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ABSTRACT 33 

Few studies have evaluated the influence of valproate on the deterioration of the lipid 34 

profile in psychiatric patients. 35 

This observational study aimed to compare the evolution of metabolic parameters in 36 

a sample of adult patients starting valproate (n=39) with a control group (n=39) of 37 

patients starting aripiprazole, a drug associated with a low risk of metabolic 38 

deterioration. 39 

Data were obtained from a prospective study including psychiatric patients with 40 

metabolic parameters monitored during the first year of treatment. During the first 41 

month of treatment with valproate (median: 31 days (IQR: 25-36)), mean body mass 42 

index increased significantly (from 24.8 kg/m2 at baseline to 25.2 kg/m2 after one 43 

month; p=0.03) and mean HDL-C levels decreased significantly (from 1.39 mmol/l to 44 

1.27 mmol/l; p=0.02). In comparison, these metabolic variables remained stable during 45 

the first month of treatment with aripiprazole. The proportion of patients with early (i.e. 46 

during the first month of treatment) HDL-C decrease of ≥5% was significantly higher 47 

under valproate (54%) than aripiprazole (15%) treatment (p<0.001). 48 

These findings remind the importance of a prospective metabolic monitoring in 49 

patients who initiate valproate treatment. Further research should be conducted on 50 

larger samples and should focus on finding effective interventions to prevent such 51 

metabolic adverse effects. 52 

  53 



3 
 

INTRODUCTION 54 

 55 

Individuals with severe mental illness such as schizophrenia, bipolar and major 56 

depressive disorders have a reduced life expectancy of 10-15 years compared to 57 

subjects from the general population 1,2. Most of this premature mortality has been 58 

attributed to cardiovascular-related diseases. Some risk factors implying complex 59 

mechanisms may explain this excess cardiovascular risk, including psychiatric 60 

disease-related factors, unhealthy lifestyle and adverse effects of treatment 3. Thus, 61 

the use of psychotropic medications such as antipsychotics (most atypical but also 62 

some typical), mood stabilizers (e.g. lithium and valproate) and some antidepressants 63 

(e.g. mirtazapine) can increase the risk of metabolic disorders including obesity, type 64 

2 diabetes, hypertension and dyslipidemia 4. 65 

Components of the metabolic syndrome may develop early during psychotropic 66 

treatment and may initiate a steady process leading to cardiometabolic diseases in the 67 

longer-term, underlining the importance to monitor metabolic parameters 68 

prospectively 5. A recent longitudinal study conducted in 181 patients showed that lipid 69 

increases during the first month of treatment (i.e. for total cholesterol (TC), low-density 70 

lipoprotein cholesterol (LDL-C), triglycerides (TG) or non-high-density lipoprotein 71 

cholesterol (non-HDL-C)) by ≥5% and early decrease of high-density lipoprotein 72 

cholesterol (HDL-C) by ≥5% were the best predictors for subsequent important 73 

worsening of the lipid profile in the longer term of psychotropic treatment 6. 74 

Interestingly, univariable analyses in the latter study showed that most patients taking 75 

valproate (i.e. 87.5%) had a decrease of HDL-C by ≥5% during the first month of 76 

treatment. However, due to the low number of patients receiving valproate (n=8), 77 

further analyses could not be performed. Although many studies investigated the 78 

influence of this anticonvulsant on worsening of the lipid profile in the last twenty years, 79 
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most of them were case-control studies (i.e. their design was not longitudinal) and/or 80 

did not include adult patients 7-9. To the best of our knowledge, only two longitudinal 81 

studies in adult patients examined the influence of valproate on worsening of lipid 82 

parameters. In the first study including 34 epileptic women, valproate was associated 83 

with a worsening of lipid parameters after one year of treatment in individuals whose 84 

body mass index (BMI) was higher than 23 kg/m2 at baseline 10, while in the second 85 

study including 73 bipolar patients, no deterioration of HDL-C levels was observed 86 

during treatment with valproate after 12 weeks of treatment 11. Because of these 87 

discrepant results, we aimed to evaluate early deterioration of metabolic parameters 88 

(especially HDL-C levels) in a longitudinal observational psychiatric sample of adult 89 

patients taking valproate, in comparison with a control group of patients taking a 90 

psychotropic drug associated with a low risk to induce metabolic disturbances (i.e. 91 

aripiprazole 4,12,13), an antipsychotic drug also used for the treatment of mania in 92 

bipolar disorders. 93 

 94 

 95 

  96 
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MATERIAL AND METHODS 97 

 98 
Study design 99 

Since 2007, a longitudinal observational study is ongoing in the Department of 100 

