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Background: Gout is the most common inflammatory arthritis in adult males. Patients with gout are at a higher risk

of coronary heart disease (CHD). This study aimed to investigate the correlation between gout and CHD.

Methods: This was a retrospective cohort study that used data from the Longitudinal Health Insurance Database of

Taiwan. The study subjects were 46,140 patients with new-onset gout during 2003-2010. To avoid selection bias,

we used propensity score matching. A Cox proportional hazard model was used to analyze differences in the risk of

CHD between patients with and without gout after controlling for related variables.

Results: The patients with gout had a higher risk of CHD than the patients without gout [adjusted hazards ratio (HR)

= 1.34, 95% confidence interval (CI): 1.23-1.45]. The risk of CHD increased with older age. Other related factors for

CHD included gender (female vs. male, adjusted HR = 0.86, 95% CI: 0.79-0.93), hypertension (adjusted HR = 1.53,

95% CI: 1.42-1.65), hyperlipidemia (adjusted HR = 1.18, 95% CI: 1.07-1.29), and diabetes mellitus (adjusted HR =

1.24, 95% CI: 1.13-1.36).

Conclusions: We found correlations between gout and CHD and other influencing factors including hypertension,

hyperlipidemia, and diabetes mellitus. We also found that gender and age were associated with CHD.
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INTRODUCTION

Gout is the most common inflammatory arthritis in

adult males.
1

It is caused by the crystallization of uric

acid within the joints and is often associated with hy-

peruricemia, with the overall disease burden being sub-

stantial and potentially continuing to increase.
2

Substan-

tial evidence suggests that chronic hyperuricemia is an

independent risk factor for hypertension (HTN), meta-

bolic syndrome (MS), chronic kidney disease (CKD), and

cardiovascular disease (CVD).
3

In addition, the effects of

uric acid on the development of CVDs and renal dis-

eases have been demonstrated in animal models.
4

Studies in selected groups of patients with a high

CVD risk [i.e., those with type 2 diabetes mellitus (DM),

stroke, congestive heart failure, obstructive sleep apnea,

or coronary heart disease (CHD)] have shown an inde-

pendent association between serum urate and CVD and

mortality.
1,3,5

Two large prospective studies reported an

independent association between gout and CVD and

mortality. The first study showed that gout was associ-

ated with a 26% increased risk of acute myocardial in-

farction [odds ratio (OR) = 1.26; 95% confidence interval

(CI): 1.14-1.40].
6

The second study reported links be-

tween gout and all-cause mortality (OR = 1.28; 95% CI:
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1.15-1.41), CVD death (OR = 1.38; 95% CI: 1.15-1.66),

and fatal CHD (OR = 1.55; 95% CI: 1.24-1.93).
7

Further-

more, a systematic review and meta-analysis study re-

ported that gout increased the risk of mortality from

CVD and CHD, but not myocardial infarction.
8

Using healthcare big data for analysis has become

the new trend of cardiology research.
9

Epidemiological

data also support the strong association between CVD

and gout, and indicate that the prevalence of gout in

the general population of Taiwan is 1 in 16 people.
10

In

particular, Taiwanese aborigines have a very high preva-

lence of gout.
11

As patients with gout and hyperuricemia

are at a higher risk of CHD, understanding the relation-

ships among these conditions is pertinent for clinicians.

Therefore, this study investigated whether gout is asso-

ciated with CHD by using data from the National Health

Insurance Research Database (NHIRD) in Taiwan.

METHODS

This retrospective cohort study investigated the cor-

relation between gout (ICD-9-CM codes 274 and 7906)

and CHD (ICD-9-CM codes 410-414) by using data from

the Longitudinal Health Insurance Database (LHID), in

which 1,000,000 beneficiaries were randomly selected

from the NHIRD provided by the National Health Insur-

ance Administration, Ministry of Health and Welfare.

