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Abstract 34 

Background: Gout, a common crystal arthropathy, has been associated with increased cardiovascular risk. We 35 
aimed to determine how this risk varies by individual cardiovascular disease across a broad spectrum of 36 
conditions. 37 

Methods: We used linked primary and secondary electronic health records from 22 million individuals in the 38 
Clinical Practice Research Datalink (CPRD) to assemble a cohort of individuals newly diagnosed with gout 39 
between 01/01/2000 and 31/12/2017 and free of cardiovascular diseases up to 12 months after diagnosis, and 40 
up to five individuals matched on age, sex, socioeconomic status, and geographical region, with follow-up until 41 
30/06/2019. We investigated the incidence of twelve cardiovascular diseases and used Cox proportional 42 
hazards models to examine differences in patients with and without gout. In sensitivity analyses, we further 43 
adjusted models for known cardiovascular risk factors (blood pressure, BMI, smoking, cholesterol, type 2 44 
diabetes, CKD, and history of hypertension).  45 

Findings: We identified 152 663 individuals with gout and 709 981 matched controls. Of these, 31 479 people 46 
with and 106 520 without gout developed cardiovascular disease during a median follow-up of 6.5 years. 47 
Patients with gout had a higher risk of cardiovascular disease than controls: hazard ratio (HR) [95% confidence 48 
interval (CI)] 1.58 [1.52, 1.63]. Excess cardiovascular risk was greater in women (HR in women: 1.88 [1.75, 49 
2.02], HR in men: 1.49 [1.43, 1.56]), and was highest in the young (HR in people aged 45 years or less: 2.22 50 
[1.92, 2.57]). Excess risk was visible across all 12 cardiovascular diseases investigated.  Patients with gout had 51 
almost 3 units higher BMI than matched controls and a considerably higher prevalence of chronic kidney 52 
disease, dyslipidaemia, and hypertension. Accounting for blood pressure, BMI, smoking, cholesterol, type 2 53 
diabetes, chronic kidney disease, and history of hypertension, attenuated the strength of the association of 54 
gout with cardiovascular disease (adjusted HR 1.31 [1.27, 1.36]). 55 

Interpretation: Patients with gout have a higher risk of developing a broad range of cardiovascular diseases 56 
that extend beyond atherosclerotic diseases and include heart failure, arrhythmias, valve disease, and 57 
thromboembolic diseases. Relative risks are highest in women and younger individuals. These findings suggest 58 
that strategies to reduce cardiovascular risk in patients with gout must evolve and be implemented in clinical 59 
practice. 60 

 61 

 62 

Funding: Research Foundation Flanders (FWO). 63 

Keywords: Gout, obesity, inflammation, cardiovascular diseases, heart failure, arrhythmia, thromboembolism, 64 

atherosclerosis, risk factor, cohort study, epidemiology, CPRD. 65 

 66 

 67 

  68 



 

 

Research in Context 69 

Evidence before this study 70 

We searched PubMed for reports published between Jan 1, 2000, and May 14, 2023, in English, using a broad 71 
search strategy including the terms “gout”, “hyperuricaemia”, “cardiovascular risk”, “arrhythmias”, “atrial 72 
fibrillation”, “valve disease”, “venous thromboembolism”, “heart failure”, “pericarditis”, “myocarditis” and 73 
“infective endocarditis”, and reviewed references of relevant studies and clinical practice guidelines. Several 74 
studies reported increased cardiovascular risk in patients with gout. Studies were largely focused on coronary 75 
heart disease, stroke, and thromboembolic outcomes in gout, of a small sample size compared to the current 76 
study, and variably accounted for classic atherosclerotic risk factors. There were few studies assessing cardiac 77 
valve disease, pericarditis, myocarditis, or infective endocarditis risk in gout. We found no studies that 78 
comprehensively assessed risk across the complete range of cardiovascular diseases in gout. 79 

Added value of this study 80 

In this large observational population-based study, we found that patients with gout have a 58% greater risk 81 
of developing cardiovascular diseases than those without gout. Excess cardiovascular risk was higher in 82 
women than men and highest in individuals aged 45 years or less at the time of gout diagnosis. Further, 83 
excess risk in gout was visible across the whole cardiovascular disease spectrum, beyond classic 84 
atherosclerotic disease, including heart failure, cardiac valve disease, arrhythmias, venous thromboembolism, 85 
myocarditis, pericarditis, and infective endocarditis. 86 

Patients with gout had about 3 units higher BMI than matched controls, with BMI differences highest in young 87 
individuals. Patients with gout also had a considerably higher prevalence of chronic kidney disease, 88 
dyslipidaemia, hypertension, and type 2 diabetes. In sensitivity analyses adjusting for these cardiovascular risk 89 
factors, the strength of the associations was attenuated, but gout remained an independent cardiovascular 90 
risk factor. 91 

