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Abstract: Metabolic abnormalities are common in patients with

depressive disorders. However, the relationship between gout and

depression is unclear. We explored the causal relationship among gout,

antigout medication, and the associated risk of incidental depressive

disorders.

In this nationwide cohort study, we sampled data from the National

Health Insurance Research Database to recruit 34,050 patients with gout

as the gout cohort and 68,100 controls (without gout) as the nongout

cohort. Our primary endpoint was the diagnosis of depressive disorders

during follow-up. The overall study population was followed up until

depression diagnosis, withdrawal from the NHI program, or the end of

the study. The differences in demographic and clinical characteristics
D, Cheng-Li Lin, M a Lin, PhD,
hia-Hung Kao, MD

of gout on the risk of depression, represented using the hazard ratio with

the 95% confidence interval.

Patients with gout exhibited a higher risk of depressive disorders

than controls did. The risk of depressive disorders increased with age

and was higher in female patients and those with hypertension, stroke,

and coronary artery disease. Nonsteroidal antiinflammatory drug and

prednisolone use was associated with a reduced risk of depression.

Patients with gout who had received antigout medication exhibited a

reduced risk of depressive disorders compared with nongout patients.

Our findings support that gout increases the risk of depressive

disorders, and that antigout medication use reduces the risk.

(Medicine 94(52):e2401)

Abbreviations: CI = confidence interval, HR = hazard ratio,

NHIRD = National Health Insurance Research Database.

INTRODUCTION

M etabolic abnormalities, including increased body mass
index (BMI), central obesity, hyperlipidemia, hypergly-

cemia, and hyperuricemia, are closely associated with common
mental disorders.1–6 Moreover, the prevalence of metabolic
syndrome is higher in patients with mood disorders than in the
general population, with a substantial impact on quality
of life.7–9 However, the relationship between hyperuricemia
(or gout) and mood disorders is unclear. Hyperuricemia is
associated with obesity, insulin resistance, hypertension, and
metabolic syndrome;10,11 therefore, the pathophysiological
mechanisms of mood disorders and gout might be similar. Uric
acid is a metabolite and downstream product of adenosine, a
purine nucleoside. The purinergic system comprises signaling
pathways involving the neurotransmitter adenosine tripho-
sphate (ATP) and the neuromodulator adenosine. The system
is present in many central nervous system (CNS) regions, such
as the cerebral cortex, basal ganglia, and limbic system, and is
responsible for neurotransmission, synapse formation, and
neuronal plasticity.12,13 Moreover, this system interacts with
other neurotransmitter systems including serotonin, dopamine,
and gamma-aminobutyric acid. This implies that purinergic
signaling dysfunction may disturb other neurotransmitter sys-
tems and cause neuroinflammation.14 Therefore, the purinergic
system might be involved in mood regulation, sleep patterns,
impulsivity, and locomotor activity.15,16

A nationwide study recently confirmed that patients with
bipolar disorder were at a higher risk of gout than healthy
controls.17 However, no study has explored the association of
depressive disorders, the most common mood disorder, with
gout. In this retrospective cohort study, we used a nationwide
dataset to clarify whether gout is a predictor of depressive
lored the association between antigout
and depressive disorders. We proposed
es: first, patients with gout may have a
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of depression compared with that in controls (95% CI¼ 1.07–
1.29). The sex-specific gout cohort to nongout cohort adjusted
HR of depression was significant for men (adjusted HR¼ 1.20,

TABLE 1. Demographic Characteristics and Comorbidities in
Patients With and Without Gout

Gout

Variable
No

N¼ 68,100
Yes

N¼ 34,050 P-Value

Gender n(%) n(%) 0.99
Female 13,502(19.8) 6751(19.8)
Male 54,598(80.2) 27,299(80.2)

Stratify age 0.99
�34 14,546(21.4) 7273(21.4)
35–49 22,328(32.8) 11,164(32.8)
50–64 17,916(26.3) 8958(26.3)
65þ 13,310(19.5) 6655(19.5)

Age, mean (SD)
�

48.8(16.2) 49.3(16.0) 0.001
Comorbidity

Hypertension 11,799(17.3) 12,485(36.7) <0.001
Diabetes 36,22(5.32) 3113(9.14) <0.001
Hyperlipidemia 5531(8.12) 9930(29.2) <0.001
Stroke 1289(1.89) 802(2.36) <0.001
CAD 4399(6.46) 4310(12.7) <0.001

Medication
NSAID 20,801(30.5) 14,412(42.3) <0.001
Prednisolone 4125(6.06) 3297(9.68) <0.001
higher risk of depressive disorders than the general population,
after adjustment for other possible demographic and metabolic
confounders. Second, antigout medication may lower the risk.

