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Abstract
Background: At present, no well-established biomarkers were ever found to distinguish unipolar disorder (UD) and bipolar disorder (BD). This study aimed to
explore whether uric acid (UA) could be a biomarker to distinguish UD and BD.
Methods: Peripheral UA of 119 patients with BD in acute stage (AS) and 77 in remission stage (RS), and 95 patients with UD in AS and 61 in RS were
measured, so were 180 healthy controls. Differences in continuous variables among groups were assessed by the independent samples t-test and one-way
analysis of variance. The chi-square test was applied to categorical data such as gender.
Results: UA levels in BD group were higher than UD and HC groups regardless of the AS or RS, while differences in UA levels between UD group and HC group
were not signi cant. Differences of UA levels between BD-M (bipolar mania/hypomania) and BD-D (bipolar depression) subgroups were not signi cant, and
UA levels of BD-M and BD-D subgroups were higher than UD and HC groups. Only in UD group, UA levels of drug-use subgroup were higher than drugnaïve/free subgroup, but differences disappeared when analyzed strati ed by sex; whether in drug-use or drug-naïve/free subgroup, differences of UA levels
between BD-M and BD-D groups were not signi cant.
Conclusion: The study suggests UA levels may be a biomarker of BD to distinguish from UD.

Background
Bipolar disorder (BD) is a serious mental disorder with a low diagnosis rate result from the onset of BD is often characterized by a depressive episode, which is
similar in presentation to unipolar depression (UD) [1]. Due to misdiagnosis, inappropriate treatment with antidepressants without concomitant mood
stabilizers results in switching to mania or hypomania and repeated attacks of depression [2]. A recent study showed that family history of BD, early age at
onset of the rst depressive episode ( 25 years), postpartum depressive episodes, rapid onset of depressive episodes, worse response to antidepressants and
the presence of psychotic symptoms or atypical depressive symptoms might be the most consistent clinical predictors of BD [3]. However, no laboratory or
imaging marker is identi ed to allow for a diagnosis of BD or distinguishing between BD and UD.
The purinergic system is a critical neurotransmitter system with the end product of Uric acid (UA), which involves the occurrence and development of mental
illness [4]. It has been proved that increased levels of UA are associated with the accelerated purinergic transformation [5]. UA acts on presynaptic and
postsynaptic neurons and speci c receptors in the glial cell membrane that can affect other neurotransmitters’ activities involved in the pathophysiological
process of mood disorders, including dopamine, gamma-aminobutyric acid, glutamate and serotonin [6].
In the late 19th century, researchers found that some patients with gout and hyperuricemia suffered from mood disorders and were relieved after receiving
lithium treatment. Since then, the relation between UA and mood disorders has raised the hypothesis of purinergic system dysfunction [7]. Recent studies
showed that the highest UA levels were observed in patients with BD compared with other mental disorders and healthy controls (HC) [8-11], and elevated UA
levels were associated with impulsivity, excitatory behavior, irritability, hyperthymia temperament and severe manic symptoms [6, 12]. While the lowest UA
levels were observed in patients with UD, suggesting that UA may be a potential biomarker for distinguishing between BD and UD. Besides, patients with BD
have an increased risk of gout [13], while allopurinol, an inhibitor of xanthine oxidase used to treat and prevent gout, can be used as an add-on therapy for
patients with BD to reduce manic symptoms [14]. Some studies also implied that compared with bipolar depression and remission, the highest UA levels were
observed in the manic episode, indicating that UA may be a status marker of manic episodes rather than a trait marker [15-17]. However, similar results were
not detected in similar studies. Studies by Salvadore G et al. and Gültekin BK et al. showed that UA levels were higher in patients with BD than in healthy
controls but not associated with the severity of mania. Furthermore, some studies showed there were no statistically signi cant differences in UA levels
between BD and UD, neither did to healthy controls [18-20].
Previous studies on UA of patients with BD and UD are limited and con icting. Therefore, whether UA could be a biomarker of BD remains to be further
studied. The present study aimed to evaluate whether UA could be a potential biomarker to distinguish between BD and UD.

