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High ammonium levels in psychiatric patients on valproic acid: associations with clinical 
conditions and biochemical factors

Background: This study explored the correlation between high ammonium levels 
(hyperammonemia) and clinical and biochemical factors in psychiatric patients taking 
valproic acid (VPA). Hyperammonemia is a common side effect of VPA, ranging from no 
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Abstract
Background: Valproic acid (VPA)-induced hyperammonemia is a common condition whose 
clinical presentations can range from asymptomatic cases to severe hyperammonemic 
encephalopathy. This can happen at any stage of treatment and is difficult to predict, as it 
often occurs without any alteration in liver function tests.
Objectives: We aimed at exploring the association between hyperammonemia and clinical/
biochemical characteristics among inpatients with mental disorders.
Design: This cross-sectional study was conducted on adults consecutively admitted to two 
acute psychiatric inpatient units in the Milan metropolitan area from October 2022 to October 
2024. All participants were treated with oral VPA during hospitalization.
Methods: Sociodemographic, clinical, and biochemical data were retrieved from clinical 
interviews and electronic chart reviews. Univariate analyses and multiple logistic regressions 
were used to assess the association between hyperammonemia and candidate variables.
Results: We included 130 participants (mean age: 38.2 ± 15.3 years; males: 77.7%). Bipolar 
I (36.9%), personality (31.5%), and schizophrenia spectrum (20.8%) disorders were the 
most common diagnoses. Mean serum ammonium levels were 46.4 ± 17.5 μmol/L, with 
hyperammonemia observed in 52 (40.0%) participants. Univariate analyses estimated an 
association of hyperammonemia with male sex, the concomitant use of 2+ medications 
(besides VPA), treatment with antipsychotics, and a diagnosis of alcohol use disorder (AUD). 
No further clinical/biochemical features were associated with hyperammonemia, including 
serum VPA levels and daily dose of VPA. Regression models showed that the concomitant use 
of 2+ other medications (coeff. = 1.03, p = 0.018) and AUD (coeff. = 1.32, p = 0.018), but not male 
sex (p = 0.12) and the use of antipsychotics (p = 0.09), were associated with hyperammonemia.
Conclusion: Our findings highlight the potential influence of AUD and polypharmacy on the 
risk of hyperammonemia in subjects treated with oral VPA. Additional studies are needed to 
confirm these associations and to test their potential causal role in hyperammonemia. Clinical 
implications for limiting polypharmacy in people treated with oral VPA should be considered.
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symptoms to severe confusion, and can occur without changes in liver function tests. 
Methods: The study included 130 adults admitted to two psychiatric units in Milan from 
October 2022 to October 2024. All patients were receiving VPA during their hospitalization. 
The team collected medical histories, test results, and other health information, then 
analyzed potential correlations using statistical models. Results: The patients, mostly 
male (77.7%) with an average age of 38, were diagnosed mainly with bipolar I disorder 
(36.9%), personality disorders (31.5%), or schizophrenia-related conditions (20.8%). 52 
(40.0%) had high ammonium levels. The analysis found that hyperammonemia was more 
common in patients taking two or more other medications along with VPA, those using 
antipsychotics, and individuals with alcohol use disorder (AUD). However, after adjusting 
for multiple factors, only AUD and taking multiple medications remained significantly 
linked to high ammonium levels. Interestingly, neither the daily dose of VPA nor blood VPA 
levels predicted hyperammonemia. This means that high ammonium levels can occur 
regardless of the amount of VPA in the body. Conclusions: The results highlight the risks 
of using many medications together and the impact of alcohol use in patients on VPA. 
Reducing the number of medications may help lower the chance of hyperammonemia. 
Additional studies are needed to confirm these associations and to test their potential 
causal role on hyperammonemia. These insights could guide doctors in improving the 
safety of VPA treatment, especially for patients with alcohol use issues or those on 
multiple medications.
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Introduction
Valproic acid (VPA) is a wide-spectrum anticon-
vulsant medication that is commonly used in the 
treatment of epilepsy and migraine.1–4 In addi-
tion, it has shown efficacy in the treatment and 
prophylaxis of manic or mixed episodes in bipolar 
disorder, though it seems less effective for bipolar 
depression.5–7 VPA is also frequently off-label 
used in the management of mood instability, 
impulsivity, agitation, and aggressive behavior in 
mental health care settings across a broad range 
of diagnoses, including personality disorders and 
schizophrenia spectrum disorders.4 Common 
side effects of VPA can include fatigue, weight 
gain, nausea, hair loss, and tremor.8 However, 
VPA can also be associated—though less often—
with hepatotoxicity, thrombocytopenia, and 
symptomatic hyperammonemia.8,9