METHODS

Data Source
Since its establishment in 1995 in Taiwan, the National

Health Insurance program has covered approximately 99% of
Taiwan’s population (23 million). The National Health Insur-
ance Research Database (NHIRD) is a research database devel-
oped and managed by National Health Research Institute, and
confidentiality is maintained according to the directives of the
National Health Insurance Administration. For this retrospec-
tive cohort study, we used the dataset of Longitudinal Health
Insurance Database 2000, which contains the longitudinally
linked data of 1,000,000 enrollees randomly sampled from the
NHIRD. To ensure patient privacy, patient identification num-
bers necessary to link files with identities are scrambled by the
National Health Research Institute. Diagnoses are based on the
International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM). This study was approved to fulfill
the condition for exemption by the Institutional Review Board
(IRB) of China Medical University (CMUH104-REC2-115).
The IRB also specifically waived the consent requirement.

Sampled Population
We included patients aged 20 years and older with newly

diagnosed gout (ICD-9-CM code 274) from 2000 to 2010 in the
gout cohort. The date of gout diagnosis served as the index date.
The nongout cohort consisted of randomly selected Longitudi-
nal Health Insurance Database 2000 beneficiaries without gout,
who were frequency matched to patients with gout at a ratio of
2:1 by age (every 5-year span), sex, and index year. Patients
diagnosed with depression at baseline (ICD-9-CM codes
296.2–296.3, 300.4, and 311) or missing information for age
or sex were excluded from this study.

Outcome, Comorbidity, and Medication
The overall study population was followed up from the index

date to the date of depression diagnosis, withdrawal from the
National Health Insurance program, or the end of 2011, which-
ever came first. Baseline comorbidities included hypertension
(ICD-9-CM codes 401–405), diabetes (ICD-9-CM code 250),
hyperlipidemia (ICD-9-CM code 272), stroke (ICD-9-CM codes
430–438), and coronary artery disease (CAD) (ICD-9-CM codes
410–414), and medications included nonsteroidal antiinflamma-
tory drug (NSAID) and prednisolone. We coded a patient with
NSAID (or prednisolone) use if they started to use the medication
after the index date and had used for at least 30 days. In addition,
antigout medications including colchicine, xanthine oxidase
inhibitors, and uricosuric agents were analyzed.

Statistical Analyses
Demographic characteristics, including sex and age, and

baseline comorbidities were compared between the gout and
nongout cohorts using the Chi-square test for categorical vari-
ables and the t-test for continuous variables. The cumulative
incidence of depression in the gout and nongout cohorts was
assessed using the Kaplan–Meier method, and the differences

Changchien et al
were assessed using the log-rank test. The sex-, age-, comor-
bidity-, and medication-specific incidence densities of depres-
sion were assessed for both cohorts. Univariate and multivariate
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Cox proportional hazard regression models were used to
examine the effect of gout on the risk of depression,
represented using the hazard ratio (HR) with the 95% confi-
dence interval (CI). The multivariate models were adjusted for
age, sex, and the comorbidities of hypertension, diabetes,
hyperlipidemia, stroke, and CAD and the medications of
NSAID and prednisolone. All statistical analyses were per-
formed using the SAS statistical package (Version 9.4 for
Windows; SAS Institute, Inc., Cary, NC); P<0.05 was con-
sidered statistically significant.