Implications of all the available evidence 92 

Patients with gout have a higher risk of developing a broad range of cardiovascular outcomes that extend 93 
beyond atherosclerotic diseases and include heart failure, arrhythmias, valve disease, and thromboembolic 94 
diseases. Relative risks are highest in women and younger individuals. Current strategies to reduce 95 
cardiovascular risk in patients with gout need to be further developed and implemented. Inclusion of gout into 96 
routinely used cardiovascular risk scores, such as Q-risk, and into cardiovascular disease prevention guidelines 97 
appears warranted.  98 

  99 



 

 

Introduction 100 

Gout is a common inflammatory arthritis with a worldwide prevalence of 1-4%.1  It is characterised by 101 
deposition of monosodium urate crystals in the joints and adjacent soft tissues that drive acute inflammation. 102 
This leads to intensely painful gouty flares, articular damage,2 chronic arthritis, and joint destruction, and with 103 
this to chronic disability and impaired quality of life3. 104 

Gout is associated with a greater risk of cardiovascular disease.4 The degree to which this risk is independent 105 
of traditional risk factors including hypertension, chronic kidney disease, obesity, and type 2 diabetes, which 106 
are more prevalent in people living with gout, remains unclear. The cardiovascular risk conferred by gout may 107 
further vary by age and sex, with some evidence of higher relative risk in women and younger individuals, 108 
although the reasons for this remain unknown.5–7  109 

Another important question is the extent to which gout is associated with individual cardiovascular diseases. 110 
While numerous studies have assessed its association with atherosclerotic cardiovascular disease, there are 111 
fewer high-quality studies assessing the association between gout and other cardiovascular diseases, 112 
including valve disease, venous thromboembolism, heart failure, pericarditis, or infective endocarditis. This is 113 
an important gap since such cardiovascular outcomes are now relatively more common in many high-income 114 
countries due to reductions in adverse atherosclerotic outcomes from better control of lipids, blood pressure, 115 
and smoking cessation, whereas progressive increases in obesity prevalence have occurred.8  To date, no 116 
large-scale study has simultaneously assessed the association between gout and the full spectrum of 117 
cardiovascular diseases. 118 

Through analysis of a large longitudinal database of linked primary and secondary care records with long-term 119 
follow-up,9 we assessed the association of gout with the development of 12 cardiovascular diseases and the 120 
degree to which traditional cardiovascular risk factors mediated this association.  121 

 122 

Methods 123 

Data source 124 

We used electronic health records from the Clinical Practice Research Datalink (CPRD, GOLD and AURUM 125 
datasets) from 1 January 1985 to 30 June 2019.9,10 The CPRD database contains anonymised patient data from 126 
approximately 20% of the current UK population and is broadly representative in terms of age, sex, and 127 
ethnicity. CPRD is one of the largest databases of longitudinal medical records from primary care in the world 128 
and has been validated for epidemiological research for a broad range of conditions.9 Primary care records 129 
from CPRD were linked to secondary care records from Hospital Episodes Statistics (HES admitted patient care 130 
and HES outpatient) data as well as death certificates from the Office for National Statistics (ONS). Linkage 131 
was available for a subset of English practices from 1 January 1998 onwards, covering approximately 50% of 132 
all CPRD records. Scientific approval for this study was given by the CPRD Independent Scientific Advisory 133 
Committee (ISAC). 134 

Case identification 135 

To identify patients with gout and for each cardiovascular condition, we created lists of diagnostic codes from 136 
the ICD-10 (International Classification of Diseases 10th revision, used in secondary care and on death 137 
certificates), OPCS-4 (Classification of Interventions and Procedures version 4, used in secondary care), and 138 
Snomed-CT and Read11,12 (used in primary care) coding schemes (appendix). Incident diagnoses of gout were 139 
defined as the first record of that condition in primary or secondary care records from any diagnostic position.  140 

Study endpoints 141 

The primary endpoints for the analysis were the initial presentation of cardiovascular diseases. To best 142 
characterize the broad spectrum of cardiovascular diseases, we examined the following twelve conditions: 143 
aortic aneurysm; cardiac arrhythmias (atrial fibrillation and flutter, and supraventricular arrhythmias) and 144 
conduction system disease; heart failure; ischaemic heart disease; myocarditis and pericarditis (of non-145 
infectious origin); peripheral arterial disease; infective endocarditis; stroke (ischaemic, haemorrhagic) and 146 
transient ischaemic attack; valve diseases (excluding congenital and rheumatic); and venous 147 



 

