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he frequency of plasma clozapine concentrations in
patients receiving a given dose appears widely dis-
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Background: Previous reports concerning the effects
of gender and age on steady-state plasma concentrations
of clozapine and its major metabolites, norclozapine and
clozapine-N-oxide, have been controversial. Since the fre-
quency distribution of the plasma levels is asymmetrical
and skewed to the right, the statistical methods (such as
analysis of variance and regression analysis) used earlier
are actually inappropriate for analyzing the effects of the
variables on the concentrations and might contribute to the
inconsistent results. The goal of the present study, with be-
fitting statistics, is to measure the potential effect of dose,
gender, age, and body weight on plasma levels of clozapine
and its 2 major metabolites.

Method: We retrospectively analyzed data from a thera-
peutic drug monitoring study for steady-state plasma cloza-
pine, norclozapine, and clozapine-N-oxide levels that was
conducted in a large group of Chinese schizophrenic inpa-
tients (male:female ratio = 83:79; age range, 33.8± 9.3
years). The daily doses of clozapine had ranged from
100 to 900 mg, with a mean± SD value of 379.5± 142.2
mg. Plasma concentrations had been measured using high-
performance liquid chromatography with ultraviolet detec-
tion. Multiple linear regression was adopted to quantify the
effects of various factors on the plasma levels. The natural
logarithm of the plasma level was used as the dependent
variable to overcome the skewness problem.

Results: After adjusting the effects of gender, age, and
body weight by multiple linear regression, each 1-mg incre-
ment in the daily dose could raise the clozapine level by
0.31%, norclozapine by 0.27%, and clozapine-N-oxide by
0.16%. Female patients had 34.9% higher clozapine levels
and 36.3% higher norclozapine, with other variables being
controlled. No sex differences were demonstrated for
clozapine-N-oxide levels. Each 1-year increment in age
would elevate the clozapine level by 1.1%, norclozapine
by 1.0%, and clozapine-N-oxide by 1.0%. Body weight
could not influence the levels of these compounds.

Conclusion: The present results suggest that women
possess higher plasma levels (about one third higher) of
clozapine and norclozapine, but not the N-oxide metabolite.
Each addition of 1 year in age elevated clozapine and either
metabolite’s levels by about 1%. Furthermore, every 1-mg
increase in the daily dose raised clozapine and norclozapine
concentrations by approximately 0.3%. These findings
could assist clinicians in optimizing clozapine dosing
strategies.
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tributed and skewed to the right, with a minority of indi-
viduals possessing extremely high concentrations.1–5

Clozapine is oxidized into 2 principal metabolites,
norclozapine (or N-desmethyclozapine) and clozapine-N-
oxide. Furthermore, the N-oxide metabolite is in part con-
verted back to its parent drug.6,7 Although the pharmaco-
logic activity of either metabolite has been reported to be
much lower than that of clozapine,8,9 a recent study re-
vealed that clozapine and norclozapine are both 5-HT1C

receptor antagonists and have similar affinities for D2 and
5-HT2 receptors.10

Several patient-related factors may increase the vari-
ability of the plasma levels. Earlier studies demonstrated
that women may have higher levels of clozapine1,2,11,12 and
norclozapine12; however, others could not replicate this
finding.3,13,14 Fabrazzo et al.15 suggested that the gender
differences increase after 4 and 6 weeks, but vanish after
24 weeks, of treatment.15 No sex difference has been de-
tected with respect to clozapine-N-oxide levels.12,15

Higher age was associated with higher plasma clozapine
concentrations in some studies,1,2 but was not in others.3,13

The association of norclozapine levels with age has been
indicated to be weakly negative.3 In addition, body weight
may be another factor altering clozapine levels.1,2

Unfortunately, since the distribution of plasma concen-
trations is skewed,1–5 the statistical methods such as
analysis of variance, regression analysis, and multiple lin-
ear regression, used in the above investigations,1–3,11–14 are
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actually inappropriate for analyzing the effects of prog-
nostic factors on plasma concentrations and may partially
explain the inconsistent results. These statistical methods
should be applied to the data with a symmetrical distribu-
tion, such as a normal distribution.16

In a recent study by our group,5 the steady-state plasma
clozapine levels in 162 Chinese inpatients were about
30% to 50% higher than those reported in white individu-
als. Moreover, accordant with other studies,1–3 the doses
were only moderately correlated with clozapine concen-
trations (r = .590, p = .0001), and the distribution of cloza-
pine levels was skewed. The present study, using the same
subjects retrospectively, explored different issues and
aimed to measure the potential effects of gender, age,
dose, and body weight on the plasma levels of clozapine
and its 2 metabolites. Since logarithmic transformation
can convert the right-skewed distribution to a normal dis-
tribution (which is feasible for further statistical analy-
ses),16 the value of each plasma level was transformed to
its natural logarithm (ln).

