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ARTICLE INFO ABSTRACT

Keywords: Objective: Routine vaccinations are associated with an increased risk of gout flares. We examined the association
COVID-19 between COVID-19 vaccination, an immunization program implemented to a large proportion of population, and
Vaccination

the risk of gout flares.

Methods: We conducted a time-stratified case-crossover study among patients with gout who experienced gout
flares between December 2020 and September 2021, using data from The Health Improvement Network. We
compared the risk of gout flares on each of the seven days on and after the day of COVID-19 vaccination vs. no
vaccination during that period using conditional logistic regression. In addition, we performed subgroup analyses
stratified by different COVID-19 vaccines (i.e., BNT162b2, hereafter referred to as BNT, and ChAdOx1 nCov-19,
hereafter referred to as ChAd).

Results: Among 5,904 patients with gout (mean age: 63-1 years; 85-5% male) who experienced gout flares within
one month, the risk of gout flares slightly increased on the second day after COVID-19 vaccination (odds ratio:
1-44; 95% CI: 1-02 to 2-07). The risk of gout flares also slightly increased after receiving COVID-19 vaccine on
other remaining days (ORs ranged from 1-03 to 1-22); however, none of them was statistically significant. An
increased risk of gout flares on the second day after vaccination was mainly observed for the ChAd vaccine (odds
ratio: 1-44; 95% CI: 1-00 to 2-05), but not for BNT vaccine (odds ratio: 1-18; 95% CI: 0-67 to 2-02).
Conclusion: COVID-19 vaccination, mainly ChAd vaccination, slightly increases the risk of gout flares on the
second day after vaccination. This finding reassures the safety of COVID-19 vaccination for patients with gout.

Gout flare

routine vaccinations were associated with an increased risk of gout
flares [5-7]. These findings have prompted the implementation of an
enhanced post-marketing surveillance program for gout flares following
The coronavirus disease 2019 (COVID-19) pandemic has had vaccination [8]. Recently, a study showed that the odds of gout flares
increased by almost 6-fold after receiving the inactivated COVID-19
vaccines [9]. However, whether the risk of gout flares increases after
receiving other COVID-19 vaccines, such as messenger RNA (mRNA)
vaccines BNT162b2 (Pfizer—BioNtech, hereafter referred to as BNT) or
adenovirus vector vaccines ChAdOx1 nCov-19 (Oxford-AstraZeneca;
hereafter referred to as ChAd) is unknown.

In the United Kingdom (UK), total number of people who have

Introduction

tremendous social and economic impacts, especially for people living
with inflammatory disorders like gout [1]. COVID-19 vaccines are
effective against severity of SARS-COV-2 infection, such as hospitaliza-
tion and death, but there has been a concern regarding their effect on the
risk of flares in patients with gout [2,3], which are associated with
health-related quality of life, healthcare resource utilization, and work
productivity [4]. Indeed, previous studies have reported that some
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the United Kingdom (UK);

the Health Improvement Network (THIN);
general practitioners (GPs);

nonsteroidal anti-inflammatory drugs (NSAIDs);
confidence interval (CI).

received the first, the second, and a booster or third dose of COVID-19
vaccination was 53, 50, and 39 million, respectively [10]. Considering
COVID-19 vaccine has been given to a large proportion of population
and approximately one in 40 adults are living with gout [11], assessment
of the potential risk of gout flares following vaccination among patients
with gout has important clinical and public health implications. Using
the data collected from The Health Improvement Network (THIN) in the
UK, we examined the association of COVID-19 vaccine developed using
other platforms and risk of gout flares among patients with gout.

Methods
Data source

THIN (now called IQVIA Medical Research Database) is an electronic
medical record database including general practitioners’ (GPs) records
in the UK and represents the UK population regarding demographics and
medical conditions. THIN contains anonymized medical records from
790 general practices with approximately 17 million patients. Health
care information is recorded at each practice on socio-demographics,
anthropometrics, lifestyle factors, visits to GPs, diagnoses from spe-
cialists and hospital admissions, and laboratory test results. Details of
THIN database have been described previously [12]. The scientific re-
view committee for THIN database and the institutional review board at
Xiangya Hospital approved this study, with waiver of informed consent.
This study followed the recommendations of the STROBE initiative for
reporting observational studies in epidemiology [13].