RESULTS
Overall, the study population totaled 102,150 in this retro-

spective cohort study, including 34,050 patients with gout and
68,100 controls. The distribution of age and sex was similar in
both cohorts. Most patients were men, and more than half were
less than 49 years of age in our study. Compared with the
nongout cohort, a higher prevalence of hypertension, diabetes,
hyperlipidemia, stroke, and CAD was observed in the gout
cohort (P<0.001). NSAID and prednisolone use was more
prevalent in the gout cohort at baseline than in the nongout
cohort (P<0.001) (Table 1). The cumulative incidence of
depression was significantly higher in the gout cohort than in
the nongout cohort (log-rank P<0.001) (Figure 1).

During the mean follow-up of 7.63 years for the gout
cohort and 7.42 years for the nongout cohort, the overall
incidence of depression (per 1000 person-year) was 3.13 and
2.60, respectively. After adjustment for age, sex, comorbidities,
and medications, patients with gout had a 1.18-fold higher risk

Medicine � Volume 94, Number 52, December 2015
Chi-square test. CAD¼ coronary artery disease, NHIRD¼National
Health Insurance Research Database.�

Two sample t-test.
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95% CI¼ 1.07–1.34). The incidence of depression increased
with age in both cohorts. The age-specific gout cohort to
nongout cohort adjusted HR of depression was significant for
the age groups of �34 (adjusted HR¼ 1.53, 95% CI¼ 1.23–
1.91) and 35 to 49 (adjusted HR¼ 1.26, 95% CI¼ 1.05–1.50).
The comorbidity-specific gout cohort to nongout cohort
adjusted HR of depression was significant for patients without
comorbidity (adjusted HR¼ 1.23, 95% CI¼ 1.08–1.39).
Among patients without NSAID use, the risk of depression
was 1.21-fold higher in the gout cohort than in the nongout
cohort (95% CI¼ 1.08–1.36). Among patients without predni-
solone use, the risk of depression was 1.21-fold higher in the
gout cohort than in the nongout cohort (95% CI¼ 1.10–1.33)
(Table 2). The risk of depression was 1.01-fold (95%
CI¼ 1.00–1.01) increased with age (every 1 year) and was
1.54-fold higher in women than in men (95% CI¼ 1.39–1.69)
(Table 3). A high risk of depression was observed in patients
with hypertension (adjusted HR¼ 1.21, 95% CI¼ 1.08–1.36),
stroke (adjusted HR¼ 1.43, 95% CI¼ 1.10–1.86), and CAD
(adjusted HR¼ 1.17, 95% CI¼ 1.01–1.35). A low risk of
depression was observed in patients with NSAID (adjusted
HR¼ 0.70, 95% CI¼ 0.64–0.77) and prednisolone use
(adjusted HR¼ 0.71, 95% CI¼ 0.59–0.84). Compared with
controls, gout patients without antigout medication use exhib-
ited a significantly higher risk of depression (adjusted
HR¼ 1.51, 95% CI¼ 1.34–1.70) (Table 4). Compared with
controls, patients with gout who took only 1 antigout drug, such
as colchicine, a xanthine oxidase inhibitor, or uricosuric agent,
did not exhibit a significantly higher risk of depression. Patients
who took any one of above antigout drugs exhibited a signifi-
cantly lower risk of depression (adjusted HR¼ 0.70, 95%
CI¼ 0.55–0.88) compared with controls.

FIGURE 1. Cumulative incidence of depression in patients with
and without gout.
DISCUSSION
In this study, patients with gout had a 1.18-fold higher risk

of depressive disorders than controls (representing the general

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
population) during the 10-year period. Moreover, compared
with controls, gout patients without antigout medication use had
a higher risk of depressive disorders, but antigout medication
use was associated with a reduced risk of depression. These
major findings support our hypotheses and were still statisti-
cally significant after adjustment for age, sex, and possible
confounding variables such as comorbidities. Based on our
research, the present study is the first to demonstrate the causal
relationship among gout without antigout medication, gout with
antigout medication, and depressive disorders by using a nation-
wide cohort dataset and a follow-up study design. Analyses
stratified by sex, age, and comorbidities showed that men,
patients aged �49 years, and those without comorbidities or
NSAID or prednisolone use had a high risk of depression among
patients with gout.

