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Abstract

Aim: This study aimed to investigate the association between the coefficient of variation (CV%) of valproic acid (VPA) and albumin 
levels and mood episode status in patients with bipolar disorder who maintained therapeutic VPA concentrations.
Material and Method: Patients diagnosed with bipolar disorder who had been under follow-up for at least two years between 2018 
and 2023 were retrospectively analyzed. Inclusion criteria required at least three annual measurements of simultaneous serum VPA 
and albumin levels, with VPA consistently within the therapeutic range (45–100 µg/mL). Patients were categorized based on episode 
occurrence. Mean values, standard deviation (SD), and CV% were calculated for VPA and albumin levels.
Results: A total of 90 patients with bipolar disorder were included, with 45 experiencing episodes and 45 remaining episode-free. The 
mean of the last six albumin measurements was significantly lower in the episode group (t=–2.688, p=0.009). While the CV% of total 
VPA levels did not differ significantly between groups, the CV% of albumin-adjusted VPA levels was significantly higher in the episode 
group (z=–2.005, p=0.045). Episode frequency showed a statistically significant but weak positive correlation with both normalized SD 
(r=0.281, p=0.007) and normalized CV% (r=0.260, p=0.013).
Conclusion: This study found that individuals with bipolar disorder who experienced episodes had significantly lower serum albumin 
levels, and that albumin-adjusted VPA fluctuations showed a weak but positive correlation with episode occurrence. Prioritizing the 
CV% of albumin-adjusted VPA measurements may play a significant role in monitoring episode risk in patients with bipolar disorder. 
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INTRODUCTION
Bipolar disorder is a chronic psychiatric illness marked 
by recurrent episodes of depression and either mania or 
hypomania (1). While bipolar I disorder includes episodes of 
both depression and full mania, bipolar II disorder is defined 
by the occurrence of depressive episodes accompanied by 
hypomanic episodes—milder periods of mood elevation 
that typically do not lead to marked functional impairment 
(2). Epidemiological studies indicate that the lifetime 
prevalence of bipolar disorder is approximately 2.4%, with 
a 12-month prevalence of around 1.5% (3).

In patients diagnosed with bipolar disorder, regular 
treatment and follow-up are necessary to reduce the 
frequency of episodes and to minimize the negative 

psychological and social impacts associated with the 
illness. Since 70% of patients are at risk of relapse within 
5 years, continuity of treatment and regular follow-up are 
of great importance (4,5). Preventing the recurrence of 
depressive or manic episodes is a major challenge in the 
long-term management of patients with bipolar disorder. 
Valproic acid (VPA) is considered a reliable treatment 
option for individuals with bipolar disorder due to its 
long-term efficacy in reducing episode recurrence and 
enhancing overall quality of life (6-9). Due to its narrow 
therapeutic window, potential for drug–drug interactions 
and significant variability in pharmacokinetics across 
individuals, VPA treatment necessitates routine monitoring 
of serum levels (10). In addition, the absorption and 
elimination of VPA are affected by its non-linear kinetics 
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and variable protein binding, factors that can change 
notably between different age groups (9). Leading clinical 
guidelines such as those from the British Association 
for Psychopharmacology (11), the Canadian Network 
for Mood and Anxiety Treatments (8), the International 
Society for Bipolar Disorders, and the National Institute 
for Health and Care Excellence (12) do not recommend a 
specific optimal serum VPA range; instead, they emphasize 
the importance of maintaining serum levels within the 
generally accepted therapeutic range (e.g., 50–100 µg/
mL) (9). The 2013 guideline of the World Federation of 
Societies of Biological Psychiatry recommended a VPA 
concentration range of 45–100 µg/mL for patients with 
bipolar disorder (13). 

VPA is transported in the blood with approximately 90% 
bound to serum proteins, particularly albumin. Research 
indicates that variations in serum albumin concentrations 
may influence the proportion of unbound VPA in the 
bloodstream (9,14). The free drug concentration is the 
active portion responsible for the drug's therapeutic effect. 
Due to the technical difficulty of analyzing free drug levels 
in many laboratories, total VPA levels are commonly 
measured instead. In cases where free drug levels cannot 
be analyzed to assess drug efficacy, corrected VPA levels—
calculated using total VPA levels in conjunction with serum 
albumin levels—are considered to be more informative. 
Although these calculation formulas are utilized in research 
settings, they have not been routinely implemented in 
everyday clinical practice (15). 

