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Objective: The authors examined clinical
differences between divalproex sodium
and generic immediate-release valproic
acid.

Method: This 6-year prospective, quasi-
experimental clinical trial compared the
effectiveness and tolerability of divalproex
and valproic acid. The dependent vari-
ables were length of hospital stay, rehospi-
talization rate, and adverse drug reactions
in 9,260 psychiatric admissions.

Results: Inpatients who initially received
divalproex sodium had a 32.7% longer
hospital stay and 3.8% higher readmission
rate than did patients who initially re-
ceived valproic acid. Initial treatment with
divalproex prolonged length of stay by
30.3% in patients treated with divalproex
and valproic acid during different admis-
sions. After other variables were controlled
by multiway analysis of variance, the hos-
pital stay of patients who continued the
initial medication was 15.2% longer (2.0

days) for divalproex than valproic acid.
Switching medications was more common
for valproic acid, partly because of study
design. Medication intolerance occurred in
approximately 6.4% more patients taking
valproic acid than divalproex. However,
switching from valproic acid to divalproex
did not significantly prolong length of stay,
over that for continuous divalproex, or in-
crease the rehospitalization rate.

Conclusions: Lower peak valproate con-
centrations with divalproex sodium may
have enhanced tolerability but may also
explain the lower effectiveness. Extended-
release divalproex could lower effective-
ness further and require higher doses.
Thus, inpatients are better served by be-
ginning with generic valproic acid and by
changing to delayed-release divalproex
only if intolerance occurs. This would save
up to one-third of inpatient costs and two-
thirds of a billion dollars yearly in medica-
tion costs.

(Am ] Psychiatry 2005; 162:330-339)

Valproate is available as a proprietary formulation in
enteric-coated delayed-release divalproex sodium tablets
(Depakote-DR) and as generic immediate-release valproic
acid. The cost differential between the two formulations
has steadily risen in the past decade (1). Substituting ge-
neric valproic acid for divalproex sodium saves 83% of the
cost (1), which would be a $70,000 yearly savings for our
hospital and two-thirds of a billion dollars nationwide.
Differences in adverse drug reactions have been reported
to favor divalproex sodium over valproic acid. With no
economically feasible methods for large controlled studies
comparing the two, the differences in adverse reactions
have been presumed to be clinically significant.

Citing the difference in adverse drug reactions between
divalproex sodium and valproic acid, the Pharmacy and
Therapeutics Committee of our hospital left the choice of
valproate formulation entirely to the attending physicians.
The committee did request prospective information to as-
sess the impact of adverse drug reactions on the length of
inpatient stay and the rate of readmissions, suggesting
postdischarge noncompliance in the patients treated with
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valproic acid. We prospectively collected this information
from 9,260 admissions of patients who received either di-
valproex sodium or valproic acid during a 6-year study.

Method

Population and Setting

The system that includes our hospital and the mental health
centers is an almost-closed system that provided the study popu-
lation with inpatient and outpatient services regardless of their
financial capabilities. Neither the hospital nor the associated
mental health centers restricted or required additional documen-
tation for dispensing divalproex sodium or valproic acid. More-
over, physicians’ prescription patterns were explicitly not individ-
ually monitored, further lifting the pressure to prescribe either
formulation. Our pharmacy dispensed the name brand if ordered
as “Depakote”; otherwise, valproic acid was dispensed. The initial
formulation was continued throughout the hospital stay unless
altered by the physician.

We included all psychiatric admissions of patients treated with
divalproex sodium or valproic acid except those receiving val-
proic acid concentrate (generally prescribed for noncompliant
inpatients with poor prognoses) and 14 participants in a con-
trolled study that dictated the valproate formulation. Also ex-
cluded were patients treated with divalproex samples given to the
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hospital (for reasons unrelated to the study), as the physicians did
not freely select the formulation.

Medications and Procedures

Patients received gelatin capsules of generic immediate-re-
lease valproic acid or tablets of delayed- or extended-release di-
valproex sodium. Most of the latter group (99.82%) received the
delayed- rather than the extended-release formulation.

Bed demand limited assignment of a readmitted patient to the
same physician at subsequent hospitalizations. Admitted pa-
tients were assigned to hospital units (wards), and thus to treating
physicians, on the basis of arrival time and bed availability only
and no other criteria (except age requirements for the child and
adolescent unit and older adult unit). This provided what we be-
lieve to be the naturalistic equivalent of true prospective random
assignment of subjects to different units, and thus to treating
physicians, especially because of the large sample size.

Rather than following forced blinded medication assignment
in our active treatment facility, physicians were allowed to initiate
treatment with either valproic acid or divalproex sodium. They
freely switched medications without restrictions, on the basis of
what they believed to be in the patients’ best interest. We were,
nevertheless, aware of possible indication bias (2) (bias affecting
the physicians’ choice of valproate formulation) and bias about
the appropriate length of hospital stay.