Studies have addressed the role of purinergic system
dysfunction in mood disorders, including studies of genetic
variations18 and peripheral purinergic biomarkers (such as uric
acid levels),19 neuroimaging studies,20,21 and clinical trials (of
antigout medication on adjunctive treatment of bipolar dis-
order).22,23 Ortiz et al14 reviewed the aforementioned studies
to determine the involvement of purinergic signaling dysfunc-
tion in the pathophysiology and therapeutics of mood disorders.
Sperlagh et al16 also reviewed available literature to explain the
profound effects of a purine receptor, P2rx7, and its activation
on mood-related behavior via glutamate release and neuronal
plasticity in depressive disorders. However, few clinical studies
have focused on the direct association of mood disorders with
systematic purinergic dysfunction (medical comorbidities),
particularly gout. A recent study with a matched retrospective
cohort design in the United Kingdom failed to identify an
association between gout and subsequent incident consultation
for depression in primary care.24 However, compared with the
current study that study had a smaller sample size (1689 patients
with gout and 6756 controls), including older patients with gout
(63� 16 year), and demonstrated a much higher incidence rate
of depression (10.8 per 1000 person-year). Chung et al17 also
used a nationwide population-based dataset to demonstrate the
association between bipolar disorder and the risk of gout. They
showed that the risk of gout was 1.19-fold higher in patients
with bipolar disorder than in their matched controls during the
6-year follow-up period. They enrolled more female patients
(60.7%) and found that those with renal disease, CAD, meta-
bolic syndrome, and alcohol or substance dependence were all
at risk of gout. Therefore, a bidirectional causal relationship
seems to exist between mood disorders and gout. Another study
demonstrated that most patients with gout in the United King-
dom have a higher burden of comorbidity at diagnosis, and that
the risk of incident comorbidity continues to increase following
diagnosis.25 Moreover, depression is one of the comorbidities
potentially associated with gout.

Our findings that women and aging were both significantly
associated with depressive disorders, was consistent with epi-
demiologic characteristics of depressive disorders. However,
the further stratified analysis showed that men and patients aged
�49 years had a high risk of depression among patients with
gout. Some possible reasons may explain these inconsistencies.
These patients may be representative of a specific subgroup
with different pathophysiological mechanism of depression.
Besides, accumulated evidence suggests that hormone fluctu-
ations may play a role in the increased risk for depressive

Depressive Disorders in Gout
disorders in women, especially the menopausal transition.26

Hormonal effect seems to be a confounding factor to women,
not men. But the patients recruited in our study are younger and

www.md-journal.com | 3



TABLE 2. Comparison of Incidence and HRs of Depression Stratified by Sex, Age, and Comorbidities Between Patients With and
Without Gout

Gout

No Yes

Variables Event PY Ratey Event PY Ratey Crude HRz (95% CI) Adjusted HR§ (95% CI)

All 1315 505,324 2.60 814 259,712 3.13 1.20(1.10, 1.31)
���

1.18(1.07, 1.29)
���

Gender

Female 395 99,357 3.98 236 50,642 4.66 1.17(1.00, 1.38) 1.10(0.92, 1.31)

Male 920 405,966 2.27 578 209,070 2.76 1.22(1.10, 1.35)
���

1.20(1.07, 1.34)
��

Stratify age

�34 218 108,789 2.00 156 56,278 2.77 1.38(1.12, 1.70)
��

1.53(1.23, 1.91)
���

35–49 379 176,957 2.14 242 90,177 2.68 1.25(1.07, 1.47)
��

1.26(1.05, 1.50)
�

50–64 412 133,639 3.08 214 68,135 3.14 1.02(0.86, 1.20) 0.92(0.77, 1.11)

65þ 306 85,937 3.56 202 45,122 4.48 1.26(1.05, 1.50)
�

1.17(0.97, 1.41)

Comorbidityjj

No 890 397,142 2.24 336 128,889 2.61 1.16(1.02, 1.32)
�

1.23(1.08, 1.39)
��

Yes 425 108,181 3.93 478 130,824 3.65 0.93(0.81, 1.06) 0.98(0.86, 1.12)

Medication

NSAID

No 929 321,475 2.89 539 137,004 3.93 1.36(1.22, 1.51)
���

1.21(1.08, 1.36)
��

Yes 386 183,849 2.10 275 122,708 2.24 1.08(0.92, 1.26) 1.12(0.95, 1.32)

