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Check for
updates

Vaccination and rheumatoid arthritis: an
updated systematic review and meta-analysis
of data from 25,949,597 participants
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Abstract

Objectives This systematic review and meta-analysis aimed to investigate the association between vaccinations
and the risk of rheumatoid arthritis (RA), specifically addressing concerns about a potential increased risk among
vaccinated individuals.

Methods A systematic search for cohort studies and case-control studies examining the association between
vaccinations and RA was conducted using Medical Subject Headings and relevant keywords across PubMed, EMBASE,
and Cochrane Library databases from inception to September 2024. The risk of bias of included studies was assessed
using the Newcastle-Ottawa Scale. The Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) system was employed to evaluate the overall certainty of evidence. Statistical analyses, i.e, pooling of
relative risk (RR) and corresponding 95% confidence intervals (Cl), were performed using a random-effects model on
STATA software (version 14.0). Due to the I value exceeding 50%, we did not perform an asymmetry test to assess
publication bias.

Results This meta-analysis included 16 observational studies conducted between 2008 and 2024 and involving a
total of 25,949,597 participants. The follow-up duration ranged from 0.03 to 9 years, while the data collection period
varied from 2.75 to 9.5 years. The analysis found no significant association between vaccination exposure and RA
[RR=1.03,95% Cl (0.95-1.11), ’=93.4%, P=0.456, low level of evidence]. Sensitivity analyses confirmed the robustness
of this result. Subgroup analyses revealed no significant risk of RA associated with HPV vaccination [RR=1.27 95%
Cl1(0.78-2.08), I’=81.4%, P=0.339], influenza vaccination [RR=1.10, 95% Cl (0.98-1.23), I’=52.4%, P=0.112], Anthrax
vaccination [RR=2.21, 95% Cl (0.75-6.52)], Herpes Zoster vaccination [RR=2.70, 95% Cl (1.70-4.29)], or COVID-19
vaccination [RR=0.94, 95% Cl (0.82-1.07), ’=97.4%, P=0.340]. However, the subgroup with a follow-up duration
varying between 0.5 and 1.8 years showed that (HPV & COVID-19) vaccination had a significant protective effect on
RA [RR=0.92, 95% Cl (0.87-0.98), I’=95.3%, P=0.005].

Conclusion The evidence for the association between vaccination and RA risk is insufficient, and vaccination may
serve as a protective factor for RA over a less than one year follow-up duration.
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Introduction

Vaccination is essential for disease prevention, offer-
ing effective and cost-efficient means to protect against
infectious diseases [1]. Notably, the widespread use of
childhood vaccines has improved global child survival
rates and health outcomes [2]. Seasonal influenza vac-
cines effectively reduce virus transmission and are rec-
ommended for individuals aged six months and older by
the Centers for Disease Control and Prevention (CDC)
[3]. The Hepatitis B vaccine (HBV) provides a long-last-
ing protection for over two decades, reducing both HBV
infection- and cancer-related deaths [4, 5]. During the
coronavirus disease 19 (COVID-19) pandemic, promot-
ing COVID-19 vaccinations has been vital in controlling
the virus spread [6]. However, concerns about vaccine
safety persist, underscoring the need for a thorough eval-
uation of their risks and benefits within national health-
care initiatives [7].

Rheumatoid arthritis (RA) is a common immune-
mediated inflammatory disorder that causes pain, swell-
ing, and stiffness in synovial joints, affecting about 1%
of adults [8, 9]. Recent years have seen an increase in
its incidence [10], with a 2023 United Kingdom study
showing a rise from 58 cases per 100,000 person-years
between 2000 and 2002 to 94 cases per 100,000 per-
son-years between 2017 and 2019 [11]. RA poses sig-
nificant economic challenges, decreases quality of life,
and increases mortality risk [12, 13]. Therefore, early
identification of risk factors is essential for understand-
ing its pathogenesis, preventing its onset, and enabling
timely interventions to reduce the burden on affected
individuals.

While some documented cases associate vaccination to
RA onset [14-18], epidemiological studies have shown
conflicting results: some suggest a potential causal asso-
ciation of vaccination on RA [19-24], others indicate a
protective effect [25, 26], and several others report no
significant association [27-34]. A 2017 meta-analysis
suggested an increased risk of RA following vaccination
[35], However, recent studies, including those on a novel
vaccine—the COVID-19 vaccine—as well as two large-
scale studies with larger sample sizes and new regions
such as Korea [24, 25], have not yet been included in the
analysis. We conducted an updated systematic review
and meta-analysis to thoroughly assess the association
between vaccinations and RA incidence and relapse.

Methods

Review reporting and registration

This systematic review and meta-analysis adhered to the
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines [36] and followed a
preregistered protocol available on the PROSPERO plat-
form (CRD42023445857).