Two of the authors (D.E.W., A.L.R.) devised an adverse drug re-
action monitoring and early warning system to closely monitor,
among other variables, adverse reactions to valproate. Certain
medication orders (discontinuation, sudden dose reduction, or
switch from one to the other formulation) triggered a concomi-
tant inquiry by one of the authors. This included a patient inter-
view, a medical record examination, and a case discussion with
the unit nurses, and occasionally with the physician, to deter-
mine whether the medication change resulted from adverse drug
reactions. The medication order itself was not challenged. Physi-
cians were generally unaware of the exact reason for the pharma-
cists’ visits, as the pharmacists perform several duties on the
units. The design of the study of adverse drug reactions favored
divalproex sodium; physicians who believed that divalproex so-
dium was better tolerated were likely to switch from valproic acid
to divalproex sodium, rather than the opposite. Also, adverse drug
reactions made the physicians more willing to switch valproate
formulations for patients receiving valproic acid, while giving di-
valproex sodium more time to see whether the adverse drug reac-
tions were transient.

There was no guarantee that the physicians accessed or used
the information on prior adverse drug reactions that was avail-
able in the old medical records and online discharge summary.
Our pharmacy computers did not automatically enter the previ-
ously identified adverse drug reactions into the current pharmacy
patient record.

Human Subjects Considerations

With no consensus about differential adverse drug reactions or
effectiveness, the patients signed the same consent form to re-
ceive either valproic acid or divalproex sodium. The patients did
not sign research consent forms, as monitoring adverse drug re-
actions and collecting information to decide medication budget
allocations are routine safety functions. In addition, the study did
not change care or risk levels. The institutional review board ap-
proved publishing the study outcome.

Statistical Analysis

The primary a priori outcome variable was length of hospital
stay. The secondary outcome variables were rehospitalization
rate and valproate medication switches (i.e., discontinuation,
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dose reduction, or formulation change) confirmed by the re-
searchers to be secondary to adverse drug reactions.

We used the valproate formulation (divalproex sodium or val-
proic acid) initially prescribed as the drug treatment classification
for the analyses of length of stay, and we used the last formulation
given for rehospitalization analyses. Categorization of drug se-
quence was based on four possible sequences of the two formula-
tions from the initial to the last part of treatment: divalproex to di-
valproex, valproic acid to valproic acid, divalproex sodium to
valproic acid, and valproic acid to divalproex. For example, the
last group began treatment with valproic acid and then was
switched to divalproex sodium.

General analysis strategy. We first evaluated whether the ini-
tial treatment assignment to divalproex sodium versus valproic
acid systematically related to the available demographic, clinical,
and treatment factors. Separate chi-square analyses and analysis
of variance (ANOVA) were used for these evaluations. Because
several of the factors proved to be significantly related to treat-
ment assignment, we pursued additional analyses to determine
whether the magnitude or direction of the apparent treatment
effects might be attributed to the concomitant factors (3). The
analyses of length of stay and readmission were consequently
pursued in three ways: 1) unadjusted for concomitant factors
(ANOVA), 2) adjusted only for the combination of concomitant
variables that independently affected the initial treatment assign-
ment, when the variables were considered in combination (mul-
tiway ANOVA), and 3) adjusted for the effects of all the concomi-
tant variables available in the study (multiway ANOVA).

We anticipated that multiple admissions of the same individual
were likely in the naturalistic environment of our hospital. As a
first step, we used the entire data set (9,260 admissions). This pro-
vided an estimate of the effects of the study medications, as actu-
ally used in our hospital, for all the admissions, including the
most recidivist patients. We next tackled the correlated errors as-
sociated with multiple admissions of some patients by excluding
all subsequent admissions of the same individuals. This analysis
estimated medication group differences in the 5,228 patients
based only on their first admission during the study period. For
further confirmation, we evaluated differences in length of stay
for the 2,690 patients admitted for the first time ever to our hospi-
tal. The latter analysis also reflected differential response in the
patients with more recent onset of severe mental illness. We first
compared the groups classified by the initial medication assign-
ment and then further compared them according to the classifi-
cation of medication sequence within the admission (divalproex
to divalproex, valproic acid to valproic acid, divalproex to valproic
acid, and valproic acid to divalproex).

Finally, we compared the mean lengths of stay for the two for-
mulations within a group of 670 patients who were treated with
divalproex sodium during one or more hospital stays and with
valproic acid during others. Since each patient was represented in
both the divalproex and valproic acid conditions, the repeated-
measures analyses reduced interpatient variability and also con-
trolled further for differences that result from possible systematic
assignment of more treatment-resistant patients to one of the
treatment groups.

Data on readmission category (readmitted versus not readmit-
ted) were analyzed by using multiway ANOVA as an alternative to
complex multiway contingency table analysis (since the large
sample size allowed for reliance on the binomial approximation
to the normal distribution). We controlled for the effects of con-
comitant variables and the confound of multiple admissions of
the same patient in these analyses also, as already outlined.