Prednisolone

No 1235 471,099 2.62 764 232,277 3.29 1.25(1.15, 1.37)
���

1.21(1.10, 1.33)
���

Yes 80 34,224 2.34 50 27,435 1.82 0.78(0.55, 1.11) 0.77(0.53, 1.11)

�
P< 0.05,

��
P< 0.01,

���
P< 0.001. CAD¼ coronary artery disease, CI¼ confidence interval, HR¼ hazard ratio, NHIRD¼National Health

Insurance Research Database, PY¼ person-years.
y Incidence rate, per 1000 person-years.
zRelative hazard ratio.
§ Multivariate analysis including age, gender and comorbidities of hypertension, diabetes, hyperlipidemia, stroke, and CAD and medication of

NSAID and prednisolone.
jjOnly to have one of comorbidities (including hypertension, diabetes, h

TABLE 3. Comparison of HRs of Depression in Association
With Age, Sex, Comorbidities, and Medication by Using Multi-
variate Cox Regression Models

Crudey Adjustedz

Variable HR (95% CI) HR (95% CI)

Age, years 1.01 (1.01, 1.02)
���

1.01 (1.00, 1.01)
���

Gender (female vs male) 1.73 (1.58, 1.90)
���

1.54 (1.39, 1.69)
���

Baseline comorbidities (yes vs no)
Gout 1.20 (1.10, 1.31)

���
1.18 (1.07, 1.29)

���

Hypertension 1.62 (1.48, 1.78)
���

1.21 (1.08, 1.36)
��

Diabetes 1.46 (1.25, 1.71)
���

1.06 (0.90, 1.25)
Hyperlipidemia 1.36 (1.22, 1.52)

���
0.99 (0.88, 1.12)

Stroke 2.02 (1.56, 2.61)
���

1.43 (1.10, 1.86)
��

CAD 1.65 (1.45, 1.88)
���

1.17 (1.01, 1.35)
�

Medication
NSAID 0.67 (0.61, 0.73)

���
0.70 (0.64, 0.77)

���

Prednisolone 0.74 (0.62, 0.88)
���

0.71 (0.59, 0.84)
���

�
P< 0.05,

��
P< 0.01,

���
P< 0.001. CAD¼ coronary artery dis-

ease, CI¼ confidence interval, HR¼ hazard ratio, NHIRD¼National
Health Insurance Research Database.
yRelative hazard ratio.
zMultivariate analysis including age, gender and comorbidities of

hypertension, diabetes, hyperlipidemia, stroke, and CAD and medi-
cation of NSAID and prednisolone.

Changchien et al Medicine � Volume 94, Number 52, December 2015
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male predominant. So, the preliminary results are limited to a
subset of the cohort and should be interpreted cautiously.

An unexpected finding of our study is that NSAID use
decreased the risk of depression; however, among patients
without NSAID use, a significantly higher risk of depression
was observed in the gout cohort than in the nongout cohort. This
finding implies that gout and NSAID may have an interactive
effect on depression, and that NSAID may even mediate the
association of gout with depression. The immune inflammatory
reaction is involved in the pathogenesis of gout, with increased
C-reactive protein levels, blood neutrophil counts, and levels of
cytokines, including interleukin 1 (IL-1), IL-2, IL-6, and tumor
necrosis factor-alpha (TNF-a).27 NSAID is commonly used in
the treatment of acute gout despite of limited evidence by a
recent systematic review.28 On the other side, the inflammatory
reaction and associated markers are also potential etiological
factors for major psychiatric disorders. Depressive disorders
have been demonstrated to be associated with an altered and
dysregulated immune system, including changes in serum acute
phase protein and cytokine levels.29 The cytokine hypothesis of
depression has promising findings in connection with the effect
on central serotonin levels, microglial activation, the hypothala-
mic–pituitary–adrenal (HPA) axis, and neuroplasticity.30

yperlipidemia, stroke, and CAD) classified as the comorbidity group.
NSAIDs with antiinflammatory effects may have its role to
support our finding. For example, acetyl-salicylic acid (ASA),
one of the oldest known drugs in the world, irreversibly inhibits

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Comparison of Incidence and HRs of Depression Between Gout Patients With and Without Antigout Medication and
Controls