 

thromboembolism or pulmonary embolism. Diseases were considered individually and as a composite 148 
outcome of all twelve cardiovascular diseases combined. For the combined analyses, the first recorded 149 
cardiovascular disease was used. Incident diagnoses were defined as the first record of that condition in 150 
primary care or secondary care from any diagnostic position. Diagnoses recorded on death certificates were 151 
not included in main analyses, due to the difficulty to reliability ascertain specific individual cardiovascular 152 
diseases investigated in this study (e.g. heart failure, myocarditis, or VTE) from death certificates. 153 

Study population 154 

The general population cohort included all men and women with records labelled as ‘acceptable’ by CPRD 155 
quality control9, approved for HES and ONS linkage, and registered with their general practice for at least 12 156 
months during the study period (01/01/2000 to 30/06/2019). Deduplication between GOLD and Aurum data 157 
sources was applied to exclude records from GOLD that were migrated to Aurum, hence ensuring no record 158 
was included in our analysis more than once. 159 

Among these, we defined a gout cohort consisting of patients with incident gout between 01/01/2000 and 160 
31/12/2017, up to 80 years of age at diagnosis, and free of cardiovascular disease until 12 months after 161 
incident gout. The 12 months cardiovascular disease-free period was defined to minimise risks of reverse 162 
causality. The restriction to individuals aged 80 years or less was set because of a comparatively few number 163 
of individuals aged 80 years or more and free of cardiovascular disease, which limited the power of analyses. 164 
The index date was defined as the date of incident gout diagnosis plus 12 months. To ensure the inclusion of 165 
incident gout diagnoses only, we excluded patients with a gout diagnosis before 01/01/2000 or within the first 166 
12 months of registration with their general practice.  167 

A comparison group was defined consisting of up to five individuals matched on age (±5 years), calendar time 168 
(individuals contributing to data within ±2 years of the matched individual’s incident gout diagnosis), sex, 169 
socioeconomic status, and region, randomly selected amongst individuals free of gout at any time. The index 170 
date was defined as the latest of the patient’s practice registration date + 12 months and the matched 171 
individual diagnosis date. Similarly to the gout cohort, individuals with cardiovascular disease before the index 172 
date were excluded. 173 

Time at risk was defined to start on the individual’s index date and to end on the earliest of the study end 174 
date (30/06/2019), patients’ transfer out of practice date, practice’s last collection date, incident 175 
cardiovascular disease, or patient death as listed in the ONS record. Time at risk was calculated separately for 176 
each cardiovascular disease investigated. 177 

Covariates 178 

Covariates were selected to account for known cardiovascular risk factors. Baseline characteristics (systolic 179 
and diastolic blood pressure, smoking status, cholesterol (total cholesterol/high-density lipoprotein ratio), and 180 
body mass index (BMI)) were abstracted from electronic health records as the most recent measurement 181 
within 2 years before the index date. We further present the prevalence of chronic kidney disease, 182 
dyslipidaemia, hypertension, obesity, and type 2 diabetes, as the percentage of patients with a corresponding 183 
diagnosis recorded in their primary care or hospital discharge record, prior to their index date. Socioeconomic 184 
status was defined as the Index of Multiple Deprivation (IMD) 2015 quintile,13 a composite measure of relative 185 
deprivation at a small area level, covering an average population of 1500 people, ranked in ascending order of 186 
deprivation score and grouped in equal fifths, with quintiles 1 and 5 representing the least and most deprived 187 
areas, respectively. Data on sex are as reported by the patient when they registered with their general 188 
practitioner. Region refers to geographical region, reflecting the former geographical division of the National 189 
Health Service into 10 strategic health authorities in England.9 Ethnicity was extracted from both primary and 190 
secondary care records. When ethnicity differed between primary and secondary care records, secondary 191 
care data was used. Finally, we extracted information on cardiovascular prevention therapies, including lipid-192 
regulating drugs, antihypertensives, and diuretics, as the number of patients with at least two prescriptions of 193 
that specific drug class prior to the index date. 194 

Statistical analyses  195 



 

 

Baseline characteristics are presented as frequencies (%) for categorical data, medians and interquartile range 196 
(IQR) for non-normally distributed continuous data, or means and standard deviation (SD) for normally 197 
distributed continuous data for each cohort.  198 

Missing values of blood pressure, smoking status, cholesterol, and BMI were imputed using multiple 199 
imputation by chained equations (MICE) with 5 imputed datasets.14 Covariates values outside of the 2 years 200 
prior to the index date were used as predictor variables in the imputation model. Considerations on the 201 
missing data mechanisms are provided in the supplement. For clinical diagnoses, if no mention of a specific 202 
disease was ever recorded, then the patient was assumed to be free from the disease. Other variables (age, 203 
sex, socioeconomic status, region, and practice registration dates) were complete in the studied dataset. 204 

