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Abstract

Objective: To explore the effects of hypertension, uric acid (UA) level, and other physiological factors on blood lithium concentra-
tion/dose ratio (C/D; a measure of lithium pharmacokinetics) values in patients experiencing manic episodes. Methods: A total of 644
patients with manic episodes were treated at the study hospital between January and June 2022. Patients were divided into groups accord-
ing to their systolic and diastolic blood pressure (BP) as well as blood glucose, triglyceride, and UA levels. The effects of these factors
on blood lithium C/D values after lithium carbonate treatment were examined. Results: The mean blood lithium C/D value of all study
participants was 0.832± 0.248 mmol·L−1·g−1·d. There was no significant difference in blood lithium C/D value between patients with
abnormal and normal diastolic BP (p > 0.05). However, patients with an abnormal systolic BP (>130 mmHg) had lower lithium C/D
values than those with normal systolic BP (p < 0.05). Systolic BP was negatively correlated with C/D value (r = –0.232; p = 0.001),
as was UA level (r = –0.114; p = 0.013). Conclusion: Hypertension and elevated UA levels can affect the blood lithium C/D value
in patients with manic episodes. Personalized treatment approaches that take these physiological factors into account may help reduce
treatment risks.
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Main Points
1. Systolic blood pressure (BP) is negatively correlated
with lithium concentration/dose ratio (C/D) value in pa-
tients with manic episodes.
2. Uric acid (UA) levels are also negatively correlated
with lithium C/D value.
3. Patients with abnormal systolic BPs had lower lithium
C/D values than those with normal systolic BPs.
4. These findings suggest the need for personalized
lithium dosing in patients with hypertension and abnor-
mal UA levels.
5. Regular monitoring of BP and UA level may help to
optimize the treatment of manic episodes with lithium.

1. Introduction
Manic episodes are periods of abnormally elevated

mood and energy that can occur in patients with bipolar
disorder and other conditions. These episodes significantly
impact patients’ physical and mental health, with severe
cases potentially leading to self-harm or suicide. Since the
1950s, lithium carbonate has been widely used as an effec-
tive anti-manic and prophylactic medication for mood dis-

orders [1]. International treatment guidelines recommend
lithium salts as the first-line therapy in preventing the oc-
currence of manic episodes [2].

Manic episodes have been associated with abnor-
mal regulation of neurotransmitters, particularly dopamine
(DA) [3]. Lithium ions can inhibit the release of neuro-
transmitters, such as norepinephrine and DA, while also
promoting their re-uptake and inactivation in the synaptic
cleft. This mechanism helps to treat manic episodes by re-
ducing neurotransmitter concentrations [4].

Patients experiencing manic episodes often present
with comorbid conditions such as hypertension, hyper-
glycemia, and hyperlipidemia, with hypertension being the
most prevalent comorbidity [5]. Hypertension can cause
changes in renal structure and function, potentially lead-
ing to hypertensive kidney injury [6]. Such kidney injuries
can reduce the glomerular filtration rate (GFR) [7], which
is closely related to the metabolism of lithium in the body
[8].

Lithium carbonate has a narrow therapeutic window,
with its therapeutic concentration typically within 0.6–1.2
mmol [9]. Insufficient serum lithium concentrations lead
to ineffective treatment, while excessive concentrations can
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cause significant toxicity and side effects. These can range
from mild symptoms, such as diarrhea and limb tremors, to
severe complications, such as decreased renal function [10]
and hypothyroidism [11].

Given the complex interplay between lithium pharma-
cokinetics and various physiological factors, it is crucial to
understand how conditions such as hypertension and other
metabolic abnormalities might affect lithium metabolism.
The concentration/dose ratio (C/D) of lithium, which rep-
resents steady-state serum concentration relative to admin-
istered dose, provides valuable information about an indi-
vidual’s lithium pharmacokinetics.

The purpose of this study is to investigate how hyper-
tension, uric acid (UA) level, and other physiological fac-
tors affect blood lithium C/D values in patients with manic
episodes. By understanding these relationships, we aim to
improve the safety and efficacy of lithium carbonate treat-
ment through more personalized dosing strategies.