Psychiatry of the Lausanne University Hospital. Patients starting a psychotropic 101 

treatment known to have a potential to induce metabolic disturbances (i.e. 102 

antipsychotics, mood stabilizers and some antidepressants, as listed in S1 Table) 103 

were included. Monitoring of physical health risk factors during treatment includes 104 

prospective assessments of BMI, waist circumference, fasting glucose, lipid profile, 105 

blood pressure and tobacco smoking 14.  The present study included patients with 106 

informed consent from an ongoing study (PsyMetab) as described elsewhere 15. In 107 

addition, data of patients in the clinical follow-up (PsyClin) were obtained in the 108 

hospital or in outpatients centers during medical examinations based on the 109 

departmental guideline for metabolic follow-up performed on a routine basis 5. Both 110 

studies were approved by the ethics committee of the Lausanne University Hospital. 111 

Patients with available lipid levels at least at baseline (i.e. before starting valproate or 112 

aripiprazole) and after the first month of treatment (≥15 and ≤45 days of treatment) 113 

with no lipid-lowering treatment were included in the present study, as described in S1 114 

Figure. Of note, in order to consider the best control group as possible in terms of 115 

aripiprazole influence on metabolic variables, patients with a long duration of 116 

psychiatric illness (and of psychotropic treatments including metabolic disturbances) 117 

were excluded from the control group (n=39). Low HDL-C, high LDL-C, high TG and 118 

high TC levels were defined by HDL hypocholesterolemia (≤ 1 mmol/l; ≤ 39 mg/dL), 119 

LDL hypercholesterolemia (≥3 mmol/l; ≥ 116 mg/dL), hypertriglyceridemia (≥2 mmol/l; 120 

≥ 177 mg/dL) and hypercholesterolemia (≥ 5 mmol/l; ≥ 193 mg/dL), respectively, 121 

and/or by the prescription of a lipid-lowering drug (S2 Table), according to European 122 
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Society of Hypertension and of the European Society of Cardiology (ESH/ESC) 123 

guidelines 16.  124 

 125 

Statistical analyses 126 

 127 
Univariable analyses 128 

For the comparison of metabolic variables between baseline and the first month of 129 

treatment, univariable analyses were conducted using McNemar tests for categorical 130 

variables. Paired t-tests were conducted for comparing continuous metabolic variables 131 

between baseline and the first month of treatment because their differences were 132 

normally distributed. 133 

For the comparison of categorical and continuous (right-skewed distributed) metabolic 134 

variables across valproate and aripiprazole treatments, chi-squared and Wilcoxon 135 

ranksum tests were used, respectively. 136 

Multivariable analyses 137 

Linear models on percentage changes of metabolic outcomes during the first month 138 

of treatment with valproate or aripiprazole, adjusted for age, sex, smoking status and 139 

the baseline values of the corresponding metabolic outcome were conducted using 140 

the nlme package of R. Percentage changes of metabolic variables during the first 141 

month of valproate treatment were calculated as follow: (Metabolic variable at first 142 

month – metabolic variable at baseline)/ metabolic variable at baseline. Graphical 143 

diagnostics for fit adequacy and the gvlma package of R were used to perform 144 

validation of the linear models.   145 

The nlme package of R was also used to fit a linear mixed effect model on HDL-C 146 

levels and BMI outcomes, adjusting for age, sex, smoking status, BMI (whenever 147 
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applicable), treatment duration and baseline value of the corresponding outcome. The 148 

fitted linear mixed effect model had a random effect at the subject level.  149 

Statistical significance was determined by a p-value ≤0.05. Statistical analyses were 150 

performed using Stata 14 (StataCorp, College Station TX, USA) and R environment 151 

for statistical computing version 3.3.1. 152 

  153 
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RESULTS 154 

Demographic and clinical characteristics of the psychiatric sample 155 

Demographic and clinical characteristics of the psychiatric sample are shown in Table 156 

1. Thirty-nine patients receiving valproate and thirty-nine patients receiving 157 

aripiprazole (as a control group) were included. Among patients taking valproate, most 158 

patients were women (59%), median age was 42 years (interquartile range (IQR): 33-159 