Incidence rates of cardiovascular events per 1 000 years at risk were calculated in patients with and without 205 
gout, overall as well as by subgroup of age, sex, socioeconomic status, and calendar year. We used Cox 206 
proportional hazards models and calculated hazard ratios (HR) and corresponding 95% confidence intervals 207 
(CI) to compare the risk of incident cardiovascular disease in patients with gout and matched controls. Models 208 
were clustered by matching sets. The proportional hazards assumption was inspected visually. Cumulative 209 
incidence plots were created using the Kaplan-Meier method and censored for time at risk. Estimates and 210 
standard errors of adjusted analyses were obtained using Rubin’s rules to combine the results of the separate 211 
analyses of individual imputed data sets.  212 

To test whether observed associations could be due to increased medical attention leading to higher rates of 213 
diagnoses in individuals regularly followed up for a chronic condition, we performed sensitivity analyses that 214 
restricted cardiovascular diseases to diagnoses recorded as the primary reason for hospital admission as well 215 
as mortality with cardiovascular disease listed as the first cause of death. To test whether excess 216 
cardiovascular risk associated with gout changed over time, we calculated hazard ratios capping follow-up 217 
duration to a maximum of 2 years and investigated differences by time periods. Finally, to test the extent to 218 
which known atherosclerotic risk factors might explain the observed associations, we performed further 219 
sensitivity analyses, in which we adjusted models for blood pressure, BMI, smoking status, cholesterol, type 2 220 
diabetes, chronic kidney disease, and history of hypertension.  221 

To further examine the association between BMI and gout, we performed post hoc analyses to describe mean 222 
differences in baseline BMI between patients with and without gout and 95% t-test confidence intervals, 223 
stratified by age and sex. These analyses were performed using imputed BMI measurements. Sensitivity 224 
analyses were performed restricting individuals to those with a valid BMI measurement within 2 years of the 225 
index date and showed broadly similar trends. Due to the low number of patients with gout under the age of 226 
20 years, these analyses were restricted to individuals aged 20 years and older. 227 

Study findings are reported in accordance with the Reporting of studies Conducted using Observational 228 
Routinely-collected health Data (RECORD) recommendations.15 Statistical analyses were performed in R, 229 
version 4.2.2, and validated with SAS (version 9.4). 230 

Role of the funding source  231 

The funders of the study had no role in study design, data collection, data analysis, data interpretation, or 232 
writing of the report.  233 

Results 234 

Among the 22 009 375 individuals included in the study, we identified a total of 292 424 patients with newly 235 
diagnosed gout between 01/01/2000 and 31/12/2017. Of those, 152 663 individuals were younger than 80 236 
years of age at diagnosis, free of cardiovascular disease until 12 months after incident gout, and constituted 237 
the final gout cohort. Among participants, 355 760 (41.2%) had missing data on blood pressure, 408 986 238 
(47.4%) on smoking status, 529 154 (61.3%) for BMI, and 624 652 (72.4%) for cholesterol. Rates of missing 239 
data were higher in the control group compared to those with gout (Table 1).  240 

The mean (SD) age at gout diagnosis was 56.4 (13.3) years, and 21% (n = 32 339) were women. The matched 241 
cohort comprised 709 981 individuals and presented with similar distributions of age, sex, socioeconomic 242 
status, and region. Patients with gout were about three BMI units heavier on average than matched controls 243 



 

 

and had a higher prevalence of chronic kidney disease, dyslipidaemia, hypertension, obesity, and type 2 244 
diabetes.  245 

Many baseline characteristics, such as age, comorbidities and BMI, differed significantly between men and 246 
women. Women were on average older at the time of diagnosis of gout (mean age at diagnosis was 62.5 247 
(12.8) years in women and 54.6 (12.9) years in men), had more comorbidities, and had greater baseline BMI 248 
differences compared to controls than men (at baseline, women were on average 3.9 BMI units (9.9kg) 249 
heavier than controls, compared to 2.6 BMI units (8.2kg) in men) (Table S1). 250 

Cardiovascular therapies were 2 to 3 times more often prescribed in gout patients than in controls. For 251 
example, in women with gout, 46% (n = 14 896) had been prescribed a thiaziade diuretic, compared to 20% (n 252 
= 30 154)  of female controls. Similar differences were observed for lipid-lowering drugs and other 253 
antihypertensives. Men generally had lower baseline rates of cardiovascular therapy, but presented with 254 
similarly marked differences between gout and control patients. 255 