2. Materials and Methods
2.1 Study Participants

A total of 644 patients with manic episodes who were
treated with lithium carbonate at the study hospital between
January, 2022 and June, 2022 were retrospectively included
using convenience sampling. The study was conducted in
accordance with the Declaration of Helsinki and the study
protocol was approved by the Ethics Committee of Wuhan
Wudong Hospital (approval number: WDYY-LL-2021-12,
Date: December 30, 2021).

The inclusion criteria were as follows: (1) patients
who met the diagnostic criteria for manic episodes outlined
in the Chinese Classification and Diagnostic Criteria for
Mental Disorders, 3rd Edition [12], (2) patients with a total
Bech–Rafaelsen Manic Rating Scale score ≥6 points with
no obvious impulsive behavior, and (3) patients aged ≥18
years.

The exclusion criteria were as follows: (1) patients
who had used psychiatric drugs 2 weeks prior to admis-
sion, (2) patients who used long-acting injections, a com-
bination of multiple mood stabilizers or antipsychotics, or
antidepressants, (3) patients with acute or chronic nephri-
tis, severe cardiovascular disease, acute infection, organic
diseases of the central nervous system, and/or clear renal
insufficiency.

Sample size was determined using G*Power 3.1 soft-
ware (Heinrich-Heine-University Düsseldorf, Düsseldorf,
Germany), assuming a medium effect size (f = 0.25), using
an α-value of 0.05 and a power of 0.80 with four groups
for analysis of variance, which resulted in a required sam-
ple size of 180. The total sample size of 644 patients in this
study far exceeds this requirement.

The Bech-Rafaelsen Mania Rating Scale (BRMS) [3]
is a clinical tool used to assess the severity of manic symp-
toms. It is widely applied in the diagnosis and evaluation
of treatment efficacy for bipolar disorder (manic-depressive

illness) and other psychiatric disorders. Below is detailed
information about this scale:

Scale Structure: The BRMS consists of 11 core items,
which assess manic symptoms in various aspects of pa-
tients, including mood, speech, flight of ideas, activity
level, sleep disturbance, irritability, and increased sex-
ual interest. In addition, the scale collaboration group
has added 2 supplementary items (hallucinations and delu-
sions), bringing the total number of items to 13.

Scoring Method: Scoring System: A five-point rat-
ing scale is used. Each item is scored based on the severity
of the symptom, ranging from 0 (no symptoms) to 4 (ex-
tremely severe symptoms). Scoring Basis: The rating is
completed by evaluators through interviews with patients,
observations, and inquiries to familymembers or ward staff.
Time Frame: The initial rating is usually based on the pa-
tient’s performance over the past week, and subsequent rat-
ings are generally conducted within 2 to 6 weeks.

Total Score Calculation: The total score is obtained by
summing up the scores of all items, with a range of 0 to 44
points.

Interpretation of Total Score: 0–5 points: No signifi-
cant manic symptoms. 6–10 points: Mild manic symptoms.
11–14 points: Hypomania. 15–24 points: Moderate mania.
25–44 points: Severe mania. The higher the total score,
the more severe the manic symptoms. Changes in the total
score before and after treatment can reflect therapeutic ef-
ficacy, with a larger difference indicating better therapeutic
outcomes.

Assessors: Typically, the assessment is conducted by
clinically trained doctors or psychiatric nurses. Profes-
sional Requirements: Assessors need to have certain clini-
cal experience in psychiatry and training in scale usage to
ensure the accuracy and consistency of scoring. Reliabil-
ity: Statistical data from the domestic scale collaboration
group show that the BRMS has high inter-rater reliability
(r = 0.97–0.99), indicating good reliability. Validity: The
total score of the BRMS has a strong correlation with the
clinical judgment of the severity of mania (r = 0.92), sug-
gesting high validity.

2.2 Lithium Carbonate Therapy
Patients were given oral lithium carbonate

(H10900013, Enhua, Xuzhou, Jiangsu, China) at an initial
dose of 0.9–1.5 g per day for 1 week that was reduced to
a maintenance dose of 0.6–0.9 g per day thereafter. The
specific dosage within this range for each patient was de-
termined by their treating psychiatrist based on individual
clinical factors. The drug was administered immedi-
ately after meals and at dinner (at 17:00). Patients were
not allowed any other mood stabilizers, antipsychotics,
angiotensin-converting enzyme inhibitors, non-steroidal
anti-inflammatory drugs, diuretics, phenytoin, or certain
antibiotics during the study period.
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All enrolled patients received a common diet provided
by the hospital, with a total energy intake of about 10,460
kJ/day. The target energy intake of 10,460 kJ/day was
selected based on the findings of a systematic review by
McKenzie et al. (2022) [13]. While we aimed for all pa-
tients to meet this intake, individual variations in appetite
and food consumption occurred.

