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Table 2 Age-stratified relationships between serum urate quartiles and PHQ-9 scores

Young men (19-39 years, n =

712) n =879)

Mean SE F p Mean SE F
1st quartile 647 133 0029 0865 376 044 0071
2nd quartile 6.12 1.28 4.00 048
3rd quartile 637 1.28 3.68 045
4th quartile 6.45 1.32 378 0.52

Young women (19-39 years,

n =938) years, n =1184)

Mean SE F p Mean SE F
1st quartile 575 085 0867 0352 624 0.58 0.087
2nd quartile 643 0.86 6.21 0.56
3rd quartile 655 0.90 593 0.57
4th quartile 6.03 0.83 6.25 0.67

Middle-aged men (40-59 years,

Middle-aged women (40-59

Older men (60 years and older, Men (n =2301)

n=710)
p Mean SE F p Mean SE F p
0790 402 054 5448 0020 444 046 0.169 0681
375 0.54 426 044
365 0.52 427 043
3.23 053 435 046

Older women (60 years and Women (n =3031)

older, n =909)

p Mean SE F p Mean SE F p
0764 7.4 089 3928 0048 648 041 0.180 0.89%4
6.78 0.86 668 039
6.69 0.86 660 040
6.29 0.82 648 042

F and p values are calculated for linear trend
PHQ Patient Health Questionnaire, SE standard error

assigned to build a statistical model. In accordance with
the crude analysis, low levels (Q1 and Q2), compared to
high levels (Q3 and Q4), of serum urate were identified
as a significant factor for the prevalence of overall de-
pression (OR 1.78, 95% CI 1.21, 2.61) in older women,
along with the presence of chronic disease, lifetime diag-
nosis of depression, poor perceived health status, and
perceived stress.

The results shown in Table 4 are from the model for
the prevalence of clinically relevant depression. Com-
pared to that of high levels (Q3 and Q4), the association
of low levels (Q1 and Q2) of serum urate retained sig-
nificance (OR 3.35, 95% CI 1.16, 9.70) following adjust-
ment in men.

Discussion

To the best of our knowledge, this study is the first to
highlight the association between the levels of serum
urate and depression using a large, national-level data-
base, which provided unbiased and comprehensive data
of the Korean population. We demonstrated that low
levels of serum urate are significantly associated with a
higher PHQ-9 score and a higher prevalence of depres-
sion in older adults, even when the concentrations were
within the physiological range.

Depression in older adults is associated with disability,
increased mortality, and poorer outcomes of physical ill-
ness [35]; it is often inadequately treated and associated
with higher relapse rates [36]. Though it is not fully
understood, several etiological factors in late-life depres-
sion, especially related to aging and disease-related pro-
cesses, have been shown to begin during mid-life [37],
and patients with depression displayed a significantly en-
hanced senescent-associated secretory phenotype com-
pared with controls [38]. Therefore, it is imperative to

understand the life course perspectives on the epidemi-
ology of depression and adhere to the United States Pre-
ventive Services Task Force’s recommendation for
screening for depression while calling for more research
on optimal screening approaches in older adults [39].

Age-stratified analyses in our study could allow the
distinction between different patterns of depression
among young, middle-aged, and older adults. Given the
results, the possible neuroprotective effect of urate
against depressive disorders, whereby urate acts as a po-
tent antioxidant in the extracellular environment and ac-
counts for nearly two thirds of total serum antioxidant
activity [40], may be modulated by aging, although the
potential biological mechanisms underlying the observed
associations are speculative. A possible rationale might
be found in the meta-analysis of 48 studies involving
9203 individuals that showed an association between
microvascular dysfunction and late-life depression; this
can be explained, at least in part, by a high level of react-
ive oxygen species produced in the brain as a result of
the higher metabolic demand [41]. Another study, in
which plasma levels of six oxidative stress markers were
measured, provided robust evidence that subjects with
late-life depression exhibit a significant imbalance in the
oxidative stress response [42].