Hyperammonemia refers to serum levels of 
ammonium—a byproduct of protein metabolism 
that is converted to urea in the liver—
⩾50 μmol/L.10 One of the key mechanisms of 
VPA-induced hyperammonemia seems to be the 
inhibiting effect of VPA on carbamoylphosphate 
synthetase-I and, consequently, on the urea 

cycle.11,12 This condition is often reversible upon 
discontinuation of the drug and can occur with-
out changes in liver function tests and at any stage 
of treatment, even after long-term use.13

While hyperammonemia may be asymptomatic in 
the majority of cases, it sometimes presents with 
neurological and gastrointestinal symptoms as 
well as hyperventilation, and might progress to 
hyperammonemic encephalopathy (HE).13,14 HE 
has been reported in 0.7%–22.2% of cases,13,14 
with a variability that likely reflects differences in 
study design, population characteristics, and 
thresholds, as well as patients’ clinical manage-
ment and follow-up. Hyperammonemia leads to 
elevated glutamine levels in the central nervous 
system, causing astrocyte swelling and cerebral 
edema.14 The resulting clinical presentation can 
vary in severity, with ataxia, lethargy, and confu-
sion in milder cases, while agitation, focal neuro-
logical deficits, miosis, and seizures have also 
been occasionally reported.15 Progression to stu-
por, coma, and, ultimately, death has also been 
documented.16 Previous evidence has demon-
strated a number of conditions (hereditary or 
acquired) that may affect serum ammonium 
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levels.10,17 Relevant factors include the total daily 
dosage of VPA, the concomitant use of other 
antiepileptic drugs and/or antipsychotics, and  
the overall use of multiple medications.17–19 
Furthermore, female sex, older age, intellectual 
disability, body weight, liver disease, urea cycle 
disorders, vegetarian or vegan diets, hypercata-
bolic states (e.g., burns or trauma), and the 
intravenous administration of VPA have been 
associated with hyperammonemia.19–21 While 
some studies suggest a correlation between higher 
VPA plasma concentrations and the development 
of hyperammonemia, most cases occur within  
the drug’s therapeutic plasma levels.16 Taken 
together, this evidence highlights the complexity 
and difficulties of predicting hyperammonemia.

Thus, we conducted a cross-sectional study based 
on a representative sample of inpatients with 
severe mental disorders treated with oral VPA to 
explore the association between hyperammone-
mia and several clinical and biochemical features, 
including VPA dosing and serum levels.

Methods
This cross-sectional observational study was 
designed and reported following the “Strengt
hening the Reporting of Observational studies in 
Epidemiology (STROBE)” statement.22 It was 
carried out in accordance with the Declaration of 
Helsinki.23 The study was part of the broader 
Northern Milan Area Cohort (NOMIAC) 
project.24

Setting and inclusion criteria
We included any adults treated with oral VPA 
consecutively admitted from October 2022 to 
October 2024 to the two acute inpatient units 
(accounting for a total of 27 beds) of the 
Department of Mental Health and Addictions of 
the Nord Milano Health and Social Care Trust, 
which delivers mental health services to the 
280,000 residents within a highly urbanized 
catchment area of the Metropolitan City of 
Milan.25 Eligible individuals had to be: (i) aged 
⩾18 years at the time of data collection; (ii) with 
stable doses of oral VPA for at least 5 days prior to 
serum VPA and ammonium measurement, allow-
ing sufficient time to reach steady-state serum 
VPA concentrations; and (iii) serum VPA and 
ammonium levels measured at least once on the 
same day during the hospitalization. To avoid 
duplicate data and ensure consistency in the 

analysis, if serum VPA and ammonium levels 
were measured multiple times, only the first 
measurement was considered. Subjects with 
missing, incomplete, or not valid data on serum 
VPA and ammonium levels were excluded. For 
participants with multiple admissions, we used 
data from the first admission during the study 
period.