55), bipolar disorders (F30-F31.9) were the most frequent diagnosis (33%) and more 160 

than half of the patients smoked (54%). Patients included in the control group (i.e. 161 

taking aripiprazole) were less frequently suffering from bipolar disorders (8% versus 162 

33%, p=0.005) and more frequently suffering from depressive disorders (15% versus 163 

2.5%, p=0.048) and had a lower number of hospitalization (median (IQR): 1 (0.5-1) 164 

versus 3 (2-20); p=0.004), and a shorter duration of psychiatric illness (median (IQR): 165 

1 (0-2) versus 9 (5.5-15.5) years; p=0.003), as compared to patients taking valproate.   166 

Deterioration of metabolic parameters during treatment with valproate 167 

Table 2 shows that during the first month of treatment with valproate, (35 days (IQR: 168 

25-45)), mean BMI significantly increased (from 24.8 kg/m2 at baseline to 25.2 kg/m2 169 

after one month; p=0.03) and mean levels of HDL-C significantly decreased (from 1.39 170 

mmol/l at baseline to 1.27 mmol/l after one month; p=0.02), while no significant 171 

modification of these metabolic variables was observed during the first month of 172 

treatment with aripiprazole. Of note, no significant deterioration was observed for other 173 

metabolic variables (i.e. TC, LDL-C, non-HDL-C and fasting TG) during the first month 174 

of valproate or aripiprazole treatment. The proportion of patients with early 175 

deterioration of HDL-C levels (i.e. HDL-C decrease ≥5% after one month of treatment) 176 

was significantly higher in patients who started valproate as compared to patients who 177 

started aripiprazole (54% versus 15%, respectively, p<0.001). In addition, early 178 



9 
 

change of HDL-C (calculated as the difference of HDL-C levels during the first month 179 

divided by HDL-C levels at baseline) was significantly different across the two 180 

treatments (p=0.004). Figure 1 illustrates the comparison of HDL-C change over the 181 

first month of aripiprazole or valproate. Among patients starting valproate, eighteen 182 

patients (46%) and 6 patients (15%) received one or two concomitant psychotropic 183 

drugs that may induce metabolic disturbances, respectively (as listed in S1 Table), 184 

whereas 15 patients (38%) received valproate as the only agent known to have a risk 185 

on metabolic parameters and 16 patients (41%) received at least another psychotropic 186 

drug inducing metabolic disturbances (Table 1). In comparison, patients starting 187 

aripiprazole started more frequently this treatment in monotherapy (72% versus 38%; 188 

p=0.003) and received less frequently one or two concomitant psychotropic drugs 189 

(26% versus 46%, p=0.02 and 2.5% versus 15%, p=0.048, respectively) or another 190 

psychotropic drug inducing lipid disturbances (13% versus 41%, p=0.005). Of note, 191 

among patients who started valproate treatment as the only agent known to have a 192 

risk on metabolic parameters (n=15), 6 (40%) had an early deterioration of HDL-C 193 

levels, which was higher (trend) than in patients taking aripiprazole (6/39=15%; 194 

p=0.051) (Table 2).  It should be mentioned that in patients starting aripiprazole, mean 195 

BMI was significantly higher at baseline (28.1 kg/m2)  and after one month of treatment 196 

(28.1 kg/m2) than in patients starting valproate (24.8 kg/m2 at baseline; p=0.02 and 197 

25.2 kg/m2 after one month; p=0.03). This could tentatively be explained by the fact 198 

that the prescription of aripiprazole is favored in patients suffering from metabolic 199 

diseases.  200 

Clinical moderators of metabolic worsening during treatment with valproate 201 

Multivariable analyses allowed determining some associations between clinical factors 202 

and worsening of metabolic parameters during the first month of treatment with 203 
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valproate (S3 Table). Baseline HDL-C levels were negatively associated with the 204 

evolution of HDL-C (in %), with each additional unit of baseline HDL-C increasing the 205 

HDL-C decrease during the first month of treatment by 27.3% (p=0.002; S2 Figure). 206 

However, no other clinical variable was associated with the percentage of BMI change 207 

during the first month of treatment with valproate.  Analyses considering raw values of 208 

HDL-C and of BMI during the first year of treatment were consistent with these findings 209 

