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SUMMARY

Introduction/Objective Considering relatively complex pharmacokinetic profile of olanzapine, it is
expected that certain medications and some compounds, found in food and drink, can induce or inhibit
its metabolism.

The aim of our study was to investigate the influence of cigarette smoking and heavy coffee consump-
tion on the clinical response to olanzapine.

Methods The phase IV, open-labeled, four-week-long prospective clinical trial included 108 adult patients
diagnosed with schizophrenia. According to cigarette smoking (n = 52) and coffee drinking (n = 55), four
subgroups were defined: non-smokers, non-heavy coffee consumers (group 1), non-smokers, heavy
coffee consumers (group 2), smokers, non-heavy coffee consumers (group 3) and smokers and heavy
coffee consumers (group 4). Positive and Negative Syndrome Scale (PANSS) and Global Assessment of
Functioning (GAF) scales were used for therapeutic response evaluation.

Results Baseline and final GAF scores were 33.3 £ 5.0 and 61.5 + 9.6, respectively, and PANSS scores were
100.7 + 3.9 and 85.5 + 5.4, respectively. The changes of GAF and PANSS scores from the baseline to the
study end were 115.1 +£35.7 and -19.6 + 3.1, respectively (group 1), 91.1 £ 30.8 and -15.3 + 2.9, respectively
(group 2), 76.1 £ 29.8 and -13.4 + 4.4, respectively (group 3), and 64.7 + 29.3 and -11.3 + 3.22, respectively
(group 4), making significant subgroup differences for both scale scores (p < 0.001). Cigarette smoking
and heavy coffee drinking significantly and independently diminished improvement in both GAF and
PANSS total score (p < 0.001). Changes of body mass index from the baseline significantly influenced the
change of PANSS total score only (p = n.s.), in a negative direction (r =-0.454, p < 0.001).

Conclusion Smoking and heavy coffee drinking influenced effects of olanzapine in patients with schizo-

phrenia treated in routine practice.
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INTRODUCTION

The treatment of patients with psychotic disor-
ders changed in recent decades, mainly due to
the emergence of a new group of drugs called
atypical, newer, or second-generation antipsy-
chotics. They have fewer side effects, better
compliance and, in some domains, improved
efficacy in comparison to conventional anti-
psychotic drugs [1]. Olanzapine, an atypical
antipsychotic of thienobenzodiazepine struc-
ture, has a broad pharmacological profile and
it acts on dopamine (D /D,/D,/D,), serotonin
(5-HT,,/,.), muscarinic (M,), histamine (H ),
and the adrenergic (a,) receptors [2]. In clinical
trials, in patients suffering from schizophrenia,
or schizophrenia spectrum disorders, olanzap-
ine has proved effective in treating both posi-
tive and negative symptoms, with a low inci-
dence of extrapyramidal symptoms [3].
Antipsychotic efficacy of olanzapine is
achieved in daily doses ranging 5-20 mg.
Pharmacokinetics of olanzapine is character-
ized by a large volume of distribution, multiple
biotransformation pathways, and a relatively
long half-life, which require a slowly-titrating

dosing regimen [4]. Several enzymes are in-
volved in the metabolism of olanzapine, includ-
ing cytochrome P450 1A2 (CYP1A2) and 2D6
(CYP2D6), flavin-containing monooxygenase
3 (FMO3), and UDP-glucuronosyltransferase
1A4 (UGT1A4) [5, 6, 7].

Considering such a relatively complex phar-
macokinetic profile of olanzapine, it is expected
that certain medications and some compounds,
found in food and drink, can induce or inhibit
its metabolism, changing the drug plasma lev-
els. Therefore, drug interactions or genetic vari-
ability may require the use of doses that differ
from those recommended for atypical antipsy-
chotics [8]. For example, co-administration of
olanzapine and the potent CYP1A2 inhibitors
such as fluvoxamine or ciprofloxacin resulted
in higher olanzapine serum concentrations [9].
In contrast, carbamazepine, a CYP1A2 inducer,
causes the increase of clearance and volume of
distribution of olanzapine [10]. Interethnic dif-
ferences in the distribution of CYP1A2 alleles
lie behind different catalytic activity of the cy-
tochrome in different populations, for example
in Orientals compared to Caucasians [11].
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Many patients with mental disorders are regular ciga-
rette smokers, and their consumption of large amounts of
caffeine-containing drinks is widespread. Earlier investiga-
tions showed that smoking can significantly decrease olan-
zapine levels, up to 50%, possibly due to effects of poly-
cyclic aromatic hydrocarbons (PAHs) present in tobacco
smoke [12]. PAHs are potent inducers of the hepatic cyto-
chrome P-450 (CYP) isoenzymes 1A1, 1A2, and, possibly,
2E1 [13]. Therefore, starting or quitting cigarette smoking
during ongoing therapy sometimes requires adjusting the
dosing regimen and measuring olanzapine plasma levels
[14]. Similarly, heavy coffee consumption increases CY-
P1A2 activity, most probably due to the effects of PAHs,
which are formed during the roasting of coffee beans [15].