Data collection
We collected information on sociodemographic 
characteristics—such as age and sex—as well as 
on clinical features, that is, psychiatric diagnoses, 
lifetime diagnosis of alcohol (AUD) (F10.X) and/
or substance use (SUD) disorders (F11–F19), 
and current pharmacotherapy. Pharmacotherapy 
was further categorized according to the use of 
two or more medications (hereafter also referred 
to as polypharmacy) and included the daily dos-
age of oral VPA. Comorbid organic conditions 
(hypertension, obesity, diabetes, and hepatopa-
thy) were recorded alongside anthropometric 
parameters such as body mass index (BMI). 
Information on serum ammonium (μmol/L) and 
VPA levels (μg/mL), as well as on markers of 
liver, renal, and metabolic function, was retrieved 
from routinely performed biochemical serum 
analyses. Blood sampling was performed at 8 a.m. 
after an overnight fast. Blood samples for ammo-
nium measurement were immediately placed in 
ice and promptly transported to the laboratory for 
analysis within 30 min of collection, as recom-
mended.26 According to the local laboratory 
standards, the normal reference range for serum 
ammonium level was 14.85–49.5 μmol/L, with 
hyperammonemia defined as a level exceeding 
49.5 μmol/L, consistent with well-established def-
initions and cut-off values.27,28 This ensured a 
consistent and interpretable framework for cate-
gorization across the sample. Information was 
obtained from clinical interviews and assessments 
performed during participants’ hospitalization, 
and integrated with features retrieved from clini-
cal records and chart review through the elec-
tronic hospital data management platform. They 
were entered into a custom-designed database. 
Information was managed in compliance with 
privacy regulations and anonymized to minimize 
the potential risk of identification.

Data analyses
Standard descriptive statistics—including count 
and percentage for categorical variables as well as 
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mean with standard deviation (SD) or median 
with interquartile range (IQR) (according to data 
distribution) for continuous variables—were used 
to summarize sample characteristics. The nor-
mality of data distribution was assessed using the 
Shapiro-Wilk test. Univariate analyses were 
aimed at estimating the potential differences 
between individuals with and without serum 
ammonium level >49.5 µmol/L. Chi-square and 
Fisher’s exact tests were used for categorical vari-
ables, while Student’s T or Mann–Whitney U 
tests (consistently with data distribution) for con-
tinuous variables. In addition, to test for multicol-
linearity, we performed relevant diagnostics based 
on standard rules of thumb, examining both 
standard errors and the variance inflation factor 
(VIF < 10).

Multiple logistic regression models were per-
formed to assess the association between hyperam-
monemia and candidate explanatory variables. 
These included predefined characteristics expected 
to influence ammonium levels, that is, age, sex, 
serum VPA level, and daily dosage of VPA, as well 
as any clinical or biochemical variables showing a 
p-value < 0.05 at univariate analyses. Potential 
overfitting issues were also considered based on 
the number of events per variable. Regression coef-
ficients with their 95% confidence intervals (95% 
CIs) were used to estimate the effects of explana-
tory variables. Statistical significance was set at 
p < 0.05. For all predictor variables, including 
those not found to be statistically significant, 95% 
CIs and p-values were consistently reported. Data 
analyses were performed using Stata statistical 
software, release 18 (StataCorp LLC, 2023, 
College Station, TX, USA).

Results

Sample characteristics
Of the 679 people admitted to the two acute inpa-
tient units between October 2022 and October 
2024, 137 were treated with oral VPA during their 
hospitalization. Among them, while serum VPA 
levels were measured in all cases, information on 
serum ammonium levels was missing for seven 
cases. Thus, 130 subjects were ultimately included 
in the analysis. A flow diagram of the participants’ 
inclusion process is displayed in Figure 1.

The mean age of study participants, including 
101 (77.7%) males and 29 (22.3%) females, was 

38.2 ± 15.3 years. The mean serum levels of VPA 
were 58.4 ± 20.4 μg/mL (min: 14 μg/mL—max: 
130 μg/mL), while mean serum ammonium levels 
were 46.4 ± 17.5 μmol/L (min: 12.2 μmol/L—
max: 106 μmol/L). There was no significant cor-
relation between serum valproate (VPA) levels 
and serum ammonium levels (Pearson’s r = 0.05), 
suggesting a negligible linear association between 
the two variables. A scatter plot visualizing the 
relationship between VPA levels and ammonium 
levels is shown in Supplemental Figure 1.

