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■ Abstract In vitro, animal studies and acute short-
term clinical studies suggest clozapine releases pro-
lactin but the effect is much smaller than that of typical
antipsychotics. Repeated early morning trough mea-
sures of plasma clozapine and prolactin levels on each
subject were studied during the course of a double-blind
dose-response clozapine study. After a 4-week 10 mg/
day haloperidol trial and a one-week washout, treat-
ment-refractory schizophrenics were successively ran-
domized to 100, 300, or 600 mg/day of clozapine for a 16-
week treatment. The statistical analyses included 35
subjects (19 females and 16 males). The within-subject
correlation of prolactin levels was 0.32 with clozapine
levels and 0.75 with haloperidol levels. An increment of
100 ng/ml in clozapine level yielded an average incre-

ment of 0.45 ng/ml of prolactin levels in females and of
0.15 ng/ml in males. An increment of 1 ng/ml in
haloperidol level yielded an average increment of
2.6 ng/ml of prolactin levels in females and of 1.5 ng/ml
in males. At least one fourth of patients demonstrated a
significant and strong (r > 0.6) correlation between
clozapine and prolactin levels. This study suggests that
clozapine has effects on prolactin levels but effects are
small and may be more evident in some individuals,par-
ticularly females.

■ Key words prolactin · clozapine · haloperidol ·
schizophrenia · women

Introduction

■ Clinicians’ experience

Clinicians would easily agree that clozapine treatment is
not associated with clinically significant increases in
prolactin levels (Dickson et al. 2000). Therefore, cloza-
pine is used to treat patients with symptomatic hyper-
prolactinemia (Uehlinger and Baumann 1991; Bunker
et al. 1997). Moreover, the lack of prolactin elevations is
usually considered one of the characteristics of cloza-
pine atypicality (Petty 1999).

■ In vitro and animal studies

In vitro (Lamberts et al. 1990; Braghiroli et al. 1997) and
rat (Meltzer et al. 1979; Guldesky et al. 1989) studies in-
dicated that in effect clozapine stimulates prolactin se-
cretion. However, clozapine effects are rather small.
Lamberts et al. (1990) estimated that clozapine effects
on prolactin secretion are 5 to 10 times lower than those
of typical antipsychotic drugs (Lamberts et al. 1990).
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■ Clinical studies

It is reasonable to expect that if clozapine produces
small releases of prolactin, these small releases may be
difficult to detect in research clinical studies and that
they may not be present in all individuals. Research clin-
ical studies in patients provide a more complex picture
than in vitro studies. The lack of consistency in clinical
findings is probably related to the different statistical
power of different methodologies and designs to find
significant differences. Gender differences have not
been appropriately explored, despite gender being a ma-
jor determinant of prolactin levels.

■ Cross-sectional studies comparing effects on trough pro-
lactin levels of typical antipsychotics and clozapine. Clini-
cal studies consistently agree on one issue: typical an-
tipsychotics (or risperidone) have significantly higher
effects on prolactin levels than clozapine (Table 1).

One concern after reviewing these studies is that they
are mainly focused on males (Table 1). Only one study
provided mean data in both males and females (Meltzer
et al. 1979). This study suggested that the effect size
when comparing typical antipsychotics and clozapine
appeared larger in females, 3.9, versus males, 1.1
(Table 1).

■ Cross-sectional studies comparing effects on trough pro-
lactin levels of clozapine versus baseline conditions. There
are 3 studies comparing different subjects: patients tak-

ing clozapine versus controls. These three studies do not
agree (Table 2). All were conducted in males and found
quite lower effect sizes than those studies comparing
clozapine versus typical antipsychotics.

Other designs assessed mean trough prolactin mea-
sure in the same patient during two conditions: cloza-
pine versus placebo/drug-free conditions. This second
type of study has the advantage of controlling for indi-
vidual effects. There are six studies of this type (Table 2).
Most did not test for statistical differences and none
provided information so that effect sizes could be calcu-
lated. Again, most of these studies were focused on men
and only one study provided mean values in males and
females (Szymanski et al. 1996).