The separate effects of smoking and coffee drinking
on the pharmacokinetics of psychotropic drugs, includ-
ing olanzapine, are reasonably well documented in the
literature. The relationships between pharmacokinetics
and pharmacodynamics with the treatment response of an-
tipsychotics, based on the standardized psychiatric rating
scales, have been established [16]. However, little is known
about the consequences of patients’ life-style patterns on
the antipsychotic therapeutic response.

Therefore, the aim of our study was to investigate the in-
fluence of cigarette smoking and heavy coffee consumption
on clinical response to olanzapine in patients with schizo-
phrenia. We hypothesize that these factors significantly
change the therapeutic and adverse effects of the drug.

METHODS

This study was designed as a phase IV, open-labeled, pro-
spective clinical trial in a cohort of patients with schizo-
phrenia, which were treated with olanzapine. Recruitment
of the subjects was conducted at the Psychiatric Clinic of
the Kragujevac Clinical Centre, Serbia, from 2014 to 2016.
One hundred and eight adult patients, meeting the DSM-
V diagnostic criteria [17] for schizophrenia, and having
either the first episode or the disease relapse, as assessed
with BPRS (Brief Psychiatric Rating Scale) [18], were en-
rolled in the study. There exclusion criteria were as fol-
lows: younger than 18 years of age, pregnant or lactating
women, psychotropic drugs other than benzodiazepine or
hypnotic agents, the presence of disabling and medically
uncontrolled somatic condition(s), known contraindica-
tions for olanzapine treatment, and subject’s rejection of
study participation. The participation was voluntary and
subjects were included in the study after providing the
written informed consent. The study was approved by the
Ethic Committee of the Kragujevac Clinical Centre, Serbia,
decision No 01/5273.

The study included three patient visits: at the baseline,
and two and four weeks after the introduction of olanzap-
ine treatment. Baseline visit encompassed the screening for
the subjects eligibility for the study enrollment and collec-
tion of all necessary study data. Written information about
the gender, age, psychiatric, and concomitant diseases and
treatments, as well as the baseline cigarette smoking and
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coffee consumption habit were obtained using a detailed
questionnaire.

The oral olanzapine treatment was introduced accord-
ing to the recommendation described in the British Na-
tional Formulary, i.e. with the starting dose of 10 mg once
daily. The clinical effectiveness of olanzapine treatment at
the study visits was assessed using the Positive and Nega-
tive Symptoms Scale (PANSS) and the Global Assessment
of Functioning (GAF) rating scale [19]. Olanzapine dose
adjustments were performed according to the achieved
clinical response and the drug tolerability.

During the study, the subjects were provided with a
wide list of possible adverse effects that can occur during
the olanzapine treatment, and the patients were encour-
aged to write down any noxious symptom if they experi-
ence it. The patients’ diaries also included the information
on the cigarette smoking habit and the daily intake of cof-
fee. According to the data on coffee consumption and ciga-
rette smoking, participants were divided into the following
four groups: a) non-smokers, non-heavy coffee consumers
(group 1), b) non-smokers, heavy coffee consumers (group
2), ¢) smokers, non-heavy coffee consumers (group 3), and
d) smokers and heavy coffee consumers (group 4). Smok-
ing on average two or more cigarettes per day defined a
cigarette smoker, while regular daily intake of at least three
cups of coffee defined a heavy coffee consumer.

