RA less 
than 10 years (OR 0.54, 95% CI 0.30 to 0.97) and having 
had three or more previous targeted therapies (OR 5.29, 
95% CI 1.45 to 19.31) were risk factors for HZ. Among 
JAKi users, higher disease activity score 28- erythrocyte 
sedimentation rate (DAS28- ESR) (OR 1.44, 95% CI 1.06 to 
1.97) was identified as a risk factor in addition to three or 
more previous targeted therapies (OR 10.12, 95% CI 1.92 
to 53.49).
Conclusions The number of previous targeted therapies, 
but not JAKi use, was identified as a risk factor for HZ 
development in Korean patients with RA in a real- world 
setting. High disease activity was an additional risk factor 
for JAKi users.

INTRODUCTION
The introduction of targeted therapy has 
provided new treatment opportunities for 
patients with rheumatoid arthritis (RA) who 
showed inadequate responses to conventional 
synthetic disease- modifying antirheumatic 
drugs (csDMARDs) including methotrexate 
(MTX).1 In addition to biologic DMARDs 

(bDMARDs) which have been used for a 
longer time, Janus kinase inhibitors (JAKis) 
have increased the achievement of clinical 
remission or, at least, low disease activity.1 2

Many studies have been conducted to assess 
the safety of targeted therapy with a focus 
on infections.3–5 Even if RA disease activity is 
well- controlled by targeted therapy, serious 
infection can interfere with the continuity 
of treatment and increase the risk of an RA 
flare by causing drug cessation.6 For example, 
many studies have shown an association 
between increased risk of tuberculosis (TB) 
development and bDMARDs, especially for 

Key messages

What is already known about this subject?
 ► Patients with rheumatoid arthritis (RA) treated with 
Janus kinase inhibitors (JAKis) were at increased 
risk of herpes zoster (HZ) development in Korea.

What does this study add?
 ► . After adjusting for other factors, JAKi use was not a 
significant risk factor for HZ development compared 
with biologic disease- modifying antirheumatic drug 
use.

 ► Having had three or more previous targeted thera-
pies was found to be a risk factor for HZ develop-
ment in patients with RA. Among JAKi users, high 
disease activity was identified as an additional risk 
factor.

How might this impact on clinical practice or 
further developments?

 ► Patients with RA receiving JAKis require careful 
monitoring for HZ development, especially those 
with high disease activity or those with a history of 
three or more previous targeted therapies.

 ► Further study is necessary to determine the preven-
tive effect of vaccination against HZ.
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tumour necrosis factor (TNF) inhibitor users.7 8 Hence, 
screening for latent TB infection is recommended for 
patients with RA before initiating targeted therapy.9

Herpes zoster (HZ) is another rising concern with the 
use of JAKis.2 10 HZ is caused by reactivation of varicella 
zoster virus (VZV) and induces severe pain, such as posth-
erpetic neuralgia, degrading the quality of daily life for 
several months to years.11 JAKis including tofacitinib, 
baricitinib and upadacitinib are currently available for 
RA treatment in Korea. Tofacitinib was the first approved 
JAKi in 2015, followed by baricitinib in 2017 and upad-
acitinib in 2020. The use of these agents raised the possi-
bility of an association with increased risk of HZ.2 Clinical 
trials suggested that the incidence rate (IR) of HZ was 
higher in patients taking JAKis than placebo group or in 
those taking bDMARDs.5 12 This IR was especially higher 
in Asian patients, including those in Korea and Japan, in 
whom the IR was approximately doubled.13 Furthermore, 
recent studies on patients with RA receiving upadacitinib 
conducted in Japan reported an approximately twofold 
to threefold higher IR of HZ than global trials, and the 
exact reason was unknown.12 14 However, in Korea, few 
studies have been performed to identify any increased 
risk of HZ in JAKi users compared with bDMARD users 
in a real- world setting.

In this study, we aimed to determine the risk of HZ 
in Korean patients with RA using JAKis compared with 
those using bDMARDs. Additionally, we aimed to identify 
the risk factors for HZ development among JAKi users.

