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Objective  The aim of this study was to investigate ziprasidone plasma concentration, daily dose and clinical efficacy and safety in Han
Chinese and Mongolian patients with first-episode schizophrenia.

Methods A total of 123 inpatients affected by schizophrenia were recruited from the Mental Health Center of Inner Mongolia in Chi-
na. Ziprasidone plasma concentration, clinical efficacy and side effects were systematically evaluated at baseline, and at 1, 2, 4, and 6
weeks. Metabolic measures such as changes in weight, body mass index (BMI), fasting blood glucose (FBG), triglycerides, and cholester-
ol, were also recorded.

Results 90 patients completed the study. Compared with Han patients, on average, Mongolian patients received a significantly higher
ziprasidone dosage for adequate symptom control during the 6-week period and had a lower plasma concentration-to-dose ratio. The
Mongolian patients also experienced greater increases in weight and BMI. No significant differences between the two ethnic groups
were found in the rate of reduction in the Positive and Negative Syndrome Scale (PANSS) score, Treatment Emergent Symptom Scale
(TESS) total score, FBG, triglycerides, cholesterol or Q-Tc interval.

Conclusion Compared to Han Chinese patients, Mongolian patients appeared to have increased ziprasidone clearance and require

higher doses to achieve effective treatment for schizophrenia.
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INTRODUCTION

Ethnicity, a critical proxy for a person’s culture, diet, beliefs,
health behaviors and societal attitudes, has been reported to
be an important factor in psychopharmacology.' Previous
studies have illustrated ethnic differences in clinical presenta-
tion, drug use, clinical response,> and metabolism.** To date,
ethnic differences have been found in dosage, clinical efficacy,
side effect and plasma concentrations of antipsychotics,”” anti-
depressants,®” lithium'®'"" and benzodiazepines.>" Although
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the observed ethnic differences could be partially explained
by genetic factor, other variables such as culture, diet and so-
cietal attitudes may have significant influences as well.'*"*
Studies suggest that Asian patients typically require lower
dosages of antipsychotics than American or European pa-
tients.*”'*"” For instance, one study showed that Asian pa-
tients required a significantly lower mean clozapine dose (176
mg/day) than Caucasian patients (433 mg/day) to achieve
similar plasma clozapine levels, resulting in more than twice the
effective clozapine concentration to dose ratio.” On the other
hand, Asian patients were more sensitive to the side effects of
antipsychotics, which may limit the dosage.>”'* Most of these
studies are done in the US and Europe and little is known
about how different ethnic groups within the Asian popula-
tion compare. In addition, many Asian countries, including
China, are ethnically heterogeneous and differences in phar-
macological responses should be considered when treating pa-
tients to reduce the risk of possible idiosyncratic side effects



or inappropriate dosing."” The Inner Mongolia Autonomous
Region (IMAR) of China is a geographical area in Northwest
China adjacent to Mongolia. Its population of 25.05 million is
composed of 79% Han Chinese and 17% Mongolian minority
according to the 2010 National Census. Thus it is well suited to
the study of ethnic differences in clinical responses. The atypi-
cal antipsychotic ziprasidone has been used for the treatment
of schizophrenia in IMAR for more than 10 years. The medi-
cation has been commonly prescribed to both Han Chinese
and Mongolian patients. It is thought to be effective and well-
tolerated in treating the positive, negative and depressive
symptoms of an acute exacerbation of schizophrenia.”**' How-
ever it is unclear whether ethnic differences exist in the metab-
olism, dosage requirement, efficacy, and safety of ziprasidone.

Ziprasidone is well absorbed after oral administration in
the presence of food, reaching peak plasma concentrations in
6-8 h. It is mainly metabolized in the liver by aldehyde oxi-
dase and microsomal enzyme cytochrome P450 (CYP) 3A4,
forming ziprasidone sulfone and sulfoxide, which have little
pharmacological effect compared to the parent drug.*>*

One recent paper studied the efficacy and tolerability of
fixed dose ziprasidone in placebo-controlled trials and con-
cluded that the efficacy and safety profiles were similar in Af-
rican-American and white schizophrenic patients.” To the best
of our knowledge, no published data are available for compar-
ing the plasma concentrations and metabolic effects across dif-
ferent ethnicities (either major, such as Asian vs. Caucasian, or
minor, such as Han vs. Mongolian). This study aimed to inves-
tigate the differences in ziprasidone plasma concentration,
daily dosage, clinical response and safety between Han Chinese
and Mongolian patients in IMAR with first-episode schizo-
phrenia.