The LHID contains all original claims data of outpatient

departments (OPDs), emergency departments (EDs) and

hospitalizations. In this study, patients with gout were

defined as those with at least three diagnoses of gout

within one year. Additionally, CHD was defined as at

least three diagnoses of CHD within one year. The date

of incident CHD was defined as the medical date of the

first CHD diagnosis if the patient was found to have CHD.

This study was conducted using 2002-2011 claims

data from the LHID. We enrolled patients with and with-

out gout from 2003-2010 as the study subjects, with

each patient having at least one year of follow-up. Each

patient was followed up until the date of incident CHD,

death, or the end of 2011, whichever occurred first. We

excluded 3,219 patients with gout who had CHD before

a diagnosis of gout. Furthermore, we used propensity

score (PS) matching to obtain a 1:5 matched cohort of

patients without gout for each patient with gout. PS

matching is a statistical matching technique that can re-

duce potential confounding caused by unbalanced co-

variates in non-experimental settings. PS is the probabil-

ity calculated via a logistic regression model. The score

is a unit with certain characteristics that was assigned to

the gout patients. The scores can be used to reduce or

eliminate selection bias in observational studies, and

the characteristics we selected for matching were gen-

der, age, monthly insurance salary, and urbanization. Af-

ter matching, 7,690 patients with gout and 38,450 pa-

tients without gout were included in the study. The study

subject selection is shown in a flowchart in Figure 1.

The urbanization of study patients was categorized

into seven levels on the basis of the urbanization of

their residential locations. Level 1 denoted the highest

degree of urbanization, and level 7 denoted the lowest

degree of urbanization.

We used a Cox proportional hazard model to esti-

mate the hazard ratios (HRs) with 95% CIs for the associ-

ation between gout and CHD after controlling for re-

lated variables. Control variables were gender, age,

635 Acta Cardiol Sin 2019;35:634�640

Gout Related to Coronary Heart Disease

Figure 1. Flowchart of selection patients for inclusion. CHD, coronary

heart disease; LHID, Longitudinal Health Insurance Database.



monthly insurance salary, urbanization, comorbidities,

and the status of major illness. Comorbidities included

HTN (ICD-9-CM codes 401-405), hyperlipidemia (HPL)

(ICD-9-CM code 272), and DM (ICD-9-CM code 250). In

addition, the status of major illness was defined as

whether the study subjects had a catastrophic illness

and had a certificate during the study period. All statisti-

cal analyses in the study were performed using SAS soft-

ware version 9.4 (SAS Institute Inc., Cary, NC, USA). Sta-

tistical significance in this study was defined as p < 0.05.

RESULTS

Table 1 shows the basic characteristics of the pa-

tients with and without gout after matching. There were

38,239 (82.88%) males and only 7,901 (17.12%) females.

Most of the patients were 45-54 years old (24.93%). The
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Table 1. The characteristics of study subjects after propensity score matching