Statistical software and statistical notes. All analyses were
conducted by using SPSS for Windows, version 11.0.1 (4). Two-
tailed p values of <0.05 were considered for statistical significance.
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TABLE 1. Demographic and Clinical Characteristics of Psychiatric Patients Receiving Divalproex Sodium or Valproic Acid

During 9,260 Hospital Admissions

Initial Medication

Last Medication

Divalproex Sodium

Characteristic (2,232 admissions)

Valproic Acid
(7,028 admissions)

Divalproex Sodium
(2,909 admissions)

Valproic Acid
(6,351 admissions)

%

Percent of all admissions 241
Percent female 44 .4
Race
Caucasian 47.0
African American 37.0
Hispanic 13.6
Asian 1.7
American Indian or Eskimo 0.2
Other 0.3
Unknown 0.2
Legal status of admission
Involuntary 57.0
Voluntary 42.7
Undefined 0.3
Mean SD
Age (years) 34.2 13.4
Total number of admissions 3.9 4.0

% %

75.9 31.4 68.6

45.6 45.7 45.1

425 46.9 42.0

39.9 36.5 40.4

14.4 14.1 14.2

1.7 1.6 1.7

0.3 0.2 0.3

0.8 0.4 0.8

0.5 0.3 0.5

59.0 56.4 59.5

40.8 433 40.3

0.2 0.3 0.2
Mean SD Mean SD Mean SD
35.4 13.0 34.3 13.4 355 13.0
5.0 5.4 4.1 4.3 5.0 5.4

a For instance, divalproex/divalproex denotes patients first given divalproex sodium and never switched to valproic acid; divalproex/valproic
acid denotes patients first given divalproex and later switched to valproic acid.

To adjust for the effects of concomitant variables in the a priori
group comparisons of length of stay and readmission rates, we
used a multiway ANOVA main effects model (except where other-
wise indicated) and type III sum of squares. ANOVAs of the length
of stay were actually performed on log-transformed data, which
effectively normalized the positively skewed distribution of the
lengths of stay. Only the primary diagnosis designated by the at-
tending physician was considered as the patient’s diagnosis.
Patient age was not used in the analysis, as patients outside the
age range of 17-54 years were directly admitted to age-specific
hospital units, bypassing the naturalistic randomization. Age had
an effect on length of stay. However, differences in length of stay
among medication groups did not depend on patient age when
entered in the multiway ANOVA for length of stay (either as a con-
tinuous covariate or when categorized as below 17, 17-54, or 55
and above). Because age was confounded with hospital unit as-
signment, we entered only the more comprehensive unit assign-
ment as a control variable in the subsequent multiway ANOVA.

Results

A total of 5,228 separate patients received initial treat-
ment with divalproex sodium or valproic acid during their
combined 9,260 admissions and readmissions. During
only 9.7% of the 9,260 hospitalizations, or 897, was the ini-
tial medication switched to the other formulation for any
reason, including adverse drug reactions.

Patient Characteristics

With large samples, statistical significance alone does
not necessarily represent clinically meaningful differences
between treatment groups. For instance, this was evident
in the difference in age between groups (Table 1); the pa-
tients initially treated with valproic acid were only 1 year
older on average, but the difference was statistically signif-
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icant (p<0.001, t test). However, the 28.2% higher number
of past admissions in patients initially treated with val-
proic acid (p<0.001, t test) suggests that those patients
might have meaningfully poorer outcomes than the pa-
tients initially treated with divalproex sodium. Gender and
legal status did not differ by initial medication (p=0.32 and
0.11, respectively).

The patients receiving valproic acid at the time of dis-
charge were a year older, were 6.9% less likely to have had
voluntary admissions, and had 22.0% more past admis-
sions (p<0.001, p=0.007, and p<0.001). The gender distri-
butions were similar in the groups classified by discharge
medication.

There were also differences among the groups classified
by valproate formulation sequence. The group receiving
valproic acid both initially and last was 1.3 years older,
were 4.4% more likely to have had involuntary admissions,
and had 1.1 more past psychiatric admissions than the di-
valproex/divalproex group (p<0.001, p=0.05, p<0.001).
Gender did not differ. The divalproex/divalproex group
was similar to the valproic acid/divalproex group in age,
gender, and admission legal status, but the latter group had
an average of 0.9 more past hospitalizations (p<0.001). Fi-
nally, the valproic acid/divalproex group differed in mean
age from the valproic acid/valproic acid group by 1.3 years
(p=0.01). The latter group were 8.2% more likely to have
had involuntary admissions (p=0.02), but the gender distri-
butions and numbers of prior admissions were similar.
Thus, there was somewhat greater prestudy and past psy-
chiatric psychopathology in the valproic acid groups.
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Sequence of Medication (initial/last)?

Divalproex/Valproic Acid
(110 admissions)

Divalproex/Divalproex
(2,122 admissions)

Valproic Acid/Divalproex
(787 admissions)

Total
(9,260 admissions)

Valproic Acid/Valproic Acid
(6,241 admissions)

%

%

%

%

%

229 1.2 8.5

44.6 40.0 48.7

47.5 38.2 45.2

36.7 42.7 35.8

13.5 15.5 15.6

1.6 3.6 1.7

0.2 0.0 0.3

0.3 0.0 0.8

0.2 0.0 0.6

57.0 58.2 55.0

42.7 41.8 44.7

0.3 0.0 0.3

Mean SD Mean SD Mean

34.3 13.4 33.0 13.5 34.3
3.9 3.9 4.7 53 4.8

67.4 100.0

45.2 45.3

42.1 43.6

40.4 39.2

14.2 14.2

1.7 1.7

0.3 0.3

0.8 0.7

0.5 0.5

59.5 58.5

40.3 41.3

0.2 0.2
SD Mean SD Mean SD
13.5 35.6 129 35.1 13.1
5.0 5.0 5.4 4.7 5.1

Factors Affecting Medication Assighment

Several concomitant variables were judged to possibly
affect treatment outcome by influencing medication as-
signment in the naturalistic hospital setting. Of particular
interest, involuntary legal status suggests poorer progno-
sis, and the diagnosis of mania is the only psychiatric indi-
cation for valproate approved by the U.S. Food and Drug
Administration. In addition, the treatment unit (or hospi-
tal ward assignment) could affect medication preferences
and views about appropriate length of stay for different
patients. Also, the admission year could affect the length
of stay and views about valproate’s role, since both have
changed over time.