■ Clinical short-term studies using repeated measures and
mean peak prolactin levels. Studies using repeated cloza-
pine measures are more likely to detect the small effects
on prolactin levels suggested by in vitro studies since
they can control for the variations within the same indi-
vidual. There are seven such studies measuring mean
peak levels but all have small samples and are almost all
limited to males (Table 3). A recent male study with a
better design (Turrone et al. 2002) demonstrated a sig-
nificant small peak with return to the baseline after 24
hours. Three of the older studies (Gruen et al. 1978;
Meltzer et al. 1979; Ackenheil 1989) also appeared to
show a hint of a short-term prolactin peak produced by
clozapine. The prolactin peaks associated with acute
clozapine administration are clearly smaller than those

Table 1 Review of previous studies on serum prolactin levels (ng/ml) using only one trough measure: clozapine vs. typicals

Author Sample Doses (mg/day) Prolactin levels Effect sizes

Clozapine patients vs other patients in typicals (or risperidone)

Meltzer et al. 1979 6 M patients 150–800 12.9±6.1a clozapine
13 M patients 800 chlorpromazine 22.4±9.2a typicals 1.1* (typicals vs. clozapine)

7 F patients 150–800 14.2±5.3a clozapine
7 F patients 800 chlorpromazine 73.7±20.8a typicals 3.9* (typical vs. clozapine)

Meltzer 1989 21 M patients 200–900 4.3±1.7
43 M on typicals – 19.2±16.2 typicals 1.1* (typicals vs. clozapine)

Henderson et al. 2001 20 patients (2 F) mean 395 8.4±4.2 clozapine
20 patients (2 F) risperidone added 35.8±17.4 risperidone 2.2* (risperidone vs. clozapine)

Markianos et al. 2001 15 M patients 200–600 7.7±3.8
23 M patients 19 34.4±17.3 haloperidol 1.9* (haloperidol vs. clozapine)

Clozapine vs typicals in same patientb

Pickar et al. 1992 21 patients (8 F) 540 42 on typical vs.
9 on clozapine

Brown et al. 1997 9 patientsc at least 300 for 6 wks. 44.0 on haloperidol vs. p < 0.08
8.4 on clozapine

Breier et al. 1999 14 patients (6 F) mean 403 for 6 wks. 53.3±39.6 on fluphenazine vs.
12.2±7.7 on clozapine

Markianos et al. 1999 31 M patients mean 328 39.9±26.1 on typicals vs.
8.3±5.0 on clozapine

M male; F female; wks. weeks; * p < 0.05
a Meltzer et al. described that the standard used provided levels that were 3.8 times higher than those found using conventional standards. Therefore, Meltzer et al.’s lev-
els were divided by 3.8
b Standard deviations for paired mean differences were not reported, therefore effect sizes could not be calculated
c There were 14 (6 F) completers of the trial. No gender data were provided in subsample with prolactin levels
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from typical antipsychotics (Meltzer et al. 1979) and re-
turn to normal by the next morning.

■ Lack of studies looking at individual differences on the ef-
fects of clozapine on prolactin levels. All prior clinical
studies have looked at mean effects of clozapine on pro-

lactin levels. None of them focused on individual differ-
ences, e. g., some subjects may be more sensitive to
clozapine effects on prolactin than others. In addition,
none of the studies focused on gender differences al-
though females may be more sensitive to the small ef-
fects of clozapine on prolactin.

Table 2 Review of previous studies on serum prolactin levels (ng/ml) using only one trough measure: clozapine vs. placebo/drug free

Author Sample Doses (mg/day) Prolactin levels Effect sizes

Clozapine patients vs other patients

Meltzer 1989 21 M patients 200–900 4.3±1.7
69 drug-free M patients – 6.6±3.3 –0.76* (clozapine vs. drug-free)
20 M controls – 5.9±2.8 –0.69* (clozapine vs. controls)

Markianos et al. 1999 31 M patients mean 328 8.3±5.0
38 M controls – 5.5±1.8 0.78* (clozapine vs. controls)

Markianos et al. 2001 15 M patients 200–600 7.7±3.8
33 drug-free M patients – 8.0±3.6 –0.08 (clozapine vs. drug-free)
14 M controls – 8.3±3.8 –0.16 (clozapine vs. controls)

Clozapine condition vs other condition in same patienta

Meltzer et al. 1979 7 patients mean 458–579 15.0±5.3a on clozapine vs.
15.5±4.5a placebo