Study design and cohort definition

The study was conducted from December 1, 2020 (i.e., when public
vaccination began) through September 30, 2021. Eligible individuals
included people between 20 and 90 years of age with more than one year
of continuous enrollment with a general practice prior to December 1,
2020, had a history of gout diagnosis, and experienced at least one gout
flare during the study period. Individuals were excluded if they had a
history of cancer. People with gout were identified based on the pres-
ence of at least one gout Read code, which has been used in previous
studies in THIN database [14-17]. A previous study showed a validity of
90% for gout diagnoses recorded in the General Practice Research
Database (GPRD) when Read code and anti-gout medication were used
[18]. Approximately 60% of patients in THIN are overlapped with those
in GPRD. We used similar algorithm as part of the operational definition
for gout flares (described in Exposure and outcome section). We con-
ducted a time-stratified case-crossover study to examine the association
between COVID-19 vaccination and gout flares. Specifically, we divided
the calendar days into blocks, with each block consists of 28 days
starting on December 1, 2020. Each 28-day time block comprises four
7-day periods. The day on which gout flare occurred was used as the
index day to anchor the 7-day hazard period. If a participant
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experienced two or more gout flares within a 28-day time block, only the
first gout flare related 7-day hazard period was included, and the latter
gout flares related 7-day periods were excluded from this time block.
Thus, the hazard period and up to three control periods were matched to
the same day of the week within the same block [19]. The time-stratified
case-crossover study design can control for cyclical variation of the
underlying hazard of gout attacks according to day of the week. For
example, individuals may have different behaviors on weekdays versus
weekends that could have bearing on the risk of gout attacks, such as
alcohol drinking. By restricting the control periods to the same day of
the week within a short period of time (e.g., 35 days), potential control
selection bias and time trend of exposure are minimized [20,21]. The
study design is depicted in Fig. 1.

Exposure and outcome

COVID-19 vaccination was ascertained using Read codes on each day
during the hazard and control periods, respectively. The primary
outcome was the occurrence of gout flares. The operational definition of
gout flare was defined as follows: having a recorded Read code of gout
together with a recorded prescription of colchicine [22]; or having a
recorded Read code of gout together with at least one of the following
treatment patterns within one week: intra-articular corticosteroids,
prescription of nonsteroidal anti-inflammatory drugs (NSAIDs), corti-
costeroid or adrenocorticotropic hormone [22]; or having Read codes
specific for gout flare. The date of prescription of colchicine or other
treatment or gout flare diagnosis was taken as the date of gout flare.
Ascertainment of recurrent gout flares was performed recursively add-
ing in every new follow-up a period of grace of 30 days to the date of the
gout flare detected in each consecutive search (to account for full
remission of that attack).

Statistical analysis

We examined the relation of COVID-19 vaccination on each day over
7-day period to the risk of gout flares using a conditional logistic
regression. No vaccination over a 7-day period was the referent cate-
gory. In addition, we performed subgroup analyses stratified by different
COVID-19 vaccines (i.e., BNT and ChAd vaccines). We also performed an
analysis to examine whether the relation of the first dose of COVID-19
vaccine to the risk of gout flares different from that of the second dose
of COVID-19 vaccine.

All P values were 2-sided and P<0-05 was considered significant for
all tests. All statistical analyses were performed with SAS software,
version 9-4 (SAS Institute, Cary, North Carolina, USA).

Results

During the study period 5904 individuals experienced gout flares. Of
them, 3748 (63-5%) had one gout flare, 1125 (19-1%) had two gout
flares, and the remaining 1031 (17-4%) had three or more gout flares.
The majority of diagnosis of gout flares (87-9%) were based on Read
code of gout plus colchicine, followed by Read code of gout plus other
treatment (11-5%), and then Read code of gout flare (0-6%). As shown in
Table 1, more than 80% individuals with gout flare were men, the mean
age was 63-1 years, and mean BMI was 31 kg/m?. Two-thirds of in-
dividuals received ChAd vaccine and one third received BNT vaccine.