2.3 Detection of Drug Concentration and Other
Biochemical Indicators

Serum lithium concentration was measured 7 days af-
ter initiation of the maintenance dose. Two mL venous
blood was drawn 12 hours after the last dose, to repre-
sent the 12-hour standard serum lithium concentration [14].
Serum lithium concentrations were measured using the
electrode method (Caretium XI-921ET, Shenzhen, Guang-
dong, China).

Concentration/dose ratio values were calculated as
follows: steady-state lithium plasma concentration/oral
dose.

Uric acid, blood glucose (GLU), and triglyceride (TG)
levels were measured using an automatic biochemical ana-
lyzer (Mindray BS820, Shenzhen, Guangdong, China).

2.4 Grouping Methods
Blood pressure (BP) was measured daily during hos-

pitalization. Patients were considered to have hyperten-
sion if they had a pre-existing diagnosis of hypertension
or if they consistently showed an elevated BP (systolic BP
≥130 mmHg or BP diastolic ≥80 mmHg) for at least 3
consecutive days during their hospital stay. Patients were
divided into groups based on the following criteria: a sys-
tolic BP ≥130 mmHg was considered high; a systolic BP
<130 mmHg was considered non-high; a diastolic BP≥80
mmHgwas considered high; a diastolic BP<80mmHgwas
considered non-high; patients with serumUA≥420 µmol/L
were considered hyperuricemic; patients with a serum UA
<420 µmol/L were considered non-hyperuricemic; patients
with a serum GLU ≥6.11 mmol/L were considered hyper-
glycemic; patients with a serum GLU <6.11 mmol/L were
considered non-hyperglycemic; a serum TG ≥2.3 mmol/L
was considered high; and a serum TG <2.3 mmol/L was
considered non-high. Blood glucose, TG, and UA levels
were measured upon admission and regularly throughout
the hospitalization period as part of standard clinical care.

2.5 Statistical Methods
Analysis was completed using SPSS v. 17.0 statistical

software (SPSS Inc., Chicago, IL, USA). A normality test
was performed using the Kolmogorov–Smirnov method.
Measurement data describing normality were expressed as
mean ± standard deviation (x̄ ± s). Independent sample
t-tests were used for comparisons between groups. A Pear-
son’s correlation analysis was used to assess relationships
between variables.

In addition to univariate analyses, the team performed
multiple linear regressions to assess the relationship be-
tween C/D value and the study’s variables of interest (sys-
tolic BP, diastolic BP, GLU, TGs, and UA) while control-
ling for potential confounders, such as age, sex, and body
mass index (BMI).

Statistical significance was established at p < 0.05.

3. Results
3.1 General Information

Of the 644 patients included in this study, 321 were
men and 323 were women. The mean age was 30.70± 8.57
years, themean BMIwas 22.37± 3.21 kg/m2, and themean
course of disease was 21.46± 7.32 years. The mean Bech-
Rafaelsen Mania Rating Scale score at admission was 22.3
± 6.5, indicating moderate to severe manic symptoms. De-
tailed demographic and clinical characteristics are shown in
Table 1.

3.2 Comparison of Serum Lithium and C/D Values in
Different Groups

The mean blood lithium C/D value for all patients in
this study was 0.832 ± 0.248 mmol·L−1·g−1·d. Compar-
isons of serum lithium concentrations and C/D values be-
tween different groups are shown in Table 2. Notably, C/D
values in the high systolic BP group (0.868 ± 0.265) were
significantly lower than those in the non-high systolic BP
group (0.954 ± 0.337; t = –2.845, p = 0.007). Concentra-
tion/dose ratio values in the hyperuricemic group (0.923 ±
0.279) were also significantly lower than those in the non-
hyperuricemic group (0.939± 0.350; t = 0.615, p = 0.000).