Among participants, 31 479 people with and 106 520 without gout developed cardiovascular disease during a 256 
median follow-up of 6.5 years. Incidence rates of cardiovascular diseases per 1 000 patient-years were 31.7 257 
among patients with gout and 20.1 among those without gout, resulting in a 58% greater relative risk of all 258 
cardiovascular diseases in patients with gout compared to those without (HR: 1.58 [1.52, 1.63]). Higher risks 259 
of cardiovascular disease in gout compared to controls was visible across all subgroups of sex, age, 260 
socioeconomic status, and time, but the elevated risk was greatest in younger individuals (HR in patients <45 261 
years: 2.22 [1.92, 2.57] vs. HR in patients aged >75 years: 1.40 [1.30, 1.51]). The association between gout and 262 
cardiovascular risk was more pronounced in women than men, with women with gout at 88% greater risk of 263 
cardiovascular disease compared to women without gout (women: HR 1.88 [1.75, 2.02]; men HR 1.49 [1.43, 264 
1.56]) (Figure 1). 265 

Although non-significant, time trend analyses suggest that the elevated risk of cardiovascular disease 266 
associated with gout may have declined in later years of the study. Sensitivity analyses capped at two years of 267 
follow-up showed that this finding was largely explained by the shorter follow-up duration available for 268 
patients diagnosed in later years (Figure S1).  269 

In adjusted analyses, traditional cardiovascular risk factors partly explained the observed associations. While 270 
data on covariates were partly missing, adjusting for blood pressure, smoking, BMI, cholesterol, type 2 271 
diabetes, chronic kidney disease, and history of hypertension, attenuated but did not eliminate the excess risk 272 
related to gout (adjusted HR of cardiovascular disease among patients with gout compared to those without 273 
gout: 1.31 [1.27, 1.36]) (Figure 1).  274 

Sensitivity analyses further showed that patients with gout also had a higher risk of hospital admissions for 275 
cardiovascular causes (unadjusted HR: 1.33 [1.28, 1.38], adjusted HR 1.10 [1.05, 1.15]) as well as higher 276 
mortality from cardiovascular causes (HR: 1.41 [1.24, 1.60]), compared to individuals without gout. The higher 277 
risk of mortality appeared to be largely explained by traditional risk factors (adjusted HR 1.00 [0.90, 1.11]) 278 
(Figure 1), particularly hypertension, type 2 diabetes, chronic kidney disease, and smoking. 279 

Cardiovascular risk associated with gout was higher across the full spectrum of cardiovascular diseases (Figure 280 
2). Compared to individuals without gout, patients with gout were at 45% greater risk of stroke (HR 1.45 [1.34, 281 
1.57]), 52% greater risk of ischaemic heart disease (HR 1.52 [1.43, 1.61]) and peripheral arterial disease (HR 282 
1.52 [1.37, 1.68]), 57% greater risk of aortic aneurysm (HR 1.57 [1.36, 1.82]), 61% greater risk of myocarditis 283 
and pericarditis (HR 1.61 [1.12, 2.32]), and 83% greater risk of infective endocarditis (HR 1.83 [1.38, 2.43]). 284 
The risk of cardiac arrhythmias was also elevated with gout associated with 83% greater risk of atrial 285 
fibrillation or flutter (HR 1.83 [1.73, 1.93]), 88% greater risk of conduction system disease (HR 1.88 [1.77, 286 
2.00]), and 59% greater risk of supraventricular arrhythmias (HR 1.59 [1.30, 1.95]) compared to those without 287 
gout. Venous thromboembolism / pulmonary embolism risk was also higher in gout (HR 1.69 [1.53, 1.88]), as 288 
was the risk of heart failure (HR 1.85 [1.74, 1.98]), and valve diseases (HR 1.85 [1.72, 1.98]). 289 

Individuals with gout were on average 2.9kg/m2 BMI units heavier compared to matched controls. Analysis by 290 
age and sex revealed that men diagnosed with gout at a young age (aged 20-24) were on average 4.3kg/m2 291 
BMI units heavier than their contemporaries without gout, and BMI differences attenuated with increasing 292 



 

 

age at gout diagnosis. In contrast, women with gout had an average 3.9 units higher BMI than controls, 293 
regardless of which age they were diagnosed at (Figure S2). 294 

Discussion 295 

Findings from this large-scale population-based study confirm evidence from previous studies6,16,17 that gout 296 
confers increased cardiovascular risk and extends these by showing that gout is associated with an excess risk 297 
across the whole spectrum of cardiovascular diseases - being higher for incident heart failure than incident 298 
atherosclerotic disease - and is particularly pronounced in women and younger individuals. 299 

The risks associated with gout were similar in magnitude to those associated with a range of immune-300 
mediated inflammatory conditions in the same dataset.18 Here too, our results show that gout is associated 301 
with increased risk across a broad range of cardiovascular diseases, in addition to atherosclerotic disease. The 302 
present findings complement several recent studies that have shown associations between gout flares and 303 
cardiovascular events, particularly myocardial infarction and venous thromboembolism19,20,21. 304 