The coefficient of variation (CV) is a statistical metric 
used to assess the relative variability of a data set, 
independent of both the measurement unit and the 
magnitude of the mean. The coefficient is calculated 
by taking the ratio of the standard deviation (SD) to the 
mean and then multiplying by 100 to express the result 
as a percentage. Since CV reflects the dispersion of 
values relative to the mean, it is unitless and particularly 
advantageous when comparing variability across data 
sets with different scales or units. Unlike the SD, the 
CV enables more meaningful comparisons between 
groups with distinct magnitudes and measurement 
units, making it especially useful for classified or 
heterogeneous data series (16). 

There are studies that examine the relationship between 
patients' serum VPA levels and the risk of experiencing 
episodes (9,17,18). Although serum VPA levels may remain 
within the therapeutic range, some patients continue to 
experience manic and/or depressive episodes, suggesting 
that treatment response cannot be explained solely by 
serum concentrations (19). To the best of our knowledge, 
no existing study has conducted a detailed analysis of 
variability in serum VPA levels. This study aims to examine 
the relationship between fluctuations in VPA and albumin 
levels, and the frequency and risk of mood episodes, in 
patients diagnosed with bipolar disorder who experience 
episodes despite maintaining therapeutic VPA serum 
levels (45–100 µg/mL). 

MATERIAL AND METHOD
thical approval for the study was granted by the Non-
Interventional Clinical Research Ethics Committee of 
Adıyaman University (Approval No: 2023/3-20, dated 
14 November 2023), and all procedures adhered to the 
ethical standards outlined in the Declaration of Helsinki. 
Bipolar disorder diagnoses were established based on 
criteria defined in the DSM-5. According to the DSM-5 (20): 
“A manic episode is characterized by a distinct period 
of abnormally and persistently elevated, expansive, or 
irritable mood, lasting at least one week and present most 
of the day, nearly every day. During this period, individuals 
must exhibit at least three of the following symptoms 
(or four if the mood is irritable): inflated self-esteem 
or grandiosity, decreased need for sleep, increased 
talkativeness or pressure to speak, flight of ideas or 
subjective experience of racing thoughts, distractibility, 
an increase in goal-directed activity or psychomotor 
agitation, and excessive involvement in activities with 
a high potential for painful consequences. A major 
depressive episode is defined by the presence of five or 
more symptoms during the same two-week period, with 
at least one being either depressed mood or a marked 
loss of interest or pleasure. Other associated symptoms 
include significant changes in weight or appetite, sleep 
disturbances (insomnia or hypersomnia), psychomotor 
agitation or retardation, fatigue or loss of energy, feelings 
of worthlessness or excessive guilt, diminished ability 
to think or concentrate, indecisiveness, and recurrent 
thoughts of death or suicidal ideation.”

The clinical notes and laboratory results of bipolar 
disorder patients who presented to the psychiatry clinic 
of Adıyaman Training and Research Hospital between 
2018 and 2023 were retrospectively reviewed in the 
hospital information system. Patients were included 
in the study based on the following criteria: absence of 
organic diseases such as hepatic or renal disorders that 
could affect serum VPA and albumin levels; a diagnosis 
of bipolar disorder with regular follow-up over a two-year 
period; availability of at least three annual measurements 
of serum VPA and simultaneous albumin levels; and 
serum VPA levels consistently within the therapeutic 
range (45–100 µg/mL). Patients were excluded if they 
had organic conditions (e.g., liver or kidney diseases) that 
could influence serum VPA concentrations, had fewer than 
three annual VPA measurements, lacked simultaneous 
albumin data, or failed to attend regular follow-up visits. 
Patients were divided into two groups based on their 
most recent clinical evaluation: those who had serum 
VPA levels within the therapeutic range and experienced 
at least one episode within the two-year period, and those 
with therapeutic serum VPA levels who remained episode-
free during the same period.

At the mental health and psychiatry clinic of Adıyaman 
Training and Research Hospital, VPA levels of bipolar 
patients in remission are routinely monitored at intervals 
of 3 to 6 months. To evaluate VPA and albumin levels, 
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5 cc of venous blood samples were collected from 
patients 12 hours after the nighttime VPA dose using 
the antecubital vein. The samples were analyzed using 
the spectrophotometric method on the Abbott Architect 
c16000 analyzer (Abbott Diagnostics Inc., Lake Forest, IL, 
USA), and the results were uploaded to the patient records 
system within a maximum of 3 days. According to this 
device, the reference range for VPA is 45–100 µg/mL. The 
patients' serum VPA levels, normalized according to their 
albumin values, were calculated using an online calculation 
tool designed based on the study by Hermida et al. (15). 