METHODS
Data source
We extracted data from the prospective cohorts of patients 
with RA receiving targeted therapy conducted in an 
academic referral hospital in Korea. The cohort named 
Hanyang University Medical Centre Arthritis Network- 
BIOlogics Registry for RA (HUMAN- BIORRA) included 
patients with RA receiving bDMARDs, and the HUMAN- 
Small Molecule Inhibitor Registry for RA (SMIRRA) 
included those receiving JAKis. Patients aged 19 or older 
who met the 1987 American College of Rheumatology 
(ACR) classification criteria or 2010 ACR/EULAR clas-
sification criteria for RA and who signed the informed 
consent were registered in those cohorts. Patients were 
followed up every 6 months with blood tests and inter-
views for the assessment of disease activity, drug compli-
ance, adverse events (AEs) and quality of life. Informa-
tion about the development of opportunistic infections 
was prospectively collected in the form of AEs, including 
HZ, TB, pneumonia and so on. To minimise the possi-
bility of missing information, medical records of patients 
on AEs were reviewed together.

Study population
All patients with RA registered in either cohort for 
bDMARD or JAKi users were included in this study. 
The HUMAN- BIORRA started in June 2011 and the 

HUMAN- SMIRRA started enrolment in March 2017. The 
observation period began when the patient was enrolled 
in the cohort, that is, when the patients started their 
targeted therapy. The observation was terminated at the 
time of HZ development, discontinuation of targeted 
therapy, or May 2020. Therefore, patients included in 
this analysis were on- treatment status. In cases where 
patients switched type of targeted therapy—mainly from 
bDMARD to JAKi—the drug used at the time of HZ devel-
opment or used most recently was considered to be the 
current medication.

Matching HZ cases and controls
HZ cases
Data from patients reported to have been diagnosed with 
HZ were extracted during the observation periods, and 
these were selected as cases. The diagnosis of HZ was 
based on clinician’s diagnosis, regardless of whether or 
not a patient received antiviral therapy. To determine the 
effect of targeted therapy on the development of HZ, the 
data collected immediately before the date of diagnosis 
of HZ were used in the case group.

Controls
Patients without a history of HZ during the observation 
periods were selected as controls. In the control group, 
the last data collected before the end of the observation 
periods were used.

Matching cases with controls
Using data from the prospective cohorts, a nested case–
control study was performed. We randomly selected up 
to ten controls for each case matched by sex and age. 
The division into age groups was based on the ages of 50 
and 60. To minimise the loss of sample size, only the most 
basic characteristics, sex and age, were used for matching.

Risk factors for HZ development
The leading risk factors we considered were demographic 
characteristics; comorbidities; disease- related factors; 
and medication, including targeted therapy. Demo-
graphic information such as sex, age, height, weight and 
body mass index was collected. The presence of comor-
bidities was defined as having been diagnosed at least 
once during the observation periods. Duration of RA and 
blood tests including those for rheumatoid factor, anti- 
citrullinated protein antibody, erythrocyte sedimentation 
rate (ESR) and C reactive protein were also collected. 
Disease activity was assessed by Disease Activity Score 
(DAS) 28- ESR and physician’s global assessment in addi-
tion to patient- reported outcomes such as Health Assess-
ment Questionnaire- Disability Index and visual analogue 
scale (VAS) of sleep and fatigue. The doses of MTX and 
glucocorticoid were based on the prescription being 
used on the date when data were collected. The number 
of csDMARDs, bDMARDs or JAKis ever used was counted 
using cumulative data. Since the information about HZ 
vaccination was collected exclusively in the JAKi users, 
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this variable was only used for analysis in patients using 
JAKi.

Statistical analyses
The χ2 test or Fisher’s exact test was used for categor-
ical variables, and the Mann- Whitney U test was used for 
continuous variables in comparisons between cases and 
controls.

Then, a conditional logistic regression analysis was 
performed to identify risk factors associated with HZ, 
especially exposure to JAKis. All the risk factors of 
interest and those with p<0.2 in the univariable analysis 
were included in the multivariable logistic regression 
analysis, and the adjusted OR with 95% CIs was calcu-
lated. We conducted an additional unconditional logistic 
regression analysis to identify risk factors for HZ devel-
opment among JAKi users only, because their number 
was insufficient for matching. Listwise deletion was used 
for handling missing values in the multivariable logistic 
regression analysis.

All analyses were performed using SAS V.9.4 (SAS Insti-
tute), and p values <0.05 were considered statistically 
significant.

RESULTS
Baseline characteristics of patients with or without HZ 
infection
A total of 1147 patients were included in this study: 223 
JAKi users and 924 bDMARD users (figure 1). There were 
61 patients diagnosed with HZ during the observation 
period, and there were 1086 controls that did not develop 
HZ. After 1:10 matching for sex and age, 61 cases and 610 
controls were selected as the population sampled.