We used a chi-square test for nonindependence to assess
the effect of each of several concomitant variables, consid-
ered separately, on patient assignment to divalproex so-
dium or valproic acid. The variables included demographic
ones, namely gender and race (divided into Caucasian and
non-Caucasian), as well as the following clinical variables:
total number of admissions to our hospital (below versus
at or above the mean of 4.71 [SD=5.11]), admission legal
status (voluntary versus involuntary), and diagnosis (bipo-
lar versus not bipolar). Additionally, the two hospital vari-
ables, hospital unit and admission year, were also consid-
ered. Of these, race, total number of admissions to our
hospital, diagnosis, hospital unit, and admission year sep-
arately related significantly to treatment assignment.

In view of the large sample size, we then used multiway
ANOVA, relying on binomial approximation to normal to
identify which of the seven variables independently af-
fected medication assignment, with all the variables con-
sidered in combination. Of the seven variables, only diag-
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nosis, hospital unit, and admission year had significant
independent effects on medication assignment, all at
p<0.001.

Length of Stay

The median lengths of stay and interquartile ranges for
the groups initially treated with divalproex sodium and val-
proic acid were 15 days (range=10-22) and 11 days (range=
7-16), respectively. The values for the medication sequence
groups were as follows: divalproex/divalproex, 15 days
(range=10-22); valproic acid/valproic acid, 10 days (range=
7-16); divalproex/valproic acid, 13 days (range=8-21); and
valproic acid/divalproex, 13 days (range=9-20). Table 2 and
Figure 1 show the results of the ANOVA and multiway
ANOVA for length of stay among all 9,260 admissions. The
results are presented by increasing degree of control over
the concomitant variables that could potentially affect
length of stay. Length of stay was significantly shorter
(range=11.2%-32.7%) for valproic acid than for divalproex
sodium across different statistical control levels. Out-
comes were similar in the drug sequence groups; the
length of stay for the patients treated both initially and last
with valproic acid was shorter (range=14.4%-37.4%) than
that for patients in the divalproex/divalproex group. Tukey
honestly significant difference post hoc tests of homo-
geneous subsets showed that, of the four drug sequence
groups, the valproic acid/valproic acid group had the
shortest length of stay.

We then used a full factorial ANOVA model, with all pos-
sible interactions included in a balanced quasi-experi-
mental design (5), to estimate the effect that treatment
would have on length of stay if equal numbers of patients
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TABLE 2. Multiway Analysis of Variance of Length of Stay for Psychiatric Patients Receiving Divalproex Sodium or Valproic
Acid During 9,260 Hospital Admissions?

Length of Stay (days) ANOVA Mean Difference
Analysis and Group Mean SD 95% Cl F df p DaysP %€
Classification of admissions by initial drug
Unadjusted analysis (drug effect only) 307.49 1,9258 <0.0005 4.26 32.7
Divalproex sodium (2,232 admissions) 17.29 10.11 16.87-17.71
Valproic acid (7,028 admissions) 13.03 10.14  12.79-13.26

Analysis adjusted for factors significantly affecting
initial drug assignment (hospital unit, diagnosis,

year)? 11.79 1,9240 <0.001 1.56 11.2

Divalproex sodium (2,232 admissions) 15.44 12.33  14.93-15.95
Valproic acid (7,028 admissions) 13.88 17.52  13.47-14.29
Analysis adjusted for all available factors (gender, race,
number of episodes, legal status, hospital unit,
diagnosis, year)d 14.75 1,9215 <0.0005 1.63 12.6
Divalproex sodium (2,232 admissions) 14.64 3562 13.16-16.12
Valproic acid (7,028 admissions) 13.00 61.37  11.57-14.44
Classification of admissions by drug sequence (initial
treatment/last treatment)
Unadjusted analysis (drug effect only) 141.55 3,9256 <0.0005 4.72 37.4
Divalproex sodium/divalproex sodium
(2,122 admissions) 17.36 10.09 16.94-17.79
Divalproex sodium/valproic acid (110 admissions) 15.88 10.07  14.00-17.76
Valproic acid/valproic acid (6,241 admissions) 12.64 10.03  12.39-12.89
Valproic acid/divalproex sodium (787 admissions) 16.09 10.07  15.39-16.80
Adjusted for factors significantly affecting initial drug
assignment (hospital unit, diagnosis, year) 35.09 3,9238 <0.0005 1.95 14.4
Divalproex sodium/divalproex sodium
(2,122 admissions) 15.44 12.39 14.91-15.97
Divalproex sodium/valproic acid (110 admissions) 15.38 9.84  13.54-17.22
Valproic acid/valproic acid (6,241 admissions) 13.49 16.99  13.07-13.92
Valproic acid/divalproex sodium (787 admissions) 16.57 10.89  15.82-17.33
Adjusted for all available factors (gender, race,
number of episodes, legal status, hospital unit,
diagnosis, year)d 39.17 3,9213 <0.0005 2.04 15.2
Divalproex sodium/divalproex sodium
(2,122 admissions) 15.52 12.62 14.99-16.06
Divalproex sodium/valproic acid (110 admissions) 15.39 9.81 13.55-17.22
Valproic acid/valproic acid (6,241 admissions) 13.48 17.46  13.05-13.91
Valproic acid/divalproex sodium (787 admissions) 16.64 10.94  15.87-17.40