Nair et al. 1979 10 M patients up to 100 for 3 days 9.5±1.2 on clozapine vs. Small increase (17 %)
8.1±0.9 off meds but significant

Lemus et al. 1991 7 patients (2 F) mean 357 for 2–3 wks 6.9±2.6 clozapine vs. No significant differences
8.0±4.0 washout 2–4 wks

Pickar et al. 1992 21 patients (8 F) 540 9 on clozapine vs.
8 on placebo

Szymanski et al. 1996 39 M patients mean 588 for 6 wks 9.2±4.1 clozapine 6th week vs.
7.7±5.6 washout

14 F patients mean 620 for 6 wks 15.2±6.9 clozapine 6th week vs.
11.5±8.6 washout

Brown et al. 1997 10 patientsb at least 300 for 6 wks 8.4 on clozapine vs. p = 0.27
7.4 washout for 2–4 weeks

Wudarsky et al. 1999 22 ADOL patients mean 325 for 6 wks 11.2±4.0 clozapine vs.
9.0±3.4 placebo

16 M patients 9.9±3.1 clozapine vs.
8.5±3.4 placebo

6 F patients 14.7±4.5 clozapine vs.
10.3±3.3 placebo

M male; F female; wks. weeks; * p < 0.05
a Standard deviations for paired mean differences were not reported, therefore effect sizes could not be calculated
b There were 14 (6 female) completers of the trial. No gender data were provided in subsample with prolactin levels

Table 3 Review of previous studies on serum prolactin levels (ng/ml) on clozapine treatment using repeated prolactin levels: short-term studies

Author Sample Doses (mg/day) Measures and times Changes

Short-term studies (peak in hours)

Sachar et al. 1976 1 control 1 dose of 12.5 every 15 min for 3 h No increase
2 patients 100 No increase

Gruen et al. 1978 3 controls 12.5 intramuscularly In 3 h No increase
1 F patient 500 maintenance dose trough and 2 h From 12 (normal) to 28 (abnormal) after 2 h

Meltzer et al. 1979 4 patients 400–600 every 30 minutes for 4 h barely exceeded 95 % upper limit of normal

Ackenheil 1989 4 controls 1 dose of 100 every hour for 4 h small (< 10) significant peak in 2 h

Lee et al. 1995 10 M controls 1 dose of 50 several in 5 h no significant increase

Pretorius et al. 2001 12 M controls 1 dose of 50 several for 5 h no changes

Turrone et al. 2002 6 M patients 300 every h for 8 h and trough small peak in first 8 h and baseline at 24 h

M male; F female; wk. week; h hour; Trough early AM before administering meds and approximately 12 hours after last clozapine night dose
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If one wants to explore individual differences, a rea-
sonable approach is to conduct long-term studies to ex-
plore whether clozapine doses/levels correlate with pro-
lactin levels in some individuals and not in others.There
are five published cases (2 males and 3 gender not de-
scribed) with repeated measures of trough prolactin lev-
els during several weeks (Table 4). In one of the two male
studies followed by Kane et al. (1981), the graphical pre-
sentation of clozapine and prolactin levels appeared to
suggest a relationship between prolactin and moderate
clozapine levels. The relationship seemed to disappear
when clozapine levels were high. No single-case statis-
tics were carried out but this case also suggests that
long-term studies with repeated measures are needed to
rule out whether clozapine and prolactin levels may be
correlated in some individuals.

In summary, the literature suggests three facts: 1) in
vitro studies suggest that clozapine may cause small re-
leases of prolactin that are lower than those produced by
typical antipsychotics, and they may be so small as to
have limited clinical significance; 2) clinical studies
clearly show that prolactin levels on clozapine are sig-
nificantly lower than on typical antipsychotics; and 3)
clinical studies frequently cannot detect small effects
unless they use repeated prolactin measures and look
for mean peak values after short-term administration.
The literature has focused on mean effects and has not
explored the possibility that some subjects may release
prolactin after taking clozapine and others may not.
Moreover, prior studies have mainly focused on males
and have not explored gender differences.