Table 1 shows the demographic and clinical characteris-
tics of the study population before and after matching for 
sex and age. Of the 1147 participants, 86.9% were female 
and the mean age was 55.2 (±13.5) years. Cases tended to 
be older than controls (58.1 vs 55.0 years), and most of 
the patients in the case group were in their 50s and 60s 
(online supplemental figure 1). The average duration of 
RA was 11.2 (±8.5) years in the total population. Tofac-
itinib was the most commonly used agent for targeted 
therapy in the case group (23.0%), and there was a signif-
icant difference between cases and controls (p=0.037). 
Number of previous targeted therapies was also signifi-
cantly different (p=0.009). DAS28- ESR was margin-
ally higher in cases than controls (4.1±1.8 vs 3.7±1.6, 
p=0.056), and fatigue VAS was significantly higher in 
cases than controls (4.2±2.7 vs 3.5±2.7, p=0.029).

After matching for sex and age, the sampled popula-
tion was composed of 90.2% female patients, and the 
mean age was 58.5 (±11.4) years. Duration of RA was 
significantly shorter in the case group (p=0.017). There 
were no significant differences in comorbidities, current 
medication use and disease activities between cases and 
matched controls. Number of previous targeted thera-
pies remained significantly different (p=0.038).

Risk factors for HZ development
In the conditional logistic regression analysis of cases 
and matched controls, duration of RA, number of 
previous targeted therapies, JAKi use, oral glucocorti-
coid use, DAS28- ESR and fatigue VAS were with p<0.2 
(table 2). In the multivariable analysis, the number of 
previous targeted therapies was a significant risk factor 
for HZ; patients who received three or more kinds of 
targeted therapies before the current agent experienced 
increased risk of HZ development (OR 5.29, 95% CI 1.45 
to 19.31). Duration of RA was also significantly different 
(OR 0.54, 95% CI 0.30 to 0.97). However, JAKi (OR 1.35, 
95% CI 0.70 to 2.61) and oral glucocorticoid use (OR 
1.36, 95% CI 0.76 to 2.45) did not increase the risk for 
HZ after adjusting for other risk factors. When additional 
conditional logistic regression analyses were performed 
using models adjusting for different variables, risk of HZ 
was still not increased by JAKi use (table 3).

There were 17 HZ cases among the 223 JAKi users, so 
only age, number of targeted therapies, DAS28- ESR and 
HZ vaccination, which were variables of interest, were 
included in the multivariable analysis (table 4). The anal-
ysis confirmed that three or more previous targeted ther-
apies increased the risk of HZ development (OR 10.12, 
95% CI 1.92 to 53.49), and disease activity of RA presented 
as DAS28- ESR (OR 1.44, 95% CI 1.06 to 1.97) was iden-
tified as an additional risk factor. There was no signifi-
cant association between vaccination against HZ and HZ 
development among JAKi users (OR 0.39, 95% CI 0.08 to 
1.93). Detailed characteristics of cases among JAKi users 
are presented in online supplemental table 1.

Figure 1 Flow chart of patient selection. HUMAN- BIORRA, 
Hanyang University Medical Centre Arthritis Network- 
BIOlogics Registry for Rheumatoid Arthritis; SMIRRA, Small 
Molecule Inhibitor Registry for RA; HZ, herpes zoster.
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Table 1 Characteristics of study population before and after matching for sex and age

Variables
Total
(N=1147)

Cases
(n=61)

Unmatched study Matched study

Unmatched 
controls
(n=1086) P value

Matched controls
(n=610) P value

Sex, female 997 (86.9) 55 (90.2) 942 (86.7) 0.44 550 (90.2) 1

Age, years 55.2±13.5 58.1±9.9 55.0±13.7 0.098 58.5±11.6 0.711

Duration of RA, years 
(n=1146,61,1085)

11.2±8.5 9.8±8.3 11.3±8.5 0.101 12.3±8.8 0.017

Body mass index, kg/m2 
(n=1071,58,1013)