The relation of COVID-19 vaccination on each day over 7-day period
to the risk of gout flares is presented in Table 2. Compared with no
COVID-19 vaccination over 7-day period, the risk of gout flares was
statistically significantly higher (odds ratio [OR]: 1-44; 95% Confidence
interval [CI]: 1-02-2-07) on the second day after vaccination. The risk of
gout flares also slightly increased after receiving COVID-19 vaccine on
other remaining days (ORs ranged from 1-03 to 1-22); however, none of
them was statistically significant.

Results from subgroup analysis stratified by the different COVID-19
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Fig. 1. Study design of exposure measurement on the second day prior to the index day. A white dot represents one weekday in hazard and control periods.

Table 1
Patient characteristics.

Characteristics Patients (n = 5904)

Age, mean (SD), y 63-1 (14-7)
Female (%) 145
BMI, mean (SD), kg/m? 31.0 (5-9)
Socioeconomic deprivation index, mean (SD)* 2.9 (1-3)
Region (%)

England 129
Northern Ireland 140
Scotland 319
Wales 41-2
Type of vaccination (%)

ChAd 66-9

BNT 311
Others 2:0

Gout flares per person, mean (SD) 19 (1-3)

n, number; BMI, body mass index; SD, standard deviation; COVID-19, corona-
virus disease 2019.

" The Socio-Economic Deprivation Index was measured by the Townsend
Deprivation Index, which was grouped into quintiles from 1 (least deprived) to 5
(most deprived).

vaccines (i.e., BNT and ChAd vaccines) were showed in Table 3.
Consistent with the primary analysis, we observed an increased risk of
gout flares after COVID-19 vaccination among individuals who received
ChAd vaccine. Compared with those who did not receive ChAd vaccine
over 7-day period, the OR of gout flares on the second day after ChAd
vaccination was 1-44 (95% CI: 1-00 to 2-05). However, no statistically
significant association was found between BNT vaccination and the risk

Table 2

of gout flares (ORs ranged from 0-90 to 1-18). In addition, an increased
risk of gout flares was mainly observed on the second day after receiving
either the first dose of COVID-19 vaccine or the second dose of COVID-
19 vaccine (Supplementary Table 1). However, the sample size was
reduced when the stratified analyses by the dose of COVID-19 vaccine
were performed; thus, none of the ORs was statistically significant.

Discussion

In this population-based case-crossover study of individuals with
gout, risk of gout flares slightly increased on the second day after
COVID-19 vaccination, and an increased risk of gout flares was mainly
found among individuals who received ChAd vaccine.

Recently, a cross-sectional study reported that inactivated COVID-19
vaccination was associated with a 6-fold higher odds of gout flares [9].
The inactivated COVID-19 vaccine in that study contains aluminum
hydroxide adjuvant, and previous studies have shown that adjuvant
could activate the inflammatory cascade, resulting in an increased risk
of gout flares [23,24]. In the UK, nearly 98% individuals received two
doses of either mRNA vaccines BNT or adenovirus vector vaccines ChAd,
neither of these vaccines contains aluminum hydroxide adjuvant. While
studies have shown that the administration of BNT and ChAd vaccines
could lead to an inflammatory response [25,26], the magnitude of the
association between these two vaccines and the risk of gout flares was
much smaller than that reported for inactivated COVID-19 vaccines.

Results from subgroup analysis stratified by BNT and ChAd vaccines
showed that a significantly increased risk of gout flares was only
observed among individuals who received ChAd vaccines, but not
among those who received BNT vaccine. Previous study found that ChAd

COVID-19 vaccination in the six days that prior to the index day and risk of gout flares.

COVID-19 vaccination Hazard periods (n)

Control periods (n) OR (95%CI)

No 9993
Yes

the index day 71
the first day prior to the index day 58
the second day prior to the index day 66
the third day prior to the index day 69
the fourth day prior to the index day 64
the fifth day prior to the index day 68
the sixth day prior to the index day 57

29750 1-00 (reference)

202 1-09 (0-84 to 1-42)
169 1-10 (0-82 to 1-48)
191 1-44 (1-02 to 2:07)
198 1-03 (0-75 to 1-40)
186 1-06 (0-76 to 1-46)
197 1-22 (0-80 to 1-63)
167 1-13 (0-81 to 1-54)

COVID-19, coronavirus disease 2019; n, number; OR, odds ratio; CI, confidence interval.
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Vaccination with the BNT or ChAd in the six days that prior to the index day and risk of gout flares.