2 The table shows differences in length of stay under different levels of statistical control for concomitant variables that can affect length of
stay. We used type Il sum of squares and controlled for the models’ main effects. All statistical analyses of length of stay were conducted on
log-transformed data because of skewness in the data. To facilitate the interpretation, means, standard deviations, and 95% confidence in-
tervals are provided not log transformed.

b For classification of admissions by the initial drug, this is the difference between divalproex sodium and valproic acid. For classification of
admissions by drug sequence, this is the difference between divalproex/divalproex and valproic acid/valproic acid.

¢ Percentage by which divalproex sodium prolonged the hospital stay over that for valproic acid: ([divalproex length of stay — valproic acid
length of stay] / valproic acid length of stay) x 100.

d Diagnosis: whether or not the patient had a primary axis | diagnosis of bipolar disorder, the only approved psychiatric indication for valpro-
ate. Race: Caucasian or non-Caucasian. Legal status: voluntary or involuntary admission.

were assigned in a controlled, counterbalanced experi-
ment to all combinations of the different conditions. We
included the three variables that independently affected
medication assignment (hospital unit, diagnosis, and year
of admission) to adjust for their possible effects on length
of stay of the medication sequence group. Length of stay
differed significantly in the four drug sequence groups, in-
dependent of the other concomitant factors (F=5.17, df=3,
8847, p=0.001). Length of stay was 1.7 days (12.8%) longer
in the divalproex/divalproex group than in the valproic
acid/valproic acid group; the mean for the former group
was 14.92 days (SD=17.18), with a 95% confidence interval
(CI) of 14.19-15.65, whereas the mean for the latter group
was 13.23 days (SD=27.65, 95% CI=12.54-13.91).
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We repeated the analyses of length of stay using only the
first admission of each patient during the study (N=5,228)
to eliminate the correlated error that results from multiple
admissions of some patients. When none of the variables
was controlled for, the length of stay for the valproic acid
group (mean=13.11, SD=9.82, 95% CI=12.79-13.43) was
shorter than that for the divalproex sodium group (mean=
17.62, SD=9.83, 95% CI=17.13-18.10) (F=263.14, df=1,
5226, p<0.001). Additionally, controlling for only the vari-
ables that independently affected initial medication as-
signment showed similar results (mean=13.90, SD=15.19,
95% CI=13.41-14.40, versus mean=15.44, SD=12.75, 95%
CI=14.82-16.07) (F=8.86, df=1, 5207, p=0.003), as did con-
trolling for all the variables (mean=14.18, SD=17.39, 95%
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FIGURE 1. Mean Length of Stay for Psychiatric Patients Receiving Divalproex Sodium or Valproic Acid During 9,260

Hospital Admissions, With Three Levels of Statistical Control®

Medication Prescribed Initially
I Divalproex (N=2,232)

I Valproic acid (N=7,028)
18

*%

17

16

14

Length of Hospital Stay (days)

Unadjusted

Adjusted for Adjusted for
Variables Independently All Available
Affecting Initial Variables¢
Drug Assignmentb

Sequence of Medications (initial treatment / later treatment)

I Divalproex / divalproex (N=2,122)
‘ *%

I Valproic acid / valproic acid (N=6,241)
Divalproex / valproic acid (N=110)
I Valproic acid / divalproex (N=787)
Unadjusted

| ** | ** |

Adjusted for Adjusted for
Variables Independently  All Available
Affecting Initial Variables¢
Drug AssignmentP

Type of Analysis

2 The estimates of length of stay were obtained from multiway analyses of variance (ANOVAs). The p values are results of comparisons of the

indicated groups by means of multiway ANOVAs.
b Hospital unit, diagnosis, and year.

¢ Gender, race, number of episodes, legal status, hospital unit, diagnosis, and year.

#p=0.001.  **p<0.0005.

CI=13.62-14.75, versus mean=15.78, SD=13.73, 95% CI=
15.11-16.45) (F=10.00, df=1, 5189, p=0.002).

The results were also similar when the medication se-
quence groups replaced the groups classified by initial
medication. Additionally, length of stay consistently did
not differ significantly between the divalproex/divalproex
and the valproic acid/divalproex groups. Thus, even fail-
ing to tolerate valproic acid did not significantly prolong
the length of stay beyond that expected for patients in the
divalproex/divalproex group.