Methods
Subjects and participants
The study protocol was approved by the Clinical Research Ethics Committee of Shandong Mental Health Center and is compliant with the Code of Ethics of
the World Medical Association (Declaration of Helsinki). Informed written consent was obtained from all participants or their legal guardians after a complete
and extensive description.
The study was conducted at Shandong Mental Health Center, form May 2018 to May 2019, inpatients and outpatients aged from 18-60 years with the
Diagnostic and Statistical Manual of Mental Disorders, fth edition (DSM-5) diagnosis of BD or UD in the acute stage (AS) or remission stage (RS) were
recruited. Furthermore, healthy individuals with no family history of psychiatric disorders were enrolled in the study as the control group.
The exclusion criteria were as follows: (1) Combined with organic brain diseases or brain trauma. (2) Hypertension, diabetes, gout or liver, kidney, biliary, and
other physical diseases or abnormal renal and liver function. (3) Combined with other mental disorders. (4) Positive in urine pregnancy test or lactating
females. (5) Modi ed electroconvulsive therapy treatment within 4 weeks, or long-acting antipsychotics treatment within 6 months; (6) Taking antioxidants or
neurotrophic drugs within 12 weeks before and during enrollment.
Measurements of serum UA levels
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Serum UA levels test as part of routine blood checks was performed during the inpatient stays and the regular return visit of outpatients, while serum UA levels
test of healthy individuals in this study was performed after enrollment. The assay was prepared as follows: ve milliliters of fasting venous blood samples
were drawn from all participants. According to the manufacturer’s instructions, serum levels of UA were detected by Roche Cobas C702 automatic biochemical
analyzer (Swiss Roche Diagnostics Co., Ltd.). In Shandong Mental Health Center, the normal range of serum UA values has been standardized as 208-428
µmol/L in males and 155-357 µmol/L in females.
Statistical analysis
The results were expressed as mean ± standard deviation (Mean ± SD). Differences in continuous variables among groups were assessed by the independent
samples t-test and one-way analysis of variance. The chi-square test was applied to categorical data such as gender. P-values <0.05 were considered
statistically signi cant.

Results
Demographic and clinical data
The study included 119 BD patients in AS and 77 in RS and included 95 UD patients in AS and 61 in RS as well as 180 subjects in the HC group. Differences of
sex among 3 groups were not signi cant (AS, c2=0.837, P=0.658; RS, c2=0.326, P=0.850). There were signi cant differences in age (AS, F=10.786, P<0.001;
RS, F=5.131, P=0.006) among BD, UD and HC groups. Signi cant differences were also found in duration of illness (AS, t=2.195, P=0.029; RS, t=2.179,

P=0.030). The differences in smoking history (AS, c2=0.192, P=0.661; RS, c2=0.001, P=0.982) and family history (AS, c2=1.042, P=0.307; RS, c2=0.615,
P=0.433) between BD group and UD group were not signi cant. Additional information about demographics and clinical characteristics is presented in Table
1.
Differences in UA levels among BD, UD, and HC group in AS
There were signi cant differences in UA levels among three groups. Post-hoc analysis showed that UA levels of the BD group were higher than UD (P<0.001)
and HC (P<0.001) group, while differences in UA levels between UD and HC group were not signi cant (P=0.453). Similar results were detected when analyzing
separately by sex. (Table 2, Figure 1)
Afterward, the BD group was divided into bipolar mania/hypomania (BD-M, n=64) subgroup and bipolar depression (BD-D, n=55) subgroup to be compared
with the UD group and HC group. There were signi cant differences among the four groups. The post-hoc test showed that differences of UA levels between
BD-M subgroup and BD-D subgroup were not signi cant (P=0.213), as well as between UD group and HC group (P=0.895); UA levels of BD-M (UD, P<0.001; HC,