The study data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) version 23.0 for Windows, 
with a significance level set at p<0.05. For each patient 
included in the study, the mean, SD, and percent CV% 
of serum VPA, albumin levels, and albumin-normalized 
VPA values over a two-year period were calculated. The 
CV% was computed using the formula: (SD/mean) × 100. 
The normality of data distribution was evaluated using 
the Kolmogorov–Smirnov test. Descriptive statistics 
for quantitative variables were presented as medians 
along with interquartile ranges (IQRs). For comparisons, 
the Mann–Whitney U test was applied to non-normally 
distributed variables, while normally distributed data were 
analyzed using the Student's t-test. Categorical variables 
of the groups were compared through the Chi-square 
test. Associations between variables were explored using 
Spearman’s rank correlation. To determine the diagnostic 
performance of normalized CV% and SD in predicting 
episode risk, Receiver Operating Characteristic (ROC) 
curve analysis was utilized, assessing both sensitivity 
and specificity.

RESULTS
Between 2018 and 2023, a total of 1563 patients presented 
to the hospital, and after applying the exclusion criteria, 90 
patients were included in the study—45 in the patient group 
and 45 in the control group. Of the patients included in the 
study, 32.2% (n=29) were female, with a median age of 39 
years (33–46). No statistically significant differences were 
found between the two groups (those who experienced 
episodes and those who did not) in terms of age and gender 
(p=0.944 and p=0.259, respectively). The demographic 
data of the patients are presented separately for each 
group in Table 1.

The mean and SD values of the last VPA and albumin 
results—measured at the most recent visit and over the 
past two years (six values) —as well as the CV% values 
calculated using these two parameters, are presented in 
Table 1. No significant differences were found between 
bipolar patients with and without episodes in terms of 
duration of illness, last VPA level, or albumin level.

When the data obtained from the last six VPA values of 
the patients were compared, no significant differences 
were found between the groups in terms of mean and 
CV% values; however, the SD values were found to 
be significantly higher in the group that experienced 
episodes (p=0.048).

When the data obtained from the last six albumin levels 
of the patients were compared, the mean value was 
found to be significantly lower in the episode group 
[3.80 (3.55–4.11) vs 3.94 (3.78–4.21), p=0.009], while 
no statistically significant differences were observed in 
SD and CV% values.

Table 1. Demographic data and laboratory results of the patients with bipolar disorder

Episode group (n=45) 
(Median)

Non-episode group (n=45) 
(Median) P value

Age* 37 (33.5-45.5) 40 (32.5-46) 0.944 (z=-0.008)

Gender, (n%)

Female 12 (26.7%) 17 (37.8%)
0.259 (χ2=1.272)

Male 33 (73.3%) 28 (62.2%)

Duration of illness* 15(10-22.5) 12 (7.5-17.5) 0.082 (t=1.762)

Frequency of manic episodes in the last two years* 2 (2-3) 0

Frequency of depressive episodes in the last two years* 1 (1-1) 0

Total episode frequency in the last two years* 3 (2.5-4) 0

Last VPA level* 79.2 (65.5-89.6) 77.5 (62.5-86.65) 0.487 (t=0.730)

Mean of the last 6 VPA levels* 70.18 (67.78-85.12) 76.11 (68.49-84.12) 0.331 (z=-0.972)

SD of the last 6 VPA levels* 13.25 (9.78-17.17) 9.96 (7.29-15.22) 0.048 (z=-1.973)

CV% of the last 6 VPA levels* 18.26 (13.78-21.34) 14.20 (10.32-19.81) 0.084 (t=1.748)

Last ALB level* 3.90 (3.6-4.25) 4.00 (3.75-4.25) 0.171 (t=-1.381)

Mean of the last 6 ALB levels* 3.80 (3.55-4.11) 3.94 (3.78-4.21) 0.009 (t=-2.688)

SD of the last 6 ALB levels* 0.31 (0.21-0.4) 0.29 (0.19-0.39) 0.534 (z=-0.621)

CV% of the last 6 ALB levels* 7.87 (5.26-10.44) 7.44 (4.86-9.97) 0.345 (z=-0.944)

*The data is presented as median (Interquartile range); CV%: coefficient of variation, SD: standard deviation, VPA: valproic acid, ALB: albumin
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The data of VPA values normalized based on the patients’ 
current albumin levels are presented in Table 2. While no 
significant difference was found between the groups in 
the adjusted mean values of the last 6 normalized VPA 
results, the normalized SD and normalized CV% values 
were significantly higher in the group that experienced 

episodes [normalized SD: 23.28 (16.09–37.53) vs 20.09 
(12.46–28.01), p=0.030; normalized CV%: 23.57 (18.02–
36.15) vs 20.26 (15.17–28.68), p=0.045]. The lower mean 
albumin levels in the episode group led to relatively higher 
calculated normalized VPA values in this group, although 
the difference was not statistically significant.