Non-gout patients Gout patients Total
Variables

N % N % N
p-value*

Total 38,450 100.00 7,690 100.00 46,140

Gender
#

0.996

Male 31,866 82.88 6,373 82.87 38,239

Female 6,584 17.12 1,317 17.13 7,901

Age (years)
#

52.27 � 16.30 53.02 � 15.40 52.39 � 16.16 1.000

� 34 4,865 12.65 973 12.65 5,838

35~44 6,551 17.04 1,310 17.04 7,861

45~54 9,585 24.93 1,917 24.93 11,502

55~64 7,790 20.26 1,558 20.26 9,348

65~74 6,150 15.99 1,230 15.99 7,380

� 75 3,509 9.13 702 9.13 4,211

Month insurance salary (NTD)
#

1.000

� 17,280 6,465 16.81 1,293 16.81 7,758

Dependent 7,865 20.46 1,573 20.46 9,438

17,281~22,800 11,294 29.37 2,258 29.36 13,552

� 22,801 12,826 33.36 2,566 33.37 15,392

Urbanization
#

1.000

Level 1 11,910 30.98 2,382 30.98 14,292

Level 2 11,310 29.41 2,262 29.41 13,572

Level 3 5,750 14.95 1,150 14.95 6,900

Level 4 5,230 13.60 1,046 13.60 6,276

Level 5 925 2.41 185 02.41 1,110

Level 6 1,789 04.65 357 04.64 2,146

Level 7 1,536 03.99 308 04.01 1,844

HTN < 0.001 <

No 32,577 84.73 4,186 54.43 36,763

Yes 5,873 15.27 3,504 45.57 9,377

HPL < 0.001 <

No 35,339 91.91 4,596 59.77 39,935

Yes 3,111 08.09 3,094 40.23 6,205

DM < 0.001 <

No 35,317 91.85 6,363 82.74 41,680

Yes 3,133 08.15 1,327 17.26 4,460

Major illness 0.001

No 37,396 97.26 7,427 96.58 44,823

Yes 1,054 02.74 263 03.42 1,317

* Used Chi-square test to exam the difference of characteristics distribution.
#

Variables for propensity score matching.

DM, diabetes mellitus; HPT, hyperlipidemia; HTN, hypertension.



average age of the gout patients was 53.02 years [stan-

dard deviation (SD) 15.40 years], compared to 52.27 �

16.30 years in the non-gout patients. Of the gout pa-

tients, 3,504 (45.57%) had HTN, 3,094 (40.23%) had

HPL, and 1,327 (17.26%) had DM. As expected, the char-

acteristics of the matched variables were similar, includ-

ing gender, age, monthly insurance salary, and degree of

urbanization between the patients with and without

gout (p = 1.000), after matching.

The cumulative risk of CHD was significantly higher

in the gout patients than in the non-gout patients (Fig-

ure 2; log-rank test, p < 0.001). Table 2 shows the HRs

for CHD in both groups. The average follow-up time was

4.41 years in the gout patients, and 5.08 years in the

non-gout patients. After controlling for other relevant

influencing factors, the gout patients had a higher ad-

justed HR of 1.34 (95% CI: 1.23-1.45) compared to the

non-gout patients. Compared to the patients without

HTN, the adjusted HR was 1.53 (95% CI: 1.42-1.65) in

those with HTN. Compared to the patients without HPL,

the adjusted HR was 1.18 (95% CI: 1.07-1.29) in those

with HPL. Compared to the patients without DM, the

adjusted HR was 1.24 (95% CI: 1.13-1.36) in those with

DM. Furthermore, the risk of incident CHD increased

with an older age.

DISCUSSION

This retrospective cohort study demonstrated that

the patients with gout had a higher risk of CHD than the

patients without gout. Moreover, HTN, HPL and DM

were influencing factors for CHD. Gender and age were

also both related to CHD.

Hyperuricemia is frequently observed in patients

with CVDs. The question of whether hyperuricemia is an

independent risk factor for CVD was first raised more

than five decades ago. Recently, there has been re-

newed interest in hyperuricemia and its association with

HTN and cardiovascular mortality, with studies suggest-

ing that it may have a direct vascular effect.
12

In most

patients, hyperuricemia is caused by multiple factors, in-

cluding genetic and environmental factors, of which

many environmental factors are modifiable, potentially

correcting the contribution of these factors to hyper-

uricemia.
13

The relationship between uric acid and CVD

has been observed in both patients with frank hyper-

uricemia and in those with uric acid levels considered to

be in the normal to high range.
14

The generally mild se-

rum urate elevation is often documented in patients

with uncomplicated obesity, HTN, dyslipidemia, or insu-

lin resistance, which may reflect abnormal renal han-

dling of sodium and uric acid.
15,16

Gout and hyperuri-

cemia have been associated with CHD.