(S4 Table; S3 Figure). In addition, men had lower HDL-C levels than women over the 210 

course of valproate treatment (p=0.02; S4 Table).  Figures 2a and 2b show the 211 

evolution of HDL-C levels, stratified by gender, in patients taking valproate or 212 

aripiprazole. 213 

 214 

  215 
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DISCUSSION 216 

In the present longitudinal study, early metabolic worsening (i.e. decrease of HDL-C 217 

levels and increase in BMI) was observed during treatment with valproate, but not 218 

aripiprazole.  219 

These findings are not fully consistent with the two previous longitudinal studies on 220 

adults treated with valproate. Thus, the first study found a worsening of lipid 221 

parameters after one year of treatment in Indian epileptic women whose BMI was 222 

higher than 23 kg/m2 10, whereas the second did not show any deterioration of HDL-C 223 

deterioration after 12 weeks of treatment in Asian bipolar patients 11. These contrasting 224 

results can possibly be explained by differences in ethnicity (our study included mostly 225 

Caucasian patients (i.e. 89% of patients with available ethnicity data)). Indeed, 226 

ethnicity has been identified as a strong predictor of blood lipid levels in a recent study 227 

17.  228 

Multiple factors including illness characteristics and treatment-related factors influence 229 

the risk of psychotropic drugs to induce metabolic deterioration. Thus, drug naïve 230 

and/or first-episode patients are more prone to develop metabolic deterioration as 231 

compared to patients with a long treatment and/or illness history 18,19. In the present 232 

study, early metabolic deterioration was observed in patients starting valproate even 233 

if they had a longer history of psychiatric illness and of psychotropic drugs than 234 

patients starting aripiprazole, which emphasizes the influence of valproate on the 235 

deterioration of metabolic factors (i.e. BMI and HDL-C levels). 236 

In the present study, patients starting aripiprazole had no early metabolic worsening, 237 

which is in agreement with a previously published review 3.  Elevated values of BMI 238 

were already observed before starting aripiprazole, possibly explained by multiple 239 

causes, including personal factors. Considering that this control group included 240 
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patients with a short psychiatric illness duration with a low prevalence of co-241 

prescription of psychotropic drugs inducing metabolic disturbances, it seems unlikely 242 

that the observed elevated BMI values at baseline exclusively resulted from past 243 

psychotropic treatments. On the other hand, the over-representation of overweight 244 

patients in this control group may be explained by the fact that having a low propensity 245 

to induce metabolic deterioration, aripiprazole is often prescribed in patients who 246 

already suffer from metabolic disturbances 13. Of note, because a previous meta-247 

analysis reported that the prevalence of metabolic syndrome is comparable across 248 

psychiatric diagnosis groups 20, the observed diagnosis differences between patients 249 

starting valproate and aripiprazole may not fully explain the observed difference in 250 

baseline BMI.  It is noteworthy that values of lipid levels at baseline were not 251 

statistically different between patients who started valproate or aripiprazole treatment. 252 

A considerable drop-out rate was observed during the present metabolic follow-up, 253 

reducing the number of available observations by 50% and 75% after three and twelve 254 

months of treatment, respectively, possibly due to multiple factors such as the 255 

diagnosis,  treatment switching, the refusal of outpatients to be followed-up and/or 256 

poor medication adherence. Because the drop-out rate in patients taking aripiprazole 257 

(43% after 3 months and 78% after one year) was comparable, we can suggest that it 258 

may result from other than side effect-related factors. The present considerable drop-259 

out rate decreased the power to detect any metabolic difference in the longer-term of 260 

treatment. Of note, because of the observational setting of the study, no power 261 

calculation was performed. However, previous studies conducted in similar settings 262 

observed that early (i.e. during the first month) modifications of metabolic parameters 263 

(e.g. lipid levels 6 or BMI 21) could predict important metabolic deterioration in the 264 

longer-term of treatment. Therefore, the observed considerable prevalence of patients 265 
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with early HDL-C decrease higher or equal to 5% during the first month of treatment 266 

suggests that a significant proportion of patients under valproate treatment may 267 

develop clinically important metabolic deterioration in the longer-term of valproate 268 

treatment.   Further longitudinal studies including a higher number of observations 269 

would help to characterize the evolution of HDL-C levels over longer periods of 270 

valproate treatment, as well as to specifically include patients under valproate 271 

treatment as the only agent known to have a risk on metabolic parameters. Thus, 272 

alterations in metabolic parameters could result from the combination of valproate with 273 

other co-prescribed psychotropic drugs inducing metabolic disturbances (such as 274 

antipsychotics, mood stabilizers (e.g. lithium), or antidepressants (e.g. mirtazapine) 4. 275 