3.3 Correlation Analysis
Correlation analysis results between different physio-

logical indicators, serum lithium concentrations, and C/D
values are presented in Table 3. Systolic BPs were nega-
tively correlated with C/D values (r = –0.232; p = 0.001),
as were UA levels (r = –0.114; p = 0.013). No significant
correlations were found for any other indicators.

3.4 Multiple Linear Regression Analysis
To control for potential confounding factors, we per-

formed a multiple linear regression analysis with C/D value
as the dependent variable and systolic BP; diastolic BP;
GLU, TG, and UA levels; age; sex; and BMI as indepen-
dent variables. The results confirmed that systolic BP (β =
–0.215; p = 0.003) and UA (β = –0.109; p = 0.018) were in-
dependently associated with C/D value, even after adjusting
for other factors. β represents the standardized regression
coefficient.

3.5 Safety Monitoring
Throughout the study, patients were monitored for

signs of lithium toxicity. While some patients experienced
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Table 1. General information of study participants.
Characteristic Value Proportion (%)

Gender
Male 321 49.84
Female 323 50.16

Age (years) 30.70 ± 8.57 -
BMI (kg/m2) 22.37 ± 3.21 -
BRMS score at admission 22.3 ± 6.5 -
Course of disease (years) 21.46 ± 7.32 -
Family history

Yes 154 23.91
No 490 76.09

Diabetes
Yes 87 13.51
No 557 86.49

Initial dose of oral lithium carbonate (g/d) 1.21 ± 0.25 -
Systolic blood pressure (mmHg) 128.5 ± 15.3 -
Diastolic blood pressure (mmHg) 79.2 ± 9.7 -
Blood glucose (mmol/L) 5.4 ± 1.2 -
Triglycerides (mmol/L) 1.8 ± 0.9 -
Uric acid (µmol/L) 385.6 ± 98.4 -

BMI, body mass index; BRMS, Bech-Rafaelsen Mania Rating Scale.

mild side effects, such as nausea or tremors, no cases of
severe lithium toxicity were observed.

4. Discussion
This study investigated the effects of various physi-

ological factors, particularly BP and UA level, on blood
lithium C/D values in patients with manic episodes. Our
findings reveal that hypertension and hyperuricemia each
have significant associations with lithium pharmacokinet-
ics. This revelation has important implications for the clin-
ical management of patients receiving lithium therapy.

The mean blood lithium C/D value observed in our
study (0.832 ± 0.248 mmol·L−1·g−1·d) is consistent with
previous research, suggesting that our patient population
is representative of typical lithium-treated individuals with
manic episodes [15]. However, we found significant vari-
ations in C/D values associated with certain physiological
factors—specifically systolic BP and Uric acid levels.

Our results show that patients with abnormal systolic
BPs (>130mmHg) had significantly lower lithiumC/D val-
ues compared with those with normal systolic BPs. This
finding was further supported by the negative correlation
between systolic BP and C/D value (r = –0.232; p = 0.001).
This relationship persisted even after controlling for poten-
tial confounding factors in our multiple regression analysis.

The inverse relationship between systolic BP and
lithium C/D value is an intriguing finding that warrants fur-
ther investigation. One possible explanation is that hyper-
tension may affect renal blood flow and GFR, which are
crucial factors in lithium clearance. Previous studies have

shown that hypertension can lead to changes in renal struc-
ture and function, potentially altering drug pharmacokinet-
ics [16].

Similarly, we found a negative correlation between
UA levels and C/D values (r = –0.114, p = 0.013), with pa-
tients in the hyperuricemic group showing lower C/D val-
ues than those in the non-hyperuricemic group. This rela-
tionship also remained significant in ourmultiple regression
analysis, suggesting an independent effect of UA level on
lithium pharmacokinetics.

The association between UA level and lithium C/D
value is a novel finding that has not been extensively ex-
plored in previous studies. Elevated UA levels are often
associated with metabolic disorders and may reflect under-
lying changes in renal function [17]. It is possible that
the mechanisms influencing UA level also affect lithium
metabolism—or that UA itself has a direct effect on lithium
pharmacokinetics.

These findings have important clinical implications.
The lower C/D values observed in patients with high sys-
tolic BP and elevated UA levels suggest that these individu-
als may require higher lithium doses to achieve therapeutic
serum concentrations. Conversely, if hypertension or hy-
peruricemia develop during lithium treatment, dose reduc-
tions may be necessary to prevent toxicity.