Further sample restriction involved only patients hospi-
talized for the first time at our facility (N=2,690). This
changed the direction and magnitude of the results little
under all three degrees of statistical control. For example,
when we controlled for only the variables that indepen-
dently affected the initial medication assignment, the ini-
tial assignment significantly and independently affected
length of stay (F=4.00, df=1, 2668, p=0.05). Differences be-
tween the two groups favored valproic acid (N=1,989) over
divalproex sodium (N=701) by 1.3 days, or 9.3% (mean=
13.42, SD=15.39, 95% CI=12.74-14.09, versus mean=14.67,
SD=11.57, 95% CI=13.82-15.53). The medication sequence
groups also significantly affected length of stay (F=13.72,
df=3, 2666, p<0.001), as length of stay in the divalproex/
divalproex group (N=673) was 1.6 days (12.3%) longer than
that for the valproic acid/valproic acid group (N=1,758)
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(mean=14.61, SD=11.60, 95% CI=13.73-15.48, versus
mean=13.01, SD=14.80, 95% CI=12.32-13.71).

The mean length of stay of the 670 patients who began
treatment with divalproex sodium during one or more
hospitalizations and began with valproic acid during oth-
ers was 17.2 days (SD=10.4) for divalproex and 13.2 days
(SD=7.4) for valproic acid (t=8.82, df=669, p<0.001), a
30.3% difference.

Rehospitalization

Patients were classified as either having one or more re-
admissions during the 6-year study or as having no read-
missions (coded 1 or 0, respectively). With no adjustment
for concomitant factors, the overall readmission rate was
somewhat worse (3.8% higher) for patients discharged
while taking divalproex than for patients taking valproic
acid at discharge (mean=0.55, SD=0.49, 95% CI=0.54-0.57,
versus mean=0.53, SD=0.48, 95% CI=0.51-0.54) (F=6.17,
df=1, 9258, p=0.02). Similarly, the drug sequence groups
differed significantly in readmission (F=10.18, df=3, 5256,
p<0.001). The divalproex/divalproex group had a 9.4%
higher readmission rate than the valproic acid/valproic
acid group (mean=0.58, SD=0.01, 95% CI=0.56-0.60, ver-
sus mean=0.53, SD=0.01, 95% CI=0.51-0.54) (p<0.001).
However, the differences between the two groups were not
significant after we adjusted for the effects of factors that
significantly affected the initial medication assignment
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(four-way drug-by-unit-by-diagnosis-by-year model). The
same was true after we restricted rehospitalization to the
5,228 first admissions during the study and the 2,690 that
were first hospitalizations at our facility (data not shown).
When we corrected for all the seven study variables using
a main effects model, the differences in rehospitalization
between the groups receiving valproic acid and divalproex
at discharge and the differences between the medication
sequence groups were also not significant. Hence, dis-
charge drug and drug sequence did not significantly affect
the rehospitalization rate. No rehospitalization group dif-
ferences were noted either when the data were analyzed
by initial medication (valproic acid versus divalproex so-
dium). Thus, the data suggest no negative impact from
low-grade adverse reactions to valproic acid, not intense
enough to warrant medication change. Also, no lasting
valproate aversion followed adverse reactions to valproic
acid. Thus, trying valproic acid carried no increased read-
mission risk, whether it was or was not tolerated.

Adverse Drug Reactions

There were fewer switches from divalproex to valproic
acid for any reason (including, but not exclusive to,
adverse drug reactions) than switches from valproic acid
to divalproex sodium (Mann-Whitney U test: z=8.72,
p<0.001). The difference in the rates of switches specifi-
cally related to adverse drug reaction was 6.4% in favor of
divalproex (Mann-Whitney U test: z=11.37, p<0.001). No
formulation switches resulted from lack of effectiveness.
Patients who developed adverse effects while taking dival-
proex sodium were significantly older (mean=42.1 years,
SD=13.1) than patients who had adverse reactions to val-
proic acid (mean=34.9 years, SD=12.7) (t=2.34, df=518, p=
0.02). The mean daily valproate doses were comparable in
the two groups at the time of the adverse drug reactions
(mean=1039.5 mg/day, SD=572.9, and mean=1008.9 mg/
day, SD=445.4) (t=0.29, df=526, p=0.77). Thus, the tolera-
bility differences were not due to dose differences.

It is interesting that 14.7% of the admitted patients who
were treated with valproic acid during a following episode
had been previously switched from valproic acid to dival-
proex sodium, because this suggests that some physicians
fail to recognize prior intolerance. Hence, the true differ-
ence in the rate of intolerance between divalproex and val-
proic acid is 5.5%.

Discussion

The length of inpatient hospital stay was meaningfully
shorter in patients who began treatment with valproic
acid than those whose initial treatment was divalproex so-
dium. The difference remained statistically significant re-
gardless of the subpopulation studied or statistical control
exercised. There was no increased readmission risk from
trying valproic acid first, even in patients who could not
tolerate valproic acid and were consequently switched to
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divalproex sodium. Failure to tolerate valproic acid did not
result in a significantly longer hospital stay than that for
patients who received divalproex sodium continuously.
Adverse reactions to both divalproex sodium and valproic
acid were easily managed and produced no subsequent
valproate aversion. Thus, physicians should universally
start with generic valproic acid for inpatients requiring
valproate. The fivefold added expense of delayed-release
divalproex sodium remains justified in the 5.5% of pa-
tients who cannot tolerate valproic acid.