Sample size was determined according to the expected
differences in the primary variable, the percent change
of PANSS total score from the baseline to the end of the
study, between the users (group 4) and the non-users of
cigarettes and at least three cups of coffee per day (group
1). We postulated the difference for independent samples
of at least 10% with the standard deviation of 10%, at alpha
error of 5% and the study power of 80%, for a two-sided
t-test. The minimum number of 20 patients per subgroup
was calculated [20]. The data analysis included descriptive
statistics, hypothesis testing, and correlation, according
to the type of the variable and data distribution, at the
probability of null hypothesis of 5% or less, with a two-
sided approach. The analysis of the primary variable was
performed using a general linear model with the pattern
of smoking and coffee consumption (study groups) and
gender as fixed factors, and years of age, olanzapine dose,
and the percent change of body mass index (BMI) from
baseline as the covariates.

RESULTS

The main patients’ demographic and clinical character-
istics are presented in Table 1. In general, the number of
male and female subjects was similar, with the average age
within the fifth decade of life, and about one quarter being
residents of a long-term psychiatric care facility. About one
half of the study patients were smokers and heavy coffee
drinkers, and the study groups comprised similar number
of subjects.

Among the four study groups there were significantly
different therapeutic responses as measured with GAF
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Table 1. The patients’ characteristics (n = 108)

Table 2. The change from the baseline (%)

Variable Value Study group GAF* PANSS*
Gender (male/female) 53 (44.1) / 55 (50.9) 1 115.1+35.7 -19.6 £ 3.1
Age (years) 46.0 £ 14.5 (19-78) 2 91.1 +£30.8 -153+£29
Residential facility (yes/no) 27 (25%) / 81 (75%) 3 76.1 £29.8 -13.4+44
Smokers (yes/no) 55 (50.9%) / 53 (49.1%) 4 64.7 £29.3 -11.3+3.22

Coffee drinkers (yes/no)

52 (48.1%) / 56 (51.9%)

*p < 0.001, multivariable linear model

59+1.1(3.8-9.2

HDL cholesterol (mmol/L)

14 +0.3(0.7-2.2

LDL cholesterol (mmol/L)

)
)
)
)

3.6+1.1(1.5-6.5

Triglycerides (mmol/L)

23+1(0.6-5.9)

score percentage change from the baseline value (p < 0.001,
F = 5.8, df = 10) and the PANSS total score (p < 0.001,
F=12.9, df = 10) (Table 2). Cigarette smoking and heavy
coffee drinking (study group as a fixed variable) signifi-
cantly diminished improvements in both GAF (p < 0.001,
F =10.0, df = 3) and PANSS total score (p < 0.001, F = 16.9,
df = 10). The percentage changes of BMI from the base-
line (a covariate) significantly influenced the change of
the PANSS total score only (p = 0.024, F = 5.3, df = 3), in
a negative direction (Pearson r = -0.454, p < 0.001). The
patients’ gender (a fixed factor) and age, and olanzapine
daily dose (the covariates) did not affect the therapeutic
response as assessed with either GAF or PANSS score
changes (p > 0.05).

The median amount of coffee consumed per day was 4
cups (interquartile range 2, minimum 4, maximum 8). A
significant correlation between the amount of coffee drink-
ing and the change from the baseline for both GAF (Spear-
man p = -0.307, p = 0.038) and PANSS scores (Spearman
p =0.312, p = 0.035) was found. In regard to smoking,
similar effects were not observed. The mean amount of
tobacco smoked per day was 27 cigarettes (standard devia-
tion 10, minimum 10, maximum 40), with no significant
correlation with either GAF (Pearson r = -0.163, p = 0.262)
or PANSS (Pearson r = 0.228, p = 0.115) score changes
from the baseline.

The study patients who smoked and heavily drank
coffee had significantly lower serum levels of cholesterol
(p =0.001, F = 5.6, df = 1, one-way analysis of variance),
LDL cholesterol (p < 0.001, F = 11.9, df = 3, one-way analy-
sis of variance) and triglycerides (p = 0.020, Kruskal-Wal-
lis test), and had less increase in BMI (p < 0.001, F = 7.6,
df = 3, one-way analysis of variance) (Table 3). However,
these habits did not significantly influence the values of
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Study group 1 33 (30.6%)
Study group 2 22 (20.4%) Table 3. Metabolic parameters of the patients according to the study
Study group 3 21 (19.4%) groups
Study group 4 32 (29.6%) Parameter Group 1 | Group 2 | Group 3 | Group 4 p
ODT (yes/no) 15 (13.9) / 93 (86.1%) (C;‘;’q'ﬁ;f)ﬂ"' 64+12(59+07 57+1.1/54+09/ 0.001
Olanzapine dose (mg per day) 15.4+3.2(10-20)