METHODS

Participants

A total of 123 patients aged 18-45 affected by first-episode
schizophrenia were recruited from the mental health center
of Inner Mongolia between July 2011 and December 2014.
The inclusion criteria were: 1) meet the diagnostic criteria of
schizophrenia according to DSM-IV; 2) in the exacerbation
phase of an acute episode, and 3) Han Chinese or Mongolian
ethnicity. We did not apply restrictions regarding smoking
status because a previous study showed that smoking was un-
likely to significantly affect ziprasidone pharmacokinetics.”
All patients were drug naive, having never received any typi-
cal or atypical antipsychotics prior to the study. Exclusion cri-
teria were: 1) agitation requiring haloperidol injection or elec-
troconvulsive therapy, 2) medical comorbidities affecting the
liver, kidney, digestive, hematologic or central nervous sys-
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tems, or any other concurrent serious physical illnesses, 3) ab-
normal laboratory values such as liver or kidney function tests,
and 4) pregnant women or nursing mothers. The protocol was
approved by the institutional ethics committee and written in-
formed consent was obtained from the patients or their rela-
tives prior to enrollment.

Treatment regimen

Ziprasidone tablets were started at 20 mg taken twice daily
with meals and increased to at least 80 mg per day in the first
week. In the following 5 weeks, the dose ranged from 80 to
160 mg per day, as adjusted by the clinician based on indi-
vidual responses and tolerability. The dose was kept constant
for 3 days after each adjustment, there was no strict restric-
tion on the number of dose adjustments within the 6-week
period.”? Ziprasidone plasma concentrations, clinical respons-
es, and daily dose were recorded. Other psychotropic medi-
cation and Chinese traditional herbal medication were pro-
hibited for the duration of the study. Concomitant lorazepam
(insomnia or agitation), benzhexol (extrapyramidal symp-
toms), and metoprolol (akathisia) were allowed if required
during the study, but these agents were not prophylactically
administered.

Clinical assessment

Patients were evaluated upon enrollment and at baseline,
week 1 (T1), week 2 (T2), week 4 (T4) and week 6 (T6) by two
raters. The Positive and Negative Syndrome Scale (PANSS)*
was used to assess the degree of psychopathology. Side effect
profiles were assessed using the Treatment Emergent Symp-
tom Scale (TESS).?”” Both raters were trained in use of the rat-
ing scales and performed the assessments independently, with
a follow up session by a third rater to ensure inter-rater reliabili-
ty. Data was collected on demographic information, smoking
status, height, and weight. Changes from baseline to the end of
the study in body mass index (BMI), electrocardiogram (ECG)
Q-Tc interval, fasting blood glucose (FBG), triglycerides and
cholesterol were also recorded.

Assay of plasma ziprasidone concentration

The ziprasidone plasma concentrations were measured at
T1, T2, T4 and T6 after patients were maintained on a steady
dose for at least 3 days for each time point. Briefly, heparin-
ized blood samples (10 mL) were collected in the early morn-
ing (between 06:30 and 08:00 am), 1.1£0.5 h before the
morning dose and 11£1.5 h after the last dose.”> Samples were
centrifuged at 3000 rpm for 5 min and plasma was stored at
-20°C until analysis, which was performed within five days.
Drug concentration in plasma was determined by high-perfor-
mance liquid chromatography (HPLC) via ultraviolet detection
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at 229 nm, with diazepam as the internal standard. The com- water-four ethylenediamine-glacial acetic acid (70:30: 2.0:1.6
pounds were separated on a SHIMADZU C;s column (5 pm, vol/vol/vol/vol), the flow rate was 1.15 mL/min. The column
150x4.6 mm). The mobile phase was a mixture of methanol- temperature was 40°C. The lowest detection concentration