In the present study, the association between plasma
clozapine and prolactin levels in male and female pa-
tients was explored. In addition, the effects of clozapine
and haloperidol on prolactin levels were compared. Re-
peated trough measures of clozapine, haloperidol, and
prolactin levels on each subject were used.The measures
were obtained throughout several weeks, during the
course of a double-blind dose-response clozapine study
(Simpson et al. 1999). The repeated measures allowed
control for prolactin variations within subjects. In addi-
tion, individualized analyses were performed with the
purpose of finding those subjects with a strong cloza-
pine effect on prolactin secretion.

Methods

■ Sample

The study design was previously described in detail (Simpson et al.
1999). Forty DSM-IIIR schizophrenic (or schizoaffective) patients
who met criteria for treatment-refractory symptoms (Kane et al.
1988) were included after signing an informed consent.After a 4-week
10 mg/day haloperidol trial and a one-week washout,all subjects were
randomized to 100, 300, or 600 mg/day of clozapine for a 16-week
double-blind treatment. After this first clozapine trial, non-respon-
ders were successively randomized to one or two additional 16-week
trials with remaining doses. Four subjects were not treated with
haloperidol for 4-weeks due to history of intolerance to haloperidol
so they continued under their baseline typical antipsychotic. Thirty
nine of the 40 patients had repeated measures of prolactin levels un-
der clozapine, although only 37 completed the first 16-week clozapine
trial,21 patients completed an additional second trial,and 13 also had
a third 16-week clozapine double-blind trial. However, all available
measures of clozapine and prolactin levels were used in the current
study when appropriate, even those from non-completed clozapine
trials.

As a comparison between clozapine with haloperidol was planned
only those patients with prolactin levels during the haloperidol trial
were included in analyses leaving us with 35 subjects (19 females and
16 males). The mean age for females was 49 ± 8 years (range 32–60)
and the mean age for males was 42 ± 9 years (range 31–58). Ninety
percent (17/19) of females were Caucasian and 10 % (2/19) of females
were African-American. Eighty-one percent (13/16) of males were
Caucasian and 19 % (3/16) of males were African-American.

■ Laboratory assays

Plasma prolactin levels obtained in the haloperidol phase and every
other week during the clozapine trials were measured by radioim-
munoassay as described previously (Kane et al. 1981). Plasma cloza-
pine and norclozapine levels were measured by gas chromatography
(Simpson and Cooper 1978; de Leon et al. 2003). The sum of clozapine
and norclozapine levels for each subject was called the total clozapine
level. Plasma haloperidol levels were also assayed using radioim-
munoassay (Devanad et al. 1998). All laboratory studies were per-
formed in the Nathan Kline Institute, Orangeburg, New York. All lev-
els were collected in the early morning (around 8:00 AM) before
medications were administered.

■ Statistics

The Statistical Package for Social Sciences (SPSS) was used for statis-
tical analyses (SPSS, Inc 1997). To control for differences among indi-
viduals, within-subject correlations between clozapine and prolactin
levels were calculated for males, females, and the total sample. This
was done by means of repeated measures analyses of covariance
(Bland et al.1995).A within-subject correlation is a measure of the av-
erage effect of clozapine on prolactin levels. Each of the analyses of
covariance also provided a regression slope for clozapine levels. This
slope measures the average increment in prolactin levels (in ng/ml)

Table 4 Review of previous studies on serum prolactin levels (ng/ml) on clozapine treatment using repeated prolactin levels: long-term studies

Author Sample Doses (mg/day) Measures and times Changes

Long-term studies (repeated trough levels for weeks)

Meltzer et al. 1979 3 patients 400–600 trough twice a wk for 3–4 wks no evidence of increase

Kane et al. 1981 1 M patient 7-wks up to 900 several trough minimally elevated and two peaks during stress
1 M patient 15-wks up to 900 several trough increased on cloz. levels 329–558; later normalized

M male; F female; wk. week; Trough early AM before administering meds and approximately 12 hours after last clozapine night dose



322

that is caused by an increment of 100 ng/ml in clozapine level. To es-
tablish the relationship between clozapine and prolactin avoiding
contamination by haloperidol, those pairs of prolactin and clozapine
levels that occurred with detected levels of remaining haloperidol
were eliminated.

Within-subject correlations between haloperidol and prolactin
levels and corresponding slopes were also computed for comparison
purposes. In this case, the slope measures the average increment in
prolactin levels (in ng/ml) that is caused by an increment of 1 ng/ml
in haloperidol level.