Inverse associations between serum urate levels and
the overall burden of depressive symptoms were signifi-
cant in older women but not in older men. Although ap-
parent differences in the prevalence of depression
according to low and high levels of serum urate were
shown in both sexes, a possible explanation might be
that the absolute difference in our study was much
smaller for men. In addition, the statistical results might
be less significant because of the lower prevalence of de-
pression in men than in women. Nonetheless, serum
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Fig. 2 Prevalence of overall depression according to serum urate quartiles
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Fig. 3 Prevalence of clinically relevant depression according to serum urate quartiles
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Table 3 Association of serum urate levels with overall depression in older adults

Older men (n=710) Older women (n = 909)
Odds ratio 95% Cl Odds ratio 95% Cl
Crude analysis
Urate levels
Low (Q1, Q2) 1.58 0.83, 3.04 1.72 1.26, 2.36
High (Q3, Q4) Reference Reference
Adjusted analysis
Age (per 1 year) 1.01 0.97, 1.06 1.00 097, 1.04
CRP (per 1 mg/L) 1.02 0.96, 1.08 1.00 0.95, 1.05
Urate levels
Low (Q1, Q2) 144 0.74, 2.80 1.78 1.21, 2.61
High (Q3, Q4) Reference Reference
Educational levels
Elementary school 1.65 066, 4.14 0.90 041, 2.00
Middle school 122 0.39, 3.81 1.36 059, 3.14
High school 0.65 0.21,1.98 1.65 0.71, 3.81
College Reference Reference
Household income levels
1st quartile 5.82 1.56, 21.77 142 0.76, 2.65
2nd quartile 4.34 1.00, 18.73 0.89 049, 1.62
3rd quartile 194 048, 7.92 0.90 047,174
4th quartile Reference Reference
Categorized BMI
<185 1.87 0.84, 4.17 221 0.71, 6.88
18.5-249 Reference Reference
225 0.66 0.35, 1.26 087 0.56, 1.36
Presence of chronic disease
No Reference Reference
Yes 115 0.56, 2.34 1.67 1.04, 2.70
Lifetime diagnosis of depression
No Reference Reference
Yes 62.37 8.43, 461.35 13.84 6.62, 28.91
Perceived health status
Very good or good Reference Reference
Fair, poor, or very poor 4.81 2.39, 9.69 291 1.49, 5.69
Perceived stress
No or mild Reference Reference
Much or very much 5.46 2.84, 10.50 3.79 248, 5.79
Smoking status
Non-smoker Reference Reference
Current smoker 1.14 061,2.12 127 047,344
Drinking status
Non-drinker Reference Reference
Current drinker 1.15 062,212 091 0.60, 1.39

All values are rounded to two decimal places
Bold values denote statistical significance
BMI body mass index, C/ confidence interval, CRP C-reactive protein
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Table 4 Association of serum urate levels with clinically relevant depression in older adults

Older men (n=710) Older women (n=909)
Odds ratio 95% Cl Odds ratio 95% Cl

Crude analysis

Urate levels

Low (Q1, Q2) 3.47 1.34, 8.96 1.10 0.69, 1.76
High (Q3, Q4) Reference Reference

Adjusted analysis

Age (per 1 year) 1.01 0.93, 1.08 1.01 0.96, 1.07

CRP (per 1 mg/L) 1.03 0.94, 1.12 0.98 0.90, 1.06
Urate levels

Low (Q1,Q2) 3.35 1.16, 9.70 1.15 0.67,1.98

High (Q3, Q4) Reference Reference
Educational levels

Elementary school 0.96 0.19, 479 241 032, 17.99

Middle school 0.64 0.12,3.32 266 0.29, 24.74

High school 032 0.05, 2.21 3.12 0.32, 30.56

College Reference Reference
Household income levels

1st quartile =2 =2

2nd quartile =2 -2

3rd quartile -4 =

4th quartile Reference Reference
Categorized BMI

<185 0.83 0.20, 1.25 087 0.13, 5.84

18.5-249 Reference Reference

225 045 0.16, 1.25 1.1 0.66, 1.87
Presence of chronic disease

No Reference Reference

Yes 3.34 0.87,12.79 2.92 1.31, 6.53
Lifetime diagnosis of depression

No Reference Reference

Yes 1.15 0.23, 5.64 5.14 2.58, 10.26
Perceived health status

Very good or good Reference Reference

Fair, poor, or very poor 13.42 1.60, 112.24 11.90 2.12, 66.84
Perceived stress

No or mild Reference Reference

Much or very much 8.67 3.72, 20.21 5.91 3.26, 10.73
Smoking status

Non-smoker Reference Reference

Current smoker 1.17 045, 3.06 3.91 1.23,12.49
Drinking status

Non-drinker Reference Reference

Current drinker 1.69 0.64, 446 0.57 0.33, 0.99

All values are rounded to two decimal places

Bold values denote statistical significance

BMI body mass index, C/ confidence interval, CRP C-reactive protein

Values are 0 or indefinite, as there were no or a small number of exposed cases and/or control subjects
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urate levels may still considerably affect older men, as
low levels of serum urate triple the odds of clinically
relevant depression. Therefore, it seems logical that the
association between low levels of serum urate and the
overall burden of depressive symptoms in our study may
underrepresent that in older men.