Valproic acid and delayed-release divalproex are equally
bioavailable and identical following absorption. Thus, val-
proic acid’s higher peak serum concentration might ac-
count for its association with a shorter length of stay. Ex-
tended-release divalproex (Depakote-ER) has an even
lower peak serum concentration (6, 7). Consequently, we
now switch patients who cannot tolerate valproic acid to
delayed-release, not the extended-release, divalproex.

A limited number of small studies have compared the
effectiveness and adverse effects of divalproex sodium
and valproic acid (Table 3). While a subset of patients
could not tolerate valproic acid (8-10, 12), switching pa-
tients already taking divalproex to valproic acid was easily
accomplished (1, 11, 13-15). Inferences from earlier stud-
ies comparing divalproex sodium and valproic acid are
limited by the lack of information on postdischarge com-
pliance and by the inability of some patients to express ad-
verse drug reactions. A retrospective study of 300 medical
records by Zarate et al. (16) noted equal effectiveness. The
rate of discontinuation of valproic acid because of adverse
reactions was 9% higher than the rate for divalproex, but
the occurrence of at least one adverse drug reaction did
not differ significantly. Only 6.7% switched from valproic
acid and tolerated divalproex, a number supporting our
rate (6.4%) and package insert information for brand-
name valproic acid (Abbott Laboratories, Abbott Park, I11.),
which states that gastrointestinal adverse events are “usu-
ally transient and rarely require discontinuation of ther-
apy.” Switching from divalproex to valproic acid should
produce even fewer adverse drug reactions. (We studied
initial treatment.) Thus, our prestudy concerns about in-
tolerance of valproic acid were unwarranted.

Switching from delayed-release divalproex to valproic
acid may produce a 10%-14% reduction in the serum con-
centration of valproate (1, 17, 18), merely reflecting differ-
ences in the timing of the trough concentration. This
should be clinically insignificant. Changing from the less
bioavailable extended-release divalproex to valproic acid
requires a 14%-20% dose reduction (6).

For completeness, we provide here the outcome of a
separate, but relevant, retrospective review in which we
focused on medication switches due to adverse gastro-
intestinal reactions to valproate (94% of all valproate
switches were due to gastrointestinal effects). Gastrointes-
tinal upset predominated, followed by nausea, vomiting,
acid reflux, diarrhea, and abdominal cramps. Patients
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TABLE 3. Studies Comparing Effectiveness and Adverse Effects of Divalproex Sodium and Valproic Acid

Study Patients

Design

Drug Reactions

Outcome

Studies of switches
between
valproate
formulations
Sherwood Brown N=1
etal. (8)

Levine et al. (9)

Wilder et al. (10) N=27

46 institutionalized
mentally
retarded adults
with epilepsy

Cranor et al. (11)

Sherr and Kelly
M

47 adult inpatients
with chronic
psychiatric
disorders

98 residents of a
developmental
facility and a
correctional
facility

77 mentally
retarded adult
institutionalized

Wagner et al. (13)

Vadney et al. (14)

patients
Brouwer et al. Children with
(15) epilepsy
Studies of initial
treatment with
valproate
Wilder et al. (10) N=34

Zarate et al. (16) 300 psychiatric

patients

Anecdotal; A-B-A design
(divalproex, valproic
acid, divalproex)

Anecdotal; A-B-A design
(divalproex, valproic
acid, divalproex)

Patients who could not
tolerate valproic acid
were switched to
divalproex

Retrospective chart review

of patients who were
switched from
divalproex to valproic
acid

Prospective open-label
study of patients
switched from
divalproex to valproic
acid

Anecdotal report of switch
from divalproex to
valproic acid

Open-label prospective
trial of switch from
divalproex to valproic
acid, with 4 weeks of
intensive daily
monitoring before
and after switch

A crossover study of
switch from controlled-
release formulation to
conventional valproic
acid

Patients with no previous
use of valproate began
taking divalproex

Retrospective, but
blinded, chart review
of randomly selected
subjects beginning
treatment: 150 with
divalproex and 150 with
generic valproic acid

Gastrointestinal reactions to
valproic acid, reversed by
switching back to divalproex

Clinically insignificant
thrombocytopenia plus
gastrointestinal effects from
valproic acid, reversed by
switching back to divalproex

Gastrointestinal reactions to
valproic acid, disappeared
with divalproex

No change in rate of seizures
or new medication for
gastrointestinal disorders

Seizure frequency was
unchanged; 14 patients had
gastrointestinal complaints in
the month before switching,
only five had such complaints
in the 2 weeks after switching

Gastrointestinal effects in four
patients, resolved with antacids
in three

Less lethargy; unchanged seizure
control, upper gastrointestinal
symptoms, appetite, weight,
and sleep; increased diarrhea
of unknown etiology

In 12% of patients,
gastrointestinal effects led to
discontinuation of therapy

Gastrointestinal effects less
common in divalproex group
(14.7% versus 28.7%),
specifically anorexia (6.0%
versus 14.7%), nausea or vomit-
ing (6.7% versus 16.7%), and
dyspepsia (11.3% versus 22.0%),
and significantly fewer patients
discontinued divalproex than
valproic acid because of ad-
verse drug reactions (4.0%
versus 12.7%), but there was no
significant difference in the
occurrence of at least one
adverse drug reaction between
divalproex and valproic acid
(22.0% versus 29.3%)