P<0.001) and BD-D (UD, P<0.001; HC, P=0.003) subgroups were higher than UD group and HC group. When analyzed strati ed by sex, similar results were
detected in female patients, there was no signi cant difference on UA levels between subgroup BD-M and BD-D subgroup, so did to UD group and HC group;
UA levels of BD-M (UD, P<0.001; HC, P<0.001) and BD-D (UD, P=0.039; HC, P=0.048) subgroups were higher than UD group and HC group. In male patients, the
differences of UA levels between BD-D group and HC group were not signi cant, so did to UD group and HC group; UA levels of BD-M subgroup were higher
than the other groups (BD-D, P<0.001; UD, P<0.001; HC, P<0.001), UA levels of BD-D subgroup were higher than UD group (P=0.028). (Table 2, Figure 1)
Differences in UA levels among BD, UD and HC group in RS
Signi cant differences in UA levels were spotted among three groups. The post-hoc test showed that UA levels of the BD group were higher than UD (P<0.001)
and HC (P<0.001) group, while differences in UA levels between UD and HC group were not signi cant. The similar results were detected when analyzed
strati ed by sex. (Table 3, Figure 1)
Effects of treatment on UA levels
Drug-use subgroup vs. drug-naïve/free subgroup
Patients were divided into drug-use subgroup and drug-naïve/free subgroup (mania and depression unmedicated rst episode or no treatment was used within
eight weeks). Only in the UD group, there were signi cant differences in UA levels between drug-use subgroup and drug-naïve/free subgroup, and the
differences disappeared when analyzed strati ed by sex. (Table 4)
BD-M vs. BD-D vs. UD in the drug-use subgroup
In the drug-use subgroup, the differences among 3 groups were signi cant (F=10.547, P 0.001), the post-hoc test showed there were no signi cant differences
in UA levels between BD-M and BD-D (P=0.846) groups, while UA levels of both groups were higher than UD group (BD-M vs. UD, P<0.001; BD-D vs. UD,
P=0.012). When analyzed strati ed by sex, no matter in male patients or female patients, UA levels of BD-M group were higher than UD group (P<0.001), there
were no signi cant differences in UA levels between BD-M group and BD-D group as well as BD-D and UD group. (Figure 2)
BD-M vs. BD-D vs. UD in drug-naïve/free subgroup
In drug-naïve/free subgroup, the differences among 3 groups were signi cant (F=11.632, P 0.001), there were no signi cant differences in UA levels between
BD-M and BD-D (P=0.301) groups, but UA levels of both groups were higher than UD (BD-M vs. UD, P<0.001; BD-D vs. UD, P=0.021) group. In male patients, UA
levels of BD-M group were higher than BD-D group (P=0.025) and UD group (P=0.001), however, the differences of UA levels between BD-D group and UD
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group were not signi cant. In female patients, UA levels of BD-M group were higher than UD group (P<0.001), there were no signi cant differences in UA levels
between BD-M group and BD-D group as well as BD-D and UD group. (Figure 2)