Hyperammonemia was observed in 52 partici-
pants (40.0%). HE was not observed in any of the 
study participants.

Bipolar I disorder was the most common diagno-
sis (n = 48, 36.9%), followed by personality disor-
ders (n = 41, 31.5%) and schizophrenia spectrum 
and other psychotic disorders (n = 27, 20.8%). 
Comorbid AUD and SUD were reported in 21 
(16.2%) and 47 (36.2%) subjects, respectively.

Figure 1.  Flow diagram of participants’ inclusion 
process.
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Half of the sample (51.5%) was treated with two 
or more medications besides VPA, with antipsy-
chotics (n = 111, 85.4%) and benzodiazepines 
(n = 114, 87.7%) as the most represented 
pharmacotherapies.

The sociodemographic and clinical characteris-
tics of the overall sample are reported in Table 
1, while the biochemical data are reported in 
Table 2.

Factors associated with hyperammonemia: 
Univariate analyses
Univariate analyses showed that subjects with 
hyperammonemia, compared to those with serum 
ammonium levels within range, were more likely 
to be males (χ2 = 3.91, p = 0.048), diagnosed with 
comorbid AUD (p = 0.030), concomitantly using 
two or more medications (besides VPA) (χ2 = 4.93, 
p = 0.026), and concurrently treated with antipsy-
chotics (p = 0.023). On the other hand, serum 
VPA level (p = 0.10) and daily dosage of VPA 
(p = 0.55) were not associated with hyperam-
monemia. No other biochemical variables, 
including blood markers of liver dysfunction (ala-
nine aminotransferase, aspartate transferase, 
gamma-glutamyl transferase, and total bilirubin), 
were associated with a serum ammonium level 
>49.5 μmol/L.

The characteristics of each subgroup according to 
the presence of hyperammonemia and the results 
of univariate comparisons are reported in Tables 
1 and 2.

Factors associated with hyperammonemia: 
Multivariable logistic regression model
The multivariable logistic regression model, 
including age, sex, serum VPA level, and daily 
dosage of VPA, as well as variables associated 
with hyperammonemia at the univariate level 
(p < 0.05), confirmed the relationship between 
serum ammonium level >49.5 μmol/L and the 
concomitant use of two or more medications 
(coeff. = 1.03, p = 0.018). Moreover, hyperam-
monemia was more frequent in people with a 
diagnosis of AUD (coeff. = 1.32, p = 0.018). No 
association with male sex (p = 0.12) and antipsy-
chotic use (p = 0.09) emerged. No evidence of 
collinearity between variables was observed. The 
results of the regression analysis are reported in 
Table 3.

Discussion

Interpretation of findings
The aim of this study was to investigate sociode-
mographic, clinical, and biochemical correlates of 
VPA-induced hyperammonemia among 130 
adults consecutively admitted for psychiatric 
inpatient care. Hyperammonemia was observed 
in 52 subjects (40.0%), which is slightly lower 
than the mean prevalence estimates of 47.4% 
reported in previous cross-sectional studies (e.g., 
Chicharro et  al., 2007).29 However, this preva-
lence varies considerably across studies, likely 
reflecting differences in study design, population 
characteristics, and diagnostic thresholds.16 
Notably, VPA-induced hyperammonemia is more 
extensively described in neurological conditions, 
while it is less documented in populations affected 
by mental disorders.30,31 Consistently, no cases of 
HE were observed in our sample, in line with the 
relatively few reports of this condition in psychiat-
ric disorders compared to those reported when 
treating epilepsy.13 Moreover, the close clinical 
monitoring provided in our inpatient units, 
including regular assessment of VPA and ammo-
nium levels and the early administration of lactu-
lose in most cases of hyperammonemia, may have 
prevented the development of HE in our sample. 
In this regard, it should also be considered that 
the risk of developing hyperammonemia symp-
toms and HE seems influenced by prolonged 
exposure to elevated ammonium levels.13,14