The means of the last prolactin levels measured from the 100, 300
and 600 mg clozapine trials and the haloperidol trial were computed
and compared using Friedman and Wilcoxon related-samples tests.

All prior analyses considered patients as a group and determined
average effects of clozapine on prolactin in the group of males and fe-
males. Additional individualized analyses using subjects with more
than 5 prolactin measures not contaminated by residual haloperidol
levels were performed. In this case, the effect in each individual was
explored by calculating a Pearson correlation between total clozapine
and prolactin levels. In 2 subjects, the total clozapine levels appeared
to correlate with prolactin levels better than clozapine or norcloza-
pine alone. In most subjects, the correlations using total clozapine
and clozapine levels were very similar. Only large correlations with p
values < 0.05 are described. It must be remembered that sample size
has a major influence on the significance of Pearson correlations and
the number of repeated measures in the subjects considered for indi-
vidualized analysis ranged from 6 to 23.

Results

■ Within-subject correlations between clozapine 
and prolactin levels

The within-subject correlation between clozapine and
prolactin levels was low, 0.32 but significant (p < 0.001;
400 repeated measures on the 35 subjects were used in
computations). The correlation was also significant in
each gender, 0.35 in females (p < 0.001), and 0.25 in
males (p < 0.001). The correlations between total cloza-
pine and prolactin levels were essentially the same as
correlations between clozapine and prolactin. An incre-
ment of 100 ng/ml in clozapine level yielded an average
increment of 0.45 ng/ml of prolactin levels in females
and of 0.15 ng/ml in males.

■ Within-subject correlations between haloperidol 
and prolactin levels

The within-subject correlation between haloperidol and
prolactin levels was higher, 0.75 (p < 0.001; 137 repeated
measures on the 35 subjects were used).The within-sub-
ject correlation for females was 0.76 (p < 0.001) and for
males 0.86 (p < 0.001). An increment of 1 ng/ml in
haloperidol level yielded an average increment of
2.6 ng/ml of prolactin levels in females and of 1.5 ng/ml
in males.

■ Means of last prolactin measures

Among females, the means of the last prolactin levels on
100, 300 and 600 mg/day of clozapine were respectively

9.4 (SD 5.1), 7.7 (SD 2.4) and 11.8 (SD 8.4) ng/ml and
were significantly different (Friedman χ2 = 7.4, df = 2,
p = 0.02). Prolactin levels on 600 mg/day doses were sig-
nificantly different from prolactin levels on 300 mg/day
(Wilcoxon p = 0.02) and from prolactin levels on
100 mg/day (p = 0.05). However, the 100 and 300 mg/day
doses were not significantly different from each other. In
females, the mean last prolactin measure under
haloperidol treatment, 29.9 (SD 22.9) ng/ml was signifi-
cantly higher than under 600 mg/day of clozapine
(Wilcoxon p < 0.001).

Among males, the means of last prolactin levels on
100, 300 and 600 mg/day of clozapine were respectively
5.9 (SD 2.6), 6.3 (SD 2.3) and 6.8 (SD 2.8) ng/ml but were
not significantly different (χ2 = 0.8, df = 2, p = 0.7). The
mean last prolactin measure on haloperidol treatment,
10.2 (SD 3.4) ng/ml was significantly higher than on
600 mg/day of clozapine (p < 0.046).

■ The effect of clozapine levels on prolactin 
within individuals

There were 16 females with at least 5 appropriate paired
levels of prolactin and total clozapine. Three of them
had very high Pearson correlations between total cloza-
pine and prolactin levels. The values were r = 0.88
(p < 0.001, N = 15), r = 0.76 (p < 0.001, N = 17), r = 0.71
(p = 0.001, N = 17). There is little doubt that in these 3 fe-
males a significant relationship between total clozapine
and prolactin levels occurred. The woman with r = 0.88
is described in Fig. 1. To interpret this figure it must be
remembered that prolactin oscillations associated with
total clozapine oscillations are small. Moreover, pro-
lactin levels under haloperidol (around 100 ng/ml) were
clearly larger than under clozapine (a maximum of
58 ng/ml for 600 mg/day and around 20 ng/ml for
100 mg/day). Another three females had correlations
with p-values < 0.05 (r = 0.78, p = 0.02, N = 8; r = 0.66,
p = 0.03, N = 11; and r = 0.60, p = 0.01, N = 17).

