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Purpose: Uric acid (UA) is thought to exert neuroprotective roles. The purpose of this study was to examine the association of serum
UA with suicide attempts (SA) in adolescents and young adults with major depressive disorder (MDD).

Patients and Methods: We retrospectively recruited 533 participants with MDD aged 13 to 25 years, of which 168 had a history of
SA in the past three months and 365 did not have a history of SA. Serum UA levels were measured using the uricase-peroxidase
coupling method. In addition to overall serum UA level comparison in MDD individuals with and without SA, a stratified analysis by
biological sex was carried out.

Results: Compared to MDD individuals without a history of SA, serum UA levels were significantly lower in MDD individuals with
SA (P < 0.001). Female MDD, but not male MDD individuals, with SA exhibited lower levels of UA than those without SA (P <
0.01). Importantly, serum UA remained significantly associated with SA in MDD individuals (OR = 0.996, 95% CI: 0.993~0.999, P <
0.01) when controlling for possible confounding variables.

Conclusion: This research identifies a relationship between serum UA levels and SA in adolescents and young adults with MDD. UA
may represent a biological risk marker for SA, in particular for female MDD individuals.
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Introduction

Suicide is an important public health concern,' accounting for 1.5% of all deaths globally. It is estimated that there are
approximately 800,000 suicides worldwide each year, corresponding to 11.4 suicides per 100,000 people.” Critically,
suicide has become the second leading cause of death in adolescents and young adults aged 15-29 years.” Suicidal
behavior is divided into four subtypes: suicidal ideation (SI), suicide plan (SP), suicide attempts (SA), and completed
suicide (CS). SI and SA generally peak in adolescence and young adulthood, with a prevalence of SI and SA in
adolescents and young adults of 12.1-33% and 4.1-9.3%, respectively.>* In China, 63% of suicide victims are found to
put up with mental illness prior to death, of which major depressive disorder (MDD) is the most common psychiatric
illness.” It has been estimated that the lifetime prevalence and one-month prevalence rates of SA in MDD are 23.7% and
20.3%, respectively.® SA has moreover emerged as the most robust clinical predictor for future death by suicide.”* Thus,
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early detection and potential prevention of SA in MDD individuals is critical in the context of suicide prevention
research.

Suicide is a complex behavior with heterogeneous traits and is related to many risk factors." For instance, previous
studies have reported that sleep disturbances, childhood trauma, and psychache are some of the risk factors associated
with suicide.”'® Over the past decade, research has investigated the neurobiological processes underlying suicide, but so
far no work has enabled substantial prediction of suicide.'""'? The limited understanding of the pathophysiology of
suicide and the lack of effective predictive biomarkers therefore represent urgent medical issues.

Previous studies have shown that oxidative stress damage may be involved in the development of suicidal

behavior'>!*

and there is evidence that plasma levels of certain oxidative damage markers are increased, while markers
of total antioxidant capacity are decreased, in individuals with MDD and SA.'? Another study found that low
concentrations of serum antioxidant vitamins and carotenoids were associated with a history of SA.'> These findings
suggest that individuals who attempt suicide may have a dysfunctional antioxidant system, which is a defense system
counteracting or lessening oxidative damage.''® Uric acid (UA) is a final product of purine metabolism and is
predominantly excreted by the kidneys. Elevated levels of UA can cause certain physical illnesses, including as gout,
metabolic syndrome, or cardiovascular disease.'®** However, UA is also a potent antioxidant in the central nervous
system?! and accounts for more than 50% of the free-radical clearance ability of human blood.?> Many studies have
demonstrated that lower levels of serum or plasma UA are associated with an elevated risk for multiple neuropsychiatric
* and MDD.?*> Moreover, studies have shown that high

plasma urate levels are associated with a slower decrease in cognitive functions in individuals with mild cognitive

. . . 2 . . 2.
diseases, such as Alzheimer’s disease,”> Parkinson’s disease,

impairment.’® These studies indicate that UA has a potential neuroprotective function which may be related to its
antioxidant capacity.

While a small sample study previously explored the association UA serum levels and the severity of SI in individuals
with major affective disorders,?’ research exploring the association between UA and suicidal behavior is still limited.
Hence, we evaluated serum levels of UA retrospectively in adolescent and young adult individuals with MDD and their
association with SA. The purpose of this research was to investigate the association between serum UA levels and SA.
We also discuss whether UA may be used as a biomarker of suicidal behavior. As previously sex differences in UA levels
have been observed,?® we also carried out a stratified analysis by gender.