The most relevant finding from our study is the 
association between hyperammonemia and treat-
ment with two or more medications besides VPA, 
as well as with comorbid AUD. Polypharmacy 
represents a risk factor for adverse drug reactions 
in general,32,33 while the use of different com-
pounds may be necessary for managing complex 
medical conditions, this practice can significantly 
increase the likelihood of potential drug-drug 
interactions, affecting the pharmacokinetics and 
the pharmacodynamics of the prescribed medica-
tions.33,34 In line with our findings, some available 
evidence suggests that VPA-induced hyperam-
monemia may actually be more common in sub-
jects on polypharmacy.19,35,36 Although different 
mechanisms may be involved, the increased phar-
macological hepatic burden impairing ammo-
nium detoxification might be the main culprit.19 
Indeed, VPA is metabolized via mitochondrial 
beta-oxidation and hepatic glucuronidation.37,38 
During treatment with multiple medications, 
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Table 1.  Sociodemographic and clinical characteristics and differences between subjects with serum ammonium levels ⩽49.5 and 
>49.5 µmol/L.

Variables Overall sample 
(N = 130, 100%)

Ammonium within range 
(⩽49.5 µmol/L; n = 78, 60.0%)

Hyperammonemia 
(>49.5 µmol/L; n = 52, 
40.0%)

Test statistic p-Value

Age (years)
mean ± SD
median (IQR)

N=130
38.2 ± 15.3
36.5 (26.2)

n = 78
39.6 ± 16.8
37.0 (27.8)

n = 52
36.1 ± 12.6
36.5 (19.8)

z = 0.92 p = 0.36

Males, n (%) 101/130 (77.7%) 56/78 (71.8%) 45/52 (86.5%) χ² = 3.91 p = 0.048

Diagnosis p = 0.32*

 � Major depressive  
disorder, n (%)

6/130 (4.6%) 3/78 (3.9%) 3/52 (5.8%)  

  Bipolar I disorder, n (%) 48/130 (36.9%) 26/78 (33.3%) 22/52 (42.3%)  

  Bipolar II disorder, n (%) 6/130 (4.6%) 4/78 (5.1%) 2/52 (3.9%)  

 � Bipolar disorder, 
unspecified, n (%)

2/130 (1.5%) 0/78 (0%) 2/52 (3.9%)  

 � Schizophrenia spectrum 
disorder, n (%)

27/130 (20.8%) 16/78 (20.5%) 11/52 (21.2%)  

  Personality disorder, n (%) 41/130 (31.5%) 29/78 (37.2%) 12/52 (23.1%)  

Alcohol use disorder, n (%) 21/130 (16.2%) 8/78 (10.3%) 13/52 (25.0%) p = 0.030*

Substance use disorder, n (%) 47/130 (36.2%) 26/78 (33.3%) 21/52 (40.4%) χ² = 0.67 p = 0.41

BMI (kg/m2) N = 126 n = 76 n = 50  

Mean ± SD 26.0 ± 4.8 25.4 ± 4.5 27.0 ± 5.1 z = −1.36 p = 0.17

Median (IQR) 25.3 (4.2) 24.8 (4.7) 25.6 (4.6)  

Daily dosage of VPA N = 130 n = 78 n = 52  

Mean ± SD 1042.7 ± 343.2 1032.7 ± 331.9 1057.7 ± 362.1 z = −0.61 p = 0.55

Median (IQR) 1000 (500) 1000 (400) 1000 (475)  

2+ Prescribed drugs 67/130 (51.5%) 34/78 (43.6%) 33/52 (63.5%) χ² = 4.93 p = 0.026

Antipsychotics, n (%) 111/130 (85.4%) 62/78 (79.5%) 49/52 (94.2%) p = 0.023*

 � First-generation 
antipsychotics, n (%)

45/130 (34.6%) 24/78 (30.8%) 21/52 (40.4%) χ² = 1.27 p = 0.26

 � Second-generation 
antipsychotics, n (%)

92/130 (70.8%) 53/78 (67.9%) 39/52 (75.0%) χ² = 0.75 p = 0.39

Anticonvulsants (other  
than VPA), n (%)

23/130 (17.7%) 13/78 (16.7%) 10/52 (19.2%) χ² = 0.14 p = 0.71

Antidepressants, n (%) 34/130 (26.2%) 19/78 (24.4%) 15/52 (28.9%) χ² = 0.33 p = 0.57