One surprising finding was that cardiac arrhythmias presented even stronger associations with gout than 305 
ischaemic heart disease. In our study, estimates of the association between gout and atrial fibrillation were 306 
higher than previously reported,22,23 yet in line with several recent studies demonstrating an association 307 
between inflammation and incident atrial fibrillation or flutter, often suggested to be linked to inflammation-308 
mediated atrial remodelling and fibrosis.24,25 Higher uric acid levels in the general population, free of 309 
cardiovascular disease at baseline, have also recently been associated with increased risk of new-onset atrial 310 
fibrillation.26 Excess adiposity is also causally associated with greater atrial fibrillation risk,27 as is alcohol,28 and 311 
as both are strong risk factors for gout, these ‘upstream’ factors are likely relevant to the risk of atrial 312 
fibrillation. Even so, further studies are needed to confirm potential mechanistic pathways between gout and 313 
AF.  314 

While the absolute risk of cardiovascular disease increases with age, our findings show that gout appears to 315 
amplify this risk more in younger individuals, such that a young person with gout has over twice the risk of 316 
cardiovascular disease compared to a similarly aged person without gout. Such elevated relative risk has been 317 
noted in other inflammatory diseases18 and may relate to a lower baseline cardiovascular risk in younger 318 
individuals compared to older individuals with more cardiovascular disease due to the accumulation of classic 319 
risk factors over time. BMI differences between individuals with gout and controls were higher in those 320 
diagnosed with gout at a younger age compared to those diagnosed with gout later in life; this may also 321 
contribute to enhanced cardiovascular risk in younger individuals with gout. A similar pattern (although 322 
somewhat steeper) was reported for type 2 diabetes where younger-onset type 2 diabetes is estimated to 323 
lead to far greater loss in life expectancy than when type 2 diabetes develops at older ages.29,30  324 

Gout contributed to a greater relative risk of cardiovascular disease in women than men. The reasons for this 325 
are not entirely clear but may relate to the phenotype of female patients with gout, who tend to have higher 326 
serum urate levels31 and, as we have shown, more comorbidities, including chronic kidney disease, 327 
hypertension, dyslipidaemia, obesity, and type 2 diabetes, likely due, at least in part, to women’s older age at 328 
the time of gout diagnosis than men (Table S1). Our analysis also showed that women with gout have higher 329 
baseline BMI rates than men, at any age – a finding that may in part explain the high excess cardiovascular risk 330 
observed in women with gout, especially as aggregated exposure to excess weight over years contributes to 331 
many chronic complications.32  332 

Importantly, the observed excess cardiovascular risk was not fully explained by traditional cardiovascular risk 333 
factors, such as age, sex, socioeconomic status, blood pressure, BMI, smoking, cholesterol, or type 2 diabetes. 334 
However in our study, many of these risk factors were missing to a significant extent, and other important risk 335 
factors (such as activity levels, family history of CVD and alcohol intake) were unavailable, and these findings 336 
must be interpreted with caution. Another important aspect is the whether and how the observed association 337 
between gout and cardiovascular outcomes is potentially influenced by medications typically used in the 338 
treatment of gout. Further studies are needed to investigate cardiovascular side effects of these drugs, such 339 
as corticosteroids, NSAIDs or anti-inflammatory drugs, and the complex interplay between beneficial effects, 340 
such as on dampening inflammation, and potentially harmful adverse effects.33 341 



 

 

Our findings are consistent with the hypothesis that chronic inflammation, traditional atherosclerotic risk 342 
factors, and associated comorbidities all play a role in cardiovascular risk associated with gout. The role of 343 
urate in cardiovascular disease is equivocal. Some speculate that hyperuricaemia contributes to endothelial 344 
dysfunction from the generation of reactive oxygen species, inhibition of nitric oxide production34 and 345 
increased blood pressure35. However, a review of several Mendelian randomisation studies concluded that 346 
serum urate is not causal for hard clinical cardiometabolic renal endpoints, including coronary heart disease, 347 
stroke, and type 2 diabetes.36 Moreover, although some observational studies have suggested that 348 
allopurinol, a xanthine oxidase inhibitor that lowers uric acid,  could have cardioprotective effects in patients 349 
with gout,37 a recent large scale randomised trial has shown that allopurinol did not reduce cardiovascular risk 350 
in patients with ischaemic heart disease and no history of gout.38  351 

Finally, the high prevalence of diuretic use in patients with gout in our study, with 46% of women with gout 352 
having a history of thiazide prescriptions, is striking and in line with prior evidence of diuretic-induced 353 
gout.39,40 There is evidence to suggest the risk of gout may be lower with calcium channel blockers or losartan, 354 
41 and current guidelines for management of gout from the British Society for Rheumatology (BSR) and the 355 
European Society of Hypertension recommend considering an alternative antihypertensive agent to 356 
diuretics.42,43  357 