METHOD

We retrospectively analyzed data from a therapeutic
drug monitoring program designed to measure steady-
state plasma clozapine and norclozapine levels that was
conducted in 162 Chinese schizophrenic inpatients during
the last several years (from 1992 to 1996). Clozapine-N-
oxide concentrations were also measured in the latter 88
patients. The facility’s institutional review board had ap-
proved the project. All subjects gave informed consent to
participate in the study. They met DSM-III-R diagnostic
criteria for schizophrenia and were “treatment resistant”
according to the guidelines proposed by Kane et al.17 The
participants were physically healthy, and all of their labo-
ratory test results were within normal limits. Subjects
were selected on the basis of the following parameters: no
depot antipsychotics for at least 6 months prior to entering
the study; no concomitant antidepressants and other anti-
psychotics; no enzyme-inducing agents (e.g., carbamaze-
pine) or enzyme-inhibiting drugs (e.g., fluvoxamine)18;
persons who smoked 0 to 20 cigarettes per day; and a
stable clozapine dosage for a minimum of 7 days (≥ 4
weeks for most patients).

The demographic data of these subjects were as follows:
male:female ratio = 83:79, mean± SD age = 33.8± 9.3
years, and body weight = 59.8± 13.2 kg. Of all subjects,
51 men and 55 women (N = 106) consuming≤ 5 cigarettes
a day were defined as nonsmokers.1,2 The relative fre-
quency of nonsmokers/smokers did not significantly differ
between men and women (χ2 = 1.196, p > .05) and was uni-
form across all age groups: 26/16 for ages 19 to 27 years,
45/21 for ages 28 to 36 years, 24/13 for ages 37 to 45 years,
and 11/6 for ages 46 to 69 years (χ2 = .461, p > .05). Cloza-
pine was given orally in 2 equally divided daily doses. The

dosage, ranging from 100 mg/day to 900 mg/day
(mean± SD = 379.5± 142.2 mg/day), was individually
titrated according to clinical efficacy and adverse effects.
In most patients, blood samples were collected once a
week for 2 to 6 weeks at the same dose. The plasma drug
concentrations were averaged and analyzed. In patients re-
ceiving several different doses, the steady-state plasma
concentrations obtained at the highest dose were taken into
account.

Blood samples were taken 10 to 12 hours after the
evening dose and prior to the morning dose. The venous
blood was collected into an EDTA tube and centrifuged at
3000 rpm for 15 minutes. The plasma samples were stored
at –60°C until assayed. Plasma clozapine and norclozapine
of the former 74 subjects were measured using high-
performance liquid chromatography (HPLC) with ultra-
violet detection as described in detail by Chung et al.19 The
intraassay and interassay coefficients of variation were
< 10% at 100 ng/mL for both compounds. The lower limit
of detection for clozapine was 1 ng/mL, and for the me-
tabolite was 2 ng/mL. Because the HPLC assay for the
samples of the earlier 74 patients was unable to measure
clozapine-N-oxide, the assay for the latter 88 was modi-
fied to that of Weigmann and Hiemke.20 Clozapine and its
2 main metabolites were detected simultaneously. In com-
paring the 2 assays, the correlation coefficient was .908 for
clozapine and .882 for norclozapine. The lower limits of
detection were identical for clozapine and norclozapine,
and for clozapine-N-oxide was 2 ng/mL. The intraassay
and interassay coefficients of variation were < 10% for all
compounds.