Table 1. Clinical characteristics of Han and Mongolian patients

. . Significance
Items Han Chinese Mongolian -
t/x? p 2-tail
Sample size 48 42 - -
Age (years) (M£SD) 29.75 (7.82) 29.64 (8.12) 0.064 0.949
Genders (M/F) 26/22 22/20 0.029 0.865
Weight (kg) baseline 65.07 (7.61) 73.94 (7.10) -5.691 1.62x107
BMI (kg/m?) baseline 24.69 (2.29) 26.32(2.10) -3.500 0.001
Weight MC (kg) (M£SD) -0.24 (0.93) 0.25(0.82) -2.624 0.010
BMI (kg/m?) MC (M1SD) -0.09 (0.35) 0.08 (0.30) -2.499 0.014
Smoker/non-smoker 25/23 22/20 0.000 0.978
PANSS Scores (baseline) (M£SD)
PANISS total score 81.21 (10.46) 79.50 (10.09) 0.785 0.434
Positive Symptom score 27.06 (7.12) 26.57 (6.77) 0.334 0.739
Negative Symptom score 26.73 (7.09) 23.98 (65.72) 2.035 0.045
General Psychopathology score 27.42 (4.49) 28.95 (5.84) -1.407 0.163
PANSS Scores (1 week) (M£SD)
PANISS total score 75.81 (8.97) 74.86 (9.71) 0.485 0.629
Positive Symptom score 26.00 (6.84) 25.74 (6.68) 0.183 0.855
Negative Symptom score 24.50 (6.32) 22.07 (4.94) 2.043 0.044
General Psychopathology score 25.19 (4.09) 26.79 (5.76) -1.498 0.138
PANSS Scores (2 weeks) (M+SD)
PANSS total score 71.50 (7.94) 70.40 (8.47) 0.633 0.528
Positive Symptom score 24.85 (6.18) 24.90 (6.20) -0.039 0.969
Negative Symptom score 22.88 (5.88) 20.57 (4.20) 2.158 0.034
General Psychopathology score 23.69 (3.87) 24.93 (4.88) -1.324 0.189
PANSS Scores (4 weeks) (M+SD)
PANSS total score 64.60 (6.54) 62.38 (9.52) 1.305 0.195
Positive Symptom score 22.67 (5.04) 21.81 (5.47) 0.774 0.441
Negative Symptom score 20.73 (4.61) 18.62 (3.56) 2.405 0.018
General Psychopathology score 21.04 (3.06) 21.95 (4.87) -1.044 0.300
PANSS Score (6 weeks) (M£SD)
PANSS total score 59.31 (7.42) 57.93 (9.63) 0.755 0.452
Positive Symptom score 20.96 (4.60) 20.90 (5.06) 0.053 0.958
Negative Symptom score 18.52 (4.27) 16.07 (3.23) 3.088 0.003
General Psychopathology score 19.56 (3.52) 20.90 (4.88) -1.508 0.135
ECG and laboratory examination (M+SD)
Q-Tc interval MC (ms) 9.29 (10.53) 8.33(9.35) 0.454 0.651
Glucose MC (mmol/L) 0.11 (0.36) 0.12 (0.30) -0.205 0.838
Triglycerides MC( mmol/L) 0.19 (0.22) 0.15(0.21) 0.832 0.408
Cholesterol MC( mmol/L) 0.24 (0.37) 0.32 (0.24) -1.315 0.192

M: mean, SD: standard deviation, BMI: Body Mass Index, PANSS: Positive and Negative Syndrome Scale, ECG: electrocardiogram, MC:
mean change from baseline to end of study
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Table 2. Comparison of ziprasidone plasma concentration, dosage and clinical response between two groups at the T1, T2, T4 and T6

tems Han Chinese Mongolian Han vs Mongolian (p)
T T2 T4 T6 TI T2 T4 T6 pl  p2 p4 p6
Zip CP (M£SD) 6581 8245 9947 10460 6183 7839 91.84 9629 0.174 0.187  0.075 0.067
(ng/mL) (15.04) (14.33) (22.77) (24.11) (12.18) (14.65) (16.31) (17.29)
Zip CPs/Dose (£SD) 0.80 0.73 0.80 0.76 0.71 0.64 0.63 0.64 0.046 0.004 2.13x10° 6.70x10°
(ng/mL)/mg (0.21) (0.17) (0.18) (0.16) (0.17) (0.13) (0.12) (0.12)
Dose (M£SD) 84.17 114.17 12625 13875 88.10 123.33 147.14 15238 0.103 0.001 1.02x10° 7.18x107°
(mg/d) (10.88) (1427) (14.96) (18.18) (11.74) (8.74) (11.54) (11.65)
Dose/Weight (M+SD) 1.38 1.88 2.07 2.26 1.24 1.73 2.05 2.13  0.006 0.029 0.867 0.081
(mg/kg) (025 (037) (041) (039) (023) (0.23) (025) (0.29)
Responder/non 5/43  20/28 36/12  40/8 5/37  16/26  30/12 32/10 0.823 0.730  0.702 0.389
PANSS RR (%)
PANSS Total Score 1021 1834 30.81 40.39 935 1797 3354 4217 0464 0.821 0425 0.663
(MtSD) (5.20) (7.20) (13.45) (18.18) (5.82) (8.34) (18.10) (20.35)
Positive Symptom Score 544 1076 2017  27.67 4.70 836 2346 2775 0446 0.057 0.243 0.981
(M+SD) (401) (6.00) (11.27) (1646) (5.07) (5.73) (14.76) (15.41)
Negative Symptom Score ~ 11.36  19.56 29.10 39.52 10.73 1872 28.60 4286 0.649 0.659  0.894 0.435
(M=SD) (06.20) (8.93) (14.20) (1826) (6.92) (9.20) (18.02) (22.09)
General Psychopathology ~ 10.60 1755 29.29  36.02 996 1758 30.17 3434 0.698 0.990 0.818 0.709
Score (M1SD) (7.73) (10.58) (15.58) (19.93) (7.94) (11.07) (20.34) (22.65)
TESS (M£SD) 717 1348 1279  9.52 6.71 1236 12.24 8.69 0409 0.104 0417 0.195