Search strategy

A comprehensive search strategy was implemented
to identify relevant publications from the PubMed,
EMBASE, and Cochrane Library databases. The search
covered articles from the inception of each database
through September 22, 2024. Medical Subject Headings
terms for PubMed and Emtree terms for EMBASE were
utilized alongside appropriate keywords to enhance both
the sensitivity and specificity of the search. Key search
terms included “vaccination,” “vaccines,” “immuniza-
tion,” “arthritis, rheumatoid,” “risk,” and their synonyms.
A detailed account of the search strategy can be found
in Supplementary Tables 1-3. Additionally, the refer-
ence lists of pertinent systematic reviews were manually
screened to ensure comprehensive identification of rel-
evant studies [35].

Inclusion criteria

The inclusion criteria for studies in this meta-analysis
were as follows: (1) Population: Patients with RA and
those without RA, irrespective of age or nationality; (2)
Exposure: Any type of vaccination, including influenza,
Human Papilloma Virus (HPV) and COVID-19 vaccina-
tions; (3) Comparator: Individuals with or without RA
who did not receive vaccinations; (4) Outcomes: Effect
magnitude estimates (relative risks (RRs), odds ratios
(ORs) and hazard ratios (HRs)) and corresponding 95%
confidence intervals (CIs) for the association between
vaccination exposure and RA (incidence or relapse); (5)
Study design: observational case-control and cohort
studies.

Exclusion criteria

The exclusion criteria for this systematic review and
meta-analysis included: (1) Duplicate articles with
incomplete information for our analysis; (2) Articles
published in the form of reviews, conference abstracts,
comments, or letters; (3) Articles published in languages
other than English.

Study selection

The literature selection process was carried out inde-
pendently by two authors (HJ Pan and Y Yu) to ensure
a comprehensive and unbiased selection. We imported
the retrieved references into EndNote (version 21), used
the software’s automatic deduplication feature to iden-
tify duplicate studies, and then manually checked and
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excluded irrelevant or duplicate articles based on titles
and abstracts. We subsequently retrieved the full texts
of studies that seemed to meet the inclusion criteria for
assessing their eligibility. Any disagreements between the
two authors were resolved through discussion, with XL
Li acting as a mediator to reach a consensus.

Data extraction

Data was extracted independently by two authors (HJ
Pan and Y Yu) and cross-checked. A pre-designed data
extraction form was used. The extracted information
included the first author’s name, publication year, study
design, country or region, participant characteristics,
sample size, control selection, vaccine type, follow-up
time, adjusted confounders, and effect magnitude esti-
mates with 95% confidence intervals (CIs). In the meta-
analysis, only the adjusted effect magnitude estimates
from studies that provided both adjusted and unadjusted
estimates were included. Any discrepancies during the
data extraction process were resolved through discussion
among all authors after reviewing the literature to ensure
accuracy and consistency in the data extraction process.

Risk of bias assessment in primary studies

Two authors (XL Li and M] Wang) independently evalu-
ated and cross-checked the methodological quality of
included cohort and case-control studies using the New-
castle-Ottawa Scale (NOS) tool (available from: http://w
ww.ohri.ca/programs/clinical_epidemiology/oxford.as
p) [37]. Any discrepancies were discussed and analyzed
during group meetings until a consensus was reached,
thus ensuring the reliability of results. The NOS focuses
mainly on three domain areas: participant selection (four
stars), comparability (two stars), and outcomes (three
stars). For case-control studies specifically, the focus
is on the selection of cases and controls, matching ade-
quacy, reliability of exposure measurement, and whether
a blinding was done. For cohort studies, the NOS puts
an emphasis on participant selection criteria, follow-up
duration, and outcome assessment. This means that a
NOS-based assessment of the methodological quality
of a cohort study should mainly consider whether three
important facts have been observed: sufficient follow-up
time, bias attributable to loss to follow-up, and objective
assessment of outcomes. Accordingly, studies are classi-
fied as being of low (0-3 stars), moderate (4—6 stars), or
high (7-9 stars) quality.