COVID-19 vaccination Hazard periods (n)

Control periods (n) OR (95%CI)

No 9993
BNT

the index day 20
the first day prior to the index day 19
the second day prior to the index day 16
the third day prior to the index day 22
the fourth day prior to the index day 21
the fifth day prior to the index day 18
the sixth day prior to the index day 14
ChAd

the index day 50
the first day prior to the index day 37
the second day prior to the index day 49
the third day prior to the index day 46
the fourth day prior to the index day 41
the fifth day prior to the index day 49
the sixth day prior to the index day 41

29750 1-00 (reference)

58 1-09 (0-84 to 1-42)
55 1-15 (0-66 to 1-99)
47 1-18 (0-67 to 2:02)
66 0-99 (0-61 to 1-61)
63 0-90 (0-54 to 1-50)
52 1-15 (0-34 to 2-84)
40 1-12 (0-47 to 2-36)
141 1-10 (0-83 to 1-44)
109 1-01 (0-70 to 1-46)
142 1-44 (1-00 to 2-05)
130 1.22 (0-85 to 1-77)
118 1-34 (0-91 to 1-96)
143 1-39 (0-97 to 1-99)
121 1-15 (0-81 to 1-62)

COVID-19, coronavirus disease 2019; n, number; OR, odds ratio; CI, confidence interval. BNT, BNT162b2; ChAd, ChAdOx1 nCov-19.

vaccines induce a more pronounced increase in several inflammatory
markers than mRNA vaccine [27], which may explain why ChAd vac-
cine was a trigger of gout flares. Moreover, both ChAd and BNT vaccines
could generate interferon. Even though previous studies found that there
was no difference of the effect of generation of interferon between
adenovirus vaccine and the mRNA vaccine three weeks after the first
dose [28], and 2-12 weeks following secondary dose [29], the differ-
ences in interferon production between adenovirus vaccine and the
mRNA vaccine within one week remain unknown, which may be
another possible biologic reason for the results we found. Future studies
are needed to understand the potential mechanisms.

Our study has several strengths. We conducted a time-stratified case-
crossover study. Self-matching of each individual on the same day of the
week not only eliminates the confounding bias from the time constant
risk factors for gout, such as body mass index [30], but also minimizes
the potential bias from some lifestyle factors that may vary by the day of
the week, such as alcohol consumption. The study also has several
limitations. First, owing to lack of data on short-term time-varying
confounders, such as medication takes during the past seven days, we
are unable to adjust for these risk factors and thus cannot rule out their
potential confounding effects. However, these biases, if they occurred,
are likely to be non-differential; thus, resulting in an underestimating
effect. Second, the ascertainment of gout flares based on a pragmatic
approach could have led to a misclassification of gout flares. In the
current study, approximately 86% of patients with gout had a recorded
code for gout on the same date as that of prescription of NSAIDs or
corticosteroids, and the remaining patients had a recorded code for gout
within seven days before the prescription. Thus, we believe these
medications were likely to be used for therapeutic purposes of gout
flares. Although the therapeutic use of colchicine has extended to other
disorders such as cardiovascular disease [31], colchicine is more often
prescribed to the patients who experienced gout flares, particularly a
new prescription for a discrete episode [32,33]. Patients taking colchi-
cine for flares prophylaxis or cardiovascular disease prevention would
be expected to be on this medication continuously. Furthermore, if gout
flares were misclassified, in general, such non-differential misclassifi-
cation is likely to bias the results towards the null. Finally, the date of
gout flare diagnosis may not be the exact date of gout flare occurs.
However, we believe that individuals are unlikely to receive COVID-19
vaccination during a gout flare. Any delay of gout diagnosis date is likely
to dilute the effect estimate of COVID-19 vaccination on the risk of gout
flares.

Conclusion

In conclusion, COVID-19 vaccines, mainly ChAd vaccine, only
slightly increases the risk of gout flares. This finding reassures the safety
of COVID-19 vaccination for patients with gout.
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