(2.82) (329) (3.67) (3.50) (228) (3.16) (2.58) (2.70)

T1, T2, T4 and T6, week 1, week 2, week 4 and week 6 after ziprasidone treatment. Zip CPs: ziprasidone plasma concentration, Zip CPs/Dose:
ziprasidone plasma concentration per mg dosage, Dose/Weight: ziprasidone daily dosage per kg weight, responder/non responder/non-re-
sponder, PANSS RR: Reducing Rates of Positive and Negative Syndrome Scale and Subscales, TESS: Treatment Emergent Symptom Scale

assayed was 18 ng/mL. The average recovery ratio was 99.9%. in each group were assessed with one-way ANOVA and post
The within and inter-day coefficients of variations were <5%, hoc multiple comparisons (LSD test for equal variance and
and the standard curves were linear within the range of 40— Dunnett’s T3 test for unequal variance). Daily dosage require-
640 ng/mL. ment and ziprasidone plasma concentration to dose ratios were
calculated and compared between the two groups, using base-
Data management and statistical analysis line weight and BMI as covariates. All statistical tests were two-
Patients were classified as ‘responders’ or ‘non-responders’ tailed, and p<0.05 was considered statistically significant.
on the basis of reducing rates (RR) of PANSS score >20%. RR
of PANSS=(baseline score-score at the T1st, T2ed, T4th or RESULTS
Té6th)/(baseline score -30)x100%; RR of PANSS subscales=
(baseline score-score at the T1st, T2ed, T4th or T6th)/(base- Clinical characteristics
line score -7)x100%. A total of 123 patients at18-45 years of age (28.6418.26)
All data was managed and analyzed using Windows SPSS were recruited; 33 patients (17 Han Chinese, 16 Mongolian)
19.0 (IBM). All measurements were evaluated with normali- did not complete the study for the following reasons: patient
ty plots and the Levene test for homogeneity of variances. In- refusal (15); switched to alternative medications or combina-
ter-group comparisons were performed using t-tests or Mann- tion with other antipsychotics drugs (8); unable to obtain blood
Whitney U tests for continuous variables (age, PANSS score, sample (6); non-compliance with treatment regimen (4). Nine-
TESS score, daily dosage, ziprasidone plasma concentration, ty patients (48 Han Chinese, 42 Mongolian) completed the trial
and mean changes in weight, BMI, Q-Tc, FBG, triglycerides, and were included in the final analysis. Characteristics of the
and cholesterol) and chi-square test for dichotomous variables two groups are summarized in Table 1. Compared to the Mon-
and proportions (sex, smoking status, and remission rate). golian patients, Han Chinese patients had significantly lower
Time dependent changes in ziprasidone plasma concentration, BMI and weight (p<0.01) at baseline. No significant differenc-
daily dosage, and clinical response at T1, T2, T4 and T6 with- es were found in age distribution, gender, and smoking status.
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Figure 1. Clinical efficacy and side effects profiles for Han Chinese and Mongolian patients during the 6-week treatment with ziprasidone (A
and B). Reduction rates in positive and negative symptom scores in Han (A) and Mongolian (B) patients. Negative symptom scores de-
crease at a faster rate than positive symptom scores in both groups (p<0.05). C: Changes in the mean TESS scores. The mean TESS
scores gradually increase during the study, plateauing at T2 to T4, then decline at T6, although the T6 score is still significantly higher than
at T1 (p<0.01). No significant difference in the peak TESS score is seen between the two ethnic groups (p>0.05). D: Incidence of adverse
reactions at 2 weeks after ziprasidone treatment. *p<0.05, **p<0.01. TESS: Treatment Emergent Symptom Scale.