Statistical analysis

Data analysis was conducted using the Stata software
(version 14). Considering the potential for clinical and
methodological heterogeneity in any meta-analysis, we
applied the random-effects model of DerSimonian and
Laird to pool the RRs and corresponding 95% Cls for
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the association between Vaccination and RA. A two-
sided P-value of “less than 0.05” was considered statis-
tically significant for any pooled RR. If the RR was not
provided in studies, we calculated the RR for that study
based on the adjusted OR [38, 39]. When I* exceeded
50%, we conducted a meta-regression to identify poten-
tial sources of heterogeneity. Variables assessed through
meta-regression included the study design (case-control
or cohort), duration of follow-up (with one year being
the cut-off), methodological study quality, and vaccine
type. We first used data from studies with a follow-up
duration > one year, then performed a sensitivity analysis
using data from studies with a follow-up duration<one
year. Subgroup analyses were then conducted based on
study design (case-control or cohort) and vaccine type
(HPYV, influenza, anthrax, HBV, tetanus, herpes zoster, or
COVID-19). Although we included more than 10 stud-
ies, the I? value was above 50%, which impeded the real-
ization of an asymmetry test [40]. As a result, we were
unable to assess the risk of publication bias. The Grad-
ing of Recommendations Assessment, Development,
and Evaluation (GRADE) recommendations were used
to ascertain the level of evidence presented in this meta-
analysis [41]. According to GRADE recommendations,
the level of evidence from observational studies is con-
sidered to be low. However, the quality of evidence from
cohort studies can be improved when large effect sizes
(RR>2 or £0.5) and, or by effectively addressing possible
confounding factors that could reduce the quality of evi-
dence. In the end, the level of evidence for outcomes can
be rated as high, moderate, low, or very low.

Results

Characteristics of included studies

A total of 3,784 records were retrieved. Finally, 16
observational studies published between 2008 and 2024
[19-34] were included in the meta-analysis. The study
selection process is shown in Fig. 1.

These included 12 cohort studies [20, 22-30, 33, 34]
and four case-control studies [19, 21, 31, 32]. Among
the included studies, six were conducted in Europe [22,
27, 28, 31, 33, 34], Five in North America [19, 21, 23, 30,
32], five in Asia [20, 24—26, 29]. The sample sizes ranged
from 202 to 9,258,803 participants, with follow-up peri-
ods varying from 0.03 to 9 years. Data extraction periods
ranged from 2.75 to 9.5 years, and participant ages varied
from 9 years to over 80. This meta-analysis included stud-
ies on seven types of vaccines: six studies focused on the
HPV vaccine [19, 23, 26, 27, 30, 33, 34], five on the influ-
enza vaccine [22, 23, 28, 29, 31], three on the COVID-19
vaccine [20, 24, 25], and one HBV, anthrax, tetanus, and
herpes zoster vaccines. A summary of the characteristics
of the included studies is presented in Table 1.
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Fig. 1 PRISMA flow chart of study selection

Nine studies [20, 22-25, 29, 31-33] received a>7, clas-
sifying them as high quality with a low risk of bias. Five
studies [19, 26, 27, 30, 34] scored 6, indicating moder-
ate, while two studies [21, 28] scored 5, indicating low
(Table 2).

Overall estimation of the association between vaccinations
and RA risk

The meta-analysis, which included the 16 selected stud-
ies, revealed no significant association between vaccina-
tions and an increased risk for new-onset or relapsing
rheumatoid arthritis (RA) [RR =1.03, 95% CI (0.95-1.11),
’=93.4%, P=0.456, Fig. 2]. Sensitivity analyses indicated
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that no individual study significantly influenced the over-
all effect estimate, potentially enhancing the reliability of
our results (Supplementary Figure A).

Subgroup analysis

By duration of follow-up

Results from the subgroup with <1 years of follow-up
demonstrated that vaccination had a significant pro-
tective effect on RA [RR=0.92, 95% CI (0.87-0.98),
1’=95.3%, P=0.005, Table 3]. Conversely, studies with
>1 years of follow-up yielded a pooled RR for RA asso-
ciation with vaccinations at 0.99 [95% CI (0.91-1.09),
I’=0.0%, P=0.908, Table 3]. Even after excluding studies



Page 5 of 12

(2025) 25:933

Pan et al. BMC Public Health

61]