Variables N Event PY Ratey
Crude HRz

(95% CI)
Adjusted HR§

(95% CI)

Nongout controls 68,100 1315 505,324 2.60 1(Reference) 1(Reference)
Gout without antigout treatment

(including colchicine, xanthine oxidase
inhibitor, and uricosuric agents)

13,390 422 97,032 4.35 1.67(1.50, 1.87)
���

1.51(1.34, 1.70)
���

Gout only with colchicine treatment 12,630 260 95,169 2.73 1.05(0.92, 1.20) 1.12(0.98, 1.28)
Gout only with xanthine oxidase inhibitor

treatment
2030 38 17,342 2.19 0.84(0.61, 1.16) 0.78(0.56, 1.08)

Gout only with uricosuric agents 868 20 6779 2.95 1.13(0.73, 1.76) 1.00(0.64, 1.56)
Any above medication 5132 74 43,391 1.71 0.65(0.52, 0.83)

���
0.70(0.55, 0.88)

��

��
P< 0.01,

���
P< 0.001. CAD¼ coronary artery disease, CI¼ confidence interval, HR¼ hazard ratio, NHIRD¼National Health Insurance

Research Database, PY¼ person-years.
y Incidence rate, per 1000 person-years.
zRelative hazard ratio.
§ ype

Medicine � Volume 94, Number 52, December 2015 Depressive Disorders in Gout
cyclooxygenase-1 and -2 (COX-1 and COX-2, respectively),
thereby decreasing TNF-a and IL-6 levels.31 Berk et al32

reviewed and explored the potential of ASA as a therapeutic
agent for depression, bipolar disorder, and schizophrenia. Eyre
et al33 examined the efficacy of nonselective COX inhibitors
(including ASA) for depressive symptoms in a critical review
that included 1 randomized-controlled study, 4 retrospective
cohort studies, and 1 open pilot study; their findings were
inconsistent and negligible because of the heterogeneity in
sample selection (age, sex), duration, antidepressant use, sever-
ity of depressive symptoms, and outcome measure. The under-
lying natures and clinical efficacy of antiinflammatory agents in
the treatment of depression deserve further clinical research.

Many clinical trials of pharmacological agents targeting
the purinergic system have been conducted;22,23,34 most of
these trials have used the xanthine oxidase inhibitor allopurinol
as adjunctive therapy in patients with bipolar disorder. A recent
systematic review and meta-analysis demonstrated the efficacy
of purinergic modulators (including allopurinol) as adjuvant
therapy for bipolar mania in comparison with a placebo.35

However, no clinical trials of purinergic modulators have been
conducted in patients with depressive disorders. Our prelimi-
nary finding that gout patients with antigout medication use
have a low risk of depressive disorders may support the
possible role of purinergic modulators in treating depressive
disorders. Additional clinical trials are necessary to confirm
the hypothesis.

Our study has some limitations. First, variables such as
BMI, substance abuse history, and lifestyle factors, which may
be associated with development of depression, were not
included in our study because of the lack of data. Second,
the serum uric acid levels are also not available in the NHIRD.
The association between uric acid levels and depressive dis-
orders cannot be confirmed. We may have underestimated the
effect of purinergic dysfunction (particularly for hyperuricemia
patients without gout) on mood symptoms. Third, because all
definitions of variables were based on physicians’ diagnoses,

Multivariate analysis including age, gender, and comorbidities of h
NSAID and prednisolone.
misidentification may bias the study results. Finally, the use of
NSAID in our sampled population might be for other reasons
other than gout despite of our effort in inclusion criteria. And

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
depressive disorders have heterogeneous symptoms, psycho-
pathologies, and etiologies and can be the initial presentation of
bipolar disorder. Therefore, the results should be interpreted
with caution.

In conclusion, our study provides the first nationwide
population-based evidence to support the increased risk of
depressive disorders in patients with gout, particularly in those
without antigout medication, and the reduced risk in gout
patients with any antigout medication treatment, after con-
trolling for demographic characteristics, comorbidities, and
antiinflammatory agent use. We should pay more attention
to the mental health in the patients with gout, especially
in younger people, men, and those without any antigout
treatment.
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