HDL cholesterol
GAF score (baseline) 333+5(21-43) (mmol/L)’ 1.3£04(15+£02|14+£03(14+£04| 0.080
GAF score (end of study) 61.5 +9.6 (28-80) LDL cholesterol
PANSS score (baseline) 100.7 + 3.9 (90-109) (mmol/L)’ 44+11136+£08/34+09)23+09) <0.001
PANSS score (end of study) 85.5+5.4(73-104) GIucoTeL , 58(1.1) | 5.6 (04) | 55(09) | 5.6 (06)| 0323
BMI (baseline) (kg/m?) 25.1+3.2(18.7-30.5) (mmol/L)
BMI (end of study) (kg/m?) 26.0+3.3(19.3-39.7) (Tr:']?;flj[;?es 33(22) |25(0.7) | 20(1.1) | 1.9(0.5) | 0.020
Glucose (mmol/L) 5.6 +0.9(3.9-9.8

BMI change'? 52+33|29+18|32+26|1.7+£3.3|<0.001
Cholesterol (mmol/L)

'mean + standard deviation;
’median (interquartile range);
3percent from baseline

HDL cholesterol (p = 0.080, F = 2.3, df = 3, one-way analy-
sis of variance) and glucose (p = 0.323, Kruskal-Wallis test).

DISCUSSION

The results of our study show that beneficial clinical re-
sponse to olanzapine treatment is significantly decreased
in patients who were smokers and heavy coffee consumers
in comparison to abstinents. The effect of these life-style
habits was synergistic, and it was more pronounced for
tobacco than for coffee consumption. Different types of
data distribution (skewed vs. normal) for coffee drinking
and cigarette smoking could explain the observed differ-
ence in correlation analysis regarding the dose response.
Weight gain had some predictive significance for positive
olanzapine response. The cigarette smoking and heavy cof-
fee intake decreased some adverse metabolic effects after
the initiation of olanzapine treatment. Gender, age and
olanzapine dose did not significantly influence the effects
of either tobacco use or coffee drinking. To the best of
our knowledge, no previous studies have been designed
similarly to ours.

Our results are in accordance with fundamental facts
in the field. Nicotine and caffeine have mainly beneficial
effects in people with schizophrenia. They induce changes
of the brain neurotransmitters, causing an improvement
of disease symptoms such as the feeling of well-being (e.g.
dopamine release) or cognition (e.g. nicotine receptors ac-
tivation), with positive behavioral consequences (e.g. better
structuring of daily activities), but also alleviating some of
the side effects of drug treatment (e.g. drowsiness, extrapy-
ramidal symptoms, dry mouth) [21, 22, 23]. On the other
hand, it is known that cigarette smoking and heavy coffee
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consumption strongly induce olanzapine-metabolizing
cytochromes and decrease its plasma levels [15, 24, 25,
26]. At the same time, caffeine from coffee competitively
inhibits olanzapine metabolism, as they share CYP1A2 as
a common metabolizing enzyme [27, 28]. In our study, the
proposed inducing effect seems to overcome the expected
beneficial effects of nicotine and caffeine, as well as the
metabolism inhibition by caffeine, resulting in diminished
therapeutic response by almost one tenth to more than a
quarter, depending on the rating assessment method.

It is well known that olanzapine has very profound
metabolic adverse effects inducing dyslipidemia, glucose
intolerance and weight gain [29]. In our study, smokers and
heavy coffee drinkers had significantly lower serum levels
of cholesterol and triglycerides, but also a lower increase
in BMI without significant influence on glucose concen-
trations. The decrease of olanzapine blood concentration,
most probably due to PAHs from cigarette smoke and cof-
fee, could be considered a probable mechanism. In addi-
tion, there is a possibility that other factors, not identified
in our research, could modulate the metabolic status of our
patients. The patient’s individual properties could cause
particular metabolic patterns [30], as described in a case
of olanzapine-induced dyslipidemia and hyperglycemia
without an increase in weigh [31].