Materials and Methods

Study Population

We recruited a total of 533 participants aged 13 to 25 years from the database of the Case-data Management Platform of
the University-Town Hospital of Chongqing Medical University between February 2016 and December 2021. For all
cases, MDD or recurrent MDD were determined by two experienced clinical psychiatrists according to the 10th Revision
of the International Classification of Diseases (ICD-10). In the current study, we included 168 individuals with MDD
who attempted suicide over the past three months and 365 individuals with MDD without a history of SA.

The exclusion criteria were as follows: presence of other types of mental disorders, nervous system diseases, chronic
medical conditions (diabetes, hypertension, cardiovascular disease, kidney disease, or similar), allergic diseases, meta-
bolic syndrome, gout, thyroid disease, liver function abnormality, pregnancy or lactation, or use of drugs known to affect
uric acid within the past month (Figure 1).

The study complied with the Declaration of Helsinki, it was approved by the University-Town Hospital of Chongqing
Medical University Ethics Committee (LL-202161) and implemented according to relevant ethical requirements. As the
retrospective nature of this study, participant informed consent was waived. All the collected data were kept confidential
and only used in this study. The personal identity information of all the participants was not disclosed.

Assessment of Suicide Attempt, Depression, and Anxiety
The definition of suicide attempts was referred to the Columbia-Suicide Severity Rating Scale.”” Suicide attempts were
characterized as potentially self-injurious behavior accompanied by a conscious intention to end one’s life requiring
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Participants (n=1157) acquired from the database of the Case-data Management Platform of the
University-Town Hospital of Chongqing Medical University

Participants with other types of mental disorders:
GAD (n=80), SCH (n=71), OCD (n=42), BD (n=113)

Excluded (n=306)———>>

Excluded (n=126)—>| Participants with somatic disease

Excluded (n=12) > Partici;_)anls_ used drugs known to
affect uric acid within the past month

\i
MDD participants (n=713)

MDD individuals without a history of SA

Excluded (n=180)—1 over the past three months

\ 4

\

non-SA group (n=365) SA group (n=168)
MDD individuals without a history of SA MDD individuals who attempted suicide|
over the past three months

Figure | Flow chart of participant selection.
Abbreviations: MDD, major depressive disorder; GAD, generalized anxiety disorder; SCH, schizophrenia; OCD, obsessive-compulsive disorder; BD, bipolar disorder; SA,
suicide attempt.

emergency medical intervention or hospitalization. The Patient Health Questionnaire-9 (PHQ-9) and Generalized
Anxiety Disorder-7 (GAD-7) scales were used on the day of the participant’s admission, to evaluate their severity of

depression and anxiety, respectively.>*~"

Data Collection

A custom-made electronic case report questionnaire designed in this research was used to collect demographic
(age, sex, education), lifestyle (body mass index (BMI), smoking, alcohol use) and clinical data (age of onset,
duration of disease, psychosis family history, antidepressant use, suicide attempts behavior). Alcohol use was
classified in three groups according to frequency of alcohol consumption per week: never, occasional (<1 time per
week), or frequent (>1 times per week). The BMI was computed as weight (kg)/height (m?). Data were acquired
from the database of the Case-data Management Platform of the University-Town Hospital of Chongqing Medical
University by two fully trained researchers and independently confirmed by two independent researchers. The
database records the basic information as well as the disease progress and the treatment course of all participants.

Laboratory Assessments

Approximately 3 mL fasted venous blood was obtained from subjects between 6:30 and 7:00 a.m. after overnight fasting.
The serum was isolated from blood samples after centrifugation (3500xg for 5 min) and serum uric acid was measured
using the uricase-peroxidase coupling method on the Fully Automatic Biochemical Analyzer (BS-800M; Mindray,
China).

Statistical Analyses

Measurement data is shown as mean # standard deviation (SD) or median (interquartile range, IQR). To assess
differences between the SA and non-SA groups, independent t-tests or Mann—Whitney U-tests were used. To compare
count data between groups, chi-square or Fisher’s exact tests (when the expected frequency was <5) were used.
According to the history of antidepressant use, we used the Mann—Whitney U-test in SA and non-SA groups separately,
to compare the difference of serum UA levels in different antidepressant use groups. We applied logistic regression
analyses to analyze the relationship between UA and attempted suicide, with variables associated with SA in univariable
analysis included as potential confounding factors and computed odds ratios (OR) and 95% confidence intervals (CI). All
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statistical data analyses were conducted using SPSS software (version 25.0). P < 0.05 (two-tailed) was considered
statistically significant.