We hypothesized that several variables, e.g., gender,
age, body weight, and dose, may have contributed to the
diverse plasma levels. Accordingly, the multiple linear re-
gression model, capable of controlling other variables, was
adopted to evaluate each variable’s impact on plasma lev-
els.21 To convert the right-skewed distribution of plasma
levels5 to a normal distribution (which is feasible for mul-
tiple regression analyses16), each value was measured in its
ln scale prior to the statistical analysis. The Generalized
Linear Interactive Modeling statistical package (GLIM,
version 4.0)22 was used to analyze the data. In some pa-
tients, the clinical assessments were based on routine ob-
servation and interviews only, without the use of standard-
ized rating scales. Due to the retrospective, naturalistic
design of this study, the correlations of concentration with
clinical efficacy or side effects were not examined here.

RESULTS

As shown in Figure 1, the frequency distribution of
plasma clozapine levels in all 162 subjects is skewed to
the right. After the value of each plasma level was con-
verted to its ln, the frequency of the transformed data be-
came normally distributed (not shown). The normal
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quantile-quantile plot (Q-Q plot) of the ln clozapine levels
appeared nearly linear (Figure 2) and thus confirmed the
normal distribution.21 Likewise, the distribution of either
metabolite’s levels is also skewed to the right. The loga-
rithmic transformations were also applied to the values of
the concentrations of these 2 metabolites. The normal dis-
tribution of the transformed values of both metabolites
was also tested by the Q-Q plot (figures not presented).
Thereafter, the effects of variables (dose, gender, age, and
body weight) on the ln values of each compound’s plasma
levels were analyzed by multiple linear regression.21 As a
result, it was found that a high dose or increased age
raised the ln plasma level of each compound. Female gen-
der elevated the ln clozapine level and the ln norclozapine
level but not the ln level of the N-oxide metabolite. Body
weight had no significant influence on the levels of the 3
molecules (Table 1).

Specifically, for those patients with same gender, age,
and body weight, each unit (mg) increment in the daily
dose could raise the mean± SEM ln clozapine level
(ng/mL) by .003092± .0002934, the ln norclozapine
level by .002717± .0003088, and the ln clozapine-N-
oxide level by .001587± .0004734 (Table 1). In other
words, every 1-mg increase in the daily dose elevated the
clozapine level by 0.31% (e.003092= 1.0031), norclozapine
by 0.27% (e.002717= 1.0027), and clozapine-N-oxide by
0.16% (e.001587= 1.0016).

Compared with male patients, female patients had a
higher mean± SEM ln clozapine level by .2993± .08802,
and a higher ln norclozapine level by .3096± .09264,
with the effects of dose, age, and body weight all being
excluded. Hence, the ratio of the clozapine level for
women to that of men would be 1.349 (e.2993) and the
female:male ratio in terms of norclozapine was 1.363
(e.3096). That is, female patients had 34.9% higher
clozapine levels and 36.3% higher norclozapine. Finally,
each 1-year increment in age elevated the ln clozapine

level by .01120± .004568 (or the clozapine level by
1.1%), the ln norclozapine level by .01020± .004808 (or
norclozapine level by 1.0%), and the ln clozapine-N-oxide
level by .01035± .004662 (or clozapine-N-oxide level by
1.0%) after adjusting other variables.

DISCUSSION

The conclusions of antecedent reports concerning the
effect of gender on plasma clozapine and norclozapine
levels have been debatable.1–3,11–15 After the skewed con-
centration data were normalized and dose, age, and body
weight effects were adjusted, the present study suggests
that women have about 35% higher clozapine and
norclozapine concentrations than men.1,2,11,12,15 The incre-
mental magnitudes in this study are near the lower limits
of those previously reported for clozapine (9.8%–54.1%,11

36.4%–71.2%,12 44.3%,2 and 70.0%–93.4%15) and nor-
clozapine (69.5%–87.0%15 and 75.8%–87.4%12). Note-
worthily, it is likely that a suitable statistic strategy (such
as that adopted in this study) could more precisely quan-
tify the extent of the impact. No significant gender differ-
ence existed in our patients’ clozapine-N-oxide concentra-
tions, in line with prior results.12,15

Clozapine is metabolized mainly by cytochrome P450
1A2 (CYP1A2), albeit also by CYP3A and the flavin-
containing monooxygenase system.18 CYP1A2 inhibitors
could diminish the conversion of clozapine to norcloz-
apine18 and thus perhaps curtail the risk of agranulocy-
tosis.23 It has been suggested that norclozapine might
itself be toxic or further metabolized to an unstable com-
pound that is toxic to hemopoietic precursors.23 Earlier
reports have postulated that females could possess less
CYP1A2 activity and consequently higher clozapine
concentrations.12