Table 2. Valproic acid levels of the patients normalized based on serum albumin

Episode group (n=45)
(Median)

Non-episode group (n=45)
(Median) P value

Mean of the last 6 normalized VPA levels* 99.26 (84.64-115.08) 93.55 (76.78-105.23) 0.058 (z=-1.896)

SD of the last 6 normalized VPA levels* 23.28 (16.09-37.53) 20.09 (12.46-28.01) 0.030 (z=-2.175)

CV% of the last 6 normalized VPA levels* 23.57(18.02-36.15) 20.26 (15.17-28.68) 0.045 (z=-2.005)

*The data is presented as median (Interquartile range); CV%:coefficient of variation, SD: standard deviation, VPA: valproic acid

A statistically significant but weak correlation was 
observed between episode frequency and both normalized 
SD and normalized CV% (p=0.007, r=0.281; p=0.013, 
r=0.260, respectively). In the ROC analysis performed to 
assess the predictive value of normalized SD and CV% for 
mood episodes, the area under the curve (AUC) was 0.633 
(95% CI: 0.518–0.748; p=0.030) for SD and 0.623 (95% 
CI: 0.507–0.739; p=0.045) for CV%. Based on the Youden 
index, the optimal cutoff value for CV% in predicting 
episode occurrence was ≥17.55, yielding a sensitivity of 
82% and specificity of 40%. Similarly, the optimal cutoff 
for SD was ≥14.95, with the same sensitivity (82%) and 
specificity (40%) (Figure 1).

Figure 1. ROC analysis of normalized standard deviation and coefficient 
of variation in predicting mood episode risk

DISCUSSION
In this study, no statistically significant difference in 
gender distribution was found between the groups: 
patients who experienced manic or depressive episodes 
and those who did not, despite having therapeutic 
VPA levels. This finding is partially inconsistent with 
some reports in the literature. For instance, studies by 
Slyepchenko et al. (21) and Menculini et al. (22) have 

reported that rapid cycling episodes are more frequently 
observed in female patients. However, in our sample, 
gender did not significantly influence the likelihood 
of experiencing episodes. This discrepancy may be 
attributed to methodological differences such as the 
relatively small sample size, the potential influence 
of unmeasured biological or environmental factors 
affecting treatment response, or the fact that our study 
focused on episode frequency rather than the presence 
of rapid cycling. In addition, no statistically significant age 
difference was found between individuals diagnosed with 
bipolar disorder who experienced episodes and those who 
did not. However, it is noteworthy that both groups had a 
relatively higher mean age (approximately 37–40 years) 
compared to the general bipolar disorder population. 
This finding may reflect a greater motivation for regular 
clinical follow-up among older individuals, potentially due 
to age-related changes in VPA metabolism that increase 
the proportion of free drug and, consequently, the risk of 
toxicity, as reported in previous studies (23,24). Another 
possible explanation is that clinicians may adopt closer 
monitoring strategies for older patients in anticipation 
of age-related pharmacokinetic alterations. In this 
context, advanced age may not only indicate increased 
vulnerability to adverse effects but also signal the need 
for more careful clinical supervision.

In this study, no significant difference has been found in 
the duration of illness between bipolar disorder patients 
with therapeutic VPA levels who experienced episodes 
and those who did not. This finding suggests that the 
duration of illness alone is not a determining factor for 
episode frequency. Bukh et al. (25) have reported that 
the frequency of episodes increases with the progression 
of illness duration in bipolar disorder. In contrast, Gitlin 
and Frye (26) have found that, over long-term follow-
up, consistent adherence to pharmacological treatment 
and the presence of individual protective factors are 
more decisive in determining episode frequency. In 
our study, since both patient groups had VPA levels 
within the therapeutic range, the presence of biological 
treatment adherence may have masked any potential 
differences in episode risk associated with illness 



701

Med Records 2025;7(3):697-702DOI: 10.37990/medr.1716257

duration. Nevertheless, it is suggested that the impact 
of illness duration on episode occurrence may be more 
strongly linked not solely to the length of the illness, but 
to accompanying factors such as early onset, psychotic 
features, comorbid substance use, and affective 
temperament (27).