Results

Participant Characteristics
We identified 1157 potentially eligible participants. We excluded 306 participants with other types of mental disorders,
126 participants with somatic disease, 12 participants using medication known to influence uric acid within the past
month, and 180 participants without SAs in the past three months. We ultimately included 533 participants with MDD,
73.5% of whom were female. Among all participants, 168 had a history of suicide attempts (SA group) while the
remaining 365 did not (non-SA group) (Figure 1). The demographic, lifestyle, and clinical characteristics of the included
subjects are displayed in Table 1. Participants had an average age of 17.63 + 2.97 years and an average of 11.33 + 2.34
years of education.

Participants in the SA group were younger, more likely to be smokers, had a younger age of MDD onset, and more
severe depression and anxiety compared to participants the non-SA group. Moreover, there was statistical difference in

Table | Demographic, Lifestyle, and Clinical Characteristics of Included Participants

History of Suicide No History of Suicide | t/y2/ P-value
Attempts Attempts z
(N =168) (N = 365)
Mean * SD Mean  SD
Median (IQR) Median (IQR)
Demographics
Age (years) 17.19 +£2.83 17.83 £+ 3.02 —2313 | <0.05
Sex, female, n (%) 130 (77.4%) 262 (71.8%) 1.854 0.173
Education (years) I £229 11.43 £ 237 —1.464 | 0.144
Lifestyle
BMI (kg/m?) 19.82 + 2.18 20.12 +2.30 —1.417 | 0.157
Smoking, yes, n (%) 27 (16.1%) 31 (8.5%) 6.813 <0.01
Alcohol use, n (%) <0.01 *
Never 138 (82.1%) 331 (90.7%)
Occasionally 26 (15.5%) 34 (9.3%)
Frequently 4 (2.4%) 0 (0%)
Clinical features
Age of onset (years) 14.96 + 3.16 15.85 + 3.40 —2.840 | <0.01
Duration of disease 15.00 (6.00~36.00) 12.00 (6.00~36.00) —1.216 | 0.224
(months)
Psychosis family history, yes, n (%) | 26 (15.5%) 53 (14.5%) 0.083 0.773
Antidepressant use, n (%) 7.827 <0.01
None 72 (42.8%) 204 (55.9%)
SSRls 68 (40.5%) 113 (30.9%)
SNRIs 7 (4.2%) 20 (5.5%)
Other 21 (12.5%) 28 (7.7%)
PHQ-9 19.83 + 5.64 17.34 + 5.88 4.600 <0.001
GAD-7 13.60 + 5.84 12.43 + 5.44 2.247 <0.05

Notes: ® Fisher’s exact test. Bold and italics P-values indicate significance (P < 0.05).
Abbreviations: SD, standard deviation; IQR, inter quartile range; BMI, Body mass index; SSRls, selective serotonin re uptake
inhibitors; SNRIs, serotonin-norepinephrine reuptake inhibitors; other, including bupropion, tandospirone, buspirone, quetiapine,
agomelatine, mirtazapine, alprazolam; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7.
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Figure 2 Comparison of serum UA levels in the SA and non-SA group in all participants, or female and male participants, respectively.
Note: *P < 0.001.
Abbreviations: UA, uric acid; SA, suicide attempt.

alcohol use and antidepressant drug use (57.2% in SA versus 44.1% in non-SA) between the two groups. Gender, years of
education, BMI, disease duration and psychosis family history were not significantly different between the groups (p
> 0.05).

After a stratification by gender, there was a significant difference in female participants with SA and without SA for
smoking, alcohol use, age of onset, antidepressant use, and depression and anxiety severity (Table S1). In male
participants, the severity of depression was different between the SA and non-SA group (Table S2).

Serum Levels of UA

Serum levels of UA in each group are displayed in Figure 2 and Table S3. Serum UA levels were significantly lower in
the SA group than non-SA group looking at the participants overall or female participants only (P < 0.001 and P <
0.001), but not when assessing differences in the SA and non-SA group in males only (P > 0.05), suggesting the effect
was largely driven by differences in female participants.