/ 6£-9 s1eah6 Yo S|0UOD 6083 pue stuaned vy £t SUIDIBAAH  [013UOD-358D) ¥SN 910z vd 42189
'Snye)s JuawAoldap pue
'9DUE||IDAINS [BDIPAW Japun Buluuibaq jo [cel 910 HY
SWi} Jepuajed ‘youelq adIAIS ‘abe X3S +5p-81 SIBIA S/ T HO S|0J3U0D 677 pue syuaied vy // SUIDDBA XIYIUY |0J3U0D-358D) VSN Ja1ayuapieg
SUIDIRA [Lad
/ / sieak 56y 5]01U0D g pue stusned vy Oy L Jo)s07 sadeH  |013U0D-a5ED) VSN SLOZ DAET
‘syualdioal
|0J3U0 10}
sieak G0
'syuaididal U 8 vlo
908l Iapuab ‘abe I'08LFOYy -JPAIOJSIBIAE Yy syuedpiued |zs'cz 3UDdeA BZUSN|U| 1oyod wnibjag MQ uybnep
"SYISIA 218D AI0) XLwiapued
-B|NQUIE JO JaquInu pue ‘suopezieyidsoy ‘S|ENPIAIPU| P1RUIDIRA Y1IM UOI1RUIDIRA
4O Jaquuinu “a2e|dyiq ‘Dwodul ‘uol} -Uou 7/S'/6%'7 PUB 0107 PUe 6007 U99M19q 2UIDIBA [cal
-ednpa 1apuab ‘9be ‘aduspisal Jo Ajunod) +08-0 SIPRAGT'Z  YH  XUWSPUBRJ YUM PIIBUDIRA I9M /O /4E'E eZUINYU| }oyod USPaMS [T | UOSSIad
S|OUOD | H7'yg PUR SUIDIRA AdH BuIAIeIa) vel v1oz
/ +97-6 SIBIAGZ'E WY USWOM }Npe pue S|Ib Juadsa|jope €/ 1L € 2UIDIPA AdH 1oyod wnibjag D ojabuy
'SN3LJS DJUIOU0I301D0S [euidled pue [e€]
‘yuIq Jo A13unod [eyuaied ‘|aAl| [euoriedn SOUIDIRA AdH PaAIRI3) £1077 wons
-pa |eauaied 1eak Jepualed ‘9be ‘A1unod) 3101 sieaf /1y Yy WaY3 JO 978'967 Pue SHIb 585'/66 3UIDDPA AdH 1oyod USpams  |yeg-wiayuiry
*SN3E1S DILOUOII0ID0S [BNPIAIPUL pUP
'92UapIsal JO UolleZIUBgUN pue uoibal suosiad AjJap|a pajeulddeAun €/6'05 67]
o1ydeiboab ‘A3pigiowod ‘abe Japuan +08-59 sieal | YO pue suosiad A|Jap|a pa1euIddeA 986 | SUIDJBA BZUSNU| 1oyod uemie| 2107 ALOH
800¢
pue 900¢ Usamiaq auldIeA AdH JO 250p [ogl zLoC
9By 97-6 sieak 60 Yy 3UO 15B3)| 1P PAAISIA) OYM USUIOM 679'68 | SUIDIPA AdH 1oyod VSN Joeyd
dUPIRA AGH
‘SYSIA UOI 6661 YOOI} /661 WOy ‘duIddeA BZUSNYU| [eal LL0C
-BZ1|3N JO JSQUINU JDBX3 pUe ‘X35 ‘9orY 61-Gl sleakz Yy s1eak 65— | pabe syuedpipied 661°/85°C '3UIDdeA SNuUBD| 1oyod VSN d Aey
‘AOUSpISaI pUR X3S
‘abe 10} paydieuUl S|0J3UOD Pa3I3|9S A|UOP 3UDIeA [1€1010z
auoz Aduspisal pue xas ‘aby 0/-81 SIS YO -URI 7GZ'7 PUB Y JO 358D JUSPIDUI 866 | eZUINYU| |03U0D-358D) uspams D uossibuag
synpe bunoA (ueaw) #0SY JO SauIddeA /2] 800¢C
/  PpuesuUads3|ope sieak g/l Yy pajueANn(pe uj panjoAul syuedidiiied 715'89 2UIDIPA AdH 1oyod wniblag | USISRIISIDA
«pouad uon
-J9||0d k1R 9ZIS
sisk|eue |ed13siyels ay3 /dn-mojjoj 139} paJaissiuiwpe
ul paisnfpe Ajpuspuadapul sioydeq aby jouoneing -j3 syuedpiied saupdena josadA]  ubisap Apms  Asunod loyny

sisA|eue-RIaLL PUR M3IARI DIIRWISISAS D41 Ul PAPN|DUL SAIPNIS 9| 3Y3 JO SDNsIa1oeIey) | djgeL



Page 6 of 12

(2025) 25:933

Pan et al. BMC Public Health

S3IPNS [043U0-3SED Ul JUSWINIDRI PUB UOI1D3||0D 3SED IO Blep 10 dbuel dwil 9Y3 03 S19431 polsad uoi1d3||0d eleQ 'sa1pN3s 11040d Ul dwil dn-moj|04 JO UoleINp 31 01 $43421 dN-MO||04,

6107 95e3SIP SNIIARUOIOD ‘6L-AIAQD ‘snJirewo|ided uewny ‘AdH ‘sniiA g siiizedsy ‘AgH