22.9±3.5 22.7±3.6 22.9±3.5 0.967 22.9±3.3 (n=571)* 0.983

Comorbidities

  Diabetes mellitus 137 (11.9) 5 (8.2) 132 (12.2) 0.354 81 (13.3) 0.258

  Myocardial infarction 7 (0.6) 1 (1.6) 6 (0.6) 0.319 4 (0.7) 0.38

  Congestive heart failure 9 (0.8) 1 (1.6) 8 (0.7) 0.39 7 (1.2) 0.536

  Chronic pulmonary disease 122 (10.6) 6 (9.8) 116 (10.7) 0.835 71 (11.6) 0.674

  Renal disease 29 (2.5) 2 (3.3) 27 (2.5) 0.664 21 (3.4) 0.999

  Non- metastatic solid 
tumour

31 (2.7) 1 (1.6) 30 (2.8) 0.999 16 (2.6) 0.999

Number of comorbidities 0.685 0.566

  0 789 (68.8) 41 (67.2) 748 (68.9) 404 (66.2)

  1 269 (23.5) 17 (27.9) 252 (23.2) 142 (23.3)

  2 70 (6.1) 2 (3.3) 68 (6.3) 49 (8.0)

  ≥3 19 (1.7) 1 (1.6) 18 (1.7) 15 (2.5)

CCI score 0.5±0.9 0.5±0.9 0.5±0.9 0.847 0.6±1.1 0.746

Number of csDMARD ever 
used

3.5±1.2 3.5±1.3 3.5±1.2 0.932 3.5±1.2 0.941

bDMARD

  TNF inhibitor 557 (48.6) 25 (41.0) 532 (49.0) 0.224 280 (45.9) 0.462

   Adalimumab 213 (18.6) 12 (19.7) 201 (18.5) 0.82 106 (17.4) 0.654

   Etanercept 214 (18.7) 8 (13.1) 206 (19.0) 0.254 102 (16.7) 0.468

   Golimumab 74 (6.5) 2 (3.3) 72 (6.6) 0.425 39 (6.4) 0.571

   Infliximab 56 (4.9) 3 (4.9) 53 (4.9) 0.999 33 (5.4) 0.999

  Non- TNF inhibitor 366 (31.9) 19 (31.2) 347 (32.0) 0.896 211 (34.6) 0.589

   Abatacept 239 (20.8) 12 (19.7) 227 (20.9) 0.999 141 (23.1) 0.541

   Tocilizumab 107 (9.3) 7 (11.5) 100 (9.2) 0.554 58 (9.5) 0.62

   Rituximab 21 (1.8) 0 (0.0) 21 (1.9) 0.623 12 (2.0) 0.615

JAKi 223 (19.5) 17 (27.9) 206 (19.1) 0.091 119 (19.5) 0.121

  Tofacitinib 160 (14.0) 14 (23.0) 146 (13.4) 0.037 87 (14.3) 0.07

  Baricitinib 63 (5.5) 3 (4.9) 60 (5.5) 0.999 32 (5.3) 0.999

Number of previous targeted 
therapies

0.009 0.038

  0 876 (76.4) 44 (72.1) 832 (76.6) 463 (75.9)

  1–2 252 (22.0) 13 (21.3) 239 (22.0) 137 (22.5)

  ≥3 19 (1.7) 4 (6.6) 15 (1.4) 10 (1.6)

Methotrexate use 928 (80.9) 50 (82.0) 878 (80.9) 0.829 488 (80.0) 0.713

Methotrexate dose, mg/week 12.1±3.1 11.5±3.0 12.1±3.1 0.178 12.0±3.1 0.3

Oral glucocorticoid use 560 (48.8) 36 (59.0) 524 (48.3) 0.102 293 (48.0) 0.102

Glucocorticoid dose 
(prednisone- equivalent, mg/
day)

4.8±2.7 4.1±2.1 4.8±2.8 0.289 4.9±2.8 0.298

RA disease activity

Continued
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DISCUSSION
This study was a nested case–control study aimed at deter-
mining if an increased risk of HZ development exists in 
patients with RA receiving JAKi. We also determined the 
risk factors for HZ, especially among JAKi users. There 
were significantly more tofacitinib users in the case group, 
but JAKi use was not a risk factor for HZ development 
after adjusting for other factors in a conditional logistic 
regression analysis. Cases had a significantly shorter dura-
tion of RA than matched controls. Patients having had 
three or more previous targeted therapies were found to 
be at greater risk for HZ development. Among JAKi users, 
higher disease activity was identified as an additional risk 
factor. Vaccination against HZ did not show a protective 
effect in this study.