In the present study, although statistical tests could not be performed because of the 276 

small number of patients starting valproate as a monotherapy, the proportion of 277 

patients with early decrease of HDL-C levels among this patients was considerable 278 

(40%, data not shown). In addition, although 61.5% (24/39) patients who started 279 

valproate received another psychotropic drug that may induce metabolic disturbance 280 

as a comedication, this comedication was in most of the cases already prescribed 281 

before starting valproate treatment. This underlines that metabolic deterioration 282 

observed during the first month of valproate treatment is relatively specific to the 283 

influence of valproate. 284 

During the first month of treatment with valproate in monotherapy (median of 35 days; 285 

IQR: 25-45 days), levels of HDL-C decreased by 0.17 mmol/l (i.e. from 1.39 to 1.27 286 

mmol/l, corresponding to a 9 % decrease). This HDL-C decrease associated with 287 

valproate appeared to be as important as alterations of HDL-C observed in patients 288 

being prescribed atypical antipsychotics associated with an important risk of 289 

developing dyslipidemia (e.g. olanzapine and quetiapine). Thus, previous studies on 290 
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the deterioration of metabolic parameters in patients receiving olanzapine or 291 

quetiapine in monotherapy reported HDL-C decrease of 0.07 mmol/l after 6 weeks 22 292 

or 0.2 mmol/l after 8 weeks 23 for olanzapine and of 0.01 mmol/l after 8 weeks 24 or 293 

0.03 mmol/l after 8 weeks 25 for quetiapine. Of note, in the present study, valproate 294 

combined with high-risk drugs for lipid level worsening (including mainly second-295 

generation antipsychotics) did not induce a significantly stronger worsening of HDL-C 296 

during the first month of treatment as compared to valproate in monotherapy. Low 297 

levels of HDL-C have been related with increased cardiovascular disease morbidity 298 

and mortality 26, with each additional 1% decrease in HDL-C levels increasing the risk 299 

by 2-3 percent to develop cardiovascular disease 27. Thus, the present HDL-C 300 

decrease during the first month of treatment with valproate appears clinically relevant 301 

and underlines the importance of monitoring the lipid profile when initiating this 302 

medication.  303 

To date, even if exact mechanisms underlying metabolic side effects associated with 304 

valproate are poorly understood, possible molecular mechanisms of weight gain 305 

associated with valproate were proposed. Valproate was reported to induce an 306 

increased GABA stimulation of the hypothalamus as well as increased levels of insulin 307 

and leptin leading to insulin- and leptin-resistance 10. Besides, the valproate-induced 308 

regulation of β-oxidation of free fatty acids would be one possible mechanism to 309 

explain the influence of this mood stabilizer on HDL-C levels 28. 310 

The results of the present observational study should be considered with the following 311 

limitations. First, the majority of patients were not drug naïve, and the observed 312 

metabolic condition at baseline may have resulted from past treatments. However, 313 

such patients represent the majority of psychiatric populations. Second, environmental 314 

changes such as physical exercise or diet habits throughout the treatment, which 315 
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would have influenced the evolution of metabolic parameters, were not available and 316 

their effects were not taken into account. Third, the number of patients taking valproate 317 

in monotherapy was insufficient to perform multivariate analyses in this subgroup of 318 

patients. Fourth, a sample including a higher number of patients would enable to have 319 

more power. In addition, additional observations in the longer-term would allow to 320 

evaluate the evolution of lipid parameters in a longer period of treatment and to confirm 321 

the present findings. Strengths of the present study included its naturalistic and 322 

longitudinal design. 323 

  324 
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CONCLUSION 325 

In conclusion, this study reminds the importance of monitoring metabolic 326 

parameters including the lipid profile following the introduction of valproate. Further 327 

research should be conducted on larger samples and should focus on finding 328 

effective interventions to prevent such metabolic adverse effects. In case of 329 

metabolic disturbance, if clinically possible, this mood stabilizer and/or antiepileptic 330 

drug should be replaced after a careful evaluation of the risk-benefit ratio of a drug 331 

switch. Considering the major consequences of dyslipidemia on morbidity and 332 

mortality, it is critical that healthcare professionals be aware of the risks associated 333 

with the prescription of valproate. 334 

  335 
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Table 1. Clinical characteristics of patients starting valproate or aripiprazole 358 
 359 