Medication switch was effective in
89% of patients; reason for not
switching 21 patients initially
considered was not provided (12)

Clinical Global Impression scale
scores were unchanged after 2
weeks, 19 still hospitalized at 6
months showed no mean score
changes either

Two patients switched back to
divalproex, one because of
gastrointestinal effects and one
because a 125-mg dose of valproic
acid was not available

Most of the subjects were unable to
express symptoms verbally, so the
Aberrant Behavior Checklist was
used to provide data; aberrant
behavior did not change, but a
statistically nonsignificant increase
was noted in psychiatric symptoms
and was believed to be related to
factors other than the medication
change; the medication change
was considered well tolerated

Neuropsychological assessment
showed no significant differences

Twelve of the 19 patients who
discontinued valproic acid as a
result of gastrointestinal effects
were switched to divalproex
sodium; only two continued to
have adverse gastrointestinal
effects
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with adverse gastrointestinal effects in the divalproex
group were older than those in the valproic acid group
(mean age=40.0 years, SD=18.0, and mean=34.8, SD=12.6).
The patients with gastrointestinal drug reactions were less
than half a year younger than the entire group with
adverse drug reactions, while sedation or confusion oc-
curred in older patients (t=2.57, df=525, p=0.01). Gastro-
intestinal effects resulted in medication discontinuation,
dose alteration, or formulation switch for 6.8% fewer pa-
tients in the divalproex group than in the valproic acid
group (Mann-Whitney U=7310630.0, z=12.39, p<0.001).
The rates of other adverse drug reactions did not differ ex-
cept for a slightly higher rate of sedation with divalproex
sodium. Information on the outcomes of the adverse drug
reactions was available for 67.5% of the patients with med-
ication changes secondary to adverse gastrointestinal ef-
fects. Switching to divalproex sodium resolved the prob-
lem in 97.6% of these patients. The reader is, however,
reminded that the study design created a strong bias in fa-
vor of the tolerability of divalproex sodium. None of the
adverse drug reactions was consequential.

The advantages of our adverse drug reaction monitor-
ing and early warning system and the analysis method de-
scribed herein include suitability for large-scale studies,
simplicity, affordability, prospective nature, and seamless
integration with the busy context in which it is applied.
However, it detects differences only if relapse produces
significant and rapid clinical or behavioral consequences
(e.g., hospitalization or emergency room visits), not slow,
chronic cumulative damage. For this reason, studying
antihypertensives, for example, requires more compre-
hensive and costly approaches, such as those described
elsewhere (19).

Our study’s weaknesses include possible physician bias,
change in admission criteria over time, and lack of pro-
spective randomization. However, the statistical analyses
that controlled for these factors consistently indicated
shorter hospital stays for valproic acid than for divalproex
sodium. There were no structured interviews, but such is
the case in clinical practice. Some patients may have left
our mental health system, but differential impact on the
study groups is unlikely. The greater effectiveness of val-
proic acid may be limited to inpatients, since our study was
hospital based. The lower effectiveness of divalproex so-
dium may have resulted from using inadequate divalproex
doses, as the trough serum concentration of delayed-re-
lease divalproex occurs after the following dose is due. This
could have produced a falsely higher valproate concen-
tration (7, 20). Increasing the dose of divalproex sodium
might, thus, match its effectiveness to that of valproic acid.
However, this would undoubtedly further increase the cost
of divalproex sodium only to match the effectiveness of val-
proic acid. It would likely increase adverse reactions to di-
valproex too, as higher doses increase several of the adverse
reactions to valproate. For now, several issues counter the
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unequal-dosing argument. As noted earlier, physicians in
our study used divalproex and valproic acid at comparable
doses, and divalproex and valproic acid are equally bio-
available. Additionally, trough valproate concentrations
have not been tightly linked to response, even when valpro-
ate is used for seizures.

On the other hand, several factors strengthen the study
conclusions: the prospective nature, large sample size,
long-term data, and consistent large and clinically mean-
ingful differences. The study was conducted in a real treat-
ment context. Only a few patients were excluded and none
dropped out, and these factors differentiate our study
from standard clinical trials. The bias in adverse drug reac-
tions favored divalproex sodium. This strengthens our
conclusion that initial treatment with valproic acid should
be universal. With no reason to suspect diagnosis-based
differences in tolerability, the tolerability of generic val-
proic acid should extend from psychiatric to epilepsy and
migraine patients.

In summary, initial inpatient treatment with generic im-
mediate-release valproic acid is most effective. Delayed-
release divalproex remains an option for the 5.5% of pa-
tients who cannot tolerate valproic acid, despite its five-
fold cost. We are unable to recommend extended-release
divalproex as an alternative. Using valproic acid would an-
nually save two-thirds of a billion dollars in medication
costs and more in hospital costs. In a broader perspective,
this study and others (19, 21) suggest the value of rigor-
ously comparing the effectiveness of new medications to
older ones in real-life settings and conducting cost-effec-
tiveness comparisons before approving the extensively
marketed, and more expensive, new medications. With
some limitations, the methods presented herein can aid
such comparisons.
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