Benzodiazepines, n (%) 114/130 (87.7%) 70/78 (89.7%) 44/52 (84.6%) p = 0.42*

(Continued)

https://journals.sagepub.com/home/tpp


I Riboldi, D Cavaleri et al.

journals.sagepub.com/home/tpp	 7

Variables Overall sample 
(N = 130, 100%)

Ammonium within range 
(⩽49.5 µmol/L; n = 78, 60.0%)

Hyperammonemia 
(>49.5 µmol/L; n = 52, 
40.0%)

Test statistic p-Value

Comorbid organic conditions

  Hypertension, n (%) 15/130 (11.5%) 10/78 (12.9%) 5/52 (9.6%) p = 0.78*

  Obesity, n (%) 22/126 (17.5%) 12/76 (15.8%) 10/50 (20.0%) χ² = 0.37 p = 0.54

  Diabetes, n (%) 5/130 (3.9%) 5/78 (6.4%) 0/52 (0%) p = 0.08*

  Hepatopathy, n (%) 3/130 (2.3%) 2/78 (2.6%) 1/52 (1.9%) p = 1.00*

z Values were obtained from Mann–Whitney U tests. χ² values were obtained from Chi-squared tests.
*Fisher’s exact test’s p-value. The p-value from Fisher’s exact test was computed when a subgroup contained a small number of cases or  
non-cases (i.e., fewer than 10).
BMI, body mass index; IQR, interquartile range; N, n, number of subjects with data available for each variable; SD, standard deviation; VPA,  
valproic acid.

Table 1.  (Continued)

Table 2.  Biochemical serum levels and differences between subjects with serum ammonium levels ⩽49.5 and >49.5 µmol/L.

Variables Overall sample 
(N = 130, 100%)

Ammonium within range 
(⩽49.5 µmol/L; n = 78, 60.0%)

Hyperammonemia 
(>49.5 µmol/L; n = 52, 40.0%)

Test statistic p-Value

Ammonium level N = 130 n = 78 n = 52  

Mean ± SD 46.4 ± 17.5 34.5 ± 8.6 64.3 ± 11.1 — —

Median (IQR) 42.5 (24.4) 36.2 (11.6) 61.4 (11.1)  

Valproic acid level N = 130 n = 78 n = 52  

Mean ± SD 58.4 ± 20.4 58.6 ± 19.4 58.1 ± 22.1 t = 0.12 p = 0.10

Median (IQR) 57.0 (27.0) 57.5 (23.4) 55.5 (37.5)  

Creatinine (mg/dL) N = 113 n = 69 n = 44  

Mean ± SD 0.91 ± 0.37 0.95 ± 0.45 0.84 ± 0.17 z = 0.07 p = 0.95

Median (IQR) 0.86 (0.21) 0.85 (0.23) 0.87 (0.20)  

Glucose (mg/dL) N = 109 n = 67 n = 42  

Mean ± SD 89.7 ± 23.2 89.6 ± 26.8 89.8 ± 16.1 z = −0.86 p = 0.39

Median (IQR) 86.0 (22.0) 84.0 (17.5) 87.0 (26.5)  

ALT (U/L) N = 113 n = 66 n = 47  

Mean ± SD 30.0 ± 27.9 29.1 ± 24.1 31.2 ± 32.7 z = 0.31 p = 0.76

Median (IQR) 24.0 (18.0) 24.2 (16.2) 22.0 (18.8)  

AST (U/L) N = 76 n = 43 n = 33  

Mean ± SD 29.2 ± 18.0 28.9 ± 18.2 29.6 ± 18.0 z = −0.83 p = 0.78

Median (IQR) 22.7 (16.5) 22.0 (17.0) 23.0 (17.0)  

Total bilirubin (mg/dL) N = 94 n = 54 n = 40  

(Continued)
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Variables Overall sample 
(N = 130, 100%)

Ammonium within range 
(⩽49.5 µmol/L; n = 78, 60.0%)

Hyperammonemia 
(>49.5 µmol/L; n = 52, 40.0%)

Test statistic p-Value

Mean ± SD 0.48 ± 0.31 0.48 ± 0.33 0.47 ± 0.28 z = 0.10 p = 0.92

Median (IQR) 0.4 (0.2) 0.4 (0.2) 0.4 (0.2)  