's1eak
8L0F6C L
6l 7LFTH LG HOYyod |01U0D ‘A]9AI30adsal ‘S1I0Y0D [013U0D (PUIBPOW ‘£/C1L
3i{enb  :0UOD [EDUOISIH  [BOLIOISIY ‘SIeSA [EDLIO}SIY PUB UOIIRUIDIBA  -YNYW SA Yd3] NOIg
[2A3] BUIODU| '2583SIP BUIAIISPUN ‘DOUSP ‘6L L FTHEGUO  8LOF 6L LHOY 3y} Ul papnjoul asem syusiied Ze6' vy pue —I9zyd ‘7qr9LINg) (vl vzoT
-1S91 JO Baly ‘9dA} adueINsuU| ‘XaS 9By -BUPDDBA -0D UO[BUIDIEA  YH €EE'ShY ‘(P10 U| 2UPIeA 6 1-JINOD 10yod 2310} MS Bunp
(Iwg) CL'8F L8 Pe
Xapul ssew Apog pue ‘ejuispidijiadAy -JeupdoeAUN ‘/6t sem dnoub pajeud
‘uoisuapadAy ‘sa1agelp ‘Buows ‘sniels 9G'8F | T'8T:Po -DBAUN 33 pUe !/ 6t Sem dnoib pajeuiddea [97]
[BILIBWI ‘|9AS] UOIIEINPS ‘9B XBS ‘Dbe -JeuIddeA SEEV N 2y ‘buryorew 2100s Ansuadoid sy3 Jayy 9UIDIPA AdH 1oyod eulyd €207 O buep
‘SIeak
¥C'0+8C 010y
/81 F8¥:|01u0d -0D |eD1Oo)SIY Y08'VE]'E Joonel ||
95e3s|p |BD1O3SIH 'sieak B Ul X35 pue 3H. 10§ PayDIeW 24aM $|0J3UOD (£/71-YNYW
Buihapun ‘@duapisal Jo uoledoT (L8LF L GUON STOFST0HOY Slwspuedaid [e2UOISIH "07 L 'BER'E U0 C9z9LINg) [sad
'|9A3] SWodU| ‘adA} 3dueINSU| X3S 9bY -BUPDDOBA -0D UORBUIDIBA  YH -BUIDDBA PAAIDIDI OYM S[enpIAIpU| 3UPIeA 6 1-dINOD }oyod £210Y) €207 HNM
[96£9"2)
wodbuoT [941yz Woly
SUIDIBA JIUNGNS JURU
-IquI0d3l Ag pamoy|o}
0'€LFS6S dnoib (%0'9¢
S31PIQIOWO) ‘A103siy Bul  UOBUIDIRA-UOU '/2) wieydoulg
S|oWS ‘(zW/By) Xapul ssewl Apog ‘(Sieak) 0L 916 :dnoib SUIDIBA JO S9S0P OMY PaAladal syuaied $01  (9%€°/9 '0/) DeAQUIS] [07]
uoleInp aseasiq ‘(sieak) aby ‘ojewa4 UoneUIDIRA s1eak 80l HO pue JOYs aUIDDBA OU PaAladal syualied g6 3uPdeA 61-JIANOD 1oyod eulyd €707 A BUIDH
«pouad uon
-9||0d eJR 9ZIS
sisA|eue |ed13siels ayl /dn-mojjoj 133} paJaissiuiwpe
ui paisnfpe Ajpuapuadapul si01deq aby jouoneing -j3 syuedpnied saupdea josadAl  ubisap Apmys  Anunod loyiny

(panunuod) | ajqel



Pan et al. BMC Public Health

(2025) 25:933

Page 7 of 12

Table 2 Risk of bias assessment in the 16 observational studies assessing the association between vaccinations and RA

Author Selection® Comparability® Outcome Quality score
ascertainment® (Total)

Verstraeten T 2008 [27] Xk Xk * * %k Medium (6)
Bengtsson C 2010 [31] *ok ok *okok High (7)
Ray P 2011 [23] oKk K *k oKk High (9)
Chao C 2012 [30] kK * ok Medium (6)
HoTY 2012 [29] kKoK ok ok High (8)
Arnheim-Dahlstrom L 2013 [33] Kok ok *k *k High (8)
Angelo MG 2014 [34] * kK * * % Medium (6)
Persson | 2014 [22] ok kK %k kK High (9)
Vaughn DW 2014 [28] *k % *k Low (5)

Lai YC 2015 [21] oKk 0 ok Low (5)
Bardenheier BH 2016 [32] * * K Kk High (7)
Geier DA 2016 [19] * %k 0 oKk Medium (6)
GengY 2023 [20] *okokok *ok *okk High (9)
JuHJ2023[25] Hokok *ok *ok High (7)
Yang G 2023 [26] oKk ok * Medium (6)
Jung SW 2024 [24] *okok *k *okok High (8)

We assessed the included case-control studies and cohort studies using the relevant items from the NOS scale (Available from: http://www.ohri.ca/programs/clini

cal_epidemiology/oxford.asp)

2 Selection refers to how participants are chosen for the study and whether the selection process is free from bias. b Comparability refers to the extent to which the
groups being compared are similar at the baseline, controlling for potential confounding factors. < Outcome ascertainment refers to how the outcomes of interest
are measured and whether the measurement process is consistent and reliable

Study

ID
Author(year)
Geng Y (2023)
JuHJ (2023)

Persson | (2014)

Ray P (2011)