Daily dosage and plasma concentration
of ziprasidone

No significant difference in ziprasidone plasma concentra-
tion was noted between the two groups throughout the treat-
ment period (p>0.05). However, the dosage taken by the Mon-
golian patients was larger at T2 (123+/-8.74 mg) (p=0.001), T4
(147+4/-11.54 mg) (p<0.001) and T6 (152.38+/-11.65 mg)
(p<0.001) (Table 2). Baseline weight had significant effect on
daily mean dose difference at T6 only (p=0.014). Furthermore,
in view of the weight difference between the two groups, the
ziprasidone dosage was recalculated as dosage/weight ratios.
The mean weight-corrected dosages for Han patients were
significantly higher than Mongolian patients at T1 (p=0.006)
and T2 (p=0.029), but not at T4 or T6 (p>0.05) (Table 2). The
plasma concentration to dose ratios were significantly higher
for the Han Chinese group than the Mongolian group at all
four time points T1, T2, T4 and T6 (p<0.05) (Table 2). Addi-
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tionally, BMI had no significant effect on the ziprasidone plas-
ma concentration to dosage ratio. The differences in ziprasi-
done plasma concentration to dose ratios between the ethnic
groups remained significant at T2 (p=0.009), T4 (p<0.001) and
T6 (p=0.001) when BMI was accounted as a co-variable.

Clinical efficacy and safety comparison between
the two ethnic groups

The mean clinical rating scores for the two ethnic groups
are presented in Table 1. The Han Chinese patients exhibited
significantly higher negative symptom scores than the Mongo-
lian patients at both the baseline and the end of the trial
(p<0.05). There was no significant intergroup difference in the
Reducing Rates of PANSS total and subscales scores (Table
2). Nevertheless, we found that the rate of reduction in the
negative symptom scores was faster than in the positive scores
for both groups (p<0.01) (Figure 1A). After the 6-week treat-
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Figure 2. Q-Tc interval at baseline and the end of the study for
Han and Mongolian patients. The Q-Tc interval significantly in-
creased for both groups (p<0.01). **p<0.01.

ment, the Mongolian patients experienced significantly
greater changes in weight and BMI than did the Han patients,
but the changes in FBG, triglycerides and cholesterol from
baseline to the end point were similar (p>0.05) (Table 1).
There was no difference in remission rates (40/48 vs. 32/42,
p=0.389) or TESS score changes from T1 to T6 (p>0.05) be-
tween the two groups (Table 2). Both groups experienced
similar side effects, including somnolence, headache, akathi-
sia, transient agitation, nausea and vomiting, and dyspepsia
(Figure 1D). The Q-Tc interval was significantly prolonged
from the baseline to the end of the study (p<0.01); the Han
Chinese and Mongolian patients exhibited increases of ap-
proximately 9 +/-10.35 ms and 8 +/-9.35 ms, respectively, but
the change was similar for both groups (Figure 2). Additional
comparison of the pharmacology and efficacy of Ziprasidone
between the two ethnic groups is presented in the Supple-
mentary Table 1, 2 in the online-only data supplement.

DISCUSSION

This study investigated the differences in the dosing require-
ment, plasma concentration, clinical efficacy, and safety of zipra-
sidone between Han Chinese and Mongolian patients over a
6-week treatment period. To the best of our knowledge, this
is the first study to explore the ethnicity-dependence of atyp-
ical antipsychotics in two Asian populations. The key find-
ings include: 1) In both ethnic groups, as the treatment peri-
od progressed, the plasma concentration of ziprasidone and
mean daily dosages increased, accompanied by alleviation of
symptoms as shown by the PANSS scale, 2) Dosage require-
ment to achieve therapeutic plasma concentration of ziprasi-
done was lower and the concentration to dose ratio was high-
er for Han Chinese than for Mongolian patients. 3) There
were no differences in clinical efficacies and safety profiles
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between the two ethnic groups.

Our findings illustrate significant ethnic differences in the
pharmacokinetics of ziprasidone. Han Chinese patients may
have a slower metabolism for ziprasidone given their higher
plasma concentration to daily dose ratio. In vitro data using
human liver microsomes showed that approximately two-
thirds of ziprasidone metabolism occurs via aldehyde oxidase-
mediated reduction, and one-third via cytochromes P450
(CYP) 3A4.%% Aldehyde oxidase was not known to be subject
to genetic polymorphism that results in functional consequenc-
es in ziprasidone metabolism.” However, up to 40-fold indi-
vidual variability, leading to variations in drug metabolism
and individual responses, was observed in the expression of
CYP3A4.”" Although the association of the CYP3A4 genetic
polymorphism with ziprasidone metabolism is unknown, we
believe that genetic factors partly contribute to the metabolic
differences between the two ethnic groups.