 360 
 361 
Only patients without any lipid-lowering medication are included. Values in bold are significant. 362 
1. Includes antipsychotics, lithium or mirtazapine. In the present sample, agent co-prescribed with valproate included aripiprazole, 363 
haloperidol, mirtazapine, olanzapine or quetiapine. 364 
2. Includes antipsychotics, lithium or mirtazapine. In the present sample, agents co-prescribed with valproate included amisulpride, 365 
asenapine, haloperidol, lithium, mirtazapine, quetiapine, risperidone and/or zuclopenthixol. 366 
3. Includes clozapine, mirtazapine, olanzapine and/or quetiapine. In the present sample, no patient starting valproate received two co-367 
prescribed agents inducing lipid disturbances, while 2 patients starting aripiprazole received two co-prescribed agents inducing lipid 368 
disturbances. 369 
*P values were calculated using Wilcoxon rank-sum tests for continuous variables and chi-squared tests for categorical variables. 370 
  371 

N N p-value*

Age, median (IQR), years 39 42 (33-55) 39 36 (28-53) 0.21

Men, n(%) 39 20 (51.3) 39 17 (43.6) 0.49

Smoking, n(%) 39 21 (53.9) 39 19 (48.7) 0.21

Diagnosis, n(%) 39 39

Psychotic disorders 3 (7.7) 9 (23.1) 0.06

Schizoaffective disorders 7 (18.0) 4 (10.3) 0.33

Bipolar disorders 13 (33.3) 3 (7.7) 0.005

Depressive disorders 1 (2.5) 6 (15.4) 0.048

Organic disorders 1 (2.5) 0 (0) 0.31

Other 3 (7.7) 4 (10.3) 0.69

Not available 11 (28.2) 13 (33.3) 0.62

Number of hospitalization, median (IQR) 9 3 (2-20) 8 1 (0.5-1) 0.004

Psychiatric illness duration, median (IQR), years 12 9 (5.5-15.5) 7 1 (0-2) 0.003

Information on psychotropic treatment

Treatment in monotherapy, n(%) 15 (38.4) 28 (71.8) 0.003

Treatment combined with another psychotropic drug1 18 (46.1) 10 (25.6) 0.02

Treatment combined with two other psychotropic drugs2 6 (15.4) 1 (2.5) 0.048

Treatment combined with at least one psychotropic 16 (41.0) 5 (12.8) 0.005

drug inducing lipid disturbances3

Clinical characteristics
Valproate Aripiprazole
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Table 2. Evolution of metabolic parameters in patients starting valproate or aripiprazole 372 

 373 

 374 
 375 
Only patients without any lipid-lowering medication are included. Values in bold are significant. V: valproate. A: aripiprazole. 376 
Early change of metabolic variables were calculated as (((metabolic variable after the first month of treatment-metabolic 377 
variable at baseline)/metabolic variable at baseline)*100). 378 
1. Includes observations collected between 15 and 45 days of valproate treatment. 379 
2. Includes observations collected between 46 and 135 days of valproate treatment. 380 
3. Includes observations collected between 136 and 535 days of valproate treatment. 381 