The results of our study should be interpreted consid-
ering several limitations. Moderate sample size and short
study duration could decrease the power for identification
of other important factors, which could have the effects
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YTUUaj nywera LurapeTa 1 3HayajHor KOH3ymupara Kade Ha KIMHUUYKKU 0AroBop

60N1eCHUKA IeYeHUX 0N1aH3aNUHOM

bpaHumup PagmaHosuh'? Cnasuua hykuh-LejaHoBuh', OparaH P. MunosaHosuh?®, Hatawa Hophesuh’
'YHuep3uteT y KparyjesLy, Dakyntet MeguumHcKux HayKa, Kateapa 3a ncuxujatpujy, KparyjeBau, Cpbuja;

2KnuHnukm yeHTap ,Kparyjesau’, KnuHuka 3a ncuxujatpujy, Kparyjesau, Cpbuja;

3YHuBep3uTeT y Kparyjesuy, DakynteT MeAnNLMHCKNX HayKa, KaTefpa 3a papmakonorujy u Tokcukonorujy, Kparyjesau, Cpbuja

CAXETAK

YBog/Lumb C 0631pom Ha penaTrBHO CloxeH dapMaKoKmHe-
TYKM NpodwN onaH3anmnHa, o4YeKyje ce fja NojeANHN IeKOBY 1
HeKa jeaumerba Koja ce Hanase y XpaHu v iy Mory MHAyKo-
BaTW WU NXMOMPATK HEroB MeTabonmnsam.

Lins cTyamje je 6vo aa ce ucnuta yTuuaj Nyllera U UHTEH3UB-
HUWjer KOH3yMypara Kade Ha KNMHWUYKM OfroBop 6onecHnKa
NeyeHX oflaH3anuHoOM.

MeTope Y npocnekTuBHY, UHTEPBEHTHY, KOHTPONMCAHY KITNHNY-
Ky ctyaujy IV dase ykibyueHo je 108 6onecHuKa ca AnjarHo3om
cxm3odpeHuje. Y 3aB1CHOCTY of nyluerba umrapeTa (n = 52)
1 VIHTEH3MBHOT KOH3yMupata Kade (n = 55) aepuHucaHe cy
yeTrpw cybrpyne: Henywwauw 1 ocobe Koje He nujy kady (rpyna
1), HenyLwwauy 1 ocobe Koje MHTEH3MBHO NUjy Kady (rpyna 2),
nyLwauy 1 ocobe Koje He nujy Kady (rpyna 3) 1 nywaum n ocobe
Koje NHTeH3MBHO Nujy Kady (rpyna 4). 3a eBanyauujy KTMHUYKOT
ogrosopa KopuwwheHe cy ckane PANSS n GAF.
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Pesyntatu [ToueTHN 1 KOHaYHY pe3ynatatu ckane GAF cy 6unu
33,3 £ 5 ofgHocHO 61,5 + 9,6, a pe3ynTtatu ckane PANSS cy 6vnu
100,7 + 3,9 ogHocHo 85,5 + 5,4. [pomeHe Ha ckanama GAF u
PANSS op noueTka fjo Kpaja cTyauje cy 6une 115,1 £ 35,7 og-
HOCHO -19,6 + 3,1 (rpyna 1), 91,1 + 30,8 ogHOCHO -15,3 + 2,9
(rpyna 2), 76,1 £ 29,8 ogHOCHO -13,4 = 4,4 (rpyna 3) n 64,7 £
29,3 ogHocHo -11,3 + 3,22 (rpyna 4), unHehu 3HauajHy pasnuky
cy6rpyna 3a obe ckane (p < 0,001). Mywwere 1 MHTEH3VBHYje
KOH3yMupatbe Kade 3HayajHO 1 He3aBMCHO Cy CMatbimn No-
6osbluare nckasaHo 1y GAF ny ykynHum PANSS (p < 0,001)
ckoposuma. [Ipomene BMI'y ogHOCY Ha MoYeTak CTpaKmnBatba
3HauajHo cy yTuuane Ha npomeHy PANSS yKynHor pe3yntata
(p =n.s.) y HeratnBHOM cmepy (r =-0,454, p < 0,001).
3akmbyyak [Nylere 1 MHTEH3MBHO KOH3yMUpatbe Kade yTu-
Lanu cy Ha Tepanujcke edpekte onaH3anvHa Kog 6onecHvKa
o6onenux o cxrn3oppeHuje y CBaKOAHEBHOj KIMHNYKO]j MPaKCK.
KrbyuHe peun: cxv3odpeHuja; aHTuncuxotuuy; kada; ynotpeba
pyBaHa
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