Bengtsson C (2010)
Bardenheier BH (2016)

Ho TY (2012)

Arnheim-Dahlstrom L (2013)
Jung SW (2024)
Verstraeten T (2008)

Chao C (2012)

Angelo MG (2014)

Geier DA (2016)

Yang G (2023)

Vaughn DW (2014)

Lai YC (2015)

RR (95% Cl)

1.04 (1.01, 1.07)
0.92 (0.87, 0.98)
1.07 (1.01, 1.14)
1.37 (1.09, 1.72)
1.00 (0.90, 1.11)
2.21(0.75, 6.52)
2.42(0.80, 7.31)

Overall (l-squared = 93.4%, p = 0.000)

NOTE: Weights are from random effects analysis

1.01 (0.66, 1.54)
0.86 (0.84, 0.89)
1.17 (0.47, 2.89)
0.71(0.37, 1.37)
1.60 (0.28, 9.22)
563 (2.72, 11.63)
0.88 (0.87, 0.88)
0.60 (0.01, 43.26)
2.70 (1.70, 4.29)
1.03 (0.95, 1.11)

%
Weight

14.70
13.84
13.80
6.52
12.02
0.49
0.47
2.73
14.76
0.70
1.27
0.19
1.06
15.06
0.03
2.35
100.00

.00832

Fig. 2 Forest plot for the association between vaccinations and RA risk

120
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Table 3 Results of subgroup analysis

Subgroups  Included RR Heterogeneity
studies 950, C| P-values 12(%) P-val-
ues

Follow-up duration

<lyear 3 0.92(0.87-0.98) 0.005 953 0.000
> lyear 9 0.99(0.91-1.09) 0.908 0.0 0.647
Vaccine type
HPV 6 1.27(0.78-2.08) 0.339 814  0.000
Influenza 5 1.10(0.98-1.23) 0.112 524 0078
Covib-19 3 0.94(0.82-1.07) 0.340 974  0.000
Anthrax 1 2.21(0.756.52) 0.151 / /
Herpes 1 2.70(1.70,4.29) 0.000 / /
Zoster
Study quality
High 9 1.02(0.93-1.12) 0.701 927 0.000
Moderate 7 1.56(0.81-3.01) 0.186 878  0.000
or Low
Study design
Cohort 12 0.98(0.91-1.05) 0.545 936  0.000
Case- 4 2.32(0.98-5.50) 0.005 923  0.000
control

RR, Relative Risk; 95%Cl, 95% confidence interval; HPV, human papillomavirus;
COVID-19 Coronavirus disease 19

of moderate or lower quality, no significant association
was found between vaccinations and an increased risk for
RA [RR=1.02, 95% CI (0.93-1.12), I’=92.7%, P=0.701,
Table 3].

By study design

Data from the 12 cohort studies showed no associa-
tion between RA risk and vaccination [RR=0.98, 95%
CI (0.91-1.05), I’=93.6%, P=0.791, Table 3], a finding
consistent with data from the four included case-con-
trol studies [RR=2.32, 95% CI (0.98-5.50), 1’=92.3%,
P=0.055, Table 3].

Results of heterogeneity assessment

In the 16 studies examining the association between vac-
cination and the risk of RA, significant heterogeneity was
observed (I’=93.4%). Meta-regression analysis indicated
that the duration of follow-up for outcome assessment
(P=0.45), the quality of the studies (P=0.27), and the
type of vaccine (P=0.54) were not sources of heterogene-
ity. However, the study design (P=0.02) was potentially a
source of heterogeneity.

Certainty of evidence

The level of evidence for RA risk associated with any type
of vaccine was very low according to GRADE recommen-
dations. Specifically, the GRADE level of evidence was
very low for RA risk with HPV, Anthrax, Herpes Zoster
and COVID-19 vaccines, while it was low for the influ-
enza vaccine. Furthermore, the GRADE level of evidence
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was very low for the risk of RA in both case-control and
cohort studies. This evidence was consistently rated
as very low across high-quality, moderate-quality, and
low-quality studies. Additionally, the GRADE level of
evidence remains very low regardless of the duration of
follow-up (above or below one year). The certainty of evi-
dence for these outcomes is presented in Table 4.

Discussion

Main findings

The overall results of the meta-analysis, which included
16 studies, show no statistically significant increase in RA
risk associated with vaccination. Notably, subgroup anal-
ysis with follow-up times less than one year indicated a
protective effect of vaccination against RA, highlighting
the importance of short-term follow-up in exploring the
association between the.