Our results underscore the importance of regular BP
and UA level monitoring in patients receiving lithium ther-
apy. Changes in these parameters may necessitate adjust-
ments in lithium dosing to maintain therapeutic efficacy
while minimizing the risk of toxicity. This aligns with the
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Table 2. Comparison of serum lithium and C/D values in different groups.
Grouping indicator Group Serum lithium concentration C/D value

Systolic blood pressure NHSBP (n = 488) 0.592 ± 0.207 0.954 ± 0.337
HSBP (n = 156) 0.551 ± 0.154 0.868 ± 0.265

t/p values 2.28/0.0229 –2.845/0.007
Diastolic blood pressure NHDBP (n = 382) 0.601 ± 0.215 0.977 ± 0.348

HDBP (n = 262) 0.556 ± 0.161 0.868 ± 0.271
t/p values 0.015/0.988 0.720/0.458

Blood glucose NHGLU (n = 567) 0.582 ± 0.197 0.930 ± 0.326
HGLU (n = 77) 0.577 ± 0.185 0.947 ± 0.299

t/p values 0.221/0.833 –0.542/0.591
Triglyceride NHTG (n = 542) 0.572 ± 0.168 0.934 ± 0.317

HTG (n = 102) 0.631 ± 0.293 0.924 ± 0.352
t/p values –1.967/0.058 0.517/0.608

Uric acid NHUA (n = 386) 0.556 ± 0.208 0.939 ± 0.350
HUA (n = 258) 0.617 ± 0.174 0.923 ± 0.279

t/p values –3.888/0.001 0.615/0.000
C/D, concentration/dose ratio; NHSBP, Non High Systolic blood pressure; HSBP, High Systolic
blood pressure; NHDBP, Non High Diastolic blood pressure; HDBP, High Diastolic blood pressure;
NHGLU, Non High Blood glucose; HGLU, High Blood glucose; NHTG, Non High Triglyceride;
HTG, High Triglyceride; NHUA, No High Uric acid; HUA, High Uric acid.

Table 3. Correlation analysis between physiological indicators and serum lithium and C/D values.

Grouping indicator
Serum lithium concentration C/D value

r p r p

Systolic blood pressure 0.123 0.231 –0.232 0.001
Diastolic blood pressure 0.114 0.341 0.113 0.142
Blood glucose 0.078 0.112 –0.110 0.193
Triglyceride –0.021 0.322 0.094 0.092
Uric acid –0.124 0.098 –0.114 0.013

growing emphasis on personalized medicine in psychiatry,
wherein treatment is tailored to individual patient charac-
teristics [18].

It is worth noting that we did not find significant asso-
ciations between lithium C/D value and other factors, such
as diastolic BP, and GLU and TG levels. This suggests
that these factors may have less influence on lithium phar-
macokinetics, although further research with larger sample
sizes may be needed to confirm these findings.

4.1 Limitations
This study has several limitations that should be con-

sidered. First, as an observational study, we cannot es-
tablish causal relationships between the observed physio-
logical factors and lithium C/D value. Second, while we
controlled for several potential confounding factors, there
may be other unmeasured variables influencing our results.
Third, our study was conducted at a single center, which
may limit its generalizability to other populations.

4.2 Future Directions

Future research should focus on elucidating the mech-
anisms underlying the observed relationships between sys-
tolic BP, UA level, and lithium C/D value. Prospective
studies examining how changes in these physiological fac-
tors over time affect lithium pharmacokinetics would be
particularly valuable. Additionally, clinical trials inves-
tigating whether personalized dosing strategies based on
these factors improve treatment outcomes would be an im-
portant next step in translating these findings into clinical
practice.

5. Conclusion
Our study demonstrates that hypertension and ele-

vated Uric acid level are associated with lower blood
lithium C/D values in patients with manic episodes. These
findings suggest the need for personalized lithium dosing
strategies that take account of these physiological factors.
Regular monitoring of BP and UA level may help to opti-
mize lithium treatment, potentially improving efficacy and
reducing the risk of toxicity. Further research is needed to
fully understand the mechanisms underlying these relation-
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ships and to develop evidence-based guidelines for person-
alized lithium therapy in patients with manic episodes.
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