γ-GT (U/L) N = 65 n = 39 n = 26  

Mean ± SD 29.4 ± 26.3 28.1 ± 21.1 31.3 ± 32.9 z = −0.44 p = 0.66

Median (IQR) 20.0 (17.0) 20.0 (20.0) 20.0 (13.7)  

Triglycerides (mg/dL) N = 82 n = 48 n = 34  

Mean ± SD 123.3 ± 59.1 125.9 ± 64.3 119.7 ± 51.6 z = 0.22 p = 0.82

Median (IQR) 104.0 (71.0) 104.0 (71.3) 106.0 (72.0)  

Total cholesterol (mg/dL) N = 82 n = 47 n = 35  

Mean ± SD 164.5 ± 38.1 163.2 ± 40.8 166.2 ± 34.6 t = −0.35 p = 0.73

Median (IQR) 160.0 (52.8) 160.0 (56.0) 171.0 (42.0)  

Sodium (mmol/L) N = 116 n = 72 n = 44  

Mean ± SD 139.7 ± 2.8 139.7 ± 2.6 139.6 ± 3.2 z = 0.38 p = 0.70

Median (IQR) 140.0 (3.0) 140.0 (3.0) 139.8 (3.0)  

Potassium (mmol/L) N = 113 n = 70 n = 43  

Mean ± SD 4.29 ± 0.39 4.31 ± 0.42 4.27 ± 0.35 z = 0.23 p = 0.82

Median (IQR) 4.28 (0.53) 4.29 (0.49) 4.25 (0.54)  

CRP N = 64 n = 38 n = 26  

Mean ± SD 5.8 ± 8.9 5.2 ± 9.0 6.6 ± 8.9 z = −0.86 p = 0.39

Median (IQR) 2.4 (5.7) 1.7 (5.3) 3.4 (5.6)  

t Values were obtained from Student’s T tests; z values were obtained from Mann–Whitney U tests.
γ-GT, gamma-glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate transferase; CRP, C-reactive protein; IQR, interquartile range; 
N, n, number of subjects with data available for each variable; SD, standard deviation.

Table 2.  (Continued)

other drugs competing for these pathways can 
lead to the formation of toxic metabolites, such as 
2-propyl-4-pentenoic acid, which finally impairs 
ammonium clearance.39 Moreover, the overall 
metabolic capability of the liver can be saturated, 
thus reducing its efficiency in clearing ammo-
nium.40 Finally, polypharmacy may exacerbate 
underlying conditions such as liver dysfunction or 
deficiencies in essential nutrients, particularly 
carnitine, primarily due to metabolism disrup-
tion, malabsorption, and loss of appetite.41,42 The 
effect of VPA on carnitine homeostasis is equally 
well documented:43–45 VPA is indeed able to 
inhibit the enzyme γ-butyrobetaine hydroxylase, 
determining a reduction in carnitine synthesis, 

and to potentiate the urinary excretion of amino 
acids.43 Such reduction in carnitine levels, result-
ing in the cytosolic accumulation of unoxidized 
fatty acyl-coenzyme A molecules (which are 
believed to inhibit the urea cycle), can impair 
ammonium excretion,46,47 thus potentially repre-
senting a mechanism involved in the development 
of hyperammonemia in subjects treated with 
VPA.

Consistently, the association between AUD and 
hyperammonemia is not surprising. AUD is 
known to produce a wide spectrum of hepatic 
impairments, from steatosis and inflammation to 
complete loss of liver function.48 Both acute and 
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Table 3.  Correlates of hyperammonemia in people treated with valproic acid: multivariable logistic regression 
model.