A key strength of this study is the selection of a large and representative cohort from primary and secondary 358 
care with extensive longitudinal follow-up of a broad range of cardiovascular diseases. Our large sample size 359 
allowed us to stratify analyses to assess how cardiovascular risk in gout may vary with age, sex, socioeconomic 360 
status, and time, as well as adjust models for traditional risk factors. The use of routinely reported diagnoses 361 
captured the burden of disease as experienced by physicians and health services, and increases the 362 
generalisability of our findings. We excluded individuals with baseline cardiovascular disease including up to 363 
one year after their gout diagnosis to minimise the risk of reverse causality.  364 

Limitations include that we were unable to account for the effect of concomitant medications such as NSAIDs, 365 
corticosteroids, colchicine or allopurinol, on the association of gout with cardiovascular risk. Such analyses of 366 
non-randomised treatment can be confounded by the indication for treatment, wherein it is difficult to 367 
differentiate the effects of the treatment from underlying disease severity. The substantial amounts of 368 
missingness in blood pressure, smoking, BMI, and cholesterol measurements, and the unavailability of 369 
additional data relevant to cardiovascular risk, such as information on activity levels, family history of CVD, 370 
alcohol intake or diet, mean that our adjusted sensitivity analyses must be interpreted with caution. As with 371 
other database studies utilising electronic health records, there is a possibility of misdiagnoses or miscoding. 372 
However, the validity of diagnoses in the CPRD dataset has been well studied with a meta-analysis of over 200 373 
publications showing an average positive predictive value of 89% for a broad range of conditions.44 Results 374 
from our sensitivity analyses restricted to cardiovascular diseases diagnosed in secondary care (i.e. 375 
hospitalisations due to cardiovascular disease and deaths due to cardiovascular disease) further confirm the 376 
validity and robustness of our findings.  377 

Finally, the cumulative incidence of some outcomes e.g. myocarditis, pericarditis, and infective endocarditis 378 
was low; underlying biological mechanisms are not well understood, and the association of gout with these 379 
outcomes should be interpreted with caution and confirmed in future studies. 380 

In conclusion, patients with gout have a higher risk of developing a range of cardiovascular outcomes, with 381 
the relative risks being higher in women and younger individuals. Excess risks appear to be only partly 382 
explained by traditional cardiovascular risk factors. As such, the addition of gout into routinely used 383 
cardiovascular risk scores, such as Q-risk, and its inclusion in cardiovascular disease prevention guidelines 384 
appears warranted. Strategies to reduce cardiovascular risk in patients with gout need to be further 385 
developed and implemented. 386 

  387 
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Table1: Baseline characteristics of patients with incident gout and matched control cohort. 538 
 539 

 
Gout cohort 
(N= 152 663) 

Matched control 
cohort 

(N= 709 981) 

Overall 
 

(N= 862 644) 

Age at index (years)    

Mean (SD) 56.2 (13.3) 56.5 (13.2) 56.4 (13.2) 

Female sex 32 339 (21.2%) 148 979 (21.0%) 181 318 (21.0%) 

Ethnicity    

 African/Caribbean 3 270 (2.3%) 11 422 (1.9%) 14 692 (2.0%) 

 Asian 5 647 (4.0%) 22 309 (3.7%) 27 956 (3.8%) 

 Mixed or other 11 360 (8.0%) 44 969 (7.5%) 56 329 (7.6%) 

 White 121 651 (85.7%) 519 129 (86.8%) 640 780 (86.6%) 

 Missing 10 735 (7.0%) 112 152 (15.8%) 122 887 (14.2%) 

Socioeconomic status quintile    

1 (least deprived) 38 107 (25.0%) 178 872 (25.2%) 216 979 (25.2%) 

2 33 745 (22.1%) 157 231 (22.1%) 190 976 (22.1%) 

3 30 830 (20.2%) 142 916 (20.1%) 173 746 (20.1%) 

4 27 136 (17.8%) 125 694 (17.7%) 152 830 (17.7%) 

5 (most deprived) 22 845 (15.0%) 105 268 (14.8%) 128 113 (14.9%) 

Time at risk (years)    

Mean (SD) 6.46 (4.63) 7.41 (5.03) 7.24 (4.98) 

Systolic blood pressure (mmHg)    

Mean (SD) 137 (15.5) 135 (16.1) 135 (16.0) 

 Missing (%) 40 015 (26.2%) 315 745 (44.5%) 355 760 (41.2%) 

Diastolic blood pressure (mmHg)    

Mean (SD) 81.3 (9.78) 79.8 (9.44) 80.1 (9.54) 

    Missing (%) 40 030 (26.2%) 315 679 (44.5%) 355 709 (41.2%) 

