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Objective: Several studies have shown
that achieving adequate serum valproate
levels is critical to rapid stabilization of
acute mania, but estimates of the target
therapeutic level have been imprecise. A
post hoc analysis of pooled intent-to-treat
data from three randomized, placebo-
controlled studies of divalproex treat-
ment for acute mania was performed to
test a hypothesized linear relationship be-
tween serum concentration and response
and to determine optimal blood levels for
treatment of acute mania.

Method: Subjects (N=374) were stratified
into seven groups (six valproate serum
level ranges and placebo), and effect size
was determined for each. Linearity of
dose response was tested with both para-
metric and nonparametric techniques.
ANOVA was used to compare the re-
sponse at each serum level range with
that of placebo as well as the lowest val-
proate level (<55.0 pg/ml). The mean se-
rum valproate level was then determined
for all subjects with an effect size greater

than or equal to the maximal effect de-
rived from linear modeling.

Results: The fit of blood level and re-
sponse to a linear model was good. Effi-
cacy was significantly greater than pla-
cebo beginning at the 71.4-85.0 pug/ml
range and for all higher valproate levels;
the 94.1-107.0 and >107.0 pg/ml groups
were superior to the lowest valproate se-
rum level group. The effect size associated
with highest serum levels (>94 pug/ml) was
1.06 (0.59 after placebo correction). Sub-
jects obtaining this effect or greater (N=
84) had a mean serum level of 87.5 pg/
ml. Blood levels in the lowest effective
range were 60% more effective than pla-
cebo and in the higher ranges were 120%
more effective. Tolerability appeared sim-
ilar for all groups.

Conclusions: The results of this study
suggest that there is a linear relationship
between valproate serum concentration
and response and that the target blood
level of valproate for best response in
acute mania is above 94 ug/mil.

(Am ] Psychiatry 2006; 163:272-275)

Divalproex sodium has been shown in two random-
ized controlled trials to be an effective treatment for acute
mania (1, 2). However, few studies have examined the rela-
tionship between serum levels of valproate and efficacy
for the treatment of acute mania with divalproex. The
American Psychiatric Association practice guideline de-
scribed a broad therapeutic range for trough valproate se-
rum concentrations between 50 and 125 ug/ml (3). An ex-
pert consensus guideline recommended a similar broad
range with a slightly higher minimum value (mean=58.9
ug/ml, SD=14.9) (4).

A number of studies have suggested that response is re-
lated to the blood level or the rise in blood level. In a study
of carbamazepine and valproate monotherapy, Vasudev et
al. (5) found a significant positive relationship between
weekly rise in serum levels and clinical response. Val-
proate was initiated at 20 mg/kg per day and increased
weekly to effect or until maximum serum levels were
achieved. Serum valproate levels for these patients ranged
from 50-100 ug/ml. There was a positive correlation be-
tween change in Young Mania Rating Scale and change in
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serum levels of valproate at week 2 in this 4-week trial
(Pearson’s r=0.64, p<0.05).

A retrospective study investigated the relationship be-
tween achieving therapeutic blood levels and time to re-
mission (6). The authors examined 10 potential predictors
of remission in manic patients and found that only time to
a therapeutic serum level (defined as >50 pg/ml for dival-
proex) was related to time to remission.

McCoy et al. (7) reviewed the charts of 17 hospitalized
patients with refractory bipolar disorder who received val-
proate augmentation. They collected present diagnosis,
diagnosis at illness onset, illness duration, number of hos-
pitalizations, and maximum serum concentration of val-
proate. Global response was rated once serum valproate
reached 50 mg/dl, and patient response was classified as
nonresponse or mild, moderate, or marked response. The
authors reported a strong trend for those with marked re-
sponse to have higher serum valproate levels (p<0.068,
Wilcoxon ranked sum, two-tailed).

In a pooled analysis of three published studies (1, 8) of
orally loaded divalproex (20 or 30 mg/kg per day) versus
standard titration, higher divalproex serum concentration
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TABLE 1. Demographic and Clinical Characteristics of 374
Bipolar Disorder Inpatients in a Manic Episode Randomly
Assigned to Double-Blind Treatment With Divalproex or
Placebo

Placebo Group Divalproex
Characteristic (N=171) Group (N=203)
N % N %
Gender
Male 90 53 114 56
Female 81 47 89 44
Race
Caucasian 134 78 164 81
Black 27 16 30 15
Asian/Pacific Islander 1 <1 4 2
Other 9 5 5 2
Mean SD Mean SD
Age (years) 39.1 11.2 39.2 12.0
Age at first manic episode
(years) 25.8 10.0 243 10.8

Years since first manic episode 15.1 10.3 15.4 11.5

was found to be related to earlier efficacy in acute manic
patients. Those patients who achieved a serum level of 80
ug/ml by day 3 were found to have statistically greater effi-
cacy at days 3 and 5 than patients who did not achieve this
level. There was no difference in tolerability.