Figure 1. The Distribution of the Steady-State Plasma Levels
of Clozapine in 162 Schizophrenic Patients
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Figure 2. The Normal Quantile-Quantile Plot of the Natural
Logarithms of the Values of the Steady-State Plasma
Clozapine Levels (ln Cloz) in 162 Schizophrenic Patients
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The previous data concerning the potential impact of
age on clozapine disposition have also been controver-
sial.1–3,13 Parallel to the studies by Haring et al.,1,2 we
found that, after removing interference from other factors,
aging can raise the plasma level of clozapine. The influ-
ence of age on clozapine metabolism may be a result of
the decreasing hepatic enzyme activity in older patients.2

However, the aging process does not significantly alter
the pharmacokinetics of sertindole and quetiapine (both
not metabolized mainly by CYP1A2).18 These differences
might be attributable to the greater susceptibility to the
aging process of the CYP1A2 pathways.18 Additionally,
according to our knowledge, this study is the first to dem-
onstrate that the aging process could also increase nor-
clozapine and clozapine-N-oxide in plasma. Each 1-year
increment showed elevated levels of clozapine and either
metabolite of about 1% in our subjects.

Compatible with earlier research,1–3,15 our report indi-
cates that high doses lead to high concentrations of cloza-
pine and its metabolites. Each milligram added height-
ened clozapine and norclozapine levels by approximately
0.3%, and clozapine-N-oxide by approximately 0.15%.
On the other hand, in contrast to prior findings,1,2 body
weight did not seem to modify our subjects’ plasma cloza-
pine levels. This discordance remains to be elucidated.

Smoking has been suggested to lower plasma clozapine
levels in men, but not in women.1,2 On the contrary, no sig-
nificant differences in clozapine or norclozapine concen-
trations between male or female smokers and nonsmokers
were found in other investigations.3 It has been implicated
that passive smoking might also alter clozapine levels and
reduce the smoking-effect difference between smokers
and nonsmokers.3 Since our subjects were liable to be ex-

posed to passive smoking, the possible smoking impact on
the plasma levels of the 3 molecules was not assessed.
Notwithstanding, the relative frequency of smokers versus
nonsmokers was similar across gender and all ages. An-
other drawback in this study is that we changed our labo-
ratory assays once during the several-year study period.
The correlation coefficient of the 2 assays was around .9.
This discrepancy might fractionally account for the vari-
ety of our plasma level data set. Prospective studies (that
utilize the present statistical strategies and enroll smokers,
nonsmokers without passive smoking and, if possible, pas-
sive smokers) could further evaluate the effects of smok-
ing (and passive smoking) and other variables on plasma
levels of clozapine and its metabolites.

While Chinese individuals may possess higher cloza-
pine levels than Caucasians,5 a recent study demonstrated
that 17 Korean American patients had lower mean cloza-
pine levels than 7 Caucasians.24 Large-scale rigorous
studies may be needed to ascertain the probable differenc-
es in clozapine metabolism among the 3 populations and
whether the findings of the present study, recruiting only
Chinese individuals, could be extrapolated to other ethnic
individuals.

Several groups of researchers have reported rela-
tionships between clozapine levels and treatment re-
sponses.3,4,14,25–27 It has been indicated that if an equally di-
vided dosing regimen is being used, a clinician should
attempt to raise the level to at least 250 to 300 ng/mL in
any patient who is not showing a good response.4,26 If
most of the dose is given in the evening, a level of 350 to
420 ng/mL should be attained.3,14,25,27 Nonetheless, some
clozapine-associated adverse effects, such as seizures,
cardiac toxicity, and other autonomic reactions, are liable
to emerge with high medication concentrations.8

The present study suggests that women have higher
plasma levels (about one third higher) of clozapine and
norclozapine, but not clozapine-N-oxide. The aging pro-
cess could also raise plasma levels of clozapine as well as
its 2 major metabolites. Each 1-year increase elevates the
plasma level of each compound by approximately 1%.
Furthermore, every 1-mg increment in the daily dose
heightens clozapine and norclozapine levels by approxi-
mately 0.3%. These factors should be taken into consider-
ation for efficient and safe clozapine dosing tactics.

Drug names: carbamazepine (Tegretol and others), clozapine (Cloza-
ril), fluvoxamine (Luvox), quetiapine (Seroquel).
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