Hyperuricemia is correlated with cardiovascular

events in patients with HTN.
17

Uric acid was first found

to be associated with primary HTN in 1874. More recent

experimental and clinical studies have suggested that

uric acid may play a contributory role in the patho-

genesis of elevated blood pressure. Uric acid may also

be a marker of xanthine oxidase-associated oxidants,

and these oxidants may drive the hypertensive response.
18

Moreover, experimental data suggest that uric acid may

induce endothelial damage, vascular inflammation, and

renin-angiotensin system activation
19

Antihypertensive

agents, which are used to treat HTN, may influence se-

rum uric acid (SUA) levels.
20

Our study showed that HTN

was associated with CHD in patients with gout and hy-

peruricemia. These results are similar to those of related

studies.

HPL is common in patients with hyperuricemia and

gout. A period study indicated that dyslipidemia contrib-

utes to coronary artery disease.
21

The most common ab-
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Figure 2. The cumulative incidence of coronary heart disease between

gout patients and non-gout patients (p-value < 0.001, Log-rank test).



normality is hypertriglyceridemia, with a prevalence of

25%-60% in patients with gout,
22

and hyperuricemia has

been reported in a considerable number of patients

with hypertriglyceridemia.
23

A close correlation has also

been reported between the degree of uric acid produc-

tion and triglyceride metabolism when the influence of

alcohol intake is excluded.
24

Our study found that HPL

was associated with CHD in the patients with gout and

hyperuricemia, which is consistent with previous findings.

Hyperuricemia has been linked to atherosclerosis

and diabetes,
12

and several international studies have

reported a positive association between SUA levels and

DM.
25,26

However, not all studies have found a strong as-

sociation between the two diseases. In a prospective co-
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Table 2. Association of CHD in gout patients with multivariable analysis of Cox regression analysis

Variables Incident CHD (N) Unadjusted HR 95% CI p-value Adjusted HR 95% CI p-value

Total 4,124

Group

Non-gout (ref.) 3,155 1 1

Gout 969 1.75 1.63-1.88 < 0.001 1.34 1.23-1.45 < 0.001

Gender

Male (ref.) 3,241 1 1

Female 883 1.36 1.26-1.47 < 0.001 0.86 0.79-0.93 < 0.001

Age (years)

� 34 (ref.) 62 1 1

35~44 286 3.42 2.60-4.50 < 0.001 3.37 2.55-4.45 < 0.001

45~54 810 6.70 5.18-8.67 < 0.001 6.45 4.96-8.37 < 0.001

55~64 1,049 11.19 8.67-14.46 < 0.001 10.42 8.03-13.52 < 0.001

65~74 1,257 16.56 12.84-21.37 < 0.001 16.44 12.64-21.37 < 0.001

� 75 660 17.01 13.11-22.06 < 0.001 14.72 11.25-19.28 < 0.001

Month insurance salary (NTD)