Metabolic parameters V/A N Baseline N
After 

1 month 1
p-value* N

After 

3 months 2
p-value* N

After 

12 months 3
p-value*

V 35 24.8 (4.9) 35 25.2 (5.0) 0.03 22 26.75 (4.9) 0.02 10 26.0 (4.47) 0.7

A 34 28.1 (5.6) 34 28.1 (5.4) 0.65 14 29.8 (5.7) 0.06 3 32.6 (2.85) 0.13

p-value* 0.02 0.03

V 35

A 34

p-value*

V 35

A 34

p-value*

V 39 1.39 (0.37) 39 1.27 (0.33) 0.02 24 1.32 (0.32) 0.53 9 1.48 (0.41) 0.79

A 39 1.25 (0.43) 39 1.30 (0.40) 0.06 15 1.37 (0.31) 0.36 4 1.22 (0.10) 0.22

p-value* 0.11 0.59

V 39

A 39

V 39

A 39

p-value*

V 39 4.71 (0.94) 39 4.58 (0.94) 0.21 24 4.81 (0.90) 0.8 9 4.77 (1.04) 0.97

A 38 4.82 (1.09) 38 4.70 (0.97) 0.25 15 5.03 (1.22) 0.56 4 5.36 (1.28) 0.58

p-value* 0.49 0.48

V 39

A 38

V 39

A 38

p-value*

V 37 2.65 (0.82) 37 2.62 (0.77) 0.77 23 2.74 (0.74) 0.52 9 2.64 (0.89) 0.77

A 36 2.89 (0.99) 36 2.76 (1.01) 0.22 15 3.10 (1.12) 0.51 4 3.56 (1.11) 0.27

p-value* 0.2 0.52

V 37

A 36

V 37

A 36

p-value*

V 27 1.44 (1.01) 27 1.21 (0.62) 0.24 16 1.61 (0.63) 0.93 7 1.24 (0.30) 0.78

A 30 1.62 (0.99) 30 1.37 (0.71) 0.07 12 1.25 (0.47) 0.46 3 1.17 (0.25) 0.08

p-value* 0.33 0.56

V 27

A 30

V 27

A 30

p-value*

V 39 3.32 (1.03) 39 3.3 (0.99) 0.82 24 3.49 (0.97) 0.98 9 3.29 (0.67) 0.92

A 38 3.57 (1.06) 38 3.40 (1.01) 0.09 15 3.66 (1.19) 0.67 4 4.14 (1.22) 0.68

p-value* 0.25 0.55

V 39

A 38

V 39

A 38

p-value*

N
o

n
-H

D
L-

C

NonHDL-C (mmol/l), mean (sd)

Early nonHDL-C increase (≥ 5%), n(%)
15 (38.4)

13 (34.2)

0.7

Early nonHDL-C change (%), mean (sd)
2.16 (25.1)

-2.89 (16.1)

0.45

TG

TG (mmol/l), mean (sd)

Early TG increase (≥ 5%), n(%)
12 (44.4)

10 (33.3)

0.39

Early TG change (%), mean (sd)
1.33 (46.1)

-5.4 (38.7)

0.52

LD
L-

C

LDL-C (mmol/l), mean (sd)

Early LDL-C increase (≥ 5%), n(%)
12 (32.4)

13 (36.1)

0.74

Early LDL-C change (%), mean (sd)
1.81 (26.4)

-2.96 (19.8)

0.53

TC

Total cholesterol (mmol/l), mean (sd)

Early TC increase (≥ 5%), n(%)
12 (30.8)

12 (31.6)

0.94

Early TC change (%), mean (sd)
-2.01 (14.3)

-0.88 (13.7)

0.66

H
D

L-
C

HDL-C (mmol/l), mean (sd)

Early HDL-C decrease (≥ 5%), n(%)
21 (53.9) **

6 (15.4)

<0.001

Early HDL-C change (%), mean (sd)
-5.67 (20.5)

6.79 (19.3)

0.004

B
M

I

BMI (kg/m2), mean (sd)

Early BMI increase (≥ 5%), n(%)
5 (14.3)

3 (8.8)

0.48

Early BMI change (%), mean (sd)
1.76 (4.50)

-0.01 (2.83)

0.12
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*P values were calculated using Wilcoxon rank-sum tests for continuous variables and chi-squared tests for categorical 382 
variables. 383 
** Of note, among patients who started valproate treatment as the only agent known to have a risk on metabolic parameters 384 
(n=15), 6 (40%) had an early HDL-C decrease ≥5%, which is higher (trend) than in patients taking aripiprazole (6/39=15%; 385 
p=0.051). 386 
 387 
  388 
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 389 

 390 
 391 
Figure 1. Early change of HDL-C (in %) according to treatment group 392 

Boxplots indicate median and interquartile range values of early change of HDL-C levels (in %). Each 393 
point represents a single patient. Early change of HDL-C was calculated as ((HDL-C levels after the 394 
first month of treatment - HDL-C levels at baseline) / HDL-C levels at baseline)*100. 395 
  396 
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 397 
 398 
Figure 2a399 
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 400 
 401 
 402 

Figure 2b 403 

  404 
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 405 

 406 
Figure 2. HDL-C levels according to gender and the period of valproate (Figure 407 
2a) or aripiprazole (Figure 2b) treatment. 408 

Boxplots indicate median and interquartile range values of HDL-C levels. Number of patients are 409 
indicated in each period of valproate or aripiprazole treatment. >1 month indicates treatment duration 410 
above 1 month (i.e. from 46 days of treatment; median of treatment duration = 104 days (IQR: 88-132 411 
days). If multiple observations were available for the same patient in the treatment period of >1 412 
month, only one observation (i.e. the closest to the first month) was considered. 413 
  414 
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