Association of Serum UA with SA

After controlling for all potential influencing factors, binary logical regression analysis revealed that serum UA levels
were significantly associated with SA in both overall and female participants (OR = 0.996, 95% CI: 0.993~0.999, P <
0.01 and OR = 0.993, 95% CI: 0.989~0.996, P < 0.001, respectively) (see Table 2).

Analysis of the Effects of Antidepressant Use on UA
We also tested the effects of antidepressant drug use on serum UA. We found no significant difference in serum UA
levels between subjects with and without antidepressant use comparing the SA and non-SA group (P > 0.05) (Figure S1).

Discussion

In the present study, we examined the levels of serum UA in 533 adolescent and young adult with MDD, including 168
with a history of SA and 365 without, and explored the relationship between serum UA levels and SA. Our results
suggest that UA levels are significantly lower in participants with SA than in those without SA when looking at overall

Table 2 Logistic Regression Analysis of Attempted Suicide and UA Levels

Item Independent Variable B OR 95% ClI P-value
Overall* Uric acid —0.004 0.996 0.993~0.999 <0.01
Female® Uric acid —0.007 0.993 0.989~0.996 <0.001
Male® Uric acid 0.001 1.001 0.996~1.007 0.609

Notes: *Control age, smoking, alcohol use, age of onset, antidepressant use, depression and anxiety symptoms severity, “control
smoking, alcohol use, age of onset, antidepressant use, depression and anxiety symptoms severity, “control depression symptoms
severity. Bold and italics P-values indicate significance (P < 0.05).
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participants of female individuals only. Moreover, controlling for possible confounding variables, regression analysis
demonstrated that serum UA levels were significantly associated with SA. Serum UA levels were not markedly affected
by the antidepressant. Our results are in line with two previous studies which demonstrated reduced levels of antioxidant
markers in individuals with a history of SA.'*'> Together with our study, these findings indicate that SA in individuals
with MDD may be associated with an impaired antioxidant defense system. Our research is also consistent with a similar
study reporting that serum UA levels were negatively associated with the severity of SI in a small sample study of
individuals with major affective disorders.?” However, another study found no difference in serum UA levels between 69
MDD individuals with SA and 202 MDD individuals without a history of SA in China.** The discrepancy in results may
potentially be explained by differences in sample size. Moreover, the previous study also included significantly older
participants (average age is about 36 years compared to 17 years in our study) and did not specifically investigate
adolescents and young adults. Serum UA levels have been reported to be influenced by age,*® hence we speculate that the
difference in participant ages may be one of the key factors contributing to the diverging results in these two studies.

Oxidative stress refers to the excessive production of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) or a reduction in the antioxidant defense system, that is, an imbalance of the pro- and antioxidant system.***> The
accumulation of ROS in vivo or in cells has been shown to lead to oxidative damage of DNA, proteins, and lipids, which
may result in apoptosis and cell death.>>~® A post-mortem study found that suicide victims who died of asphyxiation had
higher expression levels of NADPH oxidase 2 (NOX2) in the cerebral cortex than controls or non-suicide subjects who
died of asphyxiation.'* ROS are predominantly produced by NOX2.?” Cells typically prevent oxidative damage by using
the antioxidant defense system, including enzymatic and non-enzymatic antioxidants, to limit ROS.**>° UA is a powerful
endogenous, hydrophilic non-enzymatic antioxidant which plays a pivotal role in the antioxidant system. It possesses
more than half of antioxidant capacity in plasma, which is enabled by scavenging of free radicals and preventing the
oxidation of ascorbic acid, another well-known non-enzymatic antioxidant.>'** Importantly, UA levels can indirectly
reflect the state of the antioxidant system in the body. There is evidence that individuals with a history of suicide attempts
exhibit higher levels of oxidative stress than those without.'*'*

We speculate that low UA levels may be caused by resistance to excessive oxidative stress damage. However, there is
another possible theory: individuals with low UA levels may exhibit a lower antioxidant defense capacity. The
antioxidant capacity of UA has been suspected to convey neuroprotective functions and as the brain consumes high
levels of oxygens, lower antioxidant levels may render the brain vulnerable to oxidative damage.*’