There were 15 males with at least 5 paired levels of
prolactin and total clozapine. There were 3 males with
very high Pearson correlations. The values were r = 0.96

Fig. 1 Total clozapine and prolactin levels from a female subject (r = 0.88,
p < 0.001, N = 15). The first two weeks during clozapine treatment had remaining
haloperidol levels; therefore they were not included in the graph
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(p < 0.001, N = 13), r = 0.78 (p = 0.01, N = 9), r = 0.75
(p = 0.005 N = 12). No other males had correlations sig-
nificant at the 0.05 level.

This suggests that when studied longitudinally with
repeated levels at least 38 % (6/16) of females and 20 %
(3/15) of males clearly demonstrated a relationship be-
tween total clozapine and prolactin levels. In some sub-
jects, it cannot be ruled out that the number of paired
measures was too small to detect significance.

Discussion

■ Comparison of the average prolactin effects 
of clozapine and haloperidol levels

As can be seen from the within-subject correlations,
which corrected for individual effects, clozapine levels
correlated significantly with prolactin levels. However,
these correlations suggest a medium effect size of cloza-
pine on prolactin levels (0.32 for the combined sample).
In contrast, haloperidol levels had a large effect size on
prolactin levels (0.75).

Comparing the regression slopes from the analysis of
covariance can also provide evidence of the larger
haloperidol effects on prolactin levels. There is no de-
finitive way of comparing the haloperidol and clozapine
levels. To make this comparison possible, an assumption
can be made that haloperidol levels are approximately
100 times lower than clozapine levels (haloperidol levels
usually ranged 0–10 ng/ml while clozapine levels usually
ranged 0–1000 ng/ml). This assumption appeared to be
reasonable at the end of the second trial since median
clozapine levels were 98 times higher than median
haloperidol levels at the end of the haloperidol trial (re-
spectively 366 ng/ml and 3.7 ng/ml). In the other trials,
the median clozapine levels were 87 times higher (re-
spectively 321 ng/ml and 3.7 ng/ml) and 55 times higher
(respectively 205 ng/ml and 3.7 ng/ml). In summary, at
the end of the trials of this study, median clozapine lev-
els ranged approximately 55 to 98 times higher than
median haloperidol levels. Therefore, for descriptive
purposes, haloperidol levels may be considered to be
approximately 50 to 100 times lower than clozapine. In
females, the average increases in prolactin levels were
2.6 ng/ml per 1 ng/ml increase in haloperidol levels and
0.45 ng/ml per 100 ng/ml increase in clozapine levels
(clozapine-induced prolactin increase was 5.8 to 11.6
lower than the haloperidol-induced prolactin increase).
In males prolactin increases were respectively 1.5 ng/ml
and 0.15 ng/ml (clozapine-induced prolactin increase
was 10 to 20 lower than the haloperidol-induced pro-
lactin increase). In summary, these analyses suggest a
small but significant effect of clozapine on prolactin lev-
els. Curiously, an in vitro study suggests that clozapine
effects on prolactin secretion are 5 to 10 lower than those
of a typical antipsychotic (Lamberts et al. 1990).

■ Means of prolactin levels on different clozapine doses

As a way to explore the effect of clozapine dosing on pro-
lactin levels the means of the last prolactin levels mea-
sured from the three different clozapine trials were com-
pared. The effect was significant in females but not in
males.

Assuming that 100 or 300 mg/day doses of clozapine
have non-significant effects on prolactin, the prolactin
baseline in female patients was approximately
8–9 ng/ml. Therefore, there was an observed increment
of 2–3 ng/ml (from 8–9 to 11.8) in female prolactin lev-
els from 100 or 300 mg/day trial compared to the
600 mg/day clozapine trial. These differences were sig-
nificant but very small when compared with the incre-
ment seen in the haloperidol trial, approximately
20 ng/ml (from 8–9 to 29.9).

In contrast, the variations of male prolactin levels un-
der different clozapine doses were non-significant with
this sample size. They were small ranging from a mean
prolactin level of 5.9 ng/ml on 100 mg/day to 6.8 ng/ml
on 600 mg/day.