The occurrence of HZ is associated with the reactiva-
tion of VZV from a latent infection in sensory neurons 
of the cranial nerves and/or the dorsal root ganglia.11 15 
The decline of the cellular immune response is a critical 
risk factor for HZ development and is related to ageing, 
immunodeficiency disorders and immunosuppressive 
medications.11 Accordingly, RA, as a chronic disorder 
with immunological dysfunctions, increases the risk of 
HZ.16 In previous studies, patients with RA showed an 
almost twofold higher risk of HZ compared with the 
general population, and there were no apparent regional 
or racial differences.17 18 In addition, previous HZ, 
chronic pulmonary disease and oral glucocorticoid use 

were also significant risk factors for HZ development.17 
In the era of biological agents, there were arguments 
about the relationship between HZ and targeted therapy 
because the infection was a major concern of targeted 
therapy.19 However, both TNF inhibitors and non- TNF 
inhibitors were not associated with HZ development.17 20 
In terms of JAKis, however, many studies reported an 
increased risk of HZ in patients with RA treated with 
tofacitinib.10 13 21 Older age, use of oral glucocorticoids, 
and the Asian population were reported to be associated 
with a higher risk of HZ in those studies. In addition to 
tofacitinib, other JAKis including baricitinib and upadac-
itinib showed an increased risk for HZ development in 
clinical trials.12 22

In our study, cases tended to be older than controls 
before matching. The most prevalent ages were 50s and 
60s, comparable to the most prevalent ages in the general 
population in Korea.23 The Korean Society of Infectious 
Diseases (KSID) has recommended the administration 
of HZ vaccines to adults aged ≥60 years.24 However, a 
new practice guideline for vaccination developed by the 
Korean College of Rheumatology (KCR) and KSID in 
2020 recommends that HZ vaccines should be consid-
ered for patients with autoimmune inflammatory rheu-
matic diseases who are aged ≥50 years.24 Considering that 
most patients diagnosed with HZ were in their 50s or 60s 
and within a year from initiating JAKis, the new guideline 
seems reasonable.

Variables
Total
(N=1147)

Cases
(n=61)

Unmatched study Matched study

Unmatched 
controls
(n=1086) P value

Matched controls
(n=610) P value

  DAS28- ESR 
(n=1145,61,1084)

3.7±1.6 4.1±1.8 3.7±1.6 0.056 3.8±1.6 (n=608)* 0.16

  Physician’s global 
assessment of RA 
(n=1145,61,1084)

34.4±23.1 38.7±24.6 34.2±23.0 0.069 35.8±23.6 (n=608)* 0.214

Patient- reported outcomes

  HAQ- DI (n=1119,58,1061) 1.0±0.8 1.2±0.8 1.0±0.7 0.083 1.1±0.7 (n=593)* 0.441

  Sleep VAS 
(n=1145,61,1084)

2.5±2.6 2.8±2.6 2.5±2.6 0.305 2.7±2.7 (n=608)* 0.664

  Fatigue VAS 
(n=1145,61,1084)

3.5±2.7 4.2±2.7 3.5±2.7 0.029 3.6±2.7 (n=608)* 0.071

Laboratory test

  RF positivity 
(n=1145,61,1084)

893 (78.0) 46 (75.4) 847 (78.1) 0.617 483 (79.3) (n=609)* 0.476

  ACPA positivity 
(n=1085,57,1028)

945 (87.1) 48 (84.2) 897 (87.3) 0.504 501 (87.4) (n=573)* 0.488

  ESR, mm/hour 34.6±28.6 36.8±30.8 34.5±28.5 0.744 35.8±28.7 0.924

  CRP, mg/dL 1.0±2.1 1.1±1.8 1.0±2.1 0.62 1.0±2.1 0.607

Values are presented as means±SD or numbers (%).
*There were data missing in some matched controls.
ACPA, anticitrullinated protein antibody; bDMARD, biologic disease- modifying antirheumatic drug; CCI, Charlson comorbidity index; CRP, C reactive 
protein; csDMARD, conventional synthetic DMARD; DAS, disease activity score; ESR, erythrocyte sedimentation rate; HAQ- DI, Health Assessment 
Questionnaire- Disability Index; JAKi, Janus kinase inhibitor; RA, rheumatoid arthritis; RF, rheumatoid factor; TNF, tumour necrosis factor; VAS, visual 
analogue scale.