Finally, a retrospective study (9) examined 39 inpatients
over the age of 60 given valproate. This study included pa-
tients diagnosed with bipolar disorder as well as other psy-
chiatric conditions such as agitation in dementia. Nonre-
sponse or partial or full response was assessed with
Clinical Global Impression ratings. The authors examined
dose and blood levels of valproate in relationship to re-
sponse. Responders were more likely to carry a diagnosis
of bipolar disorder, and there was a trend toward respond-
ers having higher serum valproate levels than nonre-
sponders. The magnitude of the trend was not reported.

Since manic symptoms are quite disruptive, earlier
symptom control is very desirable. The limited evidence
available suggests that both the frequency and speed of re-
sponse are related to a poorly defined blood level. The
present study utilized regression analysis and ANOVA in a
large pooled data set in an effort to clarify the relationship
between serum valproate levels and efficacy in patients
treated for acute mania.

Method

Patients

This study pooled 374 patients from three 21-day, randomized,
double-blind, parallel-group, placebo-controlled studies of dival-
proex sodium in the treatment of acute mania: two published
studies of the delayed-release formulation (1, 2) and one unpub-
lished 1999 study from Abbott Laboratories of the extended-re-
lease formulation (study report R&D/99/428). Subjects were in-
patients diagnosed with an acute manic episode associated with
bipolar disorder according to DSM-III-R or DSM-IV criteria. Each
study consisted of a washout/screening period of 1-3 days fol-
lowed by 21 days of treatment. Divalproex was initiated at 750
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TABLE 2. Efficacy of Increasing Valproate Serum Level
Ranges Versus Placebo and Lowest Serum Level Range for
Treatment of Acute Mania in 374 Bipolar Disorder Inpa-
tients Randomly Assigned to Double-Blind Treatment With
Divalproex or Placebo

Efficacy
Valproate Versus Lowest
Serum Level Versus Placebo Valproate Serum Level
(ug/ml) F (df=1, 367) p F (df=1, 197) p
<55.0 0.03 0.87 —
55.1-71.3 3.50 0.07 2.56 0.12
71.4-85.0 5.40 0.03 3.70 0.06
85.1-94.0 5.34 0.03 3.72 0.06
94.1-107.0 9.31 0.002 6.34 0.02
>107.0 9.77 0.002 6.63 0.01

mg/day (delayed-release formulation) or 20 mg/kg per day (ex-
tended-release formulation) and increased to effect or a maxi-
mum serum level of 125 pug/ml. Demographic information for the
study group is given in Table 1. To control for differences in study
design, the analyses were stratified by study with almost identical
results.

Measures

Outcome measures for the three studies were change from
baseline on either the Mania Rating Scale or the Young Mania
Rating Scale. To allow pooling of the data, responses were con-
verted to effect sizes. The intent-to-treat population was used and
the last observation carried forward. The primary efficacy end-
point for the pooled analysis was mean change from baseline to
final evaluation transformed into effect size.

For the purposes of this analysis, subjects were stratified by val-
proate serum level into four, five, or six groups plus the placebo
group. The valproate ranges were derived from the linear model-
ing procedure, and a linear relationship was found for each strat-
ification strategy. However, division into six strata plus placebo
yielded more clinically relevant groupings while preserving statis-
tical power for the ANOVA. Hence, the analysis reported here is of
seven groups: six valproate serum level ranges (<55.0 ug/ml [N=
35], 55.1-71.3 pug/ml [N=32], 71.4-85.0 pg/ml [N=36], 85.1-94.0
ug/ml [N=34],94.1-107.0 ug/ml [N=33], and >107.0 pg/ml [N=33])
and placebo (N=171).

Statistical Analyses

The most conservative test of linearity includes the placebo
group in the linear model. Consequently, effect size was calcu-
lated for the placebo group and each valproate serum level group
by dividing the change from baseline to endpoint for each group
by the standard deviation for change in that group. This effect size
was then used to test the linearity of response as a function of se-
rum valproate concentration using both parametric (linear re-
gression) and nonparametric (Jonckheere-Terpstra) techniques,
both with and without placebo in the model. One-way ANOVAs
were used to compare each range with placebo and with the low-
est serum valproate group on efficacy. For all analyses, alpha was
set at <0.05.

Results

The regression analysis yielded a significant test for lin-
earity whether placebo was included (slope: p<0.001, fit-
ness: 0.873, Jonckheere-Terpstra technique: p<0.001) or
not (slope: p<0.01, fitness: 0.757, Jonckheere-Terpstra
technique: p<0.05). These results suggest a general ten-
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VALPROATE LEVEL AND MANIA TREATMENT

FIGURE 1. Effect Size as a Function of Valproate Serum
Level for 374 Bipolar Disorder Inpatients in a Manic Epi-
sode Randomly Assigned to Double-Blind Treatment With
Divalproex or Placebo
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dency for efficacy to be greater with increasing serum lev-
els of valproate.