Discussion
The purinergic system is involved in neurodevelopment and pathophysiological processes of psychotic disorders, such as the process of genesis,
differentiation on neurocyte and in ammation of neuro-glial cell, and so on [21-24]. Purinergic receptors can be divided into P1 and P2 receptors according to
their biochemical and pharmacological properties [25]. P1 receptors can regular plasticity of synapse and the release of neurotransmitters [23, 24, 26, 27],
while P2 receptors are closely related to embryonic neural development [28]. The dysfunction of the purinergic system result from any causes may lead to
psychotic disorders. UA, as the end product of the purinergic system, is in connection with some physiological functions, including sleep, motor, cognitive
function, appetite, and social activities, as well as the pathophysiology of mood disorders [6, 12]. Additionally, UA is also related to speci c traits, including
driving and disinhibition, which is very common in BD. It is also noticed that the peripheral UA levels are consistent with that in the central nervous system [29,
30].
In the study, UA levels in the BD group were higher than UD and HC groups, whether in AS or RS, which suggested that UA levels may be a potential biomarker
to distinguish between BD and UD. Nevertheless, a recent study indicated that UA levels in UD were lower than HC; a possible reason was the heterogeneity of
subjects in the UD group because the UA diagnosis is only based on clinical symptoms at present while some patients with BD often begin with depression. It
was further con rmed by a recent study that the higher UA levels might be a predictor of BD [31]. The previous study showed that sex was an important factor
that could affect UA levels [19], but the study analyzed separately by sex and got similar results. Beyond that, UA is also a selective antioxidant whose level is
considered as a marker of oxidative stress, and results in this study indicated that patients with BD might have a higher oxidative stress level. Moreover, the
study divided acute patients with BD into BD-M and BD-D subgroups, with results showing that differences of UA levels between BD-M subgroup and BD-D
subgroup were not signi cant, and UA levels of both subgroups were higher than UD group. When analyzed strati ed by sex, signi cant differences in UA
levels between male patients of BD-M and BD-D subgroups were spotted, but the differences were not signi cant in female patients, which suggested that
male patients might be more susceptible to different stages of illness.
In order to detect the effects of treatment on UA levels, the study divided the acute patients into drug-use and drug-naïve/free subgroups. It was observed that
UA levels of the drug-use subgroup were higher than drug-naïve/free subgroup only in the UD group, and the differences were not signi cant when analyzing
strati ed by sex, which suggested that UA might be a steady biomarker to distinguish BD and UD. Moreover, UA levels in male patients of the BD-M subgroup
were higher than the BD-D subgroup, whether in drug-use or drug-naïve/free subgroup, and the differences in female patients were not signi cant, which
con rmed that male patients might be more susceptible to different stages of illness.
There are a few limitations to this study. Firstly, the study did not collect full demographic and clinical data, such as attack times, previous medication use,
and so on. More else, diet is also an affecting factor to UA levels, but this study did not strictly control the diet. Secondly, biochemical indicators, like
hepatorenal function and indexes of glycometabolism and lipometabolism, were not collected. Mediation analysis indicated that metabolic syndrome,
triglyceride, and abdominal perimeter could affect UA levels, although it could not fully explain the correlation between UA and BD [8]. Thirdly, we did not
evaluate the severity of the disease. A previous study showed that UA levels were positively correlated with the severity of mania [9], but recent studies
indicated that there was no signi cant correlation between UA and severity of mania [18, 32], which is calling for more strictly designed prospective studies to
explore the relation between UA and severity of the disease. Finally, although the study divided acute patients into drug-use and drug-naïve/free subgroup, the
effect of different kinds of mood stabilizers on UA levels are diverse, such as lithium [33] and carbamazepine may decrease UA levels of BD patients, while
valproates seemly have the opposite effect [34], and the effect of antidepressants, physiotherapeutic and psychotherapy on UA levels were not yet discussed.

Conclusions
This study observed that UA levels in BD were higher than UD and HC. Antimanic therapy or antidepressant therapy makes little difference in BD patients. In
conclusion, the present study indicates that UA levels may be a steady biomarker of BD to distinguish from UD and provide further evidence on the relation
between the purinergic system and pathogenesis of BD. In the future, a strict-design, larger-sample prospective study is required to con rm this conclusion.
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Tables
Table 1. Demographic characteristic and clinical data of participants.
BD

UD

HC

AS

RS

AS

RS

n=119

n=77

n=95

n=61

n=180

Gender (male/female)

61/58

37/40

43/52

28/33

90/90

Age

31.91±11.68

32.75±11.92

37.63±13.41

36.03±13.87

37.48±9.04

Smokers/Non-smokers

21/98

14/63

19/76

11/50

N

Family history (positive/negative)

22/97

17/60

23/72

17/44

N

Duration of illness months

77.10±74.70

83.17±83.83

53.82±80.01

51.74±82.99

N

(years)

BD, bipolar disorder; UD, unipolar disorder; HC, healthy control; AS, acute stag; RS, remission stage.