Clozapine levels were much better predictors of pro-
lactin variations than clozapine doses. The within-sub-
ject correlation between clozapine dose and prolactin
levels in males was particularly low, r = 0.12 and not sig-
nificant (p = 0.10). Nonetheless, female and male pro-
lactin variations as a function of clozapine levels were
small. Large samples with longitudinal follow-ups and
statistical analyses correcting for the effect of within in-
dividual variations may therefore be needed to study the
effect of clozapine on prolactin. Moreover, samples must
include females taking high doses of clozapine (at least
600 mg/day) if a significant effect is to be detected. It is
likely that longitudinal studies using clozapine doses in-
stead of clozapine levels in calculations will not detect a
relationship between clozapine and prolactin.

■ Effects of clozapine on individual patients

Our analysis of Pearson correlations in individual pa-
tients followed longitudinally clearly suggests that in
some individuals (at least one fourth of males and one
third of females), when clozapine doses are changed
from 100 to 600 mg/day, clozapine levels are powerful
predictors of prolactin levels. Again, the variations are
significant but are relatively small.

In approximately two thirds of the females and three
quarters of the males, there was no significant relation-
ship between total clozapine levels and prolactin levels.
It is possible that in some cases this lack of significance
was due to the lack of power from insufficient paired
clozapine and prolactin levels not contaminated by
haloperidol.

Therefore the data can be summarized by saying that
the strong correlation between haloperidol levels and
prolactin levels cannot be missed by studies focusing on
average effects. However, the relationship between
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clozapine levels and prolactin levels is smaller and may
not be present in some subjects. It is less obvious in
males than females. Thus, this relationship may be
missed by studies focusing on mean effects.

■ Clinical meaning of prolactin changes during
clozapine treatment

None of the prior published studies have explored the
clinical significance of the small prolactin level in-
creases associated with clozapine treatment. Our study
has the same weakness. Unfortunately, when this study
was conducted, we did not expect that clozapine will
produce significant changes in prolactin levels, there-
fore no symptoms associated to hyperprolactinemia
(particularly changes in female menstrual cycle) were
recorded. As these patients had been treated with typi-
cal antipsychotics previously and had high prolactin
levels before starting clozapine, we are uncertain that it
would have been easy to detect clinically significant pro-
lactin changes in some females associated with in-
creases from low to high clozapine doses (600 mg/day).
The ideal design to try to establish whether the small
prolactin levels have significant clinical implications
will require following-up women who are not treated
with antipsychotics and then are titrated to relatively
high clozapine doses.

The effects of clozapine on prolactin may be of more
interest for researchers focused on the mechanism of ac-
tion of antipsychotics than for clinicians. To demon-
strate the effects of clozapine on prolactin, researchers
need to conduct in vitro studies or complex clinical
studies. The typical cross-sectional studies using only
one prolactin trough measure and calculating average
effects may not show clozapine effects on prolactin (par-
ticularly if females in high doses are excluded). Only
longitudinal studies looking for a peak a few hours after
the administration of clozapine (Table 3) or large longi-
tudinal follow-ups of repeated trough prolactin levels
using wide ranges of clozapine doses and measuring
clozapine levels may show the small effects of clozapine
on prolactin.

With regard to providing summarized information
for the clinician, one can conclude that although cloza-
pine has effects on prolactin levels, the effects are small
and probably not meaningful from a clinical point of
view. However, it can not be ruled out that in some very
sensitive females with very high clozapine levels, cloza-
pine may be associated with clinically significant in-
creases on prolactin. However, these increases on pro-
lactin levels would be much lower than those seen in the
same patient taking typical antipsychotics.

To conclude, this longitudinal study of clozapine and
prolactin levels in the context of a double-blind dose-re-
sponse clozapine study suggested that,in spite of the lim-
itations and missing data,an effect of clozapine on trough
prolactin levels can be demonstrated in some subjects,at
least in one fourth of treatment-refractory schizophrenic

patients and perhaps more obviously in females. It is not
possible to know if these results can be extrapolated to
non-refractory patients but clozapine tends to be mainly
used in refractory patients. Acute longitudinal studies
can show small short peaks of prolactin after adminis-
tration of low clozapine doses not only in patients
(Meltzer et al. 1978; Turrone et al. 2002) but also in con-
trols (Ackenheil et al. 1989), despite the fact that these
studies only included males (Table 3).
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