In line with the prior observations of a U-shaped curve
of serum urate concentrations and mortality [43-46], a
similar pattern was found for the overall depression preva-
lence among young adults. In contrast, those with high
levels of serum urate were more likely to have clinically
relevant depression; however, this was not significant after
adjustment for socio-demographic, health-, and disease-
related variables. More evidence will be required to deter-
mine whether depression in young adults is associated
with serum urate concentrations. Further, the observation
of a higher prevalence of depression in the fourth quartile
than in the third quartile may have resulted from the pre-
vious finding that patients with gout are likely to experi-
ence depressive symptoms [47, 48].

Concerns about the possible detrimental effects of
urate-lowering therapy have been gradually raised in line
with recent increases in demands for the treatment of
asymptomatic hyperuricemia and cardiovascular and/or
kidney diseases [49, 50], as well as gout. Since novel uri-
cosurics, in addition to potent inhibitors of xanthine oxi-
dase, are expected to provide an efficient and reliable
means of urate-lowering [51], there is a need for better
understanding of the adverse effects due to low levels of
serum urate. However, it is worth acknowledging that
the implications of this epidemiological study need to be
carefully interpreted with regard to low serum urate
levels induced by pharmacological interventions, because
it can be assumed that most participants from the gen-
eral population were not receiving urate-lowering ther-
apy in this study. Future high-quality research on the
effects of urate-lowering therapy on neurological and
mental health will help clarify such issues.

It is also notable that 25% of male participants and
75% of female participants in this study population had
serum urate concentrations below 5mg/dL, which has
been conveniently used as an initial therapeutic target
for the management of gout, but few patients had con-
centrations below 3 mg/dL. This means that maintaining
relatively low levels in the physiological range but not
necessarily very low levels of serum urate may be ac-
companied by undesirable effects. While this study was
conducted in the general population and the importance
of the effective management of gout cannot be overstated,
our findings may support the use of dose reduction of
urate-lowering therapy to less stringent targets after
stabilization, as advocated by the British Society for
Rheumatology and the European League Against Rheuma-
tism [5, 6].

Page 12 of 14

As urate is excreted primarily by the kidneys, elevated
serum urate concentrations are strongly correlated with
impaired renal function (eGFR <60 mL/min/1.73 m?)
[52]. Based on previous research using the KNHANES
dataset and provided that the prevalence of depression
increased with chronic kidney disease stage 3 or greater
[53, 54], the exclusion of these subjects (n=233) from
this study could suggest that the association between
serum urate levels and the prevalence of depression is
unlikely to be related to renal function. However, this
could potentially cause bias in the generalizability of the
results when, for instance, a considerable number of
subjects have impaired renal function.

Data from this cross-sectional study provide a single
snapshot in time of serum urate levels and depression
status and have a limited capacity to examine any causal
relationship. Further clinical and experimental studies
will be needed to demonstrate the temporal aspects of
the relationship between serum urate levels and depres-
sion symptomatology and to investigate the potential
mechanistic role of serum urate in the natural history of
depressive disorders. Although participants taking an
antidepressant for major depressive disorder or other in-
dications may have exhibited few depressive symptoms,
it was not possible to determine whether PHQ-9 scores
are influenced by prior exposure to antidepressants. In
addition, most symptom-screening questionnaires in-
cluding the PHQ-9 were not designed to ascertain diag-
nostic status and would theoretically be expected to
overestimate prevalence [55]. However, these tools have
important applications for the assessment of symptom
severity, regardless of the diagnostic status, and as
screening tools to identify people who may have depres-
sion [56]. There is also an interest in the field of bipolar
and related disorders, as shown in a meta-analysis re-
ported that subjects with bipolar disorder had higher
serum urate concentrations than healthy controls [57]. It
is possible that a portion of patients with bipolar dis-
order experiencing depression was also included in the
analysis.

Conclusions

Our findings suggest that low levels of serum urate are
associated with a higher prevalence of depression in
older adults. Longitudinal studies are needed to examine
the potential effects of serum urate on the trajectory of
depression over time. This may have clinical implica-
tions for mental health.
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