Additionally, indirect evidence indicates that the purinergic system contributes to neurobiological mechanisms for
suicidal behavior in mental illness.*' Purinergic signaling may influence depression-related suicidal behaviors via
adenosine A2A receptor.*” A previous epidemiological study reported that caffeine, an adenosine receptor antagonist,
is correlated with a lower risk of suicide.**** Presumably, there could be activation of adenosine A2A receptors in
individuals with depression-related suicidal ideation. A decrease in the activity of adenosine deaminase, a key enzyme in
the adenosine metabolic pathway, has been shown to result in elevated adenosine levels*> which may be related to the
activation of adenosine receptors. Importantly, a decline of adenosine deaminase activity is also accompanied by
a decrease in uric acid, the end metabolite of adenosine.*? Our results provide novel clinical evidence which supports
an association between the purinergic system and suicidal behavior.

Stratified analysis by gender showed that serum UA levels were significantly lower in female MDD individuals with
a history of SA than those without. Interestingly, we did not observe any differences in UA levels in male MDD
individuals without SA. A possible reason for this discrepancy is a relatively small proportion of male participants in our
study. On the other hand, this discrepancy may also be related to differences in sex hormones between men and women.
The sex hormone testosterone has been shown to increase UA levels by enhancing renal reabsorption of UA,* while
estrogen reduces UA level by both decreasing its production and increasing its excretion.*” Thus, the UA levels are
generally lower in females than in males. Individuals with low UA levels may have lost part of the antioxidant protection
of UA. Epidemiological data from 17 countries showed a higher prevalence of SA in females.*® Additionally, a double-
blind, randomized, clinical research for Acute Ischemic Stroke has confirmed UA treatment could enhance clinical
outcomes in female stroke individuals.*’ These data indicate that UA may be a unique and important clinical indicator of
antioxidant stress in the female population.
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Levels of UA in neuropsychiatric diseases may be of clinical importance. A series of studies have shown that UA
may exhibit therapeutic value in the treatment of acute ischemic stroke.’® Moreover, serum UA levels on admission
may be predictive of development of post-stroke depression.’’ In addition, a meta-analysis revealed that individuals
with bipolar disorder had increased UA levels, in particular during a manic episode.>* Allopurinol is a treatment for
gout which reduces UA levels. Studies have demonstrated that allopurinol may be an adjuvant treatment for mania.>
However, more clinical research is needed to identify whether UA may represent a potential target for intervention in
suicidal behavior. While increased levels of UA may improve the antioxidant capacity of the body, they may also
increase the risk of other somatic diseases. Moreover, antioxidant therapies are not always strictly beneficial for
human health. The functions of UA in vivo are diverse, depending on its cellular environment: intracellular, UA
exerts pro-oxidant functions while it acts as an antioxidant in the extracellular milieu.”® If UA is used as a means of
intervention for suicidal behavior, based on our results we recommend its use restricted to female individuals.

It is worth noting that this study also has certain limitations. Firstly, the proportion of male participants in our study was
relatively small and we lacked data from a normal control population. Therefore, care is needed in interpreting for the
findings of our study. Secondly, this was a retrospective study with some uncontrollable factors and there was selection bias
caused by the small sample size. Thirdly, while we excluded the effects of lifestyle, diseases, and drug use on uric acid, we
ignored other metabolic parameters, such as fasting blood glucose, high-density Lipoprotein (HDL), low-density Lipoprotein
(LDL), cholesterol, triglycerides,” which may influence the uric acid levels. Some of these metabolic parameters, in
particular the cholesterol,>® may also influence suicide attempts. Fourthly, we did not assess other antioxidant markers;
while UA represents a large part of the antioxidant system in the blood, other factors may also contribute.

Conclusion

Our study describes that serum UA levels are correlated with SA in adolescents and young adults with MDD. We
found that the serum UA levels of SA group were significantly lower than that of non-SA group looking at the overall
participants, and this difference was significant in female but not in male participants. Decreases in serum UA were
associated with the increased suicide risk. This reveals a possible involvement of a dysfunctional antioxidant defense
system in the pathophysiology of suicide. Based on our findings, UA may represent a potential biomarker for risk of
suicide in female individuals with MDD. We propose that UA levels should be more frequently assessed in clinical
psychiatry, and drugs reducing UA levels should be used with caution in individuals with MDD. However, further
work is required to confirm our finding in larger-scale studies, including controlled longitudinal studies.
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