Interpretation of findings

A previous systematic review [35], which included 13
observational studies, suggested that vaccinations are
associated with an increased risk of RA [RR=1.32;
95%CI 1.09-1.60]. However, in contrast, our review
found no significant association between vaccina-
tion and RA [RR=1.03, 95% CI (0.95-1.11), I* = 93.4%,
P=0.456]. The earlier review [35] also highlighted sev-
eral subgroup analyses, including those of high-quality
studies [RR=1.24; 95%CI 1.03-1.49, P=0.025] funded
by non-pharmaceutical companies [RR=1.40; 95%CI
1.14-1.72, P=0.002], case-control studies [RR=2.51;
95%CI 1.13-5.57, P=0.024], cohort studies [RR=1.17;
95%CI 1.09-1.26, P<0.001], short-term vaccination peri-
ods [RR=1.48; 95%CI 1.08-2.03, P=0.015], and studies
focused on influenza vaccines [RR=1.17; 95%CI 1.09—
1.25, P<0.001]. These analyses supported the findings
of the review. In line with our review [RR=1.27, 95% CI
(0.78-2.08), I* = 81.4%, P=0.339], the subgroup analysis
of the HPV vaccine in the previous review [RR=1.44,
95% CI (0.65-3.21), I* = 80.5%, P=0.370] also found
no significant association with RA. Our review, how-
ever, introduced a new vaccine—the COVID-19 vaccine
[RR=0.94, 95% CI (0.82-1.07), 1>=97.4%, P=0.340]—and
provided a more comprehensive assessment of the asso-
ciation between vaccination and RA. Additionally, we
included two large-scale studies [24, 25], which increased
both the sample size and population diversity. This also
added data from Korea, further enhancing geographical
diversity.

However, short-term follow-up data show that vacci-
nation is a protective factor for RA. This difference may
be due to the fact that vaccines activate the immune
system and provide protection against certain infec-
tions or immune responses. However, over time, the
immune response may weaken, or long-term effects may
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Table 4 Results of ascertainment of the level of evidence using GRADE recommendations

Outcome Exposure Study GRADE Evi-

numbers Risk of Inconsistency” Indirectness™ Imprecision™ Publi- dence
bias cation quality
bias

RA Any type of vaccine 16 0 -1° 0 0 0 Very Low

RA HPV 7 0 -1@ 0 0 0 Very Low

RA Influenza 5 0 0 0 0 0 Low

RA COVID-19 3 0 -1° 0 0 0 Very Low

RA Anthrax 1 0 0 0 0 0 Very Low

RA Herpes Zoster 1 0 0 0 0 0 Very Low

RA Duration of 3 0 -1@ 0 0 0 Very Low
follow-up<1year

RA Duration of follow-up 9 0 -1° 0 0 0 Very Low
>1 year

RA Cohort study 12 0 -1° 0 0 0 Very Low

RA Cace-control study 4 0 -1° 0 0 0 Very Low

RA High quality study 9 0 -1@ 0 0 0 Very Low

RA Moderate or Low qual- 7 0 -1° 0 0 0 Very Low
ity study

RA: Rheumatoid Arthritis; Explanations: a. high heterogeneity; The relevant information on GRADE certainty of evidence can be found at https://gradepro.org/

" Inconsistency refers to the variability in the results across studies, often characterized by non-overlapping confidence intervals or high heterogeneity, suggesting
that the studies are not measuring the same underlying effect. This could be due to differences in study populations, interventions, or methods. ** Indirectness
occurs when the population, intervention, or outcomes in the studies do not directly answer the review question, or the results are not directly applicable to the
population or intervention of interest in the review. ™" Imprecision refers to the lack of sufficient data to draw reliable conclusions, often due to wide confidence
intervals or a small sample size in the studies, which prevent precise estimates of the effect

be influenced by other factors, such as environmental or
genetic factors, which may explain why the overall anal-
ysis did not show a significant association. The number
of studies with comprehensive short-term follow-up is
limited, and there is considerable heterogeneity. Differ-
ences in study types may have obscured the true associa-
tion between vaccination and RA, highlighting the need
for larger and higher-quality studies to confirm our find-
ings. To reinforce the reliability of our findings, we have
consulted existing research. Multiple studies support
the idea that the COVID-19 vaccine does not signifi-
cantly impact RA [42, 43]. Peng et al. reported that while
COVID-19 is associated with an increased risk of vari-
ous autoimmune diseases, vaccination may help mitigate
this risk [44]. HBV immunization is widely recognized as
a safe routine practice [45]. Extensive research on HPV
vaccinations in specific vaccine-type subgroups demon-
strates their safety, tolerability, and efficacy in prevent-
ing persistent infections and cervical diseases in young
women [46]. Herpes viruses, including HPV, are gener-
ally not associated with the occurrence of autoimmune
diseases [47, 48]. Both previous studies and our own out-
comes indicate that HPV vaccines do not elevate the risk
of RA, aligning with existing literature. Given the dispari-
ties in estrogen levels and immune responses, females are
at a higher risk of developing RA than males, making our
findings particularly reassuring [49].