In the ANOVA that compared the five higher valproate
serum levels with placebo and the lowest serum level
group, efficacy was significantly greater than placebo
(p<0.05) beginning at the 71.4-85.0 pg/ml range and for all
higher valproate levels. In addition, the 94.1-107.0 and
>107.0 ug/ml groups were superior to the lowest valproate
group, <55.0 ug/ml (median=41 pg/ml). Table 2 illustrates
the results of the ANOVA comparisons. Blood levels in the
lower ranges were 60% more effective than placebo, and
blood levels in the higher ranges were 120% more effective
than placebo. Figure 1 illustrates effect size as a function of
serum level.

The best effect associated with the highest levels of val-
proate was 1.06, a large effect equivalent to a change of ap-
proximately 12 points on the Young Mania Rating Scale.
Adjusting this response for placebo response, as is often
reported, yields an effect size for the highest levels of val-
proate of 0.59. Subjects in any group obtaining this effect
(N=84) were examined and found to have a mean serum
level of 87.5 ug/ml.

The mean discontinuation rate for an adverse event
across all groups was 3%, with either no discontinuations
or one discontinuation at each level. For example, the
group with blood levels of 107 or greater (range=107-180
ug/ml, median=121.3) had one discontinuation due to an
adverse event. Fisher’s exact test comparing each group to
placebo and the two lowest valproate groups revealed no
statistically significant differences in premature discon-
tinuation.
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Discussion

Evidence from the present study converges to suggest
that higher valproate levels are associated with greater ef-
ficacy in the treatment of acute mania. Regression analysis
supports a general linear relationship between serum val-
proate levels and efficacy across the groups defined in this
study. Furthermore, ANOVA confirms that higher serum
levels of valproate were associated with greater efficacy
than the lowest valproate serum level (<55 pg/ml). These
results are consistent with previous findings that sug-
gested a relationship between higher serum valproate lev-
els and greater efficacy in patients with acute mania (5-9).
These results were obtained despite the fact that the un-
derlying studies were flexibly dosed, which tends to ob-
scure dose/response relationships. With flexible dosing,
nonresponders may receive the highest doses. The use of
serum concentration rather than dose and results of the fi-
nal evaluation rather than earlier time points should miti-
gate differences attributable to formulation, dose, and ti-
tration strategy that were the focus of Hirschfeld et al. (8).

The use of effect sizes to interpret treatment differences
in treatment studies of mania has been advocated by
Bowden et al. (10). Effect sizes, unlike Fisherian statistics,
permit the investigator to evaluate the magnitude and
clinical relevance of changes due to treatment. Cohen (11)
suggested that an effect size of 0.2 be defined as small, 0.5
as medium, and 0.8 as large. The placebo-adjusted effect
size associated with the highest levels of serum valproate
in the present study was 0.59 and is higher than previous
effect sizes reported in studies of valproate treatment for
acute mania (2). This effect may have been constrained by
a ceiling effect related to the maximum allowed serum
concentration in these trials (125 ug/ml).

The present findings may be useful in guiding clinicians
as to the best level of serum valproate to be employed in
treatment of acute mania. Optimal doses of valproate may
not be achieved until reaching serum levels of 94 ug/ml or
above. Furthermore, the data suggest that tolerability is
similar at higher levels in acute mania.

Goldberg et al. (6) reported that among the 10 predictive
variables they examined, only time to therapeutic serum
level was a significant predictor of time to remission from
acute mixed or pure mania. This finding has emphasized
the importance of identifying an optimal serum level and
rapidly achieving that level in acute mania. Several studies
(8, 12-15) have shown that valproate can be safely admin-
istered in loading doses of 20 to 30 mg/kg per day. Hirsch-
feld et al. (8) found that patients receiving valproate load-
ing doses who achieved serum levels above 80 ug/ml had
significantly greater improvement on days 3 and 5 than
patients receiving usual titration. This finding is consis-
tent with our data, suggesting a value in the mid-90 pug/ml
range may be the optimal serum valproate level when
treating acute mania. Together, these findings suggest that
the rapid stabilization of acute mania may best be
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achieved with a loading strategy that quickly reaches a se-
rum level at the upper end of the previously described
therapeutic range. Our data, together with those of
Hirschfeld et al. (8), also suggest that this strategy is well
tolerated in the majority of patients.

Several limitations to the present study should be noted.
Since this report utilizes a pooled analysis of three data
sets, it is subject to the limitations of including data from
different populations studied at different times. Further-
more, the results of this study are limited to the acute
treatment period examined in this analysis. No conclu-
sions can be drawn regarding the relationship between se-
rum valproate levels and efficacy of treatment beyond this
period. Blood levels for depression and maintenance
treatment with divalproex require further study. Addition-
ally, caution should be used in comparing effect sizes re-
sulting from stratification by blood level to effect sizes de-
rived from entire samples without stratification. Finally,
although we found no tolerability differences based on
discontinuations, the dose-related nature of some side ef-
fects is well established (16).
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