� 17,280 (ref.) 691 1 1

Dependent 1,130 1.34 1.22-1.47 < 0.001 1.03 0.92-1.14 0.627

17,281~22,800 1,290 1.08 0.98-1.18 0.117 1.02 0.92-1.13 0.724

� 22,801 1,013 0.73 0.66-0.80 < 0.001 1.06 0.95-1.19 0.287

Urbanization

Level 1 (ref.) 1,346 1 1

Level 2 1,146 0.93 0.86-1.00 0.052 0.90 0.82-0.98 0.011

Level 3 518 0.84 0.76-0.93 0.001 0.81 0.73-0.91 < 0.001

Level 4 582 1.06 0.96-1.17 0.239 0.84 0.76-0.94 0.002

Level 5 118 1.17 0.97-1.42 0.096 0.91 0.74-1.12 0.377

Level 6 229 1.24 1.07-1.42 0.003 0.92 0.79-1.08 0.326

Level 7 185 1.16 0.99-1.35 0.060 0.92 0.77-1.09 0.332

HTN

No (ref.) 2,566 1 1

Yes 1,558 2.72 2.55-2.89 < 0.001 1.53 1.42-1.65 < 0.001

HPL

No (ref.) 3,239 1 1

Yes 885 2.01 1.87-2.17 < 0.001 1.18 1.07-1.29 < 0.001

DM

No (ref.) 3,400 1 1

Yes 724 2.23 2.06-2.41 < 0.001 1.24 1.13-1.36 < 0.001

Major illness

No (ref.) 3,997 1 1

Yes 127 1.38 1.16-1.65 < 0.001 0.78 0.65-0.95 0.012

CHD, coronary heart disease; CI, confidence interval; DM, diabetes mellitus; HPT, hyperlipidemia; HR, hazards ratio; HTN, hypertension.



hort study in Japan, SUA was not associated with an in-

creased risk of DM.
27

Our study showed that DM was as-

sociated with CHD in the patients with gout and hyper-

uricemia.

Men have a higher risk of gout than women due to

higher baseline levels of blood uric acid.
1

CHD may af-

fect individuals at any age, but becomes dramatically

more common at a progressively older age. The preva-

lence increases in those aged > 65 years, and is two-

fold higher in men aged > 75 years. This increased prev-

alence in older men and women is largely attributed to

primary but not secondary gout.
28

Our study indicated

that gender and age were both associated with CHD,

which is consistent with the findings of previous stud-

ies.

Hyperuricemia has long been associated with gout,

and more recently, it has been associated with CHD,

HTN, stroke, MS, and other disorders. Lowering SUA can

improve cardiovascular and renal outcomes, and under-

standing the therapeutic mechanism of action may pro-

vide more clinical benefits to patients.
3

The strengths of this study are that it was based on

a large and representative population cohort, extracted

from the NHI system which covers 99% of the popula-

tion in Taiwan, avoiding bias from selection, non-re-

sponse, or poor recall. The LHID has been shown to have

good levels of accuracy and completeness in recording

prescriptions and clinical diagnoses. In addition, we ad-

justed for many potentially confounding factors and also

used PS matching to select non-gout patients as the

control group. Therefore, this study showed that the

gout patients had a higher risk of CHD with a narrower

and statistically significant CI.

There are several limitations to this study. Many fac-

tors affecting CHD cannot be obtained from the NHIRD,

such as life-related variables including BMI, alcohol con-

sumption and tobacco consumption. Moreover, medica-

tions such as hypertensive medications would affect

CHD. Medications are a confounding factor for which it

is extremely difficult to control, especially in a retro-

spective cohort study. Each patient in the study period

may have received inconsistent prescription patterns

during the follow-up period, including drug type, drug

dose, and medication duration. Therefore, our study re-

duced the confounding effect of medications by adjust-

ing for comorbidities. In addition, the severity of gout

and disease duration of gout may also affect CHD. This

study was a nationwide population-based study. Thus,

the study results are accurate and representative, even

without the inclusion of medications.

In addition, there are other methods to reduce po-

tential confounding in study subject selection, such as

PS weighting, PS stratification, and PS adjustment.
29

This

study is an epidemiologic study based on the LHID, and

there were nearly 990,000 non-gout patients after en-

rolling gout patients (Figure 1). Thus, the study used PS

matching to select the control group as in previous epi-

demiologic studies using the LHID.
30-33

Finally, the study

may have bias because only ICD codes were used to de-

fine disease without any medical procedure codes. This

may have led to overdiagnosis, although the study de-

fined incident disease by at least three diagnoses within

one year. However, this study is an epidemiologic study

that can only provide evidence to show the association

between gout and CHD, and cannot show a causal rela-

tionship. It is necessary to obtain more information

from other databases or questionnaires to conduct a

prospective study or randomized controlled trial to in-

vestigate such a relationship between gout and CHD in

future research.

CONCLUSIONS

We found correlations between gout and CHD and

other influencing factors including HTN, HPL, and DM.

We also found that gender and age were both associ-

ated with CHD.
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