In the analysis of the last six albumin levels of the 
patients, the SD and CV% values did not show a significant 
difference between individuals diagnosed with bipolar 
disorder who experienced episodes and those who did 
not. However, the mean albumin levels were found to be 
significantly lower in the episode group, which resulted 
in relatively higher calculated normalized VPA values in 
this group. As is well known, VPA is a drug that binds 
extensively to albumin, and in cases of hypoalbuminemia, 
the free (active) fraction increases (28). This increase 
may lead to free VPA levels exceeding therapeutic limits, 
even when total VPA levels remain within the therapeutic 
range, potentially enhancing both the drug’s effects and 
the risk of side effects. In the study conducted by Chen 
et al. (9), it has been reported that individuals diagnosed 
with bipolar disorder who have serum VPA levels above 
75 µg/mL exhibited more variable and statistically 
non-significant outcomes regarding mood episode 
recurrence compared to those with levels between 50–
74 µg/mL. The researchers explained this by suggesting 
that a certain threshold level may be exceeded at the 
protein-binding sites of VPA in the serum. Accordingly, 
an increase in VPA levels does not always confer a 
protective effect against mood episodes; in fact, once 
the binding sites become saturated, the resulting rise in 
the free VPA fraction may lead to unpredictable effects 
on therapeutic efficacy. Therefore, in bipolar disorder 
patients receiving VPA treatment, it is clinically important 
to monitor not only total serum levels but also albumin 
levels, and, if possible, to evaluate free VPA levels to 
guide appropriate dose adjustments.

In this study, analysis of the last six VPA levels in patients 
revealed no significant difference in the CV% of total 
VPA levels between individuals diagnosed with bipolar 
disorder who experienced episodes and those who did not. 
However, the CV% of the corrected VPA levels, calculated 
using serum albumin concentrations, was found to be 
significantly higher in the episode group. This finding 
suggests that fluctuations in corrected VPA levels may 
increase the risk of experiencing episodes. Variability in the 
levels of a drug like VPA, which has a narrow therapeutic 
range, may contribute to both pharmacokinetic instability 
and clinical variability (9,29).

In the ROC analysis conducted to determine the predictive 
value of SD and CV% for episodes, we observed that the 
CV% had a sensitivity of 82% and a specificity of 40% 
in predicting episode risk. These findings suggest that 
normalized SD and CV% may serve as sensitive but not 
highly specific indicators for predicting the risk of episodes. 
In other words, while these parameters may be valuable in 
minimizing missed episodes, it should be noted that when 

used alone as clinical decision-support tools, they may be 
associated with a high rate of false positives.

This study has several methodological limitations. First, 
due to its retrospective design, it was not possible to 
standardize or control for environmental, psychosocial 
(stress, sleep disturbances), or biological variables 
that may have played a role in the emergence of bipolar 
episodes. Second, the use of antipsychotics, lithium, or 
other mood stabilizers in addition to VPA treatment poses 
a potential risk of affecting the pharmacokinetic properties 
and bioavailability of VPA. Such drug interactions may 
increase interindividual variability in VPA levels. Another 
limitation of this study is that the VPA doses and dosing 
intervals were not provided; instead, the mean, SD, and CV% 
values of the last six VPA levels were reported. Thirdly, due 
to an insufficient sample size, episode type could not be 
included in the subgroup analysis. Fourthly, discrepancies 
between the timing of blood sample collection and the 
administration of VPA doses—particularly in the outpatient 
group—may have complicated the interpretation of 
measured serum VPA levels. Finally, the weak correlation 
coefficients between episode frequency, and normalized SD 
and normalized CV may require to reinterpret of hypotheses 
in longitudinal studies. Therefore, future prospective and 
controlled studies are recommended to more closely 
monitor variables such as dose-time consistency and the 
effects of concomitant treatments.

CONCLUSION
In conclusion, this study revealed that individuals with 
bipolar disorder who experienced episodes had significantly 
lower serum albumin levels compared to those who did 
not, and that fluctuations over time in VPA levels corrected 
for serum albumin showed a weak but positive correlation 
with episode occurrence. These findings suggest that in 
clinical settings where free VPA levels cannot be directly 
measured, focusing not only on total VPA levels but also on 
albumin-corrected VPA values may provide more guidance 
in patient management. Especially in outpatient follow-up, 
monitoring the CV% of corrected VPA levels may serve as 
a supportive parameter for assessing clinical stability and 
predicting the risk of episodes. In light of these results, 
future studies with larger sample sizes, prospective 
designs, and multivariate analyses are warranted.
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