Non-genetic variables may also play a role. Previous study
reported that different ethnic groups have great discrepan-
cies in diet, belief and attitude toward psychiatric diseases."
Diet has been found to alter the pharmacokinetic properties
of medications.”>” The dietary habits are remarkably different
between Han and Mongolian populations—the Han diet, with
its agricultural roots, contains vegetables and grains as the
major food groups, whereas the nomadic Mongolian diet is
rich in protein and fat.**** The food intake patterns may con-
tribute to the differences observed in baseline weight and
BMI, which in turn affected the medication dosing. Since the
two ethnic groups had different baseline weights at the begin-
ning of the study, we considered this a confounding factor.

In addition, protein binding within the blood can result in
individual variations in the concentration of the active drug.
From an ethnic perspective, variations have been found in
the absolute of concentration of al-acid glycoprotein and the
distribution of its two variants. One of these variants varies
in frequency from 15-27% in Asians to 34-67% in Cauca-
sians and African-Americans.”*” Furthermore, Ziprasidone,
like other atypical antipsychotics is a substrate of the efflux
transporter P-glycoprotein (P-gp) in mice.** Theoretically, this
could have clinically relevant effects in patients with geneti-
cally determined differences in P-gp gene activity. However,
it remains unknown whether any of the three major single-
nucleotide polymorphism in the P-gp gene (ABCB1), which
can be present in up to 93% of the populations of some ethnic-
ities, have negative, positive or neutral effects on the overall ac-
tivity of this protein.*!

Some patients in both groups were taking concomitant med-
ications during the study, which may confound the metabolism
of ziprasidone. However, CYP3A4 in human liver microsomes
had no significant interaction with co-administered CYP sub-
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strates across the clinical dosage range,” and there are no re-
ported clinical interactions with aldehyde oxidase inhibitors or
inducers,” making it unlikely that concomitant medications
contributed to the pharmacokinetic discrepancies observed in
our study. In addition, a multitude of studies have demonstrat-
ed that there are no significant change in the pharmacokinet-
ics of ziprasidone based on age, gender, and smoking status.”>*
In our study, the patients from the two ethnic groups were
matched for age, gender, and smoking status. Additionally,
the ethnic difference in ziprasidone plasma concentration to
dose ratio was preserved even after controlling for age, gender,
smoking status, baseline weights and BMI were controlled in
our analysis.

Our current study showed that ziprasidone has excellent ef-
ficacy and tolerability in the treatment of first-episode schizo-
phrenics for both Han Chinese and Mongolians. This is con-
sistent with previous studies that have demonstrated the
clinical efficacy of the drug in Caucasians, African Americans
and Asians.***** Our study confirmed that ziprasidone treat-
ment was associated with fewer adverse effects, including
risks for metabolic syndrome, such as higher FBG and lipid
levels.” Finally, although the inter-group difference was non-
significant, Q-Tc intervals did universally increase after treat-
ment with ziprasidone. A previous study revealed this to be a
non-linear dose-dependent phenomenon,* but even high
doses of ziprasidone did not result in Q-Tc interval >450 ms."
Therefore we also advocate that ziprasidone may be safely
used with ECG monitoring in clinical practice.

A limitation of this study was that a flexible dose according
to clinical judgment rather than a fixed-dose was used during
the course of treatment. This made it difficult for us to pre-
cisely monitor metabolism and clearance. In clinical practice,
clinicians usually increase the dose of ziprasidone for patients
who exhibit poor responses, resulting in non-responders re-
ceiving higher doses. This was a relatively short trial, lasting
only 6 weeks. Future studies of longer duration using a fixed-
dose regimen would be helpful for further investigating the
ethnic differences. Correlation with genetic studies would also
be of interest.

In conclusion, ziprasidone exhibited good clinical efficacy
and safety profiles in both Han Chinese and Mongolian eth-
nic groups. Based on our findings, we recommend that dose
requirements should be taken into account when treating pa-
tients of different ethnicities.

Supplementary Materials
The online-only Data Supplement is available with this ar-
ticle at https://doi.org/10.4306/pi.2017.14.3.360.
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