Table 2. UA (uric acid) levels of participants in AS (μmol/L)
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BD

BD-M

male

female

n=119

n=61

n=58

U

354.02±

394.10±87.61

311.86±68.54

A

88.75

BD-D

male

female

n=64

n=27

n=37

367.84

431.63±

321.30±68.55

±

84.29

92.92

UD

male

female

n=55

n=34

n=21

337.93

364.29±

295.24±66.91

±

79.30

81.54

male

fema

n=95

n=43

n=52

282.13

321.95±

249.

±

60.59

77.98

UA, uric acid; BD-M, mania/hypomania; BD-D, bipolar depression; UD, unipolar disorder; HC, healthy control.

F1 and P1 were the statistic of comparison among BD, UD and HC; F2 and P2 were the statistic of comparison among BD, UD and HC in males; F3 and P2
were the statistic of comparison among BD, UD and HC in females; F4 and P4 were the statistic of comparison among BD-M, BD-D, UD and HC; F5 and P5
were the statistic of comparison among BD-M, BD-D, UD and HC in males; F6 and P6 were the statistic of comparison among BD-M, BD-D, UD and HC in
females.

Table 3. UA (uric acid) levels of participants in RS (μmol/L)
BD

UA

UD

male

female

n=77

n=37

n=40

364.17±

401.32±92.16

329.80±76.25

91.11

F1/F2/F3

HC

male

female

n=61

n=28

n=52

295.84

352.96±

247.36±60.70

±

46.90

95.96

male

female

n=180

n=90

n=90

296.27

339.29±

253.24±54.99

±

52.37

23.315/12.642/24.126

68.77

UA, uric acid; BD, bipolar disorder; UD, unipolar disorder; HC, healthy control.

F1 and P1 were the statistic of comparison among BD, UD and HC; F2 and P2 were the statistic of comparison among BD, UD and HC in males; F3 and P2
were the statistic of comparison among BD, UD and HC in females;

Table 4. UA levels of drug-use subgroup and drug-naïve/free subgroup (μmol/L)
Drug-use

Drug-naïve/free

t

P

BD-M(34/30)

379.65±84.67

354.47±101.24

1.083

0.283

Male(17/10)

426.12±63.73

441.00±114.68

0.378

0.712

Female(17/20)

333.18±78.33

311.20±59.18

0.971

0.338

BD-D(28/27)

356.86±87.07

318.30±71.76

1.789

0.079

Male(20/14)

375.95±81.83

347.64±75.30

1.025

0.313

Female(8/13)

309.13±86.13

286.69±54.11

0.737

0.470

UD(50/45)

299.26±78.59

263.09±73.53

2.309

0.023

Male(26/17)

331.19±60.15

307.82±60.28

1.245

0.220

Female(24/28)

264.67±82.62

235.93±68.07

1.375

0.175

UA, uric acid; BD-M, mania/hypomania; BD-D, bipolar depression; UD, unipolar disorder.
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Figure 1
UA levels of participants A, UA (uric acid) levels of all participants in AS (acute stage); B, UA levels of male participants in AS; C, UA levels of female
participants in AS; D, UA levels of all participants in RS (remission stage); E, UA levels of male participants in RS; F, UA levels of female participants in RS.
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Figure 2
UA levels of participants A, UA (Uric Acid) levels of all participants in drug-use group; B, UA levels of male participants in drug-use group; C, UA levels of female
participants in drug-use group; D UA levels of all participants in drug-native/free group; E, UA levels of male participants in drug-native/free group; F, UA levels
of female participants in drug-native/free group.
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