Body mass index (kg/m2)    

Mean (SD) 30.7 (5.77) 27.8 (5.17) 28.4 (5.43) 

    Missing (%) 84 242 (55.2%) 444 912 (62.7%) 529 154 (61.3%) 

Cholesterol (total cholesterol/high-density lipoprotein ratio)   

Mean (SD) 4.24 (1.29) 3.95 (1.24) 4.02 (1.26) 

   Missing (%) 94 077 (61.6%) 530 575 (74.7%) 624 652 (72.4%) 

Smoking status    

Current smoker 17 360 (18.5%) 86 482 (24.1%) 103 842 (22.9%) 

Former smoker 30 629 (32.6%) 103 874 (28.9%) 134 503 (29.6%) 

Never smoker 46 081 (49.0%) 169 232 (47.1%) 215 313 (47.5%) 

    Missing (%) 58 593 (38.4%) 350 393 (49.4%) 408 986 (47.4%) 

Comorbidities    

Chronic kidney disease 13 042 (8.5%) 16 334 (2.3%) 29 376 (3.4%) 

Dyslipidaemia 19 422 (12.7%) 47 570 (6.7%) 66 992 (7.8%) 

Hypertension 61 468 (40.3%) 142 502 (20.1%) 203 970 (23.6%) 

Obesity 15 542 (10.2%) 27 165 (3.8%) 42 707 (5.0%) 

Type 2 diabetes 12 016 (7.9%) 38 531 (5.4%) 50 547 (5.9%) 

 
 
 
 
 
 
 
 
 
 

  



 

 

 
Gout cohort 
(N= 152 663) 

Matched control 
cohort 

(N= 709 981) 

Overall 
 

(N= 862 644) 

Cardiovascular prevention therapy 

Statins, fibrates or other lipid-
regulating drugs 34 306 (22.5%) 88 348 (12.4%) 122 654 (14.2%) 

Anti-hypertensives       

ACE- inhibitors or ARB 44 173 (28.9%) 88 742 (12.5%) 132 915 (15.4%) 

Alpha adrenoceptor antagonists 8 945 (5.9%) 16 782 (2.4%) 25 727 (3.0%) 

Beta blockers 30 552 (20.0%) 67 975 (9.6%) 98 527 (11.4%) 

Calcium-channel blockers 
(dihydropyridines) 30 471 (20.0%) 64 305 (9.1%) 94 776 (11.0%) 

Calcium-channel blockers (non-
dihydropyridines) 2 238 (1.5%) 4 569 (0.6%) 6 807 (0.8%) 

Mineralocorticoid receptor 
antagonists 996 (0.7%) 1 712 (0.2%) 2 708 (0.3%) 

Diuretics    

Loop diuretics 8 217 (5.4%) 13 425 (1.9%) 21 642 (2.5%) 

Potassium-sparing diuretics 3 095 (2.0%) 6 135 (0.9%) 9 230 (1.1%) 

Thiazides 37 749 (24.7%) 73 049 (10.3%) 110 798 (12.8%) 

For variables with missing entries, summary statistics present observed values alongside the percentage of missing values 540 
(missing within two years prior to index). Socioeconomic status was defined as the Index of Multiple Deprivation (IMD) 541 
2015 quintile. Prevalence of cardiovascular prevention therapies refer to the percentage of patients with at least 2 542 
prescriptions before index date. ACE- inhibitors = Angiotensin-Converting Enzyme Inhibitors, ARB = Angiotensin II Receptor 543 
Blockers.  544 



 

 

Figure 1: Incidence rates and hazard ratios of cardiovascular disorders among patients with gout and matched 545 
controls.  546 

 547 

Socioeconomic status (SES) refers to Index of Multiple Deprivation (IMD) 2015 quintile, with 1 referring to the most 548 
affluent and 5 to the most deprived quintile. Calendar year refers to the year individuals were included in the study. 549 
Cardiovascular hospital admission refers to hospital admissions with cardiovascular disease as the primary admission 550 
diagnosis. Cardiovascular death refers to death with cardiovascular disease listed as the primary cause of death. 551 
Abbreviations BP = systolic and diastolic blood pressure; BMI = Body Mass Index; T2 diabetes = type 2 diabetes. 552 

  553 



 

 

Figure 2: Cumulative incidence of cardiovascular disease among patients with gout compared to matched 554 
controls. Stratified by individual cardiovascular disorders. 555 

  556 

Hazard ratios and corresponding 95% confidence intervals (CI) were calculated using Cox proportional hazards models 557 
clustered by matching set, and compared incident cardiovascular disease among patients with gout compared to controls 558 
matched for age, calendar year, sex, socioeconomic status, and region. 559 

 560 
 561 
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