In this study, we explored the underlying mechanisms
and found that, due to the autoimmune nature of RA

itself and treatment strategies aimed at improving the
condition, particularly the use of biologic DMARD:s,
the incidence of infectious diseases has increased
[50-52]. Previous studies suggest that infections may
exert a potential protective effect on autoimmune dis-
eases through mechanisms such as antigen competition,
immune regulation, and innate immune stimulation.
As an immune intervention that can induce immune
responses without causing disease, vaccination may
reduce the occurrence or alleviate clinical symptoms
of RA in the short term through similar immune regu-
latory mechanisms [53, 54]. Therefore, the protective
effect observed in the short-term follow-up subgroup
(less than one year) is most likely explained by the vac-
cine effectively preventing RA-related infections, thereby
reducing the risk of RA occurrence or relapse. However,
in the long-term follow-up period (over one year), no
significant association between vaccination and RA was
observed. The disappearance of this protective effect may
be related to the vaccine’s inability to continuously and
effectively prevent infections in the long term. Addition-
ally, it is possible that vaccination did not induce side
effects related to RA occurrence or relapse. Relevant
studies indicate that vaccination is generally safe and
immunogenic in patients with mild or resolved autoim-
mune diseases. For example, the immunogenicity of the
influenza and pneumococcal vaccines has been con-
firmed in patients with systemic lupus erythematosus
(SLE) and RA [55].
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Strengths and limitations

Our review’s strengths include its large sample size and
the incorporation of various study designs, such as cohort
and case-control studies, which contribute to robust
assessments of vaccine and RA risks. Additionally, the
results of our sensitivity analysis further support the epi-
demiological evidence suggesting no association between
vaccines and RA risk. Nonetheless, there are several limi-
tations to our review. First, significant heterogeneity was
observed in the meta-analysis, which may be due to dif-
ferences in study design, participant characteristics, and
vaccine types, all of which could affect the reliability of
the results. The meta-regression analysis suggested that
study design is a potential source of heterogeneity in the
association between vaccination and RA risk (P=0.02),
but no other major sources of heterogeneity were iden-
tified. Given the limited number of relevant studies, this
may reduce the statistical power of the meta-regression
analysis. Furthermore, since retrospective cohort and
case-control studies may be influenced by recall bias,
future research should include more prospective cohort
studies to further confirm the association between vac-
cination and RA risk.

Second, many of the original studies did not clearly
distinguish between RA patients and non-RA patients.
Since these two groups are not independent, we com-
bined them in our analysis, which may introduce clinical
heterogeneity. Another limitation is that there are few
studies focusing specifically on vaccines such as HBV,
anthrax, and shingles, which hinder subgroup analy-
ses for more precise conclusions. Moreover, the esti-
mated risks of RA onset and recurrence in our review
were based on the combined effects of vaccines that vary
greatly in nature and mechanisms of action. Some vac-
cines, such as herpes vaccines, target microorganisms
(like herpes viruses) that are known not to be related to
RA pathogenesis, which is a major limitation of this sys-
tematic review and meta-analysis.

Third, our research primarily includes studies from
European, American, and Asian populations, reveal-
ing a gap in studies on African populations, likely due
to economic limitations and lower vaccine coverage [1].
Since the populations in our review differ from those in
countries with heavier infectious disease burdens, such
as South Africa, caution is needed when applying these
results to different countries and regions. Additionally,
because the I* exceeded 50% and did not meet the crite-
ria for an asymmetric test [40], we were unable to assess
publication bias. This difference highlights the need for
more research on African populations to provide conclu-
sive evidence.

Finally, despite our comprehensive literature search,
some relevant studies may have been overlooked, which
remains an ongoing challenge.
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Implication for clinical practice

The GRADE assessment indicates that there is currently
no clear evidence supporting the correlation between
RA and vaccination. Based on the existing research find-
ings, future studies could be improved in the following
areas: First, studies should distinguish between differ-
ent populations, particularly by separating high-risk RA
populations from the general population. Factors such
as smoking and family history significantly increase the
risk of developing RA. Therefore, future research should
assess the impact of vaccination on RA relapse in dif-
ferent populations, particularly in RA patients in states
of incomplete and complete remission. Second, both
quantitative, qualitative, and mixed methods should be
employed to thoroughly evaluate the effects of differ-
ent types of vaccines on these populations. Based on the
findings from these improved studies, healthcare provid-
ers can offer personalized education on the safety and
necessity of vaccination for different risk groups. This
information will also assist public health policymakers in
making more scientifically informed decisions when allo-
cating resources and formulating effective vaccination
strategies.

Conclusion

This updated meta-analysis suggests that there is no clear
evidence supporting an association between vaccination
and the RA risk. However, it is important to consider fac-
tors such as the type of vaccine, the population studied,
and the duration of follow-up when interpreting these
findings.
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