Table 1 Continued
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In the multivariable logistic regression analysis of the 
matched population, duration of RA was significantly 
shorter in the case group than in the control group. 
This might not mean that shorter duration of RA is a risk 
factor for HZ development, but rather that HZ develop-
ment tends to occur during the early period of targeted 
therapy. In this study, more than the half of HZ cases 
receiving JAKi had had less than 1 year of JAKi use. This 
suggests that careful monitoring for HZ development 
is necessary for patients in the early period of targeted 
therapy.

Through our study, three or more previous targeted 
therapies were also identified as a risk factor of HZ devel-
opment. This does not seem to be caused by the immu-
nomodulatory effects of previous medications because 
one or two previous targeted therapies were not a signif-
icant risk factor. Rather, the change in targeted therapy 
is usually due to inadequate response or AEs; therefore, 
several changes in targeted therapy suggest insufficiently 
controlled disease activity of RA. The results of multivari-
able analysis among JAKi users revealed this more clearly. 
The disease activity presented as DAS28- ESR was an addi-
tional risk factor for HZ development, suggesting the 
importance of controlled disease activity.

One of the differences between our study and previous 
studies was the impact of concomitant medication. Oral 
glucocorticoid use has been reported to be an important 
risk factor in JAKi users, approximately doubling HZ 
risk.17 25 In our study, however, neither the concomitant 
use nor dose of oral glucocorticoids were significant risk 
factors. The reason for the difference might be that our 
study investigated glucocorticoid use on the date of data 
collection only, while previous studies allowed at least a 
month for extension to exposure. The concomitant use 
of MTX was not related to increased HZ risk in our study, 
consistent with results from previous studies.13 25

Vaccination against HZ has been proven to markedly 
reduce the incidence of HZ and postherpetic neuralgia 
and to also be protective for patients with autoimmune 
and inflammatory diseases including RA.26 27 Therefore, 
guidelines for patients with RA published by ACR, EULAR 
and KCR recommended HZ vaccines for patients with RA 
with high risk or plan for targeted therapy.9 24 28 However, 
vaccination against HZ did not show a protective effect in 

our study. The low vaccination rate of 18.4% among JAKi 
users was thought to be the main reason, and this low 
vaccination rate was caused by the unavailability of the 
recombinant zoster vaccine in Korea.

Our study had some significant aspects and findings. 
First, we conducted the nested case–control study using 
well- constructed prospective cohorts. Detailed vari-
ables such as disease activity were investigated in those 
cohorts. Therefore, there were more advantages for 
analysing risk factors compared with other data sources. 
In addition, we considered that current targeted therapy 
was more influential than previous targeted therapy, 
which was only included as a covariate. The relatively 
low incidence rate of HZ was also a reason for requiring 
a nested case–control design. Second, the study was 
meaningful in that it was conducted among Korean 
patients in East Asia, a known high- risk group of HZ 
incidence. In particular, our study identified the effect 
of each targeted therapy and clinical features, especially 
vaccination against HZ.

However, this study had some limitations. First, there 
is a probable lack of generalisability because this was a 
single- institution study. Although our hospital has the 
largest rheumatology centre with patients from all over 
the country, further studies with larger samples are 
required to increase the external validity of our study 
results. Second, history of HZ infection was not inves-
tigated in our study, though such history might make 
patients avoid JAKi use. This could affect the results of 
multivariable regression analysis, in which JAKi use was 
not a significant risk factor of HZ development. However, 
in the clinical setting, previous HZ infection was not a 
contraindication for JAKi; and other factors such as 
preference for oral regimen, comorbidities and disease 
activity could be important for the choice of JAKi or 
bDMARD. Third, we could not compare matched cases 
and controls when identifying risk factors for HZ among 
JAKi users due to the insufficient numbers.

In conclusion, JAKi use did not increase the risk of 
HZ in two large Korean prospective cohorts. Having 
had three or more previous targeted therapies was a 
risk factor for HZ development in patients with RA, and 
high disease activity was a risk factor in those treated with 
JAKis. However, further studies with a larger sample size 

Table 3 Conditional logistic regression analysis for HZ risk in JAKi users compared with bDMARD users

Univariable
(n=671)

Multivariable model 1*
(n=668)

Multivariable model 2†
(n=668)

Multivariable model 3‡
(n=626)

Multivariable model 4§
(n=609)