Variables Coefficient [95% CI] SE Wald χ² p-Value

Agea −0.02 [−0.05 to 0.005] 0.01 2.50 p = 0.11

Male sexb 0.88 [−0.22 to 1.98] 0.56 2.46 p = 0.12

Alcohol use disorderc 1.32 [0.22 to 2.42] 0.56 5.57 p = 0.018

Serum VPA levela* −0.03 [−1.07 to 1.02] 0.53 0.002 p = 0.96

Daily dosage of VPAa* −0.06 [−1.16 to 1.04] 0.56 0.01 p = 0.91

Antipsychotic treatmentd 1.23 [−0.21 to 2.67] 0.73 2.82 p = 0.09

2+ concomitant medicationse 1.03 [0.18 to 1.89] 0.44 5.62 p = 0.018

aFor a 1-unit change.
bVersus female gender.
cVersus without AUD.
dVersus not on antipsychotics.
eVersus < 2 medications.
*Logarithmic scale.
95% CI, 95% confidence interval; AUD, alcohol use disorder; SE, standard error; VPA, valproic acid.

chronic alcohol consumption can lead to malnu-
trition by decreasing dietary caloric intake, 
impairing protein synthesis and secretion, and 
hindering the absorption of essential nutrients. 
These effects ultimately result in reduced free and 
total carnitine levels.49,50 Thus, hepatic dysfunc-
tion, combined with malnutrition-related deficits, 
may play a key role in disrupting ammonium 
metabolism.42,48 Our findings suggest that AUD 
could therefore be a factor contributing to the 
development of hyperammonemia in individuals 
treated with VPA.

Clinical implications
In clinical practice, the measurement of ammo-
nium concentrations in asymptomatic patients 
treated with VPA is not routinely recommended, 
being seemingly unnecessary or even potentially 
leading to misdiagnoses.29,51 On the other hand, 
the identification of specific factors associated 
with increased blood ammonium may favor the 
implementation of targeted monitoring practices 
to prevent symptomatic hyperammonemia and, 
ultimately, HE. The association between polyp-
harmacy, comorbid AUD, and hyperammonemia 
uncovered by our study emphasizes the need for 
clinicians to be aware of the potential risks under-
lying complex medical conditions, especially 
given the high prevalence of both polypharmacy 
and comorbid AUD in people with severe mental 

disorders.34,52–54 In such cases, traditional disease-
oriented practice may prove inadequate.33,34 To 
overcome this gap and ensure effective preven-
tion, a personalized approach should be prior-
itized, focusing on key areas such as the 
identification of at-risk patients and the imple-
mentation of robust monitoring and follow-up 
strategies.32,55

Limitations
Some limitations should be acknowledged when 
interpreting our findings. First, the cross-sec-
tional design of our study did not allow us to 
make any inference on the causal relationship 
between the explored clinical factors and hyper-
ammonemia. Second, since our study was based 
on a relatively limited number of participants 
without any sample size estimation, we should 
not rule out further associations between putative 
variables and hyperammonemia possibly not 
detected by our analyses (i.e., the use of specific 
drug classes). In addition, the relatively rough 
variable “polypharmacy” may introduce the 
potential for residual confounding, preventing the 
specificity needed to meaningfully inform clinical 
practice in the context of VPA-associated hyper-
ammonemia. Future analyses with more detailed 
medication classification (e.g., focusing on drug 
classes known to affect ammonium metabolism 
or hepatic function) would be valuable in better 
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delineating these interactions. Third, the lack of 
information on additional potential confounders, 
such as prior VPA use duration, recent dose adjust-
ments, and medication adherence, somewhat lim-
its our conclusions. Similarly, additional factors 
potentially contributing to the development of 
hyperammonemia, such as genetic polymorphisms 
affecting urea cycle enzymes, nutritional status, 
and underlying metabolic disorders,56 could not 
be assessed. Further investigation into these vari-
ables is needed to delve deeper into the patho-
physiology of VPA-induced hyperammonemia. 
Finally, our study assumed just a categorical per-
spective for hyperammonemia and covariates, 
such as AUD and SUD, since our sample size did 
not allow us to consider their duration and sever-
ity. Additional studies are needed to analyze 
whether putative clinical variables correlate with 
hyperammonemia severity.

Conclusion
Our study provides additional insights into fac-
tors associated with VPA-induced hyperammone-
mia and the need for careful monitoring with 
particular regard to complex conditions, includ-
ing comorbid AUD and the prescription of multi-
ple psychotropic medications. Identifying relevant 
correlates of hyperammonemia may be useful in 
clinical practice, particularly considering the 
complexity of predicting this condition. Additional 
studies are needed to test the generalizability of 
our findings and to explore the potential causal 
role of these and other clinical features on VPA-
induced hyperammonemia.
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