OR 
(95% CI) P value

Adjusted OR
(95% CI) P value

Adjusted OR
(95% CI) P value

Adjusted OR
(95% CI) P value

Adjusted OR
(95% CI) P value

bDMARD use
JAKi use

1.00 (ref)
1.60 (0.88 
to 2.90)

0.124 1.00 (ref)
1.35 (0.70 to 
2.61)

0.365 1.00 (ref)
1.35 (0.70 to 
2.60)

0.370 1.00 (ref)
1.25 (0.63 to 
2.47)

0.518 1.00 (ref)
1.25 (0.63 to 
2.49)

0.525

*Adjusted for duration of RA, number of previous targeted therapy, oral glucocorticoid use, DAS28- ESR and fatigue VAS.
†Adjusted for methotrexate use in addition to factors included in model 1.
‡Adjusted for BMI and diabetes mellitus in addition to factors included in model 2.
§Adjusted for HAQ- DI and sleep VAS in addition to factors included in model 3.
bDMARD, biologic disease- modifying antirheumatic drug; BMI, body mass index; HZ, herpes zoster; JAKi, Janus kinase inhibitor; ref, reference group.
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Table 4 Risk factors associated with HZ development in JAKi users

Variables

Univariable analysis
(n=223)

Multivariable analysis*
(n=222)

OR (95% CI) P Adjusted OR (95% CI) P

Sex

  Male 1.00 (ref)

  Female 2.62 (0.34 to 20.51) 0.359

Age

  <50 1.00 (ref) 1.00 (ref)

  50–59 2.11 (0.45 to 9.88) 0.701 3.08 (0.59 to 15.96) 0.18

  60–69 2.63 (0.67 to 10.33) 0.304 3.91 (0.89 to 17.26) 0.072

  >70 1.74 (0.28 to 11.04) 0.985 2.00 (0.28 to 14.49) 0.493

Duration of RA

  <10 years 1.00 (ref)

  ≥10 years 1.48 (0.55 to 3.99) 0.439

Body mass index, kg/m2

  <23.0 1.00 (ref)

  ≥23.0 0.67 (0.25 to 1.84) 0.44

Diabetes mellitus

  No 1.00 (ref)

  Yes 0.81 (0.18 to 3.75) 0.792

CCI score†‡ 0.77 (0.36 to 1.61) 0.482

Number of previous targeted therapies

  0 1.00 (ref) 1.00 (ref)

  1–2 1.63 (0.55 to 4.82) 0.477 1.91 (0.62 to 5.92) 0.26

  ≥3 5.81 (1.28 to 26.36) 0.036 10.12 (1.92 to 53.49) 0.006

Type of JAKi

  Tofacitinib 1.00 (ref)

  Baricitinib 0.52 (0.15 to 1.88) 0.32

Methotrexate

  No 1.00 (ref)

  Yes 0.96 (0.26 to 3.50) 0.945

Oral glucocorticoid

  No 1.00 (ref)

  Yes 0.98 (0.36 to 2.64) 0.968

Glucocorticoid dose (prednisone- equivalent, mg/day)

  0 1.00 (ref)

  >0 & ≤5 1.71 (1.00 to 2.93) 0.068

  >5 0.87 (0.30 to 2.56) 0.444

DAS28- ESR ‡ 1.40 (1.04 to 1.89) 0.026 1.44 (1.06 to 1.97) 0.021

HAQ- DI

  <1.0 1.00 (ref)

  ≥1.0 1.25 (0.47 to 3.38) 0.656

Sleep VAS‡ 1.13 (0.97 to 1.32) 0.131

Fatigue VAS‡ 1.10 (0.91 to 1.32) 0.33

HZ vaccination

  No 1.00 (ref) 1.00 (ref)

  Yes 0.59 (0.13 to 2.69) 0.495 0.39 (0.08 to 1.93) 0.251

*Multivariable analysis was performed on 222 patients due to missing DAS28- ESR data.
†Number of comorbidities was replaced by CCI score because the numbers of patients in each category were small.
‡This variable was analysed as a continuous variable.
CCI, Charlson comorbidity index; DAS, disease activity score; ESR, erythrocyte sedimentation rate; HAQ- DI, Health Assessment Questionnaire- Disability Index; HZ, 
herpes zoster; JAKi, Janus kinase inhibitor; RA, rheumatoid arthritis; ref, reference group; VAS, visual analogue scale.
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and longer follow- up periods are required to investigate 
the relationship between JAKi use and HZ development.
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